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RESUMEN

Este manual describe un Jenguaje de acceso a datos geogrificos
a través de programas escritos en el lenguaje FORTRAN IV,

Los datos geegrdficos, son los que normalmente se encuentran en
las mapas de CETERAL.

Una caracteristica de este lenguaje es que dentro de las restric-
ciones que otorga FORTRAMN IV es ilimitado en su construccibn de predica-
dos & preguntas. También tiens la facilidad. parz el usuario de un rdpldo
aprendizaje, sin tener conocimientos previps de programacidn 6 de compu-
tacidn.

El objetivo de este trabajo es poder contestar preguntazs en forma
rdpida, las que manualmente serfan muy laboripsas y emplearian mucho tiempo,
Como por ejemplo, en qué lugares puede crecer mas mafz en 1a Repiblica
Mexicana; qué partes de Repidblica Mexicana nc estén cubiertas a mis de 60
Km. por sus redes de caminos y carreteras existentes; qué lugares deben ser
evacuados en casos de sismos; quf lugares son apropiados para el turismo;
gué lugares tienen mds erosidn y necesitan control inmediato; en qué lugares
hay pueblos; en qué lugares hay escuelas; qué pueblos tienen mis de 1,000

" habitantes ¥ no tienen medios de comunicacifn,

Con este Banco de Datos Geograficos ya se han localizade cuencas le-
cheras en el drea de Qjo Caliente, Zac. {referencia 4}. S5in embargo, este
programa apenas indica el inicie de una serie de aplicaciones en planifi-
cacidn regional, estudios econdmicos, etc.



INTRODUCCICN

La utilizacifn y explotacifn de un Banco de Datos Geogrédficos es
de gran importancia, ya gue nos permite coentestar infinidad de pregun-
tas con rapidez y con buen grado de confiabilidad, pues ésto realizado
en forma manual es sumamente laborioso.

fon el entendimiento y comprensifn de este manual, el usuvario pue
de crear todos los predicados posibles, sin tener conccimientos previos
de computacifn 6 de programacion, pero este manual no incluye en forma
alguna la l16gica de los programas.

CETENAL (Comisitn de Estudios del Territorio Nacional) es una de
pendencia de 1a Secretaria de la Presidencia, que $e fundd hace & afns,
la cual elabora mapas con mucha precisidn & informacisn por medio de ag
rofotogrametrfa de toda 1a superficie de 1a Repiblica Mexicana que se di
vidid en zonas, una rona tienpe una superficie de 1,000 sz y cada zona
tiene 5 cartas geogrificas que son:

- Carta geclgica

- Carta topogrifica

- Carta uso del suelec
- Carta cdafoldgica

- Carta usc potencial



{ada zona utiliza de B0 a 100 fotograffas con un traslape del 60%. La
escala de 1as cartas geogrificas es varfada, mas nuestro banco por el
momento estd usando cartas de escala 1:50 CGOO.

rama.

Ademds la CETENAL elabors otras cartas: Carta Urbana, de ¢limas, etc.,
que no estén Incluidas en el presente estudio. La Comisién estd rea-
.Tizando el Jevantamiento aerofotogrdfico de-nuestro pafs, técnica que . -
le sirve para llevar a cabo la moderna Cartografia-de México, mediante’
la aplicacign de métodos avanzados. E1 estudio cartogrifico’ tiene por
objeto investigar y ubicar los recursos naturales del pais; .conocer el
uso que tiene en la actualidad el territorio; precisar el eguipamiento
urbano de todas las localidades, asf como las obras de infraestructura.
En sintesis: se trata del Inventario Nacignal.

Las fotograffas se toman en un avidn que vuela a una altura de -
25,000 a 50,000 pies. Estas fotograffas se toman periddicamente con un .
ciclo de 10 afios. E1 total de area fotografiada de la Repdblica Mexicana
es del 70% aunque de &sta drea no existen todos los mapas ya elaborados
pero si un gran porcentaje.

PROPOSITO.

Poder crear ¢n forma automitica y sistemdtica un conjunto determi
nado de preguntas para la explotacifn de un Banco de Datos Geograficos-
por medio de funciones 18gicas sin que el usuario tenga conocimientos-
previos de computacidn o programacifn.



OBJETIVO

Contestar preguntas en forma rdpida, 1as gue manualmente serian -
muy Jaboriosas y emplearfan mucho tiempo. Como por ejemplo, en qué lu--
gares puede crecer mds maiz en la Republica Mexicana, qué partes de ia-
Republica Mexicana no estdn cubiertas ‘a mds de 60 Km. por sus redes de-
caminos y carreteras existentes. qué lugares deben ser evacuados en casos
de sismos, qué lugares son apropiacos para e} turismo, qué lugares son-
apropiados para zonas industriales, qué lugares tiene mds erosién y nece
sitan contral inmediato, en qué lugares hay escuelas, qué pueblos Lienenm
mis de 1,000 habitantes y no tienenmedios de comunicacifn, qué lugares
son bugnos para la ubicacidn de depdsitos de aguz, en qué porcentaje
se presenta el pastizal inducido en determinada zona; qué pueblos no es
tin a mis de 10 Km de une aeropista, qué pueblos tienemabastecimiento
de agua por medio de pozps,itiene determinado pueblo carretera pavimen-
tada con tal pueblo® jcuales son los serviclos propuestos para el pueblo
de san Nicolds? cuales son l1os lugares buenos para pasar carreteras, 11
neas eléctricas, telefdnicas, telegrificas, etc.

fon este Banco de Datos Geogrdficos ya se han localizado cuencas
techeras en el 4drea de 0jo Caliente, Tac,{referencia 4.). 5in embargo
este programa apenas Indica el inicio de una serie de aplicaciones en
planificacidn regional, estudios econbmicos, etc.



DEFINICION DE PAIS, ZONA, CUADRO Y SUBCUADRD.

La Republica Mexicana estd dividida en aproximadamente 2,336 20nas;
cada zona cuenta con drea aproximada de l,ﬂﬂﬂhmz y 5& divide en 48 cua-
dros que estdn numerados del 1 al 48, cada cuadro tiene un &rea de 25 -
sz y 8 su vez cada cuadro se divide en cuatro subcuadros de:una longi-
tud de 2.5Km ¥ un drea total de 6£.25 sz 3 los subcuadros estdn defini
dos por a,b,c.d ¥ por el cuadro al que pertenecen, los cuadros se defi-
nen por la zona a la que pertenacen,

En la figura 1 vemos una descripcidn grifica de las propiedades -
de un cuadr¢o ¥ de un subcuadro.

Tanto el paTs como la zoma, el cuadro y e) subcuadro estdn defini
dos por nimeros de nivel gue son:

SALIDA NIVEL
Pals 1
Zona V4
Cuadro 3
Subcuadro 4

Q0 sea nosotros podemos buscar propiedades al nivel que se desee.*

En 1a figura 2 observamos los niveles propuestos para la Repiblica
Mexicana.

Un pafs (nivel 1) tiene 2,336 zonas {nivel 2) l1a divisifin de Mxi
en 2onas ha $ido hecha por Cetenal, segdin la carta de Cetenal, Ya que -
asi mismo nos explica 1a nomenclatura seguida, para nuestro estudio hemas
escogido 1a carta F-13 B69 denominada “"0jo Caliente", del estado de Za
catecas.

*En la versidn que &ste reporte describe, solo se han implementado 1os
niveles 3 y 4. En una versidn posterior que tal vez se lleve a cabo con
1a colaboracibn de CETENAL, mis niveles serdn {mplementados.
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'na zonz (nivel 2) tiene 48 cuadros (nivel 3}, denominadas cuadro
(1, 1), cvadro (1, 2), ..., cuadro (6, Bi; 12 divisién de una carta en
cuadros estd hecha por los paralelos.y meridianos que la carta tiene im
presos, los paralelos cada 2.5 minutos (5km aprox.) ¥ 1os meridianos ca
da 2.5 minutos (tambi&n § Km).

FORMA GRAFICA DE SALIDA. G

Lomo respuesta a nuestra bdsqueda a un nivel determinado, Ja miqui
na produce en la impresora un arregle de ceros y unos, que expresa la fun
cibn caracteristica del predicado usado (ver figura 3),

Por ejempio, si buscamos a nivel de cuadres (nivel 3) los Tugares
(¢laro,cuadro en este caso) en donde cierto predicado {“FRIJOL", digamps)
es cierto {"es cierto” significa que "se satisface en ase lugar", o sea
que "en ese lugar las Condiciones buscadasliy defintdas en &l predicado
"FRIJOL") se han encontrado,’ 0 sea que 'en ese lugar el predicado adquie
re el valor'cierto' o 'T' ¢ '1" "), en clerto momento nosotros decimos

CALL BUSCA (FRIJOL, 3)

y como respuesta o resultado obtenemos el arreglo de dimensiones 6 x 8

01 000000
00001100
0 o0 01100
2 00 ¢ O0O0O0 O
D o o0 Q@000
0 0000 0O

Que con 1's nos marca 1os Tugares a nivel 3 (los cuadros) donde
hay "FRIJOL", es decir, donde el predicado "FRIJOL se satisface o es
Irciertu. Las cergs nos indican que en esos cuadros no hupo “FRIJOLY, es
decir, que el predicado buscade no se satisfizo en ese tugar, o lo que
es o mismo, que el conjunic de propiedades definido (ya después veremos
cémo) par el predicado "FRIJOL" no se encuentra {no existe} en los lugares
donde aparece un 0. Resumiendo, "1” significa "si hay acd 1o que bus-
cabas" y "0" significa "no hay acd lo que buscabas®,

En el ejemplo anterlor, las cinco 1's nos dicen 105 lugares
dende existe "FRIJOL" son los cuadros 2, 13, 14, 21 y 22 de.1a zona inte-
rronada. ,
51 1a busquedas se hace a nivel 4, nivel de subcuadro, aparecers
una matriz de dimensiones 16X12 que nuevamente nos informa con l's
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de 10s lugares donde "FRIJOL" existe. Por ejemplo, el resultado podia ser

0o g11000CO0O0OO0O0O 00000

c g1 10000000 O0O0OD0O0C D"

¢ oo0oQO0O0CDOOC])Y 1 O0O0DOUDOO0
-0 D0 O0C0CO0O0CDO0DI1O0O0CO0DOQCO0O0D

booo0oDCDCOC!1 11190 0CG00

0 g 0000010110000

000 0CO0D0QQO0CO0O0OCD0D-00000¢0

c o00O0O0O0CODO0DCOCGDOOOOD0OODO0OD

C 0o0OOQO0ODOOD0DOCODOTOCD O

0 00 000O0O0COGO0OO0OO0OOCO0OC 0.

O 00O0CCOCO0CDOQSCODOQCOOQOTOOUD

0 o0 000ODDODODOOO0ODTO0CDO 00

Hemos marcado con lineas de puntos lgs cuatro subcyadros 2 3

que se refiere al cuadro 2, ¥ también los que se refiere al cuvadro 13
anteriormente, cuande hicimos la biisgueda a nive! 3, supimes que los
cuadros 2, 13 (entre otros) tenfan "FRIJOL“. Anora sabemos algo més;

que 1os cuatro subcuadros del cuadro 2 tienen “FRIJOL", en tanto que s6lo
1os subcuadroes b y ¢ del cuadro 13 tienen "FRIJOL".
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RESULTADOs DE COMPUTADORA POR MEDIO DE ARREGLOS NUMERICLS
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EJEMPLOS [NTRODUCTORIDS

En &1 resto de este reporte, estaremos usando las cinco cartas
(edafoldgica, topogréfica, de uso actual del suelo, de uso potencial
del suelo y geolfigica), que se refieren a 1a zona F 13 B 69, de 0jo
Caliente, Zacatecas. La informacifn que de ellas se encuentra en
nuestro banco de dates gepgrdficos se encuentra descrita en las ta-
blas localizadas al final de este reporte ¥y corresponden, aproxima-
damente, a la informacién que una persona "promedio® obtendrfa de eszs
cartas, haciendo uso de las leyendas y explicaciones cue aparecen en
los margenes de &1las. o

Las funciones que accesan €1 banco de datos nos permiten descu-
brir 1os sfitlos {(cuadros & subcuadros} que poseen determinada prople-
dad.

Procedemos a dar algunos ejemplos sencillos, con &1 fin de mostrar
la simplicidad de su uso. Cualquiera de estos puntos ¢bscuros en estos
ejemplos serdn aclarados en secciones posteriores,

Por ejempla, 5i deseamos descubrir los cuadros (nive) 3) que
poseen mas de un 20% de ¢ultivos, 0 sea aquéllos cuadros que tengan
més de 20% de superficie cultivada, definimos el predicade CULTI {e!
nombre no importa, mas debe tener de ! a 6 letras; es conveniente usar
nombres mnembnicos} mediante el postulade gque nos dice que hemos definido
"GULTI" como todo aquél lugar donde la propiedad 100 {que en la tabla 1
vemos que nes indica CULTIVOS) sea mayor de 20 (& sea mayor de 20%}.

Una vez hecha esta definicién, procedemos a buscar "CULTI" a nivel
de cuvadro (nivel 1) como sigue:
CULTI = PRO (100.,MAYORG,Z20)
CALL BUSCA (CULTI,3)
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Los tres postulados anteriores necesitan de ciertos "accesorios®

en forma de postulados adicionales; los programas completos son:

LOGICAL FUNCTION CULTL{N}
LOGICAL PRO, MAYQRQ

EXTERNAL MAYORQ + Programa que define el
CULT! = PRO {100., MAYORQ, 20} ¢1 predicado “CULTI"
RETURN '

END -

LOGICAL CULTI
EXTERNAL CULTI

. CALL BUSCA(CULTI,3)
Programa principal que busca -» STOP

"CULTI" a nivel 3 (de cuadro) END

¥ &l resultado es un arreglo de ceros y unos representdndonos ios cua-
dros {de 1a zona F 13 8 69} que carecen'[ceruEJ § tienen (unos) la pro-
piedad CULTI, & sea que tienen mds del 20% de su Superficie cubierta por
cultivos:

00D 01110
11000110
11100000
1100G0CT0CO0OD0
000 O0O0OQOD0 !
0 0 O0ODO0O0TCD

ROTAS

Brevemente, 1as declaraciones LOGICAL en los programas definen &
CULTI, MAYORQ y PRO como funciones que adguieren valores lagicos
(cierto 6 falso); 1a (N} de CULTI (N) es una variable muda: las
declaraciones EXTERNAL definen a CULTI ¥y MAYORQ como nombros de
funciones y la secuencia RETURN EKD en el predicado y STOP END
en &l programa principal terminan “correctamente” los programas.
£1 usuaric no necesita entender todo esto, pudiende mirar a todas
estas declaraciopes como parafernalia engorrosa pero necesaria:
no puede omitirse,
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Parz buscar la misma propiedad a nivel de subcuadro, diremos en el
programa principal:
' CALL BUSCA (CULTI 4),

51 estamos interesados por zanas donde mas del 60% sean cultivos
(propiedad 100.) 6 pastizales {[propiedad 102. segiin la tabla 1)
diremos:

ZI0NA = PRO (100., MAYORQ, 60) .OR. PRO (1D2., MAYORQ, 60]
$1 queremos hallar zonas que no tengan chaparrales (propiedad 103.)
diremos:

NOCHAP = _NOT. PRO {103., MAYORQ,Q)

Es decir, PRO{103., MAYORQ, 0} define lugares donde sT existen cha-
parrales, ¥ con un .HOT, enfrente se niega esta propiedad.

"4Qué lugares tlenen pocos dlamos y muchos pirules? Si convenimos en
que "poco” signifique menos del 15% y "mucheos" stgnifique mis del 70%,
nuestra funcibn es: : . .

ALAPIR = PRD (238., MENORQ, 15) .AND. PRO (Z245., MAYQRQ, 7Q)
LQué lugares estdn comunicados ya hien sea por carretera 6 ferrocarril?
${ vemps la tabla 1, obseérvaremos que las prnpiedades1de la 110 a 1a
116 se refieren a diferentes tipos de carreteras, &n tanto que las pro-
pledades 117 2 120 se refieren a tipos de vias de ferrocarril. Una de
ellas e5 suficiente para comunicar el lugar por donde pasan. ‘La funcién
es;

COMUN = UNADE (110, 120, MAYORQ, 0)

que e interpreta diciendc "al mmnos una de las propledades 110. a 120.
debe ser mayar que cero”, es decir, debe existir.

Si quiero conocer todos los Tugares que estdn comunicados, y que tienen
agua almacenada (presa, bordo § depdsite), diremos:

COMAGY = UNADE (110, 120, MAYORQ, D} .AND. UNADE (126,128,
MAYORQ, O) '
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LEn qué Tugares hay palmares (digames, 25% de la superficie) a mis de
mil metros sobre el nivel del mar?

PALMAR = PRO (104.,MAYQORQ,25) .AND. PRO (195.,MAYDRQ,1000}
d0ué zonas se encuentran entre 1600 y 1800 metros sobre el nivel del
mar?

RESUL = PROP {190., ENTRE,1600,1800)
iCrecerdn los nopales sobre suelos de tipo Gleysol plfntico?
Definamos "crecen los nopales” cuando mds del 30% del suelo estd cubierto
de nopalera (propiedad 266.) y defipamos que un suelo es de tips “Gleysol
plintico™ cuando tiene mis del 70% de Gleysol plintico dominante (propie-
dad 54D.). Entonces,

NOPG = PRO {246.,MAYORG,3G)} .AND. PRO (540, ,MAYQRQ,70}

Se pueden hacer preguntas arbitrariamente largas. Por ejemplo, un
Tugar turfstico puede ser aguél donde haya playa, {(188.), bosque [105.
$ 106) & rios (181.)emnlugares no muy altos { € 2500 mts.); & bien Jugares
a2ltos, pero con volcanes {1160.) & suelos glaciares (957.); & blen varios
manantiales termales {mis de 4) (1163.) pero bien comypicados (una de 110.
a 120.} en terrenps no montafiesos {que no sea 804. ni 805.)

Podemos proceder por partes:
UND= PRO (188, ,MAYORD,0} .CR.UNADE [105.,106.,MAYORQ,0)
.OR. PRO {181,,MAYORQ,0) .AND, PRD (194. MEWORG,2500}
DOS = PRO (195, ,MAYORQ,2500) .AND, (PRO (1160.,MAYORQ,OD)
LOR.PRO {957 ,MAYORQ,0))
TRES = PR (1163.,MAYORQ,4) .AND. UNADE (110., 120.,MAYCR],0)
" .AND. .NOT. UNADE {804.,605.,MAYORQ,0)
Y luege decimos finalmente,
TURIS = UNO .QR. DOS .DR. TRES
NOMEKCLATURA USADA
PREDICADO: funcién légica definida por el usuarie
FUNCIONES RELACIONALES: MENORQ, MAYORG, DIFERE, IGUALQ y ENTRE
FUMCIONES LOGICAS: PRO, PROP, UNADE, CERCA, SERPRO, SERPOB y PUEHLD
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DESCRIPCION DE LAS FUNCIONES RELACIONALES

tas funciones relacionales se usan dentro de las funciones 16gicas
PRO, PROP y UNADE, para delimitar 1¢s valores de una propiedad.

Son dtiles para construfr el predicado que finalmente utilizamos,
("TRIGD", "TURIS", etc.), es dectr, el gue contiene todas las propiedades
Que nos interesan. '

REGLA 1. Cuando en l1a definicibén de estos predicados se usan alguna
de PRO, PROP, UNADE, MAYORQ, MENORG, ENTRE, DIFERE, ISUALQ,
tal funcitn a usarse debe declararse antes de $u uso, que
es una funcibn 18gica. Ejemplo:

Supongamos que quiero hallar los lugares donde se efectfia agricultura
de temporal némada, independientemente del tipo de cultivo (el que a
su vez puede ser anual, permznente & semi-permanente). Esto es, cual-
quiera de 1as prapiedades 202., 205., & 208, '

Antes de decir, :
i NOMADA = PRO (202., MAYORQ, O} .OR. PRD (205,, MAYORQ, 0)
LOR. PRC (208., MAYORQ, 0)
Debc declarar '
LOGICAL PRO, MAYQRQ,

REGLA 2. Cuando en la definicifn de estos predicados se wsan alguna
de MAYORQ, MENORQ, ENTRE, DIFERE, IGUALQ, debe declararse
antes de su uso, que e$ una funcibn externa, mediante la
declaracifn EXTERNAL, la gue puede ir después q antes de la
declaracifin LOGICAL. -

De modo que el ejemplo anterior nes puede quedar ya completo:

LOGICAL FUNCTION NOMADA (M)

LOGICAL PRO, MAYDRO

EXTERNAL MAYORQ

NOMADA = PRO (202., MAYORQ, 0) .OR. PRO {20%., MAYORQ, 0) .OR, PRO

{208., MAYORG, 0)

RETURN

END
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REGLA 3. Todo predicado final (NOMADA, en este case), debhe declararse:
LOGICAL (con LOGICAL FUNCTION...) al momento de definirlo,
tal como 1o hemos hecho. Tamblén debe de declararse LOGICAL
y EXTERNAL, en el momento de usarse, es decir, en el progra-
ma principal:

LOGICAL NOMADA

EXTERNAL NOMADA Frograma principal gue busca
CALL BUSCA (NOMADA, 4) agricultura nomada a nivel de
STOP subcuzdro.

END

N5tese que el programa principal es “"sencillo™ y que todas las funciones
PRO, MENORQ, etc., se usan en el predicado por el usuario, més no en el
programa principal, el que sflo usa BUSCA.

-MAYORQ

La funcidn MAYORQ es cierta en una zona, si tal zona posee la pro-
pledad PROP en una cantidad mayor que n. Ahora blen, puesto que casi
todas las propledades estdn expresadas en percentajes, es decir, en ni-
meros enteros del 0 al 100,.con.-mucha frecuencia h es un parcentaje.
Ejemplo: )

PRO{100., MAYORQ, 20) serd cierta en los lugares que tengan mds de
20% de cultivos.

Ejemplo:

PRO (310., MAYORQ, 500) halla lugares con mds de 500 habitantes.
Todas Yas funciones relacionales se usan 5810 dentro de las funciones
16gicas PROP,PRD y UNADE. PRD se usa cuandd se necesitan tres argumen-
tos {como en este caso), y PROP cuando se requieren cuatro. Luego en-
tonces MAYORQ, sblc se usa dentro de PRO & UNADE.

La funcibn relacional MAYORQ nos sirve para determinar gque zonas
tienen un porcentaje mayor de una propiedad que se desee § de una alti-
tud, etc.



MENORQ

a funcibn relacional MENORG nos sirve para determinar que
zonas tienen un porcentaje mencr de una propiedad que se desee, de
vna attitud, etc.

PRO {PROP,; MENORQ, n) es cierta en una zona si tal zoma posee
Ta propiedad PROP en una cantidad menor que n. PROP = nimerg de pro-
piedad. En punto flotante. n = nimero. Entero, generalmente del 0
al 100,
Ejemplo:
FRO {277., MENORQ, 30) serf ¢ierta en los lugares en que los crasi-
rosulifolios espinosos no 1lequen a cubrir el 0% de 1a superficie
de tal lugar.

MENOR(, sfi1o se usa con PRO 6 UNADE.

ENTRE

—p——

PROP (PROP, ENTRE, n min, n max) es cierta en 1os lugares en
que el valor de la propiedad PROP es5td entre n min y n max, es decir,
en 195 que

min & valor g nmax

PROP es el nimero de la propiedad {en punto flotante), n min ¥
n max son los 1fmites inferigr y superior respectivamente, ambos en
punto fijo.
Ejemplo: ) .
PROP {180., ENTRE, 1, 3} nos hallard todos los lugares {cuadros 6
subcuadros} donde existan uno, dos 6 tres puentes.

La funcién ENTRE nos sirve para encontrar las zonas gue tienen
una propiedad que estdé entre dos valores dados, que puede Ser en por-
centajes 6 en altitudes & en nimero de alga.

ENTRE s0la se usa con PROP.
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DIFERE

—— e —

PRG {PROP, DIFERE, n) serd cierta en las lugares donde el valor
de ta propiedad PROP sea diferente de n. PROP es el nimero en punto
flotante de la propiedad buscada y n es un entero.

Ejemplo:

PRO{312,, DIFERE, 1} halla los cuadros § subcuadros (segin el nivel a
que se le use con BUSCA) que no tienen exactamente un pueblc, es decir,
aquélios que tlenen mfs de uno (dos, tres_puedblos) & que caracen de
pueblo. '

La funcibn DIFERE encuentra las zoras que tienen una propiedad
diferente a cierta cantidad dada.

DIFERE s& usa 5875 con PRD & con UNADE.
IGUALQ

PRO (PROP, IGUALQ, n} es cierta en Tos Tugares en que el valor
de la propiedad PRGP = n, PRCP es el nimero de la propledad interro-
gada, expresado en punto flotante y n &5 un entero.

Ejemplo:
PRO(190., IGUALQ, 2500} nos halla aquéllos ltugares situados a 2500 mis.
de altura.

La funciéin relacional IGUALQ encuentra las zonas que ticren una
propiedad {1gqual a cierta cantidad dada.

IGUALQ se usa con PRO 6 con UNADE.
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DESCRIPCION DE BUSCA S

- BUSCA en:u9ntra la funcifn deseada y a qué nive1
Ejemplo: : “
CALL BUSCA {FUNCION, NIVEL)

N . a o ! LT
e " LI b i,

DESCRIPCION DE LAS FUNCIONES LOGICAS

. SR LR R R TR LT TN B S
PRO (al, a2, a3)

i ; P - r * -
5“"‘}" [ B T e T LT

e ¥ IR 5!:11_'"|“"“.;= . . '
Es una funcidn 1égica que nos sirve para la construccidn de
pred1:adas ) sea prggugtas. .Pro.es una funcifn, que .consta de 3
- N - . o El e r LY
ﬂrgumﬂ‘ﬂtﬂ'i, dnnde . . _.rl..+. - ." , .f, T T T ‘_-’. .
g g 2

al es la propiedad,.en ~punto flotante .r., -

az es.una func1ﬁn.re1ac1anal y debe ser una de: MAYORQ, MENORQ,
DIFERE, IGUALGQ. ~

al e5 la cantidad de relacifn, en punto fijo.
r. - P -
al, es 1a propiedad que se desea y se encuentra su equ1va1ente
numér‘"n en 1a tabia #1 [Her Apéndlce} TR
Ejemp J cove TRt
Usandt 1a funciﬁn prﬂ y 1a fun:iﬁn re1ac1nna1 HAYGHQ y busca Desea-
nos s ber en qué cuadru hay més de SGD hahitantes e

Fogh

‘..ﬂ.l!1 -

En T1a tabla #1 (Yer Apéndice), 1a propiedad que'nqs da el ndmero . .
de habitantes es Ta 310. !

L

.
aaLa L v g - N *

Definimos nuestro predicado:

GENTE = PRO {310., MAYQRQ, 500)
a) Definimos nuestra LOGICAL FUNCTION con.el.predicado:.

LOGICAL FUNCTON GENTE (N} b s e
LOGICAL-PRO, MAYORQ. | vu« 16 o ) ceew oot oot
- EXTERNAL MAYORQ Lo
" GENTE = PRO” (31ﬂ MAYORQ;1500) “0 ~e T e
RETURN

END
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b) Definimos el programa principal

LOGICAL GENTE
EXTERNAL GENTE

CALL BUSCA (GENTE, 3)
STOP

END

Como vemos el ltistado 1, tos unos mos indican los cusdros
" donde hay mis de 500 habitantes, los ceros nos indican donde no
hay habitantes & hay menos de 500 habitantes.

Esto se puede verificar en la Figura 4, donde como se ve en
e) cuadro #21 1a suma de! total de habitantes de este cuadrd exce-
de de 500 ya que en ¢l pueblo de Unidn de San Antonio hay 480 ha-
bitantes y en el pueblo de San Ramfn hay 247 habitantes. Aparece
un uno, )

Parz el cuadro #22 como el puebls Gral. PEnfilo Natera tiene
2,305 habitantes aparece un uno, para el cuadro #29 silamente hay
205 habitantes que pertenecen al pueblo de Tahonas y vemos que apa-
rece un cero; para el cuadro #30 hay 520 habitantes en e] pueblo de
:Eancho Nuevo y por lo tanto aparece un uno. Esto lo vemos en la fi-
gurs 4 que pertenece a la carta de yso del suelo,

UNADE (al, A2, A3, a4 )

Es una funcibn lbgica que consta de 4 argumentos ¥ es un
.0R.
Donde:
al es el nimero de propiedad, en punto fijo
" 82- es €] nimero de propiedad

" a3 es 1a funcién relacional que debe ser uma de : MAYGRG, MERORQ,
DIFERE, IGUALT].

ad Es 1a cantidad que 1a funcibn relacional usa para sy comparacion
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LAGTICAL FUNLCTION GENTEIN)
LTCAL MAYNEQ, PPN
EXTERNAL MAYDPR)
GENTE=PROI310O, MAYDR], 500}

£ JIUTEFN CLRADROS QUE TENGAN MAS DE 500 HABITANTES
RETURN

EMD

LOGTICAL GENTE
FXTESHAL GENTE
CALL BUSCA{AENTE,3}

L
EMD
0 0 0 0 0 1 Q 0
0 0 1 0 1 1 1 0
o 0 1 1 3 1 e
1 0 o 0 1 0
0 G 1 0 1 1 0 1
1 1 1 1 0 1 1 ¢

Equivalente a la figura 4

Listado 1
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$i nosotros deseamos la existencia de una & varias propiedades con-
secetivas no importando cual de ellas exista, usamos 1a funcidn 1dgica
 UNADE, si tenemos UNADE {100, 105, MAYORQ, 20) indica que si cualquiera
de las prnpiedades 100,101,102 ,103, 104 8 105 :ump]e el predicado la fun-
cibn 1dgica se hace verdadera.
Ejemplo: .
51 nosotros deseamos saber qué cuadros tienen puntos mayores de 2,200
a1 nivel del mar, usamos el siguiente predicado:

ALTUR& UNHDE (190 195,MAYORQ,2200) -
_ ’

De 1a tabla #1 {ver ﬁpéndice].'#emﬂﬁ en curvas de nj§e1 de la carta
topogrifica. T L
19¢ Hivel en la esquina 1zquierda superior
181 Nivel en 1a gsquina derecha superior
192 Nivel en 1a esquina 1zquierda inferior
193 Nivel en 12 esquina derecha inferior
194 HNivel méximo
195 Nivel minimo

$1 el predicado se cumple para una sola propiedad & sea que una sbla
propiedad sea mayor de 2,200 la funcidn 16gica serd verdadera.

Como se ve en la Figura 5, que pertensce a la carta topogrifica,
verificamos los resultades obtenidos y efectivamente vemos gque en los sub-
cuadros B y D del cuadro #20, hay curvas de nivel que exceden los 2,200
metros al nivel del mar, para el cuadro #19 no hay un sdlo subucadro que
" tenga un nivel mayor de 2,200 mts. para e! cuadro #27 sucede lo mismo y
para el cuadro #28 hay 3 subcvadros, los B, C y D que exceden los 2,200
mts. al nivel del mar. {Esto lo vemos en la Figura 5 que pertenece a la

carta topografica).
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LOGICAL FUNCTION ALTURA(N)
LOGICAL MAYCRQ,UNADE

EXTERNAL MAYORQ

/

ALTURA=UNADE (194, 195,MAYORQ, 2200)

RETURN
END

LOGICAL ALTURA

EXTERNAL ALTURA

CALL BUSCA{ALTURA,k4)

STOP
END
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Equivalente a la figura 5

Listado 2
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PROP (al, A2, A3, abY

Es una funcidn 16gica que nos sirve para construtr predicados.
PROP es una funcidn 16gica que utiliza la funcidn relacional Entre.
Donde: ) .1 :
Al - Rimero de propiedad, en punto flotante -
A2 Fupcién relacional: por el momento,.sdle es ENTRE
Al Limite inferior, en punto fijo -
M  Limite superior, en punto fijo.
Ejemplo: . ’
-$1 queremos un cuadro § subcuadro que tenga ' un nimerc de habitantes
entre 150 y 500, definimos nuestro predicada en la siguiente forma;

+

PUEBLﬂ = PRCP (310., ENTRE, 150, 500} | *
Donde de la tabla #1 {ver Apéndice] sabemgs que 1& prop. 310. es e}
nimero de habitantes. ' : o

Ahera, si gueremos saber cuales son 183 subcuadros donde hay
pueblos que tengan de 150 a 500 habitantes y no tengan carretera
de més de dos carriles § pavimentada § terraceria todo tiempo, &
terraceria en tiempo de secas & carretera fédera],de cuota § estatad,
usamos PROP y UNADE en 1a forma s1gu1ente£

PUEBLO = PROP (310., ENTRE, 150, 500).AND. UNADE (110,116, MAYORQ,D)

Comoe se ve en la tablia #1 {U'El' Apéndice} las prop. 110 a 116
corresponden & Jos tipos de caminos indicades.

En la figura 6 , Vvemos en et suheuadro A del cuadro 119
que no existen pueblos que tengan habitantes entre 150 a 500, habi-
tantes por 1o tanto aparece un cero. Los subcuadros en los cuzles
nuestro predicade se hace verdaderg son el subcuadrc D del cuadro
19, en g1 cual existe un pueblo que tiene 500 habitantes y no tiene
" ningiin tipo de camino, este pueblo se 1lama Las Coloradas. Tambifn en
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LOGICAL FUNCTION PUEBLO (N)
LOGICAL ENTRE,PRCP,UNADE,MAYORG

EXTERNAL ENTRE,MAYORQ

PUEBLO=PROP(310. ,ENTRE, 150,500) . AND. { .NOT.UNADE(110, 116 ,MAYORQ,0))
RETURN
END

LOGICAL PUEBLO
EXTERNAL PUEBLO

CALL BUSCA (PUEBLD,4)
STOP |

END
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Equivalente a 1z figura 6

Listado 3
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CUADRO #28

tajiente, Zac.

_ 6 Parte de ta Carta de Usoc del suelo de 0Jo s
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en la parte superlor, ¥ LAS LAJAS =en el C
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e! subcuadro A del cuadro #20 es verdadero el predicado, ya que
existe un pueblo 1lamade Las tajas, con 250 habitantes y no tiene
ningin tipo de camino, la fiqura & pertenece &2 la carta de

uso de suelg,
W

HAYVIA

Es una funcidn 16gica que consta de E‘argumentus como sigue:
HAYVIA (Al, A?Z)
Donde:

Al Se ve en la tabla #5 ¥ nos indica la clase de via de comuni-
cacibn,

AZ Es el nimera del pueblo con el que se comunica y 38 ve en
Ta tabla #4. (pdy.113).

Por ejemplo, queremos saber en qué Jugar hay un pueblo que
se comunigque con el pueblo 1lamado PANFILO MATERA, 2 través de
carretera pavimentada. 57 a nuestra funcién Ta 1lamamos VIAS,
tenamos:

VIAS = HAYVIA {11,201%)
£1 11 corresponde a una carretera pavimentada de la tabla #5.

E1 201% corresponde al pueblo 1lamado GRAL, PANFILC NRATERA de
la tabla #3.

Como vemos, eh 1a F1g 7  en el cuadro 11 existe un pueblo
que tiene carretera pav%mentada a 8) pueblo GRAL. PANFILD NATERA
y este pueblo se 1lama 1a ESQUINA DEL POTRERD, por lo tanto nues-
tra funcldn se hace verdadera y aparece un uno en el listado 4.

SERPRO

Es una funcidn 16gica que nos sirve para la utilizacidn de
Tos servicios propuestos para la poblacidn, ésto se ve en Ja tabla
#2, l1a estructura de SERPRO consta de 2 argumentos y £5 como Sigue:
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VI1as DATF = 78122 0B/51/1a

LOGICAL FUNCTION VIASIN}
LOGICAL HAYVIA
ViASsHAYVIA{LL, 2010}
C OUIERD SARER QUE PUERLD TTENE CARRETERA PAVIMEMTADA A GPAL. PANFILD WATERA
RETURH '
END

HATN DATE = Tal22 0Bss1/10

LOGICAL V1AS
EXTEFNAL VIAS

(ALY BUSCAYVIAS, 3}
STop

END

OO o000
Ooo0os o
SO0~ 0O
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Listado 4
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SERPRO (Al,AZ)
Dande: "
Al Es el nlmero para servicios para la poblacldn y va del 1
al 8 como %igue:
1. abastecimiento de aqua de fuente superficial
abastecimiento de agua de fuente subterrdnea

escuela
[ telégrafo |
5. ‘. drenaje por fosa séptica
6. '~ drenaje por emisor
7. centro asistencial

energia eléctrica

A2 Es un nidmero de entrada que, si es 1, nos indica que buscamos
servicios Al propuestos. 51 es 0 nos indica que buscamos ser-
vicios del tipo Al que no hayan 5ido propuestos.

_En el ejemplo {ver Tistado 5) gqueremos saber en qué lugares se
han propuesto escuelas, si 1lamamos ESC a nuestra funcidn queda de la
siguiente forma:

ESC = SERPRD (2,1}

En HAYYIA, SERPRO, SERPOB y PUEBLD, sélamente tienen significado
para cuadros porque asi se definid en el Bance de Datos Geogriaficos.

Como se compruebz en la Figura 8 vemos gué en el cuadro #22 hay
un 3 que nos indica que se ha propugesto una escuela y se ve en el lista-
do 5 de computadora gque aparecen 1's en 1os subcuadros del cuadro #22
¥y ésto es debido a que SERPRO por definicidn del Banco do Datos Geogrdfi-
cos entrd a nive! de cuadro. )
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ESL

L ICAL_FUNCTION ESCEY)

LUGICAL SerFRO
chC=SERPRQLs 4L 4

NATFE = Fal123
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CUADRO #29

UUEIEK}ZF3D

Fig. B Parte de la Carta de Uso Patencial de Ojo Caliente, Iacatecas.
¢EN QUE PUEELOS SE HAN PROPUESTO ESCUELAS?
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PUEELO

Es una funcién 18gica que consta de 1 argumento como s1gue:

PUEBLO {Arg}
Donde: -
ARG.- e5 el equivalente numdrico de un pueblo y esto se ve en la tabla
.

Esta funcidn nos sirve para localizar en qué fugar 58 encuentra
un pueblo buscado. Ejemplo:

En 1a zona de Ojo Caliente, Zac. deseamos buscar en qué cuadro estd
el pueblo de San Pzblo.
o, Construfmos nuestra funcidn en este caso le 1lamamos PABLO.
LOGICAL FUNCTION PABLO (N)
LOGICAL PUEBLO
PABLO = PUEBLD {2037)
RETURN
END
{omo se puede observar el nimerc 2037 en la tabla #4 corresponde al pue-

blo de San Pablo.
2a. Construimos el programa principal y buscamos a nivel de cuadro,

Ejemplo:
LOGICAL PABLO
EXTERNAL PABLO
CALL BUSCA (PABLOD, 3)
STOP
END
E1 resultado es el Siguiente: _ pe
¢c 0 000 OCDO0 O
0 000 0 0CODCO
0 000 00 0 ¢
0 0 0000 QO
¢ 0000100
G 00 DO0OO0OODGC
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Como podemos comprobar en la Figura 8' que corresponde a una

parte de la Carta Edafolégica de Ojo Calfente, Zacatecas, existe
un pueblo 1lamado San Pablo &n el cuadro 28 y en este cuadro es

donde nuestra funcibn se hace verdadera y existe un uno.

SERPOB

Es uma funcibh 16gica que consta de B argumenios {ver tabla #3)

¥ son 105 siguientes:

SERPOB (NUM, a,b,c,d.e,F,q)

HUM . - Es el nimero que estd en 1a tabla #3 que corresponde a

WD 03 ~d h N e R e

-]

tos servicios de la Pnﬂlaciﬁn y va del 1 a} 9'en 1a si-
gulente forma (se lucqlizan en la Carta de 50 del Suelo}:

Abastecimiento de agua
Med1o de almacenamiento
Forma de distribucibn
Drenaje

Asistencial

Municipal

Educaciconal

Corriente elé&ctrica
Comunicaciones.

Es una subdivisidn de 1os servicios en la poblacidn, por ejemplo:
51 tenemos,
la. Indica que tenemos abastecimiento de agua por
manantial (ver tabla #3).

Es una subdivisidn de los servicios de la puh]&c{ﬁh;-pcr ejamplo:

si tenemos,
Bb Indica que tenanos corriente eléctrica por medic de

planta propia {ver tabla #3 al final de este reporte).

+
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und subdivisidn en Tos servicios de la poblacibn, por ejemplo:

.tenemos,

Tc Indica que existe Educacional a nivel de
secundaria (ver tabla #3)

una subdivisidn en los servicios de la poblacién, por ejemplo:
tenemos,
3d {ndica que tenemos forma de distribucidn por
medic de traccidn animal. {ver tabja #3)

una subdivisién en Tos serviclos de la pobtacidén, por ejemplo:
tenemos ,
9¢ Indica que tenemos comunicaclones por medio
de radio difusora (ver tabla #3),

una subdivisibm en.los servicios de la poblacidn, por ejemplo:

tenemos,
1f  1Indica que tenemos abastecimiento de agua

por medic de pozo {ver tabla #3},

la 41tima subdivisidn en les servicios de Ta poblacidn, por

ejemplo: 51 tenemos,

7g  Indica que tenemos educacional a nivel de
ensefianza superior (ver tabla #3).

Ahara podemos tener &l siguiente ejemplo:

1fg-2b-3ab-4abc-5b-6a-7abede fg-Ba-9be

Este ejemplo nos indica gque deseamos una poblaciln con tos sigulentes
servicios:
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1fq Abastecimiento de agua de pozo y poza

2b Medio de almacenamiento de tanque elevado

3ab Forma de distribucifn por tuberia y canal

dabc Drenaje por emisor por fosa séptica y fosa
5h Asistencial con clinica

ba . Municipal con rastro

7Tabcdefg Educacional con pre-primaria, primaria, secundaria,
preparatoria, normal, ensefianza técnica y ensefianza

superior.
8a Corriente eléctrica por 1inea
9%c Comunicaciones por telégrafo y teléfono

Para £]1 uso del Banco de Datos Geogrificos 1as subdivisiones de
los servicios de la poblacibn tienem un egquivalente que es el siguiente;

a - 1

b - 4

C - 16

d - B4

e - 256
f - 1024
q - - 40%6

NADA - 0

$9 por ejemplo, deseames buscar lugares que tengan educacional a
nivel de secundaria que es 7¢, y sabemos que ¢ es 16 en SERPO8, lo
hacemos de 1a siguiente forma:

SERPO8 (7,0,0,16,0,0,0,0)

Como se observa &l primer argumento sigue conservando el nimero
de la tabla #3, en el segundo argqumenic tenemps cero ya que no estamos
preguntando por pre-primaria, también el $20undd argumento es cers,
ya que no prequntamos por escuela primaria, pero para el tercer argu-
mento tenemps 16, ya que estamos pregquntando po} un lugar donde existe
secundaria y para el restu de argumentos tenemos ceros.
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Ts wuy importante que la funcifn tenga siempre sus ocho argumentos,
también podemés alterar el érden de 10s argumentos a excepcifin del
primerc. Ejemplo:

. SERPOR (7,0,0,16,0,0,0,0) e5 equivalente a SERPCB (7,16,0,0,0,0,0,0)

En' un ejempla por computadora {ver listado 5'), deseamos saber en
qué subcuadros de 1a zona de Ojo Ca]iénte, Zac. hay abastecimiento de
agua solo por medio de pozo,

1. Construfmos nuestra funcifn légica y la 1lamamos FOZO en la forma
siguiente: '
LOGICAL FUNCTIDN POZO (N}
LOGICAL SERPOB :
POZ0 = SERPOB {1, 1024, ©,0,0,0,0,0)
RETURN
END

Como observamos en la tabla #3 el 1 corresponde a Abastecimiento de
Agua y el 1024 corresponde a fy f en la tabla #3 corresponde 2 pozo,
como se ohserva el Orden de los dltimoes 7 argumentos no importa.

2. Construimos el programa principal y buscamos a nivel de subcuadro,

LOGICAL POZ0
EXTERNAL POZ0C

CALL BUSCA (POZD, &)
STOP

ERD

En e) listade 5 podemos ver el resultado a nivel de subcuadro.

En 12 figura 8" que es una parte de la Carta de Uso del Suelo de
0jo Callente, Zac., vemos gue en J0s cudtro subcuadros del cuadro 19
aparécen gnicamente ungs, que nos indican que en ese cuadro €s nuestra
fungibn verdadera, en el syhcuadro E del cuadro 19, vemps que el pueblo
11amado Las Coloradas tiene 1f, que es abastecimiento de agua por
medio de pozo, también en ese mismo subcuadro el pueblo La Cejita
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Fal [V 6 LEVFL 21 POID DATF = F&12& DT/LT AL
1OGICAL FUNCTICON PDZOIN)
LOGIC AL SERPOR
POZO=SERPOBI] 1024 ,0,0:040,2.0) -
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Lo
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LOGICAL PDZO =

CALL BUSCA{POZDy4)
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END
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Equivalente a la Fig. 8"
Listado &'
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tiene 1F.de-7b de servicios de 1a poblacidn; en este caso el 1f esta
:ﬂﬁtfnidq coma 1a funcibn SFRPOB tiene contenido a nivel de Cuadre,
tedos los sébcuadrns de este cuadro se hagen verdaderos;en los cua-
drps 20, 27 y 28 po existen pueblos que como servicios de 1a pobla-
clion teagan abastecimientp de agua por medic de pozo, por esta razon,

isien splam@nte ceros en estos subcuadros,

EVALUA .
&5
Nos sirve para hacer una evaluacién de propledades de una
regidn.

VALOR

Nos sirve para determinar cantidades numéricas referentes-
s las prups. de la tabla #1 (ver Apéndice) de cualguier regién,
ya sea en H & su valor en cua1quier unidad, etc.
Ejemplo:

VALOR (SID.} nos da el valor de 1a propiedad 310, es decir,
el-nimero de habitantes. o

E1 valor de una propiedad es 0 s§ 65ta no existe.

FUNCIONES NUMERICAS

. !

Hasta ahora para buscar zonas de interés hemos usade predi-
tados, es decir, que existen (1) o no existen (0) en determinado
fugar. Emperc, es a veces conveniente usar funciones cuyo rango
no es 5010 el conjunto {ﬂ; 1), sino un conjunto mis poblade,
-digamos {0, 100). Por ejemplo, si quiero hallar un lugar RICO
puedo calificar cada lugar con nimeros de 0-2 100 donde O nos
indique “"paupérrimo” y 100 nos indigue "muy ricc", pera donde
tambi&n sean permisibles todos los resultados intermedios, con la
{ntarpretacién carresﬁnndientg en la esczia de riqueza: es decir,
10 es “bastagte pobre", 52 “regular®, etc.

A pstas propiedades gue tiepen como réngu ua conjunto de
varios valores que representan “grados”™ o “intensidades" de una
.propiedad se nos ha dado en 1lamarles propiedades numéricas, para
" diferenciarlas de los predicados,donde sdlo hay'2 valores de salida,
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Continuaremas nuestro ejemplo diciendo que los iugares qﬁe
tienen minas de crg & plata son ricos, 105 gue tienen pantanos §
zonas erosionadas son pobres, y los que tienen pastizales natura-
les 6 cultivos son "regulares". Como ahora podemos dar mds preci-
sifn a nuestras interpretaciones y como el oro vale 3 veces mds
que la_ plata, diremos que una mina de plata en un lugar contribuye
con 100 puntos (el nimero 100 es arbitrario, pero sirve de refe-
rencia para los demfs nimeros & coeficientes, gue guardan una re-
lacién & prnporciﬁn con éste de Ja plata) a la riqueza de su lugar,
mas una mina de oro contribuye con 300 puntos. Un pantano contri-
buye con -150 puntos (empobrece el 1ugarL mas una zona erosionada
contribuye tan solo con -50 puntos (10 empobrece menos). Es decir,

RIQUEZA = 300 *(nimero de minas de oro) + 100 {nimero de minas

de plata) -150 *{porcentale de terreno pantanosgo) -50 *

{porcentaje de terreno erosicnado)

Debe aclararse que los coeficientes 300, 100, -150, ete,,son
"subjetivos" en el sentido de que no hay reglas exactas para hallar-
los, por 1o que por lo general varYan; personas distintas asignardn
pesos & coeficientes distintos. También el incluir una propiedad
{cafiaverales, por ejemplo) depende del usuario y del fin con que
se vaya a utilizar la funcidn numérjca RIQUEZA que se est§ definiendo.

Al evaluarse RIQUEZA en toda una zona, nos dard un arreglo de
ndmeros. Estes mientras més grandes sean mds RICO serd el lugar gque

Tos posee.

LAS FUNCIONES EVALUA, EVALU, EVAL

‘Para 1o anterior se usa la funcidn EVALUA, con sus variantes
EVALU y EVAL, a la que se le proporcionan las propiedades gue deberdn
tomarse en cuenta, junto can los coeficientes o pesos gque se les
&signe. fn el ejemplo, se le proporciona 'a sfguiente informacidn:
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INFORMACION PARA EVALUA PROPIEDAD # PESD PARA 1002
minas de oro 1?2* 300
w
minas de plata 1?3* 100
pantanos 185 =150
terrenc erosiomado 286 =50

* y ** cuponemos que e50s nimercs son sus equivalentes

Entonces, si el 100% del &rea de um Jugar es terreno erosio-
nado, se contribuye con -50 puntos: pero si solo el 0% estd ero-
sionado, la contribucifin es =50 x .3 0 sea -15 y si no hay erosidn
alguna, 1a contribucifin es 0. Es decir, se hace una interpolacidn

1ineal entre 0% y 100%.

peso et ¥ — - —
correspondignte

L
o

1008 + porcentaje
Tambi&n podemos pensar hacer unz evaluacidn no lineal, espe-
cificando un peso para el 50% no necesarfamente igual a la mitad
del peso correspondiente para 1Q0%.

Por ejemplo si para cierto fin el porcentaje de mezquital
importa poce mientras no Jlegue al 50%, pero después importa bas-
tante mis, podemos fijarle 40 al porcentaje 100%, pero sdlo 10
en lugar de 20 a) porcentaje = S0% Como sigue:

INFORMACION ALTERNA PARA EVALUA

PROPIEDAD # PESD PARA 0% PESO PARA 50% PESO PARA 100%
287 { 10 40

Lo que equivale a:
peso

80 oo e _ o __

30 |

20

10 ]

|
[
’a
}
|
|
]

.
100%  porcentaje
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Nétese que se sigue Interpolando linealmente entre 0 y 50
¥y tambi&n entre 50 y 100.

Finalmente, &xiste una tercera forma de dar la informacifn
incluyendo asfmismo los valores (pesos)en 0%, 25%, 50%, 75% y
100%.

INFORMACION ALTERNA PARA EVALUA

PROPIEDAD # PESD PARA  PESO PARA  PESQ PARA PESO PARA PESO PARA
100% 75% - 50% . 25% 0%

1o que permite hacer la curva mfis no-lineal:

PESD i

-]
Ejemplo: 1 * y . b“
0 2? ?ﬂ ?? Aﬂu - .

Yamos a evaluar potencial econfmice de zonas boscesas, suponien-
do que los cedros (propiedad 243. ) rojos valen 10 doble que los euca-
liptos {propledad 240) y &stos valen Yo triple que los piruvles {prople-
dad 235), a Yo que Jes daremos el valor de 1, Digamos también que Vos
chaparrales (propledad 268) son “nocives" por 1o que valen -1, Todo

Yo demds no Importa {vale 0).

La informacibn es:

Propiedad Valor a1 100%
PIRULES 245 1
EUCALIPTOS 240 3
CEDRDS 243 6
CHAPARRALES 268 -1

Esta informacidn se mete a un arregio enterc de dimensiones 4xd

mediante el postulado:
INTEGER BOSQUE (4,2)/245,240,243,268,1,3,6,-1/
E1 nombre del arreglo puede ser cualguiera, de 1 a6 letras,
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Esteﬁirreg1o se Te suninistra a nuestro sistema 1lamando a la
funcién DEFINE, a la que también se le comunican las dimensiones del
arreglo. Esto es con-el fin de que el sistema pueda deducir si se
le estdn proporcionando pesos del 100%, del 100 - 75 - 50 - 25 - 0%,
$ del 100 - 50 - O%.

El postulado es CALL DEFINE {BUSQUE 4, 2) y finalmente 11amamos

4 EVALUA con los siguientes argumentos:
El ler. argumento es el nivel 3 en este caso {cuadraos).
E! 20. es el predicade de necesidad, es decir, que sblo se evaluardn los
lugares donde este preadicade se hace clerto. Como en nuestro caso,
quq*emos evaluar todos los cuadros, hacemas este predicado = .TRUE.
E1 30. es 1a funcibn entera a sumar, es decir, que esta funcibn se
evalyard también en el lugar, y este valor se sumard a la evaluacibn
hecha con lis propiedades y pesos dados en BOSQUE para darnos Jla eva-
lTvacibn total de cada lugar. Como en nuestro ¢ase no deseamDs agregar
algo mfs a 1o que BOSQUE nos d&, definimos esta funcifn entera ISUMA=0.
El 40. es siempre el himero 1, que nos indica que siempre imprimire-
mos Jos resultados &e.1a evaluacidn en cada punto evaluado, Otras al-
terpativas, no implementadas son:

2 » imprimir los miximos

4 ~ jmprimir "1os mTnimos, etc.

E1 programa fotal es:

Logical fumction prnece {n)

prnece = .true. DEFIKICION DEL
ret PREDICADO
eturn PRNECE

end :

Integer function ISUMA {n}

ISIMA = Q DEFINICION DE LA

return FUNCION ENTERA ISUMA

end
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External prnece, jsuma

\Jogical prnece .
integer {suma PROGRAMA
integer BOSQUE {4,2)/245,240,243,268,1,3,6,-17  PRINCIPAL
call define {BOSQUE, 4,2}

¢all evalua {3,PRNECE,ISUMA,1)

stop

end

Hitese el uso de external, logical e integer.
Yariaciones del arregqle gue contiene los pesos

$i yo quisiese usar un conjunto de coeficientes mds completo y
con no-1inealidades para l1a definicidn de la funcifn de 1a zora bosco-
54, por ejemplo:

PROPIEDAD # PESO PARA PESO PARA PESD PARA PESC PARA PESD PARA

100¢ 75% 50% 25% 0%
245 1 1 1 1 0
240 3 ? 2 . ]
263 6 § 4 ] 0
268 -1 -1 -] 0 0

todo 1o anterior sigue igual, cambiando inicamente el INTEGER.

y el CALL DEFINE como sigue:

INTEGER BOSQUE (4, 6)/245,240,263,268,1,3,6,-1,1,2,5,-1, 1,2,4,-1,1,
. X1,3,0,0,1,0,0/

CALL DEFINE {BGSQUE, 4, 6)

(Aquf vemos adem&s el uso de una X en la ¢olunna & de 1a tarjeta cuando
la Tfnea que 1o contiene es continuacifn de la anterior)

Regtas

La primera dimensidn del arregle debe seér igua) al nimero de
propiedades a ser evaluadas. 4 en nuestro casc. E1 midximo es 20.
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57 1z 2a, dimensidn es 2, el arreglo contendrd las 2 columnas
siguientes: '
PROPIEDAD # PESC PARA 100%

Se supone gue el peso para ﬂ:‘es 0, ¥ se hace una fnterpalacidn
lineal para pesos intermedigs.

51 1a 3a. dimensibn es 3, el arreglo contiene:
. FROPIEDAD # PESOS PARA 100%  PESO PARA 0% -
57 la 2a. dimensién es 4, el arreglo contiene:
PROPIEDAD# PESOS PARA 100%  PESO PARA 50%  PESO PARA D%
91 la 2a. dimensibn es 5, es un error.
$i la 2a. dimensifn es &, el arreglo contiene:

PESOS PARA
PROPIEDAD # 100% 75% 50% 25% 0%

Es decir, s610 son vad}idos para 1a segunda dimensidn los ndmeros
2, 3, 4, ¥ &5, can las interpretacionas correspondientes.

También es vdlido un 1 como 2a. dimensidn, significando que el
arreglo no se usa. De esto veremos un ejemplo después [obtencibn de
drea tota) en metros cuadrados). Si no se usa el arreglo, no es nece-
sarig definirlo.

USO DEt PREDICADO DE NECESIDAD.

Si por alguna razén no deseo evaluar todos los Tugares,por ejemplo,
porgue tome mucho tiempu de méquina 6 porque s& de antemano que sblo
cliertos Tugares me {nteresa evaluar, usc el predicado de necesidad para in-
dicar que s81o en aqud losTugares en que el predicado se satisfaga, se
hard 1a evaluaciSn; en los lugares donde no hubo evaluacisn por ser el
predicado falsa en eligs aparecerd un O como "evaluacidn".
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Por ejemplo, $1 s6¥o me interesa evaluar zonas boscosas en re-
glones superiores a 1,000 metros, usc los 3 programas anteviores (dande
se definieron a PRNECE, ISUMA ¥ a) arreglo BOSQUE) <on el Onico cambio
siguiente: 1a nueva definicidn de PRNECE es:

LOGICAL FUNCTION PRNECE (N}

. LOGICAL PRO, MAYORQ

EXTERNAL MAYORQ . DEFINICION DEL
PANECE = PRO (195., MAYORQ, 1000) 'SEET.ECEEEELE“”“
return

end

Con ese cambie indicamos que es necesario poseer uyna altura minima
superior a 1,000 metros para proceder a la evaluacion de un lugar.

USO DE LA FUNCION ENTERA A SUMAR

Para evatuacifn de funciones mis complejas, gue no se puedan ex-
presar en palinomios ljneales con el arreglo de pesos, se usa la fun-
¢ién entera a sumar. E1 valor de esta funcidn se agrega al valor obte-
nido mediante el arreqio de pesos, para as{ obtaner la evaluacifn del
lugar. Para esto a menudo se usa la funcifn entera VALCR {prop.), cuye
resultado es el valor de la propiedad prop.

Por ejemplo, supongamos que en el ejemplo de evaluacidn de 2onas
boscosas, me "atrae” la propiedad "gque haya igual nimero de coniferas
(224.) que de pastizales (210.)"

Mis especificamente, si la discrepancia entre la extensifn de
contferas ¥ la de pastizales es menor al 20% del drea conjunta de ambos,
estoy dispuesto a darle al drea un "bono” adicional en su evaluacidn,
que va de 4 a 2; 4 cuapdo la discrepancia no exista y 2 cuando sea de
un 20%. Si la discrepancia es mayor de un 20%, no hay bono adicional,
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Esta propledad no 5e¢ podria computar con el arregle de pesos;
pero §1 se puede hacer mediante l1a siguiente definicitn de la nueva
funcidn entera a sumar:

INTEGER YALOR

INTEGER FUNCTION ISUMA {N)

ISIMA = O

IDIFE = VALOR (224.) - VALOR (210.) -
ITOTAL = YALOR (224.) + VALOR (210.) + 1
DISCR = IDIFE / ITOTAL

IF (DISCR .GT. 0.2) RETURN

¢ 51 la discrepancia es mayor de 0.2 regresa 0 como bono
c _ pero $1 no lo es, regress un bono entre 2 y 4 menor mientras
¢ mayor sea la discrepancia

ISUMA = 4, - 10, « DISCR
RETIRN

'I
END -
4 4
) 2
el .[D.E,E]
g I g discrepantia
0.2

Ahora si, s1 usamos EVALUA con esta nuava funcifn enters a
sumar ISUMA y con el nuevo predicado PRNECE, estaremos evaiuande
regiones boscosas arriba de mil metros tomande en cuenta pirules,
eucaliptos, cedros y chaparrales, mis la discrepancia entre confferas
y pastizales.

U505 DE EVALU Y EVAL.

Cuando la funcién entera a sumar es cero, e5 mis focii usar

LE?hLU en vaz de evalda:
funcidn

EVALU (nivel, PRNECE, 1) = EVALUA (nivel, PRNECE, a sumar , 1)
hecha 0
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Cuando el predicado de necesidad es TRUE., 6 sea que vamos & evaluar

en todos los lugares, ws més Tici) usar EVAL que evalia:
predicado  funcids
EVAL (nivel, funcifn a sumar, 1) = EVALUA (nivel, de necesi , a .
dad hecho  sumar
LTRUE.

Por ejemplo, 51 deseamos conocer e drea total de cultivo de cada cua-
dro en miles demetros cuadrados, creamos nuestro predicade como sigue:

ISUMA = 62500 * YALOR (100.)

Aquf obtenemos el drea total en metros cuadrados, el factor es
£2500, el cuval es arbitrarie y se puede dar en l2s unidades que se
quieranjcomo un subcuadro tjene un drea de 6.25 nm% para obtener metros
cuadrades multiplicamos por 6 250000. N&tese aqufl que sélo se us§d ISUMA
¥y no se necesftd el arreglo con pesos. £ factor es 62 ya que el resultade
en miles de mt.2 y el valor de 1a propiedad (674) esti entre 0 y 1CO.

Como se verifica en Ta Fig, nimero 9 de la carta Edafolégica,
vemos gque 1a cantfdad de Cambisel Eitrico come dominante representa-
do en el carta Edafoldgica como ‘Be" estd en 1a siguiente distribucidn:

SUBCUADRD CUAGRD AREA TOTAL
a 13 5890000 m°
b 19 279000 ¥
C i9 5580000 *
d 19 1850000 “
a 20 0 "
b 20 1860000 "
c 20 ¢ "
d 20 0 "
A 27 1240000
b 27 620000 "
c 27 0 "
d 27 0 “
a 28 0 "
b 28 0 "
c 2B 0 "
d 28 0 "

]
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JULAN IV G OLEWEL 21 [ SUMA NATE = 74094 08/

_ _TNTEGER FUNCTION TSUMAINI
“IRTEGER VALOR -
C QUIERC SABER EL ARfA TOTAL EM CACA SUBCUADRD DE CAMBISDL EUTRICO
TCTEN METRDS CUADRADDS CGMI DOMINARNTE ¥ igoe™ ~~ ~ 70 T T TT T T
' ISUMASGZAVALOR [68T74.}
ETURN T
END

AM 1 G 1EVEL 21 FATH DATE = 74794 A/

EXTERNAL [ SUM4
DIMENSTON TARIT 1) ™
CALL EVALI4,15UMA, L]
STOP™ T
END

Listado 6 {primera parte)
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CUADRO #19 ' CUATRO #20
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CUATRO #28

Fig. 9 Parte de Ta Carta Edafologica de Ojo Caliente, Zacatecas

En cada subcuadro, se ha hallado el area total
des CAMBISOIL EUTRICO.
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En la Fig. nimero 9 de la carta Edafolfgicz, el cambisel Eidtrico

como dominante se presenta como Be por Jo cual, para mayor identifi-
cacidn se le puso cuadrfcula. Esto se hizo a mivel de subcuadro.

LA FUNCION CERCA

CERCA  es una funcidn que tiene 4 argumentos y nos sirve para re-
lacionar propiedades de diferentes ramas:

CERCA {PRO1,PROZ,DIS,NIVEL}

Donde:

PRO1 es el primer arreglo de 1a funcidn de relacidn

PROZ es el segundo arreglo de la segunds funciln que se va a comparar
DIS es la distancia deseada '

NIVEL es el nivel al que buscamps

CERCA ¢s una funcibn que nos elimina la independencia entre cua-

dros y subcuadros.

Es muy importante ya que si-nosotros queremos localizar una regidn
que estd entre cuadros y subcuadros se hace por medio de CERCA.
Ejemplo usando CERCA:

Deseamos saber donde hay minas gue no disten mds de 10Kms. de cual-
quier tipa de camino.
Primero, definimos nuestra funcifn que busca minas como sigue:
LOGICAL FUNCTION MINA {N)
LOGICAL MAYORQ, PRO
EXTERNAL MAYDRQ
MINA = PRO (170., MAYQRQ, 0)
RETURN
END
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Segunde, definimos nuestra funcidn que busca caminos y 1a 1lamamos
caminog ¥y queda como 51que;

LOGICAL FUNCTION CAMING (N)

LOGICAL MAYORQ, UNAOE

EXTERNAL MAYORQ

CAMINO = UNADE (110, 116, MAYORQ, O
RETURN

END

Tercero, definimos el predicado que relaciona 1os resultados de
ambas funciones a través de 1a funci6én CERCA en 1a forma siguiente:

LOGICAL FUNCTION MIAL (N)

LOSICAL CERCA

INTEGER*2 MINAS {12,16), ICARRE (12,16)
COMMON MINAS, ICARRE _

MIAL = CERCA (MINAS, ICARRE, 1,3)
RETURN

ERD

En la funcidn que 1lamamos MIAL, vemos que existe un INTEGER*2
MINAS (12,16} el cual define los tamafios de nuestros arreglos. Como
el tamafic miximo es de.(12,16) para subcuadros lo ponemos ya que asf
tenemos 12 opcifn de usar los niveles 3 y 4. En 1a siguiente 1Tnea .
de a funci®n MIAL tenemos COMMON MINAS, ICARRE la cual nos sirve para
comunicar 10s valores obtenidos en esta funcidn MIAL con e) programa
pr1nc1pal;énmn buscamos a un cuadro vecine {lcuadro = 5Km, de longitud)
ponemos un 1 y un 3 por el nivel en MIAL = CERCA (MINAS, ICARRE,1,3).
E1 programa principal queda:

INTEGER*2 MINAS (12,16}, ICARRE (12,16)
LOGICAL MINA, CAMINO, MIAL
EXTERNAL MINA, CAMINO, MIAL

CIJI'-N(}H MINAS, ICARRE

CALL IBUSCA {MINA, 3, MINAS}

CALL IBUSCA (CAMINO, 3, ICARRE)

CALL IBUSCA {MIAL, 3, MINAS)

STOP

END
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En el programa principal observamos que teremos una nueva rutina
Hlamada IBUSCA que trabaja igual gue 1a rutina anteriormente definida
11amada BUSCA, con la diferencia de que IBUSCA tiéne un arqumento mas
en el cual deposita los resultados obtenidos, esta funcidn es indis-
pensable cuando se usa la funcifn CERCA. Esto se puede ver en el 1is.
tado 7 ¥ en la figura #9'

La sigutente tabla nos muestra como varfa DIS:

PARA CUADRO PARA SUBCUADRO

Dis Longitud max. en Km, Dis Longitud max. &n Km.
1l 10 Em, | 5 ¥m.

2 15 ¢ 2 7.5

| 20 " 3 p "

4 25 " 4 i2.5 *

Como se ve en el listado 7, cuadros marcados con unos nos indican
ddnde nuestro predicado es verdadero, en la figura #9" de 1a carta Eda-
folGgica podemos comprobar el vesultado cbtenide y lo hacemos en 1a
sigulente forma:

En el cuadro 21 hay caminos vy al mismo tiempo hay una mina (3
dentro del mismo cuadro {un cuadro tiene SKkm. de Jado}. Vemos que
hay minas a una distancia menor de 10Km. de cualguier tipo de camino.
Par consiguiente, aparece un 1 en el cuadro 21. :

En el cuadro 22 vemos que np existen minas, sin habiendo caminos,
por 1o que nuestre predicado se hace falso y aparece un cero,

Para el cuadro 29 vemos que existen 2 minas ¥ en este cuadre no hay
caminos, pero en sus vecinos si hay y estdn a menps de 10Km, de distan-
¢cia, por 1o tanto el predicado se hace verdadero y aparece un uno en el

cuadro 29.
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HINA

LOGICAL FUNCTION MINA(N)
LEGICAL MAYORC,pPO
EXTERNMNAL MAYDRR
HINA'“RDIITG-,PAYBRQ,D}
RETURN

FND

___CAMINO
LOGICAL FUNCTION CAMINGIN)
LOGICAL MAYORG; UNAGE
EXTERNAL HMAYORQ
CﬂHIhD‘UNﬂﬁEIIlEf116,H&?0RQ,0]
RETURN
END

L MIAL

_LOGICAL FUNCTION MIALIN)
"LOGICAL CERCA
_INTEGEA%*? MINASI12,16),1CARRE(1216)

TLOMMDN MINAS, TEARRE

¢ QUIERD S5ABER DONDE HAY UNA MINA QUE NO ESTE A MAS DE 10 KM, DE CUALQUIER TTF

€ DE CamIND
MIAL= CERCA{HIN-QS:[E#RF. E1h3l
- RE TURN
END

_MATN

_IMTEGER*2 MINAS(12, 1ﬁerCARRE112¢161

EXTERNAL HENA, CAMINO,MTAL
 COMMON MINAS, ICARRE

CALL IBUSCAUNINALA, MINASY —°77
CALL TBUSCATCAMINN,3, TCARRE}
CALL TBUSCA(MIAL,3 MINASY
. ST[}D
EHD
Equivalente a ta Fig. 9

ucﬁm::c:n
DI;CBQEﬁC
c:cinc;c;p
-—o::ng:m
GE’_}"‘.'DI-
o Of—

[afn S oWl -]
C}C.‘JDDD-D

Listedo 7
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CUAIRO #29 CUADRD #30
Fig. 9 Parte de la Carta FdafolSgica de Ojo Caliente, Zatatecas.



Para el cuadro 30 existen dos minas y caminos por lo que Se cumple
nuestro predicade y aparece un uno en el cuadro 30.

En e} cuadro 21, 1a mina (X} aparece cerca de EL CABEZON. En los
cuadros 29 y 30, las minas se localizan cerca del Cerro de EL MGRRO, en
108 subcuadros EEq y 0c. (véase figura 9'),

~B4-

EJEMPLOS USANDC COMBINACTONES DE TODAS LAS FUNCIONES. &4

Con todas las funciones anteriormente definidas podemos hacer un
gran uso de nuestro Banco de Datos Geogrdficos; los ejemplos mostrados
en esta seccifn son interesantes porque poseen combinaciones de nues- .
tras funciones 16gicas, usando 1as expresiones 1d3icas AND..OR.
¥ -NOT. y sus combiraciones .AND..NOT. y ,OR..NOT. Dentro de estos
ejemplos se usan otras rutinas para funcipones mis especificas que
complementan el uso del Bance de Datos Geogrdficos, rutinas que nos
sirven para el disefio de carreteras (ver referencia 1), también ruti-

nds que pueden determipar lugares no comunicados a clertas distancias,
etc.

A continuacidn analizaremos algunos de estos problemas con resulta-
dos obtenidos. Se hace notar en estos ejemplos que se puedén elaborar
de muchas formas ¥y obtener Tos mismos resultados. Hay algunos caminos
'mas fdciles para solucionar un ejemplo, esto depende directamente de

Ya habilidad y experiencia del usuario; tal vez varios usuarios resugl-
van el mismo problema de diferentes formas (al decir formas, se refiere
a Ta combinacidén diferente de Jas funciones estudfadas) y llegar a los
mismos resultados.

EJEMPLD 1.

Se desea saber cudles son Jos lugares que no &5tdn comunicados a una
cierta distancia dada de vfas de comunicacifn y sobre estos lugares
disefiar una red de camines {ref. 1). Para este caso se construyd uma
rutind que se 1lama BUSCAB, esta rutina trabaja igual que BUSCA, con
la diferencia que hace algunos cdlculos sobre las distancias a las vias
de comunicacion; en el listado 8 vemos el ejemple can resultados
1. Construimos nuestra funcién y le 1lamamos camino, esta‘funcibn

usa funciones 1dgicas anteriormente definidas en este casc UNADE

y la funcidn relacional MAYOR(Q. Como habfamos wisto UNADE es un

=-h3-
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.OR.. y deseamds que nos busque todas las vias de comunicacidn comprendi-
das entre carretera de mis de 2 carriles & carretera pavimentada § terra-
ceria transitable en todo tiempo 6 terracerfa transitable en tiempo de
secas & carretera Federal O carretera de cuota G carretara estatal y la
funcidn queda:

LOGICAL FUNCTION CAMINO {N)

LOGICAL UNADE, MAYOR(Q

EXTERHAL MAYDRQ

CAMING = UNADE (110, 116, MAYQRQ, C)

RETURN

END

En el listado 8 vemos que en LOGICAL estdn también listados PRO,
EXTRE, PROP, DIFERE, esto es debido a2 que como se corrfan varios ejemplos
por computadora en & tarjeta de LOGICAL se ponfan casi todas las fun-
ciones para despuds solamente cambiar el resto de las tarjetas, ya que
aunque se tisten funciones que no se usan esto no afecta los resultados
¥ 1a ejecucion del programa.

2. E1 programa principal queda:
LOGICAL CAMIND
EXTERMAL CAMINO
CALL BUSCAB {CAMINO, 4)
STOP
ERD

Con esto hacemns que nos busque todos los tipos de caminos anterior-
mente mencionados & nivel de subcuadro y esto se muestra en el primer
arreglo de ceros y unos, Sobre este arrego de ceros y unes ﬁUSEAB trabaja
sobre este arreglo y sobre la distancia deseada en este caso que es 2.5
kms. El resulado estd dado por un arreglo de E's y de cardcter $ en
las cuales E's son 105 subcuadros que eStdn 2 mis de 2.5 Kms. de la red
de carreteras y caminos existentes en 13 zona, los subucadros marcados
con e cardcter § san los subcuadros que no distan a mds de 2.5 ¥ms, de
la red de caminos y carreteras existentes, Sobre estas dreas marcadas
de cAracteres $'s se puede aplicar el algoritmo desarrollado en 1a re-
ferencia 1, 1 cual consiste en trazar una red de caminos en un drea,



-66-

ningdn punto debe gquedar fuera de una distancia dada,- én este caso serfa
la distancia de 2.5 Kms. En este ejemplo no se ap11cﬁ este ‘algoritmo

debido a ocue son dreas muy pequeﬁaS' tal vez para £l caso de que -tenga- ,
mos 4 cartas vaciadas en nuestro Banco padamng_usar esp& a1gur1tmu ‘

Ed 1a figura #10 gue es una parte de la Carta Geﬁlﬁgica de Djo Ea~
liente, Zac., vemos que los subcuadros.¢ del cuadro 19 y a del cuadro ZUIT
estdn marcados con 1fneas transversales y an el equ1vaIente en el lista-
do 8 vemos que tiemen E's y esto indica que estos subcuadros distan a
mis de 2.5 ¥ms, de distancia de la red de caminus.ei{stEnte} en cambio

los cuadros que no exceden 1a distancia de mds de 2.5 Kms. de los cami—l o

hos estdn etiquetados por §.
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Fig. 10 Parte de la Carta Geoldgica de Ojo Caliente, Zac,
Hallazgo de cuadros incomunicados (mds alli

de 2.5 Km. de la red de caminos existente}.
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EJEMPLD 2

En este ejemplo se desea saber en qué Tugares {por lugares se entiende
cuadros ¢ subcuadros) existe ‘cuando menos una aeropista que no diste mas de
15¥ms. del pueblo 1lamado Gral. PSnfilo Natera y de 1os 1imites con

San Luis Petost. E1 interds de este ejemplo es poder usar nuestra fun-
cidn CERCA ya como una combinacidn 16gica de funciones. También el

interés radica en ta combinacifn de otras funciones 16gicas tales como
PUEBLD, PRO, ete,

Lonsiderando que las funciones utilizadas en este ejemple ya fueron de-
finidas anteriurmenté, la explicacidn para cada uno de los pasos de este
gejemplo serd breve.

1. Definimos nuestra Ffuncibn gque nos servird despufs para encontrar el
pueblo gue deseamos, en este c¢aso usamos nuestra funcidn 1lamada
PUEBLO, como buscamos el pueblo de Gral. Pdnfilo Natera, 2 nuestra
funcidn le ponemas un mnemfnico Tiamago GRAL y gueaa de 1a siguisnte
forma:

LOGICAL FUNCTION GRAL {N}

LOGICAL PUESLO

GRAL = PUEBLD {2019)

RETURN

END »
El argurmento en 1a funcidn pueblo es el #2019 que equivale al pue-
blo 1lamado GRAL. PANFILO NATERA y esto se puede ver en la tabla #4.

2. Definimos nuestra funcidn aeropista y usamos nuestra funcidn PRO, le
1amamos avibn y queda:
LOGICAL FUNCTION AVION (N)
LOGICAL MAYORQ, PRC
EXTERNAL MAYORQ
AVION = PRD {199., MAYORQ, 0)
RETURN
END
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E1 199 que aparece comd un argumento en PRO es Ei equivalente numé-
rico de aeropista y se ve en la tabla #1,

Definamos nuestra funcién que busca-les timites con San Luis Potosi

y 1e llamamos LIMITE, .usamos PRO y gqueda como sigue:

LOGICAL FUNCTION LIMITE (N)

LOGICAL PRO, MAYORQ

EXTERBAL MAYORQ

LIMITE = PRO (150., MAYORQ, 0}

RETURN '

END
E1 #150 que vemos en el primer argumentc de FRO es el correspondiente
numérico a Yimites con San Luis PotosT y se ve en la tabla #1.

Creamos la funcidén importante que relaciona a las 3 funciones defi-
nidas anteriormente por medio de la funcidn 1&gica CERCA y le llama-
mos APISTA y queda como sigue:

LOGICAL FUNCTION APISTA {N)

L OGICAL CERCA

INTEGER*2 IARRI (12,16}, IARR2{12,16},1ARR3{12,16)

COMMON JARRI, JARRZ, IARR3

APISTA = CERCA (IARRI,IARRZ ,2,3).AND.CERCA (IARRI,IARR3. ,2,3)

RETURN

END
Yemos el valor de DIS {distancia) que es de 2, debido & que buscamos

a no mis de 15Kms. y el nivel es 3 debido a que buscamos a nivel de cuadra.

9,

Creamos el programa principal en la forma siguiente:
INTEGER*2 IARRI(12,16),IARR2{12,16),IARR3(12,16)
LOGICAL GRAL, AYION, LIMITE, APISTA
EXTERNAL GRAL, AVION, LJMITE, APISTA
COMMON IARRI, IARRZ, IARR2
CALL IBUSCA [AVION, 3, IARR1)
CALL IBUSCA (GRAL, 3, IARR2)
CALL IBUSCA (LIMITE, 3, IARR3}
CALL IBUSCA (APISTA, 3, IARR1}
STOP

END
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En el 1istado 9 vemos que existe un 1, &) cual nos indica que en
este cuadro que es el n{imerg 14 pyestra funcifn se hizo verdadera, en
12 Figura 1} que es una parte de la Carts Geolbgica de Qjo Caliente,
Iac. vemos que efectivamente existe und aeropista {estd marcada por
un cuadro) y también observamos que no dista mds de 15 Kms, del
puebTe GRAL. PANFILO NATERA y de los limites con San Lufs Potosy,
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EJEMPLO 3
323435

En este ejemplovemos una gran aplicacidn'deldiso’ del*BanEnlde Datq;’é
.-11}1_ - J'_'|_II!|
Geogrificos para e disefio de carreteras’ & través de 12 funcibn:.eva)ia

que nos da pesos para 1os subcuadros. En la primera partedel 1istado
10 vemos que se desea disefiar una carretera entre el puebla 11amado
GRAL. PANFILO NATERA y el puerto BAJIO DE SAN NICOLAS. En la figura

12 vemos que esa carretera ya existe, el propdsito es probar el algo-
ritmo desarrcllado en Ia referencia 1 para disefio. de carreteras {en

la referencia 1 se usaban hiimeros aleatorlos, en nuestru casn ya usamos

pesos reales a las- candiciunes def1n1das} hEn_e] listado vemos- los

pesos gue se toman para 1a funcidn. evalua. Estos se descrihen en 10§
:ﬂmentarios del prﬁgrama pr1ncipa1, an la segunda parteqdei 135taﬁn

J'-'U

_ne lﬂnvemusalus pesas’ asignadus amcada cuudrnﬁsegﬁh\lis mrapfedades TEs

. A IL T LD
» O impdrtante hacer hotar fal” ‘eriterio para tunar‘1n§ ﬁesug y Estus sun e
PR a=eQe i~y Byt gt et g 1 3 =

dados por 1a exper1enciaﬁyhcnnocimientns ‘del, usnar10;11u5 numErDSam.EE
s mATIN 1y igeGiranga. E.nrﬁ_q]-”-\;*l A M LAY G
a rca dos ” con e1 91" 30n "os? subcuadrus en ‘donde, se desarf011a el diseﬁa e
sodsubi e ol b tlgg Terdega Zoae v wl= Ay wiid ] 4w 3
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FEANECE

LNGICAL FUNCTION PFNECEIK)

PRKRECE=,TRUE.
RETUAN
END

ExTERNAL PRNECE
LOGICAL PRMECE

MA TN

1 FFA

INTEGER [&RU20,4)/128,170,1P1:184,185,104,210,211,800,%01,802.,8072,
1804, 835, 212,51 74520,501 4550595501 025=3 =20~ 1=431sD31,6,9,180:14~1,
29!—11'1:"‘2131411,2p—31'21"“l,—412|1|2p513191'ﬁ|ﬂ|qv'1101-11ﬁ13!112r“
3312 =b =43 24243344 T+E15,51,9,0,:140:5,0/

FvaillA LAS SIGUIENTES FRCPIEDADES PARA EL DESFNC DE CARRETVERAS

COM IN INTESVALU LE
CEPASITO OE AGUA -
MINA

RIM

ROC 45

PANTAND

LAGUNA

PASTIZAL NATURAL
PASTIZAL DL TIvACD
TEXTURA GRUESA
TExTURA MEDIA
TEXTURA FINA
TEERENS PLAND
TERRENG MCNTYOSO

TEPRENC rORTANTSO

HIIMERD DE PUEBLDS
AnNCa HI10LETA
CALIZA

mARFOL

SHELG ALUVIAL
1L1TORAL

FESLS DE
128
110
141
174
145
146
2140
1
ABO
BO 1
BO 2
BEQ A
£0%
rFen
312
onT
320
541
651
G935 5%

CALL DEFINEL{IAR,20,4)
CaLL EVALUTA ,FRNECE.LY . ,
CUISPRD yMA CASRETERA ENTRE GRAL. PANEFILO NATERA ¥ BAJID DE SAN NICOLAS

5TOF
ENE

=10 A v sLS PESDS 50M LGS STIGUTENTES

L 1 3
2 e s
I T -3
-2 . -2 -2
—iy -4 —4
—& —4 -4
1 2 3
W 1 2
1 2 3
& 5 4
5 | 7
1 9 8
-1 & £
-1 [+} 1
G S 9
=1 1 o
=1 1 1
-2 -1 L+
] 6 5
&5 Py &5

Listado 10 {primera parte).



28
28
35
37
33
32
35
36

31

?
35
32
33
34
35

31 3
33 32
36 34
361 36
40]
37
36
37
37

38

21
39
39

=76=

37

39

29
35
30

35

39
LY
35
36
34
31

29
33

1%§L_4ﬂ

3T

39

30

40
43
36
37
37
37

25t

36
43
36
37
33
33

40
40

34

3
37
37

32
30

33
32

31

22
22
54
33

32
3
27

7

30
51

22
20
35
35

5 CARRETERAS EXISTENTES EN LA ZONA F-13-B-69

24 42 41 31 31 38 3% 29 29 37 A0 31

24 42
JLZ-Z\'
22

25 28
24 2B
34 35
33 37
26 33
25 32
31 I%
31

39

b 31

35
32
33
34.
35

36 .,

28

33
36

37
36
37
37
37

30

32
34

36

21

39

35

38

35
30

39
38
35
36
34
31

&\ CARRETERA DISENADA

33
28

39

40

-

ET—[19]
9 130

3

40

36

43 43

36

37

37
37

Listado 10 {sequnda parte).

36
37

33

- 33

32
A0 32 31
39 29 27

152 g

- 3

3. 30
|3

37
37, 22 20
327 34 3%
30 33 3§

20
15
19
1

20
20
25
3

33
26
27

20
19
19
19

i3

26

L
e

33
z6
27

20
20
20
20

17
24
23

3
27
217

20
20-
20
20

17
24

23
33
27
27
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1os cuadros

indican la carretera ya existente
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EJEMPLD 4

En este ejemplo deseamos encontrar una regifn propia para el
turismo. E} propdsito del desarrollc de este ejempio es el de usar casi
todas nuestras funciones y semuastraen los comentarios de 1a primera
parté del listado 11 y el resultado se observa en la sequnda parte del
mismo 1istado en donde €] cuadro 11 es el cuadro que cumple con todas
nuestras condiciones. Las figuras 14 a la 18 nos muestran las propiedades
de ese cuadrgy gue hacen que nuestra funcidn total sea verdadera.



LeVEL < KEGION DATE = 74129 11/25/24

LubIcALl FUALTICN AEGICNIN] )
LULICAL ENTRE yPRUP (DIFEKE 4PROZUNADE ¢MAYCREG yRENDRG HAY VI Ay SERPOB

LCGTC AT SERPRY
LaTekwal EMNTHRE yUiFERE ,MAYCRQ, MERCRY
LG ILN=PROP LU s ENTREs S0 G0 T sAND-FRUT [ I L 1 FA YORG; O ANDL PRITIZ La

lf‘lL'IURUl_ﬁl o ANJ. PRU[}.;‘.’.&- .hﬁ\'U“Qpﬂl-hNB.PRUIIZE -.HM’DRQ- ) ANDPRILLI
T e Sy MAYUR GTUI CANGTONADE {TTS0, 195, HENIRQ Y Z3CL) L ARDT T NO TS UNYDE
g LUyl Ly MAYOR U 0) ) » ANDG UNRADE (2 65, 265, HAYORQ; 201 AND . PROC 3100 M4 Y]
e ICCOT AT ND T, WIWADEL 3U0 T A0 ey REVOR T, NV I AN (o RITTPR TR o,
SinAYCRG U )} a ANDLUNABELYOU ;9 L4y MAYORQ, 0} JANDLPROLS51 g YAYIRU 201 4 AND
Ca PRUT cUl -y MAYOE D, BT AN PROV 265 s FERUORL &0 . FRD. FRJITZSFO . FAY JE ]y T
T) ARD L PRUOLIUS o s MAYURU, U ) ANDLPROU L2, s MAYIRDy L) cANDG{ &4 3T. JNADZ L &2
T A0 RN YOR G, OV I T ARDY PROTEET s yMAYORLy 0T < ANTLPRUIB TSy WAYIRUY IS AT —
GUPKIITIG .y MAY Dk, SOJLANCLPROTBCL s MAYORD ;99) JANDL PRITBL12. ¢MAYOK D
T IO ANDLPRCHI{IIG . yMAVORG U T L AR FAYV TAT T Iy 203 - ANDRAYF I8 1 21y 20197
2abNLHAYVIA( 23, 2dUls } ANDLSERPOBI 2425600 0,C 030,01 ANDLSZRPUBLL o565
e a DEY s J U RIS ERFOBIE s L s U T D U U F . AR SETFUI Sy Ly I Iy
iy Gy 0) siayle SELPUGL 7443 Ca050,0,40 pﬂ]qﬁ“ﬂa SERPRO{% 41 ) cAHDL,SERPRUL3, D}
5 UANDTSER PRU (B LT JARDGSEFPRLTTy T FANCL S ERPRUTH, I)
L wULERL LN CENTRU TURESTICOD ¥ NECESITC UNA REGICN CQUE TENGA DEL 5) AL A5D%
U CE CULTIVO, TENTA UNA CPRRETERA FAVIMENTADA, CINELS DE cRERGTA ELECTRICA
C LIneLS TELEFONICAS, VDEFLSITOS DE AGUA, LAGUNAS, QUE ESTE A Uv NIVE. YENDR?
C VT caaly ACTRGY AUNIVEL DEL MERKy NU EXISTHN PASTIZAL NATUTALy LULTIVAT]
. C Ihvulluvd, WUE TENGA ASOCIACIONES ESPECIALES OE VEGETALION TALES COv)
tUTAT €T NUOPACERA ARRIBA DE UN ZUXy QUE TERGATRAS DE 1OUO HABITARTESY WNO—
LoTENbA £ON&S INUUSTHRIALES TALES COMO CE EXTRACCION DFE PRIZESACMIENTO J DJE

L Fuoh IVACICN, GQUE WO TERGA FACTORES LINITANTES POR EL, CLIMATEY SEGIRDI GRADD —
Cr ¥ wUb TENGA RUCAS IGHEAS YA SEA INTRUSIVA ACIODA O. GRANITU 0O INTAUSLVA

L INTERRMEDTA U DIURITA™ T INTRUSIWVA BASICA (0 GRASD O EXTRUSIVA ACIOA O WTUCTTA
L U EaAThusIva INTERMEL]A O ANDESITA O EXTRUSIVA BASICA D 83454LTO D0 TOBA

L U BhrELNA VCLCANICA O VITREA: WUE TEMRGA SUELU ALJSVIAL -MAYDY DEL 20Xy

C wUE TEMGA AGRICULLTURA DE RIEGD -TEMPLRAL PERMAMENTE ANUAL A MAS OEL 50%

L v wlc TENGA MATERRAT £SFINRCSLMENOR DEL #31, QUE TENGA -CJEXPIS OE 30—
C ART IFILIAL ESTACIUNAL, WLE TENGA PUNTOS DE VERIFICACICN, QJE EXISTA MAS

C LDE uN FLEBLO ENLE PEGILR: WUE- HO T ENGA FACTORES LIMITANTES EN SEPTYI™T ——
L owraind LEL CLIMA U OF TCPOULRAFIA‘GQ DE ERDSIGCN 0 EXCESQ OB AGULA, WJE

L TENGA UN CAMINQ  PRUPUESTO UE UBRAS DE INFRAESTEOUTURAy JUE T-NGA CTWAFTSOL
£ BUTAILL MAYuh UEL 15% CCML UCMINANTE, QUE TENGA L ITOSUL EUTRICI .24)

L LLMIh&hIC MAYUR UEL bU%s WUE TEYIGA TEXTUAA MEDTE AL 1UOUT; QU= 1CiGE
L TlFL PLTROLALCICA ¥ LUE TENGA UN BARCO LCE MATERTALy, WUE TENGA PUE3LIS

L WUt TENGA CARREIERE PAVIRENRTAOA,LCINHEAS DE ERERGIA ECELTRITA ¥ TELLFODHICAS K
L unal FAMFILL NATERA) CUE TENGA DISTRIBICION DF AGUA PDR HAU4ANIS, TENSA ABASTEL
T AUl FWJWW&‘HW‘EEWI ENT — — 7~
L bt AuUA EN ALJIBE, GUE TENGA FORMA OF DISTRIBSCIIN OE AGUA PI1 421312 I TUBERI
L ¢+ wibt TENUA ESCULLAE_FFTHIFTIS_HUE_TENGI‘?FEPUESTU*UN_TEEEERYFGIJJE‘NT'Tfﬁﬁn-I
L
[

ESLLELAS PHUPJESTAS  GJE TENGA PROPUESTD DRENA JE POR FOS& SEPTICA,s WJE TENGA
PruFJL 51U LM LcHIRU ASISIERCIAL:QUE TEHGA PRIOPOESTAS L IVEAS JE ETEflAECELHLI
RETURH
E ML

Listado 11 {primera parte).
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LOGICAL FUNCTION CAMINO(N)
LOGTCAL MAYORQ, UNADE

EXTERNAL MAYORQ
CAMINO=UNADE( 110,156 ,MAYORQ,0)
RLETURN

END

LOGICAL FUNCTION TURIS{N) !

LOGTCAL CERCA

INTEGER*2 AREG(12,16),ACAM{12,16)
C QUIERD SABII DONDE HAY UNA REGION COMO LA MENCTONADA
C ANTERTORMENTE QUL NO ESTE A MAS DE iU XM. DE CUALQUIER
C CAMIND

TURT S=CERCA{AREG ,ACAM, 1,3)

RETURN

END

INTEGER*2 AREG(12,16) ,ACAM{12,16)
LOGICAL CAMINO,REGION,TURIS
EXTERNAL CAMING,REGION, TURIS
CALL IBUSCA{REGION,3,AREG)

CALL IBUSCA(CAMINO,3 ,ACAM)

CALL IBUSCA{TURIS,3,AREG)

STOP

END

oS oD oo 9
Lo JE-me B e o e
QDo — D
== R B e
Lo e B i e
E"JIE}GED‘
o oo oeS
DZFEC&Q

Listade 11 (segunda parte),
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TRBLA § 1

CARTA TOPOGRAF1CA

Todas las propiedades se expresan en % de terrenc cubierto, a menos que se

VEGETACTON o indique otra cosa

100, Cultivo '

101 Huerto

102 Pastizal

103 Chaparral

104 Palmar

105 Bosque de Coniferas

106 Bosque de Latifoliadas

107 Manglar

CAMINOS Y FERROCARRILES (No. de ...)

110 Carretera de mis de dos Carriles

m Carretera Pavimentada

112 Terraceria Transitable en Toda' Tiempo

113 Terracerfa Transitable en Tiempo de Secas
_114 . Carretera Federal ' '

115 Carretera de Cuote

116 Carretera Estatal

117 Via Sencilla de Ferrocarril

118 Bstacién de Ferrocarril

119 Via Doble de FFCC

120

Otras Viwy de EICC

LINEAS DE CONDUCCION (No. de ...)

121 LLineas de Energia Lléctrica

122 Lineas de Telegzrafo

123 .{neas Telefinicas

124 Lineas de Conducto Superficial

125 Lineas de Conducto Subterréneo
ALMACENAMI ENTOS Superficial (No. de ...}
126 Presa )
127 Bordo |

128 Depdsito de Agua

ORI
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LIMITES
130
150
161
162
163
164

* Superficial (No. de ...)

Con Aguascalientes

Con San Luis Potosi

Con Zacatecas

Limites Estatales Verificados
Limites Estatales No Verificados
Limites Internacionzles

PUNTOS DE CONTROL ~ Superficial (No. de ...}

165
166
167

VErtice Geodésico ’
Apoyo Horizontal
Banco de Nivel de Precisifn

CULTURALES  Superficial (No. de ...)

170
11

OROGRAFIA E HIDROGRAFIA Superficial {No. de ...}

180
181
182
183
184
185
186
187
188

Mina
Faro

Puente
Ric
Cortina
Canal
Rocas
Pantino

Laguna

-B8-

et —+ —

Lago
Mar

CURVAS DE NIVEL

190
191
192
193
194
185

Nivel en la Esquina Yzquierda Superior
Nivel en 1a Esquina Derecha Superior
Nivel en la Esquina Izquierda Inferior
Nivel en ia Esquina Derecha Inferior
Nivel Miximo

Nivel Minimo

AERCHUERTOS Superficial (No. de ...)

186
197
198
199

Aeropuerto Internacional -

Aevopuerto Local Pavimentado -89-

Aetopuerto Local de Tierra
Acropista

e

—— T o e
e e omm gy B o e T
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CARTA USO ACTUAL DEL SUELOD

US0 AGRICOLA TIPQ DE QULTIVO

AT Agricultura de Riego . A Anual

Atp Agricultura de Temporal Pemanente : p Permanente

Atn Agricultura de Temporal Nomada Sp Semipermanente

050 AGRICOLA- TIPO) DE CULTIVO

200 Ar-A

201 Atp-A ,

202 Atn-A

203 Ar-P

204  Atp-P

205 Atn-P '
200 Ar-Sp

207 Atp-5Sp

208 Atn-5p

USO PECUARIO _

210 Prn’  Pasrizal Natural

211 Pc Pastizal Cultivado

212 Pi Pastiza) Inducido

SO FORESTAL .

220 FB  Bosque Natural '
221 FBa  Bosque Artificial

222 Flig  Bosque de Galeria
223 FBc  Bosque Caducifolio

224 C Coniferas
225 L. Latifoliadas
23 43] Ping

232 {A) Oyamel

233 {J) Encbro

234 . fCu) Cedro Blanco
235 (Q) Incino

236 {Al} Alle

237 (Li) Liguidapbar
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238 {Pe} Alamo

239 {Sx) Siuce

240 (Eu) Eucalipto

24 (Cs) Casuarina

242 (Ma) Paraiso

243 {Cm) Cedro Rojo

244 (Rd) Primavera

245 (Sm) Pirul

250 FSa  Selva Alta

251 FSm  Selva Mediana
252 FSb  Selva Baja

253 (c) Caducifolia

254 (p} Perennifclia

255 (sc) Sub-Caducifolia’
256 {sp) Sub-Perennifolia

ASOCIACIONES ESPECIALES DE VEGETACION .
26D Pal Palmar

261 Ma Manglar

262 Po Popal

263 Tu Tuldr

264 Ca Cardonal -

265 Iz Tzotal

266 No Nopalera

267 Sa Sablna

268 Ch Chaparral

269 Me Matorral Espinoso
2".-'-'L'I Mi Matorral Inerme

21 Ms Matorral Subinerme
272 S Vegetacion Secundaria.
273 H _ Vegetacidn Halofita

274 Dc Vegetacién de Dunas Costeras

275 Da Vepetacifn de Desjertos Arenocsos
276 Pa  Vepetacitn de Piramos de Altura
217 Cr Crasi-Rosulifolios Espinosocs

278 Mz Mezquital
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279 Qt Encinar Tropical
280 G Vepetacion de galeria

DESPROVISTO DE VECETACION

281 Des Areas en Proceso de Desmonte
282 ' EoF Erosifn Edlica Fuerte

283 EaM  Erosidn Edlica Moderada -

284 Eol  Erosidn EGlica Leve

285 EhF  Erosidn Hidrica Fuerte
286 ERM  Erosién lifdrica Moderada
287 FhL  Erosidn flidrica Leve

288 Er Eriales

289 Do mas Costeras

280 + Dr Desiertos Arenosos

29} S1 Salinas

292 Sc Escoria

CUERPOS DE AGUA Propiedades Superficiales:
293 np Natural Permanente

294 " ne Natural Estacional

295 ap Artificial Permanente X 10

206 -+ ac, Artificial Estacional X 10

297 = Piscicultura X 10

ZONAS INDUSTRIALES

300 Z1(E} De Extraccidn

3071 ZI(P) D Procesamiento

302 ZI(F) De Fabricacién

303 {:} Aserradero Superficial {No. de ...}

304 @ punte de Voerificacién  Superficial (No. de ...)

SERVICIOS EN LA POBLACION Superficial: -93-
310 Nmero de Habitantes [en poblaciones)

in Nimerc de Ciudades (Ciudad es mayor de 50,000 habitantes)
312 Nirero de Pueblos

{Otros Servicios en la Poblacifn se Reégistran en Categorias

Puntuales)



S0 [EL SUELD

II
III

.

VII
¥III

400
401
406 1
411
416

I

Iis
Ils
IVs

Vs

42] Vis
426 VIIs

431 VI

PROPOSTCIONES
OBRAS DE INFRAESTRUCTURA

440
441 .
442
443
444
445
446
447
448
449

IIs

Bl
BR
BP
BA
BE

BZ
AP
oC
on
P

CARTA [E USO POTENCIAL

402 Ilc
407  Ilic
412 IV
417 Ve
422 Vic
427 Vilc
432 VIIIc

-34-

403 IIt
408 TIIt
413 Ive
418 Vt
423 VIt
428 VIIt
433 VIIlt

Boquilla de Irrigacifn .
Boquilla para Control de Avenidas

Boquillas para Piscicultura

FACTORES LIMITANTES

5

C
t
e

[

Suelo

Clima
Topografia
Erosion
Excesc de Agua

404 Ile

469  Ille
414 iVe
419 Ve
424 Yle
429 Vlle
434 Ville

Superficial (Neo. de ...)

Boquillas para Abastecimientc de Agua

Boquillas para Generacidn de Energla
Boquillas para Control de Azolves

Aesropistas

Obras de Captacién

Obras de Defensa
Camino Propuesto

405
410
415
420
425
430
435

113
IT11
IVi
Vi
VIi
VIIi
VIIIi
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450 CR Camino por Reconstruir
451 BU Puertos

452 Ps Piscicultura

453 ¢ Punto de Verificacién

SERVICIOS PARA LA POBLACION (Proposiciones)
(Estos se Tepistran como informacifn puntual)

CONTROL [E EROSION

440 Ad Area gue Requiere Control Inmediate L At

P

461 A2 Area que Requiere Control Futuro
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CARTA EDAFOLOCICA

UNIDALE:S DE SUELO
DCMINANTE  SECUNDARIO

S00 501 J  Fluvisel

502 . 503 Jd Fluvisol Districo
504 505 Je Fluvisol EGtrico
506 507 Jk Fluvisol Calecdrico
sD8 509 Jg Fluvisol Gléyico
510 =11 R Regosol

512 <13 Rd Regosel Districo
514 515 Re Regosol EGtrice
516 517 Rk Regosol Calcérico
520 521 Q@ Arenosol -
522 523 Qd Arenocsol Districo
524 525 Qe Arenosol E(trico
530 531 G Cleysol

832 533 Gn Gleysol Hiplico -
534 535 Gh Gleysol Hamico
536 537 Gk Gleysol Cilcico
538 535 Gd Gleysol Thionice
540 541 Gp Gleysol Plintico
542 543 Gm Gleysol Histico
550 551 E Bendzina

S60 561 U Ranker

570 5711 T Andosel

572 573 Tn Andosol Hiplico
574 575 Tv Andosol Vitrico
576 577 Tg Andosol Gléyice
80 581 YV Vertisol

500 501 Y Yermosol

592 593 Yn Yermosol Hiplico
594 508 Yk Yermosol Cilcico
596 587 ¥y Yermosol Gypsico
598 599 Yl Yermosol Liivico.



DOMINANTE
600
602
604
506
608
610
612
614
616
618
620
622
624
626
630
632
634
636
640
6472
644
646
650
652
654
656
658
660
662
664
666,
668

SECUNDARIO
601
603
605
607
605
611

613

615
617
619
621

623
625
627
631

633
635
637
641

643
645
647
551

653
655
657
659
661

663
665
667
669

n
Xk
Xy
X1

in
Zh
it

ig

Sn
Sh
SE

Wn
Wh
Ws

Kn
Xk
Kl

Cn
Ck
C1
Ce

Hn
hk
H1
Hg
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' ¥crosol
Xerosol H

Xerpsol C
Xerosol
Xetosol L
Solonchak
Solonchak
Snlonchak
Solonchak
Solonchak
Sclonet:z
Solonetz
Sclonetz
Solonet:z
Planosel
Planasol
Planoscl
Planocsol
Castafiose
Castafose
Castafiose

Castafiose
Chernozem

Cherngzem
Chernozem
Chernozem

Chernozen
Phaeozem
Phacozem
Phaeozem
Phaeozem
Phaeozem

dplico
dlcicao

Gypsico

itvico

Hiplico
Himico
Takyrico
Gléyico

Hiplico
Himico
Gléyico

HAplico
Himico
Solédico
m

m Hiplico
m Cilcico
m Lévico

Hiplico
Chlcico
Livico

Gléyico

Haplice
Calclitico
Lilvico

flévico



DCMINANTE
670
672
674
676 -
678
680
682
690
692
694
696
698
700
702
710
712
714
720
722
724
726
728
730
732
740
742
744
746
748
750
752
754

SECUNDARIO
671
a73
675
677
679
681
683
691
693
6R5
697
699
701
703
71
713
15
72i
723
725
127
729
73
733
741
743
745
747
740
751
753
755

- Bn

Bk
Bv
Bh
Bt

S FEF TR ECLEERAEET

Pg

T FE >

AR

=

Cambisol

Cambisol Hiplico
Cambisol Eutrico
Carbisol Calchrico
Carbisol Vértico
Cambiscl Himico
Cambhiscl Andico
Luvisol

Luvisol Hiplico
Luvisol Crémico

-luvisol Férrico

Luvisel Albice
Luvisol Plintico
Luvisol Gléyico
Podzoluviscl
Podzoluvisol HEplico
Podzoluvisol Gléyico
Podzol

Podzol Humo-férrico
Podzol férrico I
Podzol HOomico

Podzol Ocrice

Podzol Plicico
Podzel Gléyico
Acrisol

Acrisol Hiplico
Acrisal Himico
Acrisol Plintico .
Acrisol Gléyico
Nitosaol

Nitosol Districe
Nitosel Eutrico
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DOMINANTE ~ SECUNDARIOC

760 “761 F  Ferralsol

Y I 763  °  En Ferrdlsol Hiplico
764 . 165 Fo Ferralscl (erico
766 767 Fr Ferralsal Rodicoe
768 768 Fh Ferrglsel Himico
710 . Fp Ferralsol Plintico
780 781 M Histosol )
742 783 Md Histosal Districo
784 785 Me Histosol Eutrice
700 791 I Litosel

792 793 1d Litosol Districo
744 795 e Litosol Eutrico
CLASE TEXTURAL

BOO 1 Textura Gruesa

a0 2 Textura Media

L 3 Texturaz Fina

CLASE TOPOGRAFICA (Pendiente)

RO3 a Terreno Planc a Ligeramente Ondulade- Pendientes Menores de 8%

804 b De Lomerfo a Terreno Montuwso- Pendientes entre 8 y 204

B80S ¢ De Terrenc con Diseccidn Severa a Terrenc Montanoso- Pendientes
Mayaores de 20%,

FASES

SALINA— Expresada como Conductividad Eldctricz del Extracto de Saturacidn
de por lo wmenos wna Parte del Suelo a menos de 125am. de Profundidad
Medida en mmhos./am. a 25°C.

806 15 Suele Ligeramente 5alino. Conductividad de 4 a 8 mphos. /i,

807 ms  Suele Moderadamente Salino. Conductividad de 8 a 15 mpmhos./om.

B0OB fs Suelo Fuertemente Salinc. Conductividad de 16 6 mfis rwhos./cm.

B09 n SODLCA— Suclos con Mis del 15% de Saturacidn de Sodic en Alguma
' Porcifn a menos de 125an. de Profundidad. No se Usa en Solonetz.



TIPGS

2810

811

gre

813
814
ETE
B}F
- B17?

818

Bi1g

L.
-

:

i
fl

~100~

Didrica

ﬁﬂrica Profunda

Petrocilcica

Petrocllcica Profunda
Friigica

[ ]
Concrecionaria

Litica

Litica Profunda

Gravosa

Pedregosa
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TIPOS )

810 Diirica (Duripan a menos de 50am. de Profundidad)

811  Dijrica Profunda (Duripan entre 50 y 100 am. de Profundidad)

812  Petrocilcica (Horizonte Petrpocflcico a mends de 50 amn. de Profundidad)

B13 Petrocllcica Profunda {Horizonte Petrocélcico entre 50 y 108 om. de

. Prefundidad)

814 Frigica (Fragipan a menos de 100 cm. de Profundidad)

815 Concrecionaria (Horizonte Concrecionavio a wenos de 100 an. de Profun
didad)

816 Litica (Lecho Hocoso entre 25 ¥ E0 om. de Profundidad)

817 - Litica Profunda (Lecho Rocoso entre SO t 100 cm. de Profundidad)

818  Gravosa (Fragmentos menores de 7.5 cm. en la Superficie & cerca de ella,
que Impiden el Uso de Miquina Agricola}

819  Pedreposa (Fragmentos mayores de 7.5 om, en la Superficie 6 cerca de -
ella, que Impiden el Uso de Miguina Agricola)

TINTOS OC VERIFICALION Superficial (Neo. de ...}

820 EB Sin Muestreo

g2t /\  Con Muestreo Supcrficial

822

Pozo a Cielo Abierto
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CARTA GEOLOGICA

"ROCAS IGNEAS

900 Ipia Intrusiva Acida

an Gr Granito

902 Igii Intrusiva Intermedia
o3 D Dorita

904 Igib - Intrusiva Bfisica

Q05 Ga Gabro

906 Igea Extrusiva Acida

907 R Riolita -

908 Igei  Extrusiva Intermedia
90% A Andesita

910 Igeb LExtrusiva Bjsica

211 B Basalto

012 T Toba

913 Br Brecha Volcénica
014 v Vitrea

ROCAS SEDIMENTARIAS

920 ¢z Caliia

921 ¢z-1lu Caliza-lutita

922 ma Marga

923  lu Lutita ]

924 lu-ar Lutita-Arenisca

928 ar Arenisca

026 ar-cg Arenisca-Conglemerado
927 «cg Conglomerado

928 br Brecha

029 ¥ Yeso

930 tr Travertino

931 ti Tilita
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ROCAS METAMORFICAS

940 C Cuarcita (
941 M Mirmo}

642 P Pizarra

043 E Esquisto

944 Gn Ghcis

SUELDS i
950  re Residual

951 ° al Aluvial

952 1la Lacustre

953  pi Piamonte

954 pa Palustre

955 1i Litoral

4% eo F5lico

957 g1 Glacial

ESTRUCTURAS Superficial (No. de ...}

X E o £,

961 562 063 S04 %65 966

Echados de 10° a

D

971 972 973 974 975

Echados de 30® a 60°

- <« Loy 4 A

481 g82 ng3 984 985 G856

-

o
o0
g

Echados de 60° a B0°

S e T

051 592 993 954 Q835 996 997

988

a9g
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Fchadous de  80° o 90°

0 S o %

1001 1002 1003 1004

Echado y Rumbo de Flujos\dc Rocas Igneas

— N < f U%

1011 1012 1 015 10

1018

Rubo y Echado de Foliacién

N Y

1021 1022 1023 1024 1025 1026 1027 1028
Cie 1& Anticlinal ] t><: :><i
1031 IDSZ 1033 1034 1038 1036 1037 1038

Eje de Anticlinatl Recunbente

a ot C 8 Y Y DA

1641 1042 1043 1044 1045 1046 1047 1048
Lameo
(kY S |47

Eje de 5inclinal

T

1061 1062 1063 1064

Eje.de Sinclinal Recunbente

o0 d N - o0 bW

1071 1672 1073 1074 1075° 1076 1077 178
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Fallz Normal f
f¥rrrf ({(!. \\‘K Fall f
£ £
f
1081 1082 1083 1984 1085

Falla de Deslizamiento (blicuo
= 7 T N =

1091 1092 1083 194 10835

Falia Inversa

S I S

1101 1102 1103 1104 1105
Fractura /
1111 1112 1113
Dique E
[ {/;’ J;

A WA 1122 1123
Veta

= 7 H
(R} 1132 1133
Contacto / '
14y 1142 1143

Contacto Inferido . i

115 1152 1153

t

i

1106

N

f
1087

I

1097
1107
1114

1124

1134

1088

N

1098

™,

1108



1160
1161
1162
1163

1164

1165
1166

- - 106~

Superficial (No. de ...)
Volcén
Dolina
Manantial Frio
Manantial Termal
Mina

170-173)
Cata

Banco de Material

-107-
TABLA % 2
FROPOSICIONES

DRMAS DE

INFRACSTROCT U
» BOQUILLE DE MR IGAC NI I
L2 HOTNLEAS FUKA CONTROL 2

DE AvEnTDAS
EF BOQUILLAS FARA FISCIC UL TURA 3
(1] BOOUILLAYL PARA

AARSTECIMIERTO DE AGLA 14
nf BOQWILLA FANN GEKENAS AN 3

OF [rEREL ]
5 NOQUN, L4 PAL CORT QL 7

04 1204 W08 3
L ALRAMSTIE
o QRnAs DE EAPFTACION
oo DEMAS OF OEFINSA — e —
cr LAMING PROPUESTO . l;‘ . {
4 CAMING FOR BECONSTRUIN Pl
r PERTE s ‘_'z:l
" FHCK WL TGRS e

FUn D DL rE R AL DN

{también se registran en las preopiedades

SERVCIOS PARA

LA POALACION
ARITICIMU TO B SGL
B FULWTE SUM NFICLAL
ARARTECIWIENTO D8 ACLA
DL FUINTE SURTEARANLA
ESCUELA

TELICRAFD

DRENAN POK FOSA SIPTHR
CATRAIL FOR (WS OR
SORTRD A TEME AL
ENLRGEL FLECTRICA

CONTROL DE
[FO5I0ON

AREN QUE REQUIERE
EONTATL (NWEDIATQ
ARLE QUE KE Lhe g
CONTROL, Ap FUTyRY

WS _}H@@
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TABLA § 3
SERYICEDS EN Lk POBLACION
v ABASTECLMIEN 0 DE AGUA ' ASISTEMCELL
§ AN TRl » HOGMTAL
¥y RO B CLIMCH
£ LAGD 0 LAGUNA [} MUHICIFAL
i BORQG » AAST RO
n FRELA ¥ CIMINTERID
" ’,‘;ﬁ ? EDUCACIG MAL
o FRL Enoddlinh
t MEDIQ DL NLMACEMAKIERTD b PRIMARLL
4 ALmBi § SECLADAAIR
b EAHGUE ELEVADYD 4 PRIFARAIOHIA
t CAIh DE ACER o WOAMAL
1 FORMABE CISTDRGUCION [ CHSEnsNin TEEMLE
» TUB(RA g DDA SUPLLOR
I X CORMIEXTC EAECTRIEA
& VIHLULO WO TEMIALD 1 PORLkhEA
4 TRACLION drintaL ¥ PLANIL FROPIL
1 MUWNG 1 COMUNIEACIONES
4 ORENAIE ¥ CORR[D
y M58 b IELLCRAID
v 1OSe SErTEER ¢ UiETdnD
v Fida i RLDND L wMil AL iGN
+ RADLY GAFUS OMA

[uavE N e5Ta [HSEAVIEND
FIEMPLD DOLORLS 623 ym-2e-Inshe So-5ab 31T 3/ a-%a ]y
$||:.N|l(:l|l]ﬂ *OBELALION DOLDORES

L} ] HAAEITANIES ek ) c"‘u["ll CON UM TLEIRGY

s ABASTECIMENTO DE ACVADERID :’E;f[':i:w‘ﬂm

K ALMACERAMILAED [N Ch bh WS s 1 TRCLR AN

3+ DETRBUCKAN FOR TuelRiA K CUENTA CoWCONNIENTE ELECTRCA
“ DRLAAJC EN JD3a POR L1MEN

13 ENISTE A CLIME & Sa|y| FUSTE uWA OFICINL OE CONREDE

TUMAGE TELLGRAT DS QUL WD OFERA



NUM.
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

PUEDLO
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TARLA % 4

NOMBRE DEL PULBLO
PIE VERDE

EL NUEVO MUNDO

EL SAUCITO

LA CANDELARIA

EL CARMEN

LA CSQUINA DEL POTRERO
LA CAPILLA
GUANAJUATILLO

LA TESORERA

SAN JOSE EL SALADILLO
LA VERDE

CERRITO DE LA CRUZ
LA CLJITA

LAS COLORADAS

LAS LAJAS

P0ZO JARILLAS

UNION SAN ANTONIO
SAN RAMON

GRAL. PANFILO NATERA
LAS VERDES

FL TULE

EL REFUGLO

DOLORES

SAN CRISTOBAL
TAIONAS

RANCHO NUEVO

STA. ELENA

ESTACION BECRRIOZABAL
LA PALMA

0J0 CALIENTE



= liye

NUHM. PUEEBLD NOMBRE DEL PUEBLOD
2011 PAFPANTON VIEJO
03?2 JARRILLAS
2033 LA HACIENDITA
2034 STA. MA. LA PAZ
2035 SAN BLAS COPUDAS
2036 IfL TILDIO
D3y 5AN PABLO
2038 BAJIO DE SAN NICOLAS
2039 PIEDRA GORDA
2040 COL. 20 DE HNOVIEMBRE
2041 LA CONCEFCION
2042 HIDALGO
2043 MILAGROS
2044 SAN JOSE DE LO5 LLABDS
2045 STO. TOMAS VEMNADITOS
20446 CERRITOS DE AGUA
" TIPD DE CaMING TABLA # 5 ‘ ~111-
O CONDUCTD
1 Camino PTOPUEBLC & .:ssvues I S S,
2 Camine para reconstruirse a ..... ey
10 Carretera de mis de 2 camivos & .... ===
11 Carretera pavimentada 8 ........
12 Terracerfia tranaitabla en
todo tiegmpo & +.asvessna.. T T T TS
13 Tarraceria transitable sblo ]
en tiempo de secas a +.... FEEEEEEEES
14 Cerretere federal a +...... _E}____-
15 Carretera de cuota & ......:- 3‘
16 Carreters estatal a ..o sss _ Apy.
17 FFCC Via sencilla 8 +--.- e 3l
19 fFCC VIia doble a ..... et
20 Otras vias FFCC & +.... e S g
21 Linea de energfa elfctrica a ..,.. AT
22 Linea telegrAfica A +,:u40 Té
23 t.fnea telefdnica a ...... TL

-~ - A e mamarvrFETe~T1al oA L.
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"SECCION (.- GENERALIDADES. DEL BaNCO -DE DATOS .. C)“

SOBRE INPORMACION DEL MNIRG MEXTICAND.

0.1. QUE ES5 EL BAMNCO DE DATOS.
Es un conjunto de archivos que contienen informa-
cibép sobre el Nino Mexicane en sus tres prcpigdades
fundamentales: Sowmfdticu., Psiquicas y Sociales, las
cuales son accesibles por medio de un sistema de pro-
gramas, cuyas relaciones ldgicas permiten al usua-

ri¢ consultar a través de pantallas, de acuerdo a
las reglas indicadas &n el "MANUAL DE USUARIOS DEL
BANCO". Esta informacibn son valores medidos para
nifips de ¢cerg a catorce afos, en cada una de las
tres propiedades anteriormente descritas, asi como
tambhién, permite a 1l¢s técnicos del Banco de Datos,
&l acceso para su actualizacidn, adicidén, etc., re-
gueridas para.su mantenimiento de acuerdo a las
reglas_in@inadas en este manual,

-Este conjunto de Archivos y Programas, puede traba-
jar en cualgquier computadora; sin embargo, el dise-
fio esti orientade hacia mdquinas IBM de la serie
370/, v, Especificamenﬁe, sa ha desarralladﬂ esta
primera versién, en la computadﬁra IBM 370/135 del

DIF.

c_.1.1. OBJETIVOS DEL BANCO DE DATOS.
* L]



dices (j) y (X) “PERFIL DEL NIRO MEXICANG" ¥
“ESTRUCTURA DE LOS INDICADORES DEL PERFIL DEL

NIRQ MEXICAMNO", respectivamante, A fin de gue

el Banco de Datos cumpla una funcidn mis alld de

gus limites para los estudiosos e investigadores
sobre el Nine, y en general, para cualquier

persona gue degee profundizar més, schré aspéctos
de inturé&s particular al respecto, el Banco contie~
ne Iinformacifn biblicgr&fica gobre libros, revis-
tas, conferencias, etc., de publicaciones nacionales
& internacionales, a la cual el usuario puede tener
acceso répido y sencillo, siguiende el procedimienta

indicado en el "Manual del Usuaricg".

Para complementar la informacifn que contiene el
Banco de Datos, se cuenta ademids con datos scbre
encuestas, proporcionadas por las Institwciones
antes mencilonadas cuyo detalle, se cuncentra.en el
apéndice (H) "FUENTES DE INFQRMACION".

.
- ORGANIZACION DE LA INFQRMACION.
L.a organizacidén de la informacidn gue contiene
el Banco de Datoa, eﬁ t&rminog generales, se encuan-

tra dividida en tres partes, YPARTE PARA LOS DATOS

POR ENTIDADES", “PARTE PARA LOS DATOS BIBLIOGRAFICOS",



&

El objetiva del Banco de Dates, es briqdarfsarvicio
de consulta, sobre el Hiho Mexicano e informaci&n bi-
bliogrifica nacional e internacional al respecto para
todas aguellas personas, gue por razoenes de trabajo,
estudios, investigacifn, etc., necesiten tenar acceso
a esta informacifn de una manera rdpida y sencilla,
con todas las facilidades que les proporciona este
Banco de Informacifn, ya sea en su forma interactiva
(didlogo direétn con el usuario a través de una pan-
talla}, o proceso en lote (BATCH*}. Para usuarios
con conocimientos de computacifn, brinda facilidades
para elaborér pequencs programas, para la manipulacién
de la informacifén, de acuerdo a obletivos especificos
requeridos., Otros de los objetivos del Banco de

- Datos eslproporcicnar medios Sencillos para su actua-
lizacién, adicién, etc., de informacibn, por parte

del personal encargado del mantenimiento del Banco.

D.1.2. INFORMACION QUE CONTIENE.
Contiene informaci&én gue ha sido obtenida de varias
fuentes, tales como, e}l IS5S8TE, IMSS, DIF, 5S5A, S5PP,
etc., (ver apéndice H, " FUENTES DE INFORMACION"),
gque se¢ rafiaren bisicamente a las caracteristicas
Somfticas, Psigquicas y Sociales del Nifo Mexicano,

las cuales se indican con mayor detalle en los apén-

*BATCH: Proceso en el cual el conjunto de datos a procesar
entran como una unidad, en una cola de espera para su proceso.



"PARTE PARA LOS DATOS ESPECIFICOS" tal como lo

indica la figura®"ORGANIZACION DEL ARCHIVO AYUAL",

a4 su vez, cada una de estas partes estd tambhién
organizada en la forma como lo indican las figuras:
FIGURAS "DRGAHIZECIDW DE LOS DATOS POR ENTIDADES",
105 cuales Se encuentran distribuides en tres partes:

-Parte de la Repilblica Mexicana (datos globales.

=
~Parte para los Estados.

=Parte para los Municipios,

Esta organizacisn permite flexibilidad en las
consultas al Baneco as{ como confiabilidad y ra-
pidez en las respuestas, ademfs un desarrollo de
programacidn mis sencillo, tanto en la fase de
construccidn, como en el subsecuente mantenimien-
to, lo cual permite tenar el Bance actualizado,

va sea en su informacifn, o en cuanto a desarro-
1lo de requerimientos futuros. FIGURA "ORGANIZA-
CION DE LOSYDATOS BIBLIOGRAFICOS", esta organiza-
cién tiene todas las ventaljas antericrmente descri-
tas, ademis de gque el usuario tiene la flexibilidad
de gue en la Eﬁsqueda de informacién puede combinar
cualguiera de los campos descriteos en &) registro
Libro i, FIGURA "ORGANIZACION DE LOS DATCS ESPECI-
FICOS", esta organizacifin gse reflere & las ancues-
tas, cuya estructura se presentf en la figura, "COMO
SE GUARDAN LOS ITEM DE DATOS ESPECIFICOS".



CABEZA DEL ARCHIVO|

EARTE PARA
LGS DATOS

POR ENTIDADES

PARTE PARA LOS DA
TOS BIBLIOGRAFICOS

PARTE PARA LOS
DATOS ESPECIFICCS

{ENCUESTAS)

Contiene, antre otras cosas,
apuntadores a donde comienza
cada parte del."cuerpo"

del archivo.

FIGURA "ORGANTZACTON DEL ARCHIVO ANUAL"

Los datos de cada ano ge agrupan en un mismo archivo, cuya

estructura esta aqul descrita.

comc el aqul indicado.

Cada afio habri un archivo



CADEZA

REP.
MEX .

AGS.

e drm P P R

Zacatg
Cas

ALDAMA

— ey e ——

ZACATE
PLC

-y

- AW

S

-

b

Coantiene apuntadnres'é
lo que estd presente,

Parte de la RepGblica
Mexicana.
fdates globales)

Parte para las
Eatadaos.

Parte para las
unicipios

(muchos de ellos no

estan, estos no ocupan

lugar).

FIGURA "ORGANIZACION .DE LOS DATCS POR ENTIDADES"

Son lous datos nacionales, estatales y municipales, cde les

que se esnara una repeticidén sistemitica.

I



Libro i

?

Contiene apuntadores a
CABEZA lo que estd presente.

_—

LIBRDO 1

LI BRO 2

e T & B oEoR ¥

iiem

i Temas ©
Autor |Tltulo |ARc [Fditorial Pigi- | Idioma Resumen

nas

FIGURA "ORGANIZACION DE LOS DATOS BIBLIOGRAFICOS"

Contiene la informaciédn de rtexto.

Contiene un directorio
CABEZA de donde empieza cada
ancuesta.

ITEMHM b

ITEM 2

FIGURA "ORGANIZACICOHN DE LOS DATOS BESPECTIRLOOS!

La parte_del archivo que contiene datos especfficos, ¢
Su organizacibn es como 1o indica la figura. &



# .
Propiedades
ILiam
Comunes TABLA
RANGOS CUERPGC

En el cuerpo el ler. Indice wva
ria mis lentamente. El cuerpn
se encuentra descrito en la
figura "Como se guarda el -

Cuerpo de la Tabla"

- 4
indiges findice |1ndice |aindice indice

PFROPIZDADIG
Edagd

200-299 Pescc
Sexo
Estado

nombre valor valor )
dg incremento
vropiedadi minimo maximg

FIGURA "COMO SE GUARDAN LOS ITEMS DE DATOS ESPECIFICOS".

Varics items como el que' aqul se describe, forman el cuer
po de la parte para datos especificos. En general, cada
item corrasponde a una encuesta.



PRIMERA PILA SEGUNDA FILA

FIGURA "COMO SE GUARDA EL CUERPO DE LA TABLAY
Podemos pensar que descomponemos la tabla en tiras {filas}
horizentales,que se colocan, una tras otra, en el orden

vertical que tenfan en la tabla.

1/
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- TIPFOs DE VALORES DI LAS FROPIEDADES.
Los valores de las propledades gue se manejan
en este Banco de Informacisn son bisicamente

de dos tipos:

PROPIEDADES RERLES:- Son todas aquellas pro-
pisdades cuyos valorea-almacenadcs, son los
correctos, es decir, no es necesaric sometcerlos
a un progeso de transformacidn para obtener

su valor verdadero. Cualguier usuario puede
tener acceso a los valoresg de estés propie-
dades, con s881c sBequir las reglas indicadas

an el "Manual del) Usvario”.

PROPIEDADES COMPUTADAS.- San aguellas pro-
piedades que requieren de un proceso de trans-
formacibén para ohtener el valor correcto re-
guerldo. Estas propledades gomputadas, a su
vez, 8¢ dividen en dos grupos: propiedades
computadas por meﬁiu de proceso criptogrifi-
ca*, cuyotobj&tivo principal, es asegurar

la informacifin de carécter privado, en el
sentido de que sglamente éu propietario,

tiene la f&rmula precisa para obtener ¢l va-

lor real; cualguier otro uduario, sin &sta

sWar inciso {0.2) vy apféndice ("G")



H

férmula obtendrfa un valor-incorrecto.
Propiedades computadas mediante f£drmula
matemitica, el valor de estas propie-
dades se obtiene mediante un proceso de
formula matemdtica; como por ejemplo,
para obtener valores de propiedades en
¢l sistema de medicidn inglés, etc. ,*¥.
Este tipo de propiedades no necesaria-
mente e5 para mantener ipformacidn pri-
vada, sino que puede ser utilizada para
cualgquier usuario, siguiendo las feglas

del "Manual QEl Usuaria".

xx gy detalle se encuentra en el "Manual del Usuaric".

-



!}
ALMACENRMIENT(O DE PROPIEDADES.
El almacenamiento de las propiedades, para cada
una de las tres partes de los archives, se lle-
va a cabo en la siguiente manera :
Datos por Entidades : en trios de la forma
nmerc de valor para valor para las
propiedad - los homhkres - muieres,

numeracifn de las Entidades : seglin apéndice "A"

Tamafios 2 bytes ~  ndmero da propiedad
2 bytes -~ valor de propiedad hombreas
2 bytes - valor de propied;d muijeres
Datos Biblicgrificus : POT campos f£ijos

{propiedades implicitas}
propiedades textuales,

Datog especificos El almacenamiento de los

valores de las propiedades es en esta forma:

R

e — - —— e

V =« valor de la propiedad {2 bytes) ..
Indices de acegeso: I,J,K
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Los Indices se indican en "RANGOS" de la
tabla (ver FIGURA "COMO SE GUARDAN LOS ITEMS
Dﬁ DATOS ESPECIFICO5"), de ahf se calcula
con una f&rmula, la posicidn de V, en el cuer-

po de la tabla,

Se puede decir, que estos valores estin guar-

dados por posicién calculada.
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- PREGUNTAS SUE RESUELYE.

El Banco de Datos, en términos generales puede responder
a cualquier preyunta gue se le hagau, relacionada con la
pohlacifn infantil de M&xico, y en general, puede tomar
una forma complija, gue consiste en una combinaciﬁnlde
formelaciones mediante las conjuncicnes "o" (disyuntiva)
a "y" (copulativa}, su significado es el indicado en las
reglas gramaticales correspondiantes, y su uso se llova a
cabo de acuerdo a las reglas indicadas en el "Manual -

del Usuario™ y a la informacién que el Banco contiene, -

{inciso 0.1.2).

A continuacién se describen algunas de las preguntas gque

se pueden formular al Banco de Datos:

- Quéd informacitn producto de encuestas se tlenhe

- Qué estade de la Repdblica presenta la mayor tasa, nifos-
teleﬁisidn. ~

- Culnta poblacifn menor de un afio del Distr;to Federal
p%decié en 1975 Influenza, Neumcniaa, Entoritis y otras
Eﬁfermedad&s diarré&icas.

- Cufintos municipios cuentan con pohlacién menor a los

10,000 habitantes.

'~ 'fufnta poblaci&n menor de quince afios hay en el pais,
cuyos padres de familia son profesionistas.

~ En qué entidad federativa hay mds ninos en sexto afic de

primaria, menos grupos escolares y mortalidad muy alta.



Cudnta poblacifn menor de 15 anos con alteraciones de
la- inteligencia hay en el Distrito Federal éue agisten
a escuelas federales.

Cufinta pohlacifn menor de 15 afos hay en Aguascalientes
gua anda descalza y cudnta gue asiste a la escuela pri-

maria.

1) Cudntas personas del sexo femenino hay en Querétaroc,

mencor de 1 afe. Y 2) En gué cantidad federativa hay menos

mujeres mencres de 1 ano..

Cuil es la bibliocgrafia que existe para caracterfsticas

L

antropolégicas.

Cuadntos ninos atipices (alteraciones) existen pnf Estado.

Cuil es el nimerc de cunas por Estadc para el IMSS e

\

IS85TE.
‘Cuil es la tasa de mortalidad por sexo, edad y por esta-
do, para todo el pafs. :

Cudl es la dieta del nino por regifn y su talla.

Cusil es la atipicidad (alteracifn) maAs frecuente,

En gqu& estado hay menos maestros de .primaria.

Cuintos deocumentos hay que se refileren a vacunas apli-
cadas a nifos.

ng periodo se cubre saobre vacunacifin infantil,

Con qué informacifn se cuenta del IMSS.

Sobre el tema de educacitin qué variables hay.

Qué informacifn existe acerca do la poblacidn indfgena.

5



Sobre educacidn, culintos niveles du escelaridad se cubren.
Sobre nutricidn qué caracterfsticas se miden en ¢ada regidn.
Cuéntos nifos indigenas reciben ensefanza primaria, liscar-
los, por estadoe ¥ por grupos lingufsticné-

Listar las principales causas Jde morbilidad en el pafs, nid-
mero de casos. .

A cuintos menores prestd atencibn el Hospital del Wifo DIF,
listarlos por ano 1977, 1978.

Qué canvidad de libros de texto gratuito se han repartide a
los alumnos en los (ltimos cinco pericdos.

Cu&ntas.pursunas menores de 15 anos pertenecen a la PEA,
listarlos por entidad.

Cufil es el poarcentaje de poblacifn amparada por estado, en
€l IM5S y en el ISSSTE.

Qué entidad cuenta con el mayor nimero de viviendas con
radia,

D&nde hay mayor nidmers de ninos de 4 a 5 anos y cudl es el
nimere total de alumnos en el nivel preescolar para esa
Entidad Federativa. ‘

En qu#& entidnd federativa existe la mayor tasa de mortali-

dad. ¥

Ahora en esa entidad cuil es la poblacifn econfmicamente
activa de 12 3 14 anos.

gué poblacién de 6 a 14 anos .asiste a la escuela.

Cudl es €l iIndice de analfabetismo, atec.
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- Culintas entidades del pals se encuentran eq.condicioneé pre=
carias {menos del 50% de condiciones de b;ane;tﬂr}'cOn rg5-1
pecto a los siguientes rubros y darildﬁ procentaj&ﬂ.it
viviendas propias
Viviendas cuyo material predcminunt% en pilsos, muros y te-
c¢ho es: etc. 1
La pregunta anterior se puede hacer parﬁ todas las varia-
bles gue se quieran copsilderar,

- Quierc saber todo lo referente a una.x_éntidad v dﬂspgéé
dar la comparacibn entre esta entidaﬁ y las demis y que
peso tiene esta entidad dentro de lué factores que hacen
que el pals prospere.

- Quiero las tasas de crecimiento del éais que;téhga el Banco
y ademds una estimacifn para la filtima década de lns.xx.
Esta pregunta también se puede hacer para tcdas lag va-
riables econfumicas gue se tengan. |

- Quiero saber cufintas vacunas se aplicaron de poliomiélitis.
sarampidén, tos ferina, etc. :

Cudntas defunciones se presentaron p;r Esﬁgs-enfermedades

y la relacién entre &stas. !

{Qué tan bien funcionan las campaﬁaééde vacunaclfn} .

Para educacifin se puede hacer una pr;gunta semejante, re-
ferente a la atencidn gue se presta a los ninhos.

- BEn qué entldades federativas se tiene un pﬂrcentdje menor

al 50% con rﬂspecto a viviendas gue dlspcnen de energia

eléictrica.
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f1.1.3.- MODDS DE US0 DEL BANCO DE DATOS.

El Banco de Datos, tiene dos modos de uso: EL INTERAC
TIVO (diflogo directo con el usvario a través de una

pantalla de video); el BATCH, (por lotes).

El modo interactive es el modo répide para consulta de’
usuarios, ya que permite el diilngo en el migho instante
que s @5t accesando, tenilendo ademfs la opeidn {modo
batch), de wmandar imprimir, las respuestas que le sean
de interfs particular. Los usuarios con cnnoc;mientos

de computacisn pueden elaborar pregramas, a fin de ob-

tener resultados complejos especificos. {(*).

El modo batch, permite acceso igqual gque en el modo
interactivo, con la diferencia de gue la respugsta

e3 un lote, de acuerdo al erden que le corresponda su
proceso, Ademis, este medio es el usual, para el man-
tenimiento del Banco, adicionar, cambiar, etc., va sea
datos o expansién del Banco, asi <¢ocmo loa cambios en
los parfimetros de la informacidn privada o secreta,

lo cual s8lo podrén hacerlo los usuarios autorizados.
(=1,

Fa

- COMO SE OHTIENE ACCESO A LA INFORMACION,
Para obtener acceso a la Informacién, &3 necesario cum-
plir con los procedimientos indicados por el centro de
ctBmputc donde reside el Banco de Datos, ademds de auxi-

liarse del Manual del Usuario, asf como del presente manual.

{*) Consultar el Manual de Usuario, donde se detallan ambos -—
mérodos de usa,

{*) Ver incimo (.2,

Ly
Ry
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0.2.- SEGURIDAD DE LA INFORMACION PRIVADA ([("DATOS VALIOQSOS"™)
EN EL BANCG DE INFORMACION SOBRE EL NIRQ MEXICAND.

En virtud de gue ¢l Banco de Informacifin sobre el Nifp
Mexicano, es abierto para cualguier tipo de usuario, as
necesario proteger la informacién'privada "DATOS VALIGSQS®,
de manera de gue finicamente puedan Obtenerlos los "USUARIOS
AUTORIZADOS", Esta proteccién se ha llevado a cabo mediante

' el uso de técnicas criptogrdflcas descritas en el apéndice"G",
ALGCORITMOS DE CRIPTOGRAFIA".

& continuacitin se describe brevemente este sistema.

"DATOS VALIOSOS" .

Se nombra "DATOS VALIOSOS" a la cantidad de dates que han
sido recopilados con mucho tesdn ¥ perseverancia, con patro-
¢inio del gobierno mexicano o privado, durante varios ahnos

c lustros por investigadores nacionales, por le gque son
actualmente indispensables para una explotacién eficaz de la
informacidén sobré el nino mexicano.

Para que estos datos puedan ser depositados de una manera
confiable en el Banco de Informacidn, se requiere una gran
seguridad, en cuanto a que no vayan & ser usadas por pninguna
persona Si no es con la autorizacidn expresa y asi evitar

fugas y manejo n¢ 1déneo de los datos.’

"DUEROS DE LGS DATOS" .

En este apartado se denomina "DUERO DE LOS DATOS" a aquellas
personas dque ejercen tuteclaije sobre el uso de cierta jinforma-
cifén, debido a que ellos las han estado recopilando como
parte de sus investigaciones, ¢ que consideran gue su explo-

tacifn debe estar bajo su autorizacifn personal.

i
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Los "duefio: ga los datos" serin los @nicos gue podran,
autorizar el uso de esta informacidn (que se encontra--
rin grabadas en e. panco de Informacién Scbre el Nifo Mexi
cano) a quienes ¢ligs deseen. El Banco de Informacidn de-
ben poseer protecciones eficientes para evitar que perso--
nas 1o suterizadas puedan usar los "datos valiosos®.

"JSUARIOS AUTQORIZADOS"

Como "usuarios autorizados" se consideran a los usua-
rios que han logrado persuadir a los "duefos de los darog"

de que les permitan usar los "datos valiosos".

Fara un uéuariu autorizado, el uso de estos datos no
debe presentar problema alquno, pudiéndose desde luego mez
clarse con otros datos "“comunes® de acceso al pfiblico en -

general.

METQDO DE ALMACENAMIENTO

Cada "dato valioso" se almacenard transformado en otro,
desfigurado o metamorfoseado, de tal suerte que esta trans
formacién lo convierta en otro dato totalmente ininteligi-
ble e infitil. '

Ejemplo de datoﬁ definidos previamente coma vallosSos.

longitud de los dedos 6.2 cm.
longitud de las uras 1.1 om.
longitud del pelo 35. cm., !
perimetro del vientre 90. cm,

Serdn almacenados de la siguiente mapera :

longitud de los dedos 98
longitud de las ufias = . 58
longitud del pelo 330

perimetro del vientre 690



Y en esta forma "desfigurada® estarin accesibles a cual
gquier persona. Se entiende que en esta forma desfigurada ne
leg sirven a nadie., Pari que cobren sentido se necesita sa-
ber cudl fué el procedimiento de transfiguracifén 8 metamorfo
515 experimentada por &llos.

COMD S5E AUTORIZA S5U US0

Cuando el "dueno de los datos” es convencido de la legi
timidad, "conveniencia, ete., de uso de estos datos por un --

"usuario autorizado", lo autoriza efectivamente a usarlos, -

diciéndole el procedimiento de transformacifn gue los vuelve
inteligibles. |

En el ejemple anterior, para pasar de un "“datc valioso"
a un "dato desfigurado® se multiplicd cada dato valioso por
ocho, y luego se le agreqd 50; obteniéndose.

langitud de los dedos 6 cm X

+ 50 =-4B + 50 = 58
longitud de las vAas lcemx B+ 50= 8+ 50 = 58
longitud del pelo . 35 cm x 8 + 50 =280 + 50 =330
+

perimetro del vientre 80 cﬁ x 50 =640 + 59 =590

Entonces, el procedimiento de transformacidn para recupe

rar los "datos valiosos" ws la clave o contrasena "RESTALE -
CINCOENTA ¥ LUEGD DIVIDELOD ENTRE OCHOY,.

Por ejemplo, del dato inservible
*perimetro del vientre” a 690

s5a ubti?nE: RESTALE CINCUENTA: 690 - 50 = &40
DIVIDELO ENTRE OCHG: 640 8 = 80

IJ.

y asi se recupera el “"dato valicso"™ original 80.

La clave "RESTALE CINCUENTA Y LUEGO DIVIDELO ENTRE QCHO"

- no va a estar almacenada en el Sistema de Informacidn.

- no le van a gonocer los programadores, analistas, etc.

- so puede cambhiar por el "duefic de los datos™ tap a me

72
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FedO Como 5e estime necesario.
- s6lo.la va a conocer el "dueno de los datos" vy los
"usuarioas autorizados" {autorizados por el "duenc de

los datos").

Los "datos valiosos" no van a estar guardadas en el --
Banco. Los "datos transfigurados” son los gque van a estar -
guardados 'en el Banco, pero s8lo les poseedores de la "clave”
{procedimiento de transformacidn} podrén hacer uso céhergn-

te ¥ racional de esps datos.
DIFICULTAD DE LA CLAVE

En el ejemple se ha puesto un "procedimiento de transfor
macidn” sencillo (multiplicale por ocho y luego afifdele cin--
cuenta) , pero es fécil comprender que e3tos procedimlentos --—
pueden ser arbitrariamente complejos, de manera gue sea préc-

ticamente imposible descifrarlos sin saber la clave.
COMO SE USA UN DATO VALIOSO

Cualguier usuaric (autorizado o no} puede usar cualquier

dato, incluyendo los "datos transfigurados”.

Para des-transfiqurar un "dato tranafigurado”, es decir,
para hacerle entendible, el "usuario autorizado" proporciona,
junto con su pregqunta, una tarjeta perforada {&l mismo la --
perfora, para evitar gque su secretaria a'ayﬁdante conozaca la
clave y la pueda vender) al sistema de Informacidn. S1 esta
clave es la correcta, los "datos transfiguradus“'éé volyerin
inteligibles. &1 esta claye es incorrecta, los "datos trang

figurados” continuarfn ininteligibles.

FRECUENCIA DE CAMBIO DE LA CLAVE

El "duefio de los datos" podrd cambiar. la clave faciimen

te, tantas veces como quiera y con ¢l grado de complejidad -

37

que desed apli_urle.
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RANGO DE LGOS CODIGOS DE LAS PROPIEDADES PRI‘J:M}AS.

Los c8diges de las propiedades privadas o secretas,
van dal nGmero 10 001 al 10 500, como valor gue se encuentra
almacenado, el cual no es valeor real; como wvalor a uasar,
para estas propliedades secretas, tienen los cﬁd;gcs gue van
del 15 001 al 15 500, es decir, se le suma 5 000, como pri-

" mer pasc, para poder Inicilar el didlego del "USUARIO AUTORI-
ZADO" con el sistema, y, a continuacifn se dardn los argumen-—

tos de la férmula de transformacifin, para obtener el valor
correcto de la Iinformacidn que se solicita.



2.1,- ESTRUCTURA GENLHAL DEL ARCHIVO CORAIN {BANCO DE DATOS) 24
"CABEZA"
_ P
1 CABEZA PROPIEDAD DIRECTORTIO
1 “ENTIDADES FENFBATIVAS"
ENTIDAD FEDERATIVA
-7
2 CABEZ& DIRECTORTIDO
-5 CABEZA CUERPO REGISTRO
1 -5 CABEZA - CUERFO REGISTRO
!
~b CABEZA CUERPO  REGISTRO
=2 CAREZ R NIRFCTORIN
-5 CABEZA CUERPO REGISTRO
i -5 CABEZA CUERPC REGISTRO
|
-5 CABEZA L CUERPO REGISTRO
"ENCUESTAS
ENCUESTAS a
i -3 CABEZA DIRECTORIO
-7 CARFZA LERPL
-7 CABEZA CUERFO
i 'I'!'
-3 CABEZA __DIRECTORIO RALTL:
=) CABEZA CHNERES
Eﬁﬁﬁ
"TEXTOQ™"
TEXTO CUERPO
-4 CABEZSA REGCISTRO -4 CAREZA CUERPQ
-4 -4
= T e e A Eh
REGISTRO FISICO —{> 1000 BYTES
at ""}

77
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2.1,1.- ESTRUCTURA PARA_LA 'PARTE DE ENTIDADES FEDERATIVAS
CADA ENTIDAD FEDERATIVA tiene tres!tipoﬂ de registros:
-2 = Directorio
-5 = Cuerpo del registro (propiedades de los nifos)
-6 = Propledades generales.
-2 CABEZA DIRECTORIO
" RreG. 1] PROPIEDADES DE LOS NIROS
-5 CABEZA » [ CUERPUO DEL REGISTRO
-5 " CABEZA
; : .
-5 CABEZA CUERPO
"PROPIEDADES GENERALES"
-6 | CABEZA CUERPC DEL REGISTRO
______ !
REG. 2, _7 CABEZA _CUERPO DEL REGISTRO
-5 CABEZA CUERPO DEL REGISTRO
CUEREO DEL
-5 CABEZA REGISTRO
-6 CABEZA CUERPO DEL REGISTRO
REG. a DONDE n=32, ULTIMA ENTIDAD FEDERATIVA DE LA
REPUBLICA MEXICANA

5&@%&% espaclo ne disponible 0 no utilizable



1.

o~ U LUCTURA

YARA LA PARTL LE ENCUESTAS

Encuesta #1

-3 CABEZA DIRECTORIOD
-7 CABEZA CUERPFO DEL REGISTROD
- CUERPD DEL
-7 CABEZA REGISTRO
Encuesta § 2
-] CABEZA DIRECTORIO
-7 CABEZA CUERPO DEL REGISTRO
-7 ChBEZA DIRECTOQRIC
+3 CABEZA DIRCCTORIO
-7 CABEZA CUERPO DEL'REGISTRO

- = p & a f.

1000 BYTES

Espacio disponible o no utilizable.

AL



2.1.3, = ESTRUCTURA PARA LA PARTE DE DATOS BIBLIOGRAFICOS
{TEXTD}
_ CUERPO ; CUERPQ
4 CABEZA ESTANDAR 4 | CABEZA ESTANDAR
I E CUERED j CUERPO
4 CABREZA COMENTARIO 4 CABEZA . ESTANDAR
| I ]
|
|
b A
- CUERPO CUERPO
-4 CABEZA ESTANDAR - CABREZRA COMENTARIO
500 BYTES 500 . BYTES
1000 BYTES
2 REGISTROS LOGICOS POR REGISTRO FISICO

07

n+l
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2.1.4 DESCRIPCION DEL REGISTRCO MAESTRO.

1600 BYTES -
16 DIBYTES N 16 DIBYTES _,__ 468 DIBYTES -
T — 1
, NUMERO DE
CABEZA PROPIEDADES . DIRECTORIO
"CABEZA-"
"NUM DE DESCRIPCION CANTIDAD
CAMPO . {EN BYTES)
1 'Tﬁ?xcnnua DEL TIPO DE REGISTRO = 2
2 LONGITUD TOTAL DEL ARCHIVO 2
NUMERO DE REGISTROS FISICOS .
DEL REGISTRO MAESTRO 2
4 NUMERO DE ENTRADAS EN EL . '
' DIRECTORIOQ _ 2
5 LONGITUD TOTAL DE ENTIDADES
FEDERATIVAS
NUMERO DE ENTIDADES FEDERATIVAS
_POSICION DE LA PRIMERA ENTLDAD
FEDERATIVA T 2
9 NUMERO DE ENCUESTAS
10 POSICION DE LA PRIMERA ENCUESTA 2
11 LONGITUD TOTAL DE' TEXTOS Lk - 2
12 NUMERO DE TEXTOS 2
13 POSICION DEL PRIMER TEXTO 2
14 ARO i ' 2
15 " _ 2
16 CANTIDAD DE TIPO DE == ~~ ~ = + =7 -

NUMERO DE PROPTEDADES ., . . 2

e

"1



"N OMERO DE PROPIEDADES"

NUM. DE DESCRIPCION CANTIDAD
CAMPC . {EN BYTES)
17 - 2
18 - - | 2
19 - - 2
20 - | 2
21 - 2
22 - 2
23 - .2
24 - ‘ ' 2
25 - 2
26 - 2
27 - 2
28 - o ' 2
29 - | .2
30 - 2
31 ' - 2
1 - 2
*DIRECTORIO"

POSICION DEL REGISTRO IOGICO

LONGITUD DEL REGISTRO LOGICO

(REGISTRO 1 = 468 ENTRADAS)

(REGISTEO 2, 3 ....... n = 500 ENTRADAS)

F



2.1.5 GLGESCRIPFCION DEL REGISTRO PARA LA PARTE DE ENTIDADES
FEDERATIVAS.

-~ DIRECTORIO ( -2 )

16 DIBYTES 48B4 DIBYTES
CMBEZA DIRECTORIO
" CABEZA "

' NUM DE CANTIDAD
CAMPO DESCRIPCION {EN BYTES)
1 INDICADOR DEL TIPO DE REGISTRO 2

( -2}
2 NUMERO DE ENTIDAD FEDERATIVA ' 2
3 : NUMERQ- DE REGISTROS FISICOS 2
4 NUMERQ DE REGISTRDS‘LDGICDS.

DE EDADES . . 2
5 - POSICION INICIAL DEL REGISTRO

DE EDADES 2
6 POSICION FINAL DEL REGISTRC DE

EDADES OCUPADAS 2

B POSICION FINAL DE PROPIEDADES DE

EDADES OQOCUPADAS
{(APUNTA AL FINAL DE UN REGISTRC FISICO) Z
g POSICION INICIAL DE PROPIEDADRES

GENERALES

Pad




A

- = PROPIEDADES GENERALES

- -
CUERPFC DEL REGISTRO LOGICO
CABEZA PROPIEDAD GENERAL
““CABEZA".

- NUM. DE DLESCRIPCION CANTIDAD
CAMPO ' . {EN BYTES}
1 INDICADOR DEL REGISTRO LOGICO

GENERAL -6 2
2 NUMERO DE ENTIDAD FEDERATIVA 2
3 CODIGO INDICADOR DE PROPIEDAD
GENERAL . 2
4 LONGITUD TOTAL EN DIBYTES DE ENTIDADES
REGISTRO LOGICO 2
"5 POSICION FINAL PARA PROPIEDADES
IMPLICITAS {(POSICION MAXIMA) 2
6 NUMERO DE PROPIEDAD IMPLICITA
INICIAL 2
7 NUMERO DE PROIIEDAD IMPLICITA
FINAL : 2
8 POSICION FINAL PARA PROPIEDADES

EXPLICITAS ORDENADAS (POSICION

MAX LMA) - 2

"2.1.5 DESCRIPCION DEL REGISTRO PARA LA PARTE DE ENTIDADES

Lre
¥

FEDERATIVAS.

- DIRECTORIO { -2 )

|
r- 16 TBYLNL int nTowTes



WUM. DE
CAMPO

10

11

DESCRIPCIORN

[ - . *

NUMLRC DE PROPIEDAD EXPLICITA
FINAL

PUSICICHN DE LA JLTIMA PROPIEDAD
EXPLICITA ORDENADA

POSICION DE LA ULTIMA PROPIEDAD
EXFLICITA DESORDENADA

"CUERPD DEL REGISTRO LOGICO™
{PROCPIEDAD GENERAL)

PROPIEDADES IMPLICITAS VALORES

PROPIEDADES EXPLICITAS NUMERO
DE PRCPIEDADES VALORES.

PAQUETES DE 2X2 PARA PROPIEDADES
IMPLICITAS.

PAQUETES DE 2X3 PARA PROPIEDADES
EXPLICITAS.

3

CANTIDAD
{EN BYTES)



, 27
- CUERPO DEL REGISTRO {PRDPIEbADES DE LOS NIRGS) { -5}

1000 BYTES
16 BYTES , 484 DIBYTES _;J
CABEZA CUERPO DEL REGISTRO LOGICO \

"CABE®ZA"

NUM. DE DESCRIPCION CANTIDAD
CAMPO {EN BYTES)
1 INDICADUR DE REGISTRO LOGILO
DE EDAD 2
2 NUMERO DE ENTIDAD FEDERATIVA 2
3 | HUMERC DE EDAD 2
4 _ LONGITUD TOTAL EM BYTES DE ESTE
REGISTRO LOGICO 2
5 POSICION FINAL PARA PROPIEDADES
INPLICITAS (POSICION MAXIMA) 2
6 HUMERO DE PROPIEDADES IMPLICITAS
INTCIAL 2
7 NUMERC DE PROPIEDADES IMPLICITAS )
FINAL 2
:E POSICION FINAL PARA PROPIEDADES

EXPLICITAS ORDEHADAS (POSICION MAXIMA) 2
g NUMERC DE PROPIEDADES EXPLICITAS FINAL 2
10 POSICION DE LA OLTIMA PROPIEDAD

EXPLICITA ORDENADA VACIA 2



1l

la

NUM. DFE

CAMPO

i1d

POSICION DE LA ULTi:tA PROPLEDAD
EXPLICITA DESORDENADA VACIA - S 2

(1]}

“CUERPO wEL REGISTRO™

PROPILDAGES INPLICITAS

v LORES PATLY HOMBRES

DESCRIPCION : CANTIDAD
(BN BYTES)

VALORES PARA MUJERES
a
YALORES PARA HOMBRES Y MUJERES

iuDICADOR DE INFORMACION AGRUPADA

PROPIEDADEsS EXPLICITAS

a

NUMERO DE PROPIEDAD
VALOR PARA HOMBRES

VALOR PARA MUJERES : Ll
Q e
‘NMUMCRO DE PROPIEDAD ' -

VALOR PARA HOMBRES ¥ MUJERES

INGICADOR DE INFORMACION ACIUPADA

PAQUETES DE 2X2 BYTES PARA PROPIEDADES 56
INPLICITAS.

PAQUETES DE 2X3 PARA PROPIEDADES
EXPLICITAS .



2.1.6 - DESCRIFPCION DEL REGISTRO PARA LA PART|

ENCUL. Tt

ar

iy
5590 450 EBYTES
- - - o
|
CARLZA TS MORIO
“CABEZA"
MUM. DE LOES " LI PCYT QN CANTIDAD
CAMPO {EN BYTES)

10
11
12
13

14

INDICHDOR DEL TIPG DE REG1STRO
{= -3

NUMERO Iy ENCUESTAS

NUMLRO DE REGISTROS Fi3TCO:= DE
LA ENCUDSTA (DE Lur: uTES)
NUMERO DE CUADROS DE LA ENCUESTA
{RLGISTROS LOGICOS)

NUMERQ DE ENTRADAS AL DLRECTORIO
ESPAC1OS

NOMBRE DE LA ENCUESTA

INST ITUC ION

AUTOR (ES)

LUGAR DUNDE SE REALIZG

DURACTON (EN HORAS HOMBRES O DIAS)
FECHA DE INICIO

FECHA DE PUBLICACION

ALCANCE

22

HO

Ba

i



- DPESCRIPCION . :L REGISTRO PARA LA PARTE DE

1003 BYTES

ENCUESTAS.

]
CABEZA CUERPO DEL REGISTlw LOGI.".:

NUM. DE DESCRIPTION T CANTIDAD
CAMPO (EN BYTES)
1 INDICADOR DEL TIPO DE KREGISTRO

(= =-7) 2
2 NUMERC DE CUADRC DE LA ENCUESTA 2
3 LONGITUD DEL REGISTRO LOGICO 2
4 MUMERC DE INDICES VERTICALES 2
5 NUMERQ . LA PRIMERA PROPIEDAD

(MAS EXTERIOK} 2
6 NUMERO DE LA SEGUNDA PROPIEDAD

(MAS EXTERIOR) 2
7 NUMER® DU LA TERCERA PROPIEDAD

{MAS EXTERIOR) 2
B NUMERO DE LA CUARTA PROPIEDAD

(11AS EXTERTOR) 2
9 MUMERC DE LA QUINTA PROPIEDAD

(MAS EXTERIOR} g
10 NUMERO DE LA SEXTA PROPIEDAD

(MAS EXTERIOR) 2



ay

NUM DE DESCRIPCIOHN CANTIDAD
CAMPO {Ed BYTES)
15 ESPACIOS L
16 . DIRECTORIO (75 ENTRADAS DE 3

BYTES c/ul 450

- NUMERO CE CUADRO

- POSICION INICIAL DEL REGLISTRO
L2GICO

- LONGITUD DEL REGISTRO LOGICO
(DIBYTES]



NMUM. DE - DESCRIPCION .CANTIDAD

CAMPD (EN BYTES)
1 CUANTOS VALORES TIENE LA PROPIEDAD

MAS EXTERIOR ) | 2
12 2 S 2
13 3 2
13 4 2
15 5 ~ 2
16 . f ' : 2

100 VALORES DISTINTOS DE LA PROPIEDAD

MAS EXTERIOR A LA SEXTA.
1 NUMERQ DE INLICES HORIZONTALES 2
2 NUMERO DE LA PFRIMERA PROPIEDAD

(MAS EXTERIOR} 2
1 NUMERC DE LA SEGUNDA PROPIEDAD

(MAS EXTERICR]) 2
4 NUMERC DE LA TERCERA PROPIEDAD

(MzS EXTERIOR) _ . 2
5 NUMERO DE LA CUARTA PROFIEDAD

{Mr5 EXTERIOR} 2



2.1.7 ~ DESCRIPCION DEL REGISTRC PARA LA PARTE DE

TEXTO.
NUM. DE DESCRIPCION ‘ CANTIDAD
(EN 4YTES)
1 INDICADGR, DE TIFO DE REGISTRO
(TEXTO = -4) 2
2 NUMERQ .DE TEXTO 2
3 ESPACIO 2
4 INDICADOR DE CLASE DE TEXTO 2
5 ESPACIO _’ ;JL - X
3 AUTOR ST Y.
7 TITULO 1 2 80
8 © CLASIFICACION 12
9 IDIOMA 20
10 EDITORIAL . 60 *
12 PALABRAS CLAVE (RESUMEN) 232
FORMATO | ARA COHENTARIO (TEXTO}
MUM. DE DESCRIPCION CANTIDAD
CAMPO ) (E!i WITES}
1 INDICADOR DE TIPO DE REGISTRO
(TEXTO = -4) 2
2 - NUMERQ DE TEXTO 2
3 ESPACIO
4 IMDICADOR DE CLASE DE TEXTO :
5 LONGITUD EN BYTES DEL COMENTARIG - 2

6 COMENTARIO (HASTA 490 BYTES) 490



2.2. - iAGRAMA DE BLOQUES DE LA GENERACION PARA CARCAR
LOS DATOS AL BANCO DE DATOS.

b I A G R A MA DESOCRIPEBECTIOGCHN
o l,=- Codificacisdn de la informacién
o a
CI‘ il ) sistamatizada

- vinta con la captura de
datios

= Listado de la cinta

i
1
P
DITTO ] dates y se vuelve 4 repetir

-

- ' 2.- Captura de los datos (CADE)

3.- validacidn de lu. datns

= Dato:z correctos quedin en la

cinta de captura

- Datos inoorrectos,se eliminan
de la cinta de Captura de

el prou.so.

CORRECCIO
NES .




= Jontindacion ool Jacriaa

vy

Doy T w1l A . L CHRITI B TON

Cinty von regis wus CoOrrectcs
de tipo variable (€ ti;az) v

de 103 posicioneu

HO-<

v

Lias LR

4.- Programa BAILU 01, que refor-
mitea los regiscros a un solo
tipo, y de 40 posiciones.
= «inta von registro formatoacos

{10 Byces).

”‘-O"'

N P P < i A
SURL. 5.- proceso de clasificacidn

o ellsiguientu arden.
ARO, LSTADO, EDAD vy PLRLDPIEDAD

- ¢cinta clasificadr,,

programa para vargar el banoo

ing"

- Patcs cargados ern aiso
BAINCE 02 '

h ¥4
BANCO

DL
DATOS . .

s

(e
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SECCION 3.- SISTEMA OPERATIVO DEL BANCO DE DATOS. . v

El Sistema Qperativo del Banco de Datas, estd integrado por

uni: serie de programas que uctuan e interrelacionan con las

tres partes que integran cada uno de los archivos anuales

gue forman el DBanco de Datos, tal como se vif y se describié

en seccilones anteriores, este conjunto de programas estd

administrado por un Editor General del Banio, el cual a su

vez administra las tres partes constitutivas del archivo

anual en sus correspondientas Editores,

. a conbinuacidn,

—— e m — ——— A o — — . — — ———— r— — — —— — — — e — — — — — — —  w— —

(5 Lstema Operatlvaol

Editor para
consulta da
Entidades

Editor General del Banco

iy

Editor para
consulta de
Datos Biblio-
grificos

tal comgo 8 muestroi

. Editer para
consulta de
Encucsbtas

Sistema de programas que actfian o intecrela-—
Cionan

— . e e— e wm w—m P T E——— — o —wm — w—



i/&
El acceso iInicial al Banco de Datos.
Se lleva a cabo por medio del Editor General del Banco, por
medio del cual, se accesa a cualquiera de las tres partes

que Integran el archive anual del mismo.

Desde cualquier Editor y en el momento que se raquiera

se puede suspender la interacci®n con el comando /CANCEL®

+

En 1o subsecuente de esta seccifin se describen leos proqra-

mas que integran el Banco de Datos.

* para mas detalle ver 21 Mapnual del Usuario,

|18



3.2.- DESCRIPCION Y FORMATO DE LA PUNCION "ARCHI"

o

Esta funcidn verifica si existe un archivo para el afo dado.
ARCHI ({IARQ)

Esta funcifn es verdadera (T} sI el archivo que
corresponde al ano JTAHD estd presente, en caso

contrario es falso (F).
Pruebas para ARCHI (iAHOQ)

Objetivo: Llevar a cabo el define file de un archivo
que no existe, y gue no se de cuenta JCL del Sistema
Operativo de eaquipo, 81 no gue se detecte hasta la

hora de ejecucidn.

ARCHI (1AR0) funciona como una subrutina de

ARCHI (IARQ) _ . —

5.3.- LISTADO DE PROGRAMA DE LA FUNCION “ARCHI"

— A = et mm - PoAd e mr mmE s e e R A g - — R RS e v — e e mm—

‘ COS FORTRAN [w LeCw=FQ=nulf 3=§ ARCH[ CiTE Q1711474 1IME 1.25.08 PALE £0C1

—— W e hem . . N T rewm o4 — ——w ua. - -—— — A — o ' - o T W MR W B e o AR LR L -t CER G AAS R e e ——
thol DIRTEAL FLm TIEM salmlianin
viic I Judd SR1EGEN) L4-]m

—1{ypgr—-" - " OIAVLLER®? TARJROTIER/TO 71,70 073 oT4 e 23,76, T8, 16,1547 ' e - mUTAtT TN m b
DOG4 ARCHIF FALEE -
{dCT IFtatDa LT G2 CF oAb LG T, THORETUE R . 1?15;

p— R - —— = =g 1E)L10 . — i Em aa . e - m— - 4 L e rmwrrs W W oE.—ie . — e e .-
Elr IFianC ECL TABMRETanGL TC 2
ol 1 CGRTIWLE ] \ .

'ttti_""‘ - o ’E‘L‘H- . e — A e . . e e by — - - - . P . e MR R o oy e E———

EEID H AALP IR TRUE.
L -RN REILAN

B e e e = 1 A et - s o b e e —— a4 4w g R R - mE = -a w -

——— e e a4 ;- EERE R g m R g (WA E.EA m W Elha - 1 TE ma. T man




1.4.- DESCRIPCION Y FORMATG DE LA SUBRUTINA "“BORRA2" 77

Eatu subrutina llena de ceros la tabla de pregunta.
BORRA2 (ARR, I, J, V)

Llena al arreglo bidimensional ARR {I,J) de wvalores V.

Toedos son Lnteger X 2.

CESCRIPCION DE LA FUNCION "CHEKANO"

Esta funcion verifica si el afo gue se le esta dando, se

encuentra dentro da log limites {(1970-15%89)

CHEANG {ARD)
Esta funcidn es verdadera (T) 51 el afo dado por el usuario

eg valido, y falso {F} en casg contrarcio,

AND en punto flotante es una varlable, no una constante.

3y



3.5.- LISTADG DE PROGRA!A DE LA SUBRUTINA "BORRAZ®

" R
( CCS FORIEAM Jy Me{m=FO—41% 34 JrEN a2 GTE o 11278 Ting 11.11:41 PagkE CCL1
j e e e e = me — _— - e —m
ang | SLEMOLTTHE BERARIIARA 1] v dd, ko
rrng IMFLICI T IRTEGENRY ga=]D
I —ogr Tt IRTSSERCYT ARRTITIIET T T T —
' Cans Ja s IRl
1 ] 02 ICD JRL,ud Y,
T = i E L b T Y _— ——
cot 3% EZmlImkE
(A ] 199 Comilnul "
e . BETLAK o ove s it et e n— — _
ac g END

|
|
|

— e - — .= JEE—

3.6,.— DESCRIPCION Y FORMWYTO L LA FUNCION "BYTE" .
5/

Esta funcifn regresa justificado a la derecha el enédsimo

byte de un arreqlo.

BY''E (M, ARR)

Nos regresa | 8 g en ur, dibyte el endsimo byte cel

arrcglo ARR, el cual es integerX2. Lo regresa (en valor
de BYTE}, siumpre a la derecha, con ceros binarcins a la

izquierda, el arreglo ARE es de N bytes de largo.



¥

j.7.- LISTADO DE PROGRAMA DE LA FUNCION "BYTE"

[ £U3 FCRTNAM [y JeEW—FO-4)5 I-1 avig (aTE AR NIER L 1IME 131467 Fiuf €011
] .
tosl THILGEP FUAMCTICKA RT1E%Iin,dFto
4 wi5 NEGRESN JEEITIFSCADD &_AL CEFECHN IL_b=LSIC EYTE [§ MBF
[T 3 ’ TRAELIE]T thAIEGERCE Ta=]a - o
: 1 47-0] THTEGER®* Y FASFLEFITFFF Rl
) q0ca FLaGrl
Ly = AYIERAFAITR+IL /2D —————
coc¢ FFINYIELGE.LRGE TC 1
i il ] FLIGE) ] .
AT T T T T A B e TEA A EFLEel T TTRT TTs v s e —mbs e -
froq t Frth=nddote, E{, {alC 7L 2
g By TERBRY1ESI 20+ 12 inFLAL
I" TOTT FL LAY - AT ———— e — R ——
' €12 1 Bv1EFN IE=BYIESE 208758
£311 FETLAN %
e - e 4 T B - — R ——

a.- 1] 1 L\,
g o -
i =
) u
LY + il - —

At
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g8.- DESCRIFCION Y FORMATO 0OE LA FUNCION "BUSCA ([(Batchi"™

-3

BUSCA (ARO, ENTIDAD, EDAD, SEXO, PRED, PROCESO)

Esta funcifn se Jescribe a continuacifn y en el siguiente

orden:

ARD: Para todos los afios especificados.

ENTIDAD: Para todag las entidades especificadas.

EDAD: Para todas las edades especificadas.

SEX0O: Para todos los sexos espedﬁficadus.

A los items que satisfagan el predicado PRED,

s les aplic& el proceso PROCESO.

PRED y PROCESO son externas gue armard el usuario en

FORTRAN,

en el cual, FPRED es un predicado l&gico y

PROCESO en el rrocaso que gufriran les items que

satisfagan a PRED.

Ejemplos;

ARC

1975

0

197%5.737

COMENTARIC

Todo lo que se encuentre en el ano
de 1975,

Significa que estin incluidos todos
los anos.

Significa de 1875 a 1977.



ENTIDAD COMENTARIO

£
13 Namern de propiedad del Estado f
de HIDALGO.
o Sigunifica todos los estzdos de la
: REPUBLICA MEXICAMA.
13.25 Significa de los'Estados con nlmerc
de propiedad 13 al 25 (Ver apéndice
A). :
EDAD COMENTARIO
1 Significa &dad de 0 a 1
3 Significa edad de 2 a 3
0 Significa todas las edades
EDAD COMENTARIC
3.5 Significa las edades de (2 a 3) 'a

{3 a 4} a (4 a 5}.

SEXG COMENTARIO
1 Sexo masculing
2 Sexo femenino
0 Todos {ambos)

BUSCA {0, 13, 0, 0, PR, PROCE)

Estd indicando buscar en:

PROCE, todos los afios, en el Estado de Hidalgo,
&n todas las edades ¥ en todos los sexos,
aguellos items que satisfagan a PR,



3.10.- -DESCRIPCION ¥ FORMATO DE LA FUNCION "Euscal“ 5
-3 Y

{Interactiva)

-BUSCAI (ARO, ENTIDAD, EDAD, SEXQ, PRED, PROCESO)

Este programa funciona como programa principal, el cual

desde el teclado, lee los textos de las preguntas con el
formato del arreglo PREVAL, e imprime todos los items

{de entidades) que satisfagan la pregun.ta hecha, esta
impresifn puede llevarse a cabo yd sea Ipur pantalla o_pn.;:
impresora. ‘

Arreglo PREVAL. ' o .
' 5 partes de un QR U

{a) (b} (&) (d)

2(1115{ 4 a8 Jo Jut6| 3 [12 ] 0

!
1} 2710 | 5 {8 | B

¢ ) PR R ST
]__ " 4 &h . N ]-lg-b"l | a ‘
. k—"—\(""‘—" I . . ; ‘I- L L ,

. la relacidn lo usa estos dos valores . .

any un ap sa3xed g1

.

r

{a} Indica cuantas ramas tiene el OR, o 8l és:0, indica qQue
es fin. - )

{b} Contiene el nimerc de prapiedad {del apéndice A, tabla K
de propiedades}. .

{c) Indica el nGmero-de relacifn, cuya tabla de conversifn °
es la siguiente: - '



RELAC ION HOMBRE : NUMERO ° §¢

* entre - 10
< mencr que 1
= igual a ' ? 2
> ﬁayur gue f .4
< = menor o iéual‘a 3
> o= ' ! mayor &ue © igual a 6
# diferente:de : . 5
<=> siempre es ciérts 7
) siempre es falso 0

(d) Valor contra el gue se compara f{en binario)

| .
-- Diagrama de FLUJO de BUSCA U {Interactivo}l.

INICIALIZA I . Teglado Buffers,letc.

1 .
' IMPRIME . i0ue afio?, JQue entidad?, iQue edad?,

£{0ua sexo?

Leaerlos, si'no estd el archivo,

—w..escribir mensaje y reqresarse a 2

t

IMPRIME {El uspario puede puede meter un
intervalo de ahos o de cualguier
otra variable preguntada}.
uac:e LEVART,

Il
BORRAR Zl arreglc PREVAL a ceros.
LEER .. pregunta linea por linea con formate

60 {a2) (En un dibyte caben dos caracteres)



LLENAR El arreglo PREVAL linea por linea 52

{estoc se lleva a cabo con LLELIV.
!
PEDEIR El formato de impresidn y preparar
el arrcglo FORIMP para su ulterior
usg por €l IMPRESOR. °
4

- a ’
Por cada afo especificado (sl esta; si no enviar mensaje
y continuar) el archivo correspondiente:

para cada entidad especificada.
para cada edad especificada.
para cada sexc especificado.

Ver si satisface la pregunta
que estd en PREVAL. Esta-se
hace con DIME. Imprimir con el
IMPRESOR INTERACTIVO aquellos
gque 51 lo satisfagan. Usar acd
el arreglo FORIMP. .
Regregsurse a 2 para otra

consulta,

3,13,- LISTADO DE PROGRAMA DE LA FUNCION "CHEANO"

. EOS FORTRAN Ty 240M-FD-47% 3-¢ CHEAM Late AiL 1N ALY 11,147 Fagt (el
LI . LIGICAL FURCIICY CHEMACIARCD
C TRLE SI EL anf EX MALIOGC.  arC E3 FESL
([ 18 I FL1C0Y INYEGERdZ e~ — " " T =
faQ? BELL ANE
LGa4 LOGTEAL LEMIKE 58
H TATA" TTCAT RS I TS T - == - T TreRT T
acdi TFIAHD, Gt fECe . Cadb LI AN 0=-1000 .0
___(I:IH'__ CALL OE FPALNAAL ,v14MlD -
B0 T T CHMAMERLEMTREII T W1, TIEARETLEATII T WW YL TS0~ - TTTTr T T
Logs RETLEN
[ - F1: £hl

TETE. N R o — - = —r i—




3.19. DESCKIPCION Y FOIWATO DE LA FUNC.OH “CODErF™

CODIr {VAL, PARLl, PARZ, VALZ,X}

Esta funcién aplica al valor VAL

usa t..s pa.ametros PAR] y PARZ.

Propiedades "decodificadas"
(computadas)

Pl

P2

Fn

Fn+l

Pn+k

Sf

la transformacifn X que

Propiedades "codificadas”

CODIF

LODIF

CODIF

CODIF

« = m

COCIF

(z2lmacenadas)
(gl,PARL, FAR2,1)

{g2,PARLl, PARZ,l}

{gn, PARL, PFAR2, 1)

(gn+l, PAR3, PAR4, 2)

lgn+k; PAR3, PAR4, 2)

O sea para recobrar una propiedad PL cuando su valer codificado

es gl (1< N}, se uua X=13 cuando se trata de reccbrar una

propledad Pi (n<i&N+K), se usa X=

para X~2

2, esto se puede extender



.15.- LISTADO DE PROGRAMA DE LA FUNCION "CODIF"
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31.16.~ DESCRIPFCION Y FORMATO DE LA FUNCION

"oouvTP™

£2

Esta funcifn busca un texte en una tabla de referencia y le

regresa su valor.

CONVTP (LITEX, IN, FIN,

TABLA, I,J,K)

Convierte el texto LITEX (IN —e FIN) en un tipo

de acuardo con la tabla TABLA., Nos regresa ase

tipo como valor. IN, FIN en bytes.

I Indica el nCmero de renglones de la tabla

J indica el nGmero de bytes de la parte textual de

la tabla, debe de ser par.

K indica nGmero de columnas de la tabla {en dibytes

K= J/2+1
texto (J bytes}
- e
2 * AUTOR @H¢
valor :
2n
binarid
K bytes —,

i renglones

'RELACIONES CON OTRAS FUNCIONES Y/0 SUBRUTINAS.

CONYTP

Copia a unl
arreglo - COPTXT

umhdhmrﬁiéql

TRENTK

Busca lo gue
copld ren TEXTO
il



ook oms

3.17.- LISTADO DE PROGRAMA DE LA FUNCIDN "CONVTP”

"

LOS POATHAN ]y T4QW—FO=47% i CONYTR EA1E QI FLTS LT 11,84,3% PARE {4LI
codL ENTECER FUNCTICN CERVTRZELITER, TR, FIM TIELA, ]] dd, rne
¢ BLSCA EL TERTS LITEX ER L4 TABLY ¥ ACY 54 EU walZe TNETMERS COLLMMd CE LA
o Tapld 0 REGRESY™T §I WITLE AALLE™JT CFRE SEN SIRERTLTEN YTIS I FIN BYd
(1T PWRLECIT EAJEGENIY LA-Ju
coad IMTEGEA®: TABLATT (8B ARNIY00 FLFLF el 34270t 1T1RT2c
f = LUGICAL TIGEKTF
boogelr LRI
. oIt CALL CIFTTVNISELA f TR dJITZARELL ], PR - _j; -
ey TIFRHOTITREN TR AL TN (TN FIR IRETS T T 36RO IO v
] 0aca COMNTRETABLARE Q&
pocs NETLAN
T T TR CERTIRTL
{ <o - CLMVIPKE
0Ty SETLAN v -
:‘*“.'-E‘a? EWD o . - p )
1.19.- LISTADI DE PROGT'IA DE LA SUBRUTINA “COPTXH™
——— e . e e o e e e e e
LF_E FORTHAM 1w ebanTf=a?y 2=¢  LCFlam Eavr Sl Ti=g 13.14,5e Fael CoCy éf
(RN Uwa L TInN CORPTAPAANET L0 o J4PRECL 0,10 ]m
—_ 4 CENS PE*™2 [E A%F] & b LIREd 1] L FELPY
Gror T T T T GerLICTT IMIELEAT] M-Ja T e ity
roofe,2 inTEGERSY aBPL110,FAECLLLO, 1D
' CQos HEMLHEF Y T3] )
| e o B+ T I K B el — —- o ——— =
N 14 4 CLIE LS R
cac Calt DERSIFIBATEIF (AZELG L [2.nkt ,FEELLE :
trelr e LORtINGE T ThTTm s T ' T T T o
I ccos FETER R
S T e _ L e
i - .
I 3.18.- DESCRIPCION Y FORMATO DE LA oLJulUTINA "COPTXM" F -
i
| _ . .
— Lita subrutina lleva u cabo el copiado de un texto de un
— arregle a una iinea de PREGU.
1
—
! CGPTXM {ARRI; II‘ J' ARRE; K; L; IF} )
— Copia texto del arreglo mondsiwmensional ARRL, de los
" bytes I a J inclusive, al arreglo bidimensional
- ARR2, a partir del byte K al L inclusve a su fila IF,

Solo se llenan los bytes K a L, 0 mepos si i—wj es

mas corto gque K —1IL.

Estos arreglos contlenen dos caracteres/dibyte.



L

3.20,~ DESCRIPCION Y FORMATO DE LA SUBRUTINA "COPTXT"

COPTXT (ARR2D, I, J, L, ARRLDIH, M,H)

Esta subrutina llewva a c¢abo el translado [capiade} de n

bytes de un arreglo a otro.

Copia L dibytes del arreglo ARR2D. {2 dimensiones), al

arreglo ARRLDIM (una dimensibnl, justificado a la izquierda.

I fila de la cual lleva la copia

J a partir de que columna lleva ARR2 D

a cabo la copia en dibytes

ARR2D es integerX2 de dimensiones (M,N}.
o .

- - ®™nAne 1los argumentos son en dibytes.

3.21.- LISTADO DE PROGRAMA DE LA SUBRUTINA "COPTXT"
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3.22.- DESCRIPCION ¥ FORMATO DE LA FUNCION "DAME" L 4

Esta funcibn verifica si el texto TEXTO satisface la pragunta
PREGL. -

DAME (PREGU, TEXTO) ﬂ{? Ei si texto satisface la pregunta PREGU.

TEXTO es un arreglc que contiene un registro ldglco para texto
de 500 bytes.

ARREGLO INDICS : ARREGLO LONGIY
db6nde comienza 1 5 tipo 1 la longitud de cada
cada cosa en 2 & autor 40 parte, en dibytes ¢
TEXTC {en diby- _
itula i0
tes) 3| 46 t
4| 186 |clasifica—| °
cifn
S| 176 idioma Te

6| 176 editorial

71 256 TeSUman

Una pregunta se lleva a cabec en la siguiente forma:

TIPG = LIBRQ
[ . .
AUTOGR = JUAN + AUTOR/RODRI (/ = quiere decir contenga)

TITULO/NIN + TITULO/CRILD
& .

IDIOMA = ESPANOL + IDIOMA = INGLES
&

EDITORIAL = DIRMNA
E



RESUMEN /MEXTC
&
LASIFICACION/FSICO
. .

TADTPX: Tabla de conversitn donde:

= -1 igqual
/ - 2 contiene
TIPO -1:
= Libro -1
- Revista - 2
- Jtro - 3
— _ ___Comentario_ __ _ __ -4
Autor -
Titulo - =3
Clasificacién -4
Idioma : - 5
Editorial . &
Resumen - 7

AsY se guarda en el arreglo PREGU.
[ ~ 5 partes de un OR

£y

4db 2 carac/db

o
l ﬁrﬂ ‘ {"‘ ceros binarios de rellenc a la duerecha
—

S N N . N N m____J+



~3.23. LISTARO_DE PRDGHM-'!.F; DE LA FUNCION "DM'IE

o~ FE etk omem o — ey ——— I —maE = am ——— e  ——— ——— -

LS FURTEAN I¥ YEEN-FO-47% 1-f L LiTE 1711014 LT 11,30.:¢

T e T e e o F T Mk 11e2leet okl Rect
-lilL 0] " LTGICAL FUMCTICH CASEYPRECLLYERTCE
L 4 fark €T 58 EL TE#IE S#90S40(E L4 FEECLNTA
ST TuPL[Z LT [RTEGENS) Talla ) -
aanz IMIEGEN®] PREGUTLQ LB TEXTO M o  IRCIEE17a/ T L1 1p 1T o0, 5B, GE0S
Bin4 INTEGER®] LCGIMEIE A2 (00 80,10 ) 20 80 , 2344 FALAERRLAL e
TImaY T T T TNTEGER YT TATTIEYTERTAITa+#0Fe al =ix seaffeia¥lessaTuig i asabTa,
1dR0&, 5 &3 spalCe ) drEd.in1d0anays
noed LAGICAL ENISTE ) .
ERCY CETATTLI 8,130 8 38y TTTTTTET T T T e e e — e ———— )t
face CAMEE.TRLE.
Legs 69 D 1L).1%
L0 b TFTFRECIATH IE I LERETLNE i —
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3.24 .- DESCRIPCION Y FORMATO DE LA SUBRUTINA "DESPOL" ;
’
Esta subrutina despolariza los ancs,
DESPOL (V, V1, V2)

Despolariza un valor V de la form. 148.23%

en los valeres Y1 = 148
V2 =" 235
21 v2 = 0, entonces se hace V2 = V1 .

V es real; V1 y V2 son integer X 2
Acepta hasta 4 decimales de V, los demas cienmilé-
simas, millonSsimas, etc, son ignurados y los toma

como 51 fueran ceros.

Relacidn con otras subrutinas y/o funciones.

DESFOL

Verifica sf un nfimero

T YA
_ tiene o no parte decimal.

B ——. pp— 4 m—— g a e e —————
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CA alMUIAT DrEFf Myl ¥le

el [“PLICLEY **1ghi=a) 1a-lD

Btia ? TRCAL el UELDe

e LAt aL MEJC=

regt wiEIF I EIam

re-d S I%Ea=h1 T s

rrry e T Sl A )

tire TFT. a2l YLECC™200¢ i *oalt 1L 200

cois DELTNEDEG I N#1E, TomrTmTmE T
[:R]) 109 COMTTmLE

i IC CLmIImGE

AT T T TN T TIFYRECI Y B Y T I rac ECIME[EC TR S TI0T Y T
bRE R wiRIFIEtD LI FE

"I R EY IFIviECOENTERL
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LA
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3.26.- DESCRIPCION Y FORMATO DE LA SUBRUTINA “DEPST2"

Esta subrutina su funcifn es depositar byte por byte

arreglo a oLro.

DEPSTZ (v, II, J, PREGU)

Deposita el valor V en la fila II, byte J del arreglo

bidimensional PREGU.

no altera nadas Mas.

V es un byte justificado a la decacha.

PMROGRALIA DE LA

dr1157%

‘SUBRUTINA “"DESPOL"

e e ——— ———— i e ] B i - e N L ————— R =R LW E——

LEEY] 11aF1.0;

Faue €404

23

de un



3.27.- LISTADO DE PROGRAMA DE LA SUBRUTINA "DEPST2"
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3.28.- DESCRIPCION Y FORMATO DE LA FUNCION “DIME" 25

DIME (PREVAL)

Esta funcidn_es verdadera1(T} si se satisface el

predicado PREVAL; s1 no es falsa (F).

El predicado que estd guardadeo en el arreglo PREVAL

se aplica al {tem gue ya estd guardado en memorla con
las restricciones dadas por Ihﬂﬂf IENf, IEDAD, ISEXO, .
Todos estas parimetros sea paéan por Srea COMMON.

{(Ver formato de PREVAL yue se encuentra en la
funcidn BUSCAI (Interactivo).



3.3p.- DESCRIPCION Y FORMATO DE LA PUNCION "EGUAVAL®

{Encuestas) 2§
Similar a EvAL (encuestas), pero guarda el valor VALOR en
el lugar ndicado.
EGUAVAL (# cuadro, i, j, k, 1l; m, n, ii, jj, kk, 11, mm;
nn, VALOR)
EGUAVAL trabaja con el reglistro l&gico del cuadro de la
encuesta ya en memoria. No escribe en el disco.
S50lo escribe en memoria.
n{ ] SLURALTIAL EFFCRIN;CaV el 20
Coe2  IPPLICIT INIEREP*2 $8-10 .
B LK WA TTEI3TI0CER  C ot
o0N% IF!&-EC.GEEALL_EJIT
£0cCs RETLEN ) _
TNJE 10t FUHFHT:II,a**#*FEFPEF""‘wIlﬁrlI:IﬂTE VILIF a5 [4¥
ennd EHD
TN , LICICAL CURCTIZN CAISTICIRAINADG  LFT LFFTEXTC 00, JFTh, JFL
S BLUECn CN TLXTR ﬂﬁEEE ITh MALT2 JT IR LA FALZER FLF)==-LbriL
- TUSLIL] Y T Tenestd li=2In Tm T e -t
(542 . L2GICAL. TUERTR
. _oona INTEGER® 2 PALABRE1C,TEXTCAL0 29
i ‘“rDCE_ : EXTSTLCR-TRLUE, S T T T e e
Hete IF$LPI,CT.LPFORE TLARA
| ecer . D@1 SRINGIFIN
chrg [FYIUCKTEIRPALABR LFI ,UFF TERT TR, TRINEGFETOFRR
rcoes - 1 CONTINUE
anin EXISTERWFALSE.
to7] HETLERN
col12 ; END

w}. . . . . . -JII-'.




3.46- DESCRIPCION Y FORMATO DE LA FUNCION "...aL"

1
lnLacuestas)
Esta funcid: regresa el valor ... -..ado de un cierto cruce
de fila y renylfin en un cinadco dido,
o ii
i 13
} kk
i ik
:: regresa este valor
EVAL {} de i::l.]..?u.‘flf.'{:i,LI..J.,I'i,,L,,.H.,,I‘»I.,.JI tII,JJ.KK,LL,H.M,NHIJ
A ) v
{ndices hori- findices varticales
zontales {poner {poner cero un los
cero en los que ) que sobren)
sobran)

4

EVAL trabaja c¢on el registro lé6gicec del cuadro de las encuestas

ya en mamo. ia,

EVAL regresa el valor que el cuadro arroia.



&

DESCHICION Y FORMATO DE LA FUNCION "DXISTE

. T 51 palabr. E Texte

L .5TE {PALABR, LEFI, LPF, TENi.-, IN, IFIMN, IP)
F s1 no.

La funcidn oo verdudero {T), si la PALADR pertendéce al 1LXTO,

y falso (I') un caso contrario.

PALAL. Arreglo monodimensional con los bytes LPI a LPF, llonc:
de twitto, 2 caract/dibyte.

Ejemplu;

COn Caerys binarlus
a la derecha:

HA:ER:Em:DStHE
LPT I L LEBF

YEXTO. Arreglo mongdimensional cunr caracteres des4e IN

(¢ dc Liyte) hasta IFIN (¥ de byte) inclusive.

EXIS5TE. busca en TEATS desde IN hasea IFIN ambos inclusive,
i
la parte de PALABR (LPI  LPF), ambos inclusive,

Reyresa T s1 lo encontrd. Ademds, deju a IP [(lo medifica)

apu.atando a la primera letra {(ul byte) donde estd PALABE .-n

1 » ' * r

TEXTO, © s5ea, deja a IP apuntando como se indicas: .

i IP
NOSwLLOLHABREMO5wWGANADO J




Todos los apuntadores de EX1S5TE (de sus argumentos) saon é?f

bytlued. Apuntin a bytes.

Los cerns binarios de PALABR cas.l ¢on lo gue sea y hacen

que la blsgueda se satisfaga,

l.osg caracteres de PALABR deben astar cargados a la

izguierdua. Desde el byte 1.

{No debv haber un cero binario en el byte 1]).

-

i
NDeja a IP apuntando a IFIN+l (byto} si no existe,
|



J.3B.- DESCHRIPFLION ¥ PORMATO LE LA FUONC[JH “GUAVAL" SFJ
SUAVAL (NPROP, VAL, SEX0, POS}

Esta funcidn l8gica, guar&a el valor URL; de la propiedad
NPROP, segln el sexo SEX0O, en la edad éue empicza en la
posicidn POS. {(NPROP no debe de ser una propiedad compu-
tadal) .

GUAVAL regresda a verdadero sl se pudo guardar ¢l valor y

falso si no.

El valor VAL gque se guarda puede ser:

- Ya sea en la zona por pasicidn,

-~ 0 en la zona ordenada si ya se encontraba
ahf NPROP,

- J en la zona de propiledades desordenadas.
- Incrementa o altera la cabeza del registro.

- Ho lleva a cabo la copla el registro a

disco.
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DESCRITM:[oN ¥

FORMATO DID LA P00k

IDENTY {(I'aLABR, LPI, LPEF, YEXTO, I, IFIN}

L1l - Ll
I WTR

IFIN es ol pardmetro que indive  Linal de cexto byti)

IS

r [CS IMRte 3l |

LI*F,

PEGN=PE=n 5 4.y

P
=

e¢s ¢l pardmetro gue indlica
rinal u

integer¥2,

55 hyoes

PALABR, donde NLABR es un arregl

L2lazral v

ampacado con 2 caracteres/Sdikou.e.

Los ceros binarios de PRLABI casan con cualyuaicr

cardcecer.

1.11.- LISTADO nK

teEnTE LITE 111478

PROGPAMA DE LA FUNCILON "[DENTK"
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3.42.- SESCRIPC[OM ¥ FORMATO DE LA FURCISH "LAICEL g »

LANOBL (TEXTO, IN, IF)

Esta funci..., «la ta Gitima posicidn del carfcoy: no blaroon
(que no sea un €spaclo en blanco) de¢ derecha .. .;quie;dh
;] texto THXTO, que Se encuent: . wntre los wores IHN e 1o,
TEXTO ws un arreylo integer X 2 de caracteres, .5 [or
cad.: dibyte, : K

Rugresa O si no hay caracteres no blancos.

3.43.- LISTADO DE PROGRAMA DE LA FUNCION “LANOBL"
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1.44.- DESCRIPCION Y FORMATO DE LA FUNCION "LENTRE" 67

LENTRE (A, B, C}

Esta funcilon légica es verdadera (T) si B se encuentra

entre A y C es decir:
: AS B =C

Todos sul argumentos son enteros de 2 bytes.

3.45,- LISTADO DE PROGRAMA DE LA FUNCION “LENTRE"
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3.46.- DESUCRIPCICON Y FORMATC DE LA FUNCIOM "LEVARI"
LEVARI {ARQ, ENTID, EDAD, SEXO)

Todos laos argumentos son de salida. Lee del to.olado,
Lee ANO en este formato:

1975
75
1975.77

Y lus pasa (los saca pur sus argumentos) respectivamente
’ - ¥ P

asi: . . -~ =

1975.0
15%5.0
1975.77

Lea ENTID (Entidad) en aste formato:
AGUASCALIENTES

Y 1o pasa a:

ooQeol {del apé&ndice "A" c&dijo de propiedades).

Lee SEX0O en este formalo:

M 1
F P
A 0
AMBOS N}
TODOS )]
1 1
= 2
(] 0

NOTS : Surc es Ldéntico a lo que usa la funcidn
vithy thatch).



oo EDAD eon este formato: fa

[P VU

=

Y los pasa as

1
3
3.5

Touos son argumentos REALES (flotante), verifica lo

que leyd v regresa argumentos legitimos.

&
-
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3.48.- DLSCRILFCION ¥ FORMATO DE Li SUBRUTINA “LLELIN® 7
LLELIMN (LITEX,L, PREGU, i)

Donde: -

LITEX: Es un ‘arreglo monodimensional, gue gontiene

~ caracteres,” uno en cada & pivs,
L : Es la longitud en bytes de LITEX.

FPREGU: Es el arreglce de la pregunta.
i : Es el indice, por medio del cual la subruktina
LLELIN, llena la linea i del arreglo BREGU.

Ejemplo: AUTOR = JUAW PERES + AUTOR/RODRI
- Forma en que trabaja:
En la linea i del texto LITEX

0).- S5i el primer carfcter es un ., salta

pone un cero en {(i,1} y fin

l.- l'one una marca‘$ en los puntos no hlances y en cada signo +

por ejemplo: 37 47
o PLUTDR=JUANUPEREZL;‘I'LJL-I-F&UTOR,F'RDDH | QT

2.- Para cada tuxto encra un par de ‘é
a) Para signos {=,/} lo busca y cuando lc encuentre le
pne

ajenplo: ( ¢
&

 ATTOR=JUANUPEREZ +

"



b)

)

d)

al

3.

Lo que ecutd a la izqguierds de ¥ lo cedifica en un 75
nfimero del 1 al 7 de la tabla de canversién

gue se encuentra en la funcidn BUSCAI.

L
l. . 1 L3

] L4 -

Por ejemplo, AUTOR sc¢ convierte en 2, usa LNISTE puva

-

llevar a cabo esta conversidn,

51 entre ‘2‘7 vy ¥ existe TIPO, poner 1

51 ontro J? ¥ ¢ oxisece AUTOR, poner 2 ebea,

NOTA: 51 lo que estd a la izguierda de ¢ &5 un carficter
numérica, transformarle a binaric y no pasar por

tabla de conversifin.

El nGmero de la tabla ¢que se determine en

{1,2+{1~L)*6) da PREGU,.

Lo gquo esta debajo de ¢ se mete en [(1,3+)}3-1l)*6) de

PREGD
5i es (=) pone un 1}
51 es (/} pwne un 2

Lo que estd a la derecha de ¢ la mete en 'j de PReGU

en la linea 1 de (1,4+{j-2}*B6} a (i,7+{j-1}*6)
dumenta el contcadoc de ramas del OR

Guarda e! Cokadoer de 2 =).— aen (1,1)



3.50- DESCRIBCION Y FORMATO DE LA FUNCIOH “NUCERO"

WUCERO {ARR,N)

Fe

Esta funcin da el nfimerc de bytes llenos de cercs binarios

a la derecha del arreglo ARR, el cual es de N bytes de largo.

ARR es integerxz

d.51.- LISTADO DE PROGRAMA DE LA FUNCION "“NUCERO"
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3152 .- DESCRIBCION Y FORMATO DE LA FUNCIOK “HUNLIGRCM f
NUMERC (EEE, I, D)
Esta funcidn es verdadera (T) si desde T hasca D hay
puros nlmeros (caracteres enturos del 0 al 9) en el” =+ -
arreglo ilfE, el gue debe de =ser empacado a 2 caracteres
por dibyte.
I, O apuntan a hytes.
3,55.-LYSTADO DE PROGRAMA DE LA FUNCION "PRNOBL"
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g m  —— mmmwm m ekt e s - oA . !Da
‘PRO {NPROP, RELACI, NUM)

Eate programa es5 una funcién l6gica, gue relaciona un valor
de propiedad o de dato de encuesta con elivalar dado por

el usuario. Las relaciones 1dgicas son "mayor gue®

“menﬁr que", "igual a“, "mayor o i1gual-a",."menor o igual a",
“diferent; de". La rﬁspuesta es "clerto® gi el valor de la

propiedad NPROP estd en la relaci&n RELACI con el nGmerc

HUOM., . . .-
1.58.- DESCRIPCION Y FORMATO DE LA FUNC ION “PROP" 104
PROPF (NPROP, RELACI, N1, N2)

Esta funcidn ldgica relacicna el valor de la propiedad o de
datos de encuesta ¢con un intervglg de va%ores dados por el
usuario Nl y N2, la respue=sta es clerta sI el valor de la
propledad NPROP estd en la relacifn RELACI en el intervalo

Nl a N2, y la respuesta es falsa sl no se cumplen las

condiciones anteriores.

3 54 ,-DESCRIPCION Y FDRMATO DE LA FUHCIDH "PRNGBL 872

Esta funcidn da 1la posicidn del primer carécter no blanco

en el vector de blsgqueda.
PRNOBL (TEXTO, IN, IF) .

Da la primera posicién (byte) no blanca (que no sea un espacio
en hlancc] de izquierda a derecha del textn TEXTD, que se |
encuEntra en los bytes IN (Inicial) e IF {Final ambos
inclusive). L

TEXTO es un arreqglo integerKZ de caracte;eaf dos por cada

dibyte. Regresa o si no hay caracteres no-blancos.’

1" ad



3.60.- DESCRIPCION ¥ FORMATO OF LA FUNCION "REGEN" oy
REGEN [(ARCH, PARAM, PARAM, ...., ARCHSA, E)

Regresa al archivo ARCH {archivo tipo DIF,78) ¥ lo guarda
en ARCHSA.
Es decir, copia ARCH hawvia el (nuevo) archivo ARCHSA, el

cual tiene ciertos parimetros PARAM, PARAM,......

No destruye ARCH.

Rehacae el directorio. (el de salida, el de ARCHSA).

Toma las propiedades cesordenadas y las mete en el

lugar que les toque er el irea de propliedades

ardenadas.

Compacta (o expande} los registrds légicos de ARCH

de acuerdo con 'lowu parimetros que REGEN indica:

T si todo salid bien
REGEN =
F si algo salid mal. En este
caso, B recibe un nGmero gque
egs el nlimero de error, nUmers
éel mensaje de error.

- Ho es para el usuario.

*

-~ 51 ARCH es O, generz un nuevo banco, limpio.



3.62.- DESCRIPCION Y FORMATO DE LA FUNCION "RELAC" ron
RELAC (NR, VAL, N, M)

La funcién es verdadera (7T) si VAL esti en la relacid_n MR

con N, 5i no es falso (F)}. .

NR, e€s al nlmero <e relacibn ldgica, de la tabla que se
encuentra en la funcion BUSCAI {Interactivo)

Si NR. = 10 ("entre"), entonces VAL debe de estar en

N y M por lo que N < VAL < M



! &
31.64 .- DESCRIPCION ¥ FORMATO DE LA FUNCION "TEXTQS" o5

{Interactivo)
.— Este es un programa principal gue desde el teclado de
entrada, lee textos en el formaio de TEXTO, e imprime
todos los textos gque satisfagan la pregunta hecha

ya sea Impreso en papel o por pantalla. RO S -
.~ Se regresa otra vez a 1.

DPiugrama de flujo de TEXTOS (Interactivo)}.

INICIALTZA teclado buffers, etc.

*= ITMPRIME " :Que afio?", laer aRo.
IMPRIME meter la pregunta.
BORRAR el arreglec PREGU a ceros,

LEER la pregunta linea por linea con format
l&utazl. '

LLENAR el arregloc PREGU, linea por linea
{esto se realiza con LLELIN).

POR CADA ARO.

OTRO [OTRO A cada texto del archivo.
ARD TEXTO

Ver sl satisface la pregqunca
PREGU imprimir todo si se
l satisface (Esto sa lleva a cabo

OTRO CICLO DE CCNSULTA A LOS TEXTOS

con DAME] .,

Al terninar de imprimir se regresa.
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3.67.- DESCRIPCION ¥ FORMATO DE LA FUNCION “TIEDCH"
TIEDCM{V)

Esta funcion es verdadera {T) si V tiene decimales 4 la
derecha del punto decimal, por ejemplo: 3.14l6; v es
falso {F) si 5 la derecha del punta docima. hay Ceros,

por ejemplo: 1570.0

V es un argumento real. ) i

DESCRIPCION Y FORMATO DE LA FUNCION “TRACAN"

TRACAN (EEE, I, D) '

Esta funcion transfiere los caracteres numéricos (para
poder llegar los caracteres a este paso fu@ necesarioc gue
primeroc pasaran por una prueba_da verificacién)} desde I
"hasta D en EEE a un valor numérico, el gque regresa EEE se
empaca a 2 caracteres/dibyte.

i, D apuntan & bytes.

o



3. 68.- LISTADO DE PROGRAMA DE LA FUNCION *TICDCM"
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1.71.- DESCRIPCION Y FORMATO DE LA FUNCION "VAL"

I

I

I .

' VAL [NPROP, SEXO}

o Esta funcién obtiene el nfimero de propiedad NPROP,

r_. para un sexc en una Entidad Federativa.
P - 5i NPROP es propiedad por posicién la toma (FETCH)
S - Si NPROP e¢s propiedad explicita la busca en forma binaria

e en la zona de propiledades explicitas por posici&n ordenadas;
; si no, la busca en forma secuencial en la 2ona de propiedades

: explicitas desordenadas.

- 5i NPROP es propiedad computada, la computa (entre ellas
estan las propiedades codificadas, las funciones, fdrmulas

L_ y tablas}.



3.72.- LISTADG DE PROGRAMA DE LA FUNCION "WAL™
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3.74.- LISTADO DE PRO{"R.H.M DE LA FUNCION "VALQO
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3.75,- DESCRIPCION ¥ FORMATO DE LA FUNCIOW “LLELIY" 4,5

1. .
L
1
H

LLELIV {LITEX, LL, PREVAL, 1}

Llena la linea i del arreglo PREVAL a partir de la linea
de texta LITEX. Este es un arreglo unidimensional que
contieng caracteres, unc en cada byte.

Ejempla; x

TOSFERINA > 1B + SARAMPION < 12

PREVAL, Arreglo de la éregunta a valores (a Entidades)

LL. Es el byte donde el texﬁo"acaha.
Forma en gue trabaja; En la linea (i) del texto LITEX:

1).- Pone una en las puntas no blancas y en

cada signo de (+) . ,l

UuuTOSFERINAZL B+SARAMP ION<=12 uuu

2} .- Para cada (j} texto entra un par de i? i

a) Busca las relaciones » = < * y les pone

TOSFERINAD=18+




Si no hay coma, seguir 1o gue dice d). e

Si hay coma:

i} umeke lo que ée encuentre entre $ Yy
ﬁFa PREVAL{if4*j], previamente
convertide a binario; y |
il) mete lg (ue se encuentre antie T? y 6

a PREVAL(i,53+({j-1}*4), previamente
convertideo a binarioc.
1

) Aumenta el contadoer de ramas del OR
3.- Guarda el contador Z2e) .11 PREVAL({i,l}

4.~ 81 la linea tiene un . , guarda un c¢aro en

PREVAL{i, 1}

NOTA: Quien llame a LLELIV sahe 3i ley® un
punto {yu acabd), porque guard® en este
caso un cero en PREGU{L,1).



SECCION 4.- PROTECCION DE ARCHIVOS 78
DEL BANCO DE DATOS,

Fundamentalmaente se tendrfn 2 clases de archivos.

4.1.-

4.2.-

4.1.-

Archivos de Programas.

Archivos de Datos. . !

Archivos de Programas (5istema Operativo del Banco).

4.1.1.- Los programas coexistirin con el 5.0. del

Software del compulador "in-line" para satisfacer
permanentemente los requerimientos gue se hagan

del Banco. Radicarfn en Disco y en Memoria Cenktral.

' |
4.1.2.-~ BS0PORTE.- Son copias de los programas que radican

¢n disco y memoria central y astas seran:

1.2.1.~- Una cnpfa de programas simb&licos en
¢inta que existiri en el Centro de
Clmputo. '

1.2.2.- Una copla de programas simbdlicos en
cinta que existiri en la cintoteca.

1.2.3,- Una cepia de programs simbO6licoca gque
existirs en la bdSbheda de seguridad.

i
i
i

4.1.3.- ACTUALIZACION.- Bn el transcursc del dfa o dfa

los programas “"in-line” podréin sufrir modifica-
ciones, en cuyo ¢aso, por la noche se obtendrd
una copia en cinta de los pregramas conteniendo
las modificaciunés, dindose de baja la cinta con
programas anteriores del Centro de COmpuro.
Pasadn un tiempo {una semana podria ser) si los

carmpn2s da los pﬁogramas no reportarcn fallas se

et



HE
sacard un duplicado para la cintotesca y otro ..ara
la bfSbeda conservindose un antericr y la tlcima

versién on cintoteca y la bh&beda.

4.1.4.~- PROTECCION.- Los archivos tanto en cinta como en
disco estardn protegidos por una etigueta cuyo
contenido es el nombre y/o clave del archivo-que

se guardard confidencialmonte para gue ol acceso

sea permitide solo por quianaes conocen este

nombre y/o clave, La fecha de
con fecha juliano 99,7365 nara
de de khaja estos archivos por
de caducidad. Esta proteccidn

¢l momento de carga a disco o

caduridad se dard
tjie €l sisecema no
expiracién do fecha
se¢ hara ya sea en
de copia a ¢inta

agregando el comando gue se indica a continuacién
¢#n la ecorrida guce se haga para la carga ¢ copi2 a

cinta,

4.1.4.1.- Comando a agregor en la corrida de carga do
cinta a disco:
//DLBLE SYS, *

etiqueta =

09/265

44 caracteres para nombre y/o

ietiqueta),

c6digo del archivo.
$9/365 = fecha juliana eguivalente al 31 au

diciembre de 1999 calendario normal.

Comando a agregar en la corrida de copia del
archivo a cinta:
//TLBLY SYSXXX,

idem.

"ecigueta", 9%/385

eciqueta =

99/365 = idem.

4.2.- Archivos de datos (Banco de Datos).

§.2.1.- Los Actpa radicardn "in-line” en memoria Je

digres para catisfacer permanentemente los

JAg Y



4.2.2.-

4.2.3.-

4.2.4.-

4.3.- Rutinas para producir los soportes y carga de archivos.

4.3.1.-

1q
raquerimientos ,yue se hag:n dal Banco.
Los programas del Banco manejurdn los datos de

los diferentes anos como.un solo archivo.

SOPORTE.- Seon copias en cintas de los archiveos

de datos del Banco que fgaican en memoria de
disco. En cinta una copla del Banco de Datos se
convertird en un multi  .rchivo de cinta conteniendo
el final de los datos de un ano un EOF (fin de
archivo)l y al final de teodos los anss da datos

un doble EDF.

2.2.1.- Una copia en viata de este multiarchivo

de datos se mantendrd en la cintateca.

2.2.2.- Una copia fiel de la antericr se mintendrd

en la bdheda de seguridad.

ACTUALTZACION.- Como la actualizacidn de =s5tos
archivaos ae hard con autorizacilones del responsa-
ble del Banco de Qatms, los datos gue s5e agregen

o se guiten llevan la garantius de haberse revisaio
previamente, por tql'hctivu cada vez gue se
actualice el Banco se sacard una copia para la

cintoteca y otra para la b&beda de sequridad; es

]

de recomendarse s¢ conserven la Gltima y 2 anteriores

dindose de baja la cuarta mas antigua siempre.

PROTECCION.~ La misma indicada en 4.1.4. para los

archivos de programas.

DISK-TO-TAPE.

202
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JOBRFCOPY

UBPSTK10000000
ASSGNMSYS004, X 280, ALT
ASSCNPSYS005, X' 155"
EXECHFCOPY, SIZE = AUTO
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FCOPY

X XXX
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APENDICE "A"
ra

TARLA DE CODIGOS DE PROPIEDADES

IDENTIPICACTON

0g

NUMERQ DE CONCEPYTO
PROLI,.UAD

ENTIDADES FEDEUATIVAS

00001 - AGUASCALIEWNTES

00002 BAJA CALIFORHIA NORTE
aonol o BAJA CALIFORN1A SUR
00004 CAMPECHE '
00005 CORHUILA

00006 COLIMA

00007 CHIAPAS

00008 CHIHUAHUA

00009 | DISTRITO FEDERAL
0O0L0 1DURAHG@

00011 GUANAJUATO

0Qol2 GUERRERO

00013 HIDALGO

.00014  JALISCO

000L5 MEXICO

00016 MICHOACAN

00017 MORELOS

00018 NAYARIT

00019 NUEVO LEON

00020 OAXACA

00021 PUEBLA '

00022 - QUERETARD

00023 QUINTANA ROD

00024 SAN LUIS POTCSI
00025 SINALOA

00026 SONORA

Qoo27 1TABASCO

Qo028 TAMAULIPAS



IDENTIFICACTON NUMEKD DFE CONCE®TO L R

- PROPIEDAD
00029 TLAXCALA
00030 VERACRUZ
00031 YUCATAN
00032 ZACATECAS
00033 LSTADOS UNIDOS HEXICANOS

01 _ SEXO _
00041 " MASCULINO
00042 - FEMENINO
00043  AMBOS

02 EDAD )
00051 * MENOEES DE UN ARO
00052 0-1 AFOS
00053 "0-2 AROS :
00054 - -3 AROS
00055 0-4 AROS
00056 0-5 AROS
00057 0-6 AKAQS
00058 0-7 ANOS
00058 0-8 ANOS
04060 0-2 ARNOS
00061 "~ 0-10 ARNOS
00062 0-11 AROS
00063 0-12 AROS
00064 0-13 AROS
00065 0-14 AROS'
00066 0-4 AROS
00067 5-5 .AR0S
00068 . 10-14 A%OS
00069 5-14 AROS
00070 1-14 AROS
00071 12-14 APOS
05072 12 AROS

QG773 13 ARCS



IDENTIF LCACION NUMERO DE CONCEPOTO
PROP 1 EDAD
00074 14 ARDS
00075 1 ARO
00076 2 AR0S
00077 3 AROS
0078 4 AROS
00079 5 ARG
00080 6 ANOS
00081  0-29 DIAS
00082 1-11 MESES
00083 ~ 6-9 afOos
nangd 4-5 AROS
00085 6-14 AROS
000G 86 HMENQRES DE 7 A0S
Dous7? 7 A0S
00088 8 A0S
00089 % A0S
DO090 10 AMGS
Qooot 11 AT0H
00093 ERiL ) ESPECTI'TUALA
03 TALLA
04 Fi;50
02499 PCB L.l LON
03 CARACTERISTICSS SCOMATICAS .
MATAL [DAD
02540 NIMERD DE NACTMIENTOH
06 - CARACTERISTICAS St iWLICAS
MORTATIDAD
02549 . MORTALIDAD INEANTIL
02550 FETAL (NACIDOS MUERTOQS)
02551 NEON,\ TAL (MENQOS DE 28 D.AS
DE EDAD)
02552 PCSTWNEONATAL (DE 28 Lins A 11

MESES DE L.:AD)
BT INFALUTIL MeENouiEs DE CY A80



-
b
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ARQUITECTURA BASICA DLEL SISTEMA DE CCHPITO DOHDE HESIDE
EL BANC. DE DATOS EN ZUL FASE L10ICIAL DE QPERACION.

IEBM 3?0}135 con 512 rB de memoria real,

f unidades de discuide 300 MB c/u., controlador de disco

3333,

2 impresgras lineales con capacidad de impresiéa de

1200 L.P.M. modelo 1403.

k

d Unidades de cinta modelo 3410 i cantrulador:de unidades

de cinta modelo 3411.

J

i

1, controladar de terminales modela 3704 E.terminalEE con

pantallas de CRT.

1 lectura de tarjetas modelo -3505.

1 consola maestra m%delQ,BZlS.

26/
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Hapid growth of data bases in end-user applications and as
powerful software development tools will make data management
systems one of the greatest cligllenges of the 1980’s and a
landmark of that decade.

Technology and Architecture
for Data Management:
An Ovemew and Perspective

Guest Editor's Introduction

Harut Bareasming

Tht technelogy of eloctronic computing is nearly
40 yesra young. Indualry analysts tend to describa
compuler evulution in terme of “generaliona,” each
charscterized by the predominant hardware Lech-
nology weed for logic—tubes, transistors, or ICs,
Sueh characterization is superficial and ruflecta a
narrow point of view. It Uoes not depict the more
subatantive technological breakthrougha that have
contributed to the apectacular growth of the com-
puter industry,

The 1940’s were the pioneering years; scientific
foundeations mnd original architectural concepts
werg eptablished, Although the discoveries and
achlavements of any one period have been advanced
and expanded in subsequent yeara, each past derade
Inot nacessarily at discrela calendar boundaries} has
added a new dimension Lo the genaalogy of the com-
puter. During the 1850's the engineering and
manufacturing feasibility of computers was proven
andd their cormmercial viability was established. The
era of the computer "family” and contemporary
operating systems began in the 18960's, The Td's
becarne the decade of computer commuynications,
signified by the rapid expansion of remota com:
puting, distributed procesaing, and computer net-
works. And the 1980's? An extrapolation of com-
puting'as evclutionary path, bessd on today's
realitiea—Lhe rapid growth of dats bases ino end-user
applicationa and sz powerful toals for soltwere
development—indicates that the developmoent of ef-
ficient dats managemsnt ayaterns will be one of the
EQ's greatest challenges as well as a landmark of
that decade.

Dota management systema are guite complex in
nature, and problem solytions tend to cromss the
boundaries of verious disciplings, Technolegy,
atorage hierarchies, architectura, and data defini-
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tion and manipulation languages zre Intimately
related to the design and performance of data
management aysteme. The need for further explora-
tion of thia interdisciplinary synergism st tha
topical framework for the 17th Lake Arrowhead
Workshop on Data Mahsgement and Storage
Hierarchiea, held in Septembear 1978 and sponsared
by the Western Area Commitiee of the IEEE Com-
puter Socisty. The authors. contributing to this
special ssue were key participants in that

workshop,

Storage technology. A data management aystem
can be viewed s a multilayered structyre, with
storage devices comprising tha nucleus itop, facing
page}. Compared to most technologies in the com-
puter induatry, contemporary storage devices have
the higheat degree of technological maturity, with
wellunderatood deslgn criteria and tradecffs and
progreasively improving tost/performance indices,
Storage techntology, which provides the phyaical hoat
environment for dota bases, remaine the main factor
In determining the cost ahd performance of data
management systema.

Magneiic disks, -more than any other starage
tochnology, have dominated the ondine mass
starnge area for nearly two decades. They will con
Linue Lo do so in the forssceable future, perhaps
thoughout the reat of this century, None of the ez-
imting or propoaed atorage technologiea~optical and
eiectron beam mamories, magnetic bubbles, or
charge coupled devitea—currently exhibit a totality
of characteriatica wsuperior to disks. A. 3,
Hoagland's "Storage Technology: Capabilities and
Limilations' offers an insightful analysis of the
Lechnical and economic aspects of storage
technology,
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The most oiten stated drawback of rolsting mag.
netic disk devices 1% acceas time. The diflerence in
accuesa Lime elween disks and iain memaorics (proa-
ently-in the range of four o five orders of mag-
nitude) is the well-knowe “access gap.” Tha instione-
live human fear of "gaps" swuns to trigger o con-
gtant avsrch for wehnelogivs Lthal can (il this
"gap.” HBub is there a cost-elfective tachnology
available Loday ta [ill it? For a time magnitic drunia
and head-per track disks wers considered Lhe only
viable "pup fillers,” although Lhey were unable te
pein 8 permanent position in slorage hicrorchies
acroas # wide spectrum of applications. In recent
vears magnetic bubhles and CCDy have become the
moat often cited “gup fillers.” However, the cost
and performance of these {echnolemies, compared to
disks und RAMas, have not yet reached a lovel mak-
ing them unanimou? choicey s " gap fillera’’ across
the spectrum of computer system applications. in
apite of mome oplimistic claims, thesa tachnologies
may be viable ler only a narrow band of applica-
ticna, Such limited uzse of CCNs and bubbles does
nol make them indizputabla ond true ''gap fillers,"

Hoth disks and HAMs have become [ast-moving
targels with proven records, The lechnology which
might bevome the Lrus' ' gap (iller™ will have to offer
the best combination of choracteristics, i.e, CCD
performance, the cost/bit potential of magnetic bub-
blea, and {il possible] nonvolatility. By all indica-
tions te date, the computer industry must wait a
while lor this meswiah to arrive, ..

Is there n viahle **yap filler*
technology today?

Siurage hierarchies. Effictent orgznization and
management of large storage spaces are becoming
Lthe focul issee in data managemenl sysien desipn,
In geniral, large slorage spaces are organized in a
hierarchicul fashien, with the various levels im-
plemented in different Lechnelogies for mainly
peohRmic reasons, Storage hierarchies hoatlng data
Loses exist in a three-dimensional spaea defined by
accesa Lime, coab, and cepacity. The succeasful
alorage hierarchy design achisves an optimom
balance between mccess time and cost, while the
valees of these ditnensions always mainlain a
mulially inverse rolationship. The designer seeks
the fasluat possible access Lima mt the luweal posasi-
ble cost/bit for the entire atorage hiersichy. The
third dimension. total data base storags caj.acity, ia
primarily determined by start-up coats and end-user
application requirements.

The performance of storage hiernrchien depends
on the alorage accesn pattarna and program
behavier in actual runtima enviromments.

Thua, thu alorage hierarchy design process must
invalve the making of optimum radecffs not only in
device selection, bul alse in space ellocation and
data replacement. The prevailing methodology far
investigating program behavior {s computar simula-
]
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tivn, oftes sepniemented by data measured on
“representative” pregrams, ie., benchmarks.
However, these techniques are sqmetimes imprac-
tivnl and alwuya complex and coatly, and 60 remain
out of reach fur the majority of the design commund.

"Iy, As a reault, rooat design choices and Lrade-olia

are generally based on intuitive asaumptiona and
ermpirical supproximations using spatse, inconclusive
stolistical dutn,

nlathemutical modeling techniques can provide
guick resulls and are an allermative Lo lengthy and
coslly simulation runs, aing algebra, caleulos, and
bosie physies, relatively simple models of alurnge
devices and information flow within the hierarchy
can be conatructed Such medels allow exhauative
yet rapid investipation of storags hiererchies, in-
cluding optimlzation of critical peramelers, Tha ac-
curncy of the resulis obtained through mathamati-
cal modeling i3 relatively low compared to simula-
tion, but such resulta are useful for establishing
lirst-leval correlacion between crilicel paramelers
and for pointing out the direction further rescarch
should teke. " Analysia of Memory llierarchies [or
Bequential Data Accass,” by Terry Welch, in a vivid
demonstration of the practicality and merita of
mathematical modeling as a tool for tradeoll
analysis in the design of alorage hierarchies,

Nata bese architecture. The proliferation of data
Luses, specifically in on.line and inlecactive Lranssc
tion processing applications, is increasing the de
mund for hipph performance, system availahility, and
"eusy to use’ user inlerfaces. Morenver, the trend
Loward diatributed systema will inevitably lead to
the distribution of data bases, thus adding new com
nlexities Lo the perenniatly eritical design problemas
ol dute integrity, recovery, securily, and privacy.
Indeed, tnenumental challenges snd 8 myriad af
non-trivisl tasks will confront data management
ayatem architecta in the yeara ahead, and perhaps
throughout the rest of this century, George Gham-
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pine’s “Current Trends in Data Base Systems™
presents un in-deplh aovervies of the present atntus
of cleté hpse 9vstemny, ond outlines o Framework [or
fulure suloliens of the fundamental preblems in
dala bare syslrm archilecfure.

The architectores of vuarfous data base 2yalems
ure distinguished moinly by the Jala models they
arn  desippuad b sopport. Yariooa  data base
miedels—neiwork, hivrarchical, relolinnal—require e
varying degree of user involvement [or acceas, for-
matting, and control of underlying storage hier-
archigs, Thy Aetwork data model hased on the
Codasyl apeification ia Lthe most widaly uacd in pre-
sent dala base gystems, The relslional data misdel,

. however, continues to gain atlention since it ap-

pears bo be more user-oriented. “Syslem B: A Rela-
tionel Dot Tese Munagemant System,” by M. M,
Astrahan #1 al.. describes the main fealures of a rela-
tional deta base management ayatem. Although
gonatdered an experimental project, Syatem B sug-
gests several sound srchitectural ideas that might
be refined and transporied into Lhe commercial do-
main of future dats base systema,

Advances in LLS1 and storage
technolngies will provide sound economic
justificaiion for specialized
dala bnse machines,

Felatively low perlorrmnce ia the main drawheck
of relationa? rdata bases, since Lthe aystem must per-
form exhpuative search operations to  satisfy
yueries, In general, however, low performance ix in-
herent in any data base system becnpse the architec-
tural inadequacies of conventional general-purpose
computers make it impossible to perform search
operations efficiently. Althcugh these inadequacies,
munifested primarily in non-numeric opersliong,
were recognized a long lime ago, data base applica-
tions "increasingly accentuabta Lheir criticality. Re-
crent research efforta have achieved visible progress
in the search for novel solutions—ab bath toch-
nalogical and architectursl levels—to the problemn of
dala management ayslem efficiency isee the March
1979 special issue of Computer—"Data Base
Machinea”), Asaociative processing techniquas may
incrapan the performance of search and gort opera-
ticne—key Limeconsuming functions in daln base
management aystemsa, Dedicated and specinlized
procesacrs show promising results in handling data
access gnd storage hierarchy managemcnt tnsks,
thereby afl-loading the central processor ond in-
cressing syalem throughput, Advances in L51 and
storage technclogies and the increasing cost of pro-
gramming, trenda bound t¢ continue in the years
uhead, provide a sound economic justification for
specialized data base machines,

Liike the growth af the information processing in-
dustry in yenetal, we can view the evelution of data
management systems as the forwand motion of 2

T TECHNOLDGY
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. APPLICATIONS '

positive feedback loop, with economica remaining
tha driving force. Applications will expand con-
Lingousty and stimulata new technological break-
throughs while erchitecture, although evolving
more gradeally, will continue to transfer the
benefits of new technologies Lo the end-user. W
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]mpruving the performence wad extending the
utitity of infurmation procesaipg requires eeetss Lo
ever larger volumes of data. Thus, the impact of pro-
gress in storagu Lechnology on the overal] growth of
the information processing industry 1a immense, By
advances Lhut continually reduce the cost of storage
it becomes {ensilde Lo duvelop and place mors and
maore applications on computer aystems by permit-
ting both & larger system data base and more so-
phisticated centrol and epplicaliona programa, Un.
fortunetaly, the Lerm "mass storage'’ has no precise
technical meaning, heing ali too frequently used Lo
deseribe on-line peripheral storage of 2 size bipger
than g user currently believes he ecan justify, Once
the user's yystem is upgraded to that lovel, how-
ever, 85 technical advances over time allow cRpacity
to be increamed for a fized cost, this smount of
atorape 15 barely considered adequate, much less
“imasa.” [hoiscussing havdwarn, the term i3 most
cammaonly sssociated with mechanical storoge de
vicew. While solid-stale memory continvally pro-
vides more and more bits per chip, the rate ot which
gyrapge capucily can ho alisorbad grows even laster,
antt Lhus it seems electronic memories will rever
eliminate the, use of auxiliary starage devicea, As
atorege costs decrease, applicationa expand, the
market grows, and product velume increases; the
resulting cast reductions in turn reinforce the cycle,
In nddition, it then becomes feasible Lo incresse in-
veatment in technology, which resulta in m further
improvement in coatiperformance, Tt is thus imper-
tant Lo underatand storage technology trends if ane
is to anticipale the future,
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The disk remains the primary form of
MAss

storage. Despite competing
technologies, improvernents in
disk technology will ensure its
widespread use throughout the
remainder of the century.”

Storage Technology:
Capabillities and
Limitations

A. 5. Hosgland
IBM 5an Jose

Dvervlow

With the Increased circuit densities now being
realized, the CPU is shrinking in size, and Lthis,
coupled with the insstiable demand for more and
more sLoragy, now baging to invoke & visual impres-
gsion of a "'computer center'' ag gnly an axeembly of
diak and tape drives and associaled medin storage
libraries; “peripheral” may now be a more ap-
prepriale adjective for the CPU than for storage,
(leel the "chips'' fall where they may.) Figures T and
2 give some illustration of the disk and tape world
today.

The use of storage technologive dependa on three
prinvinal factors:

» cost per bit,
* acceas tims, and
* entry ¢ost {capital requiced).

_Reduced cost per bit io all technalogies derives
primarily from an increase in densily on the ma-
terial beingr used for storage, In vach technology,
lower cost per bit is aleo azsociated with an increase
in the physical size of the basic storage module, the
capncity-cost breakpointa being & Function of tha
particular technology, Thus, in low-end ryatems,
where a Fxed system cost conatraint existy, product
enlry cost, mobe then capacity {or cost per bitl,
becomes tha name of the game.

When sturage technologies are plotted an a graph
of cost per bit versus access time (Figure 3), & wide
scparation bath in seceas time and <ost per bit

COMPUTER



becomes evident between electronic semiconducior
memuries and devices that rely on nation for dala
acceds. Un Lhe spectrum of sceess time, semicondye-
tor memory is on one side and magnetic recording
storagn on the other, with numerous alternative
technologies lalling somewhere in the aceess-time
gap between Lhem. This gap is the carrot Lhat has
stimulaied atorage device developments bused on
glectton beamd, magnetic bubtes, gpiics, and so on.
The access-timn gap. roeflecting Uhe differenca be
twern electronic and mechanicnl times, may he
somelhing of a Lrap—perhaps “crevasse™ would be a
better term than “gap," because it cerries the jm
plication of a hazord-—since existing technologies
mre in reslity undergoing continuen| cost and per-
formance improvements. Given such a broad nccess-
Lime range, large differences in spead would have to
be necommodated in g system design in any event.

[t is frequently aaid that thers are maturse tech-
nologies and new technologies, with the inlerence
thal the rate of progress wilt be much greater in a
new slternative. This can be migleading. For any
technology Lo aucceed, it must offer something
supeticr to a turrent technology at the timoe of its pe-
tual iptreduction. And sxisting technologies are
moving targela. Thus ane canpot begin ot a
rudimentary state with a new approach, but most
develop the technology a1 least far enough to gain
initial market scceptance, _

In the early duys of computers, some rust liron ox-
ide Lo be specilie! on a tepe or disk and a small
"horseshoe' with & coil Lo serve a3 a ntagnetic head
could have almost sulficed, since at that time no
other storage option (except for pupcied euriiat real-
ly exiated. On the gther hand, in the long exglora-
tion of optical memory approaches (where the basic
knowledge predates magnetic recording), one Jde-
signed to wavelength limita right from the begin-
ning. the problem being rather the lack of & snitable
readiwrite malerial. We now see this samoe degree of
sophistication in magnetic bubble worlk, where there
is # lorge scientific effort. Gnly n major advance
over competing capabilities can have meaning, since
the “ball game” haa pow been underway for some
time. While no technolegy can be peonomically im-
proved indeflinitely, technological potential in not so
much a funetion of newness a8 it {g ol intringic
physical and engineering limits.

The storage higrarchy

Since one must trade off improved accesa Lime
egninsl cost per bit, A memory/storage systerm
generally consista of a hierarchy —a tradeal] mix of
device performance capabilitiea.

Tho relatively high cost of elrctronica in years
pasi made us forua on  architectures te keep the
CPU buay. The term “access gap' came into vogue
¢ highlight the mismetch between the main meme-
ry's apeed and Lha accans time of maas storuge. Thia
acceastima differential is five or more orders of
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Figura &, A 3850 cariridge litwary.
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magnitude and has called for special paging tech-
nigques. However, with continual reductions in the
cost of a CPU, the eriterion that it tust be kept
husy to be econdimic does nol now loom nearly as im-
portant. Hather, the optimnized vae of the data base
sLore becomes Lhe key factor,

The | BM 3850 see Figure 4) has a staping schema
by which olf doiz on the wpe cartridges in Lhoe
automated library are tronslerred vin disk. An in
termedliate buffer tas with a fixed-head drum or as in
the &emorex 3770, which uses CCD fur this pur-
pose) can make sense in translerring dara from disk
Lo main memory. However the amount of sloraga jn.
volved in this buffering will ba a small [raction of
that on disk. This is not the gap-filler market that
hax been Lthe holy grail of technologists.

The clasgical alarage pyramid is shown in Figure
5, inclicating the quantitotive sllocotion of dals
storuge in torma of technologies., This disgram
reflects the cost-per-bit access-time Lradeolf. The ac¢-
tual hiererchy of storage rapakbililies ia very sen-
gitive Lo the applleations being implemeuted. For in-
teractive applicaktions such as airline rescrvationy,
all the dots must be avejlable in & few seconds.
Payroll processing can be scheduled, and in this
Lype of job Lhe required informatien can be staged
up from slower-and-lower-cost sturags devices in ad
vance of its need. In certain real-Lime applications it
is essential that the data be available effectively in
stantly. The management of the dela Mlow up and
down Lhe hierarchy earrigs saftwars burdens that
can redduce the potential utility of additional lavels,
To date, this topic has been elfectively treated and
understood only by the simulstion of eectial job
streams.

The aystern deaign challenge is formidable, and .
thia arlicie only enumerates the technology
capsbilities with which jt must proceed.

CCDs and MBMs

The CCD is a memory design based on well
eslnhlished ailicon technology. Bejng & shilt-
register derivativa of RAM, thy CCD obtaing s cost
advuntage by storing information in packeta of
charge rather than by means of biatable circuitry
Ivec Figure 6). The technological aimilarity, while a
great udset, may in fact retard the wilde neceptance
of QN8 for atorpge hecanse, compared to RAMSs,
the obtainabie cost reduction of a Jaclor of two to
four may not be encugh to offset the {000-Lo-1
doecrieage in accesa time, excepl in very apecific ap-
plicatians.,

Tha MOM—mngnetic bubbie mLmur}—ﬂ]ﬂﬂ uses
a shilt-register organization. A major-minar loop ar-
rapgerent i3 most comanon, where & word ia
tranaferred in bil-parelle] (ashion from or Lo minor-
loop registers vin o major lonp through which the in-
formalion is serially shifled into or out of the
memory {Figurs 7). Magnetic bubbles are gmall
cylindrical magnetic domaina formed in certain thin
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magnetic {ilms when wn externnl meagnetic bing field
ia applied normat o the plane of the filin, [hese
“bubble” domaing are magnetized in the reverse
sehse Lo that of the film ilsell. Infarmation {3 cnded
in Lerms of the presence or absence of bubbles, The
bubhles ure controlled by ereating a magnetic Feld
gradient through a rolating Tield operating i con-
junetion with permallay arbwork defining the bit
cell Incations. MBM ia ponvolatile in conlrast to
ccp.

CCDs and MBAs depend on similar fabrication
processes, Lithography will be & prime Hmiting fze-
tor for both. and they shouwld experience similar
learning curves,

The 258K chip spems indicated as the first point of
market atabilization. For CCNDs this denwity re-
quires two-micron geometries, and for MBMs Lwo-to
Lhree-micton bobbles. (The artwork for CCDa fol-
lows different rules than that [or bubbles) With
unit capacities of this size, either CCDs or MEMs
will provide a lower cost per bit than magnetic
recording for small incrementa of memory.

A quick look at Figure 3 sugeests thal, if these
projectiana hold, CCDa should be more attractive
than MRM= where nonvolatility is net important—
s, for example, in providing a front-end bufler store
for disk—since they offer abvious sccesatime ad-

vantages. Where paging time is nol critical, it would .

even appear premature o predict the early demise
of the fixed-head disk. From the standpoint of cost
per bit, neither CCDa nor MEMe pppear 8 threat Lo
moving-head diaks,
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MM s should lare better ngainst the Hoppy disk
in amall avatems, where totol cost rather than cost
per bl fie., capacity) i Lhe key factor. Lhsk inloy-
thamgzeahilily 4 extensively u=ed as s convenient
enst-saving meastre, and this unique feature com-
plicates direct comparisona, since the floppy disk
huw o dual rola, betng wsed hoth for ofirect acogss
awnruge and Enr loeding and unleading programa nod
data. Anetber factor that may bear on small sys-
Lems in the luture in Lhe rigid disk, aince it more
retily lends itself to high performance than the
flappy. 1 suitable rasuperforimanen tradeatfs can
evalve from Lhis higher level of technology, the rigid
disk could represenl an additional market factor,

Roth CCO weehnelogy snd magnetic recording in-
trinsizully ecan olfer multifevel storage, although
guch lutare potentialilles vre not seen Lo be # faclor
in current lechnical strategies. Pased on hisioric
technology trends, it appeazs that moving-head disk
technology will maintein ite refative cost advantage
over CCDa and MBMs at lenast through 1985,

Among sll the new storage technologing, magnetic
bithbles are most likely Lo become established, main-
Iv because they offer nonvolatility in small-capacivy
modules land hence low pntry costi—not because
they threaten and will digplace the current teeh-
nology mainatreams, '

Cptlcal video disk

Optical video disk sterage, while not a read/write
type of device (i.e., data cannot be upduted in place),
i3 attractive bocause it provides a higher recording
density than magnetic recording and because, for
read-gnly applications, the stered information fends

itmelf to replication. Tn this sense it looks well suited

tor certain archival storoge applications.

With this technology, s hright beam ol modulated
laser Light is locused onto & spinning disk feither Lo
produce a master from which copiea are later re-
produced ot for directly recording wpon an online
starage medivinl. The rocorded [nformation can be
retrieved later by dluminaling the disk jor a copy!
with a somewhal less intense bearn and Lhen detect-
ing the modulation of light either reflected back or
transmitted by Lhe disk, A track pitch of about two
microns i9 used in video disks; giving upproximaoiety
15,000 tracks per inch, and 15-mHz-bandwidih ays
Leme Iminimum wavelength approximatcely ong mi-
cron) have been developed.

Although the techniques used are nptical, the de
sign challenges arg mainly mechanicel and require
the use of sophisticatad tracking and focusing servo
systems. Recording mnd playback take place
thriugh a protective overcoat layer, o dirt clinging
to the disk exterior is always kept out of focua,

The recording material is 8 key factor when a
postable fwrite-once, tepeated-read) medivm is de
sred for date storage. Veriflication during wtiting
nnd rapid correction of recorded information require
g recording material that needa no processing buefore
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playback &snd Lhal is impervious to cumulotive
degradation when suhjected to continuous play-
hack,

The ablution-al Lthin medallic films hay been Lthe
mast exlrasively investigaled Lechniquoe for optical
rocording, !n thermul recordings, such as the atla.
tion of pits in a thin layer of metal, the exposura
threshold s well defined: it is vither the melting or
vaparization temperature. While a Ltansparent over.
coat will pres ent signal degradation due to dust by
keeping porticles ot of the foeal plane, defocts can
glso gocur in the evapereted conllngs thad farm the
recording lilm At the high densitivs being prejecied
(approximately one Lhousand milllon bits per square
inchl it is imperalive that these coatings be very
nearly pinbtiele [ree, since even o one micron ime
perfection will result in o significant loss ol informa-
tion. (Substrate defects can b masked by first
covering the substrate with a thin organic Jayer.)

The potential of optical recording would be vaacly
improved if & reusablu material could be found and if
solid-state lasers eould be used for recording and
readback. This is not & new situation: the lack of 2
suitable read’write mnotertal has plagued opticsl
data recording since it was firsl, investigated,

Magnetic recording

Magmelic recording duminates mass storage tech-
nology. Why? Beceuse it i3 a "mature’’ technology
Lhet refuses to age gracefully,

A user apecilying s set of desirable slorage ot-
tributes would demaiad;

* towest ¢ost per bil—much lesa than projections
for CC[a or bubbles,

+ a8 competitive marketplace based on numerous

suppliers and a lurge choica of preduct offer-

ings,

capacities I.I|:| to giabytes,

shelf atorage

many cupacityfaccess-time options,

reacdlwrite and nonvalatility, and

broad environmental tolerences.

L] * = ¥ "

A manufeeturer could not help bul be impressed
by the [ollowing engineering claims for a storage
technology;

relatively modesl entry cast,

mulli-hillion-doller induatry,

established production processes,

medium replaceable il desired —providing an

additionsl market for medin, and

« increames in deminnd for ewpacity occurring

faster thao storage density through tech-
nolagical progress—providing a growing

' market,

The research and development communily is
bound to be interestad in a technalogy characterized

by:

-

* density sLill lar from ullimate limits (densi: ¢
has doubled approximately vvery two years
and ia profected Lo coniinua to do so thruugh
the mid: 198 5},

* a wide choice of malerials,

¢ [airly wellunderstood phenoimena,

* compleluly ‘reversible, inborently stabile pro-
cesses, und

* & wide range of enginecring dexign choices.

Tabia 1.’
Twanly years ol progress in dish atorage.

YEAR DEVIGE CAP, BITS/ 4K BLK  DOLLARS
{ME} 501N, AGCESS PER MB
IM5)
195  18M X%0 5 2K 823 1152
THE4  JEW 2341 3 110k 113 T2
1965 IBM 2314 29.1 220k, &% 22
1970 IBM 333041 10Q 7oK 433 4.30
P9y IBM 333011 200 1495 613 4 85
1973 1BM 3340 1 1E50% a6 L
1975 Ham 3350 anz 205% 386 .23
Mowly  Annbunced
1974 STC BESO [iN ] G100GK ‘ N
1879 (BN 3370 in TEOGN * y
"t el shippad

What technology cauld fit all the above? bagnetic
recording, of covrse. And it i exactly these perspec-
tives that explain why magnetic recarding of digitat
information is preeminent,

Megnetic recording of digits! information haa
been utilized for 30 yeara and, Io fact, was serving
the storege needs of computers when the CPU was
still based on devicea called vacuum  tubes,
Mupgnetic recording is oot only Lhe most enduring
but also the most pervosive of digital storage
Lechnologies. As scen in Table 1, disk storage denai-
Ly has increased from 2000 bita per sguere inch
(Hamac-1956! to 7.5 million {IBM 3370)—~more than
thres orders of magnitude in 20 years—and density
increases should continue at this rate in the 1980's,
Mapgnetic recording activity is worldwide in scope
and derives tremendous momentum from the role it
ployva in such applicativos as video, awdio, and in-
strumentation recording, ' in addltivn Lo the com-
puter storage [lield. .

(e might consider the disk, in Lerms of solid-
gtate termitology, 2% 8 wafer 14 [hches in dismeter
fequivalent Lo 10,000 chipal that is processed and
usetl 85 an entity [Lherefore, perfect "walers’' gre
Lhe rule). Bit cell length is currently about & micron,
wilh & head medium “dimension” of .1 micron. Fig-
ure 8 showe how recording goomptry haa scweled
down with increasing linear denaity.

With all ithese advantages poing for it, why is
magnetic recording so often overlovked or relegaied
ta the role of B "spon-to-be obaoleted” technology?
Evenin homa video recordibg, all the original excite
ment and speculation waa based on the optical video
disk—but look where we are today! Magnetie re
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cording has completely taken over the home VTR
market.
In an age of repid techndeal change, it i3 hard to
sccept pomelhing ''matore’ as siil] being relevant.
The law cost per bit of magnetic recording more
than compensetes for the often cited slow access
time; olherwise, the technology would never have
survived, Tn fact, one of digial magnetic record-
ings'a oldest embodiments, half-inch tape, haa
. defied 20 years of determined effort to bury it, either
through alternative technologies or through new
cenfigurations. Actually, the security of magnetie
tape Beema to vary inversely with its value: the leas
used the archival information it atores becomes, the
leas is the economic justification tov convert thia
date to another medium. [n other words, tlme is on
ita side! .

. Inatechnology so old, is there anything new? In
the 1970y, entirely new products have emerged:

the Moppy disk,

the mini-floppy,

the head-disk cartridge onit,

the fixed disk file ifor high density),

the automatic library for both tapo reels snd
tape cartridges, and

» digital tape cassettes and cariridges.

Technelegy advances continue, and we now loresee:

= thin-film heads,
+ thin-film rigid disks,

" May 1979

+ track serva information integrated with data,
gngd
« integral micreprocessor controls,

The continuing obsclescence of magnetic recording
products has arisen not from alternatives but from
advances in the technology itself,

Limitatians

Tt is difficult to discuss limitaticns because of
what cne may bave in mind in using this term.
Thera are inherent physical Lmits relatad to the 4if.
l[erent stornge phenemena, wngineering limits re
lated to the technical and economic feasibility of
manufacturing a product, and. marketplace Limits-
tions placed on the valoe of a storage vnit in terms
af other aptions availeble and additicnal service pro-
vided. Solid-steta devices, both semiconductor and
magnetic, are now being pursved by eleclron-heam
lithography. and Jate 1980's chip capacities from
four to cight megabits have beety claimed in tho
presd. Similar dromatic advances in magnetic re-
cording are also foreseen. There i some leeling in
the technological community that mechanical
devices are too unrelinble to be depended on for the

" storage of vital data, The fucts indicate other

wise—happily so. since we hhve no other choica,
Heedless to say, we have learned to accept the cen.
tinued rotation of the earth without guestion and
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live nol wondering ¢ach day whether the sun will
risi and set tomorruw,

However, evidence indicales that Lthe growth of
on-line storage capacity is greater than these
technological projectinns. Thus, future applications
for computer sysuns will reslly determine Lhe
kinds and nuture of limitationa that will be impor-
tant. Those who desire a storage subsystem with
the access speed of main memory, the capacity of a
huge tape prchive, und o cost so low that it is in-
cidential comparcd to the everall systema rost will
probably be disappointed. A hierarchy aa the proc-
Lical implementation of the storage function is herp
te wtay, bul the continuing combination of teci-
nological and $ysiems progress means thet the
challenges will be met and will not inhibit the com-
puter revalution.

I\“Lgnulic recarding is ao unglamorous work-
horae that will contioue to meke moejor conlribu-
tiona to the growth of inlormation processing. The
significantly lower mass storsge cost nlffered by
dizk, with an acceas Lime atill ellowing inleraclive
weage of a data buso, 19 the key to meny bilvanced
upplications. Dengities will incrense up to 100 mil-
liont bits per aquare jnch [see Figure 9], and we will
stw capacilies of several thousend megaliyies per
spindle with fixed disks and of up ta 10 million on o
floppy. The moving target will keep moving, and,
¥es, magnetic recording will be around through the
remainder of Lhis cenlury. ALl the asme Lime, clee-
Lrunic storage will continue iLs amezing ndvances,
Hut our nolion of whet constitutes a reasonable
atorege capacity will cutpuce both! B
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Analytic modeling techniques permit syvstem designers to compare
memory-system alternatives quickly and easily. An example is the
use of buffers—or cuches—on dishs.

Sequentia't data access, consisting of long se
quences of accesaes from conseculive logical address-
€4, i & major component of computer memury sctivi-
ty in many compuler syatems. An onalytic study of
mermnory hierarchy performance under sequential ac-
cesn, while its results will necessarily be genoralin na-
ture, can nevertheless ol immodiate veluein evalu-
ating design nlternatives for the use of intermediate-
speed memories as bulfers or cachesondiskx, The ob-
jective of such pn anelysia is to provide insight into
Lhe vetueand type of memory-unit combinationa that
yield loweat cosl and lowast sverage accesy Limas lor
the storege ayalem. The strategy used in this article
is tocompletely analyze a very simpie model, contain-
ing a number of passibly oversimplified aEsump-
tions, and then to quantitatively exniing the effects
of relaxing each azsumption individually,

The genera! problem of memaory-hierarchy nnalysia
«<oncerns Lhe proper dexign of various memory units
having cost and access time ranges of sevoral vrders
of magnilode. The objective i3 Lo select memory
sires, speeds, interconnection patterns, and data-
transfer block aizes Lhat will minimize average
memory system aceeas Lime for s given system eout;
the atratepy is to place dala with the highest praba-
bility of immediate use in smoall, fast memory unils,
while holding Lhe remainder in larger, less expensive
units. This proldem has received extengive study for
Lhe case of general compulation involving lrequent
re-reference of date, 1?3 hut the study of sequential
access has been more limited.! An analyLic approach
lor hierarchy anaelysia heas bheen developed
previcusly:*iL s applied here Lo Lthe sequential-acceas
claxs of problems.

Sequential accesa is g major companent in ¢cesses
Lo secondary storaga devices such ag diska. The ex-
tension of hierarchy mnalysis to include secondary

May 1970

Analysis of Memory
Hierarchies for
Sequential Data Access

Terry A, Welch
Sperry Research Cenler

storage is important becatse of the present industry
trend toward including disks in virtual memory
aystems with aulomatic data transfer procedures.
Also, Lhe availabilily of potentinl “gap-filler” tech-
nologies? has raised interest in cache-like atructures
for disks. While no longer the predominant mode of
secondary-storage access, sequential access is still a
major slornge-usags companenl, occarting in gcien-
tilic processing, word processing, dake-flow bulfer
ing, and deLa base activities such ms aearching,
periodic updating and report generating. The analy-
uls of vequential access cannot, by itsell, delermine
optimem memory-unit parameters for general-pur-
pose computer syalems, but it can give insight intc e
desirable range af values for those parameters.

An wnalylie investigation of memory hierarchiva
requires the development of two reasonably indepen-
dent meodels:

117 An pquipment model, which relates cosl Lo b
ress time lor available memory technalogy;,

12) A usage model, which relates probability of ac-
cess fora particular memory unit to the smount and
Lype of data stornd there, bosed on vxpected pro-
grem usage patterns and inter-memary dnta-
Lransfer policy.

The mathodology of this study i= to use oo algebra-
ic equipment model* Lhel gives minimum ayatem ac-
cess time directly as 8 funetion of memory sizes end
access probabilities. This permils rapid cormparison,
using culeuwlus, of mony configuration variations for
epch usage model. By these meuns, s reasonably effi-
cient exploration of & multidimensional sclution
gpace 13 corried out, *

The equipment model used here describea per-bit
memory cost ag inversely proportional to memory ag
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cesa Lime raised o o constant Freclonal exponent.
Varinttona examined for this model are the nse of
various exponenl voluea snd the wse of tdividual
ek y woits wlwse costs chevintbe Teom Lhe usserned
funclion. ‘L'le usage model employed in this articte
gasumes thot al! storage requesis are reads in se
quence from ane aebitrarily long file in a twolevel
memory syalem congisting of o primuary memory anil
a high-speed one-block bufer. The variations examin-
ed [or this model are |1) acceas in shortes sequences,
12] doutee bulferiong, 3] intermined accesses Lo mu i
pla suruences, ) variations in deley due 1o transfer
tirnes betwesn menory uries, gacd ibiuse of morelhan
two memory levels. This analysis of madel variations
SErvVes twil [HIrposSes: 1o d59esy t.hu_impurl.nnce-uf
varieus nsaumplions in the moedeling process and tao
heighten our intuitive understanding of complex
models, ’

An analysis technique vacd to achieve meaningful
COmparisons iy to vary sysiem paremelers under a
constant-cost assumption. For example, the perform.
ance improvement gained by adding a third memocy
level toa two-level syslem is more meaning ully com-
pared to the perlformunce of an enhanced Lwo-level
aystem having Lthe some cost as the threwlevel yys-

. tem ralher than to the performange of the original

two-leve!l system. The constant-¢ost assumplion per-
mitu the derivation of desirable ratics in gpéad and
gige between muemory units, and those ratios are secn
to hold constant over variztions in Lotal Ry atemn coat.
Thus Lhe conslani-cosl assumplion is used Lo tind the
best memory conliguration for some arbitracy cost,
aml the results wre then acaled Lo fit theconstraints of
parlicular avueilable devices or access-lime re-
quirements jo real applicationa, The resulting config-
uration i3 Lhen known Lo be the best configpiration
posaitde at Lhal systein cesl. This approach does nat
provide s mesns lor directly comparing suboptimom
configurations; it serves only 1o show 8 bound on
whal can be achieved ol each given cost,

The equipment madal
A memory hiterarchy (Figura 11 i3 mode up of &

memery units, A, 1% 1 € . M, may be considered to

e,

H..'d—b

M, . My

FIN
[

h. : I-.
— * -
. '
x

", SYSTEM COST = 2 SIZE {a) - COST PEN BIE 40

v

nG(‘.ESS FHDHAElL:W (L]

' 1
T —.a.i.l -.-.-.J -

Figure 1. Mamary hierarchy model.

0

bwe Lhe smallest, fastest memory, while M, is largest
und slowvst. Each unit is charselerized by Lhe [ollow-
ing paramelers:

d; costoladata unit in M, {e.g., dotinrs perbyte of
sLoragel:

T e, capacity of M, indata units:

{ average aceess time (o o dala enit in MG moere
precisely, the time by which computation is de-
layed when waiting lor M, Lo respend; and

P prabability thet a data reference requirea ae-
coesglo M,

Systemn porameters of inlerest are lusing summa-

tiong over all & memorieal;

cost of the memory system, and
averapge access Limeof the system,
aapuming a single-procesacr
ayalem,

5 = Zed
T = ¥ t"Pf

oLy

The access probabilities, P, reflect Inlermemory
tronsfers aa well ngaiimple dats references, Forexam-
ple, il any access todata in Myrequires transferof the
data to &, then that access contributes Lo both Py
and P, 1f data are available to the procesaor only
throngh M|, Lthen 7, = 1. NotethatZ P, # 1, since one
or more Memory unita must be accessed lor esch duta
reference. In some uasge models, the M's are more
conveniently viewed a3 expected values rather than
aa probabllities,

[f one plota theunit cast vergua accesa time of avails
sble memory unils, o, versus 1, s monotonic decress-
ing rejatlonship is ¢haerved {faster units are more ex-
pensive). IL is convenient to approximate this relo-
tianship by an analytic expression thal assumea &
vantinogm af devices of all speads. While such an as-
sumpticn I3 usually an overaimplification, itause can
produce goed appraaimations or boundarc longasits
errorg are properly evaluated,

A rezsonable model for the equipment function is
the power function dif) = d ¢~# for >0 Typical
values of # nre in the neighborhood of 0.5, which saya
that if pettiory X g lour timos se lust aa memary ¥t
ghould coat bwice as much per bit. The justification
Jor using & power function is that it loosely fits real
lata over eight ordersof megniludein thoe time range. *

. Muge's dola,? for vanmple, roughly support 2 f = 0.6,

Thad,and f paraneters may take on widely different
vilues in different applications, becausa of variations
due to 1) system cost versus component cost, (2)
ayAtatn cust versua aystem griew, 3] cupid changes in
technology, 14] approximations needed to estimate
sverage access Limes on nonrandomn access devices
such asdiaks, and (5 differences in measuning acceas
Limé when minimizing system response tme versus
system throughput in multiprecessing envirgn.
ments. For convenience of presentation, the vetuesd,
= ! and ) = 0.5 are used for much of thianrticle,
Previoua anatyaia of this mode!® haa produced two
hasic results that are used pxtensively hera, For n
given.set of P/'s and ¢;'s, the power funchion o, =
d ;=P can beuaadtodmvan best set of ¢ atlut
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minimize T, _ for & given aystem cost. Such an op-
timized ayatem has been proven to have the following
propetlipa:

FAs d,ey
Tq.pi' = T for all AJ,,

H]|

that is, the percentage of syatem cosl inveated in A
equals the percentage of aystem delay caused by M

1

=1, g E
tzl Tilr'l'= 5 # [E [PICI'III }ﬂ+ll a Tur

where T, ia an arhitrary conatant, Forff = 0.5, this
reduees Lo

Tau; =572 p'll'acl!-?]ﬂj‘w

This quantifies the knowledge thut a low Ty, - oceury in
a multimemory system when & high portion of the ac-
cesses reference the amaller meroory units, (That ia,
Lhe sum is smallest when the larger P, values erg
multiplied by the smaller ¢; values!. 1n porticular, the
second resull permite a rapid calculation of a lower
bound on T, for each assignment of data to memoary
units.

The hasic usage model

We wish to study Lhe replacement of & single se-
quential-access memory unit of a given cost with a
twe-unit hierurehy having the same cost. This might
he of inLervat, for exampla, in teplacing & fast digk
with a slower disk supplement+d by an electronic byf.
fer memory. The ohjective of the analysia i to deter-
mine theboat 9ize for the buffer, the spoeds of the two
memariea relative Lo Lhe original unit, and the
resulting improvement in averpfe access time,

For che baszic model, agsume that a processor con-
tineally issues requeats for single unita of data from
sequential locatione in a single file, The bulfer M| will
held gne block of B units of date, while Lhe slaw
memory Af; containg all M units of data in the system
{aee Figure 21, Whensver the processor réquests dato
not in the bufler, ¥ units are transferred rom My, so
that the next 8—1 requesta are satisiied without ac-
cess to sluw memory, The access Lime Lo M; is pg-
sutned to be determined independentty of the size of
H; in ather words, Lransfar time betwesn memaorics
docs not contribule Lo ayatemn delay. Basic tradeolfn
appear in this aimple model, 1f A is large, then
relatively few references to Af; are needad but A [s
glow, whil¢ if 1 ta amall, then M; can b made quite
fzat but My is frequently referenced. If M is both
large and luat, then it ahsorbs most of the system
cost, leaving Mg very slow.,

Using the exponential equiptment funclion with i =
0.5 and with 5 = Miils ynits are arbitrary|, property 2
above can be restated aa;

, Tnu; =i ”;im c;”"' + le.fﬂ- ':22-'3 I5 T..
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Spuectlically;

' = 1, gince all necessed ore fullilled out of A

¢, = H. eince M, containa ondy ene bloch of data.

#y = LM, since that in the proportion of accesses
that activate Mo,

cy = N, gince Al is conatunt in sice rogrardless of ¢,

Pulting Lhese values in tha 7., bound, dilferentiat-
ing with respect to 9, setling to zero, and solving for
B, wa jret;

. 8 = 05N
and then
Topg # BTG N"2IT,,

where T, is the average access time of the single-
memory system. The Ty,. of the two-memory system
is expressed [n terms of T.fu's T, to shaw thengt speed
improvement relative Lo & aingla memoty having the
same system oost,

Ta illustrere the results, consider & primary
memary 1us in Figura 2hof ¥ = 108 data units, (A
dala unil is tha amount of data supplied to the pro
cessor on each access.) Then the beat bulfer size is
& = 5000units, whichyields T, =575 X 10717,
ahowing a signiffcant performance improvement
over the single mamory. Other relalions derived in
the earlier study* give buffer timea for the optimized

Sy BLatn:
e T Ik
qu ® Ly | I'E ) T
( * Tﬂ‘ a

Fromthis, &, = 2.25 X 10747, and ¢; = 2.25 T_areoh-
tadned directly, The alower time for ¢ relativa to T,
reflvcts Lhe fact thet M, absorbe only two thirda of
the system cost in the two-memory mystem, leaving
onethird 5 for the smaller, faster buffer. Coatiper-
frarmance balance is observed [n this example, in that
M) causcs one third of Lhe system aceess delay, with

twnihirds being caused by Af,.
s UMt )
fa) e -
dioAe e UNITS i
PROCESSOR | ACCESS MIME < J,
[ A ;'*’ ' ' lr' I :
1 A ’ M
M, 5% L .
1 UNIE UMITS
5K 1% -
el arrand T b d BN
225X 104 I‘ 295 F,.
f ONE-BLOGK BUFFER, p m 0.5, % 12
VERY LONG SECUENCES, |
; TRANSFER TIME HIDGEN, .
COWSTART COST A
. ) Ca AT

Figurm 2. Twa-luval higrarchy sxampla.
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Variations in 1he equipmeni model

Te eaplnre varicus allernatives in two-memory
hicrarehies, Lhee glove vxample ol Y = 1 will e
wswd throughoul. [noall comporisons, we ssegme g
constent syslem cosl.

Buller specd sensitivily, The effect of using bulfer
compimsnta with varigus secesstimes () isshownin
Figure 3. For cach component speed, the buffer size
needed to minimize T, , i3 shown, slong with the
reaaliing ']"‘U“
changes in i, can be ohserved in the [act that there is
romghly a factur+nf—four range in t; for which T, ia
within 10 percent of its minimum value. Lntha right-
hamd porlion of the curve, 7, o inerenses as thebulfer
becoues slower and buffer access delpy becnmes the
predominant component in T, .. In the left-hand por-
tion af Lhe curve, coat consirainks o tha bl fer couse
it Lo bucome smuller as the component speed and cost
increase, thereby causing more frequent aCcenaes
from My and giving a slower T, ., An interesting
property of this trudeclf relation af:lp is Lthat a con-
stant fraction of Hyatern cost is maintained in the buf-

weEy, b
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Figura 3. £lfecls of changes in bulfar access lims.

Flgure 4. Asng# ol sguiprmant Ihet can achisve snampls system por-
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vulue. The sensitivity of Lhe systemte

Tablem 1,
Eliecis an average syslem accass lime 1T pg) &l BBumral
values ol the aguipment lunclion (Y 1or 1he
I'wo-memory sysiem of Figure 2,

] L .
b7 15 30 t0-*7,
3.6 1040 1097,
2% 67 1071L,
04 420 10-4F,
1] 2521077,

fer for all valoces of t,. That is, for any 1, value, the
lowest T, i= achieved when buffer sizn is auch that
Lhe coat of My ia f Limes the coat of My, nemely, e dy

= ﬂ{_:zdg.

Fquipment fgaction sengitlvity, The eflects of
variationa in the axponent 1 ure shown in Tabla 1.
This sliows the minimum 7, for the NV = 108 (wo-
memery example {Figure 2iusing various values of §.
The range of valuea given covera the full range
gunerally chserved in memory technology com-
pariscng. Thia indicates that the use of f = 0.5 will
giveresyits Lhat are within a facLor of two or three af

«the rosylle ohtained wilh extreme equipment fune-
tians, The formal ralationship is:

-1
Tevg # 1+ UMIE+ 110N 3P

Alternative memory availability. [f a memoary unit
were zvailable that offered better pricefperformanca
than the memaories described by a 2} = d,t~" fune-
Lipn, it might provide 8 better configuration. For the
esample twomemory aysiem, Figure 4 showa the
range of such units that are of value. Only memories
falling within the ahuded area could produce & fasuer
system at Lhe same cost as the originel ay stem, Thia
indicates that minor variations In equipment availa-
hility, relative to the power-function model, would
not dramaticalty change the character of the resully
studied hete. For example, if someather memary unlt
¥, midway between My and Afs in cosl and speed,
were somewhal better than the dta = d,i "9 curve, it
still would not offer a betler buffer configuration
than the M enit.

Variationsg In the usage model

Continuing touse the N = 108 and g = 0.5 examples,
wa can exomine several variations in the usage
medel. The intent here is to illostrate the effect of ap-
plication changes rather than to test tha origina)
model, a3 was done in evaluating variations 1o the
eruipmment model.

Varishle sequence lengths. The basic model of
Figure 1 pssumes that all accessss como in one long
adclress secuonce, whereas in real systena n variety
of finite-length sequences are used. Let L be the
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wversme number of references In a vequs nce, with ne-
tual sequence lengtha randomly diriributed such
that on any particulpr aeceas theee iz a 1L chunew of
atarting o new seguaence, Asguipe Lhal cach seyuenco
starta nt a new location not reluled to the previous e
quence addreases, ao Lhat starling @ how seguente re-
fjuires an accass to A, rogardless of the size of M.
Then the expected humber of accesaea Lo My is Py =
{L — L —-11L1817 . The other parametery remain nt
P o= 1c; m Band ¢y = A The resulting equation loer
beat block size B has no simple selution, but a hund
calculator ia suificient to develop the sample resulla
shown in Table 2 and summarzed in Figure 5. Nota
that for short average block lengthait ia economically
useful to have a bufler significantly blgger then L,
whith would not bu immediately obvious without
such an annlysis. Small vatues of L also have the ef-
Fect of flattuning the curve shuwn in Figure 3, se that
Taug becomes less ssnaitive to changea in Band £, a8
L becomes amaller.

Varieble transfer Limea, Tha basic model nesumes
Lhat M;'s access Lime did not depend on block size B,
which implies that the iransfer (imewas "hidden” be-
hitd computation time. That is. the immediately
needed unit of deta ia transferred from M, firat, and
eomputation can proceed during Lhe remaining trans-
fers, with interlaced buffer-cycle allocations. In some
aystema, however, the transfer would interfere with
computation, and Lhat effect is modaled hera by as-
suming an extra t; cycle for each data unit moved be-
twoen My and Afy. Thia is seen to incroase the ex-
pocted numhber of accesses to My by the number of
data unilatransferred from My, sothat /) =1 + #8,
The ather parameters used are those lor variable
length sequencea: Py =L — LIL - 1AW =L s = B,
ond oz = &, Again, the selution equotion is not sim-
ple, piving sample values s ahown in Table 3. The in-
clusion of transler time is seen 1o have s small effact,
on T, . bul & somewhat larger ef(ect on choice of buf-
fer size und speed. Thia oceurs beoause large Llock
wransfers are penalizced by added transfer time; s
smaller, faster buffer i= therafore appropriale, a1 pne
would expect.

Double bufferiog. A common way to implement se-
quential accessesis todivide the buffer into twoequal
blocks and have computatinn procesd out of one
block while the nexi block {9 being fetched Trom main
memory, Interesting tradeoffs occur only in the case
in which access sequences are of varisble length and
in which computation time an a htock i3 less than ¢;
inamely, when the blocks in M) are uaed faster than
My can (il them up) This analysis requires Lhe in-
troduction of 8 processor-spesd varable—namely,
the deley belween processar nccesdes to the memuory
systemn, The model used hery spsumes Lhat once Lhe
processor receives & unit of data from Lhe memery, it
will not produce another request for £ time unita
imeaning that the processar is tuned to be about as
- fastas the bufler memory). The model which assumes
that procesaing time within a block is sharter than op
ia then valid only for 2¢, - 8< ¢,, For this cags, all ac-
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cesaen to Ay are viewod msnormal access-lime delays;
Py = UL = 1=UEY 1L However, since accesaas
ter My thot are to full blocks in 8 seqoence nre carrjed
oul in parallel with a concurrent My access to & later
block in that sequence, these My accesses do nol
eauac systemdaelay and are not counted in 2. The an-
Iy contribution to | iy from accesses to frogmenty of
& petuence that will not uae the next bufler and soarg
not concurrent with any usefol activity in My: F) =

Tubls 2,

Elfacts of variable seguence langths (¥ = 10% dela units),

AVERAGE FEACENT OF
SECUEMEE  BUEFER BUFFER SYSTEM SYSTEM COST
LEMGTH SIZE  ACCESS TIME ACCESS TIME 14 BUFFER

fL {8} inl gl
210K spoe  225.107Mf Q.00CFT, n
10K 4280 2.25-107%T,  0.00087, 29
5K W0 R0, 0.00087, 25
K 1258 2.E7-10°YT, (0004, 22
I 000 2.05-107Y,  D.0013T, 13
500 1360 2A45.10-'7,  0.00287, g
56 B7S  2.80.107%r,  Q.00447, 5
00 a0 285107, olotioT, 3
- =
5 w0+ T 3% w
- =
o =
3 1 20% g
o .
& 3
] z
E -3, + - 10% E
T T T —— IJ
1 1y 1c*
AVERAGE SECUENCE LENGTH [ACCESSES)
Nao b g=05
CONSTANT COST
Figure 5. Eflzcis of yerious sequencs lenglhs,
Table 3.
Et{etis of vardable pequence lengtha, transisr lma
ingluded (N = 10" data unjts).
AYERAGE
SEQUENCE  BUFFER BUFFER SYSIEM
LENGTH SIZE AGLESS TIME  ACCESS TIME
13 18 (1l {Fagl
F A 400 1.42.1074, 0.00087,
10, e B T 1 Rt 0.0007, -
K 2500 1.20.10°Y7,  0.0M137,
1K 1500 1074107,  0.007,
500 00 056101, 0.0092F,
100 B3I 0920, 0.011s),
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1—Bil—ULME, Since two hlocks of buffer ere
used, c; =21

The results of this mwdel show that 2¢;- BQ 7 is
valid anly for sequencea of length La 104 ifor the N =
10% ¢asel. For these cases, an interusling result oc-
curs: double bufiering always causes a slight increase
in Ty, 80d (s thetefore nul of value, This says that,
for shorter aeeess sequenced thal de nat frequently
utilize the subsequent My dats transfers, the advan-
tage of starling up later My accessen in parallel with
computation from M is sutweighat by the cosl lost
in the extra huifer spuce., Far the L > 107 case,
memory times are determined just by setting 2¢, - B
=: {7, Inthis case, some saving in Ty, i3 realized—up
to almosl a factor of Lwo for very large L,

Multiple liles. The basic mode! aysumed that only &
single address aequence was being carried on at one
tima. In geocral purpose compulor systema, each
user program will in {sct be internixing accesses
from several filoa, and several such programs may be
in operation at once. I{ 7 sequences wranctive concar-
rently, then ¢; = a3 {for the single-bufler case). Thia
has an essily caleulated effuct, in thot resultant Wlock
sizes mnd access times are determined as il Y were
reduced to N'a. For L »> 5, all avernge acceas Limes
are therefors multiplied by a®3, Thiv quantifies the
observution that an increased degres of multipro-
gramming causes each program to mun somewhat
slower, owing Lo lass intensive use of buffer memory
and, consequontly, less effective use of the mumary
kierarchy.

" Multiple memoriea. The model allows uz Lo ohaerve
the effect s of wsing threaor morel levels of memories
instead of two. Under the original assumptions of a
single buffer and a single long access sequence, ¢y =
B]. Cg= Bz.l’.‘;] = A, .Pl b I.FE = I;Bhlnd P;] = ”Bz,
with Lhe results shown in Tabla 4. The table elso ghows
sample results for more populous hierarchies, Note
that adding each additional leve! of memory gives a
mitch smaller performance improvement than adding
the previous one. These results must ba interjreted
with care, however, because a procesaor built with a

Tabls 4.

Efects an syslam timing ol using mulilple mamery lavaly

(W = 0 dats unlls).

FRAST IO
oF
NO.OF MEMORY ~WEMOAY ACCESS  SYSIEN |
LEVELS  UNIT SIZE Mg COsT T o
" M g, =100 e 1 T
2 My gy =P o= 2R 23 67510717,
I T A 3 S AT
3 My ¢, = 108 4 = 3T, 447 131817,
. My, gy = 42107 f; = 220711, ik
M, &, = B = 1.5-10'5{' 1"Wr .
+ 0.76-10741,
5 06510741,
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three-muemory system might be designed to access
smnaller units of data. This would have the effect of
changing &, becauss memory sizois ealibrated in Lhe
unity of proceszor request size, and the larger N
would pive maore efflective use of the extra memory
levels.

Application example

Letus ixplore thevse of a bulfer memnory 03 a cache
vn & disk for system spplications primarily invalving
sequential aceess, Assume & disk wilh 8000 tracks,
and assume that each processor request ia [or 000
byles, ur onceighth of a truck; then & = &4,000.
Assume that n = 4 [{les are open on Lhe disk concur-
rently. Lo this example it is desirable to add coat Lo
the disk system Lo improve performance; £ will there
fore be held fixed, and cost S will beincreased, but the
relative memgry-unit speeds gre still thosa derived
by the previous analyais. For long sequences, B = 0.5
(N3, 1 = 1321 INIn) ~29 T and 6 = (3122 T,
This indicutes a block siza of 40 tracks and a buffer
pize of 160 tracka. This is not inconsistent with Lhe
empirical observations of Smith.' At & disk access
Lime of t; m 30 milliseconds, ther ¢ = 47 microsec-
onds and T,,, = 0.14 milliseconds. This salution in-
volves adding 50 percent in cost to the memory unit
1o achieve a [Retor-of-214 access-time improvement
lor sequential acceases,

However, the block size of 40 tracks is unrealistic-
nlly large, since most aceess sequencas are not that
Jong. The numbers given must be viewsd 8 bounds
from the idea! sequentisl acceas systemy any im-
petfections will favor & amalter buffer and higher
Tavg- 'erhaps s mora reasonable system would uae a
biock size of 20 Lracks (one cylindet), which would b &
good size for average mocess-senuence lengths of
around 1. = 12 tracks. This would employ a buffer of
B0 tracks with ¢; = 16 microseconds, giving Ta,p of
0,45 milliseconds at 20 percent extra cosl.

What do these numbers mean to the systemdesign-
r? The derived canflguration will give Lhe best por-
formance of any system having the samo cost, and
the ratéo of unit speeds will giva the best performance
fisr any specilied cost. Consider the case of long se-
quence lengths, where 50 percent extra cost wes add-
ed Lo & disk a3 a buFfer. The configuration that haa o
block siza of 40 tracks in a 47-microsecond buffer ean
s ghown to give the best performance of any possible
bulfer systetn addlug B0 percent to the disk cost, pro-
vided eomponents are used that are not Letter then
the t = (.5 power function indicales, Like most other
bounds, it probably cannat be implemented directly,
but il does give deaipn insight und & benchmark by
which to evaluate ather designs. 1f a system in
dopired at leas than 50 percent extra cost, the useol s
smoller or slower bufler on the saame disk would still
give good performance. This analysis, hawever, in-
dicates that a beiter aystem might be available by
finding a somewhat slowir, cheaper disk and holding
the hulfer at 50 percont of disk cost. Convorsely, put-
ting more Lhan 50 percent cost inte the bulfer would
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achieve hetter performance, but probably not pe
muech performance improvement ad could he
achieved by developing a faster disk {for example. by
improving the head-totrack ratiel. Thus, the derived
bufler conliguration provides o guide Tor resource al-
location as well s a bound on attainable perform:
ance.

The unfortunate resglt of this analvsis is the clear
indicztion that, since buffer size should depend very
much on nverage sequence lenglh, no ono buffer con-
figuration will provide a best solution for all epplica-
tions. )

The above analysis laincomplute becauseitignares
possibiy desirable changes in the size of the baale
data unit. Analternative model is to inelude the pro-
ceasor's main memory [n the analysis by assuming a
data unit of one word [four bytes). Agasming 8000
wards per Lrack, and assuming a aystem of eight digk
drives connected tc one processor, N = 299 If four
files are open per drive, the system has » = 2% concur-
rent acceas gequences. A buller size of ¢ 108
words, transferred in 32K-word blocks, with accesa
time ¢, = 0.7 microsecands, i then indicated. Thiais
surprisingly close to processor main memory specifi-
¢nligns, with some variances attributuble to the vue
of n shorter-than-infinite sequence length.

Toatedy disk builers, consider a three-level config-
urotion for the problem shown in Figure 6. This pro-
duces o slow buffer of 15-10% words at 100 microsec.
ohda, loaded in blocks of $T5K words, and a fast buf-
fer of 96K words at 10 nanoseconds, loaded in blocks
of 3K worda. Thia says that a disk buifer should load
directly into the processor cache memory in sequen-
tial access operations. Again, the block sizes rre ox-
cassive, which means that a short sequence analysis
i heeded for each spplication. What dae# Lhis result
imply about placing another memory (such as a eon-
venLional main memory) between the disk buffer and
the processor cache? The mode! results do not imply
that ho more performance can be gained by this ap-
proach: they only imply that any performance gained
may be relatively expensive compared Lo other al-
Lernatives.

(f course, the above results cannot he used directly
to design processor memory systems because other
data reference pattérng areencountered, Specifically,
a tendency to reacceys some date, as oppased to the
assomed acerssing of each word just once, would lead
1o smaller block sizes. The analysis given does serve
the purpoas of showing bounds on block sizea and
Luffer accoss times and thus yields insight, even if
not preciss solutions,

Conclusion

This study illustrates the advantages and limita-
tions of anslytic modeling. The resulis derived here
cannot compete with those of simulation or ackeal de-
sign in sccutacy. Thia approach does, however, pro-
~ duce the desived ability to rapidly compare various

aystem configurations in order to identify promising

Muay 1570

directions far more detoilod investijution. Anequal-
Iv important benefit is Lhe identilication of systems
parameters and of their relative fmportante in the
analysis, .

These results clearly show the value of a hisrorchy
of memory units in a sequential daia stream, within
the canstraints of a [¥pical system in which Lhe vari-
me$ rescurces are being shared among different ac
tivitios, The results are not surprising. bt neither
were Lhey folly anticipated. The value and role of &
hierarchy sre mot as intuitively clear for sequential
accosses as they are for mccesses that are well de-
scribed by a LR stack model, The analysis provides
insight into the value of buifering, which permita
very large block trensfers from slow devices and Tast
afcods to amaller data units,

The principal results of this analysis can be sum:
marized in terma of the parameters Lhat affect bufer
specilication selection. Buffer access time and size
are rensonably sensitive to N, and, therefore, sen-
sitive ta the size of the acdessed dala unit and to the

depree of muluprogramming. n. Buffer speed is ot -

influenced by average sequence length L, while buf-
Fer aize iz directly affected. In particular, desirable
buffer size is pruportional to L for amal] values of L
and is determined by M for larpe values of L. with the
breakpoint delermined by the long-sequence block

size, Also of interest 1a that the fraction of syslem

cast to be invested in the bulfer is nota funclion of &
bt is very much a function of L., These basic relalion-
ships are expected Lo apply in many aystema that lie
cutside Lhe rango of the pasumed modeol,
Recommendetions for desirahte disk bulfer charae-
teristics can be based in part on the examples
developed here. My conjecture is that a hulfer will
have toprovida an access time (within o factor uf bwal
of 100 microsecends at o production coac of GUG0S
cents/bit t o be commereially success{ul in new memo-
r¥ hivrorchies in 1980, This is based gn present
cstimates of & % 1077 seconds access time st 0.06
cents/bit system production cost for 84K BAMoe and
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Tomorrow's data base systems will
be organized around a common
architecture, data distribution
techniques, and new specialized
processors,

-

Cu rreht Trends in
Data Base Systems

(. A, Champine
Spercy Univae -

The current status of data base sy:tomna can be
characterized by two significent trends, papidly in
creasing user ueceplance, and rapidly improving tech-
nology at the logical, physical, and architeciural leveis.
These two trends are closely ¢coupled. Increased user
acceplanen has cotne sbout, in part, because Lhe price
of direct acress mayy storage has fallen by o {actar of
tets in the last eight years and is currently fulling by 2
Iector of two every J0-36 months. The availability of
low-cost direct access mass storage has encouraped
users Lo move away front tapeorienled sequential Niles
into structures that supporl direct access eificiently.
A recenl survey hnay indicated that about half of Lhe
medium nnd large systema now being procured will
have dala base applications.

Conversely, thelargemarket fordate beze systems
has sporred research and developmendt Lo provide in-
creasingly better technology. Of course, fundamental
to this "positive feedback™ situation arg the basic
valua of data base systems W the end vser and the
absenceof substaniive berriers Lo further Lachnologi-
cal imprevement.

Even though the overall castiperformance af sys-
Lems ig improving by a faclor of Lwo every 4-C yeprsin
corrent dallars, the needs of eampuier users ar* grow:
ing even mare rapidly. This trend is leading to con-
siderahle interest in computer architectures that are
more efficient in information atorage snid retrioval
applicalions. Essentially sl of the architectursl
design acLivily ininformation storage and retrieval is
directed 8t data hase systema. Data base systems
were developed te overceme o number of shorteom-
ings in existing file management systiems, Adwvan-
tagea ol data base systems can be listed as follows:
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* Storege design is independent of specific sp-
plications.

* Lxpticit date definivion is independent of appli-
calipn programs.

* Users need not know data formots or physica)
atorape structures,

+ Inloegrity asgurance is Independent of applica-
lion programa.

* Recovery is independent of application proe-
grama,

* Kecping a single copy uf the data vliminates the
redundancy wnd inconsistency of multiple liles,

Although a number of approaches to data base ays-
kems exist, throe data models appear Lo be gaining
dominance: the nelwork model, a= specilied in the
Codasvl data design language and Journof of Hevel-
opment; the reletional model: and the hicrarchical
model, '

The scope of this paper is te consiger the techno-
logiza! advances in four cotegories related Lo date
basno systems:

* mass slorage hardwere,

* user interfoces,

» distributed data base systems, and
* daly base counputers,

Tha history and benefits of data base systems are
by now wel! known and need not be reviewed apain
here. However, hecause of the rapid advance of
technolugy in this area, an overview of current
research aclivities and technology trends is in order.
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Mass sigrage hardwara

Current storage systems include a hicrurchy com-
jsed of random atcess lor maind storage, direct ac-
Cess storope, and soguenlisl necess sLorgn,

Main storsge. Mauin storgge is gereenlly igneeal in
discussipns of mauss swrape, but main-storaze Loch-
nology hus a major influence on hew other elenents
of Lhe storigr: hierare iy are usel,

dlain starage provides Lho nvcessary bulfer urea tn
operale dircel access or sequunlial accone slorape,
and is pravided Loduy in capacities thal would have
qualified for mass slorage only one decade apn.
Whereas in the carly 1970 main storage unils of
marethan Iour megabyvtes wererure in larpo sy stemy,
main storage unily af less than four megaliytes are
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Figurs 1. Trands In coely o] main siorags using dynamic
MOS ICa Indlcale Lhat 1he numbaer ol bils per chip has
quadiupled evary ihred years, cutling the pries in hall
during esach such perlod.
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Flgure 2. The copacily @l moving-head disks has Increased siasdity
since 19655, cum primarily to (ncraasas in recording densily.

24

now rarg an the same sysbema, As mdu sborage has
Lecome clicaper, Lthe optimum ayvslom Lalonce has
shitiel leowared larger main slores: asou resoll, pro- |
ressar utilization hug incegased deamaticatly Do
thy M1 pwrcenl Go 4300 pereenl comias in L carly
1rs o Lhe 50 pere L L 05 pereent coenenon Loshiny,

The increased main slore size has alsn deercasa) the
amounl wf 10 pelormed because more dnta are ke
it stewage prlher Chan nesaed Lo lower level in
Lhe storoge hicenrchy, These data car be cetained in
Lthe main store in Lhe form of hardwire or sofware
papges or in the liem of complete files or daca bases,

Figurwe | shows how theoostofinain stoeragee has (ol
lere as Lhe fechinology has meved Lo progeessively
higher ivvels ol chip integration lor dynamic M5
Owverall, che price as [allen from 1.0 contibit in 1970
using 1K chipa to 0.1 vent/bit in 1378 using the cur
rent lndnstey standard LK chip. The general patiern
has beuvn to quadruple the pumber of bits on a chop
cvery three years: Lhis has cul the price approximate
ly in haif every three years(a nonlinear cost reduction
becausy cabinets, cables, power supplive; pad intoere
face logic have much more constant cosisl, Samples
of B chips are now availnble, and proctucts conlain-
ing these chips should be in mass production by 1980,
thus continuing Lhe trend,

Currant improvements in photalithography sug-
gest that the 262K chip will be lesstble, with samples
likely in 1982, and that a 1 megabit Chip may even be
possible later, AL these levela of integrotion, Lha cosl
of main atorage ia moslly in the interlace and in sup-
mack equiparent and is almost independent of the size
al the store. The low cost of Lhose devices isleading 1o
ever-larger main slores in all classes of compuler
syskema,

Direct mecess slprage. The requirement for direct
acvess slorage haa tradilionally been satisfied hy
magnetic disk. with either fixed or moving heady,
blore recently. two new solidstate direct access
technologies have appeared: CCIYs and Lubbles, Cp-
Lical slorape devicey using lasers have been proposad
and some prototypes have heea developed, hut it
doea not appear likely that a visble apricaliy-based
product will be available in Lhe near [ulure.

Disks. The capacity of magnelic disks has in-
creased rupidly becouse of increases in recording den-
sily. Storage capacily for a slate-of-Lhe-ort moving-
hi:ad digk, a5 shown in Figure 2, increascid fromn aboat
30 megabyies in 1365 to 600 megabhylea in 1978,
Recarding density has increased from SO0 bits/sy.
em. (2000 bitsiag. in}in Lhe early 1960 10 1 million
hitsfsq. om. 6 million bitafrg, ind currently. Tha
recording density is determined by Lhe thickness of
the axlilo coating on the disk, Lhe flving height af the'
bead, and the gap inLhe head. 'These Lhree dimensions
imust ba roughly similar in size and are currently in
the LG micron {25anicroinchl region. They will be
reduced by new Lechniques Lo provide increased
recording density. The magnetic coating on Lhe disk
will he upgraded o support the increased resolulion,
either by betler control of granule characleristics and
orientation or by tha vse of pure-metal plated sur-
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baces. Huaglasl diseusses Chis topte in mueh more
detail elsewhere in Lhis issue ip. 12},

The technology for readiwrile heads continues Lo
Feceive considerable attention. with particular em-
phasii an Lhin-lilm heads. Thin-tlm hends affee Itk
lower cost and higher performance: lawer cost be-
vause { hay are made by baich labricalion techrigques
and higher performanee Lecauwse Lthey ofler more
precise cuntit ovir ditensionality.

Fhe result ol these continued advanees is Lhat tho
cost reduction per byte by a faclor of Lwo every J0
months will continue for at least several yrars, 1ak
capacity should deuble apain Lo T megabyles in
1980 and to more Lhan oge gigabyte by 1982 The cost
per an-line byte sLored will decrease in direct propor-
Lion,

Sequential acvess sloruge. Pubble and charge-
coupled devices, both sequentisl access Lechnologies,
have also increased rapidly in density. Bubble
devices with 250000 bita per chip have been an-
nounced and there is sirong evidence that a
I-megabit chip will be available in late 1979 oy 1980,
However, as bubkle chips have gotlen larger and
cheaper per bit, they have golten slower, current
devices having B 1-msec accvss time. [ appedrs now
that they will not be used as mass slurage on large
mainframes, but will probably be used on small ays-

tems. Hecent improvemetts hy Bell Lalis avaid the |

coils required to obtain the relaling mognelic fisld.
This lield is required to shift the hubibles along Live
lattice structure. This new development should im-
prove Lhe shift rate by a faclor af live und provide an
access time approaching Lthul of G0,

Charge-coupled slorage is now available in 65K
chips, with good promise for 262K chips in 1580, Ac-
cess Limes for this technology are in the half-millisec-
ond range. The historical 18-24 month Jead of CCDs
over RAMs may make Lha lormer atlractive in high-
speed awapping stores and as disk caches for large
mainframes. However, the eopid advance af RAMs
mekes Lhis a close race.

The usarinierlace

Theuser interlace is the logical interlaceintos duta
base system. Among the many research activilies in
this area, the [ollewing appear Lo be espociatly signifi-
cant; -

* data modils,

* data base access approaches, and

* common data base architecture suppaorting
mulliple views of date, schema-to-schema Lrans-
lation and schema, aubschems, and SLorage
“schema sepacalion.

MNata madels. A mong the several dozen user inter-
lares proposad lor data base systams, Lhe two pripel-
pa! approaches are the relational data modei and the
networh data model. The network moded is the more
mature, having been developed in the pericd arcund
1970, This model, a3 characterizid by the Codasyl
dala base Lask group spacilication, provides relative
Ly high performance but requires Lhe user Lo specily
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slorage siruclures, secess pabhs, und data straciures
in vonsiderable detpil. The nelwork appeoach i also
characierized by inlexibility, in chat aceeas patha
ol predelined at data base load Lime can never e
usidd, The slopppee slouctures, geacenlly conslructed
of painters Lo linked lials, tend o be quile connples,

In contrayl, the relational spproach generally
shiclts Lhe user ITrom the cemnplexity ol storage strue
Lurem, dala stewclures, and access patha, Accoss
pil s neeed nol be predelined lalthough aptiong may
allow Lhe user Lo predeline them), Without predelined
access paths, however, performanee can safler badly.
The storage amd dala structures are very simplbe: Lhey
ure treated s a series of one-level records, A much
mmore detailed (leseriplion is provided by Astralianel
al. visewhera {iy this issuefp. 42).

Allhough the netwoerk model dominated data hase
Leehimalopy Tor alinost a decads, Inlerest is naw grow-
ingr in the relutional model, whose attractive fcatures
includea simple yel powerfulinteriace and tho abilicy
ter process ad hoc querics (Le., those withoul prede-
fined ueeess pathsl Although thereletionsl appreach
may be lesa efficient, the declining cost of hardware,
coupled with Lhe rising cosl of manpower and Lhe
very real value of fast rosponse to ad hoc queries,
muokes relational data models incregsingly uttraclive.
Inaddilion, the associative storage devices described
belaw effer the potential of greatly improving the el-
fiviency and therefore the performonce of relational
sysLUms.

Noth the network and the relatiognal dola models
exisl as supported products, alhough the network
approach hasa large existing user base and in paining
mumentum bar the nedar term. The petwork spproach
may be characlerized a3 a host-lanpuage (usually
Caloli embedded network system: i supporLs index
sequential, hash, direct, and sellocalicn access
minles. For egunple, v record aliout a city could beae-
cegsinl through the state in which it is located (via
seLt, alphaboticatly tindex sequentiall, or through Lhe
country in which it is located |via set), The advanlage
of the netwgprk approsch is high performence,
bueeause all of the aceesa palha can be defined and
built 1by using pointers} at dala base creation time.
The disadvantage is Lhat it is a relatively low-level
lwnpruage any jnvolves the user in gtorage manuyge-
menl and detgiled record aceess. |t is also limiled bo
queries Lhat can be satisiied by Lhe predefined access
paths. "

[ eonteost, the relulional dala mndel approseliian
high-level data retrieval and monipulation language
thal shields ihe user from dala formats, access
methods. and storape imanagement. Access paths da
ret Tiave Lo b predefinoed. A Lypical query might ook
something like:

“lat employces where depari ment
= design and shill = engineer”

The lack of predefinnd physical access paths meana
that refational dala. bases musl be exhaustively
senrched Lo aatisfy a guery. Since this searching is
very slow on convenlivnal computera, the user i3
often allows] Lo oplionally specily a prior access
peh, evenin relational systems, toobtain peceplable



performusnoe. 10 way (o olibain Lhe bengfil s ol o melo-
tional user inkerince wilhout the drawlickes of pirvede-
finee actess paths s to provide special porpose
asszociative processing hardware o speed Loble
searching, a5 deseribed beliw.)

A Lhird moded isUe hierarchical approuch, which is
a subsel of the network approach in Lhat groups ol
records (struclures) can be addressed hy only ane
logical path.

Hierarchical, neiwork, and relalional dole hases.
The Lhree popular spproaches to dota base access,
then, can be clasgified as hicrurchical, netwark, and
relational.

In the hierarchical approach, records with some
characlerigtic in common ure grouped inlo sets, For
example, 8 data base {or a universily curcieufum
might contlain records of inlormalion on courses in a
department; these recordamight be grouped inte sels
by department, The same data base might conlain
records of informalion an students: Lhese might be
prouped into sets iy advisor. A eomplole straciure
might be as shown in Figure 3. iHere, cach "depart-
ment” record s Lhe owner of & “teacher™ set and a
“coursea” sl Thy “department” set s in Lurnawned
by the “ecurriculum” record. Il one wanled Lo dcoiss
dala about a piven course ifor example statislics]
within a given department [{or example mathema-
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Flgura 3, In » hlerarchical dals base, sach set of records {0.g., on
studenis| is "'owned" by m aingla superset {a.g., adyisors)
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Figure 4. In s network dats bese, s S0l &l reconds (8¢, sludenis) may be

"awnad" by more ihan ans higher cissaificatiam In this ilustration,
the “sludenls™ eet ks owned by both "deparimen!” snd "advisora™,
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tiesl, the set Lelongripng te Lhe “reurriculuns™ reeoed
would e scarched uniilthe depariment ™ record wis
inund, The "rourse™ sch Lelanging Lo the depart..
ment” recond would e searchasl wadit the “mathe-
matics” record wax found, The et beloaging Lo the
“malhemative’ reeand would be searched until the
“siplisties” record wis Towsd. The process of lalluw.
ing bogical paths from nwner sels tomembyer sets, and
Lo recot s within membor sets, b valled " iencisat ™

A nelwark ato baso is o meneralisolion of a Ties
archical dota base. A hiergrchical datu base is
restricted Lo o single pwner for each member set:
honwever, & notwork ol base cun have mulliple awn:
opg for a mempboer, oy is shown in Figore 4, Here, the
“studenta’ sot can bereached tirough eilher diparg
ments or advizors.

In & relationsl data hese, the information is stored
i Lhe form of “relations,” with cach entry in therela-
tien called o “Luple” ur record, Our example of 2 col-
lege data hase could include Lhe relations shown in
Figure 5. To lind Lthe name ant focation af the teacher
ol atatistics, the course-teacler relation is searclad,
te find the “statistics’ record [rom which Lhe teacher
anme “Lindgren” is obtained. Then the course-loca-
Lion relation is searched to find the “alatistics” ree-
ord [rarm which the location ™ Svivnce 267 is nbtained,
The apawer from thadata base thenis " Lindgren, Sci-
ence 26, obtained from the record value " statistics™
held in comman.

Towurd » common data base architeciure, A move-
ruend toward unification and aimplification of the var:
iaus approaches Lo data base aystemsis now in prog-

ross. This movement is similar Lo the unificalion and
simplification that hag taken place in computer lan-
guages in the last few years. One example of work in
thig direclion is the cormon duto base nrelilecture'
which provides a unified bants for the various op-
proaches Lo data base systems in use Loday. In addi-
Lion Lo providing a unified basis for understanding
und descriplion, Lhe common daty base archileclure
makes posaible Lhe following:

= demnnstration that leatures in notwork and rela-
Lional syslema ore equivelenl to vach olher,

» translation of dale definition and dats manipula-
tion stutementa from one data model Lo anoLher,

* translation from one data model sehema to
anilher, ' '

» superposilion of the daia description and Jata
mmanipulation conslructs [romone data model on
the schema construets of nother,

» supreer, of a singile dava structure in 4 system,
and

* Lranstolion of datn manipulation commands in e
heterogenenus distributed system,

The methodulogy of Lhe conunon date lase archi-
tecture is Lo expose Lhe commonality Lhat exists
nmong dilferent dola models und also at different
levels within the same data model.

As an example of the equivalence in functionality
simong different data medels, consider how inler-rec
ord relatipnships are handied in the network and rela-
tional duth modela. [n the network model, inter-rec-
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ard retacionships are explicitly delined by Lhe declar-
ulinn of sel relations in Lhe schema, Fhe set relation
ingaeally chinns togeuher Uhnse rocords having spme
vorrinon relationship: tor exioaple, ali emplosees ina
department cuuld be logicalty associnted by dedining
them Lo be members of p set occurrence. In Lhe foela-
tivnid model, inter-record relationships are defined
irniplicicly By hoving Lhe suome vatoe inoa ficld, Each
vrployee recard, for example, could conlain & depart-
~mend field, and all empioyees in the same departinent
wirlild hate Lhe same departmeni nomker in that
tielel, “Fhus, the {wo models provide Lhe smme func
Lionetity, bul by differegt mechanisms 11t were i
sirctl Lo translate from a network o o relalional
mrodel, the linked list pointer in the emplovee record
would be changed Lo be a deparinent lield, and the
volues in phe field would Be copied Troan Lhe owner of
Lhe aet. 7f the relational model wero Lo be translated
to Lhe network madel, the department vzlue would he
inscried tn the set-owner recosd, and the depart ment
field would b changed to be the linked-list pointer.
{Jn 0 higher level, the slaterment type 'set” in not-
work models corresponds to common licld names far
records in a relational model.
Meare explicit examples of the correspondinen b
Lween conatruels in the nebwork and relaliongl data
mndels are ay follows:

NETWORK RELATIONAL
record Lype table irelation)
iLent culumn fromponent,)

row (tuple)
candidate key
primary key

record occurrence
unitfjue récord key
principal key

Support of multiple views af daia. [n the current
irplementation of data base systema on von Neg-
mann compulers, network dala medels are supported
Iry pointers, and relational data models e supporied
by talile searching. There appears to be little or no
research in progress to design architoctures that are
better ot following peinters, but Lthere is considerable
resvarch in Lhe area of fagler searching of Lables, This
is described in more decail below, in the seclion on
trends in data base architecture, -

Ln the network model, associations among records
are made by pointers, For example, 8 department
record could contain the origin of 2 pointer chain Lo
the members of the deparitment. In the relational
modef, associalions among records are mnde by the

sgme value of a lield. For exnmple, a departmaent ree-
ord could ¢ontain, amens: other things, the diepart-
mepl nher. The members of thal depariiment
would olso contnin the depactinent numlier in each of
their records.

The poinlers and Lthe common key valuea conlain
Lhe sume Dplerimation gned can be gsed fnerchangre-
alilv, W relaliomal model were buile with pouters,
Ll piinters would be used L associate records witha
copunon lield value aml weuld, in fact, replice Lhe
ek vatue, which would now only uppearance, ot the

gharl of 41t sel, As meonlioned abeer, Chis copalabily -

is wbeady provided nnoan oplional boasis to improve
perfurmance In some experimental dutz base
svstems. A nelwork model could be implemented Ly
uging common lield values rather {han pointers by
"eopying' the ficld value into all meiebers of the set,
replaving the pointers. The net result iz thal either
stovape strycture {pointers or common field values)
can support cither data model inetwork or relationaly,
Hulh af these itiplemenialions are in progress in cur
renl research avtivity,

Single data base structure. Another result of the
common dats base archileclure is thal a single struce-
tora is used fur data within & system rather thun
seporate file andd data bose systems. An example of
this is the current use of filea for langnages such as
Colol, The common data hase architecture shows
thai language “liles” can Lo equaelly well supporind
by o Jata base. 1 the petwork data model is used gs
an example, Lhe lile deciaration would generale data
base subschemna, schema, and sterage schema. 'The
reacds and writes would generate data manipulation
cormmands that would be enmpiled by the normal
dala manipolatien lzngusge compiler, The Cobol pro-
gram would operale normally and would see no
changes in the interface to the dala. The data,
however, could now be acreased [or olher purpowes
through the data hase interfece. Just ns language
liles zan be incorporated into a data base, any [ile
syslem could be incorporated into a data hase by Lhe
same general Lechnigues,

It appears that the application of commen dala
base architeciuzre concepts results in data models
that arv ot hbelter suited Lo end users and simpler Lo
implement and understaiml. The resulting mewdel
shaukl plse be rmore lynctinnally powerful then ex-
1sting models because it subsumes the functional
capabitity of each of them.

E.L........... - mme oaraa g Ema P m myae o, e . - an ' o "
;,'I_ . COURSE-TEACHER RELATION QTHER AELATIGNS COURSE-LODCATION RELATHIN

‘. -
- 4
] _ _PouRSE TEATHER COURSE LOCATION [ .Y
" CaLcutus JOKES PHYSICS SCIENCE 202 ‘
r PHYSICS Cox * | .STATISTICS BLIENCE 28

E STATISTICS LINDGREN . J 1 ELECTRONICS SCIENCE 306 E
z — - ., : : ¢ .
O A T T T T S Wl TR S04 B f | RE I P u.-’-t-i.th B e %

Figure 5. Qrganizstion of & relallonal duta bass.
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A close connection exists between the cumman
data base apclitecturs und dacp base compuber geeh-
nology. 1o order o tee economicatly viabie. a data
base compisr must support several dala muoadiels,
specilically including the relutions] ind network
models. The coppmon data base wrehiteciure proyvides
the underlyjng inechanism to accomplish this,

Distributed data base syslems

It has been suggesied thal a discributed systom g
not very usefuluntilthedataare distriboted. Certain
Iy dala plav a vital and increasingly important role in
modern compuier systems, Systems in Uhie past have
been implernunted using centralized data bases oyvuen
when other funclions have been distributed. The few
organizalions thav have mplemented distribuled
data bases hyvo developed iheir own svstems,
berause soflware to implement distributed datu
bases has nol hewn available from manulaciurers,

In the lollgwing discussion, Ui frame of rederence
iz a distributed svstem that may be worldwide in
scope, SURpPorting dala at Lens or even hundreds of
node s, The nodes are assumed Lo communicale over
heteropenecus communication links that will vary in
bandwidih and delay. I is alsg sssumed that not. all
nedes are &ble Lo maintain eoplinuors commupicu-
Lionawith one another, Al the pLlher extreme, and os a
subset of the trame of referepce, Lhe distributed
system may be located within a single building and
may require only infrequent interchange of inlorna-
tign among nodes.

Objectives and requirements, The ahjectives of dis-
tributing data over the nodea of o distribvated om-
puter system are generully the spime as ol distributed
systemn as a whole. 1owever, the Inllowing objec-
Lives are especlully relevant 1o the dislribution of
data basea:

* purformarce—to obtain faster response Lo user
QItOri:

s lowerpd rost—via reduced ulilization, and
therelore cast of dawa comymunicalion;

* e shareullicy —lopermil data shaving wimang gao-

praphically separaled npdes:
* gccesy Lransparency —io provide uniform lopical
acresy (oo all lecalions:
* reliahility —to ensure Lhatl the system will con-
Linue ta funclion adequalely it spite of the loss of
one Hr more nndes:
tunalslily— Lo permit data to be distriluled to
and stored al the location of heaviest unnge:
expandability —lo accommodale increazes in
duta huse siee vither on existing nodes or Ly ad-
ding new nodes.

Soeveral pf these ohjectives—nolatly performance,
rebinbility, tunalility, end expendability—can be ob-
tained through tha use of redundaney. However, re-
dundancy slseintroduces the problem of integrity, as
we shall see below,

Thuse uphjoctivey all reprosent possible bepefils to
the user that can be obtained in larpest measure
thraugh Lhe use of distributed data base aysiems.
Other olijuctives, which are met by most centealized
systems, wiil still have t¢ be met by dispributed
sysiems: they amount 1o requiremeryld lor any inte-
grited, total system:

* recovery—tihe system must be able to recover
autematically following an error. losl measage,
or salid failure;

* security—users must be able to specify accesa
orivileges to sccure data that the sysiem admin-
istraLor can enloree;

* reorgupization—it must be pessible Lo reor
ganiza the data to improve efficiency, either
locally or globally:

* vifivieney —the system must mebe elficient use
of resources throtigh aelection of appropriate
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algorithms to allow & maximum level of congur-
rency and a low transaction rejeclion rute;

¢ cohereney—multiple copies al daia must he
maintained in a ronsizlenl siale wilhgut this
cawsing unaceeptable deloys in vpdating;

* deadlichs—deadlocks must nob peevent the
completion of Lransaciions:

+ fairness—all focatons must have equal prioricy.

These requirements are clearly mude more difficull
ahd complex by the distribuLion of data. Techniques
to meet Lhiese requirementd in a distributed enyiron-
menl are deserilaed below, Although these require-
menis are not in priority order, recovery is probably
the most importanl. Indesd, recovery is the basic
dusign constraint on present cenlralized dala man-
agement systems, and will scquire an even greator
importanee in distributed systems. The olher re-
guirements are alsn important, and any aceeplably
protocol must e uble to handle sll of Lhem.,

Cenlralized vs. distributed dats base systems. AS
shown in Figure 6, a traditionu] centralized duta basa
gystem—which ray be considered Lo inelude fily
systems a5 a special case where the data delinitian
and accrss methods are contained implicitly in Lhe
user application prugrama—consists nf

» applicalion soitware, '

*_an operating system,

+ data,

* physical slorage allocation.
data management saflware,
data definition {system), and
data definition juser).

The user and his application program interlace La the
tleta mansgement yystem via the operating system
software, which controbs all mass storage, If we
follow Lhe Codasyl specification Lerminology, Lhe
data are initially loaded into the duta base necording
ta the apecilication contained in the data definition
language, which elso produces the system copy of the

data delinition, vr schema. The user mav also define
hiz awn particular delinition of the furmat ol thut
duliy, culted the subscherma. The daty nre manipulat-
ed sccording Lo Liw procedures in the data manipula-
tion langurage, whose statements in the case of the
Codasvl specification are emlndded in o geneval
*purpose procedural tanpuage such as Cobol. The data
are stored according to the physical alarage alloca-
tion dhelermined by Lhe operating sy atem,

[n o distributed data base syslem, these dato-
reluted components are placed al 1he nodes of Lhe
svstom, Thequestion ol how todistribmabe the appilica-
Lion sofiwire, the data, the dota mangement saft-
ware, and Lhe data definition immediately grises.
Coneeivably, each ol these eould be centrulized, or
distribuled inounsber of ways, viehliog a very lurge
number of possible combinations. When dutn are
stared gL more than one node, there must also exist
appropriate data definition and daws manoagenent
saflware capahilities Lo accesy and procosa the deta.
When Lhe eser request and dala exist al dillvrent
noudes, data management functions must alse be
disLriluted,

The integration of data base system (echnology
and a network environment leads o new problemas
aml the need for new functions. A very impurtant
neid is [or a network-wide definilion tor direclory! of
the location and characteristics of all data in the
system, including the method of partitioning or
replicalion. Now, when the system receives a user re-
quest Lo access data. it muost first delermine where
thedatagrelocated. I the data are not local, the node
where the request originates must delerming the pros
per nnde and communicale with it. LI the nodes are
not cornpatihle, translation functicns must ke pro-
vithel Lo achieve this eompatibility, which may olso
include request translation, data relormatiing. or
both.

A distribuled data system, shown in Figure 7, con-
Lainy the same funclional componenls 45 a cenlral-
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ized data syswan, but wilh additional camponents:
the communications port, the network dala diree
tary, and the netwaork data managoent sysiem. The
physical localion of the made and Lht necessury routs
ing informstion are canlained, as vsual. in Lhe com-
municalions port: Lhe communications port plays ex.
actly the same role in a distribural system that 1
playginacentrulbzed sysiem. The pelwork duta diree-
Lory must conbuin the logicalinformation Lhal relates
the warious unit« ol data (o the nodels) on which it
resides. The nelwork data managne nenl sysLlem mos)
manege all aspuects ol {he geographic distribulion of
data, These tnundsemen tasks include

» inlereepiing the query to determineg if it is lo
loenl datn:

» pecessing the nelwork data directory and rout-
ing the request Lo Lhe noda hulding the dade, if
the dala are nonlwal;

= coordinating 1l processing and respunses, if

multiple nndes are involved in an accesa;

interlacing with Lhe user, local 2nd remole data

munagemenl syslems, and sysiem diteciorios:

¢ providing eonimand or data trunslation in het.
erogeneous distribuled systems.

System struriures [or diniributed data. As maop.
tioned obove, v cenlralized data hase sysiem can
have a network, hierarchical, orreletional dala strue-
ture. ‘These must le laken as design extremes, be-
cause o continuous speclrum af veriotions exises be-
tween Lhese " pure” approuches, [ne distribuled date
hase system, althouch Lhe data are placed 21 Lhe vari-
ous nodes within Lhe system, the same stractural al-
ternatives are avuilable, L is important to under-
stand that Lhe dota struclure has no relation to the:
communicalion slriteture, The daty structure could
be a network (for vxample, o ring), while the coenmuo-
nicalion structure could T hierarchical; a hierarchi-
cal communication stryclyre could support three dif
ferenL data basea—one nelwork, one hierarchical. and
une relubiotal.

Ocher berminology bas been used o descrilue these
same basie structures. The "horizontal”™ duta dist ri-
bution function® is the same as a network, becnuse alt
nades pre ak Lhe same functional level. The " veortical"!
data strocture j9 the same g8 a hicrarchy.

DNata distribetion alierpatves, There are two basic
ways in which Lo distribule data within a sysiem
atructure: partilioning and replication. When w body
of data ia pargyteoned, it is divided into disjoint sets,
with ono set assigned o cach node, Unly ona copy of
each record or duta jtem oxists, amd it iz assigned to
some nixte a3 its home locaton at any instant ol time.
Usually, the objectives Lo assipna record Lo gl nodn
most lrequently accessing that record Lo minimize
response Lime and communications. | lowever, not all
sceessys ot a node fin generalican be satisiied hy data
at that node, so0 Lhe systern data directory must be
used to transfer Lthe access Lo the proper location, Ac-
cessegihat cannot be handled lacully are called excep-
tions, of misses —terms borrawed from eache Ller-
minotogy Lhal are entirely appropriste in this con-
taxt,Thereiss strong analogy betwesn cachasloroge

hicrarchies and partitioned data base sy stems. I the
application characeeristjes are such that the duty can
Le partitioned (o make all aceesses local e, on
mitsesl, Lhis represents an extreme case of partition-
inp. and Lhe data arc said 1o be segmented inlo com-
pletely disioint sets.

Whendatoare repfieated, Lvo or more oopios ol the
same duta exist in Lhe aystem, amd. a3 an extrems,
every porde could have ils own copy of some data. The
bunefits of replicating dole are that it can provide
sufistantivl improvements in perfprmance, cost, lus-
ubility, and reliakility. However, these benefits come
al the cost of greally complicated ppedate to maintain
congistency in the several copies ol the data, The
tapie of updating replicated data has received con-
siderahle” attention in Lhe reseprch commonity
because of the benefits of replication and i= Lreated in
more detail below. Performance is o crilical issee in
the use of replicuted data because several of Lhe
aigorithims used Lo maintain dala constatency require
exlensive communicalion ameng nodes Lo avoid long
delays fn updute.

Achieving optimum performance in 8 distributed
data base 2ystem is a complex issye; performance de-
pends on miss rales, updale frequency, number of
nodles, amouent of dala, gnd eruniunicwion speed and
eosl. Some genersl guidelines are summarized in
Tabis 1.

Tahils 1,
Recammanded daly dislribulion melbods lor various
combinatiens ol samount of data, updaie frequency,
and mics rale.

REAL-TIME

AMBUNT UPDATE MIss RELONMMENDED
OF DATA FREQUEWCY  RATE AFPROACH
SMALL Low Lo REFLICAIE
SWFALL Lo HIGH REPLICATE
Shlaty HIGH LOwi PRRTITION
SMALL HiGH HIGH CENTRALIZE
LARGE L LOwy FARTITION
LARGE LOw HIGH FAATINCH
LARGE H1GH LOw PARTITIDN

| ARGE HIGH HIGH CENTRALIZE

I'he most appropriate met hod of disty ibuling amal!
unmienta uf data iy bosimply replicato themil Uae real-
Lime update requency is low, because the additional
storage cost islow. When Lthelinfrequenl} updales oc-
cur, they are sent to all locations holding & cupy, ws-
ingone ol the synchrorization algorilthms menlioned
luter. This approach is especially atiractive when up-
dotes are batched and high performance and relisbib-
Ly are inpmrtant. _

If tha umount of eta is'amaell and the update re
quency is high. replication beeomes very unattrac-
tive because of the heavy communicalions burden. [
the miss rule (nonlocal access rale} is few for a parti-
{ioned approech imissrate applies onty to partitioned
flota because replicated data nlwavs has a zero misa
ratel, Lhe bust approach is to partition; éven thowgh
the updele rate is high, most updates are te the local
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partition. Alse, updates to remobe partilions renuire
much less everhead and comimupication Lhan up-
datex Lo remote replicated daly, since anly onre copy
exists, [f buth the misyrate and update Irequency are
high. the best approach is to centrulize, regoardless ol
the amount of data. {The detinition of “high™ a2
“low ™ miss rales muaL be made in the cantext of the
communications cosl and delay invalved, Generally,
o miss rale ubove 30 pereent or reabdime update rae
aheve 10 porcent would be considerahle} 1T Lhe
ampunt of data is larpge, the best upproach is Lo parti
tion unless, spain, beth o hiph miss rale and updile
frequincy mandate centralization.

Partitioning and replication ripresent pure’” of
extreme approaches, In practice, o user wanta Lo upe
B arbitrary miture of bath epproaches, ssinetimes
for the same data. For example, o data base mipht ba
replicated in iws entirety al two nodes and parLitioned
over alt other nodes to obtain the tunability char-
aeleristic. 1o ovher situations, n data Lase mighl ba
mostly partilioned. bul selective portions might be
replicaled &L selecied nodes Lo ghiain benefils of per-
formance and reltabilicy. The cdesign must be based
on paiterns of usage or mass slorage capahility st o
specilic node (some nodes may ne! have mass stor
agel. This mesns that there may be more than one
wiy to reconstruct A completo and nonrodondant
copy of Lhe logical data from the colleetion of slored
physical data. A collection of physical dala thal
[orms a complete and nonredundant copy of the logi-
cal dyta is eulled a muteHafization,

A complicaling facior in partilioning datais the re
guirement to change Lhe home localion ol w pacticular
elument of itata becpuse of changing patterns of ae-
cese, In principle, this con b dine either manually,
via Lhe data administrator, or automatically bv the
system on the basis of instrumentation data. What
rethod is used depends on the dynamics of the ap-
plication and the eourage of Ui implemenlers,

!n all situalions, the users must be shielded from
the physical distribution and redundaney of the data
and must be able toilterect with the distributed sys-
tem aa easily as with a conventional centrulized cne.
The goal of providing a logically centralized interface
tousers ol distributed gystems has been addreszod in
a number of operating systema now in development
or in use. Specifically, Lthese included activiLy by the
Wational Software Works,® the Nationa! Rureau of
Stancards Nelwork Access Machine, 'Y and the Ar-
penet KSEXEC project.!*** These projects have in
common the objective of providing to users a geo-
graphicaly distributed computing network resource
Lthel is congistent, logically eentralized, and cosy Lo
use, where access is independent of lgcation; al-
though not always independent of system.

Directories. Just ag data can be distribuled through-
oul & sysiem, the system date dlrectory necessary for
locating the data can also be dintributed. Just asdata
can be partitioned, replicated, or made redundant in
some combination of these, ao can the directory. In
addition, the directory may be centralized. How Lhe
directory isdistributed muat depend on the samecon-
alderaiions as how the dats are diatributed, although
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Lhire is o reason Lo assu e Lk For a given system
Lhe applicatiun characteristicsof Lhe directory will by
siptilar Lo Lhose of the deta it poials Lo, The data in
one system mighl have o high upgliee frequency, bue
the directory inighi have a low upudate Diegqueney. o
another system, the oppasite might e trae—ior ex-
ample, 28 system with partitioned datz and dyvnamic
tamd Teequent] refocation of dula hased on wsiepne,
With Lwe "pure’’ nwcthods af data distrilitiog tpar -
tinmeil and replicated) and throe “pore’” melhods ol
directory distribution IparLitioned, replicoted, ancd
feniuhecdr a Lal of six pure conbinal ions exist,
Ideally, & general-purpose distrilted system woull
supparl all six pure combinalions #s well ns various
mixtures, with Lthe final selection made ot system
FenoriLion timne,

The direclory itself con be trealed as ordinary detn,
wilh gne critical difference; the localion informalion
far Lhe directory must be known to Lhe system nodes
aprivei. Thisean beaccomplished by storing copics al
Lhe direciory ot every node, since they are moved sel-
dom or never; certainly they are retrieval-inLensive.

Treuting thedirectory asordinary dats hasanother
advantage: the normal system lunctions, such as
sLoFDEE management, FeCOVEry, security, and update
synchronization, automalically become available for
the directaries,

Update synchronizalion of multiple data copies.
Hevnugn of the several advantages inherent in
eeplicatod or redundant partitioned dota base sy
Lems, considerable study has been devoled within the
indu=try to olving the very difficult problem of up-
date synchronization to maintaindatabase incegricy.

Many applicalions can {unction quite adeguately
with bateh updates. However, a number of poientlial
problems exist in real-time updates ol dala with
multiple copivs. Each node hecomes aware of updatos
originating elsewhere unly after sume unknown and
unpredictable delay. 11 not controlled. this delay can
cause Lwe inlernal consistency fafso callmd integrity)
of the dala Lo be destroywed, Far exnmple, il muolliple
copiva of an airline reservation daty base existed, Ler-
minals attached totwo different nodes could cach sell

Cthe Tist sept op flight XYZ, then reject the updnte

cominy fram Lhe ellier location na causingy an over
sald condition,

Ln centralized or nenredundant data base systems,
mechanisma such a3 Incka cah be set Lo ensura the
s¢rislization of vpdates.31? Serialization of updates
enaures consislency of the data. To maintain con-
sisteney of data where multiple copies exist, it is
necewsary Lo Acrializa the updales and to apply the
serialized updates tu all copies in Lhe same order.

Two levels of consistency can be defined for mulli-
ple copies of data. Strong consiatency is defined as
the condition of having all eopias of the data updated
at the same time. Strong consistency is very deair
able, because all copies of the data have the same up-
date status at any tima, but this afways entails a con-
siderable delay in rcaponse time to procows the up-
date for all copies. Weak consiarency is defined as the
condition of having the various copies of thedata con-
vergato the same update statuy over time, but at any

15



instant of time samo copies may lag others in Lhe
number of updates processed. Dolays in gencral will
be redueed, and maore ¢ificient wse will be mode of re
sourcys, but some copics ol data will be more up Lo
dale Lhan others,

W may furthier define cofrerener 88 3 imonanre of
the dilferences among multiple copies of dala at any
instant of Lime. We alsa define the promptness of a
system as the aserape Lime delay in compleling up-
dates. Formal delinitions for metrics of coherencn
gnd promptoess have been defined ™ A distribooed
data base system is conuergent il the coherence ap-
proaches unity over Lime il update activity censes,

A distributed data buse
syslem cannot be highly echerent and.
prompt at the sgme time — perhups
the infermation-system nnalog
¢f the uncertainly principle.

A distributed database system cannol have hih cor
herenco and low promplhess at the snme time; Lhisisa
fundemental tradeaff thad inust bv made, Thiy seerns
ta be the informalion analoyg of the 1 visenbery uncer-
tainty principle in physics, which states thal the posi-
Lion and velncity of an object cunnot be known
sirmultuneousty with arbicrarily high precision.

Same applications require only weak consislency,
while olhers tetpuire sieony consisteney: bolh Bpes
mixy oX sk in Lthesume syslein and possibly reguire ae-
cess Lo the same data, Lhus leading to sume in-
teresting syslem desipn problems.

A number uf algarithms have been proposed for
contrelling concurrent updates Lo muinlain consis
tency under a condition of weal consistency.'" InLhe
simplest of these, all update requeats are sent from
their node of origin to a master node, where they are
serialized and given a sequence munber. The uyxlales
are then sent to all ceplers, where they are im-
plemented in order by sequence number. ™! (herup-
dale control technigues are based on o Lime slamp ap-
plied by 8 clock at the nodo of origin at Lha Lime of
receipt, The time stamps can be made unigue at the
global level il any singe node can creale al most one
update per change of the elock and if the node number
is apponded tq Lthe time stamp. These unique Lime

stamps can be used to serielize the arder of updates, *

One such meLhod is based on a “majority consensos™
velue®™ Each update is voted on for sceeptance by all
nodes hased on updaies each node has processed
carlicr, Updates approved by a majority of 1.odes dre
accepted inordet of their Lime stamps. This uppreach
is immmune to failures ip commupications linka or
nodey,

Another approach using Lime stamps classifiesup-
datesaccording Lothe variables thoy medily. ™ A spe-
cified nude ia given the responsibility, a priori, fur se-
quencing updates with variables ol a given elass,
Potential interference between updates of dilferent
classos is resolved by a “conflict graph™ created by
preanalyais of the sysierm. This approach quickly
identiflas those situations in which no control i9 re

auired 0t reserves carell coordinalion doe those up-
tlates Lhat could palentially impair inlegrily.

All ol Lhwse micthods, apd others new under stucky,
preserve Vhe fotegeity of Lhe data. For any miven op-
plicatwon, there e nlber goals of impelanoe, i
ludiege:
minimizing delay:
avoiding prederential weptmend of nmodes;
minitnizing Che necd Lo back out updotes: yod
nuninizing communiculions cost,

Fach umlale algorithem must Le evalunted for Uhe ap-
plicationuf interesl teaplimize these parameders, ap-
prapriatlely weighted, to yield a figure of merit,

Deadluck, the spme kinds of deadhick probilems
that can arise in centralized mulliprogramming
systems can also erise in distributed aysiema. The
general methods of splution remain Lhe same on a
lapieal level, bub ure comilicated on a physical hasis
becanse of Lhe distribution of physical and data
rescurces, -

[nany approach Lo deadlock reselulicn, three bosic
techniquos can be used whather the syslemiscentral-
iced or distributed: (1} prevention, I2) avoidance, end
{31 deteclion and reaclution, '

Freveation. In prevention, all resourees required
by o transaction must be requested at the beginning
of the rransaction. This is very dilficult because the
Fesource reguirements ars ailen data dependent end
nol known gt the boginning of Lwe transsction. Fo ae
yuire ali preaible rosources at the beginning would be
very inofllizient, both holding resources idla and
derreasing system concurrency.

Avoidence. Deadlock avoidance requires some ad-
vance knowledge of the respurce usage of transec
tions in erder to determine, at each poiot in Lime,
whether bl sequences of actions of transacliona that
have begeninitiatsd but not compieted are sufticiently
valid that the tranzacliony can run Lo completion.
This appraach, like Lhe prevention approach, is very
unattractive in digtriboled systems because the
necessary advance information Lo aveid deadlocka is
rither not available ar is distribuled 80 widely as to
ciuse considerablo overhead nnd deluy in any al-
Lernpt Lo ayaid dend locks.

Detection and resolution. Deadlocks can be
detected by means of 2 search for cycles in 8 slale
granh of resource ugage. They have been reduced in
practice in centralized systema. Ena distributed data
system, iLis generally not efficient Lo maintain global
wtate graphs for the whole syatem, as is dune i cen-
trulized systerns, 1'wo methods not retquiring plobal
stale graphs have been developed for detecting and
regalving deadlocks in distributed dala hose
systems; one is hierarchical and one is distributed.
Both ean bo shown to detect all deadlocks.

Perlormpnce, Unless carcful attentton i3 paid Lo
functiana requeatad snd algorithms used, perform-
once can o p problem in distributed syslems. An ex-
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ample of this is 2 gquery Lhal requires cross-
referencing of data at several nodes—for exainple, o
Join. A Lask like Lhds eon jnoore signilivint delay
because al U need o bring vogetler at ene pode all
the data required for the execulion of the cross
referencine operalion,

Une approach 1o implementing opseratinons ob Lhis
nalure is [0 decompose Lthe query inlo 8 seguence ol
local queries involving only local dalo, with internade
vata transfers between locnl ueries. ! The algorichin
consizts of a sered of stopa, eoelu ol which is it o
data muve or |ocal proceysing of ¢ala Lhat bave been
moved L& a single site. An imporlant assumplion of
this method is that comtmuenications cost will dom-
inate Lhe processing of complex guericy in a dis
Lritrubed environment. Therefore, al each step the op-
timizatien proclure lirst atlainpts to minimize com-
munications cost and then, within the optimal eamn-
ranications stralegy, allempts Lo minimize locul
processing cask, This will nermally result in doing as
much local processing as possible g minimize the
ainount of dala communieated umony nodes.

Recovery in partitioned and replicuted dislributed
03 systems. in ceptralized data base systems.
recovety from a system mallunclivn is accomplished
by using a combination of (1) belore-and-alter logks

put on an audic trail and 12 checkpoint dumps o

estalilish periodic consistent snapshols of the data.
liscovery in a centralized system can be complex and
may require manual interventian: recovery in a dis-
tribuied system can be much more vomplex, but can
also by for 1nore effective it reduisunt data are used.

Partitioned systems. In a partitioned data basg
s¥sterm with no redundaney, the recovery probism for
node failures ig logically identival to that in a cen-
tralized system, and ihe recovery lechnigques are
quile similar. The only difference is that nol all re-
quests arg local, but this is only o physical, not a
legical, differenve. Audit trails and checkpoint
dumps tontinue 10 be used. When a faflure occurs, all
iransactions are suspended while the system tries Lo
recover using the befars-and-after Jooks. Failing this,
Lhe audit Lrail s backed up to the last checkpaint
dump. and the demp is copied into the dara base and
processed forward, using the audit trail, Lo the point
of suspended operation. At that point, transsctions
are again accepled. U fasl recovery is important, il
may be prudent to maintain an up-to-date duplicate
copy of the data; this will speed revovery of mass
glorago fullures (but not processor failuresk.

For communications fatlures in portic.oned data
base systems, Lhe ariginating nodes will taif to get
message acknowlvdinnents, The burden af recovery
falls on Lhe ariginating nodes, and access Ligpsac-
tione must be gueued up until communication is re-
alared.

feplicated systems. In replicaled date hase
syslems, Lhe silpalion ia quite different. ! sither a
cemmunications link or a node fails, the rest of the
g¥stem can continue normal operation, and only the
transacijons originating at the failvd node or link are
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slopped. When the node or link becomes aperational
again, two optivna are available, 11 Lhe cutape was
slwwt, Lhe bt eHicient reqovery procodoece iy (g ob-
Lain thu lost updates feoon the audit Crail ol wnother
nade, 11 e oulnge was long, Lhe bestapproach would
be to sequire Lhe entire duta baso from o nearby node,
whoasp weibh g Lime stamp or Dieket muniduwer Tor Ll Lasl
update. This would hecome, in elleel, B jvery recentd
checkpoint duitp and could be processced lorward
wilh Lhe audic trail to the present Pime,

[ appears Lhat i a replicated dota bose sysiem
Lhere would I i need or nodes Lo Lake check puint
dumps bicause copies at oLher nodes could serve thal
purpose. An exception Lo this would be if the data
base wees very birpge compared to Lhe spare com-
municalions bandwidth avaifable. leading to long
tracsmibgion times. Each pode would require an
awlic trail, just us do nonredundant tuly base
syslemsy,

Lelann'™ describes several protocols lor accom-
plishing recovery in redondant data base syslems.

Dala hase processor architecture

Shortly after the invention of the stored program
clectronic digital computer in !946, storagon and
retrievel nf nonnumeric information becama uo im-
partanl gpplicalion. With only a few excepticna, Lhe
carly file access systems starting in the middle 1 950°s
and the data haso gystems atarting in the late 1960°s
were i pnted onio s convenlional von Neumann gatie
puler. Althpugh Lhe desirable way Lo accesa non-
numeric datz is by value, the von Newmann archilec-
ture precludes this, Therelore, 2 number of artificial
methads are psed 1o convert a value into an address.
‘I'hese artificial methods include sequential, indexed,
huashed, and set access methods. In spite of their in:
direction, these access methods have succeggfully
micl indusiry needd until the present Litne, There has,
however, been constaat research inko many aspecta
of lile and data base systems in the geoeral areas of
imprnynd functionality, improved performance, and
improved availability, ;

Al lexgt cne carly exception to the use of von
Meumann srchitecture to retrieve udnnumeric data
vxisted; Lhis was Lhe Univae File Compuler, This
aysLeny, first delivered in 1954, allowed the address-
ing of data in masa storage lry value rather than by
address, This was done by storing Lhe value of the
desired key ina senrch register, and then comparing
Lhis value sequentinlly to values on a drumn. With Lhis
capabiliLy, records of up to 120 characters conld e
skeeed anywhere on Lha drum and retrievet by value;
peraccess method wie needed. Fheiimporlancanf this
capability is only now being rediscoversd.

The 25-year nuest for improved functionatity has
litl tov cboly bage systems oy we know them today—
initially using network structures, wnd now with
prawing interest in relativnel slruclures, The per-
lormance reguirement was met by bruteforce
finprovements in hardware apeed. The ane eloment
that did nol change was Lhe architeclure.
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Associative slorage, Fundamentat iy Lhe concepl
of n data base computer is thie accessing of dala og Lhe
bosig af value rathor than position. Devices thal wre
able to da this have been callid “associalive stores,”’
“eantenl-addressed memorics,” or “search memo-
rivs.” Thoe term “assoeiative store”” hog been applied
to Lwn quile dilfergnt kinds of slurage units, wilh o
rather unlortunate contusion of terminology. The
first storage units with this capability perflormed a
peralle] senrch in a polid-slote sorags unit of o low
Lhousand lrybes inoa bime on (e ooder of microsee-
onds, The term used here Tor this Wwchnolugy is
“parallel associative sturage™: iL is Ly piticd Loday by
Staran.? The only ather applicadion of paralbe:l
asgociative storage devices Loday appeurs Lo be U
cache, where the Lerminology “content sddressable
memory” is ollen used. Here the assoriation is wilhin
sl of sepments of aturage, wilh each set typically
having on the order of 1000 elements.

The second kind of pasociative store vaes s sequen-
tial storage unit, which mpy be disk, bubble, or
charge-coupled device, Thissequential storage units
searched serially to find data meeting the search
criteria. The term used here lor this Lechnology s
"serial associative storage.” Typically, iL can search
megnhytes in tens of millisceonds. Whereas Lhe
purnllel agsorialive atureisiimited Lo equality search-
s, sequential storage can use greater-than, less-than,
and arithmetic and logical capressions involving
operands, Une of the earliest seguential ussocitive
storage devices was used on the CASSM project.

Dsla base computer grchilecture aliernnlives, Ho-
ginning in Lhe early 1970's, now architevtures wore
proposed to improve the effectiveness of datn base
systems. These may b classified as

+ back-end Bystema using conventional minicom-
pukers,

storage hierarchivs (self managed),

intelligent contrullers, and

+ data base computers.

* &

These are listed in their approximate areer of in-
traduction. | have pecently discussed the strengths
anid weakneases of theae approaches.

Perhapa Lhe earliesl new archilecbisre was the back-
end processor implementsd on 8 convonlional mioi-
computer.” The ohjective hern was balh to improvu
performance and g provide s shered data base to
several noncompatible systems. Subsequently, a
numbrer of bock-end processors implenrnied on con-
venlional minicompurera have been developed os
commercigl produets,

Thestoraga hivrarchy described by Welchin thia is-
sue (p. 194is ay old as computers, but the sell-managed
mas$ storage bierarchy first implemented in the mid
1970"'s was 8 specific aitempt to solve file and data
base problems. The first implementation was &5 " vir-
tual disk, " where a pool of disks acted as a cuche bui-
fer for & tape-certridge device. A more recent applica-
ticnh is the cache disk, where a charge-coupled storage
unit acts as a cache buifer for disk {and possibly cart.
ridge) storege. The storage-hierarchy approach

depends g sullantiol focality of relerence lor dagg,
mounings Lhat if a date ivem is relerenced nnew, itore
el t teighher is mnre likely to e relerones] again iy
the negr luture, A nuinber of experimenta perlormed
on @ vache dixk simualator (or 8 variely of customer
files hios showinan averdfie hit rele ol T pereent lora
fenr-megabytecavhe butler. This hit rateigsalficient
to cut the average aceess Lipwe in hall.

Deginning in the miid 1970°s, pew archileclupes
wern eonsiderial thot wore designmd Do substantially
Dnproye ellicioney in aceossing a lile or dota base
syslem by wsing conteny addressing—thal is, al-
dressing by key value rather than by lecation. All of
the appregaches were in Che form of “lackined' at-
Lavhmients Lo o convenlional host over L) channels
i comgnunicolions hines, and all are considered
intelligent -contred-unil approaches. These architec-
Lureg aro, wt least implicitly, relational in nature
brrause they use [lat file storage structures and
tecause choy address infarmalion by cantent. An ear-
Wy vaampile of this kind of architeclure is the Content
Addrrszed File Syatom, called CAFS CAFYSisan ox.
tensiun of RARES and is based on lixed-head-disk
sloruge, with an-Lbe My processing between read and
write heads. A single pipeline instruction stream ja
used. The CAS work was samong the earliest in con-
lent sddressipg, 2nd CAFS con be considured the
baseline system. 1L had no signiticant amount of buf-
lering and no paraltel processing. -

The Helotional Associative Processort uses an ar-
ray ol solid-atate processing elements, each working
on & partition of the Lota) data base. In RAP, parallel
reoceasing was introduced, and with il tho partition-
inge of the dale huse into local sLorage wnits.

A rather different spproach 1o a data base pro-
cessor 1sed a Slaran compuler. Here, dala in a con-
venlional storuge unit are senl Lo an agsociativo
register array to be searched for specific key valuea,
The Siaran approach is conceptually similar ta
CAFS, with the fixed-head disk replaced by a rendom
aeceas nain slore and the simple comparison logic
reploced by a lerge parollel associalive slore array,
An important dillerence is that Staran can perform
multiple-thread scarches againsl a simple tile in ope
pasa,

These three approaches, and several other similar
onea, greatiy improve data base perleemance, but
they suffer from the lollowing draw bucks:

* mass storage is eapensive and therefore limited
in size;

* Lheentire date base must be reaident in the mags
sLore;

* the full relational join cen not be performod;

* sorting can not be performed,

Tha next step it the evolution of data base archilec-
ture wos Lo move from a data base processor to adata
brase computer.'! The masa storage medicm is
moving-head diak, which is an order of megnitude
lower in enst per stared bit than flxed-head diak. The
concept of partitioning the data base intacylinderaiy
introduced, end hashing of Lthe (possibly several) ag
cesa felds is wasd to select the eylinders to be
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segrehod. The inlormation oo o disk rack js fully
hwlfered rather than processed on the v, Parallei
provessing, in a manner simitur o A, is used Lo
prescess iy Lo iram severg | ereks i onen

Maore recently, the data bhuse vampurer coneepl nf
flsiao has been [urther extended. The objeclive af
Lhis desipn remainy the smime s ibs predecessor: Lo
suppert network, rolational, or hivrarchical duto
bases on Lthe arder of 10 ineabates Lo 100 giga-
hytes. The de<iirn approach also remains the same. 1t
uses a back-end computer wilh a gencral nurpose
prucessor cantrolling an srray of processing
viemenls: an intelligent, parallel-Lransler disk von-
Lrablerand a paralld transfer disk. A limited amour
ol interprovesser communhication hus heen wdded Lo
permil Lthe join operation and sorting. This com-
munication requires Lhat adjacent processors be able
to access the same buffer storage module, A low-cosy
sequential solid-sthle associnlive sine e has been add-
vd to identify unique key or surt fichi valees. The
resulting data base computter architeetre {(Fiygure 5}
1% characlerized hy six major elemaenty:

+ adate hase processar contraller.
» proceszor elements,

o traeh buffors,

» acontent-addressalbie memory,

+ a parallel-transfer disk, and

¢ g parallel-tranalcr disk conlraller,

T'he host inlerfaces Lo the daty Lase compuler using
highlevel commanda, Tor example of a netweork or
relational nature. These commands are senl to the
data bese processur controller jor anelysis, (0 the
hasis of this analysis. an eppropriate set ol
parameters is generated and down Joaded wo the pro-
veaMng clements. The data base processor controller
alsrr generutes the necessary 10 commands for Lhe
parallel-transter disk,

The parallel-transler disk nllows the reading of up
Looull tracks in a cylinder simultaneously; cach track
of information is Lrunaferred Lo the agsociated track
buller. Each track buffer serves Lwo adjacenl pro-
reysors. The track buffers are sized to hold Tour
tracks of information vach, When the truck buelfers
are laded, the processing elements Liegin operating
on the dala asynchronously, perlorming selection,
projecilion, joins. or sorts. Data mecting the criteria
are passed buck to the data buse processor conbroller
ang Lthen Lo the host, Helutional data bhase systems
can be znpported in an ghvious mannrer, ond network
dala hase systems can alse bwe supparted.

‘These unils operate togeller synergisticatly, On
gearch, the search parametersareioadud i) Lo the pro-
crasing elements so Lhag 2! trocks in acylinder can be
searched in parallel, The sizae of the traek buffers jz
udrquate Lo provide for doulde buffering, The pro-
cessing elements control the operation of Lheir track
buffers. They are sulficienlly powerful not only to
provide ciunlity mate-hes against panrmnetors in the
fjuery, as previous machines o, but nlao to perform
thofunctiongol > <, 8, AND, OQR, apd NOT. Some or
&l pperanda can be taken from the record itsell 1" list
ull smployees where jobeLitle = solosman And bohua >
salary”’).
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S hal serprisingely, the new solid-slate directl
gecess Lechnologies of bubbles and chargevoupled
slocire do oqot mect the necils of Lhe track hatler
bpcause Lhey are too slow by ane o twe orders of
maprnitude, A recent sirvey has shown Lhat a Ly pica!
recoed size is about 200 byvies in Tungth. The most
cotmmon nperdtion in search (8 to ook ol Lhe first few
Trvles ol the kuey fleld Lo see whether ar not a reeond is
of interese, 116t i3 not, che next gprration is 1o skip
200 hytes Lo the next recoid, IRAM con do this ina
Linte nuar ope microsecdnd, Lut o charge-coupled
atore reguires 40 microsecondg oven al 2 b-megpeycle
shill rat:. Boebbles org Len times slower than charge
cou pléd devices and are oven less eompatilive,

CApplications 8l data bese computers. Although
data base compuiers subslaniiallv imprave cha elfi-
ciency nf agcessing and processing dnta base infor
fralion, it g imporiant Lo replize that they gre not
universally batter than present techaiques, Two con-
dilions are nucessaty bo make date buge computers
more cffcetive than present architectures:

11] The dala base application mudl be a sizable
Iraclior of the total systern load,

i2} The data access must invalve use of several
Mmiss sLOrEEe accosses with conventinnal Lech-
nigques.

It the dati base lead gn the system iz anly 10 percent
of the tolel load, there 8 vory [ittla point in off-
loading it ina data bass computer. 1t isonly when the
luad iz appreciable—at least, 50 percent and prefor
ubly 75 percent—thar offloading becomes altrac-
tive. Likowjse, if thy query can Lie satisficd by a singla
mass storage access, the data basa computer chnnol
improve efficicney, It is only in multi-accessy situa.
tions that Lthe benefits of the data base compuler can
ulf-load Lhy host,

A& number el experimenis and performance
ostimzles have shown thal the dala base computer

o ]
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canprevide perlormance improvements o the order 5
to 50 times where (L meet s Lhe above eriteria; in those
areds nol mueling these criteria, iU simply getsin Uw
way atd hurts cftivicnsey,

Conglusion

Significant progress in dala hose lechnology con-
tinuen to be made ut Lhe logieal, physical, and archi-
teclural levels, spurred by the combination ul wser
needs and advaneing technology, The cost'perlorm-
ance ol physical devicrs 8 advoncing ot the rute af o
factor of Lwa every twa Lo Lhree yeary. Sighilicant
progress i5 alvo being made at Lhe logica! level, with
{he dovelopment ol g comtoon duta mode! thot poee
vides for Lhetranslation ol schemas belween netwaork
ant relational s¥stems, The common data mode] also
demonstrales Lhat wither a pointer-based or o value-
baxed storage structure can be esed Lo support eiiher
4 nebwork or o relntional user fnterface, thusenabling
the supporl of multiple views of a single duta base
storuge structure,

Building on [he sdviances ot Lhe logicol sl
physical levels. the improvementsinarchiteclure em-
bodied in dube base computer design prumise signili-

casl. Thus, significant improvements in eoal, per-
lortmance, and user interlaces are afl being made. The
futuee for geaterakised doka base systems lonks bright
mdewd, and we shoubd Tnaby sce the removal of the
necel For ench user Lo ~buikd his own,” R
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A relational approach makes this experimental data base
management svstem unusually easv to install and use. Sone of the
decisions made in System It design in order to enhance usability
afso offer major bonuses in other areas.

Perhnps the greatcal impediments 1o the usp of a
computerized data base management system are in
atallation cost and complexity. AL present, instalta-
tion of (hese systems reguires a siaff skilled in
telecommunications, operaling syslems, data
management and in spplications. 1n responae, our
lab desigped and implermented Sysiem H—on ex-
perimental data base manzgement syslem allowing
cusy definition of data hases and data hase applica-
tions without sacrificing the funcljon and perform-
ance availahle in most commercial sy slems. Among
its capabilities, the systemn provides a sophisticated
guthorization facility, and sulematicalty handlcs
system functions such 85 reCovery anu concurrency
vontrol. System R adopts 8 relational data model
and supports a language called SQL Tor defining, oe-
cessing, and modilying various views ol the data
base.

The ralational data madal

All data base manegement systems represent
data in the form of records. 1tecords, the basic unit

[+
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of storage, coatsin fields, which hold values Fach
record represents some fact about the world. A
telephone record, for example, hasa three Felds:
pame, address, and telephone number, Each real-
world iastanee of the record assigns a value Lo each
Field.

Dala bgae management ayatems differ in the way
Lhey organize records. Systemn i organizes data intn
fatles —senuences of identically formalled records.
Vroin schedyles, price lists, tide tables, and phone
bonks gl Tt this model.

A relational medel was adopted hecausa it is easy
ta understand and to explain 2nd hecaose it lends
itsell to powrrful refarions! operators (such as sory,
Join, prajeet, nnd zrlece)? Wy relalional model, we
mean an otganization which collnets dnta into just
such unilorm Lables as Lhase discusred abwive, and
which allows a user Lo accear data wilkout having Lo
sprcily the physical nrganization of the tables.
Figure 1| shows a fragment of a relatinnal data baye;
the varions attribules—mame, office, job, salary—
deling & refution, Euch record lrow), therclore, ia an
instance of that relalion.

Relations are combined and manipulated by varj-
ous relational operators. Each operator produces
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ainiiner relation as a result. Opeeators apply ta en-
tire relalions, thereby reducing the use of conslructs
such a5 "{or each record do.”” Operalors include the
Illawing: select thoses a row subcet of 2 1abla and
on a predicale: profeci removes eolumns ol a rela-
Lo jotu combines twe or more relations 1o produce
p new relatinn arder soriz a relotion hy 8 eollecting
of nttribules: growp by aggrepates records by same
attribute; Hoolean opemtors provide union and in-
Lersection al reletions: end epgregete operafnrs
such as sum. min. and max collect all instances ol a
lield inlo o single valoe.

By concrast, other syeiems prosent a hierarchical
or network dala maodel.' In general, one smust
maigate Lhrough a netwark ar hicrarchy. For exam-
ule, Lo find recent invaicos of o customer, we lorate
Lhe custanmer acoount record and then locole the in-
voire records urder that customer. By contrasi, a
nonnavigalional approach requests all accoent
rerords of Lhat customer and relics on tho aystem to
wcate them. Mavigation is nod inherent in nonrela-
tinnal sysiems, hul to dale all nenrelational systems
have provided a navigations! interface,

The three data models have equsl power ol expres.
sion. DBeaides being easier for the end user to
visualize and unelerstand, the tebles of a relational
DRMS maka ¢ somewhal easier to define a non-
navigationsl language. Further, il appears possible
tn compile code from a nonnavigatinnal language
which rivnls the execution efficiency of navigational
interfaces.

For these reasons, Systerm W supports only a eefa-
tional meclel at the external interface; thut iz, the
user can work i oa set-oriented language without
describing Lthe pathways token o reach the dain,
Since efficient |mp[f*mer1t.ntmn af the relativnal
mode} and operatnrs seems Lo require tho eee of pet-
work mechanisms [pointers 2mony retated recordal,
System B has (ull network support intarnally.
However, all this is hidden by the 5Q1. language.

High-level and host language

A very high-level data aceess lanpuage (such e
SHLI for data delinition, maniputation, and contral
is important for several reasons:

* |t iz easy to learn and use,

* ]t permits the use of an optimizer Lo lmpruve
performance,

* |L provides somoe indepencence belween the
applicatinn programs and the stored data, so
that il Lthe daln is reqgrganized. the poplications
do not, have to be rewritten.

51, 7= an example of such o languope. |A completo
definitinpy nf thal language appears in Astrahan, vt
zl.'l For instance, in the sample dota base af Figure
¥, wa could [ind who does what in the Paris uﬂ" ice by
wriling:

SELECT MAME, JOB
FR(M EMPLOYEE
WIIERE QFFICE = ‘Paris";

May 1579

EMPLOYEE

HAaME {OFFICE JOE SALARY
S Fars SALES 15000
Janas Bonn SALES THIO
Clark Binse SALES 12000
Jongs """ Bosion "Y' EBERVICE 17000 T
(L Paris EAVICE 15000
fawis Landon SERVIGE 13004
Jacobk Rig BALES 13004
[ QFFICE

-Li}l:.ﬂ.TrDH MANEGER PHOME
San e $gen 1152
Parig 9121
Lanaan Parlal X218
Banp Fewai 1267

Flgure 1. A Iragment of a relalianal datm base AN data
is prgenized inlo Iebles, Le., Inlo saguences &1 fecords,
aach of which has 1he seme formal. Eseh row of & 1sbla
9.0, see "Jones'] 15 2 recard deserlbing ane Instance

al s relatlon.,

In many data base ayaberns, data can only be ac-
reased and manipulsted by writing a progrem in 8
language such as Cobol or PLA. Buch a pragram
contains (ALL statements Lo subroutines perform-
ing data base Tunctions. This has several draw-

backs:

* Iy reguires the zervices of a Cobol or PL/I
pProgrammeT.

o |t introduces o Inng deloy Detween request and
result [write the progrum, compile it, debug
it, et

» Using the CALlL statement prohibiis any
cotupile-time optimization ol the data base

services required.

The solution to the lirst two drawbacks is to in-
troduce a yuery capabilily, that is, a mechanism
supprling gd hoc requesta ta recriave or modify in-
formalion in the data base. For example. Syatem 1
implements this query capability by providing a
hesl-ianguage interiace a5 & spplication program
called the UFT—user-friendly inlerlacs. Thus, datw
stored in a System It data hese can be accessed and
updaled both through the UFT (by interactively is-
suing S&L staemeniat and hy application programs
writien it host languages such as Cobal and PLYI
jsae Figure 2],

The soblutian Lo the perl‘urmﬂnm problems raused
by the third drawback ia to extend the host
languages to include the dala sublanguage. Cobol
and 1PLMA have been exiended to permil SQL
glaternchts be imbedided in an applicotion program,
The extensions are via preprocessors which accept
COBSQL end PLISCL inpul programs end produce
Cobal apd PLJT outhut respectively along with com-
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SELECT name b ADHOC INTEAFAGCE

FRAGM  amploves

WHERE olfice = 'Pans’

CASLAL

USER
: UF! SYSTEM R

BNSWER "’/

;_ INSTALL PAYRAISE ] FAGGRAMMER INTERFACE «
. LET JONES AND SMITH USE it ,
f
l. = a4
r m | \ l
1 . . Y
! h _ . SYSTEM R | 4
| "PROGAAMMER , ’
'I- 1'. 1 - ] .
T R
! JORES * o . '
' and _ | PAYRAISE SYSTEM A
{_ L SMITH . +=— . ol
. AT DU 1. ' - .

Figure 2. Thase diggrams show lwo scenarios, onw using the ad hoc
Inlerface and Lha glther the programmer Inlertace. In the 1t scenaro,
# casusl user deals diractly wilh UF1—1he Liser Friendly Intariaca,
In Ihe second scanario, & programmer inglalls sn apallcation pro-
gram; then Jun:ﬂ and Smiih use (het applleation.

piled fragments of 5QT. statemenis: these
[ragments are slored in the dala base by Lhe
preprocessors. An cxample epplivation program us-
ing PLISYL, is shown in Figure J.

The SQ1. language used in host languages is the
game lanpuage aceeplod by the UL henee the S0,
portion of applicolion pagrams can be debupgred us-
ing Lhe UFL. Since Lho S0, statetnent is gn integral
part ol the application program land nol a pararm-
cter ul a CALLY), it is poasible to perform early bind-
ing lcompilation] end Lhus enhance performance.

Compilation

A major criticism of penprocedural lanpuages is
that Lhey wre inherently inefficient. 1§ that applicd
te S0, System H would be of little interest, Our
work, therefore, concentrated on performance as
well ax on junciien. Te achieve acceptable perfneme-
ance, System R compiles SQL statements into ma-
chimne code conlaining calls to low-lovel acerssing
routings. The plternative ia to interpret each stale-
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menl avery e L ig exevuted, Compiling an 541
stadement caplares and preserves inflormation that
an interpreeter must rediscover on oench invocotion. .
Experimends indicate conopiliation is almost always
supwrior b inlerprelation, eoen loe 5000 stalemenls
which wre exeeuted only dnee nmd which reteiesve or
puxlily only o besw fevands $seqe Fipntes 3 amil 5,

In Faet, System W can Tocthongeht of ok i eanpaler
ul data manipulation stalvmed s, 1L compiles stule
ments in Lhe SGL lniguaigge into machine code: the
code irrpes cdlls Lo e aecess moellbod,

I'rior o ML compitation, o PLISQL program
(such ay i Fipuee Do examisped by o Sysiem R
preprocessor which linds the S4)L stalements. Each
S stnlemuent i3 passed to the Sysiem B parser,
optimizer. and code generalor. Thess praduce ohjeet
cutle conlainiug cally Lo a refationat neeess method.
The PLISQ), program is then {ranslnled intu a pure
PL' program containing calls to Lthis abjecl code.
Ad o resull, the cost of suppueting (he Digh-lovel
language S¢)L. is paid once, al compile Lime. rather
Lhuun sl run b, 1F a query is used many Limes, iis
one-lime cosL i8 amortized over miany Invocatlions.

An optimizer decermines which aceess paths Lo
use Lo evaluate a8 S stalement. [ is Lhe
optimizer’'s responsibility Lo develop an oplimal
“plan™ tor Lhe evalustion of vuch statement, This
optimal plan minimizes Lthe execulion cost in terms
ol ipstructions and L0 wperntions. The plan is then
passed Lo the code gemeralor, which creales a
twechioe lunguage program Lo carry it oul,

MNanproceduralily and avtomalic palh

‘salection

Wonnavigalional date base languayes ailow data
accesses and updates to be expressed without i
plying either the existence al specific aveess paths
or Lhe physical layout of data, While Lhis makes ap-
plication programs simpler, il uses Lthe DMS o
choose an oplimal strategy for evaluating the pro-
grom. “I'his system is also relalively Nexible, In par-
ticular, il is hard to imagine how a system wilhout a
high-tevel lnnguage would allow programs to wdapt
Lo new slorage structures. Using the Figure 1 exam-
ply, if wa wish todetermine i manpger Portal hes &
service ersoq in his office, we jusl query!

SELECT HNAME

FHOM EMBLOYER, OFPLCE

WHERE EMPLOYEE.CFFICE
=0FFICE. LOUATION

AND OFFICE.MANAGLERL="Fortal’

ANL EMPLOYEL JOL="SERVICE",;

Since Lhe longuage specifies only wkat is desired,
and now haw we abiain it. the optimizer cheoses
atmong Severy] posaible plans: One stralegy is e
search EMPLOYEE looking for service prople ond,
fur each service petson, use Lhe corresponding OF-
FICE o entiw inte Lhe GFFICE tulile Lo see if that
employee works lor Partal. Another stralegy might
lirut search QFFLICE o find whal LOCATIONa
Portal manages and then seatch EMPLUYELR for
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survice penpihe ut Lhase locations. Dher sUrategios
involve sarting ane ar Lath alies.

When the System I ooptimizer seleets Lhe ming-
muern-onsl Serategey [or careving oud oostalemn, Che
east i= bosed on estimates al G and 10 requoiee
wenls. Using un aplanizee in this way Jeis Cwo L
fitw: First. the user weed nol - conzermd with syer
gpe details. Seeond, the user b probibiced from
“tuking advantare” of knowh-edge nf soch diails,
The sewnnd benefit allows the pregram o contines
fupctioning as the underlying alorage struciopes
evolve wilh time,

Data independence

Three techniques enhance System § performance:
Firsk, the high-level SQL allss global optimizalion
af the query and the consequent peneration of offi-
vient eode tminimum number of data hase calls unl
1iQs). Becond, the system can be tuned by detining
or deleting access paths ieither associative or
puinLter-bosed). Lastly, one ean specify Lhat records
be clustered together in physical media for fas; se-
guuntial Access. All three techniques are Lruns
parent to the application programmer and the deci-
stons can change without altering any programs

Ta illoatrate the point that System R gives pro-
grams some independence from dnta reorganizatinn
as Lhe system [ tuned, suppose Lhers ure two Lrans-

aclions which must be ron periodicnlly against the

data base in Figure 1

(P11 List all emplovees at a given office,
I'T2) List all vmployees with a cettain jab.

These two queries need not. consider how or where
the records are storad nor specify the access pachs
for locating the records. The transactions will work
correctly no matler how the dato 18 orpganized.

{f the users expect to run "I'l ninety.pnine percept
of the time, and TZ one percent of the Lime. a data
base struclure which resulls in high performance
will include a [ast way to [ind all employees in 8
given offiee, ie.g. an index on Lhe GFFICE licld of
the EMPLOYEE tablel, with records ol emplovees
al e¢ach olfice clustered together in secondary
storpge Lo minimize 1108

An index is a means of directly nddressing records
of a relation eonlaining a commun value in 8 paes
ticular column, such as EMPLOYEL, where QF-
FICE ="Paris,” Any authorized user can deline the
necessary index and clusiering oriterion and have
the data reorganized approprialely. The T1 und T2
trangaciinng will Lhen Laks advantage of this new
grganization,

Suppose, hawever, Lhat these ostimales are wrong
pr that the use of the system chunges so Lhut T2
runs 9% percenl ol the time. Perlorimance on the
above dile hare structure will be very poor, sl Lhe
data base will have to be restroctured, Namely, the
OFFICE index witl be dropped, and a clustering in-
dex on JOU created. An essontial chavacteristic nl a
flexilife system is Lhat this restructuring not require
that progrumsa T1 and T2 be rewrilten,

Hay 16878
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Flgurgd, & sample FLISOL program illustretes this high lavat sal-

otlenled [anguage aceessling and oparating on » 1able, or view ol A
tabla, wihoul detalied descripllon af |he speclfics ol I1he lable

orginization.
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Figure 4, Dala llow snd summary of SQL compller. The
compiler conlaing a siztement-pargar, sn oplimizer, and
a code-genesator,
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Vi grneral, sipwe Sverem B sogpeets o veey Tigh-
fes el lamruagne, most data base slraclareingg issnes
can b delerred watil adier ehe applications are writ
s Pl instafbmosune-lmer philoesophy sl
v S Hicat b progsranmaningd Ty chelereingg nipny
predormanies dlecisions, suel as the cwdee ol e
dexes.

Incidentally, Sestem Hineludes a wnility program
which vviahigtes o =l ol ransactions amd Uheir
relative ey Ievdoenaws vl suppesly ek
it Dt slriclwings lor tlwe neer This partially
atsboimabes Lhae ot lysse desipn Lask,

Inlegraled data dictianary

A dats dicliomiery is a eseription of Lhe dota base,

it conlains buth machinereadable znd human-
reardabie descriptions of Lhe data base tabhies. Lheir
altributes, interrelalionships, and meosning. 11 s
wstlly ned very kirge il it has 8 very cich slpac
bure, .
Most systewin have o date dictionary lzcility
which stures mefuddare zhoul the data base aside
fromn Lhee data base ilsell. The daca diclionary is
olten builk on Legs nf Lhe [HEMS a8 a special applica:
ticen wilh i spe-vial data delinition langowgge, This ap-
proach allows 1he daln dictionary ta benelit fram
Lhe facililies o] (e IENS.

Beparating rlw dulo dictivnary from the data Lase
rivises Lwor problemes: Uirst, the dictionary and daw
brvse may isigmror with one ppaother anloss oae in-
Lerluece has conlrad ol bath lunelions. Secand, Lay-
ing # separsle dota dictisnary impliva having a
scpurate linpoasge for Lhe delinjtion and manipula.
tien of the diclionary date base

SOH, 15 an inbmgrated dota definition and data
manipulation language, In System N, e deserip
Lion ol the datin base 15 slanal in oser-visilble xysrem
Lables which cun b read and aliered using the S()1.
Limgraape, The ention of o tolile or oo peeess path
Feslts in new entries i Chese avslem bles, Usoers
who deline tuliles snd other nlijecls aro cicourageedd
Lo include: English Lext to duscribe the meanings of
L whijecls, Taler, olher wsers can reteieve sll Lulyles
wilh cerlalpn atlribules or cen browso aimong the

FIRST COMPILATION
OF PROGRAN

INTERPRETER

PRECOMPILED
PROGARAM

“"SIZE'" OF QUERY

Figura 5. A comparison gl Inferpralatian, compitetion, and precom.
pliation shows the decided advantage al amorlizing cosle ol 5ciden.
Ing and précompiling SQL sisternenly, gspecially when a query wii
be used Mény 1imes.

ah

detined  taldes it ey
sl el A user cun midily thie eaprdes e
chamgee U ateribotes of an abject. This approach
chmitales thr doal g prohlem and assures
thal the dielwary agrees witly bl avlual system.

Hesrriphinns ol ure s

Views and aulhorizalion

The resulu of any SGL guery 3= WAl o tabile, A
usr can display sueh o table fimmedialely, ar s
Huwe delinition ol the talile as g edens Yiews can Do
uscl ust likie enher Lables, except thal st views
van ned e madilieed Iwill pon suppert insery, dedete,
ur Wsdaed.

Views preov il dlalo i bepeondence, LT e strocliure
of o Lable is chanped ieolumns added or preemotied or
& Lahlp splil into two ldes), the user ran detine o
virw which looks like the original table. Old pre-
prams can acreRs Lhe new daln via Lhe visw,

Views alwe provide o powerful suitharization
mechanism. Bather than allowing nevess Lo anoen-
tire Lahle. we can define 8 view which i3 m row and
calump subset of the table and only allaw access to
that view. For-example one view might allow w
miatager to e recorda in his own departmend anly.
FFurther, ceriain fields ol {he view might be gusilablo
tor read only. This gives value-depenident nut horiza-
Lion at a very detailed level.

Views, in combination with granting and revoca-
tinn aperations, provide the basis for the wuthoriza-
Bies mechanisim, System 1omaintaing special tubles
comtaining the delinition of each view and U opera-
tions which sclected users may periorm on that
view. In order to sllow either centrolised or dis-
tributed control of aceess, o special privilege callol
grant iz inclwdled. Srant allows one user Lo grant
any subsiet of capabilitivs to abhoer wsees, wha can
puss on the grant as well. The compilation procesa
checks Lhese authorization consirainls ful some
eost), but this cosk i3 paid vply once, a1 comple
Lime, U the query is invoked many times, a simple
test &t each invocalion ensures thal the deeision ia
still valid. This pewerlul authorizalion sysiem thua
incurs alpngt no run-time overhead lor compiled
Lrinpsacliong.

In System R, thero is no contralind 1THA—dala
buse administrator—function, Hather, each wser
group ran have its pwn DHA to create und authorize
nocess La that grodp’s date. This provides a ogrramgn
data base shared among all users jun integruled
daka Lase] wnd yel allows some aulanomy among
Lhee taer groups.

Futther, suthorized users can peelorm almost uli
DHEA funetions al any Lime withoul inlcrrupling the
normal operation of the system. Aulhorized users
T

* croaty amd destroy Lables,

" create and destroy indexes o taliles,

* add a column Lo an existing Lable,

* ingtall a new transaclion.

* udd users to bhe sy sk,

* chango the privileges held Ly vorious users, und
defina or drop a view af existing dala.

CoOMPUTER



Sinee S0, suppuorts Fhose apeeradns, ey e e
invoked rom o eeminal (v VP o Doote s atee
Tam,

Insiallalion and tuning

The instaltat g porceuee lor Sesben B oconsisis
ol Sweouairing storage sppace e Che code naed datan el a
stinler sy stopn, which contains o saall datn hase
teelaling toovinpihoyees ol o Dy ped hebcal gonpaimyy,
G e Lhis starler systemn s up and raning, il
vaahles wsers Lo cxperiment wilh o working: versum
of Sysbem B their own eiivirenmenl, When they
have damiliorized  themselves  with the stuter
syabom, they can begin o deline Lherr own dula
barses andd Lransactions: Lhis can b done in oan in
cremental wnd experimental manner. Users can
quickly detine and use new data bases because Lhe
ayslem permnits Lthem ta Jdeler many Jdaly base
spuecification prolilems,

Alter an application s coled and running, Lthe
user can Lupe Lhe system with a program which, for
o set al S statements and Lheir probabililies of
oveurrence, evuluates possible Jdata base specifica-
tiuns and tells Lhe user Lhe best onos, A proposed
data base specilication congists of o clustering
eriterion for cuch Lable andtd o set of indives Lo be
maintained vn vech lable. The proproom alse esti-
mules the cousl of evaluating vach SQL. stlalemenl
aml Lhe weighted cost of Lhe application.

Transaclion management

A major goul of Sysiem I is o provide o [ull sel of
capahililies {or data base managemenl in u realistie,
upirrational vnvirenment. Only in Lthis way can wo
oukess Lhe viohilily of the architectune In Syslen
It, miultipde waers cen goncurrently aecess dala, and
thi system has complet Tucilities tor transaclion
botkout and syslem recovery. Hecovery compen-
satva for system lailures as well as catastrophic
Tailures of e mapenetic moadin e, o disk-doeacl
crish), We Lried to aveid the need Tor bumaen in-
Lervention in systen recovery. In particular,
Fevoyery requires no esplicid operator oemmands:
orly media recovery requires handling inagnetic

"Lapes. Alipest oll regavery fntormation g Kepl on

chisk ard g noncutlastrophic rostart does aob invelve
apueralions perseonel.

The transaclion concepl is the key to o successful
recovery philusophy. A complex vpdale of the data
base involves many SQL stutements. I g complex
updute (aila or il the sysivn crushes during the
opueration, Lhe sinte of tho dati base will poobubiy he
tonfused. The system must e able Lo undo purtialty
completed transaciions. System H does this by

keeping a lug of all the changes a transaction has -

made. For exampla, it keeps the old and new value of
oach updeted record. 1F the trunssaction gets into
trouble, the syslem can undo Lhe transaction by set-
ting updated records Lo the gld values atill in the
log. Trensactions may be undone, by either a
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Fipure G.Tis illuylrales the thres possible Iransaclion
pultomes; Ihe transaction commits, abartg, or is
aboriad by Ihe syslamn. A transaclion is s unil ol
recovery; il commils all oulputa, or aborts and has noe et
tect. & transaciion b5 also a unil al consistency; It staris
with egnsisient Inpuls and produtes consistenl oulpals.
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Figure 7. Five Iransactlon lypes with respeqt ta tha most
recenl chegkpolnd and the crash point, At reslarl, T2 and
T3 will be redana whils T4 and T5 wlil be undona. Since
T1 ended betore the checkpoint, W& oulputs already ap-
pear in the chechpalnt,

sysLem or an explicit user request. Unce o Lrinsac
tiew commits iy upnlates, they will never be undone,
Comnitted updates are redundantly stored in the
log »o Lhat they can be reapplied in rase of ayatem or
mudia lailures Isee Figure 6),

The log is alsn waedul in reconstruciing s current
version of the data base from nn archive or check-
puint version. We use 4 new Lechnique which pro-
vitles incremental checkpointing Lo disk and yet per-
mits dynamic space allocation. !neremental chbch-
puinting atlows us to use a parbicularly simple
svstem reslurt techoigue, Whoen o gystem crash oo
curs, a previous duta base state is rapidly recreated
through Lhe wse ol backup puge maps und check-
point images of modified pages. This dole base
stite, eoupted with Leansaction g inlormation, is
then used to either redo or wnddo abl Lrunsuctions
which woere fnoplogress ab Lhe theckpoint or coim-
pluted after the checkpoint tFigure Th

I'he trznsaction concepl is pxposed Lo Ehe user by
providing operations Lo bepin, undo, and curmmic
the work ol o transaction. The applicalion program-

mer Trackers o successiul Lrnnsaction by o HEGIN-

COMMIT poir. An aborted Lransaction ends with g
HESTOHRE {unda) werh. Al other aspects of
recovery are handled by Syatem .

Tronsactions also supply Lhe key to concurrency
contral. I[F multiple transactiuns concurrently read
amd wrile Lhe same data, anomalies can occur, For
examply, if bwa Lransactions hobh wont oo ndd §100
to an account having $1000 balunce, Lhen the proper
outcome shonld be $1200. But if both transactions

LH
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siarl wilh [l = 100060 Lo, Vhen U o Leome will
Be 510G For this peasoan Ve execution of Hie Lwo
transactions 11 a1 s seeinbiecd,

Systemp B ouses a locking protoee! so Lhat: 11} the
syslem itsetl never pels confused because of concur-
rent weress Looo datit Wem by bwo or more EHNsmHe:
tions, and 19 (he wuser can control the extenl (o
which his teansaction is isaluted Irom the ellecls of
athur transaclions. Pach wser cnn select one of three
isolatiun Yevels:

* The lowest fevel permils the reeding ol data
which has bBeen updeted T gn incomdete
ftronsacticn.

* The next level guarantees that unly committed
ity i reacl, and

¢ The third level guurantees that all reads are
both commitled and repeatable

At 8l levels, System | prevents epdates on lop ol
uncemmitted updales, so that, Lhe system can undo
the effects of vach: trunsaction independently. All
loeks Bre set pulometically 1o ensure Lhe semantics
al these jzolution luvels. The locking subsystem
handlea queving amd deadlock detection. The trans-
action pecovery miechunism resolves Jeadlocks by
undoing one or mors lransaclions and pre-empting
their tocks, '

Slatus and experlence

S0, is wecessible [rom PLA and Cooal amt rans
on TN 270 VA and MVS operating aystems.
Systern B has bewp cperational sipce mid-1977.
Since Lhen, il how undergone eaxpyrimentation in
various enviroomenl s, 2xperience thys tar indicates
Lhat Lhe systemn is inderd ¢ayy 1o learn, install, and
usi, Further, its poriormance, when approsehed ot
the SO0, level, is cumparulsle 1o other dole Lase
management gy stefns.

Typical Syatent R oafplicalions invobve busipess
operalions such as accounting. [ovenlory cuntrol,
purchosing, and bill f moterials tracking. For Lhe
sk part, Uhese ppplicslions ese Systom 1L Chrowgh
a hual progromming langrage (one woald nol want
to generate Lthe monthly stalements of a large cor-
puration by using an od hoe guery terninull,

Users neverthelesa meke considerable uze of
System s query facilities. For example, Lhey can
debup SOL slatements in pdvanee by testing them
using the UFl. Another cxample jpvolves talle
londing —tu nssure that the table wag carrectly load-
e, iL s casier Lo verily the veluey ysing 1he UV
Lthan to write g complex bul seldom.used verifics-
tion prograin, These eastnples demonstrote Lhat il
is Umportant Lo offer both tuery und host longuage
suppert in & complete data buse mansgement
system.

Experience ulse shows the imperwance of pro-
viding lrequently used transeclions wilh high per-
lormunce by means of varly binding (compilitionl,
Consitder, for example, an oidline resprvation ap-
plicatbon. Phe nost commoen ond siaplest instanca
u! Lhis upplication i tetching one recard [a Might)
inddevrementing the number of seats avaoilable, Us-
iy Lhe access method, the cout for Lhis operation s
very luw, and one cannot afford Lo pey the cast of
nptimizing and interprating the trunsaction on each
execulion,

I peneral, vur experdence witl System 3 in
dicutes that the approach will yield good perform-
ance far o variety of users, along with the impartant
ability Lo tuie the systom as performinnee reguire-
ments change. In addition, the system is enay lor
new users, who can employ high-level languages to

“ handbe both new and existing applicetions, @
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FEvaluation criteria Tor
logical database design

methodologies

AP Buchmann®* and A G Dalet

The increuving gecepladee of datuiuse ipsiean lus showe
ihe eed for logical darwhuse duign meticodologics and
Ewaltaaliter Sriferin 1o sefeUT i e ast upeoprioie tod
w purTiculer [ask, Appiation of vunncrtly ca i5ting meihg-
Jofogicy to u pOrfion af Mo divtu Murdtied v ey Lreentof
peaciss plunl dosign figs Righfighlcd srrengries wn wiurr-
comiregs of Hi merhodaloghs Jrafyswed. Using e
reaLfls, evafugtion Lriterfu uit esfobiished aod syaifeus
ef 0 methadology whicl & resgensiee to the ideanifivd
Cratwi o 1 proposcif.

4

INTRODUCTION

Interest b dalabase deslen methodology has developed in
e contexl af applving datablse management iechnolagy
10 soppor L (he integration of engincening design of
chemical process plants.

In alt englnearing Jvdciplines evalution has led Mrom
intuitive (o syylematic design procedures. Database
design i no gxceplion. Many investigaors in the arca
have recugniced the need for @ sysiematic appraach_ Theie
aitempus have becn revlewed by Fry and Novek' and Yo
Mavathe and Weldan?, While existing abicmpas a1 propusing
a daLtabise Josign methodology have many poinis ol inlorest,
they rely 1a some calent on shar uts and infuilive assump-
tions, A logical dalabase design melhodology which docs
ot ol any steps, andd which covers the whole range of
Ievpical clalabase design aclivities is required,

In this paper the eavironmend in which the present
wor b evolved iy discuswd adong with 2 view of the data-
basc design process gnd Lhe ressont for wwe of delabae
tesign methadalogios, Jome af the proposed methadulu-
gics and hww they perfiarm in the epwironment atalysed
are prewenled. From iheir observed sboengthy and shert-
comn g 2 w0t ol enitey ia Tor evaluating a meothogod ogy is
derived, The Jast seclivn suggesty the synthousi af 2 new
me thocdulegy responsive L the staled criteris.

ENVIAGNMENT

Dawabases can play several basically different rodes in
supporling the engincering Jesign of 4 chiemival plant.
Forexample:

* 13 an updatabie deviriprion of the current stabus
af a praject, frem which information vawed a5 now
[
SOeparimehd of Chemipgl Logineening, Whlversd Ly of Jexas, Auslin,
Tiwad, LAA

10w pus tmdtil ol Compoter Science, Lndversdty of Tus i, Ausiing,
Teway, UbA B

wolunic 17 viumber 3 may 1579 010 448570121

1 2 parlicular Lk ean be abtiined, s cohancing
CEMMTLOE IO HTEHIES LS

-4 a3 d private womkingapace for g wmall group of usrs
serving 41 an archival sysiem for proliminary design
aliernalives.

\f the darabase is viewed as 3 record of progiess af a pro-
secL, it will serve s 3 communicalion medium among
groups of desipnery Sarryling out various 1asks in the overl
design and will contlain already approved d.ula reteasod far
uye by oiher groups, Well-defined channehs uf communi. '
cation exisl Tor (his purpos witlin anoof ganisation and
informatlon is aditionally presenicd (o the user in form
of Familiar documenit, &g Now shoeets, load theeny,
sehematic P and | diagrams, specification shoets, eig, Dat
furve 10 br supplied alsu to desipn sofuware packuges
whith shoutd cely primarily on the informaths conlaingd
in the progecl-wide database. This ype of database rellecis
the gradugl refinement of the project and grows mona-
tenicatly, Warious degrees of debail have Lo bt representod,
depending un the slage of completion of the project, [ur
crample, bidding inforniation can range from codise ©sli-
maicy 1o dala obnaingd fom an almost complered design,
Py will be in most cases less delzifod than informatian
Used [or subeoniragting or the shop infurmalion and the
final priject documentation. The dependence of many
applications un he wamne dala or dependence on dita
geoerated by intermediate applicalions cause any updite
10 prapagate shroughout the daliba, An cxzmpie is the
praeess doalgh slage wlinse euipul serves as problem
delintiun for Lazer tasks i1 1he design chain, Updalcs,
therelore, have 10 be well -decunentod in e Teem of
revivigny and 2k 1o wsors of the updated nformation
ate AECEeY. :

In parnicular, the interfaces amang the procest engin-
ecring growp, the systems Sroup and one cyuipment detign
proup, the heal eachanger dekgn froup af¢ examined.
informadion is transferred Trom the process cAgiRCCring
graup in the Torm of o pracess iclease, tonsisting of
2 Mowshpet, 2 material and eoeryy Balince, 4 majur equip-
menl disg with identilicalion of acoounts, and load shrels,
Peraibed speaficatuun shetls awl drawmgs 3o conssdered
a5 the documents producct by e heat cachanger group,
and vabee, PIPEie Calculiniom, cunneclion infyrmation
sheels, ot &4 the information provided by the systems
group. The characieriratiun of wnimmation wis provided
by the Pullman - Kellogg Company in Wic Torm, af Jocu-
ment blgrks dnd tirough discussions wilh nae of the
auihars,

Ay g firsd step in ning darabawe manegement fech-
nology, madclling 1he r:xi:.:ir_ﬁ: CMImUnicatiun yyslom
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atiom of wser reguiremenis throwgh congeplual modsl

Mg - - - and Fingl ace comomulinion in lerms of e swelegled
DEMS, is ihe lugical Litabaye cosipn frocess.
PR 3 G The inberngd o ganization of 1he (fi1g reprisenting the
- lon d L e abhe b ypsbem and {1y mosdcls wn physical dueioes con-
LU P stilutes the physical dusign of 1he' daabase. Figaee 1
shows schematicatly 2 view of the daiabas design
Preseis,
L — The strong effect that any misconceplivn of the
¢ ohjeck sysiem of misipprescnbaiion of ity Charagicrisics
im the conceptwal model kas on e ability ol the data-
Ll [ L 3 base bt sativfy the dsers” information teeds hds genred
Carvipocteomn | athention on the Jogical ditabase dosipn siage. The syue-
e — malic Plocess by which oNc Lraveisn the dit ferent stages
I- T af the lagical datahase desigm and porfros the mappings
From ¢ne level of absdeaction b e nesn s oumimunly
L | o] called 3 fggical databaw design A lhodoiogy.
I t Twh parameters have 2 sizong inloendce of the com-
Laguom  ychvparm ] s
T [ s (' In Bowy m pRrlty of datsbase H_HEH
& (he nymbes of objects t be reprosented,
l \E & the number of intéored atiunshipy amongl obieers ,
The area sbgwe the Curve in Figure 2 represcnts the ared
funng - o which inruitive dedgn beoomes mest dilficull, Ta
model an abjoet syMem in which mapy ghjects and
Phycal aclivitkes are intericlaled a systematic and well seruciured
g . ApProach s pecessary. It is therefore instruclive 1o observe

how proposed methodologics perlorm in i largeazale
appiicaiion what criteria should be applicd for svaluation
of existing dawe modetling technigues, and whal conse-
Figure 1, Datavase design process quepces can-be diiwn for the development of fuluee onus.
' Singr datzbase design rechnigues have evolves] largely
lar the purpose of wpporiing business applications it is
imefal te analyse the capa hiliicy af varwan methodologics

Rey. OS5 s pgrcl mibmywior, Ly riotsl vie, E% r gisnal acharo

which has proven 10 by adeoquate for EngInELTing pur- In the technical dewign envirpnment describod in the pra-
poics is proposed, The folkawing examination of the viaus section. The remaindur of this paper witl therefore
problems of dutabase design metholugies is mads in the discuss observed strengihs and weaknesses of e ewamined
conleat of this dpplication. meé thidologies a5 2 batis for delning a sen of pracrica
crioria foc cvalualing a methodology. Since ne examined
DATABASE DESIGN PROCESS methodology Fullls all the critenis astablished, the final

SCELion slates the need for the synibesis of a new meth-
odology rosponslve to ghe postulated ¢riterla, AS the term
‘synthesiy ' Indicates, this should Aot be 3 complete redovelun-
menl, by an avsembly of the Wil parts of alrcady propoeyed

The term “datalrase” is an elusive one. |0 this Coneeat 4
database is considered to be 4 model of a porion of
reality reprosented by an evolving calleciion of inter-
relaled data accessilde 10 1evenal applications, These
dara have a controlled redundancy and the user has the
capability af inserting, deleting, wpdating and rericwing K
datain g restramed form theough the actions of a data-
bate manggement ypsicm {DIMS}

The eatraction of ail the charaeristics of the obiect
wrilem which it 10 be represented in the databaze i the
hrst siep in any databose dusign, and initially invalves
wser requirerments specaficatlon and analysis, Mhe repre.
senLation of the vhiecy syslem’s propertios and iheir
Integration inwo onc concepiual modet Is tho newr poe-
tivn 0l 1he logical database design. The model ohiaincd
by this process is am absirycl mode] which reprosents Whe
inherent propertics of the obiect system oo i4 indcpen-
denl of any model o nolalion woporied by the DBMS.
In order ta be proccisable the conceplual masdel has 1o be
enproised in (0rms compatble with a particular DEMS,
This is thy, darabase secommudatlon slep, Since local
wiews wire integrated a0 a high level af absiraclion 1o —
yield a binding mode! common 12 310 applicalions, iL s Mt ol g on et
ACCHLACY 10 repesent now 1he user s views in terms af
e data descriplion language (DOL] supported by the Figure 2, Bowndary of teasidiiy for lrcuitnve Jogicaf datu-
pariicular 0OMS, The whole process, lrom determine bae Jesign .

i.'u'n-nq rpey
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uesig Techniguey integrated into A framework tapable of
bridging cuisting, metlodetogical sho Leomings.

METHODOLOGIES ANALYSED

CraLalrase deyign methoafologios wilh markedly different
characieristivy amd arigin arg exgmined e ordor b cover

2 wide specteum of foatures, The seleclion undel conyigder
Vo is bemited bwl s a2 Tair representation of the londcncies
notivealle fo rosearch in ihis feld, Twa basically diffgrenn
trendds cam P alocrved. Qne approach Tirst generaigs a
globul schoma Jand then derives local wews fram i ihis
apprasch v charactoristic of much cUrment work in Lur-
ape, Mare popalacin tha US §5 an 2pprueach which first
miadels o al views of JifTorent wsids and then istegrates them
1o form g ghbal vicw, Modelling approachos thal assume
dilferent dard model, sd which have the potentigl for
futare catension ansd reliogmeny wers s swioy e,

The resull was the selection of 3 metloodolugivs, namely ©
Bubenku™®, Kahn®* und Smich amd Smish? ¥,

Space lmitations Jo not allow an ¢ulensive viow of
thewe methoologics, and i is suggesled thal Ihe odigin
wink be comulied for further detaily. Only the wmlicnt
characterist ¢y and specifically those winch will influcnce
the evaluation criteria will be cited,

Bubenko's methodology "

Bubenkos wor k hat been gvolving ond the comments
made hore apply basically to the version prosented in the
Infereniial Absiract Magelling [1AM] appraach™, The
process can Be divided inlo seven ierively eaeculable
groups of aclivities:

* collection and specilication of infonmalion regulre
meniy '

enlity classificaTion

specificatian of fungtiyndl depeadéncies

abstract abject speciticativn, inlegration and amnalyis
wmplwed inlormation analysis

derivabilily {prevedence|] analysis

& pransformdtien 3 a0 caterngl namebised model

The firsl s1ep consists ntainly in g narelive gathering of
information regdirements and their lormuiation s ceoms
af guenics and ranwclons. The secood step, the clisifi-
Cation of sanltivy into conerpt classes i4 mot Furtier
formaliced and appears (o be an extraction of all tie wh-
fecti and ohjects [grammatically spcaklng) of ihe query and
traniac ton tescriptions, The resalls of this siep wre highly
dependent on the care and degree uf standurdizution with
which the reguirement furmulation was carricd Gut, [t is
concivable tMaL infurmaien is |ost or strange crditics are
1dded by auss of poosd reguirements descriplion by the
uiers, An pramiple ociurs in e engineening Jdeuign appli-
calion conteat whure dogument ndmus are wellarder-
stood conepty fur a devigner. | Whis casc, it can hyppen
thal query of Lransaclion feguiremen| sLatemends will be
foemulaed in these terms, thereby intiodkicing a report
Fowmat intg the conceplugl mode! 28 an object. Any change
in reporting provedurg would imply & change in e con-
ceplual model.

| he groufmg inLo concepl classes propascyd by Bubeneo
b5 highly intuilive and not likehy to Be Tormalized be cavse
of the application dependence of this step. Flowevar,
guidelines wruld be hetofal.

The third slep, the delermination of funclonal depen-
dencics, is 4 munurmentad sk o 3 semantically sich wppli-

wolume 11 pumber 3 may 197%

-

cation, The 1AM nuwihodology recagniees various kinds
of Tuag Lol depengencies, {a the analysed gontest $0me
ceampeyy puufd L

Fi1: ubwsheet  component of = = heat gxchanger
112); pyuipment lunedon + - id ~ = cguipment
identilier

1430 (ot ale, &P, — o -~ -* pipe diameter

Fi4]; cmposition, Wwmperatlure, pressaig -- — mat ~—*
witlve mnatetial '

Severd problems are encountered in an engineering envir-
wimenl, the masl dif ficull beiny who should defline the
e neies. A altabase duvigaer cannod be capesigd Lo
e Tamiliar wilh every aspect of a0 application and hence

£ snnut discern all possible Jependencies. The wwer, on

the ather hand, has o limied perecption af the whole
problem space. In additen, same funclional dependencies
le.g. F[3) ane F{4] dbove| represent design decitions dned
same dependencies can be fapeged 19 change from profect
to propci,

The wbstract objects are denefmimed a5 a resull of the
previous sleps and §Lmay be necesary (o iterate L shipuld’
be noted that this approach uses wa levels of absiraction,
DOinly faler are the abstract chiegls mapped inte a name-
based nodel. The implied information analy sis comprises
the identification of implied amd dorived associations and
the correspanding rules, An asseciation fy implicd i 0t
funceignally dependent on a proper subset of the inidal
or il enl il ying J1socitions reéd apd La a4 particyl ar abarage
abject, ldentilying assaciation: are thos thal canngl be
remnaved withaul destroying the 111 coirtypundence pro-
perly. Agsaciations are considered derivable if they are
fully dependent on the st af ldentilying asuociationd.

The procedense ar derivability analysis serves a5 & tes! Lo
ensure thal [he initial absteact objecls and e defined -
rubey are wfficienl 1o sarisfy all the anticipated infar-
mation requesis. This absiragl mdel iy mapped in the
last step InTe 2 name hased model through the inlrodud-
tion of name seds.

One of the interesung featuret of Bubonko's approdch
is the inghusion of & time dimension, but this charactenistic
appears nat 1o be operaticnzl. A strong poinl of the method-
logy i Ihe separation of an abstract and a name-baset kevel,
The uie of inferrcd and deduced information provides 2
possibilicy for checklng for consistency ai the logical level,
4ince varsatrs pratky are avallable to oblain coriain infofma
Lion, Bul problems are the implementation bevel could five,

Kahn's methodotogy

Kahn's methodology appears ta be a pood candidate 1o
seEve a3 & framework, A charagteristic af thiy approach is
the carly weparation of the problem into (wo parallel
PeTipec lives, Ihe information sThudlure pergpictive, which
describes the Inter¢anneciony within an organization, and
tne iage porspestive, which i concarnel with sansfying
INe ProcEssing reguirements witlim an of ganisalion, and
amalgamated these Twa perypectives should provide he
best overal) lagical design. The wparition Into two per-
SPECHivEs raiscs One IMportant e shoull Lwo different
extieme schemita be designed, ong processing, the other
information offeated, which are merged at the end of the
tepical detign 1o yishd the conceptual schema of the cnler-
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prisc ar should the deugn of one, very Mlexible, infor.
mation struciure first be underlaben, intreducing through
4 pradual refinument those modibications that allow jhe
pEessT g reduiremen s L b Fulfilled 7 A analyus of he
evolulion of Bubenko's and Kahn's work in the Bst two
yrary shaws & IGpdency (owardy the soooe] appanasdh, bt
aeither auther Makes 2 siron; argument fue eicher akbens
ralive, Kahms methodology baigally conndt of G fevely
and 5 seps o go (rom one kevel o thwe neat:

Leweis Srepy

Rral world
requircmenth

Requiremenis viep
Local information
SIPCLUres

Entlty slen

Relationship slcp
Global inlprmaion
$truclure

Fatity structure siep
Enlity siruciure

Relingment slep
Revised enlity
structurs

DBME accommodztion sicp,
Logical database .
sUruciurs

Cne ol 1he strengihs af ihfs methédology I the detailed

specification of the inputfouput for pach siep, the major
thorwomeng Iy the lack of detal in the available papers ay
1o how one should proceed (0 obLain part of this ouilpul,

The requirement siep iv sibdivided ina 5 aciivities: a
gross system andlysis; a schegtion ol devign palh belwoen
infarmation slruciure porspeclive and prosessing reduirg-
MEnLL parapectivg witk the fofmer boing Lagidy prelferred;
2 mequirement Weohnigoe sloction; requiremeni collection
ahd specification: 3 requirgenent analysis (o produce jndivi-
dual information requirements docoments. MHowever, [iflle
infarmation is given 35 (0 how thes® documents 268 pro-

e,

Kahn's methodolopgy agaregates the local views inlo 2
commaily siew and insists 1hal each user be recpansible
for Ms requiremiens, tharely avoiding use!s anomym susly
slating unredsonable requirements. The crlity siep sorves
tha purpase of désigring gobal crtities which are repre-
wentalive of the wrzanizanion's aggregatesd needs. An
analysis of the aclivitics performed indicates that Lhis
methodology arFves dircetly at 2 name-based miodel, 1 ke
agEregAtinn 1o furm a nanredun dent ¢ etestion of criljtics
i5 ot of the more difficul 13sks and iy lefy Lrgely 1o the
designers” inluitipn, An cquivalent suep s Cavicd oul for
relationships creating ghobal relationships, Jdenufying
conditiona| and esisent relationships and lminaclng all
redundanat refatlonships 10 is imponiant 1o doakize that 2
tlric iy ponicdundant globat information sLuciure is
abtained hore which might be considered 24 1he invial
conceptual scherna,

I the catley Mrusture step, the glohal loomation stru-
clure i sebseguenily mapped inlg fenctional dependepeies
and [roen there into normalized relstions, The published
papets on this methodotogy Yo nol descrile what specific
algorithm iv used for the synihosis of normalizod refagions.
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Howgver, accarding 1o Beensscin'™ all known algorithms
depond on Dwo assumpiiong: e 2vailaldivy of 2 set ol o
Tungrienal dependencies, amd W unigueness, i e, Uy,
a1 rnal, g Dane Tiumal nelativnship Sonaug s ene sot ol
atiritutes 0 apether. The reatment of Tupgtional depen-
deneiey in the publidhcd dygorithms [ construction of
oz relations is sieivdly syntactic amd, therelore,
i algorithas ndt only depend on x complole sel o
funeLional dependentics, bl un 3 complere wi of
Fune t bonal deperadkericics thal cannel 1ol e invalid syne
1 e wlorences, Kahn's melhodology tries 1o circamont
this problem by resalving the semantic amivguitios in pre.
witius alcps. By oblxning the fenctional Jeperfondics
from the global inlwrmation rugtore fat than dirgeuly
from the user cequirements it i more kely that the yrac-
y wyntactic appraach will be wecessiul, However, the

T D stilf have 1o Be chechedd For complianee with 1he
WHigUeness roagliremes aml B fedessiry 1% inms br
canstruclion of relations, BF Bernstein's mragllnad s wsed,
these axioms would be rellesivity, augrnentation, and
peeudotranstinity,

Onee in the ferm of normalized relations, the refing.
ment frtroduces controlled redundangy, ensures adequata
processing and accommestaiey secueity and volatilidy of
the data. However, iL iy possible than some of e actons
described in this siep will be uwed for garbage codlection,
gruuping uarcsalved isues and putiing them out of sight.

The CHEMS accammiacation step campeiws 2l those
Cliong necessary’ [oF exprossing the concrptual schema
in the DDL of 2 chasen DBEMS and reguaires that a
mapping be possitle Irovn normalized relations Lo the
model supped ed Ly the sclected DEMS,

Smith and Emith methodelegoy

The megthoduebogy mtrogduced by Smith and Smith igreres
tha reguirement gathering and anulysis sbage and assumes
Lhal the concepty Be i integrated 2rc available and are
fully undersiood by the database desigmer, The basic
premise of this work is that abstractions are the means by
wliich humans understand and manipulale comples
systems, For database desiygn only abstragt gbiects are con.
slered of interest and they ¢an be formed theough gencs-
atiration and aggregation. An ehiec! is formed throosh
gereralization fram a ©1ass of ather sbjouny ignaring the
difterences in favour of the common propgerties. An abi-
sirack objecl s formed ghrough ageregation by namitg a
relanonship among other ahijec iy, Repeated applicalion of
pencralization snd epErogation 1o the scl ol names pronlded
by the roquincmerd siep peculls fn abstsaction hicrarchiet,
which €an be visdalizod asidying in porpepihicular inler-
secling planes. In Lhis methadology the ngmes cary 2
lar pe por Linn af the wemanticy. The authory coniend that
il i inappropeine b 3ssign a fined IQLETpolalion To in
objecr al the congepttal level, An objeul can be vipwed

a4 oArily, compnnent, relalisnihip, cuteguey, Al te,

or iniLance, depending solely on the wiow point of tha uwer,
It iv damed thal sl Lheorelicad models ape bes, resbicive
i Wiis wemst than graph phoaretical mudek wtvch tend fo
fix the interpretstion, |F this i the case, i wlll be Acees-
1Y Lo anabyse whal restriciions have w be irmpused in
ol Lo map the conceplozl whema oblgined thraugh

A vacTions inle 4 graph goented DEME . g0 oo -

Wnl siep since graph (nerwoerk! cricated DIBAIS are com-
miercially availzble.

" ]
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The methadalegy consists of fow basic tieps: goner-
allratlon, aggregation, insanue identifealion and expres-
slon in termy of an absiracl syncae. Tho sedvitics af the
abstraction sicpy are highiy inlditive 2nd deoersd on thc
intight and atnirdciion cepacity of the database designer.

IDENTIFICATION OF CRITER{A

In the precoding discunsion, the salien ¢haracterislict of
roene existing methadolagles were idenified, Inthis see-
tionm @ framework Mo evaludiing dalabas design methedo-
logies is oultined and 1he deslrable featuren of a specife
mcthodology ropowcd for the aiea ol inleresl are ideari-
figdd,

Dratabase Jeoilgn methadolugics may be characlersed
by the Motlowing Lentative [fsL of propertes:

camplatenci -
di4ign sTALEgY

requiremenl specification procedure

nurtter af abstraction levels

aggregalion process

separalicn of information and processing requirements
scopa of the mosde!

wse of funclional dependencies

wse of rotes

trealment ol secorily, update propagalion, elc.
modulariLy

adaptability o avtomated design 1oaks

The complelencss of a methodulagy, Intoeporating smooth
tramsitions from one siep 1o the neat and adeguite mapping
facilities to ga from one level af absiraclion to another it 4
necesary condition For accepability. Gaps in propased
melhodalogiey frustrate practising database designerns and
Imadd 1o o Mow ealensions,

Dwiign strategy for software |5 ofien dlused In the
Todm of the debate ‘Lop down va_ boilom up ™ The labell-
Ing of 2 methodology as 1op down of requircments firsl is
elien confuslng, For example, an catly version of Bubenko's
methodalogy is referred to once a3 top down' and elte-
where a4 reguirements first'3, In the case of dulabase design
meihododogies the debate can be reduced Lo the question
‘what is the inltial image of the objzer system?'. While
roquirements firsk methodulagics relate directly to 1he
physical abjecl system, Lop down mathodologics upe &
proconceived menlal medel of reality which will, mowt
likely, be incomplete and biased. For engingering purposes
d requirements first approch is more adequals,

If 2 requirements first logical database design methoda-
logy is advocated, it is necessary 1o cnsure it a poed
tequirement gathering - anatysing prucedure is pat of the
wlecled methodofogy. The need for this is recogniced by
most suthors but is carricd thiough only by 3 lew, Fre-
guenify emphasis b pul inte the develepment of require-

-Awenl Apcdicalivn languages and satgmated analyiiy
procedurcy, which are helplul only when he phyticad
reality has been carrectly perceived, The probems which
arg mest difficuly to climinsic arise from falye pergeptions
of reality, resulling from a natural language barrigr between
he ‘database naive’ user and the “application naive' data-
bate desipner and Lhe lack of appropriste tocls for com-
munkcanion by iween then,

Most mctlivslulogics, hyving teir arigin in 2 business
environmenl, do ngl comider the niajar source of Infar-

L HH Iﬂlll.hll! in engintenng cRvironments, the standar-

dlmd design documents. Lach document represents the
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local view of a small poriion of reality and is theretore
aft exgeflend skarling padnl in gohering informanzn
akoul that porlion of the ebjcel system. This approach
b proven usclul in the application considered here and
has 1he added advantage of beirg very economic as far
a3 mers” time I concermed,

Lome of the analysed melhadelagles inglude Lwo
abgir zetion Ipvels, while other include one. Whon twe
bevels arx vsed, the naming procedure i usually delayred
and first the physical realicy is modellcd in 1erms of abs-
wract abjegly, Maming uours at 3 lower level of abstraclion,
| e a later stage in the deslgn methodalugy . )f only ono
level of abaraguion is provided, the database designer
arrlves iamediarcly i g pame-based model which j» more
restrigtive and may te more difficull Lo manipuliie becaus
of the provicusly mentfoned languige barrier and the
wemantics conveyod by the names. The high semantic con-
tenl of names makes the apumotion thal the dalibad
designer umidersiands the unigue meaning of each nume
and can resalve any naming conflict questionablie, This
suggests the e ul‘ lwn lewels of abatractian as the preferrcd
Approach,

A majow difference amang existing methodologies is
their appraach 1 the aggregation process. Such meth.
odologics aim at a single ¢oncepival model, spanning 1l the
tpplications in one steg. Other methodologies model each
application separately in Ut form of local mformation
ructunes and laler inkegrate thern inta a global view, For
large engincering applications the second approach appears
te be betler, but whatever the number af agaregation $ieps
may be, eacept for the meat trivial applications, some
Suppee is ReCessary whenever overlapptng of eniitics and
aturitaiics exish. 10 is this paint where most methodologios
fafl short and leave Whe problem 1o the designer’s intuitian.

Methodlahogies vary in theo consideration of processing
tequiremnents, There zppears to be & consensus thal the
information perspective should be gheen priority. Once this
it obtaincd processing requircments ¢an be introduced
either by deflring an ¢xirome, pracessing orieated 4 hema
and amqlgamating it with the informalion oriented schema,
or 3 gradual refinement of the information requirements.
based schema can be auempicd, The fatier offers soveral
advantages. Changes are gradual and need only be carrled
out until tho required gerformance is met, thereby avaid-
ing an avershopting of the performance requirements at
Lot cxpende Gf AExibilily. Hawever, 11 is necossary o have
4 jood monitoring methanism W moaiure the effects of &
glven modiflcation.

The wope of the model determines Lhe degees of re-
dundancy at the conceplual level, i 2, should information
be stored explicitly or should 23 much as possiblc be
derivabie, |f Ltlle infarmation 1s aored explicitly and
many inference rules are cslablishea there may be alter
Nate ways of deriving deslred infarmanion, therchy allow-
Ing the designer bo verily savrrcinesy 2l the concepiual
level. There s, hawever, 2 rzde-oll which has 1o be gon-
sidered, especially in complex savironments. In order
la obtaln ¢orrect inference rubes the funclinal depens
dencics have (o be known and thiz may be diffculi, I
can be anrigipaled than any methodology depending on
tpecilying a cormplete il of Functional dependeneics will
net b stlielle Tor the Jesign of a comples ongincering
application dawabase, Emphasis on Inference of infoc.
mation may aba result in conillicls with the wsers in our
#rca of interesl since many engincering design decisions
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are inferend oy baved om the data sbored in the dalabase,
Thprelure extensive use of inference Lan be part ol
database wrlem suppoLing local workygaoes, bun net
I a sysem wscd an Lhe gl ficial recedd of a projecl,

The varying flesiblity with which meihodotngics
tecay Individhua data [vems, either assigring a Nised
ralg o altewing (rec intgipretation Sepeeding wa the
particubar view Nas L be gonsidored when synthe
sizing a methudolagy, (1is not feasible wo inwegrale
portions of methodulpgies which differ in their
peroep Lo of the role of anitem,

Before sclecting a methodology ivis necessary 1o
ascostaln b7 fhere are any undesolved steps that may play
# chuclal part. lasigs {lke security, and updace propa-
pation are afien found in ‘garbage collection sieps”
towgrd: the end of the methodolegy, bur they may
inffuenge carly stages in the logical database dasign and
should be identificd at M poticy defindlon stcp 1o be
resalved, i necessary | a the design progresses and avuid
costly iteralions and redesigns.

Modularity is a special coneeen 1n relation Lo the pro-
Blem of symthestzing a methodology, bul it is alsa neces-
12y wien Leying t9 Carey aul some Lasks in ap autgenaled

- or computer-aided form, Design oals ure seldom compre.

hensivg and clearly defined stages with well-specificd in-
Pul and ouiput are necesiary for a design aid 10 be uve-
Ful. 1

CONCLUSIONS

Some eriniing methodologies have been qutlined and
some of the characieristicy discussed, This resulied ina
serics of practical isiues 1o contider in construching
lagleal dutabiase design metiodalegy For application in
an engincering design enyiranment., For the covironmant
under comideration ail the wreencd methodolagies pre-
st ted whol Legmings. Consequently we are currently
engiged in synihesizing 2 methodalogy with the follow-
ing characteristics:

* 2 requirements Mirst approach i utilized, even though
this carries some fisk of bizs in layour of exisung apodi-
cations and probiems

* the methedalogy will be comprehensive, i It will
include as integral party (u] the mapping from reality
in the farm of defined requirement gathering procedures
and [b) the mapeng o & chosen DBMS in the form of a
dargbase accommadaiion step

* the requirement gathering procedure will make extlen-
sive use of engineering dofuments

® iggued Fke securily und propagalion of updates will be
defined i carly sLages and included in Lhe requiremen
gathoringfanalysis procedure

& puldelines for idenyfication of entities and attribues
wilk bo generaled

® two fevels af absirac tion will be incorporated

* algsrithms or heuriics Tof support of the aggregslion
Proces will be patt of the meihodology

* i conceplual schemy that stresses tie inlarmation re-
Quirgimenls is flvourgd, with introdostion of process-
Ing requiremants thepugh gradual re¢finement, Refine-
mren | will CCCUF wpon mapping inla 3 DBMS dependent
TEprEnen L Lideh

13

* spedilication ol obvioys funcliong dependeacios will
be made, but i1 s recogni el 1hat o comiplety seL s very
wnlikely 1o b oblained, |nfererce rulgs Ter deriving
information will be avaided s favoor of explicit starage
w bty inference weld interfece with the e
decision pricois

® the methudalogy willb e madular in order o be able
gradugify o dapt autamaled design ool
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CHAPTER 3

DATABASE ARCHITECTURE,- CONCEPTUAL MODEL,

AND DATA DICTIORARY FURCTIGHS

3.1 Datahase architecturwe

Databases wvolved from slnmple filw handlilng
systema as the nead aroee to cross-link thome files in
ardef ta access data for other applicatlens. At  that
atage databane design  wasm considered molely the
specification of records apd their organiration on
secondary * storage devices. As a result the user had to

be awara of many storsge-related ampects. In an  attempt
to  improve data independence and to structure the
databage derign process, in 197! the CODASYL databaae
qjatk group {DETG) Ptoposed B two=-Echama Jdatabage
saTrhitecture {DBTG71), which was followed in 1975 by the
threg—-sachems approach presepted Ly the ANSI/XI/SPARC
study-group [(ANSI7VS5,.JARD??}. In order to schieve & wall
structyured database it is necessary to decide flrst on an

appropriate architecture. Therafore, thie chapter is

dawet el to a brief review of the DBTG and the
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ANSI/X3/SPARC proposals, a description of the topics
relevant to this regearch which need further
specifi;atlnn, followed Ty a discusaion of the
restrictions to  he imposad o©on the ANSI/X3/sPARC
architectura for practical reasons. Thres topics of
intersest are intimstely relatad and gach is discugged as
a function of tha gthar two: the concaptual sachema
demign process; the podel to be used in the formulation
of the concaptual |chemn. and the fupction of th; data

dictionary during concsptunl wchema Asmign.

3.1.1 The CODASYL/DETG architacture

The proposal of the GCODASYL, DETG wan & first
attempt to standardize databane design and group the
utay-related azpwcts in the variouas suhs:ﬂemﬂtu. while
the common vliew apd all the atorage related aspercts wera
spacified in the lch;ua. The separation., however. was éy
no meantg complete, as oan be avidenced by many COnstructs
in the CODASYL data descripticon language (DDL] and data
manipulatlion language (DML} {DBTFTl}. The two-pchama
approach, although it 4is the Tbasis for  several
commercially avajilable Bytems han the feliewing

drawbacket ~
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1} the databasge desiqn is not transparent to the
!

user, i.e. the user has to bBe aware of accessing

mechaniems which are specified at the external schema

lavel:

2) changes in the storage sirateqy affect the

users, even in those cases where the loglcal content of

" the Jatabaze iz unaltsared;

3 lyitema designed according to the CODASYL

proposal are locked inwo the DTG data model, a

r

restricted network model:;

4} the main aim is efficlent oparsticn at the

expensg of flexibility in the loglcal design.

3.1.2 The ANSI/X3/5PARC databage architecture

In order to overcome the ahorteominge of tha
CODASYL architecture the ANSI/XI/SPARC study-group met
out to formulate a database aréﬁitectura which would
allow complete data independance. 7This would be achieved
ueing .three achemata: & seob of external aschemata which
represwnt the uuers'lvieu of the data, wvery much like thae
CODASYL/DBTG subschama; a conceptual schema, which I8 n-
global, wunbiaeed view Gf the whole enterprize and which -

i independent aof the vacious uger views &2 well me ths

EX)

phyaical mtorage structure; and an internal’ schemas, which

iz A bluaprint of the physical storage structure.

The ANSIFXI/SPARC study-qroup did not atéeﬂpt to
prasent B databaee Eyztem wpich was ready for
implementation and would henceforth serve as the only
standard, but rather tried to ildentify the nacessary
components of & database architecture which would
guarantee & maximum of flexibility and data 1ndepegden:e
and would represent a goal to be achiaved throogh further
refinemant. In this s&spirit the databame sSystam wae
broken down into logical compeonents and  interfaces or
mappings needad for commounication batween connected
madules. Only the gectlon of interast to the Dresent
research im  shown in flgure 3 [YORE?7). It reprements
the "interplay of the threa Echemata, conceptusl,
external, and internal, the J&ata diectionaryfdirectory

(DD/D} and the necessary interfaces.

The truly idinnovative part 1is the conceptual
schema, which Isolatss the physical storage and actess
mechanisms from the user . views, thoreby providing the
data independencs soughk. In the most general qise
diffarent data modela could be jupported at the external

o

laval which would be mapped back and forth to and from

the concaptual schema. This architecture receivad tha
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name of coexiatence architecture [MIJGT&).

“The ANSI/X3/SPARC report almo epecifles the roler
of the enterprlise adminisctrator as the peraon ultimatsly
responeible for the concéptunl sechema, of the databame
administrator as the individual{s) responsible for the
intearnal schema and Lhc application administrator{a)] in
charge of the forsulation of the esternal :chem;tn.

thereby setting the neceessary organisatorlal framework,

The  ANSI/XI/SPARC architecture

rapresentE
progress  in the right direction, but the study-group wam
not charteared to resolve all the exleting problems. It
appears At the present time that the &NSIfxafsPnﬂﬁ

architecture will prevail and +that any aystem with a

-lcng-term poops will have to adapt sooner oF later to the

ARSI/ X3/5PARC prop;lnl. However, many questions are®
still unangwered and Inutt ba eolved bafara <he
AMSI/X3/BPARC architecturs is opsrable in its nost
general formlation. In the following secticns the
necessary restrictions will be spacified in order =@
achiave the most flexible architectura possible urser
prement constraints. The architecture presented hece is
baned o©OnR ic ANSI/X31/SPARC .}rﬁpasul wlth rastrictzcmd
that can be gradually elimlnated ;s ohgoing resex-th

shows how to0 handls the necessary mapplnge. ' Once e
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restrictions are eliminated, the pressnt architecture

will have evolved into the one proposed by ARSIfX3I/SPARC,

3.2, Areas in the ANSIJXI/EPARC architeckture requiring

further specification

Thres areas of concern will be digcussed hers:
the Iinterface hetween the enterprise adminigtrator and
_ the conceptual =schema, “the mappings batween  the
concaptual schepma and the varicum externdl schemata, and

the tole of the data dictienaryfdirectory.

. Interface 1 in figure 3 1a the intarface through
which the anterprime adminigtrator defines the entities
of the real world (or object system) and  their
relatlonghips in terms of the coﬁccptual achema. It ia,
in fact, the conceprtual echema design proceys. No
atterptsa were made by the ANSI/NI/SPARC coomittee to

formallee thla procedure. With the conceptual schema

being the cors of this acchitecture, the lack of a formal

definiticn of the databasze deéign ﬁr?cesﬂ ie perhaps _?ha
most serious sghortcoming of the proposal. A review of
mome ottemptm to fill this gap 1 given !n the next
chapter, and a proposal to define thin logical design
process for enginewring systema ls the tleme of this

4

IT&S#+ATCh .,

Tha DD/D ik defined In the ANSI/X3I/SPARC report
a®m the repository for the mathipn readabla form of the
conceptyal schema upon which the external and the
internal echema proceszscrs operate. Howewver, tﬁe lack of
& formalization of the design process makes it Llopossible
to speclfy the functions of the DO/D during the dealgn of
the conceptuzl schema, one of the functions of thea DD/D

which could prove most productive.

Finslly, no coosensus has been reached among
researchers about the model to bDe useh for the conceptual
gcherma,. This im due, Iin part, ta the dual role of the
conceptual schema in Jdesgjign and operation of the
databage. The selectlon of an adequate model dJdeserves,
thearefore, Epecial attention, #ince many of the features
af the Aatabasa demign processg and tha oo/E will depend

¢n the modal ussd.

&

3,%.1 Hecessary restricticons o th AHST/x3/SPARC

architecture

The conceptual *schema in  the  ANSI/XA/SPARC

proposal servers a dual purpdser

"
. .,

1) it is a central, unblased description of the

enterprise commen to  all ueers and during the database
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denign §t iam the global description from which the

externa} and lptwrnal wchemata are Aderived:

2) it l» also an intermediate representation in
the run=time mapping from the different models supported
in the externsl schemata to the internal representation

of the data.

The conceptual schema in irs first role is»
currently attainable as the result of the logical
Jatabase design process. This ia 1In fact the atatic
portion of the conceptual schema concerned with the
structure of the database without consideration of the
‘values. The dynamic role of the canceptual schems is not
asttainable at présent since it has not been demonstrated
that the two-way mapping between tha conceptual model and
the models supported by the axternal wchemata is posplhle
without the loss of asmantlc content andfer introducticn
of amblguities in the axacution of ths update and

insertion oparationm.

Since models which are beat suited for conceptual
medeling are not  those luppﬂrtﬂdl by tha majority of
" available DEMSs tha loglcsl gonclusion is ta divide the
conceptual schema into two parts: "a global view of thae

enterprise in the semantically most explicit model, and a
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logical schema i; the model and the DDL of the DBMS which
ia to operate the database. The global view can
eventually parform all the functicna of the conceptual
schema once the nectssSAYy mapping proceszors have been
implemented, provided itrhns been esztablished under which
conditions the necessary mappings can be carried out
unambiguosly, and that an adegoate model hap been used
for the definition of the glcohal view. Henceforth, the
terms 'glokal view' and ‘loglcal aschema’ will be

praferrwd gver the more general 'conceptual echema®-

The gsecond major restriction, which s =
consegquence of the first, is that only aubsetting is

allowed am the mechanism to define the external achemata.

The logical database design can than ba
introduced in{n the architectura of figure 3 as deplcted
in figure 4. fere interfice 1 consists of ‘the modeling
of portions of the object syatam or enterprise to obteln
the corrssponding local views. A second mapping,
actually a merge of all the partial views, results iIn a
global vlew of the snterprise in T termg of the
pemantically most explicit model, from where a third
mapping produces the loglecal schema, which is the global
viaw exprassad in the DRL of a éurt}culnr DBMSE. From the

logical schema the esternal schxmata can  be defined by
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eubasatting and tha necessary mappings to tha intarnal

achema will include Aefinitlon of the atorage and access

mechan!&sms.

3.3 Belection of a model for the global view

For the repreasentation of local and glebal views

a nodel is mought that fulfllls the follewing conditions:

1) have the capabllity for dascribing the reality

or objact system with ali ites semantic characterietice;
2] be atable ta changes in thé object system;

3) ba flexibla by minimizing within the model the
mriber of categories . such as entities, attrinutes,
relationships beteegn entitiee, and retaticnships batween

attributes: ’

4) allew mapping to models umed in commercial

DRMEe;

5) allow modeling of the oblect space Eubject
only to information Eequirament.s without incluelon of
access conditiens to separata elearly the logical from

. b -
the physical design, i :
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The candidates to _be considered (grouped inpte
major Categories) are the  hisrarchical, nétwﬂrk,
unrestricted n-ary relational, irreducible n-ary
relational, and binary assoclative models. For an
extenpsive taxonomy the paperi by Kerghbwrg, &t.al,
iKERLT?i. Biller and Weuhold {BILHT?) and the pProceedinga
of the IFIP 2.6 mewrtlng in FPreudanstadt (NIJG76a) should
be consulted.

3.2.1 The network modal

The network model distingulishes between eatitien
and th;ir attriuten, Relationshipe amopg the alementy
of the object space can either be associsticons among
entities, or ‘record types which define the rnlntionship
aming atkributes of an eptity aat. The network model
allpws for two types Iof lipke Detween entities, thosae
which carry informetlion and ars therefu;e s#asantial to
preserva the semantic cqnten£ and those which do not. A&
link 18 information carrying if it is the enly means by
which the relationship betwesan two eantivles can Le
assgggad. On the other hand L1f an ettrihUte of one of
the entlties involved ip the sascclation carvies the aama
informaticon as the link, this link ;s not  esmential  and

it not considered an information carrying 1ink.

17

The major ahortcomings of the network model ara

the rlassification of data inte epntities and attributss,

which ip often rconflicting when modeling differant
applications that wlll be integrated. As Tsichriteis
pointa out (TSIDTT) . aEEoclations and attributm
relationehips are syntactically not very different, and
they can be difficult te distinguish. The difference
betwegn informatlon carrying and non-carrying 1links

-

illustrates bent how the semantles AYe not always statad.

Because of these characteristics the network
modal  is not resdily adaptable to changes in the object
system and memantic information may ba lose or
misinterpreted when modifying the global view fpn responas

to changes in the sbhject gystem,

1.3.2 The hierarchical model

The hierafchical model {(TSIDVE) may be viewsd ad
2 restricted wvergicn of the npetwork model whera sach
descendant can only be connactsd to one parent and where
crosslinks betwesn dJdescendants are nn; allowed. This
rentriction, although efficlent for processing, is too
rigid for logical modeling. ' Since only , one link ia

allowad between two objects it is not necessary to nama

the 1ilrks, thersby embedding the semantics heavily into
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the accesy structure. Thim 1in turn makes any schama
defined in tearms of a hisrarchical model unstable and

unresponsive to changes in the obiect system.

3.3.3 The unrestricted n-ary relational model

Iin the unrestricted n-ary ralatipnal ooxiel as
proposed Ty Codd ({CODETO) data are oprganized into
relations. A ralation R ie defined as a mubset of the

Carteslan product of {15 domains:

Re DLXD2X ... XDn

This resulte in a table in which rowa represent the
ltuples of the relation and the columns the occurrences

within each domain.

In the relaticnal modal the representation of
information i unified, i1.ea. Adistinctions cof information
carried 1ln an infcrmatinn carrying link or ag a&
attribute, a3 1n the case of the network model, are
eliminated. Hnwavar; by &llowing a relatjon to be huilt
over an arbirtrary pumber of doéﬁins some of the semantic
content iz loat. since semantlcs are expragsed basically
in the relation's name and throush association {used in
colloquial form} of the domain roies. Thae problem can D

alleviated by normalization l- However, Rome prokleme

a9

arise in this casm. Carrying out the normalizstion to
have rslations in 2INF can result in relations having
domains which are transltively dependent on_  each other.
Te avold this, forther normalization to IHF is required.
It im then necessary to kpow Iand‘ follow all the
functional dJdependencies wunderiying that relation. A
problem of 3HF relations based gn functional dependencies
is that gaome of the resulting relations may not ropresent
meaningful facts from the object system. This regquires
the amspciation of domains gvar different relations by

matching of values in the common domains.

3.3.4 Tha irreducible n-ary relational model

The use of Airraducible n-ary relations is an
attempt Lo overcoms the loss of gemantica associated with
a grouplng of Loo ;any domaing in one velation and, at
the gams time, %ta combine all the domaine which are
essential to preserve the meaning of a fart in the real
world in one congtruct. ‘Therefore, an irreducible n-ary
ralation can be understond as the mubset of the Carteaian
prodoct of exactly &8 many domains as are essentlal for
repremsntation of one fact as one relation. For example,
1 In order toe clarify the functional dependency and
normalization conceptn, definitionm and an . exampla are

given in kppendix A. Further reading on nermalization
can be found in NATC?T, CODETQ, CODET4. M
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date requires domains -day, month, and year. A mpore
tormal definltion of Irreducibility 1s gi;reni:rrtull.
Owlett and Todd (HALP76}. According to them, a relation
is irreducible {f it cannot be broken down by projections

ints several relations of smaller degree in such a  way

P .
that they can be jolned to reconstitute the orfginal -~

relation 2 . The probles with this definition s the
dependence on “instances, i.e. values, 1in arder to
establiah what relation is or 38 not Irreducible. At the
databasa deeigp- stage all possible instances cannost be
foreseen and, therefors, this criterion .is not very
helpful - At the same time it illuntrntel the difficulry

involved in determining what an irredosible n-ary im.

lrreducible n-ary relations have been recosmended
by Falkenberg (FALE?S5,FALE7G6a,FALETEDR,FALE?T) and Hall
et, al. [(HALPTG} a=s tﬂe bagic  conetructs for logical
modeling and are introduced into Fnlkcnb;rg's object-role
rmodel IF;LI?S,FaLETGa}-. In this medel sach object has a
role assoclated and two object-icle palrs are considered
a 'binary association’. This conattruct is, strictly
epeaking, & binary relation 1if one considers  an
2 Incidentally, this ' definition is Date’'s dascription of
normalization from 1NF to 2NF .(Date, op. cit. page
160}, Similar observations regarding irreducible n-ary

relatione in their presant_  Jdefinition wers mnade
indapeandantiy by Biller {BILH79). -

3l

asscciaticn to be unidirecticnal and a binary relation 1o
conglst of two binary associatlons [RAVNT7). Similarly
n-ary’ ‘'associations' can be built by grouping n,
ohiect-role pairs- The object-role model sllows  an
apscciation te act am an object thereby permitting the
nesting of binaries. but intreducing a daual character for

aascciations.
L]

Froponents of the irreducible n-ary modala argue
that irreducihle n-aries <an be obtained through an
algorlthm from unrestricted n-aries. However, Delobel's
comments at the Freugdenstadt meeting [(DELC?6} suggest
that such an algorithm can only functicon 1f additicnal
information in provided in the form of binary
assoclations. This is particularly so  when irreducible
n-aries are built by nesting binaries. Purthermors. it
has Tsan shown by Benko (S5ERM76a) that irreducible
n-ariles are not necessarily aﬁy eaciar to manjpulate an§
understand than binaries, eiptq}nlly in the case of large
intaractione. For axampla, two ternaries with two comman

domaine reguire wsix idancifinara. whilm ocvarlapping

binaries only reguire five.
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2.3.5 The binary associstive model

Binary aaszociative models for the conceptual
schemna have been proposed by Sanka
{SENM?5, SENMTEA, SENMTEL) and Bracchi et.ml.[BRAG?E} amcng
others., Thay do not diatinguish hetween entitles and
attributes and different kinde of associstions. The only
elements of this model are the objects and associationa
hetween pairm of gbjecte. 5ince any categoriration into
entities and attribotes is avoided, no bias derived from
a particular user—-view ig intreduced. Each agsociation
has to be named, and the assoclation name can carcry the
semantica of aach association. Since thase bipary
asscciations are the smallest Mogsible conetructs, they
can be condidered as tha wemantically most explicit

model .

Lacal and global views are, when esxpreased in
terme of this model, basically :allecglan: of tripletw
formed by &n asgociation npama, a Suhﬁect {the object the
ua;ﬂciatinn originates from) and a predicate {the nﬁject
the.associnticn points to}. Adition of asssociations,
which accounta for the major partion of changes in the
conceptual sohema, can be accorplished by inaertion of
the new triplecs. Simplicity and ease ta avolve are two

of the mafin advantages of the binary modela.
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While binaryl associative models Lmposea
restrictions on the modeling procass, these restrictions,
as pointed out by Bracchi et.al. "[BRAGIG), are apecified
by the entarprise administrator as a functlon af the
interacting applications and not, as in. the casa of

functional dependencias, by the model itself,

Becauss of thelr simpllcity the binery models
have been attacked as 'primitive’. The main argument is
the need for "artificial objects' in order to model more
complex factw., This is only A disadvantage in extremely
simple cageEs where only few n-ariea can epan the whaole
universe of dJdiscoursa, In tha case of a conceptual

schema where the binarieg can pe expected o be the

'building blocks of many n-arias the ipternal objects

actually eape the handling of complex schemata {SENM76a).
!lpaéinlly in the integration process of sevaral p;rtihl
views it is mueh easier to hapdle the minimal units
rather than large and rigld n-aries. Bracchi also
justifies the creation of internal abjééts.linturnal sets
of concepts in their pomenclature) over the nesting of
hinary associatlons. Expressing a terpary @ n-ary
cnnceét as napted binaries is an arbltrary process, since
any initial pairing could he acceptable, for axample,

{Qay-month) - year. day - [month-year), -or month —
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[day-year).

The other iksue againat binary models, stating
that binary models are less "patural’ than n-ary models,
can be reduced to a matter of preference based on

experience in handling o©ne or the other type of

cOonatruct.

Finally thera are some considerations of a
practical natura. Existing computer alded databass
accommodation packages, Euch as IBM's Data _Basa Design
Aid (DBDA) (IBMC, RAVHNYT?), Etart from binary associationa
in the creation of schemata In the DOL of a particular
CEMS. Thie iz a subatantial advantage given the presant
architectural constraint which forces the separatian inte
& glcbal viaw in the conceptual model andt a logical

schema in the model and DDL @f a commercial DBME.

Last but not llgft there is the availability of a
_working binary asscciative DBMS, C54 developed by the
CAaDIS group at the University af Stockholm
{JAM79, BERS? Ta, BERST T} . This egystem wgf provided oy
Prof. J. A. EBubenke Jr., and is now operable on  the
DEC-10 at The Univerzsity of Texas at Austin and is used
for testing of partial and integrated views, as well as

the ipplamentation of a  Tbinary associative data
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dietiocnary.

1.3.6 Conclusion on the modgl selection .

While the zelection of a relational model over
hierarchical or npetwork models is a clear cholice, the
different relational or associative models all have
proponents. It ig conaidered, however, that th# balance

in favorable to binary models on the greounds of:
1) simplicity in the formulatlion of associations;

2! pewmantic clarity which wsllows  anly sxplicit

nsaociqticns between ohjscte:

3} flexikility angd absence of uwer Tbins throwgh
elimination of unnecespary categorization of - the

cbjects in the object space;
4} ease for evolving of the gleobal view:

5] ease in the merging of partial vieaws when. uging a

requirements-firgt approach to database design:

&) page of mapping into other models, in zoma Cases using

existent computer-aidad databasa . accommodation

packages;
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7] trend among researchers toward smaller logical wunite

in logical database design:
B) availability of a Pinary associative pilot symtem.

These Arguments are based on an analysis of the
ELructurs of the conceptual Echema. Mapping
considerationeg which will ° be important in thea
implementation of a coexistence architecture also favor a
model based on the smaller and semantically more explieit
COnELTuUctsa. Tperefcr;. for the modeling of the cheamical

plant design proceas a binary asspoeciative model im

salected,

3.4 The rele gf the data dictionary in logical database

design

A data dicticnary is a collection of mnetadata,
i.e. data about data in the enterprize's inforgation
system. Under this definiFiun a data dietionary can be
used regardlesa of the degree af sophistication an
information system has reached ({LOMITE), and will b=
weefu)l during design, implemnentation, operation, and
maintenance. There are scrme problems derived from the

varying degree of knowladge available @uring thases four

stagee in the life-cycle of an information system and

27

from the characteristics of existing data dictionariem.
For a data dictianary to provide useful infermaticn and
statistica during the operational .phase, it has to be
tuned to the {nformation system under consideration. Iif
the information syestem is centered on a database, the
data dictionary muat he compatible with the partieular
DBMS being uzad. At the early stages of databasze design,
howaver, the apecification of a particular nEMS_sahould be
avolded. Ctherwise artificial constraints will "be
igposed on the emarging global view. Therefara, a dJdata
dlctionary that is DBMS independent is teguired at the
aarly stages of database design  and should  he

incorporated into the databasze design methodelogy .

Exinting data dictionaries . present | various
shortcomings that disgualify them in their present
varsions as aff;:tive support toola for legical ﬂaéabase
design, and particularly in the context of the present

rulaarch3 -

Comercially avallable data dictionaries gcan be
clasmified ax DBMS dependent and DBMS independent. DBMS
dependent systems rely on a particular DBHS and run as an

drme information on commercial data dictionary/directory
gystems stems primarily frem references {LEOB7&. LOMJITT,
DBDSTE]). For DBMS independent systems the validity of
thoss data was confirmed throogh personal commblcatliont
{ DACDBO, BECERO}.
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application of -that sysgem+ They are tailorsd t@ that
naME  and require‘ an early commitment te it. Typical
examples are UCC +EN, IBH DE/OC and TOTAL DRICTIONARY.
The DEMS independent systems such as LEXICON, OATA
MANAGER, and DATA CATALOGUE have an  intercal data
mtructuts that is hierarchical, with LEXICON claiming
also’ natwork and relatiopnal structures, but LEXLOON
currankly is not being activelk marketed {BECBED). The
philosophy behind existing &ata dictignarie- is nlsc
cppossd - ta that underlying the.present ;ressarch. Thesas
data dietionaries provide mastly for regiutrnliun of the
information esbout’ data items f{n the datahmse context
after definition of a logleal schema. Thim im bast
Illustrated by the data dictionary entities supporied,
such asx fields, -records, groups, areap, and files.
fmphasis 1is alsa placed on auvtomatic 1dtntifi:l{iun of
data-items from existing code, which leads to confusion
batwaan data-objects in the modeling phass and variable
na;.'. In sone instances accommodation is allowed, wvia
1éyerfnc¢s. of the global view o particular DBEMSs,
typleally IMS, ADABAS, TOTAL, IDMS and SYSTEM 2000,
Thaas interfaces ATe certainly of lnterast for geoaration
o¢f the logical sechema in terms of the DPOL of any of thona
DEMEs, but accommodaticon showld occur from a global view

obtained through a step-by-step loglcal deasign, tha

9

porticn lacking in commerclial dicticnaries.

An additional constraint to the use of commercial
data dictionaries is their hardw;re depenﬁence on 18H
equipment with the rare exceptions being DATE CATALOGUE
avajilable on Univac and Digital {only available asx

Digital finternal softwars and not availahle to the

publie) and ICL 2900 running on ICL equipment. This

‘hardware prestrictlions coupled with the cos=t (typically

around 10,000 US$ for acquisitioh) and constraints
involved ipimcdification of proprietary acftware for an
academic. environment fully eliminated commercial data

dictionaries from conaidearation in the present research.
- i

The obvwicus alternative wap the® definition and
implementation of a data dictionnry}détabnse design tool
which lupp'ort_- binary assoclations. The contents of thix
data dictionary can be ﬁapped intc another dicricnary
once the loglical design is completed, in the zame form as

the global view in accommodacad to a particular DBME.

The following sectlions describe the rcle of the
data dictionary in ihe context of a database design
methodolegy, the  envisioned contant of the data
dictionary, and the fun;tiuns a data dictionary has to

support in order to fulfill 1em purpose within the
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databake demign methadology.

3.4.1 The dats dictionary em & part of the database

design methodology

) The dats dictionary in logical databaze design is
a database containing metadats. The use of the data
dictionary mearie layering the databame in such a way that
the abatract obigpcts in the application database bacome
valuas 0z lpstanceas of Lhe meta-~objects in the data
dictionary. In a data dictionary which stores a global
viaw of the database deflnad iIn terss of bBinary
associacions only thres.pata-objects woyld be nesded to
describe the global view: agpoclacionm, aubjects, and
p!ldi:ll". Each data object in the application fatabase
can have many fnstances, but in the dictionary the data
ohjact's DA becomas an Llnstancs. For exampla,
BLIsam-Number <&h have 00 lpnatances . in  a glven
appiication, but in the data dictlonary stream-number is

a value of the metp-obilcct “sSubject™.

When modelipng a tomplex environment which
requires application of a datnhase design methodologqy the
number of objecte and their {nterrelatiocneghipas iz too
large to keep track of in & completely non-auvtomated

form. Therefore, +the data JListionary, which should

6l

provide & machanism to record the neceacary information
about the database deazign, ig 11“}1mntn1y tied to the
database design methodology. The dictionary can sarve as
an index to the database and the desaign Jdecislons taken
earlier, Further, 1f adequata support routlnes ars
defined, it can werve as an ald to Aetact redondant
asgocimtions, resolve naming conflicts, kaep 1ﬁfu:matiun
on functicnal dapendencies, aild during clustaring of
data-objects into aggregates, present mubportions of the
database affected by propoltq changes. kaep Information
about affected users. and be the receptacla in which the
conceptyal structure of the databass in the form of local
and glokal views can ba stored. The data dictionary can
be locked upon.as the tool npecessary to  sUpport tha

actions 1aid dnﬁﬁ in tha database desrign methodology.

"It is not intended EO  jncorporate & ‘cure-ail’
data dictionary inte the database design methodology.
since implementatlion and operation are not part of the
logical dJdatabame design. Inatesd, '. data dictionary
facility ham to be defined which supportas all tasks to be
parformed during the logical databhase dexign gequence and
which can interface with later stages Iin the databape
design. Being & Jdatabase itualf, It will be defined in

terms of C54, the blpary asscciative DBMS used in  thia
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work for teeting of local and global views. Az discussed
in previous sectjons, binary associations can be ,maﬁped
into any model supported by commercially available DBMSe.
Therefore, it 1s safe to amsume that a data ddictionary
defined in terms of Iblﬂ&rfbnllﬂﬂiatinﬂﬁ ¢an he mappad
into a commercially avallable diecvionary/directory. &his
mappfng should. oecur during ;ccomwndatiOD of the global
view to a particu%ar DEMS and th; data dictionary shnula

-

be  compatible  with th?t pE¥s . to  support the

- i r o
implementation and operaticn phaeep. At that stage it l1s

pecrfectly acceptable that the data dicticnafy rung ag An

application of any f the more restrictive DBMSs.

3.4.2 The content of the data dictionary

The content of the data dictionary necessary for

logical design falls into thres cntnénricl.
1} Design requiremants

The requiremant specification consists of data

obiect identifiers, transaction descriptions, performance

regulrementn, data volums and tranzaction rate
information, and updating, alarting and security
congtraints. .

E3

2) Dascription of local and global views

gince it was decided " earliaer that Linacy

associations were to be used this information consists of

all the association, subject, and predicate triplats.

3] pefinltion of eguivalencies and sliamas

-

Since only names of asscciations, subjects and
pradicates+ are stored and operatead on, this category

rapresents the necesEATY information to identify

° - 3 -
equivalent names or alisssen., In additlon to aliames, the

] - -~
L]

- 1
equivalent data-objects, i.x. palrs with a nidirectional
& r.

functional dependence, should Be {dencifisd,

3.4.3 Deslrable support functions to ba contained Ln the

data dicticnary

Some desirable functions withfn the data
dictlonary <an be envigionad. Tha intention of these
support functicons is not 2n automatic execotion of the
database deaign operaticona, gince, whanaver semantics are
involved, human interventian ip advieabla.: The functlons
to Le containgé in the data aicticnary are mostly parting
fucilitien and repar; generators that pressnt the design
infnrmntioh jn a form usaful to the database dasigner.

This ma%es the data dictignary 8mn interactive databass

4
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dexign tool.

1} Resolution of homonyma:

Homonyma can come from different partial! ar local

viewm. The initial task is to check whethar two cbiects

in two local views to be merged carry the sams name. if

#, the data dictionary ha# t& report theas COmMmET

occurrences ahd the databass deiignur must decide by
inspection whether the common name refars to the game

object, and if not, one must ba altered.

In the casse of assoclation names, the data
dictionary requires a reporting functlen for associatiohs
with the sane name. The same name is allowad Lf and only
if subject lnd-pr-dinnti ars the sams, otﬁ-rui:t an alert
has to be isayyed for the databass desigrer Lo changs tha

naoe of one assoclation.

2} Resclution of aynonyms:

‘Besolition of syponyms fa -more difficulc  than
that of homonyma. Onhe feasibla aspproach js & sort on two
of the thres components of evary triplet of a palr of

local wviews to be merged. The third component can then

be axamined to decide whather it {w used with the szame

n

semantica or not in two associaticsa baing octherwlisa the

-1

sams. The main prnbluﬁ of thie approarh is the startup
of the synonym resolution process, elrce an vndiseiplined
naming policy can mask synonyms, .especially at the
beginning of the ressluticn process. This problem can be ’
eased by astablishing and ueing a naming dizcipline whi1F
genarating the local views. If difficulties with the
search on twe elmments are esxpected, associations with
only one common  element could be presented to  the
designer for interactive analysis and resclution of
BYTIONYME . Cna possible aid for identificatien of
synonyms consists in storing key-words associated with
the data-obiject in the data dictlonary. for erample, thae

unlts or dimanslons. the source or an abstraction of +the

.duta-nbjtct. Fynonym resolution baxed on keywords can

alss be sxecyted during data-cbject definicion. =

1) Flipination of redundancy:

After naming has been stapdardized, redundant
associatlions can be elipinated. _This function is
intimately related to the resoluticnr of synonyns. It
coneinte of identifying the associations in which subject
and predicate arw the sama, but tha apgociatien name is
diffarant. Thiz allows the deslgner sither to eliminate
one amsoclation and replace it by lts egquivalent in. the

correspondlng procedurss or  accept both agiociaticns
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independeantly from each éthpr+
4) Definition of aliawes:

If the naming diacipline provides for names that
are directly tvelated to the application it is convenient
to define a diractory of aliases in the DD during name
standardization. Such a directory will be useful in tha

definition of the axternal viewg.

e

%) Extraction of subportions of the databags:

This fupnctien implles the extraction of all
asgoclations which contain a certain data object, either
as subject or as predicnt;,and its report to the databame
designer, The report can be a liet of triplets or it can
be presantwd in graphical form. fFlatting would imply thae
spatial distribution of each nede and ites corresponding
arce. such that maximum clarity ix provided. Algorithms,
sguch ax those studied for agrtomatic spatial layout of
flowshests {BROMTA) with Planarity <checking and
minimization of aec croasings can be helpful. Additional
:ritéria. much an wwighting impportant nodes <ould ba

included to increase visibility of the ecritical porvions

of the diwplaved subechema.

&) Aggregation of Asta-objircte:

The clustering of data-objects based on their
functional dependencies nesds to be supported Ey the data
dictionary. The aggragation procedures should be able to
Iretrieve the CacesRary informaticon from the data

dictionary.

7] PRecord of regquiremant specifications and deuién

decisiona:

The DD ought to contain a full description of the
requirement apec] fication nnd. ahould document svary
design decimion taken during the logical design procesa
to gerve am A guidelins during future expansions and as
Justification if  the results ' are guestionsed by

managexent .
B] &ize estimates for the finished database:

This sapport function has to derive the Jdesired
information from the size of the global view identifying
the number of differant objecta in it and the expected

cardinallty of esomé Aominant objects.

Thene are DO facilities which can be identified
in advance. The exact definition of each function haa to

coour in parallel with the detailed specification of the

[
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databaze design wethedolsgy and i presented in & latar

chapter.

to the Sefinition of a data dicticnary

An slternative to the wse of a data dicticnary ia
tha ume of regquiremen:t apecification and anpalyais
techniques. There techniques have proven useful in the
deaign and implementation oﬁ large software sygtems.
Typical examples are SOPTECH's SADT [ROSD77a,ROSDYID) and
PEL/PSA {TEID?7} which was developed as part of the ISDOS
project at the University of Michigan. SKDT is n
pradominantly diagrammatle approach to determine the {low
of information in large softwars systems. ¢EL/PEA
{Problem Statement Language/Problem Statement Analyzar)
ls & package developed for similar purposes. It includes
a language which allows machine readable statement of a
probles and PSA s essentially a report generator that
allows crossreferencing of the information kept in &
CﬂﬁhSYL-DBTﬁ type database. Both eystems share a
top-down approach to probler statement and analyeis which
is appealing for oradual refinement of a systed. The

problam  in  this approach lies in  the integration of

different mubportions if these overlap partially with

b
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exiating porticnse of the Eystem. In tha case of
databapes this translatas  Into the a priori
categorization into Tantitlen. atributes and

relationships, very much in line with the underlying
network model. As hax been argued before such an aarly
categorization has no obvicue benefit but results in
problem when integrating local views. In the lighe of
this difference it was decided that, even though many
similarities and common  functions exisg, for a
raguirements first methodology it i1s justified to define

the corresponding blnary assoclative data dictioﬁaryf



CHAPTER €

SYNRTHESIS OF k LOGICAL DATABASE DRESIGH METHODCLOGY

RESPONSIVE TO ENGINEERING DESIGH REQUIREMENTS

In Chapte#r 4 deairable features for a logical
fatabase design mathodology were forrmlated and Chapter 5
described the means of homogenizing the representation of
graphicel and non-graphical information. Thia chapter
introduces the methodology which was synthesiz;ﬂ adhering
to the guidelines oeatablished earlier. Section &.1
represents an ovarview of the whole methodology. while
ngtigns €.2 through &.9 will expand on each of the
steps, A description was attempted in sectiona 6.2
through 6.9 of the inputs and outpots for each atep and
to provide an implementation-independant descripticon af
1;é tasks to be performed . To avoid mixing the database
désign principles wlith the implamentation of particular
dcsign toocls, At the end of each section a list of
pertinent data Aicticnary routines ix given. A

description of the implementsd procedures and thelr mode

136
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of operatien can be fournd in Appendix €. Fortions of an
example that 4illustrate tha.use of the methodology are
given in Chapter 7. For }eulunn of continuity it ip
suggested that the whole methodology is read once and
that the reader rafers to the individual sections and
Appendiz € for greater depth vhen following each Etep of

the example.

6.1 Description of the method ol oqy

The methodology conaists of nine fLepn an
depicted .in Table 9. Firet an environment analyais is
performed which has as ltws main purpose the definition of
the data handling need of the gnterprise resulting in the
selacticn of a global architécture, both for the databmaze

and the raguired hardware enviponment.

The next step is the requirements . gathering and
analysis which  Thas fouy sections: information
requirements, processlng Cequiremente. comminication
requirements, and conscralnta. Data-objects ars defined
and A& gource and a qgeneralirzation for each are
identifiad. Bagad ~on thase lkeywords, synonyms are
reagolved, With the previcusly identified data—objects &
data elemant diagram (DER) aw introduced by Raver and

Hubhard {RAVNTT,HURGTB) is drawn and from there the

"
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Herging local views at the binary associative
level elininates problems nsssciﬁtiﬂ with different
categarizatlon of the data cbiects in the wvarious user
views. The merglng process becomea the process of taking
the union of sets of bilnary associatlona. The Pproblems
asscncjated with this process are hoemonym détecticn for
association names and resolutjicon of asynonyma among
data-pbiectn., which is alsa a mijnr probleam in any other
approach to the marging operation. Synonym resclutiop is
handled with the help of tha keywords for each

data-gbject atored in the data dictionary.

Since merging may reguire the rescluticon BE
homonyma and synonyms and the resulting elimination or
modl fication of previously defined asmmcciations, each
ceer wiasw hes to be tested againet the integrated binary
ageociative databaze. The set of all the Jpinary
ansociations obtalned after merging of the varipus local

views im the global view of the database.

T™e glebal view can be mnapped into a logical
schéma in terms of a particular DBMS ueing as 1lnput to
automated accommodaticn packagea the wseat of binary
associations and the mapping informatlon obtained earlier
and which was Xkept in the dJdata dictlonary. Thia

information im encugh to interface with packages like

4
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IBM's DBDA while uccnémodutinn packages designed for
relational aystems can. in ?ddition, ;uild on the
definition of aggregates, the keys already dlt!fhintd and
the information an functional dependenciex stored in the
data dictionary. An ocutline cof how the data dicticnary
information c¢ould be used beyond the mtrictly logical

design is given in Appendix E.

6:2 Envirconment analysis

The environmant analysis ig the step in which the
uger community analysea the data handling requirsments
and decides on a certain type of data handling wsystem.
The inputs to this wstep are data hzandling problem
reports, derived from the inadequacy af the present
system, long-range. projections about data usage, tha
enterprise's priorities -and constraints, and ‘ the

anticipated hardware snvironment.

A set of guastions which cught to be asked (and
nnsuered]1at this stage includes:
¢ What have besn tha main problema in the current systenm?
* “an thess pr;blamn be aolved effectively by a databaxe
eyatem? 1 .

* ywhpo are the potential users of tha databass systelt?
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* What is the expected vpdatefretrieval ratie?

* Heas Fast has an update to becond actlve?

* What is the antlicipated volume of datsey

* 131 the datsbasae grow, stay constant, or fluctuate in
sire?

* fan data by giscarded pericdically?

* tiow wany userd will access the database eimultapscnsiy?

* Mhail la the propagation sffuect of updates?

* Can lavering or segmentation of tha dacabaxs allzviate
alzm/concurrancy probleas?

“ Ia excensjve processing done with retriaved data?

* Snould procrasing he done within the database ayatent or
axtarnellivy

* Cap the present hardvare envirOnment suppart a database
ayatam?

» what is the projected hardware environmenc?

¢ What would the ccnaeguences of a ¢rush bo?

* What are the advantages of one maintramo  va. Y
hltunrk?

# Iy s dietriboted systenm envisioned for the future?

The results of this analysis lesd to the problen
definition and selection of an overall architesture

dmioribed in the first three ;EhﬂHFafh-- The-. erpacted

renults Are & global datibaze organization, gskh a® the
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hierarchizzticn into qlobal. projecc-wide databese and
local, task—orienced working databases proposed for the
chamlesl proczess plaar design onvironment,. It should
also lead to the specification of a deslrahle hardware
conflguration, such as & netwsrk of mini-computers and
their moust appropolzte Intorconnection or one
megatanpuiel on waich all procesalng im dcne [LEEMT72u).
Detalled =etinntes of necedsary procesning capabilitiss
can only be made afier the uwarrs' processhhg and
Information rzyuirementa have been analyesd Dbut tha
qlobal database orgqaniretion will be influsenced by the

saleoctod hardvave configuration.

£.) Rarmirement oathering and anulywis.

Once & global databhaem .canfiguratian has  been
agried apar and tha entaipeline's pr&oritics end
candtralnts have been forvrulated and  conslider=d, it 1a
neceanary to avalusats tha indisideal u;:r;‘ requiremente.
The term "uszr' ia employed liherally and may mean  an
individgal reguesting Information interactiively asg well
as A& PYroGLam retrieving-data to be used in a calcularicn
routinag. Thi:z: infcraation will determine the strocture

of the conceptual, citernal and 1Internal schemata and

L]
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should, therefore, e as vomplete and preclms  as

poasible.

When trying to determine the users' requirements
for a database system four basic categories of
specifications can be recognized:

* informaticon requirements;
* timing reguirementa;
* format and media requirementar

* ponetraints.

6.1.1 Information requirements

Information requirements are  hasically B
specification of what the user expects to be in the
database and what he erpects to extract from it. The
primary =source for thils information ia an analywis of
axisting application rogvtinas and non-computericed
activities. In the case of a desiqgn environmant like the
une. onder can;ideratinn, records are XKept af all
pe;tinent inf;rmatinn. cnmputerlzed'or not, on predefined
forms which ara fllled out by the designers and wserve,
together with the waricas xinds of drawings, as the
principal means of communlcation. Such docoment blanks

are an ideal alECE far identification ©f the

data-objects as seen by the usar. Exlsting documants are
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a  good atarting point, but an effort should be made to

idaptify new applicationa of interemt to the enterprisze.

Data slements should be atomic, i.a. no hidden
subslements should be contained in them. In order to
standardize the information provided by each user. tha
data dictionary is desigoed to help the user by prompting
him for the neceasary information. To set the basis for
#asier homonym and synonym resclutlon a naming "pelicy i;
proposed. Adherence to this naming dlscipline ircreases
the probability that the &ame objact will éeceive the
aames name even whan given by different users or database
designers. The naming discipline consiste of such simple
things as using the same graphem for the same concep’'T'.
}or axample, 'T' for every temparature rather thah cnce

using 'T', another time 'TEMP' and a third occasiaon
'TEHP:#&TUBE', ar 'D;L"fnr every 1nc£;ment or Aifference
rather than wusing ‘D', 'REL', 'DELTA" or "DIFF'
indistinctly. The particular naming 4lseipline is
environment-dependant and nesds to ba defined such a&s to
be compatible with application jargon and company pPolicy.
A popxible naming discipline for the plant design

environment covering the terminology oppearing in the

example is proposed "in Appendix D
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Tre parameters to be specified during the object
definition are, in addition to the nama: the application
in which the Jdata-obiject i3 wused; the source, i.e.
definer or provider of those particular dats-values; an
abatract object or generalization of the data-ohject; and
a description af the data-ohiect, Source atd
generalization serve as keywords for synonym resolution.
The selection of the keywords is impﬂrtant For effective

synonym detection.

Source is used as a keyword bassd on the
asgumption that only one user should ba gliimately
responuible for the values of a data-object. hlthough
this xayword is not unique, since one Jger can bae
respcnliﬂle far many data-objects, it helps to reduce the

numbar of potential symonyms.

The abstract-object i8 a gererallzation 1in  the
asnza interodured by Snith and Spith. The dlifferences are
ignu;qd in favor of a dominating common characteristle,
but only one level in the genearalization hieraéchy is
provided. For exzanple, Cp of the liguld phase at T and
P, ©p of the vapor at T and P. and Cp of the vapor at STP
are all bhear capacities. Generalizatlon was chosen
bEElulﬂ of ite applicability to all kinde of data. In

aoma woTX-Bpace daitabases, the dimensions oan be used
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instead. In that case it would be lmpol.ant Lo wsa
dimansions rather than uonits to  aveid conflicte with
multipla unit-eystems or within & aystem assigning, for

example, 'inches’ or "feet' for the dimensicn "length’.

wWnen defining a new data-object it im necessary
to guarantes that the pame, am tha primary identifier, ix
Jnique. Therefore, before & new data-object can be
inserced into the data dictionary i1t is checked for
homonym.|a1ready existing in the dictlonary- I+ is
aqually important., and mare difficuit. to detect any
synonyma. This is done by comparison of the Xeywards
dewcribed above. 1f a match of keywords odécurs the
data-obiects with their descriptions are displayed. This
process redaces the search space cansiderably mnd allows
the databape designer to inspect tha wsynonym candidates
and decide whether they are trfus synGnymE Or hot. 1f
they ara, the new name is stored ag an allas of the

exigting nama in an alias table.

Tha descripticn ise a brief dsfinition of the
data-cbject to be used in case of doubt about the meaning
of the name and ig particularly useful for syneaym

racognitien.
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The cardinality is an estimate of the anticipated
maxizum number of instances of that data-object that will
be held in the database. This information is useful for
slze egLimaten and during accommodacion. The
specification of the application 2 data—obiect is defiped
in allows easy retriaval of dictionary information by
application rathar than specification of individual
data-chiscts. Application and 1nén1 view are used in the
Bame r&nss throughout this chaptar. Howevar, application
has A widar meaning. For example, when referring to the
material balance application. all data-cblects
intervening in & material balance are included. E:vurfl
local views, such am rutri;vnl of the whole information
associated with a material balance, complete information
about one atraam, or only flowrate, temperaturs, anpd
pressure of a stream may be of interest. Local viewa,

. therefora, can be avheets of the information hnndltq in

one application.

6.3.2 Timing reguiremhants

Timing raquirecentn dascriba the usere’
processing needs and indicate when and how fast the
information ls nasded and they have to be wpecified in

two araas: the timing relative to project starc-up, and

14%

the timing relative to query mtatempnt. The first
cateqgory i necessary to estlmats the time of release for
cach set of data from the work-apaces to the project-wide
datahase and to establish estimates of av;rage and
perk-loads relative to a project's 1lifg-cycle. Timing
ralative to guery statement is eritical, sinca
reaponsa-time is a limleing fector in v;ry large
databases. Intaractive proceasing, in particular,
depends on reasconably short response-times and the onera
have to indicate what the maximom permissible delays are.
This Informaticn is helpful in asmigning the more

afficient access—paths +o thoaw queries with stringent

rTesponge-time constraints. Both  kinde of timing

information together sarve to sstimate required hardwars

capabilities.

Timing informatien Is only used iﬁ the
accommodation phase sinca an approach to logical databzws
design based on information :equiréments ig sdvacated.
In the accommodaticn atap, hcwavef. availabllicy af
detpiled timing information le gritical in the salectlen
of keys and access pathi. Tha actual Tesponse time can
only be estimated if the workload is  congidered
sirultansously, therefars, e&ch user is agked toc provide

edtimatas on the freguency with which & traneaction is
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executed. Timing :eéuiremantu are specified’ only
relative to a local wview, {.a. & uBer specified
aperation which may conaiet of many physical or atomic
tranzactiona, swuch aa ratrieval, insertion, deletion, and
update. Even though — timiﬁg regqulrensnts are not
consldered during most  stages of the databhase design
discussed here, it is convepnient to gather them at the
same time as the information raquizem:nts- Since users
ara prune to exaggerate thelr requirements, an
inexpensive an& convcnien; waAY to minimif& upreasonabl e
requests 1is by keeping a record of the individuals who
gpecified a certain requirement in the form of _=a
definer's code for each applicaticon. Thie alses createsla
path to . the data-wbjects and their dafiners a0 they rcan

be consulted should any conflist arise.

6.3.3 Format and medis Coaguirements

. These regulrementn nrtlfnirly eapy to specify and
they COmMprise for each logical trangaction the
specification of display format, such ax report, single
query Tespanee or graphical output. The medium can
either ba line printet, alphanumeric CRT, graphice CRT,
and high speed or high quality plotter. It ir ccnvenient

to identify a primary and a wacondary outper device for

15:

hardware estimaten.

€,3.4 Conetraints -

Constraints are an ill-defined aspect which can
range from consistency and integrity constraints, ts
apthorization schemes and proliferation consequences, 1o

security and hardware limitations-

Security is not a majer issus for the bulk of
angineering data, gince access to the whale detabage will
ba 1limited to personnel involved in a certain proeject and
lictle harm will be deone if access is limited to
retrieval with controlled access only for update.
lowavar, proprletary information, such as certain process
conditione, catalyst data, or some financlal data should
not ba avallable to everybody. One polsi?li wolution is
Camed on the chnracteriatic; of the dJAesign environment.
Taslgners seldom require isclated data, they are usually
intarested in a repart which places the requested data
inta context. This suggests a epcurity schemsa baged on
#xisting ‘malling lists’. These malling 1lista  are
documenta which indicate who should get & copy of which
document. Passwords can, therefors, be screaned at  the

procadure level rather than the data-cblect level. The

updats problem is discussed Lokt 1ln the conterxrt of the
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update proliferation consequences. Updates are held as
part of the databame being data-cbjecta themselveg. Tha
previously mentioned mailing listm serve again ams &
guideline for implementation of the authorization schema.
An vpdate in enly in affect after appraval or
acknowledgenent by all thase affected. Therefare, for
eath ‘individual applicatien ‘which disseminates data &

v

mailing list ehoueld be XKept in the data dictionary.

Consistency checks are necessary hbefora uplatew
are accepied. Corrently most checks are smbeddsd in the
form of inpot verificatlen in the applicstion programs.
These checke are needed and shogld be presecved, but in a
datebase environment they would cnly wverify data after
they h;ve bean stored i the databaan. Consistency
checks are regulred in the dJdatabmse ta ascertain that
dats which are redundantly defined are not contradictary.
For example, the liquid- fraction of a wtream can be
calcalated am [l ~ vapar fracticnl, and vice varga. From
regqulrement -ﬁnthurinq _ thea deaignar geLs boath
data-ohbjectes. It la part of the requirsments analysis to
recognize this reduncancy and record tha appropriate
derivation rule. In the sccommdation stage these rules

will be wvaluable In loplemeanting the  consistency

conatraints., If for parformance reasons it wam chosen to
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have a data-chiect whose value can be derived from other
data atored explicitly in the database the derivation
Tule bhecomes a conglstancy écnstrainti Such a conatraint
can be used for checks when vpdating that data-cbiect,
but f[or retrieval the redundant data—obiect ¢ould be used
unconstrained. This is particolarly useful in an
snvironment with low updatEfrEtriﬂ;al ratio and whenever
deduction requirasx maveral databasa ;Echﬂﬂes a;d
additional compuiaticon. For example. thet h;at
trlnl;errnd in & heat exchangear can be caiculateﬂ in
Aifferent waye: &a the enthalpy differsnce between input
and output streams multiplied by the Flowrate, or based
on the flowrate, the heat capacity and the temperature
differencea. In either case 3 or 4 databane accesses and
additional proceasing are required, Storing the duty of
tha axchanger - exPlicitiy results in obvious performance

increasen, which are oot a major concarn &t this stage

but will be a factor in the accommodation phase.

€.1.5 Data dictionary support funcrions for reguirement

gathering ané analysin

The data dictionary functions provided far

v

support of the requiremant gathering operation are:
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- r
for initial reguirement definition ORJECTODEP,

ALIRSDEF, TIMINGDEF, DISTRIBDEF, and CONSTRDEF;

far Iequirement retrieval and ceporting
CBJECTRET, ALIASRET, TIMINGRET, DISTRIBRET, | and
CONSTRRET: ) .

far requirement modification " OBIECTUPDATE.

TIMINGUPDATE, DISTRIBUPDATE, and CONSTRUPDATE. -

6.4 Modeling of local views '

Once the Jdifferent applicaticons have baan
ldentified and their requirements have been specified and
gtored in the data dictionatry it le time to model each
local view, Modeling the local views is, in fact, one of
the momt Aifficult tasks in the logical database design,

sinca 1t involves establishing the relatjonehipy amang

the data-objacts of cne local view.

The nodelinq.uf a-ilocal wiew consists of five

subtasksi

* geperation of a data element diagram;

* dafipition of auziliary data-objeckts {and thass

data=ohjects that were missed bafore];
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* jdentification of fenctional dependencies = and
derivation rules: :
* resolution of identities and identificatian of

candidates for primary apd secondary keys:

* aggregation of data-objecrs and recording of keys.

6.4.1 Generation of data element diagrams

The first task is the generation of a dJdiagram
connecting the dJata-objects in graphical form according
to the relatignships of interets for a partiéhlar local
view. Each directed arc between the nodes representing
the.data-uhject: carriss information ahout the type of
a$EOCia£inn the urc.represents. in arc la drawn for each
association {(ywe {or one relationghip) and naxt ta each
arc a ‘1% or 'M' is placed. This allows to identify if
the mapping is 1l:1, 1:H or M:AK. Thic diagram wa=s
introduced by Raver and Hubbard and 1s u=ed in DBDA
{&hVHi?}. The conditional case, which i considered in
the " original formulation of DEDy, waa not deemed

necessary since it is reduced in the accommodation to any

of the abowve.

However, 1t WA G recognlzed that in 1:1-

correspondences thera is often onae dats~obiect invalved,
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which from a2 logicel point of wview should uniquely
{dentify another data-object. but for practical reasons
las not useful as primary key. Such cases are marked as F
[ for furzy). Any data-object that taka® long,
descriptive valoesz falls lnto this category. Examplas
are sguipment  humbar " {EQID) and equipment aervice
{EQSERV]). EOCID can only take one perfectly deflned value
for weach instance and that unlu; iz a uniquse identifier
under all circumetancas. EQSERY  is  descriptive. Even
though conceptually thers im only &ne sguipment that
performs a certain service, the Jdescriptive nature - of
EQSERV makes it ambiguous. ‘pPeethanizer reboller’
indicates the service correctly in some cases, but should
wa have an interreboiler. the previous description would
not be unigque and we would have to  uee, for example,
'deethanizer bottoma rebofler'. ¥nowing about the
fuzriness of & correspondence allows the designer to

myarcine the necepsary caution when selecting kays,

6.4.2 Dafinition of suriliary data-cbjects

The gensration of the DED and the aspacification
of tha mapping informatlon reveals any data-cbjact which
depends on mora than ona data-object to be uniquely

detrarmined. Whaneaves such a swituarion arisse an
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auxiliary data-object is defined. The recle of this
auriliary data-obiect 1s ta permit repressntatlon of
concatenated keys in a binurf associative model. Each
euriliary data-object is stored in ths dgtu dicticnary
and integrated into the list of data-cbjects associated
with an application. The chiectas which define the
auxiliary are also stored explicitly in the data

dictionary. -

Tha utility of the aurxiliary data-objects will be
seen whan identlfying functional depandencies. A
functiocnal dependence from an  aaxiliary dntn-nbjecL to
another data-object cank be treated in the same form as
any other wimple functicnal dependencs batwsaan two
Aata-chjects. The auxiliary dataLohjict can bs uxed in
algorithms that hentratt single entity clammas, ‘such as
Mijares' algorithm, Llike any cther data-chbiect. Their
definition can later he substituted, thos allewing the

generation of relations with compounded keym.

£.4.3 Specification ¢f functicnal dependencias

In order t¢ ba able ta uas an aggragation
algorithm the fenctional depandenciew that sxist in the
local view being modelad have to be identified. Showld

any non-transitive dependence b& nissed whan using
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Mijares and Posble's algorithm, a larger, suboptimal
number of aggragates would be the result.

» The fupctional dependencies are jdencified from
the DED  and stored in the data dictionary. The
identification of functional®! dependencies is done ay
inspection bawed on the  mapping characterlstics
previously marked on the DED 2nd are then n;orad in the

data dicticnary,

Functlonal dependencies can be grouped into thoae
nesded for unique ldentification of a data-object in the

data-bape, and thowse required for calculation of a

data=-ghiject's wvalue. An  example can illustrate this

distingtion best. Durlng process simulation the enthalpy
of a stream i celeulated every time it is roquired from
the ;tream*n Lemperature, pressure, and composition. It
ie necessary to racaleglate the enthalpy avery time one
or mére of thoss variables change. In the global
daLabane, howevar, it is preferable to consider the
. eﬁthalpy a8 & property asgecciated with a stream.
¥rowledge of the stream identifier should be enough for
identification of the atreams enthalpy, rsther than
specification af wvaluea for corposition, temperature and

pressurs. Carrying the depandente of H on T, P, and

composition along with the dependence on STRMID will
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resnlt in an undesirabls aggregation. Composition has to
be axpressed through all the components prement and their
molefractions, the mn:efracéion: depending an  COMPONENT
and STRMID: T 2nd P will De identifiable by STRMID alona.
Inference of the value for enthalpy based on the data of
compoeition, temparature and pressure ls possible, but in
many cases it may be rather difficult to carzy cut, since
physical property calculations are the crux of nhy

simulator.

During databame design one should specify Twoth
tYFen of functional dapendencies. The jdentlfying

funcrional dependencies will bw stored as functlonal
dependencies and used for saggregation, those dependenciss
tepresenting a comples infereance rule will be Etored anm
conmtraints. It .will be assumed hencafcrth1 that
functicnal dependence rafars’ strictliy to an  idantifying

funestianal dependenca.

&.4.4 Resclution of identities

Identitisa have to be resclved hefore asntaring
the aggregation algarithm. An identity is recognizable
since there axiste & simple functiconal dependence from &
to B hn& anothar from B to A- In many casea identities

will ba spotted in the DED. However, L1f ancthar local
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view pressnts the nmzma ldentity, it may not be clear
which data-objact should act as the primary key. Before
inserting & new functional dependency the data dictionary
checks if the Llnverse depandency hLas not already basn
defined. Whenaver an_ ldentity inm detected one
datza-chject lm singled Gut &m the preferrod key while tha

other is stored am a candidate for secondary indexing.

The djifference batwaen aliasesy and ldentities
ahould ba noted. Two nliaser take actually the same
value and are fully interchangsable. The data-ohiects in
an identity dJdepand functionally on sach other but take
different values and reprassent two diffsrent objects “or

cancepte.

£.4.5 hqgregaticn of datasoblects

It is proposed that the aggregation algorithm
operates againgt the data "dictianary. This Thas the
nd;antaqa ef minimizing the work neaded to et vp the
i;pﬁt information. Spacification of & local view [or
several 1If it {s suspected that overlap may occur)  will
result 1in retrieval of all the data-objectzs in the
ypecified local wiews together with their functional
dependencies. Thay are used to ast up & matriz in which

#ach row and each column correspond to one data-object

1¢1

'
with a 'l' placed at the interseaction whenavar 4
functional dependency exists betwesn two data-obiects.
Since Mijares’ algorithm reguires strictly nﬂn-tflﬂliiive
dependancias as input, & test has o be .perfarmad for
non-traneitivity in the functicnal depandencies specified
among the data-cbijects to be aggregatla. As de;c;ibad in
the raview of Mijares and Feebles' pethodelogy the
algarithm congiste in rearranging the rows and columne
aceording to a decreaming number of ‘cnes’ in sach row
and salecting the minimal set of rows that covers avery
other row am the aet of single entity classes. Since

aggregatas cbhtained through this algorithm all Jdepend

functionally on ope dats—object., this dJdata-obisct is

'propanad as key. Through the introduction at an wsarlier

stage of the auxiliary data-cbjects, compounded Xeéys almo
can be handlaed in this {arm. Keys and thelr aggregates
ares atorad -:plié;£1y+ Data—objects that were identified
as pelng part of an identity will be used as candidates
for wsecondary keye. Under the constraints impossd in
this ressarch, pATticularly the definiticon of auxiliary

dats—ohjectas which 14 necessary when dealing with binary

‘asspciations and provided a test for non-transitivity is

performad, Mijaras' algorithm performs adaguately. As an
alternative alagorithm the one proposed by Barnstain

(RBERP7T) could be used, .
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6.4.6 Practical c¢onaidaratigns in view modeling

It iz necassary to recognite that gometimen more
than one it-rl{inn af the view-modeling step may be
ﬂ-ciiiary am other local wviews are modelsad. It can
happsan that - the modeling approach which appears kmat in
the context of one local wview results impractical or
totally inapprepriate in apcther. As the dewign of the
dAatabaze progreasses and the designer gaing some  inslght
inte other applications, remcdeling of a local viaw may
be convenient, An sxample aof such & &ltuation ocourrad
during the prasent resaarch. When mbﬁ-ling heat
eachangaeras which have a fixed pumher of input and output
stTeamy, it appeared convanient ta define four
data-cbijects denoting the cold and hot inpur and output
ELCOAMS . Having the data-objects STRMCOLRIN,
STRMCOLDOUT, STRMHOTIN, STRMHOTOUT only the egquipment
idantifier is necemeary as a kay to define uniqualy the
stream which sarves ae hor or cold 1npﬁt or output. Whnan
attempting ta model an equipment with variable number of
mtreams, such as s distillation column, the pravious
approach would be exceasively rigild, since it would have
raquired the definition of & data—object for  each
slda-stream or multiple feed. Inetead, irntroductiaon of a

more abeiract data—object, STRMROLE, which togachar with
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the equlpment ggngtifitr forms a cospounded key that
uniqualy specifies the role of the stress, la preferred.
Singe the more ggng;q; aption hg@_;q.b- used for sore
types of equipment it ie convenient to standardize and

remodel the heat-exchanger local view,

ppother trade-off in modeling becomes apparent in
the previous exampla. Onwx can either oodel the object
EyYstem ar parts thersof In terms of & larger :nU#ptgt of
narrowly defined dJdats-objecte or ons can reduce the
nunber of Jata-objects PRY ylipg: more abstract  and,
therefors, less spwolifie glfh—ppjggga, Feceone in favor
of the latter app;glgh are & seduced pumber of
data-objsctas with th; semantice being carried azclosively

in the pesociation ﬁiﬂll. and more genezalicy. These are

tha conceptually more appealing metives. OGf a mors

practical neture are the TeAsons in favor of a larger

- number of data-cbjects. As can ba ssan Irom the previous

example, sobatituting data—ocbhiscts by & mOre abstract
cna, causes thoss data—cbjects . te Adisappear as
data-cbhiscts and energs as possible instances, i.e. they
are part of the dnmlin' over wwhich the mare abhstract
abject is dafined. At the same time it causes the key te
beacoms morea complez, in this exampls ths k.? had ta be

expandsd from EQID to {BQID,GTYRMROLE).
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Aoong the practical problems ariging from oo
general a definition of data-cblects . is the
identification of spurces. For example, the data-object
PRESSURE can have many sources: in the role of
‘operating prassure’ it 1= defined by process
enginaering, as 'desién‘ prassure’ it is defined by tha
group designing that particular equipment. If the source
is to have any valldity in updntelprctectinn it has to be
unique. In add@ition, the source, when it can be defined
uniquely, is & wvaluable Xeyword for reduction of tha
saarch-apace during eynonym rasclution. Finally, mapping
lnto any model that has ne link or azenciation naming
capability will require a breakdiown into more specific

data-chjecta.

The compromipe nttumptcd in this research
conslstes in defining data-objects that are epecific
anough to have a unigque wource, but at the same time the
higher level abetraction, uﬁich iz carrimsd in the data
dictionary is“proavided as an ald to-tha deasigner. Almo,
whenever new insight showad that geanserality and
flaxipility were jeopardized Dy using too specific
data-chjects or whenevar diffsrent local views requirad a
Aiffarent lavel of abetraction, the mor e abatract

approach was chomsn.
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6.4.7 Data dictionary aupport functions ~ for Jlocal view

modeling

The data dictionary defined for this research
provides the procedares PODEF, FDRET and FODUPDATE at this
stage. FDDEF asgiats the designerzin storing functional
dependencies among 811 datza-objects associated with an
application, while FDRET providas the meang far
retrieving thie information. FDUPDATE can b; used far
modiflcation of functional depesdenciss or unasalsted
ingsertlon of individual functional dependencles. The
routines OBJECTDEF, AUXDEF and AUXRET serve for the
definitlen and yetrieval of auxiliary <2ata-gbjects.
AGCREGATON isx used to perform aggregation while AGGREGDEF
is ussd to store the aggregate & data-object belongs to
and AGGREGRET is usad to retriave  that informﬁtion.
KEYDEF and FEYRET ars usad for storage and ratrisval,
reapectively, of ksys and aggregatss for which they are
the  kay. ILENTDEP, IDENTRET, and IDENTUPDATE ars
procedures usesd for etorage, r:triauai and updnte of
identities.

6.5 Mapping of local viewsz to binary asscciations

Mapping to binary associnations conelste in

exprassing the associations registered on the DED in form
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of triplets, each triplet having an asaccistion name, a
subject or from-node, and a predicate or to-node. Two

basically different'ultarqptivea ayist for this ctap:

* mapping of every amsociation ldentifiable sn the DED to

proceseable asgpciacvions: or

* apecification and atorage of thase binary aascclations

balonging to prefarred logical access paths.

At first sight both alternatives have merits.
The firgt approach appaars to be more geperal. It does
nat limit the deslgn at an early stage 9ince all possikle
appociations are available for the accommodatlon :tepr
To lllustrats thie it is assumed that twe alternate paths
szlet to ahtain an ipnatance of a data-cbiecrt in one local
wview. for example A-B-C-D and A-E-D. For this local viaw
A-E-D may- be sgpecified as the preferred logical access

path since thisz Impliss travergal of fewer links. During
implempentation., however, ;_gruuping of AB,C,D Ay amergs
a3 the more efficlent since anothar application which 1=
ukad ‘more Irequently reguires A,B,C,2nd D put not E,
therefore causing the path A-BE-C-D to be preferced. This
can only be done Lf the binary essoclatign C-D iz given

to the accommodation package. The distinct dJdisadvantage

is the overhead one incurs whan keeping 'superfiuous’

1&7

apsoriations in the datnldi:tionary. especially when one
congiders the merging operation. Each additional
appociation in the data dictionary - representn aix
retrievals and the pubseguent pperations with larger secs
far every assoclation added to the global wview after this
point and 6N additional retrjevals for the assoclations

‘already in the-glohul view at rhat polnt.

The advantage of defining logical accass paths-
and working with subsets of binary associations is the
raduced goverhead during merging but at the Eléinle of
MO generality in the final! accommodatlon #tage.
Howevel, an analyals shows that this loss of generaliey
{n relative. If an altetnata path should Dbe more
convenlant in a 41ffarent local wview, thz moat likely
tea#an why in the accommedation step ancihar path is
prefarable, tha correspanding binery asscciatlons would
ba present in the global view since they ware introduced
thrqugh.;he gecond local view. In the éréviQUI s¥ample
the apsnciation O-0 would be preseﬁt eince it is
introduced through the second application. In addltien,

putting all possible asspclations inta the dJdats

dictionary means elther more extensive testing or the
..%r-ncnce "of non-tested pathe, both  undesirable

consequances.
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Even though the first alternative superfleially
is appealing becsuse of its apparent generality, the
saecond option ham several practical merits. I1f Gne parts
from the assumptjon that for a local view a convenlent
logical access path can be identjified and selscted over a
lews favorable, then the global wiew ahovld contain a
collection of all the Rinary amsociaticns involved in the
locally most convanlent paths ﬁhd thosze aswoclationa
belonging to suboptimal paths should not be in the global
visw, and should, therefore, be lgnored in the logical

schems.

Bazed on thase acsgumptions and the concluajions
drawn therefrom, ipput of binary associations into the
data dicticnary is delayed until merging and only should
scour. after tasting of local viaws and thelﬂefinitinn of

the moet favorable logical access paths.

E.& Testing of local views

The testing of local views conmiats of Jdefining
CE=4 proceduras whith <an be invoked by the user and
sacva to test 1f the necessary binary associations wara
Aefined and if the test valuss Ay stored and retrieved
correctly. Definltion of the tseting proceduras invalves

tha definition of logical accesss paths. Mlogical
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access path is the leéuence of links {l.e. bicarcy
awanclatione) that have to be traversed in order to
chtain the degired values. As described in the ;previcﬁf
ssctian, only these hinary associations will be included
in the global view. Thersfore, the acCommodated databasse
will be based on the associationa apecified in the
testing procedurea and these are going to serve as a
blueprint for the dJdefipltien o«f tha external views.
Testing of local views permits checking of the mapping
information idantified on the DED and checking of
auxiliary data-objects to aee if the desired results ars
actually ohtained. Any  flaw thntl ls dlscaversd will
return the design to the modeling etep.

The tast p}ocaduret pperate on a database  which
containe the minicgum of data necessary +to check the
procaduras. Even though dJdata cogld ex-profesc ba
inserted for testing of the retrieval procedures it is
bettar practice to use the actual insertion routines for
this tasXx and lst the retrieval procedures operate
strictly on the data created by the losertion routines so
that & crose-check can he_made. Thle proved particularly
uzefyl for identifieation of faulty search templates
resulting fram inadeqguate logical access paths since

arrar meakages were ohtalped every time a search with 4
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null walue in the tamplate was attempted. This implies
that testing has to ocour in the wame ssguence as the
actual database would be created and used by the final
venare. It should be poted here that tha design of a‘
DroceNs plant- is actually p;rfnrmnﬂ rop-down. The
databasm design ltsalf follows thesa levels, at each

leval, however, & regquirements first approach to databaae

design ix employed.

The result af this step arw uaer—callable
procadures which can alsc be used for the teeting of the
élobnl_view. Experience has shown that the definition of
the test routines usually leads to the refinement of the
set 0f blpary asscciations defined ta nodel a local view.
Tasting by the users may also result in a refipnement of

the requiraments.

6.7 The merging of partial views

The merging of ons 1c;al viaw to another oOr -to
thn' global view defined go far is the process of taking
the union of sets of Dinary asspelations. The basic task
is to jdentify {if an associatlon present in one set

aiready existe in the other sat. If 4t dces, 1t in

rejectad. otherwiss It 1s inCurpo}atud-
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He fully autom;ted approach is feapible for this
task Bince recognition of the eemantics involved in the
ramez iz required. Tharefore, a corputer aided approach
is takan in which the trivial cases 'ate elipipataed
automaticelly and the database deslgner {s presentsd with

a much reducaed met of potentially conflicting

asEociations ko take the appropriate Action.

The strategy employed  starts with the
jdentification of awsoclations with the sams name. Tha
dasigner can declds  whether tha two conflicting
azaociations are actually the sama orf not. In caze they
are squivalent nothing ie added to the esxisting global

view.

In the case of a match in assoclation names Dut
mismaten in any otner portien of the twe associations
yndar considaration it 1B pecessary to analyse the
non-matching portlons to see if they are syﬁﬂnyms. Tha
k;ywnrds ctored In the dacta dictlonary are a good
discriminating tool and a match in the keywords is taken
as an indication that both names are potantial  synonyms.
The final declaion whether the non-matching porticns ars
BYnonyms or not rasts with the database deslignar-
Cepanding on that he will® either have to change the

aspociation name if they are not synonyma or define the
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2liaa 2nd drop the new assoclation.

Rnother case to be considered ls the analysia of
mismatchen in  the association name, which autonatically
oococurs foQr every nsw assac;atinn. Diffarent association
names 40 not guarantee that hoth assoclacions are in fact

different. The posslbility exists that elther both

subjects, both predicates, or both nsubjects and-

predicates are the same, «In the latter cawe most likely
the association name has to be changad, & modjification
that cascades lnto the testing procedures. In caze only
a partial match exists . [for example, both subjects are
the same but the predicatas are differeat} most likuf}
the two associationz undar consideratlon are different
but 2 uy;onym t:nt‘hn: to ba madea to be cartaln., Another
posgibility 1s that subject and predicate were defined in
different order but are actually preasnt with inverted
roles in an association. A check for this caas can be

-

-masily performed.

If naither subject nor predicate metches occur,
the association most likely 1la different from any other
that is alraady in the global view. At the databane
desiqner‘s discretion a synonyD test <an be made 2t Any
stage. 1In the present rasearch this test was Implemented

by searching the get &f all the data-ohjects in the data
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dicticnary for a matehlin sach keyword. The data-objects
matching on a given keyword are retrieved apd placed ipn a
separate spet for sach keyword. The interse:tinn‘qf thesm
sets contafine the data—cbliacts which are candidates toc be
SYNONYms . Dleplaring thasa together with the
data-ghiect's description that already existz in the data
dictionary for each data-chject eanables the databaee
degigner to regblve BYTIONYTE + Currently. synonym
rasclution is done intaractively and the wvhole glnbhl
view is scanned. Az tha global view grows this may
bagoma impractical aﬁd ovarnight processing and report
generation might be adegquate. A further gption ¢culd be
the segmentation of the databasze only testing those
asmnciations and data-obiects in which conflicts may
occur. © Segmants can be created by extractlng firgt &
subsetr of tha dnia-objectl in tha data dictionary. -Thile
subset could contain only thoes data-objacts which appear
in related applications. For sxample, the dath-oblects
ralated to financial applications need not ba chacked if
heat transfer applications are addad to the global ;iew-
It should alen ha emphaaizsed that & largs pumber of
possible valuas of the kKeywords., 1.s. more specifie
keywords, will result in smallar sets to e intersected.
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€.7. 1 Data dictionary support functions for view merging

The routines avallable for merglng of local views
are MERGER which in turn calls SYNRES. The procedurs
DIMPER allows the retrieval of the wset of all dafined
agsociationa, while MINIDUMPER retrieves the agssociations

used in one application.

6.0 Testing of the qlobal view

Testing of the global view asrves hainly the
purpose of assuring that the informatiun réquirements
stated by the userw <an be Eatisfi;ﬁ with the set of
hinary. associatione wexleting in the global view. The
testing cpntiste in exscution of the praviocusly defined
user-callable proceduras and the analysis of thelr
resulte. This test whould reveal ;ﬁy _necusRaTY changes
dus to the elinination or modificatlon of hinary
associatiane during merglng.

6.9 Accommodation to commercial systema

beconmadation 10 & commercially avallable DEMS is
highly Jdependent on the conatraints of the DBMS under
considaration. Hany constrfalnts can De [dencified am

heing .commOn to all DEMS® baasd on ooe data mode]l, but
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aven within =ach gyroup., particular conscraints f£ar  an
individual GBMS exisnt. Generally speaking, for
hlararchical systama aome typical copstraints are tha
;xiutence of only one physical parant., and depending on
the particular DPMS the existence 9f a logical parent,

the need for dummy segmants in logical relations, and the

. degree of redundancy permitted. An accommodation package

for a network DBMS can ignore. checka necessary ln a
hisrarchical system to avoid loops, kbut the handling of
_named links introduces new dJdifficulties. Relational
systemx on the other hand wlll not require any
information on loops or who is the parent of & glven
;ccnrd. Weight will be placed on correct identification
of Xeys and functional dependenclss requiring an early

reagoliuticon of emblgpities in the aet of concepts to be

integrated.

The goal of the present ressarch wae identifled
as being the generation of a global view of the databass
amenable to accommodation to a vnritiy of commercial
DEMES ., Thie meanp that some features of the proposed
databage design methoedology may be lems useful for one
acrommodation packagme “than for anothar. For example,
aggregates may be less interesting to an  accommodation

pockage deslgned +o gensrate & hiararchical structurs
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than what they could ba te & relational DBMS

acconmodation package.

Zince the goal is a global view which can - be
accompodated to different DBMSS it wam decided to include
the necessary information for the different possible

accommlation packages even 1f  some packages include

features which allow them to duplicate some of tha

information’ kept in the data dictionary. For example,
the information reqguired by DRDA woula essentially be a
set of binary awsociations and tha corresponding mapping
information. DBDA offerm aide for key recognition and
detection of transitivicy. L Keys are recognized as thi
data slements fraom which type 1 asespciations empnate.

L ]
Therefore, information on keys and aggregates will not be

used by DEDA and some will be genersted again.

hE

The nccommodation to relational database Ayatemp
will require lens information abcut  mapping
charicteriutic:.of the binnr} auloﬂiﬂ}ionn and will rpely
moré on functional dependencies and already identifjied
aggregates. Additional information required by
Lelational Accommodation packages ls the informatlon that
allows adequate partitioning of large aggragatas into
gmaller relacions conforming to the actual usage pattarn.

Whiie the global view shauld not be governed by such
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operational n:ﬁects tﬂey certainly are part of the
accommodation step. Therefore, .a brief analysin (is
convenient to identify vthe informstisn that im Trequired
for partitioning in order to provide the NECREXALY
dictianary procedurss far gathering and atorage of those

data. That analysie is presented in aAppendix E. The

* hereagary Adata are sstimatas of the cardinality of

data—objects, usage frequencies and response time
conatraints and enatimates on the numker of tuplaes of the

global relation used in a particular local view.

Damful for any model i the availlsbility of a
‘clean’, 1l.a. better undaretood, 1et of data-cbiects in
which a large portion of synonyms and hosonyma has  been
reaclved. fThe set of binary associations, tested againat
the varlous:local views gumrsnteee higher accuracy of the
mapping information. To Iincrease canveftihilitf and
avoid unnecessary duplication all the functionw which are
necessary 1ln the varicus spprosches. such s SYnonym and
homonyn detacticn, key d-tcrminutiaé. elimination of
trangitivicy, selection of candidates for sscondary
indexing. definition of conmtraints needed for
implementation of cunaintency checks and gathering of
execution frequency data, should be eliminated from the

accemmodation  packages and dona only ance during earliar
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Stages of the logical databasw design. Futuyre rascarch
neads te De concerngd with the generation of
. accommodation paékagea for & greater variety of widely
usasd DEMSa. These packages ahould be able to access tha
meta—data of the data dlctionary to generate an demand a

logical schema for a partieplar DRME.

CHAPTER 7

APPLICATION OF THE FPROPOSED METHODOLOGY

AND THE DATA DICTIOMARY TO A TEST-CASE

In this chapter the use of the methndqlﬁqy and
the data cdictionary that were described I'n chaptar E-i&
exrplained. 1Information that is usvally disseminated in
the form of a process releass was dslected to tesgt the
mathodology and the dictlionary. For clarity, one of the
smaller lq:al viaws that ware modeled, the creation of an
sgquipment list, iz used to perform the various steps in
the methodeloygy and to highlight welacted aspects, When
nacessary, portlons of other 1ocal views are ussd to
iltugtrate & polnt. A Teport of the design resuly, the
global view in bipary associaticns, will be included at
the end of this chaprer. This global view represernts the
dute that appear in the project initiacjon, the material
and energy balanca, the equipment list, the loadsheets

for heataxchahgars nnd_thﬂse for pumpe.

179
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1.1. The data—bisct definition

The local view to be modeled im & Yimt of major
eguipment comprising equipment identifiers, the indented
egquipment number if it axists, and a descriptien of the
&quipaent . The indented equipment number assarves to
identify equipmant provided by tha wvepndor of a major
piece of equipment, for example, 0il coclers and pumpz on
a .ccmprenlur. Also glvean iz the numbar of the isgue
during which a plece of equipment wam firsmt defined and
the date of that issue. BAdditional informatien found 4in
thiz local wview im tha header information identifying the
praject, customer, and plantsite. Figure 10 shows the
interactive definitiocn of some of the dat.a-nbjem:s
cancerni;'bq this local wview. The data—gbiscis wers

defined am they ware provided by the umar. #

.
L]

¢

A9 can be sasen from the above exampla, the data
dictiocnary detacted that the data objects LOCATION, JOBRO
and PROJDESCR Already exsisted and c‘nly reglastered that
t‘.h.e-}r were alsa ussd i the eguipment limt [1). A typical
case-cf synonyn resolotion ocorred with the data-object
CUSTOMER [2]. During project ipltialiration the term
CLIENT wap us#d while CUSTOMER wad used for the same
element on the eqguipment liat. Basad on the keyworda

"SOURCE"  and  'ABSTRACTIONR' they weara {dentfied an
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ran objectdef
APPLICATICN teqlimt 0
DATA DRI ECT b jobne )
THIS DATA+DRJECT ALREADY EXISTSE WITH THESE PARMMETERE
SOURCE PROJECT _
AODJECT 1o
DESCRIPTICE PROJECT KUMBER
CARDIHALITY 1 , .
PLEASHE CHANGCE DATM-OBJECT KMME OR OMIT I 7]
DATA-ORIECT 1CUEL T
SOURCE iproject
ADBJECT i CpeEpany
DESCRIPTION iname of CusLoOMErC
CARDI%ALLITT 1l
FOTEXTIAL LTHOEYMS FOR CUSTOMER
CLIENT KAME OF CLIEWT/CwpER OF PAGTECT
kL]
FLIBTING DATA-ORTECT client .
HEW FYNONTYM [ALIAS} scustomer i
OATA-QAJECT 1location .
THIE CATA-OBRIDST MLAEADY EXIETE WITH THEEE PAMAMETERS
EOURCE FROJECT
AGEIECT ADDRESS
DESCRIPTION PLANTEITE
CARDINALITY 1
PLEASE CHANGE DATA=-DBJECT MAME QR CHIT IT
DATA=DRJECT IprejoeseT m
BHTE DATA-ORJECT ALRKEMDY EXISTES WITH THESES PARAMETERS
S0URCE PROLIECT
AORIECT DEGLR
JESCRIPTIN MAMESQESCRIFTION OF FALJLCT
CARDINALITY 1 -
TLEASE CHANGE DATA-DBIECT MAME Gk CmIT IT
OATA-ORIECT 1wgid
EMIREE - ipTOCRIE
AOBITCT 114
CERCALPTION 112 of class/number of equlpssnt
CARDINALITY V300
FOTENTIAL AYRONYMS FOR EQID
s
CATA=-OBIECY reqidindent
EQUACE [RroCann
MAAJECT tid
DESCRIPTION tindent et aguiphment OGS
CARDINALLTY 1500
POTENTIAL STRONYMS FOR EOIDIRDENT
oD ID OF CLASE/NIMIER OF ECQUIPHENT
s
DATA-DBIECT | ERTY
ZOURCE IPITCRRE
MO BT 1demer
DESCR T LOoW 1eeTvice/name OF dqulpaesnt
CARDINALITY 1300
POTENTIAL SYMONTYME.FOR EQSERY
i
OATh =BT ECT e
MPPLICATICN e

-

*

Figure 10. Intaractive definltlon of data-gbiects
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EYtiotyms and reportad, .Thrq data—tpject CLIEN'T_H;II choswn
as the prefaerred data-gbject and CUSTOMER wak stored ae
an alias of CLIENT, Examples of the possible reports
that can he ganlrntmlj an datagbjects are given In

FTigqures 11 and 12.

T. 2 " Definition of timing regquirements

An exanple of a timing and format reguirements
faport, generated by thqn data dictionary. i‘l_ pragantad in
Figure 13. The Linformation used +o generate it wan
defined previcusly in interactive. form In -reupon:ﬂ to

proopts by tha dictlionary for each item. -

7. 1 Definition of the distribution requirementa

An erample of the distribeition requiramentas is
given in Flgure 14 for the heatsichanger loadsheat local
vwisw. This jnformation, except for +the authorieation
code, was mxtractesd from existing document dlatribution
information which ie part of Pullmann-Kellogg's oparating

procedure.

11

run ﬂ‘b!lrl‘.l‘l’t

M3 YOU NEED HELPTna

T2
APPLICATION 1 eqlimt
DATR-CBIECT CLIFNT -
DESCRIPTIOH HaME OF CLIENTTOWNER OF PROJECT
SOURCE) PROJECT
ACBRIECTY - COMPANY
CARDINALITTI 1
DATA-OBECT: mIin
DESCRIFPTION Ib OF CLALS /inpER OF EOUZpWEST
EOURCE s PROJECT
ASMIECT ip
CARDIRALITY oG
DAT A=ORIFTT EQLDINDENT
DESCAIPTIONT IKDERTED EQUIPRINT NTHRER
ECURCE ¢ PRAJECT
ADRIECT 1k .
CMADIXALITY 100
CATA=CAFECT ECLISTARATE
DESCAIFTION: ™ LATE EQLIET wAE [SSUFD
ESVRCTE, PROJECT
AOB) ECT DATE
CARDIHALITY: 20
DAT - DD BT EQLIETIHOD
DESCRIPTIONI ISSUE NUMBER oF EQLIST
SCURCE pPROJECT
MBI ECT DR
CREDLNALLITY -1 )
DATA-GBI BET BUSERY
DEECHIFTION EERVICE/RMNEE OF WAIOR EQUIPMENT
FURCE PEOCEES
AIBIECT DESCR
CRRAOIRALITT 500
DATR~CBJ EZT 2 EQSERVIKDEST
DESCREFTION: EFRVICE OF INOLNTED DOUIFHENT
SCURCE: " YENDOR
AIBIELT, DESCR -
ERRDIXRLITY: 200
TATA-ORTECT : JCBR
PEECRIPTIOMN PROJECT EUNELR
EOURCE FRMJECT
ACBRIECT ip
CARDINALITY L 1
PATR=-ORTECTt LOCATION
PESCRIPTION PLANTEITE
BOURCE PRIECT
AIBIECT ADDRESE
CAROIMNALITT 1
AT A =DRIECT PROIDESCR
DEECRIPTION KAME/DESCRIPTION OF PROJECT
SOURCE: PROIECT
MIBIECT DEBCH
CARDINALITY: - 1

7

Flgura 11. Detailed data-chiect report; xhown hera
are the dataz-cbjects [or EQLIST after
refinezent in the view-modeling =ztep.



*ruh chiectret

ha YOQu MEED RELP?nd
¥ 3
APPLICATION: EQLIST

DATA-OBIECTS ;
CLIENT

EQID
EDIDIHDENT
EQLISTIDATE
EQLISTING
EQSERY
EQSERVINDENT
JOBNG
LOCATIOR
PROJDESCR

Figure 12, Paport of data-objects waed by EQLIST

run timingret

P YO HEED HELP?no

A

APPLICATION :eqgllat
ARFPLICATION EQLIST

T

DEFCODE APH-
EXECFREQ. LOwW
BEGPROJ Q
ENDPROT | 0.
F

Lt

MAXRESF

FORMAT SR
OUTDEV1 LPT
OUTDEY2 CRT

Figure 13. Timing, format, and media regulrements for EQLIST
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COPIESE AUTH-LEVEL

RECEIVEER[S]

exchload

APPLICATION

IF YOU WANT MAILIHG LIST FOR APPLICATION
EXCILOAD

T¢PE <P> FOR LIST OF DOCUMENTS BRECEIVED BY SOMEONE

TYFE ¢,* TO EXIT

7a

run djiegtribrat
DO YOU KEED HELP?YEI
APPLICATION:

TYPE <h>
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¥.4 Dmfinition af suxillaries

In Figures 15 and 14 the DEDm for the equipment
list ant for s portion of the ___E.nn.nw#w palance local
o Dm0 -OO
views are glven. The egueipmeant 1ist ragitlres no
auxiltiary Jdata-cbhijects 2ince no data-cbjscts that depend
e ey on mare than One other data—obhject are presant. This ias

"different in the case of the materia) and enargy balaspce.

Straam and complneant together determine the mole fractlon

o m Mm of that component in the stream. Therafore ., it was
bt
0o I .
£2 Daz= g neceflaTy Lo intreduce an apxiliary data-object,
mMEhDDSM
ms M L m m, z o AUXETRMCOMP, which wae defined wvia AUXDEF as shown in
1]
] > . . .
K % m m m " WW Figura 17. The dafinition of an auxiliary data-objsct
ML T E D
Mm m__ﬂ & WMM can be retrieved using AUXEET as ehown 1ln Figure 1B.
B pemE g
R e
ﬂ L B R -
DR R a2 ™
NMEHHNI - 7.5 Dafinition nf PDs
DU gL —_—
= L =
Lo Tadid e E

Hext the non-trivial TDe are defingd. A portion
of the definiticn of FOe for the esquipment liec

application im given in Figure 1%. .

Distribution requirements for heat-exchanger loadsheet

' Ahn intaresting point arises during the Jdefinition
of the FOm for the eguipment l1ist. EQIR and EQSERY form

an ldentity. Since EQSERY is functiocnally dapendent on

Figure 14,

4

EQID and .viceverpsa; 2 message iz lzpued ta the designer

APPLICATLION:

to choose the prefertsd data-cbjiecr foOr usy as & Primary



PROJDESCR

LOCATION
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—7 EQLISTIDATE . - ;
N M
COMPONENT L i STRMID
, ) . . M v b
: |
T . ! I | AUXSTRMC OMP ; i '
,' 5 . :
' [ -
) ; . ,____L___ o I P R
I —E S - " . 1 M ;
. . e . .
! B I : :
! T ' Li. " mew -
I ) Petos el .
: |, |
| T EECURAIN RS NS SRR AR
: ; v ! -
| i
. ' |
i |

for the local viaw MATBAL |

- . [ B ¥
—— e — -
— H [}
] T 1 v

Figure 15. Data Element Diagram {pED] for local .
' view EQLISTi .

]

Y [

|
[ .
r r ! I " ; .
! ’ FigFre 16. Porticn of the Data Element Diagram
’ il
i
]
E

..

i | |
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run auxdef

AUXILIARY DOBJECT!auxskrmcomp
DEFINING DOBJECTL:strmid
DEFINING DOSJECTZ:companent
AUXILIARY DOBJECT: .- '

figure 17. Interactive dafinition of suxiliary
data-chjects. '

rup agxrat

7h —_ -
TYPE <h>* PFOR BLL AUXILIARIES

TYPE «<S5* FOR DEFINITION OF A SPECIFIC ROXILTIARY

™PE +.r TD EXIT
LIST OF AUXILIARY D-OBJECTS

AUNKASEQ EQID ASSIG
AUXEQPROCHDTE EQID PROCKOTEND

AUXSTRMCOCME STRMID COMPONENT

Figure 18. Report on the definition of auxiliary
data-obhiects
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*run fdupdate

DO YOU KEED HELEZno

?i :
INDEPERDENT ORJECT: eqid
DEFEHDENT OBJECT @ adasarv

7i

INDEPENDENT OBJECT: egidindant
DEPENRDENT QBJECT : eyqid

?i
IMDEPENDENT OBJECT: eqQEALY
DERPENDENT OBJECT : eqld

EDQID , EQSERV FORM IDENTITY
WHICH SHOULD BE FEPT AS PRIMARY KEY?eqid _
7. —-

Filgure 1%. Definition of fuontional dependencies and
gelection of primary key

*run fdrat

0O YO WEED HELF *no

ra .

APPLICATION: eglist

TRE DEFINED KOW-TRIVIAL FURCTIONAL DEPENDENCIES ARE:-

EQCID EQSERV
EQIDINDENT EQID
EQIDINDENT DQSERV
EQLISTIRD EQLISTIOATE
JOBNG CLIENT
JOBHRO LOCATION

- JOBHO PROJLDESCR

Flgure 20, Summary ofF functional dependencies that
exist in EQLIST based an the data-obijects
as definad by the user
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key. A¥ can be seen in Figure 19, EQID was chu;en and
ESSERYV wam placed in a set of candidates for secondary
indexing. EQSERY ia one of thoze data-objects that could
uniguely identify the eguipment number, tha issues number
and date. Howaver., the d;;criptive nature and aften used
abbreviations and acronyms make EQSERV undasirable as the

primary key. ’ \

A raport of the functicnpal depapndenciess Jdefinesd

in this local view, Buch as that presented in Flgure 20,

can be gensrated for inspection by the database demigner.

From the users the data-objlects EQID, EQIDINDENT
and EQSERY wers obtained. This resulted in the diagram
of Plgure 15. Upon analyaie of thia conflguration it can.
ba saan - that & transitive functlonal dapendency exlats
from EQIDINDENT to EQSERV wia EQID. Represantation of
this wsituation in a relational model would be difficult.

Removal of the tranzitive dependance would result In the

tw ralatione {EGIDINDENT, EQSERV} and
{EOIDINDENT, EQSERV]. These relatiocns clesarly do not
reprezsnt the correct semantics, xince the service of the

equipment, EOQSERV, would be inaccessible for the major

pliecas of equipment igentifimd by EQID. Binary -

appociations are capable of handling esuch 'a  situation

eimply introducing two diffarent associaclons, for
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exampls, {'SEﬁv-DF-EG';EDID.EQSERV} and
(' SERV-OF-EQINDENT' , EQIDINDENT, EOSERV). Naming these two
Ajfferent assoclations laad to the -understanding that
EQSERV waa performing two different roles and, therefore,
the domaln EQSERY was split up. Thiz {1llumtrates that
EQSERY is actually a generalization of twe data-obiects,
thea servics of major equipment, which wa shall continue
to call EQSERV, and the service Jdescription of tﬁe
indented squipment, EDSERVIHNDENT. &An iteraticon throﬁgh
previous steps. the data-ohisct and functionalldcpcnd-ncy
definition, reszlts in the definition af A naw

data-object, the modification of the gardinality of

'EQSERV and EQID and update of the FI' between EQIDINDENT

and EQSERYV to become EQIDINDENT --» EQSERVINDENT. Theass
changen appanr Iin the report of refined data-oblects
shownn in  Figure 11. A revised diagram.for EQLIST ia
shown in Figure 21 and the reafined functional

dspendancles are given in Pigurs 22.

7.6 Ganaration of aggregates

The results from the aggregatw ganatration atep
ars given balow. Each aggregate includes a propossd key,

es can be saen 1n ngure 23.



rigure T

EQSERY

EQLISTIDATE

EQIDINDENT

PROJOECRCR

Ruvised Daca Elrmant Disgram for EQLIST

13

*run fdrel

7’ 1
DO YOU ULED HELE?ne
Ta
APPLICATION: eqlied )
THE DEPINED MON-TRIVIAL TUNCTIONAL DEPEWDEWCIES ARES

EDip BISERV

EQr L] RODNT EQTD
BOIOINGENT EQSERN LIRS
BOLISTING ERLISTIPALE
JTAND CLILNT

JOBRD LACATION
JOEUD - . FroIoESOR,

-
¥

ﬂgu'u 12. Refipa: funchbifwyl dependenciegs for

CQUIST,
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*run agyregator

DG YO MEED HELF?no

APFPL:eqlimt

Tu .

IO YOU WANT ANGTHER APPLICATION?no
COBJECTLIST MO AGGREGINT

CLIER

EQlD -
EQIDINDENT

EQLISTIDATE

EQLISTIND

EQSERV v
EQSERVINDENT

JORNG

LOCATION

PROJDESCR

WUMBER OF DOBJECTS 14

[ 2RI E R RIS A RS F XSS A AL 2

EQLISTING
EQLISTIDATE

FROPOSED KEY= EQLISTIHG

S22 R RS2 XYY NN A AR DN
EQLID .

EQSERV’

FROPOSED KEY= EQLID

IS IR F A2 AR R R RS SRR L B L
EQIDINDENT

ECSERVINDENT

EQID

PROPOSED XEYw EQIDINDERT

R R YIRS R AR R R AL R L Ll
JOBHO

PROJDESCR

LOCATION

CLIENT -

PROPDSED KEYe JOBNO

Figqure 23. Results of the aggregaticn

in EQLIST

1%6

of data-ohjects
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The previcoos éu-e shows no auxillary data object
and uped aw basis for a relational implementation , it
can be seen that all attributes depend nontranpitively on -
a single Ykey. The M:M correspondence between EQLISTING

and EQID has to be considered as an auxiliary.

Another situation of {nterest arises  when
enalysaing the output of the single entity class algorithm
for the material balance. Hare an auxiliary exists -and
im the key of an aggregata. Hawever gubatituting thia
auxiliary by its definition obtained from the data
dictionary results in a 3INF relation with a compounded
key. This ie desirable 1f saccommodaticon to a relational
modwl is attempted. The definjticon of auxiliaries ia
necessary when uveing a blpary model, and this atap
creates the necsassary conditlons for Mijarea® algorithm
to work properly. since it asmumes dapendenca on a slngle

object and cannct handle compoundad keys.

7.7 Teating of & local view

A tasting procedurs was written for the squlipmant
1ist and was exscutsad with the data .for the sXample
describved in Section 7.1. In «ffect two procedurss | were
Tegquirsd I, cne for input and one for retrievql.l_nisult:

of the retrieval rootine AT« glven In Figure 24.
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Bample equipment list

Figure 24,
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Testing of local visws hak proven very useful for
detection of misundsratood aemantics and refinemant of

requirementm.

7.8 Herging of the local view

The binary associsticone used in a local view wers

the global view.

merged to generate To ijlustrate the

procedure, three apsaciations from the loadsheet for

distillation COlumne wera weslected.

Ae  indicated in
Figure 25, the asspclation marked with a [1] wam rejected
because subject and predicate Were the sazs as thoss of
AT awﬂmrmw exinting asssociation. Not only were the
subjert and predicate the aame, DUt alsa the ssmantics of
the assoclation. The setond apsdciation £2] had actually
the sgame name ap an already existing association. Thae
lagt [3] wax accapted mftar testing that no wuuonmrﬁhuu
having wrm asama pubject-pradicate nDF&w:nﬂwﬂn. or aslthar

the eame subject or predicate, i eguivalent to it.

1.8 Toe global view

-’

The database dralgn methodology  and ita  data
dicticnary wera tested throogh application to & small
gubhportion of the deaign pof a procass plant, The local

viewa of project initialirzaticon, material and spargy
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global view
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balance. generation of the equipment list, gesneration of
loadsheste for heatexchapgers, and loadsheets for pumps
ware integrated to form the--binury nmmociative global

view shown in Figurs 26.

This database atructure wap tested with data from
the deethanizer sectlon of an athylane plant currently in
operation. Taating has allowed to ascartain the correct

functioning of the plict databaca.

The deasign of thiz Jdatabass alec Eerved  anm
feedback to determine the correctness of the informati;n
held in the data dictionary and tha utility and
convenince of its functions. Saveral new data dicticnary
procedures wera lntroduced =e & result and others wers

modified.

Design of the pilot database has shown the
feasibility of this databaze deslgn approach and repeatad
application of the same principle will result in a moras
comprehensiva global view, Eugg-ltinnltlur further work

ars putlined im Chapter 8.
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Part |ll: Distributed Data Base
Management Overview

These two papers purport, to do the same thing:
survey activities in the area of distributed data base
management. The wide differences between them il
lustrate the fact that this field today lacks a com-
man framework and common vocabulary.

Rothnie and Goodman survey research and
development in the area of distributed DAMS. They
£asert that no systems of chis sorg have yet been im-
plemented. Champine, on the other hand, describes
six operating lmplementations. Is one of thess
papers wrong? No—they are nddressing dilferent
tlazses of systems but labeling them with the same
name. Rothnie and Goodman discuss general
purpose data base management systema [those of-
fering the types of functions described by
Chambetlin in Part II} whose implementations are
distributed. Champine describes & number of
epplicatiok-specific systema in which the suppor-
ting data bases are distributed, The simplifications
mpde possible by the application-specific en.
vironments have permitted these systems to cir-
cumvent the technica! hordles described by Rothnie
and Goodman.

The most important element of simplicity that the
systema described by Champing have exploitod is

20

the restriction to single-record transactions. That is,
thess systema are capeble of retreving and up-
dating single records but not sers of records
Because of that, the technical problem is reduced to
directing data accessing requests 1o the eppropriate
site rather than hendling requests that deal with
dsta at multiple aites. That simplification makes it
poasible to implement systems today that perform a
useful function for applications rhai can sccom-
mopdate ita restricted functionality. Champine's
paper is Lthe oaly one in this collection that deals
with this type of aystem, [t is valuable reading
because it indicates what is possible and, indeed,
whet is {n operation within today's cechnology.

Rothnie and Goodman describe research and
duvelopment effarts aimed at schisving complete
DBMS functignality in 8 distributed implementa-
tion. The paper clasaifies these acrivities according
to tha principal technical problem areas of the field:
synchronizing update cransactions, distributed
query procedsing, lailure handling, directory
management, and data base design. To a schsten
tial degres, this paper constitutes an introduction to
Parta [V, V., and VI of this volume by summarizing
the topics mddressed in those seciions. W
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Disctibuced databasa mepagemant i3 a nevly developed sod rapldly growing sub—Iisld af

dacabuse management technology.

Discribured dacsbape minagement 15 an attraccive approach teo

solving the dat: oaragement needs of many orgsnizaciont becpuse 1t permits the database sywiem
To act gonceprually 43 a4 cancralized syscem, while physically sirrering the geographic distri-

bution of arganizacions in coday’s werld.

" fhis papsr prevents an overview of several key cechofcal probiems thar sust be overcoma
in daveloping genaral purpose distribucted database mandgement pystems, and purveys cucrenkt

thd afforte simed af overcoming these problems,

IHTROOLCT ION

Advances 10 the developmtnt of CORPuler
r#chnology over the pact several years have made
the concapr of diseribured database Danaganent
#n Btiractive cne, from mansgerial, ecopomic,
and techaleal pointa of view. Diarributed data-
bisz mARAgement sysLamy (which we ghall refer to
herealcer ap “discributed DIMSk"} persir a col-
lection™af daca which {x relavant to 4 given
entatprige (0 be managed of 4 ne(work of geo-
gfivhically dispecesd computers., Thils archicec—
ture i3 flluscrated in Figure 1, Distribuced

| Uuers

Applications
Fropraos

DEME

Figura 1
& This rcemeatrch wam wupporied by thae Advancad Re-
awedteh Prejecta Agency af the Deparcsent of Defens2

under contract ne. NODGIP-77-0074. The viewa aud
concluslons containad in this document ara thoee
af the authors and ahould nmok be intecpreted aw
necensarily reaprenenting the afficial policies,
elther axpransed or implisd, of the Advanced Re-
wearch Profects Ajency or the U.5. Covernment.

data oenagemsenc hag been made popsible by sdvanzan
in two aceak: (1) the development of relacively
toexpensive computing equipoent, which has made 1t
fansible for a #ingle organization cte cperste cand
and sveo hundreds of DEMSw: and {2) rhe develcps
ment of "parkaged" compurer-fD-comppucdr cosmunlca-~
tiony capabilities which have made it powsible to
iptercormect these large oimbers of Independent
computers atralghtforwardly, reliably, wnd at pri~
digcable comt.

Distributed DEMSS are sbtractive In applica=
tiona requiring access o A0 integrated detabags
from geographically dispecs«d locations. Applica-
tigne of chix type art common and ipclude acefivi-
ties suth =5 =lectronic funds transfer 1o banking
gsysTeus, Llpventory concrel inm multl-brfanch digtrl-
butora, corporate MIS, m{litary command and con-
tral, ete. The diseributed DEMS appronch cffaca
thres major adventager in application® such am
thete over the slternative of using & cooventicnal
centralized DEMS! . .

1. The discributed DEME is more relisbla than

a centralited DEMS because ir 1s consbructed

from mulelple computers locuted af multipla

locations. Consequently the digtributed sva~
tem 1g not suscepcible to toral failure when
poe computer breaks dowm or one gedgraphic
locatlon hecomss inaccesaible,

2, Bipce che digeribyted DBHS sxiste 2t mul-

tiple locaticns, it is poesaible to sbtora per-

tions of Che database near to whets they ars
frequencly waed., An & resoli faster accena
to dats way be achlaved and communicacion
cogty reduced,

3. Fipally, the distributed DBEYS mpproach i

.epenable o ilncresentnl upward scaling of

dacabass capacity. The distribuced architec—

ture pérmite & very large datebasw to ba
supported on & collection of moderata size

DE45s, instead aof on & uingle very largs cen-

tralized gite. And {f more power should ba

needad to accompdate Increases 1n databegs
efze or usdge, this power can be addekd incra~

mentally through the addirion of new alites [0

the vetwork. By contreat cencraliced mystens

v
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Ate oIttndﬂiflicult Lo upirade withour major
aprvica discuprion apd convarelon costa.

The above advantages, coupled with che matur- '

ation of the necemaary cachnolegy, have now made
the development of distribured DEMS & very accive
Field. - A number of diutributed darabase implenen-
tations have bean rapottied in tha literature inm

the past Fear: Chllplnill dascribas milx recently
implemenced discributed dacabane pystexs; Fomier
11, Heller and D!tlrlfzz. Pliner at llji. and

Hillﬂlnsng!:fibl athers.

These sfforca reprasent ctha scate-af-che-are
in distributed CBMS implesentations. Many of ches
ate quite large and sv A whola Lhese laplesanted
Eyitems perve to valldate the socundnesy af che
distributed DBAMS approach. Huvertheless, each of
thess currencly implecanced dystems la a specilal
purpess, one-of-s-kind Eyscem, designed to handle
the particular data mandgesanc neecds of & single
enterprise. Complemanting thzse implesentacion
efforts in discelbuted daCts management iy & grov-
ing body of reasareh and developzent mctivicies.
The major focus of thim BAD 1s tha davelopment of
geozral purposs, racher than special purpose, diz-
tributed DPEM5. Such systems, like convenrional
non-distribuced DEMSs, ACk S4wn 48 being avellabls
afbf-the-shelf, and ss being able o solve a wide
range of data managesent problems. Mo wuch gener-
el purpose discribuced DEME yot exiete, and many
cechnical problems remaln ta be Oovercome before
such ayarerms Cat coms Inlo axisCence. IC ix (he
fotent of this papar 00 syrvey Che sigolficant RAD
affores almad ar cvarcoming Chess problemy thus
making possible ganerel purposs distribuced DEMS.

Thiw paper Tevievs work in thoss sreas that
have been studied mopt Intenalvaly bo date. It ia
by po means the case that cthe topices surveyed hers
cover all the problams that musc be sclved in de-
veloping prackical and genutal purpose distributed
DBME; the fleld is a Young and hurgeoning one, and
many problems hava not yer baan adequataly ad-
dremsed by any workars. The topics thet are ad-
dramsed hers are cha following: .

#Seprion 1 — "packyround” -- presants con-
cepey, avaumptions, and iesuas that enderly auch
nf the work in the field;

*%ecrign } covers Lhe problem of synchro-
ting uvpdete tcansacclone in o distribured DEMS; Che
seczion [ocuses in patilicular on the syochremiza-
tlon of vtrspmacticos that updace data thar is
stored redundantly io the diacribuced syscem;

SSectlon 4 discaisan algorichmy for efficient
execution of tramsacrions chat access dlapeceed
data; the key objeccive hera is cto allew rraosac—
ticos to referance datih mcoerad ac sulciple loca-
tions without ipcurriff dxcadaiva cosmunicacion
coxca and delayw;

. WSecrfon 5 pddransas "reailisocy”, 1.2, cha
abilicy af the dimtribuced ayscem o continue op-
erations despite component feilures} che cencral
difficuley in achiaving remllisney 1o the need to
ensure that datebapg comaistency i» not viclated
an a resuly of component [allurens;

*Section & deweciben approaches taken to dir-
ectory management, L.®. tha O il g€ men € af catalogs
end wther datms umed bY the systeas itself In {(a})

16,

a

decarmining where data Is stored in the necwork,
and {b) how to pacew snd execucs cransactlons
againat that data: and lLaakly

wiectlon’ 7 reaviews work in the area of opii-
mal file allocaciant the geal of this probhlea in
to allocata doaca among the npdes of the diapribut-
ed DEMS 40 2% to optimize Eactors such ap responae
timg, comunication coatm, storage coats, computs-
tion loads, and raliabllicy.

The above ArCtad cover woat of the published réd

.relevant to che davelopment of genezal purposs

distributed DRMS. One impactant coplc which i
nor addeesesd i3 heterogeneous disiributed DEME,
Tk, s¥stams in vhich the oodes of the discributed
DEMS may differ in dJacs wodel and daga access lan-
guaga. All of tha Lswues presented ip this paper
apply to & hetsrogenaous syntsms 43 well, and in
addition thata Lo & substanatial trenslation prob--
lem to ba addresasd. This cyvpe of problem hap
pagn tackled 1in o wub=[ileld of database cechnolagy
known an dace translation and & rubstantial figer-
wtura ham grown up in this ares. Selected .resd-
inges on thins toplec ere included Lin the referenca
list, The translacicon problem for hetercgeneoud
ayatams TApredents an lmportant application ared
for chis cechnolegy but & revies of che aren 18
bayord tha'peepe of this paper.

BAL KGROUNT

The fiald of distributed data managementc, ba-
ing so Young, 1@ not yet baved on 2 foundarles of
well developed and generally accepted concepta dad
assumptions. Different remearchers io the fisld
wske diffarent apsumpticns on iasues 1ike

- how data in the discributed DEMS i spruc-

tured; and whethar the distcibuced structuls

of tha database iz vigible ar fnvisible co
uSRTH}

. = the characeeriacics of the communication
netwerk Lhat iptercoonecis che distribuced

DBHS sites:

- the nature of "typical“ digrributed DEMS

applications;

- tha dats model supporced by the syptem; eLC
Often thess spsumptlipns aré not verbalizad in the
papers, and oftan the differenc approachad Laken
by differenc rascarchers hinge on the disparicy of
their ansumptions.

Az background for the thd survey that follows
this stcticn reviews the major assomprions that
underly vork in the filsld. To the ertent possible
this seciien slso idencifies the impact of diffar-
#nt AstuRptichs oo che werk of different peraooa.

1. One arsa in vhich there 13 geperal agressent
among tha RED cosmunity 1s peneral aystem architecs
turs of & distribuced DBMS, A typlcal srchicec~
ture wis Lllustrated in Figure @ abova. Tha e¥e=
tam consists of & collection of independent compu-
ters adch of which supportes a portion of cthe over-
41l databasa., Thams computers ate interconnected
via sowa cypm of communication channel, which 1s
used t9 tranafer daca and control informacion.

Ueatn ate permitied to enter tcansacclong st
any of tha computern; the users’ transdcrionw =ay
cefarenca dace scored saf o remobe swicte 1n which

capn the diprzibuted DIME accesses the dara by
1



meand ¢l the commupicacion channel. 1In some capes,
the problem of finding remors data ig sutomatical-
ly handled by the ayiten; in others the veser
mopt eeplicicly cell rhe distributed BEMS Lha sita
it which rach datum is sroced.

Many dizcributed DEMSs permit reduadant
daca te be stored for reasona described
balow. 1n alwost all such casen, the aystem ip
rapponnible (o7 dutematlcally wpdatdng all caples
al the redundant data in response to users’ opdate
trangactions.

These lasc twoe pointe — the visibility or
invisibillty of daca dispersal, and dara redupdans
€¥ == at4 hey quesciona and are digcussad further
halow,

1. Yithin the géneral system archicgcture des-
cribed above many different approachas can be cak-
4 ragstding the distribution of daca. For ax-
azple

1. Each database aite could contain & com
plete copy of the entite dacabase) or
L. Each database site could contain & upique
subset of the database which doesn’t overlap
the porrions stored elsewhsre; this partition-
ing of the datsbase could be accomplished by
ansigning ¢ach fIle o & single sics, or the
wale of particioning could ba Amaller;
Y. & third cholce 13 o stope submebs of the
databsud ar each site 2z for cholce #2, bur
to parmic the varioss gybsets to overlap; the
impact of thig generalizatioo ia that 1t al-
lews radyndant daca £a be atored in the data~
bame, meaning that the same logicel data icea
‘Aw phnysically acoced At severnl siten.
The firor approach 1% proposed by AlmbeTg and
Ellll,15
k]
Rocthnie =t ll?- This so-called "fully redundant"
approsch, however, in clearly fmpractical for
detabmswn of usefu] size; realiscically this ap-
proach should be viewed as 2 padagogie wimplifica-
tion of rhe general “partially redundant” approach,
t1 abova. (The fully redundanc mpproach 1w exgpli-

I:Ily.1 Barnareln et ;1,6

citly puwmented in chis light in Barnsc#in et .1ﬁ

and Rothnie et 11‘1].

The swcond approach does nobl permil Teduadanc
dara. It turms oug thac che avoidanca ©of redun-
dant daca simplifies the discribuced DBME problem
significantly, and chis approach has beeo taken by
wast speclal purpose distributed DEMS implementa-
tiena to date. Unfortunately, cthaugh much ol the
promipe al distributed data manAgement can only be
achiaved by permltilpg redundant data (9 ba slored,
and vigyrually all rbd effores undervay now da per-
wit ft.

This bringy us o che chird daca distcibucicn
approach, the general pirtially redundant cane,
which Iz [olleved by wost curvent chd. The key ad-
wantaged of this method over the glapler non-re-
dundant one arr che {ocllowing:

1. Without redundant daca the reliabilipy

goale of dintcibuted data mansgexent cuan anly

parcly be met. Without redundapt data, cha
failura af a particular databazc slta must
caume the [ailura of all applicacions Ehat
raquire data arored there; evan though many
other nodax af the discributed DEMS mlght ba

o uaetw la Stonebraker spd Newhold:

J2

up and Tunelng , these noden aza of no valuw
to applicaripns requiring data from the
failad component. I.&. from the polnt of
view ol chese applicatlens, the diacributed
DBMS will have suffered rotal falluce from
the failurae of a gingle component. b
2. Wthout redundant daca 'the cholce as to
whers & given subaet of the dacabase 10 stored
in an all-or-nocthing cholce, IE, For examplm,
some date vere aceessed equally from Lo An-
guler &nd from Mew York, there might br no
good cholee For its locaticon in 8 non-cedun-
dant ayszcem.
3. Finally, the redundant data mpproach per=
mica more flexihility in inceeaning dacabasa
capacicy [p support very large databasan.
Porcions af the darabase which sate scceesad
fraquencly can be stored at many ssall mites
uslng rwlatively fast secondary sioTaga.
Grher portione of the ditabase that are need-
¢d only secasionally could be stoted af an ar-
chival altw 90 fpexpensive, hut slow, tertiscy
atorags. Horeover the redundant epproach al-
lows sdditional database sices Lo be added to
sccomodace iorreases in databaze sctivikby,
vhereas in o non-redundant system incrasEeg
in nctivicy againse a selacted subset of a
large dacabase cogld requice an upgrads of
the nice ar which thar subsszt were storad.
For chese teasona, moatr Tesearch efforts that ars
ongolng tow assume thap Tedundant Jata is permit-

- 1.1
ted, Thin includes wvork by Alsberg et al, "

&
Rorknie and Goodwman,
53

7
Bernocein et 81, and Stone-

brakar knd Neuhold. )
1. Another appect of data distribution, othar

than che queation of dara redundgncy, concerns the
invipibilicy of data diatributlan to users. In
much of the lirsrature, 1t 15 assumed that usace
are not cequired, nor able for that matier, to spa=
cify '

a. the location of dacs for accemd operationa,

qar

b. the lecarion of redundant coples of data

far updares,
In thest sysfems umers snter Qquerien and updacen
inte che discrelbured DBMS in precisaly the samm -
MANNAT a4 Chey would in & non—disczibuced syscem.
The motivatien for keeping dara disiriburfion lavi-
wible 1% that distri{bucicon. iz & dacabaze desigs
issue mimilar to the cholee of gecondary Iindices,
and far rvssone of data independence users shovld
rot and nawd wor be aware of ic., With respecec to
redunaant updaztes the mativacion for invisibhijicy
Is sven SLzonger; conslstency of the database de-
prrds on ieeping ¢ll redundant coples of data up-
to-datw snd f{dencical ro each other {yes Section X
1 reaponsibility far,chie function were entrumced
Lo upeer serious lotegrity probleng could ensue.

Qf the major current T4d efforcs the only ona
where dats distzribucion da nor scrictly invisible

53 The sysran

deactibed by these authoTs supporie two oodam,

ent in which disrribution 13 invisible apd coe In
vhich users muat specify daca lecacions In thelr
transactions. The motivatlon for the latter mode
Iv to loprove perfocmance. '



| 4, Asagmpticns regardlng charscteristica of the
communication medium uved by the diperibuced DBMS
wer¥ widaly awong researchers in the fileld, and
thoss asguoptions are very ragely staced in the
published work, The types of commupication chan-
nals thac are mopt Frequencly postulsced aze

1, "Etharnect" 35-11ke networks == high band

wideh, low dalay networka sultgble gver mhort
TROgER;
2. Packelr switch networke, of which the

18,34

ATpaner in # frequent TEpregentative;
Peckat awitched networks hava boch lower
bandwidih wnd higher delay than Erhernet-
11ke medin, but of course ard uvaable aver
wuch longer rangks;

J. & fipal type of communication channel that
i# cowmon In Lhe diptributed DEMS lirerature
is polnt-to—poinc lesped circuie configura-
tiopa; such netvorks would cypically support
livgr bandwidth than the Arpaost, buc would
alsa incur lower delay.

An additional netwgrk concept cheat ope should
axpett "to aem In the fortheomiog literaturs

ia broadeast vatvOrks, :3 her radlg breadcasc
fatvorks such s Aloha®r*¥, or brosdcasc oet—
withke wmploying satellicas,

v

Thean typar of communicarion channel vary in
bandwidih ovar o range spanniog I orders of magni-
tuda and in delay ovar & orders of pagnituda!
Meedlana ro say the assumptions rthar are made here
have & #ignificant effect on the probless one munt
face in developing & distribyted DBYS. Ameng the
fasuss sffected by chia assumptilcon ere:

= the {femsibility of propogéting contral in-

formation to wll dacabase wilteg in real-time;

= the feanibilicy of poating updates tao nll
copies of redundant deca in real-rime;

= the relative cort of moviog dica from sice-

to-picw in che proceseing of complex queries,

¥5.  rha coat of parforming excra '"local”

:olputn:ionn
Teuw of Che publishad works explicitly scate the
type of medin chat i ascumed o be fo uee. Mot
of Lhe liperaturs takes os & glven one or anacher
of tha types of necwsrh mentloned hers, and pro-
cands to denign » distributed DBMS within che con-
[inas of that network sanvitenment. The converss
spproach of designing & network chagp iy 1deally
sulted for & distributed DRMS has Dot yet bean ad-
dreased, slthough clearly such work could be
truitful,

3. While &1l the RAD efforce surveyed in chia
papar aTe concarned with general purpose diwtribur-
wd DBHS, they are nonetheless affectad by cheir
povcaprion of what a "typlcal™ applicacipn 1s '
likely To ba. ¥irtually sll approaches assums that
typlcal applicatlons will invelve Ten)l-time, locer-
active transaccion processing. However, approaches
differ ' wigh zaspect to issues such ag

= Wwill typlcal cransacrlons mdnipulakte lirtl
amounty of dare or small amouncs!l

= how lazge ig the dacabase likely co bet

= how "valusbla" ia esch ccanssction? If
o8 yywies conponant [ails, 1o dc cruciel
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that the absclucr sinious number of cransac-
tions posasible be aborted, or can the syetem
b pomewhat more cavaller?

= ko what gxtant wvill scceds to the darabase
ba gaographically localizad?

Opa trend in the distributed DEHS literature
ks to ha motivaced by dintributed opetating
ayalns, rachar chan distributed database, objec-
tiver, For thoss saystean typlcal datzhases are
small, consisring of stacs information on process,
etc. in the oparacing wyscet. Typical trapsaccion
tend to ba quite simple and ahort; geperally, =ach
reada andfor modifien & few words of atate infor-
saticn for soma procesn. Moreover it is cruclal
o thegr systams thet cperaclony continue with
sbpolure minisom disruption upon fallure af indivi-
dusl componencs.

Tha characteristice of true digtributed dace—
bane gysrema ars quite diflerent from the above.
Darabagen tend €0 ba large {0 thege arvatems, pos-
aihly ranging Into ctha trilllon bip size. While
update rranssctione tend Lo be relativ=ly aimple,
darabaga tatriavals ara aften quite complex and
lovolve large smpunts of dacs.

Alrthough 1t i3 clear that one'p pecception of
"typlcal™ spplications has & preat effect on cRe’s
cholce of discribuced TEMS designg, fev of the pub-
lished papars seplicitly etnbs Chelr greyumed ap-
plication ¢oncext. Conmequently a caveat emprLor
situntion 1 in eflact to woome axpanc, snd the
raader iz cautionad fo bawnra in evaluaging coo=
peiitive discribuced DBHS deaigns,

&. A final sres of background Infarmicion to he
prusanced hara cencerna che dats model supported
by the ayacam and the languags provided for acces-
sing the dara. Thess Llesues do oor 20 much sffect
the problems that must be addressed {n discrlbuted
DEM5 Tawsarch; chay tend fnscesd tg gffect the
range of walucionm that sre Feanmible for salving
those problems,

Ona simpla axampla will be presanted to il-
Juscrats the podnc: in & relsbioral DEMS, queries
ara expresned in a nonrprocedural mathematical
fora which caen ke cranafotmed by well-knoun tech-
piquat into other squivalent querfiess. This pro-
vides 4 direct svenus [or cransforeing relationsl
gueries as encered by che user 10to equivalent
forms that can be axwcuted more efficiently with a
piven distributlon of data among the nodes of the
disctibuted aystem.

By contranc, in & SODASYL or hievarchical DBHS
with & nost daca manipulstion Langusgr, & complex
qQueTy would ba expressed Ad & complex huoat languidgt
program; and, Ion genatal, the probles of traasiorw-
ing programs into aquivelant programs fs quice dif-

fieult,

This concludes the presnntatipn of hackground
concapte and materisl Im this paper. Tha remalpder
of the paper procesda o survey vid efforts addres-
#4ng the major technical problems of peceral pur-
poae dincributed DBMS development., We start by
tonsidaring fizsr the problms of synchroniz-
ing wpdarwa o radundantly stored daca icens.

SYHCHROHILZING UPDATE TRAMIALTIONS

In devaloping & divtributed DBMS perhaps the
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#ingle mont difflegly problez la Che synchropliza-
tign of update tcensacclonm. If 1o necesaary to
develop technlques [er controlling eosmcurrent
transactions mo thag

2. database copgistency la prasecved, while

B, excesslve oyerhesd in prapogoting control

information smong the nodes of the distribut-

ed DAHS in avolded.
Morepver, lor the ressons onunclated in the pre-
ceding wectlion, masy geaeral purpana discributed
DEMEx allow data liems to ba stored redendancly at
Tultiple cacabase sitaw; whataver update syniheon-
lzation methodelogy i yewd by che distcibuted
DAMS mumt almc snmgre that sll cedundant copien of
dats get updated correctly and conmiatantly.

The probles of dintribucad DBMS update syn-
thronizacion hay bean addzesswd by numerous auth-

ors ingluding Alabarg et ll.l'2 Alsbherg and

Tiiis, 1* Johoson and

Thnnaifs Lampuon and 5[ur[1l?‘ Homgnkruntr »L ll?g

k1,02

Gay,d Beraatain we o}, &7

Rothols at ll.*’ Nochod gy and Goodman, Scearns

F14 ;1,51 Sconebrakar and chhald.Ej and Tho-;t?ﬁ'ir

The swlmplast sethod (o7 syechronizing discvi-
buted updates Ls To lock thoss pofrions of tha
database balng re4sd or wrliteo By sccive trangac-
tlgn. Indeswd locking 1n the utual sachenism sa-
Floyad for update synthreonizacion {n comventlonal,
non-distributed DAMSs. However in g distribucad
dacabana envirenmanc an appeecinbla and often in-
telerable delay Iv ingroduced as locklng tofoTma--
tion is propogated to the many computers in the
ditabase network. ' -

For example, o srcniphtforwvard distributed
locking algorithe denceibed by Nothpie and Good-

zan *l requires 3n incarcowputer mageages in orvdar
to gynchronize o transaccion emong o nodes of a
gigtributed datesbage spysren:
B lack requisc messaged, B lock gramt men-
sagesr, N medbaged o (Tanemlt the update, ®
updete scknowledjemsnts, srd O EEFSSgER LD
releans tha locks, )
Furthermoze, the delay 1o sxecutlng the updete is
lengrhy, engendeting:
the maxioun dalay encoupcarad in setcing the

locks

+
tha masipua delay ancounterwd in perforzing
the update '

The communicacion delay that weuld ba encoun~
tered LI che systeo used & communication nagpwork
such a3 the Arpanec for chesw mesuapes cpuld ean-
1ly ba as much am .1 = 1 segond. Thip delav in
coat i to ) orders of sagnitude greacar than the
delay typlcaliy encountered when setiing locks dn
4 canctralired systam. .

For these reasgons the mtralgheforwerd locking
#appronch iv Inpdequace far o general purposs dis-
tributed DEMS and cther wethods musc ba soughc.

A varlaty of maluclons to this problem have
been propused, Cerpcain of chess sgleblona &CE
clogsely relaced to the locking approath in cantepl,
senking to tind oore efficlent algorichme far pro-
popating lock informacion throuph the databasa nat-

work, For example, Lawpaon and Sturgls zadelcrihl

a4

a method invelving "two phape commit™ in which
only 4n mzssages are needed ro propogace locking
informidtien to nosites of a distributed DEMS. Tt
1s posalble to reduce this cost aven further by
"pigeybucking™ "update tTinsmission' mesmages on
"lock requeat” measages, thereby redecing the cost
¢f locking co 3o, (Althauph thie anly reducss com-
munication yolume if che update transmission oes-
sages are ghart or 1f mosSk lock requests are gran-

tad) Elliplidescribes an algorithm which further
ceduces coppunication volume ro In. This mathod 1s
similar ro Lampeon and Sturgiz's two phase commit
approach, but uses a sequential dalsy chaln com
munication procadure for propogating synchroniza-
tion messages from gite to yice.. While thig methed
reduces communication volume by 0T over the Lamp~
pen and Sturgis method, 1ty apqueabial cosmunica-
tion procedure greatly increasss commupicecion de-,

lay.
¥ An & Final example, Thnuls5? haz described 4

solutisn that employs dalsy chain communication
and a "voring" protocol o epnakle leck setring by
a majority of dacabaze sSites rather th#d requir-
ing unanimous approval. This method reduces com-
sunication volume to abaut 1,5n, but 1ike Ellia's
wlgorithm {t {nTroduces lengrhy communicztion du-
layn.

Wnile the #avings achlevad by the above al-
geriches are substancial, in sany cases these
mithods sc11t require & largs apount of foter-com-
purer comaupicacion in arder (o perfors updaces.
It appears, ctherefpore, rhar these smathods will
perform unacceprably ip oatworks conczining large
pumbazs af sites and high transaccion volumes,

Gthat approaches seek to reduce synchronlze-
tion cosr¥ by incroducing some degree of central-
ired contral in the diseributed mystem. Alabarg

1,2

et al, Alnberg and Day.l apd Stonebraker

and Hwoheld3? have proposed “primary site” methods
which raguire that all update accivity for a given
file (or in some camex, sub-file} be [unneled
through & sipgle database aice called the primary
wita. This approach appears to be quite good for
aleple datgtase applicacions in which it iz pos-
alble o effpctively particion database ACtivicy
by paographic reglon. In more complex fituationa,
though, this methed cannet gveld the nes=d for gle-
bal databage Yocking with concomitant high comaun-
fcaclon cost and delmy, In particular, Cransac~
rione which access multipls files with differenc
primary sires must perform lachkisg in order to
gusrantes that che files are consistent with each
other. This is krue for ratpleval trankactions
aa well a3 for ypdatast

Anorher approach to the update aynchroplzation
problems which 1s qualitatively different from the
preiedins uethods i3 described by Bernstein et
al, ! Nothnie at a1, and Rathrie and Goodmandl
Rather than merely erying to improve the efficlien-
¢y of glohs] database locking. This method saeks
to avold glohal locking whepever possible, Tha
mrthad 18 based on a formal apalysis of the waye
In whhilch tgansactions In 8 diecvibuted DEMS can
Interfera with each ather, and the ways in which
thia Intevference can be aygided. The methodolopy
dasgribed by rhese authors iz being implemented for
i00-1, A Syprem for Diserviputed Dacabases, onder
develonment by Computer Corporation of America.




The SDD-1 wathodolegy achleves update ayoch-
tonizacion by means of swveral d1¥farens “wynchro-
airation protocols™ which vary in cost #nd which
offer warying levels of synchronlzation concrel.
Eath synchepnizacion protocol Ia &a algorithe thar
specifiag what ro do 1o ensurs Che celrect procas-
sing of a givan cransaccion. The mear «[ficiant
of the protogols specifier no intey-computat ayn-

“shronlzation whatevear: & cransaction run undar
this protocel need only parfors local lotking Lo
tnsuTe the siomicness of ics rand and wrilte cpera-
ctions st each fndividusl sice. Each of the other
pratocoles Introduces sosa degras of pon-local myn-
chronlention, with tha strongest protocol aehimv=
ing even greatar control than globel datebawe lock-
ing.

Mot all trapsactlons may be Tun under tha mom
afficiant protocoel, of courss. Correct opersticn
of the system depends cvivically op the corract se-
leckion by the dacabase syscem of rha protosol to
ule in processing sach craneaceion sncaced by
UNETE.

The decinlon ap to which erevaacrions must uee
whick protocols in vade gff-]link, fot axsmple dur-
Ing databaae denign. The declelon process hegine

with the database sdminiscrator defining claswes of

transaciisns thar ars commonly sxecuted in the
databese applicarien. Then uming rules presented

"ip Mernscein et .16'? and Borhole ac ll,‘a tha
dafined tranmaction clesvep &ré algarichaically
annlyced, yislding & specificscion of which crane-
actlion clamses wust use #ach protocol, Thoewe Te-
aults can then bHa pummarized In tables which wre
atored »1 esch datubasze site for later uie st run-
Cimr.

The run-cIime prototol sxleccion functicn opar-
ates by firat mapping esth Lrénndction sacered inte
the DRMS inrv the classfes) of which 1t 54 2 men-
ber. Then for tach class the fundiion looks up che
correct procacal for cranmactions In that class,
using the tabla scored at tha local datibaas aice.
Tf£,the prappaciion {4 & member of peaversl classes,
the aeleccion funcilos choomes thea wost efficient
oot 1l Lhe cransaction is nor 2 memdat of any du-
fizned class, the functicn aelects che scrongest
praotocol defined [or the wyeisa.

It iz {mportant to note Chat the rus«time op-
etatlon of the protocel seleccion funceion doer not
feaelf require any inter-computar comsunicaticn.
This is becsuse il the "lnralligence” aweded to
sodurs correct synchronization of praassctions In
karh cluas i already “compiled inca™ ehe prococol
aelectlon cablaes.

It appears chat the 500~! updace sachodology
permitd fastar and lowsr cost skecytien of updata
trenkacricns than can be schigvad using any slter-
native merhod yat proposad.

DISTRIEUTED QUERY PROCESSING
' -

In this section we consldar tha problem of
processing & quary which scceeres data st omulcipla
eltes of che dimcributed DEMS.. How docm this prob-
lam differ From query proceveing ip a nom-distri-
bhuted DEMST There are two pignificant differevces
to conkider: First, there le 2 subwtantial mew
elezent of procansing delay, the cime requiced teo
comauniceate among che aices iovalved in the guery.

facond, thete is an cpporfunity for parallel pro-
cesaing since there are aeverdl computers lovolved
1o handliog the query, The followipg example 11-
luscrsres thene differences,

Conmidar the relacions of figure 2. These re-
lations provide ioforssricn ehout supply relation-
ships among cercain suppliers and the projects chey
supply. TProjects contains preolect idemciffars (JF)
trd the locetion {J=Location) of each prolect.
Supplisvs indicates the Idencifters of auppliars
(5F) and thelr lecarions (S-lacation}. Faces rells
the name {F-Wama) and length (P-Lengch} of each
part. Fipally Supply tles these gblects together
by indicacing which asupplitras {54) supply which
patie {F¥) Eo which projeccs {I#), Figure 2 aluo
indicates the nire of exch relation apd the aice
whera gach 1s stored.

Relation Birs per Humber of

Hama + Artributes  Tuple Tuples Site

Profects | I' T 10,000 &
J=Location .

Suppliers S 100 1,000 B
_5+Lacntiun

Parts pf 100 100,000 ©
P=Nama
P=-Length

Supply 5: 1 1,000,000 A
P' 1)

-~ 3

Figure ! Exagple Relations

We will assume an Arpanert-like comsunicacions
facility with a transalasion delay of 1 gec and &
bavdwidzh of 10,000 bpe. A3 ve shall see, the rel-
atively long transmlsszlon delay haz & substantial
impact oo the cholck of & strategy [0T query pro~
cesslpg: Lt causes the cransfer of dars betwesn
procesyen on different cachines ¢o be such more
efficienc LF it 1s accomplished a5 a2 conrloucun
stream yarher chan #F 2 secies of geppeats lncer-
actione. '

Kow, ronsider a guery which selects che 1den-
tifiery of proejeccs in Boston which use 14 loch

bolts, A DSL-ALPHA expression for this quary in:
Lange J Frojects
Range Y Supply Some
Range ¥ _Farts Some

Gat W J,t where J.J-Locatiens"Boston™ and

J‘J'-Y.J‘ and Y.P'-P.P' and

P.F-Naze="palc" and P.P-
Length=10
In arder o calculate the costs of varlous sirate-
glea for processiog this query we need o estimots
the sizes of thres incermediate resulroa:
1. The aumber of projects lecated in Bogten -
Count (J where J.J-locatian="Bosron')
Eatimate=1,000
Z. The number of supply tuples for projects located
in Boston - ' p
Count (¥ where ¥.J #J.] and J_ J-Locatian=
"puscon™) Edtimace=100,000



1. The number of parts which are 10 inch bolts =
Count {F where P.P-name="8alt" apd P.P-Length
=107 Estimagesld

With this preliminary informatian we will procaed

¢ ranalder (briefly) six alrecnacive gtrateglen

for handiing this query, #nd we will calculare the
tommunicaticns delay latutred by sach mtrategy.

Delay in neconds will be compured by the formula:
Delay = Huymber of Intapactions x 1 sec

+
; Voluxe /10,000 bpa

Strategies | and 2 involve an inltial srep of
tendering the dquéry local by movipng all relaciens
ipvolved to a single site, When this srep 15 com-
placed the query ia precessed by same nan-dintri-
bured algorithe,

Scracegy 1 lnvolves movigg che Purtl relaciaon

to #lte A. Thin antails 1 ipteraction and 1|::|:|I bica

af total volume for a delay af IU! seconds ar 16.6
minuted. Scracegy I invelves mowing Supply aod
Projeccs te sice £ at a cosc pf 2 messages and

abour 10“ bits of data cransfer for a dalay of more
than 2.7 haure.

Strategies 1 and & mimic 4 scracegy which i
sometimks vied In single sife relacional query pro-
cessing called tuple subatirucion. In this schees
e multi-variable query 18 processsd &5 4 Iequence
of l-variable queries by Tepeatedly subacituring
tuples for certain variableg inco the guery.

Stracegy 3 will wubstipuce tuples from Supply
and Froject Co gensrite & wequense of queries to
process agaldse the Parts relacien. Far example,
1f the Supply tuple (7036, 152475, 1557) and the
Frojecc cupls (1367, Boaton) were subatituced ioro
the ariginal guery the Tedulripg l-varlable query
tg procefs at sice £ would ba:

(P whece P80 2152475 end P.P-nsme-"Bolc" and

P.F-Length=10)
In essence the process has found a prajecr in Boa-
ton which uses pare 152475 and we are now asking
if this parc g 2 bolt. Usipg the estimated aixes
provided abave there will be 100,000 questicns of
this form to ask. (This nusber can be reducad by
using query feedback technlques of the (orm dea-

cribed by Rothnie*? but these will not be consid-
ered hare.) Each of thess Queries ro sica C will
requirTe & separace Interaction in each direcelon.
This will generate a delay af 5%.5 hours.

Srracegy 4 involves subatitutian of Eares
tuples ipte the ariginal query to produce 2} vari-
able querles involving the Ttelatipns Supply and
Prajacca. Such quetries can be processed encirely
at slite A. Our escimated Lndicace thar 10 much
queries will be generated for & delay of abour 20
seconds .

Strategles 5 and & 1lavolve the iniclal compu-
tacicon af substers of the relacions ac wices A and
C and then moviag the subiet st ope of chete siten
Lo Lhe ocher dne to complets the quéry, pProcessing.

Strategy 5 computes at site A all of Ehe P'
and ..'I'll pairas far prolecta logcated in Boston. This
rielarlon 13 cthen maved to sdee £ o deremmine which
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of the ?i'i correspond to 10 inch bolta. Ar oits

& this involves proceseing the query:
Get W {J.J,, ?.P'] whera

(J-J"T.JIr and I, J-Location="Roston ") ’
Wuill contain abour 100,000 cuples of (esy) 100
bits each. This will ke eransmittad to C in 1 in-

teractian wich 8 delay of about 10? sac or 16.6
minutes.

Brrategy & lavolves the computaticn at wite ©
of the P 's for parts which are 10 iach belts and

cransmitcing chess P"s to alcé A, Our estimates
indicate chat there w21l be 10 zuch values and
henck, chat they will be tranamicted to A io lesa
than & second,

Figurn 3 summarfzes the delay incutred by aach
of thess Atraregiea.

Stracmgy ‘Descriptlon Messsged Volume Delay(zec)
1 Move Parts 1 liII]I lﬂ3
Lo A '
] &
2 Move Supply 1 10 10
and Frojects
Lo

3 Subseitute 2 x 105 10 1x 10
tuples from
Supply and

Projects

4 Submctruce 70 10 0
tuples from
PFarcs

5 Hove re- 1 10 10
iiricted
' Join of
Supply and
sBrpjects
ko C
5 Mava te- 1 16 1
sericrion
of Parta
to A

Figure 3 Communications Deley for Variousy Exampla
© Strategiea

There are four peints o obaerve from thls e
aople:

1. There 15 a very greart variscion in ¢oomun-
lcatlen cozr among a set of plausible dinpri-
buted quecy processing schemes.
2. Tha sbsoluce wagnitudeg of the communica-
cion delays ATe very gresmt for the poor sffa-
cefleét and seem 1ikely to dominace the total
query proceesing delay In these cagesn.
3. The rwo dizensions of communication delay,
and-to-pend delay and bandwidth, are both im-
portant in choosing a discribuced guery pro-
cessing stracepy. For the psramecers used in
this exmmple ir 1% batrer ta emplay 3 atrac-
egy which tcansmits a barch of daca ar once



(as in wtrategles 3 and 6) than ponll smounts
of dats in each of miny separste Zeandges (ap
in strategles 3 and 47,

&, While the commynicacion dalays we have com-
putad do net reflect this, the badb Eirategy
{Strategy &) provides opporcunicies for para-
1lal processing which can veduca the zotal
slapeed time for bandling this query. Speci-
fically, ar wite A we can coaputs« the (JF, FF)
patre for Bostoo projecc while at sice € com-
puting the set of FF'e for 10 inch balta.

Then whan che PF's are moved co aite & the
polutlon to the query can be obrainmd by tak-
ing thw join of these Intermediats Tegults.

. For mome querles this effect will bw signifi-
cant and can resul: in s¢lapeed procassing times
for distributed quaries which arm actually lexs
tyan for single aice quecien.

Tha literature containe fww reports of wark in
this sres of distribuced quary processing. Nesults
vhich have been publiched describe algorithms which
aT4 aimiler in thelr approach to algorithme lnvenc-
wd for use In handling relacional querlem, Thia
spproach involves:

{irat, che dalinizion of a family of atracegias
which canm be applled to compute tha resulc of
quety and,

socond, an Optimizacion achear to choose the least
contly sember of this family, Each of the schemes
te ba wantioned hare adoptw chis approsch.

wong 50 has proposed an algorithm for use In
B0P=1 in which epch mexber af the family aof wtrate-
plen cotmints of 2 sequénca of two typer of accionn:
local procesning performed in parallal at several
sicas and paralle] moves of subrelarione [(roa aite
o site. This sortc of stracegy 1y vather similar in
¢oncapt to the decomposicion schems which Voog deve-

loped for use in INGRES.S®'®l  woap«s decomponicion
sttempta to handle a difficolt problem, {multi-var-
able relagional quarizs) as & sequunce of eaeler
problems {one-varlable queries) and actions which
tranaform cthe mulcl-variable query ince one=-variable
queriea [tuple subscicucion), For SLD-l, the Wong
approach s to #olve a difficult problem (dimtribut-
#d query processing) as a sequence of sasier prob-
lwmp (local query procesding) and acticone vhich
tranefarm the discribuced quary Inta local querianm
itubrelation moven).

The optimization schems in 3B0-1 baglos wich a
prepos«d solution consiscing of parforslng all locel
Hocasaing wvhich can be pecformed withouc any daca
mives and then moving the resulzs te u single aice
whers cha quary processing 1s complaced. The single
sltw s selectad co minimize cha tosts of the data
Ed g,

In our #xample stracegy & would ba Che ataming
point solurlon for this algorithm.

Frow ¢! ere the optimization schime looks for
an Improvement invelving one sec of maves 'and local
procensing to be pecformed prior ta che movement of
subralatlons to the site gelected in the indlcial mo-
lurien. * Sometimes this priar move will reduce the
subhralation® to be woved fo the final wite substan-
tislly and tesult in a lower cost for the complete
QuErY.
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If some lmprovement is geined, the optimize-
tion scheme 1p applied recurspively to determine
if xoy further gaina can be obrained. The
algocichm can ba characterized as a "greedy" ona
because 1t slways Jooks for ilmmediaote gaina and
and henew will elways cerminate on & Igcal
opilmm but net necciiazily o global one,

Of the disiributed guery processing algor-
ithes reported in che llteracore, Wong's 13 the
only ond o congider communicarions coEts am &
tay elepment of query proceising cosc. Henca ic
14 the mast strongly oriented toward the distrclbu-
ted DEHS envirorment. As we shall see the other
alporithme reprasent emaller parturbatlons frcom
local gquery processing technigues.

Schnaider®3han atracked a broader guery
procesfing problem than the other authars we will
conglder herk. He rreats the lssue of proceaning
a gquery in & neatwork whers the database may ha
diatrityced ovey 4 wet of disainilar dats handlers.
The ptuﬁﬂstd solution uyes the daca representation
toals of DIAM co deal with hecerogeneity and [La
generalivad susyeh path seiection schemes to
handle thw speimizstion problem. The cechnique
doex not conaldar communication cosC Ipsues.
Schneider alao desals with the query cransforma-
tions which are nacessary to process & query at
a local #ice whan the data there repressncs a
projection, Tescriccion or join of the relatian
which the umer han tefetenced.

Stonebraker and Neuholdd have proposed an
extenaion ro INCRES to deal with distributed
dacabasesd. Thip extension uses a straightforward
modificarion of Weng's deromposition to dawl wich
discributed query processing. The BCheme pre-
seyves Tfupla substitutlon ap & basic mbretagy
and hepce 18 vulnerable to che rype of phenosenon
chaarvad in stretegles 3 and & of che enampls.
WUhile thr volums of communication may not ba
particularly large the need for a long serias of
separats Intaracticns across the netuwork can
lead o long pracessing times due £o cTansmivelon
delay. It ia this effect which Wong attempiad to
aveid in veplaging fuple wubstitution by aubree-
lactoen movas in 5DD-1.

HANDLING COMFOWEHT FAILURES

One of the key motivations for diseribuced
datubape systems is 1 reguiresenc for high data-
base mvallability, thar {m, 2 need to ensure
that & database 1s oaarly always acewnsible.
Dimtributed dastabass svstems secm Lo offxr this
characceriacie aince availabilicy 1s not limiced
by che ralisbiliry of avy saingle component but
rather by tha reliabilicy of comblinacions of 2om—
ponents {processding nodes and cormunication links
fn the natwork), These combipations can ba con=
flgured Eo lcglivl arbitrarily high avallability.
Belfard et al” presents mn analysis which detnr-
mines avallabllity as 2 funccion of che configura-
rlen of & distriputed datahase system.

[0 order co achieva this rellability pocen-
rial, however, 1t is necessary that CLha dis-
triburted syactem ba able To cope with tha Eailures
of individual romponanta and coencinue gperacion.
In thia w#¢tion we putling the problems inherenc
in construccing & wyscwm of chis sort and briefly



describe the soluclons which have been proposed.
The centtal problem in relisble operacion of &
distributed dactabaws systen 1% maintzining daca-
bame conslstendy in tha presence of Fallures during
update ctansagtiony, Such fatlurez threaten to
destroy the "stoaicnens" of these transactlons by
cayelng ithe update to be only pactially accomplish-
ed in che database. Conaider, for exeople, a
transaction Ty which wpdaren potTtions of @ database
stored at nodes H) and Wy, If & faflure cecurs
duting the' axwzucion of Ty which prevents the up-
date from baing racarded at M3 then the database
hkas been made inconsimteat. A later transzaction
which reads the resalts of Ty w11l sea an

anpmolous databape with unpredictable resulra.

The systet updating algorich#a must therefore he
aware of che possibilicy of component fallure and
avpld theae partial resulcs.

The avoldance of dacabale Inconsiscencies of
this type L5 the mi]or obJective of Failure hand-
ling sechaninms But 1t Ls cl#4C Lhat there are
ather desideracta which are imporrant te the design
of these slgerithms, Pechap® firet on che Iiac
is efficiency. %o desire chat the respongivensss
and thtoughput of the sveces b4 "pood™ bath during
normal cperaticn and In the presence of fallure.
This is an lmperiant conpideraclon hecauwe Lt
eliminaces & very sicple mechanlsm which preservan
consistepcy but introduces intolerable delay io
the presence of falluras. This eilmple alporiche
specifled chat any trangectfon which would normal-
ly communicate with & Falled node muat walt until
that node has recovergd from the faflure hefare iE
can proceed, Clearly this sart af approach can
lead to indafinice delays, and ls tharefore up-
accepoabla.  An effective dilscribured DBRMS must
employ a diffevent cypa of mechanlem: one which
sLCempta Lo Execula Lo compleflon any crangaction
which can gprocesd without 4 Eedouzce  (such azm &
data irem} which is sxclusively available ar the
failed pode,

The problem to be solvad by efficient failure
Tecovery algar{thme can be partitiooed inta the
following subprobleas:

1. Raliable brosdcasc - Considar a dfmbribu-
tud database system which is kxecurting a cransac-
tion I. Suppose that the ¢aecution is being "con-
trolled” from one node in rha necwork, Np, and chac
the resuliw of T will have an affect on the frag-

ments of the dacabass stored on nodes Hy, Ny and H,.

Let ws Further supposs thai nodem Nj, Hﬁ and Ny
have received inscructions (ndicating what chenges
ate to be made in chelc ducabese fcagments but are
awalting a signal, W, From Wy before actually
writing the changes, In grder to insure chat the
reaulta af T wre complately inmtalled in cha dace-
basea che system oust guarantee thac W will sichaz
raach everyane gf Ky, Ny and N or none of thea.
This guaranteed dalivery at mulciple alews we will
refer to a3 rellable brosadcasc.

Bequirewents for this sort of characreriatic
arise frequencly in Che disrtlbuted database ays-
temy desigeed to date. It 13 & diffizole chayvact-
erigtic to schleve bacauss the cossunicstion oer-
uvorks fupporting theks ayacems typirally affer
palt-wise comsunlieailon only- Thus, in order to
s=nd W te Nz, Ny and My, N, must send three dis-
tinct messages., Thare 1le, of coures, & finirte
probabilicy that Fp will Fail efter the meamage
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hay baen sent to M3 but aoc hefare Lt has bean
sant to Hi. IE this occurs then telisble broad-
caut ham not been achieved. This problem tan ba
handlad in & varlery of vaye. Laospson and Stur‘tnil
tzy to minimize che reliable broadcant window
{m.g. the time between sending W toe N; and aending
W ta Nyl and henca minimize the likelihood of &
failure during that inconvenient peripd. If &
fatlure dosw oceur during chat time the dacabase
1a mor Imft inconslecent but lacks set during thse
urgcution af T will remain set unt{l che faillad
noda L8 recovered.

In the 500-1 design, Hammer and Shipman?l
ety ta ineuce thac reliable broadcast 13 achiavad
even when My falls during the broadcest windaw,
Thia i3 accowplished by requiring that the first
Eew cocipiencts of W also send the sassage on to
the other sddresaews. [This requires cthac all
raciplancs be capable af handling duplicpfe
assnagay.) 1o additien, ¢ach node iw wighed when
4 rx)llable proadcarc is abour to be sent and any
nide which 4Ges noat receive tha sespage io w
ceangnable period will ask the other addcenones UF
thay have recelved 1c., By seleccing the para-
mkcazrs af thiz scheme pppropriately the 1ikelihood
of & hreakdewn in the reliable broadcast can be
hade arbiprarlly small.

. 2. Operation wich missing nodeg - & smtond
subprobler in fallure handling ia continuing
pperation of the ayscem wvhen one or more noden in
the network are koown to be down or othervies
unavallable. The objeccive here 13 to avold havs
ing the sbpence of these nodes cause tranmacilons
to ba dalayad uncil the migsing nodes are recovar~
#d. ALl of the existing system designs rry 1o
accomplish cthis objeccive by accing (almowt) me i
the nisaing nodes nevar existed. Non-existant
nedes of course cannor be allowed (o cause any
dalays. It in neceswary however to take soma note
af chuwa fatled nodes in order to prepacs lor
thalr recovery and to deal with acy lncoaplace
acclots chay bave 1eft behipd,

Thomas T E1t1addapd Hammer and Shlpnnnzl
tach prapara for a failed wodule's rTecovary by
contipuing t@ send relevant wpdates to the node
10 chat they can ke applied vhen the nods 1s Ta-~
atarcad. Ap we indicate below, thess vpdatam .
ate held at woma gther site pending the [RCOVETY.

Anothear way in which the Thomas algorithm
tecognizes tha exiscence of & falled site in in
degeraining the number of nodes in the wajority
which is regquired to [ipally accepr & transactlon.
Thin smjaricy is camputed on the basis of the [ull
original netwark and oot only on the curtantly
activa slcan.

Tha Lampdon and Sturgis scheme will somatimey
hava & lingaring recollection of 4 fallad node in
tha fors of lecks which cannot be Telespwd uncil
the node recovers.

3. Restarcing a node - & thivd subprobles
i% ra-incagrafing a node inco the system whan
the cause of the node's faillure hoas baen correchad,
${nce the fragnant of the dytabase siored 2t cthe
node way be our of dave, it 13 necepsasry for Che
node to find our what'e happened during its
abaence prior te concinuing ics active parciclpa-
tion Ln the syatem. Th-‘ptincipil mchaniam for
accomplishing this task might ba called "paralu-
tent commupication" afeer the persistent procasses



of Sutharland. *3 Parsiscent cossunication puaTan=
tees the delivery of & message to & sods evan If
tha addreanea 18 down when the massagr 12 sent
and even 1f the sendar is down whan the addrssnes
racevara. This wore of wechaniam in & vary clean
way of achieyming recovery since che restarting
node wimply Izta on its old messagan in almout
tha sama way ic doad in normal cpervaclon, Thus,
few nev facilivisas are needed to wecomplinh node
tecovary. Thomas, Ellfs, and Hammer and Shipman
use forms of persistent commumication for ra-
starting failed nodes.

A k. Fallure detecrion = Tha machapnisma
diycussrd ynder “Operaticn with missing nodes"
aod "Esstarting & nods™ both Sepend on kaowing
vhen & node has [alled. The serhods ceed for
detectiog fallure aze all varfacions on g aicgle
time—honcred cachpique called t{ae-out. tUndar
thia achems, s node which is suspecced of having
failad 1% probed wich & message to which an accive
noda will ragpend.  If the Tesponse does nac
arrive withln soma prescribed time pericd cha
probed aice in awwumed to have fuiled,

3, Parcitiocning - The fimal subproblam ia
& strious ana’lor which noe adequate technical
solution hap bean proposed. This problem arises
vhen comsunicsation feflures bresk all connaccions
betwaan two or more accive segmencs of the nec-
wark, When thie occurs each isolaced megmane will
tontinus 1ts operaticn, Including processilng up-
darea, but thece I3 no way far the separace pimcen
o ceurdinste thair sctivicies. Hence the [rag-
mints of the dacabase in the separaced plages will
becoma inconsiatent. -This divargence i unavoid-
able 1f the segmancs ate peraiceced to concinua
general wpdating apartaciona and in many strustionas
1t 1s easential chat chese uvpdaces procead.
Howevar, & problea ariaes wheo che pareician In
repalred and communicarions resuma. Hod dce the
inconsistencies to be Teconciled?

This problem ip not amepsble to solutions
which sCeempt Lo conpbruct & new and consistenc
databanw by sooshow incerleaving che transaccions
Tun ln the separsie vegmence. This approach will
net wark becsuss soms of the rraosaccioas Tyn In
the parcicionad perwork ace simply oot cocrect in
the context of & connected network, Consldar tha
following azample. -

Suppose thare Ls 2 discribured DBMS anrving
4 flmat of naval ships wich nodax locarsd on aach
ship, The databasm includes the locarien of
svery ship in the Pleet, Further, suppesa that
portion of the fieet becomes separated from che
real and communicatiens are lost, The sepuratwd
sub-fleat might' decida to assume that the rest of
the fleet wlll wove atcording to the original
operaticon® plan and update ica datsbase secording-
ly. Heamwhils the main body might chooze 8 417~
ferent couvse and update itg dacabase with the
correct locacions. TFurthermore, some guess abour
the locacions of the meparated ships might b
mads and recovrded, When the fledr 2 ra-inpe-
gracud che databaaw will be lnconsiscant. The
appropriats acticn to take ab Ehis poine s o
coeneirudt A new conslatent dacabasse by caking
cortain fragments Erom each of che sepacacsd
segmenta wnd discacding the resg,
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In general, the correct action to take whee
4 partition 1a ewpaiced depends on the semantles
of the database, the copology of the parcitionm,
and che cransaccicny which have been run during
the partition. The intepration process 1s likely
to requlre human decimlen making asslsted by
automatic confllict detaction and some limiced
autcmatie conflict remoluticn.

DIRECTORY MANACEHENT

An imporcant characteristic of modern data~
hase managemsnt syptemg lg that they employ a
divectory {(ofcten called & schema) 1o define the
dacabase belng managed. This frees che user or
applicarion program from the need to supply this
information, and it sieplifles many types of daca-
base ptructural changes. A dirsccory typlically
concalng & cypes of fnfarmation:

logicel structure definitieon - e.g. the

names of talacions and their domafnx;
physlcal structurs definition - e.g. data
[ield formats, inverted Elelds;
£ile scativtics - w.§. size: and
accounting dats - ».§5. who has accessed
the file, whe owns the file,
For a discributed dacsbase w4 must add am addi-
flenal category of dirsctory Lofcrmation: che
location of each plece of che dacabase in che
netwark.

The PEMS wmust have sccess £o this informacion
in order Lo parse user cequescs, choose and
Exgcuce an sccasaing accacegy, and account for the
refources used. Tha following guascion therefore
arizes: whare should tha direccory ba stoced?

There sre many paasible ansvers to this
questlion and the bant ansver varies with the daga-
base and particulmr accessing pattern. Further-
omore within & single system the entlre directory
need not be handled upiformly. Soue ypes of In-
formatian, like the logical etructure definition
and locatcion Information will be needed Erequently
and may be handled Jiffercatly from leas frequent-
1y sccessed data, liks accpunting data.

The principsl directory managemant schemas
can ba divided into two categorles: non-redundank
approaches In vhich each direccory encry 13 stored
in only one location apd redundant approaches in
which each entry may sppear in several places.
imong the non-tedundent schemes che principal
alcernacives are ctha following:
centralization = The complete directary la

atarad at exdccly one aice. This re-

quires accesn to che divectory mite for
evary recrisval or update to the dicect-

oTY. .
diatribution - Each site hasz che directory

encries for the data stored at that

airw. Complecely local access can
procewd uaing Lhe lecal diTectory,. Any

CRquell TH#Quiring accesds Co Temnie data

mButt be broadcant 3o thac ocher slicen

can detatmine vhether or noc they have

relevant data, 3
combinations - An {ncermediace appraach inm to

partition the'ﬁq;unrk Into several

ploces and employ a cencralized Jirect-

ory 1n cach plece. .



The redundant -ppru:chts include the Following
alternaciven:
ctnLr.lI:ltlnn - A redundant burp <eobrallzed
approach might be 4 sesbination of the
centralized and disecibuted non-redundant
altevnactives. That 1g, each site has the
entriee for its lecal data bur & cencral
ntte haa a complece dicvectory., In thin
way non-local references can appeal ta
& alogle sice to determion the locatian
al the remcte dats.
dimtrlbution - Each slte has the complata
dlrectory scored locally, ALl user
transaccicons ean he started inte execy-
tlon without & remare reference, but sll
directory updates sust be posced co every
slte.
combinations - Kany combinacions sra posaibla.
The momi general vould pazmli an
arbitrary submer of the directory o
exlst ar #ach cite. This peralcs & grest
deal of flexibilicy buc 1c requiren =
sore complicared “directory diracrory”
to tell the aystem whet plece of the
directory ts stored whara,
The Eaccore which determine the chalre of a
direcrory management mcheme sra chege:
directary retrieval itaquency - High Erl~
quency of directory retriavals encour~
ages redundant direccorles and diwtribu-
tlon wa that most recclevals will net

tequire accews to remoce nodes af Lhe
natiwark. Since gvery user trappaction

raquirer & dirscpory tetrieval, directs
ory redundancy ls neazly aluays duslr-

- sblé.

dizactory updite frequency - Hlgh frequency

digzourages redundincy and encourages
epncralizarion. This 15 beciuse avery
copy @f che direccory must have cha
change posted. Slace this requices the
kind of concurrency control discusmed in
Secrion 3, directory updotes can ba
expensive to process.

r!l!lhtlity = A requirement for high reliab=

iliry encourages cedundancy and dimgeibuy-
tion For obvious rﬁ ECNE.

Stonebraker and Hauhaold rql"prr:upn::as:e [ ure 4
redundant dicrectory approach for INGRES. In this
" pcheme each mite ptores the direccory sntries for
locs]l dacs am well ap locsacor information for cw-
mote data. In additlon chey suggesc chea use of o
Jocal cache at mach wite which holds che directory
tncrias for recantly accessed dats.

Rothnle and Gosdwan*lpropose & more general
mechaniam for S0D-1. They obgerve Lhat tha stor-
age optiona and crlceria of cholce for direccories
Ar¢ #EACTly the samwe an thoze of wvser f{les. Kence
Lhey Suggwat char direcipries be treated exactly
an the user data. This permics arbitracy subsets
af the directory (o be stored ar esch site. It
alue oabes other aynfes features such aw securicy,
integrity, rwliabilley and concurrency control
avaliable for directory canagement, TDeciwlons
concerning allocation of the ditectory to physical
pites can thervfore ba duferred until database
design trathur than belng bullt Inta the structure
af EPE distribyted DLEMS dtgelf. The deciniona
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4L dagabane deafgn Eime are amanable co the oo,
niques dipcussed in the neat section: Flls
allacacion.

DATABASE DESIGH .

The digcugaion concerning dicectorisa io tha
precading section addrecsed cha fasus of systen
access 1o a description of 4 Jdacabama, In chis
section we consider the proklem a uwer facas In
ereating such a description: the probles of
database design. In particular, we will discuss
the databane deslpn i1ssue paculiar Lo tha 218~
tributed suvironment, nimely che sllocation of
pivcas of che dacabage to sites in Lha network.
This problem i3 frequencly refarread to asm fils
allocaticon,

Thete {3 2 considarlblt Litaracuce concerning
f1la allocationll:13,28,30,30,50 wuch of whith
i{a tevieved by Levin and Hur;ln.lu These Tesssrch
efforts have applied clasaical mathemacical pro- ’
gramming Lechniques o varlancs of che following
problea;

Given; a description of user demand for
pervice stated as the volume of va-
trisvals and volume of updates from
sach npode of che network to each f1leg

Given: a daseripticn of the resgurcas avall-
able to zupply this demand srated aw Eha
nacwork copalogy, link capacitina, and
coats, and cthe node capacitiss and
costa;

Decaralne: an assignment of f{iles [0 podex
which does nat viclatws any capacity con-
straints and which minlolzed Cocal costa.

Tha variacions on thix prodlems which have bian
aaplared include:

= congideration of cime varying wsd uncarcaia
demand ;

- conslderacion-af che dual problim of cons
scralniog coscs and decermining capacicies;-
and

= the use of heuriscics Lo reduca tha com-
putacional cosmplexity of finding an
acceprablea solution.

This watk an [ile allocation has led to subatan-
tial undersranding 0f the database deaign problea
stated above, Unfortunacely, howsvar, this
problems Ig only a small pliece of tha file alloca-
tion problem In a digtributed DEMS of the zorl
discusped in thias paper, There age thras specilic
shorecomings of the exigting body of reaenreh

in thisg ffeld which limic.the usefulness of chasa
ragultn In the context of our problam;

1. The uzer demand model 18 sracwd as & aek

of reguirements to sccess & glvan fila from

a gpiven node. Thiz model does net adequacely

raflact uzer demand for detabasm sccess ia-

velving wece than one file. Conaldar tha
exanple problem treated in ¢he s#ction on
dinpersed data accepm. This proklem invel-
vad the joln of Telaticne at two aiten, The
bulk nf the communicacion comta for that
problem incurzed between the nodes which
scored the relations invalved. Thin capc 1n
not reflected in & mpdel which considers only
user node o file node communicatlon. 1n
particular the model cannct cepretant FhlE



fact that & [ile mllocation scheme which

placas a1l of the telarions involved in the

quary at & wingle site will be cheaper for
thia query than one in which they are dis-
tributed, This is a saricug shortecalng

since it saend likely that the clustéring

of ralations ince collecated groups will be

& more laportant determinant of sccessing

cost Chan the asslgoment of each group ro a

particular noda.

2. A second sarious problea wich exiacing

file allc.ati.. resulis In the complete neg-

lect of synchronlzarion coscs in updating
redundantly stored data. AE che pravious
satciona indicated, this cost is likely ro
dominate update conts {parcicularly for cose
masgured as dalay), 1t will vary substantisi-
1¥ with the synchronizacion schema, 1t will
¥ary with the alx of updace traffic, and it
will vary In & comples way wich che database
dexign.

Y. The wasumpeion that complece files should

ba the unit of axsignment of data to nodas

auxan inflexible, There are many sdtuations
in vhich perwmitting & vertical or harizoncal
parcitioning of files will reduce daca
scceselng and scorape ¢asts. Furthermore wo
prototyps diacribuced D3MSe currently baing
devalopad will peemit this sorc of parcicion=
ing, Of course, Il a gub-[ile parcitioning
vars given the existing resulem could bae

upad to digtribute them, However, chis bmge

tha quastion of decerminlng what the parpi-
tioh showld be, Answering chis quastion
seems Lo ba an (mpdétant elemenc of darabase
deatign.

The dissussion above 13 pot intended co say
that existiog resules io file allocarion are ups-
lees. On the concrary, vhen user behavior is
sccucately modeled an Lncarsction with mingle
Filen, these well devaloped resultn ars valusble
indead. Howavar, in the context of 2 modern DEMS
o which mulei-file cransactions ere iwmporcant,
exigting resssrch rasults do not provida sdequate
tools for dacabawe design,
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Six Approaches o
Distriouted Data Bases

by G. A. Champine

The technology is here, and we know quite a bit about where to apply it.

During the past few years, the 1opic of
distributed data hase systems has ra-
ceived much anention, but very littie
information has been shared about ac-
fual implementation examples, or how
these examples fil into the global pic-
ture.

The reason for the interest jn dis-
ributed dala base sysiems is because
they provide a solution o some very
real problems for the geographically
disirbuted organization which needs
1o presceve @ unified information-shar-
ing and processing sysiem. Then oo,
information processing and glorage
costs have been decreasing ar twice the
rate of decreases in dala communpica-
tion costs. Therefare, it is becoming
increasingly attraclive 10 Subsiilute
lower cost local processing and slarage
for (relatively) more expensive dala
communications. There are alio ad-
vantages in system reliability and sys-
ter performance for those spplics-
tions where distriboled dala Dases are
Lppropriate.

The gepgraphically distributed sys-
tem user currently has two approaches
available” for implementing & wnified
data system.

1. The files can be centralized, with
xess by remole terminaly. This ap-
proach provides for ecoromy of scale
and for easy central implemeniation
and control. However, communication
costy can be hiph and the system is
guite vulnerable 1o a failure al the cen-
tral site or in the communication sys-
Lemi. .

2. The system can he implemented
with a number of (penerally small}
computers (nowdes) at the various loca-
lions, cach wilh 115 own mass starage
and terminals, There may of may not
be a central nede. Applications soft-
wart in Lthe nodes can send dala g, and
receive data from, other nuodes, With
this approach, cuch node can access
oaly tocal fles, and the burcten falls on
the user 1o generale aprhcation sofl-
ware to do all manipulation of darg at
other nodes. The cost and clfor 10 do
tlis require a very high level of capu-

May, 1877

bility on the part of the uswers. How.
ever, there are benefits in failsofl oper.
arian, high rrunsaciion rotes, aod |ow
communicationy ¢osl,

A “rypical” node dues not exist be-
cause of the application-dependent na-
ture of the configurations. Howeyer, &
number of syslems have been jmple-
mented with a (non-central} nodal con-
Aguration something like the follow.
ng: .
Minicompuler with 64 1o 1 28ke
1010 20 crt terminals
101c 20 Me mass storage
| 10 2 medium speed prinlers
{ 100-3001pm )

* magnelic tape

communications equipment {1 200.
2400bps )

Iransaction/bateh sofiware

A number of the central nodes have
caonsisied of medium to largs scale
conventional systems the size of a Uni-
vac 1100720 or larger. However, the
non-ceniral! nodes can range from
smalt 10 targe machings, depeading on
application requirements, a3 can the
central node. Thus, it seems thar the
distributed wystems will not obolele
eilher the medium or large icale 1
tems, but inmiead will complement and
extend their application.

Cantralization vs, disatribution

The following siluations can be
identified as 1ypical candidale applica-
tions where a dintriboted dain base
would be more ¢fficient than a ceniral-
ired dala hase,

I. Large volumes of data are gener-
ated al many localions, and fasl access
is requircd. Some of the data, and
summarizatigny of all of the dafg, are
needed at a central site in & timely
manner. An application example of
this i1 & chuin of rewwil slores requiring
current stals an ﬂ}lcrﬂ.li-ﬂﬂl. '

20 A lurge amount of data is gener-
ated ventrafly, bl fasl accesy s re-
qutired at remote Iocations, Bither 1he
central or remote site can update the
information. An oapplication example
of this is the production scheduling of
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manulaciuring ptants. The produciion
schedules are used by individual plants
o produce parts explosions and nel
material requiremenis every day. Ea-
gincering changes can be made by each
plant. .

3. Remote locations gencrale jarge
volumes of dala for Fast response (o
immediate inquiry. The vast majoricy
af the inquiries are local, but fast re-
sponst is needed infrequenty from
other locations. One example of this is
a unified stock quotation sysiem cover-
ing the five ttock exchanges across the
covniry: sncther example is interair-
line passénger reservation processing.

From a functional basis, each af
these applications could be satisfied
with either a centralized or distributed
system. However, each of the two ap.
proaches has advantages and disadvan-
Lages.

In general, the advaniage of & cen-
tralized approach are the disadvan-
tages of & distriboted appreach and
vice versa. They are, in broad form:

Crntratized advaniages! diseriduted dis-
advantages

* operations economy
hardware economy of scale
unified control \
easy intrafile communication
easy update/ retrieval
compatibility

Distributed advaniagest centralived dis-
advantages

* communication Eailsoft capability

* central site failsoft capabilily

* |ower communications dala rate

, and <ost

*' configuration Nexibility

* high system performance {{ast re-

sponse and high transaction rate)

* modular implemenuation

* moduiar upgrade

The (ailsofl capability of disiributed
sysiems for communication of central
node failure arises becavse fley and ree-
ordt pre normally disiributed on the
basis of record activity. The recards
that are mosL aclive for a given pode

v
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are pencrally stored at that node, 1F the
central node becangs wpyvwilable, the
high activity records can stilt he pro-
coved, The performanes reguirement
for the communication system may be
reduced for the same reason,

AL the same lime, the henefits of
ceonomy of scale for larse ventral sys-
tems have begn weukenocd or negated
by the advent of low cost smali pro-
cessors  and memories, both  main
memoaory and mass storupe. Also, thero
is @ management trend 1o decentralize
opuralions 10 obluin heller control.

Oiten the apphication requirements
are conflicling, but gencrally the dis-
tribuled system approuch would be s¢-
lected if;

* Failsoft considerations are impor-

tant.

* The data base can be distributed
according o activity {partitionsd
ar segmented ],

Performance reguirements {lrans-
actions/second ) are high.

Implementation alternatives

A peneralized sysiem diagram for a-

three leve! distributed data systeny is
shown in Fre. '. Each node in the
syslem is assumed 10 have <Jala slerage,
dala processing, and dawa entry/re-
trieval capabiliy in addition to data
CamMMUnicatian.

If the data base avcessed by lransac-
lons can be segmented into local files
in the same way as the nodes are geo-
graphically distributed {thal is, they
are congruend), then each dala iterm i
stored only ance on its own system; all
transactions and data are local, and
cach node (s aware of (s own files.

Himwever, a different silusiion arises
whaa transaciiany must reference data
thal vannot he ocal 1o one node; this
st jon may require distributed data.
The fallawing approaches to data dis-
Irimation are avaitable:

1. Stare duplicale {replicated} copies
of the wial file a1 all locations, and
propapate Updlates to all locations.

2. Store the records of the data base
ar the node that evhibits the highest
aclivity for thal record, and wransfet
ransactions that ¢annet be hanled lo-
cally to the appropriate node, cither
the central nade or the node holding
the reeard.

When access is made to data not
held locally, the transaction is treated
w5 an escephian, aml ab heost (wo Oop-
tivns eaist Tor s hodling. “The tras-
actinn an be forwarded 1o the next
hipher powde where o master diregflory

cxalw fo forward the transaclion to the

proper location. Or, an updated copy
wl all ckala may onist o the nest higher
node s Thul the Iransaction can be

hanaled there direcily,

The task ol selecting the hest match
between duta base charavieristics and
Jdistribution miethod roguiregs extensive
svstermn anulysis, However, on an inlui-
live husis, the best approech 1@ disiri-
butian of amall fics is to simply rephi-
cule them amd propagate updales te
all nodes holding o copy {of course,
sppropriate synehronization methods
musl be usedd, 17 the file is large and
hus a small eaceplion rate  {sa¥.
2550, the best apprcoch would seem
te be to siare records at nodes by activ-
ity and propagale esceptions,

However, if the e size is large and
the exceplion rate is high, it may be
necessary (o ceniralize the file. This
ran Be summoanzed in fthe following
1able.

Exceptiod File Disiribution
THteE sire “miethad
— small replication
small Larpe prar EiEon
high birpe cenlralize

COMMLNICATION
Ky ITIN

LEGEND
T = TIRWbAL »

.

A number of distributed dala base
systemis have beon implemwented and
are pow operational. The following
have been selected for discussion be-
calse cach one represents a uniqus
approach g implemeolation of distrib-
vied dala base syslems:

SITA ARPAMET
Celaness Lowes, Inc.
Bank of America Acroquip
EITA

51Ta (Socidd Internationale de Tele-
comminications Adronoutiques) pro-
vides a system for communication be-
tween arrline dutla bases for the par-
pose of making passenger reservations
on airplanes in Europe and Asia. As-
sume that a hyporhetieal Mr. Jones
wants to make an airplane trip that
requires travel on three different air-
lines, Northwest, Air France, and Luf-
thansa, and that he places his rcserva-
tipn with Northwesl,

The Moarthwest rescrvation agenl in

.
*
'.‘

Fig- 1. The tws basic approaches tg distributing data hases are to replicate the entire
data basa at each node, which will gbvious|y wark best when Lhe file sizes are small
and commumicalions costs are high, or to partition the data base, which works well
when mosl Wanssclicns ara 1o “locaf’ large files. When most transactions arg nol to
|ozal lilgs and like sizes are large, gentratization of some lorm may still ba the
aAN5war. '



Minneapolis will check the [central
ized) Morthwesl passenper data hase
- for the approprizaie flight 10 Jeterming
if space is available for the Northwest
portion of the wip. Assumang il s, 1he
agenl will enter a transacion in the
Morthwest system to determine if space
is available on Air France and Lad-
thansa. These data bases are not held by
the Morthwest system, so the inguiries
(transactiene) arce forwarded o Sira
for processing since Air France and
Lufthanse are Curopeun airlines.

5iTa determines the proper deslina.
tions for the inquiries and routes the
transaclions e the proper loculions
(Paris and Franklort, respecuivcly),
The returning information also comes
through 5iTa for routing back 10 Min-
peapolis.

The glassification of this system is a
virtual, partitioned dota base system
with the directory methed of rouling
EXCeplion transaclions. ARING [Aero-
nautical Radio, loc.) performs the
same- function for 15 airlines that
s1Ta perfornis for European/ Asian air-
lines and io the same manner.

CELANESE

Celanese is a large 1.5, 1extile mao-
ufacturer with a number of geographi.
cally distritbuted facilities with prinei-
pal locations a1 Charlotte, 5.C., and
Shelby, M.C. Each localion has ity own
compuler which serves a3 a node in the
syslern. An integrated daia base is
maintained jointly on these 1w nodes,
as well a1 a number of other, nodes in
the wystem including Jaboratory quali-
ty control information, warehouse in-
ventory contral, and shipping informa-
tion.

Each of the several nodes enters iu
own tranaclions into Lhe integrated
dala base. [n addition 10 the usual
transactions performed by the labora.
tories, orders [including revisions),
cuslomer information, and product de-
scriptions are entered from mubiiple
locations at Charloie, while proctuc-
tion, billiag, wnd order shipment sum.
mary dala is obtained, At Shelby, daia
is oblained from the production and
warehouss nodes for purposes of rout-
lng products 1a starage space, for ship.
ping, inventory conlrel, production
coniral, and for storage space conirol.

The methad of data base divribu-
lion at Celancse is [0 maintain ropli-
cated files at both Charluite and Shel-
by, with periodic updates of the daw
from both iocations. In addition 1w the
comman ‘data thut is replicated, puch
tocation alse has unique data.

BANK OF AMERICA

The Bank of Amcrica is a lurge f-
nmancial insbdution  headyuartered  n
California, with aver 1,000 branches

and 11 million accounis. Daila process-
ing servicey are provided vn a balch
basis Irom ventens in 5an Francisca
and Lor Angeles. In spare of the large
amounl ol dala on customer accounts
held in the bank’s {baich) data base,
this data was not available 1o the tellery
because of s lack of on-line access
capability. The resull was that in caih
payou! siuations, such as check eash.
ing and credit card cash advances, Lhe
telfers had no way to determine ac-
count watus guickly.

Therefore, predelermined rules had
1o be established hased on the amount
of the lruntaction in an alempt 1o
timit |psses without inveking oo many
cuslomer complaints aboul delays en-
countered while manually checking
accolint stalus, Even so, check cashing
loss often ran in excess of 33 million
wnoually,

To improve this situation, an on-ling
teller information system was eslab-
lished with the goals of: '

* » 33% reduclion in check ca:hmg

losaes

* n 40% reduction in interoffice

phont expense

* 1 16% reduciion in office staff

& pilot system for 100 offices was
succestiul in mesting these goals, and
the system has now besn expapded o
20% branches and 2,100 1erminals an
an operationnl basis. The distributed
system is now approaching operational
atalus,

The data hase i3 partilioned between
the two daw centers, with exception
Iransactions from one node ferwarded
to the olher for processing. Each node
it fully redundant so that processing
can confinue in spite of 2 hardware
Iaiture. The diswibuied dats base wp-
proach is estimated 10 have & lower
development cost by 40% than a cen-
tralized approach and 4 estimated Lo
be some 34 million lawer in yeary
operating <osl. The savings [rom this
iystem are expecled to exceed those
operaling cosis by 33 millicn per year,

ARPANET ' ¥

A software sysiern entitled RSEXEC
{ Resource Sharing Executive System],
hat been developed by the Bolt, Be-
ranck, and Newman Co. for use on the
ARPANET 10 provide disiribuled re-
source sharing. A major characterislic
of m3exec i1 a distributed file capa-
bilily which tpans host computers
{nodes) and supparts uniform file ac-
ceyd and automatic maintenance of
replicated fles. rsEXEr i3 currently
operalionnl on ARPANET.

LOWES COMPANIES INC,

Lowes Compantes, Tnc. s a chain of
14t retait lumberfhardware siores lo-
cated in ke southcasiern Unided
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States. [n the carly 1970, 1he decision
wias made W move 1o an on-kne Inven-
fory comrel and customer invoiling
syslem. A cenlralized system wa firsl
considered, with the dala base localed
at the corporate headquarers and
comrmunication lines connecling it (o
terminals in all 140 siores.

This approach served the centralized
operations wefl, such as central pur-
chasing, warehousing, and  distribu-
licn/ billing to the stares, But il was nol
v pood approach lor the individual
stores because the data base for each
store was logicalty independent Irom
alt athers, and large enough 1a benehl
from economy of scale al the |ocal
level. For this and other reasons, in-
cluding heavy communicalions cost, A
distributed system was examined.

The approach fnally implemented
was to install 2 minicomputer with disc
and up to 16 erminals at each slore,
Each store is conpected o the {(func-
tionally distributed ) central sysiem by
data communicatian lines, and inven-
tory and sales summary infermanion is
transmitted to the central system aulo-
matically cach night. The system also
receives infermation from the central
site cach night, such as new price in-
formaticn,

" Bystem installation is now basically
complete, Stwore persennel have imme-
diale on-line acress 1@ inventory, pric-
ing, and customer agegunt informaltion
which yields a IO increate in tales
persen efficiency. 1t alio yielded inlan-
gible but definite improvemenlts in con-
ol over credil sales, accounts fectiv-
able, and price accuracy which results
in additipnal cost savings.

The Lowes sysicm is, Lhen, a parti-
tioned dala base with all files and
traosaclions handled locally.

AERGQOUIP CORPORATION
Aeroquip Corp., a sub:diary ol
Libby-Owens-Ford, is 2 maoulaciurer
of fuid power components, including
hoses, firtings, and couplings in many
sizes. The company had been using an
on-line query system locally at the cor-
porale hedquariers for inventory con-
irol and order processing, and wished
1o exiend the capability 1o a number of
other manufacturing localions scal-

.. tered {from Georgia w Oregdn. The ab-

jective was to provide oo-line order
processing, inventory coalrol, credit
checking, and shipping documenis, to
facilitate shipping most orders wi.thin
24 hours after receipt, |

The clazsical centralized data’ base
approach was exantined first and found
10 be oo expensive from a data com-
municalions standpoinl,
. The system ultimalely selected uses
intetigent terminali ut each node, sup-
portcd by a iocal Jdata base on disc,
These intellipent terminals are con-

[ May, 1977
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vecled by low performance communis
cation lines t0 the ceniral dalo base on
& large seale mainirame, where o com-
plete copy of the enlire data base is
maintained. Each node maintaing & lo-
cal subset of Lhe master data base thal
it needed by thol node.

In operation, the cenlral sile dials
each node once every five minutes over
a waTs line for transactions that cannol
be handled locatly, At might the ¢entral
site dials each node in rn and ohtains
the accumulated (ransaclions in com-
pressed form and sends back updaled
records and output reporis, The sys-
lem became operational in 1973,

This approach, then, is a partitioned
daia base with gxceplion transaclions
scol 1o the central node where Lhey are
handled by a complete copy af the
file.

At leasat a partiol procof

The above examples have been
selected tq illustrate some of the ap-
proaches 1o distributed dala base 3ys-
tema, {See Table.) )

li would appear that, at least in
some invances, distributad dara base
sysiems have lived up to #xpeclations,
Although there is still » great deal 12 be
learned wbout the proper design, im-

T T partitioned, excepiion transaclions handled Ey dircetory al master
nods
Celansta .00 replicated filer

Bank of America.... plrli:innr,d_ enception transactions sent 1o other noules for procesy-

ng [no maser}

this nelwork is sccessed by such a diverse user cammunity” (hat

— '

ARFANET .. ... | :
81l design approschey may be currently being used

Lowey.......co0 v vt pegmented, all fles local

Atroguip .oLa partitioned, exceplion transaclions handled by duplicale dain &l

mpsier nxle

plementation, and appropriate applica-
tian of distributed dala base systems, &
basic technology and sphere of appli-
calion does socm Lo exist.

It has been suggested by some that
the advent of distributed data base sys-
tamns will eliminate the need far large
scale computers. The evidence does not
seem to supporl Lhis conlention, OF the
examples cited, SITA and ARPANET USE
targe scale compulers as nodes; Cela-
pese and Aeroquip use both arge and
small computers as nodes; and Lowes
and Bank of America use ymall com-
puters a3 nodes. 11 seems more likely
that, while small ¢empulery may re-
place large ones in some distributed
data applications, they will complement
them or fai] 1o compeis with Lhem in
others. Thus, we may well se¢ a com-
plete spectrum of aliernative confipura-
Lions in wyg as the technology maluzes,
depending on the application. o
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O, Champina in aanior staff con-
aultant at Sparry Dnivac, where P
in responsible Tor managing tra ag-
vancad technalogy program, and
for technology Pianning of futura
Marge acbie commarclal computer
systema, in his 19 years with the
Cormpubny e hids held eseveral tach-
meal and manegerial positions N
anftwars and aystems design, thas
most recent of Wwhich wag as i
oo of advAntwd systame dasign
for large ok Ay STRmE.
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The Development of Data-Base Technology

E. H. SIBLEY

Dpartment of Tnformation Syaterss Managemeni, Ualversiiy of Maryland, Catlege Park, Margland H748,
and Natiaral Burcaw of Standards, iFashingion, D.C. #0234

I should like to thank Elliott Organick for
tnviting me to serve as Guest Editor for
this issue of Compurirng Sunveys, which
bhas become our industey’s most efective
educational fournal. ! beligve this isyue
deals with the most important topic in
compuiing today: data-base technology.

Here we attempt an integeated approach
to & very disoriented field. Problerns ahound:
differences in terminology, differences in
modeling, wnd differences in implementa-
tion confuse the potential user, who is faced
with almost unanswerable questions, such
as;

w Should I wait for the dust to settle, or

start to use data-base technology
now?; and .

e If I go data-base, which type of ays-

tem do I choose?

Such problems are found in any evolving
technology, especially when it is associated
with 8 fast developing industry, such as
computing; while some problems appesr
more philosophical than real, cthera arise
from a poor understanding of new con-
eepts. Here we shall try to answer some of
the gquestions and reduce the confusion.
But obviously, one issue of Couryring
SURYEYs cannot be all encompassing; date
technology is & field which already boasta
* hundreds of articies, and textbooks by the
dozen. Thus, this issue confines itself to an
explunation of various models of data-hasa
systemns, showing their differences end simi-
lurities, while trying to relate the models to

their implementation in cucrent commer-
vial and experimental systems,

We were faced with one major problem
in Lrying to provide an integrated issue:
eviery model uses its own terminology. We
therelore decided to aitempt to use both a
common terminology and a single examgple
wherever possible. This is by no means &
simple task; we must not only define termi-
nology and apply it to descriptiona of vari-
oua models, but also show how these terma
differ fromn those used by othera in dis-
cuasing the same idens. There is no stend-
ard, and we are {orced to be arbitrary.

It wed not possible to discuss every model
or implementstion in one issee; in fact, it 1s
difficult to deal with anything but basic con-
cepts. We admit Lo errors and ermissions, and
apologize for them; a real attempt was made
to solirit aid from & wide variety of experts.
We issue them o blanket vote of thanks and
apologize for inadvertent omissions,

QOUTUNE GF THE IS5UE

* Figure | provides a graphic everview of this

issua for readers. The first srticle, by Fry and
Sibley, could be ealled an “entry™ to tha
issue. Dependent on this are two articles,
essentially at the same “level”; one by
Chamberlin, the other by Taylor and Frank.
They discuss two different and independent
approaches, The article by Tsichritzis and
Lochowsky, using the common lerms and
example of the first paper and discussing

Capyright & 1976, Association for Computing Machinery, Ingc. Genersl parmission to republish,
-but not for prafit, all ar part of thia materinl is granted provided that ACM's copyright nolice ia
kiven and that reference is made to the publication, to ity date of issua, and to the fact that reprintiog
privileges were granted by permniasign of the Ammaciation for Computing Machinery.
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Fry and Sibley:

«Defimg Terms

+«Give Witkory of Major Syttees
+Dercribe Coman Eiample
=Discuys Trends and lisueld

Chanberiin:

e Describe Relational Approach
#[0iscuss Implemantation in
Research Installptigni

i

Taxlor and Frank:

#Desiribe Hatwork Approach
eDiscuss Implamentstion in
Commercial Systems

Vo

Tedchritzis and Lochowsky:

s{eseribe Hiprarehlc Approach

«Dhscis Implementation in
Commercinl Systiems

*Discwas Differences from
Qther ystems

E"D!!llulﬂ“"‘ﬂ aml Carlaon:

» Compars RErlatioos] and Networt Approaches

1

Figure I: The structyre wod contents of Lhis jssue.

difierences between the hisrarchic and other
approaches, depends on all three previous

papers. Firally, the paper by Michsels,

Mittman, and Carlson compares the ap-
proaches described in the second snd third
papers; it is consequently dependent on
both of these.

PRESSURES TOWARD DATA-BASE
TECHNOLOGY

Dasta-base technology is one of the most
rapidly growing areas of computer and infor-
metion science, In less than twenty years,
with the greatest part of the development in
the past eight years, dala-base systemns have
come from nothing to be a major topic of
current interest. Top management of major
corporations have grown to appreciate the
importance of their data bases; government
regulatory -agencies are already wortying
sbout the implementation of privacy and
freedom of information acts and their rela-
tton to data banks, This proliferation of

Compyting Surveyn, Val. I, Mo, L. Mazh 1478

interests started somewhere; thus, our first
question 1is:

& Why did i all happent

The pressures of the “Computer Age'' arise
from a fascinating new technology supplied
with inexpensive equipment. The cfficient,
fast, accurate, and economical way n com-
puter can perform numeric and logical opern-
tiong {¢ompared to the slow, insccurate hu-
man counterpart] has foreed sulomation of
many previously manual operations in uni-
vorsities, government, and the private sector,
In the early days of computers, automation
merely entsiled conversion from manual
operations, with litlle atlempt to inlegrale
any resulting system. The typical data-proe-
essing pperation of the fifties and sixties was
created in this manner. Data® weas wsed in
the same way as before; the inefficient dupli-

*In CoMproning SoaveTs, the word dafa in used
as & colleclive noun. Although “datum” may be
torrect for hard-line grammariaes, it will pot be
found here.
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cation of data and cffort was continued with
duplication of camputerized data and pro-
eedures, The operation scemed successiul: it
reduced overall cost, and thercfore little
thought was given to further improvement of
the system. In time, astuic datn proceasing
mansgera recognized a problem: while stored
within the data vaults of the organization

{probably in the form of bits on & tapo), data

was essentiglly unavailable. The programs
that input, stored, and used the data were
esgentially the owners of the data. Any other
user found it difficwit to obtuin, integrate, or
tranafprm the “avaifable' data for use in
anather program. Thus, every new need for
data involved writing & new program to cb-
tain the data before it could be proe-
essed by yet another program, and even
this was difficult—the data formats were
“locked" in the eriginal programas, and some-
times the griginal uhiect code had been lost!

This cssential unavailability of otherwise
transferable date pave rise to the question:

& Why not integrate the dota?

This led to the thought thst integration,
were it poasible, could be nchieved by de-
fining the data fgrmat, storing it as & “data
definition,” and allowing gencral-purpose
"data-base mensgement™ sofltware to acerss
it. And thia gave risc to the prime concepl
of the generalized data-hase management
Systemn.

In dealing with a aystem Lo store and 2¢-
cess data for & sct of diffcrent programs,
and censequently for a set of differont Lypes
of users, two further questions arose. Iirst:

& Can we gecess Whie data through our cur-

rend compuler languages?
This involves cither specification of addi-
tional commends in conventional programe-
ming languages, or tho provision of calls Lo
special subruotines which allow access to the
drta base. Ang second:

o Why nol allow a higher-level language

Sor ad foc use of the dafo bage!
This can be echieved by pruviding & specisl
fquery language as an intecfaee. While in-
efficient, the first prototypesystems appeared
very suceessful to wsers, and the first com-
mercigl systoms started to appear, Then the
first problema arose.

DISADVANTAGES OF DATA INTEGRATION

The industry congratulated itself an redueing
dala redundaney and improving its availa-
bility, but it alss introduesd tho patential
for disaster, The fiest problem with integra-
tion arises beeause the data baso is now more
vulnerable Lo destruction through machine
malfuncticn, persooal errer, ar deliberate
human tampering. The losy of “quality” ina
tlata basa {including total destruction) by
any of these meuna may be considered a
threat to the organizativn, beeause data is
one ol its most valusble asseta. YIntegrity”
technicues are therefore a necessity,

The other threat to the integrated data
basg relates to ita “security” and necuracy.
hMost enterprises havo some secret processes
or private material which should be pro-
treted agoinst thelt or necess by unauthorized
pecple. To achieve this protection, the system
must ensure that it is secure, ie., that any
information which is privale to the argani-
zation is safp from unauthorized disseminn-
tion or tampering. The problem with erro-
neous information is Lhal il might resull in
an ipcorreet {adverse) decision nboul a
personar enterprise. Government and other
enterprises are vitally interesled in both of
these aspects, which have been termed “in-
lormation privacy.” Traditionally, pricacy
has been defined 23 the right of an indivi-
dual or organization to be “left alene"—it
uswally is considered the right o retain cee-
tain non-public inflormatiosn withoul threat
of diselosure, An inlegrated data base
threatens privacy: it becomes easier 1o col-
lect, and to unwittingly divulge infarma-
Livn of a confdential nalure {which may
have been legally oblained from the individ-
uR! orenterprise} to soe other unaatharized
persun oragency. Today, Information privacy
has been expanded to include the right of
the individunl or organization to hnow
what persoral”  infprmation b retained
on any dats bose. Bt oalso implies that the
individual or enterprise has the right to
challenge the data, causing cither ils eor-
rection, nre tha adidition of o stalement that
the faet s under dispute. A an example: a
persoh may wish Lo ensure that data given
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confidenlially to an agency for the purpose
al abtaining s credit card is not divulged
capriciously to a neighbor; the person may
alse wish ip know what other informatian is
on file at & credit Lureau, and be able to
correct or dispute any potentially threaten.
ing facl.

When data is integraled and readily avail-
able through either program or ad hoe query

inlerfaces Lo & community of users, the possi- -

bility of lozs of inLegrity, and the ahility to
penetrate the security (thereby threatening
povacy) obviously increases, Early data-
base management systems often needed 10
be retrofitied to ensure Teasonable integrity
and Becurity.

The placing of tontrols within the system
brought another new issue inte view—the
question of who was to meke the policy de-
cisions, who would issue passwards and who
was really pllowed to meke decisions on dats
formaty, A new post was needed.

THE DATA ADMINISTRATION CONCEFT

Data administration ia really a special form
of managerigl control which includes both
authority over data integrity and security,
aru responsibility for overall cfficiency. Be-
cause the data base for the enterprise was
growing in total size and complexity, new
measurea for improving efficicncy  werc
possible. The question arose:

® Should pregrammers be glowed to define

their gum datal?

The implementation of central authotity
for dzla definition made it impossible to &l-
low the programmer this flexibility, By intro-
ducing a single data sutherity, and by pro-
viding information about the community of
userd, the "best” data struclore could be de-
fined: this data structure is efficient for the
community of users rather than for any one
parlicular user,

As » consequence of the advent, of & new
technology and new managerial control
mechanisms, the computing operation started
to take on a new importence. Government
and business agencies found themselves with
expensive datn.processing operations which
were being run by relatively low-level man-
agement. Some commercial organizations
found thet equipment requiring presidentisl
{or even hward} approval, was being run by
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munagers ab the fourth or Gfth level of peck- .
ing order. This Lad distorted the orgoniza-
tion, and it has already led to organizationsl
changes: it fact, wa now see ""Vico President
of Informalion Bystems''—a far cry from the
lowly '‘Idata Processing Operations han-
ager' of yesterday.

DATA BASE VERSUS DATA PROCESLING

We have seen that data which had previously
been duplicated and spread throughout the
organization is now being drawn into a uni-
fied and sometimea monolithie eystem. This
represenis the concentration of a valuable
asset. In the past, the only major identifiable,
tangible asset of a corporation was ita money,
or objects immediately convertible to money.
Acecuntants had learned how to audit and
control the flow of money. The advent of
data management suggested the possibility
of the sudit and control of daia,

In exactly the same way that an account-
ant determines the accuracy of money fow,
& data-base management auditor could de-
termine accuracy, quelity, snd privacy as-
pecta of the data, This gives rise to the con-
cept of data auditing. New and pending
state and federal government regulations on
privacy ond freedom of information would

‘meke the enterprise legally accountable for

its data, Consequently, the malter of ad
hoe use and poer control over the applica-
tion and disscmination of information is sud-
denly a resl concern. Somceday soon a high-
level administrater will be sentenced (fined
and maybe ¢ven given a prison lerm) fot
contravening these regulations—and then
the entire indusiry will tighten its controls—
almost overnight. Thus three {nclors have
combined to imply & need {or more effective
and autemated eonirel mechanising to be
built into the automated systems, with
reasonshle saleguards against unauthorized
access. The three motivating lactors are:

s the regulstions of gevernment to in-
Bure privacy;

s the aspirstions of manpagement for
mare  effeclive contrel over its
operstions; and

o the undersianding of auditors of the
need to retain quality in all financial
and nonfinancial data.

The data-base management system Loday



The Development of Data-Basge Technology . b

allows data to be shared by & community of
users, while inguring the integrity of the data
over bime and providing sacurity sgainst un-
authorized access. At the same time, the ad-
ministrator may select different methods of
storing the data (termed: the physical strue-
ture) for different parts of the data base,
* thereby aiding in providing storage and re-

tricval efficiency. However, to the ultimate
user or application programmer this choice
of physical structure should be invisible
fterrmed: data independence), because the
user should not have to worry about these
iniernnl detalls. These, then, gre the princi-
pal ohjectives of a data-base management
ayabem.
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1. GEMERALIZED PROCESSING

A data-base manesgement system (DDHAIS)
i & generglized tool for manipulating large
data bmses; it i made svaiable through
special saftware for the interrogation, main-
tenance, and analysis of data. 1ts interfaces
generally provide n broad range of language
to aid sl users—from clerk Lo dats adnunis-
Lrator,

DBMS technology can be traced back 1o
the late fifties, when authars such as dMeGee
[G1 and G2)' discussed the suceess of “gen-
eralized™ routines. -These rgutincs were
capable of sorting any file regardless af its
data content (the user merely supplying
parameters to direct the major elements of

* This work i apongtred in part by the Nutional
Secientce Foundation Grant GJ 41831,

' Editer's Note: See page 35 lor the key 1o the
clunsifistion sysiem used for refesences cited in
thia paper.

the sorting process); those authors then pro-
posed that these ideas be exlended into other
deta-processing areas, such as file main-
tenance and report generation. This gen-

-eralized procesting entaila the building of

speciail dats functions which perform fre-
quently used, common, and repefitive data-
processing tasks. But such generality cannot
be sccomplisbed without cost. The price of
generalized processing is o reduction in aper-
ating efficiency, oflen through inlerpretive
processing, of & necessary locrease in re-
sources sych as hardware czpacity. The suc-
cess of generalized processing {and conge-
cquently of generalized data-base technology)
thus becomes an issue of cost tradeof],
Hardware improvements developed over
the past two decades have effected signifi-
cant decreases in price/performance ratio,
thereby tending ta offset operations! in-
cfficiency and to emphasize the cost of ap-
plication and soitware development. The

Copyright @ 1978, Association for Computing Machinery, Inc. General permission to republish,
tut nat for profit, mll or part of thisa maierial iy granted provided Lhar ACM's copyright notice i
given and that reference is made 1o the publicstion, Lo ita date of isaur, and to the fact that reprinting
privilepta were granted by permission of the Associstion for Computing Maczhinery.
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benefits of a generalized approach can thus
be summarized as Lthe clinination of program
duplicntion {lrequently found in computing
eystems), and the nmortization of the one-
time development eosts over many spplica-
tions al Lhe program. )

In casea where g particylar deta-process-
ing application cannot be paramederized, Lhe
usurl recourse is o develop high-level lan-
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guages, which are themselves u form of
parameterized generalized processing, albeit
with very epecial parameters. For example,
the development of high-level interrogation
langueges for ad hoe requests has broadened
the user aecess 1o duta by providing a sim-
rle &nd, it is haped, easy-to-use interface,
Such an approach ullows the inquirer to use
2 language similar tuo everyday English,
rather than reguiring him to write & pro-
gram in an artificisl language. Generalized
data.processing techniques have evolved
intc & class of sophisticated, generalized
software systems, one of which is the data-
baze management system. The reader should
carefully distinguish between the terms
DBMS aud “data management.” The
latter has been used by the goverpment to
designate san sdministrative fuoction, by
some hardware vendors to designate their
access methoda, and by some software
vendors to designate and embellish compre-
hensive packaged syslems.

2, QBIECTIVES OF DATA-BASE MAMAGEMENT

The Guest Editor’s Introduction to this
issu of Compuming Surveys discussed the
coneepta of data-base technology and intre-
duced aome of il ohjettives:

® {5 make an integratad ecollgetion of

data available to & wide variety of
users;

& 1o provide for quality and integrity

cf the data,;

® toinsure retention of privacy through

security measures within the system;
nnd

& o pllow tentralized control of the

deta hase, which is necessary for

efficient data administration,
To this we add the objective of “‘data inde-
pendence,” a term to be defined later [see
page 12] in this paper. This section will deal
with ench of the stated ubjectives, relating
them to the sveroll functional architesture
of the DRMB.

Whily various “views of dats” {the prin-
cipal topiz of this issue of CosrPuTing Sus-
YEYS) are importent to the user interface,
the requirements lor guabity, integrity, se-
curity, and control have far-reaching effects
on lhe overall cost, sccessibility, and per-
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formance of the system. Although it is
possible to add funetional capabilities to an
existing eystermn, the cost of retrofitting is
often prohibitive, and the post-design addi-
tion may adversely affect the ayalem per-
formunce. Although quality, secunty, amd
cotibrel factors are piven relatively scant
JAreatment in other papers in this issue of
BURVEYS, it should not be inferred that these
are unimportant. In faet, the consequences
of excellent or poor satisfaction of these
needs may make or break a working system,

Dota Availobility

Everest [(312] states that the major objective
of a DBMS ia to make data sharing possible.
This implies that the data base as well s
programs, processes, and simulation models
are available to a wide range of users, from
the chief executive to the foreman {Everest
und Sibley [(GE]). Such sharing of data re-
duces its average rcost because the com-
munity pays for the data, while individual
users pay only for their share. Howowver,
under these circimstanees the data cannot
“helong™ to any individual, program, or de-
partment; rather, it belongs to the prganiza-
tion as & whole.

What, then, is the overall cost of datu? One
way to answer this question i3 by ubsery-
ing data entry. Keypunching and verilying,
or other types of data entry involving hu-
man keystroking, tend to cost about S0¢ per
thousand echaracters input. Thus, if the
average-sized file is two million characters
{a figure representative of much of today's
industry and gevernment), it costs 51000 to
input each average-sized file. Linder certain
conditions the cost of eollecting data eculd
be substantially higher, e.g., when the data
must be collected by telemetry, or in long
and complicated experiments,

Another expense is associated with the
lack of data, the so-called *lost opportunity
cost.”™ If dats is not svailable when an im-
portant dectsion is to be made, or il duplicate
but irreconcilable dita exists, an ad hoe and
possibly wreng decision results. Nolan
{A4] gives a scenaric of & typical business
where 2 manager knew that data existed,
but some of it bad been produced on a diff-

erent maching and some had incompatible
formats {different structures on different
tapos). blereover, none of the dets defini-
tions were easily available. The mansger
who needed the data for important predie-
tions was unzble to obtain answers in a
reesonable amount of time.

There are two important mechanisms for
making data availuble: the “data definition™
and the "data dietionzry." A data defipition
ia & more sophisticated version of a DATA
DIVISION in Cogow, or 8 FORMAT state-
ment in Fortran; however, a data defini-
tion s supplied eufside the user program or
query and must be ttached to it in some
way. The dalz definition (a3 specifed by o
dats administrator) generally consists of a
staterment of the names of elements, their
properties {such ax character or nomerical
Lype), and their relationship io other els
ments {including complex groupings) which
moke up the deta base. The data definition
of a specific data base i3 ofien called &
rchema,

When the data definition function is cen-
tralized (which i3 necessary to achieve the
objeclives of DRAS), control of the data-
Laac schemn (s shifted from the programmer
to the data administrator [Al]. The pro-
grammer or the ad hoe user of & query lan-
gusge & nu longer able to control many of
the physical and logical relationships. While
this restricts the programmer to some ex
tent, it means that all programs use the
gams# definition; thus any new program can
retrieve or update dsta as easily as any other.
Furthermore, greater data definition capa-
bilities are provided, the storsge and re-
trieval mechanisms nre hidden from the
program, the formata cannot be tost, and the
programmer's task i3 simpler.

Centralized data definition facililates the
control of data duplication, which gencrally
entails some storage inefficiency., However,
not all duplication of data is bad; a con-
troled duplication may be neeessary to allow
special classes of users to obtein especially
fast responses without penalizing quality
for other users. '

The deta definition facility is inherent to
aill DEMSE. Without it, the date base ia
owned by ita programas, difficult to share,
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and gencrally impossible to eontrol, This,
then, is the cornerstone of data-base man-
BECment syslems,

Whereas the data definition Facility is the
data administrator’s control paint, the dai
dictionary {D1] provides the means of broad-
casting definitions to the user eommunity.
The data dietnary is the versiun of the
data definition 1hat is readable by hymanas.
It provides a narrative explanation of the
mesning of the data name, it lormat, etc.,
thus giving the user a precise definition of
Lerms; e.g., ithe name TODAYS.DATE may
be defined narratively and stated to be
stored in ANSD standard formut 85 Year:
Menth: Tiay.

Within the past five years a number of
data dictionary packages have appeared on
the market [D2]. Some of these are an in-
tegral part of the data definition funetion,
while others provide an interface Lo multiple
DBEMS, and still others arc stand.mlone
packages.

The dictionary will normally perform
some, il not all, of the {ollowing functians:
elorape of the definition, response o inter-
rogation, generation of dsta definition for
the DALBS, maintenance of statistics on use,
generation of procedures for data validstion,
and aid in eccurity enforcement, Obviously,
slorage of the data defitions in the die-
Lionary iy obligatory.

The dietionary wiil normally be able to
gither provide formatted diclionafes {on
request) or respond to 8 simple query for &
data entry, or 10 do both, This [acility al-
lows ad hec uscrs 1o browse through the
definitiona {on- ot off-line} to determine cor-
rect data names -

In same clictionary systems, especially
those thal sugment 2 DBMS, the dats ad-
ministraler can invoke a data definition gen-
erntor, This sllows the administrator to pick
oames of elements from the dictionany,
group thetn, and then produce a new data
defnition. :

The dietionsry may be both a collectar
for, and a repository of statistics on DBMS
usage. These slatistics can be utilized to im-
prove the efliciency of the DBMS by re
Erovping elemenls fof better accessiog.

The diclionary may euntain information
on lechniques for validation of particular
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elements, and the daip validation state.
ments can be used to generate procedures for
input editing or other quality cheeking.

The dawa dictionary is extremely impar-
tant as part of the DBMIS security mecha-
nism, [f an adversary knows you are gather-
ing data, that adversary has already violated
your segurity. For this reason, the data die-
tionary should be as secure as the DBEME,
Furthermare, if security requirements are re-
wined in the dictionary they can be auto-
maticaliy checked {and special procedures
can b invoked) every time n data defini-
tion is produced for the DBMS. This would
improve security monitoring.

Data Quality

Perhapa the most neglected obicclive of
DBME is the maintenance of quality. Prob.
lems relating to the guality of data and the
integrity of systems and data go hznd-o-
hand, Data may bave poor quality because
it was!

# pever any good (G1GO—garbage in,
garbage out);
tltered by human errot;
altered by & program with a bug;
altered by 2 machine error; or
destroyed by & major colastrophe
{r.g., 8 mechanical failore of a disk).

Maintenance of quality invalves the de-
tectivn of errar, determination of hew the
error oceurred (with preventive action to
svaid repetition of the error), and correttion
of the errcneous data. These operations en.
tail precautionary measures and additional
soltware functions within the deata-base
munupgement system. The pruevention and
earreclion of the five listed causes of error
will now be briefly discussed.

In dealing with normal data.processing
applications, the programmer is {aced with &
great deal of input vabidatien, A survey by
the authors showed ihat about 40% of the
PROCEDURE divisions of present-dey in-
dustrial Copon programs consists of crror-
checking statements, 1f the validation re-
guirements can be defined at data definition
time, then errer checks may be applied auto-
matically by the system sl input, update,
menipulation, or oulput of data, depending
on the peeds specified by the data adminis.
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tralor. Many current DBAIS allow valida-
tion, Bome have a cheek mechanism which
eogutes that the values conform Lo the
stated PICTURLE (like Cosor); they also
check that the value is within the definod
range, or that it is one of & predefined set. If
a system is to support such techniques it
. must bave special clauses in the data dofini-
tion language (DDLY, aa well 25 a serics of
procedures to be invoked on error detection,

A second cause of poor datg is human or
program error, Little cun be done to prevent
guch errors unless they contravene sume
validation rule, and their discovery nor-
mally involvea human knowledge. The cause,
howevet, may be detected by referring to
the “audit trail" An gudif frail s & log In
some journal of nll changes made to the data
base. YWhen a change is to be made, there are
two impurtant chjects: the original data and
tho changed duta. When logged, these oh-
jects are termed “before” and “Yafter'' im-
ngea, Generally, these impges contain the
data, time, and name of the procedure caus-
ing the change. They may also record the
ramce of the person who initiates the pro-
cedure. A guality owdit ia an attempt to de-
termine, through examination of the before
and after images, who or what procedure
clisnged the data value, A quality audit may
find that seme user promulgates many errur,
whercupon the data ndministrator may re.
quest that the wser tuke mere care (or a
course in better technigues), I, hewever, the
crror appears to have been generailed by
some operational program, s programmer
may be called in to debug it

Snetimes an ercor will be detoeted after
o procedure is particlly completed. In this
case, a5 well as when & user makes a mistake,
it is often neeessary to “back-out' the pro-
cedure or "“back-up" the data base. Thiz iz a
process of reinstating the data that has been
incorrectly updated. Many data-basc man-
ngement  systems provide an automntic
facility for reinstatement, achieved by
reacling the before images from the audit
trail and replacing any updated data with
its prechenge value,

_Poor quality data can alsa he gencrated
by an unpredicted disaster. The process of
recovening from a permanent bardware
fsilure, or of restarting after a minor creor

generally involves the use of the audit troil.
In madern opernting systems a rectard fneil- -
ityis often provided, Normally, in order Lo re-
slert the DBMS alter a failure which dovs
not invelve physical damage to the storages
devices, a “checkpoint” facility s used. A
checkpoint is a snapshul of the entire machine
condilion {CPU, memory, ete ) recorded on
the log, This cntry presents a known cotdi-
tivn of the entire system,

A checkpoint may be either taken by the
compitter sperator or automatically initisled
by the DBAIS. Usually the latter method is
triggered by & procedure which keeps godtil
of the number of transactions processed and
then initiates the ¢heckpoint when a prede-
fined valuc 18 exceeded. The problem with
such facilities ia that they often need a
quicscent system, i.e., one in which the trans-
antisns are being held in queues or have been
completed, This “freeze™ operation may
take aomne time. Unstarted prosedures are
held until the checkpoint process has been
completed, causing a delay which can lead
o dissatisfied users,

Alter any majgr crror it is possible to
back-up to the latest checkpeint on the log
and then move forward along the log, re-
nlacing updnted {after) images of completed
trunsactions or reinitinting unfinished trang-

.actions, Recovery can be a complicated

process, and many eurrent data.base man-
agement systema tely substantially on the
capabilities of the underlying ocperating
system to perform the function.

Sometimes & major sterage failure {(eg., &
disk crash) reguires replacement af hand-
ware und total reloading of tho (possibly very
large) data bosc. [t is oot unosunl to fird
commereial and governmewntal dats bases
with over one billion characters. A sequen-
tial load of such s large data base may take
two to six hours on prescnt-day computers.
The reload is from o dela-base dump, that is,
from & copy taken at some time in the past
{essuming possible failure of the ooginal). A
tlata-base dump only represents the siotus
of the data base at o certain time, and eny
updating performed subscquent to that
time must be replicated by using the log.
Alany eurrent systems use such technigques,
although some still rely on reinitiating and
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reprocessing the logged update transactions,
This procedure iends to be very slow.

The guality and integrity of data depend
on input-validation techniques in the ongi:
nal duta definition, logging of data-base
changes, perivdie snupshots of the entire
machine stutus, and total or incremental

data-base dumping. These uperations require

additional software in the data.base mean-
agement sysiem, both for initiation of the
protective feature and for its utilization 1o
reconstitute a good data base. However, they
entail an everhead expense which adds to the
norraal running cost,

Privacy ond Security

The third major objective of daia-base
management sysiems is privacy—ihe need to
protect the data base from inadvertent ac-
cess or unaulhorized disclosure, Privacy 1s
generally achisved through some security
mechunism, such BS passwords or privacy

keve. However, prollems worsen when con- -

trol of the gystemn is decentralized, eg., In
distributed data bases, where the fow of
data may overstep Jocal jurisdictions or ¢ross
state lines,

_ Who hay the responsibility for the privacy
of transmitted data? When dals requested
by someone with 2 “necd Lo know" 1s put
into 8 nonsceure data base and subsequently
dissertinated, privacy has been viglated,
One solution to this problem is (o pass the
privacy tequirements slong with the data,
which i3 an expensive, but necessary addi-
tion. The receiving system must then retain
and enforee the original privaey require-
menis,

Security nudits, another application of the
sudit irail, sre achieved by logging aceess
{by pecple and programs) to Any secure in-
formation. These mechanisma allow 8 se-
curity officer Lo determine who has been ac-
cessing wha! data ynder what pondilions,
thereby maonitoring possible h-akage and pre-
venting nny threat o privecy. Much of this
technology 1, however, still in its infaney.

Management Conlral

The need for management control is eentral
to the ohjeetives of data-base management,
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It includea the establishment of the data ad-
mihigtration functien and the design of
effective data bases. Dats administration
currently uses primitive tools; & discussion of
them would be beyond the scope of thig
paper (sce [ALl, 2, and 3]}, However, it is
important Lo note that data-hasce design in-
volves tradcofis, because users may have
guite incompatible requiretnents. As an ex-
ample, one group may requite very rapid
response 10 ad hoc requests, while another
requires lopg and complicated updating
with good security and yuslity control of
the data, The implementation of a system
regponsive Lo the frst nesd may suggest o
starage technique guite diffcrent from thu
needed by the second. The only way Lo re-
solve such a conflict is to determine which
user has the major need. 1f the requirements
are equally important, a duplicate dats base
may be necessary—one lor each class of user,
Altlieygh the installation of a data-base
managemenl Bystem is an inportant step to-
ward ¢ffcelive management control, teday's
data &dministrator faces & challenge: the
svailable tools are simplistic and scldom
highly effective. They involve simulation,
data gathering, and selection techmiques,
Some new analytical methods appear promis.
ing [G3). These metheda seleet the “'best”
among soveral options of storage technigues,
bul Lthey are usually associgled with one
purticular DBMS rather than with several,

Data Independence

Meny definitions have been offered for the
terin dsta independence, and the reader
ghould be awere that it is often tsed am.
bipuously to define two different cotcepts,
But first, we must define other terms. A
physical siructure’ describes the way data
values are stored within the sysiemn Thus
paoinlers, character representation, Roadng.
poinl and integer represenlation, ones- or

T The werms dale Firucturd and alvrepe siructure,
which wera promulgated by the CODASYL Sys.
tems Comnuttee |U2] can be sitributed to D'Im-
perig {1012, Hawever, in tumpuler peieace, the
term dale siructure 15 more closely pasnciated with
physical implementalion teehniques such as linked
Tizia, slacks, ring stroeures, ete. To preveot am-
biguily we opt lor the more besic werms, logical
and physical structure, .



" Bvoluivon of Deta-Base Management Sysienis . 13

-’

twos-tomplement, or sign-magnitude repre-
seritation of pegative integers, record block-
ing, and access-method are all thinga associ-
ated with the physical structure. The term
logieal structure describes the user’s view of
data. Thus, o Conor DATA DIVISION is
{mainly) a statement of legieal structure; it
- deals with named elements and their rela-
* tionships rather than with the pkysical im-
plementation, A record in a CosoL program
is menipulated without knowledge of the
computer hardware or its mceess method,
As an example, the data item named
AUTHOR moy have values FRY, SIBLEY,
FRANK, TAYLOR, CHAMBERLIN, ete.
Whereas the name AUTHOR, is a logical
phenomenon, the representation of authors
is a physieal phenomencn.

In the early days of DBXS, the term
“physical data independence’ was used. A
systern was said to be (physically) data iIn-
dependent i it could desl with different
physical structures wnd/or difforent acccss
methods, apd if the user of the datg bose
did not have to provide information on de-
tails of the atructure. Thus a definition of
phyrical dofa independense iy

A system 1y data fadependent if the pro-

gram or ad hoc requests ore relolively in-

dependent of lhe slorage or  geooers
methods,

Bystems with physienl data independenco
provide a diserete number of cheices for im-
plementing the physical storage of datn.
Other systems also allow the yser to make
requests with little knowledge of the logical
atructure of the data. Such systems, which
are said to have logical data independence,
may operate eorrectly even though the log-
ical structure is, within reason, altercd. A
definjtion of logical dala fndependence is:

The ability lo make logical change to the

daia base wtlhout sgnificanily offecling

the programy which access i,

Logical data independence has twe im-
portant aspects; first, the capability of »
data.-base managemeni system te supporl
varipus (system or uger] views of the data
base, and second, the capability of the dsta-
bese mansgement system te allow modifi-
entiah of these views without adversely im-
pacting the integrity of cxisting applications,
The latter capability is important in the re-

structuring function [G13], but this defini-
tion of date independence is perhops too
broad. It suggests that substantial lugicsl
change could be mnde without creating o
need to change the programs—a difficuit, if
not impessibie task, However, 2 serious at-
tempt is being made to undersiand how
much logical change can be made without
adverse aficet on the program Some of the
different models discussed in this issgc of
SurvEys claim Lo be more dats independent
than others, Full dats independenee appears,
however, to involve an understanding of
dutz semantics, the furmalizativn of the
meaning of data, Research on data semati-
tics is currently in ita infancy.

3, FUMDAMENTAL COMCEPTS AND
DEFINITIONS

Some important ideas were introduced when
we discussed the busic objectives of DRMS.
This seelipn presents further concepls and
definitions,

Unfortunately, our language is rich in ita
words mnd semantics about data. Entity,
item, name, element, value, instaner, and
oceurrence (o nnme A few) come ready-
equipped with meaning, yet they are used in
different wayy, We must be preeise, and Bre
thus forced to make exact definilions for
these words which we must use consistently.

Elements of logical Structyre

The starting point is to define the object of
the discourse, 1he entity, and the process of
its definition, which i$ a modeling process.
A human being ia constantly “modeling™ in-
formation—a baby seea an animal and saya
“dog” (though it may be s horse}. The
process of modeling information as date
uften involves trigl-and-error, Fist, infor-
mation needs ars determined, next data
{and processes) are structured to satisly the
needs, and then data is restructured because
al changes in the need or necessary imprave-
ments to the model.

The prineipal construct in the data struc-
turing process is the entity:

An information syatern deals with abjecta and
avent® in Lhe real world that aee of intérest, Thess

ranl objects and events, catled sniifies, are repra-
pected in the system by data. Infomution sbout
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tion of the PRESIDENT cntity. Ancther
user mey have 8 difierent viewpaint, and
need to Bdd PARTY and STATE to the
madel. Thus the data base dopends on the
fassumed) usspe, and the model may heed
to bi changed during the life of the system.

It is possible to deseribe & 'data meddd” of
an entity in A formal fashion using o scls
thearctic notation whero:

e all ropeating groups are enelosed in

14 . James P. Fry and Edgar H | Sibley
FRES - MNABE
PRESILEN SPOUSE
CHIL DREN BIRTH-EW
£ HAME
DATE-OF - BLRTH
MOHTH ey YEaR

Flauag )}, The PLESIGENT entity.

& particular entity a2 in the forn of “*values™ which
describe guantitalively aodfor qualitatively xsel
of silrilryles that have significance in Lhe ayslem
R

Thus the goul of the data siructuring process
invelves the eollection of data (B sct of lacts
capable of lLeing recorded) about sume
identifinble entities that convey fnformation
{1.e.,, meaning 1o humans). The repaository
fur the duts is the dafa base. A data base jy
deseribed in terms of its logical structure;
this provides a template for the dala in-
slunces which constitute the data base,

Duln sbout an entity is generally re-
corded in terms of some attribute(s) (hat
drscribes the entity. In the description of
the data base, scparate atlributes are called
elemeniary items ar, in brief, itesr, while the
callection of clementary items is termed a
repeating group or group. For example, the
cntity PRESIDENT may be descnbed in
terms of items PRES-NAME, SPOUSE, the
group BIRTH-DATE, and the repeating
group CHILDREN. The gronp BINTH-
DATE is made up of MONTH, DAY, and
YEAR, while the repealing group CH1L.
DREN is made up of C-NAME and DATI
QIBIRTH, There may be zero or many
repetitions of the CHILDREN groep. The
definitivn of the PRESIDENT entity is
illustruted in Figure 1. This represents, of
course, unly onc possible model of a defini-

[ | to represent the fset Uat they
may repeat A5 many times A8 neees-
gary, and

o pll ordered sets or A-tuples sre en-

closcd in () to show that the order of
the ilems is important.
In this way, the entity PRESIDENT may
be defined as in Display 1 below.

An fnelonce or occurrenee of an entity ls s
set of velucs for cach of the items of the en-
tity definition. Any repeating group in an
cntity has nn occurtence which ennsists of
une velue for cach of its items. Howewer,
there may hbe poientislly zero or an uns
limited number of oceurrenees of a repeating
group in the cecurenee of the entity, Natur-
slly, rech eloment velue should be valid,
1.e., il should conform 1o the rules and must
be one of Lthe possible members of the set of
alicwable velues.

Il the names of the presidents of the
United States are the value set {or range) of
the domein named PRES-NAME, then we
have the value sct in Display 2 below and can
censtruct oncinstance of PRESIDENT as:

(FORD. BETTY, @, 14, 1013},
|5 N, (13, B, 3T}, (IOHN, %, 01, A2},
WTEPHEN, (12, 11, A3)], (MICHATT, o, 17, 5010,

For elmost any real-world situation thern
arg many chtitics of interest which are re-
latud in some foshion. In a Prosidential Ji-
formation System there will be entitics such
as PHESIDENT, 'CONGRESS LLEC.
TION, STATE, and ADMINISTRATION,
oll of which wre intlerrclaled; for example,

Dizplay L:

PRESIDENT = {PRES.-NAME, 5POUSE, BIRTH-DATE, |CHILDREN|}

where BIRTH-DATE = (MONTH, DAY, YEAR}
rnd CHLLDREN = {C.NAME, DATE-QF-BIRTH)
Drapluy 2:

Value Set ol PRES-NAME = [FORD, NIXON, JOHNSON, KENNEDY,.. .},

Cosmpuling Burvays, Vol, 8, No. 1, Mareh 1971
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PRESIDENTs “WIN" ELECTIONs,
STATEas are admitted during & Presi-
dent's ADMINISTRATION, and PRESI-
DENT{s) zerve with CONGRESS(es). A re
lationahip may therefore exist between the
instanees of two entities. Typically, there
are at least three types of relationships:

a Oneto-one: some of the Presidents
are first native sons of some states;
for example, Washington (one Presi-
dent} was the first -native son of
Virginia {one state).

o Orefa.many: during an Administra-
tion several STATES may be ad-
mitted, but a state is not admitied
mare than ence in different Adminis-
trations.

o JNMonylo-many: s President serves
with many Congresses, and a Con-
gress may gervee under many PRESI-
DENT4s, :

hlore on this topic 1z diseussed in other

articles in this isage of Surveva, but before
guing further, the reander should note thot
the following statements have different
mennings.

o “The relationship named A exists
between two entities, B and C™; and

& “Twoinstances Pypand @, of entities
Eunnd Q. respeclively, are related by

The first is 4 logical statement. It states log-
ical relationghips that may occur between
twn cotities; for example, Presidents (B)
win {won} {A} Flections (C}. The second
statemenl refers Lo current values of data in
the data base; for example, NIXON (), &
PRESIDENT (Q), wins {won) {A) the
1972{1*) ELECTION {F}.

Relationships may be explicit or implicit.
The entities may be joined by some numing
convention {such ns WIN), or the relation-

ship may br implied {os in the sxample of-

FRESIDENT with the repeating group
CHILDREN}.

 Generally, the instancea of certain items
in B group ore in one-ta-one correspondance
to an instance of the entity., For example,
the year of an election may uniquely identify
a presidential election, or the congress num-
_bf'r may uniguely define » Congresa. These
ttemy are called identifiers or candidate keys.

A kcy may be considered either a logical ar &
physical phenomenon: the ey may be used
to identify an entity (logical), or it rmuy
cause the system to sort the set of instances
of cntities into an order based on the volue
of the key {phyzical}. In this issue of ScRr-
vEYS, key will be considered & logical con-
pect, but note that this definilion allows
“sort by key™ a9 a physical attribute of the
data base,

The diseussion of entities, items, &nd
groups has invelved logical structure. The
definition of this structure (8 schema) re-
qitires some formal language, which is
termed a. data definifion language (DDL).
This language may be formatted, like a
Cosor DATA-DIVISION, or be relatively
free-form, The follewing three articles in Lhis
Special Issue give specific sxamples of DL
UsAgr,.

Intreduction ko Data Model

The evolving fleld of data medels is often
hotly debated. Proponents of esch mode!
point outits adventagea, butso far thers is
no concensus 88 to the beyt version. In
reality, there is & spectrum of data models
ranging from the Cobot-like “Aat file”
{single entity model) lo the complex ex-
tended-set model.

‘Bince ComaL, the mast widely used lan-
guage today, has & DATA DHIVISION with
data definition capabilities, il teprcicnts &
good starting peint for the discussion of dala
models. Though limited, this dals definition
capability nllows the group (termed na
RECORD in Copot) 10 be defined as an 01
level, lollowed by the Hems, groups, and re-
peating groups at other levels. The PRESI-
DENT entity, discussed previously, is shown
in Figure 2.

In Copor, each itrm is formatted by de-

1 FREJDENT. .
02 PRES-MHAME PCTURE 2 (201,..

g2 SEOLSE MG ahigy,, LI
g7 BIRTH-DATE...

02 CHILOREM DCCURS O T M TIMES, .,
g3 C-MNAME...
03 DATE-QF ~BIRT H, .,

Fioure 2. A Comgl-like definition for
PRESIDENT.

Computing Surveys, Yol 1, Na, {, Murch [#78
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fining a PICTURE. Thus PRES-NAME s
shawn ns 20 characlers long, SPPQUSLE is 10
characiers lung, while DAY istwo numcerics.

The Copoc defintlion deals with one entity
{dcfined st the 01 level}, but a Cosow strue-
ture may also be tormed “cuntained” be-
cruse the groups BIRTH-DATE and
CHILDIEN ate conbzined within the
PRESIDERT cntity (see Figure 3), There
may be many levels of containment of groups
within groups. There is no semantie reason
why groups shewn as conlained in .the
IRESIGENT cnlity should not, by some
other model or user, be considerrd scparate
entitica; j.e,, BIRTH-DATE and CHILD-
BEEN might cach be entitics,. The relation-
ship between 'IRESIDENT, RIRTH-DATE,
and CUILDREN entitics may, howover, be
constrained because the iwy latler are con-
tained cntities Lhat are not really scparale,
bul rather, are “owned” by Lhe PRESI-
DENT entity. Soch a model is said 10 be
“hierarchical," Thus a hierarchy of ‘enti-
ties invulvea a superior cntity and one or
maore inferior entilies, cach of which may
partiviprie aa superior entities at a Lhird

# level, ete, A hicrarchy represents m “tree,”

“bush,” or “{an-oul” of cntitics sl related
by a family-reedike relationship (with no
-sons shared by different fathers). The top-
most level of the hicrarchy is lermed the
eniry ‘or rooli-—terms arising becausc the

PRESIDENT
PRES5= NAME *
Bi H'I H= D.H.TE
[TeT]
AT ™ CONTE| WMENT
YE MR
CHILDREN
PRESIDENT
PREE- NAME
L]
. PLNERCHY
BT - DATE / \ CHILDAEN
WOmTH . T-WAME
DA -
YE ki

Fioore 3, The PHESIDENT enlity as con-
eined and hierarchical strucioros,

Computing Survers, Yol B, Ko. T, March ITH

Jawes P Fry amd Bdgar J, Sibley

“way in*' 1o the cntity is it entry, or (when
stood an ils head) it is the "rool" of the tree.

Logically, containment and hicrarchicsl
repreacntations are equivalent; however, the
physies] implementation of such systems
causes dilferences in the way they are ma-
nipulated. (Hicrarchic systems are discussed
in this jssur by Tsichritzia and Tochovsky
[see page 103].} The hicrarehic model hasa 1
ta X rclationship botween an owner and
member entity; eg., lor one PRESIDERT
there mapy be many {or no) CINLDREN. 1t
also has 1wo constraints: no member eotity
can be shared by the owner entities, and no
entity at a Jower level may own & imember at
a higher level in the hierarchy {assuming the
words “lower” and “higher” refer to the pa-
sition down & page, with the root at the top).
The gecund constraint really Jollows from
the first, bul it has important cffccts.

If we first relax the mulliple ownership
conglraint, it is possible Lo have the same
member entity participating in tweo diffcrent
relationships with & single owner entity.
This requitez & means of distinguishing the
relationships. As an example, Lhe.relation-
ships belween PRESIDENT and STATE
may be both ADMITTED.DURING-AD-
MINISTRATION and NATIVESON: a
Pregident may be in office when one or mere
STATE(y) sre admitted, and une state may
hava zero or several nativesons as Presidents,
This problem can be resolved by labeling the
arcs {showing the refationships beiween the
entitics) with the name of the rclationship,
as shown in Figure 4.

The second constreint must be relaxed
carefully. Moat graphical or nefwork models
still retain one constraint: that no entity
may participate as both owner and member
in the same relationship, This may appesr
unfortunale of  enoccessary;  after  all,
PEGPLE do EMPLOY other IPEOPLE,
and somec PEQPLE are IPARENTS-OF
other PEOFLE. Howcever, by carcful da- -
gign Lhis problemn ean be rosnlved. Discussion
of this and concepls of the general nelwork
model is given in the paper by Taylor and
Frank |scc page G7)

At the mare theoretical end of the spee-
trum ig the class of dats models boased on
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FRE S DENT

Absi TTED
DR
ADMINISTRATL Nr

NATIVE =50

STATE I .

ALMTTED
CribAI MG
AN IS TRATION

ELECTHOM

Frooap 4. Some petwork atructura examples.

mathematics, especially on set theory:

» relational,

#® binary association, and

& extended set models.

The relatignal model [M3] deals with en.
titics which have no containment. Thus
cach entity is made up ooly of items. The
notation introduced earlier can be used to
define the same threo entities (two of them
unchanged}:

PRESIDENT = {PRES-NAME, SPOUSE)

BIRTH-DATE = {MONTH, DAY, YEAR)
CHILDREN

But there are now no links between the threa
entities, These may, however, be made ex-
plicit by waing the candidate keyr to estab-
lish the relationshipa:

FUATEQFOIATH = (FRESNAMNE, HONTH, AV, YEAR)
P KIDSOF = (PREANAMNE, C-NAME)

ssvuming that the candidate keys (unique by
definition) are PRES-NAME, MONTH,
DAY, YEAR, aod C-NAME. Another
Tnethod 13 to link the entities tnplicitly by
passing the owner candidate key (PRES-
NAME]) into the dependent entities: '

PILBILTH-DATLE = (PRES-NAUE, MONTI, [AY, YEAN}
FU-CHILDWEN = (PRESNAMF, C.HAME, DATE-OF-BIRTH).

The instances of a group &re often called
A-luples in the literature of telational sys-
tems, which are discussed in the paper by

= {C-NAME, DATE-OF.BIRTH).
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Chamberlin [see page 43|. Relational sys-
tems have been in vse for some time at uni-
versitiss and research laboratories, e g, the
use of MacAmvs [Z1] and Apmins |72 at
MIT, end of RDMS {Z3] at General Motors
Research. Some prototype systema sre sp-
pearing on the market now.

The binary aszociation model, sz dis-
cumed by Senka [DL5], ia part of an attempt
at understanding and formalizing dats se-
mantics through the use of binary relations,

Although one of the earliest set processors
was proposed in the Information Algebra
[W1], Childs' set model |M2] was one of the
first to be implemented, and it i3 alse being
investigated by Hardgrave [M4). The ex-
tended set allows storage of & very wide
range of ordered s&is and ordinary seta, and
in intended to provide maximum generality
in storing relationships. However, applics-
tion of these models is still in the realm of
research, though cne commercial system is
pow available [V24).

To recapitolate, inflormation structuring
{the seleetion of entities and speeification of
relationships between them) ia & modeling
process with little methodology, other than
‘common sense. Lo order to use & DBMS, the
information structure must be mapped to

the legical structure of the syatem. The
mapping i3 expressed in a DDL. The in-
stanices of the data (the data base) are
stored by the DBMS to confurm te this
logical structure. A D'BMS generally sup-
ports only one of the data models: relational
hicrarchy, or network Since each mode! uses
a different terminology, Table 1 attempts to
equate the various terms used with the con-
cepls that have been developed in this sec-
tien,

The eriteria for designing and selecting a
"bast” model hes not yet been establishod—
nor ia it likely to be established in the near
future. Tha user Is therefore fuced with two
decisiona: which data model to utilize (ie.,
which type of DBALS), and hew o structure
the data using the chosen model,

Compuniag Survers, Vol B, Mo |, Mareh t318
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. Tanmer 1.

Muapping from the Logical to the Physicol
Struclure

The need to create and load a data base, i.c.,
to make the data definition and then popu-
late it with data, leads to Lhe physical strue-
ture, which is the representation of dala in
storapge. The pecessing process for the dats
base management system is shown in some-
what oversimplified lorm in Figure 5 The
definition of the logical structere is stored
within the [PMS and asseciated with the

USE R OR PROGRAM

REQUEST
I STORED
LOGICAL ASSCCIATION DF DEF il [ 10M
NARSES | REOWEST WTH HOGaCal STRUCTURE)
DATA Do FiNTE0N
' —
Pry DCAL MAFRING P ICAL
OF DOATA At 8T BATA
DF ACCESS e THODS BASE

FiGLRe 3. Lugical and physical aspecin of n
LBMS, '

Computica Serveya, Vol b, 5o ), March 1K4

COMPARATIVE TECHXOLOGY,

roquest so that any togical relations may be
derived. As an examido, the request:

PULNT SPM0EL WIELRE I S AN o -l

does not mention that wo are dealing with &
PRESIDENT entity; it is left to the DBAIS
to diseover this fact from the logical sirue-
ture. The physical mapping must have some
mechanism that will determine which data
to retricve (using the key PRES-NAME il
possible), and then will call the relevent
aperating system access method ond apply
any dehlocking thal is necessury to raturn
the requirsd portion of the eharacter stream.

The proeesa of mapping Irom occurrences
of dala te their bil-string representation un
disk or tapo is penerally systemn-dependent;
therefore, these factors are discussed in the
separate papers in this issue of Sunvevs,
Most DBMS format (block and manage)
the pages or reconds themsehves, and most
wse the cperating system acecss method to
store amel rolreve the date from secondary
déviees.

In faet, beeause most modern TDRAS use
the available operaling system, they gen-
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erally use many of ita facilities. Therefore,
eommunieation management facilities, pro-
gram library managetwnt, ascess methods,
- Job scheduling, specinl pregrum munage-
ment {e.g., sorting and compiling), coneur-
rent access prevention, checkpoint facility,
etc. typically nre all “adopted” by the
DBAIS, though some rewrite and additions
may be necessary.

4. HISTORICAL PERSPECTIVES

The origin of DBMS can be traced to the -

dats definition developments, the report
gcnerator packeges, and the command-and-
control systems of the fiftics—u time when
computera were brat heing uscd fur business
data processing, Many systems have been
develaped since the fifties (See the surveys
by Minker, [Ut, 4]). MITRE [U3, 8] and
CODASYL (U2, 7] show numerous system
implementations that have generated wide
interest ameong uscrs.

In 1968 Fry and Gosden [U5] analyzed
several DBMS and developed a Lhree-cate-
Bory taxonomy: Own Language, Forms
Controled, and Procedura! Language Em-
bedded. Succinetly stuted, these categories
ean be contrasted as fullows: Quen Language
Systems {such as GIS [V10]} have a high-
level, unconventionsl programming lan-
Euage; Forms Conirofed Systenaa (such gs
Mark IV [V12]) use the “fll-in-the-blank"
approach, and Procedure! Longuage Sys-
ters {surh as 1.D.8 (VO]) take advantage of
existing higher-level programming languages.

In 1971 the CODASYL Systems Com-
mittee [I6] observed that the most signifieant
difference among DBAISs was the method
employed in providing capabilities to the
user. The Committee developed n two-
category classification scheme, Self Contained
(which included the Ferms Controled cate-
gory) and Host Language,

It is impossible to survey ol systems, but
it is possible to trace the evolution of the
DBMS by tracing the evolutivn of twa pre-
cursors of data base management: data
definition languages and the development of
generalized RPCG systems.

Evolution of Dala Cefinition Languoges

Cne important factor in the evolution of
DBXB is the development of data defini.
tion lunguages. They provide a facility for
describing data bases that are sccessed by
muliiple users and by diverse application
programa.

Ceniralized Data Definition:
Sizlies

Probably the first data definition [acility
was the Couroor [DI1) developed at the
MIT Lineoln Laboratory for the SAGE Air
Delenso Byatem [n the early Ffttes. Couruor
provided n mechanism for defining attzibyutes
of the SAGE dats base for its hundreds of
real-time programs. The CousrooL concept
was later carried over to Joviar (PL4] (a
programming language), but some of the
capability was last when the langunge was
implemented under & generalized operating
system; the data definition became local to
the language rather than global to the sys-
tem.

About the same time, hardware vendors
were develuping pregramming languages for
business applications: Fact [PL1) was de-
veloped by Honcywell, Gecos [PL3| by the
Ceneral Eleetric Company, and Commoreial
Tranglator (PL2) by TBAL all provided some
form of data-definition facility. Gecou and
Commercial Tranalator provided the capa-
bility of defining intrarecord structures, and
FacT offered the more advanced capability
of providing inter-record hierarchicat strue.
tures,

Under the acgis of CODASYL these
vendor efforts were merged into Cosow [PLS)
in the late fifties. This language has a con-
tralized DATA DIVISION which achioves
the separation of the deseription of data
frum the proecdures opernting on it. Whilo
the IDATA DIVISION initiully mirtrored the
data asstored un tape or cards, implernentors
soon found themsclves using diffcrent ways
of physicaily storing data. This inherent in-
compatibility between physical data stored
by different manufacturers becomes an im-
portant factor when data must be exchanged
between two aystems.

Approaches which attempt to mitigate the

Fifties and

Computing Burveys, Yol B, No. 1, March 1670
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dala-translier problem are tho subject of
reeent rescarch on the deseription af physi-
cal struclures and the development of stored-
dala dehnition langiages.

Stored. Dala Definition Languages: the Seventies

One of the first cflorts in this arca was
mounted by the CODASYI. Stored-Data
Definition and Translation Task Group
[8L.2) in 1969 with the goul of developing a
lenguage to descnbie stored data. At the 1970
ACKL SIGFIDET (now SIGMQGD) mieot-
ing, a preliminary report wos made |SL3), and
later reporls were published in 1972 [SL5)
Notable Lasic rescarch cfiorta in the devetop-
tent of these langunges were reported by
Smith (SL1] and Sibley and Tayler 13104, 7}
in 1971,

The Dala Independent Acecssing Model
{Ihant) |DL3Y, develepod by Beuke and his
colicagues al the 1BM San Josc Research
Laboratory, provides a multilevel data de-
seriplion capability. The description starts
al the imformation level, struetures this into
& Jogicsl definition, adds encoding informa-
tion, and ends with a physaical description of
the slurage deviee and its logical-tu-physical
mapping structurc. Each level provides aug-
mentition of the deseription al Ue preceding
level, Reeent work by Senko |DLA5] ex-
tends the information level in a new language
called Foral.

Thus, the zmingle-level deta deseription
facility of the fifties, made incompatible by
stotage developraents in the sixties, led to
the recent development of stored-data de-
seripilion facilitics in Lhe seventies.

Cevelopment of Reporl Genarator Syslems

The development of prograinming languages
urigitally allowed the user (a programmer)
tu define reporis by giving simple definitions
of the furmat of Lhe lines and then writing
procedures 10 move dats into buffers prior
to printing each line. Therefore, the program
writlen 1o prodece & eomplete report could
consisy of large numbers of stelements in-
volving expensive programming. The de-
velopment of report geverators sioms from a
need to produce goed reporls without this
large programming effort, In most cases, re-
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porl generators can perfunm complex table
trunsformations and produce sophisticited
repuris (rom a data base, These, then, al-
lowed the user to examine and manipulate
tarpe volomes of data, s they may be
said to be g precursor, or a particular 1ype of
modern DBMS.

The Hanferd/ PG Family (Figure 6}

The patriarch of today's RIPO system was
developed al the Hanford (Washinglon)
operalions of the Atomic Energy Commis.
sion, which was then mapaged by the Gen-
cral Eleetric Company. 1n 1956 Puoland,
Thompszon, and Wright developed & gen-
cralized report generater JG1] (Mark 1) and
s gencrulized sort routine for the [HA 702
The eapability was extendoed in 1857 by Lho
development al a report i file muinteoance
generator {31agx I1). These rovlines pro-
vided 1he hasis for a joint development by
seversl users under the SHARE arganiza-
tign of the 709 Package (G1ac) W1 lor
the 1BM 709/99.

EPac js the principal ancestor of most
cominercial report  generators  developed
since 1960, Foremest amapg these i3 the
Report Program  Generntor (RFPGY  de-
veloped For the [BM 1401 in 1961; this haa

" ovolved into the RPG for the LDAL System/

360 gnd an enhanced RING 11 for the JEM
Syslem/3, System/360, and several other
computers [W2, ). Other members of the
Hanford family inctude the CoGENT sys-
tems, deveioped by Computer Sciences
Corporation {or the IBM 700 and System/
360 between 1965 and 1062 [Y5], and the
Senes system [Y9].

Another system, also baswml on Manx 11
idoas, was being defined during the late
filties in o SHARE 704 I'roject under Flet-
cher Jones, This 1BM 704 system, called
SuRGE [W4}, was the predeecssor of Girws,
the partierch of the Postley/Marx 1V
family.

5. DEVELOPMENT OF DBMS

The development of the data-base manage-
menl syetems may be divided into three
somoewhat overlapping periods: Lhe early
developments, prior tu 1904; Lhe establish-
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ment of famlics during the period 1004~
1968; and the vendor/CODASYL dovelup-
ments from 1868 to the present. Since the
characteristics of the data-base management
gystema differ considerably during  Lhese
periods, we discuss them separately.

Early Davelopments: Pricr to 1944

The impetus for DBAS development came
originally from users in government, par-
ticularly from the military snd intelligenee
areag, ralher than from industry and compu-
ter manufacturers Although these pretotypes
bear little resemnblance to today’s systems
and were semtwhat isalated, they provided
some inberesting “frsts’ in the evolution
of data-base technology, They alse provided
the beginnings of several significant DBAS
families,

[n 1961 Green (X2} and his colleagues de-
veloped a natural-language system called
Bage-BaLr. Though not a data.base man-
agement aystem by enrrent definition, il
mmade a contribution to the technology by
providing seccss to data through a subsct of
natural langusge {a Iimited vocsahulory of
_bazeball-related terms), At approximately
the same time, the ficst implementation of &
S&amu was deacribed by Cellilla and Sama
" Cheatham and Warshal! were probably the
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first to discusa tho trenslation of s query
language. They designed » tanpuage, Queny
[X7], and developed Lochniques lor analyzing
its syntax and compiling statements into
machine ecode,

One of the first identifiable data-base man.
agement systems to appear in the litarature
was an elegant gencralized tape system de-
veloped by Climensen for the RCA 531 in
1962. This system, called Retrieval Com.
mand-Oricnted Language |X8|, provided
five basic commanda, with Boclean state-
monts permilted within some of them. The
user had to speeify the data deseription with
the: query so that & program eould be bound
to its data,

Anothér early and wmbitious develop-
ment was ACSI-Martc [X1] sponsored by
the U3 Army in the late fiftics. This system
waa designed by blinker to emphasize «ff ce-
tive memery utilization and inferential
processing, 1t eould make inferences such
as: il John is the son of Adam, and Mlary is
the sister of Jghn, then Mary is the danghter
of Adum. It contributed the first generalized
data-retricval accessing package fur a disk.
afiented systern with batched requests, a dy-
nemic storage slgorithm for managing core
storuge, and the firgt pssembler o use &
dynamic storage allocation routine. Because
digks were not reliable ab that time, the
AZC)-MaTic system was never fully imple-
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mented. A prototype version wes imple-
"mented later at RCA {1964).

The U3 Air Foree also picocered develop-
ment of DBMS by sponsoring several
projects st the MITRE Corporation. The
prototype, called Experimental Transport

 Facility {ETF}, I to the Advanced Data
Managoment System (Avam) [X24, 25, 27,
33), initinted in 1962, Apam was imple-
mented on an IBM 7030 (STRETCH) com-
puter, with the design goals of providing a
laboratery lor modeling, prototype develop-
ment, design verification, and evaluation of
DEMS. Although Apam did not meet all
its ambitious design goals [X37] (many have
not yei been achieved anywhere}, it stil! re-
mains a significant contribution 1o the tech-
nology. ' .

The Colixco system }X22], a contempo-
rary of Apau, wes really & serics of tepe-
oriented dats-base syslems with Conov.like
logical deta structures implemented on the
IBEM 1401 cowputer system. The C-10
[X30) system, originally named as a follow-on
to Coningo, was implemented on the 1B
1410 cornputer snd embodics many of the
Apax coneepls. The influcnce of Apam can
be seen in System Development Corpora
tion’s Lucip (X13, 21|, end in parts of
Auverbaeh’s Data Mavagen-1 (DM-1)[X31].

ETF

Jamea P, Fry and Edyar H . Sibley

Estoblishment of Fomilies: 1984-1948

During this peried the isolaled developments
diminished gnd full-scalc families of DBMS
emorged, some borrowing heavily from the
past, uthere from sibling developments. A
family iy not limiled (o oue company or
government agency; because of the mobility
of its developers, & family may spread across
organizations, providing eross-fertilization
of ideas. Although the family lincages of
DBMS are sometimes ntertwined, cach
can be traced 1o iLs progenitor.

The Postley/Mark IV Family {Figure 8)

One carly system, which cvolved into Lhe
Alank !V {amily, was Girus {Generalized
Information Retnevsl and Listing 8ystem),
developed for the 7090 by [Postley [X4} In-
fluenced by the SHARE Surce development
{as diseussed on page 20}, Gose led suc-
cessively tu the development af the Marx [,
Alark II, and Mapyx IIT systems for the
IBM 1401/00 wt Infurmatics between 1961
gnd 1967, lu 1968 ithe highly suceessful
Mang [V Svereu [V12) was released for use
on the IBA Systemf350. Since then, nu-
merous releuses of Mark 1V have provided
over twenty new fcatures, and Manx IV has
now heen tmplemenicd on other hardware.

radz MITRE AlaM ITBM FO301 COLINGD 15M 148
PN
FARERN
/ AY
19&% WITAE 7 \\ W3 [BM K]
/ \
/ \
! \
/ \
1967 S0C LUCID (e Fig. (3] \ ACEI1 “IIIHATIE
N
\\ ;
1989 AUEREACH -1 (U121 )
. [ H SO0
[susnnaenprancn]

MG WESTERM ELECTRIC

SC=1 [ 1Bk SYSTEM 7 M0}

Figure 7. The MITRE/Auerhach Fumily.
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A sygnificant offshoot of the Postley/
Marx [V family is the Bundeen branch. This
spans two diflerent companics, starting with
the Mavace Syatem [X23, Y4] developed at
Scientific Data Systems, and followed by
the AS-IST system [V1)] developed at Appli-
cations Software in 1967 for the [BX! Sys-
tem f360,

Bachmen/TDE Family (Figure )

The Integrated Daty Store (I-IX-3) [X15,
18] was developed by Bachman and his col-

leagues at the General Electc Company in
1554, The 1.D.5 system, which stems [rom
the sam¢ needs as 9 Pae, combitted random-
aceess storpge technology with high-level
procedural lanpuages fGECon in 1963, and
CozoL in 1956} to provide n powerful nct-
work medel of duta, Signifiennt [-D-3 de-
velopments ineluded:

¢ new dota manipulation verbs or pro-

 eedure calls at the high-level languago
interiace;

¢ separate storage- and program-level

item deseriptions;

1-0-5/GECOHM LGE 400 1§ 1ex Fig. 61

&4 GENERAL
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Figure 0. The Bachman/ID5 Family.
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s implicit inscrtion and removal of
groupa from relationships, based upon
sclection and ordering rulea;

e« retrieval of, and modificatien te both
primary and secondary keye;

e data paging concepts based on logieal
data-beae keys;
e incremental recovery and restart

using ''before” and “alter” imagea;
and

s shared Becess 10 the data base, with

automatic delection of interference
and automatic restart capability.

Since 1984 the I-IX-3 syslem hes cvolved
under several different hardwane systems,
aperating syslems, and host languages. Re-
vently, & new version, 1-D-8/11 |[¥Y], using
Conou 74 [PL7], has been made available by
Honeywell, 1t is consistent with the CODA-
SYL DDLG 73 specifcation [$3] which will
be discuysed in Lhe section on the CODASY L./
DDLC 73 specification [33] which will be dis-
cusspd In the seetion gn the CONASYLS
DBTG Family, on page 25, and with reeent
Copon additivng,

In 1966 Dedd and his collesgues at Gen-
eral hMotors Research developed APL (Asso-
ciative PL/I) [X28], which is a development
somewhat similar e that of 1-D0.8, but
intended to provide data-management fune-
tioms for & computer-gided design environ-
ment [G11]. APL provides six data-manipu-
lation werby in & PL/] hosl-language

James P. Fry aud Edgar H. Sibley

enviranmment: CREATLE, INSERT, FIND,
FOIL EACH, REMOVE, end DELETE.
Ancther contribution of APL was the intro-
duction of a dislingt technology which
separaled logical relationships of the owner
and member groups from their physical
implementation.

Another branch in the 1.5 family is the
dutaliagre Bystem [VI11], implemented by
Dressen st Gonersl Electric {now Honey-
well) in 1970, This system offered the pon-
programming  useT  highlevel mecess 1o
homogencus files (single record typel in &
time-sharing environment using the Basic
progratuming language. 1ts enly retrieval
gtalement gonsists of the FOR (Boolean
seatch etatement), which gualifies s set of
groups . (records) to be retrieved, Each ro-
trieval is processed Ly any number of pro-
ceging  slatements unlil e concluding
NEXT siatement i encountered.

A recent ofishoot in the 1.1)-5 family is the
Honeywell Management Data Query Sys-
tern, MDGS [V10] This system is & self-
contained query &nd report specification
fecility to access sequential, index sequential,
and 1-D-5 files,

Formolied File/GIS Family (Fiyure 10)

At about the same time as the host langusgu
progenitor (9PAc) was evolving, & seriga of
povernment systems wad being developed Lo

|
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' 1963 (1M STSTEM/ . [IEM 575 TE s 60
-
Bre FFS B W S LN STSTE M
LiBM STSTEM / 3601 F3ED, HEOOO)

Fioune 10. The Formatied File/GI3 Family.
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support the necda of the Command-and-
Control and the Intelligence commuetities.
. Perhaps the most prolific of these was the
Formatted File family, which spana sll three
development perinds. Its oogins can be
traced to a series of systems developed at the
David Taylor Model Basin® by Davis, Todd,
and Vesper. One of the principal sysiems—
Ioformation Retrieval (IRY [X3, 8]—was an
experimental prototype developed in 1338
Tor the IBM 704, Thia was followed by two
formatted fle-processing packages; Tape
Update for Formatted Files, Turr (X 16, 20],
and Tape Updater and Generator, Tug
[X 5] {both developed to run on the IBA 704).
Later this family split into two branches in
the Air Force and Navy. The Air Force
branch, SAC/Alps Formatted Filo System
[X14], wns developed in 18G1 for the Sira-
tegic Alr Command 138L system. [ta tnajor
cantribution to «dota technology was the
development of 5 fle format table, i.e, a
“self deseribing” data base. By storing a
machine-readable data dehnition with the
dats, each daia base was directly nccessible
by FFS.

The Navy branch, Informetion Process-
ing System (TP8) [X11, 12, and Y10), was
&lso developed in 1963 for the CDC 1604 by
NAVCOSSACT. [PS alwo made contribu-
tions to data.base technology in the imple-
mentation of o multileve! hierarchically
structured data base on sequential media,
and in its implementation on several differ-
ent hardware syslema, such as the 183
700790 (X19] and Lthe AN/FYK-1 {X32].

During the implementation of IPS in
1963, another branch of the family was de-
veloped for the Naval Fleet Intelligence
Center in Eurepe (FICEUR) [X10{. This
FF3 was patterned after the SAC FFS and
implemented on the JBM 1410. SAC also
added an FFS on the IBXM 1401 for the
Pacific Alr Force Headquarters. This syslem
waa later reprogrammed for the IBAI Sys-
tern/360 and ia still in vae oo smuller models.

About 1965 the SAC and FICEUR
. branches of the formatted-fle family merged,
* remulting in the WMCS Information Proc-
-__-_—--__-

* The David Taylor Mods] Basin is now called the
avid Taylor Naval Ship Research and Develop-

« el Center,

vessing System (Nrea) (X 17]. Nies added the
conceptd of logical file maintenanes, im-
proved query langtage, and on-lite process-
ing. In 1568 Nips was converted from JBAI
1110 to IBM System/360 and hamed Nips-
360 (Y12].

A cousin of N1Ps was &lso developed for
the intelligence community—ihe Intelligence
Data-Handling Formatted File System
{X26). This emphasized efficient large-fila
processing and pravoked interest in maching-
independent implementation using Coaol.

" Prototype development of such a system be-

gen in 1968 by the Defense Intelligencn
Agency. The effort was first named the Co-
BoL Data Management Systemn {(CDAIS)
Y3]; later (1970) it was renamed the Ala-
chine Independent Datn Alanagement Sys-
tem (ATIDAIE) [Y11). It was originally im-
plemented on the IBM System/360 und
was later coded (in 1973) for the HGOOO
geries.

S5AC FF3 1» considered to have inspired
IBM's Gencralited Information System
{GIS) (Vi6, 17). This was onginally de-
veloped 23 a stand-alonc program product
for System/300 (19G5), but has been eox-
tended and cnhanced to act a8 cither &
stand-algne aystem ar ad hoc interrogation
interfare for the IMS family.

Yendor/CODASYL Developments: 1968 to tha
Present

The trend in this peried shifts from in-house
family-criented activitics to  proprictary
vendor developmoent. As & result, some wi-
vances made by commercially available
Di3MBs disappeared into & veil of seercey.
While few references have appeared recently
on the internals of particularDBMSs, the
technical literature abounds with artieles on
mathematical and theorctical aspects, espe-
clally of relational systems. Chamberlin's
article (see puge 43) provides an excellent
bibliography of this development. Recent
years also show the entry of CODASYL into
the data.base field.

CODASYL/DBTG Family {Figure 11)

Based upon the picneering ideas of I.I}G
and APL, the CODASYL Programming

Compuilog Jurreyy, Yol B, No 1, Marh 1900
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Langusge Commitiee siarled & new task
group to work on g proposal for extending
CopovL o handle datz bases {PLE|. This
group was criginally called the List Procesa-
ing Task Group, though its name was later
changed to the Dala Base Task Group—
DBTG—its major acronym, which will he
used here, The first semipublic recommenda-
lions of the DBTG wera made in 1969 [S1).
Thesa recommendetions detailed the syntax
and semanties of o Date Deseriplion Lan-
guaga (DOL) for Jeseribing nelwork-strus-
tured data beses, and the definition of
Data Manipulation Langusge (DML} state-
menta ta sugment Covor. The task group
intended thet the D DL specifications shou!d
be available to all prugramming languages,
while extensions like the DML wuuld he
necded for every language.

The initinl BBTG specification was re-
viewed by many user and implementation
groups, Their recommendations were further
considervd, and a new report was lssuad ip
1871 [82]. Thue major change inyolved separa-
tion uf the dala descriplion into Lwo paris; &
Schema DL for defining the iotal data base,
und a Sub-schema facility for defining various
views of tlw daty baso consistent with dilTee-
ent programming nguages,

Rased on the roviews of the 1471 report,
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CODASYL took two signiheant Bctions:

s ancwstanding commit toe was ereatod
1o deal exclusively with Lhe dsta de-
scription, the Deta Duescription Lan-
guage Commitiee {DIILCY; and

¢ the DBT(G wea replaced by & new

task group to desl only with CobuL ex-
. tensiens, the Dala Base Language
Task Group {DBLTG),
Since that time, & new subcommiltee has
alsu been formed to add DML ataterncnts to
Fontnaw,

The DDLC waa charped wilh taking the
Schema DDL and develeping 8 common
data description langusge to serve the major
programming lenguages. Tn Jenuary 1974 &
firat issue of the Data Descniption Language
Committec’s publication, the Journal of
Develupment, was published [Sd8). Thia re-
port specifies only the syntax wnd semantics
ol the DML

The DBELTSG was charged with making
the 1971 report of the DG consistent
with CODASYI, Cownou spuecilications. In
February 1973 the DBLTO submitied ita
report to Lhe CODASY L ' rogrunining Lan-
puige Commiltee. This report is very similar
Lo the 1971 DBTG report, with notnenels-
ture mmel relatively cosmetic chenges, New
itermg in the 1973 report included an oex-
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tension to the faeility for dealing with error
teturna.
. Implementstion of systems which con-
formed to the 1969, 1971, and 1973 DBTG
specifications  started in 1970 with the
UNIVAC DAMS 1100 {¥22] for the 1108, and
since then for the UNIVAC 1110 series com-
puters. At about the same time, B, F.
Goodrich implemented & systern called Tn-
tegrated Date Management System, IDM3
[¥V7], for the IBM System/360. This has
gince bean extended to IDMS-11 for the
‘Digital Equipment Corporation PDP 11/45.
The IDMS series is marketed by Cullinane
Corporation, The Digital Equipment Carpo-
ration hos implemented DBEMS-10 [VE] for
its PDP 10 computer system,

Some extensions to self-contained facilities
for ad hoc interrogations have been imple-
mented by Centrol Data Corporation,
Query,/Update [VA), and by Xerox Data
Systems, EDAIS [V23). In the Netherlands,
Philips implemented a family of systems
termed Proras [V19], and in Norway the
S1Bas [VZ0] system has been developed by
Shipping Research Services. Tloneywell hay
updated [-13-3 to conform to 1973 specifica-
tinns; thes iz the I.T-8/TT [VO).

IME8 Family (Figure 12}

The 138 family of systema is an outgrowth
af the Apollo moeon-landing program. Its
criging ean ba truced to two developments
at. The Space Division of North American
Aviation {now Rockwell International) in
10413, One was the implementation of Guasr,
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966 ROCKWELL INT

a8 1BM/ ROTKWELL |NT.
15963 1M

59 [EM

1969 1&M

GUAMGIEM TOR)

DLsT (IBM SYSTEM RS

{Generalized Update Access Method), the
forerunner of Data Language/One (DL/I).
The other was the implementation of two
telepracessing applications, Enter (Engineer-
ing Document Infurmation Collection Fask)
and Linva (Logistics Inventory Management
System). The software package which sup-
ported Epter and Liys, the Remote-Aceess
Terminal System (Rats), was jointly de-
veloped by Rockwell International and [BM
during 196465, Both Guax &8nd Kars were
originally implemented on the IBM 7010

“with 1301 disk storsge.

In 1966, IBAL, Caterpillar Tractor Corpo-
ration, snd Rockwell International agreed to
a joint development cffort te produce a
DBMS, the Information Management Sys-
tem (1M8) for the IBM System/360. When
the system had to be frozen in 1508 (to meet
the Apollo commitment), Roekwell and
IBAL ench continued with separate develop-
ments, while Caterpillar withdrew entirely
irom the efort. The development ot Rock-
well took the name of Information Control
Eystem/Data Language/T (I8 /DL

Originally, DL/ [X35] was a datn descrip-
tion facility which provided & means far
describing and organizing o hierarchically
structured data base. It alse provided inter-
faces, which the programming user invoked
to secess and store data frem the host lan-
gunge {originally Cosow). The on-line com-
ponent, IC8/DL/1 [X34], added in 1908,
allowed multiple Becess by using the DL/
interface from Cowow or PL/I programs. In
addition to running teleprocessing simul-

RATS [19M TOI1G)
s aM SYSTEM 3500

1C5/0L FT{[EM STSTEM 360]
IMS-1{8M SYSTEMS 350}

1MS-2 [[BM SYSTEM/ 3601

IMS S (B SYSTEM S 3T0)

Fravee 12, The IMS Family.
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taneously with bateh processing, the system
handled several remote Lerminala

Tn 1969 IBM relensed its version, the Tn-
formation Manugement System/300 (IM3/
360) |V13]. Sinee 1969 a series of improve-
ments bas marked its evoletion [V14, 15]

- Inwerted File Family (Figure 18)

Following the Luvcio System devclopment
in 1968, the Advanced Rescarch Froject
Agency {ARPA) spunsored System Develop-
ment Corporation’s development of the
Time-Shared Diata Management System,
TDMS [Y1, 2, 3, and X29). This was de-
signed 0 operate in the timu-shering en-
viroament of the ADErT excoutive on the
TBAI System/360. It was the first DBXIS to
cambine an inverted file implementation of
hicrarchical data model with interactive
processing,

In 1966 the Computation Center at the
University of Texas began the development
of s HRemote File Mansgement Syslem
{(RFMS) [Y7) on its CDC 6000. RFMS
differed from TDMS mazinly in 18 internal
design. & version of RFMS was marketed by
CIIC as Maxs VI | V3]

ME! Systems Corporation (whose prinei-
paly were criginally zssocialed with the
University of Texes) continued develop-
ment of an HFAIS under the name of Svs-
TEM 2000 [VIR], which wus offered com-
mereislly in 1970. A number of significant
enhancements have been made since 1570
80 Lhat Svsrey 200 offers an integrated set
of host-language and sell-contained capa-
bilities.

SYSTEM DEVELDPMENT
CORPORATION

SYSTEW DEVELOPMENT
CORPORATEGN

195G UMRVERSITT OF TEXAS

ATo WAL

Ml MR}

1972 MR

'data-base management system,

Jaomes P, Fry and Edgar H, Silley

Additional Vendor Developmenty

A wvariety of olher data-hese management
systems based on inverted files far efficient
query processing were developed during this
period by other vendors. Two of the more
commonly known are Apapas [V2L], de
veloped by Schoell at Soliware AG [West
Guemany), and AModel 204, developed by
Cumputer Corporation of America [V4].

Apanis uses the inversion tables not only.
for efficient retneval, hut also for linkapges
between records of different files. Apanas
provides access to the data through a hest
language interface, & sell-canlained language
for on-line inguiry, and & batch report
generatar, Apanas is ane of the few systems
which offer a data compression facility.

[he Alodel 204 query )anguage provides
most of the power of & general-purpose pro-
gramming language from on on-line ter-
minal, but is pagy to use for simple requests.
This system usea the Tran necess method to
allow multiple field indexing and variable
length records for file compression as well as
for Lext processing.

Three other vendor develepments date
back to about 1969, ToTar, DAI-1, and
DMS T Although in ils jnitinl relense,
Toran (V3] was primarily a direct ‘access
facilities
wers soon adided 10 process DDBTG-like acts
implemented with chain pointers. ToTar i3
a host-language system, which can model
the major data structures of Lthe DBTG speai-
fieations, and it was one of the first systems
to affer & Schema-Sub-schema processor fa-

LUCID IANS FE032] bare Fra 71

TOMS I IEM SYSTE M 3604

WS LD S000]

(CDC BDOOI  WaRS Wi 1C0C 6000 | Contrel Darg
Corpor

ahion

SeO00tLEVELD
I AL ()

SZO0OILEVEL 2

(186 SYSTEMS 3601
Froung 33, The Inveried File Family,
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cility. It has become one of the mest widely
used data-base inanagement packapes today.

The Unata Manager-l System (D3-1)
(X41), designed by Eable at the Auerbach
Curporation, slema from o Ay ACST
AMate development aml MTUTRE'S Apaw,
DAL-] consists of a serics of service routines
for ceturning il stordng ilnta; using these
routinegs, buth high-tevel ad hoe user func-
tions and  host-language appliestion pro-
grams can b developed, DX was imple-
mented b the Air Foree Rome Aie Develap-
ment Center on U218 vomputer amd the
Heneywedl 116000, Based on the design phil-
osophy of DM-1, the Western Eleettic
Company, initially assisted by Auerbach,
developed System Control-1 [Y6] on the
System,/ 200,

Another development, by the Burroughs
Corporation, is the Data Management Sys-
tem IT [V2] fur the BEFOO/BT00 computer,
Hasically & hodt-language type syslem using
Conmuy, ita dnta definition language is formed
i set-theotetin terms. 16 also ofers 1 stornge
Jefinition uptiun,

4. THE PRESIDENTIAL DATA BASE EXAMPLE

The disenssion of dnta-base models in other
wrtichig in this issue of Coapuring Suievivs
will use a unifisl example which deals witls
st pacty of the Executive branch of the
US Government, with data about the Presi-
dent, his Administration, elections, Con-
Ere=s, ete. We use this example because it is
almaost sell-oxplanatory; it waa first enunci-
ated inog puper by Willner, et al, (G5
Beruusi the example deala with the Execy-
tive biranch, the most obvicus cntity is the
PRESIDENT, The impertant items in the
I'RESTUDENT entity will be assumed to be:
the  Prisident's  name  (PRES.NAMIE),

BIRTH-DATE and DEATH-DATE, the
party affiliation {PRES.PANTY), and the
name of his 3POUSE. It will also be con-
sidered necessary to know the STATE.
NAMI of which the President is a native
son. However, sinee STATE will luter be de-
finmd ws an entity, we could slternatively de-
tine a relalionship NATIVE.SON between
I'RESIDENT nnd STATE.

Using the netation presented in Section 3
wnder the diseussion of the “Rlenwnts of
Logical Structure™ (page 1:3) we have Dis-
play | below, If, however, an explicit rela-
tipnship were to be used for the nalive son,
and STATE-NAME 15 the key of STATE
then the statement appears a3 in Display
2 below,

The next entity of intereat iy the Presi-
dent's ADAMINISTRATION, which con-
1ains itemns such as the administration rum-
ber (ADMIN-NUMBER) (e, Ceorge
Washington was No. 1}, the inaiguration
dote (INAUG-DATE), and the Vice
Mresudent (V) In order to wlenilify the
President of each Administration, it is slso
neerary to inelude Lhe itein PRES-NAME
in the ADMINISTRATION entily.

At this peinl, it is worth asking why the
PRESIDENT entity dows not eonfadin tho
ANRTINIFTHATION entity. This is & de.
vign decision, and the reader must assume it
is based on consideration of usuge and
modefime. It should b noted, however, that
a President can bave had more than one
Administration, and consequently, if AD-
MANISTRATION i3 contained, it would
newd to be o repeating greup. As ancther al-
ternative, we eould sssume that the iwo
#-parale entities have & relationship
HEADED between ADMINISTRATION
add PRESIDENT. Thus, we have Display
3] helow.

IFaplay 1t

PRESILDENT = (FHES-NASME, BLUTID AT, DEATH-DATE, FUESPARTY, SPOUSE,

HTATE -XaslkE;

Ihwpdny 7

FHEAIDEST-1 ~ (PFOES-NAME, BIRTH - DATE, DEATH-BATE, FRES-FARTY, SMIUSE)

wied
HATLS y-50%

= {FINEAMAME STATE-NAME)L

Liautny 1
#ilhar
CALMRIEN TSI AT Dihe §

or:
FEMOENT-2 -

LAl IS GMBEDN, PHFA-AAME, IMADQ-DATE, YF);
{PIEES . WMy, WiETH-LATE, HEATH-DATE, FIES-FARTY,

HPOUSE, STATE MaME, [ADMIS - YUMBEL, 15AUG DATE,

Ll H

o
ANSNKNISTAATION-1
Hiankl -

{ADMIN -RUMBEI, INaDUG.DATE, ¥
b= AME, ATIMIN S CMBER).

Compunng durvars, Yol. W, Ne. |, March 1§78
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The next entity is that of the ELECTION.
The interesting items in the elvetion are:
the year (ELECTION-YEAR), the presi-
dentind votes in the Electoral College {I*RES.
VTS, the LOSENR, the LOSER-PAILTY,
ther yent in which Wie purty was first cre-
< wted] pwon palitieal entity (PANRTYSFITIST.
YA, and the voles of the loing purty

(LOUSER-YOTES). Onee agnin, bichuse elee-

liung are won by a President, the election
culity may have to cantsin the PRES-
MNAME; otherwise there muat be some re-
Intinnship WON between the PRESIDENT
g, the ELECTION cntities. Thus, the
nlternatives are:

FLECTION -

James P. Fry awi Edgar H. Sibley

But there are some drawbacks to this ex-
ample: onc is ithe [act that it represenis a
relatively conslant dalu base, for although g
President may be replaced, the dats about
the Administration is still retained. Conse-
guently there ba litthe wpdafing in our ox-
amle, Chough (here may be substantial
adidttten to the datn base in election years,
Sume dnisiness dale bases, however, present
& greater propengly Lo change. For example,
a payrall data base regularly has changes
many ilems sach as YEAR-TO-DATE.
PAY (presumably aiter every payday) and
SALARY (presumably aller every inerease).
Thus, the presidential datn base, white form.

{FIECTION-YECAM, FRES-NAME, PIRES.VOTES, LOSER, LOSER.PARTY,

PARTY.FIRET-YE&A, LOAER-YUTES), ete,

Another entity within the data base i the
STATE. Tt has a uame (STATE-MAME), &
population (POPY, and a number ol votes in
the Eleetorm! College (STATEAVQTES),
Slalex are sdmitted te the Union during
some  Administretion, This fael may be
ehown either implicitly, by having sutne re-

lationship (ADMITTED-DURING)  be-
Lween  the ADMINISTRATION  and

STATE entities, or explieitly, by including
the ADMIN-NUMBREH in the STATE en-
tity. It might be nated that there is alreudy
nolink belween e PRESIDENT  wiwl
BTATE entities beeause the NATIVE-SON
ridation has been shown ss an  clement
(8TATE-NAME) in the PRESIDENT
entily.

We have now defined moat of the data
Lase, and need only incorporate the cntily
CONGIESS 1o complele it. This entry will
contain iteina such as: CONGHESS.
NUMBLR, SENATE-REPUDLICAK-
PLERCIENT, SENATE-DEMOCILAT-
PLERCENT, HOUSE.-REPUBLICAN-
PERCENT, AND HOUSE-DEMOCRAT-
PERCENT, Again, there i3 p relation be-
twean the PRESIDEN'T and CONGHTESS,
which imuy b found explicitly by incorporst.-
ing PRES-NAME in the CONGIILSS en-
lity, or implicitly by arrumging B relation
CONGHESS.3ERVED hetween Lhe vntities.

Figure 14 shows a sample of the presi-
dential data base in tabetar form, Unavail-
able information is shown by ¢, e g, in the
Denth and Trnaugeration Date columns,

Cumputing Survers, Yab, §, Ho. 1, :;.lm,-l; TH

ing the inpjor example, will not suffice along,
Other nuthors contributing to this issue of
Comruming Sunvevs will introduce other
examples to illustrale particular fine points.

7. TRENDS AND {SSUES

Historically, we have traced the develop-
ment of DBMS (rom the early systems,
which supported primarily the nonprugram-
ming user for ad hue requests, to the recent
predominance of host-language  systems
whicl support the programming vaer. A eur-
rent trend g, then, the establisbment of o
belance—a comprehensive set of DBMS
functions for a full speetrum of users while
maintsining Lhe ¢urrent DEMS objectives
{F1, 2, and 3). Some of Lthe current research
is developing bridges between various models
of data so that a single DBMS can support
n variety of data models.

Thres major trends and one important
issue will affect the future of DBMS: the
cmergence of conversational systems, the
need for geographic distribution of the in-
formation gysiem, the technolugical impacts
ort DBAE architcetury, and the question uf
standardization of the DBMS interfoce.
Each of these is now briefly discussed.

Ad Hoc venys Programming Systems

Artificial intelligence research has already .
improved our understanding of the difficul.
Lirs involved in providing a natural language
interlace for computers. And though there



has been little that is immediately applicable,
the fall-put from this research includes a
better understanding of the atruetitre and
use: uf higher-level and very-high-level {ro.
gtricted natural) language interfnocs, As a

FRESIDENT
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result, some DBMS already provide good

lunguages for the nonprogrammer who is

willing to learn a few rulcs, and there is
growing interest in the development of the
casubl-user interface fe.g., sen [F4]).

I i

FRES- EIRTH- PEATH- PHES. SPOUSE STATE-
NAME DATE DATE . PARTY WAME
Elsenhgwer 10414 /1550 03,249,/ 1568 Republican Mamie Texas
Kepnedy 05/20/1017 L7103 Democrat Jaequeling Mass,
Johason OB/27/ 1008 QL 221973 Dernoerat Claudia Texns
Nivon 01400/1813 * Republican Pairicis Calil.
Ford 07/14/1912 - Republican Elizabeth Mieh,
ELECTION *
EARTY-
ELECTION- . | PRES. LOSER-. | FARTY- | sEn.
YAl PRES-NAME VOTES LOSER PARTY FIRET VOTES
YEAL
105 Eissnhower 442 Alavenaon Democrat 1524 &9
11158 Elsanfiower 457 Stevenson Democrat 1824 74
1060 Kengedy 03 Ningye Republican LY 214
1964 Johnaon 434 Guldwater Ite pubklican 1554 7
1iHin Nixan k 4} Elumphrey Lemosrat 1824 13l
Wallace ird Party 1563 46
1972 Hixon 520 Mclovern Democrat 1824 17
CONGRESS
SENATE. SENATE HOUSE. | HOUSE- |
CONGIESS- PRES. REPUN- DEMOORAT- REFUB- n E.MGCI"LlhTa
NUMBLER HAME LICAN- PhﬂCE'ﬁ}T LICAN. PERCENT
PERCENT * PERCENT
ki Eisenhower 5% 4957, 4055 S5
Hi Eisenhower 107 519 17% A39,
] Eisenlipwer ey 319, 46T, 8T,
Bl Eienhower i L G, 3595 BaTE
47 Kennedy KILe 8 HT W5 B
X8 Kenoedy 3387 67, 4% 599,
Johnson
£% Joboson 2% [, 3o 1% ! [T
50 Jobnson 365, 647 137 574,
a1 Xizen 435 % 15 S0,
o Nixon H%, FaL-A 1% e
93 Nizon 124%, Lb FEL- a9
Fnrd o
] o4 \ Ford | u% 60, | =% A

Figura 14, A sample of the presidentizsl data base,

Computing Sutrrys, :I':H. ¥, No. |, Masch 1908
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STATE
STATE-WAME ADMIN-NURMBER PGP STATE-VOTESR
Texas 1G 1119730 Zh
hlass, @ SLEI1T0 14
Calif. 15 1595304 45
Aich 12 BATH0GY 1%

ADMINISTRATION

ADMIN-NUMBER f PRES-NAME INAUVG-DATE ¥r
. 1 Waskingion 04/ 30,/178% Adams
2 Washinglon 0, H/1793 Adams
1A Palk 03/04/1345 Dallns
14 Filimore 07 104 1R5) &
L] Lisenhower 012041958 Nixon
50 Eisenhower O/ 1057 ixon
5 Kennedy 017211961 Johoson
Hel Johoson 112741051 +
=1 Johpsan Q120 /1965 Humphrey
| Wixen 01,/20/15%69 ALCEW
a5 Nizon 012041973 Agnew
Ford
56 Ford QENET Hockeleller

Fig. 14. (eontd.): A sample of the presidentis] date baae,

A casual user 15 one who uses the system so
sechlom that all rules and technigques are
likely tu be forgotten between sessions, hence
the mead for speeial treatment. AL the uther
end of the user spectrm are the adept com-
puler programmers whe have technical
skills and a good knowledge of “:ystem in-
ternals,™ In wnting programs {or nonpro-
prammers they presumably uillize all Lheir
skills to produce procedures that will run
eficiently, The assumption is that pro.
graimmers cost more {they must be paid
whi'le they understand the problem, write
vinde, vie.), but their resulting programs are
ehu-aper Lo rin,

Thus, the vase for ad hoe and hostlan-
gl systems can be constdered one of
tradecffs, The (ollowing is a partial list of
the ndvamages and disadvantages of the
use of Ligherlevel interfaces:

13 Their uselaclitates morerapid rmunning
of the problem—the nser asks the guestion
dircetly, and e has no need to cabl on & pro-
grunewer as iutermediaty {8 process that
sumelimes tekes weeks for even a simphy

4
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problem in & busy industrzal environment).
This advantage 15 cffsel by the relatively
high cost of using what is esscntially an in-
terpretive system: the tradeofl is therelore
between people and machine costs. The
people costs are in programming and de-
bugging, whilze the machine costs are In
running. One presumes that the code pro-
duced from a high-level {query) inierface
costs more o run, Lherefore the gueslion
arises: how many times must the program be
run before it pays for the nost of program-
ming? And thig is the elasgical question of
cotnpiling, but now in the realm of even
higher-level languages and with potentially
large dala basea. There are, liowever, very
few yobs today which “warrant the cost of
specia!  [(assembler or machine longuag:)
programiming, This trend continues woduy in
DHAMY usape, and the scll-cantained ad
Jioe user system s becoming inore aceepled
by the user community.

2) The use of a higher-lovel language
simylifies the struclure (removes DC-loops
and GO-TO statements) snd s gencrally
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more understandable, econsequently less
error peone. On the other hand, & simple
guestion may invoke & long and eostly pro-
cedure; €., "Give me the average height of
all Americons,"” may invelve s sequential
search of 200 million records! Alse, the possi-
bility for ambiguity immediately arises. The
request “Give me the count of al! pecple in
Naw York," could be interpreted ay *. . all
people who are, at this instant, in the state of
MNew York,” while the questioner intended
to ask “...all people who have, 83 their
residence, the city of New York." The
trouble with thig question is gbvious, but
the yscr may oever realize that the answer
giver was not correct for the intended ques-
tion,

4} The very-high-level languages tend Lo
hnve a muthematical equivelence—they cen
by trunsfrpued inte precise mathematical
formulus (e, in predicate caleulus). They
nre thercfore eapuble of exact cheeking. In
this way, the potenlizlly ambiguous state-
tment owh b transformeed into an exact atate-
ment nod Uplayel back' to the gquestioner,
thereby helping to eliminate srror, The high-

level program, hewever, docs not have an

exuch statement of itz operation in good
mathemptical termy; it does what the pro-
granomaer 1old it to do, good or bad {and all
tows iften the latter). Precision of statement,
i3 un advantege to the mathematically so-
plisticated user, and possibly to others as
well,

Thus, the user trend may well be toward
the higher-levellanguage interface, but for
yuars to come it will be necessary to pro-
gram the large and repetitive systems of in-
dustry and povernment efficiently by using
the language interfaces currently in use
{e.g., Conown, Fomrrax, PLATY,

Geogrophically Distribuied Systems

Inexpuensive communijcation between com-
puting systems, and the development of na-
tivnn! and  internationa! npetworks  have
forew) fyrthor ehanges on the design of com-
puting systems. In this, DBMS is no exeep-
tion. The concept of distributed data bases,
where o processor calls on data at several
ather loentions, is already & renlity on somu
homaogencous systems—and possibly (with
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diffieulty) on stme nunhomogeneous ays-
tema. Thia trend may be seen, in part, as an
answer to the wish of industry and govern-
ment to aceess its data in reasonable time.

As an example, ene majer corporation

loend that Lhe use of a computer network
allowed it to strike a corporste dollar hal-
ance each Fridoy; thus, the company could
let the money out on short-term loan (over
the week-end). Surprsingly, the money
reglited ns interest on the lopn paid for all
the natwork [acilities, Similacly, in many
large corporations, the warehousing cost is
greal; all material resting in invenlory repre-
‘sents an unprofitable capital expenditure.
Large retnil merchandising companies can
reduce inventory costs by knowing what iy
sviilnble where in theie many worehousoes,
aml thus be able to rediee surplus stoek.
Some large corporations huye been able to
give their sples furces romaole acccds to their
vompnter systems, thereby  allowing  the
safesman faned throogh him, the cuslomer)
direet on-line peeess W shipping and prieing
informption. The competitive advantoge is
very high in such cagcs,

Distributed syslems, then, show a need

for:

1) computery ta ba networked. Tt is not
generslly possible to have all the
power at o central alte, and each major
node {e.g., the largest warchouses)
has ita processor.

2y data to be diatributed. If the dsets 13
entered al  hundreds of locotiong
threughout the country, it i prabably
efficient 1o store it near the entry port.
In some large banking systems, the
customer accounts are kept in the
computer $ystem at the local banks,
but gther branches ean atill service
the custpmer {and debit the sccount!).

But distributed systems pose many new

problerms, and exacerbate many old onca.
Sume of the new preblems are revealed in the
following queslions.

» How do we change the requeskt lan-
guage? Doesthe user have toknow Lhe
logation of the data? Is there n central
data dictionsry/directory? Can the
user request data by broadeasting a
messags far jb?

Computing Jurveyn, Yal 8, b 1, March 1974



3

»

#« la it betler to sture multiple coples?
IToaw mueh eaten will iv cost to update
n datu base from o remode loclion?

Wihal ports of (e datu base should.

b sl orod (e, o dones one distriuate
the dals cfficient)y)? What are the
best, plares to run o program (it mey
b eliaper for o user sl A to trans-
port daba ot B Lo the program at C and
then just receive the answery pt AY?

The old problems heve already been dis-
cussial, but are now complieated by the sxtra
consplexity of the distriboted aystem:

s What redundaney is necessary to en-
ksre gl releahbility of both hardwnee
and datu? ow rmueh does this affeet
the waet i terms of thoe response time
For uprdates, sod Uie exeess prooessing
enst?

&= \What problems are bkely o oceur in
eoneurrenl vperation? The possibility
that seversl users will al! contem! for
the same resourees, and conseguently
will noed effestive scheduling and
contra?, 15 vhviousl y more acule In &
large, distributed, many-user system,

& How ean prvacy be retsined? The
potential for breaking the wysiem
rises gy s complexity increwses. The
chiuncr of message inleroeption ob.
vivusly Inereases also.

Thuy, the trend o distribuied dota bases,
wilh concepts of data machines as special
riescuree nodes on the network, brings with it
a new set of tradeall decisions, .

Dota-Bowe Machines

Miatributed data bases, in conjunctivn with
craerging techootomy, will have a significont
apuet on DIMME arehitecture al on the
DDBALS Tunctions, There already nre G-
gt een dedicated to DIBMS, e, tlae Tiata-
computer [T5, 6. " Front-end® anl 'hack-
el euinputers are in the prololype siage
117, 8l Also, new dizk technologies and asso-
cintive deviees will have » great impact on
LIBAIS arehiteclure {19, 1.4),

Te Stondordize or Mot?

The computing professinn has ambivalent
feclings about standardization:  everyone

Curnprutong Surveps, Yol B, Moo 1, Masgh i

Jamea P, Fry and Edyar . Sibley

seems to admit it has moerits, but finds ex-
cuscs in ordet Lo ston it from Dappeaiong too
goon in his vwn field of interost, The argu-
ments for and against stnwiardization (in
nOy aread A0 NOW given,

For stendards, there Iy one majar argument:
The provision of & standard sids the user by .
making obieets inlerchangeable; the out, if
of the same diameter, fits 1he bolt, “Thus:

e the pmgml‘nl‘ﬂing larguape 18 the
sam2 on all machines: so the pro-
grammer who knows Copor, for ex-
ample, can be tmnsferred, or may gct
a new fob and not need retraining

e the company ean clonge maehines
and run the seie Couotl programs,
afier their recompilintion, on the new
maching; _

o parls are inlerchangeable: maenetic
tapes have standard densities; plug-
te-plog cempatibility of slorage and
inputfoulput unita is possible;

» data can be interchanged aver the
network;

¢ the network protocot is the same, so
all users have to learn only one proto-
col; and

& the commands Lo enter (log-on} and
lewwe flog-niT) the system, wnd some
ather sontiuls, are the sume theoogh-
ouk the nelwork,

Apatnst stundards, there is une major argu-
ment: i we do nol knew the correct tech-
nology, standardization may mean costly re-
fitting later, or may even slifle develop-
tent. This argument is reasonsble, sines a
large-seale dota-processing shop may have
many thousands of programs representing
millions of dollars of investiment, Rewriting
ull these {probably Cowou) programs in
some new langunge is beyond che wishes of
must current DE managers, who hope that
Lheir programs owre “here Lo sty Buch
built-in conservatism will undousbiedly slow
down any change lrorn one well-developed
slandard e analher, nu matter how good the
new standard may be. This stifles acecplance
of new ideas.

Aany proups are concerned sbout stand-
ardization and are sclively working in this
area. The DBTO repurt Las been necepted
by the Programming Language Committee
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of CODASYL a= a part of JOD Cobm., The
ANSI/X3/SPARC/Study Group ¢n Data
liase Syslems has been meeling since 1972,
Part of their ehargy is to develop a basis for
LBMS stundardization. Their receal toport
(¥'11] formulates snany functional interfaeca
of o DOME, The languages wsed {0 com-
municaly across these interfaces may b
candidatey fur standardizalion,
There: are therefore many potentind wrens
for standardization of DBMS:
& the definition language for the logiesl
structure,
« the language(s) to manipulate the
dlltﬂ.;
& the protocols for invoking procedures
on the date-base machine;
#  the protecols pn the network of & dis-
tributed  system; and
o the storape devices and  physicnl
maping of data,
Laeh of these has its proponenis and op-
putients fur vurious kinds of systom models,
Af n result, the issue of standardization s u
mixture of eornunon sense, politics, economn-
les, philusophy, convenience, and taste.
Muny resenrchers consider standards an
anathera, but many users sce standardy ay
& necessity. The arguments wili still be going
on fifty ycars from now (even though Lhere
will undoubtedly be DBMS standards by
then),

v
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" LA COMPUTACION
DISTRIBUIDA
COMO UNA
ALTERNATIVA
DEL FUTURO

Departagmanio de Compulacian, IMAS
Liniversidad Nacional Autédnome de Mixico

Se prusgnian, definen y describen diferentes
tipos dfe sisternas distribuidfas.  Se introduce ef concepto de
datar. Se describen tres proyectas de Sistemas Distribuifas
gue esidn sendo realizados en el Depiro, de Computicidn
flIMAS) de fa Universidad Maciona! Autdnams de Mdxico.

£} arriciio lanrg ung serig de arquitecturas
gqua anterformente habian gido propucitas o pensadas &n
difaranies fugares, pero Que o hahan skdo  asocisdar

expiicitamente a procesmiento distribeido.

RESUMEN

Despuéds de haber fabricado enormes computadoras que son usadas a través del tiempo compartido v 1a multi-
programacion, las economias de la integraciSn en grzn escala inducen 2l hombre 8 penzar en muttitud de maguinas
modestas [microcomputadetat] qua ¢alaboran para desarroltar las mismas atereas que hasla ghwia han veniélo desaro-
lland o sirs hermanas mayores,

Es la divisidn vy reparticidn de| trebajo en mudltiples unidades de procesamiento; es la intercomunicacidn,
colaboracidn y coordinacidn de tales unidades: es el abaratamients de la transmisién de datos, al salo transmiticse
infarmacicn requerida; es el procesamienta local de la informacidn bocal; éstos son os alributos principales de sistermnas
de procesamiento distribuido, los que son analizados en este articulo.

También se mencionan las redes de computadoras, antecesgres ¥a cidsicns de o computacidn distribuidd,

El articulo canciuye con la diseusidn de tres proyectos de omputacidn distribuida que se estdn realizando en el
Qepartamenio de Camputacién en la UNAM: {1} I1a construccion de una computadora “grande”” que posee LISP
£oMma lenguaje de miguina, ¥ que internaments estd formada por docenas de micraprocesadores; [2) la construcsign
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de una miquina especial mente disefada para manejo eficiente de bases de datos ¥ utilizabla en el soporte de sisternas de
informacidn, {31 un sistemna de procesamiento distribuido que, mediante una reparticién juiciota de la carga de proce-
samienta, y a través de una consxidn (cable coaxiall de alia velocidad, elimina la necesidad de tener una computadora
“grand=" en el sistema, & que Jnicamernte consta de 13 red ¢ “terminales ™ inteligentes.

r

PRCBLEMAS PAOPIOS DE COMPUTACION CENTRALIZADA

Fara aplicaciones que no necesitan extensivermentt capacidad de computo, la gran computadora puede ser
costosa.  Los cestos de telecomunicacionss pueden ser excesivos Bn Una organizacion con usuarias dispersos geografica.
mente, Una instalacidn local pudiera no tener todos los recursos requeridas para un trabajo cipecifico. Los tiempos
de respuesta para trabajaos y procesos en tiempo real pueden 1ornarse impredecibles e incontrolables debido a la gran
variacidn en carga tfpica de una instalacidn de multiples usuarics. L2 gran complejidad del hardware y del software de!
stistemaz operativa necesarios en uNa gran instalacibn pueden fallar mds de lo aceptable, frente a ciertos trabajos con
tiempas criticos de entrega. Un wsuario puede recibir poca atenidn y servicio deficiente de un gran centra de computo,
debido 2 su gran dimensidn y compleja estruciura, .

LA ECONOMIA DE ESCALAS AHORA FAVORECE AL PEQUERD COMPUTADOR

Los grandes vy rdpidos cambios en la tecnologia de semiconductares han tenida un impacio fuerte en los costes
relativos de las diferentes partes de un sistema de cdmputo que posee comunicaciones,  Mientras gue los costos de
dgica y de almacenamiento interno han disrninuido muy rdpidemente, fos costos de afmacenamiento {memaorial masivo
han disminuido menos répidamente, en tanto que los costos do comunicasién han permanecido practicemente constan-
tes,  Ademds, el sofrware se ha convertido en Un porcentaje creciente del costo tatal del sisterna de compute. Ya ne
hay, pues, una peralided econdmica severa en contra de digtribuir ta capacidad de procesamiento & las terminales
individuales.

En sistemas de tiempo compartido v de multiscoess, hay varias razones silicdas funcionales para centralizar la
base de dates, parliculzrmente en auellos casos donde variot vtuarios pueden alterarla y accesarla.  Sin embargo, no
existen fuertes razones luncionales para centralizar las funciones mismas de procesamignte.  La decisidn de centratizar
£l procesamiento del wvsuario individual e3 una decisidn econdrmiea. Con las tendencias sriuzles en ol costos de equipo
digital par una parle ¥ tos de comunicacidn por la otra, #5 econdmicamente atractive efectuar tanto comao sea posible de
cHmpMe ¥y procesamiento localmente, para asfl minimizar lay necesic ades de transmision de datos y por ende 1os costas
de comunicacion

VENTAIAS DE COMPUTACION DISTRIBUICA.

. . Capacided de cdmputo & bajo costo
Puesto que ef costa ya na es una barrera, se pueden splicar |25 ventajes
inherentes de los fistemas distribuidos & una gran cantidad de problemas de Se presents s capacidad de computo
computo. Estas ventajas incluyen las siguientes: harata, ert fa forma de minicompu tado-
. rag, como une alternativa atractiva

frents a fat computadoras medipnas v

1. Confizbilidad, Ge puede tener redundancia de una manars relativa- grandes, pars @ desfogue de muchos

mente baraia, &n un sistema distiibuido.  EI sistema entero no tiens trabajor de cdmputo.,  Fista tergencia
gque ser duplicedo, como es el case de uns sola computadora. Salo un se ingremeantard en 8l futum.  ADR
nimero pequeio de procesadores deben ser agregados para asegurar el mas, puede arguirse que la econamia

. . . . de escalas favorece ahora 8l computa-
ad lidad.
grado reguerido de disponibilids Be pueden conseguir estructuras dor pequefio.  £1 costo por umidsd de

de so r i i i .

f:twa e mds simples, v por o misma mis confighles, en una potencia de computo s menor en una
colecgién de pequefias computadoras, finea e ensamble de un gren Aomero
de pegusfas computindoras, que en

ung fneg d# ensarmnble & un pequenio
Aomere de grandet compuladorst

2. Responsividad. El sistema distribuido puede ser mis rapido en sus reacciones {mds responsivo), peesto gue
puede proporcionar seceso directo a una computadary, sin 3 pequedias comunidades de usuarion.  Evra responsivi-
dad oma la forms de un tiempe de ida—y —vuelta reducido en amhientes de procesamiento par lotes, y significa
tiemnpas de respussta mis rdpidos en un amhbiente de teleproceso o tempa real.

3. Crecimiento incrementsl, Un sistemns distribuido préximo a sobrecargarse puede ser expandido incrementalmente

7 bajo costo, mediante la adicidn de mds procesadores.  Un sistema centralizado présimo a sobwecargarse puede
agirmisme ser descargacd p mediante Iz distribucidn de ciertas fungiones hacia procesadores peguefos.
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Correspondencia con patrones organizacionaies.  Muchas organizaciones poseen una naturaleza descentralizada,

Podrla presentar restricciongs no naturales para 13 operacidn eficienta de [a organizacidn el terer instalaciones de

computo centrallzadas.  Esta restriecidn se aliviz medisnte computacion dispersa, pues permile 3 un grupo descen-

tralizade s accedc a ® propia computadors, la gue puede optimizarse para las necesidades de tal grupo. Un arreglo

en forma de red permiticd a Ta gerencia central tener accesa a informacidn resumida de todos fos grupos.
™

Se comparten recurses.  Lina red da sistemas de computo distribuidos permite a |os usuarios &n un sing Usar venta-
josamente los recursos que se encusntran disponibles en otras localidades., Estos recursas pueden consistir de pra-
gramas, bases do datus, y poder de cémputo. Las redes gue comparten recursos permiter balance Jda carga (de
oamputa), respaldo, v disminuyen |8 duplicacidn de esfuerzas.

PROBLEMAS DE LA COMPUTACEON DISTRIBIHIDA

2.

Algunos tipos de problemas se resuelven sobre todo en sistemat grandes, par sjempln aplicaciones numéricas

Un disefia pobre puede conducir a una pérdida de eonfiabilidad y de responsividad,
La descentralizacidn de la capacidad de edmputo puede condutic a un crecimiento incontralado, 2 imperios locales,
¥ a la difusidn y dispersidn de personal da chmputo dentro da le organizacion.

Un sitema conteniendo ruchas computadoras es bastants complejo de construle v validar,  Adn no existen dispa-
nibles en ¢l mercado una gran variedad de soHware Gue conduzcs s la computacién digtribuida.

Antes de tomar decitidn alguna, deben pasarse cuidadosamente [as ventzias v desventajus de procesanfento cantral]-

zado wver i procesamiento distribuido.  Sin embargo, hay razones para creer qua la tendancia hacia procesamianto dis
tribuide crecerd, particularmente confarme el coste de poder de cdmputo dechine,

DIFERENTES DEFINICIONES DE SISTEMAS DISTRIEUIDOS

A

Para algunes usiarios, un sistema distribuido es un conjunto de terminales inteligentes, situadas en el lugar donde m
requiere primariamente so uso, para dar a2 los elementot de la organizacidn local més poder de cSmputo ¥ un
soparta de respuestas mds ripida.  Estac terminales ilevan g cabo la mayoria de las funciones de edmputo para =l
grupe jocal, Cuando se torna necesario, las terminales se comunlcan entre s{ ¥ con grandes computadoras remotas,
para mejar tervicio, '

Estos ususriot estdn preccupados por la optimizacidn de s funciones dentro del negocio, determinacidn de
los mrejoces productos disponibies para le comstruceidn del getema, reduccitm decosths dercocmmicacidn, v 1al vez
con problemes severos de control asocisdos con facilidades de chdmputa descentratizedas.

Para otros usuarios, un sistema distribuido et una coleceidn de miltiples computadoras o elementos de process-
miento, rabajando estrechamente vinculados en la solucién de un solo problema. Un ajemplo podria ser un siyte-
fma en lnea para Bancos, constituido por varias minicomputadoras ligadas entre 3f por momoria comgpartida, par
lineas de comunicacidn yfo por wias lbuses) comunes. Cada minicomputadory process un subconjunto de las
transacciones bancarias y actuallza una porcidn de una base da dztos comudn.

Los usuaripy de t1ales sistemnas estin preocupados con problemas de L imitacionas en el Desarroflo oe Siste

disefio de hardware v software, confishilided, sisternas operalivos para mas de Cdmputa,

multicormputadoras, y cdmo descomponer dplimamente programas y bases
de datos. También se preocupan de la integridad de la base de datos, v da

En ef presente, fos principales factorms
que fimitarr a8 mgforas ufteriones en

la forma de poder seguir efectuanda transacclones (y brindando un servicio todos tipos de sistermas de compuia-
adecuadal frente a fallas de partes del sistema: terminales, Iinaas de trans- cidn, incluyendo gstemas en Nnes,

misidn, conmutadoras de mensajes, ete., Ll

I. Equipo de entrads y salida. Vala-
cidad, casta y confiabilidad.

2. Memaorie, S welocidad v cosm,
tanto de memaria perifdrica como
da memoria principat finternal,
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3 Software. Su COSIO, su cormplesi-
dad, ¢ sfmacenamiento requerido,
fa dificvitad o2 convertivio a oira
maguina {a oiro hardware),

C. También hay vsuaror para los cuales procesamiento distribuide significa el uso de peguefias computadoras pasa
desarrollar funciones gue anteriarmente habian sido desacrolladas por computadoras grandes.

Ewas pequeftas computadgras, af absorber tales funciones, relevan de carga
a las maquings grandes y profongan su vida.  Por ejempio, procesadores
frontales de comunicaciones 5 han verudo usando dursnte aflos para
manejar comunicaciones de datos. Recientemente, 3# han desarrplladg
computadores subalternos {backend} para dar soporte a funtciones de
administracidn de bases de datos.
preocupan de los métodos pars scoplar maquinas pequedas o grandes,
inleracciones de los sistemas operativos, v el desarrpllp de proaqramas efi-
cientes para los sistemas de soporte.

Los disefadores de tales sisternas se

Ef denominador cormiin de los sistemas
distribruiclos

E! rema comin que figa fas dife
rentes tpos de sistermas distribuidos g5
&l vso de miitiples elementos de cdm-
purto que colaboran entre 55 para reafi-
rar trabajos pue hastz ahora Rabian
sido desarrotiados en grandes comip fa-
Garas, & na habian sido dessrroilfsdes
en ringdn lada.

Lar sivtermas distribuidos se han
desarroitadfo cormp afternativas a gran-
tes fnsfalaciones o8 cimputo porque,
e muchas circunstancias, fas instala-
ciones centralos no kan sabido proveer

wmiuciones dptimas o efectivas & pro-
biernas impartantek.

Otros wiuzrios entenderdn Por sislema distribuido colecciones de cantros de cdmputo, geogrdficamente disperscs =
independientes, ligadey entre si por lineas de 1ransmisién de datas para permitir £l use comin ¥ compartido de
recursos de hardware v de software.  Estos sislemas se conocen como Jedes de edmputo, v son los predecesares
da lgs verad aderos sivtemas de procesamiento distribuidn.

Un ejemplo es una red desarrollada por varias instiluciones educativas, coda fquien con su FFoRia nstatacian de
codmputo.  La red permite @ un usuario en Una instalacidn ol acceso a un grograma o 2 un archive residente en obrg
centro de cdmputa.  La red puade permitir asimismo |a nivelaeidn de las cargas y el respalde cuando algin
integrantes de ia red fatla, .

Los disefiadores de tales redes se preacitpan por ta seguridad de 1a red, & mantenjmienta de |3 indepgndencia
local, algoritmos de cobeanzs apropiados, administracidn de la red, comunicaciones dptimas, ¥ el eslabanamiento
de compuiadarss belerogéness.

-’

FRINCIPALES CATEGOR?AS DE SISTEMAS DE PROCESAMIENTO DISTRIBUIDO

En raZén del grado de acoplamiento entre los elementos de procesamienta v el propdsito para el cual se desarrglld

el sistema, & distinguen tres categorias de sistemas de processmiento distribuido:

}]]

12)

débilmente acoplados, cuando los procesadores estdn conectados par §ineas seriales de ancho de banda relativemen-
te bajo {inferior 2 50 kilobitsfieq). En su mayar(a son redes de compytadarat que parmiten COMpartic recursot
Estas redes conecian centros de chmpute de propdsizo gmeral gue se epcuentrand ispersos geogrdficamente, siendo
ls conexién de acoplamisnto déhil. Lz red permite gue |os wsuarios en una localidad wsen ventajaoszmente o
recursos disponibles en otras localidades. .

Cuande lzs computadoras son helerogéneas y operan bajo diterentes estructuras de administracion, surgen pro-
blamas significativos de softwarg ¥ de administracidn en este tipo de redes,

En este tipa de sisternss una compuladora estd restringida a su “medio ambiente® local {periféricos v memas.
ria}, pues los vinculos con ©tras maquinas son lentes.  No se comparte Memoria principal, ni 58 ejecutan trabapoy
pa'r dos maquinas dilerentes de la misma memoria de atceso sleatario,

Cuande las computadoras son heterogéneas, no hay nivelacién de carga, por regla generat,
moderadamente acoplados, cuando las procesadores estén conectados par lineas seriales de alra velocidad {superior
a 50 kilobisfseqgl, vias |buses | paralelas, y/o petiléricos compartidos.  Estos sistemas se conocen generalments
coma sistemas de moltipies procesadares.  Mormalmente ertdn formados por progesadares homogéneas {todos son

" del misma tipo), ¥ el sistema estd dedicado a un conjuma da trabejos limitados ¥ bien definidos.  Los procesadores

pueden estar en la misrma lotalidad o geograficamente dispersos,
Esie tipo de sisternas, cuando estd formade por minccomputadoras, poseen el potencin! de rebasar v superar a

" miguinas grandes de usw general, mds caras, en una diversidad de aplicaciones dedicad as.
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Algunas sistemas moderadamenta scoplados consisien de compuladorss grandes auailiadas por computadaras
chicas para desfogar fundiones criticays. Coamo ejemnplo se puede citar el procesador subalterng {back-«nd) para

maneo de bases de datos, Este es un proyecto que actualmente 58 encuentra en desanplle £n el Departamento de .

Computacian {MMAS) de las Universidad Nacional Autdnoma de Méxice: la manufactura de ung mdnuinag para
manejar hases de daros elicientementa.,

(3] fuertementa acopledos, cuando los procesadores estdn consctados por memaria principal compactida, vias de
aceesa directo 2 mamoria (OMA} y velocidades en 1os millones de bytes/seg,

‘Les multiprocesadores fuertements acoplados proporcionan el potencial para una alta canfizhifidad, alto
desempeflo, ¥ computacidn geograficamente centralizada, Un aeoplamiento fuerte entre procesadores siempre es
un re1a tecnoldgico en la coardinacidn de procesadores, ¥ #n software con imaginacion, .

Mis adelante se dewribe el proyvecio AHR: 13 consiruesion de uns maguma gue wocesa LISF como lenguaje
de maquina, ¥ qQue internamente estd constituids por varias docenas de microprocesadores 780 Este €5 un
ejermplo de un sistema de multiprocesadores fuertements acoplados, ¥ estd siendo llevado a cabo en el Departamen-
to de Computacidn [(IIMAS] de 1a UNAM.

. Basexs de daros distribuidas
EL DATCR COMO CELULA DEL PHOCESAMIENTO DISTRIBUIDO

Lins base de daros dXiribuids es6d
formada por dos @ mis alementos de
grocesamignto, cada wmo @ los cuales
tiene i cojunio de archivos ssotiado
a & Estos archivos pueden estar divi-
didos en razdn geagrdfica, o debido @
bases del funcipnamiento de fs compa:

Un datar es la célulz constituyente de un sistemn: de pmr:esam:enm Aia, 0 bien por razones de redundancia

distribuida, en especizl de fos débil ¥ moderamente acoplados, ¥ condisbilicsd.
Un datar ¢5 un sisterna de procesamientofcapturafalmacenamiento Por rogla geceral, una base de
de la informacion que posee bas siguientes caracier(sticas: datos distribiuida se consrruye sabre un

sistema disiribuido débil o moderada-
mente acoplado.

1] capacidad da procesamienia propia,
2} interaccidn con el wiuario, Exte interacciona el dator con la compuradaora central, cugndo ésta exista ain;
3} programas atmacenados;

4} parte del procesamients 95 local y 1o realiza el dator;

5l comunicaciones en |inea con otros datares, can Jais) computadorals) centralles) y sus hases de datos correspon-

dientey;

6] entrada de datos orienlada a la interacedn con el usiario: teciado, MEpiz luminoso, digitalizador de mapas, £15;
7} salida de dztos grientada al usuzric: impeesora serial, tubo de rayos catddicos, sintetizador de vaz, eic.;

8] habilidad para compartic el procesamiento de trzbajos, y elerto grado de coardinagion entre datores;

8] habilided para compartir informagion con otros datores;
10) {opcianal] habilidad para balancear cargas con otros datores,
1] almacenamiento local [v. gr., discos) da datos.

Las habilidades 11}, (3) y (4] e dan al dator caracteristicas da computadora; las habilidades (2], (6] y |7} le dan al
dator caracteristicas de terminal; las habilidades (A1, {51, (B} v [8) [e dan 8l dator propiedades para poder desacrollar
computacidn distribuida; |as habilidades (B), {10) y (3] hacen que |os periféricos (con la informacién en elios cante-
nida] sean promiscuas; las habilidades 90 v (10} hacen que fos datares llos elementos de procesamiento} sean
ProMmiscugs. .

Los datores eliminan concentrzcion de la capacidad de procesamiento QUEES UN DATOR
en una computadora central, repartiéndosela sntre ellos.
Los datares sgn terminales tan inteligentes que han eliminado (o redu- L daror us af mismo tivrnpo vomputa-

dora, terminal, nodo de una red, ton-
centrador de informscidn, adquisidor
e datas y expularfexhibidor de resul-
[ el

cido grandementel 3 computadora central @ {a que egstaban conectadas,

Si exiite, {a computadora central de un sivtema distribuitlo construido son datares tiene las siguientes funciones:

al  Mantiene una base de datos central;
bl provee capacidad de cémputo elevads pars problemss gqua no pueden destuartizarse satislsctoriamente entie los

datates constituyentes.
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Si no exnte, la computadara central de un sistemma dutribuida conmitide con detgres es regrnplazada, coan &leva-
das ecancmias, por un conjunto de dalores gue cofaboran en las diferenies tareas de la instalacian: capluras de dates,
procesamienlo de informacign, mantenimiento de una base de datas, generacion v dittribucidn de resusltades,

CARACTERISTICAS DF LOS SISTEMAS DISTRIBUIDOS FORMADOS POR DATORES !

Los sisternes disuribufdps, cuande 'a distincign entre unidad central de procesa y terminal se desvanece, exhiben
varias caracter islicas deseabies, ademads de fas propias de los sistermas d istribuldos (véate “Ventajas de Compuracidn Dis-
tribuida ™, &l principio de esie artfoulol, entre 1as cuales apascen:

Dewentralizacin del procesamianto. Un sisterny distriboddo de datores puede poseer o no una [0 mast computadoras
Lz etiminacidn de estals} computadorals) ofrece ahorips econdmicos, puesio jue varios computadores
pequefios [datares]  son mds baratos que uno grande (véase '"La Ecorgmia de Escalas Ahora Favorece al Peyuedo
Computadar ™, arribaal, .

También se ahorra el envio de informacidn at lugar central de procesamienta, al procesarse 13 informacidn local-
mente, en el lugsr donde se produce, ¥ por 1p comygn por el dator miunpg que la capua.  Es decir, |a computacidn o
procesamiento estd distribuida,

A veces, y especialmente {rente 8 grandes problemas numéricos (v, gr., inversian de grandes matrices; (noblemas de
programacian dindmicd o no lineal), no se sabe o alporitmo para obtener gficazmente 1a soluciin del problema usando
datores distribuides, v tiene gue sequirse el procedimiento convencional de usar una computadora grande central,  Sin
eMmbargo, €5ta & veces puede reducirse 8 un uso especializads de “triturador nuMérico ™, y adn pudiera ser sustituida por
" procesadores especializados {procesadores para arreglos, para Transformadas Aipidas de Fawrier, procesadares de punto
flotame, efc.)  En esios dlifmos casos, se tendria un computador central ajustado a Iz albor especial, auxilisdo por
datores en una conliguracidn distribuida.

Centrales,

Nivelacidn de carga ¢ redes

La habifidad oe toenar une cerga de
trabajc Jada y distribuirfa entre las
cormputadoras de una red o fos darcres
de un sistarna distribuido, parg a5 Ra-
cer un uso igual de las recursos de la
o, BS On SErwiCiD CORWA et W yran
Admerog de redes. Se ofrece gn las

Mivelacidn de cargas.  Cor esto 1e designa la distribucién de las diferentes
trabapos a los diferentes datores, de tal suerte que (g5 recursos del sistema

g usen equilativa o niveladaments.
Si cansiderames que cada usuario #nd conectade 8 cada teclado active
entonces 1a nivefacidn de cargds en un simema distribuido puede 10mar

redfes CYBERNET, DCS v TES, pera
No es ung caracteristica biasice de las
redes ARPA, MERIT, GCTUPUS o

TUCE. En #stos puede agregrse bajo

11es aspecton! . h b
clertas restricciones.

[.  Hay un wolu proceso {task) por usuario bes degir, por teclada), En este coso, salvo qua se sopa edmo ofectuar parg.
lelismo dentra de un misma task [lo gue ocurre por ejemplo en |a Miquina de LISF de! Proyecto AHR, a ser
descrito después), no hay posibilidad de nivelar 1a €arga, pues a aada usuario s le asigna cuando mucho una c.p.u. v
na hay dos cpu's colzbarando en el mismo proceso.

Il. Hay varios procesos por wsuario, Aln asi, puede na haber nivelacidn de cargas, si [eamo es ef caso de las computa-
doras PEHQ de [a compadila THREE RIVERS! se asiyna una ¢.p.u. a todos los nrocesos del mismeo usugrio, En
vsle catw, su procesdn en la localidad donde el usyario reside los 1rabajos que él genera, por la c.pu, local. Bl moni-
tor local es de muliprogramacidn, ya gus puede atender varios trabajos, todos sin embargo del mismo ustanio.

I, Las epu's de los datores son proemiscuas.  Esto quiere decir que los datores pueden ejecutar tante los trabajos

emanados del usuario Tlocal”’, como los otros wswarios, impertados (l0s trabajos| de otros datares a través de las
facitidades de comunicacion exisisntes.  Generalmente, para que exista Comparticidn e tatos en redes
nivelacign de carga, los sistemas distribuidos deben estar moderada o fuer-
temente acoplaios, debido a 13 elevala ocupaciiin de los canales de comu-
nicacitn, -

Todas las redes actuales, incluvenda
fax débilmente acopladas, permiten el
eavio do daroy hacia ef programa gque
los reguiere. .

&ifas recfes son homogéness v los
dotos & trangmitisse son grandes, a
Fgrudo resgits mads canverfente man-
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El casa ex &l misma gue en ¢l caso N anterior.  Un Usuario puede dar of programa » donde estin os

gengrar varios trahajos, v los dalores poseen sistemas operativos de datos  Esto no pueds hacerse en redes
heterogeneas.

multiprogramacidn.  Sin embargo, ahora un sistema operativo puede exportar carga hacia otro dator que se encuentrs
menas ocupadae, Para compartir carga eficazmente es necesario poder compartir datos también, debida a que un progea-
ma ltrabajo] que emigia de un dator 3 otro necesita llavarse consigo los datos a que hace referencia, parte de los cuales
extardn en el datae del emigrante.  El sistema distribu ido qus se estd disefiando en ef Departamento de Computacidn
[fIMAS) de l2 UNAM poseera entre sus caracteristicat ¢l da compartir cargas, &3 decir, el 1éner dalares promitcuos.

Pariléricas Promiscuns.  Los datares potean crerta capacidad de almacenamisnto periférico, Estos dispusitivos pueden
ser accesados por otrod datores el sistema, por 1o aue (2 informacion Gue 52 posde se compartoe entre todos (as datores,
Sin embargo, se entlende que la informacidn loeal se accesa mds répidamente que la informacidn fordnea.

En zistermas fueriemente acopladas, kos datares comparien memaorias v dispositivos de almacenamiento masive. En
sitemas débilmenta o moderadamenta scoplados, a menudo los dispositivos periféricns pueden ter accesadas directa
mente solo por €l dator 2V que pertanecen, ol que sin embargo tiene “Ta obligacidn”™ de leer de ellos datos y envidrselos
2 atros datores yue I|DI saliciten. D w3l forma, cada dater “indirectaments ™ accesa todos loa dates, asegurdndose asf
$u promiscuidad.

Al 1ener los dates descentralizados, en vez de tenerlos concentrados en la computadora central, s& obtiens un mejor
rendimienta de lot sisternas de odmpurto, ya que varias dates pueden estar procesindose separadamante fen paralelo,
simuitineamentel en diferentes datores, y 58 evita asimismo &! anvio de datos locales a un tugar central de proceso.
Esta Miimo disminuye los costas de transmisian de dargs, S transmiten salo excepclones (reqinmontano que fué a
Mérida a cambiar su cheque), resimenes {control de inventarios, cantrol de gastos) o resultades.

Regla: poner la infarmacién dentro del dator que sirve gl usuario gue mds usa exa informacidn,

A veces se incluye #xta gtra regla: w0lo ef dator local pusde hacer actualizaciones a su informacidn Jocal, pero todos
pueden consultarla, Vidlase a veces, permitiéndose que varios datores hagan actualizaciones a una informacién foranaa;
actualizar el ndmero e Zapatos existentes on fa boddega, desda varios puntas de venta,

Caprura de datosfinteraccion homhra—miguina.  La captacidn de datas e rezllza en forma local, donde cadz dator
proves la inteligencia {en forma de programas de validacidn y verificacidn| pars que Tos errores e Inconsistencias se
oorrijan 1an {Oni0 CcOmMe 52 comatan y detectan. Es decir, se pone un filtro oportuna 2 los datos errdneas, los que
na llegan muy adentro dal sistema de informacidn,

5i se tienen datores promiscuns lcon nivelacion de cargas), entonces resulta adecuado tenar un dator por cade
usuarin “consistente ., En esta forma la verificacidn de errores de sntrada es excelante, Y coanda el usuario se vay ya
NG ocupa su dator, |a cpu di: éste colabara # procesar trabiajos de otros vsuarioy qus han permanecido activos.

Como ejempio de este sistena, en el labaratorio de Inteligencia Artificial del M_LT, {Institute Tecnofdqgico da
Massachusettsl han instalado un welade y una pantalla por wsuario, pera [a memoria para el desplisgue de caractaras
¥ la capacidad de cdrmpulo pars tal desplisque de caracteres y la capacidad de edmputa para tal despliegue esta centra-
lizada ervuna pdp=11 satélite de la xip =10, que es 1a méquing gue pracesa la infarmacién,

Si Tas panialias son de alta resolecidn, def tipo de rasterscan-displays, y el sisterna aperativos es de multiprograma-
cidn, entances es posible designar parte de 'a pantallz para la salida de un trabajo, otra parte para fa salida de otro, stc.
En estz forma es posible que el mismo useario esté trabajanda en el mismo dator con dos o mis grogramas wyos,
tnteractivos y concurrentes, Tal sucede con las magquinas PERQ, Y 40 existe nivelacidn de carga, pudiers sugeder que
sus diferentes trabajos estuvieran sfendn procesados en datores distintas,

La idea de qua los datores desocupadas contribuyan al desfogue de trabajos que fes carrespondan a datares “poups-
dos™” e buena, puesto que permite un uso mas elicienle de la capacikdad de coOmputo instalada,  5i yo soy el usrario o
duefio de un datar, y no lo eutoy urando, qué bueno Yue pueden usar de &l otros vsuarios mis rabajxdtores que yo.
Esto no ocurra con fos teléfanos, par ejemplo: los aparztos telefdnicos de las oficinas que estdn cerradas ne los puede
uiar nadie,  Sin embargo, esto 7 ocurre con los sefoctores para cada telélony. los teldfonos desocupados no utan
seloctunes, v éstos quedan libres para su uso por los teléfonns ocupados.  [Los selectores éstin centralizados en ln
central telefdnical. Lo que aqur se propone es el Uso pronnsoua de recursos distribu idos.
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Accesn 3 informacidn remota. Nivelacidn pstdtica de corga

En un gisrema de bases do oatos distri
buidas, fa carga total puede mivefarse
préasignande  funiiones vy Segmenios

Si ima&ynamos un sistema de darcres donde cada wng posee parte de la
informacién 1otal o base de datas, entonces hay dos Formas substancial-

mente dilerenies de usar la infarmacian: de 1x base de datos a los gatores, en
. . forma estduca.  Este métado o5 usadp

1. cada dalor usg su infarmacidn local o cualguier informacidn fordnes, a "‘-‘_l?-"-’udﬂ &N unt sisterna distribuido
sin mezclarlas o mezclandolas poco v de manera simpls. débilmente acoplado, e gue pusde

estar formado por cormpiladiras fre e
FOREneas, peauredias, nedianas vy micro-
comynitadforas.  Las funciones gue se
deben proveer son: 1] asegurar acces
sa remoto v locel a las paries de iz
hase de dajas disiribuida, y (2] trasfa-
dar las diferentes parter de fa hase de
daros de uno & olre Garor.

L]
Por ejemplo, un dator pueds contestar una prequnta mediante wp acceso a su base de datos local, o a la base de
datas foranea, O bien la pregunta puede respondens: con 9% por ciento de la informacion logal ¥ 5 por cienta de
la fordmea, o viceversa.

2. Para contestar un2 prequnta o resolver un problemna, o datar debe accesar varias bases de datos y confuntar,
mezclar v entreverar las informacionss parciales obtendas, de una maners compleja ¥ por un ndmerg sustancial
de veces.

Nivelacidn dindmica da carga

U sisterna disiribuido puede usarse
para desparramiar  dindmicarnente Iz
. carga de procesamignte tofal, ¥ facar-
& O arceso a fa base de dalos, & travis
de los darores disponibies.

& todos los datores posesn Iz mis-
ma capacidad, fox (rabajos o tronsac-
clones  pueden  moverse fibremante
entre eflos,  Sin embargo, puede ser
degeable efectitar un trabajo vspecifico
En una computadora puartictfar, por-
que requiera accese & una hase de

Para estg se necesita un desdoblador da preguntas, capaz de transfor- Haros asocisds 3 esa MIguina. En

mar una pregunta dirigida 2 toda I3 base 1ozl en una funcidn légica d= G5 ocaiiones puede ser dessable
preguntas parciales, 125 que al combinarse por un integrador de respuestas mover trabajos, tal ver aoopmpaisdos
nos brinda |a respuesta tinal a la pregunta inicial.  Por gjempla, |a prequnta por sus daras, de wun dator .?obffcilfya-
“devdntos nifos varones entre By 10 alos tuvieran tosferina el afo pasado i?b ;. oo QuUE posee capacidad dispo-

en toda la Repiblica? ™

pucde desdablarse, suponiendo que sxliste un dator por cada estado, en 30 preguntas, cada unz por cada estado e, del
siguiente tipo: “En tu estado @, ¥ para 12 edad v variande de § a 10, dime cudntos niflax hube con toslerina con edad
i el afic pasado ", La integracién de las respuestas es simple, ¥ consiste en sumnar los arrojos parciales,

El desdoblamiento de preguntas requicra (51 se realiza en forma automitical de conocimientos profundos, por parte
de| desdoblador, de la constitucion da las bases de datos parcrales; se necesita introducir variables, como el estado ¢ la
edad en el gjermplo anterior, sohra las cuales cuantiticar para tedas las ededes | v todos los estados &, ... ™

F)
Acceso a prgcasamiento remotna, La nivelacidn de carga de 12 que ya se habld puede realizarse desde tna manera muy
sencilla hasta una forma muy comple)a, cama se esboza a Continuacian,

a. 5S&la un dator para un trabajo, Esta disciplina la siguen la mayor parle de las redes Ge procesamients (EMato.
Una terminal en un extremo de 1a red wsa una computadors £ el otro extremae.  La.terminal (el procesgl ignova y
no se Leneficia de la gran cantidad de recursas que estdn 1ambién disponibles. Un trabajo entra completamente a

un processdor [dste, sin embarge, #xtard par [o gencial sjeculando varios tralajos concurreniemenite} a vjecutarse,

tr. Paralelisrmo entre rabajos,  Cuand0 un usuario geners varios trabajos, dstos pueden emigrar haciz diversos datores
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distintos. Cada dator posee @ vistema operativo de multiprogramacicn, y ejecuta sus divertas tareas concurrene-
merte, o usande wna discipling de tiempo eal, .

Este esquema se usard en el Sistema da Progesamiento Distribuido que se estd diseBardio en el Departamenio
de computacian {11IMAS] de la UNAM,

¢, Paralelisma dentro de un mismo trzhaja.  Un spfo trabaje (task) se subdivide en partss mds peguefas, las que &
Texpartan’’ a otros datores pard ser procesados por ellos, y cuyas respuestas se integran para constituir el resullada
tinal. Este tipo de paralelismo #s ef mds diticil de lograr, pues se requiere de 1a capacidad de segmenzar sutomdti-
camente un trabajo en varios subtrabajos que se puedan después reinteqrar [sus resuitades) Ficilmente.
En !a'rmiq'uina AHR que estd siendo construida en el Departarnentg de Compyracidn (HMAS) de 13 UNAM se
togra un paralelisma dentrg de un mismo rrabajo, ye que variag docenas de micrpcomputadoras processn y evallan
un mismao pragrama escrita en LISF [un (enguaje de alta nivel),

Contral del sistema distribuido de datcres.  Las labores de control y Jupervisidn de una red o sisterna distribuido de
datares son, entre otras;
1
— nivelacidn v carga
— estadsticas de funcionamients
— reconfiguracidn
—  deteccidn v aislamiente de datores y linem defectiuosss,

El cantroi global [y cada una de sus funcipnes en particular) puede llevarse 3 cabo en una de Loy viguientes formas:

1] noexistente,

21 Control centralizedo. Cierta datar espacifico gerce el controd,

3] Control descunializado, Cada dator sfsctda ciertas labores da control, as que estdn disefadas de tal tuerta
que se logra ¢l #lecto de contral, sincronizaecidn, reconfiguraciin, etc., dessado,

TRES TIPOS ESPECIFICOS DE SISTEMAS DISTRIBUIDOS

Para finalizar el articulo, se presentan tres mdgquinas de procesamienta distribuido que estdn siendo disefiadas y
gonstruidas en el Departamante de Computacidn [IIMAS] de la UNAM.  Cabe mencionar que han surgido de |deas
griginales, de disefios propios, ne copizdot de universidades o ingtituciones rxtranjeras.

Miquinas heterarquicas: Proyecto AHR, Ests arguiteciura de cémpulo consisie de varlas docenas de microprocess-
dotes, fuertemente conectados, que les permita mjecutar en parafelo un solo programa.  El prr.'-grma estd eseritn en
lisp, por lo que es vilido decir gue 12 maquing AHR procesa LISP como lenguaje de maquing,  Los datores comanen
carga, la que ex ejecutada #n cada dator 2 rivel de un nodo. Bisicament® un modo es una instruccidn primitiva de LISP,
L& aryuitectura de hardware de la maquina es tal que solo los nodos que pueden ser ejecutadas en un mamento dada
sof enviados a los tlatores para su ejecucidn. Todos los daiores tlengn accesa cormin a 12 mermoria de varfables {donde
regilen los diferentes valones de las variablas de LISPY, 2 la memaorio pasiva {donde yacen las datos v los programas que
ni estin activos) y a8 12 parrifla {donde los programas actives estan sicndo evaluados o procesados).

Las datores na poseen memosia Masiva ni {sglxdos. Hay una conexidn con una minitamputadora (fiamada “ezja
inteligenze’”) que es la que atiende a Yos usuarios v posed periféricos. &: decir, fa miquina AHA puede considerarse
comao un periférica de 31a minicomputadar. . Este “perifirico ™ tiene 'a habilidad de tranalormar programas len LISP)
an reshftacios.

Datoros en un cab'es toaxial, £ Proyecto de Sistemas Distribuidos (1M AS) de la UNAM contempla 1z conexion a alta
yelocidad de varios atores homagéneos, cada uno de fos cuales posas mermoriz masiva, teclado v pantalla. Se prevee
que cada sistema aperativa sea de multiprogramacidn.  Se ptanea en lg nivelacidn de cargas mediante la exportacicn de
trabajos de los datores mas ocupados 3 16s menos atareados.  Es decie, I arquitectura tendrd datores promiscucs, asl
come tambign periféricos promiscuos. £l sistema B5 fuerements scoplado.  Se usa paralefismo entre trabajos, no
dentro de cada trabaio [comao lo hace la maquing AHR). Probablernent# exista un control descentralizade de el sistema
de datores.

Este proyecto, Ingcipiente aln, promete ser una paradigma para of disedo v evaluacidn de diferentes ideas en al
desarrolla de sisternas diviribuidos comenciales y operacionales,
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Miquina de beses de daics, Este proyecto contempla la construceidn de un dator especialirado, capar de manejar «fi-
gientemenle una hase de dalps mediana o grande.  Se han znalizade las wperaciones pringipales que se efectian en ef
manejo cotidiana de i sistema de informacidn, v se ha propueste la canstruceién de handwatn especial [mergers,
sorters, buscadores, memogias asociativas, direccignadores por contenida, Memarias de cachd, memarias de burbujas,
dispositivos de cargas acopladas, etc) vy ko modificacidn de equipos electrdnicos yva existentes, para adecuarlos a las
necesidades de la mdguing de bases de datos.

Prabablemente, la maguina de bases de datos s& conectard coma un periférico de un dator general, ¥ funcionard
como un probewxtor de “hack—end ", #n tanto gue $a atencidn 3 Tos wsuwarips 12 realiza el datar qeneral, ayudeda y en
coordinacion con el sistemna total de daiores.  Es decir, 1a mdguina de bases de datos se conectard al resto del sisiema
de datores ep forma andloya a la conexion de la miguina AR a su “caja inteligente ™

v

CONCLUSIONES

4

Las sistemas de procesamiento distribuido ofrecen reduccioney sustanciales en costo, asi como venisfas en veriat-
lided, canfigbitidad, crecimiento incremental, ¥ dispenibilidad, por 1o que s2 espera gue U uso Y84 &N Jumento cons-
tante y desplace a lat sitiemas tradicionales basados €n una computadors central que compar e tu 1-Npo entre usuarios
que pmplean terminales clisicas.
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AHATRACT

GEmaz, D. and Gurmdn, A., 1973, Digltal model for throa=dimenslopal reproson=-
tation. Geo-Procemming, 1:33=70

A trew of planay or apherical grlanglea 1s poed EO represent a 3-4 surface;
rach#r flat regionm will bm representod Ly large triangles, while abhrupk ronas
wlll reguire further mubdivision of the sodel inte mmaller teléngles. Thalr

vuttices are nop plaved on a pegulaf grld; thoy are allowsd to fall st [or noav)
|latea such as ricdgues and peaksg, whure tne change in slopa ia gignificant,
Btaiting from & twllaction, oot arousuarlly good or complete, of "Significanc"

pwinte, the mode] soloces Five of thom Lo oo four trlangles., Each trianglo
withur matches the surface within a pruspecified errdr tolerance, of eléa 1k further
subdivided, by selecting appropriaiw "algnlficant® polnta, into four trlangular
wone, which then receive in turn the same Lreatment. Tha Lree gtopd goowlng When
all the sarface is mepregented within the specified talarance. The mode! conmlacs
of the vertex polned arranged into o table sultable for qulck eecrleval and inter-
pwalation.

Thus, the modal guildas its gwn popdlruction; ite componante [pointe] aFe taken
freom the sek of "wignificant” polnle, nobt in an apedtracy faghion but only where
and whan needed, Since the model prujaoseom bthe approximate location of the poat
pokht e be inclueded ih LE, the ser af “mignificant™ pointa say be small ar nok-
uxietant.

& constant signal to noise ratio and 4 represencatlon thrilfty in Storage are
avhigvad in this mannsar.

Tho model i3 bping tasted for gaw bn dlgital represencation of terrain slevation.
lagyo Bavings in munory are expecesd, wlen compared to contour lines Btorage. for
Inytancu,

“The papér cunegludes with some comn-tiya Iy fayor ¢f the use of ehis mwodel to
Wi-geribe gray leyel plctures.

IHTRODCTTON

Tha digital representaticn of chrou=dimensional surfaces plays important roles
1o phubogrammetry aml cartography (draloage pattern$, contouy lines [(GHmez, 13787,
vulleys Formation, steracaeopy {Gémes}, dipenzions ©f the human bodyl aceno analysi:
e lusion of bodiew, cxplanation of Feglons Guzmdn, 1971} and object s, Filga
tlinding, shape from shading |Hoin, 1970} computer graphica (hidden lines, shadows,
woloring, ospecwlar reflaxiona); image processing; remcie sensing (thickness of Jco

Licnann, 1976}, undergeounhd gealogy]. and other disciplines.
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Thu aurfaces tw he consideped aze of the followlny typedd
t = Eix.y) (11
Yyix.y.z) = 0 1.}
Surtaces af typs: {1} give a slogle 2 valur (Thaelght™) » Fach pair of cootdLnates
X, ¥: Burfaces ol Lylv (II} can reprosent more general suriccesx ic the spacy, (or
tustanee tha skln of a land Figura 1).  The oxamplces of the paper rofar only o
Hurfoces ob Lypu (0}, Lot tle model hareby propaded ¢an Do used for both Ly|ww.
Lur meqbrl tar o gurtface congiste wf a2 minlmunr completa cover of trianglan; thak
is, a sutyal ly ¢xclusive, culh;::r.lwlf axhaustive Finlte set of ccianglen wuch
tkat ({1 each point in the surface la repreaented by smactly one trjanglnl and (2]
evoery trlatkgla yepresents at leant onm point of the saurface. To this we add tho
imeorvant rostriction: (1) the differonce between the coordinates x,y.z of a paint
in the furface amd those =',y', z2' of {Ew vepresentative {as glven &ar computed
from the mslal] 19 lods than a pru=spucificd error op toleranee €. Thud, FOr Lws
Loluranced g = L3, the sumu surfaca will bo represented by fwo models My and My,
where Mz ia & rafinoment of N5
For surfacam of type (I3, we maha a'3x, y'=y and the dlatsnce Letween Lhwe real
point and the modal paint ia just Lhe difference Ln haighta.

Fon unigquenoes of thie model

Several r.':r:rmplute govers for a @ Faco exlst: in ordar to save memory, it iu
prefezablu to wd 4 covdr wlith fuwer triangles fhence, eacgh triangle covers in the
avurage a laryar argal, as long aw tley obey restyiction (J) sbowve., The idaa L8:
(4) not Lo subdlvide & trlangle unloas Lo falls to reprament reslity within tha ¢
tolerafcs:,

Evien ma, a J+d surface can be reprosonted by several modala complying with (4]
abuve.  Thwra W o unique oodoel) by changing the popition of che origlnal rectan-
gular frame o now copredentallon s Ghiadned, N dlffarent starting roctanyla Lo
the procuodurs or a diffarent oglventatlon of the grid will produce a diffgrent cover

uf triamglea.

The widch of the_sldewsle Ly a cohwtant fraction k, {say, 101] of the corrvapanding
mdian: wgr ® ky-E=r. ToO ipcormrate chess fldewalhs to the model, it was only
nucessary to @dify the defipitaion of the function 4naddé, so chat a paint i
"lnside® trianyle 4 d & if i1 fallw luside it or at the sidewalk (Refer Eo Elg, 7.

LE re significant jsulnt £ is Fouml moar onough r** 8o aw to moet the 10%
Lugdtrepent, thy model oapders o Elad (60 Fabricate) a now slgnhflcant point with
coordipatos &,y Closer to r'', fy' "t the moduel only acceptd signlficant paincu
close enough o £'' (v't is chwo n.{dpoint of {2y, 01+ idy, 4y, 3} to endure Lhat

the resultant flape will oot e wido: than ]r..l, An opeimasl way {suggesiion 1) la
needed Lo comjAute X .

The $idowalks slightly contradict Lhe assuspiicon {1), unlquaness of repreSentation
far . pwint, Gf the Introduction. This is of no importanca.
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This is not & problem for 3=d auyface representatlion, an waed for ilastance in

upplications o cartogrephy and computer graphlca. Por surface comparlson it 19

I. 2= I{x,y)

I1, gin,y. k) = O

Fly. 1. TYPES OF SURFACES. The model described in thia papar is able bto repreeenc
either (I} single helght suefaces, ar (I7] mora genetal surfaces.

miuch betber £o have a gnigua tcanonigal) model, parhaps through & hermalizakion
provgadures,

The sweg Of signifigant polnta. Uslng 4 mathod axternal toe the modal, For
initance stireoscopy [CEmez}, qradient oxtracklon {Slgnop and Nadler 1978), rlver
fallowing, or othara, an initlal set &f "significant™ points 18 chowan on the J-d
surface that we want to repredsant. A podnt is called "algnlficant” if in ite
i ighborheod the change in slope is large.

e modal bagins by ugsing some of Lhese pointe; 1€ L latay Flndo necomsary
Lu grow, it lndicates tha approgimate: placo (x,y coordinates) wiore & new
"signi Eicant™ poink ahowld be added 100 the madel,

The moedal thus congiets of a subact of "algaificant” points, @ufinlog & trlan-
gular ireeyular meghy {f the ariglpal act of "gignificant” pointd is too small,
I'tm medol wlll suggest where to add ooy if too many. most of kthom will be ighored
tnot fncluded in thoe modal)]y Lf tho procedure that implemonts "signlflicanca™ 1a
wwlay or wireliasble, the madal aril)] guarantees the ¢ tolexance, hut Storagy
coonamy gutlure.

Thereforo, In a computer implemenistion, it ig not noceasary t0 obualn tfrsit

Lhe gt of significant polnts anpd then to pick the model from chem) ingstaad, the
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e ) e Bigln £o grow as sogn as flvo or siw are found, and Ehe procedure thak
exl racks slgnificant peints 45 callod by the ' model 4% it docms necessary.

Ohtention of the three-dimensional surface.

Lt is aSsumed Lligt the surface to be modelled already was obriained and exlzsks
available in some suitable repres:enr,al;inn', v.gqr., 2 2-d matrix {onkalning helghc
values. This data could have been obtained by zrerescorrelation (Gomez) of a pair
af pintures, L Llntérpelaticon of digitized eonkour lines (Bribiesca and Awvilés, 1974)

ar Ly other moans.

CORSTREUCTION OF THE MCOEL ~, . ‘llt
In order to descrilbe the mdu'l: ittis neceszary Lo explaln

(1}  iks censtitueent pares, In this Jaka, thay are vertices (“slgnificant" paints
from thie 3=3 surface to be represented] that form plasary, but tilted,
triungles.

17 how tho model is sobred: the daka structure used to keep Lha madel in memory
lprimary Or svoondary storaged, A gree of t;ianqles, each with none or four
soma, 13 used. !

{3} the uge of the modol: the procodure Eo Follow For reconstruction of the
3-d gurface feom the modul; the wWway to ablLain the cocrdinates of a point Ln

the aurfacw from the cover of triangles, Hore a directed agcess {s usod to
thw porract triangle stagpring Erom tha top of the tree of (2], and Falling
down the approprlate chain of triangle =sona, using Llettle search and no
backtracking. )

{47  the construction of tha model, i.e., the ghtentlon of its parta fpam cthe §-d
surface. A recursive procedure will ba presented, whers the modol quides
itz own construction, by swrgesting places (x.y coordinates) where ta ingoepa-
rate Llntoe itsalf points from kke 3-d surfoce that are aloso " aignifleant™

wlith ruspect to changes in 2lope,

*
v +
1

&) (=] ' 1)

Fiy, 2, TRIANGLE LTFINEMENT. FE it is necessary to refips triangle (R, throo
npew wurbioes are propoded ae che mid-peints (B) of the sidesy "siypdticant” pointa
are logatud near those mid-polnks: goce thoey ara found (0], foue new belangles
stand inakead Of tha original (A .
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Thu parta af rhe model

Te represent a gurfacd z = fi{x,y), the sodal uses & COllwction of planar ellead
telamgles;: cach of them i6 deflnod by ita thres vartlces, chesan rc lie on ehe
surface z = flz, v} ta be represchtud.

All the poincs ineide the triangle are Interpolated linearly: the Burface laside
Lhe triangle ig considered flat [but mot horizontal, Lh gineral). Singe the real
surface z = filx,y) is nol flat, an creor 49 dntzoduced by this ameymprion, TE
wwerywhere In the triangle this arror (belyht diffusence) dows not exceed a
tolerance i, the planar trlangle 1y conajderad to o & good (and final oy
Tterminal®|l répresentative For that reglon @f cho surtace, and It in included in
the wadel. If the erpor 1s larget, the trlanglae 18 digcerded by dividing Lt inko
four smaller tyilanglas, each of which in turm undargoss Lhe Samn treatment,

Taitdally the surface is divided iito & wmall wat of arbitrarily choson large
triangles; if the surfacw 1F bowid by & reetanygla (o8 it ls Frequently tho caso
in mapel, Eour trisngles are chogeh aw whown in park © of Plguro 3.

The final madul containg trianglas (of diFlezent Blzas) that repreaent the
Kurface ¢ = £(x,y} with a4 toleranca «, Each of Lh.lwrtlﬂl of Lhewe trlanglus
was Droposed by the modal by dividlng o Lrdanyla o rour Lthroogh lpelu$ion ufE new
virticus near the middle poinls of tha sides [Figure 20,

Ooce avery triangle i8 cefined, Ebw werlboey 1E d Fig. 1) aru utored In an

approlrlace way, suitabde For guick daba potisuval 70F surfaco reconsbpuel]on.
HWhen to stop refining

A triazngle fuch as in Flguee 2A Is rutined furlhbdr, Jiloss

1) the Alfferpnoe betwean tlho real helight o = F(%, %) and tha compuced height ¥
at the conter of mass (K,7.Z) of tho criangle ls emallar than 1, ard

2 wwery pont in oa grid of pointe mpaced ab moet K wnlte aparce and ineide & 13

withln o of the real point on the surfato 2 & Fix,y).
Test {13 i3 o guick cost; tewt 2] bw apq.lled only L1t 01} dows por Elnd a

Ul fferance exceedlng L.

K, the discande bDetween two pointa bn tle geid of (2], im & foncilon of .;
normally, £ o= mln fc/m, B0, wheer @ Ly the moan slope of the surface &t the
trianygle (RY, and K Is thu diamuter af the sma)lodt topoyraphile feature (hiLl,
ravitw) that it is necezSacy ) represent in tha medel.  Cenorally Ky, iu given by
Lhe wser of the model: “be sure Lo check the model ewvary 500 horlroncal moters for
agturacy™; then K, = Hp.

Flow diagram.  The provedure 1or construction of the medel could e dummarized as:
= lue T k¢ the set of trlanglas that are candidates o A included Ln the moded.

Initialize T with the four Lrianglces of C), Fig. 1.
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- Mutk eveby tplangle of T am "terminal® if it passes tedks (1} and {21 af the
Soct lon "Wian to stop reflowng™, T8 these testd fail for a criangle, mark 1L
tpeneEormbnal” . dlvide It into fuue sone (cf. Filg. 2} and add tham e T,

= ¥uil whun all telanglew of 4 (ingluding all the additicns ko Th are Mmacked

{eltbhur "Lorminal” or “nep=tlermminal“l. Then T i3 tha madel.

"

//\\/ﬁ\

{0

Fig. ). HODEL BUILDINMG.
four inikial trianylon,
usually a subuel of {b).

la) thw $uzface,

(¢} the Eimal triangles,

(ch

Ty

Ib) the “significant™ polnts,

pajucl; similarly, pointa (o} have three {oordinates.

{c) tha

el the polnts of the sods],
Triangles {d) are in the spacw (chey project oul of Lha
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TARNTE T, FLOW DIAGHANM FOh mDEL bOILLING.

Thiz simple program constructs surface mecweid such as that whown in flg. &,

GLLTN
T the foar initial triangies of fiq. IC:
Vo reesy frdangte {0 T

Cf VC essdd deddy [(TF aed (2] of sectdon "Meew fo stap negindng"
then mank 64 ' feaminat
o4 mgnf OF omen feasnaf o and

abd CLy gwan domd Lo T;

ENT.

& non-tacmlinal criangle 1% nat newded in the mode]l. since
L¥] Ltw accuracy 1l worwa than ¢, and
(7] some of Llta descendanca aye 2 foifivd{ turminal trisnglus, hance sultable ‘for

modelllng,

Thus, the mael could Be just the collection of terminal trianglam.

Thiy i# advisable whan tha cover is made of similar triangles iq.v.), where it
iz asy to piok up the correct triangle for serfacs reconstruccicon. If the
tilaugles ara not aimilar, it is lreferalile Lo ratain the non=terminal Lrlangles
Lnbee Ul mesdul. Thid faollitates the addressing of the correact terminal trianglae
Lhat sjiveu thu boight £ of a poing (k4] .o, the pednt {x,v, 21 1hal represents
Lhe point. [(x,¥,2) of tha 3-d surfuce), Mure of thie io tha ssetlen TV 'Data

Fulisoval for Surbtace Eoptnatruction'.

E] b

Fiy. 4. HUOCL YISUALIATION., Mo Ery Lo give an isomstrlo view oF the appsarance
“f Ll triangular modyl ip 2-d space.  Poink S=is,.s . 8,) doss nak Iia on the

I-d Linw o = wu; but point tg,.8,,0) does lie on Lhe Ijn.n ld“,d?.ﬂj - {enrty.ﬂl,
Tytangles such am il & 3 or 4 + £ are not part of the model: cthey represent no
1aFt QI the zwal 3= surfsce bwcause they lies vercical. They are useless.

x
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4

Cuwer of similar trianglow

Twi ] ygqund ape Himllar 17 Bl cn':respnﬁding anglen Aro eyual, the sidus
parallel and thelr length proportional.

It in Figure ¥ we gtop the refipement at (B}, choosing tha r.ﬂdi;aint- as row
vertices to includa in tha madal, the final cowver of che sodul 19 compoged of two
taml lics of similar triangles, becpuse a lire joining the mldd)e points of two
sildes 15 parsllel o the thicvd slde.

A word of mautlon: the tclangles are not similay ag chey lle in the 3-d spaco.
Thelr projectione co the plane x,y¥ do form a famlly of almilar 2-d trlangles (for
trlangles d b ¢ and & d ¢ of Fly. 4, and all thalr descendancs) ancthar famlly of
glmllar 2-4 Eriangles for teplamglos d & @ and I e ¢, and A1l thelr duscondants.

The advantages of thae cover wf slwllare Eriangles area
ia) siurage of thess cedanylas s easy,  (Klinger and Hikitas) stored a hlerarchy

ol mguared,

1) recohslroccion af tho syrface from the modal becomcs aimplified,
{¢! a zot of “significant® polntm (b in Pig. 3} is nrot pesded.

The disadvantage copud from {c):

(d) the mode]l might concein more pRinta, since they are not speclal or &lyraficant:

they are not the baet to chosse [ur loterpolacion of planas.
LATA STRUCTURE FOR MODEL ETORACE

Thig seckion descripes the way to organize the storaye of the modol. Exsentlally,
the storage consluts of o cullectlon of btriangles. Each tolamgle ig stored io o
*fram:"; cach af them contalna

= threo internal verticca
- a "teminal™ or nan-teewipal mark for each sen.

The toerminal mark (Feaee] Indleagcex Lhab a triangle son slready fulfills the ©
accuracy, henpe 1c {tha son) hae no sgns of its own =-niod NOL be further
suhdivided, == The non-tarminal mark, an intéger different [rom tero, indicates
the locaticn (frams) in the moxkel matrix ococupied by thie triascgles son.  Thus.
when & node is marked as non-terminal, the mazk it3elf aleq saye whare (in what
Framu) that 3on is eroged, Ses Fig, 5 and Table IT. Slightly different conventions
ware usod in TIMAS-UNAM [Gdmaz, 197d) .

The model is sturad in & matrlx (€, Flg. §) which iw a eellpetlon Of Eramea.

A onun=tzeminal trianglu wecuples o Erame; il gtores clockwlwaly [B, Pig., S ies
ithroe contral veiciouvg and a mark specifyieg for each gon whather Lt ig terminal
ur not. M iomminal triangle does not use a frams, sincu le lam no Eona.  But &
pen-ternital rrianglas could wery well have four terminal sons.  Thatl i tlhe case

af fiame: 4 1o 4 0f Fig. 6.
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Thi tnliial frame, frame 1, iz stored in 4 slightly different manner [pazt A
of Fig, h, becagse it Mescribes a2 rectangle.
A more complicated exafule :% glven in Pig. 6.
- , L
Storage of wertices. men-de:cribing a non-terminal triangle [v.gr., ctriskgle

1 T 3af b, Pig. 5, oncly vertices 4, 5 and & aye 3toced in the frame belonging
tu that vrjangle | § 3, sinpe wertices 1, 2 and I were undoubtely stored in the
ancestors of triangle 12 3. Thiis avoids multiple storage of vertices, and

ceploits the fact that i evder LG egamine whether a point {x,y) fallsinside the
TAELL 1T, HANING CCRVENTTODRS,

Theke cunventions are impertant for correct storadge of wertices (gwch as 4 of

the ioiecnal triangle Pl, and its subsequent appropriate retrieval for rroopdtrouc-
tivn of tlwe 3-d surface. For & use, See definition of procedere "altitude* In
fertion "lata retrieval fur surfage pesondtruction”.

CONVINTIONS 1, Refer o pant (Al of Fig. 5.

Vealdees of Lofangfed whinh aie aons of the aectangle are nomed 28 shoom,
The potvect names fon [A] ates
eaidwgfe: a b o d
Hor fufamgfe a b e
W= gnfangbe boe
4= tadangte ¢ d 2
Patadoingde o a ¢

CONVINTIONS 11, Refan fu past 8| of Fig. 5.

Ureticet of triangfes That ane soms of teiangfes are named cfochwisely,
stazteony with the vester Thar afse befungs fo the father.

T4 the tedangfe 2o be naned {4 fhe (ndennaf friangfe (P), Lhes afant with
the wertex that fatfs wear the widdfe point of fone 1+ 2, whese T 48 the
A3 wg the veaddoes fhad belong 2o the gathes, and 2 L8 the spcond of hon,

The cownend nomes fot fadangbes of 1Bl ase:

fuiangle 1 73 {insd verten a4 1)

Ho= frdanade | 44
W= radangfe 754
toddngre 3 6 &

Poe tndangfe & 5 &
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=3 rriangla I 2 3 or nor, we already asked a similar question to the ancestors
ef T2 2 !n this way the ¢oordinaras fo wertices 1, 2 and 1 are already hocwn
wen bzlangle | 7 3 1% aceessed lef. Scction 'Pata Recrieval for Surface Raconslrud
Tian'l).

A WCTLeX iF stared by storing its throe coordinates x, y, &, Some duplicarion
[twer Trifslication or moltiplication) cocurs when a vartex swch &4 5, 20 o 15 ip
Fig. 6 yets scored by two non-termizal brother trianglea. TFor lpstandé, VerLérm

5 ia stored ar frame 4 that describes triangle 3 T ¥, and also at frams 3 chac

.a b
m .
L
N {a)
F n
[
d 4
lxa"'a'ra [‘b"“b' *h ix:,f:,z: I‘d"d'zdlxe'?e'ze
H
I ] I Hrl } I“ﬂ HIl'l

e
. “itae?y [ Rgivgets [ g vg iy
] M I ] i M
] n ] -]
4] u C
A ng A "I:'fipzl l "ka?kl"-k il l'.fir:'
T 1T 6 [ 6 T ©
ic) & cde 3 {%ur¥ye ul's"'u.'l-, l e ¥ty
n 1 bl ] n ] n
& abe 2|"at¥yrie r*h.vh1zh 1 eu¥pidg
5 o 1 o T o
= - " 1 n 1 a 4 L] n r z
dezcriprion Far ¥ zf«]mh ¥n, zhlx: ¥ zc[xd Yd Jdllg "'e' &
rectangle akcd ? I 3 I 3 I 4}
Fig, 5. DATA STRUSTVRE. [A] Storage conventions fgr the inicial rectanalsa.,
{B) Staragqo conventiona for a nap-terwinal triangle I'7 3, 1ta aone are M, N,
o, F. {C)] Example of a model and fcs dota structura. Omly a non=-terminal

triangle yses ud 2 (‘game. The 2 0 3 O marks Oof Erame 1 mown that son M bs
won=terminal and it i described in frame 2, won B ie terwmlnal, son O i
non=twrminal and it i% doscribed an Frawe 3 and san P la cerminal (mark = O
means termloal),  The nodel ly stored Lo oa maerin ([C) which i3 & eollection
of Exauee=,
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describws erlangla &5 3 9, The trivial cure will be to keep a cable of verticas,

and to etare Ln the frame pointers to the fable, insktgad ofF the thres coordinates

X, ¥, E.

Thiis table of vercices Li noy used in our mode] because it saves Little storage:

(1) lf both a polntar and & verkex coardinace oocupy a word of memary, then to use
thu table requiras 3 polnterd + 3 coordinates = 5 words; mot oo uie the tabla
roqulred ) coordibated + tha samu ]'c;mrdimtes = & wordg;

(2} it tor somu reascn tzlamgle 2% 4 9 selecks vertex 5 A% the "significant™ polnt
near the midepoint of wida J-9 (Refur Lo Flg. 5}, but criangle 3 1 9 selects
vertea 5° (& different vortes, near vertex 5 but not the samd} az the
“slgni[icant™ polnt naar the mid-point of side 9-1, then the table wastes

ey,
! 22
! 2
s ' 23
7
Z 7h
]
/ 19
r
/\ L1 1%
A 7 11 13
\/\/ 25
3 26 Il LT
YVERTE 1 &4 & 4 A
. B e d e M H 0 F
I rame
[ r 2 25 31 I 7 15 3 9 a z
YV E R TE X
4 g &
b 22 ¥R ) @, &4 15 i 5 ¢ ¢ &
la 75 4 9} 3 ] & 5 7 § g Iy
a3 09 4 ? & L} ¢ 1) g 0
Il T2 24 121 5 13 i - [ i i} r
ja ¥4 15 17) [ ¥ 1& e ¢ 0 0 &
& 25 M1 1% 7 H 13 14 f & 0 r
a3 5 1} ] 14 4 H g & @ I
a5 1% & 9 i it 1y g & 0 H

Fig. 6. HODEL EXAMPLE. Thinl ssamplsa wis constructad using the -iles {A) and
4 i Fig. 5 and Tabla 1.

Loch frame conslate of varbtices and pointerd to othér frames, Only non-terminal
tclangles oocupy a4 frams of thoe matrisn. Thisg matrix is the mode!.
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Simplified storage foy covar of similar trlangles

T we assume that the roctangle 2 b ¢ 4 (Fig. 5 in » equare and that che
"Eignificant™ pointd are axactly at the mld-paints of the sides of the trlangles,
inatead of near thom, then all tha two-dimsnsional 1:rl-|»|'au;1|n|l2 are simllar (in
fact, they are isoacelea right angled trianglas} and the In, ¥yl coordinatus of any
vertex oeed ot s scored, since they .;rl the avecage of the Ix,y) cocrdinates
of the wertices of an appropriace wlda.

The new repredentation for equare 2 b ¢ o of Flg. 5 is:

Praome vortex wartax  Vackea weztex vartex OO0 4 A

] a b -4 d L] HHOP

(nectandbe a b o d} _F- Ia zh fc Id IE, g' a30

VOELEX WOFL#x  wATLax
4 Z &

lttiangde a b e] 1 Ig i I15 4000
[tndangfe o d &) 3 1“ 2¢ It gaoaq
[tadangfe a g §) 4 II Iu It goow

LF e oriyinal area la nob an eyuats but a rectangle, wo wlkll hawve twoe families
of simllar two=-dlmensional Erianylus.
I/ we denote the sona M, W, 9 and i Ly 96, &1, 10 and 11, then woe could Lurin

Czom Flygure o the following croe.

origlhnal ractangla

0ol 00vd 01 wia o

OO0 CHOHMT o300 10 Q001

First ganeration Socond genesatlion . Third ganecation
Labe=a0 Bagg-mi &aji=00e0 0
g kg« 000001
Fil ] 4
Befhe oo 8¢ k000010
Abee =0l Agh§e00 7] Sk 00051
bedes [ et 0
Lgsaritm
AerC sy D Ip
Suas £ 00l

Adaes]l
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Theee codud could e pomblied wlth the 2 values to render a compack model. b
tha it pursuie this Further, T a similary mannet, & tred of squares can L repro-

sented [Blinger and HERlbak),
EATh RETHIEYAL FOR SURFACT RECONSTRHRUCT L6

In wrdwry Lo recoyer tho 1=-d surface, 1, is sufficient to ask the model what is

Lhwe 2 valug for any jair ¥, ¥.. This |s realized by the function ALTITURE.

ALTITUDL [, ] i aeduens thy keight z of She point [, ¢l as obiaoeed from
{ the modef,  If i8 defined adr

wode MERLL L, 1]y % flust venfex of frame 1. Frame 1 ia the acctungle,

bocw WD |2, 01 MOREL | %, 0] {8 fle frame L, a4 non-teandecl friangfe.

¢ e MOWLE |3, T % MEPEL LYY s the matnde condadadng the whefe ouodsf

o ce ML LA )

¢ ie WL B, T);

mois MUDLL | 6,115 Wote WIBEL 17,10 o re MODEL [d,1;

ot MVEL | 9,1 ; 1 gefrdeving Hhe pointers fo Lhe dons.

raner fx o<

ALTITUBE 20 ) fnadde |a,b, v, 5, gl
Hen i om=d@ thew hodght [a, b, o, x4l
ebse TLTA o, b,o, x, 1wl
vise ff fnsede b, e, k)
rhen i =0 ghen Deight {b,e, e, <, of
afse ZETA (boc, v, 5, 1, m)
ebag {f {nsdde le,d, e %, yl
then L oel rhen hedgls [e,d, e, %, 4]
gfap TETA [o e, x, g,
elag £f dnacde [d,a e, 0,y
thei if ped then hedght id,a, e, gl
cfae TETA |d.a. ¢, x, il .
efar SRt
LHD ATTITLRL,

Funglion INSTDE ta,b,oc.x ¥} i true if the podnt (X, 3,.0) is inside the triangle
fa . &8 . 0], Ib, b, 0}, de, €, D} with gidewalks (szo Fig. 7).
L3 ¥ E ¥ b ¥

& pwict P ois dneide trisngle ¢ b o if p and ¢ fall on the same =idz of a b
and! P oand b lie on Ehe Same 9ide of @ ¢, and 0 and @ rest on the same side of

h o, A thesis (G3mee)d contalma listings and regults.
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Fiy. 7. Col AHAK SIDEWAIRS. Com-are vith Fiyure 4. IFf poln: ¢ = lrF,r?,ﬂ]
thern Put fall on Hne (e eu.90 - dd, 8,0, an horizental avea © g1 will be
witloul vovoragy DY the tridnglus; a curresjublding part of the 3-¢ Surface
will fuol to La roproscnled, The cuye for this la to glve “fIlaps™ Lo the
Lidanglen, wo that trelangle t 4 3 land Los other thres brothec ) ace enlarpgud
Iy o cuplanar siduwalk Lhat covgre wps to 1
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Frocedune TETA fui, w?, ¥, 1, y, m] {3 defined as
wi e opadef |7, ml;
vhotx opoded [ 2,ml;
vh e omedef {3 m|
me e mpded | $,ml;
moi= moded [ 5,
o = wmoded [ & ml;
poi= meded | 1wl

FelA o= £f dnside (w) wi,vd, 1, y)
thkin £f voed fhen hight [ul, o), v, 2,4l
else TETA Tul wd v x ymn] 4 a2 Table 11 "Waming Coavend{imd'
efac {f fnadde vl vl vl x, )
than Lf el Hhen height [u? vs,wd, x, 1)
efag 2LTA [ul wh ol w oy
efae {f dnddde |vi, v, vi, x, gl

then Af ovd then kedght fvd,vé, vs, x,y!
efse MTA w3 vb vh o, 4,0)
efse i p=i
tren Neight vl vd, vs, x, vl
else zeda (wl,owd, w3,y pl;
IND ZETA.

Tha svarch for ehe gosrwct Lrlangle thaco reprepant® a polnt genepates no
Luvktrackimg., At cach Juvel of thoe Lree at trianglea, we pimply 9o down to the
wext lewvel throwgh the aplrepridte son ithat son cohtaining the padpt), wntil

wu hit a termipal vriangle, where ww compute the height by & planar interpolatian.
COHCLUD LG KEMARES

Bincu a gray lewel pleturw ¢an be geen as a4 Surlace In three dilmensiona,
z boing the gray lewel wvalun, B4 13 ip principle possible to uess tho models
e rilwd here Lo tuprepent Lwen,  Thils could have uvid fur shape comparison of
Lhbie Bol facedg, Lol Lhee duthord have nob oexper Dinenttsd wllh bhls,  Te idea, anywby,
T baa wpio @odels wikh Jasys + [lacge: error tolérance . coarsa repregerntatlond
L womear e Lws surtadesy 1) the models are egual (A0 9OmMg approprlate sonso, for
Ibbaie, the quantlzed B valuss ayrea) then we oould afford ::D-pa'risnn with a
amaller ¢« lmores accuragta fvpreseniatian) . In thisa way tha shaps similariey
batwoun any two I-dlmunuional sucfaces lor any two gray levwwl plictures) can b
abfvrbained. A relatod pajwul (Brliblesca and Gursbn. 197TBat developa cthia fdeas

fully Por two-dimunelonal Flut regions {binary piccurea), Tha largesk problem
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with this approach is to Elnd a normalizacion procedure (the basic rectangle of
{briblasca and Guzmdn, 197861} chat will prodece a unigie model For tha =4 case:
It is eag)er to compareg canonlgal modals. :

The sthod descrited in this papsr I8 currently being implemantad and Losted

tor repraseftation of topegraphle surfaces formarly descriimd by thelir cohtour

Iines.

Morylng of models into g larger godel. If four adjacent sursaced A, 5, o, o Ara
tuprosented Ly modela @, [ 2, of, ths modal of the jeint surface la,b,e, | la
Cotmed Ly crwating a new frame 1 {gf. Flia. %) which has as non=terminal polutars

Hae My M"I and HP, pointers to Lhe feemds 1 of o, E‘-, ¢ and E

Slynlflcant pulnks wa, ¢ocrelation paints. Tho eignificant points {(ales called
aurface-sparcific palats (Peucker, @t, &1.,19768) are those points Of the tarrain
whory %lope chaftgas in ab loportant way, The polnts that a4 correlatlon routine
Hnds In an <cady manner, based for Lngtaice In the two Ploctures of & stareao pals.
are called "vorrelation polnts: ™ thay are polnts that ace easy (o corzalata in

the [.letures, because the gray levels In thaly nelghborhocd arw quite different
from otherd, hence they can be identifivd rapidly and uimistakably. But thoy

will por nucessarily fall on top of *slgnificant™ points.

Thoe cumpoygnta of tlie sodel. The model] so far degeribed and lbg conmtruct ian ©an

lay moen as FOrmed bLy:

= d tussellation of polyguna (Gomeg, 19780 (trlangles in kthie case)y

= an apenracy criteria, which twlls whuther a polygon of the mocdel hosds further
rofipement {in cur case, compacison of modalled vi. r#al heighke, cf. socrian
“Whan te stop reflning'h

- & procedurs to cefing the madel [in our model, select a significant polnt nwar
the middla point of a eideld;

=~ & Manpar to Store the model las axemplified in Fla. 6);

- a way Lo access the madal (am s¢en In dcctlon "Data Betciwval far Surface
RerongLruction®);

= & muthad to reconstruct the sgefavse trom the model {this is given by Lhe
procedors hedghd fa, b, €, 4, 4) vvaluatod at the appropriate triangle @ Lo
which gpantains the point (2, 9,00, 1he approprlata d.efir;:lt,icn wf containment i3
eidanlled in procedurs 4ndddy fa, b e e, i), which takes intw accoanl, for instdood,

Lhe "Elap3” wf Fig. 7}-
Suyyckcions Fgor further work

1. Refer to Pig, 7. Do ot use k; = 10% for the width of the sidewalkn, Compute

tintead the Baxioum distance that {Ey,.ry.0) can be from ' for the enlarged

L
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trlangley 4 2 & to oweat gtlll the ecrar tolerance ©. This has to Ay with AvCrage
wlujie of Lha Lriangles.

2. huefur Lo ecclien “Simplifled atorage for cover af similar triangles™. Fully
devulolr L mda] that uses the toprrsontat ion of each triargle a= 2 st-ing
of palra Of blhary dlylks, v.gr., triatgle § |k § = 00 D2 01 +the szo M af the

son H of the son W of thy rectanglal.

. Dot celTieve tho trianglow from the root of tho tree (cf. mection "Data
iverlvval for sucface raccosbruction™) but wtore them 50 as to access thoem by

A double bihary asarch on the cocrdinates of the vertices {(Gomez).

1. Conuider the methods of thim paper and of I(Brlbiesca and AvilEs, 1974: Bribilesca
and Cuzmfin, 19784} aw elmilaz procedures that address data representation at

arbltrary suturacy levels, and use thum Eor shape compariscn.
MO ENOMLETE  EMERTS

Aindprw Clumgnt and T. Mauwcher gavu the telsngular ldoar Renaco Rarrera contributed
Lo the concept of 4 hleracchy of trlangles and other good advicesa. Abel Caprpefo
amt Ancel Garcia Amarg, of CETEHAL, yavw yood photogrammetric advicw, T,
Huslhuh rluhman kiadly revised the manuscript.

Wit hwroln reported wan partlally done under the Jolnt Rescarch Agoeement

Pla=1070] bocwewn CETEMAL and UNAM.
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BASES DE DATOS DISTRIBUIDAS

DEFINICTION

ARQUITECTURAS FACTIBLES

PROBLEMAS A RESOLVER EM SISTEMAS GENERALIZADOS
CRITERINS DE DISENO

LS

EJEMPLOS DE SISTEMAS IMPLEMEMTADOS Y SUS LIMITACIOMES



DEFIHICION

BASE DE DATOS DISTRIBUIDA =

EJEAPLOS DE REDES

CONSECUENCIAS DE PROPIEDADES

AREAS NE APLICACION

SISTEMA DE BASE DE DATOS RESIDENTE

EN VARIOS MODDS {COMPUTADORAS) DE

-1 !

UNA RED CONECTADA [OGICA Y FISICAMENTE

POR MEDIC DE CANALES DE BAJO ANCHO

DE BANDA Y CON CONTROL DISTRIBUIDG, G

ARPANET

CYCLADES

[IMAS

DE LA ReD

DEMORAS DE UN ORDEN DE MAGHITUD
LINEAS AEREAS

BANCOS

DISTRIBUIDORAS

DISENO DE [NGENIER]A
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AROUITECTURAS Pl

S1STEMA INTEGRaDO (SDD1) .

¥ SISTEMA FEDERADD HOMOGENED

SISTEMA FEDERADO HETEROGENEOQ

SISTEMAS IMTERRADOS

DBNS COMUN INCLUYE FUNCIONES PARA

MODIFICACIONES CONCURRENTES

L 3

LOCALIZACION DE DATOS

RECUPERACION

INTEGRIDAD

*

SEGURIDAD

HHAPEU A VARIOS MODELCS DE DATOS

N0 EXISTE ACTUALMEMTE UN SISTEMA GENERALIZADD EN OPERACINN

SISTEMAS  FEDERADDS HOMOGENENS

FEDERACION DE BASES DE DATOS DISENADAS PARA OPERAR INDEPEN-
DIEHTEMENTE

COOPERACION POR MEDIQ DE INTEGRADOR-SUPERVISOR

MisMo DBMS v MISMA MAQUINA EN CADA NODO



SISTEMA FEDERADO HETEROGENEOQ
COOPERACION COMO EN EL CASO HOMOGENED -
couiPo Y DBMS HETERGGEMEO EN CADA NODO

PROBLEMAS DE TRADUCCION DE ui DBMS A DTRO

N0 ES TMPLEMENTABLE EN FORMA GENERAL

00
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PROBLEMAS DE SISTEMAS GENERALIZADNS AUE SE AMALIZARAN

* PARTICION DE LA BASE DE DATOS Y SELECCION DE NODOS

DE RESIDENCIA

¥ LOCALIZACION DE LOS DATOS

* CONTROL DE ACCESOS CONCURRERTES

SEGURIDAD

INTEGRIDAD

00
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DISTRIBUCION DE LOS DATOS

[ DISTRIBUCION LOGICA - DISTRIBUCION FISICA

DISTRIBUCION LNRICA

*

DISTRIBUCION ES PARTE DEL ESAUEMA VISIBLE AL USUARIOC

»

USUARIO DIRIGE PREGUNTA POR DATO X AL NGDO Y

EJEMPLOS: PARTICION GEOGRAFICA, POR CIUDAD DE RESIDENCIA CLIENTE

DISTRIBUCION FISICA SR

-

INVISIBLE AL USUARIC

*

PUEDE PERQ NO TIENE QUE SEGUIR PARTICION LOGICA
* SISTEMA DISTRIBUYE DATOS
EJEMPLO: SISTEMA DI{STRIBUYE DATOS A GUADALAJARA, MONTERREY ¥

MEXICD. SI FALLA GUADALAJARA DATQOS PUEDEN ALMACENARSE

TEMPORALMENTE EN MONTERREY SIN QUE EL USUARIO LO NOTE



[T DATOS A LOS PRNCESCS VS, PROCESOS A LOS DATOS
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FACTORES DETERMINANTES PARA DISTRIBUCINN

it

Uso

COSTO COMUNICACION / TRANSMISION DE DATOS

TIEMPO DE RESPUESTA MAXIMD PERMISIBLE

FORCENTAJE DE hCTUELIZﬁC[UNES .
Jnr-

4

L3N DE METNDAS HEURISTICOS (PROBLEMA ANALITICO €S EXPONENCIAL)

-

]

TENDENCIA DE COSTSOS ' A cOSTO PROCESADO sy’ 2 X 4 COSTO COM.

CRITERID U/ A<0,1 muLTICcOPIAS

*

1 . .
U/ A>0,1 COPIA UNICA SEGMENTADA
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LOCALIZACION DE LOS DATAS {

* INDICE COMO PARTE DEL IDEWTIFICADOR

- PROBLEMATICO REDISTRIBUIR DATOS

*  DIRECTORIO COMPLETO CENTRAL1ZADQ
+ POCO OVERHEAD DE DIRECTORIC

- -

=~  YULNERABILIDAD

- INCREMENTO DE TRAFICO

R
* DIRECTNRIO COMPLETN EN CADA #H0DO
+ PROCESAMIENTO EFICIENTE
: ! Do .
+ REDUCCION COSTQ DE TRANSMISION

- QOVERHEAD EN CADA NOCDO

= (COSTOSO MODIFICAR DIRECTORIOQ . - -

*  BROADCAST
- QVERHEAD POR INVOLUCRAR EN CADA SOLICITUD il-2Z

PROCESADORES SUPERFLUOS



011

* OPCION PRACTICA = vARIOS DIRECTORIOS COMPLETOS

LOCALIZADOS EN NODOS ESTRATEGICOS

* CRITERICS !
DIRECTORIO COMPLETO DISTRIBUIDD sp UM, 1 A

BIRECTORIO COMPLETO CENTRALIZADG si U >»N.1 A
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CONTROL DE CONUCURPENCIA

DEPENDE DE DISTRIBUCION DE DATOS (U/A)
ACCESOS DE LECTURA NO CAUSAN PROBLEMAS
ACCESOS DE MODIFICACION {UPDATE) PUEDEN PROVOCAR INCOMSISTENC

Y PUNTO MUERTO (DEADLOCK)

SOLUCTOMES AL PROBLEMA DE PUNTD fWUERTO

#

EVITAR PUNTO MUERTOC

DETECTAR PUNTO MUERTO Y REINICIAR

DEFINICINN PUNTN MUERTO
ES LA SJTUACION OUE OCURRE ST DOS PROCESADORES A v B Han
INICIADO UNA TRANSACCION Y NO PUEDEN TERMINARLA, YA QUE A

REQUIERE RECURS0OS BLOGQUEADOS POR B Y VICEVERSA,
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DETECCION Y CARRECCION DE PUNTO MUERTA

*

ESPERAR A GUE OCURRA PUNTOQ MUERTO

x*

DETECTAR PUNTO MUERTO MONITOREANDO PROGRESO DE CADA TRANSACCION

ABORTAR LA TRANSACCION MAS RECIENTE

w

DEJAR TERMINAR LA OTRA TRANSACCION

*

REINICIAR SEGUNDA TRANSACCION

PREVENCION DE PUNTO MUERTO
* ESCOGER GRANULARIDAD  FINA --- OVERHEAD ADMINISTRATIVO

GRUESA - DEGRADACION DEL SISTEMA

*

UNICA ESTRATEGIA GQUE GARANTIZA CONSISTENCIA ES LA DE CHANDY

/fff;/ \\\\\ 0K H/,fﬁxh,ka\‘ *X

L-L-L-U-U-U L-L-U-1-U-U

* PARA SISTEMAS ESPECIALIZADOS CON POCAS TRANSACCIOWES DIFEREHMTES

SE PUEDE PREDEFINIR UNA SECUENCIA DE BLOAUEQ

-



LIMITACIONES PRACTICAS A LA GRANULARIDAD

CONTROL CENTRAL VULNERABILIDAD

RIGIDEZ

CONTROL LOCAL CADA NODD EMITE REPORTES
CADA NODO RECONSTRUYE DE ESOS REPDRTES EL

ESTADO DE LA BASE DE DATOS

OVERHEAD TNTOLERABLE EN AMBOS CASOS ST LA GRANULARIDAD ES [iUY FlLiA
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PROBLEMAS DE INTEGRIDAD

CALSAS o am rGINAL AL .

*

CONTROL DE CONCURRENCIA INADECUADOD )

*

SW CON ERRORES

+*

FALTAS EN LA SEGURIDAD

L3

CAIDAS DEL SISTEMA

CONTROL DE CONCURRENCIA INADECUADD
SECUENCIA CORRECTA DE TRANSACCIONES EN UMW BANCG
1) saLDo INICIAL = 50,000
2) DEPOSITO EN EFECTIVO SUC, A = 100,000
3) cHeQUE PORTADOR PARA RETIRAR 100,000 &n suc. B

SI 3 OCURRE ANTES QUE 2 CHEQUE REBOTA, CALSA MULTA, ETC,

FALLAS DE SEGURIDAD
DATO X TIENE DIFERENTE PROTECCION EN NODOD A Y B

PROBLEMA COMUN EN STSTEMAS HETEROGENEOS



CATBAS DEL SISTEMA

ACTUALTZACION CON MULTIPLES COPIAS '

B
ﬁ'ﬁf::i* C  EFECTUA ACTUALIZACION Y AVISA
™~a [
- B .
A S — C ACTUALIZACION REALIZADA PEROC NO EN EFECTO
"‘.__\‘ D
TODOS TRABAJAN CON. VALOR VIEJO
" J
."rr‘ B ]
A ~“— ( .PONER EN EFECTO . -
D
1
A
p
. = B
p =

B Y C TRABAJAM CON.VALOR MUEVO, D CON VALOR
vIEJO ' |

/
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"“L . - & Lo

SITA {(SocIETE INTERNATIONALE DE TELECOMMUNICATIONS AEROMAUTIGQUES)

ARINC . (AEroNAUTICAL RaDio INC.)

-

i n-u'.- .:... N ,
AP TCACION: RESEE?ACIDNESEAEREAS*INTERLINEA" <A
hil
CONFIGUPBACION: ESTRELLA
{
CADA LINEA TIENE PROPIA BASE DE*DATOS
AT

PRIMER VUELO DEFINE LA BASE DE DATOS DE“ACCESD

VUELOS SUBSECUENTES SE ENVIAN, A SITﬁ ARINC
".T"){"]'F T e EM J. ‘FIL' ‘I I TRNE "'T

L I . L]

- NODO CENTRAL TRADUCE TRANSACCION Y LA ENVIA AL

"7 3 Wt NODO DE'LATLINEA CORRESPONDIENTE® ™

-
.

'i Ll.l

-
e b

LIMITACIONES: THANSACCIGNES PERMITIDAS! RESERVAC 10N

. Cuy ‘I.;d.. . ) t, -1-- 1' 1, - = .!.“ iC
CANCELACION ‘
- STATYUSHCL ]
LISTA DE ESPERA
et e NT 0 SEoTE g RTTETT UL P FRIMIIDALTNRET YR -
" OVERBOOKING”

S1 CAE NODO CENTRAL MUERE TODO EL SISTEMA
{SOLUBLE POR MEDIO DE REDUNDANCIA TDTAL EN
NODO CENTRAL)

MENSAJES STANDARD FACILMENTE COMVERTIBLES °

PREDEFINICION DEL CORDEM DE BLOQUED

CASO TIFICO DE SISTEMA SEGMENTADO
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BASE DE DATOS DEL BANK OF AMERICA | -
APLICACIDN: conTroL pE 11 MM DE cuenTAs EN MAS DE 1000 SUCURSALES

ORIGINALMENTE S1STEMA BATCH

PERDIDAS ANUALES DE MAS DE 3 mm$

EDHFIGURACIDH: DOS NODOS TOTALMENTE REDUNDANTES EN LA Y SF
SISTEMA PERFECTAMENTE HOMOGENEO
gaRTlélnn GEOGRAFICA, E.D. TRANSACCIONES SE.
PROCESAN EN EL NODO QUE TIENE LOS DATOS Y ESTOS
SE DISTRIBUYEN POR PROXIMIDAD DE LA SUCURSAL
CORRESPONDIENTE AL NODO.

METAS QUE SE LOGRARDN: 33% DE DISMINUCION DE PERDIDAS

) 40% REDUCCION DE GASTOS TELEFOHICOS

16% REDUCCION PERSONAL

VENTAJAS ESTIMADAS SOBRE SISTEMA CENTRﬂLfEnDU

40% AHORRO EN DESARROLLO

3 MM $ AHORRO COSTO OPERACION

»
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LONES COMPANIES INC, : ~ S

- L) r

- Ly

APLICACION: CcONTROL DE INVENTARIOS, CUENTAS Y VENTAS PARA UNA

1

FERRETERIA CON 140 SUCURSALES

COMFIGURACION: ESTRELLA
NODO CENTRAL EN EL CORPORATIVO
NMODO EN CADA SUCURSAL CONSISTE DE UNA MIN?

Y UN MAXIMO DE 1B TERMINALES

BASE DE DATOS TOTALMENTE SEGMEMNTADA

-

LIMITACIONES:  cADA BASE DE DATDS FUNCIONA EM FORMA LOCAL
NO HAY COMUNICACION ENTRE NODO PERIFERICOS
COMUNICACION NOCTURNA EN FORMA DE BATCH CON
EL NODO:CENTRAL
COMUNICACION NOCTURNA EN FORMA DE BATCH DEL

t NODD CENTRAL A LOS PERIFERICOS

COMENTARIO: MO MERECE EL NOMBRE DE BASE DE DATOS DISTRIBUIDA.
ES UNA COLECCION DE BASES DE DATOS CENTRALES QuUE
GENERA REPORTES ENTEMDIBLES A OTRA BASE DE DATOS

Y RECIBE INSTRUCCIOMNES EN LA MISMA FORMA
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RSEXEC DE ARPAMET
APLICACION: ABIERTA
COAFIGURACION: RED GENERAL{ZADA

LIMITACIONES: MO ES UN SISTEMA DE BASE DE DATOS SINO UN
PAQUETE DE UTILERIA PARA MANEJO DE ARCHIVOS
PERO DE FORMATO Y BAJO PROTOCOLOS ACEPTABLES

A TODOS LOS NODOS EN LA RED,
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DESCRIFCION DE UN SISTEMA PARA PROCESAMIENTO
DE INFORMACION GEOGRAFICA

Por: Ernesta Bribiesca C.

RESUMEN

La Dirececién General de Estudios del Territorio Nacional
tiene como cbjetivo principal el inventaric de los recursos naturales y
pnta;'jciales del pafs, proporcionando eata inforrﬁacidn a lag dependen -
cias oficilalea y entidades particulares que asf 1;:: saliciten para llevar
a cabo el armdnico desarrollo del pafa, por medio de una adecuada pla-

neaciédn,

Asf la informacién producida ¢8 rica y abundante, por lo
cuzl ge hace recomendable el uso de los dispositivos electrénicoe de cédm
puto para su procesamiento; en este trabajo se describe un sistema 11a
made SICA {Sistema -Integral de Ca.r-tc:-gr-affa Automatizada ) parz el

manejo masivo de informacidn geopgrifica,

Fl SICA interrelacicopa informacidn geogrifica y socio -
econdmica para: la elaboracién de mapas derivados, la toma de decl-

siones y la planeacién,
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I. INTRODUCCION

I

El Sistema Integral de Cartograffa Automatizada (SICA)
es una herramienta para el proceso de datos geogréficos, en la genera-

cidn de mapas derivados a partir de informacién de mapas bidsicos.

En el disefio de las bases de datoa geogrdficos, se usan
generalmente dog tipos de estructuras: estructuras reticulares a bage
de celdas, y estructuras poligonales & base de ventapas, arcos y nodos
como 1e1ementos de una red. El1 SICA es un sistema de estructura hf
brida, el cual usa las ventajas de las estructurag reticulares y poligo-
nales aprovechando lam ventajag de cada una de ellas; la estructura re-
ticular tiene la ventaja de un rédpido acceso a los datos y lla estructura

poligonal tiene la ventaja de una precisjén aceptable.

El SICA egsta diseflado para producir mapas derivados &

la misma precisién con que aon digitalizados los mapag bfsicos.



I[I. DESCRIPCION

]
+

Dada una regién cualguiera que se desee accesar al gistema
se le considerard como el universo ffRico; este univérso f{sico se pue -
le describir cualitativamente y cuantitativamente en algunas de sus ¢srac
.tf:rfstica‘s por ejemplo: la qufmica de] suelo, loa tipos de rocas, la geo
morfologfa, las clases de vegetacién, la magnetometria, la energfa re -
flejada, etc; cada una de estas carar;:terfsticas ge asociarin como temas;
los termas ahora considerados en el sistema son aquelles que nos descri-

ben’caracterfsticas asociadas a procesos taxonémicos, o sea informacién

que y4a ha sido analizada e interpretada por un especialista,

Asf el universo ffsico queda descrito en diferentes temas de
Ipendiendn de los eatudios gue ge quieran realizar en el mismo. En el
pistema cada tema tiene propiedades excluyentea, es de;:ir, dentro del
mismeo tema existe una propiedad u otra perc no ambaa, por ejemplo: En
el tema de Geologfa las rocas metamorficas, riclitas y sedimentarias
gon representadas en un docamento cartogrdfico en forma excluyente ; a-
demés cada una de estas propiedades esta cualificada y ubicada en espa -

cio y tiempo, en ¢l sigstema esto 5¢ conoce como evento natural,



Al SICA sele puedan nccesar tanto diferentes temas co -
mo Sean necesarios, cada uno con propied_ades excluyentes como eventos
naturales definidos por su propledad, enordenadas y fechas de actualiza -
cidén, es légico suponer que coalquier clase de informacién de fndole
cartogréfico o Bﬂcinecnnén’;ico puede ser accesada, por ejemplo: drea
de agricultura de riego, nimero de estudiantes que padecieron mis de
treg caries en la escuela ''Lic. Benito Judrez' ep 1370, lfneas de E -

nergfa Eléctrica, etc,

La informacifn almacenada enel SICA es informacién
DETENAL en sus diferentes temas, .Aaf, el universo {{sico sert descri
to con los temas usados por DETENAL, y las aplicaciones y usos serdn
a través de estas variables. El sistemna tiene el compromiso con el usna
rio de proporecionarle ésta informacifn en forma rdpida, confiable y com

binada para la solucifén adecuada de sus necesidedes.



Im DISERO DEL SISTEMA

(Con las definiciones del capftulo anterior se simplifica el
estudio del diseno del siatema; como se vié el eniverso ffsico puede ser
descrito en varios temasa, cada uno con Sus eventos naturales excluyen -
tes definidos por su propledad ¢ carscteriatica en el espacio y en el tiem

po (ver figora Descripeidn del Universo Flsice en temaa de interéal.

CAPTURA DE DATOS.

Una vez seleccionados los temas ,de interés para la descrip
c¢ibn del Universo Ffsico; estos deben ser representados digitalmente
para ser intrcducidos a la base de datos del sistema. A un tema se le
asigna su clave y se digitalizan los contornos de las propiedades, ng im-
portando el orden de lag mismas. Esto genera gus coordenadas (x, y)
o {¥ .,% )& la precisidn deseada, & continuacién se digitaliza un punto
dentro del drea asignandole su propiedad (ver figura digitalizacién de
prc.:piedades}, de esta forma cada tema es digitalizado y almacenado en

cinta magnética.



GIROLOGTA
Rocas Ipgneas
D - Diorita
R - tiolita

Rocas Sedimentarias
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EDAFOLOGLA

nidades de Suelo

i. - Luvisol
N - Nitwosol
W - Planosol

Uss DEL SUELO

Ar - Agricultura de
Riego.

Pn - Pastizal netu-
ral,

VIAS E COMUNICACION

El - Energla Eléctrica

cp - Carretera pavi -
mentada

IFigura. Descripeidn del Univeraso Fisico en temas de Interés.



Figura Digitalizacién de Propiedades.

PROCESO DE DATOS

La informacién digitalizada es lefda y dividida en doa archi-
vos; llamadoes el archivo de matrices y el archive de lineas. El archivo
-de matrices o mapas numéricos es generado tomando un terma y normali -
zandolo al tamafio de una matrfz(el tamafic de la matriz lo define la me -
nor drea digitalizada, que serd el elemento de resolucién de la matriz}

etiquetando cada contorne, Ver figura normalizacién de un tems.



cr

:
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i

Figura Normalizacidén de un Tema.

JUna vez normallzadss laa propiedades de un tema en la ma

s

triz se procede a "pintarla", que consiste en extender su propiedad

-

hasta el contorno que la define, el algoritmo ugado €3 una rutlna llamada
"Torre.de Ajedréz" que '"pinta™ usando un movimiento ortogonal; los
’ : ‘-if* . ’ [

contornos marcados con 1's  son eliminados promediando las propieda

LT R X

des de los vecinoa. {Ver ligura Generacién del mapa numérico y figura

Ma;pas Numéricos de log temaa de Interés},
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TEMA

_I i ' ! |
| 0 hn o #
f, o b
ety M NORMALIZACION
P i’ R
R /|
h
Hi
|
DDOCDDDDRRRGICZCECZCXCT
DDDDDDDRRRG eCr2zcrezerex
DDODDDDDOOPRRARGCGacIR MAPA
D ODDDDPPPRRRRRRBR NUMERICO
RRRRRRRRPPRRRRRR
RRRRRRRRPRRRRRRR
RRRRRRRRARPRRRRRRR
RRRRRRRRRRRRRRRR]

Figura Generzcidn del Mapa Numérico

Los mapasa numéricos gon los gque constituyen el archive de
matrices; cierta clagse de (nformacidon, debe tener otros preprocesos,
la inf;:rmaciﬁn topografica representada per eurvas de nivel, es trans -
formada a un modelo digital del ferreno usando hll:arpolacién‘ea to a su

4

vez ya constiluye un mapa numérico. Lasg redes de caminos y vias de

#
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GEDI.OGIA

Howvas Tpneas,
D - Niorits
R - Riolita
. ek , ) DO DD RRRcrezerercre’
Ruras Seilimenlarias. . /D/;-D DD R R R crercrirercas
itz - Clalixza /DDDDEQEFRFREICIEIF//
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N - Nitasol W ¥wwwwil i L L L LEL
* * ' Wwwwwwwi | L L L L L L
W - Planosc]. WWWWWWWWLLLLLLJ
WirwwwwwiWww! i I W
UsO DEL SUELO 7 A7 &7 Ar A7 ¥ PA P FB FBFD Fb F5F,

Ar - Agricullura de Riego
Pn - Pagtizal natural.
Fb - Bosque natural.

rAr ArAr Ar Prnfn Po FDABFD FOFB FBFb F,
P lnPninPnFnPnFbFbFbh FbFaFh Fb Fb”
PnlnnfnfrPr P FyFs FEFb Fb Fb e

B Pn o on FrEBFYFS FD FOFD FB

Fn Prn Pr fn Pn P Pn FD FB D P2 FD FR Fi

Ef
&Y
EF E}
? @/
P Cplpipcip
&p /

P

VIAS DE COMUNICACION

El - Energla Eléctrica,

Cp - Carrelers Pavij -
mentada.

Figura, Mapas Numéricos de los lemas de Interés,

-
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comunicacidn son accesadas directamente., As{ cualquirr tipo de infor -
magibn ubicada en espacio y Liempgo es dilgitalizada, normalizada y trang
formada & un mapa numérico. . Bl archivo de ifncas se obtiene vaciando
la informacién digitalizada al mismo, este archivo se usa al final del pro

c@ggo, para recuperar la precisién de la informacidn.
GENERACION DEIL: ARBOL RECONFIGURABLE

Ya con los temas representados por mapas numéricos se
puede describir el universo flsico a determinada precisién, ahora el s8is
tema generard su propic 4rbel de descriptores gue permitird al usuario
tener una rédpida respuesta a sus consultas. Para reconstroir el drhol
reconfigurable, se genera la rafz del drbel haciendo una lista de todas
lag ‘propiedades consideradas en log diferentes temas del universo fisico
{ver figura Generacién del 4rbol reconfigurable}, esto es a partir del
archivo de mapas numéricos, e! universo flsico es dividido en cuatro
partes iguales, llamadas los hijos, en cada hijo se coloca también una
lista de todas laa propiedades de todos loa temas considerados y conte -
nidos en el mismo, asl sucesivamente se siguen dividiendo los hijos ¥
marcando Bus propiedades, hasta que una propiedad alcance el 100%,
¢ solamente existan doa propledades excluyentes del mismo tema o de

otros; cuando sucede egto se consulta el archive de 1fneas, las cuales
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¥
o, R, wa, P, L, N, W A
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son '"rociadas' sobre esta estructura reticular no uniforme {dec celdas
grandes y pequeflas), donde son almacenadas en cada hijo co:*respandieﬂ
te: aqui 8 donde se almacena la precisidn original con que se digitalizd

la informacidn.

La rafz del 4rbo] es etiquetada con 1, aus hijos © sean sus

cudtro ramas con 11,12,13 y 14 respectivamente, y asl sucesivamen-

-

te por todo el drbol,

L.a generacidn del drbol reconfigurable es la parte més in -
teresante del siatema, ya que aquf se conjugan diferentes esatructuras, la
eatructura arborecente permite llegar directamente a travéa de los des
criptores a log gitios de interés o g¢8 a las intersecciones entre poligo -

nos: las cuales son calculadag en el lugar donde existen, @liminédndose

una gran bisqueda innecesaria.

Como se ve en el drbol ya no existen matrices 0 mapas nu
méricos, solamente listas que indican el camino hacia las intersecciones
de dreas de interés, en consecuencia se usa poca memoria y se tiene

un rdpido acceso,
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CONSULTAS

En esta parte se describe un ejemplo de consulta al gistema,
¢l ejemplo propuesto, llamado gjemplo SICA es aclaratorio de la rapidéz

del sistema ¥ de los conceptos definidos anteriormente.

Ejemplo SICA: Donde existen rocas metamoérficas ( piza -

rra (P )}y Luvisol (L) ? ,

Viendo la flgura " Generacién del 4rbol reconfigurable™ ,
Laraiz 1 sitdene P y L, esto ge hace cm}aultandu sclamente el des-
eriptor de propiedades, en dado caso que no hubiera alguna de estas pro
pledades, el sistema immediatamente responde "no" y ya no hay mas
blisqueda; posteriormente el sistema procede a buscar en los siguientes
cuatro hijos: 11, 12, 13 v 14, 11 y 14 tienen P y L ahora se buaca
en sus regpectivas hijos; 111, 112, 133, 114, 141, 142, 143 vy 144;
en los hijos de 11 no hay interseccién, en 143 tampoco, en 141 si hay in

terseccibn y por lo tanto este es el resultado; ahora se usa cualquier

método simple de interseceidn y el resultado gse muestra en la ''figura

Consultas .

Zad

Figura., Conguliag



18

CONCLUSIONES Y RECOMENDACIONES

El disenic del SICA esta enfocado para el procesamilento de infor
macidn geogrifica abundante y por lo tanto se considera recomen
dable su ulilizacién, ya que su método de biaqueda permite la e-

liminacibn inmediata de zonas improbakles.

E} irbol reconfigurable es definido por el sistema en base a los

dates como la mejor egtructura del mismaeo,

Este digsefio puede ser aplicable a problemas de clasificacién en
imagenes multiespectrales digitales ya gean de avién o satélite;

agilizando el acceso a la informacidn de cualguier método de cla

sificacidn,

E] usuario puede detener en cualquier mormento la consulta al

sistema, permidendole reauliades -a diferente precisién.
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INTRODUCCION

-
[
.

La eficiencia de un sistema de informacidén en cuanto a su uti-

-

lizacidn y recursos de computacidn utilizados puede résumirse
en dos factores, tiempo de respuesta y memoria utilizada; don-

de el primer factor implica por un ladc, tiempas cortas de uso
1

de procesador (qque se traauce en costo) v por otro, v sobre tn

L. " om ar "
] .--u-; P R 3 - -
LTS R T T L,

do en slstemas de tiempﬂ comnartido, una mejor respruesta al

LI X -

-

el segundo factor implica .mencs.recurses, de memoria,,

- el T g,

usbari
. -

o

utilizados por el sistema {ouea tamhién se traduce en casto) .
De esta manera la eficiencia estd en la utilizacién minima de
recursos, procesador v memoria, {costo minimo) v en un tiemno

de respuesta satisfactorio para el usuario.

o . L e

-

Por otro lado, dehido a cue los factores de tiemvo v memoria

. -

generalmente son inversarmente proporcicnales {resnuesta r&pida
mas memoria, mends mencoria resruesta lenta) se nlantea el oro-
blema de buscar en la ioplementacién de sistemas el punta Soti

me en tiempo-memoria a costo minimo,

Los factores de tlempo ¥ memoria, en cualouier sistema de in-
formacidn, dependen de los algoritmes utilizados en el sistema,
de la organizacidn y almacenamiento de la informacifn. Sierndo
la organizacifn ¥y almacenamiento de la informacidn los oue due
gan un papel muyv imwortante; dado cue la informacién, genera}—_
mente, s5e almacena en memoria secundaria de acceso directo (nor
ejemple disco magn&tico), el tiempo de acceso a la informacifén
es considerablemente mayor al tiempo utilizado mara la ejecu-

‘cién de algoritmos.






— = T
I drien SR -

r

Asl la organizacién de la informacidn como los méﬁadés;ﬁe'accg

e T

TR
-.-J"l'l H

s serfn los elementds mas 1mnortante5 a considerar en al dise

fio e implementacifn de sistemas de. infﬂrmac1dn_ ar ouBEIE
—ymnr =g ~5'n 200 DBL STRLDe-

e - 1, St - P Lt -11 : -

De esta manera para lograr una optimizaciﬁn en tiempo de res-

. I .- n.-a __-“__‘___, .. o oemar

"H.."‘. :"_-_l "'J‘ - -

puesta y memoria para un determ;nadqﬂgﬁ;tema de. informacién,
lo usual es hacer los programas y la organizacidn de los datos,?
totalmente orientados a diché sistema, la desventaja que pucde
haber en este ¢daso es, cuando cambia la utilizacidn del sistema,
verc lo mas segure es gue la organizacifn va no sea la 6§tina.
Otra alternativa es usar sistemas gencrales de informacidn,

1ns cuales tiehen lz ventajz de adaptarse a cualcuier camhio
en la aplicacidn del éistemé; nero gerneralmente serd Jdificil
agegurar una buena optimizacidn, debide al caracter general

del sistema.

De esta manera la reconfigquracidn se plantea como una solucién
entre sistemas particulares (Gptimos para casos particulares)

vy sistemas generales (aplicables a cualguier cambio en las

aplicacicnes}.

La idea fundamental de la reconfiguracidn corsiste, en cue a
partir de una crganizacibn inicial, y varias organizaciones p¢
sibles y por medic de una informacidn fel comportamiento del

sistema, en cuanto a su utilizacidén, se hace yna evaluacién pa

. . B I T - R -
ra seleccionar la.organizacifn mas acdecuada "al comportamiento

actual y asf finalmente renrganizar‘la informacifin,

Rk






L

3

* -]

A continuacifin se citari un ejempla de reconfiguracidn eh un
- - - - P .__I 5"4?"-4'!--- =
sistema generar*. , - .. u 7 LT S
PO L *
nti J_Jf‘ﬂ.;nru-u_l s 26

LR TR ﬂJ
Primerc se deScribira’ brevemente las p951bles organizaciﬂwes

- -

- e -

dae la informaci6a en.ese sistema y SEgundD se veri el Tetaao
! Y

-

P ""‘"'I.-J' .I'.'"'f:-"' It"‘_,_ & ek

- - g - - ‘,,...p
- de reconfiguracidn €1lizZado "én dicho sistema (parte del Zap
np ERRG SlTI00M L 'J““‘E

el Aol e e L
,.tulo de reconflguracidn]
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2. Ejemploc
Introduccifn

Sigv abi :2ETCE 573 o Svef. 02 apanemle £3 oA ar L STNITAOAT Ae
L ] - i - .

1. Organizacién L&égica (utilizada en el sistema antes mencio

R {23 '!ﬁ-. gre BAUrare ¥, R ﬂ-- I T : et
nado) R . a3 8
H?J r'ﬂ.!.;..l..-‘-'ﬂ ,rd_.;.j-“ _{"" ;5}4-,”-\-_::1‘-:} ?r:-;!.:ﬂ(._ E:"I:‘Jrﬁl. BRI A i I

La organizacién 1l6gica de un archivo consiste, en su represen-
tacidén por una matriz, gue tlene como rénolones a registros y

como columnas a las campos de los reglstros, los cuales se les

o . A v Y BT

11afta " ﬂropieﬁades.“ ‘Cada registrn tienéﬁal mencs ura*bféniedaﬁ
s ., (comn para todos los registros) cuyo ‘valor lo diferencia_de
todos los demas registrns,-a esta propiedad se lg'déﬂaminaré
identificador, y es a través de esta como se puadeﬂ.capsultar
cualguier registreo del archivo.

I ., ..|-|.- - e 4

EN

En la figura siguiente se muestran l1os conceptos de archivo,
registro, propiedades e identificadores.,

o e
[ ' 1

ek e drmm  mTEa e iEm - e =

PROPIEDADES (COLUMNAS) 3., .

a - L
[, [ T ——

NOMBRE  EDAD TELEFONG . *.° NOMBRE  EDAD  TELTFOMD
JUAN 20 | 22113 5 1. { JuAn 20 | 22113 ]
PEDRO 25 21408 Registros Propiedad pimbre = identificafior
MARTA 18 21101 {Rerglones)

LUIS . ..1 19.]) 29971 -|..0 e .= .t U D4
JULIA 20 21311 T SRR
- ® 3
[-] L] -] -
DA - aRCHivo. REGISTRG, PROTIEDAD
eer === =.- +x»  E IDENTIFICADOR.- . T
. FIGURA 1 .
-—-.—::—: L'I—I‘I-I - - ""':_' [] ! .
'lI. ! '? . 1 -
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.2, Organizacidn fisica Cpeme B

nJ;sz"~:a11

La 1nfarmac:ﬂn de un archivo se almacena en d1scu de tres farmas Tos valo

iT . res de propiedides se almacenan pur rEng10nES (estructura R} por culumnas

(oke
en forma de vectores-hiparios, (gstructyrg.V)vy.ren ambas, estructuras (gs- .-

pecLtPUCHUEA RV} | napinaos cvamnve an b vl s bitasinrgae o0
- - L mra M "i-
pruAotiegT g BOOQLWL S LD 2refl g Lrredsmoopuy ol ol
nl own ozt Tape Tt powIpavney 2ol 0T YT D ZOS L gERuTTTLLL, LT T
Por ejemplo tumandn la f1guracantermur ¥ supun1endu que 105 valures de pro-.
EEAloTe L BT DT * oBELT e ol

. p1edad nombre y_ teIéfonu se almacenan por rﬂnglores se tendrd 'un’archivo R

- Hﬂ‘i":— | kit " ‘:“"""‘r"ﬁ* ._,I—rt"'«- 'b.- ’Oa—-{:‘q
T g e - - -

|

|

A

ky
-

L como sigue

mirtinTim erhanu ov UL LIiwe o, #lgr oL oB5 Y wehaniledoc b
o Y A SR LT S A A T
NOMBRE TELEFOND
mer_mem e, vaed —_— . - TP
JUAR.-« |- 22113. FuTRr L Tew: oL T
PEDRO - 21408 - ’
‘MARIA 21161 - Loaedn , eTr T L F
LUIS 23971
Nt min - | JULIA 21311 " | oL oo TR UE
I I meaOR GBS T ik
mtezgerimar oo me Bowew FIGURA 207 L -l 0 I
ETITe - . 1 " B

la propiedad edad se almacena por vEctures "binarios (columnas) de tal

forma que se generard un archivo ¥,  _ L LA Y
PROPIEOAD ~ 0 .. RIS
EDAD * 7 T ap ]
20 -{ 10100 1 lofit)lallo
25 - | 1002} - s pidfei ol In
18 10010 1 0 0 l 0
19 - 10011 1 1] 1] 1 1
20 | 10100 1 0ji1lf{ofioe
decimal binario ARCHIVD ¥
ARCHIVD ¥
FIGURA 3

6






1
Mol

De manera simple se puede decir que cuando se accesa un rEg15tru Ffsiﬂo de

R se accesan renglones del archivo 14gico ¥ cidndo se accesa un registro
, :

37 “fesico del archivo ¥ se accesan columnas binarias de todo.el-archive {vee-
5 tores binarios), 9+ 7 - S-ow tTtwrir 3 orot Gl etctaovis tTeisa ¥
R -, - £ or— - 1 ¥ .‘-._:7;" L LA T IR i)

fo oo »
Por Gltimo para puder accesar un registro loglco a través de su 1deut1f1-,
I.

apr—

cador, se hace pur.med1n de una “tabla’ que contiene e] identificador ﬁugico

- ] .
= “asociada con la di;ecc1ﬁn fTs;ca dnnde Se. encuentra ,almacenada, "de esta ma_

. |l .-_—-n._.--d.‘_ ......-._.
neéra preguntar por Juan toma dos accesus, uno & 1a tabla fndice ¥y otro al

archivo R." ; o o ' O ST

]
1I"l‘1"‘: B 1 - . . _ ' - . . P

- i - - - - - - - - -

3. Earacterfst?:as de 1a estructura R.

!
. La estructura R por su tabla fndice resulta adecuada para operaciones que

"iavolucran a rEgiétrus'particulares, acceséndolo por su Tlave. Una opera-
clon_tipica ﬁ; la actda]izaciﬁn del valor de una prnpiédad, para lo cual se
requiere &l ﬂdentificadur del registro, Ta propiedad a cambiar ¥ el nueve
valor. De psta manera se puede decir que esta estructura esta orientada a

/
las actua]?zaciones, y en general a las operaciones gue accesan por identi-

{f
ficador. / -
: gy
,

4 (Caracterfsticas de la estrhctura [

L

Existen otro tipo de oporaciones, donde e) dato de entrada no es el identi
ficador, si no al contrario, se desea saber quienes cump]eﬁ con ciertos va
lores de propiedades (que puede ser una funcidn ldgica, de comparacién y
aritmética entre propiedades, lo que se depominard predicado}. FPor ejem-

plo saber quienes son mayores de 20 afos y son mujeres o tienen 18 afios y

=

w kb

Lh)






y son homores,

LM £ < R - 2 SR - AL X
! ' .
Stteey fefiziop el Sbres (il ol LIt agy spzutoe £z §
.Para este tipo de operaCidn, que 11anaremus consulia global, la estructura g

v resu1ta apropiada, dado que cualaujer predicadn se puede ,descomponer en
una funtidn logica de los vectores binarios que componen Tas propiedades -

- involucradas en dicho predicado*, ... .. s+ - -appe mge s s

.
- -‘i.‘iﬂq

Mt m el . . .
AV A LR B A - S kot v i ST e
1

Para ilustrar un paco, esta idea darémos un ejenp1u oy senci]]n usando el

T

P .

ejemplo_anterior, supbngase que_se desea saber quienes tiepen Eu‘agng, 20
en binario se representa asf 10100 (usando § dtgitas Dl' D,, 05, ”4-.ﬂ5}
de ta) maner; saber 51 un nimero cualquiera es 20 con 5 dfgitos binarios
tiene que cumplir la siguiente funcidn_Jogica D1-52-53-ﬁ4-55 (donde--"," = v
logico y*- negacmﬁn} de estaz forma, en Jugar de dfgitos tenemos vectores
. binarfos- {El, Yoo Y3, Y Vel.de tal manera que los que tquan‘ZDigﬁpq (de -

ben cumplir 1a siguiente funcidn logica vectorial LI Pl i3' i4' Vo, que

aplicada 2 nuestroeiemplo tenemos:

SRR TUR - CUPR - SR 7 SRS - S FEORI®
) 1 1 11 1 1 1
1 0 6 | |1 0 of”
1 0 { |0 n 1 0
¥ vector de acceso
1 0 0 0 G 0| ~8c¢
1 0 1 1 1 1
| _1
OPERACIONES BINARIAS
ce ey sl - FIGURA "4 e

¥ . es g] vector resultado denominado vector de acceso, donde la posicién

. - L) PR [
- - w T T -, " [N -

+ * B T - -
* Capftulo OPERACIONES SOBRE 1A BASE. Tesis antes mencionada,

T T
.






de sus "1", indica quienes cumpien con e] predicado edad = 20,0 - -

—_ F
T

. _ la ventaja de esta estructura esta en las operaciones dé consaita globaf,

™

kel L il

' . -—yT. T Fe-
.. ya que saber quienes cumplen basta tan sojo accesar los vectores que estan

1 ST A TE. DL usfle AJE T
:u ,involucrados en el predicado, A 3
= T 1 24 1 B840 LEAFDT O
=T M R - . .. wE -
5. Estructura RV. N P .
' . - " - P PR §

r -
-

by w—mmm s

e §jn embargo la e;truntﬁra‘ﬁ resulta inadecuada para cdﬁ%u?tgg-gfahaigé,
, . pues se_tiene que leer todo el archivo (en V solo se 1eeﬁ‘51dﬁgn§:?é§istrns
~ - ffsicos, vectores binarios). Por otro lado la estructura v'nﬂlreﬁhizé muy
adecuada para las oparaciones tipo actualizaciones, en cambio en dn valor
de propiedad requicre del acceso de todos los vectores binarigs ﬁue COmp-

nen la propledad, en R solo se réguieren de dos accesos {uno & la tabla

fndice ¥ otro al registro}.

Por esta razbn tambicn existirdn propiedades en ambas estructuras RY donde

tas operaciones son actualizaciones y consultas.
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vI RECONFIGURACION . . T

.La necesidad de reconfiguracién en la base de datos facié ante"

¥ o
[ A e T

el hechc de dar al sistema generalidad. y operacifn Gotima S0 -

- .
TR BN SE R |

bre sus operacicnes. FEn el capftulo de Fstructura Fisica, se

nmuestra que para el tipo de operacidn & la cue ge orienta a la

L]

base habrd implementaciones fisicas mejores ouve otras, ademis
aunado este probiema al de no poder saber con presisidn cual

es el comportamientc de un Sistema en cuanto al flujo™y obera~

I, B Fen o
_ ci6tn de datos la posibilidad de un sistema’ con una ‘estrfuctura
P et .

Gptima invariable (estdtica) no seria muy real. De esta mane-

b e ==

ra se hace necesario una configuracién dinSmica gue se adapte

al timo de aplicacifin del sistema ¥y a sus cambios de operacidn

-
al

en &1 futuro, - s . . -
- . _ Y -
vi.l EL PROBLEMA EN GENERAL -
, . i "
[T S

ad

La organizacién &vtima, en cuanto a memeria utilizada y tiempo
de resnuesta, de una bhase de datos depende de 1a aplicacidn
{tipo de operaciones mas conunes scbr-e 13 lase) a la gue se
oriente al sistema. Esto significa gue no existe uyna estructu

ra {inica y Sptima para un sistema general.

En el momento de creacifn de una base de datos, se puede cono-
cer de alguna nmanera {implicitamente en 1a definicifn-de la ba
se ¢ por informacitn del usuario cue la genera}l el principall
tipo'de aplicacidn que tendré la base de tal forma nue esta po
drd ser configurada con una estructura OSrtima de acuerdo a di-

cha aplicacifn.
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$in embarge, si la apli;acﬁdp no es yna garacteristica estiti-

L B

ca del sistema si nG cambla a traves del tiermpo, 'O, resulta” que

. "
- ..i.. e e

la optimlzac1ﬁn en al _momento devcreacibn, un tiempo después,
r 3 = -

al cambiar la base por los movimientos de datos oue en €lla se

»

sucedan la estructura ya no_sera Sptima por no'ser:la’mas ‘ade-
- LT L by S .

cuada. Por,ﬁjemplc, propiedades que eran muy actualizadas son

ahora muy consultadas, prosiedades Jue eran muj poco"cémunﬂs -

ar P
L1 SR T -

- [ - e -
el registro, ahcra lo son, etc..d_ =~ s.tr,¢ .7 + L - o7 275 30dD 3 e
k| PRT S R e g
- - - - L - ! - 1
. mr w tide m os3fge qm ot oude s RIS LG T L La s wiin o el TR
are EFOM L aa Lo - :

*Por io tanto un sistema constantemente dptimo reoulere de una

- o e

t..f”Cﬂnfigurac16w continua.. =~ _ L re. . FhuEbiresn. 7 ol A

/'- “m B I T T O UL e U ¢ ,':H"':_--' P AL A
vI.2 TIPOS DE RECONFIGURACION - ,.x <ot = €% : oL
ie S e em . pFee me yam o M ES Ourah n T T ¢

ta reconfiguracién la dividimos en dos tipos: . & ieityd 317
LR Lo+ - - -

- TR . o= +

] o - - — -

v, - . - - - L

La gue no modifica la estructura de la hase, la informaci&n'

solo se reorganiza.

. . ' - - T o
- . R - .- - .. . - L M
R, N

- L)
d—

La que modifica la estructura de la base de datos. -

. - . -
o ' , : - . . - -
[ -

En el primer tipo la aplicacién {(uso de los datos) no ha cam-
hiado, sin embargo la base de dates si ha cambiado, dehido a
las continuas actualizaciones de los datos, como son las altas,
bajas y modificaciones de registros y/o proniedades y de los
archives. De tal forma gue la base para conservar un nmanejo

optino -tendrd gre zsimilar o actualizar cierta Informacifn.

11






. . . -
.criteric de seleccidn decidir o no el camhio & una’estructura

distinta en base a un &ptimo aprovechamiento fe tiemuo tmenimo
2 (|

_de_respuesta) y nemoria {minina”memoria’ ubilizaca):

j_...-u:r ."J..'-
. . R qu-:a;ﬁ Fi woadass Is

r.st-\f _-l
_Para poder evaluar una estructura se tendrs aue medlr el nnvi—

-

&L :
_ miento de los dates que en ella’se suceden; “de esta manera lo -

. H

-l‘!.'l"""'.‘I|

gue define el mnv1mientn de los datos es la frecuencia de ‘apa-

!
‘v R Ty ME

raciones que se reallzan sobre reglstrOS Ny nrnnledaﬁes. PoOr

- - rae o =T -

ejemplo, definiendo dos operaciones, consulta global '¢ actuali

zacidn, un tiempo después de estar usando la base'ﬁahré prohie

-...-'-

dades nuy actualizadas, registros muy consultadcs, etc. de es-

ta forma se definird la frecuencia de operaciédn como el nfinero
- L T

ge veces gue se ha realizado cierto tipo de operacién en uh

lapso de tiempo dado. For ejemplo, una frecuencia de opera-

citn igual a 8 para la operacidn de consulta schre ié‘?ropié»

dad edad, .significa gue hasta ese momente la edad ha sicdo con-

s *r

saltanz B veces.

De esta manera en forma general, cada elemento del archivo ren
glén o columpa, de acuerdo al tipo de estructura implemantada

deberi contener dicha informa=ifin estadistica, frecuenéia de

aoperacién, -

LAY

+

12
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‘,lwaciﬁn en particular de la base y las_ funciones a realizar se-

Este tipo de recOnfiguraéiﬂn depende.de la'estructura y organi
i j LA Tl b ! ;

- s r— - —— 1

oI LTS, TR £ . b
r&n tales como, 1ntegrac16n de daLcs en sreas de deshﬂraamlen-

¢ datos el o

1

ot i

£0 a los archivos, reardenamTEntns de archivos mezc;aq de ar-,

£ 4
N A P P
- - . ¥ , N
chivos, ete. & | K I £ 1 RATL 1 4 { = - -
:.__. i ) P . ’ . . . ‘1
‘ R |oe5 ‘arran 18 _dd tyee o i
- - 1 bk A R R
! - S T
De esta farma en este tlDD de reconfiguraci6n los datﬂs so‘c S
1.-1- l‘ i - * * P _,_‘1
se actuallzan:y se reorganizan sin' deiflCﬂ“ su estructura hh_mﬂ.
} A ¥ W - 1-- - -t “"'"‘-__'“'.-._.-u—ﬂ rll"l"-"'“ r.T
sica. s R B P L
. - '__-;'_{._ E ' F R ':‘::_?:_;_L_E L S PO

o Ly AC En ~r 3 RRT
En el segundo tipe de reconflguraciﬁn, la aplicacisn {tipos de-

\‘-'tg
=T s 3 £ I P SO S

operaciones) ha cambiado en algqunos ar"hlvos vor lo que se re-

at. - s

guiere una restructuracién que optimize la nueva aplicacidn/

-
[ B [ Al
ae A -

v

.
.

e - o

g -

Para este tipo de reconfiguracidn se recuiere que al mencs la

a -— -t F\l— - -
LT I - =t

base, sea capaz de snnortar dos tipos de éstructuras ﬁlferen-

v
- PR - %

- - - L

C aw .

tes. Por ejemplo nara una organizaciﬁn de datos matrlcial $e
e Toe men - Ry L -
puede estructurar para dos aplicacicnes, nor culumnas para col

L L] M

gultas globales y por rengleones para actualizaciones.

. -, — = %
e e =4 g moE 1T g tmp tr# £ ok . -
. e L L -

vI.3 HNETODO DE RECONFIGURACION, PRECUFNCIA DI CPERACION ¥

b

COSTO DE RECONFIGURACION

1a reconfiguracifn consistird en la evaluacifn de las diferen-
tes estructuras de la base y ce la selecciln de la mas adecua-

ca. La evaluacidn rermitira conccer el comnortamientc de la

base a traves del tienpe, lo cual reflejari el tivo de movi-

miento de los datos, por las diferentes oberaciones gue se rea

licen dada unra cierta estructura; para nosteriormente-con un
L Vo

13 ‘
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-

I '; DA 5"‘ ‘.f.:ﬂ: cua v h:-lﬂk; AL mg R -'IL.;_}"E:”: :':”:'

- B 1.1
PSP T T CI T F A L SR Sl S ¢ ned 3 o (CIRLIALIIILEOY AL
- d . 4 - ¥ -
n r N i - o
En esta figura se ilustran las frecuencias de OPEraﬂiﬁn nari‘una
- - I'.- )
. ~ [ ;!‘ A $f--\ﬂﬂ
o organizacibn matricial gue en £l caso mas qeneral nuede haher
e T Podbee

- hasta cuatro tipos diferentes de Frecuencias de onerac16n para -

dos operaciones, consulta y actuallzaaiﬁn.+ Frecdiencia de oneriL

-

cibn sobre registros de, consulta v actLalizaciﬁﬁiiPRC v roa)” y

iy gl

frECUEHC1a de_ operaciﬁn sabre“CQIUmnag de consulta v HCtuaTiza- o

®res cifn (FCC, 'FCA).__Por ejempld, €l redistro waria’ HhiéiﬂaﬁEdﬁsﬁlzmv

tado dos veces y. actuallzado .cinco hasta ese momgnto: i La prox*?

piedad edad ha sido cansultada ocho vedes' v’ actuallzaﬁas dos:”

iT
4 =

n

El nlmero de_ frecuencias utilizadas en una representacifn depends ™ ™
de las _estructuras con gue se cuente y del niimero dé oberaciones
que Se consideren. -3y zr oo T s .o e .t MoEpoeS OTHELT

- .o i
= Ll N L R o R

LR M- . -

Y. op

El criterio de seleccién’ (coste de cambio). ' El criterio dé’se-!
leccifin consiste, dada una cierta estructura v el céndciniéﬁtnﬁ*

del) comportamiento de la base, atraves de sus frecuenclas de

- - -.1._ T T r————r
- g m

aperacidn, en evaluar la estructura actualy las posibler para

- — P - ——— —
- i = = = - - -

asi decidir por la mids &ptima en memnrla ¥ tlENpD de respuesta.

A A

o im am — - —— e re— ——
P ———— =

De esta fDrna el priteric consistir en cuantificar en térmlnos

¢

. — ———

. de nemoria y tiempo de respuesta [costo “de ﬂambio} 10 due le .
RESLT

—r m Emme (e —— — — e P - -

cuesta al sistema responGer a las cperaciones con la estructura

Ty

actual asi como cuanto le costaria’ ccn cada “una ge las otras 275

1|.""- heaw

sibles estructuras y decidir por la del costo mas bajo. .. .

1 = wr’

Ny






o

Cabe aclarar que se parte del supuesto de gque el sistema tendrd

un comportamiento, eh un lapsoc de tiempo, Iiqual al comportamien

predictora). ~ :

M

[Hsa -

i

el costa de operac16n,y el costo de reconfigurac16n1=

L W

gunéq,

sicamente la reconfiguracifn.~n

Por ejemplo,

zones de operacitn.justifique un cambio de estructura; pero sin®
- - .

-
-l o

Y Tolad o

Al B

A GELT
- -

3

bt

M b1

-rt

T T LR P

§r

-a: —-.-'1*

b

R
Ll A

to que _se midi$ en ese momento,. {a menos de usar una’ifundidn’ O3

_Fl costo de cambio tendrS cue considerar dos CoOStos ‘elementales’,

El prime—'

1

ro.es_lo que significa en memoria y tiempo de respuesth A Iag ©2

T m e

diferentes Gperaciones para las diferent&s estructuras v el se-

-
ada

3 o= = F .1
supdngase que yna propiedad de’ un archivo, por ra--

es 10 gue cuesta en memoria v ‘en tiembo llevﬁf"a'babdhf_‘

FL g Iraohrl

« %2

embargo se de el caso que el costo de reconfiguracidn ffsica re?

sulte muy ailto, debido guizids a cue el archivo es puy grance;

asi_en términos totales no es afin justificable un cambio; pués’

latsoluc;Qn_resulta mas cara gue el problema. .

-
- N =

-

S ppcoE et g F oI, 3T gne o NTF sl B oo =
_ OPERACIONES | RENGLONFES] COLUMNAS 2 NI e
ACTUALIZACIONES 20 - - - COSTO GE OPFRACION
T - |- 0. 15 COSTO DF, RFCONFIGURAL *
- cIONm
[ . - 1 L- - - t T ma . L) o ada
CONSULTAS ° --p- 18 - s COSTO DF OPERACIOH
e e e b «~] 2o~ 0 r3] <10 COST0 DE RECOMFIGURA=-"""
CION
TooTe T e me iD g Tt tgg T T TCOSTO TOTAL
PICURA VI,3.2' s - - ' oot T

Zn esta figura se ilustra los costos en

ciones de consulta y actualizacifn nara
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una hase

de datos,

con
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r ~T e T -+ e -
= rooergn b GIMLT CAEOT DL YLD DL L3RG 3

dos diferentes tlpDE ‘de estructura (renglones y cnlumnasl. dada
P e parr mahooon = < woami o lo pyean BUisiloal sonomr lab
una ‘@structura actual por renglanes : Fn este ejemplo e ve gue,

. 2% LI
aungue por consultas convendrfia una- estructura por columnas, sin

A L

embargn deade un punto de vista glcobal la organizac1dn por ren- -

,‘-_'--1.{*- - ‘an- - ;"- 'rI-_T -rr,',l""""‘"‘ - -'_; "’l.‘_L 1 ':G 4.-.-‘\: ".‘I'J ”__ CaaLw
‘*glunes resulta aun adécuada.- Debera- exlst1r una1tab1a similar

[
l -

LI 1
para 108 c¢ostos en memoria utilizada, . i o ..
Lt BINLT LelRECSLTas Lurt e L rf::~::;;:1.:-: ‘ef %Et:ﬂéiuﬁ1n Iz
-t . et e I T T A ST R T T T O 3~ Y. 1| SirnangetR 1o o1
o h'ﬁ L w-l_ Sy Rl - . B e A L ' . 3 o

.4 RECDN-IGURACIOH AYTCGHIATICA . - .

=2 R PR T bk s N RN R T o '*‘1'--11:1..4:21411\';1 Chal

= e ] PRI TP R - ' < A [ .

e ozatvmu_as=r cnl wotlmde BnnsE Tinrn 230 LEuhehalaty] 230
Los cambios de estructura de una base de datos puede ser realiza
—r L 4 F LA MBS DSLLASLD .S SFH LTI (e DI YU RTo L TuiToIl S
da desde manualmente, pﬂr decisidn del usuarln o ‘hasta totalmen-

camel lnTe pLo o, wrRLlt op R¥OFL . o Ta RET T a0 WLhWg LR

te automitico y trénsparente al usuaric. La nrimera as muy sim-

wle pues no sa requiere de un programa ﬁe cecis161 para reccnﬁl—

- - CR - - - T H
- LA T P R o e m - £ e A e H-R - -

guracidn; el trabaju 1o realizara el usuario, lo gue implica el

- T "1‘.'.£_ ALY & B e a4 = < - 4 L -.l‘-;...: = ..l-..-;.n-_l_
conocimientc de las eficiencias de las estructuras ut*llzadas v
A0 Tami Taah Laewmret 0 - R i
del comportamiento de la base, 10 cual generalmente ser& imnr&c—
PRI T - S R O e - . - i LeTEU DDA 2
t1c0, a mence gue el usuario sea nuy experirentado vy lleve el
-.I i _:..""‘ v Lo L T [ A . - tm [ - L % a =

mismo las estadisticas de usc del sistema. ¥l segundo metodo

- . il |
L O R Toed &y v = - - i o RH e loa

dungue uh poco mas canplicaﬂn evita al usuarln nreocuparse Dor

-

L l'. TmELT YL - T T . e M1 i . - -~ N opd T
estructuras. _ ..

A T TR - - . 3 " welLEILT oL
. R LT . . e S A . L -

Existe un punto intermedio el cual nuede ser 1nteresaqte v aque

o " - T . ., & - c b owew

puede SEr opcional cuandn se tiene un sistema autnm&ticﬂ es

L4 £ - «~ 1

- - : - e - ot = -

aquﬁl Sistema que acepte sugerencias u grdenes por parte del .

-
- . . - A

usuario para camhiﬂs de estructura, es declr un sistema semiauto

- E ] e ow - A e

L ™t ’

mitico. PoT ejempln puede suceder nue un sistema tendrs un cam-

LT ou T io ie Tl i - L e a "
bio radical en cuantﬂ a su apllcac16n la cual se conoce, por lo_
‘_ - .rlj-p-"- '-f' ’ -|i. _ ‘._ L .

que podrfa forzar en un momento a la reconfiguracidn sin espe-
rar que lasg frecuencias de operacltn lo reflejen un tiemoo des-

17






*
- L

pues. Esta informacién por parte del usuario podra ser, no hece

Sl L dLoaTnIon P o f Lt et L, LN IILe Lo oOGIT MuEnlufilad T
sariamente-decisiva pero si importante para decidir. una reconfi-
VHUD LV D OIYEI(E S8 8T LFEIOLETRT Lo LBUTSL HMUITilITE: r.u
i . £ i
guracidn. . ' voa gt I
wim Lgorerion w00 erUtposdes S0t AYubneviaon alinmaln I3 eLINILD

-nor 3en ah bax"lf“s 6" Iedolp coeiv ab odpuy nu #4245 0:*:
I.5 PROBLEMAS DE IMPLEMENTACION FU LA RECD‘TFIGUQACIG\I

oy
:5;‘ L oA ! FE- PRI - F omr . - ---.‘-J..--r—uu-- R ——— 1.._.1'4--:‘.1.5"'

ansmtiias  1tGiane 0 FO3E0W 2] LYey
El problema de la reconf 1gurac16n hasta aqui expresado, pvarte so

bre el supuesto de una frecuencia de operacidn nor vrociedad in-

sy Ty TLl W *OAYUDISEOIAN oI
dependientemente de las demas frecuencias de operaC16n de las

otras propledades. Es decir hasta aborita las frecuencias de

:I.*—ﬂ_ n--r_.-"" - S -‘r;‘ a— ':-.-‘-:i'-qr'-‘ﬂ.ﬂ ;_[’ S= '.._r...,.-, ot
operacidn sohre prcpledades soln han conte nlade consultas v ac-
e T R 1 D L = irzoab e etmErIEl LR 3hLs. Th

tualizaciones sobre prapledades aisladas ¥ no en conjunto.

LI * s S e

. Zde T iy

-, - - L
—mtr YT LR omTISCTCOEL _tivosla L wTTR L oS3

I 3 am .- - : T T R Y1 B PRI ¥

Para ahOndar mas sabre el resnect ;, con el esouema hasta ahora

- «m Py - ey ' ¢ 1--..‘_ L L _‘: 1--“.-"1:-}&!-1‘-*--

preésentado, para N nropiedades se 1 evan E*W freauenc1as de ope-

- 1 r Lo - .u-j, . ,'F pr‘ _'”. s orm :_-" - :;j-.‘.—"*pﬁ.‘f'\ﬂnla.

raclﬁn (N para consultas y W para actualizacfonesl. asto resuita

- [ Tk _ T SN R TTY v JR tE U B o R Ly """"
ré adecuado 51 las cperac1nnes son sSlempre sobre una nrnpledad,
. LTI I A omr e a7 -~ LRI LI L L A TR Laa
pero por ejemplo si no solo se hace la pregunta a un archivo de
R e = e T. Ca T T S SR
ennleadcs quienes tienen 30 hrs. de traba]o {lo gue afectarfa a
R L e - F A f‘.l"?l"'" T T L S TS e area

la ﬁropledad horas de trabajo en su frecuencia de nnerac16n fa

e cme o PO A

consulta independientemente de las demas pronledades, v ¢cua de

hecho lo es en este caso] sa hic1era ademas el sxqulentﬂ tipo de

. .- -
-‘. - -

preguntas, incluyenda nas urupiedades, corn quienes trahajan 1o

- = e _'n_,, - P .- L _-‘Jl’.. w3 1__' L
hrs. a 1a s&mana y son mujeres, con el mismo esguema a cada pro-
* -7 ot - i LA R gl-

piedad’ se le éfeataria sus frecuencias de manera 1ndenendiente

. R PP L . f LT R I
_‘ 4 B ar 1 =
entré ellas. “En este caso el esquena no es vilido por Uue no es -
—-t=r LR T R T TEDE ¢ o L [ ekt .
1o mismo esa uregunta si en un caso la ‘estructura para la nronie
Forems e A e T [ e " ! PP TP i'_

.,.J
dad hrs esta en columnas y la prﬂniedad S5exo esta en vectores v

" - - * - - I-
- rs P ] - LI . - - . [ - ' A=
e L fite TN OSe Pae TS e e - bl -

[ ]
b
-

T S 1'3..',..* an ¥
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— - B -

- an otro caso ambas propiedades estan en vectcres, ﬁLe to que ‘si

- Nt e *l‘._.:

- ambas propledades estan en vectores el nimerc ge' accesos’ es

e — = e em e omet
igqual al nGmero de bits” que componen’ ambas pronledadEE, nero si

una propiedad esta en R de nada “sirve gue 1a primera este en V

L LT e Pl i Ea

. - .
pues ya no toman el mismo nGhe¥o d& acdesos cuando amhas estan’

en V, de esta manera las frecuencias de owveracifin dependen Bl

~ -
' RTINS -.-q.l\_.---- R

ciertos momentos de las demis frecuenc1as de oneracién cuando :

hay una operacifn gque involucra a varias propiedades.

- - s - e ’ '
B e s o= T o T CTRETRD My I b

B |

At

R - e ®

i
Por esta razén vara poder llevar un’ ccmpcrtamlenta tohal de” cada
. s . yr - - R et T
una de las propiedades-en un archivo habri cue considerar de ma-

nera general gue las ¢peraciones tienen nue ran51derar el nfmero

de posibles combinacicnes gue se puedan hacer con todas las pro-

n

piedades, es decir se reguieren de un nlmero e frecuencias

igual a 2 * (2 EXP N) donde H es el nfimero de nrooiedades en el

e T -

archive, §i N=10 se reguerirdn de 1624 frecuencias.de operacidén,

que como se observa resultaria muy costoso llevar la estadistica

+ s . am
[ R -

total.

e pemap oy : - - -

De esta furma, dadu el altn costo gue tendria nue nagarse bar

" E

una estadistica todal sobre todas las posibilidades (no necesa-
riamente.usadas} en frecuencias de operacifn, la sqluciﬁn tendra
que tomar otro camino un tanto intuitivo para abatir ﬁicﬁ; cosho.
Las solucinnes 4 este casc son variadas. Una primera considera-
cidn a tomar serd que las estructuras no seran-ekcluyentes, as

declr, ademds de una estructura por rengleones v de la de columnas

s sumard la de renglones y columnas.,

L W 1. ] # LT L

. 1%
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1. CONCLUSIONES
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éi bien La reconfiguracifn pretende optimizar recursos y tiemnos

L]
-’

de respuesta, noc hay gue perder de vista, cue la reconfiguracifn

+

tiene su propic costoe, ¥ en un momento dado ﬁuede sef1huy alra.
Por otro lade hay que hacer notar que el ‘anilisis en el ejemnlo
citado esta basado en memorias de acceso directo, como disco; no
se toman en cuenta otras alternativas, como lo serfa‘la’construg

citn de un "disco” al gue se le pueden accesar renglones v colum

L ..
. .

nas de manera direscta; © usar como sistema de almacenamiento a

memoria principal (alternativa cada vez mas viahle , por el con

““d.
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tinuo decrecimiento de los preclos en las memorias de eEtE'FipD]-
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Sin embargo, tomando en cuenta las consideraciones antes mencio-

- »

nacas la reconfiguraciétn puede ser una solucisn al prohiema de .

optimizacitn de recursos y tiempo de respuesta para los sistemas

generales de informacidn, . ..
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Directorio de Asistentes al Curso: "Casos Pr:'écti.cos en el Digefio de

Sistemas de Informacidn 1980.

" Jnst Francisco Arellanc Alvear
Instituro de Investigacionas Eléctricas
Leibnitz No. 1

Mexico 5, D,F.

525 20 28

Joaguin Arellano Nifiez

Miguel Alejandro Arenas Rodriguez
COCONAL, S.A,

Periférico Sur 6501

Z.P.22

676 55 35 Ext. 116

Gerdnimo Armijo Burciaga
SARH
. Reforma 107=5°
Z.P.4
592 10 31

Sergio Briseiio SAnchez -
Cla. de Luz vy Fza. del Centro, S.A.

J. Guadalupe Roberto Carbajal Solfs
IMP

Lézaro Cdrdenas 152

Z.P.l4

567 66 00 Ext. 2686

Juan Carlos Chu Pulido
SAHOP

wwiorma 77-10°

Z.P. 4

534 25 97

Conrado D4dvila Garcia
D.D, F.

SN. A.Abad 231-7°
Z.P. 8

588 32 27 ‘

Manuel Horacio De la Rosa Lazos

Fac, de Est. Sup. Cuautitlin Campo 3
Cuautitldn [zcalli, Edo. de Méx.

33 111 Exr. 391

Veldzquez de Ledn 52
Col. Sn, Rafael
Z.P.4

Relojeros 46

Co!. Retofio
Z.P.13
532494 (5

[nsurgentes Nee. 21-C
Z.P.3 '

Prte. de Calderdn 35-17
Sn. B. Atepehuacdn

Sn. A, Abad 29-2 A
Z.P. 8
76113 85

Miguel Laurent 61-202
Z.P.12

Alhambra -4:13-4
Col. Portales
Z.P.13

539 99 83



1.

12.

13.

14.

15.

16.

17

José Maria de ia Torre Wolf
SARIHN

Jefe del Depto, de Evaluacion del Desarrollo

Reforma 107-7°
Z.F.4
535 02 52

José de Jesds de los Santos y del Angel
Banco de Mex., S.A.

Insurgentes Sur 2375-5°

Z.P.20

530 70 1l Ext. 168

Enrigue Espriella Médina

(Cfa, de Luz vy Fza. del Centrop, S.,A.
Av. Melchor Ocampo 173 Oficina 402
Z.,P. 17

546 67 96

Jorge Fernindez Moreno
C.F.E. ’
Radano 14

Z.P. 5

311 00 99

Miguel Flores QOrtepa

C, F. E.

Melchor Ocampo 469-101

Z.P. 5

511 00 99 .

Tosé Luis Frias Alcaraz
C. F. E.

Rédano 14

Z.P. 5

Salomén Frid Ran

D.D.F

Ofi. del Sist. de Infor. de Deswrrollo
Urbano

Pino Starez 15

Z.P.1

522 64 38

Alfonso Galindo Valencia

C. F. E.

Melchor Ocampo 469 1° Piso 101 + 102
Z.P.5

511 00 99 .

Hda.Sn. José Vistahermosa 27

Echegaray
MNaucalpan, Edo. de Méx.
373 50 25

Laguna de Guzmén 119-5
Z.P.17

Juan O'Donoji 256
Lomas de Chapultepec
Z.P, 10 '
540 45 76

- Amores |B74-902

Z.P.12
575 4276

1! de Abril 177-503 A
Sn. P. de los Plnos
Z.P.18

Sauces 11

Jardines de Sn. Mateo
Naucalpdn, Edo. de Méx.
SH 00 36

Chego 14-3502
Col. Hip&dromo
México, D.F.
574 55 66



18.

19,
20,

21,

22, .

23.

26.

27 .

Anatolio Garcia Monfil
Colegio de Bachlilleres
Av. Cuauhtémoc 1236
Sta, Cruz Atoyac
México

‘539 55 22
juan Pablo Garcia Morales

Ana Marfa Garcfa Meléra

PEMEX
Marina Nail, 329
Z.P.17

Teodoro Gonzilez Esteban

Inst, de Inv. Eléctricas
Leibnitz 14-9Desp. 901
Z.P,5

525 62 73

José Gustavo Gorocica Palma

SAHOP

Miguel Laurent 840
Z.P. 12

559 16 38

Regelo Fernando Herngdndez Mirapda

Centro de CoOmputo
Av, de la Juventud s/n
Chilpancingo, Gro.
227 41

Manuel Hernindez Romero

PEMEX

Salvador Herndndez Ugalde

Colegio de Bachilleres
Av. Cuavhtémoc 1236

"ZL.P 13

539 53 22 Ext. 140

Laura Herrej6n Caballero

Inst. de Inv. Eléctricas
Leibnitz 14 PH

Z.P, 5

25053 16

Mario Herrera Carballido

SARHYH
Reforma 107-5°
Z. P, 4

592 10 31

Rep. de Chile 12 Altos
Centro
Z,P. 1

San Pedro 194
Coyoacén
Z.p. 21

554 47 87

Milwaukee 42
Col, Ndpoles
511 68 64

Pilares 1417
Z.P. 13
672 48 09

Nifics Héroes 15
Chilpancingo, Gro.

Pilares 94
Z.P. 12
575 3377

Calle 4 # 10-13
Col. Independencia
Z.P.13

532 23 64

Lopez Cotilla 1544-202
Z.P.12
525 69 79

Miguel Negrete 20-3
Nifios H. de Chap.
México, D,F.

590 60 91



28,

29.

30.

3l.
32.

33.

34.

39,

36.

37.

Ma, Elena Huerta Lopez
PRODEL, 8.A.
Hamburgo 31-1°

Z.P. 5

591 17 27

José& Dionicio Izquierdo Buenrostro

COCONAL S.A.,
Peritérico Sur 650]
Z.P. 22

676 55 55 Ext, 116

Armando Jasso Arfas
5. A. R. H,
Reforma 107-8°

Z.P. 4

592 10 62

Alejardro Jiménez R,

Arturo Jiménez Mayén
UAM

Caiz, del Hueso s/n
México, D.F,

Enrigue Lastra Moreno
PEMEX

serglo 1.Opez Gonzilez
Inst. de Inv. Eléctricas
Leibnitz 14-3°

Z.P.5

531 66 90

Florencio Guillermo Manrique de Lara Gtz.

Médanos 44
Las Agullas
Z.P, 20
593 33 60

"Ma, Teresa Medina Vite

Univ, Auténoma de Hgo,
Abasole 600
Pachuca, Hgo.

26535
Roberto Carlos Mendoza Preciado

Inst, de Inv. Eléctricas
Leibnitz t-8°

Z.P, 3

525 20 28

Dr, Atl 260-16 .
Sta. Ma. la Ribera
Z.P. 4

547 47 03

Cordor 154
Col. Agullas
Z.P, 2l

Calle 25 No. 94

S. P. de los Pinos
Z.P. 1B

515 8044 - '

Av. 53l No. 8y

U, Aragbn

Z.P 14

551 12 21 .

Nte. § No, 271
Col. Moctezuma
Z.B. 9

762 03 73

Av., t°de Msyo No. 255
Sn. Pedro de los Pinos
Z.B.18

515. ¢l, 29

Tagle 202
Pachuca, Hgo.
2 4] 53

Calle 23 No, 91 Altos
Pra-Hogar
Z.P. 4



39.

40.

4l.

42,

43.

44,

45.

46.

Jos€ Luis Molina Figueroa
PEMEX

Gabino Gaspar Monterrosa Reyes

Pir. Gral. de Const. y Ope. Hidrdulica
DDF

S. A, Abad 231-7Piso

Z.P. 8

588 32 27

Rodolfe Pimentel Camacho
Cia, de Luz

Ttaloc 90-4°

Z.P,\7

346 11 55

Arturoc Ponde de Ledn Hyerta
Dir. Gral. de Planificaclén
Pino Suarez 15

Z.P. 1

522 64 38

Luis Joaquin Foot Ayala
Dir, Gral. de Planificacitn
DDF

Ptaza de la Const. No. 5
Z.P. 1

530 29 95

Justo M guel Ramirez Cahrera
Inst. de Inv. Eléctricas
Leibnitz }-§°

Z.P, 5

525 38 04

Rodolfo Antonio Ramirez Riceo
SARH

P. de la Reforma 69-5°

Z.P.1

546 80 70

Raymunde Hugo Range Guti€rrez
Fac, de Ing. Apdo. Postal 20-380
UNAM

México 20, D.F,

330 52 15 Ext. 3750

‘Carles Reyna Ramirez

SARH

Ofi. de Reglionalizacion y Clasificacion
Hidj rolégica

Sn,A.Abad No. 32-1:0 ° Piso

Av. Sn. Mateo anala
No. 61-29 -
Jardines de Sn. Mateo
Naucalpén, Edo, de Méx.

Saratoga 1017 -202
Z.P,13
532 46 59

Hda. de Santiage 82
Prados del Rosario
Z.P.16

561 71 37

Fut bol 118-2
Country Club
Z.P, 2]
49 4] 82

Dr. vértiz 757- 2'?
Z.P.12 |

Tripoli 310-306
Z.P. 13
672 05 75

Av. 20 de Agosto Edif. )
Paseos Taxquefia
Z.P.21

Calz. de los Misterjos -
No. 89-25
Ex-Hipedrémo de P.
Z.P.2



47,

48,

49.

50.

52,

53,

54.

Jorge Arturo Rodriguez Cérdoba
Es.de Ing

Universidad Auténoma de G uerrero
Av. de la Juventud s/n
Chilpancingo, Gro.

Juan José& Raxiriguez Jiménez
SARH

Reforma 107-2°

Z.P. 4

566 94 92

Francisco Javier Rodriguez Avila
D.D,F,

Sn, A. Abad No. 231-5°

Z.P. B

S88 78 06

Jorge Silva Midences
Bolivar 745-104

Col. Alamos

Z.P. 13

579 77 90

Pedro Verjin Vargas

Comisi6bn de Aguas del Valle de Méx.
Balderas No. 55

Méxice 1, I, F,

510 02 94

Eusebic Veldzguez Herndndez
SARH

Reforma 35 Entrepiso

Z.P,1

546 59 28

Vicente Villa Durdn
SARH

Reforma 107-2°
Z.P, 4

566 94 92

Allcia del Carmen Villalpando Renterfa

Universidad Autdnoma de Hidalge
Abasolo 600

Pachuca, Hgo.

26335

Av. Guerrero 1G-B: !
Chilpancingo, Gro,

Av. Ameéricas 16
Cel.. Mcderna
Z.P, 13

590 16 46

Eten 619-1

Col. Lindavista
Z.P, 14

754 43 69

Virginia 164
Col. Na:iv}és ‘
Z,P. 13

532 27 32

Azaharez 26

- Frace. Villa de las F.

Coacalco, Edo, de Méx

Sur 123 Manz.2 Lote 10
Juventino Rosas

Z.P.§

657 78 28

Tiro Tule 109

Rea)] de Minas -
Pachuca, Hgo. e
2 08 85



