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2 . 1 CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

• ' 
3. GRADO ~ ACTUAL!ZACION LOGRADO EN EL CURSO 
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1.- lQué le pareció el ambiente en la D~visión de Educación Continua? 

HUY AGRADABLE AGRADABLE DESAGRADABLE 

. ( .. ) [ . ··.· ) ( ) 
2.- Medio de comunicación por el que se enteró del curso: 

PERIODICO EXCELSIOR PERIODICO NOVEDADES 
ANUNCIO TITULADO DI ANUNCIO TITULADO DI FOLLETO DEL CURSO VISION DE EDUCACION VISION DE EDUCACION 
CONTINUA ·CONTINUA ,.1·. i 

( l ( ) ( ] 
CARTEL MENSUAL RADIO UNIVERSIDAD COHUNICACION CARTA, 

TELEFONO, VERBAL, 
ETC. o o o 

REVISTAS TECNICAS FOLLETO ANUAL CARTELERA umtM· "LOS GACETA 

• UNIVERSITARIOS HOY" UNP.M 

( ) ( ) ( . } o 
3.- Medio de transporte utilizado para venir al Palacio de Minería: 

AUTOMOVIL METRO OTRO MEDIO 
LRTICULAR 

l ( J ( ) 

4.- lQué cambios haría en el programa para tratar de perfeccionar el curso? 

. 

5.- _¿Recomendaría el curso a otras· perSonas?.( ) SI· ( )No 

" 

5.a.lQué periódico lee con Diaya_r frecuencia?·· 
' 
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6.- ¿Qué cursos le - . gustaría que .ofreciera la División de Educación Continua? 

' ,.. . 

7.- La coordinación acadérilicéi fué: 

EXCELENTE BUENA REGULAR MALA 

1 1 1 1 1 1 1 1 

8.- Si está interesado en tomar algún curso INTEN51VO ¿cuál es el horario más 
conveniente para usted? 

LUNES ·A VIERNES, 'LUNES A LUNES.· A MIERCOLES· MARTES Y JUEVES 
DE 9 a 13 H. y VIERNES DE Y VIERNES DE DE 18 A 21 H. 
DE 14 A 18 H. 17 a 21 H. 18 A 21 H. 
(CON COMIDAD) 

1 1 CJ CJ CJ 
VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
'S ABADOS DE 9 A 14 H. SABADOS DE 9 .A 13 H. 

DE 14 A 18 H. 

1 1 1 1 1 1 

' 
9.- ¿Qué servicios adicionales desearla que tuviese la División de Educación 

Continua, para los asist;.entes? 
' 

. 

10.- Otras :sq:gerencias: 

. 

. 
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1 PRESE~T-ACifN 

Bienv~nidcs al curse de ensamblador para la computadora P.C. 
~ 

Este curse tiene come texto base el libro. "IBM PC ASSEMBI..Y 
LANGUAGE" de Den na· Tabl er que se incluya con ·al mat-.i ~ del 
curse, además de unas netas estándar para todos les curso• da 
lenguajes /de prcgra,¡nación impartidos en la DECFI, las cuales 
explican les -hmdament6s de la utiliz~ión del sistema cparatlv~ 
MS-DOS, a,s! come del editor de texto que se emplea p~ra ~1 
desarrolle de les programas da practica qua se verén a lo largo 
del curse. 

También se incluyen alg~nas figuras e~plicativas 
aspectos importantes del lenguaje ensamblador que 
con la suficiente profundidad en el lib~o de texto. 

sobre aquellos 
no . se tratan 

Finalmente, y formando parte integrante del material da asta 
curso, sa proporcionar~ varios programas f~anta ~~latos da 
ejemplo en l~nguaje ensamblador los ~uales dabar6 copiar cada 
alumno a algO.n_ diskette de su propiedad que traiga (en ,·,1• O.lti­
clase de este cursca sin embargo es muy importante mancipnar qua, 
a,parta da lo ,indicado anteriorm~ta, .n:lnedn alu.na d.tlt!lir,6 cGIJ:lv 
ninguno de la. prcar-•• producto qu• CDIIPanen •1 en~ladar ni 
sus program_a~ aCOIIIPalfant_, callO el ligadcr, d.bug~, íÍtc. .· 

\. -- =~.., ... : .. 

Esperamos sinceramente que este curso les sea de 
los conocimientos adquiridos en él los apliquen 
para rascl ver sus prcbl amas actual es y futuros.· 

1 

utilidad y qwa 
una y otra v•z 



NOTAS PARA EL USO DEL SISTEMA OPERATIVO MS-DOS 

2.1 ENCENDIDO DE LA COMPUTADORA 

?ara utilizar la computadora, siga les siguientes paacs1 

2.l =:nci anda el regu!'adcr e 1 a caja de contactes, si es que 1 a 
computadora cuenta con alguno de ellos. 

'o) Encienda la pantalla de la computador¡¡. 
el Ine;erte el disco del sistema operativo MS-OOS en la ranura 

de arriba o del lado izquierdo de la computadora y NO 
=!ERRE la manija. · 

::J) Encienda la computadora. 
al Cierre suavemente la manija del disco que insertó y espere 

unos momentos. 
f) Cuando la computadora muestro: 

C1.1rrent date is Tue 1-01-1980 
Enter new date1 

Teclee la fecha actual, primero el mes, luego el d!a y al. 
-final el af\'o separandolos por una diagonal !/) ó un guión 
<->. Siempre recuerdo que al terminar cualquier 
instrucción que se le d6 a la computadora, es necesario 
oprimir la tecla RETURN, marcada como <-J a la derecha del 
teclado, para que la computadora procese la instrucción. 

gl Cuando la computadora muestre algo similar a1 
.Current time is · 0:01:12.34 
Enter ne~J time1 

Teclee la hora actual, , primero las horas !de O a 23) y 
luego lee minutos, separéndolca por un punto !.) 6 dos 
puntos <: l • 

La computadora está lista para operar, le cual le indica por 
medio de: · 

A> 

Para apagar la computadora, abra las maniJas de las unidades. 
de discos, .-etire los discos. y ;;.pague el equipe en el orden 
inverso al descrito anteriormente, e sea, primero la 
computadora, luego la pantalla y al final. el regulador o la·· 
caja de contactes. 

Nunca debe.haber un disco insertado con la manija cerrada· al 
momento de encender e apagar 1 a computadora. 

2.2 NONBRES DE ARCHIVOS 

Toda la información qua maneja la computadora ee almacena en 
archivos en los discos que se insertan en ellat cada archivo 
se identifica por una especificación de archivo que consta de 
do~ partes separadas por un punto como se muestra en seguida• 

FILENAME.EXT 

La parte indicada FlLENAME es el nombre del archive, este 

- 2 -
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_,,_ombre se forma con- un maximo de ocho caracteres ·¡¡ue _ pu~den 
ser letras o numeres i' qum c-ada quien define coiiio··aosee;·· pcr 
c.>Jempl o: 

ARCH3B DATOS A PROGRAMA 

La parte indicada EXT es 1 a eKtensi ón del nombre, 1 a CWil 
debe separarse c:!!O!l .nombre por medio de un punto y podrl\ terH~r 
un m.ú:imo de tres caracteres. La e>rtensi ón del nombra, 
también llama,da_tipo de archivo, sirve para indicar el tipo 
de información que contiene el archivo de acuerdo a la 
sigui ente convención:. 

• ASM 
• BAS 
. coa 
• FOR 
• PAS 
• OAT 
• TXT 
• BAT 
• EXE. 
• COM 

Programa en ensamblador • 
Programa en BASIC • 
Programa en COBOL • 
P...-ograma en FORTP.AN • 
Programa en Pascal • 
Comunmente se usa para archivos de datos • 
Comunmente se usa para archivos de texto • 
Archivo ojecutabl e de comandos. da MS-DOB • 
Archivo ejecutable de instrucciones objeto • 
Archivo ejecutable de instrucciones objeto • 

Algunos ejemplos de especificaciones de archivosa 

PROG1.FOR 
TAREA7.PAS 
MOIJE.ASM 

LISTADO.TXT 
NOMINA.COB 
EJEMPLO.EXE 

BALDOS.DAT 
JUEGO.BAS 
PROCEBA.BAT 

Puede haber varios archivos con 
diferentes eKtensiones o con 
e>ctensión, pero no puede haber 
nombre y la mis~a extensión. 

el mismo nombra 
diferentes nombres 
dos archivos con 

pero con 
y· _1 a mi ema 
el misillo 

En general, ae acostumbra llamar "nombre de archivo" a la 
especificación, o sea, al nombre con la extensión y con otras 
partes de la _especificación de archiVO que vere1110s mas 
adelante, como seria el nombre.de la unidad de discos en·la · 
que se encuentra el disco que contiene el archivo• 

La mayoria de los comandos del sistema operativo MS-DOS 
requieren una especificación de archivo ·para :reconocer ·el 
archivo zobre el cual van a.operar. 

En algunos de esos ·comandos se puede · colocar un asteri aco 
tanto en el nolllbre del archivo como en la extansión, con lo 
cual $e está indicando al . comando· que deban considerarse 
todos lÓs archivos cuyos nombres sean iguales a la parte dada 
da la ~spocificación de archivo, y.que puedan._,. diferentes 
en 1 a parte donde se cal.ocó el .asterisco. 

Tomando como ejemplo el · comando DIR, el· c:uali- , mu .. tra 
información sobre los archivos que · eMiil_ten en un disco, 
t~ndriamos lo siguientes 

- '3 -



D l ' PRUEBA. COB 

;-·:ueetra i nformaci On del aro:::hi vo PRUEBA. COB. 

; >.1estr" i n·form.:or.:i On de todos 1 os archi vea 
c:¡miE? .-. :.-• con PROG y tengan una e>ttensión .BAS, 
?RDGl .~S PROG345. BAS PROG. BAS PROGXY. BAS 

cuyos nombres 
por :ejemplo• 

PRO.GETC. BAS 

DIR t.FOR 

Mue,•:,-a informaci On de todos los programas FORTRAN que hay,a 
;:n el di seo. 

DIR · TAREA.:t 

Muestra información de todos los archivo& cuyos nombres sean 
TAREA y que tengan cualquier eMtensión. 

Al uso del asterisco de la manera antes indicada, para cubrir 
~10a gama de caracteres, se 1 e llama WILD CARD (comod:ln>. 

::?.3 ARCHIVOS EN OTROS DISCOS 

La computadora puede tener dos o més unidades da discosa cada 
unidad de discos se identiHc.a por una letra del alfab"to, la 
primera es la unidad A, la segunda la B, etc. 

Siempre se tiene acceso inmediato a los archivos 
cierta unidad de discos llamada unidad de default 0. la 
::-.-·.1ostra en los caracteres que indican que el 
operativo est~ listo, por ejemplol 

A> 

de .una 
cual se 
sistema· 

Al aparecer los caracteres anterioresi el sistema operativo· 
nos informa que esta listo para recibir un comando, y que la 
Llnidad de discos que considera la de default es la A. 

Para cambiar la unidad de default, y tener acceso inmediato a 
los archivos ds otro disco, teclee la letra da. la. unidad· 
deseada seguida por dos puntós. <•>, por ejemplo• 

A>BI 
B> 

<Teclee Ba, la computadora mc•trar6a) 
<Ahora, la unidad de dafault ... la B> 

Si desea regresar a la unidad A como unidad de default, 
teclee Al. 

Para referirse a archi'lo!lque egtén en otra unidad de.disco•• 
pero sin cambiar la unidad de default, coloque al nombra de 
la unidad y los dos puntos antes· del nombre del archivo, 
por ejemplo• 

- 4 .. -
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B: PIN13PON13. BAS iArchivo_en~-el~disco-de-la·~uni-dad Br 
-cfRESUMEN~DA,.---~- (Archivo en la unidad C) --

REVISA.FOR !Ar_chivo_ en la unidad de dafault) 
B:t.PAS !Todos loa programas Pascal que haya en 

al disco da la unidad Bl 

No debe haber ningón espacio en blanco entra el nombra de la 
unidad- de discos y al nombra del archivo. 

~.4 COMANDOS BASICOS 

-Muestra los archivos eHistentesa DIR FiLENAME.EXT 

Copia un archive: COPV EXISTE.EXT NUEVO.EXT 

·Muestra el contenido de un archivos TVPE FILENAME.EXT 

Borra un archivoa DEL FILENAME.EXT 

Ejemplos• 

DIR 

Muestra 
comande 
se pene 

información de todos los archivos1 este ea el dnico 
que supone que se desean-todos les archivos cuando no· 
ningón nombre. -Es equivalente aa DIR t.t 

DIR BIARCH.DAT 

Muestra información del archivo ARCH.DAT del disco de la 
unidad B. 

DIR C: 

Muestra :Información de todos los archivos del . disco da l_a­
unidad c. En este caso nuevamente se supone que se desean 
todos 1 es archivos. Es equi val entm a1 DIR Ca t. t· 

DIR B: :t.COB 

Muestra información de todos 1 os programas COBOL del disco de 
i a unidad B. 

COPV DATO.DAT PROTDATO.DAT 

Duplica el archivo DATO.DAT en -otro llamado PROTDATO.DAT.· 
Ambos archivos estarán en el disco de la unidad dedefault • 

• 
COPY ARCHIVA.COB 81 

Copia el archivo ARCHIIJA.COB del 'disco- da la unidad de 
default al disco da la unidad B con el mismo ncmbrm. 

COPY VIEJO.t NUEVO.t 

- 5_-



::·upl i ca todos 1 os archivos cuyos nombres sean VIEJO 
~uyos nombres serán NUEVO y la extensión será la 
t¡¡>nian los VIEJO. Todos los archivos estarén en la 
::efault. 

COPY t.PAB C1 

a otros 
misma que 
unidad de 

Copi 3 todos _1 os programas Pascal al di seo de 1 a unidad C• 

TYPE PROGRAMA.FOR 

11ue5tra el contenido del archivo PROGRAMA.FOR. 
TYPE no permite el uso del WILD CARO. 

El comando 

DEL NOBIRVE.DAT 

Borra el archivo NOBIRIJE.DAT PRECAUCIO~h no hay forma de 
recuperar un archivo una ve: borrado. 

DEL Bsi}IEJO.JJ 

Borra todos los archivos cuyos 
de la unidad .B. Hay que 
comando con un ~JILD CARO, pues 
no se deseaba. 

DEL t.t 

nombres sean VIEJO del disco 
tener cuidado al utilizar este 
se pueden borrar archivos que 

Borra todos los archivos del disco de la unidad de default. 
Dados los alcances de este comando, el sistema operativo 
MS-DDS pediré confirmación antes de proceder a borrarlos. 

Cuando se deseen proteger los archivos de un disco flexible, 
podrá peg.nr=e ~m a etiqueta adecuada para ello sobre 1 a ranura 
que tiene el disco en la parte superior de su orilla derecha, 
con lo cual no podré.borrarse ningun archivo de ese disco, 
a~1nque tampoco podré copiarse ningdn nuevo archivo a él, es 
decir, el disco solamente podré usarse para consulta, o sea, 
para ver los archives que contiene, ver el contenido de algOn 
,¡¡rchivo ó ejecutar un programa. 

2.5 EDICION DE PROI3RAMAS 

La forma de crear un programa es por medio de un editor de 
archivos que nos permita teclear lineas del programa, 
corregir errores, etc. El editor que utilizaremos se llama 
TURBO Edi ter 'el cual es· un edi ter de pantaU a que nos parmi te 
ver de inmediato el contenido del archivo· qua estallOs 
creando. De esta manera, plll'il colocar una cierta palabra 
dentro de nueetro pr-ograma ·bastara con· colocar· .el cursor en 
el punto de la pantalla quedesaemos y teclear la paiabra. 

Al terminar de crear nuestro programa guardaremos el archivo 
que hemos editado por medio da una instrucción del editor, 
terminaremos la ejecución del mismo y procederemos a compilar 

-



- -y - cjecutar-·--:-el---programa, --si 
compilación, 

es -que-no~hubo-errores-en-la 

,, 
En caso de haber .errores tomaremos nota de ellos y volveremos 
a utilizar al editor para corregirlos. 

El siguiente capitulo describe la ·forma de utilizar al 
TURBO Editor y 1 os comandos con qul!f 'cuenta para 1 a edición da 
nuestros programas. 

2,6 COMPILACION V EJECUCION DE PROGRAMAS 

Una vez quct hemos; creado el archivo que contiene a nuestro 
programa procedemos a compilarlo, o sea, a traducir el 
archivo de i"nstrucci enes en 1 en guaje ensamblador, FORTRAN, 
COBOL o Pascal que hemos creado con el editor, a un archi~o 
de instruccioncts dct máquina equivalentes pero que la 
computadora puede ejecutar de inmediato. 

Para compilar nuestro programa, bastaré con_ teclear el nombra 
del lenguaje que estamos utilizando seguido por el nombre del 
.archive que contiene nueetro programa·. sin 1 a eHtensi ón U a 

·extensión debe seguir las reglas antes dadas para nombres da 
·archivos), por ejemplo• · 

ASMB COPVTREE 
COBOL_ NOMINA 
FORTRAN SUMAMAT 

Traduce el archivo. CDPVTREE.ASM. 
Traduce el archivo NOMINA.COB. 
Traduce el archivo•SUMAMAT.FOR. 

El procedimiento para compilar podré solicitar que se cambie 
el disco de alguna unidad mediante instrucciones que 
aparecerán en 1 a pantal fa en el momento oportuno. 

Si nuestro programa ·tiene algdn error, apareceré un mensaje 
informativo del mismo en la. pantalla, en aste caso. tendremos 
qua identificar el error para posteriormente editar .da nuevo 
al programa a fin de corregir los errores y volverlo a 
compilar, y repetir estos pasos hasta que el. programa esté 
corrctcto. · 

Si el programa tiene muchos errores y éstos aparecen uno tras 
otro de tal forma que no tenemos oportunidad de · observarlos, 
podremos detener por un momento el texto que aparece en la 
pantalla oprimiendo la tecla Ctrl y, manteniéndola oprimida, 
oprimiendo la tecla B <Stop>.· Para continuar con la 
compilación, dmbe oprimirse cualquier tecla. 

Cuando la compilación no marque errores se obtandr4 el 
archivo de instrucciones de maquina correspondiente, llamado 
archivo ejecutable, el cual tendré el mismo nombre que el· 
archivo del programa pero con extensión .EXE. 

Para ejecutar · el· programa bastar4 con tec:l ear el nombre del 
archivo ejecutable sin lll eHtensión, por ejempli::u 
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PROGRAMA 

'-~ instruccion anterior ejecutar&a el archivo PROSRAMA.EXE 
~jtenido por alguna compilación previa. 

=:.~ el caso particular del lenguaje Pascal,. los procedimientos 
;:· ... "a compilar y ejecutar un programa sen diferentes a les 
2c.1tes deecri tes s ¡Jara compilar un programa, ,desde el menO 
;>..-incip<>l del editor oprima la tecla CJ para ejacutar un 
programa, desde el menü principal del edito.r oprima la técla 
R <ver: Mena principal mas adelante>. · 

Si fuera necesari·c cancelar 1 a ejecución de un programa qua 
no termine en forma normal debido a algt'n error, se puede 
hacer oprimiendo la tecla Ctrl Yo manteniéndola oprimida, 
oprimir la tecla C; si esto no detuviera al programa, 
ontonces manteniendo oprimida la tecla Ctrl debe oprimirse la 
te el a Break. 

Si 1 as teclas anteriores no cancel aran al programa, seré 
nece15.srio volver a activar al eistema operativo MS-DOS. Esto 
so logra manteniendo oprimidas las teclas Ctrl · y Alt 
simultáneamente y oprimiendo la tecla Del, o bien, 
presionando el botón de P.ESET • 

.2.7 FORMATEO Y REVISION DE DISCOS 

Antes de utilizar un disco nueve para almacenar archivos, es 
necesario formatearlo. La instrucción para formatear un 
disco ess 

FORMAT 81 

La instrucción anterior formatear.1 el di eco insertado en 1 a 
unidad e.· Para formatear diséos en otras unidadem,. pon.ga el 
nombre de la unidad deseada adelante de la palabra FORMAT. 

PRECAUCIONs El formateo borra toda la información que 
tener un disco, por lo que hay que. tener cuidado 
formatear discos con información Otil. 

pudiera 
de no 

Hay ocasiones en que pueden presentarse algunos .errores en la 
información que está contenida en un dimco, sobra todo.cuando 
se ha apagado o encendido la computadora · ce~ un disco 
insertado con la manija cerrada, o cuando se ha interrumpido 
el su mi ni stro de energi a eléctrica. · 

Por lo anteri.or es ccnveni ente revisar 
cuando, y siempre después de una 
electricidad, por medio del comando• 

el disco de vez 
· interrupción 

CHKDSK Eh <CHecK 01Sl(, revisa disco) • 

en 
de 

Como siempre, 81 debe cambiarse por la unidad cuyo disco 
desea revisarse. Si el· disco esté correcto, ·el comando 
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mostrar~ un mensaj~ similar al siguiente• 

362496 bytes total disk space 
92160 bytes in e usar filas 

270336 bytes available on disk 

655360 bytes total memory 
629968 bytes free 

Si existe algún error, aparecera un mensaje informativo antes 
de los mensajes mostrados anteriormentP.. La mayoria de los 
errores se pueden corregir ejecutando check disk de esta 
forma: 

CHKDSK B1 /F 

Para mayor información de éste y otros comandos disponibles, 
consi.Jlte·el manual del sistema oparativo.MS-DOS. 



) 

::S NOTAS PARA EL USO DEL EDITOR DE PROGRAMAS 

3.1 ARRANQUE DEL EDITOR 

Para utilizar el TURBO Editor bastaré con tecleara 

EDITOR-

Una ve:: active, al edi ter mostrara el menú principal, el cual 
contiene una serie de opciones e indicaré ·que esta liste 
mostrando el caractera 

> 
Para editar un programa, oprima la tecla E (Editl y después 
teclee el nombre del archive por editar. Si el archive no 
existe, en ese momento es creado; si el archive ya existe, se 
tema para editarlo y se muestra el principie del mismo en la 
pantalla. 

A partir de ese mcm.ento se puede editar el archive 
los comandes descritos a continuación, )'a que el 
encuentra en el.modo de edición. 

utilizando 
editor se 

Para terminar el medo da·· edición y regresar al menú 
principal, oprima la tecla F10. 

Una vez en el menú principal, oprima la tecla S !Save> para 
guardar el archivo ya editado en el disco. 

Para terminar de utilizar al editor, oprima la tecla Q 
(Quitl. 

3.2 COMANDOS BASICOS 

Para crear un programa, simplemente teclee las l!neas que 
componen al mismo terminando· cada una con la tecla <-'. 

Para corregir un caracter tecleado incorrectamente, oprima la 
tecla <- colocada arriba de la tecla <-'. En algunos 
teclados .la tecla <-·está marcada come Back Space, por le 
que si es el case, ~oda mención en estas notas. a la tecla 
<- deberá referirse a la tecl_a Back Bpace. 

Para borrar algan caracter erróneo del archivo, coloque el 
c1.1rscr sobre el caracter por borrar utilizando lila teclas con 
Hechils colocadas a la derecha del teclado Cflechas hacia la· 
izquierda, hacia .la derecha, hacia arriba y hacia abajo) y 
borre los caracteres erróneos oprimiendo la tecla Del. 

Para insertar algún caractar faltanta en el archivo, coloque 
el cursor en la posición deseada por medio de las teclas con 
flechas y teclee los caracteres faltantes. 

Para terminar la edición, oprima la tecla FlO. 

- ·to -
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Util~~a~do unicamente estos comandos se puede editar 
cualquier archivo, sin embargo, la edición de un .archivo 
grande pu~de resultar muy laboriosa y tardada. 

El TURBO Editor cuenta con otros comandos que facilitan la 
ed.ición y que sera conveniente aprender una vez que se tenga 
mayor familiaridad con los comandos básfcos antes descritos. 

Puesto que estas notas son sólo una breve descripción de las 
capacidades del editor, no se incluyen ejemplos da estos 
comandos, por lo que se recomienda que se. lea la descripción 
de 1 os comandos al mismo t'i empo que se practica cada uno da 
ellos, a fin de asegurar su correcto entendimiento. 

Los siguientes seis ·puntos son una breva descripción de todas 
las capacidades. de.l TURBO Editor. 

3.3 MENU PRINCIPAL 

~stando en el menO principal, se tiene acceso a· loa 
siguientes comandos• 

L (Logged drive> Cambia la unidad de default. 
A <Active directoryl Cambia el directorio activo. 
t~ (~Jork file> Carga un archivo para editarlo. 
E <Edi t > Entra al modo de edición. · ·· 
S <Save> Guarda el archivo que esté editéndose en disco. 
D <Dir) Muestra los archivos·existentes en el disco. 
Q . (Qui t > Ter mi na 1 a ejecución del edi ter, regresando al 

sistema operativo. 

En el C:aso particular del lenguaje Pascal, tambi6n se cuenta 
con los siguientes tres comandos• 

C <Compile> Compila el programa fuente Pascal. 
R (Run) Ejecuta el programa Pa!!lcal. · 
O <Optionsl Modi-fica las opciones. del compilador. 

Eligiendo a su vez la opción e, la compilación generaré 
un archivo ejecutable .COM en disco en vez de sólo 
mantener en memoria el archivo de instrucciones de 
maquina correspondiente. 

Durante el modo de edición se muestra una linea de estatua-en 
la parte superior de la pantalla similar a la siguientea 

Line 1 ·Col 1 Inaert Indent B1EJEMPLO.PAS 

La linea de E!Status muestra la siguiente información! 

Line 1 Numero del renglón. del archivo que esta 
editándose donde está el .cursor. 

Col 1 NOmero de la columna donde está el cursor. 

- 11 



Insert Modo Insert activo• los caracteres que se 
tecleen se insertaran sin afectar a los 
caracteres que ya existan en -el archivo, 
abriéndose espacio automáticamente para 
alojar a 1 os nuevos caracteres, La 
contraparte es el modo Overwrite1 los 
caracteres se sobreponen en los ya 
existentes reemplazándolos. Para cambiar 
del modo Insert a Oven1ri te o viceversa, 
oprima la tecla Ins. 

Indent Modo Indent activo• cada vez que se oprima . 
la tecla <-J para terminar un renglón, 
el cursor automáticamente avanzará hasta 
la columna donde el renglón antes 
insertado tenga su primera palabra. Para 
apagar ó activar nuevamente el modo, 
·oprima la tecla 1<-. 

B:EJEMPLO.PAS Nombre del archivo que esta editándose. 

Todos los comandos descritos a continuación operan en el modo 
de edición. La tecla Ese indica OPRIMIR Y SOLTAR primero la 
tecla Ese y después oprimir la tecla qua sigue, Las teclas 
Ctrl ó Alt indican oprimir la tecla Ctrl ó Alt y, SIN SOLTAR 
ESA TECLA, oprimir la tecla que sigue. 

3.4 COMANDOS DE MOVIMIENTO DEL CURSOR 

<­
-> 
Ctrl <­
Ctrl -> 
Heme 
End 

1 
Ctrl Heme 
Ctrl End 
Fl 
r=9 
PgUp 
PgDn 
Ctrl PgUp 
Ctrl PgDn · 
F4 
FB 
F6 

Un caracter a la izquierda. 
Un caracter a la derecha. 
Una palabra hacia la izquierda. 
Una palabra hacia la derecha. 
Al principio del renglón. 
Al final del renglón. 
Un renglón hacia arriba. 
Un renglón hpcia abajo, 
Al primer renglón da la pantalla. 
Al último renglón de la pantalla. 
Mueve el texto un renglón hacia arriba. 
Mueve el texto un renglón hacia abajo. 
Muestra la página anterior. 
Muestra la página siguiente. 
Muestra la primera pégina del archivo. 
~1uestra l. a última pégi na del archivo. 
El cursor pasa al principio del bloque. 
El cursor pasa a.l final del bloque. 
El CLlrsor pasa a ·su posición· inmediata anterior. 

3.5 COMANDOS DE INSERCION Y BORRADO 

Ins 
Del 
<-

Ciambi a entre modo.s inserción· y sobreascri tura. 
Borra el caracter apuntado por el cursor. 
Borra el caracter anterior al cursor. 

- 12 -
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-Ctrl <-----·Borra 1 a·pal abra-si·guiente-a·l~cursor-.--
Esc <- Borra hasta el fin del renglón. 
Ese Ctrl <- Borra el renglón completo. 

3.6 COMANDOS DE MANEJO DEL BLOQUE 

F3 
F7 
F5 
F2 
Alt 
Alt 
Alt 
Alt 
Alt 

e 
M 
D 
S 
I 

Marca el principio del bloque. 
Marca·el final del bloque. 
Marca una palabra como bloque. 
Esconde/muestra donde está el bloque. 
<Copy> Copia el bloque a donde esté _el cursor. 
!Move) Mueve el bloque a donde esté el cursor. 
<Delete> Desaparece (borra> el bloque. 
<Save> Salva el bloque en un archivo en disco. 
<Insert) Inserta un archivo marcéndolo bloque. 

3.7 COMANDOS DE BUSQUEDA Y REEMPLAZO 

Alt F 
Alt R 
Alt N 

<Find> Busca una secuencia de caracteres. 
<Repl acel Reemplaza una secuencia por otra. 
<Ne>et) Busca o reemplaza la siguiente ·secuencia 
que cumpla con el áltimo Find ó R&placa 
ejecutado <repita el áltimo Find ó Replac:e). 

Los comandos Find y Replace cuentan con las opcioneea· 

B 

u 

!Backwardll) Busca de la posición actual del 
c:urt5or haCia el pri nci pi o del archivo. 

C!3lobal> Busca desde el principio del archi·vo 
·sin importar la posición del cursor. 
<Upper=lower) Considera iguales a mayásculas y 
minásculas.en la básqueda. 

<Whole> Busca palabras completas, no pedazos. 
<un námero> En Find1 busca· la ocurrencia námero 
# de la secuencia. En Replac:as reemplaza t 
ocurrencias. 

!Not) Reemplaza sin esperar confirmación en 
cada ocurrencia de la secuencia. 

Y permiten editar 1 a secuencia da básqueda por. madi o des 

<-:.. 
-> 
Ctrl <­
Ctrl -> 

Finalmente, el 
básqueda <por 
CARO Cver WILD 

Mueve el cursor ·un caracter a la izquierda. 
Mueve el cursor un caracter a la derecha. 
Mueve el cursor una palabra hacia la izquierda. 
Recupera la secuencia de básqueda anterior. 

caracter Ctrl A insertado en una secuencia da 
medio de Ctrl \ Ctrl A) funciona como un WILD 

CARD en1 Nombres de archivos>. 
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3.8 COMANDOS VARIOS 

->1 

l<-
Ctrl <_¡ 

Ctrl \ 

Ctrl U 

FlO 

Avanza 
renglón 
palabra. 

el cursor· 
anterior 

hasta 
tenga 

la 
el 

c~¡>l umna donde ..el 
inicio Qe una 

Apaga/activa el modo de identación autofátic~. 
Elimina los cambios hechos a un renglón1, opera 
mientras el cursor no salga de ese renglón. 
Permite teclear un caracter de control en los 
comandos <p.e.s Ctrl A en Find y Replace). 
<Undo) Cancela cualquier comando pendiente de 
ejecucióna en un comando Replace qua involucre 
muchos reemplazos sin confirmación, los 
ejecuta mas rápido al no mostrar cada 
reemplazo en la pantalla. 

Sale del modo de edición y pasa al mena 
principal. 

3.9 COMPATIBILIDAD CON ~JORDSTAR 

Los comandos con que cuenta el TURBO· Editor son un 
subconJunto de los comandos del editor comercial WordStar. 
Todos los comandos del TURBO Editor tienen dos formas da 
activarses una es por medio de las teclas descritas 
anteriormente, otra es por medio de las .teclas equivalentes 
del edi ter ~lordStar. 

De esta forma, si algan usuario conoce el editor WordStar 
podrá manejar al TURBO Editor en forma idéntica. Por otro 
lado, un usuario que se inicie utilizando loa comandos 
descritos con anterioridad y que desee utilizar 
posteriormente al editor NordStar, podrá hacerlo fácilmente 
con sólo acostumbrarse a las diferentes teclas de les mismos 
comandos que ya conoce, pudiendo inclusive practicar esas 
teclas con el TURBO Editor. 

A continuación se muestran los nombres originales de los 
comandos equivalentes de ~JordStar, las teclas del comando del 
TURBO Editor y al final las teclas equivalentes del comande 
de I•JordStar. 

- 14 -
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tlDMBRE DEL CONANDO 
-- ---~-- ----

Character left 
Character rigth 
l•lord 1 eft 
~lord rigth 
To 1 eft~ on 1 in e 
To rigth en line 
Li ne Llp 

Li ne down 
Te top of page 
Te bottom of page 
Scroll up 
Scroll do1·1n 
Page up 
Paga down 
Te top of file 
Te end of file 
Te beginning of block 
Te end of bloclc 
Te last cursor position 

Insert meda en/off 
Insert line 
Delete character under 
Delete left character 
Delete rigth wcrd 
Delete te end cf line 
Delete line 

Mark block begin 
Marlc block end 
Mark single wcrd 
Hide/display block 
Copy block 
Mcve bloclc 
Delete block 
Write block to disk 
Read block frcm disk 

Find 
Find and replace 
Repeat last find 

Tab 
Auto tab on/off 
Restore line 
Control character prefix 
Abort cperation 
End edit 

TURBO EDITOR 

<­
-> 
Ctrl <­
Ctrl -> 
Heme 
End 
1 

1 
Ctrl Heme 
Ctrl End 
Fl 
F9 
PgUp 
PgDn 
Ctrl PgUp 
Ctrl PgDn 
F4 
FB 
Fó 

Ins 

Del 
<-
Ctrl <­
Ese<-
Ese Ctr"l <-

F3 
F7 
F3 
F2 
Alt e 
Alt M 
Alt D 
Alt S 
Alt I 

AH F 
Alt R 
Alt N 

->1 
1 <-
Ctrl (.....1 

Ctr'l \ 
Ctr"l U 
F10 

- 13 -

~lORD STAR 

Ctr'l-S 
Ctr"l-D 
Ctr'l-A 
Ctr"l-F 
Ctr"l-Q Ctr'l-S 
Ctr"l-Q Ctrl-D 
Ctr"l-E 
Ctrl-X 
Ctr'l-Q Ctr"l-E 
Ctr"l-Q Ctrl-X 
Ctr'l-Z 
Ctrl-W 
Ctr"l-R 
Ctrl-C 
Ctr'l-CI Ctr"l-R 
Ctr"l-Q Ctr"l-C 
Ctrl-CI Ctrl-B 
Ctrl-CI Ctrl-K 
Ctr"l-Q Ctr'l-P 

Ctr'l-V 
Ctrl-N 
Ctr"l-G 
<- <Backspace) 
Ctr"l-T 
Ctr"l-Q Ctr'l-Y 
Ctr"l-V. 

Ctr"l-1< Ctr"l-B 
Ctr"l-K Ctr"l-K 
Ctr"l-1< Ctr"l-T 
Ctr"l-K Ctr"l-H 
Ctrl-K Ctr'l-C 
Ctr"l-1< Ctrl-V 
Ctr"l-1< Ctr"l-V 
Ctr'l-1< Ctr"l-W 
Ctr"l-KCtrl-R 

Ctrl-CI Ctr"l-F 
Ctr"l-CI Ctrl-A 

' Ctr"l-L 

Ctr'l..;.I <Tab> 
Ctr"l-Q Ctr"l-I 
Ctr"l-CI Ctr"l-L 
Ctrl-P 
Ctrl-U 
Ctr"l-K Ctr"l-D 



4 FIGURAS AUXILARES PARA ENSAMBLADOR 

4.1 EJEMPLO DE ARQUITECTURAS DE CALCULADORAS 

ARQUITECTURA DE UNA CALCULADORA SIMPLE 

REGISTROS 
OPERATiVOS 

MEMORIA DE 
ALMACENAMIENTO 

l==J.·: M 

OPERACIONES POSIBLES 

SUMA - RESTA - MULTIPLICACION - DIVISION 
PORCENTAJE - RAIZ CUADRADA 
ALMACENAMIENTO Y RECUPERACION DE LA MEMORIA 

ARQUITECTURA DE UNA CALCULADORA DE STACK 

1 

REGISTROS 
OPERATIVOS 

MEMORIA DE 
ALMACENAMIENTO 

T 

z 
y 

X 

'-------1~ LAST X 

-

o 

. 1 

2 

3 

4 

5 

6 

7 

B 

9 

OPERACIONES POSIBLES 

SUMA - RESTA - MULTIPLICACION - DIVIBION - POTENCIACION ' 
RAI! CUADRADA - INVERSO - PORCENTAJES - SUMATORIAS 
FUNCIONES LOGARITMICAS, TRIGONOMETRICAS E HIPERBOL.ICAB 
ALMACENAMIENTO Y RECUPERACION DE LAS MEMORIAS 
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-- - - ~- - - -- - - -
4.2 ARQUITECTURA DEL .M l CROPROCESADORII'ITEL8086/808!3~ -- -----

F:EGISTROS MEMORIA DE 
OPERATIVOS ALMACENA~Il ENTO 

AX o o 

BX 1 1 

ex 

DX 65536 ~ 64,1< 

\ 

~ SP 131072 1281< 

BP 

SI 262144 -~ 256K 

DI 

393216 R 384K 

IP 

F 524288 ~ 512K 

es 655'360 R ó40K 

os 

SS 1 1 

ES 1048576 1 1 1024K 

OPERACIONES POSIBLES 

SUMA. RESTA. MULTIPLICACION Y DIVISION DE ENTEROS 
COMPARACIONES - MOVIMIENTO DE BITS 
ALMACENAMIENTO Y RECUPERACION DE LA MEMORIA 
ALGUNAS INSTRUCCIONES ESPECIALIZADAS 
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.· ... 3 DESCRIPCION DE LOS REGISTROS GENERALES 

AX 
(.¡L 

AH 
m: 
ex 
CL 
DX 
SP 
BP 
SI 
DI 
es 
DS 

AX 

BY. 

ex 

DX 

SP 

BP 

SI 

DI 

. es 

os 

SS 

ES 

REGISTROS DE DATOS 

7 AH o 7 AL 

7 BH o 7. BL 

7 CH o 7 CL 

7 DH o 7 DL 

REGISTROS APUNTADORES E INDICES 

15 

15 
• 

15 

15 

REGISTROS DE ACCESO A SEGMENTOS 

1:5 

15 

15 

15 
.. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ACCUMULATOR 

BASE 

COUNT 

DATA 

STACK POINTER 

BASE POINTER 

SOURCE INDEX 

DESTINATION INDEX 

CODE SEGMENT . 

DATA SEGMENT 

STACK SEGMENT 

EXTRA BEGMENT 

OESCRIPCION DEL USO GENERAL DE CADA REGISTRO 

OPERACIONES ARITMETICAS SOBRE PALABRAS, ENTRADA/SALIDA 
OPERACIONES ARITMETICAS SOBRE BYTES, ENTRADA/SALIDA 
OPERACIONES ARITMETICAS SOBRE BYTES 
TP.Ai'ISLACION DE CARACTERES, ACCESO INDIRECTO A-MEMORIA 

·cONTADOR PARA ITERACIONES Y MOVIMIENTO DE BYTES O PALABRAS 
CONTADOR PARA ROTACIONES V CORRIMIENTOS-DE BITS 
OPERACIONES ARITMETICAS SOBRE PALABRAS, E/9 INDIRECTA 
OPERACIONES SOBRE EL STACK 
ACCESO A PARAMETROS EN EL STACK 

- ACCESO INDIRECTO A MEMORIA, APUNTADOR A STRINB FUENTE 
ACCESO INDIRECTO A MEMORIA, APUNTADOR A STRING DE DESTINO 
APUNTADOR AL ,SEGMENTO DEL CODIGO OBJETO 
APUNTADOR AL. SEGMENTO DE DATOS 

SS 
EX' -

APUNTADOR AL SEGMENTO DEL STACK 
APUNTADOR A UN SEGMENTO EXTRA DE DATOS 
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4. 4 UTILI!ACION DE LOS REG!~·;·; ......... ,.:;.,,lENTO. 

' 
El microprocesador so..:...,,. <.>·Jod di vi de la memoria en cuatro áreas, 
11 "'"'"'"'""' ""''d't•entos, res:ervadas; por a contener el c6di go objeto del 
pr..;;J' g ... ~, el área de datos, 1 a zona del stack y otra .irea 
~dicional para datos. 

Cada uno de los cuatro registros segmento contiene la dirección 
inici~l del segmento correspondiente, considerando solamente .los 
primeros 16 bits (4 digitos hexadecimales), o sea, los méa 
signiiicativos de la dirección, la cual se forma con un total de 
20 bita <5' digitos hexadecimales>. Los 4 bita faltantes se 
obtienen combinando a su vez otra dirección de 16 bits, 
proporcionada por cada instrucción del programa, pero que se 
coloca en los 16 bits menos significativos, por lo qua toda 
dirección de memoria es la euma de· un registro segmento corrido· 4 
bits a_la izquierda más un desplazamiento dentro del segmento1 lo 
anterior se indica de la siguiénte maneraa REGaDESP 

De esta manera, manteniendo fijo el contenido 
segmento, una instrucción puede accesar el rango 
pueda ser direccionado con 16 bits, o sea 64K, 
tama~o del segmento. 

de un registro 
de memoria que 

1 o cual as al 

X X X 

es 1000 > . r> CODE 

X X X 
os 1BFF >~> 
SS 5644 DATA 

OOOOOH 

10000H 

1BFFOH 

8i queremos accesar 
el dato cuyo despla­
z ami ente es 71 

091 
desplaza• 

1BFFO 
7 

dirección• 1BFF7 

>l 1BFF7H <-----'-----' 
ES SABB 

>l : STACK · 

EXTRA 

---

56440H 

SABBOH 

FFFFFH 

La dirección antes 
dada puede eacri­
bireá como siguea 

0810007 

1BFFa0007 
ó 

POSIBLES COMBINACIONES DE REGISTROS PARA FORKAR_DIRECCIONES 

Tipo de acceso a memoria 

Lectura de instrucciones 
Operaciones sobre el etack 
Datos <excepto los siguientes> 
String fuente 
String de deGtino 
Us~ndo el reuistro baee_BP 

Segmento 
normal 

es 
se 
DS 
DS 
ES 
SS 
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Segmento 
opcional 

CS,ES,SS. 
CS,ES,SS 

CS,DS,EB 

Despl a~ ami unto 
dado por 

IP 
SP 

Instrucción 
SI 
DI 

Instrucción 



/ 

4.5 INTERRELACION ENTRE EL PROGRAMA, MS-DOS V BIOS 

Para describir la relación eHistente entre un programa de un 
~IS\.uari o, 1 as rutinas componentes del DOS y las del BIOS, se hará 
refer~ncia a la labor primordial para la que fueron desarrolladas 
=~da t.ma de ellas. Por ejemplo, es obvio que 1 os tres ejecutan 
; nc:trt.1cci ones del CPU, sin embargo ése no es el cbjeti ve 
.:r-incipal de las r"'tinas del DOS ni del BIOS. 

Desde este punto de vista podemos decir que el objetivo principal 
del programa del usuario em ejecutar instrucciones del CPU, 
mi~ntras que las rutinas del BIOS tienen la misión de accesar los 
?eriféricos.eMternos conectados a la computadora, por Oltimo, las 
rutinas del DOS tienen por obJeto servir de enlace entre el 
programa del usuario y las rutinas del BIOS. 

r 

L- -

-> 

> 

PROGRAMA DEL USUARIO 
EJECUTANDOSE EN 

'LA MEMORIA 

> RUTINAS DEL 
SISTEMA OPERATIVO· 

> MS-DOS 

> RUTINAS DEL 
BIOS 

-> RESIDENTES EN.ROM 

'· 
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<-> e P u. 

< > TECLADO 

> 'PANTALLA 

> 1 IMPRESORA 

> 1 DISCOS 1 

> OTROS 
1 



4.6 
~- ------

MODO LOCALIZACION DEL DATO O DE LA DIRECCION EJEMPLO 

IMMEDIATE DATO EN LA INSTRUCCION 1 

REGISTER DATO EN UN.REGISTRO AX 

DIRECT DIRECCION EN LA INSTRUCCION VARNAME 

INDEXEO DIRECCION ES LA SUMA DE UN REGISTRO VEC[SIJ 
INDICE ~tAS UN DESPLAZAMIENTO EN LA INS. 

BASE O DIRECCION ES LA SUNA DE UN RESISTRO REC[BXJ 
BASE ~tAS UN DESPLAZAMIENTO EN LA INS. 

BASED ANp DIRECCION ES LA SUMA DE UN REGISTRO REC[BXJCSIJ 
INDEXED · INDICE MAS UN REGISTRO BASE MAS UN 

DESPLAZAMIENTO EN LA INSTRUCCION 

MODO INDEXED: . Para accasar les elementos da 
desplazamiento aptinta al principie del arregle 

un arreglo, el 
y ·el registro 

índice selecciona el elemento deseado. · 

·DESPLAZAMIENTO ;.,..___,;__-:> 

'---> 

VECTOR(O) 
VECTOR(!) 
VECTOR<2l 
VECTOR<3) 

MODO BASEO: El registro base apunta a una estructura de elementos 
do di·ferente. tipo y el desplazamiento. selecciona el elemento 
deseado dentro de la estructura. Para accesar una estructura 
dif-erente, bastaré con ajustar adecuadamente al registro base y 
el desplazamiento selecci.onaré al mismo elemento pero de la otra 
estructLira, ya que ambos eetiln mn l.a miema posición relativa. 

---,,.---> BX 

+DESPLAZAMIENTO '---> 

BX -- T- -> 
+DESPLAZAMIENTO L - -> 
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NUM_EMPLEADO 
EDAD 
SUELDO 

~~lMPLEADO 

SUELDO 



MODO BASED ANO HIDEXED1 Combinando ambos modos se pueden accesar 
arreglos dentro de estructuras¡ el registro base apuntara a la 
astr~tctura deseada, el desplazamiento seleccionará· el principio 
del arreglo y al registro indica apuntarA al ell!tmento des·:o;ldO 
::ientro del arreglo. 

BX~> 
+DESPLAZAMIEN~O > 

. +SI > 

MOTOR<2> 
MOTOR<3> 
NUM_AVION 
I<ILOMETROS 
MOTOR<O> 
MOTOR(l) 
MOTOR <2> 
MOTOR<3l 
NUM_AVION 
I<ILOMETROS 
MOTOR<O> 

Aunque el registro BX se usa normalmente para accesar estructuras 
de datos, se puede utilizar como un registro indice masa de esta 
manera es posible manejar arreglos de dos dimensiones apoy6ndose 
en el modo de direccionamiento fíASED+INDEXED manejando el primer 
sub:!ndice en el registro base BX multiplicado por el ndmero de 
elementos que tenga la otra dimensión, y el otro subindice en 
cualquiera de los registros indica SI ó DI. 

DESPLAZAMIENTO -.-----> 

~-BX '---.--> 

+SI > 

MATRIZ<O,O) 
MATRIZ <O, 1) 

MATRIZ<0,2) 
MATRIZ <.O, 3l 
MATRIZ ( 1, Ol 
MATRJZ<1,1l 
MATRIZ ( 1,2> 
MATRIZ ( 1, 3> 
MATRIZ<2,0> 

El registro base BP es un apuntador a un dato que esta en el 
stac~: y·. sirve para accesar parámetros trasferidos entre 
procedimientos sin necesidad de vaciar el.stack para ello,- aunque 
al regreso ~el procedimiento es necesario desalojar los 
p:.'lr!!tmetros del stacl<, lo cual se hace en forma eencilla ya qut!l en 
la instrucción RETURN se puede especificar el ndmero de palabras 
que serán desechadae del stacl< al momento de e~ectuar el regreso 
del procedimiento. Estos dos temas no se varAn en aste· curso, por 
1 o que se recomienda no utilizar el registro. BP hasta comprender 
en forma adecuada su funcionamiento. 
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-- -- 4. 7---- CO~lBINACIONES-DE MODOS DE DIRECCIONAMIEIII:r_o ___ _ 

OPERANDO OPERANDO EJEMPLO EN EJEMPLO 
DE DESTINO FUENTE ENSAMBLADOR EN "C" 

REGISTER IMMEDIATE MOV AX,1 REGAX=l¡ 

¡, RE!3ISTER MOV AX,BX RE!3AX,.REGBX1 
-

DIRECT MOV AX,DATO RE!3AX=DATO; 

INDEXED MOV AX,VECtSil RE!3AX=VECtSll¡ 

BASED MOV AX,NUMtBXJ RESAX=REC.NUMa 

BASED+INDEX MOV AX,IJECtBXltSIJ RE!3AX=REC.VECtSIJ¡ 

·oiRECT IMMEDIATE MOV DATO, 1 DAT0=1¡ 

REGISTER MOV DATO,AX DATO=REGAX; 

INDE>:ED HlMEDIATE MOV VECCSIJ, 1 IJECtBI Jeall 

REGISTER MOV VECCSIJ,AX VECCSil=REGAXI 

BASE O H1MEDIATE MOV NUMCBXJ,1 REC.NUM=11 

REGISTER MOV NUMtBXl,AX REC.NUM,.REGAX¡ 

BASED + IMMED!ATE MOV VECCBX ltSil, 1 REC.VECCBll•11 
INDEXED 

REG!STER MOV VECtBXltBIJ,AX REC.VECCSil=RESAX¡ 
- -
En resuman, los modos de direccionamiento IMMEDIATE y REGIBTER 
e;on los únicos que no accesan memoria, todos los damas <DIRECT, 
INDEXED, BASED y BASED+INDEXED> s:! la accesan. La restricción 
g"•ner al en ensamblador, es que no se puede mover un dato de 
memoria ·• memoria en 1.1na sola instrucción, siempre tendrill que 
moverse un dato primero de memoria a un registro del CPU, y de 
.r~hí de regreso a memoria ·con otra instrucción. 

1':\ pesar de 1 o anterior, el mi ctoprocesador 8086/8088 ti ene ci neo 
instn.1cciones dedicadas al manejo de strings por medio de las 
cuales · es posible mover directamente un dato de memoria a 
flltlmori.r~; eetas instrucciones se describirán mas adelante. 

En el modo BASED+INDEXED se puede combinar un registro base <BX ó ' 
BP> con un registro indice <SI ó DI>, pero no se pueden usar 
j1.1ntos dos registros base 6 indice en la misma instrucción. 
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4. 8 13ENERACION DE ARCHIVOS EJECUTABLES • E.'<E Y • COM 

Archivo fuente da 
i nstrucci one5· en 

ensamblador 

Archivo intermedio 
entre.el archivo 

fuente y el archivo 
eJecutable 

Archivo ejecutable 
con mas información 
que un archivo .COM 

Archive de menor 
tamaño y carga mas 

répida que un 
archive .EXE 

1 

1 

1 

1 

USUARIO 

1 
EDITOR DE TEXTO 

1' 
ARCHIVO 

FUENTE 

.ASM 

1 
ENSAMBLADOR 

1 
ARCHIVO 

OBJETO 

.OBJ 

1 
LlGADOR 

·----

1 
ARCHIVO 

EJECUTABLE 

.EXE 

1 
CONVERTIDOR 

r 
ARCHIVO 

.EJECUTABLE 

.COM. 
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l ·EDITOR 

1 MABM 

l ·LlNJ< 

l EXE2BIN 

-
ABMB. 



-- --4.9-- -opERACIONES -DE-MANEJO DE STRINBS-----~ ----

Las operaciones de manejo de strings comprimen en una sola 
instrucción del CPU los diversos pasos que normalmente se 
requieren para manejar secuencias de caracteres contándose con1 

MOVSB 
LODSB 
STOSB 
SCASB 
CMPSB 

ó MOVSW 
ó LODSW 
ó STOSW 
ó SeASW 
ó CMPSW 

- Mueve 8 ó 16 bits de memoria a memoria 
- Carga 8 ó 16 bits de memoria al registro AL ó AX 
- Guarda 8 ó 1ó bits del registro AL ó AX a memoria 

Compara el registro AL ó AX contra memoria 
Compara 8 ó 16 bits de memoria contra memoria 

Estas instrucciones usan los siguientes registros del CPU1 

SI - Apunta a la localidad fuente (segmento basea cualquiera) 
DI Apunta a la localidad destino <segmento base• ESl 

Todas las instrucciones incrementan los registros indica 
involucrados en la instrucción <SI. ó DI ó ambos). Para 
decrementar, ejecuteJ STO, para incrementar otra vez1 CLD. 

Si sw coloca antes de la instrucción 
instrucción se repetir' en forma 
registro ex cada vez, hasta qua éste 

el prefijo REP, entonces la 
c:!'cl ica, decrementando e1·· 

11 ague a cero. 

En las instrucciones SCAS y CMPB el prefijo puede ser, adem•• de 
REP, cualquiera de REPE ó REPNE1 en este caso, 1 as repeti c:l onas 
terminaran cuando ex llegue a cero 6 cuando se cumpla la 
condición indicada por el prefiJo <Equal 6 NotEqual) entre las 
localidades involucradas en la instrucción. 

Ejemplo• movimiento de una string da 10.caracteres. 

BASIC1 A$ = B$ 

Pascal: FOR It=1 TO 10 DO ACIJ1=BCil1 

Ensamblador• 

LEA 
LEA 
MOV 

SI,A 
DI ,B 
CX,10 

¡dil"ección de l.a string A 
Jdirecci6n de la.string B 
1nómero de caracteres a mover 

con instrucciones directas• 

MUEVE& 
MOV 
MOV 
INC 
INC 

-LOOP 

AL, CSIJ 
tDI_J,AL 
SI 
DI · 
MUEVE 

¡carga ur¡ caractar 
jlo guarda an la otra string 
;incrementa apuntador a la string fuente 
;incrementa apuntader a string destino 
¡repite el naniero da vacas dado en CX 

con instrucciones de manejo da stringsa 

REP MOVSB - Jimuave la secuencia! 
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,._ 10 USO DE ~1E~10RIA POR EL PROGRAt1A, MS-DOS Y BieS 

INT OOH 

INT O!H 

INTER~UPT 

VECTORS 

INT !OH 

INT 21H 

USER 

PROGRAM 

DOS 

ROUTINES 

OCF7:1080 

BIDS 

ROUTINES 

FOOO:F065 

FOOO:FCI65 

OCFi:1080 

INT 21H 

. . • • 

Ii'IT 10H 

. • • . 
IRET 

. • • • 

IRET 

< ) 

<-

Cuando un programa áe un usuario 
hace una llamada al Sis~ma 
Dpsrativo por medio da la INT 21H 
el CPU consulta la dirección 
almacenada en el vector de 
interrupcion corr~spondiente y 
transfiere el control a l~ 
dirección indicada en el vector. 

(1) 

Si la función correspondiente de 
DOS requiere accesar un , 
dispositivo externo, cosa com~n 
por lo demás, entonce• requerirá 
invocar a una rutina del BIOS, 
por eJ'emplo la lOH, por medio de 
una instrucción INT lOH, con lo 
que nuevamente el CPU consulta 
la dirección almacenada en el 
vector correspondiente.y 
transfiere el control. 

(2) 

Cuando la. rutina correspondiente 
a la INT lOh regresa el control 
por medio de una instrucción 
IRET, el control regresa a la 
instrucción siguiente al INT qua 
sirvió para invocarla. 

(3) 

De igual forma, cuando l.a rutina 
de la INT 21H termina su labor, 
ejecuta un IRET con lo cual al 
control regresa a la siguiente 
instrucción que la invocó, 
dentro del programa del usuario. 

(4) 
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1 
Introduction 

This chapter discusses which microcomputers can be programmed with 
IBM's Macro Assembler language (MASM¡. It also presents an overview of 
sorne concepts you shonld be familiar with before you begin to learn 1 

MASM, such as: how !he MASM assembler converts !he program you 
write to one that the microcomputer can understand, how the microcom­
puter is organized, and how it runs a program. These concepts are impor­
tant to understanding assembler languages because the assembler­
language program deals directly with the microcomputer and its operation. 
This chapter also in eludes a general comparison of MASM with so me other 
languages. 

The next chapter presents general information applicable tq !he IBM 
PC. In !he thirdchapter, you wiU begin to loolr. at and write progiams. 

· Where Can You Use MASM? 
The Macro Assembler language (MASMI by Microsoft was developed to 
program the IBM PC, PCIXT, and PC/AT. Throughout this book, IBM PC 
refera to this entire family of microoomputers. MASM is based on !he 
assembler language for 8086 and 8088 microprocessors (!he PC and PC/XT 
each uses an 8088 microprocessorJ. As Figure 1.1 indicates, an assembler is 
a program that translates assembler language into m achine language, 
which can be understood by a microprocessor. The MASM assembler 
translales MASM programs into 8088 machine language. 

3 



4 

1-

0110110011110101 
COIIPUTER 

Figure 1.1 Tbe Role ofthe ..... ..,.., 

Theoretically, the resulting macbjne-Janguage programa ahould run on 
any microcomputer with an 8088 microproceuor. However, some lnatruc· 
liana may, in fact, referto memory locatlona that have specia1 functlona on 
one type of computer or with a particular operating syatem. The programa, 
therefore, may not run correctly on other computers or with other opera!· 
ing aystems. 110 (input and output) routines are especially liable to be 
incompatible with other microcomputers or with other operating systems. 
Unless otherwise indicated, the 110 routines you Jearn in this book run 
under version 1.1 of the IBM PC Diak Operating System (DOS) by Microsoft 
oraubsequentvenñona. 

·: Other assembler Janguages uist for programming 8086/8088 micro­
processors. One of these, Microsoft'& Small Assembler (ASM), ;. iucluded 
when you purchase MASM. (We11 discuss the differences between MASM 
and ASM Jater in this chapter). All8086/8088 assembler Janguages use the 
same set of lnatructiona, which, in turn, are translated into the same 
machine-language lnatructions. 

An aasemhler has other functions !han translation, however. Most 
assemhlers, for example, reserve and initialize data space and provide a 
liating of the program and its tranalation. MASM, Jike other assembler 
languages, directa the assemhler lo perfonn these functiona using lnatruc· 
tiona known as asaembler directlvea or paeudo-ops, which are not 
tranalated into Jbachine Janguage. The DB pseudo-op, for example, defmes 
data space, while the PAGB pseudo-op controls the page size of the listing 
the assembler produces. MASM's pseudo-ops include all of ASM's and 
more. Other 8086/8088 assembler Janguages wi1J ha ve similar, but not 
identical, seis of pseudo-ops. 

You can use the Macro Assembler Language taught in Ibis book to write 
programa that will be converted to machine Janguage by the MASM 
assembler. The machine-Janguage programs will run on the 18M PC family 
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using DOS U or Jater versions; they may or may not also run on other 
8086/8088 microprocessors or with other operating systems. The basic 
concepts and the MASM instructions covered in this book will

1
be useful, 

but not complete, guides lo other 8086/8088 assembler languages. 

Review Questions 

L MASM is intended fór use on which computers? Which micro-
processors? Whicb operating system? 

2. What microprocessor does the IBM PC use? 

3. From what type of Janguage does an assembler translate? 

4. Into wbat language does the MASM assembler translate programs? 

5. True or False? A pseuckHlp directs tbe assembler in its functions; it is 
not translated by the assembler. 

6. True or False? AlJ 8086/8088 assembler Janguages include the same 
instructions and pseudo-ops. 

Answers 
l. 18M PC and family; 8086/8088; DOS 2. 8088 3. Assembler lan· 
guage 4. 8088 machine language ·:5. True 6. False; they include the 
same instructions, but not necessarily the same pseudo-ops. 

The Programming Process 
Figure L2 illustrates the programming process. We will talk about each 
step, from writing the program lo running it. 

Where Does the Source Code Come From? 
When you write a program;begin by deciding exactly what you want the 
program todo. Ofteo, this means planning screen layouts and print dia­
grama on chart paperthat has numbered rows and columns. Then, plan the 
program Jogic.The more lime you speod planuing in the beginning, the less 
time you wi1J oeed to spend revising later. 

Once you know what yourprogram will do in detail, write the program 
in MASM Assembler Janguage. The MASM language program is called !he 
source code. Writing a program is often called coding, since it produces 
source code. Most assembler programmers write their programs first on 
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PROGRAII 
RESI.LTS 

.· 

paper, leaving pleniy of room for changes. Next, the source code is entered 
into tbe computer, using eltber an editor sucb as BDLIN ora word process­
ingprogram. 

Noüce tbe difference · between MASM and BASIC. BASIC itself 
includes ÍID editor. When you start lo run BASIC you automatically are in 
tbe BASIC editor and can begin to enter your program. MASM, as well as 
most otber computer languages, does not include its own editor. MASM 
programa muat be entered using an independent editor or word processing 
program. 

Where Does the Object Code Come From? 
Once tbe source code is ready, it's time to call on the assembler. An 
assembler ia a program. The source code ia tbe input to tbe program .. 
Macblne language, known as macblne code or object code, is the main 
output from tbe program. Usually, tbe assembler produces a listing and, 
sometimes, it also produces cross-reference files for the pro~~f!Uller's use 
in debugging tbe program. But, its real job is to produce tbe object code. 

An assembler translates source·code instructioÍls to object·code 
instructions on a one-t(H)ne basis; that is, every 808618088 assembler­
language instruction is translated into a 8086/8088 machine-Ianguage 
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instruction. In addition, the assembler carries out tbe pseud<Hlp in~truc­
tions by leaving room in tbe macbine-language program for data areas aod 
by putting initial values in tbe data oreas. Otber pseud<Hlp instru~tions 
may also affect tbe output from tbe assembler. Por example, tbe-.: may 
chaoge tbe number of Unes per page in tbe listing, or tell tbe assembler lo 
copy source code from anotber file into your program's source code befare 
traoslating it. i 

Figure 1.3 shows part of a listing from tbe assembly of a MASIVI pro­
gram. The right-hand side of tbe page sbows the source code, ':"hich 
includes comments written by tbe programmer. The left-hand side of tbe 
page sbows tbe object oode in heudecimal. The object code is, in f~ct, in 
binary because it is the only form of data tbat a computer can understand. 
But, when printed or di;ll>layed on a CRT, tbe code is always sbown in 
hexadecimal. (By tbe way, if you need lo brusb up on binary and hex­
adecimal, read Appendix A.( 

•n eo " •m 1 
N216 Clll .. " 
-~ .. 
NJII U 

•• ... 
IUI 51 
NX ll .. ~ 
•• n 
Mlf nu 
NJt MtEIUII 
M:JS • tt 
u .,.11211 
•••• lllf 1 .. ,. ...... 
M41 U 11 tllf 1 24 .... 
IH1 " •• • •• • ... " 

"' D.-,. n• ,. D ,. .. 
111 .,_ .. 

' ---a -D -... -11 .. Ol,lti .. n,,_ .. Da 

"' ll,llfWI 

"' ti,.,_ .. ..... .. lllllfdf.J,M ,. 11 .. " ,. D ,. a .. -1 ----~ .. ;:::;±¡ ::;::;::::;=:;::::;.::: 
'This 1s object codo 
in hexadecima!. 
ll's binary version 
ls meaningfullo 
the computer. 

TNs is the source 
cxxle written by lile 
programmer. h atmost 
looks li<8 ~ means 
something in English. 

FlguN 1.3 Part of an ~ lisaing 

J1111G1Wff .. M'RR ... 

,.-r catrf f(l-..: 

, ........ (MI .... 
dlSTJ.ul .. 
.-,.: DM CX TIIEJ 
~CWISt 

lhese are commerits 
inctuded in lhe source 
code by the programmer _ 
Comments begin with 
a semi<:Oion (;). 
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What's After Object Code? 
The object-<:ode prognun that resulta from assembly ia a string of binary 
digits which includea botb machine·language instJuctions and data storage 
areas. One more step, Unklng. is required to chaoge tbe object-<:ode 
prognun into an exec:utable prognun, alao in machine language. The 
linker program adds loformation that will be needed wben your program 
runa, auch aa tbe prognun abe and wbere to load tbe program in memory. 
The linker can alao combine aeveral object programs into one. 

The individual object programa are often called object modules. The 
finiabed, executable program may be referred to aa a load module, sin ce it 
ia ready to load into memory. The aoftware that comes witb aome com· 
pilers includea librarles of object modules that must be comblned via tbe 
linker witb every object program generated by tbe compiler. 

When you runa program, it ia tbe eucutable veralon, tbe load module, 
tbis ia run. Thars wby tbe ~ file wbere tbe program's loa¡l module is 
stored ia often called ita run me. As you can see from Figure L2, usuaUy 
tbe programming process ia not finiabed wben it is run for tbe first time. 
Tha firat few runa often produce incorrect resulta, and tbe programmer 
muat chaoge tbe aource code and repeat tbe aasembly, link, and run cycle 
until tbe program works aa deaired. Thia is called debugging the program. 

Review Questions 

Match esch program type on the left with the phrases that describe it on the 
right. Some descriptions may be uaed more thao once; sorne may not be 
uaedataU. 

l. Source code pro-
gram 

2. Object code pro-
gram 

3. Bxecutable pro-
gnun 

A. Output from linking process. 

B. Input by programmer through 
editor or word processor 

c. Output from assembier 

D. Input to lioking process 
B. Macbine Janguage 
P. Inputto assembler 
G. Resdy lo run 

Answers 
l.B,P 2.C,D,B 3.A,B,G 
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The Microcomputer 
Before you learn how the microcomputer runs your program, you need to 
be aware of some of its parts. FtgUre 1.4 contains a generalized diagram of a 
microcomputer; refer to it as you read the foUowing discussion. 

The Microprocessor 
The heart of any microcomputer ia its microprocessor, wbich cootains the 
Central Processing Uoit jCPU). The CPU is tbe ares where macbine· 
language instructions are interpreted and carried out. The microprocessor 
also includes severa), smaU memory areas called registers. The CPU can 
access the registers very quickly to store, maoipulate, or retrieve data. 

Plago Most microprocessors ha ve a register that contains the flags. Bach 
Oag isone bit, so it may have a valueof zero or one. There are two types of 
flags: status flags and control flags. A status flag records informatioo 
about the result of an instruction. Many microprocessors, for example, 
maintain a zero status flag. The zero flag ia set jturned on, or given a value 
of 1) when an· arithmetic reault has a value of zero. The flag is cleared 
jturned off, or given a value of O) when the result is notO. Control llags are 
used to control the operation of the computer. For example, an interrupt 
flag may control wbetber or nota pl'ogram can be interrupted by outside 
events, such as pressing a key on the keyboard. Such requests for service 
are h•ndled if the flag is set and are ignored if the flag ia cleared. 

MEIIORY 

~ .,P¡ogram'• 
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The lnstruction Set 
· A microprocessor oontains circuitry that enables tbe microprocessor to 

carry out a certain set of instructions. An 8088 microprocessor is designed 
to process about 90 instructions that m.ake up tbe instruction set for botb 
8086 and 8088 microprocesaora. Object and executable programs for any 
microoomputer witb an 8086 or 8088 microprocessor must use !bese 
instructions and no otbera, since !bese are tbe only instructions tbe oom­
puter can actually carry out. 

Sorne microoomputera have more Iban one microprocessor and can 
carry out more Iban .one set of instructions. An mM PC may have an 8087 
microprocessor installed in additlon to ita basic 8088 microprocessor. Tbe 
8087 processes hisb-speed, hi¡h-precision arltbmetlc instructions that are · 
not available on tbe 8088. MASM originally did not include tbe assembly­
language equivalenta of !bese instructions. Tbe newest version of MASM 
doea have 8087 instructions, but tbey will not be covered in Ibis book. 

Memory 
Anotber importan! aspect of tbe microcomputer is i!S memory. lt's prob­
ably easiest to visualize memory as a large number of storage cells, like a 
honeyoomb. Bach cell can contain one byte of information-that is, eight 
bits. Any ASCO character can be expressed in one byte, so you will 
sometimos see tbe number of bytes of memory in a oomputer referred toas 
tbe number of characters it can hold. 

Bach cell or byte of memory has a unique address, starting at OH 
(addresses usually are written in hexadecimalJ. The maximum mernory 
that can be addressed by tbe 8088 is 1,048,576 (!M or 1024KJ bytes. That 
means that W24K is effectively tbe maximum mernory size for a microcom­
puter using an 8088 microprocessor. Memory addresses for an 8088-based 
microoomputer range from OH to·OFFFFFH (Oto 1,048,5751. The actual 
memory size of your computer, however, will vary depending on tbe 
number and size of memory chips installed in it. You must have at leas! 
96K of memory to use tbe MASM assembler. However, yo u can assemble 
an ASM program witb a 64K memory. 

Sometimea memory is referred to as if it were a vertical stock of boxes 
witb OH at tbe bottom and tbe highest possible address at tbe top. 

The mernory installed in your computer is not alJ available for your 
programs. Some of it is resefved for system programs or other purpcte5es 
over which you have no control. In the IBM PC, for example, the bottom 
1024 bytes oontain lnterrupt vectors, which are the addresses of pro­
grama thatare executed wben a special function needs to be handled bythe 
operatins syatero. Bxamples are many 110 functions, sucb as displaying a 
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character on the screen. The top 16 bytes contain the system reset ~struc­
tlons that are executed when you turn on tbe computer. Additiona1 mem­
ory is used when the operating system is loaded into other p~rts of 
memory, one of tbe first steps that occurs when the computer starts up. 

1 

1 

Review Questions 1 

1 

l. Which part of the microcomputer determines what instructidns the 
microcomputer can carry out? r 

2. Iri which part of the microprocessor are instructions interpret~d and 
carriedout? ~ 

3. What are the small, rapid·access memory areas in the ~icro­
processor called? 

4. What part of the miccoprocessor is used to record information about 
the results of an instcuction? 

S. True or False? A unique addcess is assigned to evecy bit of memory, 
starting with the address OH. 

1 
6. True or False? The roaximum memory size toe a computer with an 

8088 microprocessor is 1024K bytes. ' 

7. How much memory is cequired to use the MASM assembler? 

8. True or False? A flag is cleared when its value is zero. 

Answers 

l. The microprocessor 2. The CPU (central processing unit) 3. •Regis­
ters 4. The status flags 5. False; a unique address is assigned to1 every 
byte of memory; a byte contains eight bits. 6. True 7. 96K bytf,s 8. 
True · 

How a Program is Run 
To illustrate how a program is run in a microcomputer, let's loo'k ata 
hypothetical computer, the TABLET, whicb uses an equally bypothetical 
microprocessor, the HZ3. The EZ3 contains three registers for progr~m use 
and one flag, the zero status flag. 
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The EZ3 lnstructions 
Figure 1.5 shows the rather limited instruction set of the EZ3. Each instruc· 
tion begins with a two-digit )hexadecimal) code that identifies the 
instruction. This is the operatlon code or op-code for the instruction. To 
make this discussion easier to read, a mnemonlc has also heen assigned 
for each operation code. A maem()!lic ia an easy-to-remember code that 
stands for an operation code in a dilcussion or in aource code. MOV is the 
mnemonicforUH, the moveoperationcode. SUB is the mnemonic for 12H, 
the subtraction operation code. JNZ la the mnemonic for 13H, the jump-if· 
not-zero operatlon code, uid END la the mnemonic for 14H, the operation 
code for the lnatruction that atopa the program. 

The F.Z3 lnstrur.tiQft llet 

HamRD!C Jnatrustlpn 

11011 llrrl1hb 

SUB 12rrllhh 

~z 13llbb 

14 

Tht lnatructlon Fonaat 

Op Optrand Operand 
~ 1 2 ... •• 1 • ... 2 
b)'tt or2 bytn 

brtn 

1!uDlaA 

HOvt valut fra. hhll to 
rtglater rr 

Subtract valut at hhll 
fraa r.glattr rr 

lf ltto flag cltartd, 
a.•t lnatruction ia at 
bbll 

End progr•1 return lo 
optratlng ayaS,. 

Addrtaatl In optranda 
ar. atored-.itb la.­
ordtr brtt flrat. Tht 
addrtn 1121H la 

121 111 
u an optrand. 
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Al1 the instructions except END also contain operands. If you think of 
the operation code as the verb of an instruction, the operands are the 
objects of the verb. They specify the data or locations that are to he used 
when the instruction is executed. 

The MOV lnstructlon The first operand for MOV is one byte that 
names a registerinto which a byte of data will he moved. Possible registers 
are 1, 2, and 3. The second operand is two bytes long; it names the memory 
address from which the data byte wiU come. The BZ3 machine language 
always puts addresses into "reverse notation". That is, the low-order byte is 
ftrst, and the high-order last. An instruction lo move a one·byte value from 
address 1289H to register 03H would be written in BZ3 machine language 
as 11038912H. For easier reading, object code usuaUy is printed in groups of 
four hexidecimal digits with the H assumed, so the instruction would 
actuaUy be printed or displayed as 1103 8912. 

Take note of two points about MOV. Although it is described as a move 
instruction, in fact, it performs a copy. The source of the data is not 
changed, but keeps its original val u e. Most computer languages use "move" 
to mean ·copy. • Also notice that the direction of the m ove is from the 
second operand to the first operand. This is the usual direction of moves 
and other processes in most assembler languages. 

The SUB lnstructlon Look al the SUB instruction. 11 also names a 
register in the first operand and an address in the second. The one·byte 
value found at the address will he subtracted from the value found in the 
register. The result wiU he left in the register. The source operand is left 
unchanged. SUB wiU also setor clearthe zero status flag lo reflect the result 
of the subtraction. If the result is zero, the flag is set; otherwise, it is 
ele a red. 

' . 
The JNZ lnstructlon JNZ has one operand, a tw<>-byte address that 
points to the next instruction to he executed if the zero flag is cleared. lf the 
zero flag is set, the ne:xt instruction executed will he the one foUowing JNZ. 
The address in a jump instruction is sometimes caUed the target of the 
jump . 

The END lnst_ruction BND has no operands. When END isexecuted, 
it ends the program and returns control lo the operating system. The OS 
wiU immediately display a prompt (A:> 1 and wait for a conunand to be 
entered. 
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Loading the Program 
When you teJ1 the computer to runa program on the TABLET, the executa­
ble program is loaded into memory beginning at OIOOH. (Addressea below 
IOOH are used only by the operatin¡ syatem.l Figure 1.6 shows tbe contents 
of OIOOH through OllFH with a program loaded. Bach row in the figure 
displays 16 bytes arranged in groupa nf four hexadecimal digits, or two 
bytes per group. Tbe leftmnat column shows tbe beginning address for 
ea eh row. On !be right is !be ASCII interpretatinn for each nf !be 16 bytes. U 
a byte contains an ASCII oode that doean'f represen! a printable character, 
it is shown as a dot. This is a standard way to display memory in a printout 
or on a acreeu.. 

Running the Program. 
The BZ3 CPU contains an area that holds a copy of tbe curren! instruction; 
we11 call that area C\flUIIN. 1t a1so includes a special-purpose register 
called the lnstruction polnter (IPI that usually contains the address of the 
instruction following the one being executed. Wben the computer is 
through with tbe instructinn in CURRIN, it looks at IP to find tbe address of 
the next instruction. The program-loading procedure ends by setting IP to 
OlOOH, so the next instruction executed is the first instruction of the 
program. Figure 1. 7 shows tlie contents of IP, !be zero status flag, and 
register 3 before and after each instruction is executed. 

When the program begins, IP points to OlOOH; we don1 know the 
contents of "register 3 or the value of tbe zero flag at Ibis time. The CPU 
copies the byte at OIOOH to CURRIN. The CPU identifies the copied value 
(UHI asan operation code for a four-byte instruction, 80 it also copies three 
operand bytes from OWIH, OW12H, and OW3H into CURRIN. IP is now 
changed to point to 0104H, tbe beginning of tbe next instruction. Then, the 

llllo 1113 1411 1213 1:111 1314 1114 P9E3 A782 ..... F812 1111 1211 

t 
Beginning 
address 
lor row 

Flgure1.e A Program In Memory 

FFII 1199 IIC3 2121 FFFFr:-:::•-::• -::":-·-· -'' t'-;-'-"-:'~:--, 
Hexadecimal ASCII equivalents 
Display lor A do! (.) represents 
memory an undisplayable 

character. 
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Figure 1.7 Tha Program Runs 

instruction in CURRIN is executed. The byte pointed to by the second 
operand (address 0114HI is copied lo tbe register specified by the first 
operand (03HJ. Now, register 3 contains tbe value 2; we still don'! kn?w the 
value of the zero flag, since it is not affected by a MOV instruction. 

MOV is finished. Now, IP provides tbe address of tbe next instruction, 
0104H. Wben one instruction follows anotber sequentially in Ibis way, we 
say tbat program control falls through to the next instruction. In thi~ case, 
control falls through lo anotber four-byte instruction, SUB. Thb SUB 
instruction is copied into CURRIN, and IP is changed to point lo qmsH. 
Then, tbe value (OIH) found al tbe address in tbe second operand (Ot¡SHJ is 
subtracted from register 3,leaving lin !be register. Since SUB's result is not 
zero, tbe zero flag is clesred. 1 

Again, tbe instruction al the address in IP jOIOBHI is broug~t into 
CURRIN. This is a tbree-byte instruction, JNZ, so IP becomes O,IOBH. 
Execution of the instruction begins by checking tbe zero flag. The ,flag is 
clear, 80 tbe next instruction should be tbe one al 0104H, tbe address in 
JNZ's nperand. This is specified by changing IP lo 0104H. When a:jump 
insiruction changes the value in IP so that tbe next instruction execúted is 
not the next in memory, we say that control is transferred to the target of 
tbejump. ' 

Since IP now points to 0104H, tbe SUB instruction al tbat address is 
executed again. This time, the result of the subtraction is zero, so the zero 
flag is set. The JNZ instruction is repeated. Again, IP is set lo OIOBH before 
the instruCtion is executed. Since the zero flag is set this time, IP is not 
changed by tbe JNZ instruction, and tbe instruction al OIOBH is executed. 

1 
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This is a one-byte instruction, so IP becomes OIOCH. But, it doesn1 
really matter, because 14H is the BND. Tbe BND instruction sets lP lo 
002SH, a location that contains an operating-system instruction. Tbe pro­
gram bas ended, and the operating syatem is back in control of the T AB­
LBT. 
Tbe 8088, like the BZ3, usea macbine-language instructions made up of 
operstion codea and operands. Mnemonics bave been assigned for the 
operstion codes and are used in wrlting MASM programs. Addresses are 
wrltten in reverse notation in the object code. 

Tbe 8088 also uses a special-purpose register called the instruction 
pointer (IP) lo keep track of the next instruction to be uecuted. Like the 
BZ3, the 8088 begina executinn by bringing the byte pointed to by IP into 
the CPU and interpreting that byte. Tben, the CPU determines bow many 
more bytes make up the complete instruction. IP is updated to point lo the 
byte presiuned lo be the beginning of the next instruction. Tben, the 
current instruction is executed. Control transfers are made by changing the 
address in IP. 

On the other hand, 8088 programs are nol always loaded al OIOOH, and 
control ~ not returned lo 002SH when the program ends. The process of 
transfemng control from the operating syslem lo your program and back 
a~ is more complex in the 8088, but you won't need to worry about il. It 
will be taken care of automatically when your programa are run. Also, 
80~ operatinn codea and operands vary considerably inJength. Again, you 
don 1 really need lo worry aboul this aince you do nol program directly in 
machine language. 

Review Questions 

~tch each ,;ord or phrase on the left with the most appropriste descrip­
líon from the column on the right. Not aJl the descriptions are used. 

l. Operand A. ldentifies the next instruction to be 
2. Operation executed 

3. 

4. 
5. 

code B. Specifies data or location to be acted on 
lnatruction 
pointer 
PaJI through 
Mnemonic 

C. An easily remembered substitute for 
num.eric cod.e 

D. Specifies action to be taken 

B. Contains a copy of the instruction being 
executed 

F. Pass control to the next instruction in 
sequence 

Answers 
l.B 2.0 3.A 4.F 5.C(Bisnolused) 
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MASM and Other Languages 
Object code is the same nomatterwhst Janguage is used for the source code. 
However, object code is produceddifferently by assembler Janguages. lnler­
preled Janguages (the mnst common of which is BASIC), and compiled 
Janguages, (which include COBOL, C, many versions of PASCAL), and 
many others. We11 look al some of these differences and then discuss the" 
major differew:e between MASM and ASM-the macro facility. 

MASM vs. BASIC 
Tbe BASIC thal comes with DOSis lnterpreted BASIC. BASIC, in facl, is 
the mosl commonly used inlerpreted Janguage. An inlerpreted language 
translates one instruction ata time into object ccxl.e, executing each one as 
soon as it is translateLI. Generally, each source--ccxie instruction produces a 
sequence of several object-code instructions. Note that the interpreter does 
not produce an object--code program and, therefore, does not pcovide 
anything thal can be used to create a run file. 

When you issue the comrnand BASIC or BASICA, the BASIC inter· 
preter program is loaded into memory and run. Part of this program is an 
editor, used toenter orcbange your BASIC prograrn. When you RUN your 
program, it is used as input data lo the BASIC interpreter. The interpreter 
first reads, and then converts, an instruction to object code if it can. If the 
interpreter can't understand the 'instruction, or can't find aJl the informa· 
tion it needs for conversion, it tells you that there's an error and stops 
interpreting. U the instruction is converted to object code, it is carried out 
immediately. Control then returns to the interpreter, which begins to 
process the nezt instruction. When the interpreter reaches the end of your 
program, it stops interpreting, puts the BASIC prompt (OK) on the screen, 
and waits for an instruction. When yo u end the BASIC session by typing 
SYSTBM, control returns to the operating system. 

You can see that this is very different from the way MASM programs 
are processed. Por MASM, as well as other non·interpreted languages, the 
source code ia cbecked completely for syntax. errors and converted to 
object code before any object code is executed. By execution time, when 
the run flle is Joaded and processed, the assembler or compiler is out of the 
plcture; it bas alresdy done its work. 
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Another major differeoce between BASIC and MASM is the way that 

data fields jcalled variables in BAS!C) are handled. lo BASIC, a variable 
name is simply used in a program.loteger, single-precision, double-preci­
sion, and string variables are ideotified by the names given to them. Bach 
of the three types of numeric variables has a predefmed size; a atring 
variable's size dependa on ita curren! value. The BAS!C interpreter takes 
care of storing variables in memory and keeping track of their addresses. 

MASM, like most other computer languages, requires data del"ml­
tions. Any name used to refer toa data field in an instruction must be 
defmed in a special. section of the program. Data definitions not only 
include the names and sizea of data fields, but also define their placemeot 
witbin the data storage area. Tbe first field defined in the section starta at 
byte OH of the data atorage area. U the first field ia 10 bytes long, the second 
field defined will start al byte OAH of the area. Tbe programmer deter­
mines the layout of the atorage area by the way he or she codes the data 
definitions. A data definition can also assign an initial value to a field; this 
will be the value contained in the mernory locations assigned to that field 
wheo the program ia loaded. 

Assembler vs. Compiler 
A compiler ahares some of the characteristics of an assembler and sorne of 
an interpreter. Many high-levellanguages are compiled. The compiler, like 
an assembler, translates an eotire source-code program into object code, 
v:h;ch can then be used witb the linker to create a run file. The compiler 
.!· •eS not execute the program.lts job is done when the translation is made. 

Rach compiler-language source-code instruction, like a BAS!C instruc· 
tion, is translated into severa! object-code instructions. Compiled lan­
guages usually require data definition. Often, the definitions limit what 
type of data can be used in the defined fields and how the fields can be 
used. A field deócribed as the equivalen! of a BASIC string variable, for 
example, cannot be used in arithmetic instructions in most compiler lan­
guagea or in BAS!C. Assembler languages are more flexible, but this 
flexibility placea more responsibility on the programmer lo validate data 
usage. 

MASMvs.ASM 
The major differences between the Small Assembler jASM} and the Macro 
Assembler jMASM} as sbown by their names, are the sizes of tbe 
assemblers and the macro capability of MASM. Tbe dilferences are 
related; ASM assembler is smaller primarily beca use it does not include the 

1 
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1 
code needed to bandle macros. lf you code a program that doesn't use any 
macros, you can assemble it either with ASM or MASM. [ 

What's a Macro Anyway? A macro is a predefined series of instruc­
tions tbat can be copied into a source-code program by using the lnacro's 
name in place of an operation code. The macro defmition usually J.ciudes 
dummy nameo that are replaced when the macro is copied. You'llllearn a 
lot more about macros, see many examples, and code your own macro 
definitions later in this book. 1 

When the MASM assembler encounters a macro name used as an 
operaüon code, it copies tbe source code from the definition, rePiacing 
dummy names as appropriate. Tben, the assembler treats the resulting 
source code asif it were coded there in the firat place.loeffect, this allows 
yo u to oode frequently used. routines once and use them over and o ver with 
differentdata fields. Y ou'll really appreciste this facility when yo u see bow 
many instructions are required by MASM to pedorm sorne simple-'sound­
ing functions, such as clearing the screen, positioning tbe cursor, or mov­
ing a string of characters from one place lo another. 

Al; you write more and more MASM programs, you will code more and 
more macros and use them from program to program. Sorne Of your 
programs may eventually consist of long strings of macro calls. lo a sense, 
this lets you have sorne of the advantages of a compiler language. The 
macro name corresponds to a ~pmpiler language's instructioD.. The 
assembler produces severa] object.:code instructions for each macto call, 
justas the compiler produces several for each source.-code instructidn. The 
difference is that witb MASM you can determine which macros tvill be 
useful, what details are needed in them, when to calla macro, and Yihen to 
ignore it in favor of a one-time routine. With a compiler language, yo~ must 
use instructions that call routines precoded by the compiler's desigrlers.ln 
a well-designed compiler language these may be very efficient, but1 sorne-
times you would prefer to code your own variatinns. 1 

Review Questions 

Choose the best answer for eacb of tbe following questions. 

l. How does the MASM assell\b!er know the length of a data field? 

A. From the field~s cwrent value 

B. From the fiel<!'s data definition 

C. From the data type implied by tbe field's narne 

D. · None of tbe above 
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2. Wbich of these program types is run by executing each instruction aa 
soon aa it is converted lo object code? 

A. Interpreted·language program 

B. Assembler-language program 

C. Machine·language program 

D. Compiler·language program 

3. In which type of program does each_ aource-code instruction usually 
produce only one object-code inatructlon? 

A. Compiler·language program 

B. Assembler-language program 

C. Interpreted program 

D. BothAandC 

4. Wbat ia a macro? 

A. A subroutine executed from severa! placea in a BASIC pro-. 
gram 

B. A predefined series of aasembler·language instructions 

C. A utility program that speeds up aasembly 

Anawen 
l. B 2. A 3. B 4. B 

Key Points From Chapter 1 
Chapter 1 has covered some general concepta that ahould help you under· 
stand the material in the rest of the book. 

Some of the main points covered in the chapter are: 

• MASM is a language iotended for writing programs on an IBM PC 
with at leas! 96K ol memory and operatiog under DOS 1.1 or la ter. 
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• The MASM aasembler translates MASM programs into 8088 machine 
language. The translated programs are used by the linker to produce 
executable programs. 

• MASM includes both instructions that are translated into machine 
language and pseud<H>ps that direct the aasembler in its functions, 
such as defining data fields and producing the assembler listing. 

• One of a microcomputer's majar components is the microprocessor, 
which contains tbe CPU where machine-language instructions are 
interpreted and carried out. 

• The microprocessor also contains the registers, used for high-speed 
manipulation of small amounts of data. 

• The flag register contains a number of one-bit areas called flags. Status 
flags record information about the results of instructions, whlle con· 
!rol flags control the operation of the computer. 

• The 8088 maintains a special-pwpose register, the instruction pointer 
(IPJ, which always contains the address of tbe next inslruction lo be 
executed. 

• An 8088-hased microcomputer may have up to 1024K (1MI bytes of 
memory. Each byte has a unique address, ranging from OH at the 
bottom of memory to OFFFFFH at the top. 

• Wben a program is run, its run file is loaded into memory and control 
is transferred to its first instruction. 

• Each machine-language instruction begins with an operation code, 
which tells the CPU wbat action lo perform. lt also may include 
operands, which identily the data or locations to be acted on by the 
instru~tion. 

• Control falls through lrom one instruction to the next unless it is 
specilically translerred toan out-ol-sequence instruction. 

• Data fields, which correspond lo BASIC variables, must be named 
and defmed in a specific area of a MASM program. 

• MASM includes the capability lo use macros, (predelined sequences 
of instructions) by coding the macro name asan operation code. The 
assembler will copy the predelioed iostructions into the source-code 
progra.m wherever the macro name is coded. 

• The macro capability is the major dillerence between the Macro 
Assembler (MASMJ and the Small Assembler (ASMJ. 
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This chapter's most importan! feature is the defmition of many terms 
that will be used throughout the book. The chapter review questions that 
follow will help you to make sure that you understand the most importan! 
of these terms. 

Chal!ter Review Questions 

Match each term on the left with the most applicable phrase from the list 
on the right. Not all of the phrasea will be used. 

l. ASM A. Flag with value of 1 
2. "-mbler B. Predefined series of instructions copied 
3. Cleuedflag into the source code by the assembler 
4. ContrOl flag c. Next instruction executed ia the next one 
5. CPU inmemory 
6. Data o. Language _understood by the 

definition microprocessor 
7. Oatafield B. Program that translstes assembler 
8. Fall through language to machine language 
9. Flsg F. Mschine language code 

_lO. IP G. Bstablishes name, size, initial value,and 
_u. Unker location of field in data area 
_12. Mschine H. Directs assembler functions 

language l. Flag that controls computer 
_13. Mscro J. ldentifies data or location to act on 
_14. MASM K. One·bit area in special regiater 
_15. Objectcode L. IBM's Small Assembler 
_16. Operand M. IBM's Macro Assembler 
_17. Operation N. Next instruction to be executed not in 

oode sequence 
_18. Pseudo-op o. Bxecutable program; ready to load and 
_19. Regiater run 
_20. Runfile P. Flag with value of O 
_21. Setflag Q. Address to which control is transferred 
_22. Status flag R. Register whicb contains address of next 
_23. Target instruction 
_24 .. Transfer S. Program used to enter source code into 

control computer 

' 
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T. Area where instructions are interpreted 

and carried out 
U. Flag tbat records information aoout 

. . ult 1 
mstn.ed1on res 1 

V. A small fast-access memory area in the 
i 

1 

microprocessor 
W. Equivalen! to BASIC variable 
X. Tells CPU what action to take 
Y. Program that converts object code lo 

program 

Answers 
l.L 2.8 3.P 4.1 S.T 6.G 7.W 8.C 9.K lO.R ll.Y 12. 
O 13. B 14. M 15. F 16. J 17. X 18. H 19. V 20. O 2lA 22. 
U 23.Q 24.N 
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Background 
forMASM 

In Cbapter 1 you leamed some basic terrns and concepts tbat apply to most 
or all microcomputers. This cbapter presents informa !ion tbat is directly 
applicable lo computers uaing the 8088 mieroprocessor. By the time you 
fmish Ibis cbapter, yo u wilJ know bow the 8088's instructions use registers, 
the units in wbich the 8088 processes data, bow it divides memory into 
segmenta and expresses addresses as segment numbers and offsets, and the • 
names and uaes of its 12 regi.sters and four flags. This cbapter will aJso 
introduce you lo the use of interrupts for 110 in the IBM PC. Most of the 
things tbat you learn in Ibis chapter will be used in every MASM program 
you write, even the beginning programs in Cbapter 3. 

The Register Set 
The 8088 has 12 n:gisters tbat are available for program use. Four of them 
""'general-purpose reglsten, two ""' lndei: reglsters, two are polnter 
reglatera, and four are ee¡¡meat reglaters. You1IIearn about eacb type, 
and indeed each regiater, after you leam about their general use. 

24 
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Register Use 
Registers are used in severa! ways in 8088 jand therefore MASM) instruc­
tions. They can be named as operands. When a register is an operand, the 
register contents are the data to be acted on or cbanged. In tbis instruction: 

IIOVAX, 5 

the first operand refers to the AX register; the instruction copies the value 5 
into the register. 

Sorne registers are also used to provide addresses indirectly in oper­
ands. A source-code operand may contain an address, one or two register 
names in brackets, or both. The object code will indica te both the address 
and the indirect registers. Wben the instruction is executed, the current 
contents of tbese registers are added to the effective address, or EA. The 
EA indica tes the actuallocation of the data. In this instruction: 

MOV IOO(BXIIS 11. AX 

tbe con tenis of registers BX and SI are adde\1 lo 100 lo produce the EA and 
the contents of AX are moved to the location pointed to by EA. lf the 
instruction is part of a loop, the loop may also change the contents of BX or 
S!(or both) so that the EA is difieren! each time the instruction is repeated. 

Sorne instructions use specific registers by implication. Many instruc­
tions that cause repetitions, for example, use register CX to control the 
nwnber of repetitions. ex is not specified asan operand in the instruction, 
but nevertheless it is used and changed when the instruction is executed. 

The Si.ze of a Register 
Eacb of tbe 8088's registers is 16 bits long. You know that a bit is a single 
binary digit and can contain a value of zero or one. You also know tbat a 
byte is a string of eight bits and can contain a value between OH and OFFH. 
Tbe value in a byte can be interpreted in the following ways: an unsigned 
integer, a signed integer, part of a multibyte number, two BCD digits, oran 
ASCII cbaracter.(lf you don't understand Ibis, see Appendix A.) 

The 8088 processes data in units of one or two bytes. A two-byte unit is 
a word. The size of a word is not standard as is the size of a byte. Different 
processors use different word sizes, but the 8088 uaes a two-byte, or 16-bit, 
word that can contain values from OH lo OFFFFH. 

.. 
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Review Questions 

1. How many registers does the 8088 provide tor program use? 

2: Name the tour types ot registers provided by the 8088. 

3. Which ot the following statemeDta are true? 

A. A register may not be named asan operand. 

B. A regÍster may be used lo modify an operand address. 

C. Tbe use of a apecific register may be implied by an instruc· 
tion. 

D. The effective address of an operand is computed when the 
instructinn is assembled. 

4. Wbat is the size of a register (in bits)? 

5. True or Jalse? The 8088, and therefore MASM programs, handle 
data only in byte·size units. 

6. How long is an 8088 word (in bits)? 

Answers 

1.12 2. General-purpose, pointer, index, andsegment regist~rs 3. B and 
C are true. Here's whars wrong with the others: A. A repster may be 
named as an operand. D. Tbe effective address ia computed when th~ 
instruction ia aecuted. 4. 16 bits. 5. Palse; the 8088, and therefore 
MASM programs, can handle data in byte- or word-oize units. 6.16 bits 

The General~Purpose Registers 
Tbe general-purpose registers, AX, BX, ~· and DX, e"? each be used as a 
one-wo!d register or as two one-byte repsters. Tbe bigh-order, or most 
significan!, bytesoftheie registersarecalledAH, BH, CH, andDH, and the 
low-order, or 1east significan!, bytea are called AL, BL, CL, and DL. In 
effect, then, the 8088 has eight one-byte or tour one-w~ general-purpose 
registers. Figure 2.1 illustratea the general-purpose repsters. 

·' 
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Many MASM instructions can refer either toa byte ora word. When a 
general-purpose register is an operand in one of these instruction1s, the 
register name determines the data unit. The instruction: 

IIOV 100iBX), AX 

moves one word ot data from register AX lo the EA (contents of BX + 100), 
while this instruction: ! 

IIOV 100(BX( , AH 

moves one byte of data from register AH to the EA. 
MASM assumes that words in memory are stored in reverse arder, that 

is, with the low-order byte flrst: When a word is moved from memory toa 
register, the byte from the lower address, the EA, goes into the low-prder 
byte register. The next byte, from EA+1, goes into the high-order byte 
register. When a word is moved in the other direction, the process is 
reversed. When the register is displayed, the high-order byte is first. If lAH 
is moved from EA lo AL and 37H is moved trom EA+ 1 lo AH, AX contains 
371AH. 1 

As shown in Figure 2.1, the AX register is referred to as¡ the 
accumulator; BX, the base reglster; CX, the count register; and DX, the 
data register. To sorne extent these designations reflect specialized u'ses of 
the registers. These designations are not totally accurate, however! they 
are chosen partly to match the register names and partly lo reflect the 
historical use of similar registers 4t the 8088's ancestors. In many riticro­
processors, for example, a1l aritbmetic results are put into the A re8ister, 

(8 blh a bits) 

AH AL ICCUIIU11tor 

BH Bl 

ex CH CL count reglshr 

DX DH DI. 
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wbicb is, tberefore, logically called the accumublor _ In the 8088, any 
register except a segment register can be used for addition and subtraction, 
but AXis in volved inall multiplication and division. BX is tbeonly general­
purpose register that can be used for indirect addressiog; an address io BX 
is sometimea called a base addreas. With loopiog or repetitive ioatructions, 
ex holds the count of the remsining repetitions. As you leam various 
MASM iostructions, you willleam about the specifJC ways io which they 
use tbe general-pwpose registen. 

Review Questions 

1. How many one-word, general-pwpose registersdoes the 8088 bave? 

2. How much data does BL hold? CX? DH? 

3. Whicb register holds the count for repetitions? 

4. True or false? All arithmetic is done in the accwnulator? 

5. N ame the word-size register referred lo as: 

A. Count 
B. Base 
C. Accumulator 
D. Data 

Anawen 
1. 4 2.1 byte or 8 bits; 1 word or 16 bits or 2 bytes; 1 byte or 8 bits 3. CX 
4. False; addition and subtraction can he done in any of the general­
purpose regiatera. 5. A. CX B. BX C. AX D. DX 

Segments and Offsets 
In Cbapter l. you learned that the 8088 can address locations up lo 
·oFPPFFH, a zo.bit addresa. The microprocessor itself, however, can only 
bandle 16 bits, or one word, al a time. How, then, does it manage a 20-hit 
address? 

The 8088 separateaan addreas intotwo parts: a segment number andan 
offset. A aegment numher repreaents an address divisible by 16 (IOHk 
sometimes called a segment boundary .(IBM documenta !ion, iocluding the 
MASM manual, refen to a segment boundary as a paragraph and lo a 
segment numher as a paragraph numher or frame number.) An offset 
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represents a number of bytes past a segment number. Figure 2~2 shows a 
simllar situation in another context: a jogging track with a marker every 10 

- feel. 
The runner in lhe figure is 35 feel from lhe begioning of the track. His 

posilion could also be described as being five feel pasl the third marker, 15 
feel pasl lhe second marker, or 25 feel pasl the first marker. For conve­
nience, let's use the notation ·marker:distance· to describe the runner's 
position. But, let's mak:e a rule that we never use this fonn with a distance 
of more than 20 feet. We11 call the posilion relative lo the track's beginniog 
the actual position. 

The position of the runner io Figure 2.2, lhen, can be described as 3:5 or 
2:15. We don't use negative distances, so we can't describe his position as a 
distance from marker 4. We don't use. distances larger than 20 feet, so we 
also can't describe bis posltion as a distance from marker l. The runner's 
actual position is 35 feet. We can compute the actual position from the 
marker:distance form by multiplying lhe marker number by 10 and adding 
distance to the result. Each marker can be used tO describe positions in a 
slrelch of up lo 20 feet. The marker stretches overlap; lhat is, marker 1 
describes a stretch with actual positions from 10 to 30 feet; marker 2, a 
stretch from 20 to 40 feet; and so on. You can see that the area for one 
marker ov.erlaps the next by 10 feet. Locations in this lO~foot overlap can be 
described by referring to either marker. 

Segment and Offset Addresses 
A segment boundary occurs al every 16 j10H) bytes in memory. The 
segment number is lhe boundary address divided by 16jlOH). The offset is 
the distance past the segment number. When we write an address in this 
form, we use a colon(:) lo separate the two parts and we assume that bolh 
address parts are hexadecimal. The actual address is lhe sum of the seg­
ment number shifted one place lo the left (that is, multiplied by 16) and the 
offset. Both the segment number and the offset are expressed as tour 
hexadecimal digits, or 16 bits, and, thus, each can range from OOOOH to 

r E!F 
..... 
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OFFFFH. 1234:0014, then, represents 12340H HJ014H, or address 12354H. 
The same address can be expressed using differeot segment nunibers. 
1235:0004H is another way 10 represen! 12354H. 

Since an offset can range from OH lo OFFFFH, the same segment 
number can be used lo refer lo as many as 65,536 (64Kl memory locations. 
Therefore, a segment boundary occurs every 16 bytes in memory and can 
be used 10 describe addresses stretching over 64K. This is another way of 
saying that segments can overlap, as sbown in Figure 2.3. 

Now you can see how the 8088 can handle a ZO.bit address: it break.s it 
up into two !&bit numbers, the first of which identifies a segment bound· 
ary and the second of which identifies a apecific byte relative to that 
boundary. 

The Segment Registers 
How does this affect your MASM program? MASM operands usually 
specify only the one·word offset portien of an address; the segment 
number is taken from a segment reglster initialized when the program 
begins running. The four segroent registers, CS, SS, OS, and BS, contain the 
segment numbers that mark the houndaries al which are loaded the code, 
stack, data, andema segmento respectively (see Figure 2.4). We refer toan 
address by its offset within one of these segmeots. SS:0008, for example, 
refers to byte 8 within the stack segroeot. 

The Code Segment The code segment cootains all the instructions for 
your program. The first instruclion starts al the boundary indicated by the 
number in the CS register. The next instruCIÍOD follOWS that, and SO OO. 
Wben you.code a control transfer instruction you usually specify the offset 
of the target instruction: the segment number comes from the CS register. 
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Flgu,. 2.4 The Segment _,. · 1 

Tbe Stack Segment As you will see when you begin lo write pro· 
grams, you will often need to save the current contents of a register, use the 
register with new data, and then restore the original contents. A prograht 
can reserve a memory segment for saving register contents as well as othbr 
data; the reserVed area is called the stack. The SS or stack segment registh 
contains the segment oumber that marks the beginning of the stack. i: 1 

The Data Segment The data segment contains the program's data 
fields. Wheo an operand refers to a data field it specifies the offset of the 
field. The segment number comes from the DS or data segment registe\-. 
You willleam that it is sometimes possible to override Ibis assignmeot by 
specifying a different segment register to be used with a particular opet· 

and. 1 

The Extra Segment The ES, or extra segment register can be used as 
an alternate data segment. As you wi1l learn, Some instructions take 1• 
segment number from the BS register for one of their operands and one 

1 
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from OS for the other. Tbe two registeiS can, however, contain the same 
number and therefore refer to the same area of mernory. Most of your 
programs, in fact, will pul the same segment number in both ES and OS. 

Segmentation and Flexibility 
Wben the operating system 1oods your program for execution, it mak.es 
sure that ea eh of the four segmenta begins al a segment houndary, an 
address divisible by 16. One of the fint housekeeping requirements for the 
program is to pul the correct oegment numbers into the segment registers 
before executing any instructinna that uae offsets from theae registers. 

Notice that the aegment numbers could be different every time your 
program runs; the loading operation uauaUy has the flenbility lo cboose 
the most appropriate loc•tinn. Special programs tbat are supposed lo stay 
in memnry while otber programa run usuaUy specify their own segment 
addresses al locations which are not likely lo be overlaid when new 
programs are loaded. Most of your programs, however, willallow segment 
numbers to be chosen by the operating system. Programa like Ibis are said 
to be relocatable, becauae the lóading proceso does not have lo pul them 
in a specific location. 

Offsets are not aHected by the location of the segment houndary. A data 
area offset of 100 bytes refers lo a location that is 100 bytes past the data 
segment houndary, regardless of where that houndary is. An operand's 
actual address is cornputedfrom the EA and thesegment number when the 
instructinn is executed. 

Review Questions 

l. What address ia representad by Z314:0035? What is the segment 
number? What is !he offset? 

2. Name each of the following prograrn segments: 

A. used to save regiater contents 
B. an alternate data area 
C. the prograrn's main data area 
D. the instrw:tiona for your prograrn 

3. Name the aegment regiater associated with each of the program 
segments from the previous question. · 

Background for MASM 33 

4. True or false? You must specify the address wbere each segment of 
your program is to be loaded. 

Answers 
l. 23175H j23140H + 0035HJ; 2314; 0035 2. A. stack segment B. extra 
segment C. data segment D. codesegment 3. A. SSB. ESC. DSD. CS 4. 
False; yóu will usuaUy aUow the operating system lo assign the addresses 
for program segments. 

Pointer and lndex Registers 
The pointer and index registers are shown in Figure 2.5. These registers 
can be used in many of the same ways as the general-purpose registers, but 
the pointer and index registers are often used to contain offsets for fields in 
the stack or data area. An instruction that accesses the stack segment gets 
the segment number from SS and the offset from SP,jthe stack pointer), or 
from BP, jthe base pointer). Similarly, an instruction can access the da,ta 
area using the segment number from OS combined with a data area offset 
from SI or DI, the source or destination indexes. You can override these 
assignments, specifying, for example, a combination such as ES:BP. 
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The Stack and the Stack Pointer 
The stack is often oompared to a piJe of dishes. The dish most recently 
placed on the piJe is on the top and wiiJ be the next one removed from the 
piJe. The piJe grows and shrinks as dishes are added and removed. The 
height, or loca !ion, of the top varies with the nwnber of dishes curren ti y in 
the piJe. The first dish was placed al the bottom of the piJe and will be the 
1ast one removed. 

The bollo m of the stack is al the high-eddress end of the stack segrnent. 
When the program begins, SP oontains this maximwn offset. An instruc­
tion that places data on the otack reduces SPby two and copies one word to 
the new address indicated by SS:SP. We say the word io pushed on the 
stack. The reverse operation is caUed popplng data. A word is copied from 
the address currently indicated by SS:SP, and SP is then increased by two. 
The formerly uoed offset will now be available for the next word placed on 
thestack. 

Notice that stack opemtions always involve a word. The one-byte 
registero, AH, AL, BH, BL, and so on, cannot be saved on the stack as such; 
the entire one-word register must be pushed. Figure 2.6 illustrates this 
process with a 16-byte stack. 

Yo u can see that when a program uses a stack, and most of them do, it is 
importan! to maintain SP by the push and pop instructions. Though SP can 
be used as an opemnd in some instructions, you should never change its 
contents directly. 

The Base Pointer 
The Base Po in ter, or BP, is one of the registers that can be uoed in indirect 
addressing. Like SP, it ia in tended to point to locations within the stack. It is 
not uoed by the special stack-accessing instructions, so irs not automati­
cally increased or decreased as is SP. BP is especially useful for accessing 
items that are in the stack, but not al tbe top. 

The lndex Registers 
Operations that involve strings require the use of the index registers SI and 
DI. SI specifies the offset of the source of the data, and DI specifies the 
offset of the destination. SI and DI are also used as operands in other 
instructions and in indirect addressing. 

a) S.ginniag of progr1111 

SP 1•. " 

b) Pu. b data 

SP 11 1 1 E 

e) Push dah 

SP l1 1 1 e 

d>Popdt •• 
SP 11 1 1 E 

e) Pn h data 

SP 11 1 o e 

Background for MASM 35 

55:1181 <b•ginning of stack> 
1 

1 
SS1IIIF Cbottcnltop of stack) 

5511111 <b•ginning of stack) 

'lo ' 
SS1IIIF 'ir <botta. ol shck) 1 

1 

SS:IIII <b•ginnlng of stac:M) 

-..-
4 

* SS:IUF 37 <boltOIII of shck) 

5511111 <b•ginnlng of shek) 
i 

f-¡¡-
[f.-.. 

SSrlllf 37 Cbothn of 5tadi:) 

SS1IIII Cb•glnnlng of stack> 

92 1 

~ 1 

~ SSaiiiF 37 Cbottca of stuU 



36 

Review Questions 

1. If registers AX, BX, and ex are copied to the stack in that order, 
whicb register's contents are al the boUom of the stack7 At the top7 
Pointed to by SP.7 Whicb register's contenta will be the frrst removed 
from tbe stack? Then, to which rqilter's contenta will SP point? 

2. True or fslse? BP usually pointa lo tbe lop of tbe stack. 

3. True or fslse7 8oth SI and DI are usually used to access the data 
segment. 

Anawers 
l. AX; CX; CX; CX; BX 2. Fslse; SP usually points to tbe top of the stack. 
BP rnay contain an offset pointing to sny ares in the stack, or BP can be 
used lo point lo another segment by specifying a segment register. 3. 
True 

Status and Control Flags 
The 8088 provides SÍl< status and tbree control flags. The nine flags are 
arranged in a 16-bit flag register as sbown In Pigure2.7. Remember: status 
flags reflect tbe resulta of operations, while control flags control tbe opera­
tions . . 

Flags are not used as operanda in MASM instructions. They are, how­
ever, affected and tested by instructions. Special instructions are used to 
set and clear sorne flags. Tbese instructions don, need to use the flag name 
as an operand since it is implied by tbe instruction. The CLC instruction, 
for example, clesra the Carry flag, while tbe CU instruction clesrs the 
lnterrupt Bnable flag. 

Tbe Trap and Puity flags (TI' and PF) ha ve speci•liud uses that will not 
be covered in this book. The other status flags generally are set or cleared 
by uithmetic and arithmetic·like instructions (comparison, ahift and 
rotate, and logicall. We11 discuss esch of these status flags and, then, tbe 
otber two control flags. As you follow this discusaion, remember tbat a flag 
is aet when ita value is 1 and cleared when ita value is O. 
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cw, o.,.,. •• _ tSht•t) 

DF1 Dlr.cllptl <t-troll 

"' l11hrn,t b&blt <Coatroll 
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ZF1 Z.ro tShtusl 
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PF1 Perlty <Shtutl 

CF1 Carry <Shtud 
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Agw. 2.7 The Flag Regisler 

The Carry Flag 
Tbe Carry flag (CFI is a status flag that reflects the size of an operation 
result. CF is set when the result field cannot bold tbe result, as when an add 
operation produces a carry or a subtraction ends with a borrow. Other­
wise, CP is cleared. There are a1so specific instructions that set and clear 
CF. 

CF not only reflects operation results, it is also used in sorne operations. 
lf you are adding a two-byte number, for example, sny possible carry from 
tbe frrst byte sum must be included when adding the second set of bytes. 
Special arithmetic instructions include CFs value in their operation. 

CF can be tested by conditional jump instructions provided for that 
purpose. One instruction causes a transfer of control if tbe carry flag is set; 
another causes such a transfer only if CF is cleared. 

The Auxiliary Carry Flag 
AF, tbe Auxiliary Carry flag, is similar to CF, except it reflects the status 
from tbe low-order balf-hyte of an operation. AF is used by instructions 
tbat handle binary-coded decimal uitbmetic since BCDs have one digit per 
balf-hyte. Tbere are no specia1 instructions tbat set, clear, or test AF . 

.. 
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The Zero Flag 
The Zero flag. ZF, isastatusflagthatissetwhen the resulto! anoperationis 
zero and, cleared when the result is not zero. Notice that this means Zl' is 1 
when the result is O, but Zl' is O when the 'f"ult is nonzero. There are no 
special instructions to set and clear Zl', but there are conditional jump 
instructions that test its value. 

The Sign Flag 
The Sign flag, SI', is a status flag that is set when operations produce a 
negative result and is cleared when the result is positive. (Remember thal O 
is a positive numberJ. In other worda, SF always reflects the high-order bit 
of the result of an operation; the flag is meaningful only if the operation 
involves signed numbers. There are conditional jump instructions that test 
SI', but no special instructions to set or clear it. 

The Overflow Flag 
The Overflow flag, OF, is a status flag that identifies a result that does not 
fit in a signed fleld. lo general, if 01' is set, it means that an operation result 
overflowed into the sign bit. Like SF, the value of 01' is not significan! alter 
operations that do not involve signed numbers. There are jump instruc· 
tions that test OF, but no special instructions to set or clear it. 

The lnterrupt Enable Flag 
11', tbe loterrupt Bnable flag, is a control flag. It is set or cleared by special 
instructions. When IF ia set, the 8088 recognizea signals from externa! 
devices such as the teyboard and the printer and bandles requests for 
service from these devlces. Such requests are called external lnterrupts; 
the operation of the currently running program must be interrupted lo 
service the request. When IF is cleared, the 8088 ignores such requests. 
This book does not deal with externa! interrupts in any detall. The begin· 
ning programmer will do better to leave such matters to the operating 
system's preprogrammed routines. 

The Direction Flag 
The Direction flag, DF, is a control flag that determines the direction of 
string operations. When DF is cleared, a string operation starts with the 
lowest address and progressea to higher ones; in other worda, the leftrnost 

·-
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charactersare processed first. If the en tire string is not used, the char8cters 
on the far right are the ones that are left out. When DI' is set, operations ' 
move in the opposite direction. The characters on the left are skipped if the 
full string is not handled. You wiU see an example of string operations in 
the program in the next chapter. 

Saving the Flags 
The flag register is usually not accessed as a whole. There are, however, 
two instructions that do handle the entire register. These instructions push 
and pop the flag register. There is no way to save or restore individual flags 
using the stack. 

Review Questions 

Match each flag name with applicable phrases from the list on the right. 
Sorne flags will match more than one phrase. Not all phrases are used. 
Sorne may be used more than once. 

l. CF A. used only in BCD arithmetic 

2. AF B. set when result is zero 

3. ZF c. controls direction of string 

4. SI' operation 

5. 01' D. cleared when subtraction doesn't 

6. 11' result in borrow 

7. DF E. set when signed result is too large 
1'. ends program if result is too large 
G. set to allow interrupto 
H. set when carry results from addition 
l. set when result is negative 

Answers 
l.D,H 2.A,D,H 3.B 4.1 5.E 6.G 7.C(FisnotusedJ 

Using System 110 Routines 
Input and output can be the most complicated part of assembly language 
programming. Each output device, such as a printer or CRT, is accessed 
through a particular location known as its port. A character lo be output is 

' '. 

l. 

1 

1 

1 
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written to the port and picked up from there by the output device. An input 
device, suchaaakeyboard, basa similar por! where it placesa byteof data 
lo be rea<l by tbe computer. 

Printing a cbaracter may require severa) steps, such as checking a 
status address to aee if the printer is ready to receive output, moving the 
character to be ootput into a regisler, 8lld sending the contents of the 
registerto the corree! port. Toprintaatringofcharacters, Ibis processmust 
be repeated for each one. Input from a keyboard requires similar pro­
cedures. Input and output lo disk filea can be eldremely complicated. 

Fortunately, the IBM PC operating systems have 110 routines already 
programmed that can be used by the assembler programmer. To use an 110 
device, code an interrupt (lNT) instructinn that transfers control lo one of 
these preprogrammed routines. Y our program looks al one of the system's 
specia1 purpose memory areas 8lld there finds the address of the pre· 
programmed routine lo which it transfers control. These 110 addresses in 
the reserved area are called lnterrupt vectors. They are also used to 
transfer control lo the proper instructions when an e•ternal interrupt 
occurs. 

BIOSandDOS 
The IBM PC uses two operating system prograrns al once. One of these is 
BIOS, the Basic Input/Output System. BIOS is built into the computer and 
cannot change. The interrupt vectors are part of BIOS. Many of them 
transfer control lo BIOS routines, which handle such basic operations as 
putting one cbaracter on the screen, checking lo see if the printer is ready 
to receive data, and so on. 

The second operating system is a prograrn that is loaded, usually from 
disk, when the computer is tumed on. We will assume that you are using 
some version of DOS for this purpose, but other operating systems are 
available. DOS doea not replaoe WOS, but supplements it. Some of the 
interrupt vectors point lo locations that oontain DOS 110 routines. These 
msy be more compre. !han the BIOS routines, performing functions that 
would require several BIOSinterrupts. One interruptin DOSZ.O (interrupt 
ZIHI has 87 different functions. They include disk flle handling and 
printer, CRT, and keyboard functinns. Some of these are duplicates of 
functions available with nOD·DOS 8105 interrupts. 

mM recommends using the DOS functions rather Iban BIOS for your 
. program'siiO. We will follow this reoommendation when possible. How­

ever, there are some things that cannot be handled through DOS, but must 
use BIOS routines. 
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Review Questions 

Whicb of tbe following are true? 

1. Preprogrammed 110 routines are part of the 8088's instruction set. 

2. An interrupt vector points toa preprogrammed routine. 

3. DOS routines are available for disk 110 ooly. 

4. 18M recommends using DOS ratber Iban BIOS routines when possi­
ble. 

Answers 

2. and 4. are true. Here's whars wrong with the others: l. The pre· 
programmed 110 routines are part of the operating system. 3. DOS rou­
tines are available for disk, printer, CRT, and keyboard 110. 

Key Points From Chapter 2 
Chapter 2 has presented information that will be used in every program 
you write. Sorne of the main points covered in the chapter are: 

• The 8088 has 12 16-bit registers. 

• Instructions use registers as operands, for indirect addressing, and by 
implication. 

• The effective address (EAI for an operand is computed when the 
instruction is executed by adding the current contents of the indirect 
registers to the original operand address. 

• The 8088 processes data in units of one byte (8 bitsl or one word (16 
bits!-

• The general-purpose registers are AX (accumulatorl, BX (base regis­
terl, CX (count registerl, and DX (data registerl. 

• Bach general-purpose register can also be treated as two 8·bit regis· 
ters. The higb-order byte registers are AH, BH, CH, and OH; the low­
order byte registers are AL, BL, CL, and DL. Jnstructions can access 
each of the one-byte registers separately. 

• A 20-bit address can be represented as a segment number and an 
offset, using the form "segment:offset." To compute an address from 
this form, multiply the aegment number by 10H and add the offset to 
it. 

.. 
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• A program may contain four segments. The code segment contains 
the object-code instructions. The slack segment contains the stack, an 
area in wbicb register contents can bé saved. The data segment 
contains tbe data fields for tbe program. The extra segment is an 
al tema te data area, but it usually coincides with the data segment. 

• The segment registen, OS. SS, DS, and BS. contain the segment 
numbers of tbe code, stack, data, and extra segments, respectively. 

• Thepointerregisten, SP (stackpointerJand BP(basepointerJ, point to 
locations within tbe atack sqpuent unlesil otberwise apecified. 

• The stact's bigbest address is tbe bottom of tbe stack. The top of the 
stack is tbe location to wbicb tbe SP (atack-pointer registerl currently 
points. . 

• Wben a word is pusbed on tbe atack, SP is decreased by two and tbe 
word is copied to the resulting stack offset. Wben a word is popped 
&om the stack, tbe word pointed to by SP is copied to tbe destination, 
and SP is then increased by two. 

• The index registers, Sl(source indexl and Dl(destination indexJ, point 
to locatioDs within the data segment, unless otherwise specified. 

• BX, BP, SI, and DI are tbe registers that can be used for indirect 
addressing. 

• The 8088 provides six status and !bree control flags placed in a 16-bit 
flag regisll:r. 

• The Garry, Auxiliary Carry, Sign, Zero, and Overflow flagsreflect tbe 
results of an aritbmetic or arithmetic·like operation. These indude 
comparisons, sbift and rotate instructions, and logic:al instructions. 

• The Carry flag (CPJ reftecta the si%e of an operation's result. CP is set 
wben tbe result doesn't lit tbe fleld provided, as wben a carry or 
borrow occura and la deared when the result doea fit. 

• The Auxiliary Carry flag IAPI is similar to CP, but reftects tbe status at 
the balf-byte position of an aritbmetic operatloa. It is meaningful only 
in BCD arltbmetic. 

• The Zero flag (Zl'J is set wben tbe result of an operation is O and is 
cleared when tbe result is not O. 

• The Sigo ftag (SFJ reftecta tbe bigb-order bit of an operation's result. 
This ia me•"'nsfuiin aigned aritbmetic, wbere a set SP indicates a 
negative result. anda cleared SP, a positive result. 
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• The Overflow flag (OFJ is meaningful in signed aritbmetic, where OF 
is set if tbe result will not lit in the result field and is cleared if the 
result does fit. 

• The Interrupt Enable flag (IFJ is set to allow tbe processor to handle 
requests for service from external devices and is cleared when such 
interrupts should be ignored. 

• The Direction flag (DFJ is set to indica te that string operations are to ' 
proceed from right lo left and is cleared to indicate tbe reverse. 

• A program can use tbe interrupt vectors lo transfer control to pre· 
programmed BIOS and DOS 110 routines. 

The chapter review questions that follow will help you to ma.k.e sure 
tbat you understand these points. 

Chapter Review Questions 

l. How many registers does tbe 8088 provide for program use? Wbat 
size is each register (in bitsJ? 

2. Name ~ree ways an instruction may use a register. 

3. True or false? The effective address for an operand is computed by 
tbe assembler. 

4. How long (in bitsl is an 8088 word? 

5. Name the 16-bit general·purpose registers. 

6. NllJile the bigb-or<ler byte of tbe accumulator: Tbe low-order byte of 
tbe count r~ler: ~ O"!'-WOrd base register: The bigh-order byte 
of tbe data regisll'f: . · 

7. Wbat address is re¡uesented by 3017:000A? by 3015:002A? by 
3010:017 A? · 

8. Wbat does the code segment contain? Wbat register points to the 
code segme!'t? 

9. N ame two sqpuent registers tbat often point lo tbe same area. 

' , . 
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10. A stack segment begins at1250:0000. Its last byte is al offset 0100H. 
SP contains 0052H. 

A. Wbere is the lop of the stack? 

B. Where is the hottom of the stack7 

C. What segment number is in SSl 

11. The value 3445H is placed on the stack descrihed in íhe preceding 
question. 

A. Where will the fU"St byte (341 go? (Give the offset 
within the stack segment.l 

B. Where will the second byte 1451 go? 

C. What value wiU SP contain after Ibis operation? 

12. To which segment is BP assumed lo point? SI? DI? 

13. Which of the following are true? 

A. ZF is cleared when an operation results in zero. 

B. CF is set when a subtraction requires a horrow. 

C. AF is set when an addition produces a carry from the half. 
byte position. 

D. SP is set to indicate a zero result from signed arithmetic. 

B. OP is cleared lo indicale a positive resull from signed arith­
metic. 

P. DF is cleared when sering operations are lo move from lefl 
torighl. 

G. IP is cleared lo handle interruptions from external devices. 

14. How does your program find the addresses of the operation syslems 
VO routines7 
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Answers 
1. 12; 16 bits 2. asan operand; for indirect addressing; by implication 3. 
False; the EA is computed when the program is executed. 4. 16 bits 5. 
AX, BX, CX, DX 6. AH; CL; BX; OH 7. 3017AH; 3017AH; 3027AH 8. 
the program's object·code inslructions; CS 9. OS~ ES 10. A.l250:0052 B. 
1250:0100 C.l250 11. A. OOSOH B. 0051H C. OOSOH 12. SS ; OS; OS 13. 

r B, C, and F are true. Here's what's wrtmg with the others: A. ZP is sel when 
an operation results in zero. D. SF is set to indicate a negative resuJt in 
signed arithmetic. B. OF is cleared to indicate that a signed arithmetic 
result is not too large. F.IF is cleared to cause external-device interrupts to 
be ignored. 14. Through an interrupt vector. 

1 
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Beginning 
toProgram 

This cbapter presents a sample program in MASM. You11 examine the 
program in detail. First, though, you11 leam the formal of MASM source· 
code lines. Tben, you11 leam instructions lo define segments and sub­
routines, to end a program, and lo define data areas. 

M you look al the sarnple program, you11 leam to move data in single 
bytes and strings, cail and return from subroutines, save and restore 
register contenta using the stack, and use interrupl routines for screen 
displays and keyboard input. You1l also leam lo program loops with a 
defmite number of repetitions. By the time you finish this chapter, yo u will 
know many commonly used MASM instructions, as well as the structure of 
MASM's programs and source-a>de lines, and you will be ready lo write 
your first program; 

Before you begin, you should know thilt this book is not going lo leach 
you everything about each MASM instruction. 11 wil1 explain instructions 
as they are used in the programs, sometimes indicating possible variations. 
Generally, it will prepare you to use the MASM manual lo find out more 
about MASM and its instructions. Chapter 8 dg; ls specifically with inter· 
pretstinn nf the MASM manual. 

A BASIC Program 
anda MASM Program 
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Figure 3.1 contains a BASIC program that prompts for a name and then 
prints a message that includes the name five times. Nota very complicated 
program, is it? Figure 3.12, at the end of this chapter, shows a MASM 
program that does the same thing. Uust glance al it now; don't try lo figure it 
out.) You can see that the MASM program is a lot longer and seems more 
complex than the BASIC program. 

18 INPUT •wHAT'S YOUR NAHE• ;;"J'lAMEt. 
28 FOR N "" 1 TO :S 
38 PRINT •HELLO "¡ANAf"'Et. 
18 NEXT 
se END 

Agu,. 3.1 NAMEX in BASIC 

Computer Exercise 
You can· test tbe BASIC program: load BASIC and en ter and run tbe 
program from Figure 3.1. 1f you wish, you can also use an editor or word 
processing program to type in the program in Figure 3.12 (NAMEX.ASM). 
You will be able to test the program after you learn to assemble, link, and 
run MASM programs. 

Source~Code Line Format 
Before we discuss the formal of the whole program, let's look al the 
individual lines. Figure 3.2 shows part of the NAMEX program. Line 
numbers are provided for this discussion; they are not part of the program. 
Three dots represen! missing code. Lines 1, 5, and 8, for example, each 
indicate one or more omitted Unes. 

The general formal for a source-code line is: 

name operat i on_code operands ; conment 

.. 
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1 
2 
3 

' , 
6 
7 
8 

• .. 
11 
12 
13 
11 

" 16 

• 

IHBUF 
INCOlJIIT 
1-

• 

08 
08 
08 

PR08._CQOi SE~ENT 'COOE' 

PUSH OS 
t\0.1 AX.I 
PUSH AX 

PRINTLOOP1 

RET 

... 
? 
2~5 DUPC' ') 

1SAVE DATA ~ STACK 
1 TO BE USEO FOR RETURN TO 
1 SYSTEH WHEN PROGRAH ENOS 

¡TH&I RET\JJIN TO OPEMTINO SYSTEH 

The entrles must be in lhe o;.¡er shown and musl be separated by atleasl 
one blank or tab. The line does not bave to begin in column l, but it cannot 
go post column 132. The aasembler will ignore anything in columns past 
132. In lhis instruction: 

1 

llOVER IIOV CL , 1 NCOUNT ; SET OUTPUT CONTROL 

the name is MOVER, lhe operation code is MOV, CL and INCOUNT are 
the operands, and ;SBT OUTPUT CONTROL is a comment. Lefs look al 
each field in more detail. 

The N ame Field 
Name is usually optional. Jt may conlain up to 31 cbaracters selected from 
uppercase letten, numeric digits, and the five apecial cbaracters ? . @ _ 
and S. lf yo u enter your program with Jowercase letters, lhe assembler will 
convert them to uppercase. Tbia meona tbat BNTRY, entry. and BnTry 
are all the same name in a MASM program. 

A name muat atart with aletter or apeeiaJ cbaracter, nota digit. A period 
tbat is included in a name muat be the firat cbaracter. Notice tbat a name 
CDlUiot include a apace, a bypben, or an internal period. An underscore is 
&equently used lo make compound names more readable jfor example: 
PROG_CODE in line 7). Linea 2, 3, 4, 7, and 13 include the names INBUF, 
INCOUNT,INNAMB, PROG_CODB, and PRINTLOOP, respectively. 
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Later in the chapter, we'll discuss how names are used by the 
assembler. 

The Operation Code 
The operation code, or opcode, is a mnemonic representing an 8088 opera­
lían code or an asseinbler-directing pseudo-op. Lines 2, 3, and 7 contain 
pseudn-op opcodes jDB and SEGMENTJ. 8088 mnemonic opcodes include 
PUSH in lines 9 and U, MOV in line 10, and RET in line 15. 

The Operands 
The requirements for the operand field depend on the opcode. Sorne 
opcodes, such as RET in line 15, require no operands. Sorne, such as PUSH 
in lines 9 and U, require one operand. Others, such as MOV in line 10, 
require two operands separated by a comma. 

In the instruction sel for our hypothetical machine TABLET, you saw 
registers and addresses used as operands. In MASM, there is a third type of 
operand called lmmediate data. lmmediate data is a value coded directly 
in the instruction. These two instructions both use immediate data as the 
second operand: 

IIOV AL,O 
IIOV BH, 'C' 

The first instruction moves the value O to AL; the second moves 67, the 
ASCll code value for C, into BH. The maximum immediate data value is 
OFFFFH, the maximum for one word of data. 

Pseudo-ops, such as DB or SEGMENT, use the operand field lo furnish 
additional or optional information used by the assembler in carrying out 
the instruction. The operands specified with DB in line 4, for example, teU 
the assembler to reserve 255 bytes initialized with blanks. 

The Comment Field 
Tbe comment field is always optional. lf included, it must begin with a 
semicolon j;J. Comments, like remarks in a BASIC program, are used to 
docu.ment the programmer's intentions. Many comments have been 
included in NAMEX.ln Figure 3.2, comments appear in lines 9, 10, and U. 
Commenta can be very helpful when yo u return lo a program written sorne 
time ago nr wben someone else ~eads your program. lf you bave been 
programming in BASIC or any other language, you probably have already 
Jearned lhe value of good remarks or comments. 

. ,. 
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Source Code and Machine Code 
As you· know, the assembler translates source code to machine-code 
instructiona that include operation codes and operands. Names are not 
directly translated into machine code. The assembler assigns a value to 
each name. In most cases, that value ia the offset of the instruction that 
includes the name in its name field. (You1lleam an emeption when you 
learn the BQU pseu<IIH>p in Cbapter 6.) Wben a name occurs as an 
operand, the assembler substitutea the assigned value for the name. 

Comments are not translated into machine code al all. Neither are 
pseud<Hlps, although tbey may affect tbe machine code. The DB instruc­
tions in lines 2 and 3 of Figure 3.2, for example, each reserve one byte in tbe 
machine code's data segment. The first of these bytes ia initialized with tbe 
value 255 (OFFH), the higheat value that will lit into one byte. · 

Review Questions 

l. Name tbe four parts of a source-<:Ode line in the order in which they 
must appear. · 

2. True or False? The operand field for an 8088 instruction always 
contains two operands. 

3. Which of tbese narnes are valid? 

A. NBWITBM 

B. CUSTOMBR_NAM 

C. 2ND_LINB 

D. IJNB2 

4. In thisinatruction 

IIOVDI ,3 

What are the operanda? What type of operand ia tbe first one7 What 
type ia the second? 

5. What character identifies the beginning of a comment ora comment 
line? 
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Answers 

l. Name field, operation code, operand field, comment 2. False; the 
operand field may contain zero, one, or two operands. The number of 
operands required depends upon the instruction's opcode. 3. B, D. A is 
invalid because it includes a space; C, because it starts with a numeric 
digit. 4. DI and 3; register; immediate data 5. A semicolon (;J 

The Framework of a Program 
The beginning and end of each program segment are defmed by pseudo­
ops. The code segment is made up of one or more procedures, and the 
heginning and end of each procedure are also defmed by pseudo-ops. 
Another pseud<Hlp identifies the end of the prograrn. In Figure 3.3, these 
pseud<HJps are numhered for the discussion that follows. 

1 PAOG-STAC~ SEGHENT STACK 'STACK' 
08 64 OUP <'STACK ') 

2 PROG..STACK ENDS 

' 3 PROG..OATA SE(J'1ENT 'DATA' 

4 PROILDATA ENJ?S 

' ~ PROG-COOE SEOHENT 'COOE' 
4 HAIN..PROG PROC FAR 

ASSlt1E CS 1 PRO<LCOOE ,OS 1 PROG....OATA, SS 1 PROG_STACK, ES 1 PROG_DATA 
PUSH OS 1 SAVE DATA CN STACK 
MOV AX ,t TO BE USEO FOR RETURN TO 
PUSH AX 1 SYSTEH WHEN PROGRAM ENOS 
H0V AX,PROG-DATA IINITIALIZE OS 
HOV OS,AX 
HOV ES ,AX ANO ES 

CAL.L PRa-tPTER 

RET 
7 MIILPROG ENDP 

8 PR(J1PTER PROC 

9 PRCI'IPTER ENOP 

11 PROG-COOE ENOS 
END I"'AIN..PAOO _ ... _ ........... 

1 PROHPT FOR NAME 

1THEN RETURN TO OPERAT ING SYSTEJ1 
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ldentifying Segments 
Every program includes a code segment; ínost programs also include a 
stack segment and al leas! one data segmenl The beginning and end of 
each segment must be identified by~"' instructions. 

The Beginning of a Segment The SBGMENT pseudo-op (lines 1, 3, 
and 51 identifies the beginning of a segment. Ita formal is: 

segname SEGIIENT (combine-typel (al ign-type( ('class'l 

Brackets indicate an optinnal entry. Note that the segment name is 
required. In NAMEX, the stack, data, and code segments are named 
PROG_STACK, PROG_DATA, and PROG_CODE, respectively. 

The three optinnal entries pass instructions to the linker lo help deter­
mine where and how the segment is loaded when the program· is run. 
Combine·type indica tes how the segment is combined with segments from 
other programs airead y in the system at run time. A stack segment requires 
STACK for its combine·type (line 1(. This segrnent will be combined with 
other stack segmenta, such as the one used by the operating system when 
the run me is loaded. The data and code segmenta in NAMEX have no 
combine-type; they will not be combined with segments from other pro­
grams. 

Align-type indica tes the type of boundary on which the segment sbould 
begin. lf no align-type is given, the segment will be aligned on a peragraph 
boundary (an address divisible by 10H(. In the programs in Ibis book, all 
segmenta are a1igned on peragraph boundaries, so align-type is never 
specified. 

Class, enclosed in single quotes, identifies a segment type. When a run 
me is made up of several object modules, segmenta of the same class are 
grouped together by the linker. NAMEX includes segmenta of class 
STACK, DATA, and CODE. We will not use multiple-module programs in 
Ibis book, sowe usethe classentryprimarilyfordocumentation. You may 
omit the class entry in your segment definitions if you prefer. 

The Bnd of a ségment Each segment mustend with a BNDS pseudo­
op. The formal is: 

sesname .ENDS 
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The segment name is required; it must match the name in the SEGMENT 
instructlon that begins the segment. There are no operands for this instruc­
tion. Ljnes 2, 4, and 10 in Figure 3.3 contain ENDS instructions for 
NAMEX's stack, data, and code segments. 

ldentifying Procedures 
A program's code segment is divided into blocks called procedures. Every 
program includes at least one procédure. Usually, we code programs with 
one main procedure and severa! secondary ones. Our main procedure is a 
driver, a routine that may do very little except to start the program, call 
subroutines, and end the program. This driver, then, can provide an 
outline of the program. Each of the other procedures is called as a sub­
routine and carries out a specific function. If the procedure's function is 
lengthy or complicated, such as "print a report, • it may in tum call other 
procedures to carry out such subfunctions as ·print a heading; ·move data 
toa print line,· or ·convert a number toa printable forma t." The "print the 
report• procedure, then, may be considered a driver for the report-printing 
function. Dividing a program into short procedures that perform easily 
definable functions makes the program easier to code, debug, and modify. 
lt also makes it easier to build a new program using procedures copied 
from existing programs. 

Beginning a Procedure Each procedure must begin with a PROC 
pseudo-op instruction, similar to those shown in lines 6 and 8 of Figure 3.3. 
Tbe format of tbe instruction is: 

procname PROC (typel 

A name is required for every PROC. The procedure type may be NEAR 
or FAR; NEAR is the default if no type is specified (see line 8(. NEAR 
defmes a procedure that can be called only from within its own code 
segment. FAR defmes a procedure that can be called from other code 
segments. The procedure containing the first instructions executed in a 
program must be PAR, as in line 6, since it will be called from another 
program's code segment. Usually, the other program is DOS. In most 
programs all procedures except the flrst one are NEAR. 

Bnding a Procedure Each procedure ends with an ENDP instruction, 
as in lines 7 and 9 of Figure 3.3. The formal of the instruction is: 

p rocname ENDP 

. .. 

il 
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The name must be the same as the one in the PROC pseudo-op that began 
the procedure. 

Ending the Program 
Each program ends with an BND pseudo-op lline 11 of Figure 3.3). The 
formal is: · 

ENO)expression) 

where the optional expression gives the program's starting address, the 
location of the fust instruction lo be executed. This address is passed lo the 
linker and becomes a permanent pert of the run file. Usually, the name of 
the main procedure is the starting address in the BND instruction. 

What About Variations? 
Most programs:in Ibis book include three segments defmed as they are in 
NAMEX. Generally, the code segment is made up of several procedures; 
bowever, it is possible to defme a procedure lo include severa) code 
segments. When you are an experienced MASM programmer, you may 
want to refer to the MASM manual to code programa with complex seg· 
ment defmitions. 

Procedures need not be subroutines caJJed from other procedures. You 
can transfer control from one procedure lo another with no intention of 
returning to the original las with a BASIC GOTO instead of GOSUB). You 
can aJso Ílse procedures to divide your source code into sequential blocu, 
letting control fall through from one procedure lo the next. In our pro­
grama, however, we always use procedures as subroutines. In fact, we 
sometimos use the worda intercbangeably. 

Review Questions 

l. Match each opcode with its description. Not all the descriptions are 
used. 

A. SBGMENT a. Ends a procedure 
B. BNDS b. Bnds a program 
c. PROC c. Begins a program 
D. BNDP d. Begins a segment 
E. BND e. Bnds a segment 

f. Begins a procedure 
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1 

1 

2. What is wrong with each of these instructions or combinations of f 

instructions? How can each be corrected? · 

A. STACK_SEGSEGMENT'STACK' 

B. DATA_SEG SEG 

C. SEGMENT 'CODE' 

D. MY_DATASEGMENT'OATA' 

ENDS 

E. MAIN_PROCPROCFAR 

END MAIN_PROC 

MAIN_PROC ENDP 

Answers 
' 

l. A. d B. e C. 1 D. a E. b, e is no! used 2. A. A stack segment mus! indica te : 
combine·type; insert STACK between SEGMENT and 'STACK' B. The : 
pseudo-opshould be SEGMENT, not SEG. C. A segment name is required; ¡· 

add a name such as MY _CODE befare SEGMENT D. The segment name 
must be repeated on the ENDS instruction; add MY _DATA before ENDS [ 
E. END mus! be the last instruction in the program. Move it lo the last Jine ¡ 
of the program. . 

Defining Data 1 

F'lgllre 3.4 shows another pert of NAMEX with line numbers added. Lines 1 

1, 2, 3, 4, and 5 illustrate the DB ¡Define Byte) instruction used lo reserve 
and initialize a data field. Line 6 shows a data field name used as an 1 

operand. 1 

Defining a Data Field 
A data field is like a BASIC variable. In fact, it is often referred lo as a 
variable in MASM as well. 11 is an area of memory reserved for data 
storage; the area's contents can be cbanged during program execution. 
Each data field mus! be defmed before it is used. The defmition tells the 
assembler how much memory to reserve and any initial data to put into the 
area. 11 may aJso assign á name lo the beginning address of the data field. 

'• '. 
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PROILSTACK .SEGHENT STACK 'STACK' 
08 ó4 DUP ('STACK ') 

PROG..STACK ENDS 

' PROfLDATA SEGtiENT 'DtATA' 
2 NAHEPRO'PT OS IAH .IOH, 'WHAT 1 S YOUR NAI'1E? ' , 24H 

3 

• • 
• 

INBUF 
INCOLNT ........ 
PROB-OATA 

D8 2:15 
08 ? 
08 255 Odl(' ') ..... 
HOV CL, IHICCKHT 

Agure 3.4 Data Oellnilions 

Severa! instructions can be used lo define data f.elds. They are all pseudo­
ops; they provide directions to the assembler, but they are not translated 
into 8088 instructions. DB ia most commonly used. Its formal is: 

(var i ab 1 e·name) 08 express ion 

The Data Fleld Name A naroe is optional for a data field or variable 
defmitioo. When one is provided, the assembler assigos ita value based on 
the address lsegment number and offset! of the variable's fust byte. Look al 
line 2 in Figure 3.4. The assembler will assign NAMEPROMPT a value of 
DS:OOOO !offset O in the cata segmeotJ. 

Look atline 4. For the rest of the prograrn, INCOUNT stands for the 
offset in the data segment of the f.eld defmed in line 4. In the actual 
assembll' of NAMBX, that offset was OllFH, or 287. When the assembler 
translates line 6 inlo object code, it uses OllFH, INCOUNTs offset, as the 
second operand in the object instruclion. When the instruction is executed 
al run time, the data lo be moved comes from the address represented by 
DS:OUF. Notice that the assembler uses the value of INCOUNT, which is 
its address. Al run time, we are more often concemed with the value In 
INCOUNT, the cata currently found at that addreas. 

Inltial Value Compare linea 3 and 4 in Figure 3.4. Each reserves one 
byte. In line 4, t!.e question mark means that no initial value ia desired; 
INCOUNTSinitial value at run time is whatever bappens lo be therewhen 
the program ia loaded. In line 3, the byte at INBUP ia initialized with the 
value 255, the largest unaigned value that can be contained in one byte. 
The initial value could have been written in heDCiecimal, as OPPH, or in 
binary, as IIIIIIllB. All thme forma represen! the same value and produce 
the same effect as far as the computer ia concerned. Irs up lo you lo decide 
which form you prefer to use in the source code. 
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Look at line 2. The DB instruction in this line reserves and initializes 22 
bytes. The initial value begins with two single-byte numbers jOAH and 
OOHJ, which are followed by a string of 19 ASCII characters and, then, by 
another single-byte number 124HJ. We intend to use the string that starts al 
NAMEPROMPT as a message displayed on the screen. OAH and ODH are 
cursor control characters: line feed ILFJ and carriage return iCRJ, respec­
lively. 24H is the ASCII representation for "$". The screen display routine 
we use in Ibis program expectsthis character lo mar k the displayed slring's 
eod. For convenience, we may speak of NAMEPROMPT as a 22-byte field. 
Asan operand, however, NAMEPROMPT refers only lo the byte al offset 
0000, a byte that initially cootains OAH. 

Figure 3.5 shows a portian of the data segment with its initial values. 
Values are shown in hexadecimal; the actual values would be binary. 
Where appropriate, the ASCII interpretation of the values are also shown. 
No value is shown for INCOUNT. The defmitioo does not include an inilial 
value, so there is no way to tell what value would be there when the 
program begins. 

NAHEPROHPT 

1 o IOUTHESS 

OS1el88 IAIO ~7~9 41~4l~849 5328 594F 

0819118 4140 4,3F 2824 IAOD 4845 4C4C 

555?. 281E •• WHAT IS YOUR N 

4F:?C 2828 ~E? •· .HELLO, 

0811118 2121 2828 2821 2121 2121 2821 

202·c~ 
NSUF liNCOlNT 

8911181 53!'H 4143 4821 2121 5354 4143 '4828 2128 STACK 

SihiiJI 53~ 4143 4828 2178 53::14 4143 4828 2828 STACK 

881IIFI 5~1 4143 4828 2121 5~ 4143 4828 STACK 

BOTT(tt OF STACK 

-··• ........,Dala ond SlockSegmems 

.. 

STACK 

STACK 

STACK 

' 
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Note tbat line 2 in Figure 3.4 combines two methods of initializing 
multiple bytes. Wben ASCII cbaracters are used in an initial value, !bey 
may be wrltten as a string enclosed in either single or double quotes. Both 
ASCO cbaracters and numeric valuea can also be written as a series of 
individual values separated by commaa. Tbe number ofbytes reserved and 
initialized by one DB definition ia limiled only by !he fact that !he entire 
instructinn mus! fll in a 132-character line. Line 2 could be written like Ibis: 

NAMEPROIIPT 08 OAH, ODH, "WHAT ", '15', 'YOUR ', 'NAME? ', 24H 

or like Ibis: 

NAIIEPROIIPT DB 10,13, 'WHAT 1 S ', 'YOUR HAllE? ','S' 

or in many other ways.InitiaUzing with numbers is nol quite as flexible as 
With ASCO characters. To initialize a field with numbers from 1 to 10, you 
mus! separate !he values: 

ONE_TO_TEN DB 1,2,3,4,5,6,7 ,8,9,10 

Duplication In line 5, unlike line 2, 255 does not represen! an initial 
value. lnstead, il represents a number of duplications as indicated by DUP .. 
The expression in parentheses following DUP is !he initial value to be 
duplicated. A question mark in !he parentheses means thal no specific 
initial value is required. Line 5, then, reserves 255 bytes of memory, each 
byte initialized with a blank. Wben used asan address operand,lNNAMB 
refers to !he fust of !bese bytes. 

Look al line L This instruction repeats an eighl-byte initial value 64 
times, reserving a total of 5lZ bytes. Notice thal Ibis area is a reserved area 
in !he stack segment, not !he data segment. Ira not necessary to pul an 
initial value in !he stack, but later you will aee thal il can be useful for 
debugging. Yq¡ure 3.5 shows part of lh!' initialized stack area also. Irs 
difficult to predict uactly how mucb stack space a program needs. but 512 
bytes is adequate for !he prognuns in Ibis book. 

Duplications can be nested if necessary. This definition: 

· DATATABLEDB1000UP(200UP(' ') ,!OOUP(O)) 

reaerves 3,000 bytes. The first 20 bytes are initialized with blanks and !he 
next 10 witb zeros. This 30-byte pattem ia repeated a total óf 100 times to 
reserve aod. jntian.,. the entire 3,000 bytes. 
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Other Data Field Definitions 1 

· Other data-defmition pseudo-ops reserve and initialize data in wordsjDW), : 
doublewordsjDD), quadruple wordsjDQ), or groups of ten bytesjDT). You ! 
willlearn about !he DW pseudo-op in Chapler 8 of !bis book. 

Review Questions 

l. Which statements are true? 

A. The DB pseudo-op can reserve more than one byte of stor- 1 

age. 

B. When a data field name is used as an operand, the ' 
assembler replaces the name with the initial value of the : 
field. 

C. The instruction DB 100 DUPj'X') reserves 100 bytes, ini­
tializing the first one with 'X'. No initial value is defined for 
!he other 99 bytes. 

D. The instruction DB? rese1 ves one byte, but does not defme , 
an initial value for it. · 1 

1 
2. Write an instruction to reserve seven bytes of uninitialized storage. 

Call !he first byte SEVENTH. 

3. Write an instruction to reserve a six-byte field initialized with the 
first six letters of !he alphabet. Call !he field BEGIN. 

4. Write an instruction lo reserve ISO bytes of storage initialized with 
spaces. Assign !he name SPACES lo !he fust byte. 

5. Define a data field called EMESS containing !he message "ERROR -
TRY AGAIN • to be displayedon a CRT. Be sure that !he message will 
be displayed al !he beginning of a new line. jDon't forget !he •s• to 
mar k !he end of !he message.) 

Answers 

1. A "'!d D. Here's wbars wrong with !he others: B. The assembler 
replaces the name with !he data field's offset within !he data segment. C. 
A11 100 bytes are initialized with "X." 2. SEVENTH DB 7 DUPj?) 3. 
BEGIN DB 'ABCDEF' or BEGIN DB "ABCDEF" or BEGJN DB 
'A'/fr,'C,'fY,'fr,1!'. You could have used severa! different combinations to 
code lhe initial slring. 4. SPACES DB !50 DUPj' ') 5. EMESS 
OAH,ODH,'ERROR- TRY AGAIN ',Z4H. You could bave coded !he num-

.-

·. 
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bers as decimals, or the end-of-text mar k as'$'. You could have use<! double 
quotes instead of single. Y ou could bave broken the message string up in 
various ways. 

Other Pseudo~Ops 
You have leamed pseudo-opa that define the beginning and ending of 
program segments and procedures and the end of the program, as well as 
ones that defme data fields and constants. The NAMEX program also 
includes two other pseudo-ops, PAGB and ASSUMB. Y13Dr" 3.6 illustrates 
bow these instructions are uoed in NAMBX. 

The PAGE Pseudo.Op 
The PAGB pseud<Hlpsetsthe assemblerlisting'spagelength and width.lts 
formatia: 

PAGE(I inesU.widthl 

Lioes must be a number from 10 to 255; it indicates the number of lines 
per page for the printer on whicb tbe listing will be printed. The default 
value is 66. Wben tbe assembler produces tbe Usting, it allows appropriate 
top and bottom margins witbin tbe lines-per-page indicated. In Line l. we 
have allowed tbe lines-per-page for tbe NAMBX listing to default to 66. 

Wldtb indicates the number of characters per line. This rnay be a value 
between 60and 132. The default value is 80. In Line 1, we have set tbe page 
widtb at 132 cbaracters. The assembler listing includes botb tbe generated 
object code and the source ·code for eacb instruction, so eacb line may be 
considersbly longer Iban the corresponding soun:e-code line. Setting tbe 
muimum page prints tbe listing without broken linea-if your printer can 
print al32-cbaracter line. Note tbat the widtb ia preceded by a cornrna even 
tbougb tbe Unes are not shown. lf the comma waa omitted, the assembler 
would give ua a page witb 132lines and 80 columns. 

PAOE ,132 

2· ASSli'E C81PROCL..COOE ,D&IPROO-MTA.SSIPROCl...STACK.ESI PROB...MTA 

·-------
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PAGI! tells tbe assembler how to formal pages; it does not send any 
command to the printer lo set its widtb or cbange its type-face. Before 
printing the listing for NAMI!X, we may need to set the printer to use 
compressed print. We may also need to use tbe DOS command MODI! to 
set tbe printer widtb to 132 characters. 

lf you don't plan to print an assembler listing, you need not include 
PAGB in your source code, since PAGI! alfects only the assembler listing. 
PAGI! has no effect on a listing of your so urce code file by a DOS command 
sucb as TYPI! or PRINT, or by a word-processing or editor instruction. 

The ASSUME Pseudo.Op 
The ASSUMI! pseudo-op is required in every program. It must appear 
before the first instruction that willgenerate object code. In Figure 3.6, you 
can see tbat ASSUME jline 2) appears as tbe first instruction in the code 
segment; this is its usual position in our programs. In fact, it could be 
moved to precede tbe first PROC instruction. 

ASSU MI! te lis tbe assembler whicb segment's address will be in ea eh 
segment register at run time. The assembler needs this information to 
generate addresses correctly. You might think that the assembler would 
assume tbat CS should contain tbe address of the program's only code 
segment along with DS, tbe data segment, and SS, tbe stack segment. But it 
cannot. 1 ha ve not seen any fully satisfactory explanation of this require- · 
ment, but it is a requirement. You must include an ASSUME statemeht in 
tbe code segment of every program you write. 

Tbe forrnat of tbe pseudo-op is: 

ASSUIIE seg-reg: seg-name¡, seg-reg: seg-name .. -1 

where seg-reg rnay be CS, OS, I!S, or SS. In Une 2 of Figure 3.6, we tell the 
assembler tbat es will contain tbe segment address of PROG_CODI!; 
botb OS and I!S, tbe segment address of PROG_DATA; and SS, the 
segment address of PROG_STACK. Note tbat ASSUMI! does not place 
tbese addresses into tbe registers; that will be done at run time. It simply 
tella tbe assembler to generate object code based on tbe assumption tbat 
tbese addressea will be in tbe registers. 

. ,. 
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Review Questions 

l. Match words with phrases. More than one description may apply. 
Sorne descriptions may be used more than once; sorne may not be 
used. 

A. .PAGB a. Required instruction 
B. ASSUMB b. es, OS, BS, or SS 
c. Seg-reg c. Optional instruction 
D. Lines d. O through 100 
E. Width e. 10 through 255 

f. 60through 132 
g. default value 80 
h. default value 66 

2. Write an instruction to formal a listing with 55lines per page and 96 . 
characters per line. 

3. Write an instruction to forrnat a listing using the default value for 
lines per page and 64 characters per line. 

4. The stack, data, and code segments in a program are named 
MY_STACK, MY_DATA, and MY_CODB respectively. The 
extra segment wil1 be the same as the data segment. Write the 
ASSUMB instruction for the program. 

Anaw.en 
l. A. e B. a C. b D. e, h B. f, g; dianot used 2. PAGB55,96 3. PAGB ,64 
jDid you include the comma?) 
4. ASSUM1! SS:MY_STACK,CScMY_CODB,D6:MY_DATA,l!S:MY_DATA 

Yo u could have named the regiaters in another order, such as 
ASSUMB CScMY_CODI!,SS:MY_STACK,I!S:MY_DATA,DS:MY_DATA 

The Main Procedure 
Now lers look at the real action in NAMBX-those instruclions that wil1 be 
translated into 8088 object code and carried out when the program ia 
executed. We11 go through each of the five procedures. 111 explain each 
new inatruction as we come to it and show you how instructions go 
together to malte up the routinea that carry out the program's functions. 

Beginning to Program 63 

Figure 3. 7 shows part of NAMEX with the instructions in the main 
procedure, or the program driver, numbered for this discussion. The first 
part, lines 1 through 3, saves information needed to get back to the calling 
program ¡usually DOS). The next part, lines 4 through 6, puts appropriate 
addreS.es in the data and segment registers. These six lines must be 
included at the beginning of every program. The next part of the driver, 
lines 7 through 13, cal1s subroutines to carry out program functions. The 
fmal instruction, in line 14, returns control to the calling program. 

Saving the Return Parameters 
Now lers go back and look at each part of this procedure. Two words must 
be pushed onto the stack at the start of the program. These words contain 
infonnatioo, or parameters, passed by the calling program. Together they 
point to the address where instructions can be found to return to that 
program. The fjrst word must be the curren! contents of the DS register; 
the second must be a value Of zero. When the program ends, the two top 
words on the stack are expected to contain these values. How do you put 
them on the stack? By using two PUSH instructions llines 1 and 3) and one 
MOV jline 2). 

The PUSH Instructlon PUSH points the stack pointer ¡SP) toa new 
top-of-stack location and then copies a one-word value to that location. 
PUSH requires one operand. T~e format of the instruction is: 

PUSH source 

PUSH, like any other 8088 instruction, may be preceded by a name or 
followed by a comment. We won't show these optional fields in formats. 

1 PUSH 
2 HOV 
3 PUSH 
4 "HOJ 
O HOV 
6 HOV 
7 CALL 
8 CALL 
9 CALL 

11 """ 11 PAINTLOOPa 
12 CALL 
13 LOOP 
14 RET 

os 
AX,O 
AX 
AX,PRO<LOATA 
OS,AX 
ES,AX 
PRI»1PTER 
GEl>WtE 
HOV ....... 
cx.s 

PR 1 N'1'NAME 
PAINTLOOP 

. .. 

aSAVE DATA ON STACK 
TO BE USED FOR RETURN TO 

1 SYSTEH WHEN PROGRAM ENOS 
aiNITIALIZE OS 

1 ANO ES 
1PROMPT FOR NAHE 
¡GET NAME INPUT 
;MOVE NAME TO OUTPUT LINE 
¡LOAD COUNTER FOR PRINTLOOP 

¡PRINT NAHE HESSAOE 
1 ANO REPEAT CX TIMES 

_ ¡THEN RETURN TO OPERATI,NG SYSTEH 

,; 

1 
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Any 16-bit register IAX, BX, ex, DX, SI, DI, BP, SP, es, OS, ES, or SSJ 
can be the source of the data lo be placed oo the stack. An address operand 
can also be a source; but, in NAMEX, only register contents are PUSHed. 
llmmediate data cannot be a so urce for. PUSH; thats why ittakes two steps 
toput the zero on the stock.J Saving register values is the most common use 
of PUSH. Later iu the prograrn we will run across the POP instruction, 
which is tbe converse of PUSH. 

, The MOV Instruction MOV is a lw<><lpeland instructino. Its formal is: 

MOVdestination,source 

Data is copied from the location narned in the second operand to tbe 
locatioo named in the first operand. Tbe source may be any of the three 
types of operand that can be used in 8088 instructions: register, address, or 
immediate data. Tbe destination may be a register or an address. A few 
restrictioos apply: data caonot be moved directly from ooe memory 
address lo aoother; inunediate data cannot be ~r.oved lo any segment 
register; aod es canoot be the destination of a move, though it may be the 
source. Tbe MOV in line 2 copies immediate data toa register: we11 discuss 
other types of MOVs as we encounter them. 

MOV bandles either a single byte or a single word. Wben immediate 
data is moved toa register, the size of the m ove depends on the destination. 
In line 2, the destination is a one·word register, so even though the 
immediate data value 101 can fit in ooe byte 18 bitsJ it is extended lo 16 bits 
by the assembler. A similar instruction could be used lo móve a one-byte 
value toa ooe·byte register, as in: 

IIOV AH, 125 

However, this instruction: 

lotOV AH , 300 

would cause ao error; 300 is too large for ooe byte. Tbe inunediate data 
val u e can be expressed in decimal, hexadecimal, or binary, or as an ASCII 
character. 
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Each of these instructions generales the same ~bject code: 

IIOV AH,36 
IIOVAH,24H 
IIOV AH, 001001006 
IIOV AH, 'S' 

Irs up to you to code the inunediate value in the way that will best remind 
you of the instruction's purpose. 

The Return Parameters Now let's look al what lines 1 through 3 
accomplish. Your program begins running as a F AR procedure. When a 
FAR procedure ends, two words are taken from the stack to find the next 
instruction address. The first is used asan offset, the second as a segment 
number. When your program is called from another program and loaded 
into the computer, a special area called the Program Segment Prefix is built 
by the system and kept in memory as well. This prefix contains a series of 
instructions that restares the conditions needed for the calling program to 
resume operation properly. The segment number of the prefix's address is 
put into DS. Putting DS and zero onto the stack allows your program to end 
by transferring control lo tbe beginning of the Program Segment Prefix. 

Why not just put DS on the stack and assume the zero? Because the 
instruction that ends a program is the same as that which ends any F AR 
procedure. When ending a procedure that's nol a program, the offset will 
not always be zero. So, both a segment number and an offset are always 
taken from the stack when a F AR procedure ends. 

Setting the Segment Registers 
Tbe next three lines 14, 5, aod 6Jload tbe data and extra segment registers 
with the segment portian of the data segment's address for the curren! 
execution of the prograrn. Irs nol necessary lo load the code or stack 
sególent registers; these are set properly wben the program isloaded. You 
must, bowever, load OS at the beginning of every program. You must also 
load ES if your prograrn uses the extra segment. Usually, you will want ES 
and OS to contain the same segmenl number. 

MOVing to Segment Registers fn line 4, a segment oarne is used as a 
source for MOV. Wben you do this, the segment number is the value that's 
moved. Tbus, line 4loads AX with the data segmeors segment number. In 
line 5, the conteots of AX are moved lo OS, and in line 6, lo ES. Wby not 
save a !in e of code and just m ove PROG _DATA directly to DS? Beca use a 

. '. 
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segment name is conaidered immediate data. Remember that immediate 
data cannot be moved lo a segment register. Don't worry about this step too 
mucb. Jusi include it in ea eh program. 

Oudining the Program 
LiDes 7 through 14 control lhe eucution of NAMBX's functions. Each 
CALL instruction, like a BASIC GOSUB, transfers control lo another 
procedure, whicb ends by returning control lo the instruction foUowing 
the CALL. Line 7 CALLs PROMPTBR. When PROMPTBR ends, it trans· 
fers control lo line 8. Line 8 CALLa GBTNAMB. When GBTNAME ends, it 
transfers control lo line 9, and so on. Lineo 10 through 13 initialize and carry 
out a loop that ia repeated five times, so that PRINTNAMB is CALLed five 
times. Then line 14 ends lhe progrsm. 

CALL and RBT M we have said, CALL is equivalen! lo BAS!Cs 
GOSUB. Its formal is: 

CALL target 

wbere target iilentifies the address lo which control is to be transferred. In 
its simples! form, as used throughout NAMBX, the target is the name of a 
NBAR procedure. The addreas of lhe next instruction is copied from IP to 
lhe stack. Then, IP ia loaded wilh lhe target procedure's offset so that the 
next instruction executed ia lhe first instruction of lhe target procedure. 
This is a direct CALL lo a NBAR procedure. lndirect CALLs and CALLs to 
F AR procedures are advanced techniques that you wiU probahly not use 
until you have much more MASM experience. · 

Lookagainat Figure 3.12atlheend oflhe chapter. Now,look al lhefour 
procedures called from lhe driver. Notice that each one ends witb RET. 
This is equivalen! lo BASICs subroutine RETURN. When RET is executed 
from a NBAR procedure, the top word from lhe stack ia copied lo IP. This 
ahould be lhe offset p1sced on lhe top of lhe stack by lhe CALL lhat started 
the procedure. Any olher data plsced on the stack during lhe procedure 
must be removed so that lhe return offset will be al lhe top when RET is 

. ezecuted. The segment number for lhe return addreas is found in CS; a 
NBAR procedure ia a1waya calJed from and reiurns to the current code 
segment. 

RBT(rom a PAR l'nM:edlc,.,. The RETthat ends the program in line 14 is 
a üttle different from lhe RBTa jusi diaeussed, although it looks lhe same. 
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This is a RETum from a FAR procedure. As you know, it takes two words 
for the top of the stack, the words PUSHed in lines 1 and 3. Any otber data 
PUSHed onto tbe stack during tbe course of the program must be removed 
before Ibis F AR RETum is executed. Y o u can learn more about FAR 
RETums as weU as other RET options in tbe MASM manual. For practical 
purposes, bowever, jusi remember lo use: 

RET 

lo end the execution of every procedure, NEAR or FAR. 

A Simple Loop 
Lines 10 through 13 constítute a simple loop. The number of repetitions is 
-dedbythe~~in~M~inlineW~~UinlineU= 
similar to instJ;uctions already discussed. LiDes 11 and 13 present new 
concepts that we wiU discuss in more detall below. 

Names Used as Labels You bave already learned that both data 
defmitions and other instructions may be assigned names. A name 
assigned to an instruction in the code segment is Called a label. 
MAIN_PROG, PRINTLOOP, GBTNAME, MOVBNAMB, PRINTNAME, 
and PROMPTER are lsbels in NAMBX. INBUF, INCOUNT, OUTMESS, 
and olher data names are not lsbels, but variable oames. 

Every lsbel has a type, eilher NEAR or FAR. You bave learned how to 
specify lhe type of a lsbel used as a procedure name. Other lsbels, sucb as 
PRINTLOOP in line 11, are identified as NEAR by a colon (:1 foUowing lhe 
label defmition. U a lsbel is not a procedure oame and is not foUowed by a 
colon, it is a FAR lsbel and can be accessed from externa! code segments. 
When a FAR lsbel is used asan operand, lhe assembler íÍtust include in the 
object code information about the code segment lo which it belongs. When 
a NBAR lsbel is used asan operand, no such information is necessary; the 
segment boundary for lhe operand is assumed lo be lhe one in CS al the 
time tbe instruction is eu:cuted. Note in line 13 lhat the colon is not 

.included wben lhe lsbel is used asan operand. Most of lhe labels you use 
wiU be NEAR lsbels. 

Notice that PRINTLOOP is defined oo a line by itself. It could have 
been defined as a name of the instruction on line U, like this: · 

PRINTLOOP:CALLPRINTNAME 

. ,. 
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We prefer lo defme la beis on separate lines for two reasons: it is easier 
lo change, add, or remove the instruction following the lahel, and it is • 
easier lo line up operation codes on the page for legibility. Data names, 
segment names, and procedure names cannot he handled in this way; they 
must he included in the pseudo-op definition of the variable, segment, or 
procedure. 

Sorne programmers stress the use oi infonnative names for la beis. This 
can he overdone. Use good deacriptive names for data fields, segments, 
and procedures, and possibly for labels in the program driver. U you need 

. lo code a lahel within a procedure, yau may find it simpler to use some 
logical ooding scheme such as GB'I'l. GBT2, GBT3, ... GBTN for lahels in a 
procedure called GBTNAMB. Use comments rather than names lo docu· 
ment the purpose of the instructiona. Logically ooded rather than descrip­
tive lahels are easier lo locate when you are cbanging or debugging a 
program. 

The LOOP lnstruction LOOP has the fonnat: 

LOOPtarget 

where target specifies a label lo which control may he transferred. When 
LOOP is executed, the value in CX is decremenled (decreased by 1). Then, 
control transfers lo the target if ex doea nol equal zero. u ex does equal 
zero, control falls through lo the nelrt instruction. 

Note that CX is always used lo control the numher of repetitions of the 
loop. Also, the instructions within the loop are always euculed at least 
once, and ex is decremented, befare any test af ex is made. This means 
that CX must contain a value af 1 ar more befare the loop begins. If ex 
contains O ar less when the loop begins, it will never reach O andan endless 
loop will result. 

The instructians within the loop shauld nat change the value af ex. lf 
yau need lo oode a loop that may end befare the defined number of 
repetitians, yau can useone afthevariationa oiLOOP that you willleam in 
later chaptera. An aample would be a loop that allaws yau lo enter 20 
names, but ends if yau enter '1!ND" as ane af the names. 

The target for the LOOP instruction must be NBAR. Furthermare, it 
must be within a range ol - ~ lo + 127 bytes af the LOOP instruction in 
the object code. Many oootrol-transfer instructians require a label within 
this range, a short-labcl, far their target. Haw can yau tell if the desired 
target is within the required range? There'a no simple way since MASM 
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instructions vary considerably in length. If the target is within 20-25 
instructions of LOOP, it will probably he a short-lahel. If it isn't a short­
label, the assembler will let you know. You can avoid the problem by 
employing the following technique used in lines ll through 13: pul the 
detailed instructions in a separate procedure so that only the CALL instruc­
tion separates LOOP from its target. 

Review Questions 

l. The driver for a program called SAMPLE contains four general 
functions. Numher the functions in the order in which they should 
occur in the driver. 

A. Returo control lo the calling program. 

B. Save DS anda value of O on the stack. 

C. Call the procedures that carry out the program functions. 

D. Initialize OS and ES with the segmenl numher for the pro­
gram's data section. 

2. Here are the ftrst six instructions in SAMPLE's driver. What changes, 
if any, must be made to these instructions? (Assume that segme~t 
and data nsmes are correct). 

IIOV AX,O 
PUSH AX 
PUSH OS . 
IIOV AX,SAIIPLE __ DATA 
IIOV AX,ES 
IIOV AX,DS 

3. Wbich MOV instructians are valid far maving immediate data lo a 
register? 

A. MOVBH.'I' 

B. MOVCL,50. 

c. MOVDH,0100B 

D. MOVAH,liOH 

B. MOV AX,OFPFFH 

' '. 

\ 

1 
1 .. 
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4. Which in.structions wiUaffect !he stack pointer? 

A. CALLNEW_PRO 

B. RET 

C. PUSHDX 

D. MOV AX,25H 

E. MOV SP,0200H 

S. What does Ibis routine do? 

001: 
IIOV CX,lO 

CALL 
LOOP 

DISPLAVER 
001 

6. Match each instruction with !he appropriate description. So me of !he 
descriptions may not be used. · 

A. MOVX,Y a. Return control to !he calling procedure. 
B. MOVY,X b. Copy !he contents of DX lo !he top of !he 
c. CALLA! stack. 
D. LOOP Al c. Copy data from X lo Y. 
E. PUSHDX d. Copy !he word at !he top of !he stack to 
F. RET DX. 

e. Copy data from Y lo X. 
f. Save !he instruction address on tbe stack 

and transfer control lo Al. 
g. Subtract 1 from CX; if CX is not zero, 

transfer control to Al. 

7. Identify !he type of eacb label (NBAR or FAR). 

A. HI_TIMB MOV AX,5 
B. LO_TIMB:MOVBX,lO 
C. EVERY_TIME: 
o, PRlNTITPROC 

8. True or Palse7 A sbort-label is a NEAR label tbat occurs within - 128 
lo + 127 bytes of tbe inatruction for which it is a target. 
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Answers 

l. A. 4 B. 1 C. 3 D. 2. PUSH DS must be moved so that it is !he first 
instruction, not the third one. The operands are in the wrong arder in the 
fiftb and sixtb instructions; they sbould be changed to ES.AX and DS,AX, 
respectively. 3. A, B, C, and E. D is invalid becuase llOH is too large a 
value for AH, a one-byte register. 4. A, B, C, and E. 5. 11 causes tbe 
procedure DISPLAYBR tobecalledlOtimes. 6. A. e B. cC. fD. gE. bF. a; 
disnotused 7.A.FARB.NEARC.NEARD.NEAR 8.True 

Displaying a PROMPT 
Figure 3.8 shows the instructions related to the PROMPTER procedure. 
Thisis tbe first procedure called by !he driver. The purpose of PROMPTER 
is to display on the screen tbe message found in NAMEPROMPT. 11 uses 
DOS interrupt 21H to perform tbe screen display. We11 discuss !he use of 
this interrupt. as well as other features of PROMPTER, in more detail. 

PUSHandPOP 
PROMPTER uses DX and AX (in lines 5 and 6). When a called procedure 
affects a register's value, it is usually a good idea to save. the original 
contents of the register firstand restare them befare leaving the procedure. 
Thars beca use yc;>u have relatively few registers with which to work. The 
calling and called procedures must use the same registers; the calling 
procedure may have put data into these registers and be elq>ecting to use 
that data after !he called procedure finishes. Looking back at the NAMEX 
driver in Figure 3.7, you see tbat ex is being used to control a loop when 
PRlNTNAME is called. Wbat if PRlNTNAME cbanged !he value in CX? 
The loop would not work rigbt if this happened. You may argue that 
registers AX and DX are not being used by !he driver when PROMPTER is 

NAHEPR[J1PT OS IAH,IOH,'WHAT 15 YOUR NAME? ',24H 

2 
3 
4 

• • 7 

• • JI 
11 

PR[J1PT.ER PROC 
PUSH 
PUSH 
LEA 
HOV 
INT 
POP 
POP 
RET 

PRCJ1PTER ENOP 

-···-·-
AX 
DX 
OX,NAH.EPRCI1PT 
AH,9H 
21H 
DX 
AX 

•. , .. 

IADORESS OF PRCJ1PT STRING 
1DISPlAY STRINO FI.JI,ICTICN 
IDOS 

! 
.J 
.1 
1 

•1 
·¡ 

! 
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called, so why save them? On general principies. As your programs gel 
more elaborate, you will caJJ the same procedures from different places in 
your program. You will also want to copy procedures from one program to 
another. Irs good practice to always preserve the registers. 

One exception: sometimes you use a register to retum a value from a 
procedure. Suppose, for example, that you caJJ a procedure lo read a record 
from a disk and use DX to indicate if the zead was sucessful(set DX toO if 
ok, otherwiae pul an error code in DX). In this case you want to change DX 
so you dont save and restare its original valae. Most of the time, though, 
you must preserve register values. Many runtime errors are eventually 
found to be caused by failure lo preserve the registers. 

In lines 3 and 4, PUSH is used lo save the contents of AX and DX. Lines 
8 and 9 use POP lo restore the original values lo DX and AX. POP is a one· 
operand instructinn. Like PUSH, its operand may be a memory address, 
but more commonly it is a !&-bit register. The operand names the deslina­
tion of the data to be taken from the top of the stack. After the data is 
moved, SP is change(l so that it points to the nen item in the stack. Note 
that our routine POPs the data in the reverse order of the way it is PUSHed. 
After lines 3 and 4, the top of the stack contains the original contents of DX. 
The POP in line 8 restares these contents and then points to the next item 
on the stack, which contains the original contents of AX. Think of PUSH 
and POPas left and right parentheses within a expression. You must pair 
PUSHes and POPs in a procedure, just as you do the parentheses. The 
innermost PUSH and POPare a pair, then, the nen innermost, and so on, 
until the outermost pair is matched. 

Displaying a String 
In line 7, we caJJ on interrupt 21H, a DOS interrupt with rnany functions. 
The actual tranafer of control lo the interrupt address is done with an INT 
instruction that simply specifies which interrupt to use. The formal is: 

INT inum 

where inum is the interrupt number. Since the manuals that describe the 
interrupts use hexadecimal numbering, we usually write inum in hex­
adecimal; we could use decimal. The assernbler would translate INT 33 the 
same as INT 21H. The interrupt routine uaes certain information from the 
registers; that information must be loaded before the interrupt is called. To 
use an interrupt, you must know what information it expects, what infor­
mation it will retum, and which registers it uses. Registers that do not 
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contain retumed information are not changed by the interrupt routine. 
You can find detailed information about alJ the DOS 21H interrupt func­
tions in the DOS manual. In this book we will describe several of these 
functions, as well as severa) useful BIOS interrupts. 

Interrupt 21H requires a number in AH to tell it which function is 
desired; function 9 displays a string on the scree-1. Line 6loads AH with the 
corree! function number. Function 9 expects the string's starting address to 
be in OX. The end of the stringmust be indicated by"S"(24H). Note (in line 
1) that the string being displayed by PROMPTER begins with a line feed 
and cacriage retum followed by the actual message seen on the screen. 

Tbe beginning address of the string is moved into DX in line 5, using 
LEA (Load l!ffective Address). The formal of this instruction is: 

LEAl~reg,address 

The first operand, the destination, may be any 16-bit non·segment ·register 
¡AX, BX, CX, OX, SI, DI. SP, or BPJ. The source, the second operand, is any 
address operand. In line 9, the addre5:! operand is a simple offset repre­
sented by NAMEPROMPT. LEA's source can also be expressed in a more 
complexway usinga base (BXor BPJ oran index jSI or DI) register, or both, 
as well as expressions that the assembler can evaluate as offsets or dis­
placements. In la ter prograrns, you wiU see these more complex addresses 
and leam bow to code them. The effective address is computed when the 
instructinn is executed and the offset is then loaded into the specified 
register. So, line 5 moves the address of NAMI!PROMPT into DX. 

·Punction number and string address are the only parameters required 
for the string display functinn of interrupt ZIH. No data is retumed; the 
interrupt routine leaves aJJ registers with their original values. The display 
begins at the curren! cursor position on the screen. The cursor is advanced 
so that it follows the last character displayed. 

Review Questions 

1. A procedure begins with these PUSH instructions: 

PUSHAX 

PUSHBX 

PUSHCX 

Write the series of instructions needed to restore the registers before 
the end of the procedure. 

.. 

j 
1 

1 

l 
1 



2. A data segment includes this defmition: 

QUESTIONDB 'WHAT ISTHEOATE?S' 

A. Write a routine lo display QUESTJON on the CRT. 

B. How many characters jinclwling spaces) will be displayed 
on the acreen? · 

l.POPCX 
POPBX 
POPAX 

2. A. LEA DX,QUBSTION 
MOVAH,9H 
1NT21H 

Anawen 

j'I'he order of the first two instructions could be reversed.J 
B. 17 · 

Handling the Response 
The nther three procedures in NAMBX read the user's response to the 
prompt jGETNAMBJ, move the answer lo a location where it can be used 
as part of an output message IMOVBNAMBJ, and then print the output 
message on the CRT jPRlNTNAMBJ. We willdiscuss these routines briefly 
since you aiready know many of the instructions involved. 

Getting Input from the Keyboard 
Figure 3.9 shows GETNAMB and some relevan! data definitions. GBT­

. NAMB begins and ends with the usual PUSH and POP instructions to 
preserve the registers. lnterrupt 2lH is called again jline 9). This time, 
function 10 IOAHJ, the buffered keyboud input routine, is used. 

Functinn OAH of interrupt 2lH waib for the user to type a string of 
characters úom the keyboard. The characters are echoed on the screen as 
they are typed. IPreasing a key does not aulomatically produce a character 
on the acreen unless the input function has beeo programmed to include an 
echo. Interrupt 21H has several input functions that do not produce an 
echo.JWithfunctionOAH, thecursormovesonthescreenasthecharacters 
areechoed. 
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1 INBUF DO ,, 
2 INCO~J,~T 08 , 
3 IIH>HE DO 2~S OUP(' ') 

4 GETNfV'tE PROC 

• PUSH AX 

6 PUSH DX 
7 MW AH,8AH ;GET STRJNG FROM KEYBOARD/ECHO 
o LEA DX,INBUF ¡ADDRESS OF INPUT BUFFER • INT 21H ¡DOS 

11 POP OX 
11 POP AX 
12 RET 
13 GETNAME ENOP 

Figwe 3.9 Gening Input lrom ths Keyboard 

The typed cbaracters are saved in a buffer area within the calling 
program. Input ends when < Enter > is pressed. The usual editing keys, 
suchas <Backspace> and <Del>. canbeused. Youcanseethatfunction 
OAH resembles BASIC's INPUT. 

Function OAH requires an input buffer address in DX. In line 8, DX is 
loaded with INBUFs address. The frrst byte of the buffer must specify the 
muimumnumberofinputcharacters, including <Enter>. The buffered 
input routine will place the count of characters actually. received in the 
second byte of the buffer jiNCOUNTJ. This count does not include 
<Enter>; al most, it can be one less Iban the maximum value in INBUF. 
The actual input character area begins in the third byte; we have named 
that area lNNAMB and given it a length of 255 bytes intialized to spaces. If 
the user types DONNA <En ter>, INCOUNT will be 5, but six characters 
will be saved in the input buffer. The last one will be ODH, representing 
<Enter>. · 

We have allowed 255 characters lo be input--or, more precisely, 254 
and < Enter >. This is the maximum number of characters you can specify 
for any use of functinn OAH, sirnply beca use 255 is the largest value that 
can be contained in the one-byt~ maximum-character field. Once 254 
characters are in the input buffer, any key except <En ter> will produce a 
beep and be rejected. We have used this size for compatibility with the 
BASIC version of NAMBX; BASICalways allows up lo 255 characters with 
slring INPUT. Normally, 30characters is a generous allowance for a name. 

We could bave defined our input buffer all al once, using only one data 
narne, like thia: 

INBUF 08255, O, 255 OUP(' ') 

. .. 

~= 
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Then we could have referred lo the input couot as INBUF + 1 and the actual 
input data as 1NBUF+2 through INBUF+256. Note that we allow 255 
input characters for a 254 character name¡ we must include <En ter>, 
which is stored in the input buffer as ODH. 

Moving Input to Output 
After the input string is read, it is -,.oved lo aoother area wbere it will be 
part of an output string. Tbis roove is accomplisbed by MOVENAMB. 
Figure 3.10 sbows MOVENAME and the data defmitions relevan! lo its 
instructions. 

The procedure begins and ends by saving and restoring four registers, 
in lines 7 through W and 18 through 21. Lines 11. 12, 14, 15, and 16 make up 
the routioe that w:tually moves the data from the input buffer {INNAME) 
to the output area ¡OUTNAMB). Wby don't we just output the name from 
the input buffer? We could, but we want lo make it part of a longer message 
for output. u.. .. 13 and 17 are used to move ·s· to mark the end of the 
output string. Wby don't we jusi pul"$" permanently al the end of OUT· 
NAME? Because tben we would always output the maximum cbaracters 
for the name. The technique used in MOVBNAME lets us end the output 
name al the same length as the input name. We11look.at eacb of lines 11 
through 17 in detail so you can see how these routioes work. 

1 OUTHESS .. BAH, IDH.' HELLO, 
2 OUTNAHE .. 25!5 DUP<' ') 

3· IN8UF .. ••• • INCOtM" .. ? 

• 1- .. 255 DUP<' ') 

• - PltOC 
7 PUSH ex 
8 PUSH BX 

• PUSH SI 
11 PUSH DI 
11 ...... CH,IH 1 SET COl.NT FOil I'10Ji 
12 ...... Cl,INCOti-IT 
13 ...... BX,CX 1BX HllllS NlJ18ER OF CHAR 

14 LEA SJ,J...w€ 1SOURCE .. LEA DI ,OU"TNN1E 1DESTINATICIII 

16 REP HOUSB 1HOUE CHAR CX TI"ES 
17 ...... OUTNAt1E l BX ) , 24H 1NEXT CHAR 1 S • 
18 POP DI .. PDP 81 .. PDP BX 
21 POP ex 
22 RET 
23 - ...,.. 
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Lines 11 and 12 are used to move the input buffer's character count 
¡INeOUNT) to ex, which will control the number of characters moved. 
Since lNeOUNT is defmed by DB, the assembler considers it lo be a byte· 
sized field. A move between memory and a register, or between two 
registers, must use the same type of data {byte or word) in both operands. 
For Ibis reason, we can move data from INeOUNT lo eL, as in line 12, but 
oot directly lo ex. Later in the routine, however, we will need lo have ex 
set to the value in INCOUNT. Line 11 clears the high-order byte of ex by 
moving zero into it. The total effect of lines 11 and 12 is the same as if we 
moved one word containing INeOUNTs value lo ex. In line 13, we move 
data from one register to another; you will see la ter that we n_eed to ha ve 
INCOUNTs value in BX as well as in ex. 

Lines 14 and 15 load the offsets for INNAME and OUTNAME into SI 
and DI respectively, where they are needed for line 16. Line 16 contains two 
instructions, REP and MOVSB. We'll consider MOVSB first. MOVSB 
(MOVe String Bytes) is the string move instruction that)s most often 
used.Two things happen when MOVSB is executed. First, one byte of data 
is moved from the address pointed lo by DI lo tbe address pointed lo by SI. 
In string operations sucb as MOVSB, DI always points loan address in the 
extra segment. That is why it is usually convenient to have the extra 
segment bouodary be lb e same as the data segment boundary, so the same 
f~elds can be addressed in eitber segment. The address pointed lo by SI,like 
most other data addresses, is assumed to be within tbe data segment. You 
will learn ways to override this assumption. However, DI in a string 
operation must always point to an offset in the extra segment; no override 
isallowed. 

Tbe second thing that happens when MOVSB is executed is that both SI 
and DI are changed. If the direction flag is cleared, both are incremented 
{increased by 1). lf DF is set, both are decremented. We assume in NAMEX 
lhat DF is cleared, since that is its usual status when the system is tumed 
on. {Later you willleam lo set or clear DF so that you can be sure of its 
status every time your program is run.) 

Well, then, one byte of data is moved from the address pointed lo by SI 
to the address pointed to by DI, and SI and DI are then incremented. Thars 
all that MOVSB does. Then the other part of line 16, RBP, comes into 
operation. RBP {RBPeat) is a prefix that can be used only with string 
operations sucb as MOVSB. Like LOOP, RBP decrements ex. Then, if ex 
is o, control falls through lo the next instruction. If ex is not o. both 
MOVSB and RBP are repeated. In effect, Ibis means that wben ex is 
initialized ton, n bytes will be moved from MOVSB's source lo its destina· 
tion, where SI and DI point lo the initial addresses of the source and 
destination. lf a 30-byte name was input by GBTNAMB,INNAME through 
INNAME+29 will be moved to OUTNAME througb OUTNAME+29. 

i 
" 



Notice that when this routine ends, CX cootains O. BX, however, still 
contains the original value from INCOUNT because we put it tbere in line 
13. In line 17, a ooe·byte immediate value is moved lo the EA which is 
computed al ruo time as the sum of OUTNAME's offset and tbe value in 
BX.lflNCOUNTis30,1ine 17 wiU move "S"to OUTNAME+30, the byte 
following the last byte of the name. This is a one-byte move because 
OUTNAMI! is defined by DB; the size of an immediate·to-memory move is 
decided by the type jbyte or wordl of the destinatinn. 

Displaying Another Message 
Mter the name has been input and moved toan output area, NAMI!X calls 
the PRINTNAME procedure five times. Figure 3.11 shows PRJNTNAMI! 
and its relevan! data fields. The string display function of interrupt 21H is 
used again todisplay the message. You should be able to follow this entire 
procedure without any problems. Take special note of the following point: 
the output display begins with OUTMI!SS jsee line 7J, but does not end 
there. Tbe display continues displaying each byte in tbe data segment until 
it reaches the "S" following the name in OUTNAME. 

The Whole Program 
We bave gooe over every part of NAMEX. Now, you should bave no 
trouble following the whole programas shown in Figure 3.12. You might be 
curious about one thing: why aren1 the procedures arranged in the order in 
whicb they are called? They could be; in fact, many programmers would 
arrange them that way. jTbis can be difficult to follow if a procedure is 
called from several places in the same program.J Other programmers place 
the most importan! procedures first, followed by subordinate procedures 
called from within the major ones. 1 bave found wben reading long pro-

1 Ollll1ESS 08 IAH,tOH. 'HELLO, 
2 """"'"" 08 25:5 Dt.P<' • 1 

3 PRINDWtE PROC 

• PUSH AX • PUSH ox • ,..., AH.fH 
7 LEA OX,OUTl'ESS 
o 11<1' 21H 

• POP ox 
Jt POP "" JI RET 
12 PR IN1'NN1E ENOP 

_.._n -lbaNIImo-

!DISPLAY STRINO Fli'\ICTI~ 
1tAOORESS OF STR INO 
10DS 

PAGE ,132 

' PRQG_STACI< 

PROG-STACK 

' PROG-.DATA 

SEGHENT STACK 'STACK' 
08 64 DUP ('STACK ') 
ENDS 

SEB1ENT 'DATA' 
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NA11EPRCI1PT 
OUTMESS 
O<TTN•t1E 
IN8UF 
INCOl.HT ,....,... 

08 8AH,80H,'WHAT 15 YOUR NAME? '.24H 
OB 8AH,80H.'HELLO, 
08 255 DUP<' ') 
08 25!1 

. DB ? 
DB 2!1!1 DUP<' '> 

PROG-DATA ENDS 

' PRQG_CODE SEGMENT 'CODE' 
HAIN-PROG PROC FAR 

ASSUHE CS¡PRQG_COOE.OS:PROG_OATA,SSIPROG_STACK,ESIPROG_DATA 
PUSH OS ; SAVE DATA CN STACI< 
MOV AX,e TO BE USEO FOR RETURN TO 
PUSH AX 1 SYSTEH WHEN PROGRAM ENOS 
MOV AX.PROG-DATA ;INITIALIZE OS 
MOV OS,AX 
NOV ES.AX 
CALL PRD1PTER 
CALL GETNAME 
CALL MOVENAME 
NOV CX,5 

PRINTLOOP1 
CALL PRII'In-W1E 
LOOP PRI~TLOOP 
RET 

HAIN-PROG ENDP 

' GETNAME PROC 
PUSH 
PUSH 
MOV 
LEA 
JNT 
POP. 
POP 
RET 

GETNAME ENOP 
HCN&W1E PROC 

AX 
ox 
AH,BAH 
OX,lNSUF 
21H 
OX 
AX 

PUSH ex 
PUSH 8X 
PUSH SI 
PUSH DI 
HOV CH,IH 
HOV CL,INCOli'IT 
HOV BX.ex 
LEA SI, IN-W'IE 
LEA DI , OlJll'IW1E 
REP MOJSB 
11(JJ Ol/1lW1f[BXJ ,24H 
POI' DI 
POP SI 
POP BX 
POP . CX 
RET 

HO..IENAHE ENOP 

.. 

: ANO ES 
:PROMPT FOR NAHE 
1GET NAHE INPUT 
:HOVE NAHE TO OUTPUT LINE 
¡LOAD COUNTER FOR PRINTLOOP 

1PRINT NAME HESSAGE 
1 ANO REPEAT CX TIMES 
1THEN RETURN TQ OPERATING SYSTEN 

zGET STRING FROH KEYBOARO/ECHO 
zADDRESS 0F INPUT BUFFER 
1DOS 

1SET COUNT FOR HOVE 

1 BX HAS NUHBER OF CHAR 
1SOURCE 
10ESTINATICN 
JMOVE CHAR ex TIMES 
¡NEXT CHAR IS • 

j 
~ 
1 

1 

·1 
¡ 
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PRINTtW1E PROC 
PUSH 
PUSH 

""" LEA 
INT 
POP 
POI' 
RET 

PRJNTNAHE ENDP 
1 
PR(J1P'TER PROC 

PUSH 
PUSH 
LEA 

""" INT 
POP 
POI' 
RET 

PR(ttPTER ENOP 
1 
PROILCODE ENOS 

AX 
DX ....... 
DX, OIJTHESS 
2IH 
DX 
AX 

AX 
DX 
DX ,NAIEPA(I1PT ....... 
2IH 
DX 
AX 

¡DISPLAY STRING FLNCTJON 
1AOORESS OF STA INO 
oOOS 

aAOORESS OF PRCI'IPT STRINO 
!DISPLAY STAIN& FUCTJCN 
IDOS 

END MIK..PROG 

grarns that it is easier to locate the procedwes if they are simply arranged 
alphabetically. So, 1 make a practice of arranging all my prograrns that 
way. Y o u may arrange your code segment any way yo u want as long as yo u 
begin with the driver. · 

Review Questions 

1. Which of the following apply to the operation of function OAH of 
interrupt 21H? 

A. A string of characlera typed at the keyboard are saved in a 
buffer area defined within the program. 

B. Characten are echoed on the acreen as typed. 

C. The eod of the input text is marked by typing ·s•. 
D. The acreen curaor moves as charactera are typed. 

B. The number of charactera that can be input is determined 
by the abe of the defined buffer area. 

F. The input routine puta the actual number of characters 
typed ¡not including the end-of-text character) into the sec­
oDd byte oi the input buffer. 

G. The eod-of-text character is not saved in the input buffer. 

2. Look at this program routine: 

MOVCX,lO 
LEA SI. F 1 RST. 
LEA O 1 • SECONO 
REPIIOVSB 

A. What does this routine do? 
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B. Which is executed f~rst, REP or MOVSB? 

C. Whal happens lhe f1rst time that MOVSB is executed? 

D. What happens the first time that REP is executed? 

Answers 
l. A, B, Dand F; Here's what's wrong with the others: C. The last character 
typed must be <En ter>. E. The maximll;m input size is specified in the 
first byte of the buffer area. G. The end-of-text character is included in the 
input buffer. 2. A. Moves FIRSf through FIRST + 9 to SECOND through 
SECOND+9. B. MOVSB C. One byte is moved from FIRST to SECOND; 
then, SI and DI are both increased by l. D. CX is decreased to 9; then, 
MOVSB and REPare repeated. 

Key Points From Chapter 3 
In this chapter you have exarnined a sample program in detall. Y ou have 
learned about the structure of a MASM program, how to code source code 
Jines, how to defme segmenta and procedures and end the program, and 
one way to defme data fields. You have learned sorne of the most com­
monly used instruetions and 110 routines. Sorne of the main points pre­
sented in this chapter were: 

• The general formal for a source code line allows up to four entries. 
The possible entries are name, operation code, operand field, and 
commenta in that order. Entries must be separated by at least one 
blanl<ortabcharacter. Alinedoesnothaveto begin incolumn 1, butit 
cannot go past colurnn 132. 

• A name is from 1 to 31 characters long. It can contain uppercase 
letters, digita, and any of these five special characters: 7 . @ - $. It 
cannot start with a digit. U a period is included, it must be the ftrst 

. .-
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character. Names are required for sorne pseudo-ops, such as SEG· 
MHNT, HNOS, PROC, and BNDP. Otherwise, a name is optional for 
any instruction. 

• The as5embler assigns a name a value based on the offset of tbe 
instrucliDD tbatdefmes tbe namc. Operand rcfcrcnces to tbe nameare 
replaocd by tbat offset. 

• A variablc-nam<; is a data field name. A label is a name defined by an 
instructi011 in tbe code segment. A label may be coded as tbe only 
entry in a sourc:e-code line. 

• La beis are of type NBAR or PAR. PAR labels may be referenced from 
externa! code segments. NBAR labels may be referenced only from 
tbe same codc segmenl A label used as a proocdure name has a type 
defined by tbe PROC instruction. NBAR is tbe dcfault. Other labels 
are identified as NBAR if !bey are followed by a colon when defined; 
otberwise !bey are PAR. 

• Comments are identified by an initial semi-colon. They are always 
optional. A comment may be tbe only entry in a source-codc line. 

• Operation codes, or opcodes, are 8088 mnemonics or MASM pseud<>-
ops. 

• The operand fleld requirements depend on tbe opcode. Wben more 
Iban one operand is required !bey are separated by commas. 

• The SHGMBNT pseud<>-Op defmes tbe beginning of a segment. In its 
simples! form i1 consists of a segment name followed by SBGMBNT. 
A stack segment defmition mus! also include tbe combine-type 
STACK. lf desired, a class name may be included in single quotes for 
each SHGMBNT pseud<>-Op. 

• The HNOS pseud<>-Op mus! end a segment. lt consisls of tbc segment 
name followed by HNOS. 

• A procedure is a block of code. Usually, acode segment contains a 
main procedure, or driver, and several otber procedures tbat fonction 
as subroutines called from tbe driver or from cach other. 

• Tbe beginning of a procedure is defined by a PROC pseud<>-Op. A 
name is rcquired, followed by PROC. lf tbe procedure will be called 
from an cncrnal codc segment, PROC must be followed by F AR. The 
first procedure ezecuted in any program mast be dcfined as PAR. All 
otbcrs are usually NBAR. 

• 
• 

• 

• 
• 
• 

• 
• 

• 
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The ENDP pseudo·op must end a procedure. It consists of tbe pro· 
cedure oame followed by ENDP. 

Tbe END pseudo-op mlist be the last source·code instructic¡:, in the 
program. It consists of END, optionally-followed by the address of tbe 
flrst instruction lo be executed in the program. This is usually tbe 
name of tbe main procedure. 

Data fields can be defmed using DB. A variable-oame can be assigned 
toa DB instruction. The initial value may be defined, or left undefmed 
by coding a question mar k in tbe operand field. M u! tiple bytes can be 
defmed by initial values separated by commas or by a character 
string. Multiple bytes can also be defined by including a duplication 
factor in the operand, like !bis: 

nDUP'ex· 

where n specifies the number of duplications of the initial values in 
ex. Duplication factors can be nested. 

The PAGE pseudo·op sets tbe assembler listing's page length and 
widtb. 

Tbe ASSUME pseudo-op tells tbe assembler wbich segments' 
addresses will be in the segment registers at run time. 

To communicate properly witb tbe calling program, each program 
must begin by putting two words of data on tbe stack. The flrst word 
contains tbe contents of DS, tbe second a value of O. The program 
must end witb a RET instruction, wbich will use tbe two words al tbe 
top of ihe stack to fmd tbe address lo whicb control should be trans· 
fcrred. Any otber data put on tbe stack during tbe program mus! be 
removed before tbe program ends. 

The second step in each program mus! be to pul tbe data segment's 
addr.S. into DS. Usually Ibis address is also pul into ES . 

PUSH rl copies tbe contents of a 16-bit register (r1) lo tbe top of tbe 
stack. POP rl copies tbe word at tbe top of tbe stack lo a 16-bit 
register (r1). Botb PUSH and POP use SP lo find tbe curren! top of tbe 
stack end adjust SP to point lo tbe new top. 

CALL pl transfers control lo tbe beginning of procedure pl. RBT 
ends the execution of a procedwe by transferring control to an 
address found al tbe top of tbe stack. The return address is placed on 
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the top ol the stack by CALL. Any data placed on the stack during 
execution of a procedure must be removed before RET so that the 
correct return address wiJJ be found by RET. 

• MOV x.y eopies data from y (souroe( lo x (destination). The soun:e 
may be a register, address, or immedl•te data operand. The destina­
tion rnay be a register or addreu operand. Data cannot be moved 
directlyfromone address loanother, animmediate data value cannot 
be moved to any segment register, andes cannot be the destination 
for any move. 

• MOV can be used to move one byte or one word of data. When the 
source is immediate data, the destinatina determines tbe size of tbe 
m ove. In other cases, the source and destinatina must be tbe same size 
(byte or word). 

• LOOP short-label ia used lo repeat a routine a preset numbér of 
times. The number of de.tired repetitions must be loaded into ex_. 
Wben LOOP is executed, CX is decremented. lf CX has become zero 
control falls tbrough lo the next instruction. Otherwise, control ~ 
transferred lo tbe location identified by sbort-lahel. Sbort~abel must 
be a NBAR label within - 128 lo + 127 bytes of the LOOP instruction. 

• LBA r l,x loads the effective address computed from x into the 16-bit 
register r l. Rl cannot repreaent a aegment register. 

• INT lnum calls the specified interrupt routine. 

• InterruptZIH callsa OOSroutine for 1/0.Afunction number mustbe 
loaded inlo AH before interrupt 21H ia called. 

• Function 9 of int 21H is used lo display a character string on the 
screen. The beginning addreas of the atring must be loaded into DX 
before the interrupt ia called. The end of the string must bemarked by 
"$" (Z4H). The string will be displayed atarting al the curren! cursor 

· position. The cursor will be moved by the display and wiJJ end in the 
~!ion following the last character displayed. The end-of-text rnark, 
$, IS not part of the display. 

• Function OAH (lO) of int 21H is used to get buffered keyboard input 
ended by < Bnter >. Tbe input is ecboed on tbe acreen and the cursor 
position is updated as the charactera are ecboed. DX must be loaded 
with the address of a buffer area before the interrupt is called. The 
fir~ b~ of the buffer must be initialized with the maximum input· 
stnng saze. The number must include the end-of-text character 
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< Bnter >. The second byte of the buffer will be set by the input 
routine to the actual number of characters input. This count will not 
include < Bnter>. The characters entered will be stored in the buffer 
beginning at the thlrd byte. < Enter> will be stored as ODH. 

• MOVSB copies one byte from tbe address pointed lo by SI to the 
address pointed lo by DI. DI always points lo an offset in the extra 
segment. After the move, both SI and DI are cbanged to point to tbe · 
next byte to he moved. Tbe direction of the change depends on the 
Direction Flag. 

• REPisa preflX used witb MOVSB that is executed after MOVSB. REP 
causes CX lo he decremented. lf CX is still not zero MOVSB is 
repeated; when ex becomes zero control falls through to the nóxt 
instruction. 

Chapter Review Questions 

l. N ame the parts of this source code line: 

ST ARTLOOP: MOV AX, O ; 1 NIT IALI ZE AX FOR TOTAL 

A. STARTLOOP: 

B. MOV 

c. AX.O 

D. ;INITIALIZE AX FOR :roTAL 

2. Which of these names are valid? 

A. MOV6T07 

B. BBGIN_LOOP 

c. 3MORB 

D. CUSTOMBR.NAMB 

3. Match the name being defined with the phrase from tbe right that 
best describes it. Pbrases may he used more than once. 

. '. 
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4. 

A. NOT_IF LEA a. FAR label 
DJ,OUTNAME b. NI!AR label. 

B. OUTNAMK DB c. variable·name 
25DUP(' ') 

c. MA YBK: LBA SI, 
INNAMK 

D. PRINT PROG 
PROCFAR 

E. DISPLAY PROC 

Whicb of tbese are true? 

A. A source-code line can contain a label as its only entry. 

B. A source-code line can contain a comment as its only entry. 

C. A source·code line can contain an operation codeas its only 
entry. 

D. Any source-code line tbat contains an operation code must 
contain two operands in tbe operand field. 

5. Write tbe simples! possible instructions to begin and end a data 
segment called THK_DATA. 

6. Write tbe simples! possible instructions to begin and end a stack 
segmentcalled MORK_SfACK. 

7. A code segment called CODK_SKG contains a main procedure 
called BKGINNING and one otber procedure called PRINTIT. Write 
instructions in tbe proper order lo defme tbe beginning and ending of 
tbe segment, procedures, and program. · 

8. Defme data fiel!b as described. 

A. An uninitialized one-byte f!eld named OUTCOUNT. 

B. Twenty-five uninitialized bytes JWI!ed MAJOR. 

C. Tbree hundred bytes called SA VIT inltialized with spaces. 

D. Ten bytes named DIGITS initialized witb the hexadecimal 
di¡its from OAH to OFH. 
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E. An output message named OUTMESS. The message should 
begin With line feed and carriage return and end with the 
correct end~f-text character. The message text is "'WEL­
COMK TO THK TERMINAL". 

9. Write an instruction to set tbe assembler listing's page lengtb and 
width to 50 lines and 92 characters, respectively. 

10. A program's segments are NEW_CODK, NEW_STACK, and 
NEW_DATA ¡for tbe code, stack, and data segments, respectively). 

A. Write the ASSUME instructlon for the program, using 
NEW_DATA for tbe extra segment also. 

B. Write the first six instructions jnot pseudo-ops) for 
NEW_CODE. 

11. Match each of these instructions with the best description of its 
purpose. Sorne descriptions are not used. 

A. · MOV AX,O a. Copies AX lo the top of stack 
B. MOV AX, b. Copies zero to AX 

DFIKLD c. Copies offset of DFIELD to AX 
C. LEA d. Copies top of stack to AX 

AX,DFIKLD e. Copies AX to DFIELD 

~-- D. PUSH AX f. Copies DFIELD to AX 
__ K. POPAX 

12. Match each type of control transfer witb tbe most suitable instruc­
tion. Not all tbe instructions are used. 

A. Transfer toa pro- a. LOOP 
cedure b. MOVSB 

B. Go to address c. CALL 
found at top of d. RKP 
stack e. RKT 

c. Transfer to sys· f. 1NT 
tem 110 routine 

D. Repeat a series of 
. instructions 

K. Repeat a string 
operation 
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13. A program displays the message "'WHAT IS THE DATE?'. Code the 
data description and instruetions necessary lo display Ibis message 
on a new line on the screen. 

14. A program reads a date typed from the keyboard. The date has a 
maximum of eight eharactera. Code the necessary input f~elds and 
110 routine (using buffered input). 

15. Codea routine to move an eight-byte fleld from INDA TE lo PRINT· 
DATE. 

16. Codea routine to calla procedure called BLANKER 24 times, 

Answen 
1. A. name B. operation eodeor opcode C. operands D.eomment 2. A and 
B; C is invalid because it atarla with a digit; D is invalid because it ineludes 
an internal period. 3. A. a B. e C. b D. a B. b 4. A, B, and C. D is false; an 
instruction may bave zero, one, or two operands depending on the opcode. 
5. THB_DATASEGMENT . 

THB_DATAENDS 
6. MORE_STACK SEGMENT STACK 

MORE_STACK ENDS 
· 7. CODB_SÍ!G SBGMENT 

BEGINNING PROC PAR 
BBGINNING BNDP 
PRINTIT PROC 
PRINTIT BNDP 
CODB_SBG ENDS 

BNDBBGINNING 
PRINTITPROC 

PRINTIT BNDP 

CODE_SEG BNDS 

END BEGINNING 

Note tbat BBGINNING ia optional in the BND instructinn. 

8. A. OUTCOUNT DB? 

B. MAJOR DB 25 DUP(?) 

C. SA VIT DB 300 DUP(' ') 
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D. DIGITS DB ~'\H.OBH,OCH,O:.JH,OEH,OFH or 

DIGITS DB 10,ll,l2,13,14,15 

E. OUTMESS DB OAH,ODH,'WELCOME TO THE TERMI 
NAL',24H 

9. PAGE50,92 

10. A. ASSUMB CS:NEW_CODB,SS:NEW:_STACK,DS: 
NBW _DATA,BS:NEW_DATA 

B.PUSHDS 

MOVAX,O 

PUSHAX 

MOV AX,NEW_DATA 

MOVDS,AX 

MOVBS,AX 

11. A. b B. !C. e D. a E. d; e is not used 

12. A. e B. e C. !D. a E. d; bis not used 

13. MESSAGB DB OAH,ODH,"'WHAT IS THE DATE?$" 

MOVAH.9 

14. 

MESSAGELEA 

MESSAGEDX,MESSAGE 

MESSAGEINT 21H 

Yo u eould ha ve coded the •s• as a separa le entry; yo u probably used a 
different name for the data field. The MOV and LEA instruetions 
eould be in reverse order. Y o u could ha ve coded the funetion 
number as 9H. 

INBUF 
INCOUNT 
INDA TE 
MOV 
LBA 
lNT 

DBS 
DB? 
DBSDUP(?) 
AH, OAH 
DX,INBUF 
21H 

. .. 
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Many variations are possible. You could, for emmple, have coded 
the buffer in one instruction, like this: 

1 NBUF DB 10 OUP'?. 

and initialized the first byte as part of the routine, likc this: 

15. 

IIOV 1 NBUF , 8 

Y ou could have coded thc function number as 10. 

MOV 
LEA 
LEA 
RBP 

CX,8 
SI,INDATB 
DI,PRINTDATB 
MOVSB 

Not too many possible variations for thisroutine. You must use CX, SI, and 
DI as sbown. The MOV and two LEA instructions could be in a different 
order; they must all precede RBP MOVSB. 

16. MOV CX,24 
LOOPBR: 
CALLBLANKBR 
LOOPLOOPBR 

You prohably used a different label where we used LOOPBR. Did you 
remember the colon? You could have coded the label on the same line as 
the CALL instruction; but you must have loaded CX before the beginning 
oftheloop. 

CoiJlpu.ter Exercise 
Now irs your turn to try some programming. Write a program that will ask 
first for a name, then for an eight-character telepbone number. Display the 
two fields jname and number) on one line. jHINT: Put the number in the 
first eight positions followed by severa! spaces; then the name followed by 
"$".) Rcpeat the enlice procesa three times. Call the program PHONBR. 
You11 asaemble and run Ibis program in the next chapter, and then modify 
it in later cbaptera, so save your source code. U you need some help, our 
version of PHONBR ia on the next page. 

PAGE 

~O(LSTACI< 
PROG-STACK 
1 
PROG-DATA 
I'W'fEPRil1PT 
PHo-«PR(I1PT 
OUTLINt: 
OUTPH(J.IE 
OUTSPACE .,.,._ 
INIIUF 
INCOU<T 
JNMTA 
PROO..OATA 

1 
PRO!LCOOE 
f'MIN..PROG 

ttAINLOOPI 

IIET ........ 
1 -
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,132 ¡THIS IS PHONE NUHBER 
PROGRAM FOR CHAPTER 3 

SEOMENT STACI< 'STACK' 
DB ó4 DUP <'STACK '> 
ENDS 

SEGHENT 'DATA' 
08 8AH,80H,'NAI"'E1 ',24H 
08 8AH,80H,'PHONE NUHBER1 ',24H 
D8 8AH,80H 
OB 8 OUP<' '> 
DB 3 OUP<' 'l 
OB 31 OUPC' ') 

08 " 00 • 
OB 31 OUP<' ' ) 
ENDS 

SEGMENT 'CODE' 
PROC FAR 
ASSUHE CS;PROG-COOE,OS<PROG-DATA,SS<PROG_STACK,ES;PROG-DATA 
PUSH OS 1SAVE DATA Q<l STACI<: 
I10V AX,I 1 TO SE USEP FOR RETURN TO 
PUSH AX 1 SYSTEM WHEN PROGRAM ENOS 
MOV AX,PROGLDATA ¡INITIALIZE OS 
MOV. OS,AX 
HOV ES ,AX ANO ES 
POI CX,3 

CAI.L 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
LOOP 
RET 
ENOP 

PROC 
PUSH 
PUSH 

""' LEA ..... 
INT 
POP 
POP 
RET 

"""' 
PROC 
PUSH 
PUSH 

""' LEA ..... 
INT 
POP 
POP . .,. ...... 
PROC 
PUSH ...... 
PUSH 
PUBH 

PROHPT'NAME 
Gom-E 
Ho.JENAME 
I"RCJ1PTPHCNE 
GETPHCNE 
HOVEPHCNE 
PRINTLINE 
HAir«..OOP 

AX 
ox 
AH,8AH 
OX,INSUF 
INBLF ,31 
2IH 
ox 
AX 

AX 
ox 
AH,IAH 
OX,INBUF 
INBlW ,, 
21H 
ox 

. AX 

ex 
BX 
SI 
01 

¡PROHPT FOR NAHE 
1 GET NAHE 1 NPUT 
1110JE NAHE TO OUTPVT L 1 NE 
¡PROHPT FOR PHONE 
tGET PHONE INPUT 
tHOVE PHCNE TO OUTPUT L II~E 
;DISPLAY LINE 
1 ANO REPEAT PROCESS 
¡THEN RET.URN TO OPERATING SYSTEM 

¡THIS PROCEOURE GETS NAME 
INPUT FROH KEYBOARD 

1GET STRING FROH KEYBOARO/ECHO 
¡AODRESS DF INPUT BUFPER 
¡11AX fiW1.E 1 S 3t CHAR .... 
¡THIS PROCEOURE GETS 
1 PHCNE NU18ER FROH KEYBOARO 

1GET STRINO FROH KEYBOARO/ECHO 
¡AODRESS OF INPUT BUFFER 
1SET INPUT SIZE FOR PHO.IE 
¡DOS 

¡THIS PROCEOUAE MOJES l'tAME 
1 TO 01/TPliT ANO ENOS 
¡ OUTPUT STRING WITH • 
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-1 -

""""""""" 1 
PRINTLINE 

PRINTLINe: 
1 .. ......_. 

.. ......._. 
1 --
PROt1PTPttQNE 
1 ........... 

-

""" CH,IH &SET COlHT FOR HOVE 

""" O.,INC()UtiT 

""" BX,ex 
LEA SI,INMTA 1SOURCE 
LEA OI,OUl)WtE JDEBTINATION 
REP HOJS8 1~ CHAit CX TIHES 

""" OUTNAttEl8Xl,24H ltrD'T CMM 1 S • PCO' 01 
PCO' SI 
PCO' "" ... ex 
RET ..... 
PROC aTHIS PROCEDURE l'tOVES P~Q<E 
PUSII ex 1 Nli18ER TO CKITfi'UT LINE 
PUSII "" PUSII SI 
PUSII 01 

""" CH,IH JH'T C0tHr FCR t1WE 

""" CL,O 1 PH«»fE M.JMVB 8 CHAR LEA SI,INMTA 1110URCE 
LEA DI,OUTPtOC ¡DE&TJNATltlf 
AE!I PKJVSB 1~ CHAa 8 TI~S 
POP 01 
POP SI 
POP .. 
POP ex .... 
ENOP 

POOC aTHIS PROCEOURE DISPLAY& 

"""" .. 1 THE OUTPUT LINE 
PUSH ox 

""" ...... JOISPt.AY STAIN8 FLNCTHN 
LEA OX,OUTLJNE JAOOMIS Df aTRIN8 
INT ZIH 1DOS ... OX 
POP .. 
RET ..... 
PROC &THIS PRQCEDURI: fi'R01PTS THE 
PUSH .. 1 USER fii'OA A Ni11HE 
PIISII ox 
LfA ox.~ 1-.ooREU OF ~ ITAINO 

""" ......... JDIIP'LAY ITRINI l't.HCTICIII 
INT ZIH 1001 ... ox ... .. 
RET ..... 
POOC aTHIS rROCEDURI PR091'8 THE 
PUSH ... 1 UIU II'CNI í11 ~ HU'tiER 

"""" DX 
L .. DX , PtttHI:PitCMPT JIIW>DRESS 011 rttettrr tniNG 

""" ...... tDIIPLAY ITRINII Fl.NCTIC»> 
INT 21H 1001 
POP DX 
POP ... ... ..... ..... .... tti:rr.IM...PROG 

4 
Assemble, 
Link, and Run 

Now that you have written a program, it's time to assemble,link, and run it . 
This chapter wiU teach yo u the simples! methods of performing these three 
steps. When you have fmished the chapter, you wiU he able to assemble 
any MASM program, to link a simple single module program, and to runa 
program with or without tbe DBBUG utility. 

Getting a Disk Ready 
Before you hegin to work on line with MASM, you should create a disk 
holding the programs you need. The disk that carne with MASM has a great 
many files that you wiU not need to use the programs in this book. On the 
other band, if you include oome DOS programs on the disk, you won't need 
to swap diska all the time. On a single·sided drive, using DOS 2.0, 1 found 
the foUowing procedure useful: 

• formal tbe disk as a system disk, wbich will include COM­
MAND.COM and the hidden system files 

• from the DOS diska, copy DBBUG.COM, BDLIN.COM, LINK.BXB, 
and MODB.COM 

• from the MASM disk, copy MASM.I!XE 

.. 
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The disk will be almost full al Ibis point. 1 used EDLIN because it is 
small and convenient for making minnr corrections lo a source fUe alter an 
assembly; my word processing program wouldn't fit on this disk. Y ou may 
have some other small editor or word prooessor that you prefer lo use. 1 
include MODB because assembler listinga are best printed atl32 charac· 
lera per line, and you can, print them that way without uaing MODE. You 
may a1so need lo aend a character to the printer lo change its setting. 1 ha ve 
a very small program written in MASM that does jusi that, so it is also on 
my disk. 1 used the disk space that was Jeft for PRINT.COM because 1 
prefer PRINT to TYPB. When 1 converte¡j lo double·sided disk drives, 1 
was able to combine aJJ of this with my word-processing program. My 
MASM programs, source code, object code, run files, and listings, are all 
kept on a second disk. You can set up your disks any way thatsuits you; 
Ibis is jusi a way thatl have found convenient. U you are working with a 
fiied disk, of course, you wiJJ not need lo worry about creating a working 
disk for MASM. 

Assembling a Program 
The Macro Assembler uses up to four files when assembling a program: 

• the source code fde 

• the object code file 

• the assembler listing file 

• a cross·reference information file 

The ftrst file, the source code me, is required for any assembly. This file 
provides the input to the assembler. Tbe other three fdea are output files 
created by the assembler; they are always optional. You may not want lo 
produce an object-code file, for enmple, when you are using the 
assembler lo find errors. Error messages from MASM are displayed on the 
screen as well as printed in the listing; you may not want lo produce a 
Jisting until these errors have been corrected. Tbe cross-reference informa­
tion file is used as input lo another program, CRBF, lo produce a cross· 
reference Jisting. This cross-reference listing lisis .every variable in the 
program and the line numbers where the variable occurs. The line num· 
bera are those from the &Ssembler Jisting, not the source code. We will not 
uae CRBF in Ibis book, so we will never create a cross-reference file. 

You mustlell the assembler the filenames lo be used. You don't need lo 
specify the extensions. The source file is assumed lo have an extension of. 
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.ASM, the object file ¡.OBJI, the listing file ¡.LST), and the cross·reference 
me ¡.CRF). When you tell the assembler lo assemble NAMEX, it willlook 
for NAMllX.ASM lo use for the source-code file. 
•· The assembler assumes that the object· and source-code filenames will 

match ¡except for the extension). If you are assembling NAMEX.ASM, an 
object-code file named NAMEX.OBJ is produced unless you specify other· 
wise.lf you don't want an objecl·code file, tell the assembler that the object 
code's filename is NULor NUL.OBJ. Any file named NUL is nonexistent. 

Running the Assembler 
To start the a~sembler and tell it which files to use you must first be sure 
that the disk with MASM is in drive A, unless you ha ve a fixed disk. Your 
program will probably be on another disk that can go in drive B. We make 
B the default drive so tbat MASM willlook for its input and place its output 
on B. We also seta search path, PATH A:\ ;B: \;,so that the system will 
look on A and B to find commands and run files. That way we can use 
MASM on drive A and our programs on B without specifying drivenames. 

The simplest way tostart the assembler is toen ter the command MASM 
¡or ASM if you want to use the smallassembler). The assembler will then 
ask for the menames it needs; it shows you the default extensions or 
fllenames for each me as it asks. To use the default na·me for an output file, 
just press <En ter>. Tbe default names for the listing and cross-reference 
files are NUL.LST and NUL.CRF, respectively. A NUL file does not exist, 
so neither of these flles will be produced unless you specify another na me 
forone or both of them. To specify another name for an output file, type the 
name. You will be wise, however, not to specify any extension; let the 
system supply the ·default extensions. To send the listing directly lo the 
printer, give ita fdename of LPTI: or PRN:. 

In Figure 4.1, we type the command MASM and the assembler responds 
with a two-line message. Tben it asks for the source fdename. We respond 
NAMEX, Jetting MASM add the default extension, .ASM. Next we are 

...... 
nt la1 Ptrtaul CG110p11ttr r'MCRO At•.-bhr 
V.rtia- 1.11 <CICopyri9fir.l la-t Corp 1"1 

Sourct fllt••• I.ASI'tll ~ 
llb.itct filt•- IIW'tfX.OiiiJ)I 
Sourct litli•g INUl.LST)I 
Crott rtftrt•ct INUL.tatlt 

W.r•• ng Stu.rt 
Error• Err_.l 
o o 

1> 

Figure 4.1 A Sempte Asaembty Session 

.. 
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asked for an object filename. The default, NAMEX.OBJ, is shown in 
brackets. Since we want the default, we jusi press <Bnter>. We also 
choose the defaults shown for the listing and cross·reference files. MASM 
assembles the program, creating the object ftle, and displays a final mes· 
sage showing the count of warnings and severe errors found. 

A Quicker Way 
A quicker way to provide the necessary information is to type the file· 
names as part of the MASM command. Separate the names by commas. 
Do!''! use extensions. If you don't type a name, but still provide the 
separating comma that follows it, you wiU get an output file with the 
source·code name and default eztenaion. Notice that for the listing and 
cross-reference file this is not the same as with the long form. There, if you 
onut a name, you get a NUL ftle. This command, for example, will assem· 
ble NAMBX.ASM with object file NAMBX.OBJ, listing file NAMBX.LST, 
and cross·reference fde NAMBX.CRF: 

IIASII NAIIEX , , , 

lf you want lo enter only one, two, or three fllenames and Jet the rest be 
the long form defaults (NUL for listing and cross referencel pul a semi colon 
alter the last one you enter; then you don't need anymore commas. lf you 
forge! the semicoloo, the assembler wiU prompt you for any missing 
filenames. To assemble NAMBX.ASM producing (by defaultl object me 
NAMEX.OBJ and no listing or cross·reference, you can simply type: . 

IIASII B : NAIIEX; 

To assernble NAMBX .ASM with no object file or cross-reference ftle 
but with a listing ftle called SA VE.LST, you can type: ' 

· IIASII B: NAIIEX, NUL, SAVE; 

Toassemble NAMEX.ASM with object ftle NAMEX.OBJ and listingfde 
NAMEX.LST but no crosa-reference file, you can type: 

MASit B: NAMEX. , ; 

Assemble, Link, and Ru-;; 97 

Note the difference between: 

IIASII B: NAIIEX , , , 

which creates object,listing, and cross·reference files called NAMEX.OBJ, 
NAMEX.LST, and NAMEX.CRF, and: 

IIASII B: NAIIEX ; 

which creates only the object file. Remember that a file named NUL.ext is 
not created and that a file named LPT!: or PRN: will be sent directly to the 
printer. 

Assembler Errors 
As the assembler processes your program, it displays on the screen any 
syntax enors that it identifies. 1t displays the line where the error was 
found and a numeric enor code. lf yo u are using the Macro Assembler. an 
error message will also be displayed. lf you are producing a listing, the 
errorcode and message wiU be included on the line following the error. lf 
you are using the SmaU Assembler, only the numeric code will be dis· 
played and listed, not the error message. 

Appendix A of the MASM manual contains a complete list of error 
measages, error codes, and possible reasons for · the errors. The reasons 
given are not always the real reasons for your errors, however. According 
lo the manual the reason for acode 9 error, for example, is that "a symbol is 
u sed that has no defmition. • Yo u rnay think yo u ha ve provided a definition, 
but closer examination sbows that you speUed a name differently in a data 
definition than when you used it in an operand. Or, an error in the data 
definition instruction itself may have caused the assembler lo be unable to 
recogniu the name when it is used later. Or, a typing error made the first 
chuacter a semicolon, whicb caused the entire data definition lo be in ter· 
preted as a comment. The error messages and reasons simply provide 
guidelines to the probable error causes. You must examine the actual 
program closely lo track down aU the problems. 

Figure 4.2 sbows a sample of errors displayed wben an early version of 
NAMBX was assembled. Both errors sbown bad the same type of cause: 
INBUP and INCOUNT were not recogniud because as operands, they 
were not speUed the same, as they were wben the fields were defined. The 
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Figure 4.2 An Asaembly with Etrors 

¡ADDIESS 

sample was printed bytumingon the simultaneous print option ¡Ctrl-P and 
Ctrl-PrtSc both turn on simultaneous print). Por the first few assemblies of 
a program, when many error messages may appear, you will find it belpful 
to print the error messages in this way. 

Use your text editor or word processing program to fmd and corree! 
errors; then run the assembler again. Repeat the process until all the Syntax 
errors are out ofthe program. Then, you will be ready lo go tothe next step, 
linking the program. H you didn't gel an assembler listing, however, you 
should assemble the program once more lo gel a listing to use in debugging. 

Review Questions 

l. What sowce code fUe will be assembled by this command: 

MASM MYPROG; 

How many output flles will be produced7 What will the namejs) of 
the output filejs) be7 

2. Write the single command needed to assemble a source file called 
NBWPROG.ASM, producing an object code file called NBW­
PROG.OBJ, a listing file called NEWPROG.LST, and no cross-refer­
ence file. 

3. Write the single command needed to assemble a sowce fUe called 
XYZ.ASM, producing a &ting on the printer but no other output. 

Anawen 
l. MYPROG.ASM; 1 output file; MYPROG.OBJ jobject) 2. MASM NI!W­
PROG.,,; 3. MASM XYZ,NUL,PRN: or MASM XYZ,NUL,LPTI: 
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Computer Exercise 
Assemble NAMI!X.ASM. When you assemble the program, produce an 
objeet file named NAMEX.OBJ and a printed listing. Save the listing; you 
will need itlater in the chapter. Corree! any errors; keep trying until you 
get no errors. 

LinkiQ.g a Program 
As you know, the linker creates an executable file, called a run file, from 
one or more objeCt modules. The object modules may ha ve been produced 
by an assembler, a compiler, or both. The linker can be used to combine 
assembled subroutines with compiled object modules. When you huy a 
compiler, you often also receive an object-module library with routines 
produced either by the compiler or by an assembler. After you compile a 
program, use the linker to combine these:library routines with your com­
piled object module. Even a one·module program, however, like NAMEX, 
must be linked, since the linker puts information needed to load and run 
the program into the run file. 

The Simplest Link 
To link your program, you must ha ve available both LINK.COM and the 
objecl module produced by MASM. The simples! way to start the linker is 
by typing LINK. LINK will prompt you for four fUe names. The ftles are: 

• the input object-code file, with the default extension .OBJ. Severa! 
object files may be named and combined into one run file, but pro­
grams in this book contain only one object module. 

· • the output run file, with extension .I!XI!. If you specify another 
extension, the linker ignores it and uses .BXE as the extension. The 
default run-fllename is the object..:ode flle's name. The run fUe is your 
program, ready lo run. 

• the output listjor map) fUe, with default extension .MAP. The list fUe 
can be sen! directly lo a printer by using the name LPTI: or PRN:. If 
you don't specify a list file, none is created. T-9-e linker list fiJe shows 
offsets of the segments within the run fUe. This can be useful for 
debugging programa thal contain severa! objeet modules. 

- .. 
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• one or more input library files, witb extension .UB.If no library file is 
specified, none will be used. Library files are used witb programs 
wriHen in compiler languages. They are supplied witb the compiler 
and contain routines used by tbe compiled programs. No libraries are 
needed witb MASM programa. 

Figure 4.3 shows a sample link sesslon,linking NAMEX by Ibis metbod 
and producing a run file but no listing. 

A Faster Link 
The necessary filenarnes can be included on tbe UNK command line. 

· Commas and semicolons serve tbe same function as in tbe MASM com· 
mand line. If a comma but no name is included for tbe list file, a list file will 
be produced witb tbe same narneas tbe objectmoduleand extension MAP. 
The command: 

Ll NK NAIIEX ; 

has tbe same effect as tbe longer version shown in Figure 4.3. It uses 
NAMEX.OBJ for input and produces NAMEX.EXB as output. No library 
mes are used and no listing is produced. The command: 

Ll NK NAMEX , NUL , LPTl : ; 

aJso uses NAMI!X.OBJ for input and no libraries. It does not produce a run 
me, but it does print a map. 

You will seldom aee any erran in a simple link except from mistyped 
file narnes. Linker error mesaages and tbeir meanings can be found in tbe 
MESSAGI!S section of tbe DOS manual. 

1 .. ,.,.._ •• eo.,.t.,. Lh•t•r 
V.rsi• 2.11 (C)CGfrrlgllt ... eor, 1n1, 1m, am 

DltJHI t'lodllln 1...,)1 ltllf'8 
... Fi h lJrWe( .lXI Jt 
Ll&t '"' na .. MPh 
Librarle• l ,LIIll 

1) 

..... U ASomploUnk-

Assemble, Link, and Run 101 

Review Questions 

l. What output flles will be generated by Ibis command? 

Ll NK NEWPROG ; 

2. Write a single command to link an object file called SUMMER.OBJ, 
creating a run file called SUMMER.EXE anda listing on tbe printer. 
No libraries are necessary. 

Answers 
l. A run file narned NEWPROG.EXE 2. LINK SUMMER.,LPTI:; 

Running the Program 
Once tbe program is linked, you can run it by simply typing the filenarne as 
thougb it were a DOS command. Don't include the extension. To run 
NAMEX.EXE, jusi type: 

NAIIEX 

Computer Exercise 
Link tbe NAMI!X.OBJ module you created in tbe preceding exercise and 
create a printed listing. Compare tbe map in tbe listing witb tbe f~al page 
of tbe assembler listing. Observe tbat witb a simple one·module program 
tbe linker listing does not really provide any new inforrnation. 

Run tbe resulting program. lf tbe program doesn't run correctly, go 
back over tbe source code and make sure tbere are no typing errors. 

Running Under DEBUG 
Often tbe first eucution of a program doesn't provide "1'Y clues lo what 
went wrong.Ira quite common for tbe cursor to disappear and notbing else 
to bappen. The only way out ia lo reboot tbe system. In such circum· 
slances, as well as many otber times, you will fmd it very helpful to run 
yóur program using tbe DI!BUG utility provided witb DOS . 

.. 
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You can find a description of DEBUG in !he DOS manual. It is well 
worth your time to learn this or a similar utility and to explore a few 
assembler prograrns. Teacbing you DEBUG is outside !he scope of !bis 
boolr., but we wiJJ run through a sample session illustrating sorne com· 
monly nsed commands and pointing out sorne items of interest; Keep your 
assembly listing of NAMEX at hand for reference. 

To run NAMEX under DEBUG, enter !he command: 

DEBUG NAMEX.EXE. 

Notice that you do need the file eneDsion. DEBUG willload and willload 
NAMEX.EXE also. Tben it wiJJ prompt you for a command. Tbe DEBUG 
prwnpt is a dash (-(. 

~naa~bly Tbe U co~ •unaasemble.- object code, traD.lating 
11 back mto asserobly language mstructions. Each U unassernbles about 15 
instructions, displaying the address, object code, and assembler-Janguage 
e~ for eacb instruction on !he screen. When a program is ftrst Joaded, U 
will unassemble !he flrst 15 instructions in !he code segmeot. A second U 
will unassemble the nen 15, and so on. H you don' want to start at !he 
beginning and go oo consecutively, ynu can name an instructioo where 
unassembly should begi.D; just specify the offset. You mus! Jr.now !he 
offset, however. Youcan'tjustgiveanumberin thelilr.elyrange. Disassem­
bly must start at the beginning of an instruction, not somewhere in !he 
middle of one. Our assembly listing tells us that !he GETNAME procedure 
starts al OOIE. U OOlE would di•essemllle the ftrst 15 instructioos from 
GETNAME; anotber U (without an offset) would take up al !he 16th 
instruction of GETNAME. 

Figure 4.4 sbows !he CRT display for two U comm•nds starting at the 
beginning of NAMEX's code segment. Tbe far Jeft of each Jine shows !he 
segment nwnber and offset for eacb instruction. lf you DEBUG NAMEX, 
your segment numbers wiJJ probably be difieren!, but !he offsets should be 
tbesame-

~rs compare theae fust 30 lnstructions with the asserobly listing. 
Notice that none of the pseudo-ops are included in !he unassembly. 
Remerober that !bese are not par! of the object code. All the numbers in the 
DEBUG display are hexadecimal, shown with two digits for a one-byte 
fteld and four for a one-word f~eld. All the variable names have been 
replaced by offseta, of course, aince DEBUG would not find names in the 
object code. When DEBUG display a an address operand it always encloses 
it in brackets to distinguish it from an immediate data operand. You see 
sevenl al theae in F¡gure 4.4 and you will see more ezamples in other 
displaya in this sample session. Loolr. at offset OOID in F¡gure4.4. There is 
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tMfrllll lE PIISH os 
IME1IUI a•Nt ""' AX,IIII 
IMErtU4 5I PIISH AX 
IMErltl:l BBB'IA ""' AX,MII'5 
IMfrllll tEOI ""' DS ,Ale 
IMEriiM IECI """ ES,AX 
eME rllfC EIMtll rALL .... 
IME:rlllf EIIQI CALL lilE 
IMErHJ2 EaUtl CAI.L 1128 
tMErll1'5 .,.,., ""' OC,IIIS 
MAEr .. ll IEI:MII CALL lt48. 
IMfrtlll E2F8 LOOP 1118 
IMErlllO C1 IIETF 
IMfrlllf 5I PUSH AX 
IMlriiiF 52 PUSH ox 

-· 
1Mfrlt21 14M ..... NI,IA 
IMEr1122 IO .. IIEII LfA OX,UIIEI 
IME1tt2l CD21 INT " IMErtl28 5A ..... .... 
1ME1112' 58 POP "" IMEr1121i' C:J ..... 
1Mfrll21 51 PIISH "' Mo\Erii2C SJ PUSH "' 1Mf11120 U PIISH SI 
IMEr":zt! '57 "''" DI 
1Mfrii2F t5fl ..... CH,II 
IMErllll IAftlfll ..... CL,UIIFJ 
IME rll35 180t ..... "'·"' IM(rllll' IOUZitl LfA SI,U1211 
IME1IUI ID.IFII LfA DI,UUFI 
IMErll3f FJ .. ., 
MM:rll41 A4 -Flgun4.4U-

an instruction (RBTF) that was not in NAMEX: NAMEX has RET. The 
instruction was assernbled as a far return, so DEBUG unassembles it as 
RETF. You wiJJ see other examples where the output from DEBUG is 
slightly difieren! from !he input to MASM. lf you have your assembly 
listing, this won't matter. Tbe main reason for using U is to fmd !he offsets 
of instructions so you can use them with other commands. When you can 
identify these offsela from the assembly listing, you don'! need to unassem­
ble !he code. 

Go Lers execute !he par! of !he program that sets up !he return address 
and segment registers so that we can see where our segments will begin. 
Tbe G command, used with a specified offset, executes !he program up to 
(but no! including) the instruction at that offset. Specifying an offset where 
execution should stop is called setting a breakpolnt. Again, you mus! 
specify an offset that la the beginning of an instruction. 8oth !he assembly 
listing and F¡gure 4.4 tell us that the Jocation we are interested in is offset 
OOOC, so we enter G OOOC. Figure 4.5 shows !he result. 

Wben you enter a G command, the program runs from its current 
instruction to the specified breakpoint. In this eumple, it starts at the 
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beginning and goes lo OOOC. Then, DI!BUG displays the curren! contents 
o( the registers, including IP, and the curren! status of the llags. It then 
showsthe:nctrlress.cbjectcode, and unnssembled r.od~ for thf> r:.~~ ~r~·:• n.;~-

; .:: .. r~e~4.t':¡,..._,-4---·. ·! n·.: _ .: .. . t •••• ' .... ..:.;,. 1 

:.o.:. ..!(Lt~.:;;.:. \'lt;e:-aíl.(\, the currenl va!ue ut that uddc~ is Jl:;~Ü•yt:U ou the 
right. 

Look al the display in Figure 4.5. We can see the segment num"ers ir. 
DS, HS,SS,and C'..S.1'~~,. r.rv~h:-:! ..... :Hc·':'i. ir.rp ¡,. {VVfr. as\•,•, .. ,::r-• 1_ •,. 
Thevalueuf AXis OAJI:;_ •,,.•,id. , .. 

inalructionatOOOS.SPtells uslhatu., "'""' · . ,, . 
segment; we'll use that infonnatioa a little lní·!r. ;:";-¡¡r ¡:.r~¿.fA-U i~!.l.-111 usecl 
the other registers yet, so their valuea are meaningless lo us. The two-letter 
codesfoUowingJP indicate thestatusofOP, DP, JP,SP, ZP, AP, PP,andCP 
in thst order. You can find the meanings of the codes in the DOS manual's 
DI!BUG chapter under the Regiater command; we're not going to use the 
llags in thia sample session. 

Display Before we conlinue executing NAMI!X, lers look a t. the stack 
anddatasegmeots. Youknowthst westart usingthestackat the bottom, or 
eod, and the assemhly listing teUs us thsl the eod is offset 0200 of the 
segment. Let's look at tbe last 32 bytes, atarting at 011!0. Tbe command D, 
with an address, displays eight rows of 16 bytes eacb, wilb the beginning 
address for each row on the left and the ASCII translation on lbe right. 
Figure 4.6 sbows tbe result o( enlering tbe commaod D SS:Oli!O. 
Remember thal SP currently points to OJ.PC-thsrs tbe fourtb byte from 
the rigbt in the second row. We find two bytes, or one word, of zeros al that 
spot. Remerober tbe zero pushed on the stack for the returo address offset? 
PoUowing thst, at the bottom of the stack, we fmd 91! and OA; thia sbould be 
the returo address segmenl number pushed from DS al the beginning of the 
program. Remember thal words are written with the low-order byte firsl, 
so the actual returo address being saved is OA9B:OOOO. 

Lers also look al the beginning of the dat.i aegment. Figure 4. 7 shows 
tbe reaull of D DS:OOOO and tbeo anotber D witboul an address. Tbe 
unaddresaed D takes up where the last display left off: in thia case, al 
DS:0080. Tbe data aegment does aot contain much of inlerest at thia point; 
we1llook back al ita 6We later in the propam. 

..... e 

~ IIIC-NII C»oi4N ox-n11 ..... IFC ........ 11•1111 II•IHI 
....., li-MeS ~ C8o4MI 1~ NI 1.P DI fll HZ M 1"0 M: 
M!Wti .. C Q4fll OILL nst 
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-D SSzllfl 

M071110 
M07111FI 
W7111N 
ll'l!f)7,UIIl 
tr·"''rt:' ·~ 
iltli1,;-,n.¡¡ 
~11t2U 
MD7tlnl 

STACI( STACI< 
s; • .c~~: ......... . 
H•EI.hl, tf.M 

a- •• H.t.h~:-~:~1' 
,,J,?Ft.l", F 
.,Jl'tHH:;,,.: 
II.C·.U.CII~. _¡¡., 
.CS •• PCI.I.,.ICh 

.t T~ !~,~gister Conunand, R, S•~r~r~s sev:::;·u.~, j't... 1:!•.lses. Wl!en R 
.J aJone, ií. .:Ollllply repeats the display vf currentth•t:glste~s, fl~gs, ~~d 

, · ~ instruction. Tbe beginning of Figure 4.8 sho~s e resu t usmg m 
-~ • Later you will see R used to change a reglSter's contents. 
··"' way. • G f t 0064 lhe After recreating the current display, use to con mue o , . 
inslructioo tbat relurhs from PROM PTER. Nolice the name ~rompl d1s· 
played 85 PROMPTI!R is execuled. Next, execute jusi one mstruchon, 
RI!T. Todo Ibis, use the Trace c~mmand. 

Trace The Trace command, T, executes the _current. inst~ction and 
then presents the current information. and ~ext_ mstruction d1splay. Y ~u 
can use T to execute a series of instructions; JUSt mclude the ~umber, _as m 

· T 3 or T 5. Tbe end of Figure 4.8 shows the result of executmg the smg_Ie 
mstrucbon wt • · · RJ!T "th T I!xecuting RET returns the program to the mam 
dóver whereitisnowwaitii;_- · .,rryoutthenextCALL. 

W Á.RNING: DO NOf 1.. • . fO BXHCUTE AN INT. A trace com· 
d wiU take you inlo lbe interrupl rouline ilself. Not only will ~ou ha ve 

:::;"' uide to wbat is bappening, but tbe routine itse~ will often fa1l and go 
inl! 80 endless loop. VO routioes involve exaclliming. Tbe delays caused 

....,, .... 
IAI5tllll 
MIS1IIZI 
M15JN31 ..., .... 
MIS1II:II 
IMS1IIM 
IMS•1171 
-o 
.,., .... 
MIS1IIfl 
IMS1IMI ...,, ... 
MIS1Itcl 
Ml511101 
IM5•11U -·-

M tÜ 57 41 41 54 21 4J-:53 21 :lf 4F 55 :52 21 4E 
41 40 45 3F 21 24 M ID-41 45 4C 4C 4F 2C 21 21 
2t Zt 21 2t 2t 21 21 21-21 21 21 21 21 21 21 21 
21 11 zt 21 2t 21 21 21-H 21 2t 2t 21 21 2t 21 
2t 21 21 21 2t 2t 21 21-21 2t 21 21 21 2t 21 21 . 
2t 21 21 2t 21 2t 2t 21-21 21 21 21 21 21 21 2t 
2t 2t 21 2t 21 zt 21 21-21 21 21 21 Zt 21 2t 21 
2t Zl 2t zt 21 2t 21 21-21 H 21 21 21 21 21 ~ 

aannaann~nnnnnna 

21 a H H 21 21 21 21-21 21 zt 21 2t 21 21 Zf 
zt zt 2t 21 21 21 2t H·2t 21 zt 2t 21 21 21 zt 
11 • 21 21 2t 21 2t 21-21 21 21 21 2t 21 21 21 
2t n H 2t 21 21 zt 21-21 zt 21 21 21 21 21 21 
2t 21 2t 2t 2t 21 11 21-21 21 21 2t 21 2t 21 21 
2t 21 2t 2t 21 21 21 21-21 21 2t 21 21 21 21 21 
a a :r• 2t 21 zt H H-21 21 zt 2t z• 2t zt 21 -·.7 ~JingUiollolaSegrnenl 

,. 
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-· 
AX•M85 Eli•NU CC•t4?1 DX'-IUI SP-tlfC ........ SI•UII Dl•ltll 
Ds-tA83 E5-M83 ss-M07 C9-IMM: . Jr-tiiC NJ UP 01 Pl Nl NA PO HC 
MAiriiiC E""' CALL 1158 
-G IU4 

.,..._1 1 S YOlR NAHE? 
AX-MI5 llJCiollll CX•I4" 0)(.1111 ,_.Jflll ...... Sl•lttl 01•1111 
Ds-Mn E9-MI5 st-IM7 C9-MIIIIE IMI64 NI lP DI 1'1. HZ Hlill PO NC 
MM:rtl~4 C3 RO 
-T 

All:•tAIS IX-1111 CX•I4fl DX .. III ..... IFC .,_1111 ll•lltl 01•1111 
os-MIS E9-M85 BI-MI7 C9-1ME l,_.llf NI lP DI 1'1. Hl Mito 1"0 NC 
MAl riiiF EIICII tALL JIU 

by stepping through with T can cause such routines to fail. When the next 
instruction is INT, always choose a breakpoint address and use a G com­
mand to go there. 

Continuing with the Ptogram At this point, use G 0015 to allow the 
program to execute the GBTNAMB and MOVENAMB procedures without 
stopping. Notice the input (OONNA N. T ABLBR) in the beginning of 
Figure 4.9 as the program reaches the place where the keyboard input 
routine is executed. Next, as in the figure, display the beginning of the data 
segment again; this time, you can see the output message moved into place. 
Tbeñ, another R and T take us to the point where the printloop begins. 
Here, try malting a change: use the register command to make a change in 
the count register so that the loop will repeat seven times instead of five. 
Tbe sequence of eventa is shown in Figure 4.10. 

OCJHio N. TMI.fl 

AX-MIS ....... -·­~ .... , .,.,.. CX•UYI ~IIN ... 1Ft .,...... 11 .. 111 OI•IIH 
~7 c........: IP.UIS ..., lP DI PI. Nl Mil PO NC 

""" ex •'"' -. DlaNH 

Ml5tllll M 10 17 41 41 :M 21 4f-5) 21 Sf 4F " S2 ll 41 
Ml5•1111 41 e 45 W 21 24M 10·•41 4S 4C 4C 4F 2C 21 44 
tM5tU21 4f 41 41 41 21 .. Zf 21-54 41 42 CC 4S S2 24 21 
...,, .. ,. 21 a 21 a 11 a JI a-21 a 21 21 a 21 21 21 
IM511141 21 21 21 21 21 21 21 21-H 21 21 21 21 21 21 21 
...,, .. ,. 21 21 Zl 21 21 21 21 21-21 21 21 21 21 21 21 2t 
Ml5tll41 21 21 21 21 11 21 JI 21-21 21 2t 21 :n 21 21 21 
MIS•II71 21 21 21 21 11 21 JI 21-H 21 21 21 21 2t 21 21 

Rgurw 4.8 .ASeoond LIXIk .. theO.. 

..... T 11 YOtM N 
.. ? ••• HEU.D, D 
""' H. TMI.( .. 
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AX-IAl$ BX•IIII 
D~ E5-IABS 
tMErlll5 8ft511 _, 

0< .. 149t DX•IIII SP.IlfC ... 1111 Sl•l .. l 01•1118 
5So-M07 CS.IME II••IUS lfJ UP DI Pl Ml NA PO NC 

""" cc,ll., 

A»ot.._., IX .. Itl .,..MI:S ESaiA8S 
Mlt!Erllll Elllll 

tx•lll5 OX•IIII 51"-IIFC SP-1111 Sl•lttl 01•1111 
SS.IA07 CHME Jpoollll NJ UP DI l'l Nl NA PO HC 

-· "' 
"' '"' '"" -· 
AX-M85 ID( ..... 

~tAn E5-IA8:1i 
IMI1HI8 E83UI 

-· 

CALL 1148 

Dt-1117 DX•Utl SP.IIFC 
55-IA07 cs-IME IP.IIII 

tALL 1148 

HEU.O, ~ N. TAGLER 

HELLD, DOf'M N. ·'TAlLER 

HEllD, ~ N. TMLER 

HaLO, DOf'M N. TA8UR 

HlLLD, D(JHI. N. TAlLER 

HELLO, IKJM\ N. TABLER. 

HELL0 0 O(NM N, TA8L.ER 
Prot"• l•r•••at•d .-allr 
-o 

Flgure4.10 Ch&ngingaRegiltar 

~~~'-"'' 51•1111 ....... 
rfJ Uf' 01 Pl NZ NA ,.0 HC 

F"~rst, we enter R ex. DEBUG displays the curren! contents of ex and 
gives usa special prompt, a colon(:). After the prompt, enter the new value. 
Youcan' changejust AHor ALwith thiscommand; the newvalue must be 
a whole 16-bit value. Next, as shown in Figure 4.10, use R again to check 
that the change has been made. Finally, use G with no breakpoint addr~; 
this let the program continue until it ends. You can see that the message IS 

displayed seven times, not five. Alter the program ends, we gel out of 
DBBUG by using Q. for Quit . 

Computer Exercise 
Run NAMBX under DBBUG. First duplicate the session just discussed. 
Notice tbat while offsets are the same in your session, the numbers in the 
segment registers may be different because your program is probably 

. ,. 
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loaded al differenl addresses. Eiplore some more with DEBUG. Try 
. changing lhe contents of some data fields. For example, change INBUF to 

20 and see whal happens when you enler more Iban 19 characters. 

Key Points From Chapter 4 
In this chapter you have learned ID "'remble, link, and run a MASM 
program. Key pointa covered in this chapter include: 

• The simples! way lo assemble a MASM program is lo type: 

IIASII 

and let the assembler prompl you for the names of the source-code, 
object-code, listing, and cross-reference mes. Thee>itensions for these 
names should default lo ASM, OBJ, LST, and CRF, respectively. 

• The quickest way lo assemtlle a MASM program is lo type the desired 
fllenames on tbe MASM command line. To assemble a program from 
source code file PROG.ASM type: 

IIASIIPROG; 

• which wiU produce an object file PROG.OBJ; bul no üsting or cross 
reference. Or else, type: 

IIASII PROG , , LPTl : ; 

lo produce both the object me and a printed Iisting. 

• The eaaiest way lo link a MASM program is to type: 

LINK 

· and let tbe Iinker prompt you for the desired fllenames. 
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• The quickest way to link an object program called PROG.OBJ is to 
type: 

LtNKPROG; 

which will produce a run file name PROG.EXE and no listing. 

• To run a progrsm, type the run me name without the extension. To 
run PROG .EXE, type: 

PROG 

• Use DEBUG to trace your program's execution and find out what is 
happening during a run. 

Chapter Review Questions 

1. What command would you use lo assemble NEWPROG with an 
object file but no listing or cross-reference file? 

2. Whal command would you use to link NEWPROG witboul produc· 
ing a üsl file? 

3. Whal command would you use lo assemble SAMPLER with a 
prinled üsting, bul no object file? ,, 

4. You have asseulbled and linked NEWPROG, producing a run file 
named NEWPROG.EXE. Wbat command would you use lo run 

NEWPROG? 

Answers 

1. MASM NEWPROG; 2. LINK NEWPROG; 3. MASM 
SAMPLER.,LPTl:; 4. NEWPROG 

Computer Exercise 
Assernble, link, and run PHONER, the program you wrole al the end of 
Chapter 3. Run PHONER under DEBUG, looking al the cbanges in the 
stack and data areas as the program runs. Try sorne cbanges, sucb as 
repeating the main part of the program five times instead of !bree. Eiplore. 
Enjoy. You can1 hurt the computer; al worst, you may have lo turn it off 

and restart il. 

. .. 
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5 
Defining and 
Using Macros 

Now thal you know something about writing, assembling, and running a 
MASM prograrn, you are ready lo leam lo use macros in your prograrns. 
You will fmd several advantages to using macros: you can write prograrns 
faster, you can be sure that similar situations are handled uniformly, and 
you can reduce both aasembler and run time errora.ln this cbapter you will 
learn lo defme macros and their parametera, lo call macros, lo pass val u es 
to them, and to build a macro library to use in your prograrns. Some of the 
most useful macros bandle VO interrupts. So far you havelearned only two 
interrupt functions; in this cbapter you willlearn several thal will serve as 
examples of macros. 

Defining Macros 
Most MASM programa include many repeated sequences of instructions. 
Every time a rnessage is displayed on the acreen, for example, the address 
of the message most be moved lo DX, AH most be set to function 9, and 

liD 
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then interrupt 21H must be caBed. A program that interacts with a user 
repeats these instructions many times. We can code this function in a 
general way like Ibis: 

LEA DX , IIESSAGE 
IIOVAH, 9 
INT21H 

To make this general series of instructions into a macro, we must begin 
and end the d:finition with special pseudo-ops. 

Beginning and Ending the Macro Definition 
Every macro defmition begins with a MACRO pseudo·op. The format is: 

.nameiiACRO(dunmyl ist) 

N ame is requíred. The macro name is used to call the macro in the rest 
of the program. We11 name our sample macro DISPLAY. 

Dummy lis! is a üst of the macro's paramelers jseparated by commas). 
The list is optional; not all macros ha ve parameters. You will see examples 
of macros with and without parameters in this chapter. The parameters 
from the dummyüst are used within the macro defmition; they are called 
dummy parameters. When the macro is called, the dummy parameters 
are replaced by narnes or values specified by the calling instruction. 

DISPLAY needs one dummy parameter, MESSAGE, to identify the 
beginning offset of the rnessage being displayed. The MACRO pseudo-op 
for DISPLAY, then, wi1l be: 

D 1 SPLA Y IIACRO IIESSAGE 

Tbe macro body contains the series of instructions that will be copied 
into the prograrn ¡with appropriale replacemenl values) when lhe macro is 
caUed. We ha ve already defined three instructions ¡LEA, MOV, and INT 
21H) thal wi1l be the body of the macro DISPLAY. 

' ,. 
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Each macro defmition musl end with an ENDM pseudo-op. This 
pseudo-op cannot have a narne or operand. lfs jusi lhe operation code, 
ENDM. The defmition of DISPLAY, lhen, cowd look like Ibis: 

DISPLAY MACRO 
LEA 
MCN 
INT 
ENDII 

IIESSAGE 
DX,IIESSAGE 
AH,9 
21H 

Laler in Ibis chapler, we11 discuss how macros are called and used. 
Now, though, lefs review what yo u havelearned by coding another simple 
macro definition, Ibis one without parameters. 

Clearing the Screen 
A prograrn that uses screen displays often needs lo clear lhe screen. In 
BASIC, you do Ibis with the CLS command; in MASM, you must use a 
function of interrupl !OH. Tbis is a BIOS inlerrupl thal has 15 different 
functions, all of them concerned with video 110. We will discuss severa! of 
these functions in Ibis book. Y ou will fmd the infonnation needed lo use all 
nf lhem in Cbapter 12 along with a discussion of sonie other usefw BIOS 
inlerrupls. 

We will use function 6, upward scrnll, lo clear the screen. (We cowd 
jusi as well use function 7, downward scroll.J The scrolling action takes 
place within a window. The window's upper left and lower right positions 
mus! be defined before the function is called. The number of Jines lo be 
scrolled mus! also be defined. H n Jines are scrolled, the top n Jines of tbe 
window disappear. The remaining lines in tbe window move up n lines, 
and n hlank lines appear al tbe bottom nf tbe window. Usually, lhe 
scrolling action takes place too rapidly for your eyes lo follow; lhe new 

- screen jusi appears. To acroll tbe entire window, scroll O Jines. To clear the 
entire acreen, define a window tbat starts al row O, column O and ends al 
row 24, column 79 and acroll tbe entire window. 

You mus! also specify an attribute value for the blank lines scrolled in. 
Eacb cbaracter on the acreen bu an attribute. Tbe attribute assigned for 
the line will be attacbed to any cbaracter later written on that line. 
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Attribule values for black and while display are: 

7. while on black, normal inlensity (normal display) 

112 • black on wbile, nonnal inlensity (reverse video) 

O. black on black, normal inlensity (no display) 

119 • while on wbile, normal inlensity (no display) 

Add 8 to any value lo produce bigh inlensity. Add 128 lo produce 
blinking characlers. An allribute of 248, then, will produce high-intensity 
reverse video with blinking characters. When clearing the screen, you 
usually assign blank lines an allribule value of 7. (See tbe IBM Technical 
Reference Manual for color-display altribule values.) 

The registers used for Ibis function, and lheir appropriale settings 
when clearing the screen, are: 

AH · function number · 6 

AL · number of Jines ·O 

CH · upper left row · O 

CL · upper left column ·O 

DH ·lower righl row · 24 

DL -lower rigbt column · 79 

BH · altribute value · 7 

Lefs narne the macro CLS, since we are duplicating lhe CLS command 
from BASIC. Tbe macro defmition will be: 

CLS MACRO 
IIOV 
IIOV 
IIOV 
IIOV 
IIOV 
IIOV 
IIOV 
INT 
ENDII 

AH,6 
AL,O 
CH,O 
CL,O 
DH,24 
DL,79 
BH,7 
!OH 

Tbis macro uses no dummy paramelers; all the paramelers are flXed . 

.. 
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HOVE ~CRO TO ,FR(J"'~CHAR 
LEA SI ,FRtl1 
LEA OJ,TO 
t10V OC ,CHAA 
REP HOVSB ....... 

F1gun 5.1 The MOllE ...... 

One More Sample 
Figure 5.1 shows a definition for a macro narned MOVB lhal handles string 
moves. 11 has lhree dummy parameters: !he Jocations between which data 
is lo be moved and !he number of characters lo be moved. To be consisten! 
wilh the general pattern of MASM insiructions, we have coded !he param· 
eters using the destination as the frrst parameter and the source as the 
second. The number of characters is the third parameter. 

Review Questions 

l. For each of lhese statements, specify whether it is lrue of lhe 
MACRO pseudCH>p, the I!NDM pseudCH>p, both, or neilher. 

A. Required in every macro defmition 
B. Requiresa name 
C. N ame is optional 
D. N ame is not permitted 
E. Requires parameter Jist in operand field 
P. Parameter Jist is optional 
G. No parameter _Jist is permitted 

2. Function 2 of lnterrupt !OH sets !he cursor position. OH must 
contain !he row, and DL !he column, for !he position. BH musl 
"contain !he number of !he page for which the cursor position is set. 
.We will alwaya use the first page, page O, in Ibis book. Look al Jhis 
definition of a macro intended lo duplicale BAS!Ca LOCATB func· 

'tion: · · 

LOCA TE MACRO 
MOV 
MOV 
MOV 
MOV 
INT 

ROW,COL 
AH,2 
DH,ROW 
DL,COL 
BH,O 
!OH 
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A. What is the name of this macro? 

B. · How many lines are in the body of the macro? 

C. How inanY dummy pararneters are used in this macro? 

D. What are the dummy parameters? 

1!. What is missing from Ibis macro definition? 

3. Function 1 of interrupt lOH can be used to tum the cursor on by 
. setting bolh CH and CL lo 7, orlo turn il off by setting CH lo 39 and 
CL lo 7. (These values assume that you have a Color Graphics 
Adaptor. For lhe Monochrome Adaptor, use 31 as the value in CH 
and CL to tum the cursor on; use 63 and 31, respectively, to turn it 
off.) · 

A. Codea definition for macro CURSORON to turn the cursor 
on. 

B. Codea defmilion for macro CURSOROFF lo turn the cursor 
off. 

Answers 
l. A. Eolh B. MACRO C. Neither D. ENDM E. Neilher F. MACRO G. 
ENDM 2. A. LOCA TE B. 5 C. 2 D. ROW and COL E. There should be an 
ENDM pseudo-op al the end of the macro defmition. ' 
3. A. CURSORON MACRO 

MOV AH,l 
MOV CH,7 
MOV CL,7 
INT !OH 
ENDM 

B. CURSOROFP MACRO 
MOV AH,! 
MOV CH,39 
MOV· CL,7 
INT !OH 
ENDM 

---·----
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Using Macros 
Defining a macro is like providing a new operation code for MASM. To call 
juse) lhe macro, code ils name as the opcode of an inslruclion. In lhe 
operand field, .code a lisl of actual parameters corresponding lo 
MACROs lisl of dwnmy parameters. 

To use DISPLAY lo display NAMBPROMPT, MESSAGB musl be 
replaced by NAMBPROMPT. To display BRROR_MBSSAGB, MBSSAGB 
musl be replaced by ERROR_MBSSAGB. To display ENDMBSS, MBS­
SAGil musl be replaced by IlNDMBSS. To display these lhree messages, 
one afler another, you coafd code Ibis series of inslructions: 

DISPLAYNAIIEPROIIPT 
D 1 SPLAY ERROR_IIESSAGE 
D 1 SPLAY ENDIIESS 

Tbe CLS macro bas no paramelers; cafling il is simply a rnatter of 
coding CLS as an operation code. Tbe MOVE macro, on tbe otber band, 
requires three actual parameters ~ every call. You could call ~t with: 

IIOVE OUTIIESSAGE, t NIIESSAGE, 20 

or: 

IIOVE PR 1 NTIIESS, ERRIIESS, COUNT 

Expanding the Macro 
Remember that the MASM assembler makes lwo passes through tbe 
program. One of its jobs on the first pass is lo eipand eacb macro call. 
Ilxpanding a macro means copying eacb line of the macro body inlo the 
source program and replacing dummy parameters by actual parameters. 
Replacement valuea are assigned on the basis of position. Tbat means thal 
the dwnmy parameter list in the MACRO instruction is compared lo the 
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actual paramet~r list in the operand field of the macro call. The first actual 
parameter replaces the first dummy parameter and so on. On the second 
pass, the macro expansion is translated into machine code. 

When a program lhal uses OISPLA Y is assembled, each OISPLA Y 
instruction is replaced by the macro body with appropriate substitutions 
for paramelers. OISPLA Y NAMEPROMPT, for example, is replaced by: 

LEA DX, NAMEPRDIIPT 
IIOV AH, 9 
1 NT 21H 

These three instructions are translated into object code by the 
assembler; DISPLAY NAMEPROMPT is nollranslaled. 11 you unassemble 
your program under DEBUG, you never see a DISPLAY instruction. 
Instead, you see a series of three instructions: 

LEA DX.I .... 1 
IIOV AH,09 
INT 21 

wberever you coded DISPLAY in your program. 

Looking at Macro Expansions 
Figure 5.2 shows part of an assembler listing that inclu~es several calls to 
lhe M OVIl macro. Notice lhe segmenl offsets lbal are pnnted on lhe left for 
eacb assembled inslruction. Look at the procedure named MESSAGES, 
starting at offset OOIOH in the code segmenl. Tbe MOVIl macro is firsl 
called to move 20 cbaracters from INPUT_MESSAGil lo OUT­
PUT MBSSAGil. (Notice that no offset or object code is generaled lor the 
MOVB instruction; the instruction is not part of the object code.) Tbe next 
four lines conlain the actual so urce code translated by the assembler. Tbe 
• + • between the object code and the so urce code indica les t)>at lb e line is 
generated by a macro call. , . 

Compare lhose lines (offsets OOIOH through OOIBH) w1lh !hose gener· 
aled by the second calllo MOVE joffsets OOIDH through 0028H). Notice 
that all the source and count paramelers have been replaced by different 
names or immediate values. 

. ,. 
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1111 .... 89 lilE 
1113 80J6N41R 
1111 ID JE .... 1 .... F31 A4 

IUO 89 IIIF 

"" 10 36 .... .... 803EIIIIR .... F31A4 .... • lE IICI 1 .... ID 36 .. 41 1 
1122 10 lE IIH 1 .... F31 A4 

Apre 5.2 Macro Expansiona 

1138 89 .... 
••• 103611811 
IUF ID 3( 1111 1 
1143 F31 A4 

1145 88 lE IICI 1 
1149 ID 14 Mil 

ttESSMES PROC 
H0JE OISTPUT ASSA&E , INPUT ....1115SA6f ,ll 
HDJ 0(,31 
UA SI,INPVT..HESSAGE 
LfA DI,OUTPUJ.JIESMOE ... ...,. 
t10IJI OUIPUT.JtESSAU ,EIROR.JtfiMBE, 1:1 
HIIU CX,IS 
LfA sa.r.....,.SSA&E 
LEA DI,OUTPUT..M...: --.,. OUJMASIME,INPVJJtESM&E,CDUfT 
.., CC,COUfT 
LfA ll,l,..,....ltESMIE 
LEA DI,OUI'PUJ...IESMSE ---
fOil DLJlPUT...HEIMSI:,EIIGUtEI&A6E 
.., OC' o 

LEIII 11 ,EatelltJtESSME 
lfA DI,OUJPUTJEIIAIE ......... 
ftOJE OtiTPUT...ItE:SMGE,,coun 
MJJ OC ,Cot.Hf 

• L.fA 11 • 
E r r o r S.INo i-dialt _. 
1140 ID JE 1111 1 
1151 FJ/ A4 

UA 01 ,OUTPUT..IESSAGf 
... lO/Sil 

Look at the third call to MOVE lfollowing offset 0028H). This time the 
"number of characters• parameter naines a data field instead of an inunedi· 
ate value. When the parameter is used )offset 002AH), it still produces a 
legitimate instruction since MOV can move data from an address to a 
register as well as from an inunediate value. 

Omitting Parameters 
What happens if you leave out an actual parameter in the call? Figure 5.3 
shows two expansiona of the MOVB macro. In the first one, the third 
parameter has been omitted. In the second, following offset 0043H, the 
source-field parameter has been skipped. In both cases, the appropriate 
dummy parameter has been replaced by a nni)OO) inunediate value. The 
instruction generated al offset 0038H is a valid instruction, since MOV can 
use an inunediate value in the second operand. But, it will cause invalid · 
results and pooaibly an endleas loop at execution time. The instruction 
generated at offset 0049H causes an assembler error, since you can't use an 
jmmediate value with LBA. 
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Review Questions 

l. Which statements are true? 

2. 

A. To calla macro, code t~e macro name asan operation code. 

B. Actual parameters are !hose in the body of the macro definí· 
tion . 

C. A11 macro calls req uire a parameter lis t. 

D. If an actual parameter is omitted in a macro call, a null value 
will be.supplied in the macro expansion. 

Using macros defined in this chapter and the preceding set of ques· 
tions, code instructions to: 

A. Turn the cursor on. 

B. Turn the cursor off. 

C. Move the cursor to position 0,0. 

D.· Move the cursor to the lower left corner of the screen jrow 
24, column 79). 

Answers 
l. A and D are true. Here's what's wrong with the others: B. Actual 
parameters are !hose found in the macro call. D. A parameter list ¡5 

required in a macro call only if the macro defmition includes param· 
eters. 2. A. CURSORON B. CURSOROFF C. LOCA TE 0,0 D. LOCA TE 
24,79 

lmproving Macros 
Lers write a more flexible macro to display messages, one that can display 
amessageanumberof times. We1lcall thisnew macroMULTDISP. Partof 
its defmition could go like this: 

IIULTDISP IIACRO IIESSAGE,COUNT 

IKJV CX,COUNT 
REPEAT: 

LEA DX,IIESSAGE 
IIOV AH,9 
INT 21H 
LOOP REPEAT 

ENDII 

.. 
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U MULTDISP is called first using OUTMBSS and 5 as replacement 
values, the first expansion of the macro includes: 

IIOV CX,5 
REPEAT: 

LEA DX , OUTIIESS 
IIOV AH,9 
INT 21H 
LOOP REPEAT 

A second expansion, using BRRMBSS and 3 as replacement values, 
produce these lines: 

IIOV CX,3 
REPEAT: 

LEA DX , ERRIIESS 
IIOV AH,9 
INT 21H 
LOOP REPEAT 

The label RE PEA T now occurs twice in the program. This causes an 
assembler error. Bach label in the code segment must be unique. How can 
you manage that and still be able lo use labels within macros? By using the 
LOCAL pseucJo.op. 

The LOCAL Pseudo-op 
The LOCAL pseud<><>p lisis all the labels used within a macro. Each time 
the macro is expanded, the assembler creates a unique symbol for each 
label listed and substitutes that symbol for the label used in the macro 
definition. Tbe formal of the pseudo-op ia: 

LOCAL dunmy 1 1st 

where dummylist ia a list of labels separated by commas. LOCAL must be 
the first instruction after MACRO; not even commenta can come between 
MACRO and LOCAL. 
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When we add LOCAL to MULTDISP, it looks like this: 

IIULTDISP IIACRO IIESSAGE,COUNT 
LOCAL REPEAT 

IIOV CX,COUNT 
REPEAT: 

LEA OX,IIESSAGE 
IIOV AH,9 
INT 21H 
LOOP· REPEAT 

ENDII 

When the macro is expanded, the assembler replaces REPEAT by a 
unique symbol made up of two question marks )??) followed by a four-digit · 
hexadecimal number. lf a program's macro expansions include several 
locallabels, the fust one used will be replaced by ??0000, the second by 
??0001, and so on. Suppos.· • '··" MULTDISP is the first macro expanded in a 
program )or at least the fust one that includes a locallabel). The expansion 
includes these lines: 

710000: 

LOOP 1?0000 

lf MULTDISP is a1so the second expanded macro, the second expansion 
will include these lines: · 

1 

??0001: 

LOOP 110001 

Cautlon: Don'! try lo use thia capability lo defme data fielda within a 
macro. Remember that data fields are expected lo be in a data segment, 
while macros generally are used within acode segmenl. Data for macros is 
generally either paased by pararneters or by placing values in registers .. lf a 
macro must use a data field that cannot be a parameter, define the field in 
the data segment of each program that ca11s the macro. 

. .. 
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Nesting Macros 
Macros can be nested. This means that a macro defmition can call another 
previously defmed macro. We could have defined MUL TDISP like this: 

IIULTDISP 

REPEAT: 

MACRO 
LOCAL 
IIOV 

IIESSAGE , COUNT 
REPEAT 
CX,COUNT 

DISPLAYIIESSAGE 
LOOP REPEAT 
ENDII 

as long as tbe defmition of DISPLAY occurred in the source code befare 
MULTDISP. 

Preserving Register Values 
You have leamed that it is wise to preserve the original values of registers 
when using subroutines (except when a changed register value is specifi· 
cally expected as a result of the subroutine). The same principie applies lo 
the use of registers in macros. When you codea macro definition, you don't 
know what the situation will be when the macro is called. The MULTDISP 
macro, for example, could be called on as part of a routine that is using AX, 
CX, or DX for its own purposes. Irs good practice, tben, to preserve the 
original values of registers in a macro as wellas in a suhroutine. Our fuil 
MULTDISP macro should look like this: 

IIULTDISP MACRO IIESSAGE , COUNT 
LOCAL REPEAT 
PUSH AX 
PUSH ex 
PUSH DX 
IIOV CX,COUNT 

REPEAT: 
LEA DX,IIESSAGE 
IIOV AH,9 
INT 21H 
LOOP REPEAT 
POP DX 
POP ex 
POP AX 
ENDII 

S~pl• H&cros 

CLS NACRO 
PUSH AX 
PliSH BX 
PUSH ex 
PUSH ox 
t10V AH,ó 

""' AL,8 

""" CH,8 

""" Cl,8 
HOU DH,24 
HOV DL,7~ 
HOU BH,7 
INT IIH 
POP DX 
POI' ex 
POP ex 
POP AX 
ENilt1 

1 
DISPLAY HACRO MESSAGE 

PUSH '" PUSH ox 
LEA OX ,MESSAGE 
r1IJU AH,P 
INT 21H 
POP ox 
POP '" ...... 

' LOCA TE NACRO RCioi,COL 
PUSH AX 
PUSH "" PUSH DX 
HllV AH,2 

""" DH,RCLI 
MOJ DL,COL 

""" BH,O 
INT IIH 
POP DX 
POP BX 
POP AX 
ENOH 

Flgurw 5.4 Sample Macros 
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HOVE HACRO TO, FRC11, CHf:I.R 
PUSH SI 
PUSH DI 
PUSH CX 
LEA SI, FRCJ1 
LEA DI ,TO 
HOV CX,CHAR 
REP HOJSB 
POP CX 
POP 01 
POP 51 
ENOH 

' STARTER MACRO 
PUSH 
HOV 
PUSH 
HOV 
HOV 
HOV 
ENOH 

DS 
AX,O 
AX 
AX, PROG_DATA 
OS,AX 
ES,AX 

Similar PUSH and POP instructions should be added to the other 
sarnple macros from this chapter. Figure 5.4 shows complete defmitions 
for all these macros. 

Leaming More About Macros 
You have learñed enough lo code many simple and useful macros. Four 
other pseudo-ops are used in macros: EXITM, IRP, IRPC, and REPT. One 
of them, PURGB, deletes a macrodefmition when it is no longer needed in 
a program ¡to save program space). Additionally, there are four symbols 
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used for special purposes within macros ¡&'lb, !, :J. As you become an 
experienced MASM programmer you may want to learn about these from 
the MASM manual so you can wrile more complex macros. 

Review Questions 

l. Here is part of the defmitiori of CMAC: 

CMAC MACRO 

ALABEL: 

LOOP 

ENDII 

ALABEL 

A. Code an instruclion thal will ensure thal no duplicale labels 
are generated by calling CMAC. 

B. Where should lhe instruction go? 

2. Revise lhe definitions of CURSO RON and CURSOROFF lo preserve 
regisler values. · 

3. Define a macro~~ CENTBR thal wiJJ clear the screen and display 
a message al pos1tion 12,30. The message wiJJ vary eacb time the 
macro is called.jUaing already defmed macros you should be able lo 
code this macro in fivelines.J 

Answen 
l. A. LOCAL ALABEL B.lmmediately foUowing MACRO 
2. CURSORON MACRO . 

PUSH AX 
PUSH ex 
MOV AH,l 
M0V CH, 7 
MOV CL,7 
INT lOh 
POP ex 
POP AX 
ENDII 

CURSOROFF MACRO 

1 

3. 
CENTER 

PUSH 
PUSH 
MOV 
MOV 
MOV 
INT 
POP 
POP 
ENDM 

MACRO 
CLS 
LOCA TE 
DISPLAY 
ENDM 
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AX 
ex 
AH,l 
CH,39 
CL.7 
lOH 
ex 
AX 

MESSAGE 

12,30 
MESSAGE 

Placing the Definition 
A macro definitioo must precede the first use of the macro. Usually, we.put 
al! the macro defmitions al lhe beginning of the program, but Ibis is nol 
required as long as eacb defmition comes befare the frrst use of the macro. 

You will probably want to use the same macro definitions in many 
programo. Macros sucb as CLS and MOVE, for example, may be useful in 
every program you write. You can use your editor or word processing 
program to create a file containing commonly used macro defmitions; such 
a file is called a macro llbrary. A macro library jor any other file) can be 
copied into a program by using the lNCLUDE psuedo-op. 

The INCLUDE Pseudo-Op 
Tbe formal of the INCLUDE pseudo-op is simply: 

1 NCLUOE f i 1 en ame 

The fdename should include any necessary drive or patli designations as 
well as the full filename. Valid 1NCLUDE stalements mighl be: 

1 NCLUDE B: IIYLI B. Ll B 
1 NCLUDE A: V 1 OIIACOI. ASII 
1 NCLUOE DEF 1 NES . Ll B 

. .. 
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When the assembler encounters INCLUDB, it looks for the specified 
file and copies it into the prosram being assernbled. The copied so urce cOde 
is assembled as ifit were part of the original prosram. The assembler listing 
shows a "C" in column 30 of each line copied from an INCLUDB me. 

INCLUDB can occur at any point in a program. You can use INCLUDB 
at the beginning lo copy a meof macrodefinitlona. You might INCLUDB a 
me with a 1ist of data definitinns within the data aegment. You might build 
a library me with commonly uaed PROCa and INCLUDB it within acode 
segment. Bach INCLUDB causes the specified me to be copied into the 
program at the place where the INCLUDB occurs; then, the copied lines 
are treated as part of the original oource code. The only restriction is that 
the INCLUDB me cannot itself contain an INCLUDB pseudo-op. 

Multiple Macro Librarles 
Y oú can use seveml macro librarles in the same program. You might build 
one library containing only .macros involving video routines, another with 
string·handling macros, anda third with printer routines. You could then 
INCLUDB one, two, or all of these librarles in a program, depending on 
which sets of macros would be usefnl in that program. A program can have 
a combination of macro definitions from one or more librarles as weU as 
macros coded directly in the source code. 

What happens if you include two macro librarles that happen to con· 
tain macros with the aune name? No error message is generated and the 
most recen! definition is used to expand macro calla. Look at Ibis sequence 
of instructions lnumbers are provided for referencel: 

1 AIIAC MACRO 
;macro def in i t ion 1 

ENDII 

2 AIIAC 

3 AIIAC 

4 AIIAC IIACRO 
·;macro def in i t ion 2 

ENDII 

5 AIIAC 

The first two calla lo AMÁC 12 and 31 use the fust macro definition 111. 
Then, the newdefinitinD 141 ieptaces the originalone, and the next calll51 is 
upanded according lo the n.W definition. 

NAHEX .,.¡ th 
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INCLUDE FIRSTLIB.LIB 

~ROILSTACK SE(J"IENT STACK 'STACK' 
DB 64 OUP <'STACK ') 

PROILSTACK ENOS 
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1 EGHENT 'DATA' 
~~~;T ~~ eAH.IOH,'WHAT 15 VOUR NAHE? ',24H 
QUTHESS 08 tAH.IOH,'HELLO, ' 
OUTNAHE os 255 OuP<' ') 
INBUF 08 255 
INCOl.NT OB ? 
¡NNAHE OB 255 OUP(' '> 
&,~OHESS DB •EN!) OF PROGRAM'. 24H 

PROG-OATA ENDS ' 

~ROG-COOE SEGMENT 'CODE' 
MAIN-PROG PROC FAR OOE OS PROG DATA.SS:PROG_STACK,ES:PROG-DATA 

ASSUHE CS:PROG_C • 1 -
STARTER ¡PROMPT FOR NAHE 
CAt..L PRCl1PTER . GET NAME INPUT 
CALL GETNAME ;1'10VE NAME TO OUTPUT LINE 
CALL MOVENAME ¡LOAD col.NTER FOR PRINTLOOP 
11"-" CX,5 

PRINTLOOPI ¡PRINT NAME MESSAGE 
DISPLAY OUTMESS 1 ANO REPEAT CX TIMES 
LOOP PRINTLOOP 
CALL FINAL ;THEN RETURN TO OPERATING SYSTEM 
RET 

HAIN...PROG ENOP 

PROC • FINAL 
LOCATE 24,8 
CURSOR OFF 
DISPLAY ENOMESS 
RET 

F INA.L ENOP 

• QETNAf1E PROC 
PUSH 
PUSH 
HOV 
LEA 
JNT 
POP 
POP 
RET 

GETNAiiE ENDP 

' 110JENAHE PROC 
. PUSH 

HOV 
HOV ....... 
HOV 
POP 
RET 

AX 
ox 
AH,IAH 
OX,JNBUF 

·21H 
OX. 
AX 

BX 
BH,IH 
81.. , 1 NCOli'IT 
QUTNA11E, I"""*""E, BX 
QIJTNAHE( 8X J , 2 .. H 
BX 

¡GET STRING FAOH KEYBOARD/ECHO 
IADORESS OF INPUT BUFFER 
;DOS 

16ET COI.HT FOR MOVE 

1NEXT CHAR 1 S • 
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HOVENAtiE ENDP 

' PRa-tPTER PROC 
CLS 
CURSORCH 
LOCATE 11,8 
O 1 SPLAY NAMEPRtt-FT 
RET 

PR(I1PTER &.OP 
; 
PRCIG_COOE 'ENOS 

ENO HAIN....PROG 

F'gure 5.5 NAUEX wilh Uacroa 

lt's nota good idea lo use different definitions for the same macro; your 
, prog111m will be easier to read and foUow if each macro has one and only 
one definition. If your program uses several macro libraries or includes 
both macro libraries and separately coded macro definitions, be sure that 
you don't unintentionaUy use the same macro name for two different 
defmitions. On the other hand, if you have the same macro definition in 
two (or more) libraries, you don't need to worry about errors arising from 
the inclusion of both libraries in the same program. 

Computer Exercise 
Enter the macro definitions from Figure 5.4 and the review questions as 
FIRSTIJB.Lffi. Your library should include al least CLS, CURSORON, 
CURSOROFF, STARTER, LOCATB, DISPLAY, and MOVB. Then, enter 
NAMI!2.ASM, the program shown in Figure 5.5. 

Now assemble NAMBZ, printing the assembly listing. Notice the cop­
ied lines jmarked by "C"J and the lines generated by the macro expansions 

· jmarked by "+1- Link and run NAMB2. You can use the macros from 
FIRSfLIB.UB as the basis of your own macro library. 

Macros and Subroutines 
Both macros and subroutines are used lo reduce the nwnber of lines coded 
by a p~rammer, thus reducing the possibility of errors. Bven though a 
macro 18 coded only once, bowever, each of its lines is included in the 
program each time the macro ia caUed. No program space is saved by using 
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a macro. Subroutine lines, on the other hand, are included in the program 
only once, no matter how many times the subroutine is called. A long or 
frequently called routine may be better coded as a subroutine than as a 
macro. 

The use of parameters makes a macro much more flexible than a 
subroutine. U you are going to use the same general routine wilb different 
data items, you will probably want to code itas a macro. 

In many cases, the choice of coding a routine as a macro ora subroutine 
depends on the programmer's preference. Most programmers seem to 
prefer to use macros for routines that are used in many programs or that 
will be used in only one program, but with different data items. In turn, 
they often prefer to use subroutines for those routines used within a single 
program and to which data can easily be passed th~ough registers or data 
f~elds. 

Key Points From Chapter 5 

• A macro definition must begin with a MACRO pseudo·op. The 
pseudo-op must include a na me. The operand field may canta in a list 
of dwnmy parameters, separated by commas. 

• A macro definition must end with an ENDM pseudo-op. This pseudo· 
op has no name or operands; it consists solely of the operation code 
ENDM. 

• The macro body contains the instructions to be copied into the pro­
gram al the points wbere the macro is caUed. 

• If the macro body includes one or more labels, the second statement 
in tbe defmition must be a LOCAL pseudO-<>p that lists lin the operand 
fieÍdJ aU sucb la beis, separated by commas. 

• To caU a macro, code its name asan operation code. The operand field 
must contain a list of actual parameters corresponding lo tbe dummy 
parameten in the defmition's MACRO pseudo-op. 

' .. 
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• on the frrst pass through the source code, the assembler expands any 
macros called. 1t replaces each calling instruction by the instructions 
copied from the appropriate macro body, with actual parameters 
replacing the dummy parameters in the body. Labels defmed as local 
are also replaced by unique labela. 

• A macro definition must precede the first usi of the macro in the 
source program. 

• A macro definition may include a caJI toa previously defined macro. 

• A source-code library that containa macro definitions jor any other 
source code) can be oopied into a program during assembly by coding 
an INCLUDB pseudo-op which specifies the meto be copied. 

Chapter Review Questions 

l. Matcb each pseudo-op with the description that bes! fits it. Not aU 
descriptiona are used. 

A. MACRO a. ·ea uses assembler to generate 
B. BNDM unique labels 
c. LOCAL b. Causes macro expansion 
D. INCLUDE c. Begins a macro definition 

d. Ends a macro definition 
e. Causes assembler lo copy a 

source code me 
2. Whicb statementa are true? 

A. Bvery macro defmition must end with an ENDM pseudo­
op. 

B. Bvery macro definition inust include at leas! one dummy 
parameter. 

C. The aasembler matches actual parameters to dummy 
parameters by position in the parameter list. 

D. Tbe LOCAL pseudo-op teUs the assembler that a macro 
definition ia to be used in one program only. 

3. Look at this macro definition: 

SWAPBYTE MACRO 
PUSH 
MOV 
MOV 
MOV 
MOV 
POP 
ENDM 

ONE,TWO 
AX 
AH,ONE 
AL,TWO 
ONE,AL 
TWO,AH 
AX 
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A. What is the name of this macro? 

B. Codean instruction that will call on this macro to swap two 
one-byte fields named HIGH and LOW. 

Answers 

1. A. e B. d c. a D. e; bis not used. 2. A and C. Bis false b_ecause a macro 
ay ha ve any number of parameters, or no parameters. D IS fal~ beca use 

:;:. LOCAL pseudo-op identifies labels within a macro that must be 
replaced by unique symbols when the macro •s expanded. 3. A. SWAP­
BYTE B. SWAPBYTE HIGH,LOWorSWAPBYTE LOW,HIGH 

Computer Exercise 
Revise the PHONER program so that it clears the screen, turns on the 
cursor, and begins prompting somewhere near the middl; of the screen. 
End the program by displaying the message "GOODBYE on th~ bottom 
line of the screen and tum off the cursor. Use macros from your hbrary as 
much as possible. Assemble, link, and run your revised program. lf you 

. bave problems, look at our version of the program wh1ch foUows. 
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INCLUOE FIRSTLIB.LIB 

• GETOATA MACRO JNSUF,COUNT 
PUSH AX 
PUSH ('X 
t'IOJ AH,IAH 
LeA OX ,INBUF 
HOJ INBUF ,COI.NT 
INT 21H 
..... ox 
... A>< ...... 

1THIS IS THE SECONO 
1 VERSI (1-.1 OF THE PHCNE 

N1.11BER PROGRH1 

;GET STRING FROH KEYOOARD/ECHO 
;AóORESS OF INPUT BUFFER 
~~t:·r INPUT SIZE FOR NAME ,.,.,. 

,. 

1 
1. 

1 
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PROG_STACI< SEIJ1ENT STACK 'STACK' 
DB 64 01.P <' STACK '> 

PROO_STACK &lOS 

' PROG-DATA SEIJ'tEHT 'DATA' 
NAt'IEPRO"PT 08 MH, IDtt, 'NANEa •, 24H 
PHCJ.jfPROtPT D8 Mtt,IOH,'PHONE Nt.I18EA1 ',24H 
ENOHESSAGE 08 'B0008Y'E' ,24H 
OUTl.INE 1)8 8AH,IDH 
OUTPHOE 08 8 OUPC ' •) 
OUTSPACE DB 3 OUP< • ' > 
OliTMAHE DB · 31 otrc • • > 
INBUF DB 31 
INCOLNT OB ? 
INMTA OS 31 DIFC' ') 
PROG-OATA 9105 

' PROG-COOE SEGHEHT 'CODE' 
MAJN-PROG PROC FAR 

~~!~~A CStPROO_CODE,OSIPROQ_DAJA,SSIPROB-&TACK,ES•PROO-OATA 

CLS 
CURSORON 
l.OCATE 11,1 
ttW CX,3 

HIIIJNL.ODP1 
CALL. GETJWtE 
CALL. GETPHCHE 
DISPlAY OUTLINf 
LOOP MAINlOOP 
CAL.L. FINAL 
RET 

HAHLPROG ENDP 

' FINAL 

FINAL 

' 

PROC 
LOCATE 23,11 
OJ SPlAY ENOKESSABE 
CURSOROFF 
RET 
ENOP 

GETNAHi PROC 
PUSH 8X 
DISPlAY NAMfpa~ 
GETOATA IHBUF,3¡ 
HIJAJ IH.IH 
HOV Bl., INCOlHf' 
ttOUE OlJ'TNAJ1E, INDA TA, B>C 
1'01 OUTNIIIftEUDO, 24H 
POP IX ..,. 

B<l>W<E ENOP 

' OETPHQ<C ltROC 
DISPLAY PHCHEPRCHtT 
GETMTA INBt.P, P 
~ OUTPto.E,JNDATA,8 

OETPHCJI.IE &eH" 

' PROO...COOI: EN08 
ENO 11AIN...~ 

;PR()11>T, INPuT. ANO ~ NtAHE 
1 PRa-tPT ANO INPUT PHCNE 
¡DISPlAY LINE 
1 ~ AEPEAT PROCESS 

aTHEN RETURN TO OPEAATING SYSTEN 

1 PRCJ1PT FOR NAr1E 
1DET NAr1E IN BUFFEJt 
¡$1T UP tw1i CCM.HT 

IHOUE tw1E TO PRINT 
INEXT CHAA 11 • 

aPRQHPT FOR PHCJ.IE 
10ET PHtf'.IE IN BUFFER 
II'OJE PHCJI.IE TO PRIHT 

6 
Coding Operands 

You have used the three operand types (registers, addresses, and immedi­
ate data) in their simplest forms. This chapter shows you how to code 
address operands with displacements and modifying registers. You will 
also learn to replace constants, such aS those used in immediate operands, 
with symbolic names, which are more legible and easier to change. Fur­
thermore, you willleam to use special operators to designa te and change a 
variable lield's atlributes. 

So far you don't have very many instructions in which to use these 
operands; most of the examples in this chapter in vol ve MOV. You'U 
expand your instruction set in the next few chapters. lf you learn a wide 
range of possible operands now, you will be able lo make full use of new 
instructions as you encounter them. 

Address Operands 
Remember that an address operand specilies the location in which data 
will be found or placed during an operation. So far in this book, we have 
wrillen address operands using the variable names (names of fields. 
defmed in the data segment, such as NAMEPROMPTI and variable names 
modified by the contents of a register (OUTNAME(BXII. The assembler 
replaces source-code variables by their offsets. The contents of modifying 
registers are added lo the offset al run time lo calculate the effeclive 
address. In most cases, the EA is assumed lo be an offset within the data 
segment. We will discuss exceptions lo this rule la ter in this chapter. 

13: 
.-
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Using Registers to Modify Addresses 
An address can be modified by a base register (BX or BP), an index register 
(SI or DI), or 8 combination of one base and one index register. These four 
combinations are legal: 

NAIIEPROMPTIBXIIS 11 
NAIIEPROIIPTIBXUDII 
NAIIEPROIIPTIBPIIS 11 
NAIIEPROIIPTIBP!IDII 

There are severa) ways to specify a combination. The combination of 
BX and SI, for example, can be written as (BX)(SI). (SIJIBX), (SI+ BX), or 
(BX+SII. 

Why use registers to modify addresses? You saw one reason in NAMBX 
(NAMEX is printed in Figure 3.12): a situation in wbich we needed to move 
an end-of·text marker ($)toan address that was unknown al the time we 
coded the program. The exact displacement of "$" from the beginning of 

' OUTNAMB couldn\ be known until a name was input during program 
execution. 

Later in this book, you will see programs in which modified addresses 
are used within loops so that eacb repetition affects a different address. 
Here's an exarnple, part of a routine lo move spaces to a 132-character 
printline: 

CLEARIT: 

MOV 
MOV 

IIDV 
INC 
LOOP 

ex, 132 
BX,O 

PR 1 NTLI NEIBXI. ' ' 
BX 
CLEARIT 

;ADDS 1 TOCONTENTSOFBX 

You haven\ learned INC yet; don't worry about it now. lt simply 
increases the value in BX by l. You can see that each time the loop is 
repeated, 8 space is moved lo the byte foUowiog the byte affected by the 
previous repetitioo. BX is often used lo move througb a data field in this 
way. 

When would you use two registers in an operand? Most often in nested 
loops, such as in routines that are repeated for every occurrence of a two­
dimeosional array. 
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How do u decide whether to use BX, BP, SI or DI to modify an 
dd 7 So~times one of these registers already contams the reqw~ed 

a ress 1 know that DI points to the destination of a strmg 
value. For eump e, you . ¡¡ f th byt 

(MOVSB) Al the end of the move, DI holds the o set o e e 
~~ve . the ~~ one towlúch data was moved. U you need to address that 
. :.::~;:{lo move "$" into it, for example), it makes sense to use DI as the 

odifyin register. lf yo u are using SI, DI, and BP for other purposes, yo~ 
m.

11 8
8x · our 8ddress operand. Most of the time 1fs not so clearcut, 

~ use my . . 
the choice between BX, BP, SI, 8nd Dlls arb•trary. . 

An dd SS operand can consist of a register (or two) m brackets, but 
'th a re. ble name The register(s) will previously have been loaded 

Wl out a vana · · t" 
with an address. and that address will be the EA. These mstruc IODS, 

LEA BX, ONECHAR 

IIOV AL , tBX) 

result in moving the contents of the byte al O N ECHAR to AL. Notice the 

difference between this and: 

IIOVAX,BX 

which copies the one·word contents of BX into AX. 

Displacements in Address Operands 
An address can also be modified by a specific displacement. y ou can code 

f the fourth byte foUowing NAMEPROMPT, for example, as 
the address o PT 4 y can also put the displacement within brackets or 
NAMBPROM + · ou . . .. 
combine it with a modifying regíster, like thiS. 

NA11EPROIIPTI41 
NAIIEPROIIPTI4UBXI 
NA11EPROIIPT!BX+41 
NAIIEPROIIPT +41BXI 

The 1ast three of these eliamples are interchange8ble; they 811 produce the 

sameBA. 

. .. 

' 1 

1 

1 
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V arious arithmetic operations can also be used in specifying a displace­
ment,asin: 

NAIIEPROMPT128/71 

Generally, bowever, we recommend tbat you stick lo tbe simples! possible 
metbods of indicating displacemenlll. We usually code address operands 
using tbe following formal: 

var iab 1 e+d i sp 1 acementibaseJ(i ndexl 

You can'! use a displacement alone as an address, even in brackets. An 
operand like 4 or 141 will be treated as immediate data ratber Iban as an 
address. A displacement can, bowever, be combined witb a modifying 
register. These three operands: . 

4!BXI 
IBX1141 
IBX+41 

are eacb treated as an address operand, resulting in an EA computed by 
adding 4 lo tbe contents of BX. 

Segment Overrides 
One more thing: in most cases an address operand i5 assumed to pointto an 
offset in tbe data segment. There are ezceptinns, bowever. Here are tbe 
rules: 

l. If a variable name i5 included, tbe segment i5 tbe one in wbicb tbe 
variable is defined (tbars usually tbe data or tbe extra segment). 

2. If no variable name is included, and BP i5 one of tbe registers 
involved, tbe offset is assumed lo be in tbe stack segment. 

3. If no variable name is included, and BP is not one of tbe registers 
lovolved, tbe offset is assumed lo be in tbe data segment. . 

Rules 2 and 3 can be overriden by specifying a segment witbin tbe 
operand. Look al F"'8"fe 6.1. Here we bave defined variables in botb tbe 
data and ertra segments. In tbe code segment, operands sucb as (DIJ, 
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TtE-DATA SEGf'tENT 'DATA' 
TESTI 08 1 ,2,3,4,3 
TEST2 08 6,7,B,P,ll 
THE..MTA ENDS 

' THE....EXTRA SEGHENT •XTRA' 
TEST3 OB 11,12,13,14," 
TEST4 08 16,17,28,19,28 
THLEXTRA &lOS .. ·. 
Flgurel.t Defining Data in Two Segments 

TBSTI, TESTZIBPI, IBXIISIJ, DS:IBPI, and DS:41BPI are interpreted as 
offsets within the data segment, while operands such as TEST3, 
TBST4IBPI, ES:JBXI. and ES:41BPIISII point to offsets within the extra 
segment. üperands such as IBPI. IBPIISII. 4IBPIISII and SS:IBXI represen! 
offsets within tbe stack segment. 

What happens if you try to override a segment with a variable operand? 
The operand ES:TESTI sbows up in the object code generated by the 
assembler as an offset of O within tbe extra segment. But, tbe linker 
produces an error message indicating that the object code contains an 
impossible address. Don't try to override segment assignments of vari-

ables. 
· There's one more thing to watch about segment assignments. As you 

have leamed the destination of a string operation must be within the extra 
segment. Yo~ cannot use a segment override to chang~ that assignment. 
Tbars wby we usually pul the same segment number m DS and ES; we 
want the same fields to occur at the same offsets within both segments. 

A Matter ofTerminology 
Addresses tbat consist simply of a data or variable name are called simple 
variable operands. Those tbat include modifiers in brackets ar7 calle_d · 
IDda:ed variable operands. An indexed vanable usmg two regtsters ts 
called a double lndexed variable operand. If you are familiar with otber 
microcomputer assembler languages, you bave seen references to address· 
ing modes such as "direcr, "indirect", ~mdirect indexed", and so on. Such 
terms are not really very useful in MASM. Al1 yo u really need lo remember 
is tbat an address can consist of combinations of tbese four elements: 

l. Variable name 

2. Displacement 

3. Base register 

4. Index register 
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The displacement can be specified in various comple• forros, but the 
assembler always computes it and adds it lo the offset specified by the 
variable name. The contents of the base and inda registers are added into 
!he effective address al ruo time. 

Review Questions 

Refer lo these defmitions lo answer !he review questions: 

THE_DATA SEGIIENT 
'DATA' 

EIIPNAIIE DB 30 DUP(' ') 
EIIPADDR DB 50DUP('') 
EIIPPHONE DB 8 DUP(' ') 

THE_DATA ENDS 

In questions 1-5, code each operand lo mee! the specifications in !he 
simples! possible form. 

l. An operand referring lo !he flrst byte of !he employee address. 

2. An operand referring lo !he last byte of !he employee phone number. 

3. An opecand using the contents of a base register lo modify the 
address from queation l. 

4. An operand uaing the contents of an inda regiater lo modify !he 
address from question 2. 

5. An operand using !he contenta of an inda regiater to modify !he 
address from question 3. 

6. Some of these operands are incorrect. Which are incorrect and why? 

A. BS:VARY 

B. V ARY(BXIISIJ 

c. VARY(AX) 

D. V ARY(BXI(BP) 

E. (BX) 

,. 
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Answers 
1. EMPADDR 2. EMPHONE+7 3. EMPADDR)BX)or 
EMPADDR)BPI 4. EMPHONE+7)SI) or EMPHONE+7)Dl) 5. 
EMPADDR)BXI(Sl) or EMPADDR)BXI(DI) or EMPADDR)BPI(Sl) or 

EMP ADDR)BPIIDII 
Youcould have rearranged the parts in volved in these answers in many 

ways; !he answer to question 4, for exarnple, could be EMPHONE)Sl + 7). 
Throughout the book, however, we will code operands in !he prefecred 

format: 

var ¡ ab 1 e+d i sp 1 acement)basell i nd_ex) 

6. A. Don'! o~erride a segmeot with a variable operand. C. AX cannot be 
used as a modifying register. D. You can't use two base registers in an 
operand. B and B_ are correct. 

Symbolic N ames for Constants 
A variable has a value that roa y change during !he course of the program·s 
execution. A constant has a value k.nown at the time the program is 
assembled· it does not change when the program is executed. Constants are 
used in ~y ways in MASM source code.ln each of these instructions, for 
example, 4 is a constan!: 

IIOV AL, 4 
IIOV AL ,OUTNAIIE+4 
IIOV AX, 4)BXI 

Immediate data operands are always constants. This instruction: 

IIOV DUTIIESS+32. 24H 

moves an immediate data value toan address in storage. In this instruction 
24H ia 8 constsnt. 11 is coded direcUy in !he source code and never changes 
and ia included in !he object code instruction created by !he assembler. 

,• 
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A symbolic name or label can be assigned to a constan! by using tbe 
EQU pseudo-op. This pseudo·op has the formal: 

name EQU express ion 

where expression is !he val u e assigned to !be name. This is not tbe same as 
defining a variable; no space is reserved and the val u e assigned to the name 
cannot be cbanged. The assembler keeps !rack of names and values 
assigned by BQU instructions. Wben it encounters such a name in the rest 
of the program, it replaces the name by tbe assigned expression. In con· 
tras!, when the assembler encounters a variable name (one defmed by DB, 
DW, and so on), the assembler replaces the name by the variable's offset 
within its segment. 

24H, the ASCD code for •s•, ts frequently used asan end-of·text mark; 
lers assign it to the name BOT: 

EOT EQU24H ;EOT isS 

In the source code, !he EQU must occur before the fust use of EOT. Wben 
the assembler encollOters the instruétion: 

IIOV OUTIIESS+32, EOT 

it replaces BOT by 24H and assembles the instruction as though it were 
written: 

IIOV OUTIIESS+32, 24H 

Suppose we include Ibis EQU for BOT in our NAMB2 (see Figure 5.5) 
program and use BOT in the source code like Ibis: 

NAIIEPROIIPT DB OAH, ODH, 'WHAT 1 S YOUR NAIIE? ', EOT 

IIOV OUTNAIIE(BXI , EOT 
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· bled the assembler handles these instructions 
When the program 1S assem • 
as in the original program: 

NAMEPROIIPT DB 
OAH,ODH, 'WHAT ISYOÍJRNAME? ',24H 

IIOV OUTNAIIEIBX). 24H 

tb" s exam le we could bave used '$' instead of 24H; the 
(Note: Thro~g!o:~e 'would ~e ilie same. Tbe assembler always replaces 
~~~':';,;~J~haracters, indicated by single quotes, by tbeir numeric val· 

ues.l 

Why Use EQU? .. 
Why bother with them, then? Beca use 1t s 

EQUs are never necessary. . f 
. e read and cbange programs using symbolic names or sorne 

easler to cod , with most CRTs and printers, two common constants are. 
ofthe consdtants. d ·t·me and start a new one. We often assign these the 
those use to en a · 
names CR and LF: 

CR 
LF 

EQU 
EQU 

ODH 
OAH 

. CARR 1 AGE RETURN (END L 1 NE) 
: L1 NE FEED (NEW Ll NE) 

ODH ually moves the cursor or carriage to the beginning of 
(On output, lin '::u OAH moves it down one line witbout changing its 
the curren!. e: w . ':t, lin On input ODH generally indica tes that the 
horizontal poslllOn m e essed. whil~ OAH has no universally accepted 
•retum· or •enter" key was pre • 

m~g.) BQU t tbe beginning of a program, you can use the 
W1th !bese s a · be . thr b t the source code.Irs much eas1er to remem r 

symbolic names oug ou . 
the purpose of the fust two characters m: 

NAIIEPROIIPT OB LF, CR • · · · • · · 

Iban in: 

NAIIEPROIIPT DB OAH , ODH • · · · · 

' .. 
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Y o u are aJso less likely lo make errors in !he source code w hen yo u use 
narnes that are me•ningful lo you instead of numeric values. 

Anotber benefit of using BQU becomes evident wben a constan! mus! 
be changed. Considera program Iba! printaareport using !he small (elite or 
compressed) typeface available on many printen. To tum on !he desired 
typeface, you usually need lo senda special code lo !he printer. For one 
commonly used printer, !he code ia lCH. For another, !he code is OFH. 
Codes for setting and using tabatops, vertiocal forrnatting, undeniCoring, 
and other fuoctions aJso vary considerably between printers. If you write 
your program initially lo use oneof these printers, you may want lo change 
it later lo use another. 11 is much simpler lo change !he values in a series of 
BQUs !han lo search through !he entire program for every place tbat you 
may have used printer codes. You will still need lo reassemble and relink 
!he program, of course, so that !he new values are incorporated in the ruo 
file. 

An EQU Library 
An BQU pseud<Hlp can be anywhere in !he source code as long as it 
precedes !he first use of !he narne being defmed. Since !he BQU itself does 
.not become par! of !he object code or reserve any space, it does not have to 
be included within a segment. 

Yo u wiU find that yo u use !he same BQUs over and o ver, especially 
!hose Iba! define CRTand printercontrol codes. You can write these BQUs 
in a file and use INCLUDB lo oopy them inlo your programs in !he same 
way that you copy !he macro library flle. Tbis INCLUDB usually is bes! 
placed al !he beginning of !he program, befo re any macro defmitions. That 
makes it possible lo use common BQU names within !he macros. F"¡gure 
6.2 shows a lis! of BQUs tbat shnuld be useful for most programs. 

Computer Exercise 
Bnter !he BQUs from Filure 6.2 into your computer now. Use !he fJ.Iename 
BQUUB.LIB. Check your CRT and printer manuals lo see if you need to 
change any of !he BQUa lo use them with your equipment. 

BEEP EQU 87H 
CR EOU 80H 
EOT EOU 2~H 
ESC EQU IBH 
HOHE EOU 8BH 
LF EQU IAH 
NEW-PAGE EQU 8CH 
NO EQU 'N' 
TABCHAR EQU 19H 
VES EQU 'Y' 

Agure 6.2 A libfary el Common EOUs 
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¡ BEEP OR BELL 
; CARA 1 AGE RETURN 
;SNO OF OUTPUT TEXT 
¡BEGINS ESCAPE SEQUENCE 
1 CURSOR TO H(J1f 
¡LINE FEEO 
¡FORM FEEO FOR HOST PRINTERS 

¡HORIZCNTAL TAB 

Advanced Uses for EQU 
In MOY QUTMESS+32,EOT, both 32 and OUTMESS+32 are also co~­
stants. we could code BQUs for either or both of these constants. Let s 
replace 32 by MBSSAGB_END: 

MESSAGE_END EQU 32 

IIOV OUTMESS + MESSAGE_END. EOT 

Can we alsodefine a name for OUTMBSS + 32? Y es, here's one way lo do it: 

MESSAGE END 
LAST_CHAR 

EQU 32 
EQU OUTME~S + IIESSAGE_END 

IIOV LAST _CHAR, EOT 

N · that we used one constan! in !he defmition of !he other one. 
Thar~:~~ as long as MBssAGB_BND is defmed be{ore irs used. In a.ddi­
f OUTMBSS mus! be defmed in !he program before LAST _CHAR, the 
::·mbler won't go looking lhrough !he program to find !he value of 
OUTMBSS when irs trying lo evaluate LAST _ CHAR. 

What dowe gain byusing LAST_CHAR instead of OUT!'1BSS+32 or 
OUTMBSS+MBSSAGB_BND? Probsbly nothing. 1 used thts example to 
show you that it can be done, but there's no good reason to replace one 

variable name by another. 

.• 
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Another thing lo notice in the example jusi discussed is that in this 
instance the name OUTMESS refers lo OUTMESSs offset. In a code· 
segment instruction, such as: 

IIOV AL • OUTIIESS 

the value moved would be the contenta al offset OUTMESS. In a data 
defmition or an BQU, however, a reference to a variable name always 
refers to the offset of the variable. Suppose OUTMBSS is al offset 0002H. 
The definition: 

SECOND_BYTE EQUOUTIIESS+l 

assigns the name SBCOND_BYTE lo the value 0003H. The defmition: 

SECOND.:_BYTE_AOD 01'1 OUT ME SS+ 1 

reserves a one-word field and initializes it with the value 0003H. 
So far, our BQU examples ha ve assigned a numeric value of some kind 

toa name. Most of them have been 8-bit (one byte) values such as ODH or 
24H. BQU can\ assign a number larger !han 16 bits, a maximum of 
OFPFPH. 

EQU can, however, be used to assign new mnemonics for instructions 
(COPY BQU MOV) or symboüc names lo signify complex address oper­
ando or parts of such operando (NBXT _BLBMENT BQU IBX + 81), and so 
on. When you are ready for more advanced programming you can fmd 
informa !ion in the MASM manual about the uses of BQU. 

Review Questions 

l. Which ststementl are true of DB and which of BQU? 

A. Reserves mernory space for use during program execution. 
B. Value cannot change during program execution. 
C. Assigns a name lo a variable. 

__ D. Assigns a name loa constan!. 
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2. A program uses a slash j/) as a separator in a date field. The program 
includes tbese instructions jCMP is a comparison): 

TEXT_DATE DB BDUP(' ') 

IIOV TEXT DATE+3, '/' 
IIOV TEXT-DATE+5, '/' 

CliP TEXT_DATE!BXI,'/' ;DOESCHARACTER='/'? 

A. Codean instruction toassign the name "DATESBP" lo'/'. 

Where should this instruction be inserted in the program? 

B. Rewrite the two MOVs an~ the C!vfP instructions above to 
use the symbolic name for the separator. :. 

C. You decide to change the separator character to '-'. Assum­
ing that the changes in A and B ha ve been made, how many 
instructions must be changed? Code the revised instruc­
tion(s). 

Answers 

l. A. DBB.EQUC.DBD.BQU 

Z. A. DATBSEP BQU '/' ;anywhere before the first use of DATESEP 

B. MOVTBXT_DATB+3,DATESEP 

MOVTBXT_DATE+S,DATESBP 

CMP TEXT_DATEIBXI,DATBSBP 

C. l;DATBSEPBQU '·' 

Variable Attributes · 
Bsch variable defined in a MASM program has three attributes: a segment, 
an offset, anda type. You have already leamed about the segment and 
offset attributes. The segment attribute identifies the beginning paragraph 

.. , .. 
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number of the segment within which the variable has been defmed. The 
offset attribute identifies the location within the segment where the vari· 
able begins. The type attribute identifies the units which make up the 
variable, as determined by the variable's defmition. A variable defmed by 
DB will be of type 1>yte". One defmed by DW (Defme Word) will be of type 
"word". One defmed by DD jDdine Doubleword) will be of type "dou­
bleword" and soon. All the variables youhave usedso lar are of type 1>yte". 

Remember that a variioble name is the name of a data fteld. A label is a 
naroe assigrted lo a location in the code segment. A label also has segment, 
offset, and type attributes; alabefs type, however, is either NBARor FAR. 
(You may need lo review the material about NBAR and F AR labels in 
Chapter3.) 

MASM provides five value-returning operatora that can be used to 
code immediate operanda with valuea that depend on a variable's attribute. 
One of these, OFFSET, we will discuss in detall. MASM also provides 
attrlbute.-overrkle operaton that allow you to change an attribute in an 
instruction; you have already learned to use a segment-override operaior 
jthe ES is BS:IBXI. for example). We will discuss one other attribule· 
override operator, PTR. You can find the other value-retuming and over· 
ride operators in the MASM manual wheo you are ready lo use them in 
more advanced prograrnming. 

The OFFSET Operator 
The OFFSET operator returns the offset of a variable or label. Look al this 
instruction: 

IIOV AX, OFFSET NAIIEPROIIPT 

The second operand is evaluated by the assembler as the offset of the 
variable NAMBPROMPT. lf NAMBPROMPT starta al OOA2H, the 
assembler processea this instruction as: 

IIOV AX,O!)A2H 

Notice that OFFSBT is evaluated by the assembler. OFFSET is a value 
known al assembly time that cannot be changed, therefore, it is immediste 
data. The formal for the OFFSBT operator is: 

OFFSET variable (or label) 

• 
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Tb.e variable cannot be modlfied in any way. These instructions: 

LEA AX,NAMEPROMPT 
11/JV AX. OFFSET NAMEPROMPT 

ha ve the same effect during program execution. But, if you want to use a 
modified address, as in: · 

LEA AX, NAMEPROIIPT!BXI 

you cannot codean equivalen! MOV using OFFSET NAMEPROMPTIBX] 
- you'll gel an error message. 

Where will you use OFFSET, then? For one thing, LEA must have a 
register destinatiofl, while MOV can use either a register or m~mory. 
There's no way todo this: 

11/JV SAVE_ADDRESS, OFFSET CURRENT 

in one instruction using LEA. You can use OFFSET anywhere you can use a 
word of immediate data: You haven'tlearned ADD yel, butthis instruc­
tion: 

AOD AX, OFFSET CURRENT 

doeajust what you might expect; it adds the offset of currentto the value in 
AX. 

The PTR Operator 
The PTR jPoinTeRi operator overrides a variable's type. lis formal is: 

type PTR express ion 

Type can be BYTB, WORD, DOUBLEWORD; expression is an identifier 
whose attribute is being overriden. Let's look al so me examples. Considera 

.. 
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variable that has been defmed with DW and therefore is of type "word". If 
you want lo access just the frrsl byte of Ibis variable, an instruetion like 
Ibis: 

IIOV VARY , AL 

wiU produce an assembler error meaaa¡e because you can' mix types in 
MOV. You can, bowever, override the type,like Ibis: 

IIOV BYTE PTRVARY, AL 

· Similarly, a variable of type "byte" can be treated as a word ü you want to 
access two bytes of il al once: 

IIOV AX , WORO PTR VBYTE 

PTR can be very useful in identifying the type of an address without a 
variable. Tbis instruction: 

IIOV IBXI,S 

wiU produce an assembler error because lhe assembler can' tell if you are 
moving a byte ora word. Using PTR, as in: 

IIOV BYTE PTR IBXI, 5 

wiU avoid the error. Wben you run a program under DBBUG, you will 
often see nnassemhled instructions with the PTR operator. Tbafs beca use 
the variable name you originally coded isn' in the object code, jusi the 
offset. Unless a register is one of the operands, DBBUG can only teU you 
whether a byte ora word i.s invnlved by usiJI3 the PTR form for unassem· 
bly. 
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Computing Field Length 
Using the Location Counter 
Sometimes we need to use the length of a field as an immediate oper­
and-most often to initialize ex for a string operation. So far' we have just 
counted up tbe number of cbaracters in the string, but we can make the 
assembler do the counting. This not only keeps us from making mistakes, 
but also makes sure that the count is changed if we change the message. 
Let's use this string for an example: 

IIESSAGE DB 'TH 1 S 1 S AN ERROR MESSAGE' 

Duringassembly, a location counter keeps trae k of the offset assigned 
lo the next byte lo be included in the object code. Suppose that MESSAG E 
starts al offset 0010H. When the assembler is ready lo process the next 
instruction, the location counter is set at 0028H since MESSAGE took up 24 
(0018Hl bytes. 

In the source code, the symbol S can be used to refer to the current 
valueof the location counter.¡Notice that this isnot the same as the end-of­
text mar k- that's a characterenclosed in single quotes, 'S' or 24H). We can 
gel the assembler lo compute the lengtb of MESSAGE and save it like this: 

IIESSAGE DB 'TH 1 S 1 SAN ERROR MESSAGE' 
MESS_LEN EQU S-IIESSAGE 

Notice that we subtract the offset of MESSAGE from the current offset 
(S(. Since EQU immediately follows MESSAGB in the source c~e. the 
location counter, and therefore $, has the value 0028H at the time the 
assembler begins processing MBSS_LBN, and MESS_LEN is computed 
as a value 0028H - 0010H = 0018H or 24. By the way, since an EQU 
pseudo-op does not reserve any space in the object code, the location 
counter value is not changed; the next instruction to be assembled stiU 
begins at 0028H. 

. .. 
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We can use MBSS_LBN throughout the program whenever we need lo 
refer lo the length of MI!SSAGI!. Then, if we revise MESSAGE, we don't 
need lo change a1l the places we have coded the length. When we reassem· 
ble the prognun, the assembler will recompute the length and make the 
substitutions for us. Thars wby we do it thisway instead of simply defining 
MESS_LBN as 24. 

Review Questions 

l. Wbicb statements are true? 

A. Both variables and labels have thrcc attributes: segment, 
offset, and typc. 

B. PTR changes a variable's type for one instru~tion. 

C. OFFSET changes a variable's offset. 

D. The typc of a variable idenlifies the units of wbicb it is 
composed. 

B. The typc of a !abe! dependo on whether it names a called 
procedure or tbe target of a transfer of control. 

F. A value·retuming opcrator is evaluated al executlon time; it 
may produce a different value every time the program is 
ruo. 

2. Your program contains these deflllitlons: 

LAST _HAllE OB 
AIJORESS OB 
CITV OB 
COOE_LIST OB 

30DUP(' ') 
30DUP(' ') 
15 DUP(' ') 
1,7,8,3,2 

A. Code an instruction that will place tbe offset of 
LAST_NAMB into AX luaing MOV). 

B. Code an instructlon that will place the first two bytes of 
CODB_LISI' into SI. 

• 
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C. Codea pseud<Hlp oran instruclion that will assign the actual 
length of CODE_LIST to the name CODE_ 
LENGTH. 

Where should this instruction be placed in the program? 

Code an instruction using CODE_LENGTH lo move the 
length of CODI!_LIST into AX. 

What value will Ibis instruction place into AX? 

Answers 
1. A, B. and D are true; bere's whars wrong with the otbers: C. OFFSET 
returns lis replaced by) the value of a variable's offset. E. The type of a 
!abe! depcnds on wbether it is defined in tbe source code as NEAR or F AR. 
F. A value·returning operator produces a value that is known at assembly 
time and does not change during program execution. lt is assembled as a 
constan!. 2. A. MOV AX,OFFSET LAST_NAME B. MOV S1,WORD PTR 
CODE LIST C. CODE_LENGTH EQU S·CODE_LIST ; immediately 
following tbe definition of CODE_LIST; MOV AX,CODE_LENGTH ; 
AX=S 

Key Points From Chapter 6 
In Ibis chapter yo!' bave learned lo use displacements and modifying 
registers to code more flexible address opcrands and to use symbolic 
names as constants in immediate and address operands. You have also 
learned to use the value·returning opcrator OFFSET, the attribute operator 
PTR, and the location counter symbol. Some of the most importan! points 
from Ibis chapter are: 

• An address opcrand can include modifying registers. The contents of 
the modifying registers are added into the l!A at execution time. The 
address opcrand may point to a different address eacb time the 
instruction is executed. · 

• l!ach address opcrand may be modified by a base register (BX or BP). 
an indexrcgister ISlor DI), ora combination of one base and one index 
register. 

' , .. 
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A modifying register is coded within brackets in the address operand. 
Two modifying registers can be written in any order. 

An address can be modified by a specific displacernent represented by 
a constan!. The displacement is usually written as a value attached to 
a variable name by"+". 

There are many potential arrangements for coding the four possible 
parts of an address. We recommend this formal: 

var i ab 1 e+d i sp(base)l i ndex( 

Each of the four parts can be omitted if necessary. Also, each of them, 
except the displacement, can stand alone asan address operand if 
necessary. 

A symbolic name can be assigned to a constan! by using the EQU 
pseudo-op. After processing an HQU, the assembler replaces the 
symbolic name by the constan! anywhere the name is encountered in 
the source cede. 

The HQU pseudo-op has this formal: 

nameEQU express ion 

where expression can be evaJuated as a constant value to be assigned 
tothename. · · · 

A source-oode me of commonly used EQUs can be treated as alibrary 
and included in a source-eode program using the INCLUDE pseudo­
op. 

U a variable name is part of an address operand, the address is 
assumed lo represen! an offset in the segment in which the variable is 
defmed (usually the data or the extra segment(. U no variable name is 
included, and BP is used in the operand, the offset is assumed to be in 
the stack segment. Otherwise, the offset is assumed to be in the data 
segment. 

,. 
1 

i 
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• Asegment-override operator can be used to identify the segment of an 
address operand, overriding the delault segment for the operand. The 
override operator should be used only in operands that do not mclude 

a variable name. 
• Each variable and label defined in a program has three attributes: 

segment, offset, and type. 
• The type attribute of a variable ideotifiest~e oumber of ~ytes per unit 

for the variable as indicated by the deflDllloo: 1 for a vanable defmed 

by DB, 21or DW, and so on. 
• 'rbe type allribute of a label is NEAR or F AR, depending on the label's 

definition in the so urce code. 
• Attribute.:Override operators, including the segment-~verride oper­

ator, carÍ be used to change a variable or label's attnbutes for. one 

instruction. 
• Value-retumiilg operators can~ used to obtain tbe values of a vari­

able or label's attributes; tbe values returned are treated by the 

assembl~r as constants. 

• The OFFSET value·returning operalor's formal is: 

OFFSET var i ab 1 e 

The variable cannot be modified by displacemenls or index or poinler 

registers. 
• The PTR attribule-override operalor's formal is: 

type PTR express ion 

h type 
·
15 

BYTE WORD or DOUBLEWORD and expression 
w ere , ' . fi f 
points lo a data field. The PTR operator overndes ~e de med type o 
the field (if knownl; during !he execution of this 1nstruction the 
operand's type will be the ooe specified: 

.. 
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• The symboi_S can be used lo refer lo the current value of the location 
co~ter d~g assem~ly; this is the offset lo which the next byte of 
ob¡ect code will be asstgned. Tbe location counter symbol can be used 
lo com!'ute the length of a data field and assign that value to a 
symbolic name. 

The review questions that follow will help you to be sure that ou 
understaod these key points. . y 

Chapter Review Questions 

Refer to these defmitions lo answer the questions: 

THE_DATA 
FULL NAME 
TELEPHONE 
COOE_LIST 

SEGMENT 
DB 
DB 
DB 

'DATA' 
30DUP(' ') 
8 DUP('· ') 
1,1,5,0,0 

l. Code operands referring to: 

A. The first character of the telephone number. 

B. Tbe fourth character of the telepbóne number. 

C. Tbe character of the name pointed lo by the conlents of an 
index register. 

O. Tbe fifth code in the CÓde list. 

B. Tbe contents of BP and DI added lo the second character of 
thename. . 

Z. Code instructions lo assip the names CR, LF, and BOT to their usual 
values. Por each instruction, iilclude a comment indicatiog the 
meaning of the name. ·· 

3. use: the names defined in question z lo defme a prompting message 
asking for the tel_ephone number. (Call the message TBLBPROMPT). 
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4. Codean instruction defming TP _LENGTH as the length of TELE­
PROMPT (refer to question 3). 

Where should this instruction occur in the program? 

5. Codean instruction to move TBLBPROMPT to OUTPROMPT. (Use 
the MOVE 111acro defmed in Cbapter 5.) 

6. Code a MOV instruction lo place the offset of FULL_NAME ioto 

AX. 
1. Code an instruction to place the offset of COOE_LIST into 

SAVE_LIST. 
8._ Code an instruction to place the EA comput~d from the offset of 

COOB LIST and the con tenis of BX into AX. • 

9. Code one iostruction to place the first two bytes of COOE_LIST into 

AY. 
10. Codean iostruction to place the value 53 into the byte whose address 

is contained in BX. 

Answers 

1. A. TELEPHONB B. TELEPHONE+3 C. FULL_NAME(Sll or 
FULL_NAME(Dil O. COOE_UST+4 E. FULL_NAME+Z(BPIISII 

2. CR EQU ODH ; CARR 1 AGE RETURN ( END OF Ll NE) 
LF EQU OAH ; L 1 NE FEED (NEW L 1 NE) 
EOT EQU 24H ; END OF TEXT MARKER ( ·s ') 

You probably worded your comments differently. You may have 
used decim¡ll values (13, 10, and 36, respectively) instead of hex­
adecimal, or the ASCII value 'S' iostead of 24H. 

3. TBLBPROMPTOB LF,CR, 'ENTER TELEPHONE NUMBER ',EOT 

You probably used a different message. 

4. TP _LBNGTH EQU S-TELEPROMPT 

immediately foUowing the definition of TELEPROMPT 

5. MOVE OUTPROMPT,TBLEPROI';IPT,TP _LENGTH 

. . . 
1 

·' 1 

1 
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6. MOV AX,OFPSET PULL_NAMB or LEA AX, PULL_NAMB 

7. MOVSAVB_LIST,OPPSBTCODB_LIST 

8. LBA AX,CODB_LIST(BX( 

Did you remember that you couJd DOt ...., OPPSBT with a modified 
address? 

9. MOV AX,WORDPTRCODB_UST 

10. MOV BYTE PTR (BX(,53 7 
• 

Decisions 
and Repetitions 

The design of any program can be described in terms of three types of 
logical structure. Figure 7.1 illustrates tbe logic involved in each of the 
three. The first and most obvious is a sequential structure-do a, then b, 
then e, then d, and so on. Sequential structures are not necessarily coded in 
a straigbt line. A CALL instruction, for example, may cause a brancb to 
another part of the program. The arder of execution, however, is always 
the same: fusta, then b, then e, and so on. 

The second logical structure is the declslon structure. Based on a test 
of a curren! value, tbe program cbooses one of two altemate paths to 
foUow. (If x = y, do a; else do b.( Bvery time this part of the program is 
executed, one of tbe paths is followed and the other is skipped. One path 
may be "empty". that is, not involve any action. (lf x = y, do a; otherwise 
don, do a.( We may caJI the test (x = y( a condldon and say that a decision 
structure evaluates a condldon and branches accordingly (if condition is 
true, do a; else do b.) 

Tbe third structure is the repetldon structure, (often called a loop).ln 
a repetidon structure, a series of instructions is executed repeatedly until a 
condition is true. (Repeat a until count = 0). Sometimes, the repetition 
structure is described as being repeated while a condition is true (repeat a 
while count not = 0). Por programming purposes, a repetition structure 
can be thougbt of as a special case of a decision structure; one path repeats 
the loop. (Jf condition is true, goon to b; else go back toa.) · 

7 
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c.~ 

VES 

Figuro 7.1 U>oicaJ ........... 

The design of any program can be broken down into combinations of 
!bese !bree structures. The patbs carried out by decisions aod repetition 
structures are !&r&~Y made up of step-by-step or sequential slruclures. 
Comp~x c:ombinations are not uncommon, such as using deciaions witbin 
repetlliona, deciaions witbin deciaions, repetitions witbin repetitions aod 
so on. U you have been writing BASIC prognuns, you have been ~g 
!bese structures whetber you realise it or not Deciaion structures are 
usually coded in BASIC using IF .. THBN .. BLSE. Repelition struciures can 
~~-~~ IF .. THBN .. BLSB as well as witb FOR ... NBXT and 

Most of the cocfina you have done in MASM has involved sec¡uential 
structures, although ~u have learned two instructions for repetitlon: 
L<J?P and RBP. ~Ibis chapter, you willleam other instructions from 
which you can build both deciaion and repetition atructures. You will a1so 
1~ SOIJie variationa on LOOP and RBP. By tbe time you have finiahed 
Ibis chapter, you will be able lo implt:ment the logical structures for aoy 
program. 
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Making a Decision 
When you plan a program, you often fmd situations where the current 
value of a variable ora register determines the next action to be taken. One 
example: in a checkbook program, if an entry is coded ·o· add tbe amount 
to the balance; otherwise, subtract it. Another example: if a loop counter is 
nol zero, go back lo tbe beginning of the loop; otherwise, continue lo the 
next part of the program. A third: if the user inpuls END when asked for a 
name, branch to the program·ending routine; otherwise, do the regular 
input name processing. The LOOP and REP instructions both include a test 
o( thecurrent valueofCX, the count register. When the value in CX is zero 
the loop or the string operation is not repeated: otherwise, it is repeated. 

Tbe decision making instructions in MASM, otber than LOOP and REP 
and their variations, are conditional jump instructions such as JB Uump 
if BqualJ, JA l)ump.if AboveJ, and so on. These instructions al! have the 
following general fonnat: 

cond j ump t a r get 

wbere condjump is an instruction mnemonic and target is a label that 
identifies the next instruction to be executed if the conditíon is true. l( the 
condition is not true, control falls through to the instruction following the 
conditional jump. 

There are many conditional jump instructions, but at this point we wiil 
use only JE and JA a.s e.umples in our discussion of how conditional jumps 
work. 

What's the Condition? 
Consider tbe checkbook program mentioned above. We want to imple­
menta decision structure as shown in Figure 7.2. Jf the transaction code is 
"0", transfer control lo a deposit routine; otherwise, perform a withdrawal 
routine. Thedecision uses JE. If thedeposit routine begins at DBPOSJT, tbe 
cooditional branch instruction is: 

JEDEPOSIT 

But where is the condition?The only operand in tbe jump instruction is the 
target; how do you specify which fields are to be tested? 

,• 

1 

1 

1 

1 

1 
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DEPOSIT 

WITHDRAWAL 

FJgur• 7.2 Checkbook T Rl.llUCtion Decilkln 

The fact is that conditional jumps are always based on the status flags. 
jYou may need to review the material on status flags in Chapter 2.) JI!" 
causes a jump if ZF=l; if ZF=O, control falls through lo the next instruc· 
tion. Similarly, JA tests the settings of CF and ZP. Jf both flags are set the 
jurnp is taken. If either is cleared )equal lo zero) there is no jump. Other 
conditional jurnp instructions test other status flag combinations, but you 
don't really need lo learn the combinations. As you will see, the instruction 
nmemonics reflect the effect of the instructions, so that you can use them 
without thinking about the flags used in the actual testing process. ' 

How do the status flags gel set ¡or cleared) before the jump? When 
·certain MASM instructions are executed the status flags are always used to 
reflect the result. None of the instructions you have leamed so far affects 
the flags. Generally speaking the results of arithmetic, bit manipulation, 
and comparison instructions are recorded in the flags. In Ibis chapter we 
will concentrate on comparisons; in later chapters, you willleam about 
arithmetic and bit manipulation. 

Comparing Two Operands 
CMP )CoMPare) compares two operands. lts formal is: 

CIIPdest, source 

Notice the similarity lo MOV's formal. The first operand, dest, may be a 
register oran address. The second, source, may be a register, address, or 
immediate data. As with MOV, you cannot use addresses in both operands; 
the other five possibilities are alllegitimate. lf you need lo compare data 
from two memory addresses, you will need lo move the data from one 
•ddress into a register lo make the comparison. Also, as with MOV, both 
operands mus! be of the same size, either one. byte or one word. If an 
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immediate data byte is compared to a 16-bit registe~ or _variable, the 
munediate data is extendéd to 16 bits befare the com~anson ts made. 

· · · f 1 a subtraction· the source ts subtracted from the 
A oompanson 15, m ac , • th 

destination and the status flags )AP, CP, OP, PP, SF, and ZPI reflect e 
ult Tbe subtraction takes place in a work area: nelther oper~d actually 

~~ang.es. The only reason for using a comparison in a program lS to prepare 

the flags for a decision. 

The Two-Part Decision 
ct" decision then requires two instructions: a comparison 

~:~ ~r.;:::iti:.::.l jump. Assuming that aU of the_ variables and la beis ha ve 
been defined, we could code the decision like thts: 

CliP TCODE, '0' 
JE OEPOSIT 

W the transaction code lo •o•.If it matches, we jump ¡or branch) 
e com~ret h die deposits· otherwise we continue on to handle a non-

to a routine o an ' ' 
deposit transaction code. C D? A d 

the rogram allows a transaction code of A, B, .' or : co e 
· · Suppose p W can edil the input transaction code hke thts: 

above D 15 an error. e 

CliP TCDDE. 'O' 
JA CODE_ERROR 

th Ir nsaction code to "D" again, but this time if the 
Here we compare e a · lf h od · ~ th ~ ¡-s• or above) we go toan error routme. t e e e ts 
code 15 greater an " . . 

1 continue on to the next mstruction. 
"D" or ess, we kn w the order in which the operands are compared. lf 

Make sure you 0 • • • 1 th • d so 
•cond" is a conditioual term such as ¡•equal lo • above ' ess an • an 

on,) a two-instructinn decision: 

CliP 
Jcond 

dest,source 
target 

to tar el if dest is cond so urce•. lt's importan! lo ke~p this 
m"":"' "jump. f 8• bove b" produces different results than testmg for 
stra'·"t-tesling or a a • d • .,... be the results'always reflect dest con source . 
"b above a•. Remem r, . 
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Where Can You Go with a Jump? 
A conditional jump's target must always be within 128 bytes of the jump 
instruction in the object code. A target in Ibis range is known as a short 
label. Irs hard lo judge Ibis distance eDCIIy in the source code; anything 
less Iban 30 instructions from the jump ia usuaUy safe. U the target is not 
close enough, you11 gel an error message from the assembler. 

Notice thal in the source code the "eondition not true• path from a 
decision must follow the decision. The source code for the checkbook 
transaction is arranged like Ibis: 

CMP Tc00E, '0' 
JE OEPOStT 

WITHORAW: 
; W ITHORAWAL PROCESS 1 NG GOES HERE 

DEPOSIT: 
; DEPOSITPROCESSINGGOESHERE 

CONTINUE: 
; NEXT STEP AFTER TRANSACT 1 ON 

U the withdrawal processing routine is too long, the JB instruction pro­
duces an assembler error; DBPOSIT won1 be a short label. ·Prohably the 
best way lo avoid this problem is lo code each process as a CALLed 
procedure. Then the conditional jump needs to go only lo a CALL instruc· 
tion, like Ibis: 

CMP TCOOE, '0' 
JE OEPOSIT 

WITHDRAW: 
CALL W 1 THDRAW_ROUT 1 NE 

DEPOSIT: 
CALL DEPOS 1 T _ROUT 1 NE 

CONTINUE: 

There's still one problem. Wben a withdrawal is processed, the with· 
draw routine retums control lo the instruction following CALL. Then, 
control falla through lo DBPOSIT, and the lransaction is processed again, 
this time as a deposit. To avoid Ibis, we need lo include an instruction that 
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always transfers control to CONTINUll after the withdrawal routine is 
through. An unconditional jump, JMP, is the answer. This instruction, 
like BASICs GOTO, always transfers contralto its target. The formal is: 

JMP target 

The target of an unconditional jump can be anywhere in the program: it 
doesn't have to be a short label. Our complete decision structure, then, 

looks like this: 

CliP TCOOE, 'O' 
JE OEPOSIT 

WITHORAW: 
CALL W 1 THORAW_ROUT 1 NE 
JMP CONTINUE 

DEPOSIT: 
CALL OEPOSIT_ROUTINE 

CONTINUE: 

The unconditional jump is not only used to branch around an alterna te 
path. Since it does not require a short label it is sometimes combined with· 
uoconditional jumps instead of using called procedures. The example 
above could be rewritten as: 

CMP TCODE, '0' 
JE OEPOSIT 
JMP WITHDRAW 

OEPOSIT: 
· the depos i t rout i ne goes he re· 

JMP CONT 1 NUE 
WITHDRAW: 

"thewithdrawal routinegoeshere· 
CONTINUE: 

You will fmd other uses for JMP as you continue to write programs. 

.. ,. 
1 

' ·' 

1 
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GET 
TRANSACTION 

COOE 

Agure 7.3 Checkt)ook Tranuction Loop Strueturo 

Deciding to Repeat 
Tbe same combination of instructions ¡CMP and a condilional jump) can 
be used lo build a repetition structure. Figure 7.3 sbows tbe logic for a 
repetiticin slructure tbat includes our checkbook tran.>áction processing. 
Transactions are processed until a lransaction oode of 'X" is enlered. Notice 
tbat tbe first transaction code is input before tbe loop begins. Alter tbe 
transaction is processed, a new transaction code is input and a decision is 
made eitber to repeat tbe loop or lo continuo to tbe next part of tbe 
program. Figure 7.4 shows tbe appropriate source oode. The decision 
routine uses CMP, JE, and JMP. JE causes control lo transfer outof tbe loop 
wben the lransaction oode is 'X"; otberwise, control falls tbrougb to JMP, 
wbicb tben repeats tbe loop. Anotber conditional jump, JNE Oump if Nol 
Bqual) could be used in place of tbe combination of JE and JMP. JNB does 
require a sbort label, so it doesn1 work if tbe loop being repeated is more 
Iban 128 bytes long. 

CALL GET -COOE 
WHAT-TRANSI 

o..- TCODE,'O' 
JE DEPOSIT 

WITHDRAW1 
tw.L WITHDRAWAL..-ROUTJHE 
.W CONTINUE 

OEPOSIT1 
CALL OEPOSILROUTIHE 

Ga«INUE1 
CALL 8ET -COOE 
o.- rcooe,•x• 
JE TMN&ACT ltNS-Dt:»E 
.I'1P WHFio T _ TRIANS 

TRAHSACT 1 CJ«LL)((E 1 

Flgut07.4 -~tora...-T-.._ 

r 
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Flgure7.5 Logic and Soutee Coda for T es1 at Beginning ot loop 

Figure 7.5 shows the logic and source code for another way lo handle 
tbe same situation. In this metbod, lhe loop begins by prompting for a 
transaction code and then testing the code. When the code is "X", control is 
transferred outside the loop. Otherwise, the transaction is processed and 
an unconditional jump gets back to tbe loop's beginning. 5ome program· 
mers prefer to code repetition structures in this way, with the test at the 
beginning. Otbers prefer lo test at tbe end, as in Figures 7.3 and 7.4. We 
usually use tbe end-of.loop test excepl when the first transaction may 
possibly be an end marker and tberefore, sbould not be processed as a 
transaction; then, the beginning-of·loop test issafer. The repetitíon instruc· 
tions you have learned, LOOP and REP, botb testtbe loop count in CX at 
tbe end of tbeir repelition cycles. 

Review Questions 

' 
1. Wbicb slalements are true? 

A. A conditional jump lransfers control lo its largel only if the 
condition is true. 

B. An unconditional jump always lransfers control lo its lar· 
get. 

C. Tbe target of eitber a conditional or unconditional jump 
musl be witbin 128 bytes of tbe jump instruction. 

D. A conditional jump instruction compares its lwo operands 
to determine wbetber tbe condition is true . 

' .. 
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2. Wbicb comparisons are valid? (Asswne tbat OPl and OP2 ha ve eacb 
been defined by DB pseud<H>ps.) 

A. CMP AX,BX 

B. CMP AX,S 

c. CMP lS,BX 

D. CMP 0Pl,OP2 

E. CMP OP1,25 

F. CMP AL,OP2 

G. CMP OP2,BH 

3. A. Codea decwon tbat will braocb lo ALLDONE if TESTER is equal 
lo AH. 

B. Code a decis;on tbat wiU brancb lo TOOHIGH if TESTER is 
above DL. 

C. Code a decis;on tbal wül brancb lo ALARGE if AX is above 
TESTER . 

D. Code a routine tbat will caU procedure ALLSAME if TESTONE 
equals TESTTWO, bul will caU procedure NOTSAMB olherwise. 
Assume tbat TESTONB and TES'MWO have botb been defined 
by DB pseud<H>ps. (Be sure only one of tbe two procedures is 
called eacb time. Also, be sure tbal you use a valid pair of 
operando in your CMP instruction.) 

Answen 
l. A. ~d B: Here's wbafs wrong witb tbe otbers: C. Tbe larget of a 
conditioaal Jump must be wlthin 128 bytes of tbe jump instruction, but 80 
"llCOilditioal jurnp's target can be aoywbere witbin the program. 2. A, 
B, B. F, G. Here's wbafs wrong witb tbe otbers: C. Tbe destination (first 
operand) can be an addreoa or a register, but not immediale data. D. Bitber 
operand can be an addreaa, but not botb. 

. 3. A. CMP TBSTBR,AH 
JB ALLDONE 

Note: tbe comparison could juat as well have been tbe otber way 
around tbia time. 

B. CMP 
JA 

TESTER,DL 
"TOOHIGH 
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(Did you code tbe CMP operands in the rigbt order?J 

C. CMP AX,TESTER 
JA ALARGE 

D. MOV AL,TESTONB 
CMP AL,TESTWO 
JB CALLSAMB 
CALL NOTSAMB 
JMP CONTINX 

CALLSAME: 
CALL ALLSAME 

CONTINX: 

Note: Did you remember that you can't compare TESTONE and 
TESTTWO directly? 

Other Jumps 
Figure ·7 .6 shows the most useful conditional·jump instructioris. The first 
column shows a mnemonic and its meaning; the second column shows an 

. alternate mnemonic and its meaning. Both mnemonics represent tbe same 
8088 instruelion and produce the sarne translation into object code. lt's 
your choice which one yo u use. Gene rally, 1 use the simpler versions from 
tbe fust oolumn. In the last group, 1 usually use JB aod JNB after com· 
parisons and J7. and JNZ after arithmetic _instructions because _it seems t_o 
make more sense wben reading tbe code (if a = b ... for compansons and 1f 
result is O .•• for aritbmetic). 

Tbe instructions in Fij¡ure 7.6 are divided into three groups. The flrst 
group (JA, JB, JNA, and JNBI are used after operations involving unsigned 
numbers. Tbe aeoond group UG, JL, JNG. JNLI are used after signed 
number operations. Tbe tbird group UB aod JNBI can be used after either 
signed or unsigned operations . 

Signed and Unsigned , 
Lefs review signed and unsigned numbers quickly. Remember tbat the 1 

bigb-orderbit of asigned number is used to identify th~ n~mber as pos~~ve , 
or neptive. A bl¡h-order bit witb a value of zero mdicates a pos1tive i 

' ,. 
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JNA (Ju.p i4 Not Abovt> 

JNB <J'*P if Not S.low) 

"' SiQntd JG , . ..., 1 f Ortattr) 

JL (Ju.p if Lt••> 

• 

A!ttrn•t• ~ 

Jt.f8E (Jump if Not Below o,. Equal) 

~ C.IUMp lf Not Abovt or Equ•l> 

J8E <J- lf Btlow or Equal> -,._ 
1 f Abot.~t or Equal > 

...... , . ..., i4 Not Lt•• .gr Equal > ..... <J.-p if Not Grtattr or Equa\) ..... .. _ 
if Not Grtattr) JLE ,._ 1 f L••• or Equal> 

JNL CJ~p ii 'Nat Les•> JGE 
,._ 

if Grtattr or EquaJ> 

1111 Any JE CJuap if Equal> JZ 
,._ 

i f Ztro> 

JNE <J..-p if Not Equal) JNZ (J~p 'f Not Ztro> 

Figuro 1.6 CcnoitionaJ Jump-.-,. 

nwnber, while a value of one indicates a negative number written in twos­
complement formal. One-byte (&-bit) signed numberscan rangefrom -128 
(80H) to + 127(7PH). OFFH repreaents -1, so OFFH is less than OH when 
comparing signed numbers. 

ln unsigned numbers, all bits are used to represen! magnitude (size or 
absolute value). Unsigned one-byte numbers can range from O (OOH) to 255 
(OFI'H), so OFFH is greater than OH wben comparing unsigned numbers. 

How do you know whether you are dealing witb signed or unsigned 
numbers? And bow do you compare nnnnumerics such as ASCII charac­
ters? Remember tbatASCU codc aasigns a numeric val u e to eacb cbaracter. 
(AppendixAcontainsmoreinformationaboutASCIJcharactercodes.)"A", 
forexample, basa valueof65(41H), wblle"a"ia97(6JH), and"S"ia36(24H). 
Thismeans tbat"a"iaabove"A", wblle "S"isbelnw.•A•. Since!BM usesafull 
ei¡ht-bit ASCII code, the high-order bit is nota sign bit; you can compare 
ASCII coded cbaractera as unsigned numbers. Because of the way tbat 
code valuea are assigned, you get the right reaults when you compare 
decimal di&its tn ea eh other, or uppen:aae lettera to uppercaae letters, or 
lowercase to lowercaae. Ira not so simple to compare strings containing 
uppercaae to lowen:ue, or letters to numbers, or special symbols. Bven in 
theae cases, however, it'a eaay to aee wbether or not two cbaracters are tbe 
aame; comparisona !or "equal" or "not equal" work perfectly well. 

Numbers stnred in biDary !ormat can be signed or unsigned. Jf you 
knowtbat a value isalwayapositive, you can treat itas unsigned; ifitmigbt 
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be negative, assume that you are dealing witb a signed number. Handling 
numbers larger thaD 16 bits requires advanced techniques; we won't dis­
cuss them in this book. 

Wby do you need two sets of conditional jumps? Wbat happens if you 
code tbe wrong one? CMP, like most other flag-setting instructions, affects 
all six o! tbe statusflags. You learned earlier, however, tbat SF and OF ha ve 
meaning only when tbey reflect the result of a signed number operation, 
wbile CP has meaning only when it reflects tbe result o! unsigned opera· 
tions. (ZF is significan! after botb signed and unsigned operations. PF and 
AF are not relevan! for tbis discussion.) )A. JB, )NA, and JNB test CF when 
deciding whetber to branch. JG, JL, JNG, and JNL test SF and OF.Jf you 
cOOe an inappropriate conditional jump there is no obvious error, but at 
execution time the wrong flags are tested and the wrong decision may be 
made. Look at thls code: 

CliP AX,OFEH 
JA AHIGH 

As an unsigned number, OFEH is 254 (in IBMIPC ASCIJ code this is a 
special graphics character). 1f AX contains O tbe jump is not token (O is not 
greater than 254).1! JG is used insteadof)A, however, the test is based on a 
signed comparision. Asa signed number, OFEH is - 2.1! AX contains O, the 
jump is token (O > - 2). JI you are testing a program and it doesn't seem to 
be branching correctly, make sure you are using the right conditional 
jumps. 

Review Questions 

J. Jndicate wbetber each conditional jump is appropriate following 
operations on signed or unsigned numbers. 

A. JA 
B. JNL 
c. JZ 
D. JG 
B. JB 
F. JNA 
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2. Codea rout_me that wiU call procedure NOCAPS if an input character 
liNCHAR) •• above "Z" and, otherwise, will caii procedure CAPS. 

3. Codea routine that wiU call procedure TOOLOW if the value in AL· 
less than 3jnote: the value in AL can range from - 128 to 127). •• 

Aruwen 
l. A_· Unsigned B. Signed C. 8oth signed and unsigned D .. Signed B 
Uns'l!ned F. Unsigned . 

2. CMP INCHAR. 'Z' 
JA INCHAR OVER Z 
CALL CAPS - -
JMP CONTINUE 

INCHAR_ OVER_Z: 
CALL NOCAPS 

CONTINUE: 

3. CMP AL,3 
JL UNDER3 
JMP CONTINUE 

UNDER3: 
CALL TOOLOW 

CONTINUE: 

Notice the empty path when AL is not less lhan 3. 

Comparing Strings 
~=rial SC! of instructions is nsed lo compare multi-byte strings jusi as a 

. sel 1S used lo move such strings. iY ou msy need lo review the 
mslenal on MOVSB and RBP in Chapter 3.J The mmparison instruction 
C~PSB, has no operands. 11 a>mpares the byte pointed lo by DI lo thaÍ 
pomled lo by SI lthereby affecting the status flags, bul nol changin either 
~~eJ_an! then changes the mntents of DI and SI by one. DI musl ~inl lo 8 

. e ID e eldra segmenl. This is similar lo MOVSB, but with one mejor 
difference. For MOVSB, SI points lo the source and DI lo the destination of 

3. lf OF•8, increment SI •nd DI; 

:S. lf ZF • 0 ao to •t•P 8 

6. lf ex • 1 90 to step 8 

1. Go to •t•p 1 
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Figure 7. 7 Execution ol REPE CMPSB 

the move. For CMPSB, lhe roles o! SI and DI are reversed. This is importan! 
when you consider bow to interpret the result of CMPSB. This combina· 

tinn:: 

CIIPSB 
Jcond target. 

says "jump lo the targel if desl cond source." bul dest is pointed lo by SI and 
source by DI. Why this reversal? 1 don'l know; 1 only know thal tha~s how 

il works. 
M. with other string operations, a preflx is used to cause the operation to . 

repeal. The mmparison should be repealed until unmatched bytes are 
found or until the muimum number of bytes have been compared. CX is 
used as a repetition counler. The muimum number of bytes lo be exam­
ined is loaded inlo CX before the string mmparison begins. Afler each 
cornparison ¡and change lo SI and DIJ, CX is decremenled; when CX 

reeches zero the comparison ends. 
In order lo cause the mmparison lo end when unequal bytes are 

compared, we use a vsriation of RBP. RBPB ¡RBPeal while Bqua!J checks 
ZP, wbich reflecta the resull of the mosl recent comparison. IfZF is sel, the 
bytes just compared are equal and the comparison continues junless the 
lasl byte has been comparedJ. If ZF is clear, the comparison ends. Figure 
7. 7 shows the steps in the execution of: · 

REPECIIPSB 

. .• 
i 
1 

1 
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PAOE ,132 

INCLUDE FJRSTLIB.LJB 
1 
PR06...STACK SEGt1ENT STACK • STACK" 

0B 640UPC'STACK ') 
PRO&....STACK ENDS 
1 
PROCLDATA SE111ENT 'DATA' 
NAPtEPRri1PT 08 IAH,IOH,'WHAT IS YOUR NAHE? ',24H 
OU'Il1ESS Da IAH,IOH, 'HEUO, • 
OU1'NAtiE 08 ~5 DUP< • • > 
IN8l.F DB ~S 
INCOlHT OS ? 
I,.....,E 08 ~S DUP< • • > 
ENDI'1ESS 08 'ENO OF PR'OGRN1•, 24H 
ENDJNPUT 08 'END " 
PRDCLDATA eros 
1 

PRO(LCOOE SEGHENT 'COOE' 
MAir-L...PROO PROC FAR 

::=~ CSaPROO-COOE,DSaPRDO-DATAoSSIPROG..STACK,ESIPROD-DATA 

CALL PROHPTER 
CALL GE1'NAHE 

NAHLROUTJNEt . 

CAI.L """""""' 
f'tOU ex·' PRINTLOOP1 
DISPLAY OUTHESS 
LOOP PAINTLOOP 
CALL PR(J1PTER 
CALL GE1tW1E 
LEA SJ,I~ 
LEA DI ,ENDJNPUT. 
NOV ex, 4 
AEPE: 01PSB 
JE ENDPROO 

ENOPIIOOo 
.MI HAt1E..ROUT INE 

CALL 
AET 

HA IN-PROO &IOP 

1 
FINAL PROC 

FINIIIIL 

LOCATE 24,1 
. CURSOROFF 

DISPLAY ENDKE88 
RET 

F 1 H1iW.. ENOP 

1 
GEl'NAHE PROC 

PUSH 
PU8H ..... 
LEA 
INT 
POI' 
POI' 
RET . ..._.. ...... 

1 

AX 
DX 
AH,IAH 
OX,INIUF 
21H 
DX 

"" 

1PRDKPT FOR FIRST NAHE 
1GET NAHE INPUT 

1HCIJE NAHE TO OUTPUT L INE 
ILCIAD COlHTER FOR PRJNTLOOP 

aPRINT NAME MESSAOE 
1 AND REPEAT OC TIHES 
1PIKJt1PT FOR NEXT f'W1E · 

1TEST FOR END DF INPUT 

ITHEN RETURN TO OPERATJNG SYSTEH 

tOET STRJNG FRC11 KEYBQARO/ECHO 
tAOORESS OF INPUT BUFFER .... 

H0VENA11E PROC 
PUSH 
MOV 
I10V 
MOVE 
MOV 
POP 
AET 

11WENAI'1E ENOP 
1 
PR(J1PTER PROC 

CLS 
CURSORa-. 

BX 
BH,8H 
BL ,INCQLNT 
OliTNAME, I~E, BX 
OUTNAME [ BX 1 , 24H 
BX 

LOCATE 10,8 -
DISPLAY NAMEPROHPT 
RET 

PRCI"PTER ENDP 
1 
PAOG-CODE ENOS 

END MAIN..PROO 
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1 SET COLNT FOR HOVE 

1NEXT CliAR 1 S • 

Figu,. 7.1 NAMEX Repeated unlil Ended by User 

When this instruction is used in a program, the instructiori should be 
followed by one or more conditionaljumps to determine the circumstances 
under which the comparison ended. Jf the comparison ends with ZF set, 
the compared strings are identical. If ZF is clear, they are not identical. 
Other tests can be made if you need to determine which string was above 
or below the other. SI or DI can be used lo identify which bytes don't 
match. But, remember that botb index registers bave been cbanged and 
now point to the next pair of bytes, tbe ones wbicb would bave been 
compared next. 

String comparisons can be used for a routine to recognize a predefined 
end message typed by a user in response lo a prompt. Figure 7.8 shows 
NAMBX modified to use sucb a routine. Tbe program will continue to 
prompt for names un ti! you respond with "'!ND •. 

Figure 7.9 shows part of a sort routine. Two strings are compared; if 
they are out of order, an excbange procedure is called. 

LEA 
. LEA 

MIIV 
REPE 
JNA 
CAI.L 

CCNTJNUE1 

SI ,CURILSTRJNO 
DI ,NEXT-STRINO 
CX,ST~INO-LENOTH 
01PSO 
CCNTINUE 
~-STRJNOS 

11 F CURA NOT ABOVE NEXT SK 1 P SWAP 

.. 
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. Review Questions 

l. Using the MOVE macro from your library as a guide, defme a macro 
that cao be used lo compare strinp. The definitinn should start with: 

COMPARE IIACROFIRST ,SECOND,COUNT 

Remember to initialize SL DI, and CX before making the compari· 
sion. lnclude this macro in your macro library. 

2. Revise PHONER to continue prompting for names and telephone 
numbers until a predefined message is inpuL In our version, as 
shown in the answer to this question, the predefined message is 'ALL 
DONB'. \ 

Answers 

1 . COMPARE MACRO F 1 RST. SECOHD, COUNT 
PUSH SI 
PUSH DI 
PUSH ex 
LEA DI, SECOND 
LEA 51, FIRST 
w:N ex. COUNT 
REPECIIPSB 
POP ex 
POP DI 
POP SI 
E-

2. PAGE ,132 
INCLUOE F 1 RSTL 1 B. L lB 

GETDATA MACRO 
PUSH 
PUSH 
w:N 
LEA 
w:N 
INT 
POP 
POP 
~ 

PROG_STACK 
SEGIIEHT ST ACK 'STACK' 

INBUF,COUNT. 
AX 
DX 
AH,DAH 
DX,INBUF 
1 NBUF, COUNT 
21H 
DX 
AX 

GET STR 1 NG FROII KEYBOAIIIWECIID 
ADORE SS OF 1 NPI/T BUFFER 
SET 1 NPI/T S 1 ZE FDR HAllE 
DOS 

64 OUP ( 'STACK ') 
PROG_STACK 

ENDS 

PROG DATA 

·Decisions and Repetitions 175 

SEGMENT'DATA' 
NAIIEPROMPT 
PHONEPAOMPT 
ENDIIESSAGE 
OUTLINE 
OUTPHOIIE 
OUTSPACE 
OUTNAIIE 

OB OAH,ODH, 'NAIIE: ',24H 
OB OAH,OOH,'PHONENUMBER; '.24H 
OB •GOOIJBYE' ,24H 

INBUF 
INCOUIIT 
INDATA 
PROG_DA T A ENDS 

OB OAH,OOH 
OB SDUP(' ') 
OB 30UP(' ') 
OB 31DUP(' ') 
OB 31 
OBI 
OB 31 OUP(' ') 

f.ROG cooe seGMENT ·cooe· 
MAIN-PROGPROC FAR 
ASSlii"E CS: PROG_CODE ,OS:PROG_DATA, SS: PROG_STACK, ES: PROG_DATA 

STARTER 

MAINLDOP: 

CLS 
CURSORON 
LOCATE 10,0 
IIDV ex. 3 

CALL 
CALL 
DISPLAY 
LOOP 
CALL 
RET 

GETNAIIE 
GETPHONE 
OUTLINE 
MAINLDDP 
FINAL 

MA 1 N_PROG ENDP 

FINAL 

GETNAME 

PROC 
LOCA TE 23, 10 
DISPLAY ENDIIESSAGE 
CURSDROFF 
RET 
ENDP 

PROC 
PUSH 
DISPLAY 
GETDATA 
WN 

BX 
NAMEPRDMPT 
INBUF,31 
BH,DH 

. .. 

PROMPT , 1 NPUT, ANO MOVE NAME 
PROIIPT ANO 1 NPUT PHONE 
DISPLAY LINE 

ANO RE PEA T PROCESS 
THEN RETURN TO OPERAT 1 NG SYSTEM 

: PROMPT FOR NAIIE 
:GETNAME IN BUFFER 
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11011 Blo INCOUNT ; SET UP NAME COUNT IIOVE OUTNAMEoiHDATAoBX ; IIOVE NAME TO PR 1 NT IIOV OUTIWiflBXJ o 24H ; NEXT CHo\R 1 S S POP BX 
RfT 

GETNAIIE ENDP 

GETI'ttONE PROC 
DISPLAY 

_ _, 
; PROIIPT FOR PH0NE GETDATA IN8UFo9 ; GET PH0NE 1 N BUFFER IIOVE OUTPHOIEoiNIIATAoB ;IIOVEPHOIETOPRINT RfT 

GETPHONE ENDP 

Í>Roo_COOE ENDS 
ENO IIAIN_PROG 

Computer Exercise 
Assembleolinko and test the new version of PHONER that you wrote in the 
answer lo the preceding review question. 

Other Variations for Repetition 
REP has three other variations. The first, REPZ )REPeat wbile Zero) is an 
alternativo mnernonic for REPE; it produces the same object code and is 
really the same instructiono REPNE )REPeat wbile Not Equal) can be used 
lo find the first matc:hing byte in two atrings; it tests ZF and continues to 
repeat if ZF is cleared. lts alternative mnernonic is REPNZ )REPeat wbile 
NotZero). 

LOOP also has four variationa: LOOPE, LOOPZ, LOOPNE, and 
LOOPNZ. Theae, like REP'a variationa, teat both ZF and CX. LOOPE 
!LOOP wbile Equal) and ita alternate LOOPZ )LOOP wbile Zero) end the 
loop when ex is zero ar when an instruction within the loop c1eats ZFo 
LOOPNE )LOOP wbile Not Equal) and LOOPNZ )LOOP wbile Not Zero) 
also are altemates; they end the loop when ex is zero or when ZF is set. 

, 
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HOV CX.99 
CALL GET_CQDE 

WHAT_TRANSa 
OHP TCODE.·o• 
JE DEPOSJT 

WITHDRAW1 
CALL WITHORAWAL-AOUTINE 
JHP CQNTINUE 

DEPOSIT 1 

CALL OEPOSIT-ROUTINE 
tc:HfiNUE1 

CALL GET_CQDE 
CHP TCOOE,'X' 
LOOPNE WHAT-TRPt>IS 

TRANSACT 1 (lotS_Oa-.E 1 

Figure 7.10 Cheekbook Transactions with LOOPNE 

Figure 7.10 shows the routine from Figure 7.4 rewritten using LOOPNE. 
Tbe cbeckbook routine now ends either when a transaction code of "X" is 
entered or when 99 transactions ha ve been processed. 

Key Points From Chapter 7 
In this chapter you bave learned to use comparisons, conditional jumps, 
and the unconditional jump instruction to implement decision and repeti­
tion structures. You have also leamed to code string comparisons and to 
use variations of the repetition instructions REP and LOOP. Now you 
should be able to code the logical structure for any program. Sorne of the 
main points in Ibis chapter are: 

• The status flags are set )or clesred) lo reflect tbe result of a com· 
parison, arithmetic, or bit manipulstion instruction. A comparison is 
actually an implied subtraction of the second operand (source) from 
the first )destinstion) and affects the flags accordingly. 

• A ronditional jump instruction tests the status flags. Jf the flag settings 
imply that the result of a previnus o¡ieration matched the condition in 
the jump instruction mnemonic, the condition is true and the jump is 
made. Otherwiseo rontrol falls through to the next instruction. 

• The instructions JA, JBo JNA and JNB and their alternate forros test 
eP; they are used alter flag·setting instructions involving unsigned 
data such as ASCll characters. 

o. 
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• The instructions JG, JL, JNG, and JNL and their alternate fonns test 
SF and OF; they are used after flag-setting instructions involving 
sigJÍed numhers. 

• The instructions Jll, JN!l, JZ and JNZ test ZF; they are used after any 
flag-setting instructions. 

• The target of a conditional jump musl be a shorl !abe!. A shortlabel 
identifies an address within 1Z8 bytes of the jump instruction in the 
assembled object code. 

• A decision requires the selection of one of two alternate paths based 
on the curren! value of a variable or regislcr. One of the paths may be 
empty. 

• In MASM source code a decision requires two instructions; one sets 
the status flags based on a curren! value and the other is a conditional 
jump that tests the flags. When the condition is true, control is trans­
ferred to one of the alternale paths. When il is not true, control falls 
through lo the o!her path. 

• An unconditional jump, JMP, transfers control every time it is 
executed. Such a jump can be used to avoid falling through from one 
alterna te path to another. 

• A repelition struclure can be coded as a special case of a decision 
structure. One alterna te path is a repetition of !he loop. The other path 
falls through lo the instructions following the loop. Two special 
instructions, REP and LOOP with their variations, are used only for 
codin¡ repetitions. 

• A multi·byte string can be compared using CMPSB. The beginning 
. address of lhc source must be loaded into DI and that of the destina­

tion inlo SI before the comparison is made. The maximum number of 
bytes lo be compared muat also be loaded inlo ex. 

• One of the vuiations of REP must be coded as a prefur: for the CMPSB 
inslruction. Tbe comblnation instruction will compare bytes until CX 
is O or until ZF is set lfor REPNB and RBPNZ) or clesred lfor RBP!l and 
RBPZ). The next instructions must test lo see wby the repetition 
ended. 

• LOOP also has variations similar lo !hose for RBP. They can be used lo 
code loops that will end either after a given number of repetilions or 
when a speci&ed condition ia met. 
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Chapter Review Questions 

Match each type of instruction to the appropriate phrases. Not all the 
l. hrases are used; some are used more than once. p . . 

_A. Condilional a. Affects flag settings 

jump b. Test flag settings 

B. Comparison c. Transfers control if condition is met 

c. Unconditional d. Always transfers control 

jump e. Two operands 
f. Oneoperand 
g. Target must be witbin 128 bytes 

h. Target may be anywhere in program 

i. Always follows a comparison 

2. WouldjAor JG more likely be the corree! instruction to follow CMP 

AX,-57 
To follow CMP FIRST _CHAR,'Z7 

. te routines for each of the situations below. 
3, Code .the appallrop"": bies used in the decisions bave been defmed 

Assume that vana 
with DB pseud<><>ps. . 

A. Branch to OVERM if INCOD!l is above jor greater Iban) 
•M•. 

B. Branch to TOOWW if BALANCE is less than jor below) 

zero. 
C. Call YBS procedure if INCODB is "Y"; otherwise call NO. 

D. Repeat a procedure that calls SBTTOT until TOT equals 

seven. 

e a routine to compare two S·byte strings, ?LD7"COD!l and 
4· Cod ODB Don't use the COMPARE macro m th1s routine. If 

~~-gODB is above NBW _COD!l, perform procedure 
. NBW-LI!SS before continuing to tbe rest of the program. llf 
OLD -CODB ia equal to or below NllW_CODll, don't perform 
NBW LI!SS, jusi continue with the program.) 

.. 

... 

1 ¡, 
' ; 
1 
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Answen 

l. A. b, e, f, g B. a, e C.d, f, h; i isnot used 

2. JG;JA 

3. A. CMP INCODB,'M' 
JA OVBRM 

B. CMP BALANCE, O 
JL TOOLOW 

c. CMP INCODB,'Y' 
JB CODB_NO 
CALL YBS 
JMP CONTINUB 

CODB_NO: 
CALL NO 

CONTINUB: 

You undoubtedly used different names where ¡ used CODB NO 
and CONTINUB. -

D. 
MAINLOOP:· 

CALL SBTTOT 
CMP TOT,7 
JNB MAINLOOP 

4. LBA SI,OLD_CODB 
LBA DI,NBW_CODB 
MOV CX,S 
RBPB CMPSB 
JA NBW_LBSS 

CONTINUB: 

r 

8 
Using 
theManual 

You have leamed instructions to provide the framework and structure of a 
MASM program, to transfer control both conditionally and uncondi­
tionally within the program, to use the stack, and to move and compare 
data. In Chapters 9 and !Oyou will learn sorne arilhmetic, bittesting and bit 
manipulation instructions. With aU lhst, however, you still will not know 
all of the MASM instructions. Even sorne you do know have variations we 
are not covering. After Cbapter 10, we will not present any new instruc­
tions. Instead, we will concentnte on presenting information and sample 
routines needed for functions, such as numeric conversions; other types of 
UO, especially disk 110; and how lo interface MASM routines with BASIC 
programs. 

How are you going lo leam !he rest of !he MASM instructions and lheir 
variations? Thars !he point of lhis chapler. Y o u will leam a few new 
instructions, but most irnportantly, yo u will learn lo interpret the informa· 
tion in !he MASM manual so lhat you can leam material not covered in lhis 
book. 

. .. 
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A Loo k at the Manual 
Let's look al whatthe MASM manual contains. We won't try tofumish page 
or chapter numbers. You may have a difieren! version of MASM Iban we 
do, and the numbering may not correspond lo ows. Your version may aJso 
include features not discussed in thia chapter. But, you should still be able 
lo find all the things that we mentinn. 

Lool< at the table nf contents. The manual contains chapters on formats, 
pseudo operations, and instruction mnemonics jamong others). There is an 
appendix about messages, one that summarizes the instruction set, and one 
that summarizes the pseudCH>ps. These siJ: divisions jtbree chapters and 
!bree appendices) rontain most of the information you need for MASM 
programming, so we11look al each of them. 

Assembler Language F:ormat 
Look in the table of contents at the headings under the Assembler Lan· 
guage Formal chapter. You should recognize most them: Constants, 
Variables, Labels, Flag Registers, Operands, and so on. A quick glance 
througb the chapter shows that it contains much that you already know, 
but there is some additional advanced material. Look al the section tiUed 
Va/ue Retuming Operators, for uample. Y ou wiJI find the OFFSET oper· 
atar, whichyouknow, butyouwillalsofindothersjSBG, TYPB, LBNGTH, 
and SIZEI that you have not yet leamed. Another section, Record Speci(ic 
Operarors, is all new lo you; it describes operators that are lo be used with 
data forms defined by the RBCORD pseudCH>p. We don'! cover RECORD 
or record specific operators in thia book. You may want lo slúm the entire 
chapter to make yourself familiar with terms used in the rest nf the 
manual. 

Pseudo-Operations 
This chapter describes aJI of tbe MASM pseudCH>ps. As you can see from 
the table nf con tenis, !bese pseudCH>ps are presented alphabetically within 
groups. 

The first group, data pseudCH>ps, includes !hose pseudCH>ps used lo 
define and handle data f~elda, namea, and structures. You already know 
some nf !bese: ASSUMB, DB, BND, BQU, INCLUDB, PROC jand BNDP), 
and SBGMBNT jand BNDS). You can see that othel3 not yet covered. Lefs 
lool< al one that we have mentinned, but uot covered in detail: DW ¡Define 
Word). 

--· r 
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The DW Pseudo~Op 
. Turn to the description of DW. At the head of the page yo u will see the 

mnemonic and its meaning. Next, there is a short statement o_f the purpose 
of the pseudo·op. You can see that DW serves the same purpose as DB, 
except that DW allocates one word jtwo bytes) mstead of one byte. Follow· 
ing the statement"on purpose, you will fmd a generalized formal for the 
pseudo-op. The formal given for DW 15: 

var iable-name DW express ion 

The formal is followed by remarks thal clarüy the purpose, formal, and use 
of the pseudo-op. In Ibis case, the remarks ~gin by telling you that 
variable-name is optional. Wben DW ts used wtthout a na~e, tl srmply 
reserves and possibly initializes memory space. When used wtth a name, 1t 
defmes that name as a variable with the type attribute WORD. 

The remarks aJso defme possible ways lo code the expression part of 
DW. Tbe Jast part of the description contains source·code examples. You 
will find it easier to understand some of the remarks if you refer to the 
examples; the formailanguage used in the remarks section may be difficult 
lo follow. Sorne pseudCH>p defmitions don't include examples. Usually, 
!bese have simpler or less variable formats. 

Compare the remarks and examples for DW lo !hose for DB. You will 
see that OW can be initialized as an address expression although DB 
cannot. (An address won't lit into one byte.) DB can be initialized with a 
character string j"ABCDB"), DW cannot. DB is limited lo constants with a 
value of zss or less, DW is not. Since you already know how lo use DB, the 
information given for OW jand the contrasls lo the information for DBI 
should enable you lo use DW in your programs. 

Other Pseudo-Ops 
Other groups in thia chapler include conditionul, ma~ro, listing, and false 
conditional pseudCH>ps. Conditional and false condit10nal pseudo-ops are 
beyond !he scope of thia book. You have leamed !bree macro psuedCH>ps: 
MACRO LOCAL and BNDM. When you gain more MASM experience, 
you ma; find so;,.e of the other macro pseudCH>ps useful in defining 
compleJo: macros. Tbe listing pseudo-ops control the assembler listing. You 
already know one of !bese: PAGB. Most of the others include or exclude 
portion.s nf the program from the listing, priDI a heading on each page, and 

so~ "h d We11 skip over the instruction mnemonics chapter ng t now an come 
back lo it alter we discuss tbe !bree appendices . 

.. 
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Messages 
This appeDdii begios by describing the messages that are printed by the 
assembler. Notice that if yo u use ASM, only erro< codes are displayed aod 
printed; therefore, you will have lo look up the codes in this appeDdii. 
With MASM, both error messages aod codeo are inserted in the listing aod 
displayed oD the screen. 

For each error code, the appeodix shows the message printed by MASM 
for that code aod ao amplified explaoation of the error. In so me instaoces, 
the explaoation is Dol much different from the message, aDd, in auy case, 
the message says it all. L<lok al code 9, for example. The error message is 
"Symbol nol defmed". The explanalioD is "A symbol is used that has DO 
definilioD." In other cases, the explaoalioD is a little more complete or 
provides ao example. L<lok al Code 58. The message is "Byte register is 
illegaJ•. The explaoalion provides ao example, "PUSH Al.". PUSH works 
ooly with 16-bit registers; the S-bit registers (AL, AH, aod so onJ are illegal 
with this instructioD. 

The next section of the appeodix deals with 110 baodler messages. 
These are runtime errors. When one of these enors occurs in a program 
assembled with MASM, ao error code, message aod 6lename are dis· 
played. With ASM, oDlythe fdenameand codeare displayed; you will need 
lo look up the correspondiog message in this appeodix. 

Tbe last seclioD of the appeodix lisis other ruotime errors. These bave 
DO code nwnbers, they rarely occur, aod you may never see them. 

lnstruction Set Summary 
This appendii lisis all of the MASM iostructions. Al the begioniog of the 
appeDdix, you will fiod an explaoation of the codes used in the swnmary. 
Tbe iostructions are arran¡ed in alphabetical order by mnemonic. Tbe first 
line for each iostruction sbows the mnemonic, followed by the operaod 
field formal, aod then the meaoing of the mnemonic. This is followed by a 
table showing poasible operand combioationa. For each combination, the 
table shows the nurnber of bytes of object code generated by the iostruc­
tion aod ao eumple of the iostruction using this combination of operaods. 
Tbe final colurnn in the table sbowa which, if aoy, of the status flags are 
affected by the ioatruction. This column ls oot related lo the operand 
combioations. Tbe aame flags are affected regardless of the operaods used. 

When would yoo use this swnmary? When you're nol sure of ao 
ioatruction mnemonic, when you waot lo find out quickly whether an 
ioatruction ezisls that does what yo u waot lo do, when you waot lo see if a 
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particular combination of operands is legal wilh a certain instruction, and 
when you want to know if an instruction aff~cts the s~atus fla_gs. For more 
detail aboul the purpose. codiDg, aDd operahoD of an mstrucllon, go lo the 
instruction mnemonic chapter. 

Pseudo,Operations Summary 
This appendii lisis the pseudo-ops in groups jusi asthe pseudo·operatiODS 
chapter does. 11 doesn't leU you much about tbem; il simply gives you the 
formal for each oDe. For more detail, go to thé pseudo-operatioos cbapter. 

lnstruction Mnemonics 
The chapter on instruction mnemonics contains desc~iptions ?f each 
MASM ~truction. It starts, however, with two general mformahon sec· 
lions thal explaio lhe symbols and codes used in the descriptioos. Let's look 
al these sections briefly before we look al the in~vidual iostructioos. 

Symbols and Notation 
This sectioD explaios the abhreviatioos aod symbols used in the d~scrip· 
tioos. Sorne of the symbols are self·evident. By now you can recogmze the 
meaoings of AX. AH. AL, and so on. Sorne symbols are easy to uoderstand 
once you look at the defmilion. RBGS, _for e:wnple, staods for aoy S·b•t 
regisler wbile RBG16 staods for aoy 16-bii reg¡ster. 

Some of the symbols may not mean much to you even after you_read the 
description. Look al r/m. The explaoalion says thal r/m refers lo bits 2, 1, O 
of the MODRM byte aod that, combined with the mode and w fields, r/m 
defines BA. This will make more sense after the discussion of instruction 

fields. below. 

Instruction Fields 
1n each individual ioatruclion descriptioD there is ao entry labeled "encod· 
· ,; This eDtry describes the object-code instructioD created by the 
~bler. The MASM programmer does DOI usually care about. this iofo_r· 
mation; afler all, the purpose of using the .assembler laoguage IS lo av01d 
haviog to deal with or interpret object-code dir_ectly. If you.do wan~ lo 
interpret the encodiog entry, however, yo~ will Deed !he ioformalio~ 
aboul fOrmals aod codes fouod in the iostruction field secliOD. We'lllook 11 
over quickly aod we11 see some examples in individual iostructioos. 

. .. 
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An object-code instruction contains one lo six bytes. They are, in order, 
an operation-code-byte, an optional addressing-mode-byte, an optional 
one- or two-byte displacement, andan optional one- or two-byte immedi­
ate data value. 

The operation-code-byte corresponda to the specific 8088 instruction to 
be carried out. The operation-code-byte for JMP, for e>rample, is OFFH; for 
JB or JZ, OE4H. The addressing-mode-byte deacribea the operanda. Tbe 
remaining bytes contain the addreas for an addreso operand and the imme­
diate data for an immediate-data operand. 

Both lhe operation-code-byte and the addressing-mode-byte can 
include subflelda containing specific codes affecting the interpretation of 
the object code. Tbe most commoo subfleld in the operation-code-bYte is 
the word field jw). Wheo present, this field is usuaUy in the low-order bit. 
When w is O, the instruction involves 8-bit jone byte) operands; when w is 
l, it involves 16-bit jone word) operands. For emmple: the operation-code­
byte formal for the instruction that moves immediate data lo memory is 
1100011w. This means thafwhen a word is moved, the operation-code-byte 
is 11000lllB jOC7H); when a byte is moved the operation-code-byte is 
11000110B jOC6H). The encoding entries for sorne instructions show other 
subfielda such as "d" or "reg" in the operation-code-byte. You can fiud the 
subfleld's meaning in the symbola and notations section. 

The second instruction byte, the addressing-mode-byte, is en tire! y built 
from subfields-usually mode, reg. and r/m. (The symbola and notation 
section contains definitions in wbich this byte is called the MODRM byte.)· 

The mode fleld is the two bigh-order bits of the addressing-mode-byte. 
The primary use of the mode field is to specify whether the instruction 
includes one, two, or no displacemeot bytes, and whether the displace­
ment representa an address or immediate data. The three low-order bits of 
the addressing-mode-byte often contain a three-bit code called the register­
/mernory field, or r/m.(lf the mode f!eld is 11, then a three-bit register code · 
is in this position instead.) The r/m code field identifies wbichoombination 

.. of registen ia used ID modify the diaplacemeot when calculating HA. In 
many instructions, the three middle bits of the addreas-encoding-byte are 
not used; they contain meros. Sorne inatructions, however, require both a 
regia ter andan r/m code. In these, the three middle bits contain the register 
code. This section of the manuallilla both the regiater codes and the r/m 
oodes. Register code 011, for emmple, refen to BX. Rlm code 011 specilies 
that HA ia caleulated by adding the cootents of BP and DI to the diaplace­
meot. 

;._p , 
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·We11 look at sorne specific instructions, including their encoding 
entries, after sorne review questions. 

Review Questions 

l. Where would you look for each of these items? Choose your answers 
from this list: 

a. Assembler language formal chapter 

. b. Pseudo operations chapter 

c. Messages appendix 

d. InstructiOn summary appendix 

e. Pseudo operations sunup.ary appendix 

A. An explanation of an errOr code from the assembly listing 

B. The formal of PAGE 
C. A description of value retuming operators 
D. The flags affected by CMP 

__ B. The meaning of a runtime error code 
__ F. Themnemonicforaconditionaljumpinstruction. 
__ G. AdescriptionoftheuseofPAGE 

2. Which statements are true of DW and which of DB? jSome may be 
true of both DW and DB, some of neither.) 

A. Reserves and optionally initializes memory 

B. Can be initialized as an address expression 

C. Can be initialized with a character slring 

D. Can be initialized with values over 255 

E. Can defioe a variable name 

,. 

, 
1 
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3. Match each phrase with its function. Some phrases may not be used. 
-- A. Describes oper- a. Operation-code·hyte · 

ands h. Symhols and notations 
B. Describes size of c. Addreasing-mode-hyte 

operation d. Mode field 
C. Defines instruc- e. Word lield 

tion 
D. lndicatea register 
E. lndicate EA 

computation 

F. lndicateaprea­
enceofdis-
placement bytes 

f. Register field 
g. R/m field 

ANwen 

l. A. e ;B. hore;C.a ;D. d;E. c;F. d;G. h 

2. A. holh ;B. DW ;C. DB ;D. DW ;E. both 

3. A. e ;B. e ;C. a ;D. f ;B. g ;F. d; hisnot used 

lnstruction Descriptions 
!he inatruction innemonic deacriptions, like the pseud<H>p descriptions, 
~elude purpose,_ formal, and remarka entriea. The descriptions a1so 
mcl~dethe ~codiugen~ anda flag entry, whichlists the flags affected by 
lhe ínstructíon'a uecution. Most deacriptio:OS also include source-code 
~pies ~ a logic entry, which describes the steps taken in executing 
lhe ínstruction. Lefs look at the descriptions of some instructions yo u have 
already learned. 

A Deacription ofLEA 
Find the ~ption of LBA. Look at the beading. purpose, formal, and 
remarka entriea. These serve the same function as similar entries in the 
pseudo-cperations chapter. The logic entry reads "(RBG)=EA". Tuming 
~":k lo the sym~ls and ~~on section, you wil1 see that the parentheses 
indica te that the mstructiOn 18 concemed with the contenta of a register. 
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The logic entry, then, says that this instruction sets the contents of a 
register equal to an effective address. From the previous entries you will­
see that the register is specified in the first operand, while EA comes from 
the second operand. 

The flags entry tells you that no flags are affected by LEA. The encoding 
entry shows two bytes for LEA's object code. The first, the operation-code· 
byte, is 1000ll01B (8DH). The second byte contains a mode field, a register 
field, andan r/m field in that order. Mode is always two bits and r/m three 
bits: this leaves three bits for the intervening register field. The addressing· 
mode-byte code for this instruction, 

LEA BX , ADDER 

would be ooouuo, The instruction fields section of this chapter tells you 
that: 

1. lhe combination of mode 00 and r/m 110 means that EA comes from a 
· two-byte displacement field and 

2. 011 stands for register BX. 

In the object code, the two-byte displacement field has the low-order 
byte first, and the high-order second. On the assembler listing the displace· 
ment is printed high-order first and is followed by R to remind you that this 
is a reversa! of lhe actual object code. lf ADDER is at offset 0123, then, the 
object code for our sample instruction is 8D lE 23 01; the assembler listing 
sbows itas SD lE 0123 R. The encoding entry mentious that the mode field 
for LEA should never be ll. The only way it could get set at U would be if 
you used DBBUG ora similar utility to play around with the object code. 

The fioal entry for LEA contains severa! examples of valid source code 
using the instruction. Most instruction descriptions contain such exam­
ples. Sorne even include source code routines sbowing how the instruction 
can be used (see LOOP, for example). 

Describing PUSH 
Look at the description for PUSH. You hove leamed to use PUSH to place 
the contenta of a register on lhe stack. It can also be used to place a word 
from memory on the stack. The purpose entry for PUSH says that there are 
three PUSH iostructions. From a programmer's point of view, writing 
source code, there is only one PUSH instruction with a choice of two types 
of operand. The manual, however, looking at PUSH from the object-code 

' 

. . . 
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standpoint, sees three separate instructions: one with a non-segment n!gis­
ter operand, one with a segmenl register operand, and one wilh a memory 
jaddressl operand. 

The purpose entry, the remarks entry, and the logic entry all lell you 
thal execution consists of subtnu:tlng 2 from the stack poinler and then 
copying the conlenls of lhe soun:e jthe only operandl lo the new location 
poinled lo by SP. No flags are affected. 

There are separate encoding and e:rample enlries for each of the three 
types of PUSH. Eacbofthe e:ramples includes the generated object code in 
the comments column. For the tbird type, only the C.rst two bytes are 
shown; the actual object code would alao include two displacement by¡es. 

Describing MOV 
MOV is one of the fust instructions you leamed, and il may be the most 
often used inslruction in MASM.lt is nol difficulllo understand, to code, or 
lo use coiTectly, yel its description is one of the longesl in the manual. This 
is beca use MOV, like PUSH, is more complicaled in objecl code than il is in 
sourcecode. 

For source-code purposes, MOV is one instruction with C.ve possible 
operand combinations. As its purpose enlry stales, however, from an 
objecl-code standpoinl there are seven different types of MOV, each with 
severa! possible varialions. The remarks entry indicales that some of these 
MOV instructionsmay include a !-bit destination subC.eld (dJ (whicb is one 
if the destinalion is a register, and zero otherwiseJ as well as the word (wJ 
subfield, previously discuased. Both subfields occur in the operation-code· 
byte. 

Look al the seven types of MOV. Notice that moves involving the 
segmenl registers are different instructions than those involving olher 
registers. Also, moves between memory and the accumulalor (AX or ALJ 
are differenl than moves between memory and other non-segment regís­
lera. On the other baod, the following moves are the same: moves frnm one 
register lo another thal do nol involve segment registers; m oves between a 
non--segment, non-accumlator register and memory; and moves between 
the accurnlalor and memory when the address does not include a variable 
name. 

Look al the eumples for these two instruction types: move lo a register 
from immediale data, and move lo memory-or-regisler from immediale 
data. In my copy of the manual, MOV BX,84 is an eumple in the second 
category. Why? Why i.m, Ibis an eumple of a move lo a register? To lry lo 
understand il, 1 wrote a little program lo see how the object code actually 
looks using Ibis instruction as well as some moves of immediate data to 

............ . r 
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memory. The relevant part of the assembler listing for the program is in 
Figure 8.1. Notice that theoperation-code·byte for MOV BX,84 isBB. If this , 
¡
5 

compared to the encoding formulas, we see that MOV BX:84ts actually 
interpreted as a move toa register, not toa memory-or-regJster operand. 
The esample in m y manual is wrong. When you think you understand an 
entry in the manual fairly well, but one part of it jusi dnesn't make sense, 
try out the instruction and operands in a sho~ progr~ to see how the 
assembler handles it. In this case, of course, 1t was sunply a matter of 
curiosity. As long as we know that MOV BX,84 is a valid instruction, we 
don't care too much about how it is translated into object code. 

Learning New lnstructions. 
Let's use the manual to learn sorne new instructions. You really should 
know several more befare you do much more programming. The new 
instructions include two string operations, STOSB (STOre String ByteJ and 
SCASB (SCAn String ByteJ, and four instructions that affect flags: CLD 
¡CLear Direction flagl. STO (SeT Direction flagJ, CLI (CLear InterruptJ, and 

STI (SeT InterruptJ. 

Storing a String 
You won't fmd STOSB as a separate instruction in this chapter; instead, it is 1 

one of three instructions in the description headed STOS. The purpose ; 
entry tells you thal these instructions (STOS, STOSB, and STOSWJ copy 

.... .... 
1111 
1113 .... .... .... 
1111 
1114 
111'5 

'"' .... 
IIIC 
1112 
1117 

·"'" 1111 

?? 
111? 

lE ....... .. .. ---. .... 
lE Cl 

THE-DATA SEIJ1EHT 'DAlA' 
CN:I'I'TE 08 ? 
IIEWORO mol ? 
THLDATA S«>S 
1 
lHL.COOE SEIJ1ENT 'COOE' 

ASStltE SS 1THE..S1ACK ,CS aTHE...CODE ,OS1THLMTA ,ES 1THE..COOE 

HAIN..PROC PROC FM 
P\1514 .. 
tt()J AX ,1 
PUSH ~ AX 
HOU AX,lHE..-OATA 
HOU DS,AX 
tt0J ES,AX 

~ •••••• TESl COOE BE611'CS HfRE •••u•••••• 
C1 U 1111 R tiF4 I'IPJ ~0,511 
C1 U 1111 R 32 HOIJ CJ.IEIYlE,:H 
• 1154 ""'-' ax.•~ 
Cl RET 

HAJN..PROC ~OP 

AguN L1 Part ole Tell Program 

.. 
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CLEAA MACRO 
PUSH 
PUSH 
PUSH 
HIJJ 

""" LEA 
REP 
POP 
POP 
POP 
ENOI1 

CHAR_FIELD,COUNT 
01 
AX 
ex 
cx.cOt.NT 
AL.• ' 
DI.CttM..FIELO 
STosa 
ex 
AX 
01 

Flgu,. 1.2 TheCLEAR Macro 

, data from !he accwnulator lo a destination indicated by DI and then 
change !he setting in DI. Tbe formattells you that only STOS requires an 
operand. In Ibis case, !he operapd is used by !he assembler In determine 
whether a byte ora word is being copied. Tbe real deslination for !he move 
is always indicated by DI. Neither STOSB nor STOSW require operands; 
information aboutthe unit of data copied is included in the mnemonic. 

Look atibe descriptions for MOVSB and CMPSB. You will fmd that 
they follow the same pattem. Tbey are a group of three instructions, one 
with operands IMOVS and CMPSI, one specifying a byte·size operation 
IMOVSB and CMPSBI, and one specifyinga word·size operation IMOVSW 
and CMPSWI. In each case, !he notes at !he end of the description tell you 
that !he forma without operands are preferred. 

Note the difference between string stores and string moves. In a move, 
both !he source and destination are in memory and both DI and SI change 
when the instruction in repeated. In a store, only !he destination is in 
memory and only DI changes; !he source is always in !he accumlator. 

The string stnring operations, like !he string moves, are generally used 
with !he repeat prefix IRBPI. SI'OSB is especially useful for filling a field 

- with spaces, like thia: 

IIOV CX,BO 
LEA DI,PRINTLINE 
MOV AL, •' 

\ REP STOSB 

Tbemacroin Figure 8.2 can be used tofillany fieldwithspaces. Thisor 
a.similar macro should beoomepart ofyour macro library. 

Scanning a String 

SCASB is a variation of SCAS; let'slook at that now. The manual says in !he 
purpose statement that it •aubtracts the destination byte or word from AL 

' 
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or AXand affects the flags but does not affectthe result." In otber words, it 
res tbe destination to the accumulator. . . . 

compaTh · cann1·ng operations ha ve the same relahonsh1p to the stnng estrmgs · · th 
·sons tbat string stores bave to string moves. The source lS m _e 

co~ator !he destination is pointed to by DI, and a re!""'t prefix 1s 
accum. h RE' PB RBPNB ¡¡ RBPB ¡5 used the operahon 15 repeated as usede1ter or · ' . ¡ th 

' th destination matcbes the source; if REPNB 15 used, as ong as e 
~~~tio: does oot match the source. Tbe operation a1so ends when CX 
= O, so the instructions following !he sean must check the flags lo fmd out 

why it ended. . . · h f art" 1 
I ff el th We use SCAS and its vanahons to searc ora P lCU ar 
ne e . en, 1 k f b f t" • 

byte (or word) in the destination: Here's a routine that oo s or t e trs -
in TBLBPHONB, an eight-byte fleld: 

MOV CX,B 
IIOV O 1 , TELEPHONE 
IIOV AL,'·' 
REPNE SCASB 
JE FOUND __ DASH 

NO __ DASH: ... 

Controlling the Direction 
t . rations increment DI jand sometimes SI) when the direc-~ th¿s ":;~ 0 f:' 0 but decrement !he same registerjs) when DF is 1: In 

~~=ct. !'hen DF is' O !he operation moves from left to right; when DF lS !, 

fro';.~u!:~~!~n CLD clears the direction flag; look it up. It has. no 
ds Ita ni effect is lo move zero lo the direction flag. A smular operan . o y 

instruction, STD, seta DF. !hin h 
DF. ually zero wben !he computer is turned on. If no g appens 

1 chan~eu~t it will stay al zero. However, sometimes you may want lo 0 

!he ''""" operation Here's a routine that searches for !he last non-revene s ... u..o • . 
apaoe character io an 3D-byte NAMB field: 

IIOV 
LEA 
IIOV 
STO 
REPE 
CLD. 

CX,30 
DI ,NAIIE+29 
AL,'' 

SCASB 

JE NAIIE __ BLANK 
FOUND __ LAST: 

.-
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For safety, any program thal cbanges DF using srD should include 
CID before the program ends. II one program ends leaving DF sel and 
assumes thal DF is O, the next program may not execute its slring opera· 
tions properly. Irs nol a good practice lo make such an assumption; you 
should include CID al the start of every program jusi in case il runs 
following a program thalleft DF aet. lfa beal lo CID again al the end of any 
routine thal seis DF, as we did in the above example. 

Controlling the lnterruptFlag 
The inlerruplllag, 1F, also affects the operation of your program. When IF 
= O, external interrupta are disabled. This means thal signals coming inlo 
the computer frnm the keyboard, printer, and so on may be ignored. Wbeo 
1F = 1, these inlerrupta are enabled; the syslem will pay attention lo signals 
requesting servk:e from outside sources. Many of the 110 inlerrupl rou· 
tines. themselves, disable external interrupta and then enable them again 
before relurning control lo your program. As you learn more aboul system 
requirements and timing you will want lo specifically enable and disable 
interrupto in your programo. For now, since you cant always be sure bow 
the previous program left IF, enable interrupts al the beginning of a 
program, especially ü il is one tbat uses the printer or keyboard. Looking 
througb the instruction summary, you wlll find that you use CUto clear 
(disablel interrupts and STI to set (enablel them. Neither instruction has 
operands. You can look up the details in the instruction mnemonics chap­
ter, but neither requires much more explanation. 

Review Questions 

l. Answer !bese questions about CMP by looking at ita description in 
!he manual. 

A. Wbich entry or entries describes the operation of CMP? 

B. Which llaga are affected by CMP? 

C. How many types of CMP instructions are listed? 

D. Wbicb type ia CMP AL,l77 

Wbat ia ita operation<Ode-byte? 

T 
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2. Look up the description of XCHG and answer these queslioos. 

A. What does XCHG do? 

B. Whicb operand is copied firsl? 

Towhere? 

C. How many lypes of XCHG are there? 

D. Which of tbese instructions are valid? 

a. XCHG AX,DX 

b. XCHG DS,ES 

c. XCHG NEW_FlELD,BX 

d. XCHG NEW_FIELD,OLD_FlELD 

For questions 3·10, assuÍne your program has defmed lhese fields: 

EMPLOYEE NAME 
EIIPLOYEE SSN 
PRINT_LINE 

DB 30 DUP(?) 
DB 9DUP(?) 
DB 132DUP(?) 

and codean appropriate instruction or routine: 

3. To dear PRINT _UNE (use the CLEAR macro defined in Ibis chap· ' 

ter¡. 

4. To find the first '·' in llMPLOYEE_SSN. 

5. To find the last '·' in BMPLOYBB_SSN. 

6. To fill EMPLOYEB_NAME with aslerisks. 

7. To enable interrupts. 

8. To disable interrupta. 

To fill BMPLOYBB_NAME with aslerisks if BMPLOYEB_NAME, 9. 
is all spaces. 
To move BMPLOYBB_NAMB to lhe firsl 30 characters of 

lO. PRINT_LINB and BMPLOYBB_SSN to the last 11 cbaracters. : 

.. 
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Answers 

l. A. purpose, remarks, and logic B. AF, CF, OF, DF, SF, ZF C. 3 D. 
immediate O¡>enllld with accumulator; 0011 1100 or 3AH 

2. A. exchanges the source and destination operands B. destinallon; lo 
an internal register C. 2 D. a,c; bere's wbara wrong with the others: b. 
aegment registers cannot be operanda of XCHG; d. at least one 
operand must be a register 

Your answers lo questions 3-10 will probably not be exactiy the 
same as mine. Be sure tbat yours accornplish the same results. 

3. CLEAR PRINT __ LINE,80 

4. MOV CX,ll 
LEA OI,EMPLOYEE __ SSN 
MOV AL,'-' 
REPNE SCASB 
JNE NO __ DASH 

DASH __ FOUNO: 

Did yo u remember to load CX, DI, and AL? Did you remember to test 
ZF lo see why the comparison ended? 

5. MOV CX,ll 
LEA DI ,EMPLOYEE __ SSN+lO 
MOV AL,'-' 
STO 
REPNE SCASB 
CLD 
JNE NO __ DASH 

LAST __ DASH __ FOUND: 

Did you remember 1o load CX, DI, and AL? Did you load DI with !he 
address of the 1ast byte of BMPLOYBB __ SSN? Did you remember lo 
use STO and then lo clear DF with CLD? Did you test ZF to see why 
the comparison ended7 

6. MOV . CX,30. 
MOV Al,,., 
LEA O 1 , EMPLOYEE __ NAME 
REP STOSB 

Did you remember lo load CX, DI, and AL? 
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7. STI 

8. Cll 

9. MOV CX,30 
MOV AL,'' 

10. 

MOV O 1 , EMPLOYEE __ NAME 
REPE SCASB ; SCAN T l LL F 1 RST NON-SPACE 
JNE CONTI NUE 

NAME SPACES: 
MOVCX,30 
MOV AL, ••• 
LEA O 1 , EMPLOYEE __ NAME 
REP STOSB 

CONTINUE: 

MOV CX,30 
LEA S 1 , EMPLOYEE __ NAME 
LEA OI,PRINT __ LINE 
REP MOVSB 
STO 
MOV OX,ll 
LEA SI,EIIPLOYEE __ SSN+lO 
LEA 01, PRINT __ LINE+79 
REP IIOVSB 
CLD 

Did you remember to clear DF af!er the move? You could bave used 
the MOVB macro instead, like tbl5: 

MOVE PR 1 NT L 1 NE , EMPLOYEE_NAIIE • 30 

~beE PRINT_L INE+79 ,EIIPLOYEE_SSN+ 10,11 
CLO 

•. .~ 
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Answen 

1
· A. Assembler language format cbapter; B. lt permits tbe assembler to 

generate more efficient code. 

2. A. Assembler language format cbapter; B. SHORT 

3. COMMENT 1 THIS PROGRAM BUILDS, MAlNTAlNS, AND LISTS 

A NAMB AND PHONB NUMBBR I'ILB 
. 4117/00 

DONNAN. TABLBR 
(Y_ our

1 
text, as weJ( as your delimeter, are probably different from 

rrune. 

4. A. Purpose, rernarks, and logic; adds 1 to tbe operand· AF OF PF 
SF, ZF; no: 2 ' ' ' ' 

B. registe~; BX; C. 11111110 (OFBHJ; 11111111(0FFHJ 

5. Messages appendix; operand types or sizes didn1 match in a case 
where tbey muat match. · . 

6. A. lnstruction summary appendix; B. y es; DEC; 1· AF SF OF PF 
ZP; byte or word regi.ster or memory. ' ' ' ' ' 

7. IIOV CX, 5 
LEA DI,CODES 
IIOV AX,OFFH 
REP STOSB 

8. MOV CX,30 

9. 

LEA D 1 , AOORESS 
IIOV AX, • • 
REPNE SCASB 
JE SPACE_FOUND 

NO_SPACE: 

MOV 
LEA 
MOV 
STO 

CX,30 
DI ,NAIIE+29 
AX • • . . 

REPNE 5CAsB 
CLD 
JE LAST_PERIOD 

NO_PERIOD 
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10. STI. 

11. Cll 

Computer Exercise 
Writea program called SSNPROG that will: 

l. Prompt for a 30<haracter name 

a. Fill trailing blanks in name witb asterisks 

2. Prompt for an 11-character SSN 

a. lf SSN does not have 11 non·space characters, repeat the prompt 

· 3. Display narne (including asterisks) and SSN on one line with 10 or 
more spaces in between 

4. Repeat until no narne is input (input count is O) 

Notes: After the name is input you will need to move it to the print line 
befo re prompting for SSN. Using tbe instructions yo u ha ve learned so lar to 
fill tbe trailing blanks of tbe name wilbasterisks, it is best lo fill tbe entire 
print area for name witb asterisks before copying tbe input narne. When 
you move tbe name to tbe print area, you will need to use tbe input count to 
control tbe number of characters used. This count is a byte; it cannot be 
moved directly to CX. U you try to use tbe MOVB macro witb tbe input 
count for character count you will gel an assembler error. There are several 
ways to gel around tbia.l chose not lo use MOVE, but lo cede the move in 
tbe program, moving Oto CH and tbe input count lo CL. 

U you need more hints, look at the program on the nexl page. 
Remember, though, tbat tbere are many corree! ways lo design a program. 
U you ha ve tboughl of another way lo wrlte SSNPROG, try il. 

Assemble, link, and run your program. U your source code is differenl 
úom mine, bul il works, take a few days away from il and then see whetber ' 
il is easy lo read and understand . 

~ , .. ' 



204 

PAGE ,132 

I~UOE MACLI8.LJB 

INCLUOE EQULII.L18 
1 
PROO-.ST~K SE~ STACk 'STAO:" 

Da 64 DUP ( 'STACK "> 
PROO-STACJC ENDS 
1 
PROG-MTA SEII'ENT 'MTA' 
NWEPRO'PT 08 LF , CR , 'NAHE • ' , EOT 
S9PR01PT 08 LF, CR, • S1iH1 ' ,EOT 
91111ESSA&E 08 LF ,CR,'00008YE' ,EOT 
OUTLINE 08 LF,at,BI DUP<' "),EQT 
JNBUF 08 31 
INCOlHT 08 ? 
I~TA D8 31 DC,P( • ') 
PROILDATA ENOB 
1 
PROLCODE SEOHENT 'CODC' 
l''tiiiiiN.-PROI PROC FAR 

ASSU1E CSIPR0a..COOE,DSIPROO..MTA,SSIPRDG-STACK,ES1PR08...DATA .......... 
ITI 
CLD 
CL8 
C..SOAO< 

f'liiiiNLOOPt 
CLEAO 
CALI. .... 
~ 
CRI.L 
CRI.L ....,. 
DIPt.AY -

OUTLINE+Z,N 
OEl>WIE 
JHCOIMT ,1 
END_PRQ& ....,.__ 
OETS .. 
OUTLINE•42,JNOATA,II 
OUTLIN& 
MINLOC. ............ 

DI IPLAY INDttESMGE ..,. 
11AIN...PROG a.oP 
1 
8ETIWOE PIIOC 

DI IPLAY NtAI1UitCiePT 
erTDATA na• .11 ..,. ............. 

1 
....... PRGC 

08tll 

...... "' ........ 

...... DI 

DISf'l.AY IINPRatoPT 
&ITMTIIII 1 .... ,12 .,. ---L .. ...... .. ... ... ... ... 

IHCOtHr ,11 -1 CX,II 
IIIL, • " 
DI,UCwr.TA 

""""" OSOI 
DI 
AX 

"' 
GETs-. ENDP 

¡tt(1.1( SPACE& TO DISPLAY 
1PR01PT ANO INPUT ..w11 
al' NO NtN1E ENO PftOCUW1 

IPUT AITIERJSXS ANO NN1E 
1PRCI1Pt' ANO INPUT &-. 
1""'-'E SSN TO LINI 
!DISPlAY LINE 
1 ~ REPEAT PROCEIS 

LIHE 

IN LINE 

1THEN RCTURN TO OPEMTINO 8YSTEJ1 

¡PRI:J1PT 'DR SSH 
1 NT ... IN ltWFIR 
II"'UUT a 11 CttiU 

111WT twJE NO SMCES 

' H4)JEJW1E PROC 
PUSH 
PUSH 
PUSH 
PUSH 
MW 
LEA 

""" REP 
MW 

""" LEA 
LEA 
REP 
POP 
POP 
POP 
POP 
RET 

HOVEJ.WtE 8\IOP 
1 
PROG...COOE ENOS 

ENO 

ex 
01 
SI 
AX 
0<,38 
OI,OUTLJNE+2 
AL,'•' 
&TOSB 
cx.o 
CL , 1 NCOU'IT 
SJ,INOATA 
01 ,OUTLINE•2 
HOVSB 
AX 
SI 
01 

"' 

HtiQI,JN...PROG 

.. 
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¡FIRST FILL WITH ASTERISkS 

¡THEN MOVf IN NAHE 
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Arithmetic 

In this chapler, you willleam the arithmetic instructions and routines. So 
far, our examples and pra~lice programs ha ve been !imiled by the lack of 
arithmetic instructions. When you can handle arithmelic, you will be able 
lo wrile programs tbal cover a much wider range of situations. 

MASM arithmetic operales with lhree types of numbers: binary, 
packed decimal. and unpacked decimal. (Packed and unpacked decimals 
are two varieties of binary coded decimals, often referred to as BCDs. lf 
you need lo review these forrnats, see Appendix A.) Remember tbat all 
information is stored in memory as binary digits. A string of binary digits, 
however, can be interpreted as a binary number, as a packed or unpacked 
decimal, oras a string of ASCII code characters. So far in this book, you 
hove worked with binary numbers (signed and unsigned) and ASCII char· 
acters. 

All arithmetic operations in the 8088 are perforrned using binary num· 
bers. Specia1 adjustrnent instructinns are used to corree! the results when 
the operands represen! BCDs. We11 discuss binary arithmetic first and 
then the adjustments that are needed to work with packed and unpacked 
decimals. 

Binary Addition and Subtraction 
The arithmetic instructions for addition and subtraction are ADD, SUB, 
ADC (add with carry), and SBB (subtract with borrow). Figure 9.1 presents 
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!otlry(! 1011 ~ f.!.W 
&p!bontliP"I ~ !l!!!dl 

fli<OI1 
AOO .. ,, , 1 ouru Word,Brtlt 

SUI 61't1 1 tourtlt Wclf'd,Brtlt 

Sil dnt,-ru WOrd,Brt• 

rtg,rt'Q ,.,,, .. -.,. . .., 
r•ll•'--··-
reo,r•o ,.,.­-.,.·o ,.,,,,_ -··-
rtg,reg 

r•o.­
-,r•o 
''!1·•­..... -
rtQ,,..9 

,. .... -... ,,..g 
rtQo•-•-·•-

Word,lrt• r•o 
OM 

Word,lrh rto -

OIY -rct 

N, CF, OF Addt 1.0<1ttt to dut 
PF, SF, Zf Rnult i~ dut 

PE, Cf, 0F Acldl tourtt tnd Cf lo dllt 
Pf, Sf, Zf Rnull in dnt 

Af, CF, OF Subtr•tll tour" frcn d•st 
Pf, Sf, Zf Auult in dtlt 

.. 

Af, Cf, OJ' 511btrfotl• 10<1rCt fre8 dttl 

Pf, Sf, ZF Rnult ifl dnt 

CF, 0F 

"·" 

UfiiiQIItd •ulliplitiiiOII of 
tourtt 111d ICt-IIIIIDr 

Atlll\1 Íl do\lblt 10\lrtt !tnQIII 
Wl tll -rd ot~triRdl 

tourtt -•t•plltd b7 AX 
llq~ll-ord.U ooOI"d of rnul t '" DX 
•--Of'ótl' ooord of "''"'' '" AX 

W1 111 bytt Qpti'IRÓI 
1ourtt •ultiplitd by Al 
lliQII-orO.r bYtt of """".in AH 
1010-ord.,. ooord of rtsult i11 Al 

SIOfttd ...,lt•pllttt•oa of 
tourtt and ltt-ul•tor 

Anult is doublt IIIIQIII of IOurtt 
Wi 111 _,.ó optl'&lloCh 

IIMII'tt ...,ltiplltd by AX 
lligll-ordtl' ooord of l'nult "' DX 
1--ordtr ooord of rtsult '" AX 

W1tll llYit optr•ndl 
IDIII'tt ... !t1p\1td by AL 
lliQII-ordtt bYit of rnult i11 AH 
•--ordtr ooord of rtsult' in AL 

lJIIIIO"tÓ ÓIVIIÍOII of &CC-htor 
a11d t•t••••on b7 _,.,, 

R1111lt t,uotitnt ••d r .. aiadn> ;,. 
acc......,l•tor •nd t•h•tion 

Wi th ooord optrandl 
~•Qh-OI'dtt -d of d,,,.,s.nd in OX 
1--or.s.r -d of d11,¡61oad ;,. AX 
,votitat ia AX 
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lnlrMCIIe -
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~e fonna~ and other infonnation for theae {and otherl instructions. ;.. we 
discuss theu use, you ahould refer both to P"tgure 9Jand to the inatructions' 
descriptions in the manual. 

ADDandSUB 
Look at ADD and SUB in P"tgure 9.1. You can see that the fonnats and 
operand combinationa are similar to those for MOV. The operation's result 
replaces the contenta of the destination, which ia the 6rst operand. If both 
operando are bytes, the result ia a byte. H both are words, the result i.s a 
wtXd. You ~ot mix operand sizes. {Bxception: an immediate data byte 
can be uaed wtth a word destination. The immediate data ia converted toa 
word.J . 

How do you add or aubtract two variables? Since you cannot use two 
addresa ~·. you muat move one variable'a contents into a regiater. 
Wben the deatination iaa regla ter you will probably want to copy the result 
back lo memory. 

.~ ... ·-------, 
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In this e.ample, BALANCE, INCOME, and OUTGO have all been 
defined with DW: 

MOV AX,BALANCE 
ADD AX, INCOIIE 
MOV BALAHCE,AX J 

MOV AX,OUTGO 
SUB BALANCE,AX 

This example uses two different techniques. The addition destination is 
moved to a register, and the result is moved back to the variable BAL­
ANCB. In the subtraction, the source is moved toa register, and tbe result 
i.s already in BALANCI! when the operation ends. Both operations use a 16-
bit register since tbe variables involved are words. · 

Here's another example of addition. Por this one, the variables (IN!, 
IN2, and SUMI bave alJ been defmed with DB, so we must use an S·bit 
regia ter: 

MOV 
ADO 
MOV 

BL,IN2 
INI,BL 
SUM,BL 

In thia example, the result i.s moved lo a new field {SUMJ, not one that is 
uaed in the arithmetic. The original input variables {IN! and IN2J are left 
unchanged for later use. 

All six status llaga are set by addition and subtraction. In thia book, we 
are not concemed with PP. Befo re we continue our discuasion, lers review 
the meantngs of the other flags in the context of arithmetic operations. 

Slgniflcant Flags ZP ia set when an operation result is zero and cleared 
when the result ia not zero. SF is set when the resulrs high-order bit is one 
and cleared when tbat bit ia zero. Thi.s is significan! in signed arithmetic 
where the high-order bit represents the sigo. OP i.s sel when there i.s a carry 
from or borrow to the next·to-high-order bit. In signed number arithmetic, 
thia meana tbat the result would not fil in the destination, but overflows 
into the sigo bit. CF is set when there i.s a carry from or borrow lo the high-

. . . 
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arder bit.In unsigned arithmetic, this means that the result would not fit in 
the destination. AF is set when there is a carry from or borrow to the lower 
half of a byte; Ibis flag is significan! in BCD arithmetic. 

Testing the Result After addition or subtraction either CF or OF 
should be tesied lo ensure that the reault fila the destinalion. There are 
conditional jumps for Ibis purpose. After an unaigned operation, use JC 
Oiunp if Carry) or JNC Oump ifNot Carry). After a signed operation, use JO 
Oump if Overflow) or JNO Oump if Not Overflow). When OF is cleared, 
which indicates a valid signed result, you will sometimes need lo know 
whether that resultwas negativeor positivo. For Ibis purpose, use JS Oump 
if Sign set) or JNS Uump if Not Sign set). F"lgtltC 9.2 shows the formal! and 
other inforrnation for these conditional jumps. To fmd out if the result is 

· zero, use JZ or JNZ. These instruetions are equivalen! lo JB and JNB, which 
you have already learned. 

Multi-Byte Numbers 
So far, we have dealt with single byte or single word binary numbers, 
which limits us lo numbers with a range of O through 65535 unsigned or 
·32768 through 32767 signed. Tbese are the largest numbers that can he 
handled by the 8088 addition and subtraction instructions. We can, how· 
ever, deal with larger numbers by using multiple bytes (or·words), treating 
each one as a digit in a larger number. 111 restrict the discussion lo multiple 

·bytes, but remernber that the sarne principies can be extended to multiple 
words. 

h:taU:tu;; S i Rll - - lliu 
fllauJ. I.Wl..ll. Cswbi "' s ¡ on, iUia.Ud BIUrl1 

JC Pol't•labtl .,., 
"'' ·~· 

,_,, to tar~t if CF nt 

.IC s!ICif't-lebel "'' "'' .... .1..-pt to taro•t if CF c:lur 

JO tllort-label o.lo "'' .... .,_,, to taro•t if OF ttt 

.loiO Mort•IU.I '" "'' .... ,¡:_,, to tarott if Of c:lur 

n ... t-hbtl ""' "'• ·~· 
,_,, to targ• t if SF .. t 

M sllort•labtl .,., 
"'' .... ,._,, to targtt if SF Chal' 

CI.C ""' -· Cf Cl .. rt Cf 

STC ""' -· Cf leh CF 

RguN t.l ~ lnatruc:tiona u.d with Arlthmetlc 

Arithmetic 211 

Consider a v~riable called LIFETIME_PROFIT, which must range 
from ·5,000,000 to + 5,000,000. The binary equivalen! of this range · 
requires three bytes (six hexadecimal digits). You know that in a word· 
sized field the low-order byte comes first in memory and, the high-order 
byte comes last. 11 makes sense lo use that principie in all multi·byte fields 
foc two reasons: 

1. compatibility with special ni.uneric processors that define and han­
die multi-byte fields this way and 

-2. coding simplicity, since in most cases we process the láw-order byte 
first and higb·order last. 

Let's define the field and initialize it to Z, 500,000 1Z625AOH): 

L t FET t ME_PROF 1 T DB OAOH. 25H. 26H 

We can look at each byte in this number as having a place value 256 times 
that of the byte that logically precedes it, justas each digit in a hexadecimal 
number has a place value 16 times that of the preceding digit. LIFE· 
TIME_PROFIT's initial value, then, can be computed like this: 

bVIa dlgits decimal place total 
value value value 

tow-order OAOH 160 1 160 

middle 25H 37 256 9472 

hlg!Klrder 26H 38 65536 2490368 

Total Value 2500000 

Multi-Byte Addition We'll define another three-byte field, 
YBARLY_PROFIT, with an initial value of 0186AOH (100000): 

YEARL Y _PROF t T DB OAOH, 86H, 01H 

We add YBARLY_PROFJT lo UFBTIMB.JROFIT jusi as we would 
manually. Add the low-order digits first. Tben, the middle digits, including 
any carry resulting from the low-order addition. Tben, the high·order 
digits, including any carry from the middle position. To perform these last 

' ,• 
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two steps we use the instruction ADC (ADd with Carry). As yo u se e in 
Figure 9.1, Ibis differs from ADD in only one respect: it includes the value 
of eF in the addition. We can add the two numherslike this: 

IIOV Al,YEARLY_PROFIT 
AOO LIFETIIIE_PROFIT,Al 
IIOV Al, YEARL Y _PROF 1 T + 1 
AOC ll FET IIIE_PROF 1 T + 1 , Al · 
IIOV Al, YEARL Y_PROF 1 T + 2 
AOC ll FET IIIE_PROF IT + 2, Al 

What ahout checking for overflow? There's no need lo check after the 
first two additions. The sigo bit for the whole number is the high-order bit 
of the high-order byte, so the fllSI two additions involve unsigned num· 
bers. A carry from these bytes is not an error, since in each case the carry 
will be added into a higher-order byte. The third addition uses signed 
numhers.lf OF is sel hy Ibis addilion, the sum does not fit in the three bytes 
provided for LIFETIMB_PROFIT. The lasl ADC should be followed by a 
condilional jump loan error routine sucb as JO TOO_BIG.If the addition 
uses unsigned numbers we would use Je inslead of JOto check for a loo­
large resull from the last byte addition. 

Multi-Byte Subtraction What ahout subtractinn? Again, a special 
instruction, SBB (SuBtract with Borrow), uses eF if necessary lo handle a 
situation in which a lower-order byte has horrowed from a higher one. 
Let's subtract the immediate data value 120000 (OlD4COH) from LIFI!· 
TIMB_PROFIT. Tbia time we11 be sure lo include a check for overflow 
when the subtraction finishes. We11 also test for a negative result. 

PROFIT: 

SUB L 1 FET IIIE_PROF 1 T, OCOH ; LOW OROER BYTE 
FIRST 

SBB L 1 FET IIIE_PROF 1 T + 1 , OD4H ; 111 OOLE BYTE 
SBB L1 FETIIIE_PROF 1 T + 2, O 1 H ; H 1 GH.ORDER 

BYTE . 
JO BELOW_LIIII T 
JS LOSS 

In Ibis =pie, you need not move the source or destination lo a register 
since you can subtract an immediate operand directly from an address 
operand. 
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Looping through Multi·Byte Operations H we are sure that eF is 
clear before the low-order addition, we can use ADC jor SBB) there also, 
and theo the entire procedure can be coded as a loop. A special instruction, 
CLC clears the carry flag. It has no operands. As you might expect a similar 
inst~ction, STC, sets CF, if you should ever need todo that. You will find 
these instructions in Figure 9.2. 

Here's our addition routine using a loop. (Notice the use of INC. You've 
seen this before,.but we'll discuss it further la ter in the chapter.) 

AOOUP: 

CLC 
MOV CX,3 
MOV BX,O 

IIOV 
AOC 
INC 
LOOP 
JC 

Al , YEARL Y _PROF 1 T(BXI 
Ll FET 1 ME_PROF 1 T(BXI , Al 
BX 
AOOUP 
TOO_MUCH 

In this routine, CX is the loop counier. We want to add three bytes so 
CX is initialized to 3. BX starts at zero and is inc~emented each time the 
loop is repeated. The first time 'through, the bytes at YEARL Y _PROFJT 
and LIFETIMB_PROFIT are added; the second time, those al 
YBARL y PROFIT + 1 and LIFETIMB_PROFIT + 1; lhe third time, lhose 
at YBARLY PROFIT+2 and LIFETIMB_PROFIT+2. At the end of the 
third repetition, BX is 3 and ex is O. LOOP ends when ex is O. 

With a three-digit operation, a loop doesn't really sunphfy matters; we 
have gone from sil: instructions to nine n~t ~cluding the conditional jum~. 
1n a longer operation, say eight or ten digtts, th~ loop ~ould make_ a btg 
difference. The non-loop procedure requires two mstructions per digtt; the 
loop has the same nine instructions no matter ho~ many digits are 
involved. Here is a macro that can be used to add mulh·byte numbers: 

BINARY_ADOER MACRO 
LOCAL 
PUSH 
PUSH 
POSH 
IIOV 
IIOV 
CLC 

OEST _BYTE, SOURCE_BYTE, COUNTER 
NEXT_BYTE 
ex 
BX 
AX 
CX,COUNTER 
BX,O 

. ,• 
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NEXT_BYTE: 
IIOV 
ADC 
INC 
LOOP 
POP 
POP 
POP 
ENOII 

AL, SOURCE_BYTE)BXI 
DEST _BYTE)BXI. AL 
BX 
NEXT_BYTE 
AX 
BX 
ex 

To use this macro you must provide three parameters: the beginning 
address of the destination, the heginning address of the source, and the 
nwnber of bytes to be added, like this: 

B 1 NARY_ADOER Ll FETIIIE_PROF 1 T, YEARLY_PROF 1 T, 3 

You may want to add this macro, or a similar one, to your macro 
library. . , 

Review Questions 

When answering the revieW questions use these definitions: 

ONE_BYTE 
ONE_WORD 
BALANCE 
TRANSACT 
LIIUT 

DB O 
DW O 
OB 0,0,0 
DB 0,0,0 
DW O 

;UNSIGNEO 
;UNSIGNEO 
;SIGNED 
;SIGNEO 
;UNSIGNEO 

l. Which instructinns are incorrect? Wby? 

A. ADD AX,ONE_WORD 

B. ADCAL,UMIT 

c. SUB AH,BALANCB 

D. SBB BALANCB,IO 

B. ADD BALANCB,TRANSACT 

F. ADC BALANCE+ l,AL 

G. SUBUMIT,CX 

H. SBBBALANCB+Z,DH 
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2. Match each situation with its description. Not all descriptions are 
used. 

A. SF is set. a. Result of signed aritbmetic fit in destination 

B. OF isclear. b. Result was zero 
c. ZF is clear. c. Result of unsigned arithmetic did not fit 

in destination. 

D. CF is set. d. Result of signed arithemetic was nega· 
tive. 

e. Result was not zero. 

3. For each purpose, would you be more likely lo use CLC, JO, JC, JS, or 
JZ? 

A. To test for overflow after unsigned addition 
B. To prepare for multi·byte subtraction 
C. To test for overflow after signed addition 
D. To test for a negative result after signed addition 

4. Code a macro similar lo BINARY _ADDER for multi·byte subtrac· 
tion. 

Answers 

t. B. operand sizesdon't match E. can't add 2 addresses; All of the others are 
correct. 2. A. d; B. a; C. e; D. c;b is not used. 3. A. JC; B. CLC; C. JO; D. 
JS 4. Here's my answer. You probably used different names but your logic 
should be about the sarne. 

BINARY_SUB 

NEXT_SUB: 

MACRO 
LOCAL 
pUSH 
PUSH 
PUSH 
IIOV 
IIOV 
CLC 

IIOV 
SBB 
INC 
LOOP 
POP 
POP 
POP 
ENDII 

RESULT,SUBJ,COUNT 
NEXT_SUB 
ex 
BX 
AX 
CX,COUNT 
BX,O 

AL,SUBI)BX) 
RESUL TIBXI. AL 
BX 
NEXT_SUB 
AX 
BX 
ex 

.. 
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Other Binary Arithmetic 
Looking at Figure 9.1, you see severa! other arithmetic instructions: MUL 
and IMUL for multiplication; DIV and IDIV for division; and three mis· 
cellaneous instructions, INC, DEC, and NBG. We11 discuss all of these. 

Multiplication 
There are two multipUcation instructions: MUL for multiplying unsigned 
numbers and, IMUL for multiplying signed numbers. (The 1 in IMUL 
stands for Integer). Addition and sublraction are the same whether the 
numbers involved are signed or unsigned; the only difference U es in how to 
interpret carries from the two high-order bits. In multiplication and divi· 
sion, however, you get different results interpreting OFZH, for example, as 
unsigned (a value of Z4Z) rather than signed (a value of ·14). 

In multiplication, only the source is named in the instruction; it can be a 
register or address but not immediate data. Tbe destinstion is always the 
accumulator: ALifthesourceisa byte, AX ifitisa wonl. Theresult istwice 
thesiz.e of the destination.ln a byte operation, the result is placed in AX. In 
Ibis case AH is called the aa:umulator extenslon. In a word operation, 
DX is the accumulator extension; the low-order wordof the result is placed 
in AX and the high-onler word in DX. 

Lers multiply WBBKS, an unsigned byte-sized variable, by seven to gel 
DAYS, an unsigned word-sized variable. We can do it 1ike this: 

IIOV 
IIUL 
1IOV 

AL,7 
WEEKS 
DAYS,AX 

or like Ibis: 

1IOV AL , WEEKS 
1IOV BL, 7 
IIUL BL 
1IOV DAYS, AX 

Now lers redefine WBBKS as a signed wonl·siz.e variable and multiply 
it by HOURS, another signed word·size variable. 

To hold the result we will need a two-word variable: 

TOT_HOURS DW 

MOV 
IIUL 
IIOV 
IIOV 

2DUP(l) 

AX,WEEKS 
HOURS 
TOT HOURS, AX 
TOT HOURS + 1 , DX 
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(Note that we store the result in TOT _HOURS with the low-order word 
first.) 

The multiplication instruclions affect only CF and OF. Tbe extended 
· accumulator is always large enough to hold the result; it cannot actually 
overflow. CF and OF are set, however, if the extension has significant 
digits. With MUL, that means that CF and OF are set if the extension is not 
zero. With IMUL, they are set if the extension's bits are not all zeros for a 
positive number or all ones for a negative number. If you want to move a 
multiplication result toa field that is the same ~ize as the original operands, 
you will need to check CF or OF first to make sure you don't lose significan! 
digits. Notice that CF and OF always match alter multiplication; you can 

test either one. 
Here's an example where DAYS, HOURS, and HOURS_ WORKED are 

all defined by DB and hold unsigned numbers: 

IIOV 
IIUL 
JC 
IIOV 

AL,OAVS 
HOURS 
TOO_IIANY 
HOURS __ WORKED,AL 

Division 
There are also two division instructions, as you can see in Figure 9.1: DIV 
for unsigned nurnbers and IDIV for signed numbers. The dividend is 
contained in the accumulator and in its extension (AL and AH for byte 
divisions, AX and DX for word divisions). Tbe only operand for the 
instruction is the source, which serves as the divisor. As with multiplica­
tion, the source must be a register oran address operand. The quotient is 
put into the accumulator (AL for byte operations, AX for word); the 
rernainder is pul into the accumulators extension (AH or DX). No flags are 
affected by divisioo. 
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What happens if !he quotient won't fit into the accumulator? An inter­
rupt of type O is generated. Advanced MASM programmers may provide 
their own routines. for type O interrupts; !he system routine provided 
displays an error message (divide overflow! and stops the program. How 
can you avoid these errors? First, always include a check for a zero divisor 
in the source code because division by zero always causes a type O ínter· 
rupt. Second, when you plan the program, mal<e sure that !he quotient can 
fit in thelanges shown in this table:" 

Operanda 
Unsignod Byte 
Signad Byte 
Unsignad Word 
SignadWord 

.• 

o tlvough 255 
-128through 127 
o through 65,535 
-32,788through 32,788 

Suppose you want to calculate average hours per da y by dividing days into 
total hours. lf days can range from 2 lo 7 and hours from 10 to 250, then 
average bours per day range from 1 (10171 to 125 (250/21- Each of these 
figures fits into an unsigned byte. U DAYS, HOURS, and AVERAGE are 
defined with DB, we can compute A VERAGB like this: 

MOV AH,O 
MOV AL,DAVS 
DIV HOURS 
MOV AVERAGE,AL 

Note that bnth !he accurnulator and its extension were initialized hefore 
dividing. 

Here's another division example: we want to compute weekly cost by 
multiplying rate times hours and then dividing hy days lo gel average C:ost 
per day o U hours can range from 1 to 125 and rate can go from 1 to 4, !he total 
cost may range hetween 1 and 500. When we divide by days (from 2to 71, 
our result will he hetween O and 250. We can code the routine in this way: 

IIOV AL, HOURS 
IIUL RATE 
OIV DAYS 
.IIOV AVERAGE,AL 

Tbe multiplication resuh prepáred bnth AL and AX for the division. Now, 
suppose that hours and rateare such that the total cost may go up lo 1,000. 
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Then, the average could range as high as 500 and cause a type O interrupt. 
We must use a word~size division to gel the right result; DX will ha veto be 
initialized before the division. The revised routine looks like this: 

MOV AL o HDURS 
IIUL RATE 
MOV DX o O 
DIV DAYS 
MOV AVERAGE, AX 

Both DAYS andA VERAGE now ha veto be defined with DW instead of 
DB. 

When you prepare tbe accumulator extension for signed division you 
can'tjust move in zeros; you must copy the sign bit from tbe accumulator 
throug})out the extension. Two special instructions, CBW and CWD, do 
exactJy· that. CBW extends a byte from AL through AH; CWD extends a 
word in AX througb DX. Look up !bese instructions in Figure 9.2 or in the 
manual. Here is an example of a signed byte-size division. Note the test to 
avoid division by zero. 

CHANGE DB 
DAYS DB 
AVERAGE DB 

CliP 
JE 
MOV 
CBW 
ID IV 
MOV 

? ;RANGE IS -128T0+127 
? ;RANGE ISOT030 
? ;RANGEIS-128T0+127 

DAYS,O 
NO DAYS 
AL -:-cHANGE 

DAYS 
AVERAGE,AL 

; EXTENDS S 1 GN THROUGH AH 

INC, DEC, and NEG 
You have already seen INC used in severa! examples, and you looked up 
DEC in one of the exercises in Chapter 8. Figure 9.1 provides a good 
description of each one. Each has only one operand, a destination, which 
may he an 8- or 16-bit register or address operand. INC adds 1 to the 
operand, DEC subtracts l. Both operands set five flags, but not CF. l'llstick 
to INC in thisdiscussion, but you should he able lo apply mo5t of what I say 
toDBCalso. 

- .. 
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Why bother with INC when you could use ADD ... ,!? WeU, you saw one 
reason in the multiple·byte addition routine. By using INC, we were able to 
add !lo BX without affecting CF .lf we had uaed ADD BX,l, the nen loop's 
ADC would have used the carry from the addition lo BX instead of the 
carry from the previous ADC. 

NBG simply replaces the deatination with its two's complemenl. The 
destination can be an &- or 16-bit "'gister or address operand. AU six llags 
are set. This is the quicl<est way lo change the sign of a number without 
changing its magnitude jabsolute value). Y ou will see NEG uaed in routines 
later in this book. 

Review Questions 

!. Which instruction would you use for each of these purposes? 

A. To multiply unsigned numbers 

B. To divide signed numbers 

C. To divide uilsigned numbers 

D. To multiply signed numbers 

2. CF and OF are set after a multiplication. Which statement best 
explains the significance of these settings? 

A. The result was too large lo fit into the extended 
accumulator. Part of the answer has been lost. 

B. The result was too large lo lit into the accumulator. The 
high-order pnrtion of the result is in the ac:cwnulator enen· 
sion; the low-order pnrtinn, in the accumulator. 

C. Tbe resuh was loo large lo lit in lo the accumulator. The 
high-order pnrtinn of the result is in the ac:cumulator, the 
low-order pnrtinn, in the accumulator eztension. 

3. Which statements are true? 

A. Multiplication and division instructinns specify only one 
operand, the source. 
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B. MUL multiplies the so urce by the accumulator. 

C. IMUL multiplies the source by the extended accumulator. 

D. In a word operation, the extended accumulator is AX and 
BX.ln a byte operation it is DX. 

B. The low-order half of any multiplication result is put into 
the accumulator; the high-order half into the accumulator 
extension. 

F. Befare DIV, the accumulator extension ~ust always be 
initialized by extending the sign from t~e accumulator. 

G. After any division the quotient is put into the accumulator 
and the remainder is put into the extension. 

H. INC and DEC are especially use fui in multi·byte arithmetic 
because they affect only the carry flag. 

1. NEG simply produces the two's complement of its operand. 

Answers 

l. A. MUL B. ID IV C. DIV D. IMUL 2. B. 3. A, B, E, G, 1 
Here's what's wrong with the others: C. IMUL multiplies the source by 

the accumulator, interpreting both as signed numbers. D. In a word opera­
tion the extended accumulator is AX and DX; in a byte operation, AX IAL 
and AHI. F. Before any division, the accumulator and its extension must be 
initialized; this may be done by moving appropriate values into both fields. 
lf the dividend is contained in the accumulator, the enension can be 
initialized by zero for DIV or by extending the accumulator sign for IDIV. 
·H. JNC and DBC are especially useful in multi·byte operations because 
they do not affect the carry flag. 

Decimal Arithmetic 
MASM uses the sarne arithmetic operations for packed and unpacked 
decimals as it does for binary arithmetic. These operations treat aU num· 
bers in the sarne way. They do not distinguish between decimal and binary 
numbers.ln the decimal formats, however, a half-byte jfour bitsl can only 
represen! digits 1).9. When two of these four·!>il digits are added and the 
result is larger Iban 9 an adjustment must be made so that the result reflecls 
the correcttotal. Similar adjustments are required in other operations. The 
adjustment instruclions are shown in Figure 9.3. 1 will discuss their use, 

,. 
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!nstruction 
El!!Ju.1 

"'' 
MS "'' - ""' 

... ""' 

- "'' .... 
... "'' 
Figure I..J BCD Adjustmenlln&lructions 

M,CF 

M,CF 

Corrtets Al aft•r unp1ck1d 
1ddltion 

Corr•c h Al afttr •npac:ktd 
Mbtraction 

"• a=, ZF Collvtrts pachd dtci•al in M. 
lllto two Yllpltlllll He i••l• 
In AH &nd Al 

Uud to adJust rtsult of 
unpacktd dtci-1 ~Mltlplic:ation 

PF, SF, ZF Cclllvtrts two u•pachd dtci••h in 
AX ifttO ptclled de'claal in AL 

U11d to prtpt.rt divid ... d 4or 
for unp&chd diuision 

11#, CF, pf CorrKh AL afttr pachd &dditlon 
SF, ZF 

f/#, CF, PF torrtch AL dt.r pillchd 
SF, Zf subtr&etlon 

but will nol go into much detail on how tbey make tbe adjustments. Before 
we discuss adjustments, tbougb, let's look al bow lo define and iliitialize 
variables as packed and unpacked decimals. 

Defining BCDs 
Figure 9.4 shows some numbers represented as unsigned binary numbers, 
packed decirnals, and unpacked decimals. Remember tbat tbese are for· 
mats for storing and manipulating numbers. They are not ways of repre· 
senting values in your source code. 

In source code, you use "11" lo indicate tbat you are presenting a number 
in binary 10000 10UB), "H" for hexadecimaljOBH), "D" or no indicator for 
decimalj11). There is no indicator for packed or unpacked decimal formal 

. tbat is equivalentto "11" for binary or "H' for hexadecimal. A valúe of 11 in 
packed-<lecimal formal can be wrilten as 000100018 oras llH. Tbe decimal 
equivalen! of 11H is 17, not 11. Similar )y, 11 in unpacked-decimal formal can 
be sbown as 0000 00010000 00018, orOIOIH. The decimal equivalen! of Ibis 
is257. 

Notice tbat BCD digits are tbe sarne in binary as tbe hexadecimal digits 
Q-9. Suppose tbat you want lo define a one-byte field to be used for packed 
decimalsand toinitialize it witb tbe BCDdigits 32. Youcoulddoitlike Ibis: 

PACKEO_F IELDDB00110010B ; PACKEDBC032 

Dtcirul Bofl¡l"r BCD Unpuktd 

12 1111 IIU .... 1111 .... uu 
<ICH> Uli2H) 

27 ••• , -1111 .... 1118 .... 1111 
(18H) <1217H) 

m 1111 1111 1111 .... 1111 .... 1111 .... 1111 
(J26H) <121919H) 

Figure 9.4 Binary and BCD Formats 

Or, you could use the hexadecimal equivalent: 

PACKED_j 1 ELD DB 32H ; PACKED DCB 32 

or the decimal equivalent: 

PACKED_F 1 ELD DB 50 ; PACKED DCB 32 

Arithmetic 223 

1111 1111 
<J2H) 

1111 1111 
(27H) 

. 1111 1111 1111 
<299H) 

The hexadecimal version is the clearest and easiest to code. An unpacked 
field could be initialized similarly using hexadecimal notation: 

UNPACKED_WORD OW 0302H ; UNPACKED BCO 32 

We could also have defmed Ibis field as two bytes: 

UNPACKED_BYTE DB 02H, 03H ; UNPACKED BCD 32 

As usual we slore the low-order byte first. 
Many processors use a standard formal for packed decimals. In the 

8087, all packed decimals are 10 bytes long; tbey contain 18 digits in the' 
low-order 9 bytes. The higb-order bit of tbe high·order byte is a sign bit; the ¡ 
remaining seven bits are zeros. U you are planning files that will be used by 
such a processor, you may want to use thís format. 1 will not discuss it any 
furtber .In fact, I will not de al al all with tbe subject of signed BC!Ys. 

Addition and Subtraction Adjustments 
To adjustthe result of unpacked-decimal addition, use AAA ¡ASCII Adjust ' 
for Addition). AAA assumes that the addition result is in AL. If the result is 
greater than 9, either the four lower bits of AL are greater than 9, or AF is 1 

.. 
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set, or both. In either case, AAA adjusts the four Iower bits to show the 
corree! decimal digit, clears the four upper bits, and sets both AF and CF. 

To adjusl the result of packed decimal addition, use DAA (Decimal 
Adjust for Addition). Again AL is adjusted but, in this case, adjustmenls 

· may be made to both halves of the byte. lf the lower four bits are greater 
than 9 or AF is set, the lower four bits are adjusted; if the upper four bits are 
greater Iban 9 or CF is set, the upper four bits are adjusted and CF is set. 
DAA, unlike AAA, illsoaffectsPF, SF, and ZF. 

lf ONE_BYTE and SUM_BYTE are unpacked decimals, then, you 
would need these instructions to add ONE_BYTE lo SUM_BYTB: 

MOV 
ADD 
AAA 
MOV 

AL , SUM_BYTE 
AL, ONE_BYTE 

SUM_BYTE, AL 

We used AL for the destination of ADD since AAA expects to find t)¡e result 
there anyway. Unless this is the first step in a multi-byte addition, we 
would probably also wantto include a JC after AAA. Then we can go loan 
error routine if the adjiUted resull is too large. 1f ONB_BYTB and 
SUM_BYTE were packed instead of unpacked defimals, the only change 
in the routine would be from AAA to DAA. 

The subtraction adjustments, AAS for unpacked and DAS for packed 
decimals, are similar to the addition adjustments, as you can see from 
Figure9.3. 

Multi-Byte Decimals 
Multi-byte addition and subtraction are the same for BCDs as for binary 
numbers, ezcept that the routines must include the appropriste adjust­
ments following AOC or SBB. Here's a macro for multi-byte unpacked 
decimal subtraction: 

SUB_UNPAeKED IIACRO 
LOCAL 
PUSH 
PUSH 
PUSH 
IIOV 
IIOV 
eLe 

\ 

RESULT, INI,COUNT 
NEXT_SUB 
ex 
BX 
AX 
ex,COUNT 
BX,O 

NEXT_SUB: 
MOV 
SBB 
AAS 
MOV 
INC 
LOOP 
POP 
POP 
POP 
ENDt.l 

AL, RESUL TiBXI 
AL, INI!BX! 

RESUL TiBXI, AL 
BX 
NEXT_SUB 
AX 
BX 
ex 
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The count that is passed to this macro must be_ either in the forro of 
immediate dala or a word-sized variable; otherwu;e, M<?V CX,COUNT 
wiU produce an error. BX is used to point to the bytes bemg operated on 
each time through the loop; the work is actually done in AL. 

Decimal Multiplication and Division 
AAM converts an unpacked multiplication result in AL into two unpacked 
decimals in AH and AL. AAM is also used in r~utines ~al convert bmary 
numbers to unpacked decimals; we11 discuss 1ts operahon tn more detatl 
than we did the addition and subtraction adjustments. . 

Consider this routine, where MI and M2 are one-byte unpacked dec•· 

mals: 

MOV AL ,111 
MUL M2 
ANA 

1f MI = 3 and M2 = 7, AX contains 21 as a binary number after the 

ulti. Ji tion. Tbe contents of AH are 00000000, while AL contains 
m pea th . ('th' 0001010L AAM actually divides AX by 10, putting e ~uotient ID lS case 
2) into AH and the remainder (1) into AL. After AAM ID our e~ple, AH 
contains 00000010 and AL contains OOOOOOOL AX, then, contams 21 as a 

two-digit unpacked decimal. . . . . 
AAD reverses AAM; it converts two unpacked-decimal digits u_> AH 

d AL into a binary value in AL and zeros out AH. It does Ibis by 
anulti' lying AH by 10 adding !he result to AL, and then moving zero to AH. 
mp ' bdi''thd'tmt AAD is used to prepare !he accumlator for a yte VJSlon: e a JUS en 
must be made before the division. AAD can be used any time you need to 
c:onvert two unpacked-decimal digits toa binary number · 

" '. 
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There are no packed multiplication or division adjustment instructions. 
If you mus! multiply or divide packed numbers you must convert thern lo 
unpacked decimal or binary forma t. 

WhvUseBCD? 
Unpacked decimals are similar lo ASCII code for the decimal digits. In 
ASCII code, each digit is one byte: the low-order four bits contain the 
binary representation of tbe digit and tbe high-order four bits contain OOUB 
(3(. To converl digits that are input from tbe keyboard in ASCII code lo 
unpacked decimals, you need lo change tbe high-order four bits from 3 lo 
O. One way lo do Ibis is lo subtract 30H from tbe ASCII characler. To 
reverse the conversion so that you can display or print arithemetic results, 
change the high-order four bits from O lo 3. For addition and subtraction, 
you don't even need lo change tbe high-order bits; the unpacked-decimal 
adjustments (AAA and AASI can handle ASCII characters directly. This 
compatibility with ASCIIls the main reason for using unpacked decimals. 

Figure 9.5 shows a program called ADDITION, which prompts for a 
number, adds it lo a total field, displays the curren! ·total, and continues 
until no number is input. The working arithmetic fields are all unpacked 
decimals. The input number is restricted to five digits and the total lo ten 
digits. The program calls a multi·byte unpacked addition macro similar to 
SUB_UNPACKED. 

Packed decimals are usually used to save space. They take half the 
memory that unpacked decimals do. Also, each aritbmetic instruction that 
in vol ves packed decimals, handles two digits al .a time instead of one. 
Therefore, they require only half as many operations as equivalen! 
unpacked decimals. Some otber processors handle packed decimals · 
directly; the 8087 includes instructions tbat allow packed decimals lo be 
converted to formats that are very efficient when used in the 808Ts 
arithmetic operations. This kind of compatibility with other processors is 
one reason for using packed decimals in files and prograrns. We will not 
use them very much in our programs, however. 

What About Decimal Places? • 
So far, all the exarnples have used integers exclusively. How does MASM 
handle decimal places? 11 doesn,. 1f you are going lo use numbers that 
involve decimal places, you mus! handle tbem in the program as if they 
were integers. 11 is up to you lo keep track of how many digits in each 
number actually represen! decimal places, lo add trailing zeros if necessary 

-··· ?' 
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1 INCLUDE MACLIB.LIB 

INCLUOE EQULIB.LIB 

~ROG-STACK SEGHENT STACK 'STACK' 
08 64 DUP < 'STACK '> 

PROO-STACK ENDS 

~RQG_OATA SEGMENT 
NUMBfR_PROHPT 08 
ENO.J1ESSAGE 08 
OUT J1ESSAGE 08 
OIJT-51.1"1 08 

iN8UF 
INCOLNT 
INDATA 
1 
INI 
Stl1 
PROG-DATA ENOS 

08 
08 
08 

08 
08 

'DATA' 
LF,CR,'PLEASE TYPE NEXT NUHBER: 
LF,CR,'GOOOBYE',EOT 
LF,CR,'CURAENT TOTAL1 
19 DUP<' '>,EOT 

6 
? 

6 DUP<' ') 

18 OUP<8) 
18 DUP<I> 

~ROG_COOE SEGMSNT 'COOE' 
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• ,EOT 

HAIN-PROG PRDC FAR · 
ASSUME CSIPRDG-CDDE,DSIPROG-DATA,SSIPROG_STACK,ES:PROG_OATA 
STA~TER 
STl 

. CLO 
CLS 
CURSORD-f 

NI;:XT _Nli18ER 1 

DISPLAY 
GETDATA 

'C>IP 
JE 
CALL 
ADD-""'PACKEO 
CALL 
DISPLAY 
JMP 

NUMBER_PRc:J1PT 
IN8UF,d 
INCOl.NT ,e 
END-PROO 
ASCII-TO-UNPACKEO 
SU'I,INI, 11 
UNPACKED-TO-ASCJI 
OUT...HESSAGE 
NEXT _NU18ER 
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END-PROOI · 
DISPLAY 
RET 

MAIN-PROO ENDP 

&U>...HESSAGE 
¡THEN RETURN TO OPERATING SYSTEH 

1 
ASCII-TO_UNPACKEO 

ASCII 

""" MOV 
LEA 
REP STOSB 
MOV 

""" t10J 

sus 
!NC 
LOOP 
MOV 

PROC 

CX,II 
AL,I 
DI,INI 

CH,I 
CL, INCOI.J'IT 
BX,t 

¡HOVES INPUT ASCI 1 CHARACTERS TO 
¡ UNPACKED DECIMAL WORK AREA 
¡FIRST CLEAR WORK AREA 

¡THEN CONVEAT ASCII TO BCD 

INDATAJBX1,31H 1 BY CLEARING UPPEA 4 BITS 
BX 
ASCI 
CH,I 

.. 
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ASC21 

HI>J 
H<>J 
H<>J 
DEC 

H<>J 
H<>J 
INC 
DEC 
LOOP 
RET 

ASCJJ_TO-UNPACKEO 

' UNPACKED_TO-ASCII 

HOJ 
LEA 
LEA 

..... 1. 
HI>J 
HOV 
INC 
DEC 
LOOP --....... 
AOO 
INC 
LOOI' 
HI>J 

""" ....... 
""' JNE 
H<>J 
INC 
LOOP ....... 
RET 

UNPROCED-TD..ASCII 

:AOLCOOE 91>8 

CL, INCOl.NT 
51,1 
DI,CX 
DI 

AL, IN:lATAI SI) 
INI [01 J 0 M. 
SI 
DI 
ASC2 

PROC 

CX,II 
SI ,st.tt 
DJ,QUT_Sf.11+9 

AL, ISil 
JDIJ,Al. 
SI 
DI 
lN'I 
OC:,II .... 
OUT_SU118XJ ,31H .. 
lN'2 

;NOW HOJE INPUT TO WOAK AREA 
PUTTJNG LOW-OROER DIGITS 
AT ENO OF WORK.AREA 

¡HOVES IHPACKED SU1 TO OUTPUT 
1 AREA ANO CCNJEflTS TO ASCII 
1 F 1 RST HOVE SLH 
fSll1 HAS HIGH-GIDER FJRST 
1 OUTPUT HAIS Hl OH-OAOER LAST 

¡NQW CO<f.IERT TO ASCII 

CX,II , 1Na..t CI..EAR LEAOIN& ZEROS .... 
QUT_SLtiiBXl,'l' 
~4 IQUIT WHEN FIRST NCJI.IZERO FOUNO 
OUT -Bl.tU IX J • • .. ...... 
....,, 

END ""IN..PROO 

Flguno 1.1 Tho ADOITION "'-

for lligme~t ~or ~dition and aubtra~on, lo round or trunca! e excesa digits 
after multíplication, and to make adJuslmenta for division. You must a1so 
e~t.printed and diaplayed numbers by insertin¡ decimal pointa and otber 
editing cbaracten sucb as commaa and currency sigDs in tbe proper placeo 
and ~ remo~ sucb ~ cbaracten from input numbers. Tbe logic 
used m trading ond US1J18 decimal places ia tbe same wbetber tbe aritb­
metic ia performed manually or by a computer; we are not going to discuss 
it in detail in tbia book. ' 

---,.... 
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Review Questions 

1. AH contains this value: 00000110 00000011. 

A. Wbat is Ibis value if this is a binary number? 

B. Wbat is tbia value if Ibis is an unpacked decimal? 

C. What is tbis value if Ibis is a packed decimal? 

2. Code tbe definition of BINCODE if BINCODE is: 

A. A tbree-digit unpacked decimal initialized as 173 

B. A four-digit packed decimal initialized as 8175 

C. A four-digit unpacked decimal initialized as 8175 

3. Match each instruction witb the appropriste phrase or phrases. 
Some phrases may not be used; sorne are used more than once . 

A. AAA a. Used before binary arithmetic instruc-
tion 

B. DAA b. Tests and affects AF 
C. AAS c. Affects CF 

Adjusts packed decimals D. DAS d . 

B. AAM e. Adjusts unpacked decimals 

F. AAD .f. Converts binary value in AL lo BCD dig-
itsinAH, AL 

g. Converts two BCD digita in AH, AL lo 
binary value in AL · 

b. Adjusts decimal point alter multiplica-
tion 

i. U sed after addition 

j. U sed after subtraction 

k. Adjusts byte in AL if necessary 

4. Code a mullí-byte unpacked-decimal addition macro similar lo 
SUB UNPACKBD. Tbe answer is tbe macro tbat is called in ADDI- . 
TION (Figure 9.5t.lf yours is different, try writing a program similar 
to ADDITION to test it. 

' ,. 
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Answen 
l. A. 1539 B. 63 C. 603 2. A. BINCODB DB 03H 07H OIH 

B. BINCODB DB 75H,81H or BIN(:9DB DW' smiH C. BJNCODE DB 
05H,07H,~IH,OBH 3. A. b,c,e,i,kB. b,c,d,l,k C. b,c,e,j,k D. b,c,d,j,k B. e,f 
F. a,e,g; h 18 not Used 4. Here's oarmacro: · 

AOD_UNPAeKEO 

NEXT_AOD: 

MACRO 
LOCAL 
PUSH 
PUSH 
PUSH 
MOV 
MOV 
eLe 

RESUL T, 1 NI, eOUNT 
NEXT ADD 
ex -
BX 
AX 
ex,COUNT 
BX,O 

MOV AL, RESUL TJBXJ 
ADC AL,INIJBXJ 
AAA 
MOV RESUL TJBXJ, AL 
INC BX 
LOOP NEXT _ADD 
POP AX 
POP BX 
POP ex 
ENDII 

Key Points From Chapter 9 
In ~ cha?ter, yo_u leamed lhe MASM arithmetic instructions and so me 
additionalmstructiona used lo build arithmetic routines. You leamed todo 
sm~le and mullí-byte addition and subtraction using bolh binary and 
decimal num~ and you leamed lo multiply and divide using binary and 
unpacked decimal numbers. Here are some of lhe main poinls from Ibis 
chapter: 

• The general formal for lhe addition and subtraction instructions ia 

opcodedest,source 

and lhe res~l replacesdesl. The operands can bewordsor bytes. Dest 
~ be a r~er or address operand; source can be register, address, 
or lllllllediate data. The combination address,address cannot be used. 
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• Each of these instructions affects the status flags. SF and OF are 
significan! alter signed arithmelic, CF alter unsigned arithmetic, AF 
in BCD arithmelic, and ZF in any arilhmetic. When a significan! flag is 

· set the meaning is: 

Aag 

SF 
OF 
CF 
AF 
ZF 

Meanlng 

Resuh is negativa 
Resuh overflows allowed space 

Result overflows allowed space 
Resuh overflows from low-order tour bits 

Result is zero 

• The addition instructions are ADD and ADC. ADC includes the 
original value of CF in lhe addition; ADD does not. 

• The subtraction instructions are SUB and SBB. Both subtract source 
from dest. SBB also subtracts the original value of CF from dest. 

• ADD and SUB are used in one·byte operations or wilh the low-order 
byte in a multi·byte-operation. 

• ADC and SBB are used with the other ¡notlow·order) bytes in multi· 

byte operations .. 
• Loops can be coded using ADC, and SBB can be used with all bytes in 

multi-byte operations, ü CLC is first used to clear lhe carry flag. STC 
can be used to set CF ü lhia is ever nec~ry. 

• After unsigned addition or subtraction, use JC or JNC lo test lhe carry 
flag. Alter signed addition or subtraction, use JO or JNO lo test lhe 
overllow flag and JS or JNS to test lhe sign flag. These tests should be 
made alter a multi-byte operation or alter .lhe high-order byte in a 

mullí-byte operation. 

• Multi-byte numbers should be stored wilh lhe low-order byte first, 

high-order last. 
• Divislon and multiplication use lhe accumulator and its extension. 

For a byteoperation, AL ia lhe accumulator and AH the extension. For 
a word operation, AXis the ~ccumulator and DX the extension. 

-. 
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• MUL is used tomultiply unsigned numbers,IMUL lo multiply signed 
numbers. Both require oneoperand, the source, which may be a word 
or a byte, a register or an address. The destination is always the 
accumulator ¡ALor AX). The result goea in the extended accumulator, 
with the higb-order portion in the eúeoaion. CP aod OP are set if the 
accumuJator extension contajp• aipificant digits. 

• DIV ia UJed to divide unaigned nwobers,IDIV to divide signed num· 
bers. 8oth require one operaod, the source, which may be a word ora 
byte, a register or ao address. The soun:e la the divisor. The dividend 
is always the extended aCCIÍmulator. The quotient is placed in the 
accumulator, the remainder in ita exteosion. No llags are affected by 
division. 

• Before division, both the accumulator aod its exteosion mus! be 
initialized with the divideod. lf the divideod occupies only the 
accumulator, the exteosion can be ioitialized with zero for uosigned 
division. Por signed division, the accumulator's sigo can be extended 
loto the accumulator exteosion by using CBW or CWD. 

• JNC aod DBC each has one operaod, dest, which may be a word ora 
byte, ao address or a regiater. The destina !ion ia incremented or 
decremented accordio¡ lo the iostruction. All status llags except CP 
are affected. 

• NBG has one operand, dest, which may be a word or a byte, ao 
address or a regbter. The two's complement of the destination 
replaces the deatination. All status llags are affected. 

• BCD .values can be initiali....t or coded as immedlate by using hex· 
adecimal digits, sioce the hinary codes for 0-9 are the same for 
hexadecimal aod BCDs. 

• AAA la UJed to odjuat AL followiog addition of uopacked decimals. 
AAA placea the conect uopacked-decimal digit in AL aod aeta AF aod 
CP if oecaaary. 

• AAS la UJed to adjust AL following subtraction of uopacked decimals. 
AAS placea the corree! uopecked-decimal digit in AL aod aeta AF and 
CPifoec nry. 

• DAA aod DAS are UJed lo adjust AL following addition aod sublrac· 
tion of packed decim•ls. Bach of them places two corree! packed· 
decimal digits lo AL aod affects all the status llags. 
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• AAM ¡5 used to adjust AX following multiplication of un~ack~ 
decimals. The binary value lo AL ia divided by 10; the quollent IS 

placed in AH aod the remaloder in AL. The effect is to convert the 
bloary value lo AL lo two unpacked-decirnal digits in AX. 

• AAD is UJed to adjusl AX before division of unpacked decimals. The 
value in AH ia multiplied by 10 aod added lo the value in AL} '_he?, AH 
ia cleared. The effect is to convert two unpacked-decirnal dig1ts m AX 
lo a binary value in AL. 

• Tbere are no adjustment instructions for multiplication or division of 
packed decimals. The packed dec~m.als. must ~e. ~onverted · to 
unpacked decimals or bloary for multiplicatlOn or div1s1on. 

• ASCII cbaracters can be added and subtracted like unpacked deci· 
mals if desired. The conversion between ASCII characters and 
unpacked decimals is also very simple. To go from ASCII lo 
wípacked, chaoge the upperfour bits of each byte from 3to O. To go 
from unpacked to ASCII, reverse the process. 

Chapter Review Questions 

Code instructions or routines to: 

l. 

2. 

3. 

Add ABYTB to BBYTB. 8oth are one·byte binary values. 

A. Go to BRROR_ROUTINB if ao uosigned result overflows. 

B. Go to BRROR_ROUTJNB if a signed result overflows. 

c. Go to BBLOW _ZBRO if a signed result ia negative. 

D. Go to ZBRO_BALANCB if a result ia zero. 

A. Add 250 to LOW_BALANCB, a one·byte uoslgned binary 

number. 

B. Suhtraci 125 from DA YS, a one·byte signed number. 

4. Add two eight-byte signed numbers, IN! and IN2, putting the result 
in SUM. (Hlot: code the addition as a loop.) 

. Subtract WITHDRA W from BALANCB; both are seven-byte 
S. . uosigned nwobers. U the result overflows, go to OVBRDRA W. 
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-6. Multiply WBEKS, a one·byte unsigned binary number, by seven; 
store tbe result in DAYS, also a one-byte number. lf tbe result is too 
large for DA YS go lo TOO _MANY instead of storing it. 

7. Multiply PRICB and QTY, two one-word signed numbers; store the 
result in TOTAL_PRICB, a two-word number. lf tbe significan! 
digits of TOT AL_PRICB won~ fit in one word, go lo DISP _MBSS 
alter storing tbe result. 

8. Multiply PRICB and QTY, two one·word signed numbers; divide tbe 
result by DAYS, a one-word signed number. Save tbe quotient in 
DAILY_AVB and tbe remainder inRBMAIN. Make sure toinelude 
a check for a zero divisor. U DA YS is zero go lo an error .routine 
instead of performing tbe division. 

9. Divide YBAR, a one-word unsigned number, by four. If th~ 
remainder is ZCfO, go lo LBAP _ YEAR. 

10. Divide TOTAL, a one-byte slgned number, by !bree. Save tbe quo­
lientin ONB_THIRDand tbe remainderin RBMAIN. 

11. A. Add INCOMB lo BALANCE and tben subtract OUTGO.All !bree 
variables are five-digit unpacked decimals. Code tbe full roulines 
as loops; don' use tbe macros developed in tbe chapter. If any 
operalino overflows, go lo BRROR_ROUTINE instead of conlin­
uing. 

B. Repeat A using ADD_UNPACKBD and 
SUB_UNPACKBD. 

C. Repeat A assuming aU !bree variables are six-digit packed 
drrimals 

12. Multiply M1 by M2 and move tbe result lo Rl. M1 and M2 are one­
digit unpacked decimala; R1 is a two-digit unpscked decimal. 

13. Divide 01, a two-digit unpacked decimal, by !bree. Store tbe result 
in M1 and tbe remainder in Rl. 

l. IIOV 
AllO 

Answen 
AL,ABYTE 
BB.YTE,AL 

Yo u may ha ve used a different 8-bit register, or done tbe addition in tbe 
register and moved tbe result to BBYTB. 

2. A. JC 
B. JO 
C. JS 
D. JZ 

3. A. ADD 
B. SUB 

4. MOV 
MOV 
CLC 

NEXT_ADD: 
MOV 
ADC 
MOV 
INC 
LOOP 

5. MOV 
MOV 
CLC 

NEXT_SUB: 
MOV 
SBB 
INC 
LOOP 
JC 

6. MOV 
MUL 
JC 
MOV 

7. MOV 
IIIUL 
MOV 
IIOV 
JC 

ERROR ROUT 1 NE 
ERROR=ROUT 1 NE 
BELOW ZERO 
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ZERO_BALANCE or JE ZERO_BALANCE 
LOW_BALANCE, 250 
DAYS,125 
cx.s 
BX,O 

AL, INl(BX) 
AL, IN2JBXJ 
SUM(BXJ,AL 
BX 
NEXT_ADD 
CX,7 
BX,O 

AL,WITHDRAW 
BALANCE,AL 
BX 
NEXT_SUB 
OVERDRAW 
AL,7 
WEEKS 
TOO_MANY 
DAYS,AL 
AX,PRICE 
QTY 
DX,TOTAL_PRICE ;HIGH-ORDER FIRST 
AX, TOTAL_PR 1 CE+ 1 ; LOW-ORDER LAST 
DISP_IIESS ;OR JO 

. . 
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8. IIOV 
IMUL 
CMP 
JE 
ID IV 
IIOV 
IIOV 

9. IIOV 
MOV 

IIOV 

DIV 
CliP 
JE 

10. IIOV 
CBW 
IIOV 
ID IV 
MOV 
MOV 

11. A. IIOV 
IIOV 
CLC 

NEXT_ADD: 
MOV 
ADC 
AAA 
IIOV 
INC 
LOOP 
JC 
IIOV 
MOV 
CLC 

AX,PRICE 
QlY 
DAYS,O 
ERROR_ROUT 1 NE 
DAYS 
DAILY_AVE,AX 
REMAIN,DX 
AX,YEAR 
DX,O . ; INITIALIZE EXTENSION 

BX,4 

BX 
DX, O ; CHECK REMA 1 NDER 
LEAP _YEAR 
AL, TOTAL 

; INITIALIZES EXTENSION 
BL,3 
BL 
ONE_THIRD,AL 
REMAIN,AH 
cx.s 
BX,O 

AL, BALANCE(BX( 
AL, 1 NCOIIE(BXI 

BALANCEJBXI, AL 
BX 
NEXT_ADO 
ERROR_ROUT 1 NE 
cx.s 
BX,O 

NEXT_SUB: 
MOV 
SBB 
AAS 

AL, BALANCE(BX( 
AL, OUTGO(BXI 

IIOV BALANCE(BXI, AL 
INC BX 
LOOP NEXT _SUB 
JC ERROR ROUT 1 NE 

B. ADD_UNPACKED BALANCE, 1 NCOME, 5 
JC ERROR_ROUT 1 NE 
SUB_UNPACKED BALANCE, OUTGO, 5 
JC ERROR_ROUTI NE 
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. C. MOV CX,3 ;SIX PACKED DIGITS 

12. 

'-- MOV BX,O 
CLC 

NEXT_ADD: 
MOV 
ADC 
DAA 
IIOV 
INC 
LOOP 
JC 
MOV 
MOV 
CLC 

NEXT_SUB: 
IIOV 
SBB 
DAS 
IIOV 
INC 
LOOP 
JC 
MOV 
IIUL 
AAII 
MOV 
MOV 

AL , BALANCE(BXI 
· AL , 1 NCOIIEIBXI 

BALANCE(BXI , AL 
BX 
NEXT_ADD 
ERROR_ROUT 1 NE 
CX,3 
BX,O 

AL, BALANCE(BXI 
AL , OUTGO(BXI 

BALANCEIBXI, AL 
BX 
NEXT_SUB 
ERROR_ROUT 1 NE 
AL,IIl 
112 

AL,Rl 
AH,Rl+l 

. ,. 

;LOW-ORDER DIGIT FIRST 
;HIGH-ORDER DIGIT LAST 
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13. IIOV 
IIOV 
AAD 
IIOV 
DIV 
IIOV 
IIOV 

BL,3 
AL,Dl 

AH,O 
BL 
111, AL 
Rl,AH 

; INITIALIZE EXTENSION 

10 
Bit By Bit 

This cbapier presents instructions that test, change, and move individual 
bits within bytes or words. Irs easy to describe these instructions and how 
they work, but it's not so easy to explain the reasons for using them. These 
bit manipulation instructions often are necessary when coding routines to 
perform complex functions tbat are beyond the scope of this book. As you 
gain programming experience, you will fmd situations in which one or 
anotber of !bese instructions is just what you need. In this chapter, how· 
ever. 1 willgenerallydiscuss tbe "how" instead of tbe "why" ofbit manipula· 
tion. 

Logical Bit Operations 
Figure W.l shows the formats of tbe logical bit operations: ANO, OR, NOT, 
XOR, and TEST. In otber contexts, !bese operators are described in terms 
of true and false: 

• lf botb A and B are true, then A ANO Bis true; otberwise A ANO Bis 
false. 

• lf eitber A or Bis true, tben A OR 8 is true; otberwise A OR Bis false. 

• If A is true tben NOTA is false; if A is false then NOTA is true. 

• If either Aor Bis true, but not both, thenA XOR 8 is true; otherwise, A 
XOR B is false. 

. . 
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lnJtrud jpn OiJ.twi 
EQml1 iiW.U 

TEIT dul,tOI.Itce Word,ltyh 

OR dett ,sourct Word,l:rh 

XOR d .. t,souru Wor,lyte 

HOT ••t Word,l711 

• 

- lliAl Ccebintl!pnt et.f11.1U llu.t..U 

rtg,ng 
.... ,.o 
reo,i• .... ;-
ree,r•o 
-·''9 
rtg,i• -·'-
rrg,reg , ...... 
....... g 

"'0·'-.... ~-
rtg,reg 

'''il·-... ,,..g 
ng,i• ... ,,_ 
... -

CF, OF, PF Looical ANO of bih of operandt 
SF, lF lttul t hu bi ti ut wlltrt bollil 

•• ,. ..... htd bi h ••• 
tRd all Otlltr bits clnrtd 

CF Pd Of are cltand 

Cf 1 OF, Pf Logical IH) of bits of optrands 
lf, ZF Ntl thr Oftlttnd clrl•ngtd 

CF ud OF trt clurtd 

CF, OF, PF LOQiUI OR of bits of optundt 
lf, lf lnult i1 dnt 

lttul lt ... 1:11 h cltartd ...,,,, 
botll o .. raads hld bit c:lur 
and al! ott••r bi h ttt 

Cf ud OF •re clund 

CF 1 OF, PF Lotic:al XOit of .. ,,, of operands 
&F, lF lnult iA dnt ·· 

. ... 
Rnul 11 htt bi h clu.r _..,,., 

bottl a,truch bad rutc:hing bit 
&nd al! othr bih clurtd 

CF ud Of trt clurtd 

Cll&non uu bit of operud 
lnult il dnt 
lnul t l!ln bl t wt Mftere 

... ,. .. d •&d bit cleal'ld 
lrtd bit clear .aere Dferaod 
liad IJit .••• 

In theae logical bit operationa, corresponding operand bits are compared, 
and the result bit ia aet or cleared according lo the rules above, usin¡ 1 for 
true and O for falae. As with aritbmetic operations, when the operation 
ends, the result replaces the deatination operand. 

NOT does not affect any flags. The others, AND, TBST, OR, and XOR, 
affect all the status llaga except AP. When ZF ia set, it meana the result was 
zero; when SF ia set, it meana the hi¡h-order bit of the result waa set. CF 
and OF are alwayo cleared by theae operationa. 

Let'alook at the iJIItructiona in detail. 

ANDandTEST 
AND looks at a bit position in the source and destination. lf both operands 
have a 1 in this position, the corresponding position in the result ia set; 
otherwiae, it ia cleared. The process ia repeated until all bit positions in the 
result ha ve be en set or cleared. 
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You can use AND to force individual bits lo be cleared. Where the 
source has O the result has O; where the source has 1, the result matches the 
destination. Remember the routioe used in Chapter 9 lo change ASCll 
cbaracters to unpacked decimals by subtracting 30H from each character? 
Another way to clear the upper half·byte is to use an AND, as shown: 

ANO des t • OFH ; OFH=OOOO 1111 

The lower four bits of the destination are preserve~: O if they were airead y 
o, 1 if they were already l. The upper four bits are all cleared. . 

TEST ia a special operation that performs an AND w1thout changmg the 
destioation, jusi as CMP performs a subtraction without producing a 
result. Like CMP, TEST is used to prepare for a condillonal ¡ump, usually 
one that tests ZF. These instructions: 

TEST 
JZ 

AL,OOOOOOOlB 
EVEN_NUIIBER 

will cause a branch to EVI!N_NUMBI!R any time the low-order digit of 
AL is zero and no branch if it is l. In either case. the actual contents of AL 

are left undisturbed. 

ORandXOR 
OR a1so looks al corresponding bit positions in the source and destina !ion, 
setting the result bit if either or both operands are set, clearing the result if 
both operands are clear. XOR (X stands for eXclusive) sets the result bit if. 
only one, but not both, operands are set. In other words, if the operands 
match, the result ia clear; if they differ, the result ia set. . 

OR can be uaed to force result bits to be set. Where the source has 1, the 
result has 1; where the source has O, the result is unchanged. This instruc· 

tion: 

OR AL,OlH 

wi1J make sure that the low-order bit of AL is sel and willleave the other 
bits undisturbed. Can you use it lo convert unpacked decimals to ASCll, 

likethis? 

OR AL,30H 

.• 

[. 

' 

1 

., 
' 
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Y es, if you're sure that the original AL had zeros in the upper half. Jf AL 
originaUy contained 10000000B, this instruction would not produce a valid 
ASCII character since the higb-order bit would remain set. 

XOR !orces the destination lo chango wberever the source is set and to 
remain the sarne wherever the source ia cleared. This inslruction, then: 

XOR AL,OFH 

causes the lower half of AL lo be reversed, while the upper half is 
untouched. 

NOT 
NOT simply changos each bit of the destination lo form the result. It forms 
the one's complement of the destination. Remember that NBG forms the 
two's complement, changing each bit and then adding 1 lo the result. Jf AL 
contains OPPH, NqT AL changes AL lo OOH, while NBG AL changes it to 
OIH. NOT does not affect any flags. 

Review Questions 

l. Por each logical bit operation choose the phrase wbich best describes 
its effect on an individual result bit. Not all pbrases are used. 

A. ANO a. Reversos value 
B. TEST b. Set only if either or both operando set 
c. OR c. Noeffect 

_o. XOR d. Set only if operands match 

- B. NOT e. Set only if both operando set 
f. Set only if operando don~ match 

2. Which seotences describe the effect of the ANO, OR, XOR, and 
TEST (m the flags? (More Iban one sentence sbould be chosen.) . 
Which sentence(a) deacribe the effect of NOT? 

A. No atatua fiags are affected. 

B. Allatatua fiags escept AP are affected. 

C. Allatatua fiags escept APare cleared. 

D. CF and OF are cleared. 

B. ZP and SF are se t. 

P. ZF and SF reflectthe result. 
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For questions 3 through 7 code the appropriate instructions or routines. 

3. Clear the upper hall of BH leaving the lower hall unchanged. 

4. Set the upper four bits of BH l ... ving the lower four uncbanged. 

s. If bit 3 of CL is set, jump lo EIGHT-BIT (count the low·order bit as bit 
O). 

6. Change all the bits in the upper half of DL, leaving the lower bits 
unchanged. 

7. Change all the bits in DL. 

Answers 

l.A.eB.cC.bD.fB.a;disnotused. Z.B,D,F;A 3.ANDAH,OFH 4. 
OR BH,OFOH 5. TBSTCL,08HJNZ EIGHT-B1T 6. XOR DL,OFOH 7. 
NOTDL 

Shift an:d Rotate 
Figure10.2 sbows the shift and rotate instructions that move bits within a 
byteor word. All of these instru~ons move data within ~e destin~tion. A 
right shift or rotate copies eacb b1t lo the next lowest posltion. Tbe mstruc-· 
tion determines what value is pul into the higb-order bit. A left shift or 
rotate copies each bit to the next higbest position; the instruction deter· 
mines whal is pul into the low-order bit. 

LeftSbift 
PartA of F'18ure 10.3 illustrates a 1-bit left sbift. Bach_ ~it is_sbifted lo the left. 
Tbe higb-order. bit replaces CF, the low-order posltiOD IS :.ued by O. The 
SAL inslruclion, or its equivalen! SHL, produces such a sbift. Y ou can use 
Ibis instruction to multiply a binary value by 2, jusi as in decimal arith­
metic you can multiply by 10 if you shift digits lo the left and ~rt a 
trailing o. 1f CF is set, the multiplication has overflowed; the result 1s too 
large for tbe original destination. OF is set if the new CF does ~ot equal th~ 
new higb-order bit. What does tbis mean? It means that the high-order b1t 
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ll2lWI fJ..In 
CC!!!!blnatjona 8flli.1J.sl 

SAl dut ,coant Word,Brtt 
Stl. dut,count 

, .. ,,, ..... 
ug,CL 
... ,CL 

SAR d•st,count Word,lb'tl r•ool -·· re¡,CL 
-.CL 

SHR dnt ,count Word,87h ug,l -·· ,ng,CL. 
.... eL. 

RCL dnt,count WOrd,BJ'tl' ng,l -·· ret,CL 
-.CL 

RCR dut,touftt WOrd,Bytl reg,l -·· ' ... ,,a. _,CL 

ROL dut,count Word,B,.tt r~tg,l -·· r•g,CL -.a. 

CF,OF,PF 
SF, ZF 

Each bit of dnt Pift•d to ltft 
lnult la dut 
CF • origlaal III;JI-ordlr bit 
L_...-ur bit • 1 
Original Cf lnt 
lota ti an rtpnttd count t •-• 
r6 11t lf IN lllgb-or~t.r bit 
r-.'t -td •• CF 
Ud COUit • 1 

CF, DF, Pf Etc:ll bit of .S.st slllfhd to rigM 
IF, ZF Rnult ia dett 

CF • orlgilal 10111-order bit 
tligtl-ordtr. bit uachaeed 
Orlgiul CF lnt 
Rota ti Oft rtpuhd count t 1••• 
O# set lf '"" Ugft•order 2 bita 

dol' t •atcll and COliJA\ • 1 

CF, Of, PF Eacb bit of dnt .. ifled to rlobt 
IF, Zf Rnult la dut 

CF • orlglaal lcw-ord•r bit 
Hi~-ordtr bll • 1 
Clrigh•al CF lost 
lohtl011 rtputed COMA\ tl-1 
rE 111 if '"' lllgb-order 2 bl ts 

doll' t ••tcb anct count • 1 

CJ, Of Each bit Di dut Ulfttd to ltft 
Ruult b dtst 
CF • Of"itJIUI lllltJII--orCS.r bit 
LOM·ra.r bit • orivlnal Cf 
Rotatioa rtptattd COIIftt tlus 
OF stt lf lllc¡h·ordar 2 bits of 

or i9inal dast 1ot utc:bad aad 
C:OIIIIt-1 

Cf, OF Elic:lll bit of dut ülfhd to rigtlt 
Ruult 11 dnt 
CF • orlgl•al la~~·ordtr bit 
H•tJD..,.dar bit • Ol'igiaal CF 
Rotalloa rtp .. ttd c:011at ti .. s 
al ••• if IIIO"·ordar 2 bl ts of 

r .. ult not .. tdltd Ud 
c:OMt•l 

Cf, OF Eac:a bit of dut .,.ifttd to ltft 
hhlt , •••• 
Cf • orlglaal lllgtl-ordtr bit 
Low-•dlr bl t • 

Ol'lgiul IIIIJb-oi-dar bit 
Or ltJln&l CF lost 
Rohtlon rtptattd c:011at 11••• 
aF ltl if - IIIIJb-ordtr bl t 

do .. a• t .. tc:ll •• Cf uct 
C:o.llt-1 

r 

ROR dtst,count Word,Bytt rtg,l ....... 
rtg,CL 
-.eL 

Figure 10.2 8il: Movfng lnstructlons 

CF, OF 
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E&ch bil..o4 dnt shiHtd to rigllt 
Ruwlt in ctut 
CF • origin411 lo.·ordtr bit 
Higll-ordtr bit • 

originAl IOM-ordtr bit 
Origintl CF lost 
Rot..tion rtputtd c:ount ti1us 
OF ul if """ hlgh-ordtr 2 bits 

don' t G&tc:h 1nd c:oucat • 1 

has cbanged. U a signed number was sbifted, !be sigo has cbanged and !be 
new value is not necessarily twice the original. Suppose, for example, that 
AL contains OIOOOOOIB, or 65. A left sbift changes ALto 10000010B witb CF 
cleared. If AL represents an unsigned number tbis value is 130, bu! as a 
signed number !be value is -126. If you are using !be shift for signed 
multiplication it has produced the wrong answer. 

Notice (in Figure 10.21 tbat SAL has a second operand that contains a 
count of digits shifted. This operand can be eitber 1 or CL. If you want to 
repeat !be left shift,you can pul !be number of positions to be shifted into 
CL and tben code SAL witb CL for !be count. The shift is repeated CL 
times, but CL is not decremented. The meaning of OF is uncertain after a 
multiple shift. Also, CF will hold ouly the last digit shifted out. You can't 
te11 if other significan! digits have been shifted. lf AL contains OlOOOOOIB 
(651 and CL contains 3, tben !be instruction: 

SAL AL,CL 

leaves CF cleared and AL witb a value of OOOOlOOOB (81, whereas !bree 
multiplications by 2 should produce a value of 520. Uuless yo u are working 
witb small numbers multiple shifts are not reliable for multiplication. 
However, yo u will find tbem useful in otber ways. 

Right Shifts 
Part B of Figure 10.3 shows a 1-bit right shift. Such a shift is produced by 
SHR witb count = l. Each digit shifts to tbe right; !be low-order digit 
replaces CF and !be bigh-order position is folled by O. Tbis is called aloglcal 
shlft, as opposed to !be arlthmedc shlft described below. Wi tb unsigned 
numbers alogical rlght shift is equivalen! lo division by 2. As witb !be left 
shift, OF is set if the bigh-order bit changes. 

.• 
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A. lBtl Shift (Me bil) -8Al cJr SHl 

... ~.G]~··· 
~- lií Etítc--~ 

CF 

Betore[!J 

C. R;ghl...., (one '"'l-Arilllmetic (SAR) 

CF Hi(tl 

OF 

OF 

OF 

~~ 
8
[_. ~:~*=:N=::~·-·-~· ~~;~ 0 _ .. ........._ 

Flgu,..10.3 Bil Shifls 

Part C shows a !-bit arithmetic right shift. SAR is the iostruction. Again, 
each digit shifts to the right and the Jow-order digit replaces CF. But, in an 
arithmetic right shift the high-order digit is not changed. You can use SAR 
lo divide hy 2 without changing the sign. The manual saya that OF is set if 
the new high-order hit doesn't match the new nexHo-high-order (that is, if 
the high-order bit changes}, but irs hard to see how that can happen. 

Both SAR and SHR allow multiple shifts using CL. Again, if you use 
multiple shifts, the value in CF is the 1ast digit shifted out. OF is undefined 
after a multiple logical shift; it is always cleared by a multiple arithmetic 
shift. 

Left Rotation 
Figure 10.4 illustrates the rotstion iostructions. Part A shows a !-hit Jeft 
rotstion through the carry flag; the iostruction is RCL. The difference 
between a left shift anda left rotstion is in how the Jow-order bit is filled. In 
a shift, it is always filled with O. With RCL. the low-order bit is filled by the 

A.. lBI Rotaüon (one bit) ttvough CF (RCL) 

-·0~--· 
Ara~~- .. ~ 

B. ft9d. Aotalitwl (one bil) lhroug Cf (RCR) 

CF H;gh 

Belore ~o o 1 •• _·--,:S..,~ 
Afler o 100 ••• _ _...1.-i......l 

C. Loft-(onebi)noi-CF(ROl) 

..... 

D. --(onobiQNOT!htOughCF(ROR) 

CF 

Beloro I!J 

Flgun10 •• Bit-

Bit B Bit 247 

OF 

[2] (High-oldor bit changed) 

OF 

[2] (High-otder bit changed) 

OF 

0 (Higl>o<de<báunchengod) 

OF 

original value of the carry flag. U you think of the operand including CF as 
arranged in a circle, RCL simply moves each bit value one position in a 
counter.cJockwise direction. U the high-order bit changes, OF is set; other­
wise, it is cleared. 

Part B illuitrates al·bit right rotation through the carry flag (RCR}. Ea eh 
bit shifts to the right. The original CF shifts into the high-order bit, and the 
Jow-order bit goes into CF .'Jf RCL is a counter-clockwise rotstion, RCR is a 
clockwise rotstion.lf the high-order bit has changed, OF is set. 



; 

248 

~ 

Part C illustratesa l·bit left rotation that doesnot involve CF ¡ROL). CF 
is affected; ita original value is lost and ita new value comes from the 
original high-order bit. However, that samc original, high-order bit value is 
copied into the low-order bit.Jn other worda, !he 8 or 16 bits of the operand 
rota te counter-clockwise and Cl' is aet lo aiBich the original high-order bit. 
Again, 01' is set if the high-order-blt hu cban¡ed and cleared if it bas not. 

Part O sbows a 1-bit right rotatinn, RO R. that does not go through CF. 
Again, CFs original value is lost. In Ibis caae, CFs new value comes from 
the originallow-order bit and the new high-order bit also comes from the 
originallow-order bit. All other bits move to the right. OF is set if tbe high· 
order bit bas cbanged. 

Multiple Rotations 
The rotation instructions, like tbe sbift instructions, bsve a count as the 
second operand. lf tbe count is 1, one bit is rotated. For rotationa of more 
tbsn one bit, the count mus! be pul into CL, and CL specifJed as tbe count 
operand. CL is not decremente<! when tbe instruction is executed. The 
setting of 01' is undefined andnotmeaningful after most muhiple rotation 
or shift operations. Tbe exception is SAR, where OF is always cleared after 
a multiple sbift. 

Multiple rotations tbrough CF IRCR or RCL) lesve CF witb tbe value of 
tbe lastdigit rotated out ofthe operand,just as multiple shifts les ve Cl'witb 
tbe last digit sbifted out. A multiple rotation that uses ROL willlesve CF 
matching tbe curren! low-order digit. After ROR ia used, OP will match the 
currenl high-order digit. 

Review Questions 

l. Por eacb instruction choose tbe phrases that describe its operation. 
Tbere may be more tbsn one phrase for an instruction. Not all 
phrasea are used. 

A. SAL a. Digits move left. 
B. SAR b. Digits move right. 
C. SHR c. High-order ftlled by·o. 

_o. RCL d. Low-order filled by O. 

- B. RCR e. High-order filled by original CF. 

- P. ROL f. Low-order ftlled by original CP. 
_G. ROR g. High-order unch•nged. 

h. Low-order uncbanged. 
i. Low-order ftlled by original high-order. 
j. High-order filled by originallow-order. 

--.... ...... 

2. What does CP contain 

A. after a l·bit right shift or rotation 

B. after a l·bit left sbift or rotation 

3. After a l·bit sbift OP is set. What is the significance of Ibis? 

4. What is tbe effect on OP of a 'multiple sbift or rotation? 

Answers 
1. A. a,d B·. b,g C. b,c D. a,f B. b,e F. a,i G. b,j; h is not used. 2. A. the 
originallow-order bit B. the original high-order bit. 3. The high-order bit 
has changed. 4. Undefined; OF has no significance after a multiple shift 
or rotation. 

Key Points From Chapter 10 
In this chapter you have learned five logical bit instructions and seven bit· 
moving instructions. You will see many of these instructions used in the 
next part of Ibis book, especially in the data conversion routines. As you 
develop your own application programo, you will fmd many more occa· 
sions when you wiJJ use logical instructions to change individual bits in a 
byte or word, orwhen you can simplify a rou~e by •.hifting or r~tating bits 
one or more positions. Here are some of tbe ma¡or pomts from Ibis chapter: 

• The logical bit instructions AND, TBST, OR, and XOR bsve tbe 
general formal 

opcodedest,source 

• Legal operand combinations are the same as for MOV. The operands 
may be bytes or words, as long as tbey match. ¡Exception: an immedi· 
ate data byte can be used with a word register or address operand.) 

• The logical bit instruction NOT bas only one operand, an 8· or 16-bit 
register or address operand. 

· • These instructións, AND, TEST, OR, XOR, and NOT, use the corres· 
ponding operand bits to affect tbe result bit in the same position 1 

according to tbe rules listed on tbe following page. 

i 
1 
' 
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INSTRUCTION 
ANO 

TEST 
OR 

XOR 

NOT 

RULES 
11 bolh operands sel, result set. 
Otherwise, result ctear. 
SameasAND. 

• 

11 eilher or bolh operends set, result set. 
H bolh clear, resull cle!U. · 
11 operands don' match, result set. 
H bolh sal or bolh clear, resutt clear. 
H operand 881, resuh clear. 
H operand clear, resuh set. 

• NOT does not affect any flags. Bach of the other logical bit operalions 
jANO, TEST, OR, and XORI clearsCF and OF andchanges SF, ZF, and 
PF lo reflect the result. 

• The result of TEST is nol saved. The result of each of the other logical 
hit operations jAND, OR, XOR, and NOTI replaces the destination. 

• AND can be used lo force bits lo be cleared. Bach bit cleared in the 
source will be cleared in the result. 

• ORean be used toforce bits lo be set. Bach bitselin the source wiU be 
set in the result. 

• XOR can be used lo force bits lo be changed. Bach bit set in the source 
wiU be cbanged in the result. 

• Tbe sbift and rotate instructions have the general formal: 

opcodedest,count 

• Oest isa register or address operand, either 8· or 16-bit. Counl is either 
1 or CL. When bits are lo be moved one position within dest, count 
should be l. For multiple moves, CL should be loaded with the 
number of moves and count sbould be CL. 

• Oo a left 1-bit sbift or rotation, each bit shifts to the next high-order 
position. The high-order bit is copied to CF. The low-order bit is fiUed 
asfollows: 

INSTRUCTION 
SAL,SHL 
ROL 
RCL 

LOW..ORDER 
o 
original high-order bit value 
original CF 
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• On a right 1-bit shift or rotation, each bit shifts lo the next low-order 
position. Tbe low-order bit is copied to CF. The high-order bit is filled 
as follows: 

INSTRUCTION 
SHR 
SAR 
ROR 
RCR 

HIGH-ORDER 
o 
unchanged 
originallow-order bit value" 
originaiCF 

• After any !-bit shift or rotation OF is se! if the value of the high-order 
bit has changed. 

• A multiple shift or rotation repeats the !-bit operation as indicated by 
CL. CL is nol decremented. OF is not significan! alter a multiple shift 
or rotation. 

Chapter Review Questions 

Por these questions, code the appropriate instructions or routines. 

1. Clear the two low-order bits of AL. 

z. Set the two low-order bits of AL. 

3. Jf the lower-ordér bit of AH is O, go lo EVEN_NUMBER. 

4. Cbange each of the upper tour bits of OH. 

5. Move each bit of BL three positions lo the rigbt, putting zeros in the 
high-order position. 

6. Move each bit of SI tour positions lo the left, filling the low-order bits 
fromCF. 

7. M ove each bit of ÁH one position to the rigbt, keeping the sign bit 
unchanged. 

8. Move each bit of AH two positions lo the left, filling the low-order 
bitswithO. 

9. Move each bit of BX one position lo the left, filling the low-order bit 
from the original high-order bit. 
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2 
Reference 
Routines 

In the frrst par! of Ibis book you leamed lo use Macro Assembler to write 
programs. When you begin to plan your own programs. though. you will ' 
find that you need more than a list of instructions in order lo do what you ' 
want. 

How do you convert a binary number lo ASCII so you can display a 
total ora page number? How do you use the printer? How do you store and 
retrieve data from disk files? Can your MASM program read files written 
by BASIC? These problema, and others like them, can't be solved by 
learning new MASM instructions. They are bandled using instructions you 
already know. However, yo u mus! bave additional information about sucb 
instructions as tbe 1/0 interrupt tbat senda cbaracters lo tbe printer. 

This part of tbe book presents information tbat you need in order to 
bandle sorne common situatlons in MASM programs and provldes sample 
routines for them. Many of tbe samples are presented as macros tbat you 
can incorporate into your own libraries. 

Since Ibis part of tbe book presents reference material rather than 
actual i.nstruction in MASM, 1 won't provide review questions or summa­
ries. Occasionally, 1 will suggest a program lo use and test tbe material 
bein¡ covered. 
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11 
DataFormat 
Conversions 

Four majar data formats are used in MASM: binary, packed decimal, 
unpacked decimal, and ASCII. In this chapter 1 will discuss conversions 
between some of these forms,leaving other conversions for you to code for 
yourself. 

ASCII and Unpacked 
Most input and output data are in ASCII cbaracters. N umeric data in ASCII 
is stored wlth the bigb-order digit first, and tbe low-order, las!. Althougb 
we can add and subtract ASCII digits as if they were unpacked decimals, 
the arithrnetic and other macros expect unpacked decimals lo be stored 
low-order first. Tbe conversion routine is simply a matter of moving digits 
from one place to another, clearing the upper four bits of eacb byte as we 
go. Figure 11.1 sbows our routine coded as a macro. Calling the macro 
requires oaming the destinatinn jthe unpacked number), the source jthe 
ASCII variable), and the count of digits lo be converted. Move eacb ASCII 
character to AL, clear the upper four bits, and move tbe result to the 
appropriate place in the unpacked decimal. Tbe las! ASCII cbaracter 
be<:omes the first unpacked digit, and so on. 

,. 
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ASC2ltoiP 11ACRO 
LOCAL 
PUSH 
PUSH 
PUSH 
PUSH 

""" DEC 

""" """ NEXT-DIOITI 

""" ANO 

""" INC 
DEC 
LOOP 
POP 
POP 
POP 
POP ..-

........,..,ASCHAR ,COlHT 
NEXT_OIGIT 
AX 
ex 
SI 
DI 
SI , COI.NT ¡L(U-QRDER SOURCE 01 G JT 
SI 
01,1 1LGW-ORDER DEST DIGIT 
CX,COUNT JNUHBIR QF OIGITS 

AL,ASCHARISIJ 
AL,IFH ¡UPPER 4 BITS • 8 
lf'.lf'N.ttl O 1 l ,AL 
DI 
SI 
NEXT_OIOIT 
DI 
SI 
ex 
AX 

AguN t1.1 ASCI to Unpacked 

Y o u may want to amplify thia macro by adding a cbeck for oonnumeric 
characters. lf a comma, decimal poinl, or currency sigo shows up in the 
ASCII fiel~, just skip over il. You may wanl special handling for other 
nonnumencs also. 

The re~erse situation, conversion from unpacked .kcimals lo ASCII, is 
pretty straightforward also. Try coding your own solution hefore you look 
al the macro in F"¡gure ILZ. 

li#:MSC """CRO 
LOCAL 
PUSH 
PUSH 
PUSH 
PUSH 

""" DEC 

""" HOV 
NEXT-DIGITt 

HOV 
OR 
HDV 
INC 
DEC 
LOOP 
POP 
POP 
POP 
POP 
ENtll1 

ASCHAR ,I.JtiPNU1, CDUII' 
NEXT...DIGIT ... 
ex 
SI 
DI 
SI,Ctl.NT ¡HIOH-OROER SOUACE OJGIT 
81 
01,1 ¡HIGH-ORDER OEST OIOIT 
CX,COLNT 1 ...... R OF DIGITS 

AL olHPNl.tU Sil 
AL,31H ¡UPPER FOUR BITS • -3 
ASCHARIDI J ,AL 
DI 
SI 
ND<'T...DIOIT 
DI 
SI 
ex 
AX 

T 

PACK2l.NP ~CRSJ 
LOCAL 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 

""" """ """ NEXT_OIGITI 
ANO 

""" """ SHL 
SHR 

""" INC 
OEC 
JZ 

""" INC 
OEC 
JZ 
INC 
JHP 

P2lLOCHEI 
POP 
POP 
POP · 
POP 
POP 
ENOH 

UNPNUH,PACKNUH,OIGJTS 
NEXT_DIGIT,P2U-DONE 
AX 
ex 
ox 
SI 
DI 
OX,DIGITS 
51,8 
01,1 

AX,e 
AL,PACICNLt11Sil 
CL,4 
AX,CL 
AL,CL 
UNPN\.11101 J ,AL 
DI 
OX 
P2lL.OONE 
AH ,lJ'IIPNU't 1 O 1 J 
DI 
ox 
P2lLO(»..E 
SI 
NEXT_OtGIT 

DI 
SI 
ox 
ex 
AX 

FlguN ft.3 PICked lo Unpecked 
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1DX HOLOS COUNT OF UNP DIGITS 
¡LOW-OROER PACKEO BYTE 
ILOW-OROER UNPACKEO DIGIT 

ILOW-ORDER DIGJT FROM BYTE 

¡HIGH-OROER OJGIT FROH BYTE 

Packed and Unpacked 
Converting packed lo unpacked data is mostly a matter of moving a byte of 
packed data lo a regisler and splitting il inlo two bytes, which are then 
copied back lo the unpacked data field. Figure 11.3 shows a macro thal can 
do thia for any number of packed bytes. The count passed lo the macro as 
DIGITS is the oumber of unpacked digits-twice the number of packed 

bytes. 
In thia macro we assume thal the packed data is in the standard form of 

two low-order digita first and two high-order lasl. Also assume thal the 
unpacked data will be low-order firsl as weU. Notice the use of SHL and 
SHR in thia macro. Lers look al how it works. lf AX contains zero and AL is 
then loaded with 32H, AX's bits willlook like thia: 0000 0000 0011 0010. 
SHL moves aU of AX four bits to the left so illooks like thia: 0000 0011 0010 
0000. Then, SHR is uaed lo ahift the lower byte four bits lo lhe righl, leaving 
AH uochanged; now AX is 0000 0011 0000 0010. AH contains 3H, AL 

.. 



258 

contains 2H. We ha ve split lb~ two packed digits into two unpacked digits 
in AH and AL. Now aiJ tbat remains is to move AL and AH to the 
appropriate places in lhe unpacked number. 

Wby did we use DX instead of ex for the count in Ibis routine? In the 
f~rst place, we need eL for the sbift oount. We could gel around Ibis by 
PUSHing ex befo re tbe sbifts and POPping it after. Notice, bowever, that 
we process two digits in every loop; you will find DBC DX two places. A 
LOOP using ex would only decrement ex once. 

Unpacked to Packed 
Converting from unpacked lo packed is not quite lhe reverse of converting 
from packed lo unpacked. l'or one tbing, tbe unpacked decimal may bave 
an oddnumberof digits, in whicb case we will need to fill our bigbest-order 
packed digit with O. Figure 11.4 contains our version of a macro for this 
conversion. Again, DIGITS refers lo tbe number. of unpacked bytes. Basi· 
cally, the macro puts an unpacked digit into AL, shifts it into !he upper four 
bits, and then adds the next digitto AL so that it goes into tbe lower four 
bits. Tbis works because the unpacked decimal's upper four bits will 

LNP2PACK HACRO 
( PUSH 

PUSH 
PUSH 
PUSH 
PUSH 

""" HC>J 
HC>J 

HIGH-OIOIT1 
HC>J 
Ct1P 
JE 
HC>J 
H()J .... 
DEC 

LDW...DIGIT1 
ADD 
H<>J 
INC 
ADD 
DEC 
JNZ 
POP 
PDP 
PDP 
POP 
POP 

"""' 

PAC~,UNPNUH,OIGITS 

AX 
ex 
DX 
SI 
DI 
OX,DIGITS 
Sl,l 
01,1 

AL,I 
DX,l 
LOr.LOIOIT 
AL ,ll'olfiNI.tt+l (SI J 
CL,4 
AL,CL 
DX 

AL,~lSil 

Met<NU"'( 011 ,AL 
DI 
81,2 
DX 
HJOH...DIGIT 
DI 
SI 
DX 
ex 
AX 

Figure TU Unpacll:ed 10 Packed 

¡COUNT OF UNP OIOITS LEFT 

··:> 
1 
~---····-····· 
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alw~ys be zero, as willthe lower four bits of AL atthis point. Notbing will 
be added or carried to the upper four bits. Work out a few examples for 
yourself and see. Notice thal SI, tbe pointer lo the unpacked digits, has lo 
be increased by 2 every time the loop repeats. We pick up lwo unpacked 
digits each time. Again, we use DX instead of ex for reasons similar lo 
!hose for tbe preceding routine. 

Unpacked and Binary 
To convert unpacked to binary, multiply each unpacked di gil by an appro· 
priale power of 10 ¡!he proper power depends on its place value) and then 
add the result into the binary number. This is easy lo accomplish manually, 
but in MASM irs much simpler to use the Jogic followed in the macro in 
Figure 11.5. Here, tbe high-order digit is added lo the binary number, the 
binary number is multiplied by 10, the next bigh-order ad~e?, the enltre 
number is multiplied by lO, and so on untilthe low-<>rder dtg1t1s added and 
not multiplied.lf you work it out on psper, you will see that the same effect 
has been achieved. llach digit has been multiplied by the nth power of 10, 
where n is the number of digits of lower-order. 

In our macro we have restricted ourselves toa one-word binary value, 
requiring exactly five decimal digits. You may want to think about cbang· 
ing tbe macro to allow for more or fewer digits or lo check tbal a five-digit 
number is within the one-word range. 

l.NP281N HACRO 
LOCAl. 
PUSH 
PUS>t 
PUSH 
PUSH 
HC>J ....... ....... 
HOV 

NEXT-OIOITI 
HIA. 
ADO 
DEC 
LOOP 
HOU 
POP 
POP 
POP 
POP ...... 

81 Nll't ,I..NPNUH 
NEXT-DIOIT 
AX 
BX 
ex 
SI 
AX.I 
ex.• 
51.4 
BX,I8 

BX 
AL ,t.NPNUH{SIJ 
SI 
NEXT-DIGIT 
BJN.t1.AX 
51 
ex 
B>< 
AX 

¡INJTIALIZE AX FOR DEST 
¡ALWAYS 5 OJOITS 
1POJNT TO HIGH-ORDER SOUACE DIGIT 
1HULJTPLIER ALWAYS 11 

¡HULTIPLY CURReNT BINUH BY 18 
1AOD IN NEXT LOW-ORDER OIGJT 
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The problem of converting from binary to unpacked is again a matter of 
tens. We divide the binary digit by 10, and the remainder is the low-order 
decimal digit. We repeat the division to find the next digit. We cou_ld stop 
after four divisions and use the fourth quotient as the high-onler digit, but 
it's simpler lo code wben we jusi loop througb five times using tbe 
remainder eacb time. Our macro is in F"18Ufe ll6. Try ooding your own 
befo re yo u loo k al Ibis one, or yoo may want to improve on Ibis by allowing 
for binary values of more Iban one word. 

Other Conversions 
Wbat about going between ASCII and binary? ASCll and packed? Packed 
and binary?You cando anyof !bese things by combining macro calla, as in: 

ASC2UNP 
UNP2PACK 

UNPACK,ASCI 1 ,10 
PACKED, UNPACK ,10 

lf you frequenUy bave use for one or more of !bese converslons write 
your own rouünea using ours as a guide. 

Testing the Conversion Macros 
Figure U. 7 contains a sbort program that has no purpose except to test the 
six conversion macros abown in Ibis program. 1 stored tbe macros in 
CONVUB.UB. 1 included addition routines in some spots just so you could 

BIN2t.NP Hli'CRO 
LOCAL 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH ----Ne<T-OIGITI ...... 
DIU -IHC 
LOOP 

"'"' POI' 

"'"' POP 
POI' 
ENDI1 

I..HF'NLt1, a INU1 
NEXT-DIDIT 
DX 
ex 
IX 
AX 
DI 
ex.• 
01,1 
AX,BI...a.M 
11)( ,11 

OX,I 
IX 
........,..[Dil,DL 
DI 
NEXT-D181T 
DI 
AX 
IX 
ex 
DX 

aALWAYS , DIGITS 
tPOINT TO LOW-oROER DEST DIGIT 
tDIVI DEND IN AX 
tDIVISOR AUWAYI ll 

18ET EXT&ISIIJN TO 1 

, 1RIEHAJNOER OIGJT TO DEBT 

1 

PAGE ,132 

JNCLUDE MACLIB.LIB 

JNCLUOE CQNVLIB.LIB 

JNCLUOE EDULIB.LIB 

~RQG_STACK SEGHENT STACK 'STACK' 
08 64 OUP <'STACK ') 

PROG-STACK &lOS 
1 
PROG....OATA SEGHENT 'MTA' 
NPR01PT 08 LF,CR, 'NlJ18ER1 ',EOT 
ENOHESSAGE 08 LF,CR,'GOOOBYE' ,EOT 
OUTLINE OB LF,CR,S DUP<' '>,EOT 
INBUF DB 6 
INCOLNT OB ? 
INOATA 08 6 DUP<' '> 
UNU1BER OB S DUP< 8) 
PHLttBER DB 3 OUP(I) 
il'll.t1BER OW 1 
ONEADO DB 1,8,8,8,8 
PROG-DATA ·ENDS 
1 
PROG-CODE SEOMENT 'CODE' 
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MAJN..PROO _ PROC FAR 
ASSUHE CSIPROG-CODE,DS:PROG_QATA,SSsPROG-STACK,EStPROO-OATA 
STARTER 
STI 
CLD 
CLS 
CuRSORON 

HAJNLOOPI 
CLEAR 
CAI.L 
01P 
JNE -
ASC2l.NP 
ADD_l.NPACKED 
l.NP2PACI< 
ADD 
ADC 
ADC 
PACt<2LNP 
AOO_l.NPACKED 
l.HP281N 
ADD 
BIN2U-IP 
AOO_l.NMCKEO 
l.NP2ASC 
DISPLAY -ENOJ'ROOt 
DISPLAY ..,. 

t1AIH-PROO ENOP 
1 
&ETNU"'BER PROC 

DISPLAY 
BETOATA 
011' 
JE 

OUTLINE+2,5 
OETNLI18ER 
INCOLNT,I 
CONT 
ENQ_PROG 

¡MOVE SPACES TO DISPLAY LINE 
1PRCJ1PT ANO INPUT NAME 
J 1 F NO NAHE END PROGRAM 

UNUH8ER,INDATA,5 
UNUHBER,ONEA00,5 
PNUHBER,UNUHBER,5 
PNU1BER,I 
PNU1BER+ 1 , 1 
PNU1BER+2,1 
UNUHBER,PNUHBER,5 
I.Nli1BER, 0'-IEAOO, 5 
BNU1BER, UN\J'IBER 
...... BER,S 
l.NU1BER,BNli1BER 
l.NU1BER , CI"EAAO , 5 \ 
OUTLI~+2,UNUH8ER,5 

OUTLINE 
HAINLOOP J ANO REPEAT PRQCESS 

ENOHESSAOE 

NPRC11PT 
INBUF ,6 
INCOUNT ,8 
GETI 

1TH&I RETUAN TO OPERATJNO SYSTEH 

¡PRC11PT FOR NUHBER 
JGET NUHBER IN BUFFER 
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GETl1 

01P 
JNE 

RET 
6El'Nl.I19ER ENOP 

INCOlHT,5 
GETNII1BER 

~e. that data actual!>' went ~ and gol changed. Tbe program reads a five· 
~811 number • mampulates 11 through six conversions with severa! addi. 
lions along the w~y, .and displays the updated number on lhe screen. Tbe 
updated. numbe~ 18 ~ more Iban the original input. You sbould enter the 
conver .. ~n routines mto your system as a macro library; you may also 
want to mclude the test program from Figure 11.6. U you try the program 
out •. make sure tbat both the original and the updated number fit in the 
unsl8ned one-word range. 

.. ;_,. 
1 

12 
110 Interrupts 

/ 

You have learned to use interrupt 21H lo read from the keyboard and 
display cbaraeter strings on the CRT. You have also written a few macros 
using BIOS interrupt !OH to control certain video functions. In this chapter 
1 will discuss some other functions of these interrupts as well as some other 
BIOS interrupts. 111 discuss keyboard, printer, CRT, and communications 
1/0, as well as functions lo get and set the date and time. 

BIOS and DOS lnterrupts 
Ail you know, an interrupt transfers control toa routine that is provided as 
part of BIOS or DOS. Most interrupt routines are part of BIOS. Interrupts 
20H through 3FH are reserved for DOS routines. Not all of the DOS 
interrupta were available in DOS LO; many were implemented in later . 
versions. In sorne cases you can choose between a DOS ora BIOS interrupt 
to perform similar functions. You can write one character on the printer, 
for emmple, using function 5 of DOS interrupt 21H or fuoction O of BIOS 
loterrupt 17H. Which is best? IBM recommends using DOS fuoctions 
whenever poasible. We will follow that recommendation, but in a few 
cases we must use BIOS functions. Function 2 of interrupt 17H, for emm­
ple, reads the printer status; there is no equivalen! DOS fuoction. 

Yo u wiJJ find all of the DOS interrupts described in an appendix of your 
DOS manual. We are interested in DOS 21H only. Y o u will fmd ita fuoc­
tions listed in the same appendix following the list of loterrupts. The 

. - i3 
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function descriptions begin at a section labeUed FUNCTION C~. In 
this chapter and in the next two, we will describe roan y 21H functions. Y o u 
should be able to leam the others from the manual if you need them. 

Wbat about the BIOS interrupta?We will teach you only a few of them 
in thia ebapter; there are many more. Tbey are found in the IBM Technical 
Re{erenceManual, but they arenoteasyto 6ndorinterpret. You should be 
able to handle most VO using DOS.If youneedfunctions that DOS doea not 
provide and that are not covered in thia chapter, su eh aa graphics or aound 
control, conaider programming in a high-levellanguage. 

Reading From the Keyboard 
Figure 12.1 swnmarizes the keyoo,;,.d interrupta that will be discussed in 
this chapter. You haveleamed to use function OAH of interrupt ZIH toread 
a string ol charactera ending with CR IODH) from the keyboard into a 
program-defined input buffer. Your program must specify the maximum 
number of charactera to be read, including CR, in the buffer's first byte. 

"" llii 

. Rtad ant c:bar K,.,. •1 1111 e e• o 21H 
aad tlrl-lreaa cbtc:l 

a.u •• diVICttr¡ 110 te.. 21H 
Ud 00 Ctrl...-ul Clilecll 

Rucl Mlt dow..:ttr¡ oo tcllo ZIH 
11ut ctrl••• eNea 

Qecl if ciii•Kttr ••llattlt JIH 
la ltrMard I:Mifftl' 

Char IMifflr •el ull _ _.., 21H 
fwacll~ 

F .. ct ICNI OUitf' Prt,walio. 
11116111 illuitiJI -· 

7 -· 
1 .... 
- •u.,. ofhtt lt OX 

ltu. ,,.,,. (iac. au 
la unt twtt of 
Mfftr 

... .... 
101 ,uN:IiM 1 ¡,_M. 

u, •• 7, 1, or ,_, 

2 .... 

IIUaJ.I> '"" -
Chracttr la M. 

Quacttr it Al 

O..rachr ia Al 

Couat of char. rtad ia 
(aot lec. CIU •• NCOfUI llufflr bl"h 

Qarectwt Oac. aU 
atart at tllllrd lllrtt 

lf ll'ltcl 0 AL • IFFH 
.... M. ... 

o., ••• - ••c:•d 
h•cll• nll1d 

lit ,., .... 9 lf ... 
7 hwrt 011 
• c.,.. lod O. 
5 .... LaclOIII 
4 krol 1 Lad O. 
3 ••• ac,,. PruNd 
2 ttrl l•r "'''"d 
1 ltfl l"lft ,. ..... 
1 Jis-t Dlft • 
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Preparation for calling the interrupt includes putting the function number 
in AH, as with all interrupts; putting the buffer's offset into DX; and putting 
the ebaracter count into the buffer's first byte. The interrupt routine puts 
the oount of characters actually read ¡not including CR) into the second 
buffer byte; the characters themselves lincluding CR) are copied into the 
buffer starting at the third byte. Notice that since the character count inust 
fit into one byte, the maximum number of characters that can be read is 
254¡not including CR). 

Single..Character Input Functions 
Severa! functions of 21H read a single character, putting it into AL. 1 will 
discuss three of them: functions 1, 7, and 8. Preparation for each of these 
functions consists simply 9f putting the function number into AH. Func­
tion 1 echoes the character on the CRT and checks to see if you pressed Ctrl­
Break. lf Ctrl·Break is pressed, interrupt 23 is automatically called and 
ends your program. Function 7 of 2ÚI does not echo the character or check 
for Ctrl-Break. Function 8 of 21H checks for Ctrl-Break, but does not echo; , 
it is similar to BASIC's lNKBYS. 

Clearing the Keyboard Buffer 
Characters typed· on the keyboard are actually pul into a 15-character 
keyboard buffer. Characters read by functions 1, 7, 8, or OAH are really 

·taken from this keyboard buffer. lf the keyboard buffer is empty when a 
character is needed, the program will pause until one is available. 

Function OCH of 21H clears the keyboard buffer and then performs the 
function whose number has been placed in AL. This second function may 
be 1, 6, 7, 8 or OAH. 11 don1 cover function 6 in this book.) Using function 
OCH prevents ynu from accldentally or intentionally typing a key before 
the program is waiting for one . 

Here is a routine using OCH: 

DISPLAY 
MOV 
IIOV 
INT 

KEY __ PRESS __ PROMPT 
AH,OCH 
AL,OBH 
21H 

KBY PRBSS PROMPT is a message such as 'press any key to continue". 
You could ~is routine to force a program pause so the user can read a 
diaplay before the screen is cleared. No !ice that the actual input function is 
8, which does not echo the typed character, but doea check for Ctrl-Break. 

- ,• 
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lf you don't want tbe user lo be able lo end the program al Ibis point, you 
could use function 7 instead of 8. · 

Checking for a Kev 
Function OBH of 21H simply cbecks to see if a key has been pressed. lf a 
character is available, the functinn puta OFPH into AL; otberwise, OO. The 
function does perform a Ctrl-Break check; interrupt 23 is called if Ctrl- . 
Break is detected. Otberwise, tbe character is not read and it remains in tbe 
keyboard buffer. To read a character you will need to use functions 1, 7, or 
8. Yo u could use OBH to end a loop, telling !he user to presa any key to stop 
tbe curren! operation and continue tbe program, like Ibis: 

NEXT_TIIIE: 
DISPLAY 

IIOV 
INT 
OR 
JZ 

HOW_TO_STOP 

AH,OBH 
21H 

; operat ion su eh as 
; displayingadot 

AL,O ; ISALZERO? 
NEXT_TIIIE 

Checking Keyboard Status 
Interrupt 16H, a BIOS interrupt. also deals witb keyboard operations. Two 
ofita functions, O and 1, deaJ witb reading a character and determining if a 
character is available, which you already know bow to do using DOS 
functions. Function 2 of 16H, however, is unique. 1t reads n hyte of 
keyboard status information, called KBFLAG, into AL. Bacb d ili< eigbt 
bits in Ibis byte describes tbe -us of a particular key. The de:i.::ription of 
interrupt 16H, function 2, in Jli&ure 12.1 includes a table tbat sbows tbe 
meaning of each bit wben set, and numbers tbe bits from higb-order (bit 7) 
to low-order (bit OJ. Notice tbat tbe two sbift keys are represented by 
separate bits. Your program can check eacb bit in AL. Suppose tbat you 
need to know whetber tbe caps loclt key is on; tbafs bit 6. You could use 
Ibis routine: 

NO_CAP_ON: 

IIOV 
INT 
TEST 
JNZ 

AH,2 
16H 
Al,40H. 
CONTINUE 

;01000000 

( 
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U your program requires all uppercase input, you might now prompt 
the user to turn on CAPS LOCK and repeat the check unlil you find tbat it is 

tumedon. 

Extended Kevboard Codes 
You know from BASIC that some keys generate a two-byte code witb tbe 
frrst byte OO. The function keys, for example, use these extended codes. lf 
you read a cbaracter and find it is 00, you need to read again to find out 
which of tbe extended-code keys was pressed. Or, if your program does not 
use the extended code keys, you may simply consider this an error, clear 
tbe buffer, and require lhe user lo type anotber key. 

Using the CRT 
Figure 12.2 surnmarizes tbe CRT lor video) functions discussed in Ibis 
chapler. You already know many of them. You have used function 9 of 
inlerrupt 21H todisplay a slring of cbaracters on tbe screen; lhe slring's end 
is marked by "$" (24H). To prepare for Ibis funclion, you musl load lhe 
slring's beginning offset inlo DX. There is no limil on tbe number of 
characters displayed. 

Displaying One Character 
Function 2 of 21H displays one characler al tbe cursor position on the CRT. 
The cbaracler must be loaded inlo DL. Tbe cursor is advanced as each 
character is displayed. To display more Iban one character you can use a 
loop, but you will need lo know in advance how many characters :u• lo be 
displayed. Tbis function isespecially useful wben tbe cbaracters displayed 
include ·s· or when, because of the way tbey are used elsewbere in the 
program. it is not convenient to end tbe string witb ·s·. Figure 12.3 sbm.~s a 
macro that could be used lo display any number of characters usmg 
function 2. Function 2, by tbe way, checks for Ctrl-Break afler eacb 
character is output, so tbe user can end tbe program during Ibis display. 

BlOS Video lnterrupt Functions 
Jnterrupt !OH is tbe BIOS inlerrupt for video (CRT) functions. 11 has 15 
functinns but we will deal witb only sil< of tbem in Ibis book. 

Setting the Video Mode Function O seta tbe . video m~ e f~r tbe 
color/graphics adaptar; in BASIC, Ibis job is done U&lDg a combmation of 
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Dl.,hp 1 strl..a ............ 
hfill ""-

.,_.. ,_._ ,o.IU• 

kroll P•tt llf 

lcroll P•t• -.. 

1- 41125 1.1\1 , ••• 
1 • 41125 Col• , ••• 
2 • lt•ZS 1.1\1 Toat 
1 • 11•25 Color Tott 
4. ""'· .... Col• 
5 • ... ct. lea, IN , .......... ... 

Figuro 12.2 CAT 110 

... ... ... ... 
... 
... ... 

... 

J Cla&ru:t ..... Dl -' ax ,.,,,, to ,,,.,,, ltriJII ••t "d ¡1 24111 ......- ... -~~~~ 1 ........... 

2 

• 

ltart 11•• lo CH 
1-r fow bita 

.... Off •• 01 bit 4 
Cut 4 f• oH) 

lad ...... Q. 

._ lt DH 
Col- .• DI. ,.,. .... 
••••• 1M 

-

1 ill.,ooa..e.r of 11••• 
..... IN, Col- lo lit. 

...._... for .. u,., .,.,,..,. 
lto bu: 1 bel• for lo be KI'OIItill ............ 

CN,CL ,..,.,col­
for .,.,...,., u, ... llfl 

DM,DL ,. .. ,col_. 
fw •lltebl'a 
bolt• .... . ...... ,. ..... .. 
blul linea 
acrolltd 11 

1 a- n *••ctl• 4 

IN oUrlb.t .. ... , .... , ...... ,. .. ,. 
Huaal for color 
..... u •••• 

1, Attrlblltto for a;w 

..., .. , • blad • 11M C7J 
llu:l • .... ltt • 11M UIZ) 
IIKI M blod • ... (1) 

IAIIt • tlltoltt • 17M Cltf} 

Add .. ,,, , .. .......... u,. 
.._. 111 CIB) for lllld 

WIDTH and the fint two parametens of the SCRBRN statement. AJJ Figure 
12.2 ~·· there are seven possible modes. The mode nwnber must be 
placed m AL in pn:paration for the intenupt. The routine: 

IIOV 
IIOV 
INT 

AH,O 
Al,l 
lOH 

;40 char color text 

t 

' DISPLAS HACRO 
LOCAl. 
PUSH 
PUSH 
PUSH 
PUSH ..... 
""" NF.XT . ..OtARl 

""' ..., 
INT 
INC 
LOOP 
PDP .... ..... 
PDP ..... 

HESSAGE,COlHT 
NE)(T_Ctt=IR 
AX 
8)( 

ex 
DX 
O<,C!P.Nr .... 
AH,2 
01. ,f1ESSAGEI B)(J 
71H 
BX 
NEXT_CHAR 
DX 
rx 
9X 
AX 

AguN 12.3 Display Loop Macro 

is the equivalen! of the BASIC instructions: 

1000WIDTH40 
2000 scREEN O ,1 
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while using mode 5 ¡niediwn resolution blv.( graphics) is equivalen! lo 
SCR1!ENl,l 

Controlling the Cursor We use function lto turo the cursor on and 
off in the CURSORON and CURSOROFP macros from Chapter 5. This 
function aJso controla the start and end ünes for the cursor, thereby 
controlling the curaor's size. AJJ Figure 12.2 shows, the start and end üne 
nwnbers go into the lower four bits of CH and CL, respective! y. Wben bit 4 
llhelow-order bit of the upper four bits) of CHis set, the cursor is invisible; 
wben bit 4 is cleared, the cursor shows up on the acreen. Tbe start and end 
ünes can range from O to 13 with the monochrome board and from O to 7 
with the color/graphics board. 

We used function 2 in the LOCA TE macro. Function 2 sets the cursor 
positinn. DH must contain the row and DL the column for the new 
position. Remember that the count for rows and columna starts with 0,0 in 
the upper left comer of the acreen and goes lo 24,79 in the bottom rigbt. BH 
must contain the number of the page on which output is being written, or 
the active pa¡e. In the monochrome board or in the graphics mode of the 
colorlgraphics board the pa¡e is always O. In the color/graphics 40-column 
modes, you have a choice of pages O througb 7; in the SO<olumn modes, O 
througb 3. In tbis book 1 always use page O. 
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Functions 1 and 2 combined serve the purpose of BAS!Cs LOCA TE 
statement with its five parameters: row, col, cursoron, start, stop. The 
BASIC statement: 

100 LOCA TE 5, 6,1, 5, 7 

lurnson a three-line cursor and placesit al row 5, column 6. Todo tbesame 
thing in MASM you could do Ibis: 

IIOV 
IIOV 
IIOV 
INT 

IIOV 
MOV 
IIOV 
IIOV 
INT 

CH,5 
CL,7 
AH; 1 
!OH 
DH,4 
DL,5 
BH,O 
AH,2 
lOH 

; BEG 1 NN 1 NG OF CURSOR ANO TURN ON 
; END OF CURSOR 

; DEF 1 NE CURSOR 
;ROW5 
;COLUIIN6 
;PAGEO 

; PLACE CURSOR 

Reading the Cursor Position ·Fuoction 3 of !OH reads the cursor 
poslion, like BAS!Cs CSRUN aod POS. Once again, page number must be 
specified in BH. The function returns tbe cursor row in OH aod the column 
in DL: CH an~ CL are filled with tbe cursor type parameters, that is, the 
same information that you would putinto CHaod CL to set !he cursor with 
function l.(BASIC bas no equivalen! for Ibis part of the fuoction.J 

Scroll1ng the Screen We used fuoction 6, which scrolls the active 
page up, lo write the CLS macro in Cbapter 5. 11 requires seven parameters 
passed tbrough tbe registers, aa shown in Figure 12.2. Function 7 is baai­
cally the same, except tbat it scrolls downward thereby brioging blank 
1ines in at tbe top of !he window. 

Using the Printer 
Figure 12.4 aummarizes the printer 110 interrupts. Function 5 of DOS 
interrupt 21H senda one cbaracter lo the printer. Tbe character must be 
placed_ in DL. Tbis ia tbe only ~S prioter fuoction, aod irs probably a11 
you will need. Most prioter fuoctions, aucb as carrisge return, form feed 
under!ining, and so on, are triggered by characters sen! lo the printer aa ¡{ 
they theroselves were lo be prioted. These are tbe same characters you 

1 

' "" lA lbl!t. Ill ll!I 

Prlat on• char.u:ttr "" 
Priat 0111 char..:ttr and ION 

ntu.r11 statal b7h 

lnlti&lln pri•ttr and ... 
rthltl 1tatu1 b)'tl 

ltturft •t•lu• lo'tt 

Bit S.t 

' • • • 3 

' 1 
o 

figure 12.4 Prinler UO 

... 
Hunln; 
Pri~»ttr Bn,­_,.., 
Out of Pa,tr 
Sfl.ECTED 
1/0 Error 
11ot uud 
not uttd 
ll•t Out 
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Fu•ctio11 Otbtr Prtparation 
J..La C!lll !luilJwl !wi!.1J. J.!IJI: 8l:u:!.l 

• Quacttr i11 DL 
·~· 

• Cbarachr 111 AL Shtu b)'tt iA AH 
Prl1hr 1 In DX S•• bol! btiGM for 

-••lat o~ 1\&ln 

Prilthr 1 In DX s-• •• fu•ct 1011 1 

; Pri1hr 1 In DOl s-u fu~tctl011 1 

send from BASJC using LPRINT CHRS( ... J. One difference: in MASM you 
will have to send CR, or LF, or both al the end of each line. BASJC does tbis 
automatically after eacb LPRINT that does not end witb a se.micolon. 

Figure 12.5 contains a macro that can be used to send a number of 
cbaracters lo a printer. You wiU bave lo specify the number lo priot and 
make sure to include end-of-line characters. You migbt want lo modify Ibis 
macro to look for a specific end-of-text character instead of using a count. 

Printing a Character with BIOS 
BJOS interrupt 17H, fuoction O, also prints one cbaracter. In Ibis case, 
bowever, the character goes in AL aod the prioter number in DX. BJOS 
allows for up to tbree prioters, numbered O, 1, aod 2. lf you bave only one 
printer it will be printer O. A byte of printer status inforrnation is returned 
to AH. We11 discuss Ibis status byte wben we discuss function 2 of Ibis 
interrupt. 

' Initialli:ing the Printer 
Function 1 of 17H initializes the printer and returns the status byte in AH. 
lnitializing resets all the prioter optioos lo their original values just as 
though you bad turned the printer off aod on again. You may fwd it useful 
lo initialize your printer al the beginuing of every program that uses it . 

. . 



[. 

; 

---"'~ 

272 

PAJNTER HACRO 
LOCAL 
PUS>< 
PUSI< 
PUS>< 
PUSI< 

""" """ NEXT -at:Uta 

""" """ INT 

'"" L ... 
POP 
POP 
POP 
POP 
EN.., 

TEXT .COI.HT 
foEXT -CHAR 
AX 
BX 
ex 
ox 
cx.coi.I'IT 

""·' ..... 
OL,TEXTIBXl 
21H 

"" NEXT_CHAR 
ox 
ex 
BX 

"" 
~e12.5 PRINTER t.1acro 

The Printer Status Byte 
Function 2 of 17H simply reads the status byte into AH. The meanings of 
the bits wben setare shown in Figure 12.5. Some ofthem may require some 
explanatinn. ACKNOWLBDGE means that the printer bss sent a signa! to 
indicate that it baa received data. SELI!CT means that the printer is on-line. 
TIME OtiT means that the printer bss retwned BUSY signals for a long 
time and the system will no longer try to send it data. 

Computer Exercise 
Try writing a very primitive typewriter prognun. Here are the steps lo 
follow: 

l. lnitialize the printer. 

2. Clear the acreen and pul a prompt on it. 

3. Read and eebo a cbaracter from the lteyboard. 

4. U the cbaracter is an atended code ¡iilte a functinn ltey), end the 
prognm. Otherwlse, continue. 

5. Print the cbaracter. 

6. U the cbaracter was CR, add LF nn both the .CRT and printer. 

7. Go baelt to atep 3. 

1 

6ft (;hrachr frm. AS'I'Nt 

Se111lll chrachr fr• ASVHC 

&et ••• 

Gel ., .. 

S.t ··-

Ut.• Fu•ctiOft Dthtr Prtptrttion 
l!!l lla O!!! llluiwl 

21H 3 IICII!It 

21H Char•ct•r i• DI. 

21H 28H CX • 7Ur¡ 
Dtl• •Oflth¡ Dl. dt)' 

21H 2CH n~t 

21H 2DH C~llourt.¡ Cl-inutu 

' 
"" 

o ...... ,OI'Id•; 
DL-IIundrtdlha 

110111 IIMI 

JIH non• 

. Fl..-12.1 t.tisc88an8oua1JO Func:tions 
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·-· 
01 • l'tar¡ DH • •onth 
Dl - dtl' 

AL•Iifoll 
AL • lfFH it invalid 

Ctt-h01.1r•¡ CL-inuht. 
~trcondt.¡OL•hund. 

AL • 1 it oM 
AL•IffH if invalid 

·-· 
11ajor vtraion in AL 

•inor in AH 
lf Al • 1, v•rtion 11. 

pn-2.1 

.y 11 fi d my version of this program ITYPER.ASM¡at the end of the cbap: . ...:::en you testyour program don'.' worry if t.he fir~t few c~aracters 
typed don't print immediately. Many pnnters don t begm pnntmg unhl 
their buffer is fuU or CR is sent. 

Miscellaneous Functions 
Fi 12 6 ummanzes. the remaining functions discussed in Ibis chapter: >gure .s d" .. d 
!hose · tedwith communications, date an tune, screen pnnting, an &SSOCUl • • 
finding out under whicb version of DOS your program >s runnmg. 

Communications Functions 
DOS 21H functioo 3 receives input from the Asynchronous Communica­
tions Adapter. Jt waits for a cbaracter lo be received and places that 
cbaracter in AL. Punction 4 sends the cbaracter in DL lo the Asynchronous 
Communications Adapter. 

Date and Time 
Function OZAH of interrupt 21H gets the system _date. It puts the year lin 
binaryJ into CX, the month into OH, and the day mio DL . 

.. 
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Function 02BH sets the date. To prepare for it, place the year into CX, 
the month into DH, and the da y in lo DL. All three figures should be binary. 
The yeac must be between 1980 and 2099; the month, 1 lo 12; and the date 1 
lo 31. The date is checked for range and validity; a date of 2/30181 will be 
rejected since there is no such date. If the date is accepted, and the system 
date updated, the function returns O in AL. Otherwiae, it returns OFFH in 
AL. 

Function 02CH gets the time of da y as four one-byte quantities. CH has 
the hours (O lo 231. CL has minutes. DH has seconds and DL has hun­
dredths of a second. 

Functinn 02DH sets the time of day. CH, CL, DH, and DL must be 
prepared with _the time in the same formal as returned by 02CH. If the 
operatión is valid, AL is ret.irned as OO. If it is not valid, AL is returned as 
OFFH. 

Print Screen 
BIOS interrupt 5 prints the screen. 1t serves the same function as Shift­
PrtSc, but is started from your program instead of by the user. 

DOS Version Number 
Function 30 of interrupt 21H finds the DOS version number. The major 
number isretumed in AL, and the minornumber, in AH. If AL is2ilnd AH 
is 1, for example, it means that your program is currently running under 
DOS 2.1. If AL is O, you can asswne that a version of DOS prior lo 2.0 is 
being used. 

-
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PAGE,13Z 1THJS 15 TYPER.ASH 

INCLUOE MACLIB.LIB 

JNCLUOE EOULI8.LI8 

1 THE TYP!NG PROGRAN 
1 FOR CHAPTER 12 

1 
PROG-STACK 

PROL.STACK 

1 
pROCLOATA ,..,_ 
PROO-DATA 

1 
PROG..COOE 
I'IAJM..PROO 

INPUT _CHAR 1 

CHECK-CHAR 1 

OUTPUT _cHAR 1 

SEGNENT STHCK 'STACK' 
08 040UP<'STACK ') 
ENDS 

SEGt1~T 'DATA' 
00 
EJ<OS 

SEGMENT 'COOE' 
PROC FAR 
ASSUHf CS!PROG_COOE,OS•PROG-DATA,SS:PROG_STACK¡ES:PROG_CATA 

. STARTER " 
STI 
CLD 

"""' """' INT 
CLS 

"""' """' INT 

""" INT 

CI1P 
JE 

""" """' INT 
CI1P 
JNE 

""" """ INT 

"""' INT 
JHP 

. RET 

AH,8 
DX,I 
17H 

¡INITIALIZING PRINTER 

AH,2 . ¡DISPLAY PROMPT CHAR 
OL,ItH 
21H 

AH,I 

"" 
¡INPUT WITH ECHO ANO CHECK 

AL ,8 ¡IF PHr EXTENDED CODE 
END-PROG ¡ EN0 PROGRAM 

DL,AL 
AH,5 
21H 
AL,CR ¡CHECK FOR CR 
INPUT_CHAA 
OL,LF ¡IF CA ACO LF 
AH,5 
21H 
AH,2 1 LF 0N SCREEN ALSO 
2tH 
JNPUT-CHAR 

MAIN..PROO &IOP 
PROLC(I)E EJC)S 

~ 

.. 
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13 
Diskl/0 Using 
File Control Blocks 

In versions of DOS prior to 2.0, disk file handling requires the use of file 
control blocks IFCBsJ. DOS 2.0 and later versions have another way lo 
access mes that is both simpler and more flwble than the earlier one. This 
chapter describes me handling using FCBs. lf your programs will always 
run under DOS 2.0 or later versions, you should not use this method. In 
f8ct, you should skip Ibis chapter and go to Chapter 14, which covers the 
newer me-8ccess methoc:l · 

The File Control Block 
An FCB is 8 37-byte area defined in your program's data segment. 11 is 
divided into 10 f~.elda that contain information to be passed between your 
program and the DOS diak-access routines. You will find a description of 
the FCB and its fields in an 8ppeodix of your DOS manual. ¡Note: an 
8ppendix in the BASIC manual aJso describes an FCB; Ibis is 8 special 

. BASIC FCB, nol the DOS FCB.J Figure 13.1 shows 8 MASM program's 
description of an FCB. We11 discuss the fielda in detall. 
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FILE-ORIVE DB 
Fll.E.....tWIE DB 
FILLEXT 08 
FJLLCURR..BLOCK DW 
FILLAEC_SJZE llW 
FILLSIZE DU 
FILLOATE DW 

•• Fl LLCURLIIEC DB 
FILE-REL-REC IIW 

o 
•twiffiLE' 
'DAT' 
o 
o 
2 DUP (?l 
? 
11 OUP(1) 
o 
2 DUP <?) 

FiguN13.1 AnFCBtOJNAMEFILE 

File ldentifiers 
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;SET BEFOAE OPEN 
¡ SET BEFORE OPEN 
; SET BEFORE OPEN 
¡ SET BY OPEN; Ctw-lGE AS NEEOEO 
; SET 8Y OPEN; CHU-lGE 1 F NEEDED 
¡SET BY SYSTEN; OCNT C~GE 
;Sfl BY SYSTat; O(t(l C!WiGE: 
¡SET BY.SYSTEH; 000 CHANGE 
1 SET BEFORE SEO AEAD 
¡SET BEFORE MHDCJ1 READ 

The first three fields, FILE_DRIVE, FILE_NAME, and FILE_EXT, iden· 1 

tify the me. They must be initialized before the file is opened or used. 
FILI!_DRIVE is a one-byte field set to 1 for Orive A, 2 for Orive B, and 

so on. When FILI!_DRIVI! is O, as in Figure 13.1, it tells the system to use , 
the default drive; when the file is opened, the zero will be replaced by the 
defauh drive's ftle number. 

FILB_NAME is an eight·byte file D8me, left-justified, with trailing 
spaces if necessary. FILI!_I!XT is the three-byte file extension, left-justi· 
fied, with trailing spaces.JFILI!_I!XT may be all blanks.J 

If the default drive is A when the program runs, the description in 
Figure 13.1tells DOS to use me A:NAMI!FILI!.DAT. Notice that there is no 
provision for specifying a path in the FCB. 

Current Block and Record 
FILI! CURR_BLOCK and FILB_CURR_REC identify the record to be 
8ccessed by read or write operations. A block is a group of 128 records. The 
first block, which stsrts 81 the beginning of the me, is block O. Since 
FILI! CURR BLOCK is one word and therefore has a maximum value of 
65,535, you can't bave more than 64K blocks in a me. Opening Uie me sets 
the curren! block field to O; the field does not need to be defmed with an 
initial value. Notice that the block always contains 128 records regardless 
of the record size; the number of bytes in a block may be different for 
different files. 

PILI!_CURR_REC can range from O lo 127. This field identifies the 
curren! record within the curren! block. The !29th record in the file is 
record O of block L Tbe current record field is not initialized when the m.e is 
opened. The defmition in Figure 13.1 gives the field an initial value of O. 
You may preferID initialize it by moving O lo FILE_CURR_REC before 
the 6rst read or write. 

\ 
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Record Size and File Length • 
FILI!_RBC~SIZI! is a orie-word field tbat identifws the size of the flle's 
records. When the file is opened, the record size is always set lo 80H (128). 
Jf thisisnot the right recordsize, youmustchangeitaftertheflleisopened, 
but before the first read or write. AU recarda in the file are assumed to be 
the same size; there is no way to indicate variable length records. 

FILI!_SIZE indicates the length oftheflle in bytes. It's a lw<>-word field 
and, as usual the low-order word is the firat one. This field is initialized by 
DOS when the file is opened and should not be changed by the prograrn. 

File Date 
The next word, FILI!_DATI!, indicates the date the lile was last created or 
updated. This field is filled in when the file is opened and should not be 
changed by your program. The/i~~e, not four, low-order bits of the frrst byte 
contain the day of the month, a value ranging from O lo 31. The three high­
order bits, combined with the next byte's low-order bit, contain the month 
(O through 121. The second byte's seven high-order bits/contain a value 
between O and 119; add 1980to gel tbe actual year. Bit-by-bit, the date looks 
like ibis: 

F 1 LE_DATE: y y y y y y y m 
FILE_DATE+1: mmmddddd 

This layout makes a little more sense if y_ou think of t!>e word moved to a 
register, where tbe fint byte (FILI!_DATI!I would go into the high byte 
and the second (FILI!_DA TE+ 11 into the low byte. Then, numbering the 
register's bits from O (lowestl to 15(higbest), tbe date would look like this: 

15 14 13 12 11 10 9 8 7 6 5 4 3 
y y y y y y y m m m m d d 

HIGH 

Relative Record Number 

2 1 o 
d d d 

LOW 

FILE_RBL_RBC, tbe last field in tbe description, is a tw<>-word field 
identifying a record to be read or written by randorn access. Jf you want to 
read tbe 128tb record in the file, for example, you would set this field lo 128 

T 
1 
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before calling a rand~m read function. Remember that this field,like other 
multiple-word flelds, expects to find the low-order word first and the high­
order word last. To read record 128, set FILE_RBL_REC lo 128 and 
FILI!_REL_REC + 1 toO. 

The Rest of the FCB 
The 10 bytes between FILE_DATE and FILE_CURR_RBC are used by 
DOS. No information is provided about wbat they contain or bow tbey are 
used. Just make sure you lea ve room for tbem in the right place in the FCB. 

The Disk Transfer Address 
When a program reads a record, an area of the data·segment must be 
provided to hold the data read. Similarly, lo write a record, the data lo be 
written must flrst be placed in an area of the data segment. The data­
se&ment address into which data is to be read or from which it will be 
written is called tbe disk transfer address, or DTA. You must identify 
the DTA before you can read or write any record. The records for NAME­
FILE.DAT can be read into or written from this area: 

LIST NAIIE 
LIST=ID 

DB 20DUP(' ') 
DB 12DUP(' ') 

When you read or write NAMEFILE.DAT in your prograrn, you will use 
the offset of UST _NAME as tbe DT A. . 

Opening the File 
Function OFH of DOS interrupt 21H opens a fUe. DX must point to tbe ftle's 
FCB. The drive, name, and extension (if anyl must be in tbe FCB before tbe 

interrupt is called. . . 
The interrupt routine returns a status byte m AL. Jf AL 1S OFFH, the file 

was not found; if ALisO, the me was opened. 
Make sure to test AL after using function OFH. 
Wben tbe open is successful, the drive field is set if necessary, the 

curren! block is set too, the record size is set to 80H, and the flle size and 
creationlupdate date are fillcd in from tbe directory. 

/ 
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Of'9LFILE ... oc 
PUSH AX 
PUSH DX 
LEA OX,FILE....DRIVE 
PWU N4,1FH 
JNT 21H 
OR Al,l 
JZ OP9U 
LEA DX,FJLLORIUE 
HOU Nt,16H 
IHT 21H 
OR Al,l 
ll OPENI 
DISPlAY NLR004 
HOV ERJIILCOOE ,1 
.... OPEH2 

OPENJ 1 

""" FJLE..RfC...SIZE,32 

""" FILE..CUALREC,I 
Of>&IZI 

POP DX 
POP "" RET 

OPEH....FILE ...... 
Agurll13.2 Opening NAMEALE 

Creating a New File 

;F 1 AST BYTE OF FCB 
¡OPfH FILE Flt\ICTI()I 

IIF AL • ZERO 
1 FILE lrMS FOLND 
¡OTKEJI,IIIE NlEO TO CREATE 1T 

llf AX • ZERD CREATE DK 

JIF NO Root IN DIRfCTORY 
¡SET ERROR CODE 
1 oiiND RElU~ TO ~IN LOOP 

¡SET RECORD SllE 
¡AND CUIRENT RECORD 

Function 16H of interrupt2UI crea tes a new file. Again, DX must point to 
the FCB and the file drive, name, and extension lif any) must be in the FCB 
before the function is called. 

If the flle directory lacks room for another entry, AL is retumed with 
the value OFFH. Otberwise, a directory entry is made for a zero-length file, 
the flle is opened, andAL is returned with O. Make sure you check AL after 
using function 16H. 

Figure 13.2 presents a routioe that opens NAMBFILB.DAT if it exists; 
otherwise, it crea tes the flle and opens it. lf the directnry has no room, an 
error message is displayed and an error code field is set. 

Sequential Writes 
Function lSH writes a record from the are a pointed lo by the DT A. DX 
must point lo the file's FCB. The record written is the one identified by the 
curren! block and record fields. Obviously a DTA must be established 
before function lSH is called. This is done by function lAH, which sets the 
disk-transfer address. DX must point lo the DTA. 

WAITE..RECORD PROC 

WRITEI1 

PUSH AX 
PUSH OX 
LEA OX,LISTJW'tE 
NW AH,IAH 
JKT ZIH 
LEA OX,FILLOIIIVE 
HOJ AH,15H 
INT ZIH 
OR AL,8 
JZ WAITEI 
DISPLAY UR:ITLFAILEO 
MIJI ERROILCODE ,1 

PDP DX 
POP AX 
RET 

WRITLRECQRD ENDP 

flgure13.3 Writing NAMEFILE 
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;SET DISK Tfb:::tiSFER ADOR 

;t.IR 1 TE FRIJ1 DTA 

;IF AL • 1J l.IRITE OK 

;OTHEIIJISE HDT WRITIEN 

Function 1AH does not return a status byte, but the sequential write 
¡function JSH) does retum one in AL. If AL is 1, the disk is full. lf AL is 2, it 
means that the area between the DTA and the end of the data segment was 
smaller than the PCB's record size. Probably, either the record description 
or the FCB has an error.lf ALisO, the write was successful and the FCB's 
current record ¡and current block if necessaryl is incremented to point to 
the next record. 

Figure 13.3 shows a routine lo write records lo NAMEFILE.DAT. The 
DTA is set every time the routine is called, but this is not necessary if the 
rest of the program never changes the DTA. The routine includes an error 
check, but it does not differentiate between the two types of write error. 

Reading Sequentially 
Function 14H perforrns a sequential read. DX must point to the FCB. A 
DT A must be established before the read. Tbe record read is the one 
pointed to by the curren! block and record fields. AL is returned with a 
status byte. If AL is 1 or 3, end-of·flle was encountered. A status of 1 
indicates that no record was found and 3, that a partial record was read and 
fi!led out with zeros. A status of 2 indicates that the area between DTA and 
the end of the data segment was not large enough lo hold the record read. 
After a succesaful read, indicated by AL = O, the curren! block and record 
fields are incremented. 
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........... 
IIAIK.J'IIOO 
1 
CLOSLFilE 

C&.OSEJ z 

CLOSLFILE 
1 ..,.... 

..,.... 
1 
8ETID 

610111 

IETIO 
1 
OP&L.FILE 

TEST ..., - ERROR..COOE o 1 
CLOSE..LIP 
..-JNLOOP 

CALL CLOSE...FJLE 

O 1 SPLAY EMUtESSAGE 
RET 
ENOP 

PROC 
PUSH AX 
PUSH OX 
LEA DX,FILE...DAIVE 
"OV AH,IIH 
JNJ ZIH 
OR AL,I 
JZ CLOSEI 
DISPLAY IWLCLOSE 
"IJJ ERROR..CODE ,1 

PIIP DX 

'"' .. RET ...,, 
PROC 
PUSII IX 
CLEM JJCATA,21 
DISI't.AY JWILPR(ttf'T 
BETCATA Jteuf,21 
HOJ 8L, INCCUfl 
tQJ 8H,I 
"""' ctOUfT .ax 
POI' IX 
RET 
EIIDP 

IX 

DI Sft.AY JOJRCtiPT 
BETMTA INBUF,13 
tG1 a ,IHCQUfT 

"""' 8H,I 
ttiJ.I CCOl.NT ,IX 
POI' IX 
RET 
ENOP 

PROC 
PUSH NI 
PUSH DX 
LEA -DX,FILLORJVE 
tDJ AN,IFH 
INT 21H 
DR M.,l 
JZ OI"ENI 
LEIII OX,FILLINI:IYE ...... .. ..... 
INT 21H 
OR M.,l 
JZ oran 
DISPLAY HILROCI1 

11 F ERROR CODE NOT ZEAO 
1 END PRDGIW't 
IELSE REPfAT PIOCESS 

m• ltETl.Ri TO OPfRATINB SYSTEtt 

Jlf M. • 1 
1 CLOSE PoMS 01 
1ELSI ERitOI ~REO 

tPIIJtPT FOR rwtE 
IGET I'W'tE IN BUFFER 
¡HOVE INCOI.NT TO WORO SIZE 

¡PAIItPT FOR 1 D 
10ET ID IN BUFFO 
tf'ti)J( JNCIUfl' TO WORO SIZE 

¡FJRST BYTE OF FCI 
1 Of'8rf F 1 LE fUrfCTI CH 

¡IF Al. • ZERO 
1 FILE WIIIS fotiCl) 

¡OTHE .. IIl NEEO TO CREATE IT 

¡JF .-x • ZERO CIL\TE OK 

aiF NO ROitt IN DIRECTOR"t 

--
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MW EAAOILCODE, 1 ;SET ERROR CODE 
JHP OPEN2 ¡ ANO RETURN 10 ~IN LOOP 

OPBil: 

""' F 1 LE-AEC_SI ZE ,32 ;SET RECORD SIZE 

OPEm• 

OPEN..FILE 
1 

WRI TE-RECORD 

WAITEll 

WRITE-RECORD 

' PAO&-COOE 

MW Fl LE..CURILREC ,1 

POP ox 
POP AX 
RET 
ENOP 

PROC 
PUSH AX 
PUSH OX 
LEA OX,LISTJW1E 
Nl)J AH,JAH 
INT 21H 
LEA [)X,FILE..OAIVE 
N()J AH,ISH 
INT 21H 
OA AL,I 
JZ WAITEI 
DISPLAY WAITE..FAILED 
HOV EAROA...CDDE ,1 

POP 
POP 
RET 
ENOP 

ENOS 

"'' 

OX 
AX 

PMII'LPAOG 

Flgure13.4 The NAME13 Program 

.. 

¡ANO CURRENT RECORD 

; SET O 1 SK TAANSFER ADDA 

¡WRITE FR!l1 OTA 

¡IF AL • 1 LoiRITE OK 

¡OTHERI.IISE NOT WRITTEN 
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...... ,132 

INCI..UOf ttACLIB.LIB 

INCLUOE EGI.LII.lll 

' ' rttOLSTACJ( 

I"RDL.STACll 

' NOLMTA 

liECJENT STACJ( 'STACit' 
DI 64 0UP ('STACIC ..... 
SEatENT 'GATA' 

., 

....__ D8 Lf,CII,'CMIT FINO FILE',IEOT 
IACLCLOSE ......... 
EAIIOR..C®E 

' 

DI LF,CII,'U.OSE HIILEI' ,EOT 
DI LF,CJI,'I'R...U: ENt OF FILE' ,EDT .. . 

FILL.DRIVE DI • a&n lUGRE DP8I 
1 8IT BEFDRI DP8I FJL.E..JW'IE DI 

FILL.OO DI 
FILLCURR....IIl.OCK DW 
FILL.RELSJZE OW 
FJLLIIZE DW 
FILLOATE OW 

DO 
Fll.LCL8LI!fC DI 
F 1 LL.RELIEC DW 

' JNPUT.-
JN'UT.ID 

' JJUTl'Ul--

OOTPUT.ID 

1 
PAQLMTA ENOS 

1 

... 
DO .. 
01 ... .. 

'NIII«FI Ll' . .,_.,. 
• • 2 DtJI (1) 

? 

21 DUf' <?> 
12 DUP <?> 

H ,._. e• ') 
.. OI.P (' ') 
12 ~ (' ') 
CR,LI 

tlfT -- OP9f JIET 1'1' IIP'&It CHtiiiN8E AS HEEDED 
1 &rl 1'1' CIP&I¡ QWtGl 1 F HEIEDED 
¡Sll I'Y IYITB'IJ DCifT CtweE 
¡KT BY IYITB'I¡ IKtfT CIW'IIi 
¡Sll 81' IYITBt¡ OCJn CIW4IE 
¡SIT IUORI SEit IIEAO 
¡lll BlFCitl MH01Jt RUID 

PltQG....COOE 
MJIUIIIIO 

SEIIENT 'CODE' --
.. ...-. 

Q.OILIJt• .......... ........ 
....,.1U(ow 

oiiiiiK CI!NOL.CQDE , OI1NOI-MTA 01I11'108...STIICX, El d 11t06-DATA .,.., .. 
STI 
CLJ) 

a. a -CM.L OPEN..Fill 
TEIT EIIIM...C DDEol ¡JF ONN FAILfD --JZ PMIN.IJOP --CM.L 
TEIT ..., --CM.L -CM.L .., -

JOdl 

IIMOIN ¡ltW lNI'VT ltECOID 
~-.• ,,, se fll nu 
CLOILUfl 1 CLDa: FILE oiH) END 
OUTM...Hillltll,lfPUf..JWtE,ZI ¡10 I'IINT LINI 
OUTM.ID,IJIIU'I'-10,12 
NINr-LlNI ¡PIINJ liNf 
fMIN.CIIIf' ¡QII •PEAl NDClSS 

CUJIL11Ll 

¡18 1ETU1tt TO DPEMTINO IYSTBf 

T 
1 

"'CLOSE..FILE 

CLOSoEII 

CLOSLF ILE 

' OPDLfllE 

OPENII 

.,.,.,, 

OPat..ffLE 

' PATNT-LINE 

PIIINTis 

P'ltiNT-LINE 
1 ...... 
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PROC 
PUSH AX 
PtiSH OX 
LEA DX,FILE_OAIVE 
I'IW AH, 1114 
INT 21H 
OA AL,I 
JZ CLOSEI 
DISPLAY BAD-CLOSE 
l'ttPJ EAROILCODE ,1 

POP OX 
POP AX ..... 
'"'" 
PROC 
PIJSN AX 
PUSH DX 
LEA DX,fllf_ORIVE 
PUN AH,IFH 
INT 21H 
OR Al,l 
JZ DPENI 
DISPLAY BAD-DPEN 
110J ERROLCODE, 1 
'"'_ oran 

""" """ .... ..... .... .... 
FILLREC-SJZE,32 
Fl LE...CURLREC ,1 

PROC 
PUSH .... 
""' -
""' """ INT 
INC 
LOOP ..... 
POI' .., .... -...... ...... 
LEA 

""' INT 

ox .. 
ex 

" CX,44 

"'·' 
Ol, DUTPUT ..JW'tEIBX l 
AH,:5 

"" ... 
PRINTI ... 
ex 

.. 
DX 
0X , INI'Ul JWfE 
AH,lAH 

"" 

.. 

¡lf Al • 1 
1 CLOSE WAS OK 
¡ELSE EARIJI OCCURRED 

¡FIRST B'fTE OF FC8 
;OPEN fiLE FlJiCTI()ol 

;IF Al • ZERO 
1 fiLE WAS fOlliO 
¡OTHERWISE NOT FOLND 
¡SET ERROR CODE 
¡ N40 RETIM'I TO 11AIN LOOP 

¡SET RECD$10 SIZE 
;NCI CURRENT RECORD 

;PRINT 44 CHAR 

¡LOAD CHAII INTD Ol. 
¡FOR PRINT Fi.NCTI~ 
1 N-10 PRINT 
¡POINT TO NEXT CIWI 
¡N«> REJI'EAT 

¡SET DISK TIWISFER ~OR 

-
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L~ 4' DX,fiLE..DRIVE 
JUl. Nl,l4H 
INT 21M 
OJI: Al.,l 
Jl REAOI 
OISI'UI't MO-llEAD . 
1'01 EJHIO'LCOOE, 1 

IIEADI: 

'"' " "" "' 1fT ...... -' ,.ROO....CODE ..... ... "'ULPR08 

Rgur•13.5 

¡REAO TO DT,-

JI F Al. • 1 fiEAD OK 

10TtEAIIIi 1M READ 

14 
Diskl/0 
Using File Handles 

Tbis chapter describes a metbod of disk 110 using interrupt 21H functions 
that were implemented with DOS 2.0. If your programs need to run with 
an earlier version of DOS, you cannot use this method. If they will run only 
under DOS 2.0or later, this is the preferred method of disk 110. 

HowltWorks 
In this method, wben a file is opened it is assigned al6-bit number called a 
handle. Your prograrn must keep !rack of wbich handle has been assigned 
to wbicb file. When you read, write, or close the me yo u place the bandle in 
BX before calling the appropriate 21H function. Wben you read or write 
you also specify (in DX) a buffer address; that is, a offset in your data 
segment wbere input will be placed or from wbicb output will be copied. 
Additionally, you specify in ex the maximum number of bytes to be read 
or written. DOS maintains a readlwrlte pointer for eacb open file; tbis 
always points lo the next byte to be accessed in the file. The pointer is set to 
O wben the file is opened and is updated by the number of bytes actually 
bandled by each read or write. You can also use a ZIH function to change 
this pointer. 

289 
.• 

i 
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Error 
Codo 

2 

~aninq 

lnvalid function nUftber 

F• •• not found 

3 Path not found 

1 Too ~any open fil•a <no patba l•ft) 

• 
• lnv•lld handle 

12 lnvalld acc••• co~ 

FiguN M.1 ErrorCodnlor Ale HandloFIR:lloN 

Tbe interrupt functions for Ibis VO method use CF to indicate whether 
an operation is succeosful. CF is cleared when an operation is successful 
and set if an error occurs. When CF is set an error code is placed in AX. Yo u 
can find a list of error codeo in the DOS appendix that describes 21H 
functions; thelist is caUed the BRROR RBTURN T ABLB. Tbe functions we 
describe in this chapter use only sevenof thesecodeo; Figure 14.1contains a 
descriplion of those seven codeo. 

111 discuss the six mosl useful file handle functions in delail. Once you 
understand lhem you should be able lo learn others from the DOS manual 
if you need them. 

Create and Open 
Function 3CH creates a new file. DX musl point lo a string thal identifies 
the file. Tbe string can include the drive, path, and filename, and must end 
with a byte of zeros. A character string ending in OOH is caUed an ASCIIZ 
string. In the ASCIIZ string identifying the new file, both drive and path 
are optional but the fuU filename, including any extensinn, is required. To 
create a file narned NAMBFILB.DAT on the default drive and path, then, 
our program should include a definition like this: 

NAIIE_F 1 LE 08 'NAIIEF 1 LE .DAT' ,O 

and load NAMB_FILI!'s offset into DX before caUing the inlerrupt. A ftle 
attribute must"also be apeclfted by acode in CX. A file'a attribute code may 
mark it asa hidden ftle, a ayslem file, a read-onlyftle, a read·write file, and 
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so on. You will fmd all possible altribute codes listed in another DOS 
manual appendix, the DOS Disk Allocation appendix. In Ibis book, all files 
are straightfOrward read-write mes, with attribute code zero. The routine 
to creale NAMB_FILB, then, could be: 

LEA 
IIOV 
IIOV 
INT 

OX, NAIIE_F 1 LE 
cx.o 
AH,3CH 
21H 

The create function crea tes a new file or truncates an old one so that it 
can be rewritten. 1t opens the file for read/write and assigns a han die which 
is retumed in AX.lf the file cannol be crealed, CF is set and the error code 
is put into AX. The possible error codes are 3, 4, and 5. (1~ this case acc~ss 
deoied means eilber lhal the direclory was full or that the file •!ready eXlsls 
and is read-only .) Function 3CH, then, should be followed by sorne lype of 
error tesling· if no error is fowid the ftle handle musl be saved for later use. 

An existi~g flle is usuaUy opened inslead of re-crea~ed. _Func.tio_n 3DH 
of 21H opens a flle. Again, DX points lo an ASCIIZ slrmg 1denlifymg lhe 
flle. AL contains an access code: Oto l?pen the file for read only, 1 for write · 
only, 2 for read/write. We usually open our files for read/write. This 
routine would open lhe existiog NAME_FILB: 

LEA DX, NAIIE_F 1 LE 
IIOV AL,2 
IIOV AH,3CH 
INT 21H 

Again, an error check :;ho¡¡iJ be made. Possible error codes from Ibis 
function are 2, 4, 5, and 12. Access deoied wiU usually mean that you are 
trying lo open a read-only file for wrile or read/write. If the open is 
successful, the me band.le is relumed in AX and should be saved. 

Figure 14.2 containsan OPBN macro which opens an existing flle; if the 
file is nol found, the macro creales a new (me. To caU the macro you must 
specify the variable that contains the ftlename, the variable thal should 
contain the file handle, and a variable that can hold an error code. After 
using the macro you should check CF lo see if ~e open was s~ccessful; if il 
was not, you can eumine the error code and pnnt an appropnale message, 
then end the program. 

. ,. 
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OPEN MACRO 
LOCAL 
PUSH 
PUSH 
PUSH 
LfA 
HOV 
HOV 
U<r 

HOV 
JNC 
011' 
JNE 
HOV 
LEA 
HOV 
JHT 
HOV 
JC 

SAVLtwiOLE; 
HOV 

OPEN..DCNEt 
POP 
POP 
POP 
&IDI'f:. 

~E,HANDLE,ECOOE 
SAVE.JiAN)LE, OPEN...DCNE 
AX 
ex 
ox 
DX,FNAHE 
AH,3DH 
AL,2 
21H 
ECOOE,AL 

~· AL,2 
OPeN...Do.&e 

'CX,I 
DX 0 FNN"'E 
AH,3CH 
2JH 
ECODE,AL 
OPEK-~E 

HANDLE,AX 

ox 
ex 
AX 

11 F NO ERROR JLttP 
1IF ERROII NOT FILE NOT FOlND 
1 QUIT 
1CREATE 11/W FILE JF NOT FOUND 

1IF ERROR D0rr &AVE HIIIHDLE 

Figure 14.2 The OPEN Macro 

Here's an example: 

NAME_F 1 LE DB 
NAME_HANDLE OW 
ERROR_CODE DB 

OPEN_OK: 

OPEN 
JNC 
CALL 
JIIP 

'NAIIEFILE.DAT'.O 
? 
? 

NAME_F 1 LE, NAME_HANDLE, ERROR COOE 
OPEN_OK · ;CONTINUEPROGRAII -
ERROR ROUT 1 NE 
END_PROG 

The error routine might simply display an error message that includes 
the error code or it mi8bt display a different message for every possible 
error code value. 

Read and W rite 
To read a file, use function 3FH of interrupt 2UI. Befare you ca11 this 
function, BX must contain the file barullo; CX the number of bytes to read; 
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and DX the address into which the bytes are to be read. lf we want toread 
32 bytes from NAME_FILE into this area: ~ 

LIST_NAME 
LIST_ID 

DB 20 DUP {1) 
DB 12 DUP"( ?) 

we can do it like this: 

MOV BX, NAME_HANOLE 
uov· CX,32 
LEA DX,LIST_NAME 
MOV AH,3FH 
INT 21H 

This function reads from the indicated file starting at the current location 
of the readlwrite pointer; the bytes read are transferred lo the area to which 
DX points. Possible error retums are 5 and 6. Alter a successful read, the 
readlwrite pointer will be updated by the number ofbytes read and AX will 
contain that number. This is not necessarily the number of bytes that you 
asked for. If yo u try lo read from the end-of-file, for example, yo u may gel O 
bytes. DOS does not consider this an error, so CF will be clear and no error 
code will be passed. 

In the RBAD macro in Figure 14.3 we test for end-of-file; if found, we set 
CF and pass 100 to the error code field. This allows us lo handle end-of-file 
like any other error alter using the macro. N atice that AX is not PUSHed 
and POPped; its val u e will be changed. This is done because there may be a 
need to know the tbe number of bytes actually read even when end-of-file 
is not found. You11 see an example later in the cbapter. 

To use the RBAD macro, you must identify the variables used for the 
me handle and input buffer, the number of bytes to be read, and the error 
code f~<:ld. Alter RBADyou should test CF for an error condition. Toread a 
record from NAMB_FILE you could use this routine: 

READ 
JNC 
CALL 
JIIP 

NAIIE_HANDLE, L 1 ST_NAME, 32, ERROR_CODE 
REAO_OK 
ERROR_ROUT 1 NE 
REAO_OONE 



------------

294 

¡NOTE THAT THE REAO MACRO OOES NOT PRESERVE AX 

' REAO l'lACRO 
LOCAL 
PUSH 
PUSH 
PUSH 

""' ""' ..... -JNT 
..,e 

""' JHP 
CHEOLCOCHT: 

DtP .... 
""" STC 

READ-DCJtEI 
POP 
POP 
POP ...... 

HANOLE,BUFFER,COUNT,ECOOE 
CHEOLCQIMT, READ-DCNE 
BX 
ex 
ox 
BX ,HIVC)(..E 
CX,COlHT 
OX,BUFFER 
AH,3FH 
2JH 
CHECK..COl.NT 
ECOOE,AL 
REAO_OQNE 

AX.o 
REAO_DCJNE 
ECOOE,IIB 

DX 
ex 
BX 

1 OUR COOE FoR EOF 

Figure 14.S The READ Macro 

WRITE f'IACRO 
LOCAL 
PUSH 
PUSH ...... 
PUSH 

""' ...... 
LEA -JNT . 
JNC -JHP 

CHECK..COlHT' 1 
CH' 
JE 

""' STC 
WRITE..DOG'I 

POP 
POP 
POP 
POP -

HAHDLE,BUFFER,COUNT,ECODE 
CHECK-COUNT,WRITE..OONE 

"" BX 
oc 
DX 
BX,HAHOLE 
CX,COI.Hf 
DX,BUFFER 
AH,41H 
2JH 
CHICILCOIHT 
ECQOE,AL 
WRITLDOE 

AX,a>IHr 
WRITE-.DCNi 
ECQDO:,ff 

DX 
Q( 

BX 

"" 

&IF WRITE 0K CHECK COl.HT WRITTEN 
tOl'HEJI,IISE SET ERROR COOE ANO GUIT 

10UR CUol ERROR CODE FOA DISK FULL 
1 8ET CARRY FLAG FOil ERROR 

To write to a file, use function 40H of interrupt 21H. Thia is similar to 
the read functlon. BX containo the file handle; ex contains the number of 
bytes to write; DX containo the address of the data to be written. Possible 
return error codes are 5 and 6. Tbe readlwrite pointer is updated aild AX 
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contains the number of bytes actually written; this may not be the number 
requested. When the full number of bytes is not written it usually means 
that the disk is full. 

Tbe WRITB macro in Figure 14.4 requires that you specify the fUe 
bandle, buffer area. count, and error code. Alter a write a check is made lo 
see if all bytes were written; if not, eF is set and an error-cede of 99 is 
retumed from the macro. 

Adjusting the Read/W rite Po in ter 
Function 42H of interrupt21H allows you tochange the read/write pointer _ 
As usual, BX contains the fUe handle. There are three methods of changing 
the pointer;the method is indicated by acode in AL. In each method, atwo­
word offset is specified in ex and DX, with the low-order word in DX, 
high-order in ex. This offset is a signed value; it may be negative. 

If AL = O, the offset is calculated from the beginning of the file. lf the 
offset is 182. for example, the pointer is set lo pointto byte 182 of the file. To 
pointto the beginning of the file, move O lo ex. DX, and AL. Then the next 
read or write will startatthe file's beginning. 

If AL = 1, the new value of the pointer is computed by adding the 
specified offset to the curren! pointer value. In other words. the offset 
specifies bow far jand in what direction) you w!ll move from the curren! 
read/write position. If the offset is negative, you will move backwards 
through the file. 

If AL = 2, the new location is computed by adding the offset lo the end­
of-file location. If the lile's records are 32 bytes long, you can pointto the 
1ast record in the file by moving 2 to AL, -32 to DX, and OFFH lo ex jto 
extend the negative sign through the high-orderword). If you move" o lo ex 
and DX and 2 to AL, the pointer will be sel at the end of the fUe, ready for 
you to append new recorda. 

Possible error codea from Ibis function are 1 and 6; in this case an error 
code of 1 means that AL didn't contain a valid method. 

lf the pointer is moved successfully, AX and DX will show the updated 
pointer value. AX baa the low-order word, DX the high-order .jRemember 
that bc{ore the call, DX bad the low-order word of the offset, while ex had 
the blgh-order word.) You can use method 1 w!th an offset of O lo fmd the 
cunen! value of the pointer; you can use method 2 with an offset of O lo 
fiDd out bow long the file is. 

.. 

< 
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FINO_END ~CRO 
PUSH 
PUSH 
PUSH 
PUSH 

1 

----HI>J 
Ir<T 
POP 
POP 
POP 
POP 
ENOH 

POINT MACRO 

POINTII 

LOCAL 
PUSH 
PUSH 
PUSH 
PUSH 

""' HI>J 

""' CHP 
JGE 
NOT 

HI>J 

""' INT 
POP 
POP 
POP 
POP 
ENOH 

........ 
AX 
BX 
ex 
ox 
AH,42H 
Al..2 
BX,tw-Wt..E 
ex.o 

· ox,e 
21H 
ox 
ex 
BX 
AX 

HANDLE, COLNT 
POINTl 
AX 
BX 
ex 
ox 
BX. JoW'o!OLE 
ex.o 
ox.cou-rr 
OX,I 
POIKTI 
ex 

AL, J 
AH,42H 
21H 
ox 
BX 
ex 
AX 

Figw.14.5 The FINO_END anc:1 POINT Maetoe 

Figure 14.5 contains two macros thal use function 42. FINO END sets 
tbe pointer lo tbe end of the file. When you plan lo add r..;;;-rds lo an 
e:rlsling file, you could use FILE_END before beginning lo wrile. POINT 
simply changes the pointer a specified number of bytes; POINT only asks 
for a value for DX so tbe macro can only be uaed wlth a range of -32,768 to 
32,767 bytes. Notice the provision for setting ex lo OFPFPH if DX is 
negative, tbus extending the sign of DX tbrougboul ex. When you use 
eitber of tbese macros be aure lo follow tbem wlth je or jNe lo check for 
~on. · 

Closing a File· 
Function 3EH of inlerrupt ZlH closes a file. BX musl contain the file 
bandle. The oDiy error code possible ia 6. Figure 14.6 contains a CLOSE 
macro that could be uaed for any file. 

' 
' 
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CLOSE MACRO 
PUSH 
PUSH 

""" -INT -POP 
POP 
ENOH 

~DLE,ECODE 

"" B>: 
BX,HANDLE 
AH. 3EH 
21H 
ECOOE,AL 
ex 
AX 

Flgure 14.6 The CLOSE M~ 

Computer Exercise 
Figure 14.7 containsa simple program using OPEN, FINO _END, WRITE, 
and eLOSE to write NAMEFILE.DAT. The macros from this cbapter are 
included under the name FILEHAND.LIB. If you want lo, you can use 
WRITENAM lo creale NAMEFILE.DAT anden ter sorne data into it; then 
write a similar program using READ lo read NAMEFILE.DAT and display 
each record on tbe screen. You11 find our version, READNAME.ASM, at 
tbe end of tbe chapter. 

PAGé ,132 

INCLUOE HACLIB.LIB 

INCLUOE FILEttAND.LIB 

JNCLODE EDULJ8.1..18 
1 
1 
PROLSTACK 

PROILSTACK 
1 
PROCLDATA 
I'W'L.PRCI1PT 
IO_PRO'tPT 
BAD-MTH 
TOG...J'W«_FILES 
ACCESS-D&UEO 
ltf.AIIIll o_tw«>Le 
DISILFULL 
llfJALIO..ACCESS 
t~ii!NtNLERROR 

END-"ESSAGE 
EIQl(ILCOOE 
CCOUIT 
1 
IHBUF 
IHCDit<T 

SE!l"'ENT STACK 'STAtk' 
08 , .. DtJP (' STACK ' 1 ...,. 
SEIJ1ENT 'DATA' 
D8 LF,CR, 'I'W1E1 ',EDT 
08 LF,CR,'IDI ',EOT 
08 LF,CR,'MTH NOT FOlHD' ,EOT 
08 LF,CR,'TOO HAN'f' FILES OPEN' ,EOT 
DB LF,CROACCESS DENIEO' ,EDT 
08 LF,CR,'IN.IALID ~E USEO' ,EDT 
DB LF,CR, 'DISK FUl.L' ,EOT 
OB LF,CR,'INJALID ACCESS COOE' ,EOT 
08 LF,CR,'tliiiNilofll ERROR' ,EOT 
08 -lF,CR, 'SOODIYE' ,EOT 

· OB ? ... ' 
•• .. 21 

' 

.. 
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INMTA 

' ---· NAI'IE...f'ILE 

' LIITJWtE 
LJST_Jo 

' NOG...MTA 
"""'-COOE 
IOIIIU'I<Ie 

rtAIHLOOP1 

G.OSLI.F1 

........... 
MIN...PIOI 
1 

.. 21 DUJIC' 'J 
~ 

'" ? .. 'I'WEFILE.DAT' ,1 

•• 21 DUP C?) 

•• 12 OUf' C?) 

..... 
IEaen 'COilE' 
PIIIIC FAR 
ASSl.ttE CS 1 PAOLCOOE, DS tPIOLDATA ,SI tPIOL STACk , ES aP101....11ATA ....... 
ITI 
CU) 

CI.S ,........,. 
0PEN NME..F ILE .f'WtLtWG)LE, ERROR..COOl 
K PDSITIIJ4 JIF CI'EM OK COOINUé 
CAU. ERROLRIIJTINE ¡ELII DISPLAY APPROfRIATE t1ESSAGE 
H f140JfttiB 1 llfC) EMD PRO&fWt 

F IJCLEttO NAHE-twdM..E 
K l'tAIN.OOf' 
CALL ERROLROUTINE 
W Q..OSLUP 

CLEM LISTJWIE,l2 ¡f'UJJE SPACfS lO l/0 81FFER 
CAU. 6ETNAHE 1PRtttPT oiNI INPUT I'WtE 
0'1" IHCIItHT ,1 ¡JF NO NAI'IE &10 PROOaM 
JE CLDSE..UP 
tt0JE LIST....IW'E,IHOATA,CCot.NT ¡KOIJE tWtE TO OUTPUT RECORD 
CALL BETID ¡PR(H'T ..O INPUT lO 
I'OIE LIST-ID,JNDATA,CCDlHT &ttOUE ID TO OUTPUT RECORD 
WAITE MtE..twC>LE ,LI&T..JrWtE, 32 ,ERROLCOOE 
H MII'I.OGr ¡JF WltiTE OK REPfAT LOOI' 
CM.L ERIIGL.RaiJ'INE tELSE DISPlAY APPROPRIATE HESSAGE 

frW'L.twelE ,ERROR..CODl ....._. ... 
ERIIII...RGUTJNE 

DISPlAY &4D..JtE:IMil 
UT -

JCLOSE FILE 
¡IF Q.OSE CM 910 P~ 
¡ELlE DISP\AY AniH)piJATE ftESSAU 

1THEH AETUII\I TO OPEMTINO SYSTEH 

ERttOLIOUTH PROC 

..... 

-· 
..... 

CW' ERICL.CODE ,1 ....... 
DIVLAY MO...I'ATH 
H ......... 

a. UltCJL.CGDt:,4 
... 1882 
DIIPIAY TDO...JWrf'-FJL.EI 
H ......... 

O. UIDIL..CGDE,S ....... 
DIIP\AY ACCULIIENIED 
H ......... 

09' ERROL.J:IIDE, 1 
H ERR4 
OIVLAY IJMW..ID..tW«<LE 
H ......... .....,.,._, __ 

EIIR4 1 

ERA51 

ERIL.ENI)I 

at1 ERROILCODE ,12 
.J-IE ERR5 
DISPLAY U#JALJD-ACCESS 
.J1P ERR..END 

D4P ERROR..CDDE, Sl9 
.1-!E ERA6 
DISPLAY DISILFULL 
.tU" ERR..END 

DISPLAY \liltG.N...EAROR 

CLC 
RET 

ERROLROUT JNE ENDP 
1 
ll<lNME 

........ 
' II<TID 

110111 

&<TI O 
1 . 
P«OfLCQD( 

PAOC 
PUSH BX 
CLEAR JNOATA,21 
DISPlAY NAHE....PRIJ'tPT 
6ETOATA INSUF ,21 
""-' BL ,INCOLNT 
HDU BH,I 
HDU CCOLNT, BX 
POI' BX 
RET 
ENOP 

PAOC 
PUSH 

DISPLAY 10-PRIJ1Pl 
GETOATA JN8Uf ,13 
11QIJ BL ,JNCC)lltT 
HOJ ..... 
""-' CCOtHf • IX 
PI>' BX 

"'' ENOP ..... ... J1AIN..PIIOO 

...... 14.7 WIIJTENAM.ASM 
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;PR01PT FOR ~E 
¡GEl NAI'IE IN BUfFER 
¡I'IWE JNCOtHT 10 WOAD SIZE 

¡PRtJiPT FOR ID 
¡GEl ID IN BUFFER 

File Handles for Keyboard, 
CRT, and Printer 
Pive bandles bave been pre-defmed by DOS and are reserved for tbe use of 
inputloutput devises. Tbese bandles are: 

0000 Input device; usually tbe keyboard . 

0001 Output device; usually the CRT. 

.. 
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0002 

. 0003 

0004 

Error output device; always the CRT. 

Awáliary device (communications device) . 

Standard prioter (prioter O). 

The frrst two can be redirected if desired. Y ou can use these file handles 
with the read and write functions described above. You don't need to open 
orclose these filesand thereare noreadlwritepointersforthem. Keyboard 
input and CRT or printer output is very simple using these handles. 

Figure 14.8 shows the typing program from Chapter 12 revised to use 
file handles for the keyboard and printer. Notice the EQUs that assign 
handle values lo KEYBOARD, CRT, and PRINTER. You may want to add 
these to your EQU library. 

There are a few things you should know ahout the keyboard input. As 
with function OAH, CR signaJs the end of the input. If you ask for MAX 
characters, nothing but CR will be accepted after MAX-1. You can enteras 
many fewer than MAX as you like; CR will end the input. There is one 
other limitation: no matter how large MAX is, no more than 128 characters 
(including CR) will be accepted. 

The maximum size of the input area, though, should be 129. Thars 
beca use when CR is entered, hoth CRand LF are pul intothe input area. All 
input is echoed on the CRT, including the CR and LF. There is no need, 
then, to add LF after CR as in Chapter lZs version of TYPER. After the 
interrupt AX will contain the actual count of characters read, includin¡ CR 
and LF. In the typing program this count is uSed to set the number of 
characters to be prioted after each input. 

JustFor Fun 
Remember the telepoone number program you worked on in early chap­
ters of this book? You know enough now to revise the program so that 
names and telephone numbers are saved in a f¡Je and then to write a new 
program that priota the list. Go ahead and try these using the programs 
from this chapter as a guide. You may want lo include headings and page 
breaks in your telephone llat when you priot it. 

PAGE ,132 

JNCLUOE HACLIB.LIB 

INCLUDE FILEWIND.LIB 

INCLUOf: EQULIB.LIB 

' KEYBOARO 
CRT 
PRINTER 
1 
PROG..STACK 

' PROG-DATA 
TYPE...BUFFER 
PRO&_DATA 
1 
PROG-CODE 
HAI~PROG 

"" "" EQU 

• 
1 

• 
SEGHENT STACK 'STACK' 
DB 64 DUP ('SlACK ') 
ENDS 

SEGHEN'T 'DATA' 
DB 131 OUP('' ') 
ENDS 

SE(J1ENT 'CODE' 
PROC FAA 
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A5Sli1E CS 1 PAOG_COOE, OS lPRDG-DrATA, SS :PROG_STACK ¡ES 1PROILDATA 
STARTER 

INPUT_STRINGI 

OUTPUT-STRINGI 

STI 
CLO 
ttOV' AH,I ¡INITIAUZING PRINTER 
ttOV OX,I 
INT- 17H 
CLS 

rtOV 8X, KEYBCIARD 
HOV AH,3FH 
HOV CX.I31 
LEA DX, TYPE-BUFFER 
INT 21H 
01P TYPE..BUFFER ,1 
JE EHD_PRDG 

ttOU CX,AX 
HOV SX,PRINTER 
HOV AH,41H 
INT 21H 
....,. IHPUT-STRINO 

IIET ...... 
·ENDS .... 

Agu,.14.8 TYPER Program, Veraion 2 

' .. . ' 
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MGE ,132 
< 

INCL OOE 111\CL 1 8 .llB 

INCLOOE fiLEMAND.LII 

INCLUOE EUULIB.LII 

PROG....STACJo: 

' PROG..MTA ...._ ... '" 
T0Cl...J11W'(_i'JLES 
ACCESS..Oa.J ED 
ltfJALID .. HIWDlf 
1"'--AA.JD..ACCESI 
&Ct .. OFJ"ILE 
I.NII'HIU't...EIIROR 
ENO...nESSAGE 
ERROILCOOE 

'"'"" ' ---· IWtE...fiLE 

' INPIIT.JME 
I,..UT_ID 

' OUTPUT .. LINE 
OUTPIIJ.....foW1f 

' PROL.OATA 

' PROLCOOE 
MJN...PROI 

......... 

CLOU..W1 

SE01ENT STACK 'STACK' 
DI 64 .... C'STACII. ') -5E(118(1' 'DATA' 
08 LF ,CR,' MTH NDT FDI.IG' ,EOT 
DI lF ,CR,'TOO I'Wh' FIUI (litEN' ,EOT 
DI Lf,Cit,'ACCESS D841ED' ,EOT 
DI LF,CR,'Itt.MLIO ltiiiNDI..i Ulf:D' ,EOT 
DI LF ,CR, ' ltf,Ml.l D ACCIII COOE • ,EGT 
DI LF,CI,'&ID O# FILE fOUID' ,EOT 
DI LF,CR, • ..,...... ElltOI' ,ECJT 
08 LF,Cit,'GOOOIYE' ,IOT .. ' .. ' .. ' 01 'fWEFI LE.DAl' ,1 

"" 21 DUI' (?) 

DI 12 OI.P C?l .. CR,lf 

"" 21 OIW e• 
DI u Dt.W e· 
DI ll DUP <' 
DI EDT .... 
SEI»tENT 'COOl' - , .. 

'l ,, 
'1 

AS5U1E CI1PIIII....t00€, DS 1Pil08..D111TA, SS 1NOO..ITACK, ES ¡l'tl08..lllfllA 
ITMJU .., 
CLO 
tU , ... ,_ 
OP&I frWL.FILI.IWIL.wcM.l,IRIOLCOOI 
K tMULOOP 11 F 11"&1 011' CCHr INUl 
CALL ERitCII .. ROUTI.. tELSI DIIP'LA't' APP ... IATI HEIMOI 
~ H..NDI - BCt ....,..... 

llf:AD NlllftLHIIIfrell,l..uJJWtE,n ,UIOit..CGOI 

"" llfAa.l* 
tALL Elltiii...IDUTI'*' 
M1 CL~ 

HOJE OUTM..,...,I..uf..,..,_,H 
111),1( OllffiUT .. IO,...uf .. ID,II 
Ollft.AY OUTM-l.U. '. 
M1 MIN.OIIP 

¡CLOII FILE 
¡IF 'a.OU: (11( 1ND NOGMt 
¡Q.II DIIPUIY M...,..IATE NESIME 

T 
! 

ENlLPR001 

ttHIN..PROG 

' EIIROR-ROUT INE 

ERRII 

ERR21 

ER113z 

ERII:4z 

DisPLAY BWJ1ESSAGE 
RET 
ENDP 

"" OtP ERROILCOOE ,3 
H U!IU 
DISPLAY SAD-PHTH 
.J1f' ERILB.O 

0tr ERROILCOOE ,4 
H ERR2 
DISPlAY TOQ...ttiWY_FILES 
.J1f' ERIL&IO 

CHP ERROR_COOE, 5 
.f.lE ERR3 
DISPLAY ACCESS.....OENIED 
..111' ERILENO 

CI1F' ERROILCOOE, & 
H ERR4 
DISPLAY ltfJAllD-HANOLE 
.t1P ERR...EUO 

CliP ERROILCOOE, 12 
.I'>IE ERR5 
OI~Y ll'f..IALIO..ACCES$ 
.H' ERILBiO 

D1P ERROILCOOE ,111 
.1*: ERRG 
DISPLAY fNO_ll¡._f·• .. E 
..... EJIILiJitl 

01 PLAY IHICH(Wt..ERROII 

'" OET 
ERIIOILROIIT INE EHM' 

' PltOLCDOE DIDI 

""' ttAJH...PROO 

FlguN1U 
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:THEN RETURN TO OPERATING SYSTEH 
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MASMWith 
BASICFiles 

U you have been programming in BASJC for a while, you probably have 
so me data files thal contain valuabli information which you would jusi as 
soon nol reenter from scralch for use wilh MASM programs. In this 
chapler, 1 will give you some hintson how lo accessdata from BASIC files 
in MASM programo. 

Sequential Files 
As you know, BASJC can read and write two types of files: sequential and 
random. BASJC's sequential files are very simple lo handle in BASIC, but 
not so simple in MASM. The main problem is that sequential files have 
variable-length recorda; in fact, each data item in the record is variable­
length. 

Lers look at a sequential file where each record containa a name (a 
string variable) follnwed by an integer. The muimum size for the name is 
255. For the integer, il is sil< characters(including a possible leading sign). 
Strings are ataree! with quotation marks surrounding them. Numbers are 
slored in ASCll charactera as BASIC's PRINT cnmmand would display 
them on the CRT. Fields are always separated by commas The end of the 
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record is always marked by CR and LF; and the end of the file, by !AH. This 
means that each of our flle's records may be as muchas 266 bytes long, like 
this: 

"A Name ... upto255total ... ",-33001!@ 

where! and @represen! CR and LF respe::Uvely. On the other hand, if the 1 

string is empty and the integer zero, the record could be as sbort as six 
characters: ••,O!@ 

To read a BASlC sequential file in a MASM program, then, you must 
read an arbitrary number ofbytes into a buffer and examine each byte. As 
you examine each byte, move meaningful characters lo the appropriate . 
fields, skip over quotation marks, loo k for commas that mark the ends of , 
fields, keep track of how many characters were actually put into each field, 

1 

skip but keep track of decimal points and signs, and look for CR and LF to . 
. mark the end of the las! field in each record. You should be able lo develop ¡ 
· routines lo do these jobs using the commands you airead y koow. 

Random Files 
BASIC's random ftles have flxed-length records and flXed-length flelds. A ' 
record written with this BASIC FIBLD statement: 

F lELO 11, 18 as NAIIS, 2 asAS, 4 as BS, 8 as es 

is a 32-byte record thal can easily be read inlo a MASM program. The input 
buffer mighl look like this: 

IN_NAIIE 
IN_A 
IN_B 
IN_C 

DB lBDUP(?) 
DB 2 DUP(?) 
DB 4DUP(?) 
DB BDUP(1) 

' 
The problem with random ftles is in handling the numeric data. As you 1 

know, BASIC handles integers, single-precision, and double-precision 1 

numbers. An inleger in a random ftle is formatted by MKI$ and stored in a · 
two-byte field, a single·precision number is formatted by MKS$ and stored 

. .. 
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in 1t four-byte field, anda double-precision number is formatted by MKDS 
and stored in an eigbt-byte field. lntegers really create no problems for 
MASM; MKIS simply provides a two-byte lor one-word) signed binary 
number with the low-order byte first. U AS represents an integer, you can 
handle IN_A as you would any two-byte binary signed number. Single­
and double-precision are more complicated, however. 1'11 discuss single­
precision in sorne detail, but firat 1'11 quicldy revfew some of the terms that 
we11 need in that disculsion. · 

Mantissa, Exponent, and Base 
The number 5,350 can be elqll"essed in a form sucb as 5.35 x J.03. In this 
form we say that tl>•: oumber has a mandasa of 5.35, an aponent of 3, 
and a base of 10. Y uu can convert lo other exponents and mantissas by 
multiplying or dividing the mantisss by ID. Bacb multiplication sbifts the 
decimal point one Place lo the rigbt and subtracts 1 from the exponen!. 
Bacb division sbifts tbe point lo the left and adds 1 lo the exponen!. 

In other words, 5.35 x J.03 = 53.5 x J.03 = 5350 x IDO = 53500 x 1o-•. 
Any number can be expressed as a mantisss, an exponen!, anda base. 

The base tbat you pick determines the digits in tbe mantissa and the 
exponen!. 5,350 is 14B6H. This can be written asl4B6H x 16". A positive 
exponen! representa the number of times tbe mantissa must be multiplied 
by the base lo produoe the value. You can multiply a number by ita base 
simply by abiftin¡ the point lo the rigbl and adding a trailing zero if 
requlred. A negativo exponen! representa the number of divisious by the 
base requlred loproduoetbat number, in otherwords, the numberof times 
the polnt muat be sbifted lo the 1eft with leading zeros inserted if neoessary. 
One atandard way lo upress numbera in thls form is to adjuat them so tbat 
exactly one non-soro digit is placed to the left of the point, aa in 5.035 x 1()3. 
We aay that a number in thls formal la nonnallzed. 

Single Precision Format 
To Ollpfe8l a number in BASICs aingle-precision formal you begin by 
nonnalizing it in base 2. We11 workwith the numberl234567, orl2D687H. 
In base 2, thls la IDOIDU010ll010000UlB x ZO. Normalized, thls would be 
LOOlOUOIDllOlOOOOUlB x zao. Fonnatting a single-precision number starts 
wlth puttin¡ thls form inlo three bytes low order first, and then putting the 
exponeD! in the fourth byte. Tbere are not enougb digits lo fill three bytes 
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but we want to align the number so that"the point comes after the high­
order digit. We fill in with trailiog zeros. So far, then, our four bytes look 
like tbis: 

0011 1000 1011 0100 l. 001 0110 0001 0100 
_3 8 o 2 9 6 1 4 

low middle high exp 

(The point is assumed; it's not actually stored in the number.) Three more 
steps are required before the single·precision format is complete: 

l. Add !29181H) to tbe exponen!. 

2. The bigb-order digit is always 1, so tbere's no need lo store the 1; we'll 
just assume it. Re m ove the l. 

3. Use the higb-order bit position for a sign· bit. lf the number is 
positive, putO in the bit; if negative, l. Note tbat ool{tbe sign bit is 
involved. In single-precision format, negative numbers are not in 
two's complement notation. 

Now our number looks like this: 

0011 1000 1011 0100 0001 0110 1001 0101 
3 8 D 2 1 6 9 5 

low middle high exp 

And, tbat is indeed bow it will be stored in single precision forma t. 
U you want to work out another emmple for yourself, try a negative 

number; -1234 sbould end up as 00 40 9A SBH. Remember, you're not using · 
the two's complement; convert 1234 and then pul 1 in the sigo bit. 

From Single Precision To Binary 
In dealing with single-preclSion integers, the real issue is bow to convert 
them lo binary-especially bow to do it in a MASM program. We'll use 
38D21695H aa an eJWDple, knowing tbat it ougbt to come out 12D687H 
¡1234567). Here's bow our number looks wbeD we read it into our MASM 
prognun: 

0011 1000 1011 0100 0001 0110 1001 0101 
3 8 D 2 1 6 9 5 
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First of all, let's reversethe steps that ended the last section. Wo'll start by 
subtracting 129 j81HI from the ~ent and replacing the sign bit by l. 
¡Don't lose track of tbe sign, though; you11 need to know it later.¡ Here's 
how our number .looks now: 

0011 
3 

1000 
8 

low 

1011 0100 
o 2 

middle 

1.001 
9 

OliO 
6 

high 

0001 
1 

0100 
4 

exp 

We included the assumed point for convenience; ifs not in the byte as 
stored. We could quit now, just converting the three-byte number to two's 
complement if irs neg¡ttive, but you will find it much easier to use the 
number in arithmetic or conversions if yo u gel rid of the assumed point and 
fractional places. 

First, we11 save the e>q>Onent in another field and zero-fill the fourth 
byte so we can use all four bytes for our number. Then, lefs consider what 
the new exponen! will be when we get rid of tbe fractional places. 

The number now has 23 fractional places-all but one of the 24 digits. 
To end up with no fractional places, you must shift the point 23 places to 
the rigbt, subtracting 1 from the e>q>Onent for eacb place. fn our example, 
the original exponen! is 20, so after the shift it will be -3. Tbis means that 
our nurnber would need to be divided by 2 three times lo produce the 
original value with an e>q>ODenl of zero or to express it in a form that does 
not include an ~ent. 

Sínce the point is asaumed, the number undergoes no actual change. 
How do you know, then, if an exponen! belongs to a normalized or non­
normalized number? You know because you control the program. Either 
Jeave all of your converted numbers with 23 fractinnal places or with~~Ut 
fractional places. · 

What does it mean if you end up with a positive e>q>Onent? Suppose 
your original exponent was 25. After aubtracting 23 yo\u new e:q>onent is 
2. Tbe nurnber muat be multiplied by 2• to arrive al ita value with no 

. exponenl 
ll's often deWable to go abead and divide or multiply as indicated by 

the e:q>onent. Here is where you use the shift inatructions. To divide by 2, 
shift each bit to the rigbt ISHRI and adjust the e>q>ODent; to multiply by 2, 

· .shiit each bit to theleft ISHLI and adjust the exponent. U you can gel to a 
zero exponent this way, fine. Make aure, though, that you don\ abift out 
significan! bita. Don't do a right abift if the low-order bit is l. fn a left shift, 
the bigh-order bit muat be reserved for a slgn, so don\ shift if tbe nen-to­
bigh-order bit is l. Alkr all of the manipulation is done, convert the 
number to two's comp!ement if the original sign bit was l. 

1 

--------------------------~M~A~S~M~W~it~h~B~A~S~IC~F~ile~s~3~029 1 
e(NJERT_SP 

NEXl-LEFT 1 

RIGHT_SHJFT, 

NEXT_RIGHT¡ 

CCNTI1 

ENO-RIGHT1 

STORE..NU'1BER1 

HACRO BJN,SINGLE,EXP 
LOCAL NEXT-LEFT,RIGHT_SHIFT,NEXT_RJGHT 
lOCAL CONTI,END_RIGHT,STORE_NUNBER,CONT2 
PUSH AX 
PUSH CX 
PUSH DX 
XDR ex,ex 
XDR DX,DX 
HOV CL,SINGLE•3 
MOV AL,SINGLE 
HOV AH,SINGLE•I 
HOV DL,SINOLE+2 
OR DL ,88H 
sua ex,1:s2 
JS RIGHT-SHIFT 

TEST DH.4eH 
JNZ STORE..NLJ18ER 
SHL OX, 1 
SHL AX.I 
AOC DL,e 
LOOP NEXT_LEFT 
JMP ST_ORE-NLJoiBER 

NEG ex 

TEST AL, lH 
JNZ END_RIGHT 
SHR AX,I 
SHR OX,t 
JNC CCI'IT 1 
DR AH,8!JH 

LOOP NEXT-R!GHT 
JHP STOREJILJoiBER 

NEO ex 

HOV EXP ,ex 
TEST SINGLE•2,8eH 
JZ CCNT2 
NaT DX 
NOT AX 
AOD AX.t 
ADC ox,e 

HOV BIN,AL 
HOV BIN+l ,AH 
HOV BIN•2,DL 
HOV BIN•3,DH 
PDP DX 
POP ex 
POP AX 

"""' 

;ZERO CX 
; AI\IO DX 
1 ex WILL HOLD EXP 
;HOVE SP NUMBER TO DXtAX 

¡HIGH-ORDER DIGIT IS 1 
;ADJUST EXP <-129-23) 
¡IF NEG EXP SHIFT RIGHT 

¡IF BIT ó SET STOP SHIFT 

;OTHERWISE SHIFT OX 
¡ THEN AX 
; PUT SHJFTED BIT INTO DL 
¡DEe EXP ANO REPEAT 
¡QUIT WHEN EXP e 

;CHANGE EXP TO POSITJVE 

¡IF BIT 1 SET STOP SHIFT 

;ELSE SHIFT AX 
1 ANO DX 
:IF SHIFTED BIT SIGNIFICANT 

PUT IT IN HIGH BIT OF AX 

1DEC EXP ANO REPEAT 
:QUJT WHEN EXP • e 
¡IF QUIT BEFORE EXP.& 
¡ RSHAINING EXP IS NEO 

1 SAVE THE NEW EXPCNENT 
¡JF ORIGINAL NUHBER NEGATIVE 

¡ CCNJERT TO TWOS COHPLEHENT 

¡NCXo.l SAVE NEW BINARY Nlt1BER 

1 

1 

1 

1 

i 
! 
' Figure 15.1 contains a macro that converts a BASIC single-precision .' 

integer lo a fo\u-byte binary number with a separate exponen!. To use the 
macro, specify the locations of the destination (the binary number¡, the 
source.lthe single-precision numberl, and the new exponent. Tbe macro' 
converts each number to a form with an exponent as clase to zero as it can 
get without losing digits. All the conversion is done in the AX and DX 1 
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registers, with DX holding the. high-order digits and AX the low-order. The 
exponen! is in CX. After all of the rest of the conversion is done, the macro 
looks back al the source's sign bit lo decide whether lo pul the fmal result in 
two's complement form. 

Double Precision Format 
Double-precision numbers also use the exponen! and mantissa form witb 
base Z. They have eight bytes instead of four because the original decimal 
number can go as high as 17 digits, while single-precision can go only lo 7 
digits. The last byte is the exponen! (plus 1291. The other seven bytes 
contain the mantissa in normali•ed form, with a sign bit replaced by the 1 
before the point and stored low-order flrst. In the normalized form, there 
will be 55 fractional placea instead of the 23 in a single-precision formal. If 
you want lo convert double-precision numbers you should be able to code 
a macro based on the single precision one. Instead of trying lo work in four 
registers at once, bowever, you may prefer to convert the original number 
lo binary "in place". lf you do thal, make sure to keep track of whether the 
original was positive or negative; the sign bit won't be available wben you 
are through with the conversion, 

16 
Using Assembler 
Subroutines in 
BASIC Programs 

Assembler language prograrns can be used as subroutines in BASIC pro­
gramseither with CALL oras a USR function.ln an appendix of the BASIC 
manual, you wil1 fmd a great deal of information about how lo set up and 
use sucb subroutines. lo thls cbapter, 1 will go over an example of one 
method of loadin¡¡ and calling a MASM subroutine from a BASIC program. 
Once you are comfortable with thls procedure you should be able to learn 
to use the other methods from the BASIC manual. 

Th~ MASM Subroutine 
Figure 16.1 contains a new version of the typing prograrn developed in 
earlier chapters. '1/e wil1 use thls prograrn as an example of a MASM 
aubroutine. Notice tbat there is no stack segrnent. Most subroutines use the 
calling program'a stack. Since there's no stack, there's no SS pararneter in 
ASSUMB. BS is not needed in ASSUMB either since the subroutine doesn't 
inclnde any of the string operations that require BS.(lf our prograrn bad no · 
dalll, and therefore no data segment, we wouldn~ bave a DS parameter 
eíther-1 

1 
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PAGE,I32 
1 
KEYBOARO 
CRT 
PRINTER 
1 
PROLDAITA 
TYPE..BUFFEA 
PR()(LDATA 

1 
PROO..CODE 
l'tAIN...PROG 

JNPUf_STRINGI 

OUTPUT _STRJNG 1 

ENO..PR061 

1 

EQU 
EOU 
EQU 

o 
1 

• 
SEat&IT 'DATA' 
08 138 Olf"<' ,, 
ENOS 

SEa-t&n' 'CODE' 
PIIQC FM 
ASSUKE CSIPROG-COOE,DSIPROG-DATA 
PUSH AX . 
PUSH SX 
PUSH OC 
PUSH OX 
PUSH OS 
t10V AX ,PAOO-MTA IINITIALIZE OS 
HOV OS,AX 
STI 

HOV BX ,KEYBOARD 
HOV AH,3FH 
HOV 0<,138 
LEA DX,TYPE-BUFFEA 
INT 21H 

HOV ...... 
MOV 
INT 

O<,AX 
BX,PRJNTER 
AH,48H 
21H 

POP OS 
POP OX 
POI' OC 
POI' S>< 
POP Pi1< 
RIT 

l'tA IH..PROO ENDP 
PROG-COOE ENOS .... 

Rguro11.1. TYPESUB.ASU 

Unlike most MASM programs, thia one doesn1 start by putting the 
retum address on !he stacl<; the BASie eALL takes care of that. Tbe 
subroutine must, bowever, PUSH md POP any se¡ment regi.ster that it 
chmges, except CS. In thia case, that's only DS; the subroutlne's dats· 
se¡ment address la Joaded into DS. U you don't preserve these regi.sters, 
you wiJl bave trouble wben you retum to the caJiing progrsm. Y ou must 
a1so mate sure that SP has not cban¡ed. Tbe other rqisten and the Oags 
don't need to be saved md restored. 
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i Preparing the Subroutine 
1 

Tbe subroutine is coded and assembled like any other program. Our 
source-code file is TYPESUB.ASM, so we assemble it like thia: ' 

IIASII TYPESUB; 

N en, we link the subroutine using tbe IH option, like this: 

L 1 NK TYPESUBIH ; 

The JH option tells the linker to mark the EXE file so that the progr~ ":ill 
be loaded as higb in memory as possible. 

Saving a Memory lmage 
Nowwe use DEBUG lo find out wbere the subroutine will be loaded and to 
save a version of the object code that can be loaded from a BASie prograin. 

First, load BASie under DEBUG,like Ibis: 

DEBUGBASIC.COII 

Wben you see the DEBUG prompt (-1, type R to get a display of the 
registers. Wñtedown thevaluesinCS,IP, SS, and SP. You11 need to know 
them later. When'I did this. CS and SS both contained 0907; IP, 0100; .;nd 
SP,fRFB. 1 

Now load yourprogram'sBXE file and display irs oñginal registers. The 
sequence of instructinns looks like this: 

-N TYPESUB . EXE 
-L 
-R 

This time just copy the values from CS, IP, and ex. CS is wbere the code 
segment begins, IP is the offset of the first instruction within the segment 
¡usually OJ, and ex ahows the size of the loaded program in bytes. In ~ur 
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DEBUG session, CS was 3F94; IP, O; and CX, 82. Notice that the wbole 
subroutine was OB2H, or 178 bytes; and 130of that was for our input buffer. 

Now we need to run BASIC (still under DBBUG) so we can BSA VB our 
subroutine. First, we bave to restore BASlCa SS and SP registers and set CS 
and ¡p to point to the beginning of BASIC. To do theae things, we need lo 
cbange es, IP, SS, and SP to the valuea they bad wben we. first loaded 
BASie. Tocbange a registerin DBBUG, uaethe Rcommand Wtththename 
of the register. DBBUG wi1l display the curren! valueand then prompt you 
with a senü-colon for a new value. Here'a how it went wben 1 did it: 

-R es 
es 3F94 
:0907 
.fl SS 
SS 3F94 
:0907 
·R IP 
IP 0000 
:0100 
-R SP 
SP 0000 
:FFFE 

Now everytbing's set; G (for GO) wi1l atart BASIC running. At the 
BASlC prompt (OK), use DBP SEG topoint tothe subroutine's CS,like Ibis: 

DEF SEG~&H3F94 

Next, use BSA VB to copy to a disk 6Ie an image of the subroutine ~ ~~ 
currently ia in memory. You apec:ify the disk 6Ie D&Dle and the subroutine s 
beginn.ing offset and llize. You recorded !hose 1ast twovaluesfrom IP a_nd 
ex when the aubroutine waa Ioaded. In my esample, BSA VB went 1ike 
Ibis: 

BSAVE "TYPESUB. BIN", O, &HOOB2 

Tbe memory image 6Ie usually has the extenaion .BINas in Ibis example. 
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Calling the Subroutine 
Now you can write or fmisb writing your BASie program. You can go 
abead and do that while BASie is loaded under DEBUG or you can quit 
DBBUG and restar! BASie. Your program may already almos! have been 
fmisbed, but the CALL routine can't he coded until tbe memory ilnage 6Ie 
has been created. · 

Here's how the eALL routine goes: 

• First, use DBF SBG to point lo the subroutine's es address. 

• Then, use BLOAD lo load the memory image fUe. You must specify 
the file name and the beginning offset (usually O) that you found in IP 
wben tbe subroutine was loaded. · 

• Third, assign that same offset toa numeric variable . 

• Fourtb, call the variable. Control will he transferred to the offset 
represented by the variable witbin the segment pointed to by DEF 
SEG. 

In our example, the eALL routine goes like this: 

1000 OEF SEG=&H3F94 
1100 BLOAD "TYPESUB . B 1 N", O 
1200 SUBR=O 
1300 CALLSUBR 

To use TYPBSUB a second time, you should he able lo just repeat the 
CALLas long as you bave not executed another DEF SEG, loaded another 
subroutine, or cbanged the value of SUBR. 

Computer Exercise 
Bnter TYPBSUB.ASM from Figure 16.1. Then, assemble and link the sub­
routine (use the 1H option when linking) and use DBBUG lo create the 
memory image me. 

. . . 
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5 PRINT •START FRD1 SAStC• 
18 DEF SE~H3F94 ~ 
15 BL~ •TYPESUB.BJN•.e 
16 FOR H%•1 TO 3 
17 DEF Sfo-t.H3F94 
21 SUBR-1 
31 CALL SUBR 
35 NEXT W. 
41 PRINT •BACK TO BASJCS•1END 

Flgln18.2 TESTSUB.BAS 

Figure 16.2 shows the BASIC prosram we used to test TYPESUB. Use a 
similar program and nm your own tests. 

Using Arguments 
TYPESUB doesnt use any variables from the calling BASIC program, but 
many subroutines do need to get input from or place resulta in BASIC 
variables. Tbe CALL staternent can include á list of variables, known as 
arguments or parameters, wbich are used by the called subroutine. The 
BASIC manual explains the use of these arguments, but 1 will mention· a 
few points tbat you should keep in mind. 

The argument list narnes the variables to be used by the subroutine. 
What is actually passed is the offset of each of the variables. Tbese offsets 
are pushed on the stack in the order in which the variables appear in the 
list. CALL pushes two more iterns on thelist also: CS and IP for the retum 
to BASIC. When your subroutine starts, then, thelast argumenrs address is 
the third item on the stack-it starts at SP+4. You will need to use BP to 
access these arguments; so, your prograrn sbould start by PUSHing BP and 
then copying SP to BP. Now, the last argumenrs addces.o is at BP+6, the 
next·to-last at BP+8, and so on. To copy the offset of the third argument 
inlo DI, then, you c:ould uae this inatruetinn: 

IIOV O 1 ,lOIBPJ 

Notice that you can' POP these áddresses. POP always takes the top item 
on the stack. You wouJd have to POP the return áddreas before you gol to 
the argumenta and you shouldn' touch that. 

When you acceu data with these offsets, remember that they point to 
locations in BASIC's data segrnent. lf your prograrn has changed DS, you 
must use BASIC'a OS to áddresa the argumenta; it sbould be sitting in your 
stack as the seoond itern your prosram PUSHed. 

1 

1 
Using Assembler Subroutines in BASIC Piograms 3171 

Before you retum lo BASIC, all of the ilems PUSHed by th~ subroutinj 
sbould be POPped so lbat, immedialely before the retum, SP pómts lo th~ 
saved return address. RET will use that address and remove it from tbel 
stack, bul lhe argument offsels are still sitting lhere. RET must adjust SP lo 
skip around these so that it is pointing lo the ilem thal was lop-of-the·slack 
before CALL began. To do this, simply code RET as RET n where rt 
represents the number of stack bytes to skip-two times the nurnber of 
arguments.lf your subroutine uses four argumenls it should start like Ibis~ 

PUSH 
MOV 
PUSH 

BP 
BP,SP 
os 

and end like Ibis: 

POP 
POP 
RET 

os 
BP 
8 

; BP+6 POi nts to 1 ast argument 
: 1 f subrout i ne has a data seg 

; i f OS was PUSHed 

; two for ea eh argument passed 

1 
1 

One more thing: if possible alJ argurnents sbould be integers. As you 
leamed in Chapter 15, BASIC integers are simply one-word binary num­
bers that can be handled easily in a MASM routine. Single- and double­
precision take too mucb special handling in MASM. Strings also make 
trouble; tbe address passed for a string points lo a special field thal 
describes the string, not to the string itself.lf you must pass string variables 
read the explanations in the BASIC manual appendix carefully. ' 

- '. 



APPBNDIX 

A 
Data Formats 
and Representation 

This appendix presents a quick review of the binary number system, the 
use of signed binary numbers and two's complement notation, hex­
adecimal notation, binary-coded decimals, and ASCII code. 

Decimal, Binary, and Hexadecimal 
In daily life most of us use decimal D.umbers. Decimal numbers are made 
upof combinationsoftbelOdecimaldlgits ¡o, 1, 2, 3, 4, 5, 6, 7, 8, and 9) witb 
eacb dlglt position representing a power of 10; we say that decimal num· 
bers use base 10. Tbe position lo tbe left of tbe decimal point, actual or 
impüed, represents J.OO. Moving lo tbe left, eacb position represents a 
higber power of 10; moving lo tbe rigbt, a lower power. 327.025, tben, 
represents 13 X 10") + 12 X 1()1) + 17 X 100) + 10 X J.O-I) + 12 X lQ-2) + 15 X 

1Q-3). 
Computen use binary numhers. Binary numbers use base 2. Tbere are 

two possible binary digits ¡o and 1) and eacb position in a binary number 
represents a power of 2. Tbe position lo tbe left of the binary point, actual 
or impüed, represents 2". Moving to the left, each position represents a 
higber power of 2; moving to tbe rigbt, a lower power. ¡Remember tbat 2·1 
= V2, or .5; 2·• = V4, or .25; 2·3 = VS,or .125;andsoon.)ln Ibis book, as in 
MASM source code, binary numbers are indlcated by "B" following tbe 
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number.1P'Jl.IOIB, then, represents (1 x 231 + (O x ZZI + (O x 2'1 + (1 x 
2°1 + (1 x 2·•1 + (O x 2""1, or 9.62S (8 + O + O + 1 + .S + .1251. The binary 
representation of 3Z7.0ZS is 101000W.OIB. 

Each position in a binary number is referred to as a bit (for Binary 
digfl'l ora bit posltion. Bach bit can have a val u e of O or l. Most computers 
work with groups of eight bits; such a group is called a byte. Computers 
also operate with words. In the IBM PC and ils family, a word is 16 bits, or 
two bytea. Sometimea, it is also convenlent lo deal with four bits ata time; a 
4-bit group is a half-byte ora nlbble. In Ibis book, I usually write binary 
numbers as half-bytes, bytes, or words. When we write S in bi.oary form, 
then, we will write OlOIB or 0000 OWIB, not WIB. 

The hexadecimal number system uses base 16. It has 16 possible digits 
(0, 1, 2, 3, 4, S, 6, 7, 8, 9, A, B, C, D, 1!, and FJ, and each digit position 
represents a power of 16. "H'. is used lo indicate a helllldecimal number, as 
in 1Z3H (2911. Por clarity, a hexadecimal number mUBI always start with a 
digit from O through 9. OBAH is a number equivalen! lo 186, wbile BAH is 
something Scrooge said before he reformed. 

A distinct relationship exists between the binary and the hexadecimal 
system, based on the fact that 24 = 16. Any hexadecimal digit ·can be 
represented by four binary digits. To oonvert a hexadecimal number to 
binary, yo u jusi need to replace each hexadecimal digit by its four-bit 
binary equivalen!. To oonvert binary to hexadecimal, separate the binary 
number into groups of four bits (starting from the bi.oary pointl and convert 
each bit to its heudecimal equivalen!. Here's an example: 

1001 0011 1111 01106 
9 3 F 6H 

Irs much easler for humans lo read and write helllldecimal numbers 
Iban the strings of Os and ls needed for binary. In most source oode, 
displays, anddiscussionswe use the hexadecimal equivalentsof the bi.oary 
numbers that the computer uses. Don~ fof)!el, thougb, that the oomputer 
uses only binary. 

High· and Low.Order 
Weoften refertoanumber's rightmostdigit position (the one lhars the least 
power of the basel as the low-order dlgit and its lettmost digit position as 
the hlgh-order diglt. In 327.025, S is the low-orderdigit and 3 is the bigh­
order digit. In WOUOIB, both the high- and low-order digits are l. We 
extend Ibis conoept to refer to the bigh- or low-order nibble of a byte, the 
bigh- or low-order byte of a word, and so on. In the ane-word number 0000 
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UUUUOOOOB, for example, lhe high-order byte is 0000 llllB, the low-order 
byte is Ull 00008, the bigh-<>rder bit of the low-order byte is 1, and the low­
order bit of the low·order byte is O. 

Binary Addition i 
There's no need lo go very deeply into binary arithmetic since by and lar~e 
the computer takes ca re of such computations. But, to follow the rest of th~s 
discussion, you must know the facts of binary addition. These are veiy 

s:ple~ The:~ are onl: three basicfacts. ¡ 
~ ! ~ ~ ~o 1 

1 
Notice that when you add 1 and 1, you generate a carry that must I?e 

added into the nexl digifs sum. Here are two examples of multi·bit addi· 
tion; you should be able lo figure them out with no trouble. . " 1 

1111 0101 0011 1011 1 

+ 1011 1010 + 0111 0100 
1 0110 '1111 1011 1111 

Signed Binary Numbers 
Wben we need to indicate that a d~cimal number is negative, we genera~y 
use a negative sigo ( -) before or after the number. A number without a 
sign is assumed to be positive, but if we want to emphasize this we can u

1
se 

a positivo sign ( + 1 before or after the number. 1 

We can indicate signs in binary numbers by using similar tecbniques, 
but for the computer irs more efficient if the sign is part of the numb~r. 
Tbis can be done by reserving the high-<>rder bit lo indica te the sign; it' is 
referÍ'ed toas the slgn bit. The rest of the number contains the absolJte 
value, or magnitude. A one·byte signed number has a high-order sign bit 
and seven bits that contain the absolute value. A one·word signed number 
haS a high-order sign bit and fifteen bits that contain lhe absolute value.! 

A negative· nwnber doesn't just have a negative sign, however; m9st 
computers, including the IBM PC, use two's complement notation for 
negative binary numbers. To form the two's complement of a binary 
number, cbange each digit lo its opposite and then add 1to the result. ~or 
example: to form the two's complement of 36H (OOU OUOBI. change each 
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bit; the result is OC9H (1100 IDOlBI. Now add 1; the result is OC4H (UOO 
101081. Using signed numbets, then, 36H is 54 and OCAH is -54. By the 
way, if x is the two's complement of y. then y is the two's complement of x. 
Workout the two'scomplement of OCAH; you11 lind that ifs 36H. 

Ranges 
A one-byte number can range from OH toOPFH. If the number is unsigned, 
tbis is a range of O to 255. If tbe number ia si¡ued, tbis is a range of -128 
(SOHI to + 127(7FHI. . 

A one-word number can range from OH to OFFFFH. If tbe number is 
unsigned, this is a rao,ur. of O to 65535. If tbe number is signed, this is a 
range of - 32768(8000HI to 32767(7PFFHI. 

Binary Coded Dedmals 
lt's often more convenient for us to work witb decimal digits even though 
the computer uses only binary numbers. A special formal called binary 
coded decimal, or BCD, has been devised for tbis purpose. Ifs based on 
the fact that the decimnl digits (O throngh 91 can be represented by tbe same 
4-bit binary numbers used to represen! the first 10 hexadecimal digits. To 
translate a decimal number into BCD formal, just translate each digit into 
its 4-bit binary code_ Tbe number 123450, for elUUllple, in BCD formal 
would be 0001000 OOU 0100 0101 OOOOB, or 123450H. To change a number 
written in BCD formal back to decimal, translate each 4-bit group into its 
eqnivalent decimal digit. Notice tbat wben numbers are written in BCD 
they can never contain tbe baH-byte values IOIOB, IOUB, UOOB, llOlB, IUOB, 
or UUB. How can you tell wbether the string of bits 1001 0001B (91HI is a 
binary number eqnivalent to 145 or a BCD representation of 911 It could be 
eitber one; you can~ teU by looking at it_ U the string is a value in a program 
yo u muat know wbetber it was in tended lo be binary or BCD. · 

Packed and Unpacked Decimals 
BCD numbera are uaed in two forma. So far we bave looked at the packed 
decimal form. Packed decimals represen! one decimal digit per half-byte, 
two per byte. Unpacked drdmals bave only one decimal digit per byte; 
the high-order balf-byte la always zero. 1be packed decimal representation 
of 35, tben, la OOU0101B (35H}, wbile tbe unpacked representation is 0000 
OOU00000101B(0305HI. 

Data Formats and Representation 323 

·BCD Arithmetic 
Arithmetic with BCD numbers, either packed or unpacked, ·~ based on 
binary arithmetic. The answers, however, must be adjusted for anY BCD 
digit position where the result is 10 or more. For example, lefs add 35 and 
26in BCD formal: 

0011 0101B 
+ 0010 01108 

0101 10118 

(35H) 
(26H) 
(58H) 

This answer, 5BH, would he right if we were adding binary or hexadecimal 
numbers; but it is wrong when you're adding decimal digits. The answer 
should be 61. An a~justrnent must be made to allow for tbe fact tbat BCD 
digits can only be O through 9. MASM provides adjustrnents for arithmetic 
operations with unpacked decimals, as well as for addition and subtraction 
with packed decimals. 

The ASCII Character Code 
Another way that data is represented in the IBM PC is in ASCII character 
code. Each character is represented by a one-byte value. Standard ASCII 
code uses only seven bits per character, so it can represent only 128 
cbaracters. But IBM uses a fuU eight bits per character, tbus allowing an 
additional128 characters lo be part of the ASCII code set. 

Tbe values from O to 31 are generaUy used for control characters. Sorne 
of these, sucb as 10 for line feed,12 for form feed, and 13 for carriage retum, 
are generaUy accepted and recognized by most peripheral devices such as 
CRTs and printers. Values from 32 tbrough 126 are part of tbe standard 
ASCII set. This includes 32(20HI as tbe code for a space, 48 (30H) through 
54 (39HI for tbe decimaldigits, 65(41HI tbrough 90 (5AHI for the uppercase 
letters, and 98 (61HI tbrough 122 17 AHI.for the lowercase letters. The 
rernaining values in tbis range are used for special cbaracters. The rest of 
IBM's A5CII set, values 127 tbrough 256, represen! special typefonts and 
grapbics characters. 

Wben ASCII characters are included in prograrns or discussions, they 
~y are enclosed in single or double quotation marks. 

Numbers in ASCU 
Almost all data is input or output as ASCII cbaracters. Wben you press a 
key on the keyboard, it la the ASCII code value for that key that is passed to 
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tbe computer. Wben you display cbaracters on the CRT or print them on a 
printer, tbe computer sends numbers to tbe output device, whicb inter· 
prets tbe numbers as ASCU code and displays or prints tbe corresponding 
characters. · 

Wbat bappens wben you input a number sucb as 35 in response to a 
prompt? The ASCU code tbat is received ia 3335H. Tbis is nol 35 in binary, 
in packed decimal, or in unpacked-decimal formal. In order to use tbis 
input as a number, your program must uaually convert tbe input to one of 
tbe forrnats tbat it can work witb. The cloaest formal is unpacked decimal; 
all tbat is necessary to convert an ASCU digit to an unpacked-declmal digit 
is to cbange tbe bigh-order balf-byte from 3 toO. Tbaro tbe main reason for 
using unpacked decimals in yourprogram.ln tbe same way, numbers to be 
displayed or printed mus! usually be converted frorn another fopnat to 
ASCII; the easiest conversion is from unpacked decimals. 

APPBND/X 

B 
TheMacro 
Assemblet 
Instruction Set 

~bis appendix list~ tbe Macro A:"""'ble_r instructions grouped by furic. 
tions and subfunctions. For each mstruct1on,a very brief description of its 
purpose is given. An asterisk 1•1 marks instructions not discussed in this 
book. Use tbis appendix when you know wbat you want todo, but ar~n't 
sure wbat instructionjs) are available todo it. For a detailed description' 0 ¡ 
an instruction's purpose. formal, and operands, look tbe instruction up in 
tbe MASM manual. · 

Copying or Transferring Data 

String Moves 
LODSILODSBILODSW 
STOS/STOSBISTOSW 
MCj)VSIMOVSBIMOVSW 

' 

.. 

• Load AL or AX from a string 1 

Store-from AL or AX to string 
Copy a string 

:l25 
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110 
IN 
OUT 

• Get one byte from an input port 
• Send one byte toan output port 

Stack Manipulation 
PUSH 
POP 
PUSHP 
POPP 

Push one word on top of stack 
Pop one word from top of atack 

• Push fiag register on top of atack 
• Pop Oag regiater from top of stack 

Miscellaneous Data Transfers 
MOV 
XCHG 
XLAT 
LAHF 
SAHF 
LEA 
LDS 
LBS 

Copy one byte or one word 
• Bxchange values of operands 
• Place byte looked up in table into AL 
• Copy SF, ZF, AF, PF, and CF to AH 
• Copy fromAH toSF, ZF, AF, PF, andCF 

Loads computed BA into register 
• Loads segment number into DS 
• Loads segment number into BS 

Comparing or Testing Data 
CMP 
TEST 
CMPS/CMPSBICMPSW 
SCAS/~BISCASW 

Compare bytes or words 
Logical AND bit comparison 
Compare strings 
Search string for accumulator match 

Changing Data 

Arithmetic 
ADD 
ADC 
SUB 
SBB 
MUL 
IMUL 
DIV 
ID IV 

Add without carry 
Add with carry 
Subtract without borrow 
Subtract. with borrow 
Multiply unsi¡ned numben 
Muliplty ligned numben 
Divide unaigned number 
Divide signed number 

DBC 
INC 
NEG 

Subtract 1 
Add 1 
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Subtract from O (form two's complement) 

AdjustData 
AAA Adjust unpacked decimal after addition 
AAS Adjust unpacked decimal after subtraction 
AAM Adjust unpacked decimal after multiplication 
AAD Adjust unpacked decimal before division 
DAA Adjust packed decimal after addition 
DAS Adjust packed decimal after subtraction 
CBW Extend sign of AL througb AH 
CWD Extend sign of AX tbrougb DX 

Logical Bit Changes 
ANO Logical ANO 11 AND 1 = 1; X ANO o = O) 
NOT Logical NOT (Cbange each bit) 
OR Logicai0R(1 OR x = 1;0 ORO= O) 
XOR Logical XOR (1 XOR O = 1; all otbers = O) 

Move Bits Within Field 
RCL 
RCR 
ROL 
ROR 
SAR 
SHR 
SAUSHL 

Rotate léft through CF 
Rotate right through CF 
Rotate left without CF 
Rotate right witbout CF 
Sbift rigbt retaining high-order bit 
Sbift right replacing high-order with O 
Sbift left replacing low-order witb O 

Change Flag Value 
CLC 
STC 
CMC 
CLD 
STO 
CLI 
STl 

/ 

ClearCF 
SetCF 

• Cbange CF (If CF =O, CF = 1 and vice versa) 
ClearDF 
SetDF 
CleariF 
Set!F 

'. 
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Control Program Flow 

Unconditional TransferofControl 
J MP Transfer control to target 
eALL Tranafer control to procedure 
RET Retum from procedure 
INT Tranafer control to interrupt routine 
INTO • Transfer to interrupt on overflow 
IRBT • Retwn from interrupt 

Repetition with Counter in CX 
LOOP 
LOOPEILOOPZ 

LOOPNEILOOPNZ 

REP 
REPEIREPZ 

REPNEJREPNZ 

Tranafer control if ex not o 
Tranafer control if CX not O and ZF 
set 
Transfer control if ex not O and ZF 
clear 
Repeat string operation if ex not O 
Repeat string operation if ex not O 
and ZF set 
Repeat string operation if ex not o 
andZFclear 

Conditional Transfers 
Note: op1 and op2 refer to operands in previous flag-setting instructions 
such as arithmetic, comparison, or logical instructions. 

JAIJNBB 
JBIJNAB 
JABIJNB 
JBBIJNA 
JGIJNLB 
JLIJNGB 
JGBIJNL 

·JLBIJNG 
JBIJZ 
JNBIJNZ 
je 
)N e 
JO 

Tranafer if unsigned op2 > op1 
Tranafer if unsigned op2 < op1 
TranMer if unsigned op2 not < op 1 
Tranafer if unsigned op2 not > opl 
Tranafer if slgned op2 > opl 
Tranafer if slgned op2 < op 1 
Tranafer if aigned op2 not < op 1 
Tranafer if aigned op2 not > op 1 
TranMer if op2 = opl (ZF set) 
Tranafer if op2 not = op 1 (ZF clear) 
Tranafer if ep set 
Tranafer if ep clear 
Tranafer if OF set 

JNO 
JS 
JNS 
JPIJPB 
JNP/jPO 
JeXZ 
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Transfer if OF clear 
Transfer if SF "set 
Transfer if SF clear 
Transfer if PP set 
Transfer if PF clear 
Transfer if ex = O 

Miscellaneous Instructions 
BSe 
HLT 
WAIT 
LOCK 
NOP 

• Send instruction to another processor 
Wait for externa! interrupt , 
Wait for TEST signal from externa! processor 
Lock access to resources shared by co-process

1
or 

No operation 1 

. '. 
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APPEP.OIX. 8 -- ROM BIOS INTERFACE SPECIFICATION 

8.1 Cenera 1 

The sye_tem cc:,e,taio:; a read only memory basic 
inpot/outout system (ROM BIOS) which nermits the user 
prc9ram tO access rnos.t system deviceS without regard 
for thc physical requirements of the device~ Each 
BIOS- function is called by a pre-defined scftwa:e 
i~terrupt t~ wh!ch the necessary parameters are passed 
lhrough 8988 registers.. For interrupts whích perform 
rooltiple fuoctions, register AH passes the f~~ction 
number. In ger.eral, any register (exce-pt. ~.t: and 
FC.AGS) which does not return a result, wi ll be 
returned uncbanged. 

The numeric Valces used in th~ followinq discussion 
are in decimal tJnless ·followed by letter ''H" in which 
case they are hexadecimal. 

Table 8-l. Summary of Reserved Interrc?tS 

Interrupt 

INT 
INT 
INT 
HIT 
INT 
INT 
INT 
INT 
lNT 
IN'r 
INT 
INT 
UIT 
INT 
INT 
IIIT 
IHT 
INT 

91H 
02H 
93H 
OSH 
ISH 
&9H 
OBH 
OEH 
UH 
llH 
l2H 
13H 
HH. 
l6H 
l7H 
19H 
lAH 
lBH 

E'cnction 

Single Step ISR 
Nonmaskable ISR 
Dreakpoint Trap 
Print Screen 
Timer Tic~ lSR 
Keyboard ISR 
DumD Terminal lSR 
Floppy Disk Controller 
Video Interf~ce 
Equipment Report 
Memory Size Report 
Diskette I/0 
Se~ial Communications 
Eeyboard I/0 · 
Parallel Printer 
System.Bootstrap 
Read/Set Time of Day 
ICeyboardi Bi:eak 
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Type· 

Hardware 
Hardwaz:e 
Software 
Software 
Ha.t:dware 
Hardwa~e 
Hardware 
Hardware 
Software 
Softl-.•are 
Software 
Software 
Software 
Software 
Software 
Software 
Softwa're 

User Supplied 
Software 

' 1 
1 

1 

i INT lCH 

INT lDH 
INT lEH 
INT. lFH 

Timer Tick 

Video Parameters 
Diskette Parameters 
Character Generator 
Table 

User Supplied 
f)oftware 
Pointer 
Po ínter 
Pointer 

8.2 Software Inter:rupts 

INT 95H -- PRINT SCR&EN 

This interrupt copies the screen to printer fG. , No 
argu!Deots are passed through seas registers fo~ this 
function. Byte SBH:O holds the status of the piint 
operation where: 0 =DONE, ·1 = IN PROGRESS~ OFFH '= 
ERROR. Interrupts are assumed to be enabled duiing 
printing 1 and any interrupts which occur may 
the status at 56H: B. 

INT lBH ~- VIDEO 

This interrupt provides an interface to the"CRT ;fo~ 
the following functions: 1 

AH • 

9 Set Display Mode 
AL a 9 40 X 25 Black & White 
AL = l 40 X 25 Color 
AL = 2 80 X 25 Black & Wbite 
AL a 3 80 X 25 Color 
AL = 4 Graphics 329 X 209 Colo" , 
AL a 5 Graphics 329 X 208 Black & Wbi te 1' 

AL ~ 6 Graphics 649 X 208 B~ack & Wbite 
AL • 1 89 X 25 Honochrome 
Note: Hodes 0 through 6 use color graphics video 
board. Hode 7 uses monocbrome video board. 1 

1 Set Cursor Type 
CH (Bits 4-9) = Starting lioe for cursor 1 
CL (Bits 4-0) • Endiog lioe ~or cursor 
Note: To turn OFF cursor, call with CX•2aOSH 1 



AH a 2 Set Cursor Position 
DH,DL • Cursor position (row, column), upper left 

is o,e. 
8H e Page number, must be O if graphic~ mode 

is selected. 

1\!l e 3 Read Cursor.Position· . 
BH a Page oumber, mUst be 9 if graphics mode 

is selected. 
Valees Returned: 

OH,DL • Cursor position (row,col\IWl), upper left 
is II,B 

CH,CL a Cursor mode 

AH a 4 Read Light PE!D Positio~ 
values Returned: 

AH • 8 if light pen not pressed, not triggered 
AH a l if registers contain light pen posi tion 
DH,DL • Row,co1umo of 1ight pen (if AH a l) 
CH • Raster line (11-199, if AH a 1) 
BX • Pixel-co1UIIID (11-319 or 11-639, if AH •1) 

S Select Active Disp1ay_Page 
AL • _ Page number (11-7 · if 

mode 2 or 3) 
mode 9 or 1, B-3 if 

AH e 6 Scrol1 Window of Active Page Up, Blank New 
Bottom Line 
Al~ Number of lines (if AL e O, b1ank entire 

winélow) 
CH,CL • Rov,.column Of upper left corner of window 
DH,DL • Row,co1umn of lower right co~ner of 

wiudow · 
BH • . Attrii>Qte to be used on new blank line 

AH • 7 Scroll Wioélow of Active Page Down, Blank New 
'l'op Line _ · · ' 
AL • .Number of lines (if AL • 8, b1ank entire 

window) 
CH,CL • Row,co1umn of upper left corner of window 
DH,DL • Row,co1umn of 1ower right corner of window 
BH • Attribute to be used on new b1ank line 
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AH Q 8 Read Character and Attribute at Cursor 
DH a Page nurnber, must be 9 if graphics mode 

is selected 
Values Returned: 

AH • 

AH • 

AL ~ Character value 
AH • Attribute value (invalid if -..graphics 

mode) 

9 Write Character ¡¡nd Attribute at Cursor 
BH • Page number, tlUSt be 0 i f graphics mo.de 

is selected 
ex Number of character·s to be wr-itten 
AL a Character 
BL • Attribute (a1pha mode), or color 

(graphics mode) 

Note: If Bit 7 of AL • 1 in grapbics mode, the 
color will be exclusive ortd with the current 
color of the character. 

10 Write Character Only at Cursor 
BH e Page number, ClUSt be B if graphics 1:10de 

is selected 
CXc Number of characters to be written 
AL a Character 

AH a 11 Se1ect Color Palette 

1 

BH a S Define background color (mode 4) or define 
the border color (modes B-3)• 
BL a color value 

BH • 1 Select the color pa1ette (mode 4 only) · 
BL • 8 Selects Creen (1), Red (2), 

Yellow (3) 
BL • 1 Selécts Cyan (1), Hagenta (2), 

White (3) 
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AH ~ 12 Write Dot (Hades 4-6 Only) 
DX a Row number 
CX a Column number 
AL • Color value 

Note: If Bit 7 of BL • ·1, the color will be 
exclusive or'd. vi tb tbe current· color of the 
character. 

AH • 13 Read Dot (Modes 4-6 Only) 
DX • Row number 
CX • Column number 

\'alue Returned: 
AL • Color value 

AH • 14 Write Character (Teletype conventions) 
AL • Cbaracter value 
BL • Foreground _color or cbaracter .(if 

grapbics illodel 
BH • Paga namber ( if alpba mode) 

Note: 'tbie . function emulates• a teletype by 
writing a cbaracter to tbe cur~ent cursor 
position, tben móving tbe cursor one position .to 
tbe rigbt. Llne wrap-around at rigbt margin is 
provided.· Control cod'es supported are: 

SP (28H) • Nrite a blank space 
ca (IIDH) • Cursor. to left margi11 of current 

Une 
LF (BAH) • Cursor down one line, scroll up lf 

at bottom 
BS (88H) • Cursor left one cbar·acter (non­

deetructi ve). 
·BBL (117H)•. Souod beeper 

AH • 15 Read Video State 
valuee aeturned: 

AL • Video moda 
AH • Screen widtb (48 or 88) 
BH • Active paga nnmber 
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IHT llH -- Eqoipment Report 

This interrupt reports the system configuration. 

Value Returned: 
AX •• Equipment configuration word, defined as 

follows: 
Bit 15,14 • Number of printers attached 
Bit 13 = Not used 
Bit 12 = Game interface attached 
Bit 11,10,.9 = Uumber of RS232 cards 
attacbed 
Bit 8 • Dnused. 
Bit 7,6 • Number of floppy disk drives 
attached 

OCJ a 1 orive, 91 a 2 Orives, 
19 • 3 Orives, 11 a 4 Orives 

Bit 5,4 • Initial video mode 
09 • Oumb terminal, Bl • 49 X 25 color; 

card 

Bit 
Bit 

19 • 89 X 25 color, 11 • 89 x 25 
carii 

3,2,1 a Not used 

monocbrome 
card 

9 " Existance of Floppy Orives 
9 • No Floppy Drives l•Floppy 

dri ve exista 

Illr 128 -- Kemory Size Report 1. 
1 

Tbis interrupt reports tbe size- of 
in the sys tem. 

1 contiguous memory¡ 

Value Retarned: 
AX • Number of lK (1824) byte blocts of 

contiguous memo~y wbicb edst, starting 
f~_om 8:8. This value is not dependent on 
switch settings on the main printed 
circuit board. 

. B-6 ... 
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Iln' llH - Diskette I/0 

Thls intecrupt performs all data transfers between tbe 
floppy or fixed disk and the system memory. 'It also 
provides a track format function for the floppy disks. 

Floppy disks are numbered 8-1, depending on their 
physical locatioo lo the system. Bit 8 of AX returned 
by IN~ llH iodicates existaoce of floppy drives: 
9•Hone, l•Ooe or more. 

Certaio drive parameters must be defined for INT 1311. 
The vector locatioo corresponding to lNT lEH must 
poiot to a disk paramater tabla (see description of 
INT lEH). 

AH • 8 Resat the Diskette Systam 

Brings the dhk system to ao initialized stata. 
aecalibratioo wlll be dona on the flrst access to 
eacih drive following tb!s fuoction. This 
funcitioo muat be performed before the naxt use of 

'-<:~ tlle disk ayates wbaoever a disk ar.ror oceurs. 

AH • 1 Read Disk Status 
values ·aeturned: 

carry • 1 if error 
AH • Error status 

BBH '!' No ertor 
BlH· • Uorecogoized ccimmaod 
82H • Addteas mark not fouod 
8lH • Write protected diskette 
84H • Sector not found 
88H • DMA ovarrun 
B9H • Attempt to DMA across 64K boundary 
188 • cae error on diskette read 
28H • Disk controller fallare 
488 • Seek fallad 
888 • No response from disk aystam witbla 

time allowad 

Note: Error. status bits may be combinad by logical 
oaing wben multiple errora occur. 
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AH • 2 Read Sectors from Disk to Hemory 
AH • 3 Write Sectors from Memory to Disk 
AH • 4 Verlfy Sectors from Disk 

AL • Number of Sectors ( l-8) 
ES:BX • Address of buffer for disk data (not 

required if AH • 4) 
CH • Cylinder Number 
CL • Beginning Sector Number 
OH • Head Number 
DL • Drive Number (8-7) 

Values Returned: 
Same as for read disk status command 

Note: If an error. is reported by the diskette 
I/0 code, tbe user sbould reset the system (INT 
13H vith AH • G) then retry the desired function. 
Sioce no motor start up (or head load) delay is 
gaoerated, it may be necessary to allow 4 
attempts on a read or verify command whlle motor 
spins up. · 

AH • 5 Format a !rack on Floppy Disk 
AL • Number of sector& on track 
ES:BX ··Address of track descriptor tabla 
CH • Track number (8-39) 
OH • Head oumbe~ (G-1) 
DL • Driva number (G-1) 

Values Returna~: 
Sama as fo~ read dis~ status commaDd 

Note: Track descriptor table la composed.of 4 
bytes ·¡c,H,R,N) for the I.D. field of ..-acb aecto~ 
oo tbe track lo pbysical ordar: 

C • Cylinder number 
H • Head number 
R • Sector number 
8 • sector leogtb code (1•128, 1•256, 2•512, 

3•11124) 
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l'iJ:ed Dislc I/0 

The fixed disk I/0 interface provides access to 5-inch 
fixed disk drives through the controller. The 
following functions pertain to the fixed disk only. 

Registers Used for Fixed Disk Operatione 

(DL) 
(OH) -
(CH) 
(CL) 

Orive Number (80H-BiH) 
Head Number (0-7) 
Cy1inder Number (0-1023) 
Sector Number (1-17) 

Note: 2 HSB's of cylinder number are placed in the 
tJSB locations of the CL register, respectively 
(19 bits total). 

(AL) - Number of Sectors (Range 1-BOH for 
read/write long 'l-79H) 
(Interleave value for format l-16) 

(ES:BX) - Address of buffer for reads and writes 

Fixed disks are assigned sequential·nuQbers, beginning 
with 89H, depending on the number of drives insta1led. 
Orive number SBH is the fixed disk bootstróp drive. 
(Note: To reset fixed disk drives, the drive address 
in DL must be 89H~B7H;) Fixed disk parameters are 
pointed to by the-INT 41H vector. 

(AH) • 00 
(AH) • 01 

(AH) a 1!2 

(AH) • 93 

(AM) • 114 
(AH) • llS 
(AH) • ll6 

(AM) • ll7 

Reset Disk System 
Read Status of the. last disk operation int.o 
(AL) 
Transfer desired sectors from disk to 
memory_ 
Transfer desired sectors from memory to 

the desired 
the desired 
the desired 

sector& 
track 
track and set bad sector 

disk 
verify 
Format 
Format 
flags 
Format tbe drive starting. at the desired 
track 
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(AH) ~ 08 
(AH) "' 1!9 

(AI!i e OA 
(AH) • 98 

Return the current drive parameters 
Initialize drive pair characteristics 
Interrupt 4lH points to data block 
Read long 
Write long 

Note: Read aná ~rite long • 512 + 4 bytes of ECC 

(AH) • OC 
(AH) • 00 
(AH) • 0E 
(AH) • 0F 

(AH) e 10 
(AH) • 11 
(AH) • 12 
(AH) • 13 
(AH) • 14 

Output: 

seek 
aesC!t di.sk (fiXed disk on1y) 
Read sector buffer ¡ 
write sector buffer (recommended pri&r to 
formatting) 
Test drive ready 
Recalibrate 
Controller RAM Diagnostic 
Drive·Diagnostic 
Controller Interna! Diagnostic 

AH a Status of Current Operation 

CY a 9 Successful operation (AH•9) 
CY = 1 Failed operation (AH has error reason) 

Note: Error llH indicates that the data read had a 
recoverable error which was corrected by the 
ECC algorithm. The error·may not reoccur ff 
the data is rewritten. 1 

AL • Burst length 1 

Orive ~arameters information is accessable in the. 
fo1lowing registers: ·' 

DL • Number of consecutive drives attacbed (9-2) 
DH • Haximum head number value 
CH • Haximum cylinder number value ¡ 
CL • H«Ximum value for sector number-and cylinder 

number high bits 

If any of the following errors are reported, reset tbe 
drive and retry the operation. 
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SFFH 
SBBH 
80H 

.4SH 
2SH 
llH 
l(JH 
OBH 
89H 

97H. 

S5H 
IJ4H 

82H 
. lllH. 

119H 

Sense ope~ation failed 
Undefined error cccurred 
Attachment falled to respond 
SEEK operation failed 
Controller has failcd 
ECC corrected data error 
Bad ECC oo disk read 
Dad traek flag detected • 
Attempt to DMA across 64K 

boundary 
Orive parameter activity 

failed 
Reset failed 
Requested sector not 

found 
Address mark not found 
Dad commaod passed to 

Disk I/0. 
No e.rror 

The interrupt providea ao inte~face to the RS-232 tJpe 
serial interfaeea in the system. 

AH • s Initialize the Commuoications Port 
DX • llumber .. of ·serial port (9-3) 
AL • Ioitiali&ation paramete~s 

Bit 7,6,5 • Baud Rate 
988 • 19.2 Kllobaud lBS a 1288 Baud 
11111 • 158 Baud . 1111 • 2488 Baud 
1118 • 388 Baud 1111 • 4881 Baud 
·su · • 6811 aaud 111 • 96111 Baud 

Bit 4,3 • Parity rype 
1111 or 111 • Bone 
81 • Odd 
11 • Even 

Bit 2' • Stop ·Bits (S•l Bit, 1•2 Bits) 
Bit 1,2 • Word Lengtb (111•7 Bits, 11•8 Bits) 

Va1uea Returaed: 
sama as for' retoro Por.t status command 
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AH • 1 Se'nd Character 
AL e Character value 
DX • Number of serial port (~3) 

Values Returned: 
AH • Status of operatioQ 

Bit 7 ~ Uneble to transmit 
Bit 6-Q ~ Saae as for return port status 

command 

AH a 2 Receive Character 
DX • Number of serial port (S-3) 

Values Returned: 
AL e Charactcr value 
AH.= Status of operatioo 

Bit 7 .= No data set ready recei ved 
Bit 4-l • Same as for return port status 

conunaod 

AH • 3 Returo Port Status 
OX • Number of serial port (S-3) 
AH a Line control status 

Bit 7 • Time out 
Bit 6 • Transmitter shift register empty 
Bit 5 • Transmitter holding register empty 

-Bit 4 • Break detect 
Bit 3 • Framing error 
Bit 2 a Parity error 
Bit 1 • Overruo error 
Bi.t O .. Receiver data ready 

AL • HODEM status • 
Bit 7 • Receive line detect (data carrier 

detect) 
Bit 6 • Ring indicator 
Bit' S • Data aet ready 
Bit 4 • Clear to sead 
Bit 3 • Receive line sfgnal detect ebanged 
Bit 2 • Trai1ing edge of riag fndicator 
Bit 1 • Data aet ready chaaged 
Bit 8 • Clear to send changed 
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IHT l6U -- Keyboard I/0 

This interrupt provides an interface to the detachab1e 
keyboard. 

AH • 8 Read Character 
Values Ret~rned: 

AL • ASCII value or S 
AH • Sean coda of key pusbed ( if AL = ASCII) 

Extended code (i f AL • S) 

AH a 1 Read Status 
Values Returned: 

Zero Flag • O if a cbaracter is avai1able 
AX • Salile as in read cbaracter if·~•G, character 

returned in AX remains in buffer. 

AH • 2 Return Sbift Status 
Value Returned: 

'AL • lteyboard Status. 
Bit O • Rigbt sbift depressed 
Bit 1 • Left sbift depress'ed 
Bit 2 • Control depressed 
Bit.3 • Alternate depressed 
Bit 4 • Scro11 lock toggled 
Bit S • NOH lock togg1ed 
Bit 6.• Csps lock toggled 
Bit 7 • Insert state active 
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Extended Code 

3 
15 

16-25 
39-38 
44-50 
59-68 

7l 
72 
1.3 
75 
77 
79 
80 
81 
82 
83 

84-93 
94-183 

104-113 
114 

115 
116 
117 
118 
119 

129-131 

. 132 

• 

INT l7H -- Parallel· Printer 

Function 

NUL .CI;leracter 
CA.C''' $\·r.c.:c 
ALT Q,W,E,R,T,U;I,O,P 
ALT.A,S,D,F,G,H,J,K,L 
ALT Z,X,C,V,B,N,H 
Fl-FlB Function Keys Base 
Case 
Home 
1' 
Page Up & Home Cursor --End 
.;.. 
Page Down & Home Cursor 
INS 
DEL 
F11-F2B (Upper. Case Fl"-FlB): 
F21-F30 (CTRL L'l-FlB) , 
F3l-F49 (ALT Fl-FlS) j 
CTRL PRTSC (Start/Stop 
Echo to Printer) Key 55 
CTRL +- Revez:se Word 
CTRL ~ Advance Word 
CTRL END Erase EOL 
CTRL PG DN Erase EOS 
CTRL HOHE Clear Screen 
and Home 

·ALT 1,2,3,4,5,6,7,8,9,9,-, 
a (Keys 2-13) 
CTRL PG UP TOP 25Lines 
of Text' Home~ursor 

t'bis interrupt provides ap interface to the parallel 
printer ·aevices. · ' 

1 
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All = O Print Character 

. AH 

AH 

AL = ASCII character 
DX = Printer number (0-3) 

Valce Returned: 
AH • Printer status 

Bit 7 • Not Busy 
Bit 6 ·• Acltoow1edga 
Bit 5 a Out of Papar 
Bit 4 • Se1ectaa 

= 1 Initializ:e Prioter Port . 
Value Returned: 

same as for priDt cbaracter 

a 2 Read Pr iD ter S tatua 
Value Returned: 

sama as for priDt cbaracter 

IHT 190 - System B-tstrap 

Bit 3 ~ I/0 Ér"or 
Bit 2 = Not Used 
Bit 1 = Not Used 
Bit o = Time out Error 

command 

cocunand 

!'bis intarrupt boots tbe aystem from floppy dislt drive 
l. Tbe boot.sector la reaa from the disk, loaded into 
memory at 8:7CIIH aoa .coDtro1 transferred to it at 

~ tbat adaress. ·. 

11o parametera are paa.8ea t:hroogb registers. . . . 
· This interrupt is·.automatically invoteél by the system 
ioitializat:ioD coae iD. tbe ROM DIOS. 

IIIT lliH - -a¡Set ·~me .of oay 

Tbis interropt allowa· tbe Uiae of day cloclt to be read 
or ·aat. · 

AH •·8 Reaa Time of Day 
Valuea ReturDea• ·.' 

ex • Hfgb oraer word of time of aay count 
DX • Lov oraer vorél of time of élay. count 
AL • 1 U .aay ha& DOt. cbaDgR &inca last tead 

Ilota: !'ha ·time · couDt iD cx,ox ruDa at the rete of 
18.2165 Hz. or. 54~9254 mi lliseconas/coont. 
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AH = 1 Set Time of Day 
ex = High ordcr word of time of day count 
DX = Low order word of time of day count 

Note: Time count is initially set toO wheri'HPC is 
reset or powered on .. 

B-3 Oser Supplied Routines 

-IHT lBH -- K:eyboard Br:ealo: 

Control will vector to this 
commanded from the keyboard. 
this vector to point to a 
ioutine. · 

IIIT lCU :timer Tick 

interrupt wben a break is 
The ROM DIOS initia1izes 
null interrupt service 

Control will ·vector 
interrupt occurs. 
vector to.point toa 

to this interrupt wben the timer 
The ROH DIOS ioitializes this 
null interrupt service routine. 

B.4 Pohíters 

IIIT lDB - Video Parameters 

·!'bis vector points tO a table of video iotialization 
parametera for the Hotorola 6845 CRT conttoller chip 
on tbe color and monochrome video boards. Tbe tables 
consist of tbe data to be outpot to tbe CRT 
co.ntroller's 16 registers, R8-Rl5. All tour atrings 
must be reproduced to maintain all possible moaes of 
operation. The· vector initially poiDts to the 
·following tabla ia the ROM DIOS: 

.DB 38H, 28H, 2DH, BAH, lFH, 116H; 19H, lCH 41X25 
DEi ·82H, 07H, 86H, ~7H, 88H, IIIIH, IIIH, 811H Color 

DB 71~. 58H, 5111!; 8AH,. 1FH, .. 86H, ·19H, lCB 88X25 
. DB ·nu, 87H, 116H, 87H, UH, IIH, ,88H, 88H Co.1or 

i'" ... 

• 
•.·. 
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DB 38H, 28H, 2DH, 9AH, 7FH,. 06H, 6,H, 70H Color 

·os 02H, OlH, 96H, 97H, OOH, OOH, COH, 09H Graphics 

DB 61H, 59H, 52H, OFH, 19H, 96H, 19H, 19H 8DX25 

DB 02H, ODH, IIBH, 9CH, IIOH, OOH, OCH, OOH MonochrQ¡¡)e 

IIIT lEH -- DiGkette Parameters 

This vector poiots to a table of parametea used for 
9enerating eommand strings t~ the IN!EL 8272 fl~ppy 
disk'eontroller. If floppy disk dr1ves of var1ous 
·types are to be used, this vec~or must point to an 
appropriate table when the diskette I/0 function is 
p•rformed. The vector initially points to the 
following table in the ROH BIOS: 

Table Data Keaniog 8272 Commaod 

DB DI!'H SR'l' • 12, HUT • 15 Speeify 

DB B2H HL'l' • 1, liD • 9 Speeify 

DB 37 Hotor Turn off Delay [Tieks) 

DB 2 Sector Length Coda (11) RD/WR/FHT 
DB 8 End of Track (EO'l') RD/WR. 
DB 42 RD/WR Gap Length (GPL) RD/WR 
DB I!'I!'H Data Length (OTL) RD/WR 

80 l!'ormat Gap Length (GPL) FORIIAT 08 
DB F6H Data 1!'111 Value (O) FORHAT 

08 12 Head Settle Time [ms.) 
08 4 . Hotor Start Time ~1/8 sec.) 

8-17 

/ 

\ 

IHT lPH -- Character Gen~ator Table 

' This points to a user supplied extension of the 
character generator table for graphics video mod¿s~ 
The usen may define 8X8 graphics patterns 
corresponding to character values 128-255.by pointing 
this vector to a table of lK bytes of pixel data. 
Each pattero is defined by 8 bytes which describe the 
lit pixels in each row (from top to bottom) of the BX8 
block. (Example: A value of 09009911 (binary) willl 
light the two rightmost pixels.) '1 

1 

'l'he ROH BIOS intializes this vector to 0:0, which 
indicates that character values 128-255 are not 
defined. 1 
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APPEHDIX E -' ltEYBOAIID SCAii CODE ABO ASC 11 Gt:l!lt:RATIOH Key sean Code !te y Sean Code Position in Hex Position in Hex 

Table E-l Keyboard Sean Codes 

&e y SQn Code Key Sean Code 
Position in Hex Position in Hex 

1 01 43 28 
2 02 44 2C 

37 25 79 4F 38 26 89 511 39 27 81 51 40 28 82 52 41 29 83 53 
~2 2A ' 

3 03 45 20 
4 04 46 2t: 
5 05 47 2F 
6 06 48 39 
7 97 49 31 
8 118 511 32 
9 119 51 33 

111 BA 52 34 
11 IIB 53 35 
12 IIC 54 36 
13 110 55 37 
u 88 56 38 

··-- 15 81'. 57 39 
r~. 16 111 58 3A 

17 11 59 lB 
l8 12 

. '" 3C 
19 . 13 61 3D 
21 u 62 3E 
21 15 63 3F 
22 16 64 48 
23 17 65 41 
24 18 66 42 
25 u 67 43 
26 lA .. . 68 44 

Jo-m:m:m: ITii . 111• m 
ll.-Ja" ·• '1iU' • • .. ~ JI 

~ ~ .; n-ti' ' 1'11 111' '~M 111 111!. .... lll"n . _M' n- el( r::. '5i rll VJ; ' 
~ l:r. ']!! ~ 

m '~11 ~ - • ~ ¡...· l!; 1k!l r-• 1/ir\1 
.. 

27 lB 69 45 
28 lC 78 . 46 
29 lO 71 47 
31· lB 72 48 
31 11' 73 49 
32 21 74 4A 
33 21 75 48 
34 ·22 76 4C 
35 23 77 40 
36 24·. 78 4E 

:Figure E-l.· Keyboard Designations 
-:·.- ·-- .. ·,-::;_ .. ji . ;. 
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R 
I 
G 
H 

D 
I 
G 
I 
T 

0 

1 

2 

3 

4 

5 
6 

7 
8 

9 

A 

8 
e 
D 

E 

F 

Table E-2. ASCII Cha~acte~ Cha~t 

LEFT DIGIT . 
0 1 2 3 4 5 6 7 

NÜI..I. OLE SRICE }/J @ .. P ' ll.p o " .. t " .. " 
SOH DCI 1 .,1 A .. a a q • A '' o " • .. " "' STX OC2 11 ,.2 .. B .,R b r 
' ••• l ,. .. ti• 

ETX DC3 * ,,3 .. e .,S e S 
' t •• . ,. " "' EOT OC4 ,.# 4 D T d t • ·• " T " .. .. ... .. . 
ENQ NAK % 5 E u e u· 
1 • " . " u .. " ... '" ACK SYN -~ ,.6 ,.F .. v . 

f V • F Z1 y "' ... 
BEU ETB 1 7 G w ..fJ w 
J G .. w• " " " t:l 

es CAN .. < 8 H X h X 
1 11 .. X " " .. ... "' TAB EM y.,) ,9 

"' .Y 1 y • • .. ... "' LF SUB 

* • J z j z ' ,. • ... .. .. .. .. ... U2 

vt ESC .. + • J< e k J , .. llJ7 ' • .. ... 
FF. FS" ' < L 

"'" 
1 .J " L • \ .. 10 .. .. 

.~RM GS - -· ,M .. J m .. J -.. l .. .. .. 
so RS .. > ,.N ,.A n ""' .. IIJO.A ... ... ... 
SI us ~ ? .. o - o • .. o " - ... .. . "' "' 

. B-3 EXAKPLE: A • 41BEX, R • 52HEX 

·' 

Table E-3. ASCII Code Tables 
(Used in Conjunction with Table E-2) 

Key Unshift Shift · t:ontrol 

1 lB lB lB 
2 31 21 31 
3 32 40 32 
4 33 23 33 
S 34 . 24 34 
6 35 25 35 
7 36 "SE 36 
S 37 26 37 
9 38 2A. 38 

10 39 28 . 29 
11 30 29 30 
12 2D SF lF 
13 3D 2B 3D 
14 08 08 7F 
15 09 

. 16 71 51 11 
17 77 57 17 
18 SS 45 os 
19 72 52 12 
20 74 54 14 
21 79 59 19 
22 75 SS 15 
23 69 49 09 
24 6F 4F OF 
25 70 so 10 
26 5B 7B lB 
27 SD 7D 1D 

' '. 



Table E-3 (Continued) Table E-4. Character Set 

29 00 OD OA o (null) "? ,_ (space) 64 @ 96 
29 CTRL 1 G 33 65 A 97 a 
30 61 41 01 2 e 34 66 B 98 b 
31 73 53 13 3 <;" 35 # 67 e 99 e 
32 6~ 44 04 4 • 36 S 65 o 100 d 
33 66 46 06 5 4o 37 ':< 69 E 101 e 
34 67 47 07 6 ~ 38 & 70 F 102 f 
35 68 49 os 7 • (beep) 39 il G 103 g 

36 6A 4A OA 8 e 40 1 72 H 104 h 
37 68 48 08 9 (la~ 41 ) 73 1 105 i 
38 6C 4C oc 10 Qine leed) 42 • 74 J 106 j 
39 38 3A 11 (home) 43 + 75 K 107 k 
40 27 22 12 · (lonn leed) 44 76 L lOS l 

. 41 60 TE 13c:an1age retum45 77 ll 109 ID 

42 SHIFT un 46 78 N 110 n 
43 se TC lC 15 o 47 1 79 o 111 o 
44 7A 5A lA 16 ... 48 o so p 112 p 
45 78 58 18 ll ... 49 1 SI Q 113 q -- 46 63 43 03 18 1 5Ó 2 82 R 11~ r 

f"J 47 76 56 16 19 11 51 3 83 S 115 S 

48 62 42 02 20 '!T 52 4 84 T 116 t 

49 6E 4E OE 2.1 § 53 S 85 u 117 u 
50 60 40 00 22 - 54 6 86 V 118 ,. 
51 2C 3C 23 L 55 7 87 w 119 ~-

52 2E SE 24 1 56 11 88 X 120 X 

53 2F 3F 25 1 57 9 89 y 121 y 
54 SHIFT 26 58 90 z 122 z 
55 2A 27 - 59 91 1 123 
56. ALT 28 (cursor righl) 60 < 92 \ 124 
57 20 20 20 29_ (cursor leh) 61 = 93 1 125 
58 CAPS LOCX 30 (cursor up) 62 > 94 126 -
69 Nlll upc 31 (cursor down)63 ? 95 12i 
74 20 20 
78 2B 2B 
82 30 
83 2E. 

.' 

E-S t-6 
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Table E-4 (Continued) ROOT DIRECTORY 

The 1001 diredory OOids inlonnation ol foles and iiS sub-direclories. Each emry 
In lhe disk diredorytakes lhirty-two bytes, and~sol the lollowing fields: 

Bytes Allributes 

128 2 160 ~ 192 L 224 0: 0·7 Ale name. The first byte ol this field indicates its s1atus 129 u 161 1 .193 - 225 t3 
é 162 

, 
194 226 r 130 o 

Byte O Entry status 131 ¡ 163 ú' 195 ~ 227 " 132 ¡ 164 ñ 196 228 !: 
133 ¡¡ 165 Ñ 19i + 229 • hexOO En1ry nevar been used. This se ves as !he 134 • 166 B 198 .. 230 p 

upper bound ol directory searches, lor per-
a 

13!i ~ 167 2 199 r 231 • fonnance reasons . 136 G 168 ¿ 200 ~ 232 ~ 
137 e 169 r 201 li' 233 e hexES Entry was used befare, but file ha$ been 138 ¡; 170 -, 202 :!.!: 234 o deleted. 
139 i 111 y. 203 =ir 235 3 
140 

. 
172 v • 204 e= 236 00 

hex2E Tlle entrylor a <forec:IOiy. d lhe second byte is 
1 

141 i 173 1 205 = 237 ~ 
a1so hex 2E, then lhe cluster field oonta1ns 142 ;. 114 « 206 ·~ 238 • !he duster number ollhls direclooy's paren! ,r 

143 Á 175 » 207 = 239 n 
diredory (hex 0000 U patent dreclory 1s lhe • 144 ~ 176 • (Yo dots on) 208 ....._ 240 E! 1001 direcloty). - 241' 145 ae 117 • (Y. dots on) 209 ::¡: = _, ·.~: 146 A!: · 178•('111 dotson)210 ...... 242 .~ 

hty other character ls lhe first character o1 a file name. 141 11 179 1 211 11- 243 :S;. 

148 ¡¡ 180 -1 212 1= 244 r 6 ·10 FDoname eldsnsion. 149 o . 181 .. 213 F 245 J 
150 ü 182 -1 214 Ir 246 + 11 File allribute. The altribute b)1e ls rnapped as 1o11ows (llalueS 151 ¡¡ 183 .... 215 + 241 - ""' In hexadecimal): 152 y 184 .. 216 

""' 
248 • 

153 o 185 ~ 217 . ..J 249 • Byte Atlrlbute 
154 ü 188 1 218 r 250 . 
155 e 181 "11 219 • '··-1st ..J 01 Ale. ls marked read-only. Any allenipl to 158 1: 188 ..!1 220 - 252 • erase or OllefWrils lhe lile rasu11s In an eRDr • 157 ;¡; 189 _u 221 1 253 1 

158 PI . 190 ... 222 1 254 • 02 Hiddenfile. Thelile~-rlsdfnlmllOIIIIal 159 1 191 ..... 223 - 255 (blank 'FF) diRidory sean:hes. 

04 S)IS!ein lile. The lile ls ew:hrlsd fnlm llOIIIIaJ 
dinldory saarches. 

E-7 
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12· 24 

22·23 

24·25 

e-s Appendlx e 

08 

10 

20 

The enlly a>nlains the wlume labelln 1he 
tirsl 11 bytes. The enlry CXlll1alns ... -
usable inloana1ion and ls """"""oM only In 
!bemol~. 

The enlry defones a sul>-direclory, and ls ex­
duded from ronnal dileclory searches. 

An:IWe bit The onty time lhis bilis resetls 
afiara lile ls backed up lrom 1he han! disk by 
c:amrnai1d BACKUP.It lssotagalnwtienever 
1118 lile ls modified. 

Nole: The four file a1tributes, read-only, hk!den, sys:em, and 
archive, can be usad togelher wilhoul canllicls. 

The aystem files IBMBIO.COM and IBt.lDOS.COM are !lid­
den aystem files marked as raad onty. They are excluded 
lrom diraclorY S88IChes. AJes wllh these atlllbulaa can onJy 
be d1anged by the CHMOO lunclian can. . 

Res8MICI 

llmelhefilewas craatec1 ot 1ast •opdated. .Thellme 1s mappec1 
In 1he bll8 as follows: 

< hh >< DDR ><XX > 
15 14 13 12 11 10 9 B 7 6 5 4 S 2 1 O 

whele: 

1m 1s lhe binary number ol hours (O • 23) 
""' .. the binary number ol minutes (O ; 59) 
xx lslhe binary number ol two-second 1ncramen1s 

Dal81he file was created ot lasl updated. The rnmlddlyy are 
mappecl In lhe blls as follows: 

< 25 > < . 24 > 
15 14 .13 12 11 10 9 8 7 6 5 4 3 2 1 o 
< yy >< ... >< dd > 

26·27 

28 ·31 

\ 

where: 

mm ls 1· 12 
dd ls 1 • 31 
fY is o. 119 (1980. 2099) 

Slarting dusler number In lile. 

Nole: The flrst dusler in 1he dala area ls always 002. 

File size in bytos. The ruS! wocd CXlll1alns lhe low-order part ol 
slze. 

.Appendix e e-1 



APPEt-JIX D- MS-DOS INTERRUPTS ANO 
FUNCTION CALLS 

INTERRUPTS 
MS-OOS rese....,. intenupll)'peS 20 lo 3F for its use. This mcans *'>lula 
tocafioRa.BO 1o FF 8RIIhe 11311S1end<hss Slo<age tocations reserveet>y 1he 
DOS. The defined inleriUPIS are es fDiows lvilh aJI vaJues in hex: 

i<ü l'togram tennlid' 

Thls 1s the normal way lo exlt a program. This vector transfers to tho logic 
In the DOS tor restoratian o1 <CTRL.C> exil addresses lo lhe­
lhey liad on entry lo 1he progrom. Al fila bullera BRI ftushed lo • AD 
files lhat -changed In lenglt\lhould '-beendosed (seeMictlon 
ca11 10 hex) pdor lo ~ tNs i1lenupt. H lhe changed file was not 
dosed 11s leng1h wiU notbereccnleclc:orraclly in lhecfuec:loiY. Befarelhls 
tnterruplts axeo•ed. es MUST ¡dril 1o 1he Ptogram Se¡¡mef\1 ~ 

In on1or for a prognun lo pass a canpÍetion (or erro() oode when tOr• 
mlnallng,ltnaJSI use eltherfunclioncaD hax4C (extt) or hex 31 (!"'""""" 
and stay rasidenl). These two MW rr- are prefened over tr:il:1g 
tnterrup1 hex 20, and 1he codos relumed by lhem can be lrrt&rTOgated In 
belch pooc:essll og (see ERRORLEVB. subcommand of batch process­
lng). 

21 Funcllon request 

See 11 AJNCTION REOUESTS. 

22 Termlnata edclresa 

The - represent8d by""" lnlerrupl (88-88 hex) ls 1he -lo 
-control wlll trar>sferwhanlha program lermlnal8s. Thls address ls 
a>pied lnto low lll8mllfY ollhe l8giiWt 1he program ls loeded lnto allhe 
lime lhls aegmentts aell\ed. 1 a program 1s 10 execute a OIQind 
poogram. ft rnus1 setlhe temillale address prior lo craatlon of 1he aeg­
rnenllnto whlch lhe program wlll be loeded. Otherwlse once lhe """""" 
progrom"'*'rtas,ltstermlnalionwillawseuansfertoltshoot'ste"'*>a· 
tion addreas. . 

Appendlx D D-1 
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23 <CTRL.C> exit address 

H lhe US8t' types <CTRL.C> <1.-ing keyboaro input oc video output. "C" 
1;'il! be printed on lhe conso1e and an inlerrupl type 23 hex wiU be 
execuled. H lhe <CTRL.C> lOUiine- aJ1 rogisters. ~ m3y ene! 
wilh a retum4rom-lnterrupl instnldion (IÁET) lo eontinue program ex­
ccution. lf fundions 9 Of 10 (buffered out/1ut and irc>ul). were being 
execulad, lhen 110 wiil c:onlinue from 1he slart o1 1he line. wtM.n lhe 
lnterrupt ocet.~s. aD rogislers are set lo lhe va1ue lhey had wt.en lhe 
original callto Ms-DOS wasmado. There are no restridions on whatlhe 
<CTRI..C> handJer is allowOOIO do, induding MS-OOS function calls, 
as long as lhe registers are unchanged U IRET 1s usad. 1 

. 1 

H lhe program etedes a MW segmen~ lh<n loads In a second program 
which cl\anges lhe <CTRL.C> address, lhe termination el lhe sOcond 
program and retum lo lha first wil cause lhe <CTRL.C> address 10 be 
restored 10 lhe velue it had belore execution of lhe second pr<Jiiram. 

24 Fatal error abort vector 

-When a fatal error occurs v.fthin NS-005. control wiU be transferred with 
an JNT 24H. On en by 10 lhe error handler. AH will hal!e ~ bit 7 • O U lhe 
errorwes a disl< error (probably lha mosiCOfnmonocamenc:..), bit 7- 1 H 
noL H tt ls a disk error, bits G-21ndude lha followlng: 1 

bit O Offread, 1 Uwrie 
bit 2 1 AFFECTEO DISK AREA 

bit O O Reservad area 
bit o 1 Ale allocalion labia 
bit1o o~ 
bit 1 1 Dala erea 

D-2 Appendlx O 
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Regislers BP:SI conlain lhe address ol a Device Header Control Block 
trom which addilional inlormalion can be relrieved. See below: 

T ABlE D-1. Oevico Header 

OWORO Poilér lo next dcvico 
(FFFF lllast device) 

WORD A1lribules 
Bit 15 - 1 u c::harllder dellice. o 11 block 

ilblt151s 1 
Bit o - 1 11 Currenl standard ln;xJI 
Bit 1 • 1 H Currenlstanclarcl oulput 
Bit 2 • 1 11 Curren! NUL devloe 
Bit 3 - 1 1 Curren! Cl.OCK device 

Bit 14 1s 1be IOCTL bit 

WORD Polnler 10 De\'lce dtlver inll!mJpl enby poin1 

8-IIYTE diarador diMce named lleld for block diMcee ttie llrsl 
byte ls lile numb8r ol &inila. 

'--... '----------------------' 
~'· 

¡·. 

1 

Dev1ce Header Fcrmal (Polnlerlo by BP:SQ.AI.., CX. DX, and DS:BX d 
be &elup lo pelform a rally ollhe lnln&fer wllh INT 25H or INT 26H. 
(bebw). Tha IIMef hall ol DI wiD '-a 11H1ilenorcode ra1umec1 by the 
hanlwala, Tha valMSIIIIUmed are IOOwn n TABLE D-2. 

Appendbt o [).3 
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T ABLE D-2. OeW:e Header Ermr Codes 

O wrile prolect 
1 un~"\\WW unit 
2 • not ready 
3 unknown cxxnmand 
4 data error 
5 bad request structure length 
G seek error 
7 unknbwn media type 
8 sector nOI found 
9 printer out of paper 
A write fauh 
B read faun 
e general lailure 

The regislers will be set up lora BIOS disk caD and lhe relumed code wiU 
be in lhe lower haH of lhe DI reglsler wilh lhe upper haH undeflfled. The 
user stack will appear as follows, from top lo bollom: 

IP MS·DOS registers alter issuing 
es INT24 
FLAGS 

AX 
BX 
ex 
DX 
SI 
DI 
BP 
os 
ES 

T ABLE D-3. Use< Reglslers ~ Tme al Request 

IP Tha origlnallnlllnupl from lhe user lo lhe DOS 
es 
FlJ\GS 



The registers are sel such lhal if an IRET is execuled lhe DOS will 
respond according lo (AL) as follows: 

(AL) a O 

(AL) = 1 

(Al} a 2 

TABLE D~- Error Correction Codes 

ignore lhe error 

retry lhe operalion. IF THISOPTION USED, STACK OS, 
BX, CX, AND DX MUST NOT BE MODIFIED! 

abort lhe pr<>gram 

Currently, lhe only erroc posslble when AH bit 7 a 1 ls a bad memory 
image ollhe file allocalion lable. 

NOTES: 

1. Before givfng lhls rou1llle c:ootrof IDr disk errotS, Ms-DOS perlorms 
fiVO reules. 

2. For cfosk errors, 1h& exlt ls taicen only for errors occurrlng during an 
fnlenupl hex 21 tunclfon call. lt 1s not ~sed for errocs duñng an. 
lnlerrupt ..... 25 O< hex 28 ca1l . 

3. Tbe SS, SP, os, es; BX. ex. and DX regls1ers must be ¡xese¡ved. 
. . 

4. Use of some MS-OOS funclion callswiU destroy llie operating sys1em 
stack and 1eave MS.DOS In an unprediclable Slale. lf necessary, 
ca11s 1 1hrDugh 12 may be used, olherwise refraln from uslng MS­
OOS fundlon caDs. 

S. Tho lnlerrupl handfer must nol chango lhe c:on1ents of lhe device 
header. 

6. ·u !he 1n1errupt handlerwiU handle errors ilseff ralher lhan retuming to 
MS-OOS,II should restore lhe appllcallon program's reglslers from 
lhe llal:k. ramove all bullhe 1ast 3 wordson lhe stack, lhen lssue an 
IRET.Thlswill retum 10 lhe program lmmedialely altar !he INT21 lhal 
upeñesiCed lhe error. Note lhal fl lhls is done, MS-DOS wiU be In an 
unslable &late uniD a fundlon caD ~ lhan 12 ls lssued. 

Appendlx O 0-5 
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25 Absolute disk read 

1Ns transfers control diredly IG lhe DOS BIOS. Upon retvm. lhe original 
flags are slill on lhe stack (pullhere by lhe INT inslruction). This Id 
necessary because retum informalion is passed back in lhe flags. Be 
sure to pop lhe stack lo preven! uncontroDed growlh. For lhis4lnlry poinÍ 
"recon:ts' and 'sectors" arelhe same size. The requesl is as toflows m 
TABLE 0-5. 

(AL) 
¡ex¡ 
(DX) 
(DS:BX) 

T ABLE 0-5. Disk Read Aequesl Codes 

Orive number (OaA, 1 =B, ele.) 
Number of sectors to read 
Beginning logical re<;ord rruml>" 
Transter address 1 

The nu.-nber ol records specitied eretransferred between lhe given drivk 
and lhe transfer address. "logic:al recon:t numbérs" are oblained .,Y 
numbering each sector sequenlially starting lrom zéro and contirtuing 
across track boundaries. For exarf1118, logical record rruml>er O hex ls 
trackO sector 1, whereas logical record numl>er 12 hexls track2secl0r3. 

1 

AD reglslers excepllhe segment regislers are deÓtroyed bylhls calllf lh~ 
transfer wa$ successfullhe cany flag (CF) wiU bezero.lflhe transfer was 
not successtul eF • 1 and (Al) lndicales lhe error as sholon in T ABLE 
0-6. 

Aetum 

o 
1 
2 
3. 
4 
5 
6 
7 
8 
9 
A 
B 
e 

0-6 Appendix O 

TABLE 0-6. Disk Aead Error Codes 

Desc:ription 

wrile protecl 
unknown unit 
cfiSk nof ready 
unknown conwnand 
dala error 
bad request struciUre tenglh 
seekermr 
unknawn media type 

- nol fol.l1d prinll!r out ol paper 
wrile flwft 

· read taull 
general disk falfure 



Regisler (AH) c:ontains a more specific error code as lollows: 

Retum 

SOH 
40H 
20H 
10H 
08H 
04H 
03H 
02H 
OOH 

TABLE D-7. Regisler AH Error Codes 

Oescripüon 

attac:hment lailcd lo re<¡ponded 
SEEK operation l~ed 
ControUer lallure 
Bad CRC on dl&kelte read 
DMA overrun en operation 
Requcstsd sector not lound 
Wñte ~~ on wrtte- prolecled disk 
Address mark not found 
Error olher !han types lis1ed 

NOTE: Error status bits may be combinad by logical Orllng when mulli· 
pie errors occur. 

26 Absoluta disk wrlta 

Tlü -ls !he ccunlelpart'lo lnlenupt25 abova. 

-n Termlnale but stay RISident 

Tlü - ls used by prcgrarns whldl are lo remaln resldenl when 
COMMAND regafna control StK:h a program ls loaded asan execut1ng 
COM tle by COMMAND. Altsrlt has lnlllallzed ilsell,ll mutt aet DX 10 lts 
las! lllldress plus. 0118 In !he segment In whlcto 11 ls executlng, then 
lllCI!CIJie an rntenup1271-l COMMANO wiD then !real !he prograrn as an 
IIJienslon o1 M$-OOS, and !he prograrn wiU not be CMNtald when -P'O!II••• are 8X11C1118d, Thls oonceptlsYeiY use!ullorloadlng programa 
such .. W«-wrfllan ltll8m.lpl handlenl thal must ......... residenL 

The MW M$-OOS fundlon cel number 31H has been established lo 
allow a teuulnaliug prog¡am lo pass a oomplellon (or errlll) OOde lo 
MS-DOS whldl can be lnterpreled wlllin batch pRl e ass'l'G-

Appendlx D o-t 

NOTES: 

1. lñisinlenupt reotores lhe interrupl22, 23, and 24vedo<sin lhe same 
maMe< as tNT 20. Tharetore, ~ can not be used lo install per­
manently residen! CTRL·BREAI< or CRITlCAL ERROR handler 
routines.. .. 

2. The maximum size ol rnemory lhal can be made residen! by lhis 
method is 64K. You can use call hex 31 to make a largar program 
resident 

3. lñis lnterru;>t must NOT be used by .EXE programs whlch are loaded 
inlo lhe high end ol memory. 

FUNCTION REQUESTS 

1ñe user requests" lunction by pl&cing a luncllon number in lhe AH regisler, 
supply!ng adállional inlonnatlon In olher registers as necessarylorthe speclfic 
lunc:tion lhen executing an interrupttype 21 hex. When MS-OOS takes control 
11 swltdtes loan lntemal Slad<. User regls1ers except AA are preservad unless 
lnlormatlon 1s passed back lo !he requester as lndlcated In !he specilic re­
quests. The usar stack needs to be sulftcient 10 8<:COI1IT10dale lhe lntenupt 
system. 11 ls recommended lhal il be 80 hex In a«11110n lo lhe user needs. 

Thllre is an additional mechanism provided lar programo lhal conlorms lo 
CP/M calling conven11ons. The lunction nuñ.ber ls placad In lhe CL r8gister, 
olherreglslersaresetasnorrnalacoordinglolhelunctionapeclflcalion,andan 
lnlrasegment callls made 1o localion 5 In !he cunent oode segrnent. Thls 
melhod 1s only avallable lo lunctlons which do not pass a parameter In AL and 
whOse numbere are equaltoorless !han 36. Reglsler AAisalways destroyed ff 
thls mechanlsm ls usad. olhe1wise ftls !he oame as IIOIIllll fln:llon requests. 

Funcllons 2F through 57 are ..- lar MS-OOS Verslcln 2.1. Where slmnar 
luncdons exlst In both lhla group and lhe group pllrldilional c:81ts, we 
recommend uslng lhe new ~- They have been dellned willl slmpler lnter­
'-Band prov1c1e more poweiful functiona !han thalr tladilfollllf caunte1parts. 

: ~. . 
• 
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Many o. .le'W tundion calls retum the e2rry flag clear if the operation was 
successful. Jf an enor condition was encountered, the carry flag is set, and AX 
c:ontalns one ollhe lollowing binary error retum codes: 

T ABLE !HI. Binary Error Codes 

Code Condition 

1 lnvalid tunction number 
2 Fde notlound 

.3 Palh not lcund 
4 Too many open files (no handles leh) 
5 Aa;ess denied 
6 tnvalid handle 
7 MernOiy control blocks destroyed 
6 lnsulfláent memOfY 
9 . lrivalid memory block address 

10 lnvalld envltonment 
11 lnvalld formal .. 
12 lnvalld aa:ess code. 
13 lnvallddala . 

' 
15 lnvalid driv8 was specilied 
16 -- Attempled to remove !he éurrent 

direetory 
17 · .Nol same devlce 
18 Nomorelies 

Sewral ol the c:a11s aa:ept anASCUZ string as input. Thls consists o1 an ASCII 
slring contalning anoptionaldriv8 specif18r,lollowedby adirectory palh, and in 
sorne cases a lilename. The strlng is tenninated by a byte o1 blnary zeros. For 
~= . 
B: \IEVELl \LEVEl.2\FilEl 

lollowed by a byte of zeros. (Note thel aD c:aJis wNc:h aa:ept palh names wiiJ 
aa:ept eiUier a lolward slash ora backslash as a path aeparator charader.) 
. . 

The neW cala SllppOfliog liJes or devices used by an ldentllier are known as a 
'118ndJe•. When l/011 create or open a lite or device wfth the new c:aDs, a 16-bit 
blnary vabt 1s l8lumed In AX. Thls ls the 'bandle" (sometimes known as a 
lolcen) thellJOU WUI.use In lllferrlng to !he lite alter ll's been opened. 
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The following handles are pre-defined by MS~DOS and can be ust.-.... _ 1 y~~J· 
pwgram. You do no! need to open them betore uoing them: 1 

1 

0001 Standard oUtput device. Output can be redirected. 

0002 Standard error output device. Ou1put cannot be reclire<:t~i.J 

0003 Standard a~llary device. 1 

1 

FUNCTIONS 

The tunctions are as toDows with alJ values In hex: 

~-
0 Program te~to 

The terminale and <CTRL-C> e>dt addrésses. aré testored to 1he 
they had on entry to lhe terminating.program. All file 
however, files whicll have been changéd In lefl!gth lbutnol closedl wm 
be recorded propedy in !he disk directory. Controltranslers lo !he 
mlnale address. 

_1 Keyboard Input 

Waits lar a cllara.:ter lo be typed al !he keyboard, then echos lhe 
characler lo lhe 1/ideo device and <elums it in AL The charade< 1s 
checked tora <ClRL-C>. tf this key ls detected an ínterrupt 23 hex iviu 
be executed. · · 

NOTE: Forlunc:tlons 1, 6. 7, and 8, extendedASCllcodes will requiretWo 
lunction ca11s. The lirslcal reiUrnSOO as anincflCalorthat the nex1 
c:aD wit retum en extended code. 1 

2 VIdeo output• 1 

The dlaracler In DL ls output ID the Wleo dewtca. U a <CTRL-C> ls 
detecled alter lhe ou1pu1 an lnl8nu¡JI23 hex wll be ••eculed. 

3 . Auxlilaly Input 
. 1 

Wails 1or a dlaracler lrorn the 8UlCiliary input diMce, then retums thal 
~lnAL ' 
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NOTE: 1\umary (AIJX. COM1, COM2) support is unbuffered and non­
inlanupt driven. Al s1ar1up lhe forst auxiliary port is lnilialized 10 
2400 baud, no parity, one slop bi1, and 8-bit dala. 

4 Auxlllary ou1put 

The chalader in DI. ls outpul 10 !he auxiüary device. 

5 l'ri:rte~ ou1put 

&he chatader in DI. ls oirtpullo !he printer.' 

G Direct consola 1/0 

11 Dlls FF hex, lhen Al. relurns wilh keyboard in¡>ut character R one is 
-~~. OlheiYiise OO. U DL is nol FF hex, L'len DL ls assurned lo have a 
valid chanlderwlllch ls OUiput 10 lhe video devi::e. No cheeks are made 
lar <CTRL.C>. · 

7 Dlrect consola Input w~o 

Wails lar a charader lo be lyped al !he keyboard, lhen relurns lhe 
characlerlnAL. klwllh lunctlon 6, nocheeks are made on lhe charader, 

8 Consola Input "f((hout echo 

~ Thls lunctlon ls ldentlc:al 10 luncllon 1, exoopt lhe key 1s not echoed. 

9 Prlnt G1rlng. 

On en!ry, OS:OX nust polnllo 8'Cilalacter string in marnory lelminaled 
by a"$" (24 hex). Each ctrBIIICIBi 'In lha a1ñng wiD be output 10 lhe video 
c1avtce n lhe - 1orm es 1unct1on 2. 

A Butlerecl UybOant lnpat 

On enby, OS:OX musi::;'J! an ~buffer. The linlt byte must no1 be 
zero and epeclllea lhe ol characlers lhe buffer can hold. Char· 

• acters ere ntad fram Ole byboard and plaoed In lha bullar beglnnlng al 
lhe tNrd bXI8. Reedlng dlelceyboard and lllllng lhe bullaroondnues unUI 
<ENTER> la typed.lldle bullarlils to ane le&s lhan lhe mex1mum, lhen 
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addilional keyboard inp!JI is ignored until a <ENTER> is type<i. Tne 
second byte ollhe buffer is sel 10 lhe number ol chalacle<s received 
exclldinglhecarriagercl""m(OD'-),whlcllisalwayslhelasld>atader. 
Editing ollhis buffer is described in ~er 7. 

B. Check keyboard status 

11 a character lsavallable lromlhe lreyboard, Al. w!ll be FF hex, ofherwise 
AL WiD be OO. 

C Chalacter Input wilh buffer Oush 

Forsllhe keyboard l)'p<>-ahead bufferls emptied. Then H Al.is 1, 6, 7, 8, or 
OA, the correspondln¡rM:HlOS l...,...lunctiOñ is executed. 11 Al. is not 
one ol lhese values, no lurther operalion ls dcne and Al. retums 00. 

o Disk resllt 

AushesaDiilebuHars.U~fileslhathavebeenchangedinsizewiD 
nol be property recorded In lhe disk dlreclory until they are ctosed. This 
lu~on need nol ~led belore a disk Chango H allliles which have 
béen wñl!en hav~. · 

E 8elec:t disk 

The drive specifi.ia In DL (O • A, 1 ~ B, eu:.) is selected as !he defaub 
disk. The number ol drtves 1s relumed in AL. 

F o;;.lm. 
()¡> ~ DS:OXjlolnl ~.QnOPened file control blo<:k (FCB). The disk 
dlr8clory ls-68árclled lor tho narned lile and Al. retums FF hex il it 1s no1 
bine!. U 11 is loun:1. 1\1. wlll retum a 00 8hd lhe FCB 1s lilled as loflows: 

1. U lhe drive.aido was o (delaull disk), ft is changed lo !he actual disk 
used (A•1, s~ 2..!11C-I-Thls~changlng lhedeta.Adlsk Wilhout 
ln1erletrlng wl1h &Obsequant ClpOflllions on lhls lile. The hlgh byte o1 
lhe aurent biDtk foeld ls set lo zero. The s1ze ollha record 1o be 
woc1<ad wilh (FCB bytes E·F hex) is set lo lha oystern delault al 80 
hex. The size ollhafole, and lhe dme and da:e are &el in lhe FCB 1rom 
inlormatlon oblainéd lrom !he cftrectory. 
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2. h "'the use(s responsibiüly to set the record size (FCB bytes E·F) to 
the size in terms of which he wants to think of the file ilthe default 80 
hex is not appropñate. lt is also the user"s responsibility to set the 
random record field andlor current block and reco:d fields. 

10 Close lile · 

This func1ion must be called alter file wri:es to ensu:e all directory ' 
i:'lformalion ls updaled. On entry, DS:DX point to an opcned FCB. The 
cisk dlrectory ls searched ard H lhe file is found, its position is compared 
wilh that ~.ept i:'llhe FCB. H lhe f~e is not fouo.d in lhe directory, it 1s 
asst:med the d'ISk has been changed and Al returns F;: hex. OlherwiSe, 
lhedirectory 1s updated to reftectlhe status In lho FCB and Al retums OO. 

11 Search lor lhe flrst enlly 

On. entry, DS:DX polnl lo an unopened FCB. The disk directory is 
searched lor lhe first matdllng name (name could have "T's lndicallng 
IJrt'f lefter malched) and B none are found, Al returns FF hex. Olherwise, 
AL rittums 00 and lhe IOcaJions al !he disk transler addr&s$ ere set as 
follows: 

1. HtheFCBprovldedlor searchlngwas.inextended FCB, lhen lhefirSt 
bytels sello FF hex, then5 bytes ol zeros, lhenthe allribule bytelrom 
theseaial FCB, lhenlhedrivenumberused (A-1, B•2,etc.), lhen 
the 32 bytes ollhe dlrectory entry. Thus lhe disk transler address 

· contains a vafid urwpened extended FCB with the sama seart:h 
attrillutes as lhe search FCB. 

~ titile FCB provlded lor searchlng was a normal FCB, lhen lhe first 
bytelssetlothe drivenumberused (A•1, B =2. etc.) and lhe next32 
bytes contaJn the mald1lng cirectory entry. Thus the cfosk transfer 
address con1a1ns a~ unopenod normal FCB. Entries tor volume 
label, ~ hldden and &y$11111 files, wiU not be retumed. 

3. 11 lhe attrtbuta lleld ls set lor lhe "'*""" label. llls CX>nSidered en 
evñrl18 aean:h, ard only the IIOiume label enuy ls retumed. 
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Directory entries are fonnatled as fotlows: 

TABLE 0-1 O. Directory Entry Formats 

Loc:alion Bytes Description 

o 11 File name ¡¡nd extension 

11 1 Allributes. Bits 1 or 2 make 
file hidden 

12 10 Zero field (for expansion) 

22 2 lime Bits. 
Q-4 = secsl2 
5-10 ~ min 
11-15 = hrs 

24 2 Date Bits. . 
Q-4 K day 
5-8= month 
9-15 - year 

26 2 First allocalion unit 

26 . 4 File size, in bytes • 
(30 bits max.) . 

12 Search for the next enlly 

., 

i 

1 

1 

Aflerlunction 11 has been called ard found a match, lunction 12 may .be 
caJied 1o lind lhe next match toan ambiguous request ("T's ls lhe seaich 
&lename). 8oth lnpuls and outputs ere lhe sarna as luncllon 11. The 
reservec1 atea for the FCB keeps lnlonnalion ne e ary lor conlinulng 
lhe searc:ll, so lt must nol be modlfled. 

.13 Del<ile lile 

o;, entry, OS:DX pol¡ll lo an unopened FCB. Al ll1llk:hk1g dlr~ 
entrles are deleted. U no áorectory entries rnaldl, All'llllms FF, olher· 
wise AL l8lUmS OO. 
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14 Sequenlial read 

On en11y; DS:DX poinllo an opened FCB. The rec:ord addressed by 1he 
amaril block (FC8 byles C-D) and !he curren! record (FCB byte 1 F) is 
baded at 1he disk transler address, lhen .the rea>rd eddress is in­
c:remenled. 11 end-ol-fde is encountered AL retums either 01 or 03. A 
retum of01indicales no dala in !he record, 03 indicates a partial record is 
read and filledoutwilh zeros. A retum of 02 means lhere was notenough 
room In lhe disk transler segmentlo read one record, so tho transfer was 
aborted. AL retums 00 W !he llansfer was compleled sucoessf"lly. 

15 Sequentlal write 

. On entry, DS:DX polnt loan opened FCB. The record 2ddressed by the 
current blocll; and aliTenl record foelds ls wrilten from the disk lransfer 
acldress (or, In the case of records less !han sedar slzes,ls buffered up 
lor an eventual wrlla When a sedO( a worth of dala ls accumulaled). The 
record addtesa la then lncramented. U lhe disk ls fuUAL retuma wllh ao1. 
A retum of 02 maana 1hare was 1101 enough room In the disk tranafer 
&egment lo wrile ÍJne r.ec:ord, so the transferwas aborted. ALretumsoo u 
lile lranafer waa completed successfully. . 
1& Create file 

On enby DS:DX polnt loan unopened FCB. The disk dlrectory ls aaar­
chad for an III11JIY enby, and AL retums FF a nona 1s found. Olherwlsa, 
lile entry ialnllfaflzed lo azero.lenglh file, llw1lle la apened (aeefuncllon 
· F), and AL reiUmS OO. The file may be nwkad hldden durlng Ita aea11on 
by uslng an IIXIended FC8 CXll1lalrq lhe appropr1ate 8llrlbute byte. 

17 Rename file 

On enlry, DS:DX polnltoamocllled FC8 whlch has a drive code and file 
name In lhe uaual posiiiDn. anda eecóndlle namealaltfng 6 bytes afler 
lhe fitst (DS:DX + 11 ha) In whalla aanna11y a I8S8Mid ~ ew.y 
rnatdllng - of ... flnst li cllar9ld lo lhe 88all1d (wlfh !he 
I8S1IIcllon lhal two t1es CIIIIIIOI llave !he exact 68018 name and exten­
slon). H T'a appéar In lhe 88Cii1d name, then lhe ~pos¡. 

• tlons In lhe original name. MI be unchanged. Al retuma FF hax 11 no 
matdl was found, Cllhel fn OO. · · 
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19 CÍ!rrent disk 
1 

Al retúins with the code of the rurrent delaun drive (O-A. 1 ~ B, etc.) 

r 
lA Set disk transler a~dress 

The diSk transler address ls sol lo DS:DX. M5-DOS will not allow cfiSk 
translers lo wrap around withinlhe segment, norte overllow inlo the next 
segmenL 

1 B Allocation table address 

On retum, DS:SX point lo !he ailocalion table lar the curren! drive, DX 
has !he number of allocation units, Al has U1e number al records per 
aJJocalion unit, and ex has tho size of !he physical sector. Al DS~BX-1), 
!he byte befare tho allocallon lable ls the dir4' byte lar the lable. lf sollo 
01, ft means !he labia has been modified and must be wrilfen back lo 
disk. H 00, !he tabfe ls not modified. Any programs whlch gel !he address 
and ditec:tly modify the table must be sure to set this byte lo 01 for the 
c:hanges lo be recordad- Thls byte should NEVER be set lo 00 -lnstead, 
a DISK RESET lunclion (#00 hex)should be performed lowrite !helable ' 
and reset !he bit 

NOTE: lleglnning with M5-DOS vesslon 2.1 thls call no longer returns !he 
addresa of acomplateFDeAIIocalion Table, becausalhe FATs 

. are no longer kepl residen! In memory. 

. 21 Random read 

On entry, DS:DX point loan opened FCS. The ament block and current 
reconl are set lo agree with !he random record fl81d, then !he 111C0rd 
addtessedbylhese fieldsls loaded al !he currertdisk lranaferaddress. H 
end-ol-lile 1s encountered, Alretuma eltherOI or03. U 011s retumed, no 
more data ls avaDable. K 031s retumed. a perlial recon:lls avallallle. filiad 
·out wilh zeros. A re:uni el 02 means lhere was 1101 enough room In lhe 
diskbanSiersegment toraad one recon:t. solhetransterwasabolled. AL 
re1ums 00 U !he banSier was COII1lfeted succ h.lfy. 

22 Random wrlte 

On entry, DS:DX polnltoan opened FC8. The cunerit block and current 
rec:ord 1118 set lo agree with !he random record lleld, then !he record 
addressed by lhese tields la Wlltfen (or In !he case of record& not !he 
68018 as sector &lzes-, bullered) fnlm lhe disk transrar addrass. a !he 
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disk is tuii Al returns 01. A retum of 02 means there was not cnough 
room in Che disk transfer segmenl to write one record, sb the transfer was 
aborted. AL retums 00 if lhe transf~r.was completed successfully. 

. 23 File size 

On enlfy, DS:OX point lo an uropened FCB. The disk dircctory is 
searched for Ule first mat:hing cntry 2.nd if none is found, AL retur:~s FF. 
Otherwise !he random record field is sol wilh !he size of !he file (in torms 
of !he record size field rounded up) and Al returns OO. 

24 Set random record lleld 

0:1 entry. DS:DX point toan opened FCB. This functton sets the randcm 
íac:>r.:S field to the. same file address as lhe· current block and record 
flelds. 

25 Set vector 

The interrupt type specifled In Alls set lo !he 4-byte eddress DS:DX 

26 Creata a new program aegment 

On entry, OX has a segment number al which to set up a new program 
segment. The enflre 100 hex are a al location zero In !he curren! program 
segment ls c:opled 1nto tocatlon zero In !he new program segmenl The 
rnemosyslze informatlon al tocation 6 is updaled end !he curren! tenmina­
tion and <CTRL.c> exit addresses ara saved In !he new program 
segment &tarting al OA hex. 

27 Ranclom block read 

On entry, DS:OX polnt lo an apenad FCB, and ex contains a record 
oountl'ud mustnol be zero. The speáfied number of records Qn terrns of 

·-tilo recon1 size foeld) are read lrom the file address specified by !he 
random record fleld 1nto !he disk transler address.lf end-d-flle is reached 
befara aD reoords have been read, AL retums eilher 01 or 03. A retum al 
011ndicates end-d-lile and !he las! record lscomplete, a031ndicales !he 
1ast reoonlls a partiaJ record. U wrap-around above address FFFF hex in 
!he disk translerwould occur. as many reoords as posslble are read and 
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1 
At... retums 02.1f allrccords are rcad succcsslully, AL returns OO. In ariy 
case. CX reb.Jrns with the actuál numberol records 1 ead, and lhe randa~ 
record field and the curren! btock/record fields are set to address the ne~ 
record . 

28 R3ndom block write t 
1 
1 

Essentially the same as function 27 a!:>ove, except for writing and a 
write-protect indication. 11 there is insufficient space on the disk, AL 

· retu:n:: 01 and r.o recoods ~·~ wñttan. t: CX is zero upon entry, no records 
are written, but the file is sello the length specified by !he Random 
Record field, whether longer or shorter !han lhe curren! file size (alloca­
tion cnits are releasOO or a!loccted as approprü\l:e). 1 

29 fiarse file name 

On ent~ OS:SI points toa command line toparse. and ES:OI pcints toa 
portien o! memory to be m:ed with an unopened FCB.leading T ABs arid 
spaces are ignored when scann!ng. lf bit O of Al is equal to 1 on entr}t, 
then at most one leeding file name separator will be ignored, along with 
any tr2.iling TASs and spaces. The mename separators are: 1 

= + <tab> <space> 

' 
lf bit O of Al is equal to 1, lhen all parsing slops ff a separator ls 

· encountered. The command line is parsed for a file name of the forin 
D:filename.ext, and if found, a correspor.ding unopened FCB is created 
al ES :DI. The entry val u e of AL Ms 1, 2, and 3 determine what todo if !he 
dñve, fi1ena.'71e, or extension, respectivefy. are missing. In each case, if 
the bit is a zero 2.nd the field is present on the command line, then th8 
FCB is filled witll a fixed val u" (0, meaning !he defauH drive for lhe drive 
field; an blanks for !he filename and extension foelds). 11 lhe bit is a 1, an(¡ 
the field is not present on t.'le command line. then that faeld In th8 
destina !ion FCB a1 ES:DI is lett unchanged. 11 an asterisk ••• appears in 
!he filename or extension, lhen aD remaining characters In !he name O. 
extension are oet to "?". . . 1 

The loflowing characters are lllegaJ within MS-DOS file spedficati~ns: 
< > • 

1 

Control characters and spaces also may 001 be given as elernents of fil~ 
specilications. a any of lhese characters are encounlet"ed wh!I&Parsind. 
or !he perfocl (.) or colon (:) is found in an invafld posilion, lhen pars;ng 
stops al thal poinl 1 

' 
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U ei1her "?"oc··· appears in lile lile name or extenslon, then Al retums 
01, olhe<wise OO. DS:SI wil retumpointing lo lhe fim charader afterthe 
file name. . 

t40TE: This caU can not be used for command lines contalning P,Bih 
names.· 

2A Getdale 

ñelmr.s di:l9 L1 CX:DX. CX has !he year, CH 1-.es lhe mo:>lh (1 aJan, 
2 • Feb, ele.), and DI. has the dey.lllhe~c:lod<IOIIsOIIei'IO lhe 
noxt dey, 1he dele will be ad'¡usted 8Calldngly, taldng L..:O ac:c:ount lhe 
n;md>er ol deys In cach mon:h anclleap years. 

2B Set"-le 

On en11y CX:DX must have a valid dele In :he sarne formal as retumed by 
func;tlon 2A above. u lhe dele la lndeed valid and lhe set operatJon is 
SOIC : sful,lhen ALretumsOO. U !he dele is notvalid,lhenAL retums Ff. 

2C Geltlme. 

Relums wtlh ar-oklay In CX:DX. llme ts aétually represenled as four 
8-bll binaJy quani1ie8, as fotlowa: CH has lhe hounl (0.23), CL has 
minutes (CI-59), OH has aea>nds (CI-59), DL has 11100 seéonds (0.99). 
This formal ls easlly converted ID a printable form yet can aJso be 
""'".wed apon (e.g., aubllaCIIng two limes). 

20 Settlmo 

0n entry, CX:DX has tinte In lhe same forinat as retumec1 by func:tlon 2C 
above. 11 8lf'J ~ of lhe lime ls not valid, lhe set operelion la 
abol1ed and AL retums FF. K lhe time ls valid, AL retums OO. 

STAT• 
2E Sellllesetverlfy~ 

0n entry, DlRIISt be O and AL has Iba verlly flag: O • no verify, 1 • 
verify -wrile. Thisflag ls passed tolhe 110 systemon eadlwrile. Nota 
lhallhe cunan! selllng ollhe wrlly swtb:h can be obtained lhrcugh caU 
hex 54. 

2F GetDTA 

On retum. ~ c:onlains lile amen! DTA transler eddress. · 
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30 Gel DOS version Number 

0n retum, ALcontairis lhe majorverslon number. AH con1ains lhe minar 
version number. 

NOTE: H Al retums zero, ~ can oo assumed lhal ~ is a pre-MS-DOS 
versio~ 2. t system. 

31 Termlnate procc::s andn:n:ln residen! (Keep process) 

On entry A!. contains a binary exit coda. DX contains lhe memory size 
va1ue in paragraphs. This func'Jon caiiterminates the current process 
and attempts to set the initial allocation block lo the number of ~ 
graphs in O X. 11 wiD not free up any "'!'•r alloca~ • b1ocks betong•ng lo 
lhat process. The exit code passed '" Al ls retrievabte by lhe parent 
through Wail (funclion caD 40 hex) and can be lested lhrough lhe 
ERRORLEVEL batch sutx:ommands. 

33 CTRL·BREAK check 

On entry AL contalns 00 lo requesl the curren! state ol control-break 
cheC:klng: 01 ID set lhe state. U sening the state, DI. must contain 00 for 

· OFF or 01 for ON. DL retums the curren! state (00 • OFF, 01 • ON). 

35 Get vector 

on entry,I.J.. contains a hexadecimal inlemlpl number. The CS:IP lnter· 
rupt vector for the specifiad lnterrupt 1s retumad In ES:BX. Note lhal • 
interrupl vectors can be setlhrllugh caU hex 25. 

36 Gel disk free space 

0n entry, DI. contalns a drive ( O • delautl, 1 • A. etc.). On retum, liX 
retums FFFFifthedrive numberwas lnvalid. Olhelwlse, BXcxnalns lile 
number of avallable aDocalion un1ts (cluslers), DX contains lhe lclal 
number o1 c:lusteiS on lhe dttve, ex conte1ns 1118 ....mer of .bytes par 
sector, and liX contalns lile number ol aec:tonl per '*-· 

NOTE: Thls ca11 retums the sama lnlonnalion In lhe sama reglslers , 
(exceplforlhe FAT polnterj as 1118 gel FAT polnter cal!~ 1B) 
did 1n preotous vers1ons o1 t.ls-oos. 
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38 Retum country deper.dent information (Jnlernational) 

On enlty, DS:OX poiniS lo a 32-byle blocl< of memo<y in which retumed 
informalion is passed and AL contains a function cede. In DOS 2.1, lhis 
funclion codo must be zero. The foUowing informalion is pcrlincnt to 
intemalional appticaflons. · 

WORD Date/lime formal 

BYTE ASCIIZ string 
currency symbol 

. 

• BYTE ASCIIZ &lring ' 
thousands separalot 

BYTE ASCIIZ &lring 
decimal separaiQr 

Z7 bytes 
r8S8M!d 

The dale and lime formal has !he following yalues and meaning: 

O - USA Standard 
1 - Europe Standard 
2 • .Japan Standard 

h:m:s 
h:m:s 
h:m:s 

39 Create a sub-dlrectory (MKDIR) 

m/d/y 
d/m/y 
d/m/y 

On entry, OX:OX contalns lho address of an ASCIIZ string wilh driw and 
dlreclory palh names. H any memberof !he direclorypath does no1 exist, 
lhe!llhe dii8Ciory palh 1s nol c:hanged. On retum. a ,_ diradDry 1s 
creatad at lhe and of !he &pec:illad palll. Errorrefwlls are3 and 5 (referlo 
error re1um lable). · 

3A Remova a dlrectory entry (RMDIR) 

Qn anlty, OS:OX c:ontalns lhe address of an ASCIIZslrfng wilh !he drive 
and dlreclory path nemes. 1he &peclfied cirectooy ls RIII'OIIIed from lhe 
slruc:lur8. Tha curren! dreclary c:annot be ramoved. Error ratwns are 3 
anc1 5 (refer to error nllllm lable). Note 1hat coda 5 1s re1wnec1 11 lhe 
speclfiad diractory ls not ernpty. 
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38 Change the current directory (CHDIR) 

On enlry, OS:OX cont2ins the address of an ASCIIZ string wilh drive and 
diredory path names. lf any member of the diredory path does not exist, 
then thedi:ectory path is not cllanged. Otherwise, !he curren! directOI)' is 
sello !he ASCIIZ string. Error relum is 3 (reler lo !he enor retum table). 

3C Crealo a file (Create) 

On entry, DS:DX c:mtains ~'le eddress of an ASCIIZ Slring with the drive, 
path. and filonarne. ex contains !he attrtbule of !he file. This function cau 
a-sales a new file or lruncates an old file lo zero length In preparation for 
writing. n the file did not exis~ lhen the file is O"e2ted in !he eppropriate 
directory and the file is given t'le readlwrile BC<."eSS coda. The file is 
oponed for readlwrite, and the handie Js retumed in AX. Error retums are 
3, 4, and 5 (referlo the error retum table). nanerrorcode of 51s retumed, 
either lhe á~eC:ory was full or a file by !he sama name exists and is 
marl<ed read-only. Note thatthe change mode ltalction cau (hex 43) can 
later be used lo changa the fiie"s attribule. 

30 . Open a file 

ar{ entry, DS:OX contains !he eddress of an ASCIIZ&Irlng wilh the drive, 
·palh. and lilonarnes. AL contains !he access oede. On retum. AX con­
tains an error code or a 16-bll file handle •ssoclated wilh lhe file. The 
following values are 3Uowed for !he access coda: · 

O • file ls opened for reading. 
1 - lile ls opened for wriling. 
2 a file is oponed for bcth reading and wriling. 

The readlwrile pointeris set at !he first byte of !he file and !he record size 
of lhe file ls 1 byte (!he readlwrile pointer can be changed through 
funclion c:all hex ~2).·Tha ratumed lile handJe ll"liSI be usad 1or S1Jbse. 
quent inputand outputtothe file. Thefile'sdate andtimecan beobtained 
or set lhrough call hex 57, and lis allribule can be~ tlvough caa 
hex 43. Error relums are 2.~.5. and 12 (refer to !he enor retum table). 

NOTE:ThlscaiJWillopenanynormalorhlddenfilewhosenamematches 
!he name specified. 



3E CJose a lile handle 

On entry. BX contains lhe file handle lhat "'"" retumed by •o¡¡en·. On 
retum. the file will be dosed and all interna! buffers are flushed. Error 
retum is 6 (reler to lhe etror re1um lable). 

3F Read from a lile or device 

On enlly. 8Xc:ontain:;lhefile handle. CXc:o.'llains L'le numxr ol bytes io 
read. OS:OX ClOII!2ino: L'le bul:er address. On re!Um, J>J:. c:>~:ai;¡:; the 
numberof bytes read., lf lhe value is ::ero, lhen !he p:cgra.':l h:l$ Íriod to 
read lrcmlhe end-of.lae. This lunctioncalltra.'lSiers cex1 b)~os lrom a f:le 
inlo a buffer localion. ft is no! gua:anteed thal a11 b)1es wm be rea:!. For 
example, reading fmm t'le kl!)-bca."d will read at most ene ;;r,. of :cxt 11 
this read is perlormed !mm L'le slandard L'lpUI device, lhe L~;:ut can be r­
redired6d. Error retums are 5 and S. 

~O Wrile to a me or devlce 

On entry. BXoontalnelhe file hanc:le. ex contains !he runber of bytes lo 
write. DS:OX oontalns the eddress ol the data 1o write. Write transfers 
(CX) ~ from a buffer lnlo a me. AX retums the number of bytes 
actuallyWIIIIan. U thls value is rcllhe same as the number requesled, it 

, should be cxxosidenid an error (no error oode is retumed, but your 
program can compare lhesa value$). The usual reason for this is a fuU 
disk. 11 lhis write is perion:ne:! ID L'le 1llandard output device, the output 

\'~ can be rediracled. Enor retums -5 and 6. 

[: ·. 41 Oelele a me lrom a specifled ciirectory (UNUNK) 

On enlry. OS:OX axdalns the address of an ASCIIZ string wi'JI a drive, 
pelh. and lilenama. Globalliename charaders are r.ol aDowed in eny 
part lllllla sldng. Thlsfundlon cel removes a directory cn:ry associaled 
wllh a 1i1ena1ne. Rea(-only lles cannot be delelcd by this call. To delete 
one ollhese lles, you ean rus~ use caD hex ~3 lo change the file's 
atlllbule to O, lhen delele the lile. Error retums are 2 and 5. 

42 Uove Ole read/Wrlle polnter (l.SEEK) 

Onenlly, ALc:ontalnsa me1hod vaiue.!p(conlalns lhe file handle.CX:DX , 
c:onta1ns lhe deslred olfsel In by1es (CX oonlains the mos1 signifioent 
parl). On I88Jm. OX:AX contalns fhe new localion ol the poinler (DX 
c:ontalns the mosl signlficant pan). 
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11 molleS lhe read/write poinler aCCO<ding lo the following methods: 

AL O a 1he pointer is moved lo oHset (eX:OX) bytes lrom !he beginning ¡ 
ol the file. 

AL 1 = The pointcr is moVC)d lo 1ho currentlocation plus oHset. · 

AL 2 = The pointer is moved lo !he end-<>l.fole plus offset This method ' 
can be used ro t:e:ermi.,o fila's size. 

Error retums are 1 and G. 

43 Change file modo (CHMOO) 

On entry, AL containo a tunction cede, and DS:OX contains the eddress 
of an ASCIIZ stti.,g wi:h L'le drive, path. and filename. lf AL conlains 01 
then !he file will be sello the annbU:e in ex. H ALiso then lhefile's current 1 
attribute wm be retumed in ex. Error retums are 3 and 5. 

44 110 control for dcvices (IOCTL) 1 

On ~ntry,'ALconlains lhe function value. BXoonlains the fiJe handle. On 1 

retum. AX oonlains the number of bytes transf81led for func1ions 2. 3, 4, , 
, andSorstatus (00 = nolready. FF a ready) lorfunction 6 and 7.or an: 
error code. Use IOCTL lo set or gel device lnlormalion associ•ted with 
open device handle, orsend/reoeivecontrol slrings lo fhe device handle. 
The following function values are allowed In Al: 

O a Gel device lnformation (relumed In OX). i 
1 a Set device lnforrnation (determined by DX). Currenlly, OH mus1 be, 

zero for this call. 
2 - Aeed ex number of bytes In :O OS:OX from device control c:hannel. 
3 • \'Vrite CX number of bytes from OS:OX 

lo device control charw.>l. 
~ a Same ns 2. but use drive number in Bl (O • defaiAI, 1 • A. etc.) 
5 a Same as 3, but use drive number In BL (O • defalllt. 1 • A. etc.). 
6 • Gel input S1alus. , · , 
7 - Gel output status. 
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• TL can be used loget inlonnation about device channels. Calls can 
be made on regularfiles,butonlyfunc!ion values o, 6,and 7 aredefined 
in lhe case. AIIOlller calls relum an "invalid lunclion" error. 

Galls /U.. a O and /U.. a 1 1\ave bits in DX defined es lollows: 

15 14i 13 12 11 JO 9 S 7 e; S f 3 2 o 

R 1 e E 1' 
S R 

L 

ISOEV 

lf ISOEV 

EOF 
BIN 

ISeU< • 
ISNUL • 
ISCOT • 
.ISCJN • 
CTRL •. 

CTRL • 

IIISDEV • O 

EOF• 

H 1~ 
a 
• llES!:R\'EO • 

FIGURE 0.1: Function Values 

- 1 lf 1hls channells a device. 
• O lllhls c:hanQells a disk lile 

(bfts 8-15 • O In lhls case) 

- 1 . 

• O 11 end-ol-tile on input. 
- 1 11 operating }1> blnaty mode. 

(no checks I!Jr CTFIL·Z). 

R Ir I r e S S S S 
S e N e e 

L U O t 
K L, ':' 1 H 

• O lt operating,"l ASCII mode 
· (checklng for CTRL-Z as end-ol.file).' 
1 f1hls dM:e la ihe dock device. 
1 lllhis device ls the null device. 
1 lllhis devlce ls the console outpu'. 
1 lt 1hls device ls the consola Input. 
o lt lhlll devlce cannol plOC8SS eontrol &lritlgs lila calls 
/U.. - 2 and /U.. - 3. . 
1111hlsdevlce canprooesseontrolslringsvlacalls/>J.. -
2 and/>J..- 3. Nolelhallhlsbitar.n<itbesetbyfuncticn 
calhex 44. 

o lf dlannel ha$ been wrltten. Bils o-s 11111 the blodc 
delllce number lor the channel 

Bfts 4, e-13, and 15 are reserved and should not be a11e1ec1. 
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NOTE: OH must be zero for call AL = 1 • 

Calls Al ~ 2, Al = 3, AL = 4, AL = 5: These loor caJis allow 
arbillary oonlrol strings to be sent or received lrom a cha<acler 
device. The call syntax is lhe same as the Read and Wñte calls, 
except lor cafls 4 and 5 which accept a drive number in BL inslead 
o1 a handle in BX. A. 1 "invalid function· error ls retumed 11 the CTRL 
bit is zero. A.1 ·access-dcnied" code is relumed by calls 4 and 5 11 
the drive is i.1valid. Erre; retums are 1, 6, and 13. 

CallsAL = 6andAL = 7. Thesecalls allawyoutocheckwhelhera 
file handle is readyfor input or outpullf used lora lile, /U.. atways 
retums FF untiJ an e:ldooQf-file is reached, then always retums 00 
unless lhe current fila position is changed (lhrough caD hex 42). 
When used for a devi<:e, Al retums FF lor ready or 00 fornol ready. 

45 Ouplicate a file handle (DUP) 

On enlly, BXconlalns lhe file handle. On retum, /1\X. conlalns lhe retumed 
file 1\andia. Thls.function czlf takes an oponed file handle and retums a 
new file handle lhal refers to lhe sama file al lhe sama position. Error 
retums are 4 and 6 (refer lo lhe error retum table). 

NOTE: fl you move lhe readlwrih! pointer of eilher handle,lhe pointer lor 
lhe olher handle wiJJ elso be changed. • 

46 Force a dupllcah! ol a handle (DUP) 

On enlly, BX conlall1s the file handle. ex conlalns a second lile handle. 
On ratiJm, the CX lile 1\andia wiU reler lo lhe same strearn as lhe BX file 
handle. 11 lhe ex r~~e hancfle was an open file, lhen lis closed firsl Error 
retum ls 6 (refer lo lhe enor retum lable). 

NOTE: 11 you move lhereadlwri1epointer ol eltherhandle,lhe pointe<for 
the other hsndle will elso be c:hanged. 

47 Get Current dlreciOry 

On entry, DL cantalns a drive numller. (O - delault, 1 ~ A. etc.) and 
OS:SI polnllo a 64-byle area DI user memc11y. The r.. patto name 
(stanlng lrom lhe 1001 directory) ollhe CUITenl dlredory for 1he specilied 
driw is placed In the orea polnted lo by OS:Sf. Nole lhallhe dñw 1e1ter 
w11 not be part ollhe retumed stñng. The string wl nol begln wilh a 
baekslash and will be h!rminaled by a byte eontainin9 hex OO. The enor 
retumed is 15 •. 



~ ,.._ __ .:ate memory · 

On en:ry, BX contains 1he number of paragraphs requ~ed. On retum, 
AX:O po~ lo the alfocated memory bfOCI'. lf the anocation lails, BX will 
re'.um !he slze ol the f.vgest block ol rnemo:y avallable in paragraphs. 
Etrct rctums are 7 and S. 

49 Free allocated memory 

·en ~nt'Y, ES contalns L'le $egment o1 L'>o block belng retumed. 0:1 
rotum, a block of mcmozy ls r6tumed la lhe system pool tliat was 
~.11-:>::atcd by can hex 48. Error retums "'" 7 and 9. 

~o\ l.lodlfy anocated memory block$ (SETBLOCK) 

On en:ry, ES contalns·lhe seginent of lhe block. BX contains lhe new 
requel:tc~ block slze In paragraphs. DOS will llllempl ID •grow• or 
"shrlnk" lhe specilled blocl<. 11 lhe calllails on a grow request, lhen on . 
retum, BXcon121ns 1he maxlmumbfock slzepossible. Error retúms are 7, 
6,and 9. 

~B Load or exac:ute a program (EXEC) 

Thls lui>ctlon can a11ows a program ID load another program ln:o memory 
and (delauh) begfn 8X8CUllon ollt. DS:DX polnt ID !he ASCIIZ string wilh 
drive, pelh, and lilename ol tha file ID be loaded. ES:BX poi.,t ID a 
parameler block for lhe load anil AL =taina a 1unc:t1on vetue. The 

. lollowing lunction ,..._ are allowed: 

O • Loed and exec:ute the program. A ·program segme.,l p.'1lfox ls es­
lallllshedforlheprogremandlhetenninaleandcontrcl-breakaddresses 
818 sellO lhe_lnltruclion eller lhe EXEC sys1em can. . 

NOTE: When c:oniJalls I1IIUmed. aD registers ara clianged ~ the 
atadc. You rraist res1Dr8 SS, SP and any olher requlred reglslers · 
befare proceedlng. 

3 - Load, do nol c:reate lhe program segment ¡xelix. and do not 
begln execullon. Thls ls uselulln loaling program overlays. 

For each of these values. lhe block pointed ID by ES:BX has the 
lollowfng lonnat 
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AL = o Load aoo Exewte Program 

WORD segnient address of environment 
otring to be passed. 

DWORD pointer ID CO!M1alld fine lo be 
placed ~ Program Header + 60H 

DWORD points ID de!aull FCS to be 
passed al Progra..,-, Header + SCh 

DWORD poinler to defauh Fea to b·• 
passed al Program Header + 6Ch 

AL = 3 loed overlay 

-
WORD segment address where file will 
be loaded. . 

WORD relocalion lador lo be app6ed 
lhe lmage. 

1 

Note lhal aD open files of a process are duplicaled In lhe newty cr~ 
proceos alter an EXEC. This ls extremely powerlul: lhe panenl process 
has control over lhe meanings of standard input, output, auxlllary, and 
pintor devices. The parent ulutd,lor example, write a series ol records 
ID a file. operi lhe file as standard input, open a listing file as standald 

· output, andlhen execute asort prograrnlhaltakes itslnputfromstanda!d 
q,ut and writes 10 :;tandard output. 1 

• • 1 
Also Wleriled (or cXlpied lrom lhe paren!) 1s an "erwb •nenl". Thls ls a 
bb:l< oltexl strfngs (less lhan 32K bytes total) lhat COI1VIIY varioUs 
ardlgurallon paramei8IS. Thelollowtng ls lhe lonnalollhe envfn:lnm8nl 
(llways on a paragrapll boundary): 1 

. 1 
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Byte ASCIIZ slring 1 

Byte ASCIIZ slring 2 

Byte ASCIIZ string n 

¡;wte of zero 

Typically lhe environmenl strings ha ve the fo;m: 

parameter = value 

For example, the stñng VERIFY = ON could be passed. A zero value of 
!he environment address wUI cause !he newly created process lo inherit 
lhe parenrs environmen1 unc:hanged. The segmenl address of lhe err 
vironmenl is placed al offset hex 2C of :ha Prógram Segmenl Prefix for 
the JII'OWIIIII belng lnvoksd. Error retums are 1 ,2,5,8,10 ancn 1. 

NOTES: 

1. When your program received control, all ávailable memory was 
alloca'ed lo 11. You mu'st free somo 111011101)' (seo ca11 h8x 4A) before 
EXEC can load 1he program you are invoking. Noonally, you would 

·· .• ··· shrlnk the amount olrn811101Y you need to a mlnlmallevel, and free 
1he rast. 

2. TheEXECcaDusestheloaderporiionCOMMAND.COM(atlhehigh 
end ol memory) to perform !he loading. R your prograrn has overtaid · 
lile loader, thfs cal will a11en111 to re-load !he loader,lhus destroylng 
!he oonten1S of !he laSI1536 bytes of memo<y. U you havo usad !he 
"AIIocafa Mamory" call lo allocate all of lhe memo<y and !he loader 
has ~ overlald, !he EXEC caD wil retum an error due lo ln­
sulliclant memory 10 load the loador. 

4C TefiiiiMW a procesa (Exlt) 

On entry, Al contalns a blnary retum codo. This funclion call wW ter-
. mlnale !he amen! proc:ess; transfening control lo 1he lmlcldng process. 

In addifion, a !8llJrn oode can be sent. The retum code can be lnter­
rogaled by the balc:h subcommands IF and ERR0RLEVB.. and by the . 
wall funclion caD (40). AD files open at lhe lime are closed. 
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40_ Retrieve the retum code of a sub-process (wait). 

This function call retums lhe Exit code specified by another process (\'i<1 
call hex 4C or call hex 31) inAX.It retums lhe Exit code only once. The 
low byte ollhis code is lhal senl by lhe cxiting routine. The high byte is 
zero for nonnallenninalion, 01 ~ lenninaled by CRTL·BREAK. 02 ii 
terminated as ftle result of a critica! device error, or Ó3 if tenninated by 
function caU hex 31. 

4E Find fir::rt matching file (find first) 

On input. DS:DX poin! loan AXCIIZ string containing lhe drive, palh, and 
filenarne of lhe file lo be found. The filename por Jon can contain global 
filenarne characl2rs. CXcontains lhe anribuletobe used in searching for 
lhelile. See function call hex 11 for adescriptionol how the allribute bits 
are used for searches. tt a file is found that malches th.e 1Pecffied drive. 
path, and filename and a.."tribute, the current DTA wiU be filled in as 

fol.lows: 

21 bytes- reserved ior DOS· use on S1Jbsequent firid next calls 

1 byte- aMbute found 

2 bytes~ fila"s time 

2 bytes - file 's dále 

2 bytes - low word of file size 

2 bytes - high word o! fole size 

13 bytes- · name and extension ol file found, followed by a tlyte of 
zeros. An blanlcs are removedfrom !he name and extén· 
sien, and ~ an extension is presenl, 11 is preceded by a 
period. Thus, the name rebmed appears just as you 
would enter 11 as a command pararneter. 

4F Find next matching lile 

· On input, !he wrrent DTA must oontaih lhe infonnation lhat was filled in 
by a previous Find FII'SI call (hex 4E). No olherir1JU( is required. This ca11 
wiU fond !he next directooy entry malchlng lhe name lhat was specified on 
!he prevlous Flnd Fust,s:all. Ha matching file is lound, lhearrrent OTA wiA 
be se! as described in caU '-4E. H no more maldling files are found 
error code 18 is retumed (refer to lhe error retum tabla). ' 
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54 Gel verify stale 

On retum, AL retums 00 if verify is OFF. 01 if verify is ON. Note thatthe 
verify switch can be set through can hex 2E. 

56 Rename a f~e 

On input. DS:OX point loan ASettz slring containing lhe drive. path, and 
lilename of the file lo be renamed. ES:DI poii>t 10 an ASetiZ string 
containlng lhe path and fdename 10 Which 1he file is lo be renamed. 11 e 
drive is used in lhis slring, it must be lhe same as lhe drive specilied or 
lmplied in the lir.;t slring. The directOry palhs need not be the same, 
aJiowing a file lo be moved to anolher directory and renamed in the 
prccess: Enor retums are 3, S. and 17 (refer lo lhe error retum table). 

57 Get/Set a lile's date end tlme 

0n Input. Al..containsOO or01. BXcontains a file handle. H AL • 00 on 
entry, OX end ex will retum lhe data end time lrorn the hendle's interna! 
tabla, respectively. U AL • 01 on entry, lhe handle's date end Ume will be 
set 10 the dale end lime In DX and ex, respectivefy. Enor returns are 1 
end 6 (retar 10 lhe error retum tabla). 
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APPENDIX F - COMMAND EXECUTION 

INTRODUCTION 
In Ms-DOS 2.1, applica!ino programs may lnvoke a secondary copy of lhe 
c:ornmanc1 processor. Your program may pass an MS.OOS oommand as a 
paramet..- 10 lhe seooodaty OCIITINIIld processor. This oommand wiU be 
executed as 11 enterad from the standard input device. Be sure lhat adequate· 
free memo<y (size of COMMAND.COM) exists lo contain a second copy ol 
COMMANO.COM. . 

In the epplicalion program; build a command string for the secondary COM· 
MAND.COM wilh lhe loilowing lonnat: 

1 byte -length of command 
xx bytes - M5-00S command stñng 
1 byte - caniage retum (hex 00) 

For example,lf a utiflty program ~ assembly) wan!S 10 copy a file fmm ~e A 
1o drive B, 1t may use lhe loltowing convnand stnng: 

OB 20; •CQPY A:FILEl.OAT B:", ODh 

PROCEDURE 
The following procedure shows how 1 l lnvoke a secondary command proc­
essor. 

1. Makesure thesyslem haselleasi17K ol memorylcrthesecond oommand 
pra:nsor. 

2. Let DS:OX poin1 10 the drive, path end narne of the commend PIC tes so-r. 
lhls specllica1lon ls available In the envtronmenl segmont (polnted by 
oflselhex 2C In PSP, progratn'"'lllile<llprefix), k*Ming thelilrlng 'COM­
PSEC••. 

3. Let ollsel o o~ EXEe control block poinl lo en emñronment se¡¡ment 
(maybe the previoUS environmenl, polnled by PSfi2CHJ). . 

4. Let ollsel2 of the EXEC control block polnt. lo lhe Clllll.-.d lilrlng bui1t 
above. 

5. Use lnlerrupt 21 (hell) ID lnvoke lunction ~ (hex), wilh funcllon value O. 
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APPENDIX H - COM ANO EXE P,ROGRAM 
INITIALIZATION ANO 
STRUCTURE 

INTRODUcnON 

Mlet you load a program into memory. but belore the program is actually 
executed. MS-DOS doescertaln program lnilializalions. A block ol inlormalion 
1s buill up aslhe Interface between lhe program.lhe invoking process. and lhe 
DOS. Only 1wo types o! files. EXE end COM files. ere ready·to-be-execu:ed 
blnaty files In Ms-DOS. 

1\tlenyou enteran extemal command.or lnvolce a program lhrough lhe EXEC 
lunction call (hex 4B). DOS determines lhe lowest available address lo uso as 
lhe startol available memarylorlhe program belng invoked. This area is callad 
lhe Prugram Sagmenl (ll rnust not be JII()W>d). 

Al o11sot O wllh lhe Ptogram Segmen~ DOS builds lhe Program Segment 
Preti>c (PSP) con1101 blocl<. EXEC loads lhe prograrn al offset hex 100 end 
st- b control 

PROGRAM INITIALIZA TION 

.Alter a program 1s -lrom disk lnlomemory.lho Program Segment PrefiX · 
lo .... up w!Gllhe loUowlng formal: 

0().01 

06-07 

TABLE K-1. Program Segmenl PrefiX 

lnlonnallon 

An lnslruclion "lNT 2011", a place ID whlc:h control nuiy be 
1tBnSfem!d for ¡Xogram lelmlnalioo 1 . 

- .•. 
Number o! bvles avallable hlhe 
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TABLE H~l (continued) 

lnformation 

Undefined 

OMlO Terminate address (IP. CS) 

OE-11 Clri·Break exn address (IP, CS) 

12·15 

16-28 

2C.20 

2E-4F 

5().52 

53-5B 

6C-7B 

7C.7F 

Critica! error cxll address (lf'. CS) 

Undefined 

Environment address (segment onfy) 

Undefined 

Two instructions: 
INT 21h 
RETF 

User program may make a far caJI lo location 50 to invoke all 
syslem functions. 

Und'efined 

file control blocks o16rst pararneter on lhe command r.ne. 11 
parameter contains • path name. lhen lhis FCB wiD conlaln 
onty a valid drive number. The_filenamefield wiD not be valid. 

Fde control blocksol secondpararneter. res1riclionssimitar lo 
firs1 parameter"s; ! fCB In hex 5C is opened. lhis seclion is 
overtaid. 

H FCB in hex 5C is opened.lhis seclion ls OVIIIIald; Olhefwise 
unused. 

An untonnalled pararneter area al hex 81 oon1a1ns attlho 
c:haraclefs entered alter lhecoinmand name fonctucing lead­
ing end imbedded defionilets). with hex 80 set lo lhe I'IJIIIber ol 
char.lctefS. Any <. >, orlpararneters on lhe '"""'"""' ii.e 
wiD 001 appear in lhis area. becausa redinx:tiou el­
input end ou1pul is ~ lo app!ications. 

Onoe execution starts.lhls area (ollsei80-FF hex) becom/ 
es lhe delaun disk 11ans1et ..._ 



1. All of u:...r memory is allocated lo the program. 11 the program wants to 
invoke another program through the EXEC function caD, it must first free 
sorne memory through the Setblock (hex 4Ar fWlction call, to provide 
space 1or the program belnu invoked. 

2. An emrironment is a señes ol ASCII strings (totaling tes$ than 32K) in the 
form: 

NAME = parameter 

Each ~ is tenninated by a byte of zeros. and the entire set of strings is 
terminaled by another byte of 2eros. The environmenl buitt by the command 
processor (and passed to all programs it invokes) wiD contain a "COM­
PSPEC Q • string at a minimum ~tilo parameter on COMPSPEC is the path 
used by DOS to 1oca1a COMMANO.COM on disk). The tasi PATH end 
PROMPT commands lssued will aJso be in the environmen~ along with any 
enviroMlent slrlrJgs entered through tha SET cornmand (see Chapter 5). 

· Theenvlronmentthal you are passed ls actuaDy a ccpyot tha lnvoking process 
envlronmant U your appllcallon uses a 'termlnale and stay residen!" concep~ 
you Should be aware lhal tha copy of the envlronment passed lo you is static. 
That 1s, ft wiD 1101 char9' _, 11 sub$equent SET, PATH, or PROMPT 
oommands are fsaued. · 

f'.J 
1 

Al piOgl'8ll1 enlry, CBI1aJn reglslers are aJso lnitiallzed. Reglster lnitializalion 
between a COM prognun and an EXE program are $llghlly diHerent. 

Appendlx H H-3 
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Registers . 

es 

os 
ES. 

SS 

IP 

SP 

H-4 Appendlx H 

l ABLE H-2. • COM Program Registers 

lnitial Value 

AL;. FF if the flfSI paremeter contained an invalid drive 
specifler (otherwise AL~OO) 

AH~ FF H the second parameter contained an invaJid 
drive specilier (otherwise AH Q 00) 

Segment address olthe 1nitiaJ allocation block. which 
starts with the PSP 

Sarne as es 

sama as es 

Same as CS. 

hex 100h 

Sello the end of the program's segment. The segment 
slze at oHset 6 is reduced by hex 100 lo allow for a stack 
of thal size. A word of zero is placed allop of stack. 



Registers 

AX 

·es 

os 
ES 

SS 

IP 

SP 

T ABlE H-3. • EXE Program RegisteiS 

lnilial Value 

Same as COM lile 

Set 1o tbe ..- passec1 by lhe linkér 

Set lo palniiO Plognlm segment Preflx 

Sameas OS 

Set lo lhe ..- passed by lhe linker 

Set 10 lhe ..- passed by lhe linker 

Sal 10 tha volue passed by lhe linker 

PROGRAM TERMINAllON 

'·<.. 

There are fourways lo tannlnata 8 pmgram. ft may Jurnp 10 offset O In the PSP, 
1ssue an INT 20,1ssuean INT21 wllh~ AH-Oorhex4C, oreaD 1oca11on 
heX 50 In lhe Plogram Segmenl Prefix wilh AH- O or hex 4C. 

All four melhods resuflln lransfenfng conlrol lo tha r8sident por11on of COM-. 
MAND.COM (funcllon cal hex 4C aDowa tha lllrminatlng prooess 10 pass a 
retuin oode). Alol-methcxlsiOISUIIIn rellanlng 10 tha pmgram thallssued 
tha EXEC. Durlng thlo reiUmlng process.lnlenuplvectors t.x 22. hex23, and 
heX 24 (tarmlnafa, Clrl-&uk. and altlcal enor axll addresses) are restored 
frorn the - - In .. Program Segmenl Preflx ol the temina1lng 
_.,.._ Conlrollo- glvln toO.- eddresSi> n thlo 1s a program 
nt~ 10 CXJNM4 N0, c:cntrof-1D blranslenl porilon. B 8 bafdl lile 

- In p!OC088, 11 lo COIIIInued; -· COMMAND 1ssues tha system 
~ .... ..... lor ... - ~ 10 be enterad"""' the keyboanl. 

ALE STRUCTURE 

ThiB sec:t1on di.,•S"8S row tha .EXE file and .coM lile are I!CIIJ8IIY Slored on 
disk- A .COM file c:oni8N only O. • .., ....... oode, whlle en .EXE file, In 
conlrlUlt. conlalns a l'lellder .wllich 1s Ull8d In program Jn!tfa!lzatin ·· 

STRUCTURE OF .COII ALE 

A .COM file conlalns criy --oode end ,_.dala. .COM file 1s afways 
reoommended as en 11"8"-fle- lis -lhan en EXE file by· 
_.. hundrad bylas, end 1luo oa:uples less disk apace. 

Appendlx H H-5 
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STRUCTURE OF .EXE FILE 

The ,EXE fdes ptoduced by lhe MS-UNK program c:onsist o1 two parts: 

1. Control and reklcation irdormation 
2. The load module itseH 

The control and relocatiOn information, whictl is described below, is at the 
beginning ol tho filo in an area known as lhe header. Tho load module 
immediately lollows lhe header. The load module begins on a sedorboundary 
and is tha meiJIOIY image ol the module construcled by lhe MS-UNK. 

Tho header is loanallad as loDows: 

T ABLE H-4. Header and Control and Relocati<Xl 1n1orma1ion 

Hex Offsei 

00-01 

02-03 

04-05 

06-07 

08-09 

1 
OA-OB 

OC-00 

OE-OF 

10-11 

Contenls 

hex 40. hex 5A - Signature 10 mark tha file as a varad 
EXE lile. 

Lenglh ollmago MOD 512 

Size of tho file in 512-byte lncremen1s, including lhe 
header. 

Number of relocation tabla ilerns thal follow lhe t!ll'nl4t­
ted por1lon of lhe header. -

Sizo of tho header In 16-byte lncrements. This ls used 10 
localo lhe beginning ot lhe load module In O. file. 

Minimurn number of 16-byla paragrapha requlred 
aboYa lhe end ollha loadad j>rogJarn. . 

Maximurn nurnber of 16-byla paragrapha required 
obOYOihe end ollhe loaded program. 

Offset ol slaek sagmerit In load module (In segment 
lorm). 

Valua 10 be glvon in SP rogisler w!.an !ha ,.-..0 1s 
glyon control . . 



HexOifset 

12-13 

14-15 

16-17 

18-19 

IA-16 

TABLE H-4 (continued) 

Contents 

Word cheoksum- negative su m of al! the words in !he 
fde, ignoring overflow. 

Value lo be given In !he IP regisler when !he module is 
given coniiDL 

Offset of code segment wHh load module (in segment 
fonn). 

Offset ol the fust relocalion item wHhin !he file. 

Ove~ay number (O lor residen! part of !he program). 

The relocation tabla lonows thelonnatted area juSI described. The relocation 
table is made up of a variable numberol relocation ltems. The number ol ilems 
is contained al offset 06 • 07. The relocallon ltem contains two lields-a 2-byte 
offset value, lollowed by a 2-byte segment value. The two fields contain the 
offset 1nto the load module ol a word whlch requires modiftcation belore the 
module is given control. This process ls catled relocation and is accompfoshed 
as loltows: 

1. A Program Segment Prelix is bwlt loUowing lhe residen! portien ol the 
program that is parfonning !he load operation. 

2. The lonnatted par! ollhe headeris read inlo memDI)I (its size ls al offset 08 
• 09). 

· 3. The load module sizels determinad by subtracting lhe headersizelrom the 
file size. Offsets 04-05 and Q8.09 can be used lor lhls calculation. The 
8dUal size ls down~ adjus1ed based on lhe oontents ol ollsels 02-03. 
Nole that aD files craated by pre-released 1.1 O UNK programs always 
placed a value ol 4 al that locallon. reganltess ol 8dUal program size. 
lherelore, we recommeold thallhis lietd be ignorad n 11 CXX1Ialns a value ol 
4. Basad on !he sding al 1he hlgh/low loader switch, an approprtate 
segmentls detennfned al which lo load !he load module. Thls segment ls 
caDed !he s1arl segmitnt. 

4. The load module is read lnto memory beginning !he start segmenL . . 
5. lherelocation table items are read into a wOO<area (one ormore al a time). 

·. 

Appendlx H H-7 

6. Each relocation table Hem segmenl value is added to the start segment 
value. This caliulaled segment, in conjunction with relocation Hem olfset 
value, points lo a word in !he load module lo which is added !he start 
segment v3lue. The result is placed back into !he word in !he load module. 

7. Once aD relocalion items have been processed, u"· SS and SP registers 
are set from !he values in !he header and !he start segment value is added ' 
lo SS. The ES and OS registers are set lo !he segment address of lhe 1 

Prograrn Segment PrefiX. The start segment value 1s added lo lhe header 1 

es regis1er value. The result, along wHh !he header lP value, ls used lo ! 
.give control lo lhe module. 

H-8 Appandlx H 
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I. !Nl'R)OOU:ION. 

Para el registro de tanblores es de suma importancia la infoiinaci~ pre­

cisa del tiemp:J de ocurrencia de los eventos. Dependiendo del tipo de -

aparato sisrrográfico, las referencias de tiempo p.¡e:ien ser desde sin;lles 

marcas superp..1estas sd:>re la traza misma del registro, hasta canplejas - · 

señales elOCtricas codificadas y I!Ultiplexadas en el flujo binario de la 

i.nfonnaci6n sísmica. 

Es usual, tanto en el registro de t:.EIIDlores oano en ll1lChas ~ ~ -

científicas, registrar el tiempo noiinal referido a la hora de ~eh 

y· oano fechador sin;lleroente un contador de los d!as transcurridos desde 

-el inicio del año. Este dltim:> ~ facilita- enormemente llevar la -

cuenta del tiempo, desde el p.¡nto de vista instrunental, ya que es s6lo 

un aCUlllllador cronol6gico incrementado· cada 24 roras. 

Para encontrar el ntirero acunulado de d!as a partir de una fecha dada, -

se p.¡ede consultar un calendario o almanaque. Hacerlo mentalmente resu!. 
.ta laborioso (especialmente hacia finales del año) y presenta IIUchas -

probabilidades de e=; una diferencia de un d!a .en un registro s!snico 

¡:uede acarrear serias confusiones al manento de int&preta.r los regis­

tros. Por este rrotivo se pens6 desarrollar un~ sencillo de cálcu-
·-· -

lo, con base en una tabla, que pexmitiese encontrar facilmente la cortE!. 

pendencia entre arrbas f~ partiendo de cualquiera de ellas. 

·caro un canplsnento que p.!diese ser de interl!s para el lector, se pre8e!l 

.. -ta en el anexo una breve historia de los distintos calendarios y la adclE, 
cl6n de nuestro calen:lario actual • 



,. 

'·-';~~ 

II. CAL0.JI.D DEL NlJME:ro DE DIAS TRANSClJRRIOOS DEL l>&:J A Pl\Rl'IR DE ONA 

FECliA DADA. 

Este se obtiene de una· manera nuy sencilla:. a partir de una fecha y hora 

local dada, leer directamente de la tabla siguiente el dato buscado: 

MES # DE DIAS POR MES DIAS '1'RANSClJRRIOO 

.mEro 31 O+X 

FE:BRE:ro 28 + * 31 +X 

WIRZO 31 59+ X+* 
• 

ABRIL 30 90+X+* 

MAID 31 120 +X+ * . --·- ... ·------
JUNIO 30 151 + X + * 

JULIO . 31 181 +X+* 

J\OOS'lO .31 212 +X+ * 
. SEP'l'IEl-lBRE 30 243 +X+ * 

. --ocrut!RE 31 273 +X+ * 

NJ'JIEMBRE 30 304 +X+* 

Dic:IE1-!BRE 31 334 +X+* 

En esta tabla: 

X representa el día del mes coosiderando, la hora local + 6 horas (hora de 

Greenwich) • 

* : en caso·de ser año bisiesto (1984, 1988, 1992, 1996, 2000), debe -­

agre;¡arse un día a X en el rengl6n en donde aparezca el asterisoo (*) • 

CCm:> se ve, es necesario tanar en consideraci6n la hora local más.6 ~ 

ras, para obtener la h6ra de Gl:eenwich, que al acunular 24 horas, incre­

rrentada el día del mes. 

Para aclarar el procedimiento, se presentan los siguientes dos ejE!IIiÜOS: 



- ~-------- ----· -~---~~---- -----·---.---~,. --;--

.· .... 

__ .. ;.·. 

.. . . . 

;,._· 

EjalFlO tb. 1: ' L 

Datos: Fecha: 18 de agosto de 1986. 

Hora Local: 14:30 hrs . 

. C.Uculo: SUmando 6 horas a la hora local se cbtiene la hora de Greenwich: 

20.30 hrs. (no se aCilll1lla un d!a,'j;x>r lo que X= 18). 

.. -

Entrando oon estos datos a la tabla y dado que 1986 es un aro -

no bisiesto, se cbtiene: 

D!as transcurridos = 212 +. 18 + O = 230 

EjalFlO tb. 2: 

Datos: Fecha: 25 de mayo de 1988. 

Hora Local: 21:15 hrs. 

C.Uculo: En este caso la fecha. y hora de Greenwich ser!an: 

26 de mayo de 1988, 03:15 hrs. (se aCUIIIll.a p:>r tanto un d!a 

X= 25 + 1). 

Dado que 1988 es un. aro bisiesto, .se obtiene:. 

D!as transcurridos • 120 + 26 + 1 .. 147 
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III, OBTENCION DE LA FEOIA A PARl'IR DE LOS DIAS TRANSO.JRRIIX:S. 

En este caso el problana es el inverso. se tiene el dato de los d!as -­

transrurridos, el año y la hora de Greenwich, se desea conocer la fecha 

corresp:mdiente. IDs pasos a se;¡uir son los siguientes: 

l. Restar a la llera de Greenwich 6 horas. De ser necesario, restarle -

un d!a al namero de d!as transrurridos. 

2. Entrar a la tabla anterior en el rengl6n cuya cifra base es menor 

o igual al namero de d!as transcurridos. 

3. Restar del ndmero de días transcurridos la cifra base del rengl6n 

ooteni~e el d!a del mes (X) correspondiente al rengl6n. Si se 

trata de un año bisiesto y el rengl6n es de MARZO en adelante, res­

tarle un d!a a la fed1a. 

IDs siguientes ejanplos ilustran el procedimiento: 

Ejemplo No. 3: 

Datos: D!as transcurridos: 193 

Año: -1985 (no bisiesto) 

Hora de Greenwic:h: 17:23 

Cálculo: Hora IDeal: 11:23 (17:23-6) 

o!as transcurridos: 193 

Rengl6n correspondiente a: Julio 

·· o!a del mes: 193 - 181 = 12 

Fecha: 12 de julio, 1985 • 
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EjBIE10 No. 4: 

Datos: oras transcurridos: 61 

Año: 1992 (año bisiesto) 

Hora de Greenwich: 05:47 

Cálculo: Hora local: 23:47 

, .. _. 

o!as transcurridos: 60 (61-1) 

Rengl6n correspondiente a: Marzo · 

.-

D!a del mes: 60 - 59 - 1 (año bisiesto) = O (por tanto se trata 

del tllt.ilro día del mes anterior) • 

Fecha: 29 febrero, 1992. 

Ejenp1o No. 5: 

Datos: oras transcurridos: 273 

Año: 1985 (no bisiesto) 

Hora de Greenwich: 12:47 · 

Cálculo: Hora Local: 6:47 (12 :47 - 6) 

oras transcurridos: 273 

'.: ~-. ..:. 

_;_. 

RengUn correspon:iiente a: Oc:tubre . 

. ,-

ora del mes: 273- 273 a o (tlltlmo d!a del mes anterior). 

Fecha: 30 septiembre, 1985. 
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IV. altODSICMl:S. 

Se espera que este procedimiento sea de utilidad para ·aquellas personas 

que operan las redes sísmicas y que frecuentanente se ven ccn la neces!_ 

·dad de estimar los días transcurridos del año para verificar y sincroni­

.. -zar los relojes dé l~s equipos de registro autfn:m:>. Taniri.~ podría ser 
... ··¡ 

11til durante el pi:&:esamiento e interpretación de los datos para derivar, 

a partir del regist'i:o, la fecha de ocurrencia del tatblor. 

V. 11GRADJ!PMIENIOS. 

Se agradece la valiosa colaboración del Ing. ROOerto <)laas por sus suge­

rencias,. canentarios y correcciones al manuscrito original. 
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A N E X o 

BREVE HISTORIA DEL CALENDARIO ACTUAL. 
-~- .·. 

' 
Un calendario es un medio de contar los., d!as y orga~izarlo~ en 
unidades convencionales (años, meses, sen:~nas)·, que suelen deri--

··•· e· 

varse de ciclos astron6micos recurrentes-que constituyen los cam-
bios más regulares en. la naturaleza. . .. ··e-: . 

De una forma burda, podemos decir que un mes es el tiempo que le 
lleva a la Luna completar una vuelta alrededor de la Tierra. Du­
rante este tiempo, la Luna muestra cuatro fases, o cu~rtos, de -­
una duraci6n aproximada de una semana. Un ,:·ano_'i;$: el tiempo- que -

le -tonfa a la Tierra completar una vuelta alrededor del Sol, lo --. . ,.· 
cual equivales a poco más de 12 lunas o meses. Por convenci6n, -
adoptamos que hay 7 d!as en una semana; los meses tienen una dura 

' -
ci6n entre 28 y 31 d!as, y dividido el año, en 12·meses,'podemos-

referirnos con pre~iji6n a cualquier d!a del afio conociendo el n~ 
mero de d!a y el nombre del mes. 

El problema con este m~todo de llevar la cuenta de los d!as, rad! 
ca en el hecho de que, mientras siempre hay un ndmero entero de -
d!as en el año civil, a la Tierra le toma aproximadamente 365 
d!as, S horas, 48 minutos y 46 segundos (o bi~n expresado en for­
ma decimal 365.24219879 d!as (1) ), en comple;ar una vuelta alre­
dedor del Sol. Si no tomaramos en cuenta esto, y adoptaramos 365 

C\~o 
d!as para cada A«o civil, habría un error de aproximadamente ---
0.2422 d!as por año. As! pues, al cabo de lOO años, habría una -

(1) A este per!odo de tiempo se le denomina Año Tr6pico (del gri~ 
go Zf07rL'tY' =tornar) y es el intervalo entre dos tránsitos -
del Sol por el punto vernal (que es la posici6n del Sol en el 
momento del equinoccio de primavera) . 



--

discrepancia de 24 d:í~sFy despu~s de 1500 años las estaciones ha 

-· ·· " brían cambiado totalmente, al grado de que el verano en el hemis­
~f.erio norte se presentaría en diciembre. Por tanto, es obvio que 
este sistema presenta grandes desventajas. 

, Julio C~sar, notable g'eneral y político romano, hizo un intento -
;.;_.. ( 

de corregir este error, ya que 
era sumamente confuso·. · ·En los 
m~, el c~l~bdario, ape'gado al 
sumando un total de 300 días. 

en su ~poca el calendario romano 
primeros tiempos de la antigua Ro­

ciclo lunar, constaba de 10 meses -
Por ello hubieron de añadi~se más 

d!a.s para manterierse a tono con las estaéiones. Aunque en ~1 si­
glo, VIII a. C': el'· ario romano se dividió en 12 meses lunares,. so­

br~vivierg~ los"nombres de los cuatro dltirnos meses del viejo ca­
lendario: septiembre, octubre, noviembre y diciembre, que_ son las 
designacioñes n~~ricas latinas para los meses s~ptimo, octavo, -

. - .. :' ~ .· ,.. . . 
nove~o y d~cimo. ··:Sin embargo, adn con esta división de 12 meses, 
los sacerd.<;'te~: realizaban una muy pobre labor tratando de mante­
ner el año acorde!" cori las estaciones. Además, los políticos de -

la ~poca fuer~~ 'aunientando la confusión con "enmiendas" al calen-
'· 

dario, destinadas a prolongar su vigencia en el poder o a reducir 

los períodos de sus oponentes. De esta forma, en ~poca de Julio 
César, el calendario tenía un error de más de dos meses en rela• 
ción con las.estaciones. Durante su viaje a Egipto, es probable 
que César tuviera noticia del calendario egipcio (el cual seguía 
el ciclo solar y·era de 365 días), relacionándose con un astróno­
mo greco'..oeqipc~u-1-lamado Sosígenes. Por consejo de ~ste, César 

•Fdecretó que el año 46 a. C. tendría 455 días, añadi~ndose 23 días 

al fina¡iz~r febrero y 67 entre los meses de 
,b:r;e. En 1~ tridición romana, ese año pasó a 

L . J 

de la "confusión", pero de este modo, el año 

noviembre y diciem--
la historia como el 

volvió a coincidir -
· .... ;_.... ~-~ 7 

con las est;¡1ciones. Además, C~sar adoptó la convención de que --
despu~s de'·ire's años e, .. secutivos de 365 días, habría un año "bi-

siesto" de 366 días. ·El día extra sería agregado al mes de febr~ 
ro.siempre_que el ndmero del año fuera divisible entre cuatro. En ... -·~. . . ·- .-
promedio, este año civil tenía 365.25 días, una razonable aproxi-
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mación al año verdadero de 365.2422. días. As!, 
años, el error es menor a un día (0,78 días) • . '- : .. ,·• 

después de lOO 

. ::: ,.-. 

Pocas reformas se hicieron a este calendario llamado Ju_liano en 'los 

siguientes siglos. Aunque Augusto, sucef;or.de,Fésar, hizo ciertds 
ajustes (como quitarle un día al mes de. febrero para agregarlo a'l 

mes dedicado a su nombre: agosto, dejand~.de esta forma a febrero 
con 28 días normalmente y con 29 en los años bisiestos), n~~fue,;~.!. 
no hasta los años 526 a 530 en que se.hicieron cambios de import~n -. - ... . -
cia. Dionisio el Pequeño, abad de un convento de Rom~, traslad6"'-... , ... ;,; . 
el Año Nuevo del 1° de enero al 25 de mar_zo, quiz4 para siginifi,;,-
car el anual renacimiento de la naturaleza. _Asin!.i,Srno,. fij6"el 25 

" . ~<. ' " - ·'i ':1. ' '· . ~ •· 

Además, inici6 la ·prácti 
. ~J -

de diciembre corno fecha de la Natividad. 

ca de fechar los sucesos bajo el sistema de_: ~~antes y dé'spués de --
~ . • .... r 

Cristo•, basado en cálculos que en torno_al año del ~acüniento·de 
Cristo realizár4 él mismo (aunque se piensa que.los,hlzo'de:rnanera · 
historicarnente errónea) • El sistema entró. en u;~. ha~·ia· el afio 607; . 

en él no existe año cero. Paralelamente a .é .. l·· di~:~~r~~:;,.u~~ "~alend~· 
rio astronómico• 1 que por razones de pura t~cnic~ de cáléulo tiene . 
que introducir un año cero. As! por ejemplo~ ~i· afio' -6 cronol6gi-' . . 
co o astron6mico, corresponde al año 7. a .e. :. Digiunós de· paso 'qúe, · 
seg1Sn investigaciones recientes, parece probcili,+e q¡;e 'el. fnac'iroiEmto 

. -· ¡¡ •.• . .d ... s :--
de Cristo tuviese lugar en este año. 

:. ). ' J· 

. · .. -:-: . -· r~ :, 
A pesar. de que el calendario Juliano funcionó bién por mucho tiem- · 
po, en el curso de los siglos fue acumulando un. error implícito¡ -

.,¡ !:> 

un d!a ganado cada 128 años. Hasta que, en 1582 se ácumul6 una n2 
table discrepancia entre las estaciones y la fecha· del·-éalendario 
Juliano. Fue as! como el.Papa Gregorio XIII,-después de prolonga­

das consultas con Aloisius Lilius, físico y astr6no~o italiano, y 
;,_' : . ~ 

el jesuita Christopher Clavius, matemático alemán, aline6 el año -
civil con el verdadero,. decretando que se le g~b!an"r~star 10 

:t., 

d!as al año de 1582, aboliendo de esta forma, l_os ~!as entre 5 y 

14 de octubre inclusive, es decir, al 4-de octubre sigui6 el d!a-

15. Asimismo, fij6 nuevamente el 1° de enero corno_día del Año Nue- 1 

vo, ordenando también la revisi6n del sistema de áño bisi'e5to, que n~ 
. ·~ . ~ i..··=-

j-
I 

.. 



' . 
.•.. ::: 

cesitaba la omisión de 3 d!as cada. cuatrocientos años. As!, los­

años que terminan en dos ceros (por ejemplo, ~700, 1800, etc.), s~ 

lo son bisiestos cuando son exactamente divisibles entre cuatro-­

cientos. Este sistema, llamado calendario Gregoriano, es el que -
se usa aotualmenta._ De acuerdo a ~1, 400 años civiles contienen: 

as! 

... 

(~00 ~ 365) + lOO - 3 = 146097 d!as, 
que el promedio de duración de un año civil 

1-46097/400 =· 36S.o2425''d!as, o_ bi~n 
365 d!as, S hrs"., 49' minutos y 12 segundos, 

es: 

reducl'endo el error anual a sólo 26segundos, con lo cual, el ca-­
.. _lendario Gregoriano es casi exacto, pues la diferencia es de un 

dÍ"~ cada 3323 años. 

La ;e:urop~ __ católicia adoptó de inmediato el nuevo calendario, pero -

. los est_ados _protestantes se rehusaron. a ello, y sólo gradualmente 
lo fue?on acepta~cioi Inglaterra y sus colonias cedieron apenas en 

. . ' 

17~2, año en que·se omitieron 11 d!as a su calendario. Rusia, no 
obstante, conservó el uso del calendario Juliano (cuyos errores, -
naturalmente, continuaban acumulándose) hasta 1918, año en que, co 
m,o uno .de los'~f-ectos-•de la Revolución Bolchevique, el gobierno s2_ 

vi~tico omitió 13 d!as al año para poner su calendario en concor-. ' . . 
dancia con las estaciones y con los demás pa!ses de Europa. Como 
resultado de esa medida, la anual 
volución de octubre", cae ahora el 

··-

.. ' 

celebración sovi4tica de la "re 
7 de noviembre. 
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