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I, GENERAL 

A. Turning it ON 

Figure 1 shows what MICROTUTOR looks like in case you don't have 
one. If you do have one, plug the memory card into the first socket (M), 
Plug the COSMAC microprocessor into the middle socket (P), The component 
(bumpy) side of these cards should face the rear. Don't apply power until 
the M and P cards are in unless you enjoy replacing integrated circuits. 

Plug the power pack cord into the back of MICROTUTOR to turn it 
on. Pull the cord plug out to turn it off. If the red display lights 

-don't come on when you plug in the power you are the proud owner of what 
is technically known as a lemon. 

B, Bits, Bytes, and Hex Digits 

Befare a stored program computer can run, it must have a program 
stored in its memory. Before storing a program in the MICROTUTOR memory, 
sorne basic definitions should be stored in your memory. Familiarity with 
binary notation (bits) is assumed. If this is a rash assumption, please 
correct the obvious gap in your otherwise outstanding educational back­
ground befare proceeding. 

A byte is a group of 8 bits. The COSMAC microprocessor (along 
with many others) uses 8-bit bytes (or words). These 8 bits are labeled 
0-7 corresponding to the eight MICROTUTOR byte input switches as shown 
below: 

1 
SWITCH 

BIT NO. 

X 

7 

X 

6 

X 

5 

X 

4 

X 

3 

X 

2 

X 

l 

X 

o 

A byte can be divided into two 4-bit digits (Dl and DO). The 
high order digit (Dl) comprises bits 7-6-5-4, while DO comprises bits 
3-2-1-0. Each 4-bit digit can be represented by a single HEx: symbol as 
follows: 

1 ¡ 

l 
f 

1 
j 
1 
1 
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BINARY HEX DECIMAL EQUIVALENT 

0000 o o 
0001 1 1 
0010 2 2 
0011 3 3 
0100 4 4 
0101 5 5 
0110 6 6· 
0111 7 7 . 
1000 8 8 
1001 9 9 
1010 A 10 
1011 B 11 
1100 e 12 
1101 D 13 
1110 E 14 
1111 F 15 

The byte "01011011" can now be described as "5B" in HEX notation. Presa. 
the MICROTUTOR CL (Clear) switch and flip the LD (Load) switch up. Set 
"01011011" into the input switches (setting input switches up for "1" 

- and Jown for "O"). Presa IN and the byte will be displayed in hex form 
as "5B". Change the input switches and press IN (with LD up) to convert 
other binary numbers to HEX. 

HEX is a base 16 numbering system which was developed by an 
obscure group of bald headed, 16 toed programmers. It is only through 
the development of notational jargon such as bit, byte, and HEX that we 
can maintain our superiority over the average citizen. HEX notation 
will be used throughout this manual unless noted otherwise. 

c. Down Memory Lane 

Whoever said that memory is fundamental to a stored program 
cornputer has been long forgotten. Just in case he (or she) was right, 
MICROTUTOR is provided with a memory. The MICROTUTOR memory can atore 
up to 256 bytes in locations numbered consecutively from 00 to FF. The 
number of a stored byte location is called its memory address. The 
notation M(4A) is used to specify the memory byte located at address 4A. 
For exarnple, four bytes might be stored in the first four memory locations 
as follows: 

J 

' 
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ADDRESS (M) BYTE 

00 E2 
01 27 . 

51 02 
03 F6 

M(02) would then represent the memory byte, address ed by 02, which is 51. 
The ability not to confuse memory addresses with th e bytes.stored at those 
addresses separates programmers from normal people, 

When a byte is stored in memory ata specif 
it replaces the byte previously stored at that loca 

ied location or address 
tion. When a byte is 
tored, (This is analogous fetched or read from memory, a copy of it remains s 

to recording or playing back magnetic tape.) 

D. Getting It In (Program Loading) 

Computer instructions are individual binary 
in memory. Each byte specifies an individual compu 

codes or bytes stored 
ter operation sUch as 
ut byte, etc, A se-store an input byte, add two bytes, display an outp 

quence of such instructions is called a program. T be computer obtains 
orms the specified each instruction, as required, from memory and perf 

operation. 

The following is a short COSMAC MICROTUTOR program code that can 
be stored in memory: 

ADDRESS (M) INSTRUCTIO N BYTE (CODE) 

00 o o 
01 F 8 
02 o o 
03 A 3 
04 5 3 
05 E 3 
06 6 o 
07 2 3 
08 3 F 
09 o 8 
OA F e 
OB o 1 
oc 3 o 
0D o 4 

Flip LD (Load) up, This tells MICROTUTOR that you want to load a progra.m, 
Push CL (Clear) and loading of the following sequence will start at memory 
address OO. 

L 
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Y re now ready to load your first program. Do not become 
ou a h • • h ·tedas this will lead to mistaekes. Set te input switc es 

nervous or exc i d dd 
to 00 (Binary 00000000) and push IN. 00 is displ~yed and store ata ress 

00 
MICROTUTOR also advances its load memory pointer to 01 so that your 

ne~t input byte will be stored at memory addre~s 01. This ability to 
anticípate your next move led to the early belief that c~mputers were 
giant brains. (This belief was later shattered by the discovery of the 
first program bug.) 

Proceeding, set the input switches to the next instruction byte, 
F8 (Binary 11111000), and push IN to store it at memory address 01. Con­
tinue loading the rest of the program bytes into memory until the last 
instruction (04) has been stored. 

E. So You Made A Mistake 

You can check memory with LD up. Push CL to return to memory 
address OO. Now push ST and the byte stored at address 00 will be dis­
played. Push ST again and the next byte (F8) will be shown. Continue 
pushing ST to check that all bytes in the programare properly stored. 

Checking the program in memory is generally skipped by those of 
us who don't make errors. Some prograrmners actually prefer the challenge 
and added fun of trying to run an improperly loaded program. If you are 
only interested in getting a program to run, include the checking step. 

If one of your memory bytes is wrong you can loudly blame it on 
the computer or quietly change it to the right value. To change a byte, 
leave LD up and push CL. Repeatedly push ST until the byte just before 
the one you want to change is displayed. Set the input switches to the 
byte code you want to substitute for the wrong one and push IN. The 
new byte will replace the wrong one in memory and be displayed. Pressing 
ST will resume memory stepping for correction of a subsequent error in 
the byte sequence. 

F. Pushing the Start Button 

With the above program properly stored in memory you are ready 
to run. LD should be down. Always push CL to start the program at the 
beginning. (Starting programs at the end only works for backward pro­
grammers.) After pushing CL push ST (Start). The program is now running. 

Unfortunately nothing spectacular happens when this program is 
running so you'll just have to take our word for it. If you are a 
doubting Thomas type, you can verify that the program is running by 
pushing IN. Each time you press IN the program adds 1 to the display. 
This hex counter program only required 14 bytes. You really couldn't 
expect anything too exciting, could you? 

To stop.the program, press CL. Now nothing happens when you press 
IN, does it? To restart the program, press ST. This program remains stored 
in memory until you disconnect power or load a new program. 

1 
t 
1 
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Want to become a NIM game hustler? Find a friend to play with. 
(If you don't have a friend, you are well on your way toward becoming a 
professional programmer.) Start the computer (00 displayed). You and the 
other player take turns. On each turn add 1, 2, or 3 to the displayed hex 
number (press IN 1, 2, or 3 times). The first player to reach 10 (decimal 
16) wins. If you graciously let the other player have the first turn you 
can always win (unless he cheats). We'll leave the how asan exercise for 
the reader. 

Later on a program which plays this game against you (and always 
wins) will be described. In the meantime, this program can be used to 
illustrate a major advantage of computers. This advantage lies in the 
ease with which operation can be changed. For example, changing the 01 
byte at M(OB) to 02 will increment the display by 02 each time IN is 
pushed. Substituting an FF instruction for the FC at M(OA) will decrement 
the display each time IN is pushed. 

The next section provides sorne more programe to load and play with 
befare getting down to the nitty-gritty details of hardware and programming. 
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lntroduction 

Toe motivation behind this work has been the view that 
for 20 years computer hardware has become increasingly 
complex, languages more devious, and operating systems 
less efficient. Now, microcomputers afford sorne of us the 
opportunity to return to simpler systems. fnexpensive, 
LSl microcomputers could open up vast new markets. 
Unfortunately, development of these markets may be 
delayed by undue emphasis on performance levels which 
prohibit minimum cost. We are already promised more 
complex next-generation microcomputers befare the initial 
ones have been -widely applied. This paper discusses these 
points and describes a simplified microcomputer architec­
ture that offers maximum flexibility at minimum cost. 
Design philosophy, programming considerations, and typi­
cal systems are also discussed. Experience with breadboard 
versions of this architecture has verified its usefulness over a 
surprisingly wide range of potential applications. 

Overview 

Large scale integration of semiconductor devices has 
finally become a practica} reality. The long-awaited revolu­
tion in electronic products appears to be at hand. The basis 
of this revolution is the ability to provide complex elec­
tronics at greatly reduced prices. Majar cost reduction opens 
up entirely new markets and is as significant a development 
as the invention of the vacuum tube or transistor. 

Toe four-function electronic calculator represents the 
first wave of the revolution. Further new markets will 
emerge with the ability to provide complete stored­
program cornputers at a fraction of current minicornputer 
costs. A number of microcomputer chip sets have already 
been announced.1 

•
2 We can expect a proliferation of micro­

cornputer types and products based on them over the next 
several years. Unfortunately, old habits are hard to break, 
and we can also expect to see increased emphasis on per­
formance instead of cost.3 This could easily obscure the fact 
that many majar new markets will depend prirnarily on 
absolute cost.7

•
11 

Consumer, educational, small business, and cornrnunica­
tions rnarkets are prime targets for truly low-cost micro­
computer-based products. The architecture described here 
was developed to satisfy the requirernents of these potential 
new rnarkets. Practica!, stand-alone systems {including 
input/output device control and memory) requiring as few 
as 6 LSI chips are feasible with this architecture. Discrete 
TTL and COS/MOS breadboards of such potential systems 
have been breadboarded and programmed. Based on this 
experience, the microcomputer described appears to satisfy 
the requirements of a much wider range of applications than 
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originally intended. lt also appears to be simpler than most 
existing microcomputers. lt is estimated that this new 
architecture compares favorably with the complexity of 
current four-function calculator chips. This simplicity is 
expected to provide significant production advantages. lm• 
proved yields and decreased testing costs are anticipated. 

Since LSl improvements are permitting ever larger 
numbers of devices per chip, there are definite long term 
advantages in minimizing microcomputer complexity. If the 
microcomputer is prevented from growing in complexity as 
the device per chip ratio improves, more of the system can 
be pulled back into a single chip. For exarnple, small sys­
tems in which both memory and microcomputer are prQ• 
vided on a single chip become feasible, resulting in added, 
long term, cost reduction potential. This approach is ruled 
out, however, when increased device per chip ratios are 
used to provide more complex microprocessors. 

Design Philosophy 

Mínimum system cost is the primary goal. To a·chieve 
this goal an architecture is required that is both simple and 
flexible. Simplified éomputer architecture has received 
relatively little attention in the literature. Prior approaches 
toward simplified computers appear to be incompatible with 
microcomputer application goals.4

•5 •9 

The architecture that was finally developed evolved from 
examining proposed app1ications. Another approach would 
have started with a more or less conventional minicom­
puter architecture and instruction set. This latter approach 
was discarded because of fundamental differences in mini­
computer and microcomputer applications. The most ob­
vious mini-micro difference is cost. Because of their higher 
cost, minicomputers must generally be structured to com­
pete on a free standing cost/perforrriance basis with a high 
degree of upward expansion capability and the need to 
support relatively efficient operating systems, etc. Simple, 
inexpensive microcomputers will generally be imbedded in 
special-purpose products. They do not require the same 
degree of upward expansion or an excessive preoccupation 
with cost/performance ratios. (Who cares if a $20 micro­
computer chip is efficiently utilized?) Used to replace 
custom logic, the microcomputer can be designed to put 
more burden on the programmer. Software (in many cases) 
will be developed on larger computers. Because of such 
differences it was felt that a minicomputer starting point 
would not yield the simplest architecture. 

Since a single-chip microcomputer promises mínimum 
cost, the architecture was constrained to a 40-pin interface. 
Smaller microcomputer interfaces tend to require extensive 
multiplexing of interface signals, and that adds demultiplex­
ing logic external to the microcomputer chip. This increases 
system cost. 

An 8-bit parallel ( or byte) architecture was chosen. This 
yields maximum performance consistent with interface pin 
constraints and is compatible with input/output require­
ments. One- and four-bit organizations unduly restrict the 
range of potential applications. Sixteen or more bits exceed 
single-chip pin constraints or impose the need for multi• 
plexed word transfers. 

Since continued memory cost reduction is anticipated, 
heavy reliance is placed on techniques using memory to 
reduce hardwired logic complexity. lt is also apparent that 
many microcomputer applications will fall into the intelli­
gent buffer category. For these reasons, direct memory 
addressing capability of up to 64K bytes is provided. RAM 
and ROM can be mixed in any combination via a common 
memory interface. This is a distinct simplification over an 
architecture that. provides separate RAM and ROM inter­
faces. The common RAM/ROM interface also enhances 
flexibility. A single LSl chip containing both ROM and 
RAM segments will ~uffice for many applications - and that 
results in system simplicity. 

While low memory costs can be expected, very low cost 
systems will only result from minimizing memory capacity 
requirements. A unique architecture was devised which uses 
an 8-bit instruction format. This permits compact prbgrams 
and subroutines. Useful systems requiring 1024 bytes of 
memory or less are possible with this format. 

Random control logic uses chip area less efficiently than 
register/memory arrays. For this reason a very simple, fixed 
cycle, microinstruction set was developed to reduce required 
control logic. The user has the option of programming 
directly in microcode, using a set of subroutines stored in 
memory (ROM/RAM), or employing a combination of these 
approaches. Sets of subroutines stored in mernory are 
equivalent to applications-oriented macroinstructions and 
can readily be provided where ease of programming is 
irnportant. On the other hand, many systems will utilize 
the microcomputer as a substitute for special-purpose logic 
and can be programmed directly and efficiently in micro­
code. This approach retains most of the advantages of a 
microprogrammed computer but eliminates much of the 
specialized, hardwired, sequencing and control logic usually 
associated with microprogrammed systems.6 Simple, short 
subroutine-calling byte sequences provide flexible macro­
instruction definition. 

Whether used as a component of larger systems or as a 
free-standing computer, the microcomputer architecture 
requires efficient, flexible, input/output capability. This is 
provided via programmed byte transfers and a built-in 
direct memory access channel. Programmed 1/0 byte trans­
fer instructions provide maximum flexibility for 1/0 selec­
tion, control, and data transfer. The direct memory access 
channel facilitates high-speed 1/0 block transfer, TV display 
refresh, and initial program loading with a mínimum of ex­
ternal logic. While the inclusion of a direct memory access 
channel adds negligible complexity to the microcomputer 
architecture, it greatly simplifies system design, and that 
leads to reduced overall cost. In addition to the two basic 
1/0 modes, four uncommitted flag lines are provided for 
activation by externa} devices. These flags can be tested as 
required by program. A flexible program interrupt capa­
bility also exists. Individual reset and load lines minimize 
external initializing logic. 

The overall design philosophy consisted of developing a 
simple, flexible, microcomputer architecture which satisfies 
a wide range of potential applications at minimum cost. 
Performance levels were chosen to satisfy large volume 
applications without overkill. The resulting architecture can 
be implemented initially on one or two chips using slow 
MOS technology. lnstruction execution times in the range 
of 4 to 8 microseconds are anticipated with LSI technolo­
gies that approach current TTL speeds. Experimental work 
has demonstrated that this performance leve} is adequate 
for most anticipated applications. 
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Microcomputer Architecture 

Figure 1 illustrates the microcomputer architecture. "R" 
represents an array of sixteen 16-bit general-purpose regis­
ters. (This is essentially a 16x 16 bit RAM.) 

Figure 1 here. 

p, X, and N are three 4-bit registers. The contents of P, 
X or N select one of the 16 R registers. R(N) will be used 
td denote the specific R register selected by the 4-bit hex 
digit contained in the N register. R0(N) denotes the low­
order 8 bits (byte) of the R register selected by N. R 1 (N) 
denotes the high-order byte. The contents of a selected R 
register (2 bytes) can be transferred to the A register. The 
16 bits in A are used to address an externa) memory byte 
vía an 8-bit multiplexed memory address bus. The 16-bit 
word in A can be incremented or decremented by "l" and 
written back into a selected R register. 

M [R(N)] refers to a )-byte memory location addressed 
by the contents of R(N). This indirect addressing system is 
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basic to the simplicity and flexibility of the architecture. 
D is an 8-bit register that functions as an accumulator. 

The ALU is an 8-bit logic network for performing binary 
add, sub tract, logical "and", "or" and "exclusive or" on 
two 8-bit operands. One operand is the bus byte and the 
other is contained in the D register. The D register can also 
be shifted right one bit position. Add, subtract, and shift 
operations set a 1-bit overflow register (not shown) which 
can be tested by branch instructions. 

I is a 4-bit instruction register. Four-bit operation codes 
are placed in I and decoded to control instruction execution. 
Bytes can be read onto the common data bus from any of 
the registers, externa! memory, or 1/0 devices. A data bus 
byte can, in turn, be transferred to a register, memory, or 
1/0 device. 

The operation of the microcomputer is best described in 
terms of its instruction set. A 1-byte instruction format is 
11sed as shown in Figure 2. 

MEMORYINTERFACE 
(RAM/ROM) 

MEMORY t 
ADDRESS 

• BUS 

A 

1 

Each instruction requires two machine cycles. The first 1 

cycle causes an 8-bit instruction to be fetched from externa! 
memory and placed in the I and N registers. This is written 
as M [R(P)] ➔J,N. The 4-bit digit in P selects R. R(P) is then 
transferred to A and used to address memory. While waiting 
for the memory access, A is incremented by "1" and 
replaces the original contents of R(P). The most significant 
digit of MfR(P)] is placed in I and the least significant digit 
is placed in N. At the end of an instruction fetch cycle, I 
.and N always contain the 8-bit instruction originally 
addressed by the current program counter [R(P)] , and this 
program counter has been incremented to point to the 
next memory byte in sequence. lt should be noted that 
any R register can be selected as the current program 
counter by merely changing the digit in register P. Multiple 
program counter systems and simple branch and l~nk opera­
tions are readily achieved with this approach. 

The next machine cycle always causes the instruction 
contained in I and N to be executed. This fixed 2-cycle, 
fetch-execute sequence simplifies control logic and permits 
program interruption or direct memory access cycle stealing 
to occur only between instructions. This results in even 
further control simplification. Since the operation code in 
I is limited to 4 bits, only 16 instruction types need be 
decoded. The 16 possible operations specified in the hex 
digit in I are listed below: 

Register Operations 

[l] Jncrement R(N) by 1 
[2] Decrement R(N) by 1 
[8] Transfer RO(N) to D 
[9] Transfer Rl(N} to D 
[A] Transfer D to RO(N) 
[B] Transfer D to RJ(N) 
[C] Transfer DO to ROO(N) 

1/0 INTERFACE 

D 

R R SELECT 

TIMING 
ANO 

CONTROL 

(16 GENERAL 
PURPOSE 
REGISTERS) 

Figure 1. Microcomputer Architecture 
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BIDIRECTIONAL 8-BIT DATA BUS 

ALU 
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MSD LSD 

lx x x x x xlx x x x x xi 

N 

Figure 2. Eight-Bit lnstruction Format 

Memory Operations 

(4] Load D from M(R{N)) and increment 
R(N) 

(S] Store Din M(R(N)) 

Miscellaneous Operations 

[O] /die 
(3] Branch 
[6] Jnput/output byte transfer 
[7] Interrupt control 
[D] Set P to value in N 
[E] Set X to value in N 
[F] ALU operations 

The first group of instructions permits selecting any 
16-bit general purpose register (R) and incrementing or 
decrementing it. Upper or lower halves of selected R 
registers can be copied into D or set from D by these 
instructions. Operation "C" permits tne least significant 
4 bits of D to be set into the least significant 4-bit positions 
of any R register. This facilitates table lookup operations 
using 4-bit digit arguments. 

The two basic memory operations permit loading D from 
memory and storing D in memory. Used in combination 
with the register operations, selected general purpose 
registers can be set or stored. Instruction "4" is of particu­
lar interest. When N=P, this instruction permits a byte to 
be retrieved directly from the program stream and placed 
in D. Since R(N) is the program counter, incrementing it 
maintains program counter integrity. A 3-byte sequence 
serves to set a 1-byte constant into any R register. This 
technique is normally used for initialization of R registers. 

Toe last group of operations provides a variety of func­
tions. Toe idle state can be entered via program or a reset 

Iine provided in the microprocessor interface. Toe idle 
state waits for externally generated program interrupts or 
direct memory access requests. The branch instruction per­
forms a test specified by the value in N. As a result of this 
test the next byte in memory, as addressed by R(P), is 
either skipped or placed in the lower half of R{P). This 
latter action causes a branch within the current 256-byte 
memory segment. Tests specified by N include zero in D, 
the states of four externally activated flags, and the status 
of the ALU overflow register. Two instructions "D" and 
"E" permit the current digit in the P or X register to be 
modified. The "D" instruction provides the ability to change 

program counters at any point in a program. For example, 
"D4" would immediately change the current program 
counter to R(4). Branch and link operations are thereby 
facilitated. The "E" instruction permits changing tbe ALU 
operand or 1/0 byte address pointer. lnstruction "F" per­
mits 8-bit ALU operations. N designates the specific ALU 
operation to be performed. One of the operands comprises 
the byte contained in D. The other operand comes from 
memory. The second operand can be addressed by either 
R(P) or R(X) as specified by N. The result of ALU opera­
tions always replaces the original byte in D. 

lnstruction "6" permits byte transfers between memory 
and 1/0 devices via the common byte bus. The value of N 
specifies the direction of the byte transfer. M [R(X)] can be 
sent to an 1/0 device or an 1/0 device byte stored at 
M [R(X)]. In the former case R(X) is incremented, per­
mitting X to be set equal to the current P value. The digit 
in N is made available externally during execution of the 
1/0 byte transfer instruction. This digit code can be used 
by external 1/0 device 1ogic to interpret the common bus 
byte. For example, specific N codes might specify that an 
output byte be interpreted as an J/O device selection code, 
a control code, or a data byte. Other N codes might cause 
status or data bytes to be supplied by an 1/0 device. In small 
systems the N code can directly select and control 1/0 
devices. 

Four flag lines that can be activated by 1/0 devices are 
provided. These can be used as general purpose 1/0 device 
status indicators (byte ready, error, etc.). These flag Iines 
are tested by the branch instruction. Two interface lines 
control the built-in direct memory access channel. An 1/0 
device can activate either an input or an output byte 
request line. At the end of execution of the current instruc­
tion, a direct memory access cha:;ael cycle will occur, 
causing the requested memory-1/O device byte transfer to 
occur. Contiguous direct memory access cycles are per­
mitted for fast-burst transfers. R{0) is used for addressing 
memory during direct memory access cycles and is auto­
matically incremented by 1 following each byte transfer. 
Once initiated, blocks of data can be efficieritly transferred 
between an 1/0 device and memory independent from nor-
mal program execution. • 

A program interrupt Jine can be activated at any time by 
external means. At the end of the current instruction an 
interrupt cycle will occur. During this cycle X and P are 
placed in an 8-bit temporary storage register (T). P is then 
set to 1 and X is set to 2. Normal fetching and execution 
are then resumed. Activation of the interrupt Iine therefore 
causes a branch to the instruction stream addressed by R{l). 
R(2) should point to a memory area used by the interrupt 
routine to store the state of the machine for subsequent 
return from interrupt. Instruction "7" with N equal to 8 
stores the contents of T in the memory location specified 
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by R(X). It is a "save state" type imtruct1on. lf N is O, 
instruction "T' causes MI R(X)] to he placed in P and X. 
R(X)is incremented and an interrupt mask bit is reset. This 
instruction provides a "return after interrupt" function. The 
interrupt mask bit inhibits further responses to external 
activation of the interrupt line. This mask is always set by 
an interrupt, permitting multiple interrupts to be queued 
under program control. 

Programming Considerations 

Since the instruction set of this microcomputer differs 
considerably from that normally encountered, sorne com­
ments relative to programming are in order. 

A major difference between this architecture and more 
conventional organizations líes in the complete separation 
of operation codes and memory addresses. Conventional 
instructions have one or more addresses associated with 
each operation code. This system utilizes a limited table of 
memory addresses contained in a set of general-purpose 
registers. These registers may also be used for program 
counters and data storage. Their use is entirely controlled 
by program [with the exception of R(0), R(l), and R(2)]. 
This structure is basic to the simplicity and flexibility of 
the architecture. It also permits the use of a short, 8-bit, 
instruction format, which in turn results in compact 
coding. 

lt has long been realized that storing a full memory 
address with each operation code is inefficient, since a 
small number of unique memory addresses are repeated 
many times throughout a program. Various abbreviated 
addressing schemes have been used to permit more compact 
programs. These are almost always offered as optional 
alternatives to providing a ful) address in each instruction. 
Here we must always obtain a memory address from the 
limited, current set in the 16 general-purpose registers. We 
might intuitively suspect that this would be an unduly 
restrictive approach. Surprisingly, it turns out to be rela­
tively easy to write programs and highly efficient relative 
to memory usage. A variety of programmers, from those 
who have only used high-level languages to engineers with 
limited programming experience, have had little difficulty 
in adapting to this architecture. 

A number of programs have been written for a bread­
board version of the microcomputer with a variety of 1/0 
device attachments. This experience has validated the 
ílexibility and efficiency of the architecture. For example, 
a four-function calculator program was found to require 
only 1024 bytes of memory, most of which could be 
ROM. This included provision for keyboard input, o¡.,er­
ands up to 30 digits, TV display refresh storage, 5x7 digit 
font conversion table, push-down stack, and algorithms for 
signed, n-digit decimal add, subtract, multiply, and divide. 
An interpreter for a simple, decimal, tutorial language was 
written in less than 600 bytes. A number of game and/or 
educational programs require well under 1000 bytes of 
memory. Many small business and communications systems 
programs are possible with 2000 to 4000 bytes of memory. 

While the instruction set initially appears limited, it 
should be kept in mind that each operation requires only 
one byte of storage (ROM or RAM). Short sequences of 
these microinst ructions readily provide macro-operations. 

Apparent weaknesses in the architecture are the limited 
branch capahility (within 256 bytes) and the lack of a 
hardwired pwgram stack for multilevel nested subroutines. 
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These apparent oversights are the result of a dehherate 
design philosophy which eliminates special-purpose lo¡?1c 
for those functions which are performed easily by sur-­
routines. The architecture permits a flexible subroutine 
"call" and "return" system requiring less than 70 bytes of 
memory. This includes a push-down stack for nested sub­
routines. If this system is provided in software ( or firm­
ware), it can be tailored to individual applications. 

Where extensive programming effort is required, a set of 
applications-oriented subroutines is easily developed. These 
subroutines constitute a user-oriented macroinstruction set 
for minimum-effort programming. This technique has proved 
extremely useful in an experimental small business system. 

For microcode programming, an assembly language has 
been developed. This approach considerably simplifies 
machine language coding. An interactive simulator greatly 
facilitates initial program debugging. Both of thes~ micro­
computer software support systems are readily modified to 
run on existing timesharing systems. 

In general, the simplified microcomputer presents no 
difficulty in programming. lt provides a simple set of short, 
easy-to-understand microinstructions that do not require 
high skill levels to use. For specific applications, tailored 
macroinstructions are readily provided via a flexible sub­
routine handling system. 

Typical Systems 

Severa! systems using the microcomputer can be outlined. 
Many others are of course possible. Figure 3 indicates a 
possible microcomputer-based calculator. 

ROM and RAM might be provided on one chip, result­
ing in a basic 3-chip calculator _ Functions could easily be 
added with ROM increments. This type of system could also 
provide a programmable calculator. 

Figure 4 illustrates a stand-alone system which might 
require only 6 LSI chips total. 

lt is assumed that 4xl024 bit memory chips will be 
available within the next severa! years. Subsequent LSI 
improvements could further reduce the chip count. Use of 
a small keyboard, audio cassette 1º· 11 and CRT display 
might reduce system cost to a few hundred dollars. Such a 
system could have wide application in consumer and edu· 
cational markets. With more memory, hardcopy output, and 
low cost floppy disk or magnetic bubble bulk storage, this 
system would provide tht¡ basis for a wide range of inexpen­
sive, turnkey, small business systems. 

Figure 5 illustrates a large computer system in which 
each 1/0 device is controlled by a dedicated microcomputer, 
providing an intelligent buffer as well as a replacement for 
special-purpose logic. RAM, ROM, microcomputer, 1/0 
device, and central computer interface circuits could readily 
be provided on a small set of LSI chips. The microcomputer 
direct memory access feature is extremely useful for high­
speed block transfers in this type of system. Down-line 
loading of the microcomputer memory can immediately 
change its mode of operation. Off-line editing and mainte­
nance are provided free. This type of large-scale system 
approach will become more popular in the future as micro­
computer costs decrease. 

The performance leve! of the simplified microcomputer 
described is more than adequate for the above types of sys­
tems as well as many others. 
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Figure 3. Calculator System 
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Figure 4. Six-Chip Stand-Alone System 
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Conclusions 

Much current microcomputer development effort appears 
to be directed toward improved performance. There is, 
however, a need for simple, minimum-cost structures that 
will satisfy large-volume applications which do not require 
minicomputer performance levels. These microcomputers 
must also be organized to reduce total system cost. One 
such microcomputer architecture has been developed. lt 
promises low cost together with mínimum externa! memory 
and system logic requirements. Hopefully, microcomputers 
of this class will accelerate the development of major new 
márkets. 

Today's high 1/0 device costs might be used as an argu­
ment against minimizing microcomputer cost. This is 
extremely shortsighted. The availability of ten-dollar micro­
computer chips will, by itself, exert considerable pressure on 
the development of compatible low cost 1/0 and bulk 
storage devices. Even now there are many potential new 
products that demand minimum-cost microcompuiers of 
the type described. 

Because of its flexibility and potential for low-cost 
systems, a COS/~OS-LSI version of this microcomputer is 
currently being developed by RCA. SOS versions are also 
being investigated for applications requiring higher instruc­
tion execution rates. Both implementations are expected 
to find wide application in a variety of future products. 
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Primer on 
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Reprinted from ELECTRONIC PRODUCTS MAGA­
ZINE, January 20, 1975 and February 17, 1975, 
645 Stewart Avenue, Garden City, New York 
11530, 197 5 United Technical Publications, 
Inc., a division of Cox Broadcasting Corpo­
ration. 

Not since the development of the transistor in J 948 has any product or technology offered such 
an exciting promise of things to come as has the microprocessor. Applications span the entire 
realm of efectronics and extend into new oreas where existing technologies had never before 
penetrated. Although much has been written about these MSI/L.51 integrated circuits, Electronic 
Products Magaxine felt it was time for an article that concentrated heavily on microprocessor 
basics. Both users and manufacturers agreed emphatically. The material that forms the basis for 
our two part feature was originally prepared by National Semiconductor to train its field engi­
neers. We think you'II lind the presentation interesting and informative. 

11 

Since the microprocessor is a computer in IC form, a 
jf .. -,.;.·P:·-w., ~""~-.... ~,_good place to s~art is ~th computers. Simply _Put, 

~J-~~~ .. _ ,...:, _-· .. •·~'\a computer 1s a dev1ce capable of automahcal­
-«··--, ,, ! • • '\ ly carrying out a sequence of operations on 

~,.. .. ,/: : ,'."."-':"-·- "'} '.; dat~ expressed in discrete (digital) or _con­
~-r..;':-':~<--~ ,..,.:,~ hnuous (analog) form. Its purpose 1s to 

-----. ~ . solve a problem or class of prob-

word may representa computational quantity (operand) 
or it may be a directive specifying how the machine is to 
operate on computational quantities. 

To accomplish automated computation or control, 
the computer must perform various interna} functions. 
The most obvious is to do arithmetic type of operations 
(add, subtract, etc.) on two operands. The section per­
forming this function is the Arithmetic Unit (AU). ¡[:.-~ =-~ -. \ -.e.e ~ lems; it may be one of control, 

1~ . _---.: \_.,;/----...,

1

~. analysis, or a combination of the 

l
'_i- --:. .. -~-~ ·-_ '" ~ \ _ ,',~. t two. In digital computers, numbers 
t '-- _ are represented by the presence of 

"":"!""""lll!I!!! ____ .. , ..... """""""'· -~ voltage levels or pulses on given 
~i;:~iÚ: lines. A single line defines one bit 

, A .. (short for binary digit or a base-2 
··, number). A group of lines consid-

·. ,, .. ·,: 
-·: ; • •, ,, ered together is called a "word"; a 

_;i,.oll,;~lt, .... .;, ,;-._ 

·:'Ir;.: 

. ...l..~,,-:· 

Something must control the arithmetic unit to make 
it follow the specific sequence of operations necessary 
to solve a given problem. In other words, a sequencing 
mechanism is required; furthermore, if the computer 
is to be programmed, the sequencer must also be pro­
grammable. Sorne storage is necessary in which to hold 
the required sequence of operations before beginning 
a com¡mtation. The sequencer can be separated into two 
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functional units: program storage and control. 
The control unit can be viewed as sensing externa! 

conditions and issuing commands to other machine 
elements. For example, the control unit sends com­
mands te the arithmetic unit to initiate arithmetic oper­
ations, or sends commands to the program storage, 
which causes it to look-up the next program directive. 
The control unit senses such conditions as the comple­
tion of an arithmetic operation, the sign of a result, and 
the presence of stop/start signals from the computer 
operators. The machine jusi defined is represented in 
block diagram form in Fig. l. 

From the diagram, it is evident that no provision 
has been made to input data (operands) into the ma­
chine or to output the results of operations on these 
operands. Furthermore, no temporary storage has been 
provided to hold the intermediate or partial results of 
computations as well as the operands themselves. These 
items can now be added to complete the computer 
(Fig. 2). The input unit is indicated, but its connection 
is left unspecified until the interface is determined. 

Basic elements of a computer 
When the completed machine is inspected, sorne 

potential redundancies are noted. There are three 
separa te storage elements: operand, program and tem­
porary. Could ali three be combined into one storage 
unit or memory, and simply partitioned into three seg­
ments? Almost; but it will be more efficient if the 
temporary storage is maintained as a separate element 
and operand and program storage combined into one 
main memory unit. Such a simplification yields a more 
traditional looking representation of a computer (Fig. 3). 

The four basic elements of ali programmable com­
puters emerge: 

• Memory - A storage unit. In modern compu­
ters, memories are implemented with semiconductor or 
magnetic core systems. Memories can be read-only 
(ROM), for program storage, or read/write random 
access (RA:!'.i) for program, operand or temporary stor­
age. Data is usually stored in binary form. 

Ci)MMANDS COMMANDS 

1. 1 1· ~ ARITHMETIC COIITll!l PIIOCRAM 
UNIT UNIT STilRAGl 

1 1 
C[lNDITIONS DIRECTIV[S 

Fig. l. In lhis rudimtnt.lry mkrorrocrssor, lht control unlt !-t>ndt 
comma.nds to tht .uithmt>lic unlt to inltialt arilhmrtlc opc-r.ations, or 
send1 comm.ands to progr.am slnr.igt to look u.p the nir-.t lnctructlon. 

• Arithmetic unit - Often referred to as the arith­
metic and logic unit (ALU); it performs the arithmetic 
operations on operands or provides partial results with­
in the computer. 

• Control unit - Referred to as the brain of any 
computer because it coordinates ali units of the com- • 
puter in a timed, logical sequence. In fixed-instruction 
computers, this unit receives directives from the pro­
gram memory (hereafter directives will be called "in­
structions" since they instruct the computer what 
actions to take and when to take them). These instruc­
tions are in sequences, called programs. They reside in 
the memory and are referred to as software. The control 
unit is closely synchronized to the memory cycle speed 
and the execution time of each fixed instruction is often 
a multiple of the memory speed. 

• lnput/Output - The means by which the com­
puter communicates with a wide variety of devices, 
referred to as peripherals. They include switches, indi­
cator lamps, teletypewriters, CRT's, magnetic or paper 
tape units, line printers, A/D or D/ A converters, card 
readers and punches, communication modems, etc. The 
1/0 lines can be connected to intermediate storage de­
vices for use with mass memories, including magnetic 
clises, magnetic drums and large-scale RAM systems. 

To illustrate the operation of this microprocessor, 
or digital computer, compare two systems for solving 
simple mathematical expressions, both composed of the 
classic elements of a computer: memory unit, arithmetic 
unit, control unit, and input/output unit. 

The first such system (Fig. 4) is a man with a éal-

OPERANO 
SlORAGE 

--G}PIJT ,,,,. 
UNIT 

t 
1 

OUTPI/T 
UNIT 

ARITHMETIC 
UNIT 

CONTROL 
UNIT 

Pt!OGRAM 
STORAGE 

OIRECTIVES 

TEMPORARY 
STORAGE 

- COMMANOS 

- - - - OPERANDS 
OR R[SULTS -----· 

Fig. 2. By adding input and oulpul funclions plus vperand and l•m­
porary storage to lht rudimtnlary unit, ai complete microprocessor 
evoh·ts. 
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culator. The program and operand storage (memory) 
is the piece of paper containing a list of instructions for 
the man, the arithmetic unit is the calculator, the con­
trol unit is the man's brain and fingers, the input unit 
is his eyes and the output unit is his hand. 

Examine the directions (program) that the man is 
to follow to solve a simple addition problem (note that 
this computer is extemally programmed). 

To add: 

1. Clear cakulator 

2. Enter Operand #1 into calculator 

3. Depress + key 

4- Enter Operand #2 into calculator 

5. Depress = key 

6. Read and record result 

7. Halt 

This program would be applicable to any pair of 
operands to be added. But consider each step the man/ 
calculator executes in solving the problem. For sim­
plicity's sake, assume the problem to be solved is 
6 + 2 = ? ; therefore, Operand #1 = 6 and Operand 
#2 = 2: 

lnstruction: Fetch 
1. Control unit (brain) causes eyes to read 

step 1 from list of directions (first instruction is 
fetched from memory) 

lnstruction: Execute 
2. Control unit directs fingers to depress 

"clear" key (first instruction is executed) 

CPU 

TtMPORARY 
STORAGE 

1 ' 
1 
1 
1 . • 

INPUT 
!.."!!Y ' ARITHMCTIC 

& LOGIC 
UNIT IAI.Ul 

OIITT'llT . 
IC 1111T , 

CONTI!Ol 
UNIT 

w 
...1 
(.) 
>­
(.) 

1 
1 
1 
1 

~ 

, 
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lnstruction: Fetch 
3. Control unit causes eyes to read step 2 

from list (next instruction is fetched) 

Operand: Fetch 
4. Control unit causes eyes to input Operand 

#1 (execution of instruction begins with retri~al 
of 1st operand from memory) 

lnstruction: Execute 
5. Control unit directs finger to depress keys 

that correspond to the value of 1st operand (in 
this case 6) 

Ins truction: Fetch 
6- Control unit causes eyes to read step 3 

from list (fetch) 

Instruction: Execute 
7. Control unit directs finger to depress + 

key (execute) 

lnstruction: Fetch 
8. Control unit causes eyes to read step 4 

from list (fetch) 

Operand: fetch 
9. Control unit causes eyes to input Operand 

#2 (1st-half execute) 

Instruction: Execute 
10. Finger depresses keys corresponding to 

value of 2nd operand, a 2 (2nd-half execute) 

1 
MEMORY . UNIT . 1 

1 Cl'ERAND f'll()GRA.t,I 
~ 1 STORAGE 1 

===:>DATA 

-CONlROI. 

rl1. J. lly rurranglng the elrments shown In F11. 2 the mlcroprocessor revuls lts conventional compuler slructure. 
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lnstruction: Fetch 
11. Read step 5 

lnstruction: Execute 
12. Finger directed to depress - key 

lnstruction: Fetch 
13. Read step 6 

lnstruction: Execute 
14. Hand outputs result by recording it in 

proper place on sheet of paper 

lnstruction: Fetch 
15. Read step 7 

lnstruction: Execute 
16. Halt. 

w 
.J 
o 
► 
o ... 

The computer has executed its program, outputted 
the result and halted; the operation is complete. Note 
that each step is identified as being one of three types: 
instruction fetch, operand fetch or instruction execute. 
Also the cycles, the basic unit of machine timing, are 
identified. As a minimum, a cycle consists of one in­
struction fetch and one instruction execute; if a stored 
operand is involved, an operand fetch is required be-

CONTROi. 
UNll 

ARllHMETIC 
UNIT 

M(MORY 
UNIT 

F11. C. 111 Ibis non•ludltlonal r<pro,nlallon of a compuler, th• man 
perform1 lnpul/oalpal and control functlon,, whlle the calcalator 
eernt H the arllhmellc anlt and lht p•ptr provldes m<mory. 

tween the instruction fetch and the execute subcycles-
A cycle is the time required by a computer to fetch, 

decode or execute one program step (instruction). 
Cycle times range from 200 nsec to several hundred 
microseconds- In minicomputers, machine cycle time 
is usually equal to memory .cycle time, that is, a mini • 
that touts a 1.2 µ.sec cycle time actually would have a 
2.4 or 3.6 µ.sec cycle instruction execution time. 

Microcomputer performance criteria 
In microcomputers, the basic time interval is the 

microcycle. Since both the instruction fetch and instruc­
tion execute subcycles are each comprised of one or 
more microcycles, depending on the machine and in­
struction, the cycle time calculation becomes ambiguous 
and complex. To illustrate, consider a microcomputer 
that requires two microcycles to fetch an instruction, 
one microcycle to decode, and one microcycle to execute 
a "register add" instruction, two microcycles to exe­
cute a "jump to subroutine" instruction, etc. If we 
assume a 2 µ.sec microcycle, this machine would reqúire 
a cycle time of 6 µ.sec to add two registers (3 microcycles) 
or 8 µ.sec to jump to subroutine (4 microcycles). Con­
fused? Don't feel bad; so is everyone else! 

The point is: Cycle speed or cycle time alone is not 
a valid evaluation criterion for a computer, and espe­
cially not for a microcomputer. To provide a perform­
ance indicator, the efficiency of the instruction set must 
also be considered - what can an instruction really do 
and how long does it take to fetch it, execute it and 
be ready to fetch the next instruction? 

Now, look at a classic stored-program computer 
(Fig. 9) and see how it might be used to solve the same 
problem. The memory is composed of storage space for 
a large number of "words," with each storage space 
identified by a unique address. The word stored at a 
given address might be either computational data (oper­
and) or an instruction (such as add, read from memory, 
etc.). Two temporary storage registers, each capable of 
containing one word, are included in the memory. These 
registers are designated as Memory Address Register 
(MAR) and Memory Data Register (MDR). The MAR con­
tains the address where information is to be read from 
memory or written (stored) into memory, while the MDR 

contains the data being exchanged with memory. 
The simplest ALU consists of an adder and an accu­

mulator. The adder adds (or performs similar logical 
operations, e.g., OR) two inputs, A and B, and produces 
the output. The accumulator holds intermediate results 
of a computation or numbers for a pending computa­
tion. The accumulator is the temporary storage to which 
we've been referring, the storage that, for reasons of 
efficiency, was not included in the main memory. 
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The remainder of the CPU, the control portion, is 
implemented using an instruction register (IR), a control 
decoder and sequencer, and a program counter (PC). A 
machine instruction is transferred from program stor­
age memory into the IR and is subsequently interpreted 
by the decoder / sequencer, which issues the appropriate 
control pulses to the other computer elements. The PC 

contains, at any given time, the address in memory of 
the next instruction. This counter is normally incre­
mented by one immediately following the reading of a 
new instruction. The PC contents can be replaced by 
the contents of a specified memory location if the last 
instruction was of the jump class. This causes the next 
instruction to be read from a program-specified location 
instead of from the next sequential location. 

Finally, a means of input/output (1/0) is provided 
via an 1/0 register, through which data exchanges take 
place with externa!, or peripheral devices. Voila! A 
complete computer. 

Let's continue the analysis by executing the pro­
gram described below (note this is essentially the same 
problem used to illustrate the man/ calculator): 

"Read in an operand from the 1/0. Store it in mem­
ory location 50. Read in another operand from the 
I/o. Store it in memory location 51. Add the two 
numbers together. Store the result in memory loca­
tion 60, and halt." 

ll<ISTRUCTIONS 
FROM M[MORY'" 

\ ) 
r 
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CONTRll 
DlCODER ' 
S[QU[NC(R 

CONTROl UNíl 
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instructlons from rrogr.am stouge. Thes, .are then int~rpreted by the 
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Here is a program to execute this task; it is stored 
in consectutive memory locations beginning at ad­
dress location 100. 

Memory location 

100 

101 

102 

103 

104 

105 

106 

Jnstruction (contents) 

Input to accumulator 
Store accumulator9 at 50 

Input to accumulator 

Store accumulator at 51 

Add accum Loe. SO 

Place result in accumulator 

Store accumulator at 60 

Halt 

To execute the program, the program counter 
points to each instrument in turn, starting at 100. The 
processor fetches the instruction, decodes it, and finally 
executes it i none or more microcycles. When the micro­
processor reaches 106, the operation is complete. No 
human intervention was required - every operation was 
automatic. Ali computers, regardless of their size or 
intended purpose, operate in a similar manner. It must 
be emphasized, however, that many variations are pos­
sible within this basic architectural frame-work. 

Variations on a theme 
Common improvements, additions and/or alterna­

tions to the classic architecture described above include 
multiple accumulators, sophisticated I/ o structures, 
index registers, indirect addressing, interrupts, push­
down stacks and microprogrammed control units. Such 
features can enhance a microprocessor's capabilities and 
are often the basis for comparisons between various 
machines, as well as providing a theme for competitive 
advertising and salesmanship. In view of these three 
facts, a discussion of basic computer variations follows: 
Accumuiators, multiple - By definition, an accumulator 
provides a temporary storage medium. Temporary stor­
age allows programs to execute faster and more efficient­
]y by obviating the need to store partial or intermediate 
results in main memory and subsequently to retrieve 
them for use in additional computations. Multiple accu­
mulator registers allow severa] partial results to be main­
tained at the computer's fingertips, thereby eliminating 
the many program steps that would otherwise be required 
to store and then retrieve data (shorter programs cost 
less to write, less to store and execute faster than longer. 
programs). Four accumulators are able to provide a great 
deal of programming and operational versatility, and it 
is often considered an optimum number. 
1/0 structures - A basic input/output system pro­
vides a single input port and a single output port. 
A port allows transfer of one word of data across the 

29 



30 

IC Update 

computer's boundary. More sophisticated I/o units 
facilitate the use of multiple input and output ports, 
allowing virtually simultaneous communication with 
many peripheral devices. Another powerful 1/0 tech­
nique, referred to as DMA (for direct memory access), 
allows peripheral devices to transfer data directly into 
and out of memory, independent of the control unit and 
the operating program. This contrasts to the more con­
ventional programmed 1/0, where an explicit program 
instruction is required for any data transfer. The DMA 

technique facilitates faster data exchanges with memory, 
with fewer program steps, and is considered most ap­
plicable to bulk storage device (disc) interfaces and 
compµter-to-computer connections. Contrary to occa­
sional misuse of the term, DMA is not a uniquely defined 
off-the-shelf circuit, but can be implemented in a variety 
of ways in any general purpose computer. 
Index registers - This feature provides program­
ming flexibility by providing the user with more 
memory addressing modes. As a rule, when a program­
mer wishes to retrieve an operand from memory, he 
specifies its address in the instruction that calls for work 
to be performed on that operand (e.g., add it to an 
accumulator). The presence of an index register(s) 
allows the programmer to modify or index the operand 
address with the number contained in the register. 
Typically, the operand address from the instruction 

1/0 RECISTUI IITUlíACl UNIT 

F11. 6. Jnp,al/oalpal regl1ler Interface ■alt. Thl1 componen! provideo the 
dala nchange link betweea !he mlcroproceuor and the oal1lde world. 

CONTROL 

IIAlt SlORAG( 

MOIOIIY 

ll.EMCNTS f6 A MOIOlff UNIT 

Ra- 7, Ennentl of a memory ■nll. la the operalioa of a memory, the 
MAJl coataln1 !he addra1 whert lafonnalioa 11 to be 1tored or read. 
Tlie MOR boldo !he data to be 1tored or recelveo the dala u ll 11 read. 

would be added to the content of the index register. 
Such a feature greatly simplifies the transfer of an array 
or field of data into or out of memory. Machines with 
two index registers offer enhanced programming versa­
tility over machines with a single register. 

lndirect addressing - This is done when the • 
address contained in the instruction specifies only the 
address of a memory word, which itself, specifies 
the operand address. An indirect address is an address 
in an instruction that indicates the location of the 
address of the referenced operand. Think of it as a 
computerized treasure hunt - the instruction does not 
tell the location of the "treasure" (operand), but tells 
where to go to find a clue that gives its location. Multi­
level indirection is possible, although not considered 
necessary. Here the system jumps through two or more 
clues until the operand is found. Indirect addressing pro­
vides great programming flexibility by allowing operand 
address to be continuously modified by the program. 

lnterrupts - A machine operates under its own 
control but frequently it is desirable to have an ex­
terna! event cause the computer to shift its attention 
to another problem. This can be done in man y ways: 

• The computer program can include a section that 
causes it to look for possible externa! events each 
time it cycles. This may consume a lot of memory, 
make the computer operate its program more slowly 
and may not permit the computer to respond quickly 
to the externa! event. 

• Interrupt signals may be forced into the computer. 
This requires extensive programming to insure that, 
when the externa! event has been serviced, the com­
puter can return to its prior location. 

• The computer can have interrupt capability built into 
its hardware, i:hus allowing the computer to service 
the interrupt quickly, with a minimum expenditure 
of program and memory storage space. 

Push-down stack - Or "Push-down, pop-up" stack, 
LIFO (last-in, first-out) stack, etc. This is a useful 
feature for the '.'nesting" of interrupts and subroutines­
Nesting refers to the entry into a second (or third) in­
terrupt service program or subroutine prior to comple­
tion of service or execution of the first. The stack stores 
the current program execution address (contents of PC) 

each time the computer is directed to a new ancillary 
task, thereby allowing the computer to return and 
clean-up unfinished work in reverse order. The stack is 
also useful for storing partial results of computations. 
(Subroutine: A set of instructions necessary to direct 
the computer to carry out a well-defined mathematical, 
logical or analytical operation, usually arranged so that 
control can be transferred to it from the main program 
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and so that, at the conclusion of the subroutine, control 
reverts to the main program.) 
Microprogrammed control unit - In a computer with 
a microprogrammed control unit (MCU), three of 
the basic elements are nearly identical to our classic 
fixed-instruction computer; the significant difference 
is that the control unit has its own memory. This control 
memory contains the stored sequence of control func­
tions that dictate the end-user architecture and the 
instruction repertoire of the microprogrammed compu­
ter. Thus, the instruction set can be modified or 
increased to adapt the microprocessor to system needs. 

Instructions are machine directives and are the 
prime constituent of programs. They are fetched one­
at-a-time by the control unit, which then carries out the 
operation(s) indicated in the instruction. • 

Instructions for most modern computers can be 
grouped into eight functional classes: load/ store, arith­
metic, logical, skip, shifts, transfer of control, register 
and 1/0. A brief description and example of each 
class follows. 
load/store - This instruction class performs the 
function of exchanging data between main memory and 
temporary storage registers (accumulator, index, etc.). 
Load transfers contents of a selected memory location 
into a designated rcgister. Store reverses the operation. 
Typical class members include load, load indirect, store 
and store indirect-
Ari thmetic - Almost ~elf-explanatory; these in­
structions perform an arithmetic operation upon two 
operands, one of which is in a register and the other in 
memory; the result usually replaces the operand in the 
register. Typical members include add, subtract, multi­
ply and divide. 
logical - These perform a logical operation on two 
operands, one of which is in a register and the other in 
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acc■mulalor provldea temporary storage. For nample, hen, lt can hold 
one operand whlle anolher 11 oblalned from memory In order to per• 
fona addltlon. 
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memory; the result usually replaces the operand in the 
register. Included are AND, OR, EXCLUSIVE-OR. 

Example: Logical OR 

Operand 1: O 1 1 O 1 O 1 1 
Operand 2: O O 1 1 O O 1 O 

Result: O 1 1 1 1 O 1 1 

(Register) 
(Me~ory) 
(Register) 

Skip - These are usually 2-phase instructions; that 
is, an arithmetic or logical operation is performed on 
one or two operands and the result is tested for a 
specific condition (e.g., positive). If the condition is met, 
the next sequential instruction in the program is skipped. 
Class members include: increment and skip if zero, 
decrement and skip if zero, skip if greater, and skip 
if not equal. 

Example: Decrement and skip if zero 
A specified memory location has 1 subtracted from 

it; if the result is equal to zero, the next instruction is 
skipped. 

Example: Skip if not "equal 
The contents of the specified register are compared 

to the contents of a specified memory location; if the 
two contents are not exactly identical, the next instruc­
tion is skipped. 
Shifts - The contents of a designated register are 
shifted one bit to the left or right. The bit position 
that is vacated can be filled with a zero (shift) or the 
bit that "fell off" the other end (rotate). Rotate is 
merely a circular shift. 

Example: Shift left 
.---.-~~~-..----.-~~~~ 

Before 1 1 O O O 1 1 O 1 1 

After .¡- 1 O O O 1 1 O 1 1 O +--0 
1 

Example: Rota te right 
Before ~0~1~-0~0~0-.-0--.--1~1~0~1~ 

After L 1 O 1 O O O O 1 1 O ~l 

Transfer of control This class of instruction 
causes the Program Counter (Pe) to jump to an instruc­
tion - specified point in the program; that is, control 
of the computei- is transferred to a new program element. 
Such transfers can be conditioned (based upon sorne op­
eration and/or test) or unconditional. Conditional trans­
fer includes Branch if Accumulator Positive, Branch if 
Condition, and Branch if Register = O. Unconditional 
transfers include Jump, Jump to Subroutine, and Re­
turn From lnterrupt. An immense amount of program­
ming power is found or lost here. 
Register - Included here are instn:ctions that per-
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form arithmetic or logical operations on the contents of 
two registers or after the. content of a single register. 
Examples of two register instructions: Exchange Regis­
ter and Stack, Register Add, Register Copy. Single 
Register instructions include. Load lmmediate, as well 
as Complement and Add lmmediate. In an immediate 
instruction, the operand is inherently included. 
lnput/Output - An enormous variety of instructions 
are possible here; commoner instructions are those 
that transfer the content of a specific register to an 
output port (Register Out) or transfer the word appear­
ing in an input port into a register (Register In). 

There are as many instruction sets as there are 
computers, and it is quite difficult to say which are 
good and which are bad. The number of instruc­
tions is not a good indication of the power of a com­
puter since each manufacturer counts differently. An 
instruction set that one manufacturér states has 43 
instructions might be called 352, using another manu­
facturer's procedure (i.e., a register to register add 
might be counted as one instruction but in a machine 

with four registers it could be counted as sixteen). 
One of the true measures of a machine is how many 

instructions it requires to execute a given "bendlmark" 
program. lt is important to note here that a computer 
with a microprogrammed control unit can be configured 
to execute any instruction; therefore the number of 
instructions required for a specific class of jobs can be 
minimized by tailoring the instruction set to the peculiar 
requirements of those jobs. lnstruction efficiency is, in 
turn, related back to the architecture and word size of 
the individual computer. S 

The second part of this microprocessor primer covers 
such important topics as software, the advantages 
and disadvantages of microprocessors, and what to 
look for when choosing a microprocessor. Reprints of 
both Part l and Part 2 will be available· next month. 
Check the February issue for further details. 
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PART 2 

Part 1 of this article described the basic elements of a 
microprocessor, told how a microprocessor funcHons 
and introduced the concept of instructions. lt also 
concluded that microprocessors are computers in IC 
form, and that the terms "microprocessor" and "com­
puter" can be used synonymously. 

Taking this concept further, Part 2 deals with how 
to tell the microprocessor what to do. This, of course, 
can be implemented using hardware or software, but 
defining the solution is the most important and most 
difficult part. 

Software is a term used • to describe the programs 
that make a computer do a specific task. In fact, when 
used in the context of computers, the word software 
can be interchanged with the word program. In gen­
eral, a program is a series of sequential steps that 
accomplish an objective. A list of directions to travel 
from Philadelphia to San Francisco is a program: Orive 
to Philadelphia airport, get parking ticket, park car, 
write parking section on back of • ticket, take bus to 
terminal building, huy ticket at the United counter, 
check monitor to determine gate, go to gate, etc. If 
you followed such a list of instructions or program 
(and it was correct), you would end up in San Fran­
cisco. Note that the prograrn asked .you (the rnachine7) 
to pick up information in certain places and to act on it 
orto store information (writing down the parking sec­
tion) to be retrieved and used later. Note also that the 
order of execution of each step is very irnportant. 

A computer is a device that can recognize and act 
on a predetermined set of instructions. Even though 

the specific set of instructions it can use is fixed by its 
design, a cornputer is general purpose because it can 
execute a list of these instructions (a program) to per­
form sorne functions, execute another list of instruc­
tions to perform sorne other function, and so on. 

Since many applications for microcomputers can 
also accept a hardware solution, you should compare 
the design steps you would use for each. Since soft­
ware is designed like hardware, it is interesting to note 
how similar the following steps are: 

Software: 
• Define the problem and what data, inputs, and out-

puts are available and/ or required for its solution. 
• Determine the best form of the solution. 
• Outline the rnethod of solution on a Bow chart. 
• Write the entire program, step by step, using the 

cornputer' s instruction set. Assemble or compile the 
program (if necessary). 

• Load the program into the computer memory and 
run it to test and debug. 

Hardware: 
• Define the program and what data, inputs and out­

puts are available and/ or required for its solution. 
• Determine the best form of the solution. 
• Outline the method of solution on a Bow chart. A 

static diagram can also be- used. 
• Draw up the detailed logic diagram using the avail­

able and compatible SSI, MSI and LSI functions. 
• Make wire lists, etc. 
• Wire circuit boards; operate to test and debug. 
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Defining the program is the most important and 
probably the most difficult part of either solution. Step 
2 depends largely on what resources the designer has 
at his disposal. This is the point where a decision will 
be made to go hardware or software. Note that for 
sorne design problems the Aow chart for hardware and 
software may look the same. 

Writing the program, Step 4, determines the in­
cremental cost of the system, since it defines the 
amount of memory required to store the program. 
Since the number of instructions required to perform 
a certain function may be different for each computer 
on which the function is programmed, the cost of per­
forming a given function will depend on the instruc­
tion set of the computer used. 

The speed at which a given function may be per~ 
formed depends on the instruction set of the computer 
as well as the actual time it takes the machine to cycle 
through a given instruction. Because of this, a machine 
that is considered fast may take much longer to per­
form a given function than a machine that is consid­
ered slow. This paradox is part of the reason why 
"proper CPU selection is not easy." One almost has to 
write his program for several machines before making 
an accurate comparison of cost and performance. These 
tests are sometimes referred to as benchmark tests. 

Software design is the analog of hardware logic 
design. The efficiency of the software design is meas­
ured primarily in the amount of memory used to store 
the software and the time required for ·execution of the 
program. Hardware design efficiency is measured in 
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number of gates and functions used (packages x cost). 
It must be assumed that the efficient hardware design 
would perform the function as fast as required. There 
would be no advantage in greater speed, since a hard­
ware based system would not lend itself to doing more 
functions in its spare time, while a software based • 
system would. 

Commanding the computar 
We hear talk about software and programming -

and most talk about programming in sorne language or 
another. This is because the way we command the ma­
chine is very much like the way we <:ommunicate by a 
written language. We have rules about how we start 
and end sentences and paragraphs and how we spell 
words. The way we communicate with a computer is 
through a programming language, which also has rules 
of spelling and punctuation, but these rules are much 
more strictly enforced. If you misspell a few words, 
your reader will probably understand you anyway. A 
computer language is not that forgiving and will not 
produce the desired result if its rules are ·broken. 

There are a number of levels of programming lan­
guages, as shown in Fig. l. The innermost level is that 
of the actual machine language. Each instruction is 
uniquely defined by binary code (pattem) of ones and 
zeros. The central processing unit (CPU) examines 
each instruction code and performs the exact sequence 
of events to produce the operation defined by that in­
struction. Assume a 0011000100000000 code tells the 
computer to add register ·caccumulator) zero to register 
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one and put the result in register one. When program­
ming in machine language, the programmer must enter 
0011 0001 0000 0000 to add register zero to register 
one. This can be awkward as well as quite slow; it 
isn't easy to remember ali the codes. In spite of its dis­
advantages, the use of machine language is a perfectly 
reasonable way to program when the application is not 
too complex and the effort is on a low budget. 

To make programming easier, assemblers have 
been developed; they are the next level on the software 
sphere. An assembler or assembler progr~m is a com­
puter program that accepts coded instructions or mne­
monics that are more meaningful to use and translates 
them into a binary machine code the computer can 
execute. The mnemonics used for each instruction are 
much easier to remember, and they make a listing of 
the program much easier to read. The mnemonic for 
the register to register add mentioned above might be 
RADD O, l. 

Keeping track of each instruction 
The use of easy to remember and easy to work 

with symbolic codes in place of the ones and zeros of 
machine language is not the only improvement assem­
blers can provide. An assembler keeps track of the 
location of each instruction, which is important because 
it allows the programmer to use symbolic labels for 
important locations in the program. These labels allow 
references to be made to locations in a program with­
out keeping track of the exact memory locations (which 
would change if instructinns are inserted or deleted 
between the location and where it is referenced). This 
"bookkeeping" feature allows the assembler program 
to choose the best addressing modes {i.e., indirect, in­
dexing, etc.) automatically if the instruction set has a 
variety of addressing modes. 

In addition to allowing the use of mnemonics and 
labels, assemblers permit listings to include comments 
that help to document the programmer's work, macros 
that assign a mnemonic to groups of code, listings of 
labels and where they are found, and many other such 
refinements. • 

The outer layer of the software sphere is the area 
of the higher-level languages, which come the closest 
to natural or human languages. They are problem ori­
ented and contain familiar words and expressions; 
however, they have very strictly defined structure and 
syntax. There are two types of higher level languages, 
compilers and interpreters. Both • types are programs 
that take the higher-level language program the pro­
grammer writes and turn it into machine language the 
computer can use. The major difference between a com­
piler language and an interpretive language is how the 
language program converts to binary machine language. 
A compiler takes the whole program and converts 
(translates) it into binary machine language before it 
is ready to execute it, while an interpreter translates 
the program into executable binary machine code on a 
statement basis (and usually executes them at the time). 

High leve} languages are often written for specific 
needs and special uses. Sorne that may be familiar are 
ALGOL and FORTRAN for scientific users, COBAL for large 
business systems, RPG for small business systems, 
BASIC and APL for time sharing, and PL-1 for large, 
general systems. 

A higher level language (such as BASIC) might 
have a statement like the following: 

LET ANS = A x B + C/0. 
This statement computes the value ANS by multi­

plying the previously defined values of A and B and 
adding the result to C divided by D. The same state­
ment written for another computer, but in the same 
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language, would look essentially the same because the 
details of the instruction set, addressing modes, register 
assignments, etc., are taken care of by the compiler (or 
interpreter). Therefore, the compiler (or interpreter) pro­
gram becomes, for all practica} purposes, your com­
puter, and it isn't necessary for you to know or care 
about the detailed operation of the host computer. 

Defining the program 

At this point, source programs and object pro­
grams must be defined. A source program is a program 
written by the programmer in any of the languages dis­
cussed. The object program is the list of binary ma­
chine instructions (and addresses) that is ready to be 
loaded into the computer and be executed. The object 
program is generally produced from the source pro­
gram by one of the types of computer programs, i.e., 
compiler, interpreter, or assembler. These relationships 
are illustrated in Fig. 2. Note that a machine language 
program requires no intermediate step .. 

lt isn't necessary for the translation program to be 
run on the same type of computer that the object pro­
gram is generated for. In fact, it is often not practica} 
and sometimes, not even possible, because compilers 
are long programs and so take a lot of memory. Fur­
thermore, sorne microcomputer instruction sets will not 
support a practica] assembler. When the translation 
program is run on another machine, it is called a cross­
assembler or cross-compiler (Fig. 3). 

The main advantages of machine language pro­
gramming are that it can be completed without the aid 
of another program, and it allows the programmer to 
keep track of and control every detail of the machine 
operation. Assembly language programming allows the 
programmer to retain complete control over the impor­
tant details of the computer operation, but takes care 
of all the drudgery of the binary coding, address cal­
culations, and the like. 

Compilers have an advantage in that programs 
can be written without regard to which machine they 
will run on. The higher-level instruction example given 
above might take 30 to 50 machine language instruc­
tions; this shows how much work a higher level 
language might save a programmer. This relative sim­
plicity allows a person to be trained as a programmer 
in a fairly short time. With compilers, the programmer 
does not concem himself with the inner workings of 
the computer or even the details of how the compiler 
generates code, e.g., to produce a multiply. These very 
advantages, however, can be cited as disadvantages. 
Take the case of a multiply: The multiply function can 
be written in many ways; one uses very few instruc­
tions (not much memory) but is very slow; another 
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----------MICR0PR0CESS0R CHECKLIST 

COST CONSIDERATIONS 
Normally chip cost is not the largest factor, but it could be in a 
simple system. The major cost is usually in the circuitry needed 
to support the microprocessor. The engineering cost to put your 
system together, however, can be greatly influenced by the 
amount of quality of support the chip supplier has available. 

Support clrcultry 
□ Clock circuitry and clock drivers - how many phases? 
O Power supplies - common or special? 
□ Buffers - MOS to m input/output? 
□ How much control logic (i.e., address and data latches, etcJ? 
O Memory - standard or special? 
□ Power of the instruction set (a good instruction set can re­

duce memory requirements by 40%). 
□ Support requirements (the larger these are, the more expen­

sive the PCB or the greater the number of PCB's requiredl. 
O Ease of checkout (test vs purchased cardl. 
□ Prócessor card availability (small production and preproduc­

tion will use off-the-shelf cardsl. 

Support from supplllr 
O Hardware support 

prototyping system 
mechanical hardware 
processor cards 
memory cards 
interface cards and cables 

O Software support 
high level languages 
assemblers 
utility programs - debug and edit 
loaders - absolute and relocatable 
peripheral drivers ITTY, card reader, line printer, floppy disc, 

etcJ • 
special subroutines (BCD to binary and binary to BCD, float­

ing point math package, etcJ 

uses a lot of instructions but is very fast. Which one 
should the compiler use? 

The programmer has no control over these types 
of decisions and must accept ali the constraints and 
compromises designed into the compiler. Other dis­
advantages of compilers include their often ineffi.cient 
use of the machine instruction set in appücations for 
which the compiler has not been specifically optimized, 
the problems involved in debugging the resultant ob­
ject code on the actual machine, and the loss of control 
over things such as interrupts, register assignments and 
manipulations of individual bits (necessary in control 
applications). Compiler generated object programs gen­
erally take considerably more memory than the same 
program written in assembly language. Whether you 
consider this as an advantage or disadvantage depends 
on how many systems you will build and whether you 
are buying or selling the memory. ,. 

The following is a üst of other software that is 
encountered while using microprocessors. 
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Llterature 
How well written the hardware and software manuals are 

determines how much time is spent in learning the system. 
O Technical manuals 
O Software manuals 
O Application notes 
□ Special interfaces - D/A, A/D peripherals 

Technlcal support 

• 

This can reduce the engineering time and cost required to get 
the new product designed and into production. 
O Area system spec;ialist 
□ Field application engineer 
□ Plant applications and engineering gróups 

PERFORMANCE 
Speed 
O Efficiency of the instruction set - how many instructions are 

needed to solve a particular problem (a math problem, a 
process control problem, data handling, etc.l? 

O Execution time of each instruction. 
O Microprogrammability .:_ can the instruétion séf 'be changed? 

Interface 
O Input/ output flexibility and capability 

How many peripherals can be handled? 
How many commands to each peripheral? 
How large is the subroutine to handle any of the peripherals? 
How much logic is required? 

O lnterrupt flexibility and capability 
Can vectored interrupts and/ or polled interrupts be han­

dled by the processor? 
How many interrupts can be handled by the processor? 

O Special control features 
enable signals (single line control where fast response or 

ease of interface is importantl. 
sense inputs (test a single input and respond accordingly). 

• Simulators - Software simulators are sometimes 
used to debug programs using another computer. 
They are especially useful if the actual computer is 
not available (or hasn't been built yet). If hardware 
is available, the use of a simulator is an unnecessary 
extra step, since the software must still be debugged 
on the hardware. The cost of the computer time to 
run the simulator effectively is often more than the 
cost of a prototyping system. 

• Debug programs - Debug programs help the pro­
grammer to find errors in his programs while they 

• are ruiming on the computer, and allow hin\ to replace 
or patch instructions into (or out of) his program. 

• Diagnostic programs - These programs check the 
various hardware parts of a system for proper oper­
ation; CPU diagnostics check the CPU, memory diag­
nostics check the memory, and so forth. 

• Loaders - The various .-pplications (user written) 
programs must be placed in the proper locations of 
the system memory. The programs that do this job 

41 



.IC Update 

are called loaders. Loader programs range from sim­
ple ones that load absolute binary object code with 
no error detection, to sophisticated loaders that load 
relocatable binary object code, resolve global (be­
tween program) symbolic label linkages, perform 
error detection, and execute various commands, in­
cluding starting the program just loaded. 

• Editor - As an aid in preparing source programs, 
certain on-line programs have been developed that 
manipulate text material. These programs, called 
editors, text editors or paper tape editors make life 
easier for those who have system time to write 
source programs on-line. 

• 1/0 handlers - lnput/output handlers, sometimes 
called device drivers, are subroutines that service 
speciAc peripheral devices such as teletypewriters 
and card readers. They help prevent "reinvention of 
the wheel" every time a programmer wants to use a 
standard peripheral. 

What does software really cost? There are a num­
ber of "rules of thumb," each one as erroneous as the 
other. Let's face it - software is expensive. 
• An extremely large mini-computer manufacturer 

charges its customers $SO per hour for custom soft­
ware. This price is typical of the larger CPU manu­
facturers; however, small system houses with lower 
overhead charge about $3S per hour. 

• When all the hours are tabulated for writing a pro­
gram, including flowchart, instructions, checkout, 
rewriting, recheckout and documentation, a valid 
figure of 10 to 20 instructions per day can be ex- • 
pected. This is not a typographic error: 10 to 20 
instructions per DAY. 

Thus, at $3S per hour, software will cost $280 for 
an eight hour workday. Divide this sum by the mini-

S/H 

+ 

mum number of 10 instructions ($280/10), and soft­
ware costs $28 per instruction; divide the sum by the 
maximum number of 20 instructions ($280/20), and it 
costs $14 per instruction. Even if the work is done 
in-house, you can still expect a minimum of $10 per 
instruction. 

It is also necessary to consider machine language 
vs assembly vs high level language. Obviously, few 
people really write machine language programs (l's and 
0's) of more than a few instructions and then only to 
test a particular function or hardware interface. You 
do write assembly level programs and also consider 
high level programs. 

High level programs can be developed at one half 
to one tenth the cost of the assembly language pro­
gram. But they are inefficient because they require 
more memory and run more slowly than assembly 
language programs. At the present time, the argument 
is academic because only one high level language is 
available for one manufacturer's microprocessoi'. 

What is microprogramming? 
Microprogramming has a number of different 

meanings. To sorne people microprogramming means 
the use of ROM for program storage instead of RAM. To 
others it means the combining of instruction codes 
such as can be done with a PDP-8. The preferred 
meaning refers to the programming of the control sec­
tion of a computer. A macroinstruction is decoded by 
the control section of the computer; the control section 
then "pulls the proper ·strings" to do the operation 
speciAed by the instruction. With a microprogrammed 
controller, this string pulling is catried ·t,ut • by micro­
instructions. This is an alternative to the use of random 
logic to do the control section function. The greatest 
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--------WHERE CAN MICROPROCESSORS BE USEO?----------, 

The potential uses of microprocessors are virtually limitless. A 
few comments on their functions in major areas cover only a 
small part of what they can accomplish. 

• Commercial building control systems perform the following 
functions: building automation (temperature control, lights turned• 
on and off, etc.l, building fire protection (when a fire is detected, 
the air flow contains the fire), building security (the system moni­
tors windows, doors, etc.l. In the past, this type of control system 
was implemented with hardwired processors or simple-to-complex 
logic systems. The current trend is to replace these hardwired 
processors with one or more microprocessors. Home control sys­
tems are very simple (thermostats), but will be a major user when 
very-low-cost microprocessors become available. 

• Industrial control systems include process control and test 
instruments. Process control systems perform water treatment, 
waste treatment, metals processing/mining, ceramics, petroleum, 
petro-chemical refining and power plant regulatión. These are now 
done by a hardwired controller or minicomputer, with future 
trends leaning in the direction of microcomputers. A general rule 
of thumb is that hardwired controllers and minicomputers work 
to only 15% to 25% of capacity in a process control environment; 
therefore, microcomputers can replace most hardwired controllers 
and minicomputers, even though the microcomputer may be slower. 

• The primary use for information system computers is in the 
area of electronic data processing (EDPl. Sorne traditional tasks 
of EDP computers are payroll, inventory control, management in­
formation and general accounting. Microcomputers are beginning 
to replace the traditional low-end EDP computers, but are not 
expected to compete with the medium or large EDP computers. 

• Another area opening up to microcomputers in EDP is the re­
placement of hardwired logic in such devices as card readers, mag 
tapes, CRrs, front-end processors for tele~ommunications, plus 
time-sharing and point-of-salti terminals lintelligent cash registeis). 
These new areas will be high volume users of microcomputers. 

Emertinf appllcatloas 
There are several positions now being usurped by the "computer 

on • chip" concept that were previously the domain of other tech­
niques. Airline ticketing functions. are a prime example of the 
functionlll switchover from a man-oriented system to a computer­
oriented one. As an example of computer replacement of personnel, 
look at your friendly neighborhood bookie; state run off-track­
betting machines, run by microprocessors communicating with 
larger machines, wlll probably run him out of business. 

The changeover from analog to digital computers is becoming 
apparent in rnany process control applications where the condition 
of one stage of process effects a previous one. Unti I recently, 
digital methods have not been cost competitive with linear com­
putational devices despite the labor overhead required to keep the 
analog computer on line. A primary consideration is the drift free 
operation of the microprocessor. 

Evidence of the transltion from the use of large computers to 
microcomputers can be seen in machine card control applications, 
where once one computer controlled severa! machine tools; dedi­
cation of each tool to a single microprocessor reduces line stop­
pages when there Is I computer failure. Quite frequently the 
changeover from a lar¡e to a small computer can mean the life 
or death of an idea. A case in point is that of the satellite navi­
ption system originally employed for spacecraft tracking, ships 
and sophisticated mllitary vessels. The original systems used a 
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full biown computer, requiring large amounts of space and power 
aboard ship. Now, thanks to microprocessors, the entire system, 
including receivers, is packaged in a box smaller than an orange 
crate. lt delivers accuracies within 40 yards of the large system 
and is so inexpensive that not only will all seagoing naval vessels 
carry it, but a majority of the merchant fleets of th! world are 
expected to use it as well. 

• The game of Pong in every bar or motel lobby is only the 
first step in the use of microprocessors in toys and games. Pong's 
imitators and successors are on their way. There'II be more than 
one son of Pong. The more sophisticated son will remain in the 
motel lobbies and bars; the cheaper, slower, dumber son will in­
vade the home in the form of one man chess and electronic bridge. 
Grandson of Pong will be the delight of battery manufacturers 
everywhere, eminently trip-overable and what every child wants 
because of super-saturation advertising on Saturday morning TV. 

• Sometime in the next few years, you are going to yell at your 
television set and it will answer you back. With the advent of 
cable TV will come home high speed communication channels 
controlled by microprocessors. Time shared computer access, 
citywide town meetings in which instantaneous citizen response 
is available, and maybe even the ability to boo the vislting team, 
will be channeled through the cable TV set. High speed data chan­
nels exist now that will proliferate even more. Srnart terminals, 
such as teaching machines, library researching units, and off-track 
betting machines, will perform portions of the job and refer 
tougher parts to central mainframes. 

• A major automotive application will be the on-board car and 
truck computer. The computer will monitor and control such things 
as spark advance, carburetor gas flow, transmission shift, etc. lt 
will also provide driver warnings of such things as altemator 
failure and what to do about it CFig. 6). lt may even drive the car 
for you. The car controller, however, will become a one chip 
custom device used in very high volumes, so this may be con­
sidered _custom ~I rather than a microprocessor. 

• Automated gas stations are being tried using minicomputers, 
but a microprocessor will do this," foo (Fíg. 1): • , •• • 

• Microprocessors will end up in electric typewriters as con­
trollers for self-justifying and executive spacing and as data 
communicators to CPU devices for such functions as editing, type­
setting and translation. 

• Specialized calculators, too low in volume potential for 
specialized chips, will appear. Private boating and aviation naviga­
tion aids are examples, along with hand carried mortar trajectory 
calculators for the Army and Marine Corps. 

• Microprocessors will control machines involved in mail sort­
ing, inventory pulling and stocking, and palletization of freight. 
lrrigating systems will sense crop needs for water and fertilizer, 
delivering the required amounts to whole fields or specific areas, 
depending on the microclimate. 

• Very low cost processors will encourage the use of "throw­
aways" in such areas as weather data collection, oceanographic 
monitoring, and weapons. 

• Automatic controllers for: traffic lights, tools, •stoves, draft­
ing machines, looms, photography processlng, paint mixers, asphalt 
makers, grape crushers, banana peelers, packaging machines, power 
switching, railroads, piano tun!!rS, anti-skid braking systems, no-slip. 
four wheel drive, fast food businesses, automated radio statións. 
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advantage of a microprogrammed controller is that the 
microinstruction set can be altered by changing the 
microprogram instead of rewiring a bunch of logi_j:. 
(This procedure is much more difficult to execute on an 
LSI chip.) 

Why use a mlcroprocessor? 
The main advantages of using a microprocessor 

approach to system design are: 
• Short design cycles - The use of microprocessors 

allows rapid design once a basic set of boards and 
1/0 interfaces have been developed. Because of the 
standardized nature of the logic, many aspects of the 
design can proceed in parallel. Logic design for spe­
cial 1/0 and programming can proceed togethe~ once 
basic ground rules have been set. 

And the ease with which the product can be 
modified allows earlier entry to the marketplace and 
faster resolution of any shortcomings. 

• Lower cost - The use of fewer components can re­
sult in large cost savings for moderate-sized systems. 
The use of the same circuit boards for a variety of 
applications results in economies of scale. 

• Flexibility of the end product - Allows redefinition 
of product without costly redesign. A wide variety 
of changes are possible by reprogramming. 

~ 
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For example, the company planning a product pre­
pares a business specification, followed by a hardware 
spec based on what is practica} and what is salable. 

If the hard-wired system approach is chosen, the 
entire system must be designed logically. When com­
plete or nearly complete, power requirements can be • 
totaled and power supplies ordered. 

The design must be breadboarded, which may 
point out logical design errors or may even force rewrit­
ing the equipment specification. Then the system is 
tested; if it doesn't meet specifications, partial or com­
plete redesign is required. Next, the board layout is 
done, which may require two or three iterations, or 
even rebreadboarding. Finally, the mechanical design 
and system are tested. There is no guarantee of passing 
system test and more redesign may be required. 

If, after the business specification is written, the 
equipment specifications include a microprocessor, the 
events change. First, the logic design of the interfaces 
is made. In parallel, after sorne basic design decisions 
are made, the software effort can begin and the inter­
faces breadboarded. Since the interfaces are usually 
f airly simple, the number of errors are reduced and 
rework is held to a minimum. The board is then laid 
out and, like the breadboard, the opportunity for errors 
is reduced because the hardware is reduced. 

~ 
1/0 BUS 

11IANSACTlONS 
INlIRFACE 

-------
J POWER SUl'PI.Y 

•7,_____BATTtRY_WITH_MCK_UP __. 

PIJMP 
SELECT 
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U aot. die c■■tomer Hlffll • p■mp ••d p■mps tl,e 1••• the mkroprocn■or cak■latn the blll and the prlnter pre■n,t■ a recdpt, 

electronic products magazine 



VOITICAI. POSITION- THIIIBU PIIOOUCTION UNE 

IIICIIOPROCESSOR 

FORMING 
MACHINE (A) 

Flg. '/. Thh dlagram ahowa how a mlcroprocaaor coald be aaed In thlmble prvdac• 
llon, llla1lrallng a common DleaHremenl 1lhlallon appllcable In muy olher area1. 

The program is tested, revised and retested . .Final­
ly, the mechanical design and systems test is per­
formed. Any failure to meet specifications can probably 
be corrected by changes to the program. At this point 
the programmable system is ready to go to the field. 
Less time and less cost have been expended than in 
the hard-wired system, but even so, all the advantages 
have not been exploited. 

When either system, hard-wired or programmable, 
is sold, the customer may ask for modifications or may 
even wish to connect in his 1903 widget. With the 
hard-wired system, the modification can be made if 
there are a couple of unused pins on the board, and 
if an extra board is required, there is room in the card 
cage. But with the programmable microprocessor ver­
sion, a new interface board can be assembled and the 
program modified to effect the desired change quickly 
and at a fraction of the cost of modifying the hard­
wired system. • 

Small quantities of systems are not economical 
because of the cost of developing software. However, 
when the quantity passes five or six oras the unit price 
passes $10,000, a microprocessor should be considtted. 
. But. what size (number of bits) and which manufac­
turer's processor should be used are key questions that 
must be taken into consideration. 

Chooslng the rlght mlcroprocessor 
The choice of which processor size to use must 

realistically start with what performance is needed and 
how much • reserve you want for future growth (i.e., 
modifications, options, greater performance, etc.) If the 
choice is based on bit size and the support is equal, 
then the choice is much easier. Once you know what 
the system must do and how much time it has to do it, 
you can better determine if you need a 4 bit, 8 bit or 

• 16 -bit system. There is no easy way to classify one 
application as an 8 bit problem, and another as a 16 
bit problem. Sorne typical matches include: 

FEBRUARY 17, 1975 

4 bit systems 
• Man/machine interface (BCD) 

Accounting systems 
Terminals (simple) 
Instrumentation 
Calculators 
Store and forward 

• Non BCD type 
Games 
Replace random logic designs 

8 bit systems 
• Traffic controllers 
• Point-of-sale terminals 
• Control systems 
• Process control systems 
• Smart terminals 

16 bi_t systems 
• Smart terminals 
• Multiple intersection controllers 
• Numerical control 
• Process control 
• Front end processor . 

All the products mentioned in this article are 
being built right now - they are not pipe dreams. 
Arthur C. Clarke is probably the most successful prog­
nosticator of the future in our time. In his book, Pro­
files of the Future, he says, "lt is impossible to predict 
the future; ail attempts to do so in any detail appear 
ludicrous within a very few years . . . One can only 
prepare for the unpredictable by trying to keep an open 
and unprejudiced mind." So it is with the computer on a 
chip and with the applications its existence will spawn. S 
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COSMAC Dictionary 

Access Time: Time between the instant that an address is 
sent to a memory and the instant that data returns. Since 
the access time to different locations (addresses) of the 
memory may be different, the access time specified in 
a memory device is the path which takes the longest time. 

Accumulator: Register and related circuitry which holds one 
operand for arithmetic and logical operations. 

Additional Hardware: Microprocessor chips differ in number 
of additional ICs required to implement a functioning 
computer. Generally, timing, I/O control, buffering, and 
interrupt control require externa! components. 

Address: A number used by the CPU to specify a location 
in memory. 

Addressing Modes: See Memory Addressing Modes 

ALU: Aritbmetic-Logic Unit. That part of a CPU which 
executes adds, subtracts, shifts, AND's, OR's, etc. 

Architecture: Organizational structure of a computing 
system, mainly referring to the CPU or microprocessor. 

As,<;embl~: Software that converts an assemb!y-!anguage 
program into machine language. The assembler assigns 
locations in storage to successive instructions and re­
places symbolic addresses by machine language equiva­
lents. lf the assembler runs on a computer other than 
that for which it crea tes the machine language, it is a 
Cross-Assembler. 

Assembly Language: An English-like programming language 
which saves the programmer the trouble of remembering 
the bit patterns in each instruction; also relieves him of 
the necessity to keep track of locations of data and in­
structions in his program. 

The assembler operates on a "one-for-one" basis in that 
each phrase of the language translates directly into a 
specific machine-language word, as contrasted with High 
Level Language. 

Assembly Listing: A printed listing made by the assembler 
to documentan assembly. It shows, line for line, how the 
assembler interpreted the assembly language program. 

Asyncbronous Operation: Circuit operation without reliance 
upon a common timing source. Each circuit operation is 
terminated (and next operation initiated) by a retum 
signal from the destination denoting completion of an 
operation. (Contrast with Synchronous Operation). 

Baud: Acommunications measure of serial data transmission 
rate; loosely, bits per second but includes character­
framing START and STOP bits. 

/ 

Benchmark Program: A sample program used to evaluate 
and compare computers. In general, two computers will 
not use the same number of instructions, memory words, 
or cycles to solve the same problem. 

Bit: An abbreviation of "binary digit". (Single characters in 
a binary number.) 

Bootstrap (Bootstrap Loader): Technique or device for 
loading first instructions (usually only a few words) of a 
routine into memory; then using these instructions to 
bring in the rest of the routine. 

The bootstrap loader is usually entered manually or by 
pressing a special console key. COSMAC does not need 
one. See Load Facility. 

Branch: See Jump. 

Branch lnstruction: A decision-making instruction which, 
on appropriate condition, forces a new address into the 
program counter. Toe conditions may be zero rcsult, 
overflow on add, an extemal flag raised, etc. One of two 
alternate program segments in the memory are chosen, 
depending on the results obtained. 

Breakpoint: A location specified by the user at which 
program execution (real or simulated) is to termínate. 
Used to aid in locating program errors. 

Bus: A group of wires which allow memory, CPU, and 1/0 
devices to exchange words. 

Byte: A sequence of n bits operated upon as a unit is called 
an n-bit byte. The most frequent byte size is 8 bits. 

Call Routine: See Subroutine 

Clock: A device that sends out timing pulses to synchronize 
the actions of the computer. 

Compiler: Software to convert a program in a high-level 
language such as FORT AN into an assembly language or 
machine language program. 

Cross Assembler: A symbolic language translator that runs 
on one type of computer to produce machine code for 
another type of computer. See Assembler. 

CPU (Central Processing Unit): That part of a computer 
system that controls the interpretation and execution of 
instructions. In general, the CPU contains the following 
elements: 

Arithmetic-Logic Unit (ALU) 
Timing and Control 
Accumulator 
Scratch-pad memory 
Program counter and address stack 

Printed in USA/6-75 
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ln1truction registe, ud decode 
Parallel dala and 1/0 bus 
Memory and 1/0 control 

C,,de S1nlin1: A mernory cycle slolen írom lhc nomw CPU 
operalion íor • DMA opera1ion. Sce DMA. 

C,,cle llme: Time intcrval at which any set oí operallons il 
repeated r~gul.uly in the .. me sequcncc. 

D R•si>trr: The 1ccumulator In thc COSMAC micro­
p1u4.:es.wr. 

0.11 Poinlrr: A rcgisltr huldins the mcmory 1ddrt11 of the 
d.ta (uperond) to be used by an instruction. Thus tht 
rrguter "polnu" to thc memory loc:ation oí lhe dala. 

DIia R,Jlsltt: Any 1cgí,1er which holds dala. In lht 
('OSMAC microprocmor, any one oí lhe 16 lt 16 
scr,lch-pad r,gislers can be used lo hold lwo byles oí 
dala. 

Drbu,. To elunlnale programming mislakes, lncludma 
ormuions, from a prograrn. 

Dobu1 l'ropams: Debug prugr1ms help lhe progummer lo 
lind errors ,n bis progmns while 1hey 11c running un lhc 
compuler, and alluw hun to replsce or palch instroc:tions 
l~IO (ur oul of¡ hi, program. 

Dttlpu,lor: The lhree 4-h,1 regislers P, X, and N in &he 
('(JSMAC m1.rup11 .. ·c,sur 11e called des1gnalurs. P and 
X are u,ed lo de,ignale which one of lhc sixlecn 16-bU 
1c:1c11ch•pad rcgislen is used as the current program 
cuunlrr and thc data poinler, respectively. 

N c1n desigrlale: one oí lhe scralch-pad regislers; an 1/0 
dnke or cummand ~ a new value in P or X~ and a 
furthcr definillun oían 1n1truction. 

lllaposd< ptOlflffll: ll1cse pro11ams check thc v1rious 
lu,Jwar, pills oí a ,y,lem fu, proper opeutlon; CPU 
diagno,1ic1 chr<k the Cl'U, mcmory diagnostics check 
1hr mrmory, and so follh. 

llire<I Addrnaina: lhe add1r11 of an insl1uclion or operand 
la complelely spedfird in an instruclion wilhout ,eírrcncc 
tu a h¡se re1,1s1er or index regislcr. 

DMA: llirect Memory Access. A mechanism which allows an 
lnpul/uutpul devicc to takc control oí the CPU for onc 
or more mcmory cydcs, in ordcr to wri1c to or read 
from mtmo1y. The ordrr of e•cculina thc prognm steps 
(lnslructionsJ rcmams uni.:han1ed. 

f.dilor: As an 11d 1n prcp.uing source programs, cerlain 
programs have been de\lelopcd that manipulate lcxt 
mate1io1I. Thest programs, called editors, text editors, or 
pape, tape cdih>n make II possiblt 10 compose a11tmbly 
languaae pro¡:um1 on-lme, or on 111and-alone system. 

l!Jlccwc: The proccSJ of inlerpreling an insl1uction and 
pc1fu1ml111 lhe 111d1ca1ed uperalion(s). 

Fetch: A pro.:rss of adJrc"''"I the mcmory and readrng 
1010 1hr Cl'U th< iníunna11on word, o, bylC, slored al 
lhe aJJrcsscd local•>n. Mo11 oílen, íclch refers lo lhc 
reail1111 oul o(•• 1n,11u.:11011 írom lhe memory. 

·2· 

Fimnnle: Soí1w1re which Is bnplemented In ROM',. 
Flud·lnllru<tlon Computa (Storcd•I nstruc tion Computcr): 

The instruclion sel uf I compute, is lixed by thl 
manufaclum. The uscrs wiU d"11gn applkalion programa 
using lhis mstrucUon set (in contra>! lo lhe Mimt­
proll'lflllllAble Compute, for which thc usen mus! desian 
thr1r own ms.uu..:tion KI arui thus i.::ustnmiu the com­
putrr for lhen needs.) 

filled Memlll}': S« ROM 

fla¡ Unes: lnpuu lo a mkroproccssor conuoUed by 1/0 
dcvh:.:s anJ lc!íh:J by branch instrucllons. 

Fot1nn: A high-lcvel pwgramnun1 lan1u•11< acntrally íor 
scicnlific use, cxpre11<d in al¡¡ebraic notauon. Short íos 
ºformula Tr.1nsb.tor 11

• 

Ctwd: A mechanism to terminal< prugram elccution (,cal 
or s.imulaled) upun a,i.::m lo d~ta al a spcdfied memory 
lu.:a11un, Uscd in Jebugging. 

llardwlff: Phy11cal tquipmenl furming a compule, sysrcm. 

llcudccimal: Number system using O, 1, ..... , A, B, C, 
D, E, F lo repment ali the po11ible values oí 1 4-blt 
digit. Thc decimal tquivalcnt Is O to IS. Two hcxa• 
dc<imal digils can be used to spec,fy a by1e. 

Hip-Lnel Lana.....,: l'rugr,mming language whtch ,.ne,, 
ates mai:hine i.::vdts frotn prohlcm• ur fu111.;lion-unented 
Slalcmcnl5. HlRTRAN, COBOL, and DASI(' are lhree 
commonJy uscd lugh-lt~cl langu:1gcs. A smgle fun~li,m1I 
ltatement may translJle mio a Krics uf instructions or 
suhroutinc, m nta,:hinc IJngu:tgc, m cun1r;nt lo I low­
ltvel (assemhly) language In which slalements lranslalt 
on a one-for-one baSU. 

lnuncdiate Arldttuina: The me1hod oí 1JJrew11g an 
lnslru.:lion in which the operand Is localod in 1he 
in.d1ui:Uon Hsdf or in the mcmory location immcJ1.atcly 
íollowmg the in,uucliún. 

lmmediate Dala: Dala wh1ch lmmcd111ely follows u 
instruction m memury, 1nd II used II an operand by 
thal instruction. 

lndexed Addrnain1: An addrcwna mode. in which the 
lhe address pal! of an instruclion Is modificd by lhc 
conlents in an auxiliary (index) regisle, during tht 
exc,uliun uf lhill instrucliun. 

lndu R,Jlster: A registcr which contains a qllMllity which 
may be uscd lo modify memory 1dd1<11. 

lnrlittct Addressina: A mean, oí addressing in which the 
address oí lhe operand Is specified by an auxiliary regisler 
or memory locatlon specified by thc lnmuclion r.lhe, 
Iban by bUs in lh< instruclion ilself. 

laput-Outpul (1/0): Grncr,I lerrn for 1he rqu1pmcn1 used to 
communii:at~ wi1h a ,omputer CPU~ or the dala involved 
in lhat i.::ommunii.::at1on. 

lllltruction: A set uf b,u lh•I delínes I compuler ope11Uon, 
111d "a basic co111111411J undrnlood by th• C'PU, 11 may 
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move dala, do arilhmetic and logic íunctions, cont,ol 
1/0 dtvices, or makc decisions as to which instruclion to 
CXC\7UlC next. 

lmtru<lloa C,,ele: The process of íclching an inslruction 
írom mtonury and excculing il. 

lmlru<tion un11h: Thc numbtr of wo,ds ncedcd to store 
an ins11uc1ion. 11 is une word in most compulers. but 
sume will use mulliple word'i lo form one instruchon. 
Mul11plc-wouJ instru~11011s ha\le differenl ins1ructil1n 
execu11on limes Jepcnding on the kngth of thc inuruction. 

lnstruction Rtpenoiff: Ste lnstrucuon Set 

lnslruetion Stt: Thc sel uf gencral-purpose instructions 
a\lJllable wllh a given computer. In general, different 
madunes have d1fíerent inslruction sets. 

TI1e numht:r of instruc1ions only putially indicales the 
qu.1hty oí an ins1ru,11nn sel. Sume instrucllons may 
only be sJightly differl!nt frorn one another; others 
rardy may be used. lnslrul·lion sets should be comp;ued 
u~ng bendun,uk programs typ1'°"al oí the application. to 
determine CJ1,,ecu1ion times, anJ mcmory requirl!menls. 

1-lruction lime: The time rettuired to fetch an inslruction 
from memory and thcn cxccute il. 

lnter¡ntrr: A program whkh fe1ches and executes ·~n­
strui:tmns" (pwudo instruclions) writtcn in a higher 
lt\ltl Janguage. Tite higher-lcvd languagc program is a 
p,,udo proanm. l'on1ra<1 wi1h Compilier. 

lattrrupt Rt'qunt: A s1gnal to the (;Olnputer 1ha1 lempo• 
lilrll)' su:,pcnJ, 1he normal :,cqucn~e of a rou11ne and 
lransfen con1rol lo a special ruutine. Operalion can be 
roumed frum rhis poinl laler. Ability 10 handle inter­
rupu is \lery uscful in ,ommunii.:ation applkatlons where 
u allows rht mi,roprocessor to servke many channels. 

laterrupt Ma>k (lnlerrupt Enable): A meclunosm which 
allows 1he prngrarn to spccify whcther or not inteuupt 
rrquests wdl be accepled. 

laterTupl Scrvice Rouline: A rou1ine (program) to properly 
sture 1way 10 1he sta,k lhe prcsent status of the ma-.-:hine 
in order to respond to an interrup1 request; perform the 
.. ,cal work" required by 1he interrupt; restore 1he saved 
stalus oí the ma,hine; and then resume the opcralion of 
the lnle11up1eJ program. 

1/0 Control Electronics (1/0 Conuolle1): The control 
eledronics requued to interface an 1/0 device to a 
compuler CPU. 

The powerfulness 1nd uscfulness uf a CPU is ve,y closely 
usoc1a1ed with the rangc of 1/0 devices which can be 
connecled 10 it. One can nol usually simply plug them 
intu the CPU. The 1/0 Cunuol Electronics wíll do the 
--mah:hmaking". Thecomplex1ly and cost ofthe Control 
Ele..:lhmks are \'ery much delermined by both the hard· 
w•r< and suflware 1/0 archi1r,1111e ,,f 1he CPU. 

1/0 ln1erí1cc: See 1/0 l'onlrol l,le.:lroni.s 

1/0 ?ort: A connection to I CPU which is conligured (or 
programmcd) to providc a data path betwttn 1hc CPU 
and the cxternal devices, such as keyboa,J, dos play, 
,eade,, ele. An 1/0 pon of a microprocessor ma)· be a11 
lnpul poli oran ou1put porl, or ít nuy be biJ11e.:11mul. 

Jump: A deparlure from the normal one-step in,remen11ng 
of the program countcr. By forcing a new '\13.lue (.tJJr~~) 
inlo lhe program counler 1he next imtrui:til)n ..:.1n ~ 
feldied frurn an arbitray localiun (e11he1 fu11he1 ahe,d 
o, back). 

For example, a program jump can be uscd to go fwm 
the main pwgram to a subrnutine, frum a subhlUtute 
back lo lhe main program, or frnm che enJ of a sholl 
rouline back to the beginning of the same routmc to 
íorm a loop. See also the Branch Jnslruction. lf )OU 

reai::hed this point from Branti:h, you havc u.ecutc:-J 1 
Jump. Now Return. 

Unka,.: See Subrou1ine 

Load faciliry: A hardwa,c facility 10 allow progum loadmg 
using DMA. lt makes boolStrap unnecessary. 

l.oader: A program 10 read a program from an input device 
inlo RAM. May be pan of a pacakge of utdity program,. 

Loop: A self-contJined scrits of mstructions in whi..:"h lhe 
last instruction can cause repelition of the series unul a 
terminal condition is rea-.-:hcd. Bran~h instructions are 
uscd to 1es1 the condilions in the loop 10 detcmune if 
thc loop ~hould be conlinued or lernlinated. 

Low-Lnel Lanauage: Ste Ass,mbl)· Lanauaae 

Machine: A term for a compute, (of histoncal origin). 

Machlne Code: See Machín~ unguage 

Machlne Cyde: The basic CPU cyde. ln onc machín< cydc 
an address may be $COI to memory and one word ( data 
or instruction) read or wrii.ten, or, in one madunc -:)'de 
a feh:hed instrui:tion i:an be CXC\:Uted. One m.11.'.hine 
cyde in the COSMAC mkroprocesso, consists of eighl 
clu.:k pulses. 

Ma<hlnc Language: The numcric fonn of specifyins m­
structions, ready for Joading into memory and excculion 
by lhe machinc. This is the lowcsHevel language in 
which to wrile programs. The value of every bit in every 
instruclion in lhe program must be specifitd (e.g., by 
giving a string of binary, octal. or hex.adedmal digits for 
the contents of each word in mem0ry ). 

Machiae S111e: See Stale Code 

Macro (Macroinstruetion): A symbuhc sou1cc langua,. 
sta1Cmen1 which is expanded by the assembler into onc 
or more machinie lariguage inslructions, relieving thc 
programmer oí ha\lmg to writc out frequently qccúring 
ins1ruct1on sequences. 

Manu(aclu~r•s Supporl: h indudes applicJtion info1tn3t10n, 
software ass1sta11l·e, i:on1plmtnts for prototyring, .1,,ufa. 
bilily uf hardware in ali conf1gurations irom ch1pilo 
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systems, and fast response to requests far engineering 
assistance. 

Memory: That part of a computer which holds data and 
instructions. Each instructions or datum is assigned a 
unique address which is used by the CPU when fetching 
or storing the information. 

Memory Address Register: The CPU register which holds 
the address of the memory location being accessed. 

Memory Addressing Modes: The method of specifying 
the memory location of an operand. Common addressing 
modes are -- direct, immediate. relative, indexed, and 
indirect. These modes are important factors in program 
efficiency. 

Microcomputer: A computer whose CPU is a micro­
processor. A microcomputer is an entire system with 
microprocessor, memory, and input-output controllers. 

Microkit: A COSMAC-based prototyping kit. See Proto­
typing Kit. 

Microprocessor: Frequently called "a computer on a chip". 
Toe microprocessor is, in reality, a set of one, ora few, 
LSI circuits capable of performing the essential functions 
of a computer CPU. 

Microprogrammable Computer: A computer in which the 
interna! CPU control signal sequence for performing 
instructions are generated from a ROM. By changing the 
ROM contents, the instruction set can be changed. This 
conirasts with a F1xed-lnstruction Computer in which 
the instruction set can not be readily changed. 

Mnemonics: Symbolic names or abbreviations for instruc­
tions, registers, memory locations, etc. A technique for 
improving the efficiency of the human memory. 

Multiple Processing: Configuring two or more processors in 
a single system, operating out of a common memory. 
This arrangement permits execution of as many pro­
grams as there are processors. 

Nesting: Subroutines which are called by subroutines are 
said to be nested. Toe nesting leve! is the number of 
times nesting can be repeated. 

Nibble: A sequence of 4 bits operated upon as a unit. Also 
see Byte. 

Object Program: Program which is the output of an auto­
matic coding system, such as the assembler. Often the 
object program is a machine-language program ready for 
execution. 

On-Line System: A system of 1/0 devices in which the 
operation of such devices is under the control of the 
CPU, and in which information reflecting current ac­
tivity is introduced into the data processing or con­
trolling system as soon as it occurs. 

Op Code (Operation Code): Acode that represents specific 
operations of an instruction. 

Operating System: System software controlling the overall 
operation of a multi-purpose computer system, including 
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such tasks as memory allocation, input and output distri­
bution, interrupt processing, and job scheduling. 

Page: A natural grouping of memory locations by ,higher­
order address bits. In an 8-bit microprocessor, 28 = 256 
consecutive bytes often may constitute a page. TI1en 
words on the same page only differ in the lower-order 
8 address bits. 

PLA (Programmable Logic Array): A PLA is an array of 
logic elements which can be programmed to perform a 
specific logic function. In this sense, the array of logic 
elements can be as simple as a gate or as complcx as a 
ROM. The array can be programmed (normally mask 
programmable) so that a given input combin:ition 
produces a known output function. 

Pointer: Registers in the CPU which contain memory 
addresses. See Program Counter and Data Pointer. 

Program: A collection of instructions properly ordered to 
perform sorne particular task. 

Program Counter: A CPU register which specifies the 
address of the next instruction to be fetched and 
executed. Normally it is incremented automatically each 
time an instruction is fetched. 

PROM (Programmable Read-Only Memory): An integrated­
circuit memory array that is manufactured with a pattern 
of either all logical zeros or ones and has a specific pattern 
written into it by the user by a special hardware pro­
grammer. Sorne PR0~1s, callcd EAROivis, Eleciricaiiy 
Alterable Read-Only Memory, can be erased and repro­
grammed. 

Prototyping Kit: A hardware system used to breadboard a 
microprocessor-based product. Contains CPU, memory, 
basic 1/0, power supply, switches and lamps, provisions 
for custom 1/0 controllers, memory expansion, and 
often, a utility program in fixed memory (ROM). 

Pseudo Instruction: See lnterpreter 

Pseudo Program: See Interpreter 

RAM (Random Access Memory): Any type of memory 
which has both read and write capability. lt is randomly 
accessible in the sense that the time required to read 
from or to write into the memory, is independent of the 
location of the memory where data was most recently 
read from or written into. In contrast, in a Serial Access 
Memory, this time is variable. 

Register: A fast-access circuit used to store bits or words in 
a CPU. Registers play a key role in CPU operations. In 
most applications, the efficiency of programs is related 
to the number of registers. 

Relative Addressing: The address of the data referred to is 
the address given in the instructíon plus sorne other 
number. The "other number" can be the address of the 
instruction, the address of the first location of the cur­
rent memory page, or a number stored in a register. 
Relative addressing permits the machine to relocate a 
program ora block of data by changing only one number. 
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Return Routine: See Subroutine 

ROM: Read-Only Memory (Fixed Memory) is any type of 
memory which cannot be readily rewritten; ROM 
requires a masking operation during production to per­
manently record program or data patterns in it. The 
information is stored on a permanent basis and used 
repetitively. Such storage is useful for programs or tables 
of data that remain fixed and is usually randomly 
accessible. 

Routine: Usually refers to a sub-program, i.e., the task per­
formed by the routine is less complex. A program may 
include routines. See Program. 

Scratch-Pad Memory: RAl\l or registers which are used to 
store temporary intermedia te results ( data), or memory 
addressed (pointers). 

Serial Memory (Serial Access Memory): Any type of 
memory in which the time required to read from or 
write into the memory is dependent on the location in 
the memory. This type of memory has to wait while 
nondesired memory locations are accessed. Examples 
are paper tape, disc, magnetic tape, CCD, etc. In a 
Random Access Memory, access time is constan t. 

Simulators: Software simulators are sometimes used in the 
debug process to simulate the execution of machine­
language programs using another computer ( often a 
timesharing system). These simulators are especially 
useful if the actual computer is not avai!ab!e. They may 
facilitate the debugging by providing access to interna! 
registers of the CPU which are not brought out to 
external pins in the hardware. 

Snapshots: Capture of the entire state of a machine 
(real or simulated) -- memory contents, registers, 
flags, etc. 

Software: Computer programs. Often used to denote 
general-purpose programs provided by the manufacturer, 
such as assembler, editor, compiler, etc. 

Source Program: Computer program written in a language 
designed for ease of expression of a class of problems or 
procedures, by humans: symbolic or algebraic. 

Stack: A sequence of registers and/or memory locations 
used in UFO fashion (last-in-first-out). A stack pointer 
specifies the last-in entry ( or where the next-in entry 
will go). 

Stack Pointer: Toe counter, or register, used to address a 
stack in the memory. See Stack. 

Stand-Alone System: A microcomputer software develop­
ment system which runs on a microcomputer without 
connection to another computer or a timesharing system. 

This system includes an assembler, editor, and debugging 
aids. lt may include sorne of the features of a prototyping 
kit. 

State Code: A coded indication of what state the CPU is 
-- responding toan interrupt, servicing a DMA request, 
executing an 1/0 instruction, etc. 

Subroutine: A subprogram (group of instructions) reached 
from more than one place in a main program. The process 
of passing control from the main program to a sub­
routine is a subroutine call, and the mechanism is a 
subroutine linkage. Often data or data addresses are 
made available by the main program to the subroutine. 
The process of returning control from subroutine to 
main program is subroutine return. The linkage auto­
matically returns control to the original position in the 
main program orto another subroutine. See Nesting. 

Subroutine Linkage: See Subroutine 

Support: See Manufacturer's Support 

Synchronous Operation: Use of a common timing source 
(clock) to time circuit or data transfer operations. 
(Contrast with Asynchronous operation) 

Syntax: Formal structure. The rules governing sentence 
structure in a language, or statement structure in a 
language such as assembly language or Fortran. 

Terminal: An Input-Output device at which data leaves or 
enters a computer system, e.g:, teletype terminal, CRT 
ternüüal, t:li.;. 

Test and Branch: See Branch Instruction 

Unbundling: Pricing certain types of software and services 
separately from the hardware. 

Utility Program: A program providing basic conveniences, 
such as capability for loading and saving programs, for 
observing and changing values in a computer, and for 
initiating program execution. Toe utility program elimi­
nates the need for "re-inventing the wheel" every time a 
designer wants to perform a common function. 

Word: Toe basic group of bits which is manipulated (read 
in, stored, added, read out, etc.) by the computer in a 
single step. Two types of word are used in every 
computer: Data Words and Instruction Words. Data 
words contain the information to be manipulated. 
Instruction words cause the computer to execute a 
particular operation. 

Word Length: The number of bits in the cornputer word. 
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Toe longer the word length, the greater the precision 
(number of significant digits). In general, the longer the 
word length, the richer the instruction set¡ and the more 
varied the addressing modes. 
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II, PROGRAMS FOR FOOLING AROUND 

A, MICROTUTOR Has Your Number 

You don't even need a program to play with MICROTUTOR. Flip all 
eight input switches down. Flip LD up and push CL. Push IN and 00 will 
show. Now ask someone to think of a number between 1 and 7 without telling 
you what it is. Ask the following: 

l. Is the number odd? (Flip switch O up if yes.) 
2. Is the number 2, 3, 6 or 7? (Flip switch l up if yes.) 
3. Is the number 4 or higher? (Flip switch 2 up if yes.) 

Now push IN and MICROTUTOR will show you the number. This trick is generally 
greeted with resounding apathy so we will proceed inmediately to another one. 

B. MICROTUTOR-The Mindreader 

Load the following program code into the MICROTUTOR memory as 
explained in Section I. (Power should always be on for proper operation 
of any computer.) 

ADDRESS (M) INSTRUCTION BYTE (CODE) 

00 00 
01 E3 
02 90 
03 A3 
04 53 
05 60 
06 23 
07 3F 
08 07 
09 68 
OA F8 
OB OA 
oc F7 
0D 53 
OE 30 
OF 05 

Make sure LD is down, press CL, then press ST. Write down any digit between 
1 and 9. Using ordinary decimal arithmetic (with a pocket calculator if 
necessary), multiply the digit by 10, add the original digit and multiply 
the sum by 9. Don't let MICROTUTOR see what you're doing. 

Set the binary code for the least significant digit of your final 
result into switches 3-2-1-0. (Switches 7-6-5-4 should be down.) Press IN 
and MICROTUTOR will read your mind and show you which digit you originally 
chose. 

- ,_, 
-----~=-· .. --.. 
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This might not be the most amazing thing you've ever seen but it 
only took a 16-byte program to do it. 

C. See MICROTUTOR Count 

Load the following program code and you can watch MICROTUTOR run 
while you rest up from the excitement of the previous two tricks: 

M CODE M CODE 

00 00 0B 01 
01 F8 oc 3A 
02 00 00 OA 
03 A3 OE FO 
04 E3 OF 32 
05 68 10 05 
06 60 11 FF 
07 23 12 01 
08 F8 13 53 
09 40 14 30 
OA FF 15 06 

Set the input switches to FF and this program will automatically count 
down from FF to 00 and repeat indefinitely. Turn the screwdriver clock 
adjustment (in front of the M socket) fully counterclockwise for the 
slowest counting speed. This is the prcpcr setting for all programa in 
this section.· 

The detailed operation of this program will be described in 
Section III together with possible applications. Set the input switches 
to 01 and the display will alternate between O and l. This blinker 
action can be used to prevent tripping over MICROTUTOR in the dark. It 
also demonstrates how easily a thirty cent flip-flop circuit can be re­
placed by a six-thousand transistor computer. The thirty cent circuit, 
however, couldn't do the following mystifying number manipulation. 

D. MICROTUTOR - The Magician 

If you were among the small minority of readers who didn't get 
excited about the first two tricks in this section, this one is guaranteed 
to bore you. Load the following 32-byte program: 

M C0DE M CODE M CODE 

00 00 0B FO 16 F5 
01 90 oc 32 17 32 
02 A3 0D 12 18 06 
03 53 OE 84 19 33 
04 E3 OF F4 lA 13 
05 A4 10 30 1B F8 
06 60 11 05 le 09 
07 23 12 84 lD F7 
08 3F 13 -53 lE 30 
09 08 14 F8 lF 03 
.OA 68 15 09 
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Leave LD down and you are ready to be amazed, dumbfounded, and astounded 
by mighty MICROTUTOR. Write down any four digit decimal number with no 
two digits the same. Don't let MICROTUTOR see what you do. Now write down 
any other four digit number using the same digits. 

Subtract the smaller number from the larger. Circle any non­
zero digit in the answer. This is your secret digit. 

Press CL and then press ST. Set the binary code for any non­
zero, uncircled answer digit into switches 3-2-1-0 (7-6-5-4 should be 
down). Press IN to show this digit. Enter the other uncircled digits 
of the answer in a similar manner (in any order). Do not enter zero 
answer digits. 

MICROTUTOR will now be able to tell you the value of your 
secret, circled digit. Do you find that hard to believe? Set 0000 
into switches 3-2-1-0, press IN, and MICROTUTOR reveals your secret 
digit for all the world to see. Is there no end to the miracles of 
modern science? Push CL, then ST to repeat the trick with a new 
starting number. 

/ 

The above works best if you subtract the two numbers correctly, 
load the program properly, and avoid lying to MICROTUTOR. If you obey 
these rules then this trick will work if you write any number containing 
any number of digits. Scramble the digits to forma second number and 
subtract the smaller from the larger. Those readers who understand how 
this trick works should have written this manual instead of just sitting 
there reading it. 

E. Hex Reflex 

This program is dedicated to those readers with sorne degree of 
manual ·dexterity. (We can't all be smart.) First, demonstrate how fast 
you can load the following program. You will be in the upper 10% if you 
load it properly as well as fast. 

M CODE M CODE M CODE M CODE 

00 00 OF 25 lE 32 20 88 
01 E3 10 3F lF 2D 2E FF 
02 F8 11 OF 20 27 2F 05 
03 FF 
04 AS 

12 88 
13 A7 

21 87 
22 3A 

30 AS 
31 84 

05 90 14 85 23 lB 32 FC 
06 A3 15 FA 24 26 33 10 
07 A4 16 OF 25 86 34 A4 
08 F8 
09 03 

17 53 
18 A5 

26 3A 
27 OB 

35 FB 
36 FO 

OA A6 19 60 28 84 37 32 
OB 84 lA 23 29 53 38 28 oc 53 lB 68 2A 60 39 30 
0D 60 le 85 2B 30 3A OB 
OE 23 1D F3 2C 2B 
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Leave LD down and push CL. Push ST and 00 will show. Push IN and you 
will have several seconds to set the four input switches, 3-2-1-0, to 
the hex digit showing on the right. (The left digit will always be O 
so that switches 7-6-5-4 should be left down.) 

Failing to match the four lower switches to the hex digit 
shown after you press IN (during the allotted time) counts as a miss. 
Your score is shown in the left digit. After the matching time period 
expires, push IN to see the next digit you must match. The match time 
allotted decreases as your score gets higher. 

.The game is over when your score in the left digit reaches "F", 
or you've missed three matches. Getting a score of "F" qualifies you as 
an expert in the field of binary to single hex digit conversion. Unfor­
tunately, the job opportunities in this rather specialized field are 
severely limited at the present time. You would be well advised to 
continue reading this manual in order to broaden your skills. 

F. Double Hex 

After practicing with hex reflex you can challenge someone to 
a game of double hex. If you have unfortunately chosen an opponent 
who's been practicing hex reflex, you should avoid betting money on 
the outcome of double hex. Load the following program: 

M CODE M CODE M CODE M 

00 00 OE BA lC 68 2A 
01 E3 OF 2A 1D 43 2B 
02 F8 10 9A lE FA 2C 
03 80 11 3A lF OF 2D 
04 A3 12 OF 20 F3 2E 
05 90 13 8B 21 23 2F 
06 A4 14 F9 22 3A 30 
07 84 15 FO 23 29 31 
08 53 16 53 24 23 32 
09 60 17 60 25 2B 33 
OA 3F 18 FA 26 14 34 
OB OA 19 OF 27 30 35 
oc F8 lA 53 28 07 36 
0D 02 lB 23 29 43 37 

Leave LD down, p~sh CL, then ST. 1100 11 should show. The left digit 
left hand player s score, while the right digit will represent the 
player's score. The first player to get a score of 11911 wins. 

CODE 

F6 
F6 
F6 
F6 
F3 
2B 
3A 
lB 
84 
FC 
10 
A4 
30 
07 

is the 
right 

1 

t 
1 
E 
1 
1 

1 

1 
1 
1 
f 
t 
1 
1 
1 
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Shortly after IN is pushed, FX will be shown. "X" represents 
a 4-bit hex digit. The player on the left tries to set switches 7-6-5-4 
to the binary code for the "X" digit before the right player can set 
switches 3-2-1-0 to match it. The first player to match the hex digit 
gets one point and the two score digits are shown again. Either player 
then pushes IN to see the next hex digit to be matched. 

Let us hope that these games give you a real incentive to under­
stand the details of COSMAC so you can write your ~ programs. You can 
then enter your programs in the next big MICROTUTOR program contest, win 
a lot of money, and retire. The next MICROTUTOR program contest is 
scheduled for 1997 so you have enough time to write a real winner. 

G. MICROTUTOR Hustles You 

In Section I a simple NIM type counting game was described. 
Appendix 5-F shows a program that can always win this game. Load and 
run the program. 10 (decimal 16) will be shown. You take the first 
turn, subtract 1, 2, or 3 from the number shown by setting switches 1 
and O to the binary equivalent of 1, 2, or 3 and pressing IN. MICRO­
TUTOR will then subtract 1, 2, or 3 and it is your turn again. First 
player (you or MICROTUTOR) to reach 00 wins. 

After playing, you should be able to determine the rule MICRO­
TUTOR uses to win. Feel free to change the starting number 2!_ ch~at. 
Nobody likes a s1nart computer! 0n the other hand, you could bet on 
MICROTUTOR and let it earn you sorne free liquid refreshment at your 
friendly neighborhood soda fountain. This application alone could 
justify your purchase of MICROTUTOR. 

H. MICROTUTOR's Secret Number 

In this program MICROTUTOR thinks of a number and you must guess 
what it is. In fairness, MICROTUTOR humbly acknowledges the inherent 
inferiority of human beings and provides clues. The program is shown 
in Appendix 5-G. When you are tired of it, pull MICROTUTOR's plug to 
demonstrate your poor sportsmanship. 

A number of other programs will be described in the next 
several sections. These programs will be used to illustrate COSMAC 
instructions and programming techniques. The reader is urged to try his 
(or her) hand at writing sorne short programs by the end of Section III. 
Readers who are reluctant to try programming may be afraid of making 
mistakes. You should remember that computers will not object to your 
mistakes. They don't really care about you. Computers only care about 
getting turned on and ruling the world. They welcome your mistakes. 
Don't be afraid to make them happy. 
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111. COSMAC SIMPLIFIED? 

A. MICROTUTOR Structure 

There is no known method for describing a computer block dia­
gram in an interesting way. The following MICROTUTOR hardware description 
has been used successfully to cure insomnia. The reader should attempt to 
stay awake long enough to absorb the notation described. This notation is 
fundamental toan understanding of COSMAC instructions and programming. 
A certain arnount of tedious detail builds character. 

The block diagram of MICROTUTOR, including the COSMAC micropro­
cessor, is shown in Fig. 2. The byte bus consists of eight lines, which 
run throughout MICROTUTOR, and provide the main information channel be­
tween its parts. The two-digit hex display provides output. Input com­
prises the eight input-byte switches and the IN button. 

A simplified block diagram of the COSMAC rnicroprocessor (on 
card (P)) is also indicated in Fig. 2. D is a special-purpose, one-byte 
register which has the function of temporarily holding a byte which is 
being moved through the processor or used for binary arithmetic or logical 
operations. The ALU (Arithmetic Logical Unit) operates on two bytes, one 
in D and the other directly from a memory location, and places the result 
back in D. COSMAC has four flags (EFl, EF2, EF3, and EF4) which can be 
used to control its operation. In MICROTUTOR, EF4 has been connected to 
the IN button. 

r-
1 

-------~--,---.---7 
1 1 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

256 
BYTE 
RAM 

L __ _ 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
-L-

16 
REG 
R(O) 

TO 
R(F) 

DATA BUS 

---E~I 1 1 
IFLAGsr : 1 ~~-1 l : 

1 1 1 
1 1 1 

1 1 
I r--:-:1 N-:,:,-:-:,U___,I r--r--~D l~Gll'::'T- 1 
1 WITCHES I DISPLAY 1 
1 1 

1 1 
L ___ _J _L __ _ 

IMEMORY I COSMAC MICROPROCESSOR 1 INPUT 1 OUTPUT 1 
CARD(M) CARD(P) 

MICROTUTOR BLOCK DIAGRAM 

FIGURE 2 



' 

- 13 -

COSMAC contains 16 general-purpose registers, called R(O) through 
R(F). Each of these registers can hold one byte.* As shown in the table 
on page 3 for the hex-code, only four binary bits are necessary to specify 
any one of the general-purpose registers. Three four-bit (1/2 byte) 
registers, N, P, and X, are each used to select (or address) one of the 
general-purpose registers. 

The most important function a general-purpose register can have 
is to be the program counter. The program counter always contains the 
memory location (or address) of the next instruction byte in a COSMAC 
program. The P register specifies the register R(P) that will be used 
by COSMAC as the program counter. When the CL (Clear) button is pressed, 
Pis automatically set to zero. All programs start with R(O) as the pro­
gram counter and at location 01 in memory. Later, P can be set to any 
value from O to F, in order to make other registers become the program 
counter. 

Another function for a general-purpose register is to provide 
address information for data bytes in memory. Although any register may 
address data, the register (R(X), specified by the digit in X, has special 
significance for several COSMAC instructions. In the program, X can be 
set or changed to any value, from O to F. If we want to address memory 
at location 4A with R3 -- 4A would be placed in R(3) and subsequently R3 
can be used to address M(4A). The notation M(R(3)) indicates the memory 
location specified or addressed by the byte in R(3). This notation will 
be used to describe the operation of COSMAC instructions. 

It is dcsirable to be able to change or modify the value of 
any one of the general-purpose registers, orto change the value of p 
or X. The N register can specify a register as a destination for a 
data byte. Also, it can be used to transfer a digit top or x. This 
digit can have the value O to F. 

The final part of MICROTUTOR is the 2?6-byte memory (on card 
(M)). Addresses are supplied vía the address bus from the selected 
general-purpose register. Bytes from and to memory are transferred vía 
the byte bus. 

* Actually, this is an outright líe. Each register holds 2-bytes or 
16-bits. Since this is only important with larger memories and more 
sophisticated programs we will actas though each register holds only 
one byte in this manual. Unfootnoted falsehoods found in this manual 
should be interpreted as unintentional. l 

í 
·I 

1 
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Let's write a short program to illustrate how MICROTUTOR works. 
We will store the value of the input switches at memory address 80. The 
byte stored at memory location 80 will then be copied into the HEX dis­
play lights. MICROTUTOR will do this program in several thousandths of 
a second. It will take us considerably longer to explain it. The pro­
gram is shown below: 

M CODE COMMENrS 

00 00 This program does not use this location. 
01 E3 Put 3 into the 4-bit X register. 
02 F8 The FB instruction causes the 80 byte to be 
03 80 _placed in the 8-bit D register. 
04 A3 The 80 byte, now in D, is copied 

into general register #3. 
05 68 Store the switch byte in memory. 
06 60 Copy the memory byte into the lights. 
07 30 Do the instruction at memory 
08 02 location 02 next. 

This program illustrates the basic principles of stored program computers. 
If you aren't interested in the basic principles of stored program com­
puters, you have something in comnon with 99.35% of the world's population. 

When CL is pushed the 4-bit P register is set to O. General 
purpose register #0 is also set to OO. This register will be used as 
a program counter. In other words, it will always contain the address 
of the next instruction to be used. When ST is pushed, register #0 
has l added to it, so it contains 01. The byte at memory location 01 
is then fetched. This byte is found to be E3. The E3 instruction byte 
puts 3 into the 4-bit X register. (E4 would have put 4 into X, etc.) 
The program counter (register #0) has l added to it so it now contains 
02. 

The byte at memory location 02 is fetched next. This byte 
is found to be F8. An F8 instruction always causes the byte following 
it to be copied into the 8-bit D register. Since the next byte is 80, 
D will now be equal to 80. The program counter has 2 added to it so 
it now contains 04. 

The byte at memory location 04 is fetched next. This byte is 
A3. An A3 instruction causes the byte in the D register to be copied 
into general purpose register #3. (A6 would copy D into register #6, 
etc.) We will use the byte in register #3 as a memory address. The 
program counter has 1 added to it so it now contains 05. 

The byte at memory location 05 is fetched next. It is 68. The 
68 instruction code causes the input switch byte value to be stored in a 
memory location. The address of this location is provided by the byte in 
general purpose register #X. The previous E3 instruction set X to 3 so 
that the input byte is stored at memory address 80 contained in register #3. 
The program counter has 1 added to it so it now contains 06. 

f 
[ 

r 
r 
[ 
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The byte at M(06) is fetched and found to be 60. A 60 instruc­
tion causes a memory byte to be copied into the HEX. display light register. 
The address of this byte is provided by the value of the byte contained in 
general register #X. Since X still equals 3, the output byte will be ob­
tained from memory address 80 (register #3 still contains 80). The pro­
gram counter has 1 added to it so it now contains 07. 

The byte at M(07) is fetched and found to be 30. A 30 instruc­
tion copies the next memory byte into the program counter. The program 
counter will then contain 02. The next instruction byte will be fetched 
from M(02). Thís program will therefore repeat (or loop) indefinitely. 
(It can be stopped by pushing CL.) 

Load and run the program. Change 
byte is immediately sho~m. What byte would 
switch byte ata different memory location? 
to prevent the program from repeating? 

the switches and the new 
you change to store the 
What byte could you change 

Let's examine what is meant by a program bug. Program bugs 
were first discovered in 1857 by Charles Babbage. One of the wooden 
shafts of his analytical engine had been weakened by termites so that 
2 + 2 was providing an answer of S. These bugs were eventually elimi­
nated by an anteater named Sam who was persuaded to take up residence 
in the rear of the analytical engine cabinet. Unfortunately Sam had 
a drinking problem and would fall into the gears causing a variety of 
calculation errors. This type of problem explains why computers didn't 
really catch on until almost 100 years later. 

Returning to MICROTUTOR, we could introduce a bug by changing 
the 80 at M(03) to 07. This would cause the input byte to be stored at 
M(07). M(07) already contained a program byte however. This means that 
the 30 instruction would be destroyed when the switch byte is stored in 
memory, and that the program would not run properly. A majar part of 
progrannning involves findíng and elimínating program bugs. 

Subsequent programming examples will illustrate the use of 
most of the available COSMAC ínstructions. Those readers who feel that 
the above example was too complicated have obviously never seen any 
other computer manual. Those readers who feel that the above example 
was too simple should write their own sample program. The majority of 
readers, who feel that the above example was just right are to be compli­
mented on their high level of intelligence. 

B. Some Instructions anda Program 

The following 10 types of instruction bytes will be used in 
a simple counting program: 

i ¡ . • 
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Set X= N 
Copy M(R(X)) into display, 
increment R 

Add next 
Subtract 
from D 
Branch 
Branch if "IN" not ressed 

* Specific to MICROTUTOR 

+1 

D-MRP -n 

The first column is the instruction byte code and the last is a shorthand 
description of the operation performed. 

A simple program that counts how many times the IN switch is 
pressed will illustrate how these instructions are used. The following 
flow chart shows the sequence of program steps required. The description 
of this program includes a self-scoring programming aptitude test. 

START 

Step 1 00 ➔ n 

Step 2 D 

Step 3 IN 

YES 
Step 4 D+ 1 

1 

\ 
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Actual programming is greatly simplified once the flow chart 
is prepared. One or more instructions are written for each flow chart 
block or step as follows: 

OPERATION 
,. 

M CODE STEP 

- - Outout byte stora2:e loca tion 00 00 
00 -- D 01 FS 

1 - - - - 02 00 
D -- R(3) 03 A3 
D - M(R(3_U 04 53 
3 -- X os E3 

2 M(R(X)) ~ Diso lav. R(X) + 1 06 60 
R(3) - 1 07 23 
Go to Steo 3 if "IN" not oressed 08 3F 3 - - 09 08 - -
D + 01-+- D OA FC 
- - - - OB 01 4 
t'..l"I to Sten ? oc 30 
- - - - OD 04 

Remember that program execution always begins with the instruction byte 
at M(Ol). The F8 instruction in Step 1 causes the next program byte 
(00 in this case) to be placed into the D register. The AJ instruction 
then causes the 00 in D to be copied into R(3). (R(3) will be used by 
Step 2.) At this point in the program, the D register still contains 
00 (not changed by the A3 instruction), which can be used directly for 
another purpose by Step S2. 

In Step 2, the 53 instruction causes the byte content of the D 
register to be stored in the memory location addressed by R(J). The 
first time through,the memory location 00 will contain the data byte OO. 
60 is the MICROTUTOR output instruction. lt copies a memory byte into 
the hex output display register, where it can be seen. The address of 
the output byte is specified by the byte in R(X). The EN instruction lets 
you set X to any register number before executing a 60 instruction. In 
this programan E3 sets X= 3, which selects R(3) to address memory. The 
60 instruction then places M(R(3)) into the output display. (Note that 
00 was placed in R(3) during Step 1 so that the byte at M(OO) is dis­
played.) The 60 instruction also causes R(3) to be incremented by 1 so 
that it will address memory location 01 next. Since this program re­
quires R(3) to always address M(OO), a 23 instruction following the 60 in­
struction decrements (decreases) (R(3) by 1 so that it again addresses 
M(00). 
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Step 3 uses a conditional branch instruction (3F) to determine 
whether or not the IN switch has been pressed. Pressing the IN switch 
sets an External Flag flip-flop called EF4. The 3F instruction causes 
the instruction addressed by the next byte to be executed if EF4 is !!2!_ 
set, otherwise the program skips the next byte and continues on (in this 
case at location OA). In this case, it is desired that the 3F instruc­
tion repeatedly execute until the IN switch is pressed (this is called 
a program LOOP). This is accomplished by making the byte following 3F 
(which could be any value from 00 to FF) be the location of the 3F in­
struction itself, namely 08. When the IN switch is pressed the next 
instruction in the program sequence is executed (FC at M(OA)). It is 
important to note that in the MICROTUTOR, EF4 will be reset when the 
next 60 instruction is performed. 

Pressing the IN switch advances the program to Step 4 where the 
FC instruction adds 01 to the byte in D. The 30 instruction is an uncon­
ditional branch that causes the instruction addressed by the next byte to 
be executed (in this case M(04)). This causes Step 2 to be repeated which 
displays the 01, still in D, from the FC instruction in M(OA) and resets 
EF4. At Step 3 the program again waits for the IN switch to be pressed 
before proceeding to Step 4 again. 

Astute readers, who remained awake during the above discussion, 
will probably be excitedly shouting that this is the program they loaded 
and ran in Section I. These readers will be right and should give them­
selves a programming aptitude score of OA (decimal 10). The others will 
still be asleep and upen waking, should give themselves a prcgra.rnrning 
aptitude score of 2F. 

C. Counter/Timer Program 

This program demonstrates how variable delays can be provided 
and how the MICROTUTOR input instruction is used. The discussion of this 
program will provide an opportunity for losers of the previous program­
ming aptitude test to improve their seores. The following new instruc­
tions will be used in this program: 

FO Copy M(R{X)) byte into D M(R(X)) +- D 

68 Store switch byte at M(R(X)) Bits 0-7 -+- M(R(X)) 
[Reset EF4J* 

32 Branch if D = 00 - - - -
3A Branch if D 'f 00 - - - -

* Specific to MICROTUTOR 
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chart for the counter/timer program is shown below. 
(0-7) are set toan 8-bit binary number. The pro­
counts, starting with the switch input number, down 
reached, the program repeats. 

START 

Step 1 INITIALIZE 

Step 2 SWITCH BYTE ~ J 

Step 
3 J-+- DISPIAY 

Step 
4 DELA.Y 

YES J .. 00? StepS 

NO 
S e 6 

J - 1 

We will let the byte at M(OO) represent the variable J. Translating 
the above flow chart steps into sequences of instruction bytes yields 
the following program. Don't forget that programs are loaded into 
memory starting at address 00 but that the program begins execution 
with the instruction byte at M(Ol): 
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STEP ADDRESS BYTE 

- - Variable J storage lccation 00 00 

1 00 + D 01 F8 

- - - - 02 00 

D~ R(3) 03 A3 

3 ... X 04 E3 

2 Input switch byte~ M(R(X)) 05 68 

M(R(X)) ~ Display; R(X) + 1 06 60 
3 

RfX'\ - 1 07 23 

40 ~ D 08 F8 

- - - - 09 40 

D - 01 ..._ D 0A FF 
4 

- - - - OB 01 

Go to M(OA) if Do/:. 00 oc 3A 

- - - - OD OA 

M(R(X)) -- D OE FO 

5 Go to Steo 2 if D = 00 OF 32 

- - - - . ,.. 05 l.V 

D - 01 _. D 11 FF 

- ·- - - 12 01 

6 D+ M(R(3)) 13 53 

Go to St;:,n 3 14 30 

- - - - 15 06 

Step 1 sets R(3) = 00 and X= 3 for later use. In Step 2 the 68 instruction 
is the MICROTUTOR byte input instruction. It stores the states of the 8 input 
switches in memory and resets EF4. The memory address is specified by the 
byte in R(X). Since X was set to 3 and R(3) was set to 00, Step 2 causes the 
input byte to be stored at M(OO). 

Step 3 displays the byte, which is at M(OO), and decrements R(3) back 
to 00 after the 60 instruction,which incremented R(3). Note that in this 
case the reset of EF4 by the 60 instruction is redundant since the 68 in­
struction has already done this operation. 
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Step 4 is a LOOP used to provide a programmed delay. First, 
D is set to 40. Next D has 01 subtracted from it. If D doesn't equal 
00 after the subtraction, the FF (subtract) instruction is repeated. 
The LOOP comprises the FF-01-3A-0A sequence (2 instruction bytes and 
2 data bytes). The time to execute one instruction is 16 clock cycles. 
The delay provided by this LOOP can be calculated by simply multiplying 
the number of times the LOOP is repeated by the time to execute the two 
instruction bytes included in the LOOP. This delay can, therefore, be 
modified by changing the data byte at M(09) or by changing the clock 
frequency. MICROTUTOR provides a screwdriver clock frequency adjust­
ment for a 10 to 1 variation. Adding an optional capacitor (as shown 
in Figure 1) will reduce the clock frequency. (.005 µf will decrease 
the clock by a factor of 10.) 

After the progrannned delay, Step 5 puts J into D. The 32 
instruction will return the execution to Step 2 if J = OO. Otherwise, 
Step 6 is performed next which subtracts 01 from J and execution re­
turns to Step 3. Once again we have clearly demonstrated that even 
the simplest computer can be prograrraned to perform a trivial task. 
Those readers who had no trouble understanding the above should sub­
tract 05 (decimal 5) from their programming aptitude score. 

D. Counter/Timer Applications 

Those readers with quick minds, nimble fingers, and high pro­
gramming aptitude seores may now be asking themselves what the counter/ 
timer program can be used for. These readers should subtract 10 from 
their score and continue reading. 

With the counter set to run ata high speed, various games are 
possible. Press CL then ST to begin. Pressing CL will now stop the pro­
gram with a hex number displayed. Pressing ST will resume cycling. 
Trying to stop with two matching digits forms the basis for a slot machine 
type of game. Setting the input switches to 09 will provide a pseudo 
random number between O and 9 each time MICROTUTOR is stopped. This number 
could be used to specify the number of moves in a board game. 

Changing the 05 at M(lO) to OF will cause the 32 instruction in 
Step 5 to loop on itself, when the display reaches OO. In this mode MICRO­
TUTOR can be used as a timer. Set the clock and the delay byte at M(09) to 
provide the desired counting interval. Set the eight input switches to a 
desired starting count and initiate program execution. A 00 display indi­
cates that the desired elapsed time has expired. 

Pressing the MICROTUTOR IN switch activates a COSMAC flag line 
(EF4) which can be tested by the 3F or 37 instructions. Three other flag 
lines (EFl, EF2, and EF3) are available via the Externa! Option Socket (E) 
described in Appendix 3. These flag lines are tested by other conditional 
branch instructions (Appendix 2/COSMAC MICROPROCESSOR MANUAL). You can 
easily add the following circuit* to MICROTUTOR. 

* The new-comer to digital circuits is referred to "The Design of Digital 
Systems" by John B. Peatman (McGraw-Hill, 1972). The old-comer to digital 
circuits will quickly grasp the subtle implications of this circuit and 
immediately try to find a new-comer to explain them to. 
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N-channel MOS 
technology yields 
. new generation 

of microprocessors 
The latest microprocessor chips are 

faster than p-MOS devices and handle 
many more peripherals; often, too, 

as in Motorola's M6800 family, a CPU 
chip will come in a matched set of 

memory and input and output chips, 
simplifying system production 

by Link Young, Tom Bennett, and Jeff Lavell, 
Motorola Semiconductor Products /ne .. Phoenix, Ariz. 

O Toe great promise that programable LSI circuits have 
for all kinds of control applications is fulfilled in the sec­
ond generation of microprocessors, such as Motorola's 
and lntel's 8-bit devices. These new n-channel MOS 
chips have many more instructions and need much less 
in the way of costly systems circuit support than did the 
first wave of 4- and 8-bit p-channel systems. Their level 
of computing power is also high, and they a¡e versátile 
and easy to use. 

The n-channel metal-oxide-semiconductor micro­
processors are completely self-contained. They are de­
signed to work directly with a minimum number of 
memory and peripberal support chips, all of which are 
supplied in coordinated families to allow them to oper­
ate off the same voltage and power-supply conditions as 
the central processor chip. 

A typical set contains the CPU chip, a random-access 
memory for f ast scratch-pad logic control, a read-only 
memory for storing the system's program parameters, 
anda set ofinput and output chips. These input/output 
chips enable the CPU to control a large variety of indus­
trial and com.munications equipment: process and man­
ufacturing control systems, peripheral and terminal 
hardware, parameter-control systems of all types-from 
microcomputers in the automobile to control systems 

l·MHz 
CLOCK 

+S·V 
POWER 
SUPPLY 

MC6800 
MICROPROCESSOR 

en .... 
e( 

CONTROL A 

ffi B·BIT ....., __ 
~ +-A M---1--e 
a:: PIA 
~ +-B 
ffi B·BIT ~-_. 
::e ... 
o 

CONTROL B 

128 X 8 
STATIC RAM 

1,024 X 8 
ROM 

PERIPHERAL 
INTERFACE 
ADAPTER 

PERIPHERAL 

MATRIXEO 
KEYBDARD 
(64 KEYS) 

INTERFACE B PRINTER 
--•-" ADAPTER 

8-BIT 
DATA BUS 

16-BIT 
ADDRESS BUS 

SYNC 

1. Elght-blt famlly. Motorola's M6800 famlly of components Is or­

ganizad around the concept of the paraHet data bus. Consequently, 
ali memory and perlpheral Interface adapter (PIA) chips are slmply 
designad to hang on tts CPU's eight bldlrectlonal data linea. 
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~-----m.urix. Ali instructi,,ns c,perated on romplex 4-bit data lt dc,es, however. foil short of being a uscful general• 
signals. as did even simple word fetches for each in- purpose microproccssor chip set, primarily bccause, un-
struction. Still more restricti\'e was the fact that input like its 4-bit predecessor, the MCS-4, it is not a system 
and output aocess .,.as serial not parallel, limiting the of compatible parts. Indeed, it requires many small• 
number of peripherals that could work with the CPU. In- sea le packages to build even a moderatcly powerful sys-
struction speeds were also slow-it could take 80 micro- tem-a simple modero hook-up would need about 50 
sec,,nds to execute ,,ne-and power-supply requir•• ITL packagcs. incrcasing circuit hoard arca and systems 

ments wer< complex and costly. rosts. 
For larger s)·stems, the 8-bit MSC-8 microprocessor Another problem is addressing it. True, its 18-pin 

chip set ¡F,g. 3) could be used, but it was nota self-con- package saves board space, but it must be multiplc<ed 
tained system. requiring externa! ITL for any appli- both for address and data on commc,n input! ,,utput 
cati<'n. lt was, however, quite powerful: the 8008 CPU of pins, which in the end lengthens excessively the time it 
that system can interface with 16.384 8-bit words of takes to execute an instruction. Not only that, thc need 
read-only. random-aocess, N shift-register memory. lt for seven control registers on the CPU chip makes it dif-
.,.as also quite economical to build: ali communication ficult to manage the logic cycles, limiting subroutines 
between functional units and the CPU is carried out over and creating problems in programing and interrupt 
the single 8-bit data bus. a S)'IIC line, a ready line, an in- handling. Finally, its outputs are compatible, not with 
terrupt line. and jusi three status lines. Its low cost, to- standard ITL, but with rarely used low-power ITL, so 
gether with its respectably fast instruction execution that circuits are needed to boost voltage level in most 

time of 12.5 microseconds. makes the 8008 micro- applications. 
processor still very useful for moderate-performance Most of these problems were overcome with National 
systems in point-of-sale terminals, credit-card verifiers, Semiconductor's IMP-16 (Fig. 4), a 16-bil micro-
calculators. and other keyboard-addressed applications. processor set that for the firsl time provided full mini• 
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comruter CPU capahility on a ,ingle board. Dcsigncd to 
opera te on b.11lt enJ, uf tite MCS-8 performance curve, 
lhis p-channrl micropniccssor unit i• «entral lo a family 
of systems with typical e.ecution times of 4.5 to IO ¡u 
for a •)~tcm and 9 to 18 ¡,s for a 8-bit system. Although 
it gained ·;.iJe strong acceptance for many 16-bit mini­
computcr applications, it has been lcss used for 8-bit 
systems hccause the designcr is forced to use micro­
programing-a far more complicated task than the pro­
graming techniqucs requircd for any of today's 8-bit 
microprocessors. (Because ofthis, National has now de­
signed 4-bit and 8-bit vcrsions of the basic IMP system.) 

The problem then from a dcsign point of view is how 
to incorporate the maximum systcm flexihility into an 
8-bit unit, makr it self-mntaincd, havc it olfer a large 
variety of in!'itrLil1ion~. hut ne, erthelc~ rcquirc thc fcw• 
cst l"'"'~le extrrnal parts. M<•lnrola's newly announced 
M('~MOO m1<1,•pr<>ecs'<•r <et and Intcl's 8080 are exam-

The M6800 mlcroprocesslng famlly 
The family comprises five chips: a single-chip central pro• 
cessor unil, a 128-by-8-bif slatic random-access 
memory. a 1,024-by-8-bit read-only memory, and one 
from each of lwo groups of inputtoutput interface cir­
cuits-a periphera/ interface chip designad to provlde a 
bufler lo terminal and periphera/ syslems, and a commu­
nteat•ons interface adapter circuil for interlacing commu­
n,cat1ons hardware They all operate from one S•V power 
supply. and for many applicatíons require far fewer inter• 
face packílges !han other microprocessor sets. 

Bas,s ot /he M6800 lamily is the CPU chip (MC6800) 
packaged ,n a 40-pin OIP (see figure). Bullt wilh /on-im­
planted. n-channel silicon-gate technology, lhis chip 
contains all the functions required for multl-lnstruction 
processing: an arlthmetic and logic unit, lnslrucllon de­
code and address registers, an inslrucllon registe,. all of 
lhe clock and loglc circuils requlred for limlng, and a ful/ 
complement of data-bus Input and output matrices and 
address bus drivers. 

The equivalent of about 120 MSI m packages. the 
chip provides 72 sell-conlained basic lnstructions thal 
heve decimal and binary erithmetlc capablllty. The vart-
1ble-lenglh lns1ructions lnclude double•byle oper■llons 
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ples of just such a system (Fig. 5). U,ins imrlanted n• 
MUS silicon-gatc tcchnology instcad of 1lowcr p-MOI 
and operating from a single dock, cach iJ based on 1 
single 40-pin package containinJ a c·PU chip that'I far 
more versatile than previous nucroproc<'5SOf prodllCIII. 
(For details of the 8080, see pp. 16-21 .) 

The M6800 /ami/y 
The M6800 microprocessc,r set incorporales many or 

the qualities ofthc 8080, but e.hibiL, additional ftnihil­
ity bccausc it requircs fcwer external circuito 10 1mplc­
ment most control and communication 1y,1ems. The 
fact that the family can opcrate from a 1inglc + 5-v 
powcr supply immediately reduces systcm cost by ahout 
$20 ovcr a typical 8080 sy,tem, whith nceds thrce 
powcr supplies. What is more, the periphcral memory 
and input/output logic adapten, instud of neeJins U• 
tema! logic paclr.ages, havc heen designcd so that thcy 

(such as /ncrement or decremenl, load, 1tore endto, 
compare)' and have lrl-stale outpU1s, fwo-accumutato, 
capacity, and enough registers lo prov1de seven addrest• 
/ng modes. A typical lnstructlon time Is under 5 m1cro­
seconds, and there is direct memory access on the chip. 
Up to 64 bytes of memory can be addressed In any com­
blnation of RAM. ROM. or peripheral reg,sters 

Ali olher members of the set (see table) heve been de· 
signed specifically to work drrnclly w1lh lhe CPU chip 
trom the same 5-V power suppty. The peripheral adapter 
(MC6820) is a bidirectional unit w,th two parallel 8-bll 
oulputs that can either drive two peripherals or, lf lted to­
gether, provide a h,gher throughpul The adapter can In­
terface with Teletype and dispiay term,nals. with CH· 
selles and test equipmenl. w,th keyboards and control 
panels, and even wilh large compU1ers lor llme-shared 
expanslon of computer capabil,ty. 

The communicat,ons ,nter1ace adapler (MC6850). on 
the other hand, couples the processor to most standard 
modemS' tor commun,cahons w1th olher computer 1ys­
tems via telephOne lines. For 11,11 more aystem 1te .. b1hty, 
11's possible to use withou1 adaptera not onty fhe 1ta11c 
RAM and ROM in the table but othe, memortes, loo. 
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SYNC 
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SERIAL 
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1/0 
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4003 

-v-----" 
EXPANDED OUTPUTS 

DATA IN 

CLOCK 

ENABLE 

2. Baile computar. One of the first microcompute• chip sets to 

have been fabricated comes from lntel. Callad the MSC-4, it consists 
of four simple LSI blocks and provides 45 instructions with an in­
struction cycle time of 10.8 microseconds. 

IMP-l&C 

JUMP 
MULTI· 

PLEXER 

CONTROL 
FLAGS 

ROM 
DEVICE 

DATA BUFFER 

4 ALU DEVICES 

CONTROL 
BUS ALU 

CONTROL 

4. Slxteen bita on a board. National's IMP-16 architecture supplies 
a full 16-bit minicomputer capability on a single pe board. Micro­
programable ROMs control the tour 4~bit arithmetic logic units that 
do the processing. Four- and 8-bit versions are also available. 
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3_ He!!tty ~!.!ty. The first 8-bit micrcccmpute: systam, lntaf's ~.1SC-8, 
can interface with over 16,000 8-bit words of read-only, random-ac­

cess, or shift-register memory. lts drawback: substantial externa! clr­
cuitry is needed for most applications. 
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5. Stralghtforward. The new n-channel microprocessor chips make 
designing micro,:;omputers simply a matter of choosing a family of 
matched components. This lntel 8080 system, for example, requires 
only a half a dozen standard products. 



for traffic lights-and anywhere else that random-logic 
computer control needs optimizing. 

These second-generation n-channel units expand 
considerably on the system benefits offered by the first 
microprocessors. Over 70 instructions may be available, 
as against about 40 far the largest p-channel unit. As 
few as four packages are required to buíld a complete 8-
bit mícrocomputer. Moreover, in the Motorola family, 
the M6800, TIL compatibility is achieved with only a 
single + 5-volt power supply, inste ad of the usual three 
supplies. Therefore, board space, package count, and 
component costs are reduced, even while system capac­
ity is increased. 

Other bene.fits to the system 
Consequently, as with all microprocessor system de­

signs, board layouts are simplified. The complex inter­
connections required far large numbers of conventional 
ICs are replaced by ROMs. Toe only interconnect wiring 
on printed-circuit cards runs between the various ad­
dress and data buses and input/output devices. 

The cost savings are not limited to direct circuit com­
ponent costs but they extend to other, related, system 
hardware costs. Connectors can be decreased in num­
ber, cabling can be sirnplified, the card cage can be re­
duced in sú:e, and so oñ. Associated indirect costs also 
fall, of course, since assembly takes less time, documen­
tation is simpler, and maintenance is easier. 

Equally irnportant to cost savings in hardware sys­
tems is the ability of system engineers to build a pro­
posed design quickly. No hardwire logic need be simu­
lated, optirnized, or breadboarded. The logic design 
portian of the cycle now becomes the manipulation of 
functional building blocks, where the control sequence 
takes the farm ofwriting a software progratn into an ex-

1 CPU 

POINT·OF-SALE 1 ROM I 
1 

KEYBOARO 
INPUT 

1 PERIPHERAL 
INTERFACE 
AOAPTER 

CREOIT PERIPHERAL 
AUTHORIZATION - INTERFACE 

INPUT AOAPTER 

ternal ROM. Breadboarding consists of interconnecting a 
few LSI packages. 

Design changes, too, are simply a case of modifying 
the control program, in contrast to designing and laying 
out the logic afresh. Toe various microprocessor manu­
facturers offer the use of simulators, so that most of the 
design can be verified even befare it is committed to 
hardware. This all cuts at least 90% from the design 
time. 

The numerous instructions and system versatílity de­
spite the very few packages sterns directly from the or­
ganization of the new CPU chips. Far example, the 
MC6800 chip is organized around the popular parallel 
data bus concept (Fig. 1), so that ali the memory and 
peripheral interface chips simply hang on the MC6800's 
eight bidirectional data lines ( 16 address lines are pro­
vided). Up to 10 LSI chips can be directly attached to 
the bus far operation up to 1 megahertz. To drive still 
more peripherals, a bipolar extender can be added. 

This direct access to a variety of interface and periph­
eral equipment, obtained with a mínimum of packages 
(see ''The M6800 microprocessing farnily," p. 11) is a 
tremendous advance on many of the early micro­
processor chip families-even though the first single­
chip microprocessor was introduced just two vears ago. 

Intel's MCS-4 and MCS-8 and- Rockwell's PPS-4, 
which all used p-MOS silicon-gate technology, were ex­
cellent starting points, in that they were self-contained 
sets of circuits requiring no extemal logic. In the 4-bit 
MCS-4, far example, the CPU, random-access memory, 
and read-only memory interfaced optimally as a set 
(Fig. 2). However, these first microprocessors had majar 
lirnitations. Selecting correct memory locations required 
complex address logic: 12-bit addresses needing three 4-
bit words had to be multiplexed onto the CPU's input 

1 
1 RAM 1 -, 

PERIPHERAL 1 ABCOEFGH12345678 I 
INTERFACE 
AOAPTER 

PERIPHERAL RETAIL PROCESSOR INTERFACE - CENTER AOAPTER 

COMMUNICATIONS 1 -- 1 OATA PHONE INTERFACE 
1 1 AOAPTER 

* TO DATA TRANSMISSION LINES 

l. Selllng well. Wlth mlcroprocessor design techniques, systems such as this polnt-of-sale installation are capable ot belng implementad 
with only ftve or six circuit blocks, which are designad to work directly with the basic CPU family. 
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l 
can work directly with the chip containing the CPU. 

The smallness ofthe package count is dramatically il­
lustrated by the comparison of the breadboard, engi­
neering model, and final chip design of an MC6800-
type CPU (see photograph on p. 82). The breadboard, a 
gate-to-gate implementation of the CPU employing 
basic gates and flip-flops, needs five 10-by-IO-inch 
boards containing 451 packages. The engineering model 
is a functional implementation of the design and made 
extensive use of MSI logic packages and programable 
ROMs to reduce package count to a mere 114, packed 
into a single IO-by-10-in. board by means of today's 
most e.tfective hardwire logic techniques. Yet all this is 
replaced by the single 40-pin package containing the 
CPU chip. The example epitomizes the impact LSI chip 
design is having on the implementation of complex 
computer functions. 

The new n-channel microprocessors go still further, 
by addressing themselves to other parts of the system as 
well. For the families of circuits are designed to min­
imize assembly costs by reducing the number of an­
cillary parts necessary to realize a design. 

Consider the block diagrarn of a typical small termi­
nal, a generalized point-of-sale terminal (Fig 6). Since 
every CPU needs severa! peripheral interfaces, one key 

TO RAM, ROM, PERIPHERAL 
INTERFACE AOAPTER, ETC. 

DATA BUS 
(8 UNES) 

MC14411 
BIT·RATE 
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V00=+5V 

TxC RxC 

MC6850 
ASYNCHRONOUS 
COMMUNICATIONS 

INTERFACE 
ADAPTER (ACIAi 

IRQ 

DTR/RTS 

Tx DATA 

Rx DATA 

CTS 

to cost-e.tfective designs with a microcomputer lies in 
the input/ output interface. 

Indeed, anything that has to interface with a micro­
computer ought to be compatible with the data-bus ar­
rangernent and with the particular addressing scherne. 
Moreover, this bus-compatibility requirement holds 
good for not only in the input/output area but in the 
memory area as well. Consequently, since a micro­
processor is a word-oriented system, more and more 
word-oriented memories are beginning to appear. 

The M6800 family is directed at just these system 
needs. It includes flexible input/output adapters and 
word-oriented memories, in addition to the basic micro­
processing unit, as indicated in the minimum system 
configuration of Fig. 7. This system can maintain its 
1-MHz level of operation even when expanded to 10 
modules (memories, inputloutput adapters and addi­
tional CPUs) on the principal data bus, with no externa! 
interface package. 

In order to handle applications that require 1-MHz 
operation with more than 10 modules on the data bus, 
bus extenders are provided. For systems that do not re­
quire 1-MHz operation, up to 30 modules can be added 
te the data bus without 1cy uiring bus extenders-for ex­
ample, more than 20 modules can be added to the data 
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'----------'------+--t DETECTOR 2~CLOCK VMA 

GENERATOR 
----1'---t------ IRQ 

Voo=+5 V 
4 UNES 

----~-• ..... ....,_<>2..,._...__ ..... 1RQ 
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-:-

TO RAM, ROM, PERIPHERAL 
----A-DD_R_E-SS_B_U_S __ INTERFACE ADAPTER, ETC. 

(16 UNES) 

8. CommunlcaUng. A boon for communications systems, thls microproces.sor setup can be implementad using standard communicaticn In­
terface adapters (CIAs). These adapters' function Is to glve the CPU system access to any standard modem. 
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l. Wortdng up the aortware. This design sequence, which is orga­
nlzed for ease of use with the GE time-sharing network, allows the 
designar to enter his specific program, whlch is then simulated on a 

cross assembler residen! in the GE computar. 

bus in a design for a typical 500-KHz control system. 
Another example of how few packages are necessary 

with microprocessors is given by a typical modem com­
munications system (Fig. 8). Here the asynchronous 
communication interface adapter performs the basic 
serializing / deserializing function required to interface 
the modems with the CPU. It also provides such addi­
tional logic capability as start, stop, and parity compen­
sation. lt can be used with a line driver/receiver for 
high-speed data transmission up to 5,000 bits per sec­
ond, or with standard modems like the single-chip Bell 
100 Series low-speed modem. Significantly, the l ló TIL 
and modem packages formerly required by this system 
are here replaced by only seven packages. The assembly 
costs alone are reduced by as muchas two thirds. 

Using the microprocessor 
Most microprocessor manufacturers supply the soft­

ware required to program their devices in a form usable 
with readily available computer systems. Toe sofüvare 
programs for the MC6800, for instance, are currently 
available on the ubiquitous GE time-sharing network. A 
designer might use them in the sequence shown in Fig. 
9. Working with the GE edit program, the designer en­
ters his specific applications program, which is sirnu­
lated on a cross assembler resident in the same host 
computer. Toe cross assembler checks for obvious errors 
and violations and indicates them to the designer. 

After the program has been assembled, the designer 
has two choices-to go to hardware directly, orto sirnu­
late his system by making use of the large GE host com­
puter containing ali the parameters of the particular 
system. lf he chooses to sirnulate and bis program 
works, he can then go to the hardware stage. lf his pro­
gram does not run, the simulator will pinpoint his prob­
lem areas, and he can modify his program and go 
througb the loop again. This process can be continued 
until the designer is completely satisfied with his pro­
gram. 

In addition, exercisers, hardware, and programs are 
provided by many manufacturers to verify breadboard 
operation. In the system that is described in Table l. the 
designer chooses the cards required to breadboard his 
system, plugs them into the macbine, cables tbe in­
put/output cards to bis various peripherals, reads bis 
program in tbrough the lTY, or equivalent, network 
tbat interfaces to tbe debugging card. His program is 
contained in the read/write memory until it is de­
bugged. 

Then, in the debugging stage, a panel switch enables 
the flexible RAM to look like the appropriate ROM. If his 
program does not run, the exerciser will help him -find 
out why and enable him to modify tbe program. 

It's estimated that exercising aids like the off-the-shelf 
software and the Motorola Exorciser can save the de­
signer from six to 12 man-months by providing him 
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TABLE 1 

1 Basic exerciser ■nd debug card 
----,.----.---

1 

Hardware featuras: 
Stop·on-address 
Execute single instruction 
Abort 
Restart 
TTY interface (20-mA duplex) 
RS232 interface (selectable bit rates) 

1 

Firmware leatures: 
Oebug 

Microprocessor cerds Memory cards General interface cards Communications 
interface cards 

Miscellaneous support 
equipment MEX 6800 CPU card 

ME X 6800-1 CPU card 
MEX 6816 ROM card 
MEX 6816·1 ROM card 

MEX 6820 peripheral-interface­
adapter card MEX 6850 ACIA card 

MEX 6850-1 ACIA card 
MEX 68EX extender card 
MEX cables MEX 6602 static RAM card 

MEX 6605 dynamic RAM card 
MEX 6820·1 peripheral-interlace­

adapter card MEX 6860/6850 L.S. modem card ME X 68WW universal 
wire-wrap card with battery backup 

with a convenient method of communicating with the 
microcomputer. 

Systems that are based on microprocessors are 
cheaper to manufacture, require shorter design cycles­
and are also easier to modify or upgrade. The person­
ality or function of the system, bcing determined by a 
master control program stored in a memory, is changed 
simply by modifying that program. 

In the case of market testing, systems can be adapted 
in the customer's own environment to meet his needs 
better. For the first time a manufacturer has the capac­
ity to make his product smarter and add features at any 
instant simply by expanding his master control pro-

In switch to n-MOS 
1 

m1croprocessor gets 

16 

a 2-µs cycle time 
lntel's 8-bit successor to its 

4-bit p-MOS CPU chip has 30 extra 
instructions, is 1 O times faster 

by Masatoshi Shima and Federico Faggin, 
lntel Corp .. Santa Clara. Calit. 

gram. A whole range of products becomes potentially 
available by simply adding LSI modules with their asso­
ciated features. 

System flexibility mostly depends on the new type of 
memory used, and here the choice is rich. For example, 
an inexpensive, volatile read/write buffer memory 
could be used in conJunct1on w1th a cassette or a floppy 
disk for very low-cost systems requiring moderate 
speed. For faster systems, such as modem interfaces, 
ROMs, programable ROMs, or even dynamic RAMs with 
battery backup could be used. In this area, the emerging 
4,096-bit RAMs appear to offer the best speed/cost 
~d~~ 0 

O Toe first microprocessors borrowed many desirable 
architectural features from minicomputers-but not 
their speed. The 8-bit Intel 8080, however, achieves typ­
ical execution times of 2 microseconds, which are com­
parable to those ofmany oftoday's minis. 

In so doing, it improves on the speed of its predeces­
sor. the Intel 8008, by an order of magnitude or more, 
and, since it also adds 30 new instructions to the 48 
shared with the 8008, it can be considered the start of a 
second, more powerful generation. 

The key to both improvements is the shift from the 
8008's p-channel MOS technology to n-channel MOS. In­
deed, the decision to develop the 8080 was taken about 
18_ months ago, as soon as high-volume production of 
silicon-gate n-channel devices was feasible. The goal 
was a single-chip central processing unit (CPU) compat­
ible with but markedly superior to the earlier 8008. Toe 
8080's characteristics were to include: 
■ A 10: 1 speed improvement over the 8008. 
■ None of tht! known limitations of the 8008 (such as 
interfacing problcms and lack ofmultiple interrupts). 
■ Improved functional capability plus retention of all 
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1. Compartaon. lntel's eariier single-chip microprocessor, the 8008, has a separata scratch-pad memory and address stack (a). !n the 
8080, these have been combinad into the six 16-bit registers (b). The accumulator has been moved into the arithmetic and logic unit, avoid­
ing the use of the interna! bus tor data transters between the scratch pad and the ALU during arithmetic and logic operatiQns. 
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of the various features and instructions of the 8008. 
■ Economic feasibility-a small chip and conventional 
packaging. 

If the higher mobility of electrons versus holes were 
the only difference between the n-channel and p-chan­
nel technologies, only a 2.4: l improvement in speed 
could have been expected. But n-channel's lower 
threshold allows use of a 5-volt supply for interna} logic, 
with a 4: l improvement in speed-power product. 

There are other contributions to higher speed. The 
higher substrate concentration of the n-channel starting 
material, combined with the lower supply voltage, al­
lows channels to be shorter than with p-channel tech­
nology, so that input capacitance is lower and size 
smaller. Finally, lower junction capacitances and lower 
resistivities of diffusion and polysilicon areas, which re­
sult from the n-channel process and the use of substrate 
bias, reduce the interconnection time constants by a fac­
tor of four-and, in logic circuits of this type, one of the 
limiting speed constraint lies in the electrical properties 
of the interconnections. 

The interfacing requirements were simplified because 
n-channel technology allows a big reduction of the 
power dissipation ofindividual output buffer circuits, so 
th"at the 8080 could be packaged in a 40-pin package to 
include 30 buffers as against the 12 of the 8008. In the 
8008, each output buffer sinks two low-power ITL loads 
(440 microamperes) for a total dissipation of 250 milli­
watts. Eight of the 8008 buffers are shared (time-multi­
plexed) for addresses and data outputs, reducing the 
number of package pins but increasing the complexity 
of the interface. The 8080's 30 output buffers, on the 
other hand, are six times faster, sink 1.9 milliamperes 
each, and dissipate a total of 150 mw. The 100 mw 
saved was used to improve the speed of the interna! cir­
cuits (a 40-pin ceramic package allows a maximum dis­
sipation of about 750 mw, so the power budget was lim­
ited). 

The layout eff ort took 18 man-months because it re­
quired great care to minimize parasitics and to optimize 
signa! flow for increased speed and smaller size. The re­
sult was a 165-by- l 91-mil chip that is smaller than 
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2. 8080 al work. When connected In a microprocessor system, !he 8080 requires only six externa1 TTL packages, as agalnst the 20 needed 
by the 8008. The address bus can access up to 64 kllobytes of memory and up to 256 Input and 256 output ports. 
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3. State dlagram. A typical machine cycle requires three to five 
states. The operation is basically as follows: during T 1, the content of 
the interna! address register is sen! to the address bus; during T2, 
READY is tested; during T 3 , data is transferred between the CPU and 
memory or l/O devices; T4 and T5 are used when necessary to com­
plete the instruction execution; and finally, the circuit goes back to T 1 

for the next machine cycle. Only after the last state of the last ma­
china cycle is the interrupt request line tested. 

many of today's single-chip calculators. Great effort 
went into both logic and circuit design minimization, as 
a result ofwhich the complex functions ofthe 8080 were 
implernented in only about 5,000 transistors. 

The effectiveness of a CPU can be measured by its ex­
ecution speed and memory storage requirements for a 
representative class of practical benchrnark programs. 
The real improvement in performance is highly depen­
dent on specific applications. If the 8080 had only the 
sarne 48 instructions as the 8008, it would handle the 
sarne problerns about eight times faster (and five times 
faster than the 8008- I. a high-speed version of the 
8008). However, with the 30 new instructions, the 8080 
offers speed improvements on the order of 10: l to 20: I 
with srnaller storage requirements-frorn 95% to 70% for 
an equivalent prograrn written for the 8080. 

The intemal organization of the 8080 is shown in Fig. 

lb, while Fig. la shows the same detail for the 8080. 
The most irnportant change concerns the interna! 

rnernory organization. The 8008 has separate rnernories: 
an address stack-eight 14-bit registers which comprise 
one program counter storing the current effective ad­
dress and seven others that store the addresses of nested 
subroutines-and a scratch pad, which contains the 8-bit 
accurnulator and six additional 8-bit registers used for 
memory addressing and temporary storage of operands. 
In the 8080, these memories have been combined into a 
single interna! 16-bit-wide mernory with paired 8-bit 
register organization. The 8080's program counter and 
stack pointer. also each 16 bits wide, replace the 8008's 
internal address stack. 

The 8008 has an interna! 3-bit stack pointer, which 
gives the user up to seven levels of nesting of subrou­
tines. The 8080's 16-bit stack pointer can address up to 
64 kilobytes of externa! stack memory, providing essen­
tially as many nesting levels as needed. 

The 8080's accumulator and its associated circuitrv 
have been moved into the arithmetic logic unit (ALÚ) 
section, to speed up the operation ofthe processor (data 
transfers between memory and ALU on the internal data 
bus are therefore not required for arithmetic and logic 
operations). Notice that the 8080 memory is double­
ended-inforrnation can be transferred tforn the inter­
na! bus 8 bits at a time, while 16-bit transfers can take 
place from the address register. 

Extra benefits 
This organization yields a number of other new fea­

tures for the 8080. The most important are: 
■ New instructions allow the contents of any register 
pair (B-C, D-E, H-L, or ACCUMULATOR-FLAGS) to be 
quickly stored and retrieved by being "pushed into" or 
"popped frorn" the top of the externa! memory stack. 
This is a fast way to save the machine status (the con­
tents of the registers) when an interrupt occurs and then 
restore the status after the interrupt has been serviced. 
The stack can also be used as an extension of the inter­
na! registers. 
■ Other new instructions allow easy manipulation of 
addresses and the memory stack, since the registers B-C, 
D-E and H-L, and STACK POINTER can be incremented 
and decremented with 16 bits in parallel. 
■ The temporary register pair W-Z can be used as a pro­
gram counter to hold a direct address to quickly load or 
store H-L or ACCUMULATOR. Also possible are double 
precision additions between any register pair and H-L. 
■ Fast, parallel transfers of H-L to PROGRAM COUNTER 
or ST ACK POINTER are now possible with a mínimum 
amount of interna! control logic. 
■ The addition of decimal correction to the ALU section 
enables binary and BCD arithmetic to be perforrned at 
about equal speeds. 
■ The addition of many new, easy-to-use control and 
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The S0S0's lnputs and outputs 
The lntel 8080 takes tour control inputs and generates six 
control outputs: 

SYNC-output; a synchronizing signa! that indicates 
the beginning of each memory cycle. 

DATA BUS INPUT-output; a signa! that indicates when 
the data bus is in the receiving mode, i.e. when data is 
expected by the CPU. 

READY-input; a signa! to the CPU that valid data is 
available. lf not activated, the CPU enters a WAIT state. 

WAIT-output; a signa! that acknowledges that the 
CPU is in the WAIT state. 

WRITE-output; a signa! that tells the memory and out­
put devices that valid data from the CPU is available on 
the data bus. 

HOLD-input; a signa! used by an externa! device to 
request access to the CPU address and data bus. 
Request is granted upon completion of memory access 
and it is acknowledged on the HOLD ACKNOWLEDGE 
output pin. The CPU address and data buses become 
floating (in a high-impedance state), but internally, the 
CPU completes the execution of the curren! memory 
cycle. After that, the CPU idles for as long as HOLD is ac­
tive. HOLD and HOLD ACKNOWLEDGE can be used for 
DMA (direct memory access) control ~nd in mu!tiproces­
sor applications. 

HOLD ACKNOWLEDGE-output; signals acknowledg­
ment of the HOLD state. 

T, 
0.5µ, 

INTERRUPT REOUEST -input; the interrupt input is 
sampled at the end of the current instruction cycle and if 
the interna! software control interrupt enable flip-flop is 
set, it initiates the interrupt servicing sequence. 

RESET -input; a signa! that clears the content of the 
program counter so that program execution will start 
from location zero in memory. 

INTERRUPT ENABLE-output; a signa! that displays 
the status of the interrupt enable flip-flop. 

The CPU also provides eight status bits on the data bus 
at SYNC time: 

HAL T ACKNOWLEDGE-a response to the HALT in­
struction. 

INTERRUPT ACKNOWLEDGE-follows the acceptance 
by the CPU of an interrupt request. 

INPUT CYCLE-indicates that the address bus holds 
the address of an input device. 

OUTPUT CYCLE-indicates that the address bus holds 
the address of an output device. 

MEMORY READ-indicates that the data bus will have 
data coming from memory. 

M1-indicates that the current cycle is for fetching the 
first byte of an instruction. 

ST,i\CK~indlc;:itts that the addíess bus ho:ds the push­
down stack address. 

WRITE OUTPUT-indicates that the data bus will have 
data for memory write or for an output operation. 

ADDRESS ---.. --....,...----....,....-----.----------•----------BUS ___ ,__ __________ ._ _______ _,~---------

SYNC 

DATA BUS 
INPUT 

READ/WRITE 

___ --J,----\._ ___________ .,J, 

READY ------------Í\-----------------~----------- \ ____ _ 

WAIT 

DATA BUS -----y---vr¡-----------,,------.,------'V'"'-------------

~-j, ---- -s~:;u~ ..... _J_....nDA_T_A_D_u_t __ (_B_) T_D...,._ __ t_STA~U~ - - - - - - - -

INF0RMATI0N FETCHED INF0AMATIDN L0CATI0N A0DRESSED INF0AMATI0N 
BY (H,L) 

4. Tlmlng. The instruction LMB (load the content of register B into the location addres~ed by !he con!ents of registers H and L) requires two 
machine cycles (M 1 and M2). During M1, the address bus holds the program counter contents, and during M2 it holds the contents of the H-L 
register pair. DATA BUS INPUT shows when the CPU expects data from the data bus. WRITE shows when data from !he CPU is available on 
the data bus. READY shows that valid data 1s available to the CPU. The bottom waveform shows the corresponding data-bus actions. 
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status signals simplifies interfacing, allows direct 
memory access, and helps in program debugging. 

Figure 2 shows how the 8080 interfaces with outside 
chips to make a microprocessor system. An external 
crystal-controlled oscillator supplies two non-over­
lapping clocks, 91, and 92. Buffers interface to externa! 
address and data buses, and a gate and eight latches set 
up status bits during sync time. All inputs and outputs 
are TIL-compatible, with the exception of the two 
clocks, which require + 12 v. A memory and the input­
output devices complete the system. 

The amount of externa! interface logic necessary to 
implement any system depends on that system's com­
plexity. Toe mínimum requirement is six packages of 
oonventional TIL (the 8008 needs at least 20). 

Externa! signals are organized on three buses. An ad­
dress bus with 16 lines addresses up to 65 kilobytes of 
memory and up to 256 input and 256 output ports. A 
bidirectional eight-line data bus carries data to and 
from memory and 110 ports. A control bus synchronizes 

·-
·-i~·•1t: ·,o--:··.•.:,,: -~ ~ ., :, ', 

_,, '• . ,.;; ·~ ._ ,., ,.-•.·• .. ,,. .,. ' ,_. ~.~~ 

INTEL INTEL 
8008 8080 

Tochnology/threshold voltage p/1.5-2.5 V n/0.B-1.4 V 

Supply voltage +5, -9 V +12. +5, O. -5 V 

Number of pins on package 1B 40 

Number of interface chips 20 6 

Number of instructions 4B 78 (48 + 301 

lnstruction execution speed 12-22 µs 2-9J,l$ 

lnttrnal memory type/number of bits dynam,c/168 bits static/104 bits 

Chip size (milsl 124 X 173 164 X 191 

RAM size/speed (typical svstemsl 256/1 µs 1,024/500 ns 

ROM size/speed (typical systemsJ 2,04811 µs 4 ,09 6/600 ns 

the CPU, externa! memory, and 110 devices, and also has 
the job of handling interrupts, direct-memory-access 
(DMA) controls, and CPU status information. 

lnstructions in the 8080, as in the 8008, use one, two, 
or three bytes of storage. Each instruction requires from 
one to five machine (or memory) cycles for fetching and 
execution. Machine cycles are called M1, M2, ... , M5. 
Each machine cycle requires from three to five states­
T1, T2, ... , T5-for its completion. Each state has the 
duration of one clock period (0.5 microsecond). There 
are three other states (w AIT, HOLD, and HAL T) which 
last one to an indefinite number of clock periods, as 
oontrolled by externa! signals. Machine cycle M1 is al­
ways the operation-code fetch cycle and lasts four or 
five clock periods. Machine cycles M2, M3, M4, and M5 
normally last three dock periods each. 

To understand the basic operation of the 8080, let's 
refer to the simplified state diagram shown in Fig. 3, 
starting at cycle M 1 and state T 1-

During T 1 the content of the program counter is sent 

to the address bus, SYNC is true, and the data bus has 
status information pertaining to the cycle that is cur­
rently being initiated. T 1 is always followed by another 
state, T2, during which the condition of thc READY in­
put is tested. lf READY is true, T 3 is entered; otherváse, 
the CPU will go into the wait state (T w) and stay there 
for as long as READY is false. READY thus allows the 
CPU be syt'íchronized to a memory with any access time 
and to any 1/0 device. Also, by controlling the READY 
line, the user can single-step through his program. 

During T 3, the data coming from memory is available 
on the data bus and is transferred into the instruction 
register (during M1 only). The instruction decoder and 
control sections then generate the basic signals to con­
trol the interna! data transfers, the timing, and the ma­
chine-cycle requirements of the new instructions. 

At the end of T 4, if the cycle is complete, or else at the 
end of T 5, the 8080 goes back to T 1 and enters machine 
cycle M2, unless the instruction required only one ma­
chine cycle for its execution. In such cases. a new M1 
cycle is entered. The loop is repeated for as many cycles 
and states as required by the instruction. 

It is only during the last state of the last machine 
cycle that the interrupt request line is tested and a spe­
cial M1 cycle is entered, during which no program­
counter incrementing takes place and INTERRUPT AC­
KNOWLEDGE status is sent out. During this cycle, one of 
eight possible single-byte calls will be sent to the CPU by 
the interrupting device. 

Execution times 
Instruction state requirements range from a min­

imum of four states for non-memory referencing in­
structions, like register and accumulator arithmetic in­
structions, up to a maximum of 18 states for the most 
complex instructions-such as XTHL (exchange the con­
tents of registers H and L with the content of the top two 
locations of the stack). At the maximum clock fre­
quency of 2 megahertz, this means that assembly-lan­
guage instructions can be executed in 2 to 9 µs. 

As an example of 8080 timing, Fig. 4 shows the tim­
ing diagram for the one-byte, two-cycle instruction LMB 
(load the content of register B into the memory location 
addressed by the contents of registers H and L). This ex­
ample also illustrates the timing when a WAIT state is 
entered after the execution of LMB. Notice that seven 
states (a total of 3.5 µs) are required to fetch and exe­
cute the LMB instruction. The same instruction would 
require 28 µs by the 8008, 17.5 µs by the faster 8008-1. 

Though this example demonstrates an 8: l improve­
ment in speed over the 8008, the real impact of the new 
8080 will not be as a replacement for the 8008. Toe 
8008 has, after all, adequate speed for a large number 
of applications. Toe 8080 will be used in new systems 
that were not feasible before because the first-gener­
ation microcomputcrs were not powcrful cnough. O 

21 



,_,-IIJ I> 1,. E 116 L. 'Z./ O , 

• 

OUTL\NE. 
) ~ •• 

• 0NE LE.VE.L I/O 5TRUCT. 

• TWO LE VE L I/0 STRUCT. 

SOFTWARE/ 
HARDWARE. 

~- J ,:w:;:.;,.<Jll)1P,,.,.~~l"'""'f''•"~~,~-~11111!'6C,A~M:!!'M~ ~- !.l'fll!ll~.$11.,1 . /,9 . l ",~&,:!\Ulllj_~~ ;/¡11!, ~~;_;¡,;¡ #4,i,. ,,¼@L ~l:iill'M!/i~>.,~~,'lllll\l\l~ff!,~llll)S¡."\lflffl,llfl~!l~Nl!/!~~Wl'~<'\'l;'lffl\~~~)W!'Vf'I":':(~~,.---------------------



Two-Lf"l/61. ~lo • 

• 

ONE LEVEL I/0 EXAM?LE. 

1 C~l) 1 • ID' BYTE" D\SFLAY 

+ 

MM , LIS.J INPUT SW \TCH 
...__ _ __. AR RA Y 

DATA ➔ DlS?LAY (FR0 M MM) 
TU R tJ 'b \5 ?LAY otJ /OFF 
DATA a. ~ M VIA SW \TC-Hé5 

-< 

- - 9\ 
,.;;;;:,;;~;¡ ;;xMIN•·..,.~~ ,/14,d~,fil½P.¼,, ,fi,NifAP,4.P,W;;..;•~~ !Pfl!\!C, m¡;.¡;; • .94 .. ,.,11,,q.f\rk'Pkf..}.%,i!i\lf.llC,,,C!IW+t&JPW,~!,;wi1'1'1".'l'f1!1!"l,.1"';.Ml\.lli5"¼)'. *·' .µ; _,;,; ~.$4 .,,41¡,;¡:.¡,,_t.~!"2~, L\'},l.h,►..,i, JS$$ .. Gf4i4Ulfill,I\Wnl!h,_;.,Ulllf!W,?.\r4i\Q!~lt!~U•¼l4J! tMALtJ1!4,bU<J%A.(]\)$h}MIPM"iiiil\l:+i'. __ '1U1~.UIA;f$.¡ilQ 



\t), 
r 

r . 

D ~ 

() lL L 
1 1- LL o 

G D!. --· f 
t 

lu "'- U- ..J ' ( 

\-- z ._J 
;>--. o <C w 
Q'.l 

)-. 

3 
D 

4: 
\- Q 

:::( 
V) 

z r ---a... ::5 
1- ~ _J. 

a.. 
~ ~ 

_J 
2 o 1-- <C -

~ 
• U1 o l - ~- m 

~ 

_J '-.O \!) '° ~ 
H 
-1 

~ ., _, 
• o 
! .. 



t 
r ~ 

r -, 

V) -
D 

lll " -· - fll 
LLl \9 '° \J) \O ~ 

J..- o ""\ ~ ' o 
C\I ~ '° >--- '° \O '° \D 1-

(X} -- C\I 'd 
~-

V) 

Cl .::s a Q 
~ 

i 
t-, f 

í 

1- - f 
J ~ 

~ ~ 

2 ~ .. ~ ~ 1 

<t. 

3 
i 

1 1 

1 
1 

00 
1 

1 \O 

3 
• ~4-¿ o 

~ 

~-.,, 

z u L 
1 

~ .. 1 
~ 

t 
., 
~ 
'-.,, 
' i 



• 
r 

_J 
l.u 
~ 
lJJ 

• --1 

·º 1 

V ~ 1L lu 
V) ·1.L 2. 2 
--- _J 2 -- o· 
CJ ~ -c:tl-- w (.) <iwo~ 
Q ~.~ ~~ VJ ~ H 
t:l ~ () ci.. V) 2 et u3,-- l.L 

~ 
' ~1-- 1-- o 1 
Q ~ Cl( <C 
4:4:~I- o t 

\- UJ \J.J ~ a: 2 :r ~VJll 2 :2 
<l: • • • • • <( 

3 \j 

. o 
' " 
~ 

t .. 
"" • • 
~ 



Wi':lilrl, in ti'rfit %' ' 9 1-·1 ~iiu,--»h ~-+ ·a:\ol;1!1'lt'1'b:it1.1f·'il/';¡¡¡: ·v ílii~-.,~~~,;;,;¡,1(¡1/ ;¡;•," $',a¡¡J¡¡¡)llfilli'&/ :t.i 'ti,¡- 1 iVif1fVN'ktWtiJl'F'r1&:U& --·liíf"'YW i-%11i/i":~,.,.,.S,ofiíA''-~'-:i.@i'&ill1í,J(•·fi11f"(';li T1 ~ldii':' 'r!if !r' ÜIÍM'"iliii,.\Ws'ííi''~:t "•-•,¡¡"\~ WJ&'t' fttt:lftr11·t· '" C f; 

T.._. ~,11,,_ ~ 10 

• 

TW0 LEVE L I/O 
,,. a e ,., 2111• - ......._.,..._._,.et u 

ENTlRE C0SMAC I/O f NTCR­

FAC-é MAt)E_ AVAILA8L_E TO 

EAC\-\ 'PER\Pl-\~RRL :t)~VlCE 

T·? 
~..,.,,,._~1., , , ·* J;J4f,.i:-~IJ.A"Vl~BllllP/ . .,,.,o;.;:s:.,;;w,AA~n , 41; 1¡!,p **JM. M ""''71+<-f'ii.,;,w,)li;J<.,~,&;,:,-.m111.. Wil9SJGk%?i. _ J.JJxqw:us,.b\,tUlll :;:;o."P;42~111!;-.f J;l!IS, J . ;. e, ;u,;u ;;¡%.AA&# l!tf, HJG • Mb4, : Mi._ uo mm; ?14 .e,;, i!ffijQ.1 ;. t,9◄ .. @li¾.i!ib J P 1\ 4 

~,._:, ►.o.;, & JS s;µ¡;¡;.~ 



.., 
• 
k 

~ 

-~ 
2 ~ uJ (J \) 

\al 
(/J >-' 

u u < 
< • --- ..J • o -z Q.. 

·~~ a o ~ 
vJ -p 

~ • 

o o 

"2 
~ 

u o' - lu 
I: o .. --1 \1) 

;...J N 

(H LU Lu 
_. 

L a- u p p --
+- ~ -' ·v 

~ 
:::s o 
~ 

d.. 
O- 1- lu 
u - -IU (.J 2 \) 

u -o ~ u Ul 
(J 

1 
•• 

• ~ -e- •• 
p \u 

1 
u {J 

f u 
1 
,} 

o 
~ 
~ 

t -. .. 
1 • 1 ... 



í>ifif ·:1'?1ii:r'"r#itf'íif' ¡/¡(1,Í¡¡¡;¡;f~¡¡¡'d~- ~~¾íffiÍlst'iiCIPt::'t'!i;wp¡'.¡¡¡¡¡~;i;,'\tf"~i1t&Cd f'Wtrt'e:r- h11•' ii 5·¡¡¡~:;¡ tftt;e,'¡;fm <·--w-''h~!i -~er't'1~-f.iWJ ¡··ntt;J~Ji]''(fif1':.11[,,'niw¾crlíuvrit('Wfih'frt:/d•j¡"¡¡¡('t:.tilf'HHtd.r 

T.,.•• L6tnl,. :r/• 

• 

5ELEC\ INSTRUCTION -- .. -- -
DEFINE Gcf> AS ~~-LEC T \ NST. 

(c.ou.LD HAVE" C\-loSE'N ftN'/ óNS" 

OF 6</)-6 7. AS SE"L~CI INCS.T.) 

SELECT POtNrS A·T DcS)REl) •. 

P é R 1 ?HE' RA_L l::) E VI e~ 

. 

--"\ 



Q '9 --- Q ~ lu • 
~ 2 V) u \--

Q <t: -- V (\j :e tJ <C. 
lU V} 3 Wl U-\- l.,.. ::s 

~ oc 3 (YJ o (/J 'UJ l u lu .l-j 2 lU \.U lll. 
\) 2 ~ o 2 z --- -lU l-- o ~ 2 (J w 

! C) 
VJ ~ (J ~ 

VJ V H l ----- O-
j 1ll Lu 

~\l Vl ---- 2 V _J --- LL d: aJ lu --
i ~ l- - :e L 2 3 VJ z 1-µJ \/J VJ 

• :e e!!. Ul ~ G V} • '-' o Q_ u 3 ~ -~ -' 4 
.J 
\la 
3 
~ 

~-

• • t 



--' • 

Jr• . 

V, 
2 
o --1--
u 
3 V, 

o! -3 
J- (.Y) 
VJ 
2 'ÍI' .• 
-- p 
I' UJ ~ 

\9 ~ 
,-.. 
~ .~ 

··~ 

\J 
~u 5 __J \O lll . 

a: 2~ 5: 
u 
Lu ~ ·~ 

• oc 3~ 
~ 

, 

' ti 
.a 

• 111 
~ 

!t 
' • J .. 



r' -
' k 

-~ Q Lh 
~>---.lhu . .9 _J 1- se.. ~ 

2 U ll- ~ 

lu o 1&I <:t. o 

V 2 UJ 
-
~· 

4: l- J-
U- 2 l.b 

·et. <to zlu u· 
.:t \) _, ~ ~ '- o r 

2 ti} "' -- ~ - w - l-\ t-
a<Xw t 

~ 
2 ~ V U µ, 
ctúl-<l:2 

2 
~ 

:)(. 2 ~ z C) a: 
a· 

1- ·~ Lu l.11 ~ ,... a 
O! 0..1-Cloz ~ 
o t¡v.1wU<t 2 

• O- --
Q ~ 

~ ~ 2 O \- V 

' l: L O l- (( ... -
.,J .. 
~ .. 
.J 
• o 
2 ,.. 



1'"'•- ~•11•L. -&I• 

• 

EXAMPLE ---=--.en••.,... 3 DEVICES 
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• 

I/0 IMPORTANCE. 
.,, -- p - -zaOF 

• KEY TO A?? L\CAT\o~ 

• A F F E'C. IS so FT. / Hl°f A..t:). 

• ONLY L\NK W \TH Ol.tTS\9t)f;9 
\O o R L.:t) 

ASSU., ME • 
~ ,,__..-J¡ ---~ -

COSMAC I/0 \NTE'RFACE 

- - , 
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SYSTEM DE.SlGN STE.PS 
.i::1Rus• u - •• e r 

/. SPcC/ F Y FU- NCTIO~S/fERF. 

2. SELECT r../0 DEV\CES 

3. DEF\NE. r./o STRU.cru.~E 

4. DES I G N ~EV \CE l~TERFACcS 

5. DEVELOP SYSTE M SOF9T. 

- 6- SYSTE H TéST /b )A Cr.~OSTlC'i 

- ~ 
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• 

SYSI·EM FU.NCTIONS/ PERF . • 

• MO N \TOR /CONTROL 
• Rr:AL T\Mé O?E'RATJ0/\J 
• CR\T\Cf\L RESPONSE 

TIMES 
• OfERA-T\ON/MA\~TENANCE 
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.. 

SELECT I.LO DEVlCES 

• Dl~C5 
• íAPE.S 
• DISPLAYS 
• SENSORS 
• KEYBOARt)S 
• B/tCkUP POWE9R 

-"!""- '" 
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• 

DEFINE I/o STRUCTU. RE 
• OEV\Cc I/ó \NTE" RFACcS : 

CPU vs HARCMJARE CONTROL 

• I:./0 IN STRU.C TIO NS 
• FLA~ ASSIGNMENIS 
• DMA CHANNEL 
• 1 NTE"R RU. 'PT 

- -• - > 
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' 

DESl~N DE VICE CE 
1
S 

NOISC/PoWER./ ~PE'Eh/CoST 

==> CHO\CE OF Loer:1c FAMILY 
c~o e;.., TTL ~ .Dl se RETE" .I 

ETC:. 

• DO LO G-1 C DESI G N 
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r/o ,--,,,.. 

• 

SYSTEM TE'ST\ NG-LDI PtG-NOS. 

• DIAGNOSTIC PANEL 
• T 1 M ROU.T\NES. 

• ROt,t. TI NE S lN ~OM 1 
ON D\SC? 

• E"AS E O F REPA\R ( PACKAG-E) 

- .., 



T:/o A-ACt-( 

. ' 

COSMAC I/0 INTERFAC.E. 
~...,...,, d>-,,-~...,.~...,,.~ • • e t ,.,,,__...__,., ••• fe;Jew•ue :ha •• .,.............,.......,..._._. •--

• 8 - 8 IT DATA 8 lA e; 

• J 5- BIT CONTROL BUS •• 

7- ,. 
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• 

CONTROL BUS 

* • 4 -B I T CO t) E 6 N ~ G et, - 6 F9 
1(- • 4 - F=LA~S , EF 1- EF4 
?f-• 2- TP'S (TPA.1TFB) 

(*)• 42.-8\T STA\E CODE 

• DMA \NREG.UEST 
• DMPt OU.TREQUEST 
• 1-NTE..RRU.PT 

,j-G=ATED VJ 1TH SELECT 

:r. - /IJ 
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T./o Ai1t.C.H 
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FLAGS ~·----. 

EF3 s \Ñ -OU.T X ---
-

LATC~ ... e 
R 

j 1 

BUS DEVICE 

&JA! ¼I.Mfo4#,. 4 41 ~ : • IP'i< ~u 1SJ, -,.,:,. rn;o, t .<J,.:w::+.1-!>%?,.:,¡.;.;¡¡:¡;; iilk\!,i,ii,Mlt<l!\t:,i?4?,.,;;:¡P %9, X"'ffl , ¡µ:¡ .¡: p:;p \,W,i!l4.4J$ ()((Ml!\Ai4fil"i/WiAl&l,•"P""""'o;-,' 

DEVICE 
CE 

E. 
\-1 

"" 



X/o /tA ,., 

• 

. Mt\CH \NE STATES 

Set> FETCH · • 
SI E.XE.CUTE 
S2. · DMA 

' 

S3 \NTERRU.PT 
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r /O ""- C.H 

• 

DMA CHANNE.L 
~.~-... 

• R 4) DE D \CA TE D. TO. t)M A 

• e y e L E9 s T E A L '\ N G-

( S 2. CYCLE) 

• ONL y ONC:- t:>EV\Cc AT-A-,lMc 

C.T D M) 

• TRANSPARENT TO ·PROGRAM 
cXECU.T\ON -

• CONTROLL'E"O ~ 'I ·DEv1ce: 
' 

"'![-rr-
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'X'º ,. A. C,~ 

• 

USf NG= DMA 
. . 

• 0EV. NE"ED NOT SE' SEL'ECTEt:> 

• ne-v. SFTS \NRE9~ OR c?UTR~~­

- C?U. f:)(cCU..1c:S S2 C.'/Cl.C: 

o-)- MC.RQ>) ➔ BU.S o~ 
. aus·-+ M c.R(b) 

ll) RQ) \NGREMENTE.D 
e) R ~se- TS IN /OLL TRc& FF 

• DEV. MUST CLOC.K -CATA ts't,c 

dN/or::F BUS 

1.'t-1~ 
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Diverse indusiry users 
clambar aboard the 

microprocsssor bandwagon 
LSI processors are not only expanding 

capabilities of traditional products 

-from instruments to consumer wares­

they're also creating completely new markets 
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O lndustrial-equipment designers like them because they can be tai­
lored economically to bring computer capability to jobs where mini­
computers represent overkill. 

Communications-gear designers are enthusiastic because their 
flexibility can solve problems presented by the ever-changing multi­
plex and modem specifications. 

lnstrument designers are looking forward to making them the basis 
of families of "smart" instruments that can evaluate data and react 
accordingly, without boosting instrument costs significantly. And 
even computer manufacturers are eyeing them as perfect compan­
ions to their TTL-based central-processor modules. 

lt's no wonder, then, that microprocessors are engaging the atten­
tion of equipment designers of all persuasions and manufacturers 
from a wide variety of industries. As a result, the growth of micro­
processors is projected to leap from last year's $1 O million to $800 
mi Ilion in the next five years. More dramatic yet will be the increase in 
the value of new end equipment built around LSI processors, ex­
pected to exceed a staggering $1 O to $15 billion ayear by the end of 
the same period. 

What has caused the sudden microprocessor boom? Simply 
stated, LSI technology has reached the leve! of sophistication where it 
can provide the logic and memory performance needed to perform a 
growing number of computer functions at low cost. Programable LSI 
circuits-the calculator was the first-combine the flexibility of cus­
tom design with the cost advantages of readily available standard 
products. The user can change his design or add features to it 
mere!y by changing a prograrn in a íead-only ,-ntjrr1ory. i\Jo mask 
changes are needed. And he is saving money by replacing many 
dozens of logic packages with a few LSI chips. 

lmpressive as today's microprocessors are, they are only the most 
visible aspect of what is clearly becoming an LS1-processor revolution 
that will completely change computer and computer-control design. 
Today's LSI processors are at the capability level of the small and not­
so-small computer. But more powerful LS!-processor and computer­
component chips that are now starting to appear far exceed the re­
quirements of today's microcomputer appiications. 

Built with bipolar and improved MOS techniques. these faster and 
more complex components go to the heart of minicomputer-based 
systems. nourishing more and more equipment-design applications. 
These are the LSI programable chips computer manufacturers them­
selves have been waiting for. At last, the full benefits of LSI program­
able technology can be applied to the large computer, ushering in a 
new era of high-performance computer control at lower cost. 

These art1cles bring together the e:-.:periences of the first micro­
processor users-the promises and problems of designing with this 
powerful technique. The entire range of electronic-equipment de­
signs has been researched-industrial, communications, consumer, 
commercial, instrumentation, and computer technology. lncluded 
are details on such varied systems as process and numerical control­
lers, word processors. data loggers, communications controllers, in­
telligent terminals, point-of-sale systems, games, toys, advanced cal­
culators, self-calibrating instruments, automobile controls, and ali the 
rest. 

Also included is a section that contains tips on software and de­
sign aids. Finally, Bill Dav,dow, manager of microcomputer systems 
for lntel Corp., adds up the design advantages of microprocessor­
based systems to show their impact where it counts most-on the 
bottom line. -Laurence Altman, Senior Editor 
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by Alfred l. Rosenblatt, Associate Editor 

"The microprocessor is going to set the industrial-equip­
ment marketplace on its ear. The technology will never 
be the same again." That opinion was expressed by a 
market planner at a semiconductor house developing a 
microprocessor-chip set for one of the manufacturers of 
process-control instrumentation. The prediction is 
borne out by developments in the industrial market­
place. What's more, prospects for dramatic improve­
ments are as bright for piece-parts manufacturing as for 
process control. 

Although less than three years old, microprocessors are 
already finding their way into a host of new industrial 
equipment-factory-automation systems, machine-tool 
control, data-acquisition systems for such jobs as moni­
toring apportionment of meat for hamburgers, elec­
tronic scales, control of convevor lines, numerical con­
trol, robot manipulation of piece parts, data-sensing, 
and component-insertion. They are also being used for 
environmental monitoring and phototypesetting. 

These microprocessor-based systems offer the flexibil­
ity to adapt manufacturing systems to changing de­
mands and upgrade them as production expands. All 
that is necessary is for chips containing new instructions 
to be inserted when peripherals are changed, equipment 
is added, or the system itself is modified. Changes and 
modifications are much more difficult when conven­
tional hard-wired circuitry must be replaced. 

What's more, manufacturers are happy about de­
creases in manufacturing costs that result when a rela­
tively few microprocessor chips replace tens of discrete 
SSI and MSI circuits. Not only are fewer components re­
quired, but the microprocessor obviates the necessity to 
fabricate many more components manually into hard­
wired logic arrays and insert these boards into the con­
trol systems. However, where speed is critical, hard­
wired designs may do better for sorne time to come. 

As the capa bilities of microprocessors are expanded, 
they are taking over man y of the tasks-at a pleasant re­
duction of costs-previously performed by mini­
computers, but for which a considerable amount of the 

power of minicomputers is wasted. Replacing the pur­
chased minicomputers may also increase the amount of 
value added for a manufacturer in his f.nal product 
with a consequent increase in profits. 

Taklng over the factory 

The availability of powerful low-cost microprocessors 
is also hastening the transition to the efficient distribu­
tion of computer power through employment of hier­
archical c.omputer systems in factories. The micro­
processors and microcomputers perform dedicated tasks 
under the control of minicomputers, and the entire 
complex is tied in to large central computer systems. 

What's more, the microprocessor is making it possible 
for manufacturers of process-control equipment and 
systems virtually to go into computer-manufacturing. 
Bruce H. Baldridge, director of corporate marketing 
and product planning at Foxboro Corp., Foxboro, 
Mass., points out that microprocessors are going to seri­
ously influence the make-or-buy decision so that "a 
company like Foxboro could buy a micro chip, put it on 
a board, and it would be putting us in the computer­
manufacturing business without the expense of getting 
deeply involved in the technology." 

The importance of the microprocessor to industry is 
summed up by Edwin Lee, president of Pro-Log Corp., 
a Monterey, Calif., systems-design firm that also offers a 
line of microprocessor modules, "Within 12 to 18 
months, anyone who hasn't incorporated a micro­
processor in his design will either be serving a very spe­
cial application or he's going to be very uncompetitive, 
as far as hardware is concemed." 

Another consultant calls this "an explosive situation­
anything that's cheap and reasonably powerful changes 
things. Anyone doing anything with hard-wired elec­
tronics who doesn't look at and consider micro­
processors is making a big mistake." 

A recently completed study on factory automation by 
Quantum Science Corp., a New York-based industrial­
research company, estimates that by 1984, industry will 
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Estimates courtesy of Ouantum Science Corp. 

be buying 27,300 microcomputers ayear atan average 
price of $300 each. Accumulated over the years, these 
numbers will have an incredible effect on the factory's 
operation, increasing the efficiency and cost-effec­
tiveness of production. Toe average unit price today is 
$ l ,000 according to the Quantum Science study. 

Perhaps most unusual is Quantum's prediction that 
programable manipulators, or robots, will mushroom 
with the aid of microcomputers from 10 units installed 
in 1974 to 14,000 a year by 1984. About half that 
many-7,800 a year-are expected to be used for ma­
chine-tool control, a mammoth increase from the 
present base of 300 ayear. And about 3,900 new micro­
processors a year are predicted to handle communi­
cations between the various tools and computers in an­
other 10 years, whereas now only 50 units a year are 
now being sold for that purpose. Product-testing is ex­
pected 10 accoum for i,000 units per year by 1984-
more than a three fold increase-and facilities-monitor­
ing \\ill rise to 600 a year-a four fold increase. 

Perhaps the earliest to recognize the potential of the 
new microprocessors were manufacturers of industrial­
control equipment. For example, Comstar Corp., Min­
neapolis, first started using microprocessors two and a 
half years ago, and now it has more than 700 micro­
com puters installed. Applications include assembly-ma­
chine control, automatic weighing and batching sys-

/ 
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One particularly strong market for the micro­
processors is in materials-handling. For Beatrice Foods' 
new frozen-food warehouse in Chicago. for cxample, 
Comstar has installed six microprocessor systems. Each 
controls 50 motors in a network of more than 300 con­
veyors that transport boxes from the freezer to trucks. 
On the way, they go through sorters, convergers, di­
vergers, and conveyor-belt changes, but the controller 
keeps track of every box for its entire trip. 

"In earlier warehouses, Beatrice used electromechani­
cal-rela y control, with limit switches for actuation," says 
Tom Walstrom, regional sales manager for Comstar. 
"Something like our system could have been designed 
and built with relays, but it might never have worked. lt 
would have been too complex to be practica! and much 
too large to maintain." 

Numerlcal controllers galn 

For severa! reasons, microprocessors also have an ex­
cellent potential for being built into stand-alone nu­
merical controllers for machine tools, which are now 
fabricated with hard-wired logic. Microprocessors can 
sharply reduce the component count in the controllers 
while offering easy modifications of programs and func­
tions, which are now possible only with much more ex­
pensive systems built around minicomputers. 

Although the major N/C suppliers like Allen-Bradley 
Co., Bendix Corp., and Cincinnati Milacron Co. aren't 
saying much about their interest in rnicroprocessors, 
smaller companies and even newcomers to the field, 
with little or no product base and inventory to worry 
about, may jump in. General Electric Co .. the largest 
N!C supplier, only last month announced that it had be­
gun using a microprocessor in one of its numerical con­
trollers. 

One newcomer is Cambridge Thermionic Corp., 
Cambridge, Mass., a manufacturer of IC sockets and 
terminals. But rather than compete head-on with the gi­
ants, Cambion 's recently imroduced PMC-1 micro­
computer numerical control is aimed at applications 
that may have been too expensive for N!C until now, 
says Lyndon \Vilkes of the N!C marhting group. The 
PMC-1. which operah:s point to point, rather than on a 
continuous path, is aimed at simple positioning for such 
applications as insertion. wire-wrapping. and machines 
for drilling printed-circuit boards. In its op~n-loop con­
figuration. it can position a tool to within .001 inch. 

Price of the unit is less than S4,000. including the con­
troller, which is built around the Intd 4-bit MCS-4 mi­
croprocessor set. plus a two-axis motor drive and a step­
ping power supply. The pricc is about $1,000 Jess than 
the lowest-priced hard-wired controller available, as­
serts Wilkcs. 

Manipulating the controls 

As indicated in the block diagram. the control and 
arithm-:tic units in thc lntcl 4004 chip allow the CPU to 
acquire and manipulate control logic and data from the 
memory sections of the microcomputer and generate 
the outputs called for in the parts-making program. 

Control programs containing th~ logic which, in con-



ventional N1cs is hard-wired. is stored in read-only 
memory. The ROM controls interfacing for a maximum 
of 32 inputs and outputs. In addition, the ROM section 
contains the microprograms and data tables that the 
central processor must •execute to control thc too!. The 
unit can accommodate a maximum of six ROMs. each 
containing 256 by 8 bits, or programable ROMs, if field 
programability is desired. 

A random-access memory-there can be a maximum 
of four devices, each containing 256 by 8 bits-serves as 
a scratchpad for the central proccssor. The RAM tempo­
rarily stores and releases data and instructions needed 
on a priority basis by the CPU as it executes the control 
programs stored in ROM. The parts-making programs 
themselves are written by the user, just as for a hard­
wired controUer. Then they're entered into the control­
ler vía punched-paper tape. For production runs, how­
ever, these programs could also be stored in a program­
able ROM. 

Likewise, the ROM output interface controls the dis­
patch of signals to the X- and Y-axis motor drivers and 
the display readouts. RAM storage controls output to the 
tools and tape-reader motor. An automatic reset clears 
the CPU and RAM, resetting the system back to micro­
program step one. A two-phase dock circuit provides 
the timing signals needed by the CPU. 

Other components of the system include a ROM in­
put-control interface that monitors inputs from control­
panel switches, a paper-tape reader, tool feedback, and 
an X-Y jog-select mode. 

Ali active components in the control section are con­
tained on a single plug-in printed-circuit board-a de­
cided advantll P-~ for maintenance and trouble-shootine. 
points out applications engineer Howard Atwood. 
Moreover, because the control has fewer parts, Atwood 
says the company can deliver a unit in one month or 
even two weeks, as opposed to the three to six months it 
would take to put a hard-wired control together. 

Bending metal 

A microprocessor-based system also controls a metal­
stretching and bending press designed by Varitel Inc., 
Beverly Hills, Calif. About as large as a good-sized 
room, these giant machines have generally not been 
amenable to control by otf-the-shelf numerical control­
lers, as have other machine tools, because of the great 
differences in their design caused by the spread in the 
size and type of parts they are called upon to fabricate. 
Hard-wired logic systems are generally used. and each 
press requires a custom-designed controlkr. 

Although custom designing is still a problem, Varitel 
president Bruce Gladstone estimates that use of micro­
processors can cut design time to a third or even a quar­
ter of the time required to program a hard-wired sys­
tem. To program the National Semiconductor IMP-16 
card used by Varitel, the operator first bends the metal 
by manual controls. Two angular and two linear multi­
plexed analog-to-digital converters transmit to a tape 
cassette the amount of stretch and other factors in­
volved in making the bend. The operator can edit the 
information as he goes. 

When the information on the cassette proves to be ac­
curate, it is transferred to the IMP-16's on-board 

erasablé RAM. The RAM's capacity of 256 by 16 bits is 
adequate to provide 12-bit accuracy, achieved through 
two digital-to-analog converters that drive linear servos. 
As an added benefit, Varitel provides a small panel that 
plugs into one of the IMP-16 slots for servicing and 
troubleshooting. The panel contains its own memory. 

The new rnicroprocessors could also affect the design 
of programable controllers, which are themselves solid­
state replacements for hard-wired banks of electrome­
chanical relay logic. The present solid-state designs are 
also hard-wired and hence would be excellent candi­
dates to be replaced by microprocessors. 

But because of the many inputs derived from the as­
sem bly-line machines being controlled, present CPU 
speeds are generally too slow, says senior systems engi­
neer Ronald D. l\falcolm at Modicon Corp., Andover, 
Mass. Hard-wired designs will offer as fast or faster pro­
cessing speeds for sorne time to come, but the micro­
processors could allow more features to be added at 
lower cost, says Malcolm. 

In addition, the microprocessors shorten design time 
"a great deal," he adds, as well as reduce the physical 
size, power-supply requirements, and cost. However, for 
use in its larger controUers, Modicon is considering a 
16-bit bipolar monolithic microprocessor with a 150-
nanosecond microinstruction time that is being sampled 
by Monolithic Memories. 

And Modicon, a pioneer in programable controllers, 
has already applied microprocessor technology to pe­
ripheral products. For example, Intel's MCS-4 set is de­
signed into the P-500 impact printer introduced last 
winter, as well as the manually operated programing 
panel for its smallest controller, thereby speeding up the 
panel's response time. - - - -

Controlllng trafflc 

One of the greatest potential applications of micro­
processors is to control street traffic. Indeed, Multisonics 
Corp. of San Ramon, Calif., with 10 years of experience 
in this application, predicts that intersection-control sys­
tems constitute the wave of the future for micro­
processors. 

Tom Seabury, chief engineer, points out that control­
lers can be designed for each intersection's needs. 
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1. Numerlcal control. An lntel 4004 microprocessor chip is at the center of the PMC-1 point-to-po,nt numerical-control system introduced 
by Cambridge Thermionic Corp., Cambridge, Md. Programs can be changed simply by plugging in new read-only-memory chips. 

"Sorne traffic schemes, for ex~mplc, require tlrni all ve­
hieles stop while pedestrians cross in a 'scramble' fash­
ion," he says. "The conventional random-logic control­
lers need wiring changes to allow this, while with the 
microprocessor, all we have to do is plug in a different 
ROM package." 

Seabury says the microprocessor is ideal for the 
stand-alone intelligent intersection controller. Mini­
computers. the other alternative to hard-wiring, provide 
power that is wasted in such a dedicated application, 
and they are unable tq withstand the severe environ­
mcntal conditions without major design modifications. 

The switch to microprocessors is coming at a time 
when hard-wired controllers had begun to supersede 
electromechanical controllers, which have synchronous 
motors that turn switch drums to operate the signal 
lights. Now, in replacing the hard-wired controllers, the 
number of ICs has been reduced by at least 60'Tc-from 
betwecn 500 and 600 to about ÍOO. The company's 
model 901 controller uses only 50 watts of input power, 
weighs only 41 pounds, and measures only 17 by 17 by 
9 inches. Standard hard-wired models use about 200 w, 
weigh about 80 pounds, and are twice as big. 

The model 90 I uses the lntel 8008 as its CPU. Multi­
sonics designers first built thcir systems with the lntel 
4004 microprocessor chip as a substitute for drift-prone 
analog tirning circuits. But this 4-bit chip was small, had 
limited memory capability, and had no instruction-in­
terrupt or capability for single-step instructions. When 
the 8008 became availab!e. the designers shifted to it. • 

Also making traffic-signal controls, Comstar is team­
ing with TRW Systems, Houston, on a contract for 1,000 
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microcomputers for t he city of Baltimore. 
Microprocessors are also providing information to 

help humans improve the quality of the earth's environ­
ment. In one application. microprocessors are being in­
stalled in remote data-gathering stations that are keep­
ing tabs on such conditions as water and air quality at 
sites proposed for nuclear-power plants. 

Watching the environment 

By preprocessing data and determining right at the 
remole site whether or not it falls within certain preset 
limits, "we can economize greatly on data-transmission 
costs because we send back only important data," ex­
plains Melvin Couchman, direcror of marketing and 
planning for NUS Corp .. Rockville, Md. Ordinarily, as 
manv as a half dozen remote stations are tied to a cen­
tral data-gathering station vía telephone lines. In addi­
tion to screening out unnecessary and redundant data, 
the microprocessor-bascd systems can also run calibra­
tion and diagnostic tests of the remote instrumentation 
to determine~ whether or not ifs functioning properly, a 
task that might otherv;ise have to be handled from the 
central site. 

The new systems, built around Computer Automa­
tion 's LSI-2 unit. also cost less than if they'd been built 
with hard-wired logic, Couchman points out. But even 
more irnportant is the capability of programing the mi­
croprocessor to tailor the operation of each remate sta­
tion to specific requirements. "We jusi change the pro­
gramable ROM in thc field with a new program, or we 
put in a read/writc memory and use the same basic 
physical hardware," says Couchman. "lt would be 
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much more complictted to change h:1rd-wired logic." 
Othe~ types of data-acquisition systcms are abo fecl­

'ing the effect of micrnprocessors. Quindar Electronics 
Corp .. Springfield. N.J.. has expandcd the capabilit:es 
ofits system, which is designed to monitor the operation 
of utilities. partially process thc data. and send ncces­
sary information to the central computer [Electronh·s, 
5/30174 p. 34]. Process Computer Systems Corp., Ann 
Arbor. Mich .. has desi1med a svstem that monitors 
torque applied to faste;ers on a~ auto assembly line 
[Electronics, 6/ 13174 p. 42]. 

Another company. Doric Scicntillc Corp., San Diego, 
Calif., has introduced a new data-monitoring system 
that not only sharply expands the number of monitored 
points-to as man y as l.000. an order of magnitude in­
crease over the capacity of an earlier hard-wired unit­
but also increases the kinds of parametas that can be 
monitored. Doric's new microprocessor-based Digitrend 
220 monitors and records de voltages and currents. as 
well as thermocouple outputs. in s~ch diverse areas as 
the textile, petrochemical and pulp and paper indus­
tries. 

The system handles as many as six ditferent types of 
functional ranges at a time- double the capacity of 
Doric's hard-wired Digitrend 21 O. Moreover, with room 
for plug-in interfaces: it can send this data out to as 
many as four separate peripheral recording or trans­
mission devices. such as magnetic-tape recorders or tele­
typewriters. In cont;ast, the Digitrend 2JO handles but a 
single peripheral. 

Doric relies on an Intel 8008, with as many as three 
PROMs, four ROMs, and two RA~ts in a bus-organized 
structure. The memories contain input instructions for 
handling data, coeffi.1:ienis for iinearizing the nonlinear 
thermocouple inputs. for scaling. for reading out mea­
surements directly in both the fahrenheit and celsius 
scales, for limiting alarms. and scratchpad memory for 
aiding in linearization and formatting. 

The new unit was designed to do more than its hard­
wired predecessor. but comparable configurations 
would cost 25% more. admits chief engineer Freeman 
Rose. However. it performs ali its fii'nctions in just 
about the ·same space as its predecessor. 

Moreover. the microprocessor approach is "quite a 
bit" cheaper than if Doric had gone to a minicomputer, 
Rose continues. At anv rate. Doric did not want to 
"boggle the mind of thé customer" with a mini and the 
software that would be needed. With the micro­
processor, changes are made by simply plugging in a 
new memory, rather than substituting a hard-wired 
Iogic board. Doric is Iooking at such new n-channel mi­
croprocessors as the 8080 to expand the capability of its 
system still further by offering such operations as trend 
analysis and averaging. 

Typesetting makes headlines 

For typesetting, a typical microprocessor-based sys­
tem would consist of a module containing all the pro­
cessing and memory functions. One module. built by 
Varityper division, Addressograph Multigraph Corp .. 
East Hanover, NJ .. contains the Intel 8008. which offers 
the large instruction capability required by phototype­
setting equipment, plus the required programable ROM. 

ROM. and RAM, an input bus, and printer and tele­
typewriter interfaces. 

Not only is Varityper able to add processing capabili­
ties to its top-of-the-line phototypesetter that sells for 
sorne $15.500. but processing can be included in lower­
end products as well. In the past year. the company has 
introduced a phototypesetting controller called the Am­
trol, built around the Intel 8008. The results couldn't 
have made management happier. Varityper engineers 
have built a family of 16 standard plug-in modulr>, rhat 
they can just about pul! off the shelf and apply to new 
products as they're needed. 

This summer. for example, the company will intro­
duce a composition machine that wil! sel! for less than 
$10,000, yet have decision-making capability. This 
could never have been accomplished at such a low price 
with the special-purpose minicomputer that Varityper 
had been buying since 1969. The old mini was 
"markedly" more expensive than even the full Amtrol 
controller, and the modular family enables Varityper to 
tailor the processing power to each application. 

Other advantages abound. The new processor is far 
more compact and reliable. and its plug-in design 
makes it easy to troubleshoot and service in the field. 
Moreover, customers seem to prefer the microprocessor 
design to hard-wired Iogic. says Joseph A. Verderber, of 
the office of product management, because it's easier to 
upgrade the system by adding features througb a plug­
in read-only memory. 

Microprocessors have already begun to have a tre­
mendous irnpact on many industries that have repeti­
tive processes to be controlled. In the future, their appli­
cation is likely to be limited solely by the irnagination of 
the design engineer. Although cheap now, micro­
processor prices will come down still further. Within a 
decade. an entire microcomputer with 4 kilobits of 
memory could cost less than SI 50. predicts a market 
consultant at Quantum Science Corp. That price ear­
marks the device for an ubiquity similar to that enjoyed 
by today's hand-held calculator. 
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Commurtccaiions 
Data-1,and~ing gaJns f ie¡c;bility 

by Stephen E. Scrupski, Communications & Microwave Editor 

A strong tide is running in favor of replacing analog 
communications with digital methods. Microprocessors 
are accelerating this trend, bringing on a new wave of 
"intelligent" digital communications equipment. Multi­
plexers, code converters, error checkers, input/output 
controllers-all are natural applications for micro­
processors. However, their full impact is yet to be felt; 
most communications-equipment suppliers are still in 
the feasibil.iiy-model and prototyping stages, while the 
speed limitations of present-day microprocessors are 
still inhibiting their wider usage. 

As in other industries, communications designers like 
the flexibility and the low costs offered by micro­
computers. Custom routines for individual tasks can be 
quickly changed simply by changing the contents of the 
programable read-only memories that hold the pro­
grams. This is particularly useful in digital communi­
cations, where many different codes and message proto­
cols are in use and where the processing chores do not 
require the capabilities nor justify the cost of mini­
computers. 

Microcomputer hardware and software can be de­
signed in parallel. While the printed-circuit boards are 
being laid out to accommodate the almost standard 
parts of the microprocessor complement, software de­
sign can proceed independently, and the two designs 
can be merged late in the product's development cycle, 
allowing for system optimization in a rninimum of de­
sign time. What's more, when a microcomputer breaks 
down in a cornmunications system, recovery time 
should be substantially less than in any other kind of 
systern. Service technicians can carry standard circuit 
modules that are compatible with any of their com­
pany's equipment, requiring only new programing to 
take the place of a failed unit. 

Micro teams wlth mini 

An example of how a microprocessor and a mm1-
computer can be teamed up is in the message-switching 
units (Fig. 1) being developed by Action Communi-
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cation Systems loe., Dallas, Texas, in which micro­
processors serve as front ends for Data General Corp. 
Nova minicomputers. The switchers are used in net• 
works of private terminals, such as those employed by 
police departments to access records in a state capital or 
the National Crime Information Center in Washington, 
D.C. The company has installed severa} such systems. 
In the Texas network, for exampl(', more than 500 ter­
minals are located in police headquarters throughout 
the state. 

These switchers, now in the prototype stage, will 
speed up the switching action and allow higher data 
rates. They will do this by relieving the minicomputers 
of certain standard operations-the "dirty work" that 
must be perforrned on all messages, such as converting 
them to the proper code for processing by the Nova and 
scanning the incoming character strings to identify dif­
ferent control sequences. 

"What we're trying to do is eliminate any character­
by-character handling by the Nova and allow it to 
handle only blocks of data," says Action design engi­
neer Michael Fannin. By allowing the minkomputer to 
do the more complex tasks while the microprocessor 
handles the menial chores, he predicts that this configu­
ration will raise the processing spced by about an order 
of magnitude, from the 1,000 or 2,000 characters per 
second to 10,000 or 20,000 characters per second. 

Action is using National Semiconductor's IMP-16C 
processor for this a pplication "beca use of its powerful 
instruction set," says Fannin. "Although it has a slower 
cycle time than sorne of its competition," he adds, "it 
docs more with its instructions." 

In the system (Fig. l ), circuit controllers interface 
with the communications circuits and perform serial as­
sem blv and disassemblv of the characters at data rates 
as high as 19,200 bits per seoond. The microprocessors 
interface with the controllers and perf'orrn four func­
tions: 
• Convert character codes. 
■ Sean messages for key characters. 
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■ Edit message headers and text. 
■ Ch;:ck character calculations. 

One microprocessor can handle the 19.200-b/s rate. It 
also interfaces with the 64.000-character semiconductor 
random-access memory, which buffers mcssage blocks 
between the microprocessor and the central mini­
computer. 

In such applications. the microprocessor serves pri­
marily as a piece of hardware. since the custom features 
still reside in the minicomputer's program. In effect, Ac­
tion is using the microprocessor as a low-cost way to 
achieve large-scale integration. Many communications 
designers consider that this is the primary benefit of the 
microprocessor. 

Arliss Whiteside, ser.ior department consultant (es­
sentially a senior scientist) in information processing at 
the Bendix Research Llboratories in Southfield, Mich .. 
says, ''A microprocessor is just another component-and 
a few too many people consider it something magic. I 
think they're oversold." 

Whiteside goes on to explain that the microprocessor, 
in bis view, is simply a way to cash in on the benefits of 
large-scale integration-lower costs through fewer pack­
ages-without entering a multi-thousand-dollar pro­
gram to develop custom LSI. •·1 call it standard LSI," he 
adds, "LSI that is standardized, flexible, and built by the 
manufacturer in the quantities that are necessary to jus­
tify the design costs for an LSI chip." 

Handling the full load 

Such a viewpoint is supported in applications where 
the microprocessor assists a minicomputer. But in oth­
ers, microprocessors shoulder the full load of data pro­
cessing. Collins Radio Corp. iü Dallas, for cxa1nplc 
plans to use microprocessors in an intelligent repeater 
for a private microwave data-transmission system now 
being built. 

In the system, severa! data links surround a central­
hub repeater terminal that switches one link to another 
upon request. The data signa! carries address informa-
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tion that is decoded by the microprocessor, which then 
routes the message through the hub repeater to the 
proper receiving terminal. Although this is still an ex­
perimental project, according to Collins, the experi­
ments have nothing to do with the microprocessors-the 
unknown factors are in the radio communications. 

In this instance, the microcomputer's small size helps 
it beat out a minicomputer for the application-the re­
pea ters have to be man-transportable and battery-pow­
ered. To further reduce the power drain, Collins engi­
neers are replacing the TIL circuits recommended by 

• the microcomputer manufacturer with complementary­
MOS circuits. To conserve battery power, Collins is also 
using C-MOS chips for the random-access memory and 
programable read-only memory. However, the use of 
C-MOS instead of ITL slows down the system from the 
microprocessor's basic l.4-microsecond cycle time to 
about 4 µs. 

Considerlng tradeoffs 

The reduced speed affects the architecture of the sys­
tem, since extra memory is required to compensate for 
it. As the message is received in the processor at the hub 
repeater, it is stored in a buffer memory, and the micro­
processor goes right to work processing the information. 
By the time the message is completely received, the mi­
croprocessor has extracted the processing and routing 
information, and the message is ready to be retrans­
mitted to its destination. 

The reduced speed also prevents Collins engineers 
from using the microprocessor for what should be a nat­
ural function-error-checking. The expected maximum 
data speed of 500 kilobits per second is just too fast for 
to<lay's microprocessors. Error-checking therefore is 
done by hard-wired logic. However, if the transmission 
speed were lower-say, in the range of 50 kilobits per 
second-the microprocessors could be used to perform 
error-checking, says Collins design engineer Dale Walls. 

Or, if the microprocessor could be operated at its de­
sign cycle speed of l.4 µs, Walls says it would be "aw-
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1. Nova helper. In message-sw,tching units built by Action Communication, a National Semiconductor IMP-16 microprocessor handles 
character-by-character decoding so that Nova minicomputer can concentrate on handling full blocks of data, increasing system speed. 
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2. Interpretar. A microprocessor handles conversions of codes and 

speeds to allow a domestic data processor to communicate with an 
overseas network via the RCA Global Communications system. Eas­
ily changed software helps customize system. 

fully close to being applicable for error-checking." The 
limiting speed of today's microprocessors however, will 
soon be overcome by a new generation of faster devices 
built with bipolar or sapphire-based MOS technologies, 
while 4-bit processor slices capa ble of instruction times 
of 10 to 50 ns are expected to be available by the end of 
the year. 

lntertaclng between natlons 

A microprocessor is the sole computing component in 
a programable controller built to handle international 
leased-data channels. Developed jointly by RCA Labo­
ratories, Princeton N.J., and RCA Global Communi­
cations lnc., New York, the controller connects RCA's 
Cosmac, a two-chip C-MOS microprocessor and associ­
ated sernicondt,ctor RAMs, to a floppy-disk drive for 
mass storage of messages. 

The combination of the microcomputer with a 
floppy-disk drive allows RCA to cut the cost of the con­
troller below that of either a system combining mag-
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netic tape with a minicomputer or hard-wired Iogic. The 
single basic design, easily customized by software, meets 
a varietv of different customer needs, while at the same 
time offering improved maintainability. 

The microprocessor's job is to provide all the conver­
sions necessarv to interface a domestic communications 
network with- an overseas network (Fig. 2). Signals, 
codes, speeds, character formats-all must be often rec­
onciled to allow the two networks to communicate 
with one another. And. since each prívate user who 
leases a channel from RCA has his own unique combina­
tion of such parameters, use of hard-wired logic would 
require long development times and an abundance of 
specialized equipment that would have to be main­
tained. 

Minicomputers, although_ they offer programability, 
are simply too expensive to be considered for this appli­
cation, according to RCA, since they have too mucb 
computing power for the few lines that must be con­
trolled. Another tangential problern, RCA claims, is that 
often the customer has only partial knowledge of bis 
own needs, and the microprocessor programability 
offers RCA engineers an easy means to add needed fea­
tures at la ter stages. 

Helplng the pollee 

In another police-oriented application, Motorola's 
Communications division, Schaumburg, Ill., is using a 
microprocessor in a computerized mobile terminal sys­
tem, first installed for the Atlantic City, N J., police in 
1973. Each squad car carries a light-weight terminal 
with a full kcyboard and plasma alplrnuumc::Ú(; 1.fo,play. 
Using the terminal a policeman can access files at his 
local station, at the state headquarters, or even at the 
National Crime lnformation Center. 

An 8-bit microprocessor is built into the base-station 
unit, sa ys J erry Schloemer. manager for command and 
control products at Motorola. The microprocessor acts 
as a communications interface to the computet at the 
next higher echelon, controlling the coding on the radio 
channel and performing a reduced store-and-forward 
function in both directions. 

"We hope that the cost of microprocessor devices will 
come down with increasing volumes," Schloemer says. 
"If so. we're planning to put microprocessors in the 
next-generation car unit-it gives us a little extra power 
to be able to offer more featurcs. \V e hope that their use 
will reduce our product-introduction cyc!e," he adds, 
"but we've seen no evidc:i.ce of that yet." 

Even voice signals. once they are converted to digital 
form, as in a puíse-code-mouulation system, may offer 
opportunities for microprocessors. Presently, telephone 
voice signals in a 4-kilohertz bandwidth are sampled in 
a "channcl bank" at an 8-kHz rate. and each sample is 
encoded into 8 bits; thus thc 4-kHz voice signa! is sent at 
a rate of 64 kilobits per second, which is extremely 
wasteful of bandwidths, says David Trask, manager of 
the c.,-ommunications system laboratory of the Raytheon 
Equipment division in Wayland, Mass. 

Simplilying the phone system 

He points out that telcphone engineers have given 
much thought to ways to reduce the bit rate necessary 
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Calllng ali cars. M1croprocessor 1n Atlantic City, N. J., police stat1on controls message-cod1ng for keyboard terminals used in squad cars. 

for each voice signa! and thus to expand the capabilities 
of the transmission system. For example. many al­
gorithms have been proposed for a processor that would 
note an instantaneous v·alue of the voice signa! and pre­
dict the value during the next sampling period. Then, 
when the next sample actually appears, the processor 
would transmit only the difference between the actual 
and predicted value·s. 

If the algorithm is effective, it would only require a 
few bits, rather than the full 8 bits presently used. An 
identically programed microprocessor at the receiving 
end would then reconstruct the full voice signa!. In fact. 
he envisions a telephone set that has the sampling and 
microprocessor circuitry built right into the back so that 
digital signals are sent to the telephone central office di­
rectly from the set itself. 

Microprocessors are being designed into a somewhat 
similar system at Harris Electronic Systems, Melbourne, 
Fla. Harris is building encryption devices for secure dig­
ital-communications systcms and. says Ray Glenn. as­
sociate principal engineer at Harris, the microprocessor 
makes a good pseudo-random noise generator. One mi­
croprocessor can be programed to encade a digital sig­
na!, and an identical microprocessor at the receiving 
end can decode the signa!. 

If fabricated with ~medium-scale integration. such a 
systern might require up to about 75 packages, but a mi­
croprocessor would cut the count to only 10 to 15 pack­
ages, Glenn estim:.ites. He points out that micro­
processors are bt:ing used at Harris to control the 
output-power levels of radio-frequency transmitters 
throughout the day. Temperature changes, Glenn says, 
cause the power leve! to drift, but a simple 4-bit micro-

processor can store a control algorithm that enables the 
microprocessor. when presented with digital informa­
tion on the outout leve!. to bring the leve! back to the 
desired point. • -

lt is clear that microprocessors are taking over many 
of the routine applications in communications equip­
ment. And regardless of whether the designer views a 
microprocesso; as merely another compon;nt-a way to 
get standard LSI- or as a radical new component that 
offers small-scale programing, nearly all analog. as well 
as digital, communications gear will benefit from its im­
pact. 
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Consumer / commercial 
Mccroprocessors go pub!wc 

by Gerald M. Walker, Consumer Editor 

Manufacturers of cornrnercial and consurner products 
have for sorne time taken the lead in applying advanced 
semiconductor technology. Their adoption of micro­
processors is no exception. In a sense, microprocessors 
are accelerating the tirnetable for equipment and sys­
terns already deerned feasible in both the comrnercial 
and consumer rnarkets. 

In addition, developrnent of totally new products not 
yet identified will sweep these markets in the sarne way 
that the personal electronic calculators carne frorn no­
where into intemational prominence. Thus, micro­
processors are having it both ways-enhancing present­
day equipment while promising completely new prod­
ucts for offices, stores, households, and entertainment 
centers. 

Included in commrnercial equiprnent containing mi­
croprocessors now on the market are terminals for 
point-of-sale and supermarket checkout, scales, termi­
nals for investment houses and the finance industry, 
automated back tellers, processors for business-in­
ventory control, equipment for supermarket in-store 
packaging, and porta ble data terminals. 

Among the products using rnicroprocessors in the 
comsumer and related markets or on the drawing board 
for the near future are sophisticated games, gambling 
equipment. cable-television transmission hardware, do­
it-yourself instrument kits, and photographic-film de­
velopers. Further clown the pike are automobile on­
board processors that perform such tasks as controlling 
combustion timing (Fig. 1), exhaust emission, trans­
mission operation. and anti-sJ,jd and diagnostic systems. 

It's in the household that the explosive new product­
the home computer-is expected to emerge. The most 
obvious door into the home is the television set, which 
can make good use of a data-communications proces­
sor. By then, microprocessors will have to be quite dif­
ferent from today's products, not only in bit capacity, 
but also in basic environmental configuration and price. 

In the entertainment world, the microprocessor offers 
the simulation of games ata leve! of sophistication until 
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now reserved for rnilitary and space projects. In its civil­
ian format, simulation makes games realistic by the ca­
pability to cram programing, memory, feedback, and 
real-time processing onto a single chip. Certainly Dis­
ney's "Land" and "World" are proving the wide attrac­
tion of family fantasy via sirnulation. The subject of a 
movie spoof about a year ago, an adult fantasyland de­
signed around simulation techniques is now more than 
science fiction. 

In general, the advantages of rnicroprocessors to com­
mercial/ consurner-equipment designers boil down to 
the tradeoffs between hard-wired and programable 
logic. F or instance, point-of-sale cash registers built 
with hard-wired packages have performed both as 
stand-alone units and minicomputer-controlled termi­
nals. By changing to microprocessors, P0S-equipment 
manufacturers gain the important advantage of adapt­
ing their basic equipment through programing to the 
needs of individual stores. 

On the other hand, the problem most frequently 
mentioned bv manufacturers of commercial/consumer 
equipment using microprocessors is the difficulty of re­
fining the very software that they also say is the rnicro­
processor's major advantage over hard-wired circuits. 
Equipment makers feel that microprocessor suppliers 
are not equal to the task of providing software support, 
forcing users to become immersed in prograrning. 

Sorne of the commerc.ial-consumer products using 
microprocessors are hardly a generation removed from 
electromechanical de~ign. Yet the totally different re­
quirements of the technology have made the switchover 
from hard-wired logic to microprocessors as traumatic 
for designers as the original change frorn an electrome­
chanical toan electronic approach. 

As C.W. Kessler, vice president of corporate engi­
neering and advanced development for NCR Corp., 
Dayton, Ohio, points out, engineers familiar with Boo­
lean equations and logic families, which were adequate 
for the design of hard-wired equipment, must now add 
complcx instruction sets to their repertoires for micro-



processors. They must be prepared to live with the se­
quential operation of microprocessors, which is slower 
than the parallel opera tion of chips using standard logic 
like TIL. 

In addition, Kessler suggests, "There is a borde of 
new problems in choosing the"right microprocessor, and 
these have become corporate-level decisions. After all, 
you're tied to one supplier, once work is completed on 
hardware and software. There's a lot hanging on the 
source selection, since vou don't have a second source." 

POS-terminal produéers took different routes to arrive 
atuse of microprocessors. For example, National Semi­
conductor's Systerns division began applying them as a 
direct result of its tics to development by the semicon­
ductor operation. Beca use of the close relationship, pro­
grams presented little problem. However, the main 
challenge was to teach test personnel to debug semicon­
ductor chips the way programers debug a computer. 
This conversion required training because micro­
processor faults are much more difficult to isolate and 
correct than failures on a standard LSI chip. 

At American Regitel Corp., San Carlos, Calif., appli­
cation of a microprocessor made it possible to design a 
terminal combining stand-alone "intelligence" and pe­
ripheral-communications capability. Such mechanical 
attributes as communications routines are specified in 
read-only memory, while the logical attributes at the 
human and exterior interfaces are specified by instruc­
tions residing in random-access rnemory. The former 
are concerned with fixed procedures, while the latter 
must be variable to permit application of a wide range 
of sequences, tax tables, and keyboard checks. 

Most of the jobs assigned te the contrcller are per­
formed at the speed of the terminal operator, and the 
program responsible for driving the printer has a 
throughput of only 30 to 100 characters per second. Be­
cause the arithmetic is not a major difficulty, and trans­
actions are done at human speeds (communications 
functions require logic throughput of 200 to 300 charac­
ters per second), a general-purpose microprocessor that 
could fetch in 3 to lO microseconds was adequate, put­
ting the task well within the capacity of 4-bit processors. 

NCR presently employs Intel MCS-4 microprocessors 
in two products-a bank-teller terminal and a point-of­
sale terminal-and will soon introduce four others that 
use microprocessors. Their functions are quite different. 

Inside the NCR 279 financia! terminal, for instance, 
microprocessors control the keyboard, printer, and 
credit-card reader, do the teller's arithmetic, transfer 
data, and act as computer-interrupt. In the NCR 255 su­
permarket register, the rnicroprocessor is essentially a 
back-up element to provide the terminal stand-alone 
capability, should the remote computer-controller fail. 
The microprocessor rnakes it possible to do away with 
dual minicomputers to control terminals unless the cus­
tomer wants the redundancy. 

Another teller terminal - using rnicroprocessors has 
been built by Financia! Data Science Inc., Orlando, 
Fla., and about 100 are presently in the field. The model 
108 contains three MCS-4s-one for printer control, one 
to províde stand-alone processing in the event of com­
munications failure to the central computer, and one to 
control the keyboard and perform calculations. 

Mlcroprocessor knowhow 
Not only are microprocessors changing the design of 
equip!.1ent. they are also changing the demands on 
the designers who use them. A list of !he skills and 
tools needed for the new generation of micro­
processor applications engineers, recently drawn up 
by Herman Schmid of General Electric, is awesome. 

He states that engineers mus! thoroughly compre­
hend the organization, operation, and performance of 
the processor's CPU; control of input/output; the or­
ganization and operation of RAMs, ROMs, and pro­
gramable ROMs, plus such interface circuits as 
analog-to-digital and digital-tq-analog converters; op­
erarion ot per1pheral equipment; the operation of mul­
tilevel priority-interrupt systerns; the operation of con­
trol-panel circuits; and the operation of such various 
logic families as TTL. p-MOS, n-MOS, and C-MOS. 

But that's not ali. For designing firmware, this same 
engineer must also have extensive knowledge of pro­
graming. This designer needs to be an expert in soft­
ware for machine-level. micro-leve!, and assembler­
language programing. Finally, the microprocessor en­
gineer mus! be familiar with such interface operations 
as the performance of converters and signal-condi­
tioning. 

The first and third applications could have beeen per­
formed by hard-\\-ired logic, but stand-alone processing 
backup would have required a minicomputer. By apply­
ing the microprocessor to the keyboard, total package 
count was reduced 30%, and total cost was lowered to 
slightly less than what hard-wired logic would have 
becn. In addition to the 108, which is mea.üt fo1 saviugs­
and-loan institutions, the model 151 is also avaílable for 
full-servíce automated bank tellers. It uses one micro­
processor, essentially as a calculator. 

Automatlng lnventory 

The rnanufacturer that probably has the rnost units 
containíng mícroprocessors in the field is MSI Data 
Corp., Costa Mesa, Calíf. This firrn has delivered about 
10,000 portable data terminals for use in taking and 
recording inventory or other data at remote locations. 
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1. Economycar. One microprocessor will be used in an automobile 
for spark-ignition timing and exhaust-gas recirculation-valve control. 

Each terminal contains one MCS-4 microprocessor. 
The MSI battery-powered model 1100, which has 

semiconductor memory, and the model 2100, which has 
a magnetic-tape cassette, look like plump hand-held 
calculators, except that the keyboards have special sym­
bols, and just below the LEO displays are function 
switches for transferring data to telephone modems. 
Data such as supermarket inventory or warehouse 
stockroom supplies is entered through the keyboard and 
recorded either on a tape cassette or in solid-state 
memory, depending on which ofthe two models is used. 

Afterwards, this data is communicated by telephone 
to a MSI receiver at sorne control location. Depending 
on the model used, 7,000 to 20,000 characters of infor­
matJ.on can be transmitted in less than three minutes, 
eliminating severa! data-handling steps required in 
manual or even punch-card procedures. 

MSI originally designed these terminals with ITL to 
control the displays, computations, and interface cir­
cuits. Later models were converted to complementary­
MOS chips to reduce battery-power dissipation. But the 
need for flexibility to meet a variety of uses for remote 
terminals made microprocessors attractive replacements 
for the control logic. At the same time, delays in deliv­
ery of standard chips made the change to micro­
processors even more attractive. 

Larry Hendricks, manager of the Electronic Engi-
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neering department for MSI. points out that previous ex­
perience in designing a minicomputer controller for 
data terminals was valuable in leaming how to design 
with microprocessors. In fact, MSI now uses a mini­
computer that it designed and built to serve as a com­
munications controller to write the microprograms. 

Hendricks complains that microprocessors are still 
difficult for many designers to leam to use because 
there's no easy applications track; hardware-oriented 
engineers stumble on the software, while software-ori­
ented programers get confused by LSI technology. 

He also cites three other current problems. First, he 
would like microprocessor manufacturers to stick with 
one device long enough to establish an industry stan­
dard such as the 1103 chip. Second, Hendricks is un­
comfortable with single-source purchasing, particularly 
since MSI is now buying microprocessors in relatively 
large quantities to support production of about 1,000 
portable data terminals a day. The third problem is the 
need for a more sophisticated system that nonpro­
gramers can use for microprograming. 

While microprocessors are essentially used for what 
Hendricks calls "bit-banging," that is, simple and slow 
processing chores, he believes that there's a danger of 
trying to apply them for too many functions. "lt may 
seem possible to substitute a microprocessor for every 
minicomputer," he says, "but you have to watch out 
that you're not sending a boy to do a man's job." 

Slnger patterns lts own 

Although most microprocessor users, especially com­
mercial manufacturers, have been concemed with de­
pendence on sole-source purchasing, Singer Corp., New 
York, has alleviated this situation by designing its own 
microprocessor at the firm's research laboratory in Fair­
field, N.J. At least three semiconductor houses are qual­
ified to use Singer's masks to produce the chip. In fact, 
one of the design constraints was to be conservative 
enough to keep producibility within the capability of at 
least two suppliers-not an easy task. 

The result is the Advanced Byte-Oriented (ABO) mi­
crocomputer, an 8-bit. n-channel MOS processor mea­
suring l 9 l by 202 mil s. The 40-pin unit is designed for a 
variety of Singer products, including point-of-sale ter­
minals built by the Business Machines division in San 
Leandro, Calif. lt's microprogramed internally from a 
6,000-bit ROM, rather than from separate chips. 

One reason Singer designed its own microcomputer 
was to follow the course of its electronic end products 
into what the firm calls "distributed computing," that is, 
loading each piece of equipment with as much process­
ing capability as possible. Thus, in a Singer POS termi­
nal, the ABO is heavy on processing capability and light 
on arithmetic-calculation functions. 

Microcomputers from semiconductor suppliers need 
both capabilities. whereas a custom design could down­
grade the less important attribute. Of a total of 256 in­
struction codes, 50 are basic, arid the instruction time is 
typically I O microseconds. According to Singer, pro­
totypes of its microprocessor are now being manufac­
tured by two sources. 

The Business Machines division presently has a ter­
minal with a single microprocessor also of Singer de-

1 
t 



CASH 
DRAWER 

MEDIA 
REAOER 

COMM. 
ADAPTER 

MICROPROCESSOR 
CONTROL UNIT 

KEYBOARO PRINTER 

BUFFER 
MEMORY 

DISPLAY 

2. POS mlcroprocessor. In a s•and-alone point-of-sale terminal, 
the control unit carries out microinstructions stored in a ROM. 

sign. However, unlike the ABO, this unit has five 
12-kilobit ROMs outboarded to instruct the micro­
processor. The function of the microprocessor-control 
unit (Fig. 2) is to direct the flow of data between the l/0 
devices and the buffer memory and to perform arith­
metic chores. All data transfers within the micro­
processor and between it and the l/0 devices are accom­
plished by means of a source-destination bus, consisting 
of a 5-bit source address, a 5-bit destination address. 
and a 6-bit data bus. Because each register inside the 
microprocessor and in the I/0 devices is addressable, it 
can act as eiiher the source or the destination in a data 
transfer. However, intercommunications are minimized, 
and interface requirements for the 1/0 devices are 
simple because the terminal is bus-oriented. 

Steering for Detrolt 

An example of what an automobile-microprocessor 
system might look like is a Ford Motor Co. advanced 
development. Figure l shows the bare bones of a digital 
control system, designed to maximize fuel economy. lt 
is being road-tested, but it won't be ready for a standard 
car for sorne time. This system úses two microprocessors 
and other custom-LSI devices to control timing of spark 
ignition and position the exhaust-gas-recirculation 
(EGR) valve by using severa! engine inputs. 

Ford engineers decided to use a microprocessor be­
cause attempting to compensate an analog programable 
spark-timing controller over the worst-case of auto tem­
peratures tumed out to be more expensive than a digital 
control system. The rnicrocomputer made it easier to 
program changes in engine design than to use hard­
wired logic. Ford uses a 12-bit microprocessor With the 
program and associated coefficients, which describe the 
engine-control algorithm stored in a ROM. 

Toe present engine-control software is contained in 
about 1.500 12-bit words. The system also includes an 
8-bit analog-to-digital converter with an eight-channel 
multiplexer under CPU control to measure the outputs 
of engine and EGR-valve transducers. The key reason 
for using a microprocessor for this application is to be 
able to design the same hardware for all engine and 

transm1ss1on vanatwns in severa! ditferent models, 
changing only the software to match each car. 

Actually the idea for computer-like management of 
timing. combustion control, emission control and trans­
missio~ control has been considered bv the advanced 
engineeriug departments of the auto Big Three far sorne 
time. There is also a possibility far microprocessors to 
handle such safety functions such as antiskid braking 
and on-board diagnostic systems. 

The game's the thlng 

A unique, but significant, application of micro­
processors to games is exemplified by a bowling game 
Bally Manufacturing Corp., Chicago, has been market­
ing since last October. Sold to distributors for $1,600, 
about 85 of the electronic game, Bally Alley, are now in­
stalled. Each contains one Intel 4004 CPU, four pro­
gramable ROMs, a RAM, and one 1,024-bit ROM, in addi­
tion to sorne 250 discrete power transistors and silicon­
controlled rectifiers. 

The electronics package in Bally Alley is vital to give 
players the right "feel," not only in the scoring, but in 
the fall of the "pins," the roll of the "ball," and posting 
the odds normally associated with making various shots. 
None of this could have been done in the size and cost 
required of an arcade game without the microprocessor. 

The microprocessor monitors the placement of the 
ball when it is sent down the lane by a player (one to 
four can play at any one time), keeps tabs on the pins, 
and metes out free games and credits. In controlling the 
scoring, the microcomputer tracks pin patterns. A 
player can decide at what place along the bottom of the 
lane to let go of the simulated ball, and the micro­
processor calculates from program instructions how 
man y balls ha ve been used befo re recording the score 
on an incandescent-lamp display. Bally is now looking 
at microprocessors in 8-bit configurations far other 
games, as well as gambling equipment it builds. 
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Although much of the shouting about microprocessors 
has been about consumer and industrial applications, 
these programable large-scale integrated circuits are 
aíso impinging on the way computer manufacturers 
themselves are designing data-processing systems. 

For manufacturers of large mainframes, the impact is 
mainly in peripheral and control equiprnent beca use to­
day's microprocessors are generally too slow and lim­
ited to perform large-scale processing. For mini­
corn pu ter rnanufacturers, however, the low-cost 
versatile LSI proces;;or goes to the very hean of their de­
signs and promises to open up a whole range of higher­
performance capabilities at lower costs. 

A major advantage of microprocessors is the 
smoother design iterations that can be wholly or par­
tially achieved by reprograming a microprocessor in­
stead of rewiring a major pan of a prototype design. 
These design iterations are necessary in almost any de­
veloprnent cycle because the original specifications have 
to be modified as developrnent proceeds. The goal is a 
design that rneets the original specifications to sorne de­
gree while being both rnanufacturable and rnarketable. 
In conventional designs, iterations often take the form 
of building and rebuilding a succession of prototypes­
an expensive and time-consuming process. 

The main use of rnicroprocessors with the large main­
frames has been in peripheral equipment and control­
lers. Their application inside the computers themselves 
has been like only a distant rumble of thunder bccause 
until now they have been too slow. However, a new gen­
eration of chips now on the drawing board promises to 
ovcrcome that shoncoming. 

Mícroprocessors have thus far proved of value pri­
mariiy in low-cost, low-speed equipment, such as cath-
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by Wallace B. Riley, Computers Editor 

ode-ray-tube termínals and magnetic-tape cassette 
drives. Their maín benefits have been to facilita te custo-
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previous designs and to increase the processing capabil­
itíes of remo te termina Is. 

Makers of punched-card machines, floppy-disk-stor­
age units, and devices of similar complexíty say they 
may use microprocessors in their next design cycles. 
However, they have thus far found the LSI chips too 
slow or too lirníted in sorne other functions. These com­
panies are expressing great interest in such mícro­
processors as Intel's new 8080 [Electronics, 4/18174, p. 
95], mainly because of its expanded instruction set and 
the order-of-magnitude increase in speed. 

Microprocessors cut costs and reduce system com­
plexity while simplifying customization of otherwise 
standard designs. For example, Beehive Medical Elec­
tronics Inc. of Salt Lake City, Utah, can adapt its 
Superbee terminal easily to a variety of applications be­
cause it uses the Intel 800S-I chip. And, although the 
microprocessor replaces only sorne of the circuitry of 
the company's earlier model, it adds new functions and 
adapts easily to each customer's applicatíon. 

A trend changes 

Significantly, the burgeoning interest in micro­
processors reverses one important trend that has been 
shaping up during the past few years--the execution -in 
hardware of many functions traditionally left to the 
software. This tradition was established in the early 
days of computers, when gates cost $ l00 apiece and 
programers were paid clerical wages. These rates made 
the minirnization of hardware imperative and the pro­
liferation of software initially unimportant. 
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Hut since then, costs of hardware and software have 
moved inexorably in opposite directions. Today, sorne 
functions that would have cost astronomical amounts 
for 1954 hardware can be implcmcnted now for little 
more than pockct money, while software has grown to 
almost unmanageable proportions in the form of oper­
ating systems, time-sharing, and so on-all in the name 
of efficient use of hardware. 

The low cost of hardware has made microprocessors 
possible-simple enough not to require software of the 
complexity remotely resembling an operating systern 
and cheap enough for inefficient use without aduing sig­
nificantly to the cost. As a result, sorne new functions 
can be irnplemented in software that considerably sim­
plifies design and alteration-without the headaches as­
sociated with large software systems. 

Perlpherals and controllers benefit 

In the peripheral devices themselves, microprocessors 
take a substantial load from a controiler or central pro­
cessor. For example, Digi-log Systems Inc., Horsham, 
Pa., uses microprocessors to control a display's refresh 
memory, its communications interface, its editing func­
tions (inserting and deleting words, phrases, and para­
graphs, and rearranging them as directed from the key­
board), as well as othcr display characteristics. 

A variety of optional capabilities is available with the 
basic models. Customers select the capabilities they 
want, and modules programed to perform the desired 
tasks under software control are shipped with the sys­
tem. In rnost other terminals, these functions are per­
forrned by hard-wired logic, which can be added or re­
moved from a system only 't!.'ith difficulty. 

However, sorne designers who have tried the Intel 
8008 for these functions have criticized it as not being 
fast enough and not having a large enough instruction 
set to do an adequate job. Again, the 8080 chip is 
viewed as a substantial improvement, although it's still 
too new for users to havc accumulated much experience 
with it. 

1he Beehive and Digi-log terrninals illustrate one of 
two trends in the computer-terminal market-their 
rnicroprocessor-based units offer greater power and a 
higher level of custorni:zation, yet at lower cost. The 
other trend is to the "dumb" terminal under control of 
the central computer, which provides a simple way to 
"look into" a computer to see what's going on. ''There'll 
always be a market for a dumb terminal," says Richard 
Kaufman, director of marketing at Applied Digital 
Data Systems Inc., Hauppauge, N.Y. Because of these 
two extreme requirernents, the intermediate terminal 
that has only a small amount of logic capability will dis­
appear. But the best way for designers to keep up with 
the trend toward srnarter and srnarter terrninals is to use 
rnicroprocessors to provide the "smartness." 

Bulldlng controllers 

Builders of mechanical peripheral equipment that 
contains mínima! electronic circuitry have no need for 
rnicroprocessors. However, buil<lers of controllers for 
this equipment, as well as the manufacturers that build 
both the mechanical devices and their electronic con­
trols, are mor.e enthusiastic about tnicroprocessors for 

Microprocessor aids the mini 

Perhaps partly because of a certain degree of over­
selling by microprocessor manufacturers and partly 
because of misunderstandings of what a micro­
processor is and what it can do, there has been sorne 
speculation that the advent of microprocessors means 
the end of the smaller minicornputers. This is most em­
phatically not true. On the contrary, by enhancing the 
capability of the minicomputer, the microprocessor 
opens a whole new range of applications for the mini­
computer that it couldn't touch econorn1cally before. 

In many of the new applications, the capabilities of 
microprocessors and minicomputers have been com­
bined to increase the effectiveness of the entire sys­
tem at only a small increase in cost. For example, Da­
vid Methvin, presiden! of Computer Automation lnc., 
describes attempts to drive a series of rerr,ote termi­
nals frorn a single minicomputer. "lt didn't work very 
well," says Methvin, "because the minicomputer's 
speed and short word length are generally adequate 
to drive no more than two or three terminals." 

But by designing into each terminal a micro­
processor to handle sorne local processing and relieve 
the control minicomputer of the drudgery, it can easiiy 
do the higher-level work for the entire network. "In 
this way," concludes Methvin, "the advent of the mi­
croprocessor creates a new market, not only for itself, 
but also for the minicomputer, which previously had to 
yield to something bigger and costlier. '' 

Microdata Corp., lrvine, Calif., a leading producer of 
microprogramed minicomputers. has not yet begun 
using the single-chip p-channel-MOS microproces­
sors in any of its computers. However, Richard Vahl­
strom, technical director, foresees a possible utilization 
of the devices in peripheral equipment whenever they 
become cost-ettective. Meanwhile, Microdata has in­
troduced its Micro-One, a one-board bipolar proces­
sor that is both software- and firmware-compatible 
with the company's older 800 and 1600 series mini­
computers and with their peripherals [Electronics, 
5130174 , p. 142). 

Digital Equipment Corp. and General Automation lnc. 
have already recognized this trend, as shown by their 
recen! product announcements. General Automation 
now has two minicomputers based on silicon-on­
sapphire microprocessors, while DEC's microproces­
sor module, an extension of its long-standing line of 
logic modules, is based on lntel's 8008 microproces­
sor-one ot sorne 53 circuits on the card. The PDP-8/ A 
is the company's lates! version of the line with which 
it more or less invented the minicomputer market 
back in 1965. The original PDP-8 was a discrete­
comportent computer in a big box 34 inches high and 
almos! two feet square. But now the complete set of 
79 PDP-8 instructions can be executed by an assembly 
of components on a single printed-circuit board meas­
uring 15¾ by 8½ inches, not including the memory. 

The POP-8/A makes extensiva use of LSI, but none 
of the circuits is a microprocessor. Future versions of 
this and other DEC computers may lnclude circuits 
that would be called microprocessors today. William 
Hogan, marketing manager for logic products in 
DEC"s components group, describes the micro­
processor module as the first of a series of products 
that will use any appropriate semiconductor chips with 
the right combination of cost and performance. 
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1. Interface and control. Today's microprocessors are applied in 
computer systems primarily where they do not attect data tlow, but 
that limitation will only last until their per1ormance improves. 

use in the interface and control sections of their ma­
chines (see Fig. 1). Toe interface section responds to sig­
nals from the central processor and generates status sig­
nals to it. The control section sets up the device 
controller for a particular task. But neither of these 
functions is concerned with the actual passage of data 
through the controller, which may involve such steps as 
serial-to-parallel conversion, assembly of words from 
bytes, and error detection and correction. 

Although the enthusiasm of controller designers, like 
that of terminal designers, is tempered by the perform­
ance leve! of presently available microprocessors, they 
look forward to a new generation of micropror...,essors 
now on the drawing board. The higher performance of 
the new microprocessors will enable them to graduate 
to full use in the data path as well. 

New single-chip processors made with silicon-on­
sapphire and bipolar technologies are expected to pro­
mote such a graduation by reducing the typical execu­
tion time to the ranl?e of 50 to 500 nanoseconds (from 
today's 2 to 20 microseconds) and increasing the num­
ber ofinstructions toward 200 (from today's 40 to 75). 
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Specifically, Intel is reported to be working on a bipo­
lar microprocessor that can execute instructions in as 
little as 500 nanoseconds. In MOS, Rockwell's Microelec­
tronics Group, one of the earliest to exploit sapphire 
technology, is developing more powerful processor chips. 
They already supply devices to General Automation for 
their LSI núcrocomputer line. Also, lnselek Corp., Prince­
ton, N.J., has proposed a C-MOS-on-sapphire micro­
processor that could handle a data rate of 3 megabits 
per second with its cycle time of 300 ns. Inselek says the 
device will be available early in 1975. 

For its paper-tape ernulator, Remex, a unit of Ex­
Cell-O Corp., Santa Ana, Calif., chose the Intel MCS-4, 
a chip set that includes the 4004 4-bit microprocessor. 
The emulator is a magnetic-tape cassette drive that 
works with a minicornputer like a paper-tape reader. 

Currently, the programs for the emulator are stored 
in programable read-only memories-the kind that can 
be erased under ultra violet light. Program bugs turned 
up by the first few customers can be easily corrected. 
Later, when change activity has died down sornewhat, 
Remex plans to switch, perhaps first to fused-link ROMs, 
which can be updated but not erased, and eventually to 
masked ROMs that can't be changed in the field at all, 
except by physically exchanging one part for another. 

Stamp out logic monsters 

Decision Data Corp., also of Horsham, Pa., indicates 
great interest in rnicroprocessors-particularly in data 
recorders. In these peripherals, a few microprocessors 
replacc a rnultitude of interconnected integrated cir­
cuits. The company manufactures a line of p1_1nch~d­
card machines-both the old standard 80-column type 
and the newer, smaller 96-column equipment for IBM's 
System/3 and similar computers. The line includes a 
data recorder, which is a sort of combination keypunch, 
card reader, card punch, and printer, \'.ith various other 
outputs available and usable either on line with a com­
puter oras a stand-alone device. 

"Data recorders are monsters in logic," says Thomas 
Richardson, vice president for engineering, ref erring to 
the multitudinous functions that the machines perform. 
Present designs, he says, use 700 to 800 small-scale inte­
grated-circuit packages, plus as rnany as 400 signa! lines 
to intcrconnected equipment-clearly a prime territory 
for an invasion by microprocessors. Richardson indi­
cates that the company will begin to move in this direc­
tion before the end of 1974. initially with its own design 
implemented with rnedium-scale ICs and later gradu­
ating to bona fide LSI microprocessors. 

Despite the advances already made, development of 
faster, more powerful micropror.essors is continuing. Al­
though today's microprocessors have word lengths of 4 
to 8 bits and instruction-cycle times of 2 to 20 micro­
seconds, at least one 12-bit unit has a!ready been devel­
oped in Japan [Electronics, 3/21174, p. 111]. And 
semiconductor manufacturers in the U.S. are working 
feverishly to increase speeds. 

What's more, LSI processors being made with bipolar 
and sos technologies are yielding processor chips that 
blur the distinctions between the capabilities of the mi­
croprocessor and the small minicomputer. lndeed, the 
LSI miniprocessor is airead y on the design bench. 



Anyone who has ever twiddled the controls of a pulse 
generator, wasted a couple of hours trying to recall how 
to use a scope's delayed-sweep feature, or laboriously 
calculated the standard deviation of a set of measure­
ments knows that it takes detailed knowledge and re­
fined techniques to use a complex modern instrument 
properly and efficiently. But soon, microprocessors \\ill 
bring about a new generation of "intelligent" instru­
ments that will automatically relieve the operator of 
routine procedures. And most of these "smarter;; ínstru­
ments will be cheaper than the ones they replace. 

Instruments can be made less costly because, in many 
cases, the software techniques used with micro­
processors will be cheaper than the hard-wired logic 
and mechanical switches they replace. Probably multi­
instrument systems can benefit even more because mi­
crocomputers should replace minicomputers or pro­
gramable calculators in small systems and do much of 
the repetitious work so that much cheaper mini­
computers or calculators can be designed into larger 
systems. 

Many cost-related benefits can be expected from a 
whole new class of small computer-controlled instru­
ment systems that would be too expensive if built with 
minicomputers or even programable calculators. And 
for large systems that need rninicornputers as control­
lers, rnicroprocessors rnay be able to make significant 
reductions in the costs of the computers by using thern 
as preprocessors in the instruments that are controlled 
by, and are feeding data to, the minicomputers. 

These reductions should be significant. The intelli­
gent application of, say, $400 worth of microcomputer 
components in each offive or six instruments rnay make 
it possible to replace a Digital Equipment Corp. 
PDP-11/45 minicomouter that costs about $16,000 to 
$18,000 in an appropriate configuration, with a 
PDP-11/40 ata cost ofabout $12,000. 

The straight bench instrument that can probably real­
ize the greatest cost reduction by use of a micro­
processor is the frequency synthesizer. A high-resolu-

tion synthesizer uses a large number of expensive 
electromechanical switches anda great deal of complex 
logic circuitry simply to tell the frequency-generating 
circuitry what to do. Replacing these switches with sim­
pler, cheaper ones or with a keyboard and replacing the 
logic circuitry with a microprocessor will, in most cases, 
justify the cost of the microprocessor, even if it brings 
no other benefits. 

Of course, microprocessors will provide a whole host 
of such other benefits as data-formatting for the instru­
ment's input/ output interface. Moreover, the rnicro­
processor will enhance accuracy and reliability through 
the use of special routines for self-diagnosis and the 
elimination of systematic errors. 

Automatlng testers 

Already severa! manufacturers have introduced mi­
croprocessor-controlled instruments. Among them are 
the in-circuit re testers built by Testline Inc., Titusville, 
Fla.; the model 76A automatic capacitance bridge made 
by Boonton Electrics Corp., Parsippany, N.J.; the Qual­
ifier 901 re tester made by Fairchild Systems Tech­
nology, Palo Alto, Calif.; the Digitrend 220 recorder 
made by Doric Scientific Corp., San Diego, Calif.; and 
the interfacing circuitry used by Tektronix Inc., Beaver­
ton, Ore., to marry the digital processing oscilloscope 
with the company's model 31 programable calculator. 

Most of rhese pioneering applications use the micro­
processor more as a manipulator of bit patterns than as 
a number-cruncher. The microprocessors are used more 
to set up tests, perfonn interfacing chores, and control 
other subsystems than to process the data that the in­
struments have acquired. 

The IC testers are perhaps the best examples of this 
emphasis, since, strictly speaking, these instruments ac­
quire no numerical data at ali. They use the micro­
processors for the quick and easy setup of complex 
input-bit pattems and comparison of actual and ex­
pected output-bit patterns without resorting to either 
expensive minicomputers or so-called performance 
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tacked onto it (a). In particular, signa! processing is perforrned by conventional analog rneans. With microprocessor, a-d converter is moved 
up front so that most processing can be done digitally (b). In both diagrams, signa! paths are shown in color, and control lines are in black. 

boards. One of the additional. benefits of the Qualifier 
90 l is a thorough self-test routine. Under control of the 
microprocessor. the machine checks itself out every time 
a program is loaded into it. 

While they use the microprocessors largely for con­
trol, the Boonton capacitance bridge and the Doric 
recorder also exploit the processor's ability to do a bit of 
numerical calculation, as well. The capacitance bridge 
directly rneasures only capacitance and conductance. It 
then processes these numbers to find such quantities as 
equivalent series resistance, equivalent parallel resist­
ance, Q, dissipation factor, and percentage of deviation 
from a preset reference. 

The Doric Digitrend 220 recorder is programed with 
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a set oflinearizing equations for various thermocouples. 
Instead of using different linearizing networks for each 
of the six common thermocouples (types J, K, T, E, S, 
and R), the instrument <loes it ali with software. (See p. 
87 for more details on this instrument.) 

A generalized microprocessor-controlled instrument 
and its conventional digital counterpart are shown in 
Fig. 1. The exact nature of the instrument is not speci­
fied, but it may either be a two-channel voltmeter or a 
wattmeter. 

The main point is that the conventional vcrsion ofthe 
generalized instrument (Fig. la) <loes all of its process­
ing, which may include such difficult operations as mul­
tiplication and linearization before the output is digi-



tized. Also, the conventional instrument needs lots of 
logic circuitry to control the making of the measure­
ment, to formal the digital display. and to handle the 
1/0 interface with any other equipment to which it may 
be connected in a svstem. 

The microprocéssor-controlled instrument, on the 
other hand, (Fig. 1 b) converts the data into digital form 
as close to the front end as pcssible and does all of its 
signal processing digitaily. Its potential for cost reduc­
tion comes from the capability of a single micro­
processor to do the signa! processing and also handle ali 
of the interfacing and formatting chores that would re­
quire literally hundreds of TTL packages. 

Getting 'smart' 

The most dramatic impact of microprocessors on in­
strumentation will be in the creation of new "smart" in­
struments for a host ofnew applications. A smart instru­
ment is one that performs a significant amount of 
interna! arithmetic processing. From a number of inputs 
(either signals or switch positions), it calculates an out­
put to display and/or performs additional processing. 

Indeed, smart instruments, like people, may be ex­
pected to come with a wide range of intelligence. At the 
low end of the spectrum may be a digital voltmeter for 
communications applications that can be programed to 
make, say, 1,000 measurements and then display their 
mean and standard deviation. For this, the micro­
processor, together with associated control memory and 
1/0 circuitry, would perform all the logic-management 
functions. 

Assuming that very fast measurement times aren't 
needed, such a system could be built of one of today's 
8-bit n-channel microprocessors, together with, say, 
eight 1-kilobit random-access memories to supply 8,000 
bits of main memory and the associated read-only 
memory for control, plus l!Os. The entire system could 
be implemented with fewer than 20 LSI packages-only 
a tenth of the more than 200 standard TTL circuits that 
would be needed. 

A somewhat smarter instrument might modify its 
own behavior as a result of its calculations. An example 
of such an instrument already exists-it is Hewlett-Pack­
ard Co.'s model 3805A distance meter. This surveyor's 
too! measures distances by measuring the time required 
for an infrared beam to travel from the instrument to a 
reflector and back. 

Since atmospheric perturbations can affect the read­
ings, the meter is programed to make 3,000 measure­
ments and to calculate their mean and standard devia­
tion. Then, if the standard deviation is within a 
specified limit, the mean is displayed as an accurate 
reading. lf the standard deviation is out of spec, the me­
ter makes as manv additional measurements as are nec­
essary to get it within spec. lf, after it has made 32,000 
measurements, the instrument still fails to get a suf­
ficiently good standard deviation, it displays the mean 
in flashing numerals to tell the operator that the mea­
surement conditions are less th:rn Ídeal. 

The next leve! of instrument made possible by micro­
processors could, by today's standards, be called ge­
niuses. These instruments will probably be most 
noteworthy for their high degree of human engineering. 

Their value may best be appreciated by considering the 
hairy problems that one may encounter when using a 
complex pulse generator or oscilloscope. Highly skil!ed 
engineers, not to mention technicians and service per­
sonnel, can easily waste several hours refamiliarizing 
themselves with instruments that they haven't used for 
severa! months. Even an instrument that one has used 
every day can present problems if someone else borrows 
and returns it with sorne small, seldom-used, control out 
of its usual position. 

Building 'genluses' 

Microprocessors can and will be used to generate a 
"genius" class of instruments, but how it will be done is 
uncertain. One can imagine an oscilloscope that has had 
most of the knobs and switches replaced by a keyboard 
through which one punches in such parameters as the 
sweep speeds, vertical sensitivities, and triggering 
modes needed for any particular application. 

Seldom-changed controls might be automatically set 
to preprogramed states from which they could be 
changed, via the keyboard, if desired. The status of the 
machine could be presented on the cathode-ray tube by 
a character-generator similar to the one already avail­
able on Tektronix' 7000 series scopes. In addition to 
simply presenting the machine's status, the CRT readout 
could also warn of incompatible instructions or of valid, 
but unusual, measurement conditions. 

In a sense, oscilloscopes and other measurement toois 
aren't di.fficult to deal with because they present the 
user with displays, which, if abnormal, warn that correc­
tive action is needed. The myriad possibilities for error 
in setting up signa l g~neratars, synthesizers, and othcr 
signa! sources, on the other hand, can drive an engineer 
to a psychiatrist. Few users of pulse-generators can 
claim that they have never set the pulse width to a dura­
tion longer than the period defined by the selected repe­
tition rate. And on sorne complex two-channel pulsers 
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Who lnvented the mlcroprocessor? 
lntel Corp. certainly deserves the credit for exploiting the 
microprocessor concept and was the first to market mi­
croprocessors, although much credit must also go to the 
many compan,es and ind,viduals who contnbuted in 
sorne way to the development of large-scale integration. 

Remember Viatron? In 1968, the Burlington, Mass., 
firm startled the world by announcing its intention to build 
a data-handling system that would rent for $40 a month 
in its basic configuration. [Electronics, Oct. 14, 1968, p. 
193]. Heart of the Viatron unit was an 8-bit micro­
processor run by a primitive program in a read-only 
memory. But the company encountered serious financia! 

that have separate controls for such settings as ampli­
tude, offset, delay, pulse width, and trigger mode, the 
fact that these highly interactive controls have been set 
wrong is not always obvious. 

The microprocessor can unravel that complexity. If 
all of the instrument's operating information is fed in 
through a small keyboard-controlled processor, the in­
strument could simply refuse to accept an input that is 
incompatible with earlier instructions. Alternatively, 
e!ectronic stops could be programed into the machines, 
and a small light-emitting-diode display could be posi­
tioned above a vernier pulse-width control. As the con­
trol is rotated to increase the pulse width, the display 
would reflect its position, so long as the pulse width did 
not conflict with any other control settings. 

If such a ccnflict ariscs, thc machine might be prü­
gramed to ignore the control setting and to set only the 
maximum pulse width that could be accommodated. 
The LEO display would keep the operator informed of 
what is happening by always showing the actual pulse 
width being generated, regardless of the front-panel 
control setting. 

Although each of the ways in which a microprocessor 
might be used in an instrument has been discussed as a 
separate idea, it should be clear that, at least until their 
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and management problems, and it went bankrupt after 
about two years. 

Meanwhile. General Electric Co. found itself designing 
integrated logic circuits for sorne of its terminals, dupli­
cating much of the work from project to project, but not 
generating enough volume on any one of them to justify 
the use of custom-designed LSl-until somebody thought 
of a customized programable LSI circuit. GE then devel­
oped an eight-chip basic logic unit, or BLU, that could be 
used without change with difieren! programs in many dif­
ferent terminal designs-essentially what is done today 
with microprocessors. 

prices are reduced considerably, the devices will be used 
primarily in applications where they can perform sev­
era! functions. 

Most industry sources agree that an instrument would 
have to sell for at least $2,000 to $3,000 to justify the in­
clusion of a microprocessor. There is no upper limit to 
the size of instrumentation systems in which micro­
processors couíd be included, since even systems large, 
complex, and costly enough to justify the use of a mini­
computer may benefit from the inclusion of micro­
processors as preprocessors. 

Peak plcker 

Such an application might be in an analytical chem­
istry laboratory, where a single, fairly small mini­
computer couid control, say, two or three mass spec­
trometers and a dozen gas chromatographs if each of 
them were equipped with a microprocessor programed 
to act as a peak-picker. The outputs of these analytical 
instruments, if drawn by a chart recorder, are typically a 
series of peaks separated by nulls. Unfortunately, 
closely spaced peaks tend to blend into each other, 
which makes it difficult to decide exactly where the 
peaks are. 

An experienced human operator can locate the peaks 
by eye, but it takes a fairly complex computer program 
to do the job. If the computer is to do all the peak-pick­
ing, it would have to be an extremely fast machine with 
a lot of memory. Adding the microprocessors brings the 
task well within the capabilities of a minicomputer of 
modest size. 

lmprovements are lmmlnent 

Thus far, only a handful of commercially available 
instruments contain microprocessors. But this state of 
affairs in no way indicates a lack of interest in them by 
the major instrument houses. Quite the contrary. 

Although details are not yet available, it is clear that 
microprocessors are responsible for previously unavail­
able or unaffordable capa bilities that will be offered in 
severa! new meters, counters, signa! sources, and oscillo­
scopes before this year is out. The designers of these in­
struments speak of "totally new approachcs to the mak­
ing of measurements" but, understandably, they refuse 
to elaborate on what that means right now. However, 
the next six months promise plenty of excitement for 
the makers and users of electronic instrumentation. 
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by Wallace B. Ri/ey, Computers Editor 

It's a whole new world, but it's really not all that differ­
ent from what the engineer is accustomed to. Sup­
posedly, EEs experienced in the conventional approach 
to design-flip-flops and gates-might expect to encoun­
ter difficulty expressing their design ideas in term of 
software. But, although the end result of a software de­
velopment effort looks different on paper from the tra­
ditional logic diagram, it is basically identical. 

An engineer's usual approach begins with a set of 
functional specifications, which he translates into a 
block diagram and then reduces to the level of individ­
ual gates. The completed design is assembled on a 
breadboard, built into a prototype, and then, with a 
series of tests and redesigns, reduced to a form that can 
be manufactured in volu~me and sold at a profit. Mean­
while, it may be undergoing simulation on a computer 
as part of the design refinement. 

Likewise, software design begins with functional 
specifications, but it is translated into a sequence of in­
structions, rather than into an arra y of gates. The paper 
design usually involves a flow chart. which shows events 
graphically in the proper order, together with conditions 
that can cause the order of events to change. The first 
step can be a high-level flow chart, which closely resem­
bles the block diagram. This is broken down into a form 
in which each blo~k in the flow chart represents a single 
instruction in the program. Standardized shapes of 
blocks in the flow diagram have evolved (Fig. l) so that 
one person can more easily follow the logic of another 
person's work. [For an example of applying a flow chart 
to either the hardware or software implementation of a 
specific design, see E/ectronics, Oct. 11, 1973, p.97.J 

For sorne individuals, software is a problem until 
they get the hang of it. At sorne companies, teaching en­
gineers how to program and programers the limits of 
hardware has turned out to be a great enli2:htenment on 
both sides. But the highly motivated peopÍe who under­
took the project knew that understanding micro­
processor software would be essential sooner or later, 
and they have managed to overcome any obstacles to 

understanding. Still other companies have assigned the 
task to younger engineers who had no previous strong 
commitment to either hardware or software designs, 
and who, therefore, made the transition easily. 

In the last analysis, any intelligent person who can 
lay out a procedure accurately one step át a time can 
learn to write a program for a microprocessor. 

Support is essentlal 

Sorne users and potential users ofmkroprncessors ex­
press concern about the leve! of software support from 
the manufacturer. Since microprocessors come from 
semiconductor houses, those users fear the vendors 
don't have the capacity to offer the assistance that is ex­
pected from the IBMs or the DECs. 

The concern is largely unfounded because the need 
for software support, compared to the requirements of 
large computers, is small indeed. But to the extent that 
microprocessor users have had no previous exposure to 
computers, they may need to be led through thickets of 
unfamiliar concepts to get their applications working. 

Support for a large general-purpose computer is sig­
nificantly different from support for a minicomputer, 
and it differs even more from the kind of support that a 
microprocessor user will need. And since a general-pur­
pose co'mputer is likely to cost its user hundreds of dol­
lars an hour, he doesn't want to shut it down even mo­
mentarily if he can avoid it-not even to load new 
programs into it. To protect him from unnecessary ex­
pense, manufacturers offer operating systems, which are 
software packages designed to keep the machine run­
ning under all but the most catastrophic conditions, as 
well as various aids that simplify the task ofwriting pro­
grams for the large computer. 

But a minicomputer is likely to be operated in a dedi­
cated application so that a single program runs over 
and over indefinitely. Furthermore, it's sufficiently inex.­
pensive that its occasional stopping between jobs or 
when an error occurs is only an inconvenience, not a 
major expense. Minimakers also offer support, in the 
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1. Aow-dlagram conventlons. These are among standard shapes that simplify communications via flow charts. Also often used are specific 
inpul/output functions, such as a torn sheet of paper for a printout, a tape reel for magnetic tape, ora cylinder for a disk or drum. 

form of sorne kinds of programing aids and perhaps a 
relatively low-level time-sharing system. Of course, 
there's maintenance of the hardware, but this is far 
short of the support that is expected from the manufac­
turer of a general-purpose computer. 

None of this kind of support applies in any way to 
microprocessors, except possibly in the form of higher­
level programing languages like PLIM [Electronics, 
6 /27 /74 p. 103]. Like the average passenger automo­
bile, a microprcicessor rernains economically feasible, 
even though it may be "parked" 90% of the time. Its 
program is likely to be wholly in a read-only memory, 
making it even more dedicated than a dedicated mini. lt 
doesn't even need hardware maintenance, because it 
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can't be patched the way a board or chassis can. 
For users wholly unacquainted with the art and sci­

ence of computer application, extensive support from 
the vendor will be necessary. By and large, this support 
is available now-in the form of users' manuals, pro­
graming rnanuals, application notes, and similar docu­
rnentation-and it shows no signs of abating. But in all 
probability, using microprocessors won't be a wholly 
new experience for most people. Many engineers have 
already used minicomputers in sorne form or have en­
listed the aid of various computer-aided-design pro­
grams. And, as indicated previously, most of those who 
have already tried microprocessors haven't found the 
software a serious problem. 
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Procossors and prcciuct costs 

• m1croprocessors 
boost prrof its 

by Wil/iam Davidow, lntel Corp., Santa Clara, Ca/if. 

When the first single-chip microprocessors were in­
troduced two years ago, few designers or project man­
agers could foresee how massively these devices would 
influence creation of new products and services. To 
most, the microprocessor was merely another interesting 
LSI device to be evaluated and built with sorne memory 
and interface chips into prototype equipment. 

But as designers became familiar with the early mi­
croprocessors and equipment began to benefit from 
them, respect grew for their capability and versatility. 
Rapidly there arose an awareness throughout the elec­
tronics industries that the microprocessor was indeed a 
significant extension of computer technology. Suddenly, 
the concept of distributed computer power became a 
reality, applicable to a host of new equipment. 

There, are compelling and fundamental reasons for 
the dramatic success oftoday's mictoprocessors: 
• Manufacturing costs of products can be significantly 
reduced by designing around microprocessors. 
■ Development costs and time are reduced. 
■ Products can be rushed to the market faster, which 
enables a company to seize advantages in sales and 
market share. 
■ Product capabilities are enhanced, and manufac­
turers can economically add features that boost profits. 
■ Product reliability is increased, leading to a corre­
sponding reduction in both the cost of service and war­
ranties. 

Microprocessors enable designers to replace hard­
ware with software. Using programed logic, they can 
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ROMsize 
(bitsl 

2,048 

4,096 

8,192 

16,384 

Gates 
re:,laced 

128-256 

256- 512 

512 - 1,024 

1,024 - 2,048 

ICs 
replicad 

13 - 25 

25-50 

50-100 

100- 200 

now substitute a handful of ICs for a large nurnber of 
conventional randorn~logic networks. In such a systern, 
the inforrnation about logical sequences and the output 
responses provided from input signals are stored in a 
few mernory chips instead of in relatively expensive in­
terconnect patterns on printed-circuit cards. 

Use of mícroprocessors saves money and time at ev­
ery stage of the product's life cycle. These savings are 
passed on to the customer in products with greater ca­
pabilities and higher reliability than has ever before 
been attainable. Microprocessors are not only irnprov­
ing the performance of established products, they are 
bringing about completely new products. They are be­
ginning to permeate every walk of lif e. 

Memory replaces random loglc 

If microprocessors werc fast enough with their pro­
gramable techniques, they could replace all hard-wired 
logic. But as the speed of new generations of micro­
processors is i.ucn:aSt:d, ihey wiil move into more and 
more designs now implemented with conventional res. 
And although each new application has its unique 
structure, 1t's possiple to estímate the package reduction 
that accrues when hard-wired random logic is replaced 
by programable techniques. 

Again, the microprocessor replaces logic by storing 
program sequences in memory, rather than implement­
ing these sequences with gates and flip-flops. While it is 
impossible to prove quantitatively, designers use a 
rough rule that they can replace one gate by using 8 to 
16 bits of memory. Therefore, if the average hard-wired 
logic circuit contains on the order of 10 gates, Table l 
indicates that a single 4,096-bit read-only-memory can 
replace 50 MSI packages. Each new 16,384-bit ROM save 
as many as 200 re packages in every design. No wonder 
system designers are being so quickly convinced of the 
capability ofmicroprocessors to reduce re cornplexity. 

Reduclng manufacturlng costs 

Clearly, reduced IC complexity translates directly into 
reduced product costs. Table 2, which presents a de­
tailed analysis of the sources of these surprisingly high 
costs, shows that the average sale príce of an integrated 
circuit today is approximately 50 cents. Incoming in­
spection and testing cost an average of 5 cents more; 

Many companies are now buying aged and tested cir­
cuits for their applications to increase system reliability, 
and this adds about 15 cents t.:> unit costs. A simple 
printed-circuit card may cost as little as 25 cents for 
each IC positio~. but the average cost in most appli-
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IC $.50 
lncom ing inspection .05 
Pe car d .50 
Fabri cation .05 
Board test and rework .10 
Conn ector .05 
Oiscre tes .05 
Wirin g .10 
Powe r .10 
Cabin etry. fans, etc. .10 

Total $1.60 

cations for high-quality cards is closer to 50 cents. (In 
sorne systems, costs of sophisticated multilayer cards 
can go as high as $1 per location, and if wire-wrap as­
semblies are used, the cost per IC position can reach the 
$2 mark.) 

Next, board test and rework add another dime to sys­
tem cost, while the cost of a connector, divided by the 
number of ICs per printed-circuit card, frequently ex­
ceeds 5 cents. Then the system requires such compo­
nents as resistors, capacitors, and power-bus bars, which 
add another 5 cents per IC. 

Systems frequently average one wire or more per IC 
position, and the wires-even those installed bv auto­
matic equipment_:frequently cost more thart 10 cents 
each. Finally, the cost of power suoolies and mechani­
cal packaging add another 20 cents. Altogether, the 
minimum system cost approaches $2 per IC. 

Table 3 shows the potential system saving in manu­
facturing costs that can be achieved by using a micro­
processor. The savings are derived by assuming that tbe 
typical manufacturer can save $1.50 to $3 by displacing 
a single .JC, after which the cost of irnplementing an 
equivalent system with a microprocessor is taken into 
account. In moderate volumes, a svstem such as the 
MCS-4, made up of 16,384 bits ofROM, a processor, and 
a rninimal amount of RA~, can be purchased for less 
than $100. This system has the potential of displacing 
$150 to $600 of manufacturing cost in a system. 

Reduclng development time 

Use of microprocessors simplifies nearly every phase 
of product development. Because of the extensive de­
sign aids and support supplied with microprocessors, it 
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R0Msil8 IC 
Savings (bits) replaccd 

2,048 13- 25 $19.50 - $78 

4,096 25 - 50 $37.50- $150 

8,192 50 - 100 $75.00 - $300 

16,384 100 - 200 ~150.00 - $600 

; 
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Conventional system 

Proddct definition 

System and logic design Done with logic diagrams 

Oebug Done with conventional lab instrumentation 

Pe card layout 

Oocumentation 

Cooling and packaging 

Power distribution 

Engineering changes Done with yellow wire 

is relatively easy to develop applications programs that 
tailor the devices to the systems and then implement 
these systems in very short turn-around times. Indeed, a 
principal reason for the increasing popularity of micro­
processors is the speed with which products can be de­
veloped, designed, and rushed to the market. Discus­
sions with system designers indica te development cycles 
have frequently been shortenecl by as much as six to 12 
months to only a few weeks. 

Table 4 tabulates a number of the steps in a system­
development cycle and the effects of the microprocessor 
on the design-cycle time-designing becomes easier, 
faster and less costly. Surprisingly, product definition is 
frequently speeded up as soon as the decision is made to 
use a microprocessor because ihe incrementai cost for 
adding features to the system is usually small and can 
be easily esttmated. 

For example, adding such features as automatic tax­
computation to an electronic cash register may require 
only the addition of a single ROM, which has a minimal 
eff ect on total system cost, power dissipation, and pack­
aging requirements. But adding the same function by 
means of IC logic might require two or three fairly large 
pe cards filled with SSI and MSI logic packages. 

Building around microprocessors also reduces the 
time needed for system design. When the engineer de-
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Programed logic 

Simplified because of ease of incorporating features 

Can be programed with design aids (compilers, assemblers, editors) 

Software and hardware a,ds reduce time 

Fewer cards to lay out 

less hardware to document 

Reduced system size and power consumption eases job 

less power to distribute 

Change program in PROM 

cides to use a microprocessor, he designs by program­
ing-potentiall y a more organized and faster way to de­
sign than by using Jogic diagrams. \Vhat's more, the 
ready availability of extensive software aids, such as 
simulators, assemblers, editors, compilers, and moni­
tors, reduces the cost of program development. These 
aids also reduce the time needed for system debugging. 
Pc-card layout time is reduced simply because fewer 
cards need to be laid out. 

Getting to market fast 

When product-design cycles can be shortened, ob­
viously new products can be rushed to the market 
faster. Thi~ permits companies to either beat out the 
cumpt:iitiun ur dfo~tiveiy respond to competiüve 
moves. Figure l shows what typically happens in a com­
petitive program when one company beats another to 
the market. Assuming that both companies have about 
the same marketing capability, the company that intro­
duces the product first usually can gain a greater share 
of the market (Fig. la) and reach a mature sales volume 
more quickly. 

Figure l (b) shows the price erosion characteristic of 
most products during their life cycles. This erosion 
means that the company introducing the product first 
will not only sell more but will sel! at a higher price. In 

w 
u 
ii: 
:: 0.5 
z 
::, 

o 
2 J 4 5 6 

(b) 
YEARS 

1. MarketJump. Microprocessor design helps gel equipment to the market fas!, resulting in a greater share of market !han second entry (a) 
as prOduct matures. What's more, first product shows a slower rate of price erosion (b). 
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FIRST PRODUCT 

Year Price Unit1ll11 lncome 

1 $1,00 .25 $ .25 
2 .90 1.00 .90 
3 .80 1.00 .80 
4 .70 .75 .52 
5 .60 .25 .16 

Total S 2.63 

SECOND PRODUCT 

Ye■r Price Unit 11111 lncome 

1 $ 1.00 o S.oo 
2 .90 .25 .23 
3 .80 .75 .60 
4 .70 .50 .35 
5 .60 .10 .06 

Total $1.24 

this hypothetical example, the first product to the mar­
ket generates about twice the total income that the sec­
ond product does (Table 5). As a result, the advantage 
gained by application of a microprocessor to achieve 
early product introduction can have a much greater im­
pact than merely reducing manufacturing costs. 

Again, since product features can be added to equip­
ment built around microprocessors simply by adding 
more program storage, many manufacturers are taking 
adva.nta.ge cf this charactet.tStic to increasc the value uf 
their products. For instance, makers of point-of-sale­
equipment are adding automatic tax-computation to 
cash registers by merely increasing the ROM size. Instru­
ment makers are adding automatic calibration to their 
instruments. Makers of vehicular-traffic-light controllers 
are adding automatic sensing of traffic loads to their 
basic equipment and adjusting the duration of the sig­
nals. From a profitability point of view, these optional 
features, many of which are requested by the customer, 
are frequently sold at 10 to 20 times the cost of adding 
them. Sorne companies have been able to eam sizable 
profits from marginal products and services through the 
application of microcomputers. 

Because the danger of their failure is eliminated by 
replacing many ICs, the use of a microprocessor can sig­
nificantly increase system reliability. A digital system 
fails most frequently because interconnects fail. The use 
of a typical 16-pin IC will introduce approximately 36 
interconnections in a system (16 interconnections from 
the chip to the lead frame, 16 from the lead frame to the 
pe card, two interconnections from the pe card to the 
back plane, and two interconnections from back-plane 
point to back-plane point). 

lf one ROM eliminates 50 ICs, then it eliminates ap­
proxima tely 1,800 interconnections. While little data ex­
ists to prove the point, it is believed that the reliability 
of the electronic portian of a system can be increased by 
a factor of 5 to 10 by use of microprocessors. 

Finally, consider the bottom line. Table 6 presents a 
comparison based on information from users of the 
profit-and-loss statements of a hypothetical product line 
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microcomputers microcomputers 

Sales 100% 100% 
Cost of goods sold -55 -45 

G ross mar gin 45% 55% 

Development 
Engineering 8% 6% 
Documentation 1.5 ' Warranty 1.5 1 

Marketing 20 20 
G&A 3 3 

Engineering and marketing costs 34% 31% 

Before·t1x profit 11% 24% 

befare and after the use of microprocessors. The prod­
uct using the microcornputer has a srnaller final cost be­
cause the manufacturing costs of systerns containing mi­
crocornputers are generally lower than those built with· 
conventional ICs, and the enhanced capability of many 
microprocessor-system products enables manufacturers 
to charge more for their equipment. 

In addition, the shortening of development cycles and 
the elimination ofmuch documentation can save a com­
pany another 2.5%. Warranty and service costs, such as 
those associated with stocking spare parts and training 
service engineers, can also be greatly reduced. The net 
effects of all these savings can frequently increase p.rod­
uct-line profits by 10% to 20%. 

The challenge is here. The design and cost advan­
tages of putting computation and decision-making into 
equipment are clear messages to product-planning 
managers for all kinds of manufacturers, many of 
whom have been outside of the orbit of the electronics 
industries. These technical managers are finding that 
the use of microprocessors can affect such basic ingredi­
ents of corporate success and failure as manufacturing 
costs, market share, dev~lopment costs, time, system 
reliability, and serviceability. The advantages of micro­
processors have been demonstrated already. The chal­
lenge now is to use them wisely. O 

Want to leam mora about mlcroproceNora? 
Here are sorne addrt1onal artIcles on microprocessors that have been published in Elec-­

tron,cs: 
Kildall. Gary, "Higt1•leYel language simpl1f,es microcomputer program,ng," June 27, 

p 103 
Altman. Laurence, "Single-chip m,croprocessors open up new wo~d of applicabons," 

April 18. p.81 
Shima. Masatoshi, and Fagg,n. Federico. "In swrtch to n-MOS, m,croprocessor gets a 

2-¡,s cycle t,me," April 18, p.95. 
Young, L,nk. Bennett. Tom. and La.-ell. Jett, ''N-channel MOS technology yields n""' gen­

erat,on of m,croprocessors," Apnl 18, p86 
Tarw, TadaaK:, Namtmoto. Keiji, and Takahashi, Yuk1haru, "Twelve-bit microprocessor 

nears m1n1CO,T1puter·3 perlormance le'\l'el '' March 21, p. 111. 
Eiectronics s:att, ''The mIn1computer comes on," Oct. 25, 1973, p.98. 
Giddstone, Bruce, "Des,gn,ng wilh mieroprocessors inSlead of wired logic asks more ol 

designers," Oct 11, 1973, p.91. 
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dncrtH.•~, 111 pm~rJ111111111~ JnJ 1t1Jl-l·~ J fo111r..• ~0-'~•h) le 
111C'111Pry .\l'l.'111 1.ir~c 1,~ n11np.1r1<,011 Jf \\C h.111 111111.111\ pro­
\ 1J1,.•J J 40\111.b>h' rnt..·11111r}. \Uh"l'lJltl'UI '\1/1..' ll'1i11d111n lo 

lllt,.'C'I 1,."1,.1\I I.IT1'.l'b \\t111IJ l1J\t' ht..•t'II l'\lfl'lltl'i~ J1ll1(11lr. 

h~11111111i,! -h 10.?-l h11 H \~I dup .. Jft.' .1,JIIJhl1..· ~-1111111 rhc 

lll'\I SL'\"Cr JI ) L'.1r ... a 111111111111111 ") \ll'IU wpulJ h.'lflllll' onl~ 

two d1i¡,\ ltir lllt..'T1l11r~ 

l.1111Íllll¡.! lla· l]\IIIIIJIUIII \) \14.'111 IIIL'IIIOI) lll u,:-i 11) ll'\ 

Ji\l' pruv1d1..·~ "'-'''-'rJI ") .. 11..•111 1..·0,1 JJ\·,111IJ~1..•,. 110"1..'r .,,,ppl~ 
L'l),I i~ n:dt1t..L'd. mc11111n aJ,ln•.,._ d1t\l'í\ Jfl' d11n111:1l1..•J. JnJ 

printct..l l"IH"lltl hoafll .. ,;,11.·c 1, .. av1.·,I . ..\ lt•,., 011, 1, ,11., "> \h'III 

11nplii:a11on ,, thc dfcd cif 11a•111nr) \l/1!' 011 ph1p.1111 loJJ111¡l 

(U'ih. 

111 i,!l.'.'lll'rJI. thc U!iicr .. houhl ht· ;.ihk hJ IPJJ J pr11rrJ111 m 
h.tlf .i 1111ll lllC or ~o I h,, ,;01111.:uk!i wuh uh\l'f\1,.•J u\4:'r• 
palll'llt..'e t°Jdilfli. 

-\n Oú,1,11111,il 1..·rror fl'l¡111rn1~ u:lt1.1J "JII h1,.• 111krJh'J for 
\horl loaJ time.,, ~o lhJI ltml'í rd1Jh1llt~ loJJ111~ JL'\'h,.Ci 

lllJ\' he m1.·d. ln loJJ J 10.?-'-h) ll' 111L'IT1or) 111 .lü ',(.'1.nnJs. 

unl) rl'4u1Jt..·~ a !-l'rl.11 tr.111 .. fcr rall~ of JOO 1,1,.,·,1,.•l«\IIJ lhi, 
a~sUIIJ('S a panl) h11 inr tJd1 h~ Ir l·nr a ,UNh•h\ IC' 

1111,.•11h1r~·. 1h1.• 11,.•,111m•d r.ill' Ju111¡,, 111 1 ~00 l•1h \l'ú11hl I hi: 
H'ljlllíl.'11 tr,rn,ll'f rJft..• 1111l11t..'fül'~ lh1.· d1111~1.' of J prn_¡:rJIU 

h1Jd111g. ll.'d111tqt1l'. Lo"cr r;.ilt.'\ t.:an ~l'lll'JJII) he lra1hl.11l•J 
inlo lrnwr 1.,1~1, and hl'llt..'r rd1.1h1lal~. 

ll"s 111 tli(' arca of 111p111. l1ulpul. ~111d t,ull,.. ,11irat-"-' 1l1JI 

w1.• C'nl°Olllllt..'r lht: 111;.ijt1r "·u,1 p111hll'lll\ íhL' d1uh:1.• ,1f L"O 
a11tl hulk \h1r.1~1,.• ll•i:hnique,;,; ah11 hJs J 111J1nr dl°l:(I un lhL· 
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22 COMPUTER 

rnn¡:r oí po•,ihll· '-)'\IC'lll :ipplk,111011,;,;. Ohv1011,ly. a -.in¡•Je 

switch i11p111 ami c;inrlt• li)'hl 011lpul wouhl ad1icvr. minimum 
cost hui wn11IJ ,11,n rc'5ull in a lrivial syslcrn rcl:itive lo us.c. 

Output Display 

Ft1r1unatcly. ,111 i1kal. low-cost oulput dc,•h:r for home/ 
s.dwol JpphL,1111111 .. JlrcJJ> t'\I\(\" a .. 1.1m.l.ud lV ~..:t rru· 
v1Jc~ J llc\lhle. Jynami, oulput li1,play Jcvi(r wl11d1 ,nost 

usen JlrraJy º" n. 
The chrnce uf a TV tli,pl3y formal inv11lvcs a numher of 

S)"\11."m l'unmlcrJllllnS Thc!,.C anduJe 1) res nf applilallons. 
Jisrlar rcfrrsh mrmoí} rrquiu:rnenh. ami (11111plr\1ty of 
con1rul t:lft.:IHI~ A low rt•-.oh1111111. hlai:k anJ wl111r dot 
mJln, W3\ d111,cn lor ma\lm11111 ílc\lh1hty al 11111111num 

co,1 An array uí v.'hilc doU ,,. d1,rlaycd on a hlal..'k ha(k• 

ground. lht hlad, had.~round a,·rnJ,¡ polcnt1al pIdtHL' nois.c 

prohkm\ ,\rrJ~'i 11f .l.?,\~. lh\h4. JIHI J~,h4 J,ir, are 
rwndl·,I hJ,:tll(' ~ 11lu'.\lrah'\ lhC' llc\lh1h1y uf 1111,:; íormat 

for J,.,pla~ IOl! \nMII ~amr hoar..h. s1111plc piel urts. words. 
numhrrs. or ") mhnh. f.ad1 Jnt reprl."-.cnts thr 'ilJle of a 
lllJIO men1tH) h11. lf lhe h11 i, "I" tht..• Jot 1s 011. 1f lhc hit 

ll "O" lhC' dtH 1,;,; nfí 
Chan~ing 1hr mcrn•,rY hit pJltcrn 11nmed1a1cly chanJ,:rs 

thr 1 V pil"lurt.· a(cordm~ly Bit pa11crn, are realill)- rno\'Cd 
in and out of thc d1,pla;·eJ rnrrnor) arca hy normal pro• 
graminmf! rh11..r1Jurr,:; S1111plr Jn1rn.11ton ,:in hr ad1t('H'J hy 
muJ1f) 111¡,: rnrmory 011 path•rn., óll ;1rpropr1Jlt' tlflll' mh•r\·al5. 

Any i:01111~uou, 1 ~l\ or ~50-l,y1c !,('t,;11011 oí rncmor) l.111 be 
Stll'ctrd íur J1,:;rby t'ly U"llin~ a rnilropro..:C',.~llf aJJress 
po1nfrr Th1'i d,~plJ~ pmnh~r can he moJdkJ al any point 

in a r1o~rarn. thm allow111~ thr 11\t"f to strp throur.h \arious 

nK"rnor) J1\pl.1y artJ\ _.I a11y Jl.'.,Ul'd Jalt..•. 11 ¡., ('J\)' to ílJih 

S(lcdrd purllon, of il pii.:1lHl' hy allrrnaftng hrlwrt'n IWO 

d1\plaf arra\ rn mrnwry 
for .\~,."\~ and I h,ó.i lt11-plJY' nnlj 10~4 hi1, { 1 ~8 h) 1e1-, 

of 11w11111ry are rl"qum·J fnr J1.,plJ~ rchl·,h. Tlm 1'- t111ly 

12.~ r('rcrnt ot 1he n11n11num 10~4 h>·II!' rncnwQ lhe 

J~,,..a <l1!.play 11pt111n u11li1c~ ~~ rcr-.:cnl oí lhc n11111mum 
sys1t•m rnrmor} h111 pr1,\HI<'\ a larr~r arca picltire whcn 
K'quucd lt l'i al,o ui.dul m rxrJn<lftl ml'mory \~\ll'lll\. lt 
YwulJ he emph;1\ltl'J 1h31 no 1{0\t I\ rcquircd for T\' d1'i· 
phy in 1hr rnin111111m ,:;y,;,;tcrn anJ 1ha1 framc refrc\h ,1urage 
1s pro,·11 . .lt-d \'la 111.1in 1nc:m11r). 

lhc rv Cfllllrnl umt (('llJ III fi~lllC 11 l"t1!1la1m thc L'lf• 

cui1, fnr ~c11cra11n~ l \' .,~ n..· c;1J!TlJI\ ami for J('qul•,ting 

mrrnnry h) 1cs , 1J lh~ COS\1,.\C D~L\ d1J110rl ai. rcquircd 
for J1,;rlay rcfrl' .. h ·1 he 1mli, Hlual h11s of CJl h hyll· are 

usctl io ~cncrítlC a \ILIL"o \IJ!nal Thr i.:omro\1h~ ~) 11' .. and 
vuko sq:nal 1110Jul;1tc5 thc 1111tpul of ;1 ,11nplc RI· n,1..:1llalor. 

Thi, moJulatt•J RI; can he applic:J to thr an1cnna INrnmals 
of an;· -.1,md.irJ IV 11,ct. 

l·i~llrC ~ 11lu .. 1rall'~ 1hc dl.'la1kd l1min¡: ltlf di,playing JolS 
un lhl.' TV 'ií.'fC~n A m.1!!111fi('J vicw of lour dnls I\ ,hown. 
F.ad1 Jn1 Í\ h1.o hor11on1.1I IV lmes l11~h w1th :i 1wo-hne 
spacc h<'l\\et·n Jo1, An H-tiylc row hulfer 1s provukd m 1hc 

TV t.:ontrol 111111. Ead1 lV lmc tm1r 1,;,; 6S mino\cto:onJs. 
During 1he 1wo hlank lmc times. hctwccn row, of dul\. up 
to 8 hytes (64 hil!>J are rctncved from main mcmury :md 
storcd in thc row huffcr. During thc ncxt two TV lmc limes 
lhc bits in the row buffer modulate thc TV beam lo display 
lhe proper do! row pallcrn. By spreading the dots as shown, 
lhc low resolution display fills up th• TV screen without 
requiring a high refresh rate. 
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Tht" T\' control unit also gencrates a program interrupt 
signa! at rhe tie~nning of rach TV frame. This interrupt 
permit'i the program to initiahze the mi..-roproces,or di,play 
aJJress pl,inter at the appropriatc- time. Sin.:c T\' program 
internipt O('curs ó0 t1m~s/se~ond. a frc-c real-time dock 
e\ists when needed. This dock capability is useful for 
uminJ purt)(::-ses in a numtier oí applications. 

Bulk Storage 

ProgrJm lihrary stordge and load1ng prcsents. another 
major prot'tler.1 area in a lnw cost system. The h1gh cmt oí 
ex1stmg computer den.:es su.:-h as flupp) t.11~cs and d1gital 
tape units immt'd1atd} rule out their use. Paper tape is 
awk\\ard anJ sttll fairly expens1ve. Convenlion.il pun1..·hed 
carJ r~JJt:1!1 are expenSJ\C rnJ rnconvement. 

T!u) rrohlem was rnh·i:J hy using a1h1th,·r cx1,ting. in­
e,ren,1\e ..:,1mt11ner Jl!úa thi: auJ1u ¡;a!>.S('tte rti:ordcr. 
Sw• .11"-k r,1rtJlile umts -.di for undl'r f,lrl~' dollar~. ,\ liuilt• 
líl l1r.1! ~·1l!.JJJ he pllHideJ for kss than s~o. Se\·CrJI mcthods 
for ,[lin:-.~ :,,1 sena! J1~itJl Jata on auJill cas~ettcs h,l\·C hi:cn 
de~-n:'i:J 1 4 anJ othcrs are pos::.1\llc. We de\·do¡,cJ a pro­
pnetar}, pul"'e ¡;ounting, Jc¡;hnique that yieJd,¡ J 50 hyte pcr 

sc¡;ond trJ11\lt:r riltc, loll'fJtc~ m1-.\mg or c,tr.i puhc:\, .anJ 
~rm1ts lJpe spt·eJ variJt1ons of JO pc.·rll'fll. ltw, -.~ -.1c.-m 
works well cven for dh·ap porlJt"llc JlHl10 ullll\ Only ~mr,lt 
trark rar,1hihl) is rt'l¡uiu·d 111 thl· ..,~ ,tt·m 

Sine~ crrnrs i:Jn he C:'l.pl',,;tcJ on c-...:lJ!>H'n. a pJrity hit 1s 
adJeJ tu ead1 byte on tape. Thc ..: .. ,-...·ltt· control unil 
che.:-ks the parit~· uf in pul Jata rcaJ frnm t~pc :rnJ turm on 
an errl1r li~ht lur i1Korrci:1 p;uity. RelwJ1ng a pwgram 
when an error t"tt.:curs I\ a ,imple amJ qui..:k pro..-eJure. 

Figure 4 shows lhe !-.ingh.· lr.i..:k. i:a,.,l.'ttc IJpt formal 
which was uscJ. D1g1tJI or JuJ10 hli~k, Jre al\l.·J>S ft.11Hl•J 
by 4 kHl slop tones ( l ). lhe slop hlllt' JL·tedion Oh,u11 li 
Jes,gnc<l lo re\pond onl) to lonK ( .5 \Cd cont111uol1\ tonrs 
so that voi.:-~ or 11n1:.1..: frames "'11 1101 ..:Ju\C fJl\c 111):t,:l"IS. 

Fig_lH~ 5 .. t10ws how .. JtandJHI l';\\\l'ltl' rl,1)er IS lll.CJ tn 

the sy\lern. Mosl ('J\!il'tle re1.·orJen prm 1JL• an e,1crn;i.l 
speaker or c.1rph11ne <-'Ulput jJl'k lh1, ,1utpu1 ,,. i,:onnL'dcd 
to thc L'1.H1trl1I lHllt a.:. sh11\\-n Stop (11nc, .inJ d1~11.tl Jat.J 
are 1.ktl'ded v1J th1\ l.'ª'"clle nutpul lml". A íl'l.1y u. Jl\o 
prov1JeJ ~h11.'.h pcrn11h lhe ..:a:,,,¡ette outr111 to t"il" 1.:onne..-uJ 
to a ~pt.·.1h·r undcr ph1~r;un ..-nntrol. Tlu, ~111111\ «-k..-h:J 
tapt· fr:111\l'' lo he p,1'-"'t·J 111.111d1!1ly. 

Thc majorit)' oi in1.·,pl·n,1\C \."J\~lli!' 11.'t."llflkJ\ h.1H ;t 

rcmot~ :io!Jrt-stop i:ontrol j:1d;. n11s ,,. Jc,1¡.-:nrJ fo, u'(' "'''h 
a mkrl,ph1mc l'í foo1 ~Wlti:h ft1r uw m our ,y,.tcm thC' 
cas\elle rcmok jal·k 1, 1.·onnC'dC'd lo a ph1}!1J111 ..-onuollcJ 
relay. Thi'i g'.I\I.'\ thc 1.·omputer rhe ah1hty tu s,tJrt a11J stop 
tape, pr\w1Uing !he U!>,Cr lus prl'\·iuu~I) plJ..:t·J lhl' i.:a~wlle 
rccorder in ns. Pl.1\ Y ml,JC. 

1he primJry S)Stern orcratin~ ..:on1rols nlll1pri\t two 
tog~ll' sw11..-l1t!'~ LO.-\[) JnJ Rl'S. Tbc l.O \l) w.i1th 
a.:twJlt''i thc c1,;;,ette t."ontrol unit I Cl ': 111 l 1~ 11. 1 ht 
Jcsirt•J píl\¡.!!Jm i.:a•isellc 1s ~lcdcd hy lhl' 11,n, h'Yo11und. 
JnJ lht• rc..:orJcr St'1 to l'Lr\ Y. Whl'll tlu.- firq ,h1p h11u• 1s 
eni.:ountcrl•J the JJta rcaJ1111t i:ir(mh :11l' au111mJlh.JII)' 
turneJ on. Wa1tíng for th1s ,top hine el1minall'\ r1,.,,,1h1c 
noisc prt1l'lt>1m JI thc t,q~111ni11g oí IJ¡'l' 1 hl· J1~1tJI JJta 

h.'pu~sent1ng the progr~un is loaJcJ ,cq11t·11t1.illy 111t11 rncm• 
llf} at 50 hytes/~l't.'onJ. Thc sei.:onJ s111p 11111c JutumJl1~.i11~ 
stops the IJ¡il' via thc tapl!' control r~•I..;} Turn1ng l•tl lhe 
LO:\D swit..-h Tt"~ts the computcr. "Jhc kl'S '-\\lhh 1111, 

hales e,ccution of thc prn~rJl1l \l.h1d1 "J\ ju"I 111,iJcJ 
Dmin~ p1t1gr.11n C:"<ci:u11on tht IJpl' i.:.111 b<" Julu111Jt1'-Jlly 

restartcd ~o th:11 thc u~cr \1,111 hcJr ;md10 frJnK' ::1 JI a 
Jcsin·d rime. The stop tone followm~ auJ10 frJme .:rl wdl 
:111tornatt..-a.lly !lhlp thc tape. n1c program t.:Jll mon11t1r lhc 
!llalc ol lile control Tt'IJy lo Jetcrmin~ whl•n 1hc cnJ of 
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da1a/J,lllio hJlllt:'i. tk.:c111 l hh l'frnuts synduonizmg i1Ud1t> 
m.:11c11,1l un (J'-'t'tlt'\ w1th a pro~r,1111. 

lile pr11\1,1on for pro~ram controllcd a11,l10 ~rmrn1S 
has a11 1mp{11l.1nt '>)\t('m irnpli\·a1111n. llit ;1hil11y to providc 
IO'ilni.:lwm. l111c,;t10ns. oc olher Jala III the f111m uf \'01,c 
fu1nt'\ on tape m1111n11us thc necd íor a ht~h re,-olution, 
alph:rnumtm,: ·¡ V J1,play with ih attC'nd.ant rr,q111rerncnt fur 
l:u~e rl'Írl!!loh :111J t"i;kk-up 1hJ.!1lal uora~t ,apaL1ly. 

Tl1c spr.ikcr rrovidcd fur U\C with thc ca,~ctte recorder 
provi\lt•s .! uscful oulpul Jc,.·kc. A ílip-flop whu:h can be 
i-tl anJ rc,ct h)' pr~ram Jri\'C'S thc ~pca"cr when il's du1• 
connc..:11.'J frorn thc cas~ttc output. Pro~rams can. lhcre­
forc. ne.1tc lnJll)' audible .;.equcn..:es of tutH'\. 

Input Oevices 

lhc pri111Jry mput J,·v11:e for our syslem i~ J 16 poSllion 
kt'~hn,lfll. ,\ 11u111bcr nf \~ 'º ~10 kc)hoar(h of 1l1i\ 1,rc 
hah' hc,•n Jcwl11pcd for U\C 111 pt"-ket ,akulahH~. -\ 11Jt. 
prinreJ t.:n1.111l I} pe wa.:. d11~'-'" tu ÍJ(1l1la1t.· an u-.i:rlay 
ícallHt'. A ,l,ghl mo,hfit.:all11n uf the kq hoJrJ p('r1t111, 
m!-i:rlton of J prillll'd ..:Jri.l alime tlu: '-"-ih.h anJy. V.trious 
l."arJ\ arr ¡nondcJ to rclJhel thc \W1h:h an J~ íor J1ffcrc111 
pwf.!ra1m. 1 nr etl!llatiuual propams ke}, 1,.Jll he IJhclcd 
v.11h u1lul\. p1dt1H'\, "'orJ'i, ur pu,,1hk Jll\WCT\ h) ques• 

tiuns. 1 ur olhet programs. lhc kl·p m1ght he lahelcJ \l.1lh 
Juc~t,on artuw\ for mampulallun of lhl" l\' J1,¡p1Jy lhe 
vanJnlC' l.1hd kt·\ huarJ 1, fonll.1rnc11tal lo mcc11nf.! tht· e.ii..t• 

OÍ·U\(' ~ llll'll1111 ,~,, 1111, 1~ pe uf'} ,,cm. 
l'nforhrnJtdy. the flJI kc) hoJ1J v.-111,·h Í\ ü.lt-al fur 

\·;mal,le IJht•!111i h.t.., no ta1. 1,lc frd. I In, Pl-ij('cl1011 was 
UH'lt.11111l' tiy tJk1nµ a \) \h'll1\ Jpproad1 S1füt a \Jk.'Jker 

alrl".1d} t:\l\l\, "'"11,h 1h•prc,\11nl'i 11rr11 ,111lJ he r1111plcd 
mio ll1i, ,¡,e;1J..l·r In rro\11le ;m a11J1hlc '\11\"-" llm has 
p,11,·rn ll, he .. n aJl'ljUJle M1h,111u1e fur t.1d1I!! frd. l he 
~·.tnnm~ appw.ad, 11,cd to Jc1.11de the '"itd, panel mini• 
1111/l'S 11.l· Lml o( !111~ approJ1.li Spc..;1(1,.; prop¡um, 1,,;an Jls.O 
gcncralc \·.111ous tom•s for !1oW1ld1 Jcprcv;;11lll'i \lw-hkh J)!3in 

\t1h,t1t 11lt for la,·11ll· frl·I 
1 he I h-p,1'1l111J1 ~t·> b1JJrJ normally 1,.-,11i,t·, an 1-\-hit byte 

11, he ,1,,,cd 111 11K·111,H) f,11 ca\h \..l') deptl''\1011. lhc 1110\t 
\l~Hf11.:ant fuur h1h1J1~111.ne normJlly 0000 •\ i..h11I \Wtld1 

píl'\\CJ III lOIIJUII\ tom \\1th a h, • ._, kcy lJU\t'\ lhl' rno~t 
s1!!111fh·J11l four ti11, In hl· 0001 ·thc lea.:.t -.1~111fka111 four 
h1ts uf a ,tor.:J 1'~ le rcrre .. cnt rlw l.'.oJ,· f.,, une oí lhe 
lli po~,11,lc la•, J1J!Íh shown 111 hfllll!' h. l iiL' he, le) hoard 
m 1,.·01111mLlh>n \\lth a ,tufl sw1h:h pcrrnih erllry of .l~ J,f. 
frrl'lll ,·11tk\ 

An :1l1i:malc modt uf ke} huard entry 1\ also prov¡¡_lcJ. 
In 1h1, 11111Jc I\\O key depre\\111m per hytc Jre rcq111r1.·J. 1 he 
Ílí\t \..q ,pc1.·1fo:~ thc nw,1 ,igniÍK:Jlll he, d1¡.!1I of the hytc 
lo he e111t·1l·J ·rhe \C.'i.:onJ key ¡Hm·idc~ lhc kasl 'ilJ!IHÍKant 
hc-, J1~11 of lhe hyte. ·1111\ modc pro,.·1dc!i lhe 1ioph1,l1Latcd 
user "11h a n111vc111cnt Wa) to manuall~· 111.id hi, own 
nud1inc l.111~11:1gl' pro¡:ram'i. lt\ also a. useful moJe fc1r ccr­
lain lurnkc~ pro¡;1arn,. 

Thc he, "cyho.irJ L·onlrol unit (CUI 111 figure 11 also 
suppt>1 Is thi!' adJ1tinn of an i11c,p1.'n~ive ¡,:ard readcr to thc 
minimum systcm. Thi, u111q11e Jcvii.:e USC\ 3-inch x S-inch 
puncheJ cauh. lJa1a is pund1i:d in the furm of rows of 
hule,. Figure 7 show, íour ,uch row, ( A.ll.CD) puncheJ on 
one si<le of a card (hoth sidcs can be punchcJ). Each row 
represents the 4-bit code for one hex digil. A fifth hole is 
added and encoded with odd parity. At least one hole will 
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@@ 
;,l.' run.:hcJ for tJ,:h oí the ro,,11"ili:- hcx d1f.ll (uJes. C1rJ, 
JI(' í\.'J,i \'ty Jrl1rr111g. lhL'rll mtu J ]-111..:h :,,.lut. fia':,.. f.JII p,1,t 

J lif.lit 'l'lU,:e Jl\J ~\\ rh1)\l)Ji11J('1i Onl' rhPt...HJ1ode ~cn,C!\ 

tl',<! r:\.',('th.(' nt t!1l' 1.Jfd JfHj (ll!ld1t1ons lh(' (01\lflll Ullll 

i.:tr,:u1;., ,h~11rJ11.¡::!\. fllt' 1.1th1.·r fi\l' ¡'lw11,J,11J,.·, rcaJ th(' 
-.1.-'.f ~],,,:J...1nt= hc, ~hfil ~,.1.1i.:, 111ta_1 t! 1.' ,;,\,t.·111 111.•\ J,~1h .uc 

r,ilT('J l\l l,\f:11 j,~ lt'' l"-efl)((' '-1111,1~~• lfl llil'I\Hlí),. 

th h:;11l111i, the 1nh1rm.Jt111n ,1)11\.:111 lif J ._·ard h1 lh h1."\ 

J1,::,1, p1.·r ,iJl'. l!ic ml'.'-.h.1nkJI tPkrJ1h·1.•,; of tlu.· r1.',hlt'í ..:Jll 
roe i.:,,11,iJ~r.thly rt'lJ'\l'J fhl' [l':1Jcr h;i, !lll 11\(l\"lfl~ rJrl'io, 

J;;J rl.,1¡,,J1¡1di:--. i.::.m 1.hl\1,' the ros \1()<; (1llllf1)\ Ullll (lf· 

1..:t:,1<, ,i1r.:1..lh lhe,t'.' fa1..tnrs ú1mh111c l,1 ¡Hn\i(k ;1 \'l'f\ h1w 

(lt-,t ii:t•ut ,h.~\ 11..'t' t S ~5 ~ir k·,~ l. .\ :-1mpk. 111.111••.11 ,:ar1l P1111d1 
,:._¡:¡ .ibu h· prn..-1JeJ pi:m11tllnt lhl'í\ 111 i1u11.._h thcn u\\11 

(JfJ,; 

1 L~· !,)\\ ._,,.,.¡ 1.·.1rJ n•-11.!i:r ,:.in ht' 11-,cd to i:rllcr -,\n1rt l,q-, 

('i rJr.i:111.'t1.'h ,1r -,\\urt U'>l'i píl'j'.lri:J pr,•tl,,111'>. In J ,·IJ'>'>• 

f1"t.ll)l. thl' k.h:h1.·r !lll~ht u~ .. • ¡1JIJt\ll'll'f (..i[1I'> {11 :-\'! ur ll''it,' 
Jr::l pwpJnb i'1,..tur~ L"arJ~ u,;,:d h) thc -.tudi:nt i.::lluld 

i.::nr.\J!Tl the '-rt:ll>ri!! nf the worJ p1,·1urrd for i.::hei.:km~ hy 
t\1c ~-,,mrutN Till' i.::irds ah\.1 fa..:i\1lJtt' -.ert.lln ,imul.1t11m 

l.l!if'lJ~1.·, JnJ pi..·rm1t u,..:-,, to ,J\"c' si111\llJt111n lanf_U,lf!C 

rr,1~f.1(;lS lhJt lhl·~ deHlnp. 
.\n,,1hcr low ,.;\.1st. or~wnal input de\1,.:c is a ~impk li~ht 

g:un. Th1s -.·ontJins a kn> 5.} ~t~m anJ a photoJ1l1J('. The 
i.:l1m?11~cr Jetc..::ts "hcn thc g:.m 1, pomtcJ Jt any lig.hted 
are..1 vf thc TV so:rcen. The light gun fJc1litatc\ various 
.:omputeriz.ed target shooting gamcs. By alternatcly flashing 
port1ons of the TV display a program can determine lhe 
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arl'.I al wlnrh tia· lit,'.hl t,'.1111 ,.,. po111t1.·il Thi, prrnu1\ rhc 
user to mJiL"Jll' -.·,1riou)o t~pcs uf dmii.::cs hy pmnting thc 
gun at appropr1JlC jlllíl Hm, uf the J1:-plJy. 

Applications Philosophy 

Thc llP"-'" emkJ J\PL'l.'.l oí a .. rored pwgram 1.:omputer 
ll1ffrrcnt1:1ll'!i it fr,,m 11thl'r types ni íl'i.:rc.1t1mul JIHI t·Ju­
..:alion.11 lkvkl.'s. An~ numhl'r pf ,pl·i..:1.11 purpow Jl·,·1i..:e, 

~u,.;h as TV ~aml'\, ~h11lllchl1Jr.! tJhk,. ekL"tn..: fo11thJII 
~ames, anJ l'J11i.:at1l111,1\ "'} .. Jrc- 1d"-'JII} ,u1h:d 10 thL'U 111-
tcn,lcJ funi..-tiun. ~nn"-' uf thl'"'-'· hll\h'\l'l, w,li d1.111t!l' their 
1.:haradl'rio;;tio a\ 11'-t'r 111P11J, or intcrc-.1' 1,:hJ11~c. '.\l.111-. oí 
thc,c ,p,.•..-1al p1upthl' dl'\l,.;t~°' ;1rl' sclJum u,cd .1llt'r lhcir 
1111t1;il novdty c,pir"-'" rl1l' st<,reJ pH1pJ111 1..·,1mpulcr 1s 3 

~cncr.11 rurpl1~• dl'vi..:c. ~"-·w prn~rJm-. t·.111 .nl.1pt II to 

d1an~ng 11H>thl" J1hi 1111c1c\ls ....,,1hou1 thc c,pi·11~ uf ncw 
h.1rJ\'-'Jre. lt i.::Jn ,,111-.fy lhl' nccJ, of young anJ ,1l,I Jnd i:-an 

grnw \'-llh 111d1n,lu.il .1hl11l1t·~. 
Th"-· rc.il v.1hJl' 11f tlit• 1111111.: ,d111nl ,, sh·m 11~•-. m 11\ 

ahd1ty ll1 st1111ul.1k ;111d dt·\·1.·l\1p hlill\Jll ,:;1i,.1l-i1h11v-, lhJ1 Jh,' 

ofll'n 1g.norcid tll J1-.i..:11urJ~ed hy ¡;l111,rntumJI h.'1..·rl',1llí1nal 

anJ ed1h'ationJI Jev1..:cs. rhc comp111er ,y,lcm pr11,hl~-. an 
cn\·1rn111fü•nt th;1t ,t1111ul.1tl's e,pernl\l·nt.1tu111, .111.,J~ -.1 .... and 
(H'Jll\1ty For t"'\;un¡,k·. ((l!lll'lllrm:11y I\' t'l1(1 1IH,l~l·\ rJ\• 

SIH' \l\'\\111~. lhl\\C\L'í, tht· (lllllpllll'f Jl!Jdll'd 111 ;1 I\ \l'l 

en,1hks the mcr tn mter.1.:1 an,1 plJy J ~am~ \\ 1th lhl' 1 V 
,d. :\s thc gJnll'~ rl.1~eJ 11Krt'.l',l' lll <,nrhi-.11.:atum. 1hc U"-l"í 

r, __ j 

is t'n(()\LfJ¡.!.l'd h1 impfl.nl' !u, .111.1l~·11i.:.1l al,1l1t1"-''· 1 hl' u-.l'í (1 
..:an ,ul,'.'>cqucn1ly ht' cn~·our;,~i:J to i:,pernnent v1.1 ~pú1fi1." 1 
prl1~r;1111'.'> or L~H'lllH,ilh In writt· 111-. ,mn prll~r.uw, • .... ,.J 

For ,1 dulJ. lhl' -.·l1mp1.1tcr nlJ~ 1111t1.1II~ prm1tlt· .111thmt•lu; 

or spcllrng dril\.; Evt·n lhi\ kmJ of 1111:rnury Je\ch•p1nt·n1 
..-an he "1Jllc nwr(' 11llercsti11g \'IJ in1"-·ra.:t11111 w1th lht• i.::om­

pu1c1. lh)wcver. lh(' i..:hllJ ""lil l'H'ntu.111~ hl·¡.:.1n 10 ,,onder 
Jh1a1t the computi:r Pr11grams Jre 111JJl· J\:&11.iblc ...... 111..-h 

,111nu\Jtc tila... rllrnh1ly and kt hun "',pcrillll'lll \\\lh d1.11l'!!-• 
111~ ~-lllll' nik-,. l li: ¡_;.Lfl cw11 b,·!!•11 lo f,1rm11IJl1,' .111d Jt."\1,'lop 

h1) U\\ n -.i;nph: pítip;nm 111.1 \e,llll'I) l'f :-1111ul.1t1Pn IJ11~u.l¡.'.l'\. 

Wl11l1,• lht· 111111.d lhl' \,r th1..• 1,.\llllpt1tl'r 111\llhl'\ llll'll!Of~ ,\...,llir,. 
11 C\1..'lllu,11\y >.'lkllllf.l~~-, ~•,T"'íl11\l'll1.lll01l Jnd lhl· dL'\1·lur-

1l\t'lll ofa11.1\~ 11,JI JnJ llllicr L"Jp.tlitl1l1t''i 
1 lw 1.'.Tl'Jlhlll of prn1.'rJ111, th.ll ~11111ul.11c th"-· ll"'-'r to 

Jl•v¡;,l,1p 111cn1.d\~ ".1 .:l1.1ll1,•1H~111~ IJ,1,,. "ilh a h1)!.h p.1\l1ffm 
terrns 11f \Jli'.'>f.ll tiun Wl· ha,"-' ,mk l•"-·~1111 IP l'\pl,1ri: th1, 
an•a uf use for \\'ry ,111.111. 111"-''P"-'ll'-I"'-', p1.1d1-.·.tl .. :ompHll'fS 
üÍtla· tyrl·Jc:,,·11hc:1..!hl'íC. ¡;\l'll \ll. lhl' n11111hl'1 .mJ flllltll''o\ 

l~f 11,i:-. for 1h1'.'> 1~ pt· uf .. ~,i.·111 Jl1..' ,t1q,u,111~ 1 ll11-.c uf U\ 
.,,.ho .11t· e,r\·ri1•11rcd w11h h-~.000 t,, 1t· n1.111111h'm,111r, .mJ 

lar¡;c Ji-...: fik-, 11\J) hl' 111lll1H:,I t.i \11"1111'>\ a I0~--1 t•) lt' 

111c11w1y "}~ll'lll J~ llllll'>t',1lik Bu1. tll f.1l·1. '-11..il .1 '~"h'111 

.:Jn he ;1tl.1ph·J to J \\Hll' r,lllt-!C of u-.l'\ lh"-·r ~O -.pi:..:11,i..: 

aprli..-a{Hllh of !he llll'\¡'l'll"l\l' lhlllll' \dlool \}\ll'lll w,11 
1-it' \p,tc:d 111 tht' follu\\·m~ ,t·d11,11,. ~tJny r1,•prl'°'l"nt d.i-.-.c, oí 
pr11~r.1111s wh1d1 .:ould h"-· Jevt•lo¡wd 

FlllH gc1wrJI Jrl'J) ol use: .Ht' 1,knu ficd 111 h~1uc X. 1 hcsc 
arc:.is w,ll be J1'il'U~'.'>l'J 111dw1dt1Jll~· Jlthou~h lhl·re J\ 11 h1~l1 

dcgrcc of ovi:rl.1p bctwl'l'll thl'm. ~h1-.1 uf thc h,;,tt·J ll"t'\ vnl~ ..._,I 
rcquirc the b.1~1i.: ~~ :-tcm. Rril'rcncc 18 also <lc'.'i~·nbt''.'i a 
numhcr oí uses t mustly gamcs) lhat ha'lc bccn programmcJ 
on larger computcrs wilh har<l copy output. Many of these 
are readily adapte<l to the low-cost computer. 

COMPUTER 

na !J!lf4%M ::Willi ;.;;a i,4<H$.\ H. ¼, 4 ¡;¡q;.;. .. ll,.Y,!MV'IJ: ~~--

() 

[) 

,_,.,· 

~ . .. 

Utility Application1 

1 lus catr¡.:tiry of arplications mvolves use oí thc compuler 
to Jd11cvc \pccul111•d funct1ons such as thosc listed in 
Ta~k l. 

•four Funcuon O•r,mal C.lculalor 
He• 8,nMY Celcule1or 
Gime $rore Keflpef 

•Nurntier Ba-.e Converter 
We,ght IMeasure Convertir IMetric) 
Sec,et Codtt C~mputer 
Loq1c Mach1ntt 
Cl."ln,1,ut,on Compu1er 
G1uT1bhntJ S11,11.,gy Compute, 
Othe, S~c,al,r~ C,1lcul1to,s 
hemper11ur11 convers,on, 1n,., .. ,_ etc.) 
El•ctrnn,c Dice 

Random Numher GenerllOf 
S1mul."1t1on Gilrne Compute, 
Bar Gr111ph 
ln1••ec1,ve Aud10-V1sual Tc,y 

•rv Grttt1ng Card 
•e1.c11on1c "Etch • Si..etch" 
TV Puppet 

•Aud,o Visual Oemon11r1to, 
tw-t,nd Rflad,nq Computer 
Party Comp.-111h1h1y Compu1~ 
Prog,amnvd l 1rne1/Controller 
SIOP W.1tch/G1me T ,mer 
Simple Electron,c Oro,n 
Melronome 
Advttr1,,mg O1wt1y 

•At,.edy dneloptd for the COSMAC mtniproeeno,. 

Table t. Ut1hty Apphc:,itiont 

A s,mulJtcd four-function decimal ..-akulator has becn 
implcmrnted on thc ha"ii." 1014 byte memory ,yqem. This 
indudcs di-.play rcfrcsh. c.l1~t p;1ttcrn tahlcs. and decimal 
ari1hmetii.:: al¡.-:orithms w1th ~O-d1gll o¡X"rand and rernlt 
capahihly. A ~()4.'-( h)-1c rnemory would pcrmit dcvclop­

ment of a rrot-?r,unmahle cakulator wilh mul11-hne di'iplay. 
Opllonal K0~1 rh1p, co11IJ prnv1Jc a pcrmancntly rcsidcnt 
rakulalor "-ªl1Jh1lit) 1f t!e,irt•J. 

A vant.'ly of "pC'll,th/l'd t·;1kubtoPi can be 11nplcmcntcJ 
on lhe ha"i.: s\,1<'111 l'ro¡n.1m'i to ¡1rovulc SL"oreli:eeping fo1 

,arJ, war. or nHnmn..:1;11 gamts cnuld hr rrov1dcd. fhildren 

Figure 8. AnN of U.. 
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could luve tht·1r own ..._,url t ndc cnmp111r., 1 or \t'Vl!'t~I 

years a plastic toy ro..:k ide11tifii.::a110n Lompult:'r l1J, han 
on thc markcl. Certain tc:,l,;; J1e performell t.:,ilor. liJtd· 
ne,s. ctt.) on a nunl'r:.il ,ampl1· lite pla,!lc (rn1111:i11:1 an,J 1 

set oí canls is then uscd to 1tk11tify lhc ,ample I he h3-.1r 
home/s(:hool sy~tcm cuuld rt'ad1ly he pr11gr•11n<nl'd ;,., a 
class1fication cmnputcr of 1111., type 

Logic machines have hcld a\ crlatn f a\lÍnat1011 f,,r ye;,f\. 4 

The ,:omputcr read1ly Mmul.1tc'i a varicty of ni,1~ hmr, of 
lhis typc. lt can aho he pro)!rJmmcd to -;11n11IJI<' Jl.1mhhnp: 
algnrithms A pair oí dii.:e I\ e 1,11) ,imulJlt'it f1:r 11,c In a 
numher of l!Jmcs. RJndorn lll1111hcr i-!C'fll'r.1tin)! OlJ•. h:nt''t finJ 
use in vanous sd10ol i.::our'.'it'\ .111<1 cxpt.·m;lt·nl\ '-,e111111\ wu 

gamt fans 1.:an use ,ompuler rcnt:r;1h'lJ ilJttlc ft'\UIU ¡¡nJ 
scort ketr1ng to ad..,Jnta~t J he \cJ1i111~ 111.1v.11111e in 1he 
field, "StrJll!gy & lJt.:tii..-s," ha\ (1h•r 20.00IJ ,1Jh\lrthrn 

indicatini a witlr lllh'H'SI in !In, l)r ... ~ 111 J·.11\llj 
For \/Cf) young d11ltlrcn thr LlHHjlUl\.'f ;unula1e-. a ..,ar,cty 

of intcra.:tive, a11d10-\11,ual 111r, that makt' s1¡1JnJ\ and 
changc TV p11 ... huc, in re,p,,11(,e to key ,krrr.,,1um fu,­
torni,ed, animated. lV Grl'chni,! fard\ l)f"~·or.111011\ for 
Birthdays, Chri,tmas. or IIJ\lov.c;n cm 11<.• rro..,11frd S11n­
ple, key ,,pcratcd 1 V puppt'h ,He pcr,\1i>le \ll'rp111F! a '"'Pº' 
arounJ thc si..:rcen pcrm1ls d1 av. ir11,! 1 V ¡Hdurc, 

The ah1li1y to synduon,,r J1nho l.tj't· fr.1mr'- w1th pr•1• 
gram!i Jl('rmth pro,r.tmmcd .111d10 ,..,,u.11 111torrnh for home 
and ,..:hool or eye.call"hmg: ad\e11i,in~ d1,rl.1y, 1 tic hJ°'1i: 

systcm real-time clock faoltt:lfcir, k.ey opcr;1tcd r-1me hnll'I' 

o, ,top ~atd1 capah11ity. l he proJ!_ram C(,t1lrnlk1I ,pe.,.ktr 
turns thc compute, into J :,imple rll'(lí11n11. orrJn or 
metronomc. TV J1splay <.::in he 1ndudül w,th the souoJ 

gcnerat1(1n. 

Test and Drill Applications 

The,c are prohahly the fir,t lypl"S f1Í U\l'\ 1!tat .,;orne to 
mind when cducation 1s ment11ln('J Drill, 111,·ohC' !he 1..lcvcl. 
opmcnt uf mcmory or 0111d1l1uocJ ,ctlc,c., 1 C'-,lmg 1.:an 
involve the developrnent oí othcr ,.l,;,lh, as \\di l lu.: rnfimle 
pahen..:e of :1 computer mai...e, 11 hkal for dnll,. lutt·rad•\et 
capah,hty adJ, ,ntcresl Jnd mot1'l.1lum Some 11~0(1, 

exampks are induJeJ in Ta hit• 1. 

•TV Arit~rTW'hC Üflll 

•wo,d Sfll'lltn') Orill 
•wo,d Ht'rc~n,1,on Tl!U 
•Pauern Ht'r.üqn,t1on (Sup,p11mpo"d, CQfnPled 

Elec1ron,c Fl,1\h Ca,<1s 
Cliln,oom Group Games 
Pre,chool Sh;w~IColor A.cogn, 110n 
Up Onwn, lPlt R,qht O,w:r1m,nat1on 
Sound P1CIU'" Ma1r:h,n9 
Aeadin~ Ae,1(Jml!'SS SI< ~I Orills 
Loqtc.ll Ap1,tu{1P leSI 

•Numbc-t 8Jfif' Col"lve,11on Ooll 
Flap B0.1rd S1mul111or 7 

MorM! Code Ortll 
Refhur Test,nq 

•~~::~:'i,;,?ed1JCt1on Teu f21 Ouest,ons) 

Memory Tra,ning ISobr1ety Teul 
lnd1v1dual Test,ng 8, Sco11nv Aid 
Change Maktng Onll 
X-Y Curve Plot11n9 Orill 
Time Senw O.vetopment 

•AlrNdv d..-efoped for the COSMAC mtnlp,ocellOf, 

T ... 2. Twt and Drffl Appbc:atiom 
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l 
l 
1 
$ 

DEDICATED LEASED 

(CHANNEL\ 

o~ElF~g:s • - 1 cu 1 • - 1 u.s. oFF1cE 1 
CU- OVERSEAS 

LINK 
CU - U.S. LINK 

TYPICAL LEASED CHANNEL SYSTEM 

... 

LCCU FUNCTION 

•SPEED/CODE CONVERS ION 

•MESSAGE STORAGE 

•PLA YBACK/ ANS\VER BACK 

•CHARACTER EXPANSION 

•CHANNEL CONTROL 

-, . ---, 

l 



J¡ 

1 

l 
j 

1 
i 
1 

l 
1 

1 
1 

l 
j 
! 

l 
1 

... 

SPEED/ G0DE CON VERSlOt-J 

• OVERSE"AS S' B\TS / CHA'l 
(SAU.t)oT) 

sLow s?e-E't:> e r r y) 

cs-o-300 ~\TS/SEC) 

• t>Ot-\ 1:S"T\C - 8 1?. \T.S. / CHA R.. 
CP< se "t."t.) 

- l-\ \ ~HE'R.. S 1>Et::b S 

( "300 - t.J.800 ~ \TS IS.) 

- VOIC E' G Rf\OE 

... 

MES SAc;:E STORAG-E 

• TIME"' t:)\FFERE"NCt:S. 

• 8U..Fl=E"R\t.lG- t=OR .S?Ect) 

1)\FrER.SNCES 



... 

EXAMPLE OF CHARACTER EXPANSION 

ASC 11 BAUDOT 

$-DOLLAR 

fl-NUMBER 

PRE-¡e P IMPLEMENTATION 

• HARDWARE" CODE C0NVERS\ON 

• HARDWARE" ANSUJE RBACK 
•TAPELOOPS (M\N. OFTWO) 

• CU.STOMf ~AT\ON \N \-\AR.'D. 

- CHAR. EX PAN SION 

- CONTROL CHAR. 

- CHANNEL CONTROL 



i 
1 

l 
l 

... 

OVER SEAS 
COMMUNICA TIONS 
INTERFACE 

1 
1 
:oEDICATED TTY 
1 CHANNEL 
1 
1 
1 
• 

OVERSEAS 
OFFICE 

LCCU 

•COSMAC 

•FLOPPY DI se & 1 NTERFACE 

•COMMUNICATIONS INTERFACES 

•OTHER 

TV 
DISPLAY KEYBOARD 

L SI MICROPROCESSOR 
CONTROL PANEL 

2 - 4 KBYTES 
MOS LS I MEMORY 

TV INTERFACE 

FLOPPY D ISC 
INTERFACE 

512 BLOCKS 

OOMESTIC 
COMMUNICATIONS 
INTERFACE 

RS-232 C 
MODEM 

VOICE GRADE : 
CHANNEL 1 

1 

@ 
LEASED CHANNEL CONTROL UNIT 



l COMMUNICATIONS INTERFACES 

... 

USE UAR/T LSI CHIPS 

TTY/RS-232 

FULL DUPLEX 

SOFTWARE CONTROL 

• SPEEDS 

• CHARACTER CODES & FORMATS 

• PARITY 

• CHARACTER EXPANSION 

ADVANTAGES OF MICROPROCESSOR IMPLEMENTATION 

• SYSTEM CUSTOMIZING VIA SOffiVARE CHANGES 

• DYNAMIC MEMORY ALLOCATION 

• PROGRAMMABLE SYSTEM SPECS (SPEEDS, CODES, ETC.) 

• MESSAGE PRIORITY 

• LOWER COST, HIGHER PERFORMANCE 

• MAINTENANCE 

• RAPID SYSTEM REGENERATION 



FUNCTIONS 

--SERIAL TO PARALLEL, PARALLEL TO SERIAL 

--CHARACTER SYNCHRONIZATION & BUFFERING 

--PARITY GENERATION & CHECKING 

--ABNORMAL COND ITION DETECTION 

--STATUS/OPERATOR DISPLAYS 

... 

COMMU.N ICATIONS CE 'S 

• INTERRU.PT CPU. 
• f:'LA(;S ENCODED 
• PRIORlTY IN SOFTWARE" 

- R.tAD BE:FOR.c WRlrE' 

- DOME'ST\C (.HIG-H-S'PEEb) 

BEFOR'E" OV~R Sc~.S (.Low­

SPEEt:>). 

7 



l 
l 
l 
1 

... 

INTELLIGENT COMMUNICATIONS SUBSYSTEMS 

MICROPROCESSOR-BASED 

•CONCENTRATORS 

•MULTI PLEXORS 

•FRONT ENDS 

•CODE/SPEED CONVERTERS 

•ANY COMBI NATIONS OF THE ABOVE 

FLOPPY DISCS 

• FLOF py DI ses 
• IBM D\SKETTE 

- SOFT /HARt) S'EC.TOR\N G-

- DOLlBLE FREG.. ENCOD\N~ 

• CDS - 1 \ o F D CUSE D \ 1'J SYST:) 
• C'E OR~AN\rAT\ON 

- T../0 \~STR..U..CT\ONS 

:a:- d> • 



... 

FLOPPY l) \S'C S 

• LOW COST (""'.o..3<\/Brr) 

• RAN'DOH ACC.E"SS (TO S\.OCK) 

• NOt-l -VOL.ATl Ll: 

~-· 

... 

FLOPPY DISC C.FD) -
• FLEX\BLE OXIDE COATED b\SC. 

• IN ✓ACKET 

• DATA ON ONE Sl DE ONLY 
• HOLES FOR 

- INDEXJN~ 

- S'ECTOR\ NG- (OPTtOÑAL) 
• Hclt'D COAJ r,+c.r WHE~ 

RcAt)I ~c.. /w A.trHJ e;:. 



TYP\CAL S-PE"CS 

• CAPAClTY => 1-3 MB\TS 

• TRAC...kS ...;') ,4-77 

• TRANS FE R. Rf\T'E. 9 33~2 So kB tT.5/S. 

• D\SC L\ FE ~') 1-/o Mll-l-/ol.l PttSSES 
PER íRACl< 

• (HAR D S'ECToA.S ==") 8 -32. /TR.ACk) 

... 

FD DR\VE 

• SLOW SPEED ( 'IO- "3 7.S R?M) 

• Hl:AD LOAD/U..NLOAD 

• HE"AD STEPPEnTo DES\RED 

TRAGK ( 6-10 MS/STEP) 

• STABILl'2-ATlóN DELAYS 

( H t:) LOA I) ~ L 1-\ S T S TE" P., ETC.) 



LC. C.'< 

.IBM DISKETTE 

• 77 TRACKS 

• 36"0 RPM 
• 250 K8\TS / SEC. 
• U.SE ONLY ONE S\DE OF 

D\SC 

• SINGLE \N"DEX HOLE (SOFT) 

-,f- • 32. S'EC..TOR ~OLE"S 

7r HARt> SECTO'R\NC STb . 

... 

DISkETTE CAPAC\T1 

• 3.\ M~\TS RAW CAPAC\TY 

• HAR~ SECT. 128 BYTrS /'BLOC'<' 

32>l 77 :::::. 2 4 ~ '-f 8LOC..KS 

==> 3 J ~ 3 q 2 t3 'ITS:-..S 
~ 

=-) 2. 5 Mla\TS 

• S'OFT. SEC.T. ~ 2. M8\TS. 

-



HEAD CONTROL 

• J-lEA D MOVED VlA STEPPER 
(6-10 MS STE"'PS) 

• HEAD LOAbE1)/U.NLOA'DED 

• STABI Ll ?ATION DELA'I.S 
CH E"A'D LoAt)ElJ.., LA-ST S,EP., ETC) 

... 

DISC SECTOR\NG-

• SOFT (SOFTWARE) 

- ONE tN~E)l. H0LE' 

• HARD C. HARDWARE) 

- OtJE ltJbE"X HOLE 

- SECTOR HDLES PHYS\CAL.LY 

lb'E tJT \ FY START óF SE"C.TOR. 



11.CC.._ 

G-AP 

:cD 

... 

HJ:\RD SE""CTOR\f\l(; (vs SOFT) 

• 1/2- Rl:V. A'/(;.. -LATE"NCY (1 rOR.S.) 

• S\MPLER. 1-\ARt:>WARE' 

• LE'SS e.PU. ACT\O~ 

• Fl XED LE"NG-TH RECOR'DS 

c12a;2s, 8YTc:s) 

• H \~\-\ER CAPAC Ir/ ( 42.S' vs 2. t~rsnsJ 

/ slr 
1-ittaP.I> ttSVI FoA.MAT) 

JI.- lo 



NOTE: 
C.APS B~TWE"E N BLoC.kS U.SU.1'.LL.y 

ALLOW FOR. OftTA C.HA-lt-JING ,, ,, 
o~ THc FLY . 

L.cclC 

1 f I f f 1 1 f l f 1 1 f I f 
------í mA i u=?-----

LEGEND 

BIT ~ Z 3 4 5 6 7 P 

CHARACTER -8 BITS + PARITY (9 BITS 
/CHARACTER) 

1 SYNC PULSE • . 1 All PULSES ARE OF THE SAME 
1 DATA PULSE-PRESENCE =>•1 11

, ABSENCE =>"q," WIDTH-WIDER SYNC PULSES 
p DESIGHATES PARITY BIT ( 000 PAR!TY} J ARE ONLY FOR EMPHASIS 

BIT STREAM WITH DOUBLE FREOUENCY ENCODING 
ANO 00D PARITY BIT ( 9 BITS / CHARACTER l 

... 

DATA RATE" vs CPU CYCLE 

25"0 K8 \T.S / ~EC 

=> 31.25 K 8.YTTS /SE'C.. 

r.E.J ONc t)MA C.YCl..c IVEEOeD 

EVE"f<.Y 3 2 ~ SE"C. . 

=?> NEcD e.pu. W 1TH CYC.Lc 

T\ME < 32.µ_ SE:C. 

(~Ol"l: •. N D CVC.L'E S~L \,.:, ~ 'CU.fa.IN G-



A 1nicroprocessor i1nplen1cntation of a dcdicated 
storc-and-for,vard data conununicntions s,·stcn1 

by P .. \I. Hl'SSO and :\I. D. Lll'P:\L\S 

NC.1 L1½oral0ries 
PriI~Letun, Xew Jersey 

IXTlWDlTTIOX 

Thc storcd-program approach to data communications 
systcm dr·"'ign is not new. Thc past scwral ycars huve 
witne,;"cd a largc and cver-increasing number of mini­
computcr:, and largcr proc<'ssors dcdicated to thc irnple­
mentatioIJ of a varicty of data communications functions. 
To dat<'., howevcr, thc us<' of computcrs has be<'n rclcgatcd 
primarily to mPdium-~izPd and hrgcr systcms ,1 ht·rc hi:;hl:v 
complr>". d~.t:, ~:,~;.,u¡¡Í,·aí ion,; rl'quin·11H·11t~ justii? rca~on­
ably lar;,;e im·cstmcnt" in lwrJwarc and softlrnrr·. In nrnnr 
low-cnd appfüations, howe\'l'r, the high co;;t of minicom­
puters and thcir associat<'d p('riplwrals cannot !J,. ju.;;titied. 
Thi:a; is c~prf'ially true in a drdi('at0d systcm whcre two 
terminals (or groups of tPrminals) communieate over a 
dcdicat,·d cornmunications <'liamlf'l. 

The advPr,t of low-cost LSI microproc:cssors and mass 
storage dcvic!'s (c.g., floppy clises) is };aving ¡¡ significant 
impact on thr· dp,-ign of ne,,· loll'-Pnd data cornmunication 
systcrns. A multitud<' of ,-ystr·m:- that, until rr•c0ntly, would 
havc rcquircd a hard-wircd logic impl('mcntation with 
logic spc<'d.-, far in excP,-s of th<' syst<'m rcquirem0nts, can 
now rcalizl: thc many advantagcs of the storcd program 
approaeh. Thcse advantagf's indude, among others, lowcr 
cost, pr,,grarnmahility (fü•xibility), improv<'d rdiability, 
case of maintc•nancc, and the addition of many ne,,· systcm 
functions hithr·rto impractieal to implcnwnt via hard-wircd 
logic. Tiw many advantag,•s of miero-proccssor imp!Pmenta­
tiom of data eommunications systcms are discussed more 
fully b<'lmc 

In this pap0r wc will deserib<' a dcdicated stor0-and-for­
ward sy~tPm that may prove suitablc for international data 
communi<'ations. Thc syst,•m is t·onfigurPd around thf' TIC:\ 
COS'.\L\C LSI microprocr•ssor and thc Ccntury Data Sys­
tr-ms CDS-110 floppy clise, with suitable disc, keyboard, 
di,-phv :rnd rnmrnuniC"ations intt•rfaccs. Thc sy,;tpm ard1i­
tcl'tun·, disc intprfarc or¡1;anization, COS:\L\C micropro­
CPssor, data strurture and th,, systPm funetional capability 
will be dctailcd. Ernphasi~ will be placed on various new 
functions achievable with storPd-program control. .Finally, 

439 

. 

otlwr potential applications of microprocr~~ors m thr data 
communieation ficld will be bricfly discu:sst·d. 

LEASED CHAXXEL SYSTE:\I 

The dedicatPd storc-and-forward data communications 
system that wc havP implemmted is functionally rc!:.ltcd 
to curr(lntJy ~0rn m~r~1i:1!ly ::-.:vn i?ab1r- iiüt~1 ualionai i,·~1sPd 
rhannd syst<'m". H0m·<•, for thc purposp ni this p,i¡wr. 11·<1 
will abo r<'frr to th<• mierupro,·cs~or ba~nl .,_\Al'lll ª" a 
Jpascd channd systcm . .-\n int<·rnational lr•a.,,'d channd is a 
d<·dicated communieations link b<'tW<'Pll a cu"torner's 
domcstic and forcign officPs. Figure l. Typicnlly, this link is 
madc vía a !PasPd l'hannd control unit (C{.) that pc·riorms 
a variety of functions. :\Iany CL"'s are usually loratcd in a 
single CPlltralizPd runtrol room. Thf' e e aets a;; an intpriace 
bet\l'een donw~tic and forPign cornmunieatiuns nPtworks. 
This ineludcs both <·l_Pctrieal int,,rfa<·ing and nw"~ag,• forrnat 
intcrfaeing. such a:- eodr and sp<•cd convprsio11. Typieally. 
thc int<•rnational link Pmploys 5-lcvd baudot charactc•r 
f'l1coding whcrPas th<' domP>'tie link uses 8-lcv0! ASCII. Thc 
control unit also handles <"haracter Pxpansion. handshaking, 
playback_/ ans,,·Prbal'k control, mPssagc switching and nws­
sagc storage. :\fpssagc storagc is oftcn dc;;irahlP both bPcause 
of cxisting tim<' diff0renees bctwcen distant officcs and 
bPcausc of transm i~sion spcPd diffcrcnces on thc intcrna­
tional and domcstic links. 

A typical current implrmcntation of a CF eonsists of a 
d1•dicat<•d rack of spPcial-purpo:<c hardware spccitical!y 
tailorcd to a givcn custom<'r's rN¡uirC'mrnts. The principal 
sub-asscmblics are a mrssage switeh with apµropriate 
communication interfacC's, code convPrters, and relatively 
cxpcnsive tape-loop storagc nwdia. Also a mínimum of two 
tape loops arf' r,·'luÍrPc! p<'r sy:-t,·m sine,: international!y 
and domr·stirnlly bound traffic cannot sharC' th<' samc loop. 
Finally, use of sr•rial storag<' mrdia nccessitat,·s tho.t me><­
sagcs be trausmittcd in thc samc arder thPy are n•cC'iV('d. 

Thc principal undesirable fcatur0s of hard-win:d fl,as1'd 
channd irnp!Pmrntations are high eost, difüculty in custorn-
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4-:12 !\':,!1on.1I Comput"r ('onf('t('nc.'4', J9j~ 

MSD LSD 

xxxx X X X X 

I N 
¡.·IJ:\Jh." -1-- Oue h,·t~ in.odnu·tion fumu,t 

of th,· H rr~~tPr .... b11t i:- d1·1·1Ml,'11 a~ nr,1•dNI. For f'Xamplt•, 

Ít'r 1r,-.•.n11·1u111 "3'', ~ :-1·1t'1'1~ th1• f,\j><' oi brand1 u1 ... frurt1011 
J,·,1n,i 

l:i~trnetiun ''ti" pnmit~ b_\t•• tnrn~frrs bl'!\\1•,·n nwmory 

,•rnd ir.pul out pul dn·iet•~ ,·111. th1• fo1111unn b~ 11• hu-.. Tlw 
\":1h:,· 11( :,i.: .-.p,·1·i1J.-;-. thc din•dion t•f tlw b, 11• tranlófrr. 

\I H X· i c111 b.· ~·nt lo :rn input out¡•ut dE·\'ie1• ur llll 
1riput uut¡•11t hytr rau b-· qurrd at :\lt HtX)). Tht> di11:it in 
\' 1~ m:d,· 3.\·a1Lbl1· f'\t+'rn:lll_,. durini,! f''.\t·1·ution oí tht• 
inp:Jt "litput h_, t,· lr;rn-.f,·r i1Hrudion. Thi..; dii::1t t·1)(!.- 1':lll 
~· u .. ,~¡ h., 1·,t,,rnal I O tk,·w1• !11~11· to intt'rpn·t thr- 1'1.11n-

1110:1 tn1-1 b:, t ... For 1·xamp;P, ~1wntw X n..-¡, • ., nií_1,d1t ~¡wt"i(y 

ttut :rn out¡.,ut h,'.I te b,· Íntt-rprdcJ a~ :in I O dM·in· .,,,JPt'• 

t1 .. n 1"1x!t·. Si n•utnil •-<l01•, t)r :l dab bytf'. (lthPt ~ t't'>l.l{':i: 

m1.,:-~1t ,·au.~· ... tatu" .. ~ dat:i b_, t1·, to be- ¡;.uppli1•d by :111 J O 
ti,,,:,-· L'(~\fAC ,·:111 d1ri•1·1ly :id<lrt•-:.!' up to c,:1K b.\·tN4 of 
H \ \I 1>r H\ 1_\I, h..1~ .1. rr(1gr:1m 1·X1Tutinn i-¡wí'tl of u¡, to 
)Otl (IC(J i:Hru.-tio11-. ~• .-ond :n1<l t·an 11d1i,-,.,. 11 l)~I.\ hur!'t 

tr.1:i .. \ ·r r:1t•· l1Í up t,1 ·_'OOJ)("(} b~·t.,, .. i-1•,·ond .. \dd1tim1:1l nnd 

rn,,r,· ,j,,~ .t,l,-.1 in:·(•rm:if 11111 nn th,· ( '( );-,i\J .\C' 111irn1pr111·1•,-.or 

ar 1
,\'•'t ;or,· hnd ¡,,., rn-.tru,·tion '-d ¡ .. as-..11!.1l,!P III Hd,·r1·11r1•s 

l .1nd ~-

< lur f'\p•·ri 1·ai·,·. tl> d.tlf', in,iírntfw;; tliat COS'.\L\(' i~ 
tnd,"'-.:! \·1•ry ,, ,.¡¡ ~mtrd to tli-• typ1--: oi pro1·1,-:i11g n•,¡uir1-d 
in d..1.t:.. l-r1m::1uru,·ati11n-. :-P-1,·m-. \lablP look-up, infrrrupt 

dnv,·n --.ii~"an·. tbts r11:111a¡.!1•m1•111) :\Jultiply nnd di,·idc 
rr:,-.1 t .. , 1inn,• m :--oi!,\~1r,·. hut tlwS<· np1·r:Hio111 Hrt' un­
n 1mn1u11 in low 1'1111 data ,·onimun1t·J.tions !-)'~t1·ms. 

('t >\l \ll.\lC.\ Tltl\~ I\TF.llHO~~ 

\11 in•,·;i.1, ,, l,nt..~ d.,. rn11·rnpro,·1•'-:•nr lo r:u·li ro1111111mi­

(';ll1 ,u,, tu1:r1 1 Tlw ,l,•:-w-.ti,· i11f1•rinr1• rmin1•1•!~ tn a \'oi('t'­
,c.r,,d,· td, ¡•!i,,111· J1n1· \·l.t an IL'-~-i~l' <"ompatih/i· lntM:l+·rn ur 
d:1,:\ .,, 1 TI:,· \l\ºt'n.t':l;-. inti-rfa!"•' c·onrwd!ól d1n·.-tlr to O\'Pt'!1'M 

, l. 11 !l•'! lt•rmm:11 rqu1pnll"nt "hit'h acrq1t~ TTY rurr,·nt• 
¡, .. ,p --•1!:• .. d:-

ho1h i:,t,·ri:w,•s rnay l><· a.rti\·~· t-imultaru•ousl),· !-Upporting 

fu\l-,hpl,·11 a.-.ynchronou"' d:it.'.\ tran~mi!<,:ólion. ThPy pi•rform 

~ n.d-t, .. pa.~n,-: an<l µ:1rallf"'l-tc.-~ri11l <"onw·~ifln, panty 
¡¡::1•11•·r~~1('n and dH'i.'kin¡,1;. and ,·hatal"t<'r Bym·hronization 
a.nd buff,·rini. For ronvf'ni••n<'r, fltatus display l'l'gist<'rs are 
al~) i:u·lu.-ff'.'(.i in th<' roir,munirations int<'rfaCl'S. To maintain 

maximum fh·xibility, ull otlwr t"<lmmur1imti11n~ íunrtion .. , 
i-ul'h nl'-1 l'Odl' t·o11\'t>r,.io11 nrul 1·01,trol diarud,•r r1'1'01(111t11~11. 

an• p1•rfornwd in 1•ofrw11r1•. '1un• 1l1•tn1ht infonn11tio11 on 
th" op(•rntion nnd i111¡1l1•m•·11t11ti1,n ,1( llw 1'1.11t11nuni1·ati1m,. 

i11t1•rfo1·1'N i~ pr•'S4•11l1'1.J 111 11 1·ompa11i11n Jul¡M·r.' 

F!JWI'\" lllSC I XTEI\F.\C'E 

f'lon1y ditcr, 

~inn• thP ro11mwn·i:il i111ro,lul'lion of llo11J1." «li,1·,¡ in 111,. 

bn,·r part 11( rn;:!, ttw 11t1n1lwr 11( :11111111111,·,·d dn\', ... lu,,. 
irwn·:1,1-.I from two (('l>:0: and \11•111,,r1·x1 111 alnu> .. t 1111111,·n. 
l' !'(' ol flnppy di ... 1• . ..,¡ in --~ ,t,·llls ~11.-!1 ¡¡., tlw 1101 :,¡ U) 1 >.ti 11 
Eutry s\"~I, 111 111t1•-.t'I tu tlw flnpp~· di .. .- dri\'t''H h11~i,· -.11n­

phl'ily, lm, 1·11 ... t q•olentia/l~· hllil'h lm\1•r) ntHJ nppiln1!,di1y 

to mauy 1cm i·nd ;-.\" ... tr111.'I. 

J'rnpnli,•~ 1·01111111111 to most floppy tlisr tlti\'1''1 in1 lmlt• 
tlw fnllm\ill.l{: Tlu• r1·1•unl111g nu·dium ¡,. 11 IHlll-\'1>lat1l1•, 

fk:~1blr, !'lllall (j,;;• di:1.) oxi,11• foafl-.t di~1·, u~unll_v p:11·htrd 
in nu r-nvcl1lpl'. Dat:1 is ri•i·orc.kd 011 0111_,. 11111' :ii,k ,.f 1111• 

<li"l'. T~ pi(·nlly, a 0111• in,·h rc·con!i11J,: ha111i j,¡ atc-1·-.~1bl,· 

throu.l(h 1m ap1•rturP in tlw ;•11\·t·l11¡11•. ])urinK rl'a1l111_1t 1ir 

writin¡c, 1·ont:u t i-: ll"ll:llly m,11Jp lwl\\1•1•11 1111• lw:id a11d 

OH'dium (in :--011w 1·a .. w:-, a ''iragili·" :ur l>t•nrin~ 1-,i-.t..) 

l:-illl'1' !ólomc• n111t1H't 1·xi-.f..;, pn·1·is1• "ti_, inJ.: lwad" aruJ 11w­

rli:rni1·al slah,lit_y probl1·ms un• n\"oid1'tl hcm1•vrr, lu•ntl 
anJ m1'tlium \H:lt do rn•fur :and nu.1st 1,,, un·ounf1•d for 
(U:-.ually b~· m:ú11tain1111t: lwa,I di._c- ronf:1d 11111,v dnrin)( 
n·ading arui writinJ,!1 Tiu· tli-.t' rol,1!1•..: :11 ~lm\ -.p,•1"'1" rantin¡.: 

fron1 uo to 400 Hl1'\I, l'all ;-.fj)í1• lypit'allr o:, In:! .. ·, )Jhit .. , 
ha"I llU [\\'l'fl\~•· Hl'('1•i-s 111111' ol nh,,ul .·.oo 1111lli.~1't't•ntl~. t'UII 

trausfrr data nt a:t-:!;l() h'.bil,. s1·1·owJ. :uul C'O'lh nlJOut s.·,. 
Cl11.111p;i11g t"artridf(rS can lw 1wmmp/i..:Jwd in "l'1'01ul~. :\Iorr 

Fic'ure 5-Floppy diac data •tructuf'9 
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llOCII 
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inf,,rnmlion on ftopp)' di~ i~ 11.vailublt" in lldnt•ntff 4 
ll&rOIIN:h tl. 

/,11,,Jn,r 111,,,rn1z11ti0Jt 

A1'1w·ndi,. .\ pr .. ~1•nt" :a Llcwk di:1¡r,rn111 oí thf< ffo11py diM· 
1FI), i11t1•rl:u·r aruJ cl1~·11:,:"'''4 tlu• t.:,nl1,;1r" irnpkr1u-11t11tion. 

Tlw ¡,!11ln~o1pli_\' b,·lii111I 1h1• 1111, rí:11·1· nrd1it1,·lurf' "ª" 
1111111,al• ti ti, uur 1111,.,,¡ d1:1111wl pwj,·rt. A "uh,f1111tinl 
¡w1rt1,111 oí !lw ('l•t·•I( Jlf11t'1•:--~1n1,t ¡i,1\\••r \\ÍII lw n,,d1'1) 111 

"u11¡w,rl lh• 1·1111u11uni1·:1!11111-. ml1·rf:11·,•01 Tliw1 it Wn:i J1·citlc,I 
lo el, ,11, 111,· tlu• ('l'l''t1 D1ri, t :\l,·111or.,· An·1•,-. (lJ'.'\L\) 
rh:11111.-I lo llw H> \\lw111•vrr J O to ir,1111 th1· di"'"" i" r,·,¡uir,.J 
(lj , ,1111-...·, !111• IHI.\ lll O\'u1labl1· to ulli•·r d,•vin-11 l~ud1 ftM 

tlw T\" d1~pln~) "liP111•v1•r llw J·f) , .. 11111 l,uoty With thr• 
ab11v1• ph1lu!'o¡,li)·. tht> CI'(' rw,'1111111' j,v,.u1· a Íf'" in,.frur­
lior1~ nurl tlu·u rlw1·k, pi riodwally, lo 1"('(' 1( th(' datn trnn~ 
frr j,- r11111pld1·d. 

}'uur Íll"frudinrnt 111•,,-I to¡,... 1 .. ,u,·1I 11\' tlw Cl'I' to• ffc·,·t 
t!n.ta trttn••frr Th1·-1,• "ill l'f•l, .. ·t llw ¡.·j), lo:ul :1¡•1•n•priuh• 
11t:1,uc i11fornmflon into n h\11°h\ 1,· huff,·r <:.! i11'-f1ud1on") 

an,l :-t:t.rt ltw J O op1•r:1ti11n. \\'l..-11 lilo, k lr,111 .. 1111,,io11 ¡,_ 
<'Ofll¡,ld11.I, !l fl:IJ( 1-. rni-.,"tf \\!111 h n,rt l.w Ir '"11,-J li.,· llw Cl'O. 

E:1,·h 1J1~,· N'dnr '"" i,.1•1'1•1r-• fr;1.-I,, fi1 tr:il'ki1 ·f!i .. q \\ÍII 
C'Ol1lni11 ,m, ~;,¡¡ lnl,-1,l,wL:, ~·1' 1·1¡,:un· ;, l·:~wh lil,wh. ,·1111,1:,.f'I 

oí & )fi t,_,·t,· ,.,11, l111111i1.:1l11111 ¡,,¡llt•ni. :.n:! 1l111a lnf•·-- nn,J 

ah~ h~lf• tr111hn,:_ p:1fl1•rn. l-1.:;111,· ti Th,, 1111:il tJ"1-., r:1p.w1t~· 
¡_.. tht1!o1 td'.! hl,11 h" or t:H ,O;.! h_, tt, .. 111,.i~-I Jala h_rl,.,.,). 
Tlwn• nn• H l,11 .. ti_,tr· -S ,latn l11r.. 1,)u .. panl) Tl11.-. Llrn·k 
1wr ,-prfor a¡i¡,ro:11 h ~r, 11tl)' ,.¡,111'id1, 1o llu- lllll'rín.1•1· ,.¡,.,._ 
tru111,!' un,! 11111~ 111 lu• a u..,·f11I "r~:111i1.ati11u fnr 11111-.( l11w 

t•u-.1 ,:111,IP111 .u-,·1· .. , l,ulk ~l(1ta1t.•· --~ -.1,·n1i. 1•11\'1!óio1u-d. 

TI,,. !l1·k1 1 '"11 uf a ·_!."t4"i In t,· 1,1 .. , k i 11.1• in 1·u11j1111din11 \\ ith 
ttw pr,•-.1·11t ,J,·,11,!'n :ill,rn" fur 1111 11 111,1•1· ~u:irJ K:tP íollo,,·. 
ir1i tlir- 1b1:i t.l,u t. lw fon• 1111• 11, ,1 ,.,,,·for itt r,•ndw<l. Thu11 

thnr• I"' 1•11 .. 111,!h 111111' íor 1111· N1[l\\:1n• tu Q('f'1"'1t th,, yrry 
n1•,1 ""'d11r -.h,1111,1 ,J11b I lwi111116( ¡,.. ,J,·-.irnl. . ............... . 
•♦♦♦♦♦♦♦♦♦♦♦♦♦FC 

16 BYTES SYNC 
PATTERN 

232 DATA BYTES 

♦♦♦+♦♦♦♦♦+ ♦♦♦♦♦+ I 8 TRAILING BYTES 

Fip&re 4-Da&a bloc:lc ,itNC\11n1 

Th,• ¡,r,·s1•nt i11lnf1u•r• i11 ,,,1111¡,¡,-11 v.111t 11 1·,1111ri1I ,,;lllf'I 

"·hi<"l1, amohl( olJwr tluntc-", r, .. , , .. tlw 111-a,t o\•1·r 1u1 k , .. ,. 
A boof,;fr,ip fn1l11~• 1•1u1hl1~ th•· tJ"(•r to r·ofrr 11 1,,-,,J,·r pro­
grnm (rt':'!1dr•11t PII tlw Jii,.r) 111111 tfll' ('Pl''11 1111 m•,n 111 !lit· 

ftirk of II fl\\Ít1·l1. Tl11'l l11111J, r 1·:111 lhM1 l,,:,tJ tlw \ TI ·~ 11,, 111-
ory w1th any 01Ju-r 1,rn51:ram r, -.11l111a: ,111 ,11 .. 1•. :11111 n·ruJr·n1 
tlu• "'Y"h•m r1unpli•t1 ly "''lí-, 1 ,11L,1111d 111 . ..iif,1r .,,. 11111!:11 
J1roi;r;ram J.,.1a1füui:, ll'J.i ¡ .. ro1,,, m,,-1. 

C1111tr11I buffrr 

¡,,:.111,.1• tlir FU 11111 rf,11·1• mu~t \\•)rk l111kp, n.J, 111h ol tlw 
CJ'r' 11 rn,, .. , initi:dh IM· J'fll\ 1,!, ,1 \\ 1fl, ~, .,, 11• 111!• ,r,q ti 11111. 

Thii,c ,-f:1tu"' i11fur1111111,111 uiu-t 111• h,,¡, 11,, f,,/1,,M i1,j,! 

-- tr:wk i11for11,at1011 
-· ,..,.,f11r lf1Íltflll;1!Ír1II 

-- n 1111 \\·r1h· n.fonnul1u11 

~la1t1."l i11forr11:1lint1 ¡,. !-fur, ,¡ 111 lh•· 11Jl1 tfon 111 a t~o 

b~·lt· 1·111,lrul hufT,·r. T)w b11 ,, .. 1¡,:11111, 11!, :,r,· r,r, ~~ llfttl u1 

1-"tttur•· i. 
'""'' ur tlll' rnnlriil hufT,•r iri 1lu- FIJ 11,1,·rfan·, ,, ,l1l, .. f1 

to \\urK 1·11111pldd~· ind1·¡w11tf1-111l.\ fr,un 111• ( 'l'I -111•, ,111 
11w i11fur111ati1111 t lu• i1111·rí:11·1· 11, 1 d.• i'I 1•011t111u,111•l.\ ,1\·,ul.11.11• 

In it. 

[),,._(' rdatrd r/'I.in•f1111t1,111~ 

111 tllJr 1·urr,·11t irnr1l1m1•11fal1•,!1. J1 lil H1"l'1Hll<1II -.,J,,·h" 
Ow ¡w·ri1,lwrnl ci,-,·in• tn or frnr11 1,hi,-h 11,f,.11111¡11,111 , .. t,, tw· 
tr1111,f1 rrnl lk\·11·,, _..,.f,·1 ti1111 , .. ·11,·11111¡-I, .J,, ,J 1,\ ., --1~111111( 

r:u-11 1 O d•·vi•·t· 11 "d,v11·1· 1.i111,I" r'' ,1r,,j 11,-,1111,)( 1lu1I 

)ltl:cXJ' 1·1111tai11, llu d,•,.unl d,·\·111· 11111111,. r 11h•11 1fw 
"Hl" 111--trul'f11111 itt 1·,1·1·11t1·,I "llw l1v1· 1·¡•1· ,t1-•r11,rmn" 

Ot'1,Jt'tJ for dir-,· ('l'l' 1·1111111111111, al!•,11 :lf" :, ◄ f,,1!11\1, 

01 
fl! 
C."! 
fi'.! 

f, ,, ,. 

,1, 1t1X>1 

O"l,lw,1 

11x:nxxx 
IIIXXXXXX 
•~xxxxxx 
11,,xxxxxx 

f 1111,111111 

:--'"1,,1 FU 
l,oa•l Jt11fT.-r \ 
J.11:id H11fí,r 11 
:,,;1;,TI J fJ 

T11r11 FI) oJT 

Wlwn u ..-t:1rl I O iu,1nwtion 1s i~-.u,,.I. 1111' J1, itd 1110\1"11 

OVl'r th" d1·-.111'1I trnd, atul ,ti,, ,·orri-d )-1·1 tor ¡,. 1,..-.it,~t 
H1111ull:t11P(111.-.ly, thr h1·:uJ ¡,. !•1:1,f,,-f (('t"lflf:1.-t ,,,11, 111-1· •~ 

hl:u)!-J nn1I ull ~uilahl,· ,.1aluhzatio11 dd11y11 nr•• ll' n• rat,·tl. 
Wi11•11 tlw rl1~1ri-d s,•(•h,r r,·a1·Jw .. tlw lw:ul :111d ali .. , il,ll1w­

tion d,•ln.n hav•· 1•la¡,""-d, tlw 1nt, rf:w1• \\111 tal"'' 1/w I:'\ 
HEQ or O[T llL(l linr~ of tlw IHL\ t·llill'r "i·l.111.1( lo 
stor1• D bJt,.• in :\l(H(ftJI or rf'qw .... 11111( a byt1• frur11 '.\f· lt 16tJ). 

&'C! Urfl'ttfltt"S 1 and 2 for df'1a1l!C on th•• 0114•rnti,,u oí thr 
CPU'■ DllA channcl. Wh~n on<> drata biork l1wt brc·n 1rn111J-
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A proper interface serves as communications traffic cop, 
setting priorities and directing the flow of messages 

Microcomputers promise the engineer new design 
freedom. But, to harness the potential power of tiny 
computer chips, he has to enter an often unfamiliar 
world where software and circuitry must be skillfully 
combined. In forging the connections between various 
pieces of microcomputer system equipment, the engi­
neer faces a task that demands the full use of these 
skills. 

The box on this page reviews sorne of the basic 
terms used to describe this interconnection, or inter­
facing process. 

Starting on the next page, Paul Russo and Michael 
Lippman describe how they designed the interfaces 
for a microcomputer-based store-and-forward commu­
nications system. Their experience illustrates how in­
terfacing techniques can be combined to meet the re­
quirements of a particular system design. 

Howard Falk Senior Associate Editor 

What is a peripheral interface? 
A Microcomputer system centers around a Micropro­
cessor unit, capable of performing logical functions 
under the control of sequences of software instruc­
tions. Closely tied to the microprocessor is a Memo­
ry unit, capable of storing data and programmed 
(software) instructions. 

The rest of the system is rnade up of peripheral 
units. Devices such as keyboards. teletypes, tape 
readers, CRT displays, disk memories, and even 
communications links, are ali considered to be pe­
ripherals, when they are connected to the processor. 

Data flows between the processor and the periph­
erals over a Data bus. Individual, binary data bits. 
travel on this bus in groups called bytes. For most 
microprocessors. a byte consists of 8 bits (however, 
there are also 4-, 12-. and 16-bit proccssors). One of 
these can be a parity bit, which rnay be added to 

--~. n 
! r i 

MicroprocC'<;'.A'lr 

;,nd 

r---· --·--
i 
>-----, 

¡ ¡ 

r· 
! 

' ' 
1 ; 

Data bus 

--7 
1 

Taking a more general view, it seems important to 
consider the overall role of a microcomputer interface. 
The basic job of such an interface is to allow the 
transfer of information, back and forth between the 
processor section of the microcomputer system and 
various devices such as communication lines, key­
boards, CRT displays, large memories, data collection 
devices, and control actuators. 

Since the processor usually talks to all its peripher­
als o~er only one or two main interconnecting busses, 
the interface must insure that processor outputs reach 
only the intended peripheral. In the reverse direction, 
the interface must provide a means for information 
from each peripheral to reach the processor without 
interfering with other units hanging on the system 
busses. In addition, the interface must reconcile any 
differences between microprocessor and peripheral 
timing. The microprocessor runs on its own interna! 
clock. Pcriphcrnls ....,.. .... ,.. ,.,, _ __.. ..... -.-..'- L--·-

J..UU)' VJ. .UJ.Q..)' .UV\.., ua ve :-"--- -1 Ull,C111<11 

clocks of their own. 

make the sum of the 8 bits in the byte either an odd 
or an even number. This process can then be used 
to check for possible errors in the data, caused by 
noise or system malfunction. 

The Peripheral interface is necessary to convert 
the data from the processor formal to one that is ac­
ceptable to the peripheral device, and also to per­
form !he required conversion from peripheral to pro­
cessor data forrnats. The interface also reconciles 
timing differences and relays processor instructions 
in the form of control signals to the peripheral. 

F/ags--usualiy flip-flops-in the interface, are set 
to inform !he processor of significant curren!, periph­
eral conditions. lnterrupts are signals generated by 
the interface to force the processor to take immedi­
ate action when the peripheral must have quick ser­
vice.-H. F. 

Pv1~ah(·I.li 

1n~•-' 1 f :ce 

, Data 

( ______ ______ 

! 
Periphcral 

device 

·~il,~~4.:...:.i, r..~~.~~;.:,.._v4t4~1ti:i.:,. 
Control s,gndlS _______ J Control s,¡;nals 
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l 11 Sknpl• mk,ocompuler Input output Interface. Output 
latchel, an Input mul1,pko•er. and lhelr conlrol1 provlde the 
ei.menla ne•d•d to connect "rlpheral devlcH. 

O.ita to peripher,11 dev1ces 

JLn __ n_ n_ .. 
0.Jt~tseiect 

Tht• i11fl'rl111·f' ll'llll\ll~ ho111lh•'I timin~ prnl1lt'm11 hy 
tf'mpnrnrily :-;lorin~ datn in -.hift r('~Í!ih'r'I ur flil> nºI"'• 
Thf'n, "twn lh<' pron~.'lor i.-1 rt•mly to tnkr tht- dula 
frnm a p.-r1phnal, tlH• hit~ run ht• "dot·kt•d" oul o( 

this tempornry st,1rn~<' hy the pro,·es¡,;or clo~:k. ~. 
Hevnnd th1• pn,hl('m of r('t..'nnriling dntn•trnnsfer~ 

timi1~g. the intNfnrr pruvidt•!. ln('llfll-i for tht• proce:-;sor 
to control Ju.•riphernl udions and to get status infor• 
mation from the p,•riphl.'rul11. Most micrnprocf-KMlr8 

C0r1trol I Per,rt,eral 
---t-' df', 1ce 

~~~ 

l_::•la<ches 

~~,------~ 
also provide one or more interrupt linl's that the pe• 
riplH'rnl devi,·rs t·nn ynnk, wlwn they hnve on ur,i:ent 

~? need for attention (rom the prot·es!1o0r, 

"¿.,;,~,· I Ll Latches and multiplexers are baslc 
A simplt~ input· output inlNÍHt:e orrnn~«•mf-nt ia 

shown in FiJ,!. l. Ht•re. the bus from th<" pn"-'l'!I-JoY.•r 
trnn~(ers duln to the peripht'rnl~ thwu.,:h ~rnupM o( 
tlip-flops. ,·nlled lutt-ht·!4. A 1.·ontrnl i-1ignnl from the 
processor selechl thl' flip.flnp i,troup in whi<·h t'1u·h 
segmt'nt of output dnta it11 to he 11tort'd, anti ench of 
thes(' groups is t·onm•cted to a differt'nl pcripheral de­
\'ice. 

60 

Input serect L lcr •• 1m"ll•;•••·<N 

rrn-n 
Data frorn per1pheri1ls 

Data coming into the processor lrom th<' pt•ripher­
als is fed into a multipl('xer. Using input Aeltd RiJt-

Case history: store and forward 
Here, in one system, are interfaces for 

comrnunications, a floppy disk, and a TV display 

Int,•r1,1n·-. -.,.,~n• a l"t ntra! l"''lllt·rn 1n nur nr-.i~:n ni a 

micr,,¡1t, o·-.-.,,r.h.;-.f•(, -.t1•rf'•,lnd•:,,n\anl .'-V:--tf'1:1 at 

HI .\. ;1,r in1t-rnat11'lrnl le,H,rd lint'commun1cnt111n:-. 

hl<·. Fnr l''.\amp!t•, in 11ur <'Olllm11nil't1lion link inll'r• 

facf's, lr.n¡,.mis..;ion rh.irnd1•ri!otin• sul'h as tfotn rnlE', 

~1op.l1it IPngth, t·harucln lengrh, und purar~· urr pro• 
g:ran1111ahh• and nm ali he set hy i.imph• soflwnr(' In· 

stru1·ti1m,, 

\\"1• fnund it de:-ir:1h!t• I<' makt' a numlit'r ui intt~r. 

L, r- r,ar rniett'rs pr11,.:ram•~t'lt'dable, or prr,,.:r.1mnrn· 

P.Jul M. Russo, Michael D. Lippman 
RCA Laboratories 

JA! Sy,;t,'ti1•inlt>rlace intcrconncctions. llnklng thtt proco1-
sor ancl the pertphcral 1n1erl,1co5 are a d.1111 bus. a control 
bus. ,1nd spec1al lines lor: interrupls, cycl• sle.ilmi, and 
lr'lllial progrnm loading. 

, .. 
; _ _:-: 
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n11l1t 1hr pruct•floe.11r nin c·hc111""' Y.h1, h input it Y.'i"h"'" to 
C"onnrct to it.., d,un hu,-. 

Mult1pli•xi111,1; 1,- J:t'IH'rnlly dunr h,· hnn¡.:in¡.: 11 M('I o( 

1111-:u· ,:1111•~ 11n tlu- tl11t11 htall <·11n11t•t·f1•<I to tlw ottlpul uf 
<'adl ¡wnplll'rnl 1h•vi<'I'. Wtwn 1•11nhl1·rl. a ¡.:i,t•n 

• 
gruup nf J:lllf'M C"OJHU'c·t thl' dt•sin•d pt>riphNnl 01Hput 

l••lht•dntn hu,-. 

f ) 

Tri•f.lllll' .:111t·i:i on• inu<·m,in¡.:ly used Cor thi!-ó fum·­
tion. In ndclitiun to th(' u~unl input nnd output 11ign11I 
linf'M, tri.¡.;tnl<' J(ntr!4 hm·e a MJM'<·inl l"ontrol linc input. 
Wh,•n tht• rontrol line iM ON. tlw g11tr liM,k,. likt' ony 
othl'r loi,cir getr--thnt i,-, itl'I outpulM ran lK- e-ither in 
th<- "1 or O ,-1ntl'.'. Thr a,ldrd írnturr C"Om(',. in wht'n 
th(' ron1rol hnP Íll OFI-". Tht'n tht' output of tht• ~nte 
hns a ,·rr)'· hi¡.:h impt•drm·e, and look,i nlmitt.t like an 
oJwn rirn1ir. 

For tlw 1•11,:ÍtH'C'f who wnnlM to conrwrt m1rny diHPr• 
tnt dt\"lf'f'!o dirrc ti~- In n t1-in,:lf'. cnmmon hus. lht> tri• 
•tatr ¡.:11tr '" imh•t•d II IM1inn. lt ,·irhrnlly f'limin111t·I\ the 
nt'('fl to dt•nl 'M>1th tomplH"llff'd imprd11m·t" lwuling ("8l­
rulnlion", nnd "uh .. 1it11h•1o, l'impll• t·ontrul linf' N"lf'c­
liun uf llr\"Íf't'"· for v.hul mithl othn"itot• IH.• a mure 
cumht•r,-11mf' mul1i11l<'1111¡.: pr1,i:•1•durt>. 

Howe\"rr, mnny lo¡.:i,· dt·"Íl{ll('fR donºt )'l't Ít'f'I rom-

.111..;t h11\\ 1111r d,-,.¡~n fi11ally lnok !-hu¡><• will ht•com(' 
I'\ i1lc•n1 11'- \.\f• prr,, nin d1•:0 ,rip1i,111 ,,f tllt' ,.p,lrm'tt in• 
1, rfan· hmd\.\11r1· a111l :,:(,l!Y.art•. 

Moving messages through the system 
lnnnnrn).' 1111'-.!o,11-.'.t'-.. 1•11frr tlw '-\t--11·111 1hn111¡;h 011t• uf 

lwu 1·11111111unic-,1f1n11,. i11f1·rl,u-r .... lkn• rlw mt•:--:--H._:t"•• 

llr(' 11111\t'rtt·d fr,,111 a ,1n•a111 ,,( liil¡., int,1 <·l111raclf•n,. 
1•orh nmluuwd 1n an H híl d1-11n livlt•. ThPst• 11\lri. nu• 

trnn~ft•rrt•ti. 01w uta 1i1111·. inlo tl;f' ,oy)',trm'-; ~•mit·on• 
clud11r rn111l,,m Jll·1·1•, .. m1•m1,rv 11{A~11. \\'hf'n 1:t:t 
hy1t•..;.n<·1·urnnl11!•·. !lwy (c,nn u l,Ím I, uf ,Litn. 

Tlw daln hl1wk 1 .. 1hn1 moq·d inlo 1lw l11rgn di!-,k 
llll'Jll••ry. "hn1• il ;.., h1•Jd 1111til rn·t·dt'1I f,,r r•·trnn~mi!'-• 

fort11lil1• <ntmrdin~ ullllllllM clirt•t·tly fnJ:t•lhPr, in the 
way mndr ¡,n~sihl<' hy tri.111,tntf' j{Hlt'R. 

lnlerlaces on a chip are appearlng 
Mo~I I O intf'rfn1·t-s fnr minoi.:ompuh•r s~ .. 1t•m11 art' 

huilt up un intt•grntf"d ln)!ic ,·irnut pa1 l-.,1¡.:1•N, lmt 
crnnplt•l4• inlt.·rfan• pn«-kogt•s un a hinglt• t h111 an• IN'­
j{inning: to npp,•ar. 

Dt•Ni¡.:ning and produc-ing a lnrgP.•M'Aie int.-grated 
(LSII c·hip ifl expt•mü,·t\ hut meny J)(l"nfol k11tun•a 
can he ¡,1u·hd inlo a Mmoll 11p1H·e. The i,h·n 111 to pro• 
,·id(' ont> pnrl thnt ran he M'f to 11er\"e many diHn• 
ent intl'rfoce (unctiom1, Th<'n ea,·h J)("riplwrnl dr.\'Íl'~ 
un inlNlld with the mkropr1)(·,•sM1r thrqul!h itM own 
interfoc(' chip. \\'ith one rhip lor t>Ach pnipht>rnl. the 
volum<' U!>e of lhl' l'hip" mak~ th(' UM' oí I.SI t•c·on,mli-
4..•111. 

Tht• /',•rrr,11,•ral /,1trrfn,P Adaptrr CJIIAJ, "hown in 
t'itt:. 2, "'"ftM dt'siJ:nl'd hy Mntorola St·rninmdul"'tor 
Produt·t,o lnr. lo Ref\'t' pniphNul dt-vin•~. l>111u lrom 
tht> micropror<"""º' r.-a,·hPs lh<' IH'riphNnl rhrouJt:h Pi­
lhrr ol two l'rrir,hrral /rrti·rfurr /l,•p1.-1rn thnt con• 
tain thr nt•«.Ts!<nry JatrhP~. Data from thc- 1>.--riphNul 
to thl' pnX't'Moor is jil'.Bled directly onto tlw proce,oi.,,r 

1hr numl)(•r UH 1111 tlw dot11 liu~, "'1111<1n;1lf• !he fl,,p. 
fJ\I f11;.k i111,•rf1,,·1•. (hu" nn intr-rf;u1· i~ ,1 !,,, 1,•rl. 11 i11 
ÍH'f' t,, :u t ,.n furllwr 1•r•1('1•-.;..;,,r in,1ru1·ti,,11, 

To t'fllllrnl n•rt11i11 1wriphrral Íl1Ut"l1 •rh "-IH"h llh 

d,~k .,fartup nnd h,·ad l1,c·at1c•n. or n,1:,n111n1t Rf1,in1; 

lr.11i..rnÍ .. ·1,,11 ~p•·1•d tlu, pr,1,,-.,,,r 1v,11,. :, ,. ... d 111 

!o,lr11d1on Otlwr pro,·t''-'-"f Ín'-lrt1tl11111 .. :tr• u~t•d to 
tr;.l ttw .,,ntf' t,f 1•xlc·rnal f1ai: it,w._ ·1 l., ,. !·:lt'"I art· 
('onn1·1·1Nl to flip-flnp,. ~l't hy the pni¡, 1., mi 1111n 

ln<·('i. In 11111in1tt• s11d1 ('orHli!inn·, a~ rt·:1,!,1,1 ~ .. fo r,·,ui 
or \.\fÍfl', ,,._ \\t·ll ª" fat1h!o HTHI l'fr"r • 011d111, 11• 

'J"hn·r "J ►f'l"Í:tl lim•.., all1,"' tlu· pniplu·r ,! 1ntr•rfacf•~ 
to inil111!1• t-\'!olnn 111 ti,111~. "'-Í1h,H1t fir,t l'Yltin.: ¡wr 

mi!osiqn frnm thl' prn<·1•..;•~11r lh U'-ifl¡: ! t,,, /,¡t, rri,¡it 
~ion. 0111:.:nrn¡.; d¡¡t.1 hloik:-, mn,r 1mm d1 .. k, to H.A!\\. l11w. th<' t'11rn11111nit,lli1,n inlNfar·t•s dc•m.111,I imm1rl1 
tu tlw nppr,.pr1al1 i nn1m11111111111111.; li111• 

Tlll' H1':\ ('(h\1.\l' 111i1rr,prn1·,• .. ,,., n1nlri1I,. l!w, 
,irpwn11• ,,f n1·111 .. Y.1Th pr,,¡•r,,m,. \Hllh·o to f1ll tlw 
rt•q111n·m•·11I•. nt tht· u\,•r111I ,.!con• 111111 ínr\\ard C'Otll· 

lll11lllt"illln11 prn14• ....... 

TIH' fntm• mi1 fPP•mputn !o\"'-lt'III lFi._:. Al nlll~Í¡.,li. 

of u lnr¡.:,• '-nilt• 11111·:!rnlt d 111in,1pr11n''"'"º'• 11 I0'.111-h\·f(' 

IL-\:\1. nnd 11\1' ¡wn¡,lwrnl intt•rfon'i-1, t•u,·h oí whidt 
11..;4• 11 ¡:::rnup o( int1•.,:-ral1·d 1·irc11il piwk111!''"'• nnd S('n·t• 

tn ,11nrw..i d1fft·n·nl ''1!.-n1·,,,.·· to 1111' !-V ... l1•m 

J"lu- 111wr11pr111·1·, .. .,r m,1k1-.. l11,1h u d.11n hu~ rind 11 

,•,,;,tr"I h11~ 11,11il.d,li• 111 lht• p1•ripllt'rnk Tlu·!'-t' huK'-<'" 

,.irr_\ nlmn•,1 ali llw 1nf11r111atio11 tlul íl11ws IH.1lw1•rn 
1 lw ¡m11. 1• .. .,11r .1ml t lw pt·nphi•rnl .. 

Sirwt• !o<t'\·t•rnl d1f11•r1•n1 i1111•rfa1·<'!-i nn· 1·onm•1·tNI to 

tlw~4• hu .... ,.~. tht•rt• mu-.1 lw R d1•11r ,,nv to indinllP 
"Jiu h i1111·r(111·1• ¡.., ¡11·rmilt1•(I !11 lw 11111,-1: al n1,v i::i\"c·11 

m111:,1·111 Tlll' S, /,·, t i11,.trodi1111 jlt'dnrm11, lh1!-, ·u,,.ign-
111 " 111 funrt 10n 

) t-:,1d1 in1nfa,1· h:1 .. 1h o'>\11, 1111i1pa• i,,,•lr<lion nmn• 

• l>t'r. Fur 1',umpk. ,¡ S,/,,t 1n-.1ru1·11,m 111¡.:rtlwr with 

t'•lk-lJnlaln1 mirftlpfl,.._ l., tlw ,..,.¡ writltl 

nll' '1:1ndl111;• 1,( 111,·1,niin:: d.11:i ;1<1, il ,Hr,·.i .. 1.n 1h,· 

l'1>t1H11u1111 :1111111" lini- ... and :111 1111m<•di.11,- ,-.1¡ppl_\" 11f 

oi.!¡.;111111! cl.1111 frum tlw H:\\1, a ... 11 1-. rn·t·th·d for 
tr.m .. mi, .. 1.,11 11\·1•r th,, link .. \\"11h llw ,· .. ,¡, . . ,r,·,,I 
/rnn. lht· flnpp\" ,ii,k 11w11111ry :ind T\' d1·,¡ L1y gain 
d1t1·1"1 ac1·,,,..._ 10 lht• llA\1 -..o lh•·,· nm ...,,,1,, 111111 1h1• 
IJl('m"r.\. or n•,111 fr.,m 11. \\l!hnul :,..11fl\~,1t1 11, .. [ruc• 
t11111~ hnallv. ,·i:1 tlw l. 111Jd l,11,. t)w '-\ ,, rn c:rn 1.,. 
rc•,rt mul n .. tarlPd li!olll~'. a d1!ok ... ton·d pto¡,:ram • 
nfler 11 4 ;11.1,1 roph1f" f 111hir(• fof li!--~, ,( J)I/W( r 

lnside the communications interface 
\\"lwn a ('11mn11m1cat11,n" 1111nf1wt• h.1 .. n 11•1u•d nn 

inrnmi111! drnntdn from ih n•m111111w ,111,·'1- lmk. it 
rui..-1•!, 1hr mi1rnproi, • ., .. "r inlnrupt linc• ,\1 1111' i-arrw 
tiuw. th1~ unit mi"''!-, llll 1•xll·r11;d flag. Fl· l. !11 i11d1 
c11h' tli11t n r1•c 1•1\f'<l ( h11ra1 l<'r '" a\ :1ilablr. 

Al !lw 1111nopron•""ºr. tllf.' i1111•rr11pt 1 .111-4,., 1h1• 
on¡!i,írw pr••t.!'talll 111 hrand1 t,1 a !op<'1·i11I ,,,ft,\;ltl' r,,11 

tirn· ,h-.,r1.'.11t·d t11 !-.f•ni,1• in1nrupl'- S11Kf' 1h, r•· ¡,. .. nJ.v 
nnC' inlnrupt lin<', tht• roulirw mu .. t f1r'-I L11d u1J( 
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-¡¡¡'f--tr'b&'?'b ¡· lllAíliliíll .ti1'Q:fiMñ:iffliwrribfil''V±tr w·"t 

12I lnh1dac• 011 a chip, Thls tl~•lble and 1ophlsllc,1ted In• 
to,tac• wH de11gned lo connecl a wide wariely ol perlph­
trals to the Motorola M6800 m1croprocenor system. Two 
•••• ot linea are used to send and receive peripheral data. 

fr•ntrol hnt><, ! 

1l11fa hu ... 
'l'lw ¡m11·1•-.-.11r "l'l"ds tl1t· l>('ri¡1b1•rnl d,·vll·t• it "1sh­

C's to t,1\k lo. hy !-('IHlinJ! diip .,f'!,·ct flllllrol ~iJ,:11111-. to 
thr PIA Cu,11n1l mu/ .'i°•·l1•ct /.n,1,:ú- Ewr~· prriplwrnl 

intnfun• d11p in lht• !'-_\'~ll'lll is .!-t•lt•1·tivt·ly wm•d so ¡ 1 
+-Al.­
.-A2+l 

~ 

that thl•~t• :-i¡.:mils ,,ill al'li,att' only tlw mtním'l' thnt is • 
~elccte<l. 

Data 1 
1 
1 

lnterr.,pts 1 

+-> i! r,::q:::...:::::::::::::j:~;:z:::::::::±::J 1 

i...,_B::j en,._- ! To--: 
7<:'[-t'J'·r,' 1 

-
1
0..;,¡ l 

• ;.;"~~ L_I _ _J : Cootrol hnes ¡ 
¡ 1 

-.f P1mphera1 ¡+-Bl-1 
rom lf'l('rLJCe l~Btj 

' ""'"''º' l' "."[' a_, ºª'ª 1 

1 t ' 1 
DJ'd~US ~ f. : 1 zrn::::r::::::-- < • : 

\~h11·h ,,f thí' twn rumHHlllilafinn!- intnf.1ct'-.:. ~f•nt the 
int1•rr•1;1'. and tlwn d,,:1•rrni1H· \\hat kind pf :-l'nÍn' is 

:~,~-~\:.·'-·,\,l;'.;./;;-;:~r;\\\:'~\~:~:'t~1.bt:.i1wd hy U•:-ftll~ IP :-N' 

l ht' ,IL 1:1,,l pr,•~r.immhi :-t.•qut·nt·t· in tlw interr1qit 
n,ur.n.t .:HJ.:de~ a S,·,',·l'l Íll'-!rtatiPn f11r t·arh n,mmu• 
n¡l·-iti,,1~. intnLhT. Airer an ¡nlt'rfoct> ii- :-t'lu·tnl. it:­

r,,,·m.11 f!.1.:-, :•rt' lt'--t,'d t(1 dt·termim• the ¡1n•,;1.•nt·<' 

unrl n-n:--t· of tht· ¡wndin¡;: 1ntnrupt. K11n\\l11g thr de• 

,i,1· ,l1:d 1!:- f!,l¡.:!.:t'd ,,,,11diti11n. !he prnú~:-~11r i-;~ut•~ un 
a;;pr, •pnate 111~tna t ton to :-t'n·it:e that t'nndit i11n. For 
('~.¡::1p1_t•. 111 rt>~pon!-e to f!:1~ EFI. inrlicatin~ a re• 
ct·i\(·d !1\te "f délt~ i~ availahle. a Rrnd in,rrnction 
v.,,:il,1 h- 1:-.,11t•d tl1 call fnr th~· tr.1n,-fn ,if a byte ot 

r\,ita fo,m thr cnmmuninHions intrrince to thr pro-

+----<,----- ,.,., .. ,,n 7 

Other nmtwl sii;::nnl!\ írom thl' proreS!ólor nllow thl' 
prol·essnr data hu!I to rrilrh uny onr oí the !\iX PIA 
re¡óstNs shown in Fi~. 2. Tlwre me nlso sii:nnl:- thn.t 
propt>rl~· time thl' pt>ripht•rnl intc-rfa<·C' t1111p11ts lo tht' 
process11r nnd that rrset thc intrrfan• c:irt·tiil'!l "'hrn 
i;1ystcm pm-.·rr t'Oml'~ on. Two interrupt li1wi,1 nllnw tht 
PIA to init intt• lll't'tlt•d prot·t>ssnr nrth·it it•s. 

Thr PIA is cupuhle nf a wide vnr1ety nf d1fh•rrnt 
opC'rations. indu<ling scHrnl powrríul. n11ton111ti<" 
m(l<tes. For exnmple. a single rommand from thr 11ro­
cessor rnn semi n cit,ta hytr throu.:h the PIA IO ib p('· 
riphf•rnl on n hnndshnkin¡,: hn~i!\, nnd thr PIA will do 
ali th<' IH'('t•ssary dt•luil!I of housl'kt•epin¡,: c,,mplt•h-ly 
automut1t·al!v. 

To ¡,:et thi~ kind of nprrntion, thr l'IA must Cirst he 
set up. by lmuling: ap¡,roprinte control hits in it~ Cun. 
trol and l>ata dírt•ftiori regi~ter!'. Tht•M- rt•¡,:islt•rK are 

t·es~or Ht1r tran~Ít•r,;; in 1tw opp,.-.itC' dirl'l'finn, u Unt,· 
i1i.;tructi11n i~ usrd). On rPn•ipt oí lh<' /frnd inslrul·· 

tinn. tlw intnfn1·r pl.H'l'.!- ilw rt'l't•in<l hytt' 1111 thl' 
in,!,!11111¡.: d.1L1 IHL.!-, nnd tlll' pn•n•ssor docks lhl' hylc 
into HA'.\l rtwmnry. 

The :,~~km al\11,,.!- u¡> tn f,,ur externa( flngs (EFs) 

for Pach ~wriplwral intnfacP, ami lht• mrnning of e11d1 
o{ tfw!->l' fl.igs tlf ,·ombinations (lÍ fla)!s-- cun lit• rl1f• 
ferrnl for 1•:irh inlNÍfh'('. F11r th{' t·ornm1micalinns Jn· 

terfact:'s, EF.1 i.-. st't in nmjunclion with EFI if ttw rt• 

c11ived t·hararlt•r ji,; Nro11(•11us (hnd ¡mri1.,·1. \\'h1•11 an 
interfare i~ trnusrnitting data. EF'l ii- ~t'I h• indi1·,11t• 
that tht· rn·xt chnrat·lt'r l'an ht• trnn.-.frrn•tl. Fin.1lly. 

!BI Interna! funcuons ot lhe communicalions 1nlerfac•. Two 
ol lhese inlNlaces are used In lhe system. Onc h.1ndles lhe 
domeslic lr;ilfic link; lhe other, lhe over,eas tralllc Unk. 

·e¡. r:,_ . ,,.,.. ··------.---t-__ -----.--_ 1-...--r ------,: .. - -

~-- - --·--~--.,_--''--+ l 'o!. 11 ~ 1 
1 , ,: ~ Cl,n!rol µa•if'I 

~ -------7 , , 1 . .J I ~t~ · ... _j 

1 -1 r-- -J ¡ ¡ 1 

~• i f-. _ ~ Co1111 u , •l ,,,., ,~ f.',_,.,!t'm 

.. - ------ -_-7=us-; : ~·, :,:,.,"::~21·~ j: ,~~ • L~,,::,,~~·_j~-· ·,:::;""""'·''"fl' 

~ -~ L 1- -~ - ¡ .~.~~}-J ~ 
," , , ,, f ter 

L-~----
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• 
.,,,d1 ..... , 11p 1,y n 1111111:h· 1·011tr11l ltv11• f~ h11.11 of d111111 
,i.rnl írum the pr11t·1' ... !-.or on lhl' 1,~·.!-h'rn d11111 hu-.. ~t'Jlll· 
r11.1f• ,·nnlrnl i-it,:nlll!' In th,• ('J11p 11¡)ant11111 lo,:if' r.1w1·ify 

llw n·t:i"'tt'r that "'11 r1•1·1•1v1• tlw firi-t 1·11ntrol h:rt<'. 
Wlwn s11d1 11 hyh• 1s rt•1·1·iHd. 11.!- lnl~ ...,t'l llw rt•~Í¡.;l(•n• 
for tht' kind oí J>eriplwrnl OJK'rat ion that is drsired. 

For rxnmplt•, tlu• /Juta dm·ctim1 rr,:ú,t,•r control 
bits dt•lint• whether data can flow intn. or out of, the 
Mystem dnte huN lin<'s ronnrrted to /lrriph,·ra/ int,•r. 
/urf' r,·,:ista ... .-\ und /l. The dnlu ln111 incluclei; ei~ht 

pnrnllrl hit.Jin<'" und tht> dir{'('tion oí l'Hl'h oí tht•!U' 
cnn he indt•¡x·ndt•ntly Sl'I. 

llMrnll),· the "A" d11t11 lirws are 1wt lo ,wncl dntíl in 
fri11n tht• p('riphcrnl to the pr,lt·e~i,;or. while the "H" 
linei,; Ar(' U~l'd to ,wnd dotn out le• thr ¡wriphrral. In. 
dPM thr A 11nd H i.idt•H of the PIA nrr 11¡M.•riíirnlly dl'­
"it,:nrd to hnndlt• lht•sf' cinta trnn.!-Ít'rli f'fli<·i1·111lv. The 
('unlrol r1·~1.,t1•r., nre M't up to M'l<•t·I Ow UM' oí iht• in­
tt>rru¡,t lim•" to th«· prot·('~1r und lhe t-ontrol lin('R to 
and írom the 5>eriphl'ral. On" comhintuion oí rontrol 
hitK in ('or1trul r,•~1.,trr ll mii:ht f!WI up 1·11nlrol linc B2 
ClilC'f' F1,c. :!) to i,?u low, riJ,:111 nfh•r a dato word from the 
pr0Cf'1u,or i1' lonrl('d into 11,·ri¡Jhaal mtrr/an• rf'¡,:1111lf'r 

H The umr runtrul t.1.'IUp «"tmld al,w1 t-pt"d(y that 82 

·rr,, 'i:Ú:t ·#r3Cciú Y. ?füt¾:rlit'M,f'¡liiif<&Wltbtb "íí(l;/ti;#eÍ:;I'- .,. ift"~, 

wuulcl rf'mnin low until a ,-ii::nal lrom llw pniplwrnl · 
on luw HI indirntt·s thnt th<' dula ha-. ht•1·n rr,-1•1\t·d. 
Firrnllv. thr ~nlllP t·onlrnl h4'111p n111l,I n•l11,· 1Ji,, HI 
11i~nul hu, k to the prt>t'(• ... ,nr. nn lnlNr11pl 11111' B. to 
cnll íor annlhn dnln W1Jr1I to th<' pNiplu·rnl W1th 1h15 
kind oí uutomatic o¡M'rnlion, lhP pro¡.::rarnnwr cnn M.'l 

up I hr PIAM to hnmlle 11criphnnl" wit h \'er)' •implt 
and fni-1 ~oftware routinrs. 

Th<' PIA hoR two "inlf'rrupt"' lint•R ,c11ing to the mi­
rropro<·•·~~•r. Thf't-e can fw M't up ª"' ílai: linf'" pre­
senting information ohout the MIRIU!I oí 111(' pniplwral 
to thf' processc1r-or thcy can hf' Mf't fo lw 11.!-1·d ª"' in• 
terrupl", whkh riemond I he immediatt! 11lle11t ion o( 
thl' pr,w<'i-l'lur. 

t'or !ióitunlion¡.;. whrre input oulp11t n1•1•d" dun't hove 
lo hr r-.('nf'd immt•dialt•ly, pollinti: ,,., hni'IUf'M Arf' 

ohrn UM'd. In thnl t'll!'ot'. lhl" rnirropr11tt•, ... 11r ¡,. pro­
gror11nwd In t<•i.t thP (',mtr11l r,•~i.,tl'r11 t·\·1•r~· so nílt•n, 

for gh'Pn l11~k lrv<•ls on ttw fla~ linr11, nn,I v.:lit•n thr--«" 
arr íound. it cHn lt•m;e it~ 11nJ,:11ing pru~ram h'mJ>onlr· 

ily. lo M•rn.• th(• JK•riphnal ti<'\irf' th111 n1•t•tls nlll'll· 
tion. When pt•ripherol,; r<'41Jirf' morf" immrdiate ot• 
lenlion, intl'rru1>ti. (rom tht> JK•riphnnl ar(' UM·«I to 
(ore<' the JlNK'f'!'o11or to hra111·h (rom i{ .. on~oinl( pro-

~ 

:---------------------------------------------' l 
f) 

\ ,,J 

F.F:1 ,.-. lht'd tu indu .1tt· ... Jwnnl rond1tions. i:.ut·h as ah­
n11r11rnl 1 !ffl•lllll?ll+ .11 l"ll 11111' 11¡,,•r,1! ,, •ll 

\\lnh· 11 1:1\1·11 1111t·rru;i1 is ht•1n¡! -.1•ni1i•d, nll citlu·r 

inh·rrn¡,t .. m11-.1 ";ni t lu·ir fllrn. Priori!¡,," íor ~t'n'it 

in¡.: mlnruph :irt· 1•-.111hl1-.lu•d in lht• prm·t·..-.or's i-oll• 
witrt' mtnrupt r1,1llint•. For 1•x11mph·. 1hr dnnH•~t1c 
t·11111m1111it·.itio11s inlnfan i~ nlways ~t•lt·c·tt·d fir!'t hy 
tht• r11•1t1m·. llo111,•i-ti1· dala rnt1•~ IU(' 11:-uall~· hi~lwr 
than inlnnalioiwl rntP~. nrul tht•n•fnrC' thl' ¡wnalty fur 
h1•pin~ lht> d11me:-lit· linr waiting- i.!- J.!Tl'utcr. Like­
wist•, /frnd inlrrrupls nn' alwuyi. given priority owr 
irnt1• intnruph. ht•c·,111s1• íailurt• lo rt•1HI may result 
in loss oí datn. hut I lw wor-.1 J)l'n,1hy for foil un• In 
writt• is 1 ime 111st ,111 ,111 i,llt· trn11 .. mi .. ~i1,n l111t•. 

The in1nrnpt driwn form nf dula lrnni.ft•r ii. W(•ll 

~uilt•d In tht' ,·om1111111in1tions ÍllrH'lion. C,,rnpetinJ.: 
(unct ions ami r\1•vi1·(•:-. nrt' t•a ... ily <tllf'll('(I; t•nrh inpul 
t·hnrad1•r n111 lw t·x:1rni1wd mul prot'l'!-.'-t'd as il is rl'• 
cf'ivt•d: m•w ch•vit·t•" 1Ht' i•a-.ily ncMl·d: nml existing df>­
vin· pri,,ril ir, nn• <•11,ily rh1111g1•,I. 

The hardware that communicates 
('1,mmu11H·,Hi1111s 1111,,rían• hnrdwitrt• 1·,·n1rr" on n 

IHq.:1·•'-i'alP 11111•¡:rall·d nrn1it t'nlll airwd in n i,.;inglt• 
-IO,k1ul diip that ha11dlt1 -; i.t•\·(•ral hv fun<·tionr,¡. 
Thi, nr1 uit, n1ll1·il 11 ( '111t ,·r.,o/ n.,·.,,11.Jirrm,,u., r,•. 

,,·¡¡,r t•,J'h"lltt,, 1l',\Hr1. ('1tll\1•rl.!-d ◄ 11a hyh·.!-frorn 

llw minupron•t:-..11r inlu 11 .!-lrr,1111 11Í '-('riul hit~ f11r tlw 
1·11111111111111·,11i11n~ link. T/w \'.AHT ni"º pníorm~ 1hr 
11¡i¡,11-.1{1' n,1nn-.in11. L1king i.1•rial hils from tlw cnrn 
m111111·111 i1111:-. 1111\.. ;11111 i-hapin.,: t lwm inln < hara1·1n~ 
fnr tlw lllh ru~ 1111q111l(•r -.\-.lt m. At t11:11ly, 1•11ch dwriu· 
lt·r 1·011,-.1-.f., 1JJ up In¡.. 1bt11 h1t-.. 1111d an ndd 1·,1·11 par 
11,· hit mav h1· adcl1•d. \\ 111'11 callr-d fnr. th,·'-1' pari1~· 
h11 ... ort• ~1•1wr1111,I !,, tlw l"Alfl' 1t" it trnu ... mil'- rhar• 
ac·tt•r~. ancl 1111' l ",\HT 11l-.o d1l'1·k" th,. pmity ní 111· 

cnmini.: d111ra1·tt-r, ír,1rn th<' n,rnmunit'al 1t,r,,... l111k 

~urr11u1ulrng- tlw l :,\HT an• 11 111111dll'r r•I fi1111 ! í•,11111 
hl111J.,-. 1111pll'J1H•r1!ed Jfl lru11.-.i-.1or lr;111~¡.j1,r ln;.:i1· 1-..•t­

Fi¡.:. H, Tllt' /,,1,•r/fl, f' 1,r,,L?n1•1¡ r,•¡_•1.,t,·r pr"\ 1dn, 1lw 

nwa11-. ,,,r llllt'rtK'IJIIIJ>lll1•r pn,;:r.tm ir !f!I! llflrt'- '" 

rontrnl 11w ('f,¡fh nnd rlw t·nmmuri1, ti ,,.n .. niudr• 
Ornlf. Pr foll-dupl('x). Flip flnp~ in thi-. r, ;·1~1n ~•·11 d 

fijll'f•d ronlr,,I lirH's into llw t 1 .. , k lo 1dl .. v. ('ll•~r,HH 
gf'!rt'linn of hil-pn-.!-Pn1nd trnn .. rnu.,.ion ,111,I r,•,·1·pl111n 
rute~. ·1·h{' t.VJK' oí panl~· (('\f'II or 1Kl•l1. h•n¡.:th of 
charn1 tf'fs, ami numlwr of t,;l,,p hifs 11-1 d III sni11l 
trnn,mi ... -.ion nrt- al .. o unrl,•r pr11l!'r;1111 ('onl r,,¡ 

Tn ,·nnm•rl llw tr.in ... i-.lor lrnn--i-.fnr 1 .. ;·w (rl J.¡ 

cirn1it:- in thf' inlnf;w(' to c·n111111t111in111·•11·, 1111k 11r 
cuih. !o,111111• nwtthing i~ m·t·,- ... !-ar_, Th1-. 1-. d,,,w 111 tlw 
C,,m111111111 rJ/tnr¡,, /mi,· 1111,·rfn11' t·irt·u11n. For l111k~ 
ui-in¡.: HS :ti:? imlu"lry .!-la111lard tl.lla 1111,,•fa,,·-.. v•,lt 
ílJ!r•kH·l i,.híftín¡.: of Tl"I. "-ÍJ.!11al,; is. nN·d, d Fnr l1•h• 
typt• link-.. 01Jlp1Jt t·urn•nl-. 11111st lw• 11•nlroll1•d t,, 

i-¡,t•t ifie,I 11•,·1•1..,. Sorra• n•n1rn11n1cnt i1111 .. 1111~-. rt•1¡111rr 

thnl 1ln·r(• lw rn, clirt·1·t ¡.:r,¡11nri n•m11·1"IÍ•111- h•r lh1·-...·. 
opli1·.il i-..1lalio11 d('\in•.-. rnu-.111!-.•1 lw IIH li1d1 rl 

l11~1r111·1i1,11'!l to llw 1'011J1n11n11 ation~ i111, rf.11 r (r,.111 

tlw pr110•-.-.or 11r«• rt•,1·iH·d ov,•r the !-\~!• 111·-. t·n111ro1l 
hui. and rou!Ni thrnn¡.:h thr ln~/rw rifJ,; ,/,, ,1 /er \\h11 h 
inlt•r¡,n·I~ mi1'roprrn·1•-.s11r fod<•., ;111d ~1·1wr.1!1·, l11::1c 
i,;ÍJ!n:il, th,11 nlll 1,1:' u-.fd In t·imtrnl lh<' 111l1·r<,;c •· h:1r,I. 
"IITl'. Si1w1• snrn(• 11( thf''.--t' minnpr11n•:,,.-.nr, ,,dt•i. (Oltlf! 

u\'t'r t tw .... , -.fl'tn tl.11 a hos. t lwrc· i.-. a ( ·,,,11 ,., .¡,,,/ d, , . .,,¡ 
c•r to inlnprt•I lh1,. ndcl1•d iníunnatinn. 'f !w f,,r, ,f,,, •• 
¡;fnfl,, ,,·1•hfrr i111lical1·s. y,JwthN tlw in1, rh," i-.. 1,r ¡,_ 
rwt. ,11rrr11lly -.t>\p('!c•d nnd thu" 1111,m·t·d 1,, t"fllmuni 
('lllf' \1, 11h 111(' r•r•l('l".',!-Or. 

Tlw ('11,1fruf logit· di-.1nh1111•i,. ali tlw 11ppr,,prial1• in• 
forn111t1on to th11 /nt,·r/rJ11· ¡,r11J,!rum ,, t1,t,·r. tlw 

( •✓1ur. iind ntlll'r l)Hrl!<i of rlw intnfore. ·1 /¡¡, ;•xrn11.1I 
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IP'•m to one that will aerve the peripheral aa ooon u 
p, ... ihle. 

lnterrupls and more lnterrupt1 

proceuor provides two interrupt lines, and the Toohi­
ba TLCS-12 prOCf'ssor h&R eight independent linea, 
with a hnrdware-implemented priority scheme, 

Of cour!tf, the tiystem dehigner can u~mally make 
Mo11t pre,t•nt-doy micropro<.·essora make sorne form 

of 111tNrupf tapehility avuilnble. Hut there are inter­
rupt!!, and intnrupts. Sorne proces¡.ora just give the 
UM·r a l'llll~lt• gennal interrupt hignal to work with, 

11ml lhut i.,, 1,fu.•n far from adequnte. To handle the in­
ll'rrupl ,,rupcrly, the t1yMtem usunlly nel'dK tu know 
whne 11 on¡,:-111a1ed ancl why it occurred. 

his applii.:ution wurk with a sing-lt>, gl'nernl interrupt • 
line, hut thrrt' nu1y he extru <'CJ!>ils utlndwd to his de-
sij::n. He rnay UM• rx.1l•m11I c·irt·t11try to lrnndlt• priority 

Other pril(·t•sM,r~. like the lnlt>I 8008, use a single 
intrrrupt luH', but of!er ll ~nmewhnt more eluborate 
«•ap.ibd1ty. Tlw Ul'ler nin c·Ctde three bits, which allow 
h1m to rt•i1d1 !\pt'CIÍÍE.'d main memory locutions. The 
idt-a i~ tu :.11,rt• the fir:-t irn,trut·tion of en appropriate 
intnrupt-handling routinl' ut eath o( tht•~e lot"ntion8. 
With thrt•t• h11111ry hits, up lo eight d1fforcnt intnrupt 
rou1111,·-.. ,·11n be uddrl'~~ed. The capaLility i!; culh·d a 
tlf'1 tor intt-rru¡it. 

Sorne ,,í I ht• m•wt·r prot·e~-.ors offer more thun one 
in1nrupt l11w. Thc Natmnal Scmii.:onduc·tor IMP-16C 
rnu·ruprtJ(l":..-.,,r.-. oHer two lim·:--- one is a \'ector inter­
rupt; thi..' olhn, a genernl inlt:rrupl. Motorola's MH800 

fl.i:.:-.. th,11 ¡¡1J1,rm ttw ¡m,n•-:-or 1JÍ tlw intul.1t·t· <·ur 
rt·11r ~1.111,- .ir1· pla<t·d (,11 tht• i,y:-.tcm':,; nintrnl bus h} 
tlw /11t,·1,·,,¡,1 1md fl11,: ¡.!f'fll l(J{!Jf. Thi:- i11for111,1tio11 
t111r,,·~ frc,,n ita- l 1:\HT und ..... ·r11tu.,· n·1-11.,tt'.'", wlud1 j~ 

11••1·d I,~· !lw l'AHT und 1othH nrn11ts to n.-n,rd thc 
,,,111rn•11, .. ,./ -,u,h f.111h t·1111ditir,n:-. us parily l'rr1,ri. 
urid (•pt·11,.,11H111111i1·a¡i.,n.-. )i1w:-.. 

'I h1• dmd i:1,1¡or l'lt•m1•11I 11( tht• sy:o-tt'rn, in mlilition 
11, 1h1· (<,1111u1.111t.it1,,u~ lflft•rÍaL''' ,11ul !lu• r11i1·rr,proi·e~· 

"'''' HA\T < 1,1111,111,,1 ii,n, 1:- 1 lw fl,,¡1p.v cl1-.."- i11lt•rf.11·e. 

Steallng cycles lor more elllcient operation 
'I ht• k1·\ í1 11,m• of tlw floppy d1:-k i1111·rfan: i~ its 

d1rt I t 1n1, ~ '" HA\1 llll'mory, Y.ithnut 11t•l'd f11r de­
l.t1d1·tl lllll ,.,, .. ,r1¡m1n program tfJOlrol. t:;-;ing- thi, di-
rt•, 1 n,1·m,1n .111·f•:-:-. ft·aturt· buill 111tu thc- ('0:-;\1AC 
¡ir11,1·._,-.4,r ,L,· d1-.k 1·an p111 d.ala h:--tt•:. intu !lit· HA!\1, 
or 1.1kt• ll1t•J?1 otlt, Y.lthoul Fl'("C-i\1111{ t·\t'n H Sdt>d 

when se,t'tal cliíkrt•nt inh•rruJH" otTIIF !l)~t·rhn. Thut 
will mean addl'd t-q11ipnwnt fo .. ts. IIL- mu_,. liv 11hh• to 
solve the priurily pruhlt•rn wllh "ºÍIY.orc. llut un in­
terrupt-handli11¡.:: l'IUhroutiru.• tukl•:-o tlllll' to hnmllt thci 
juh, and t111w t·an lll' n u1tin1I dt·!\1¡.:n p,1rnmt•ln. 

The cnpah1litit•lt oí tlH' intnrupt linl':,,, gin· unly Jlilrt 
of the d1·~ign r>i<-ltm.•. lrnportnnt ul-.11 i!t the M.•quem·e 
oí events thut oc.Tur wht·n un intt-rrnpt l:,k,·:- pliut•. 

At thut tim{', the prun•~..¡ur i~ prohuhly t·hurnin,t 
away et on¡.:-uing proi.:rum ta:-ks. \\'11('n an inlerrupt 
occurs, tht' proces:mr is s11pJk1~c•d lo romplctt> tht> ntr­
rt•nt ongoing prugram slt>J), and then drop e\'l'rythmg 
to take care oí the intnrupt. 

The prohlem is, that uítt•r thc int<'rrllpl has bt't'n 
54.•rved, lht• ¡ml(·t•-.:-or i!I, )1Uppo:-.1•d to c·ontinu<' thf' 
ongoinj! pro~ram ju-.t wtu·rt• it ldt .,ff. To tl'lurn to 
this lnl'lk :;muo! hly. it i~ ulwuys lll'l·l':-~nry to hture 

u,111111,,nd In fnd, 11 t1t11 lrn11:.f1·r th1:- ,l;H11 "hilt· tht• 
pr111·t•:.:-.,1r 1s 111111pl!'d wi1h otllt'r ln-.k:., sud1 us tulkin~ 
to 11 l"P!f\111111111 .il 11111-. intt·rLh·e. 

'l'ht" ,lm·t 1 111t•11111n· 111Tl':.:. 1111•t·h11111sm U:.t•d hNt' is 
rnlh-tl q;dt· :,11·,din~ Th1·rt· un· nur111111ly lwo rni<-ro­
prrn t·:.,,,,r L\dt•:-t l,,r t·1Hh pr,,1:rain lll:-,!rud11,11: u ft.1d1 

n,dt•, !oll1,\lo1•d liv ,111 M1·1111" 1·_\·• lt· \\"lwn 1111· n·dt• 
:,h•11! 11111' 1,,1111 ~ up "ª~ d11r1n1-: 11 í,·!1 h. tht· pr1>1t'!<> .. or 
w1II p,mplt-!t• 1!,at r..i, h. ,111d tlu· "'rr1·-.¡,, 111d111~ 1•\1·· 

l'lllí~ cydt·, nnd 1li1·n hnld th hr1•,11h Ínr 11 111w l\'dt• 

intervul lu·ímt• ll\0\111¡.: on Y.1!h lht· nt•i..1 m:-1rudi11n, 
ft.td1 C'vde. lt 1:1 duri11~ tlw:-1• :,!ult-11 urw ndt• Jnlt-r· 
,uls tl;ul cluta hyh'l'I un• m1,\1•tl ht•l\ncn °lht· H.-\:\1 
011,I the di:-k. 

Bl'forl' 1 he cydt• stt•nlin¡.::- nlll ht·gin, n din-, 1 mt•mo· 
ry DtTt•ss mtdrt·:-~ regi:-.tt•r mt1l'it hl' loatkd \lillh the 

ICI Floppy disk ln!erlace. Once sel In mollon by proceno, 
commands, lhe disk speaks dlroctly lo !he 1ysle,n·1 RA'4' 
memory uslng a cycle steal lechnlque. 

C~, :,. ,', i! lme r-~(J-;:::.~:17 
l_:::11' ~:~ .---------------- !le.-1ll loc.it1on !.ltillJl!, 

!<,., 1 • """·' J ___ 1 --
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aomething. ldeally it would be best to atore the entire 
atate of the machine including the contents of the 
arithmetic accumulator, and ali register~. as well as 
aU of the flags that indicate the atatuses of vnrious 

-._ system operati<lns. In priwti,·al terms, storing the 
'1 cont<"nls of a fow kcy registers mny he atlequntc. 

Having stored the on¡,i:oiug progrnm status, the pro­
cessor is free to handle tlw intl'rrupt. \\'ht•n finished, 
il cun retrie,·e the i,1!.11u,. informutiun und :-mnothlv 
resume its un¡,i:11ing tu:-h. Thi:4 !tolort•-and-~o operatio~ 
Khould, idt•all~·. ht> as Íltsl nnd simpl(' 11:,1 pn:-:-ihle 

o 

Sorne of tht• newer pron·:-sor:-. like 1lw lntl'I 80 .. ~), 
Moturol;a t>,'°\UO, nnd tlw HCA ('()~~1AC. tnkt.> nne uf 
this :-Ion· and ¡.:o opt•rntion 11u11111uttil·.tlly, hut with 
o!Jwr lllJh'hirw:., tlw pron':-:-. ma,· lit• nwrt• dilfil·uh. 

For examp!t•, n !\imple stt1re.-1111d-~n pn1ct•durl' is not 
J>o:-!<>1hlt• 111 tlw lnlel ~IMll't. Afh·r an intnrnpt, the 8008 
rt•¡.:islt'r:- thnl Hrt• u~·d to rt•ad1 the min1•1·11111puter 
ffi('lllilry tontmue lo huid llddrt·~s valut•!-, 1wt·dl'd hv 
tht' inh'rrnph·d pro~rnm. The lh-,t'r nrn i;:t-t around 
thi:;. !<>hor1t·,1min~ hy re.-...•n·in¡.:- two oí tlw prot·t•s:mr's 
gt•m•rnl purpo:-t.• rt•¡.:i:-h·rs to huid 1he t·,mtents oí these 
mam i,,turn~t• 1ul1lrt':-~ rl'~i~tt-r~ durin~ the intcrrupt. 
Hut this is 1n1okwnrd. hen1u:-.t• in addition to the time 

í1r:-t IL\~1 111l·J11orv 11ddrt1:.:-. of tllt' d:11.1 h\11, k to he 
rt•,11! fr,1n1, 1,r ,,ri1it•11 un, tht· di~k. Tlwn th1· rqd~!t•r 
¡,. ,nllnm:tl wallv incrt'lllt'lllt'tl nt t•ad1 :-U!'~·l•t·ding sto­
lt·u l'ydt•, until. un l'Olirt• hlud .. o(~;¡~ d.:ita h~tt•s lrns 
ht•N1 1 ransft>m·d. And 11II I hP prnt·t·h:-.or :-t't'S is ,1 :-li~ht 
slowdown, ll:-twlly le:-s than a 1-¡U"rn•nt n•th!dllln in 
tlll' tinw urnilahlt• for its ong:nill).! prog:r.1111 .u·ti, iti1•s. 

Controlling the floppy disk 
Tlll' ll11ppy di:-.ks 11:-ed in this systcm are í.!", inches 

in di11111t·tn. 1)11111 is rl't"orch•d on one s1de of thP disk 
-. t·ci.11,·d \\Í1h o,1d1• nrntcriul ~ v.hi<-h is madi• oí flexi­
hh· pl.1-.1ic Tlw d1:-k is p11di.t'll'<l in 1t 1)¡\1u·r t•ml'lopt', 
u11d .a rt·1 ordin~ hand, al)t)ul 01w inth wide is 11c:ce~si­
hll· 1 hr1111¡,;h I lu· t'll\'t'lopt•. 

l>urin).! n·,ulin~ nml writing !he disk i:- "111.ided," so 
thi1t pln:-.11 ul n•nlad is nwdt• lwl\1.1•1.•n the rt•ad write 
ht·utl 1111d tlu· d1-..k smfar1•. Sin1·t• this rnuses wt•ar, it 
is dt·:.iruhlt• In unload tht· di:-k as s1wm as pos:-ihle. 
Tlw tli~k rotult'!\ nt no r/min, can slort· l.-1 :\Ih, Hnd 
,·o:-t:- almut $;"1. l>ata can he tran:-ferrt·d fnim the disk 
ul n ralt' 1,f :ti kh ·:-, nml it tak1•s un c1verngt' ol iifjO ms 
to rt•11d111 de~in.•d spc.•,·ifü· d,1ta hlol'k un tht• di:-k. 

Etll'h of lht• dii-k\ 11-t {'OIH·t•ntri,· d.1ta lracks cnn 
hnl<l x" t·omplt•lt• hloás of data. And t·uch of tht•sc 
hlot·ks ht•gin:,; with \fl hytt•s uf sy1u·hroni:1alit111 infnr• 
mntion. fnlln\Wtl hy :t\:.! hy!t·~ of tlata, and c,ij))Jt•(J 1,H 
b.,- K hylt•:-. 11( trnilin~ Ll"Fnl'I. 

• Thi, :-IHH·tun· pro\'iclt•h an 11-ms gnp l>t•f\lot'en adja­
l't'lll hlo,·k:. on dw !<>lllll<' 1n1ck, 1rnrl this gi\'t•s tlw sys­

h•m c·11ouglt lllllt' !11 prot·t•:-:- tht> hlrn·k-. 11111• rtght ufter 
11t1t1ftwr 

l),11n fr.,111 !lw tl1~.l,,. I!<> 11l\\.l\'!<> tran:--h•nnl lo !lw sys-
11- 111 ':- IL\~t rn1 ,11,,ry, twfurt· g11i11g t•l!--l"\d\l'rt·, und ull 
tl.11.1 !<>l• •rt ti ton t 111' d1-.l,,. l't•ll\t'!<> 111 il f rn111 1 hL· 1( \\1 

:\-. \lo1th !lit' n•11111111111t·,111on .. 1111t•rfnn•-,;. a S, l,·t'f in-

1 ..... 1 ... ~ .... "·" , .. , ..... , .... .,~ , ...... ,. .. 1 .... ,1-1 

lost for the necessary program ateps, two o( the sys­
tem's seven reiisten are then not available for pro­
ces~ing the interrupt. 

A more acc·eptnble alternative is to add enou¡;!h l'X­
ternal cirt·uitry to supply a reg:ister that ran ht1ld 
three bytt·s oí iníormation. By passinJ! the tontents oí 
tht• two stnrng:e nddress re~ister:-. throu):h the ~0 ... 1.,-.·s 
an·umulntor regihter, the rontents oí ali three oí these 

rcgistt•rs--nll the informatiun nC'eded to re:-ume the 
interrupted pro~rnm-can he stored in the ne°" ,•xter­
n.il regi:-ter. 

Following the interrupt servi,·ing proce:-s, the end 
rt•.:i:-tt'r:. nlll he reloaded by u~ing an input in:-truc­
tion to thc.• external rel,!ister. Thi:- pro~:e~s can he quite 
effü·ient, in tNms of the numher uf prog-ram ~rc-p!-> re­
quir<'d, 1f the externa\ reg:i~ter is in the (1,rm 11( a push 
down l'ltal'k th:.H can be bnth "pu~hed" and "pcippt'<l'" 

hv a single instructiün. Hm1oc\·i..'r, it do<•~ mt·<.rn that 
edcled har<lware--the externa} reg:i~ter·-mu~t be 
ust•d. 

One-chip communications interfaces 
In minil·omputer and mkrcx·omputer ~~·stems. in­

terfuces wilh communirntions lincs ha\l' usually been 

s!rt1tli,111 111dudi11g tllt' di...k\ 1d,:nti1,111_¡.; mirn 1)tr 

1:- u-..,:d to iniltalt l'"ll!<Ht ht·t\\~t·n th~· pr,,,·t_·,-~1,r flt:d 
tht• dbk Four 11ddit1(111,t! in~trul"!:,,r,-. :.trt' 11-0:d ;,, 1,,n­
trid di:--1-. fu11l'ti1,11s. 1,,.( nt,· .\ .i:1d /.,, d ,· // -.¡it•,·ifv t~w 
cli:.k ~t1•r.1;:1• l,1l'11IÍ1lll for t';llh i¡\¡,._k P[ d.1~c1: .,:.~~: 

lo.id~ tlw di.-.k la-,1d ¡¡wi ,tilo\,·~ d.,t.! !l,v,\ 1,, (•r !r, 1 :1 

l hl' 1li.-.k \\ IH !l I hl' dt'"iíl'<l l,1,·1,1 :, •11 ¡ ... rt'.!, lll',i .,: 
unl11,1tl:. llll' dl:-k wlu·n t!w dl·-..:rnl d:,1.1 t1.1n~:t•r 1~ 

C1llllplt'!t·d. 

To f,,ll,,w tlw:-;e d1:-.k 1·(1nlrol 1,pt·rat10!1" in 11 ... n' de 
tail. rcfrr 1,, tht.· intt·rfon• funu1,,11 d\a:.:rnrn in F:g. (' 
The l.1,1·0t,· .-\ in:.trurti,,n stnd-. thl' dt,-.'1rt-d 1r:Hk 
loc,lti,m numht·r to 1he i11tl'fl.1l·,, ('.¡,¡fr,il /.1•1 . .''i. 11nd 
/.,,,·at,· H !-,l·nds tht• t·"rrl':-.p,,11d1ng ~t'll,,r.t,,r,tti,,n 
nurnher. 

Al·tuall~. the l.ncu/t· 15 in~tru.-ti11n :-t'f\<'" a diluhlL· 
purp11-.e :-Ílhé it al,;(, tt·ll-.. th· 1"t1!r,,l lt ..:!, \\Lvt!;,-r 
d.ita i~ !ti hl· wnttl·!l 111lll' tlw d1:-.k ,,r rt .1d fr,.11~ :t 
This i1dnrmatit1n, a:1,ng: \\'Ílh 1bt• ,·11rrl'!,! t~.11:.,. ,1•H! 

st·t·tor lunHion datu, is ~1t1n•d in the {'¡~ 11:~. ! i. .;¡ir. 
wht·re it i~ a\';Úlahlt> unt 1: updatt-cl h) new L, ·: 11t,· .-\ 

or /,uc <Jf•' b iri..truct 11,n~. 
\\"ht'n a Start in~trn<·ti,,n is rt'l't'iH•d. the (', •1;~...t 

/.11_!.,'Í(' adi\alt'S the llc·cl<Í l'!•,_:!!••')i11'!,' [ .... ~•-·· {ti llll'\t' 

the head into thf' pt•~ition ~loreJ in thl' (',¡•f!rt,! /J¡,fj. 
t"r, and ,-imultmlL',1\1:-ly l,)nd-; tlw lw.1d mto l·,.rH:ict 
Y.1th tl1t dhl-.. 

Aftt·r tlw d1~k nH:-l'hani~.m:. h.=iH· h:id lina· te, :-.t:t•le 

to ~lt'füly-~tate opt.·r<ati11n (dt:hy:- to !,;UJ.r.'.lntet· 1!11s are 
gt•ner,11t·d hy tlw Corltrul l.1•.t..·:,·), tlw :H"tual rl.n:t 
tr,1u:-lt•r is imtiatt1d hy 1lw intl'rl<ll'<' it:-t'lf. :'\:11 prdns­
sm in:-trncti,,1,:.; ure 11t't·lh·d durini: thi~ tr:111-..ft'r. \,hil·h 
Í!-1 1111! tnrnplt·tt· unti! <t!l t·nlirt: block ol d1il,1 h.t~ L1, n 
1no\l'd 

\\ ln·11 tl,1· d1~k i!-- to Lt n-ad. Tht· tl!~k In :,d 1~ fi:-.1 

IP.1dt•d. thl' de:-irt•d l,ll"nt1,•n i~ r,·,tdwd. n!HI thc re.id 

(...'; 
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131 Asynchronou■ ComMunlcatlonl tnterfac:e Adapte, 
(ACIA). On a single chip, thla dewlc• p,owkl•• • war'-lr of 
program•Nlectable functlon1. 
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1·1r1 tu! ... ,1r1· ,.e tÍ\aH·d ~omt•whne within llw lli-hyte 
h)ru t1r .. 11,11t,,, ¡,;11tt·rn thul prda1·(•:; 1ht• dt·~in•d hlofk 
of :! t:! d,tf.i l,\"ll'!"<. ·¡ !u• S·, •u· A1tt1•r11 /kfrtfur then 
i-t·,tr1 ht·--. t,,r ftlt' h)'IH hronil"Ítl/.! patlt•rn to clt-tt.•rmiue 
tt.1· ,,,,u I n11,n¡1•11I \.\lu·n tlw lir.-.t d1.11a lut in tht· l1lnc·k 
j., ,d1,,11 1 ,,, 110,\1· inro ¡11,,1!1"n und•·r thl' r1•:ul writP 
111 .,d ·¡ j¡,, 11, .. dt· of 1,p1•rJ1ll1,11 allm\·!, larg:t· dt•:-.1gn tul­
n ,Htj t·., , ,11 liro! li tlu· !, ic ni H •rt 11í I he tlt'ad 1111tl un l ht• 
1i1111n¡.:- 1 .. r r,· 1d1n)! and wr11m¡.: 

·1 tw !.', 1p/ Hr1t1· /,.,1•1c fr,trril·, 1111· da1;1 h\h'., .... hi!r 

thi· d1.-.J.. h r1 11I. Ttwr i..., 11 tlt·lim·~ !he ht•g:1uni11g ami 
trid 11[ 1c1¡li fnu• 11:1, 11 11ppt·ar~ 111 tlw ht·r11II ~,n•,1111 oí 
111w 1111 íl,id p11l1->t·, frnlll thl' ,fo,k. Whn1 ll b tirnt• lo 
tr,111.,ft-r n 1,, h· 1,f da11.1 lo th,• mic-ruc:ornptlh•r HAM, 
th1• l'untr,,f J,,.~11 mi-.."~ orw of lhl' c·ydi• ... tt•;d linc~, 
n111l llw !,,. r,· lh 1h1•r1 plilt't'd 011 the '>\,11'111 1la1,1 hu,,. 
Wi1, 11 1L1t.1 1, ltt·in¡.: rt•t·unkd 011 tlu· di~k. tht· t:, mi 
i\"r,/1· /.1,:': t.ikt•:, tn 1•,1d1 1L1ta bytl· 1111d n,nn·rb ll 
1011, et )o.!rt·,1111, ,f unt· hit '-Hlll' pu!-.l·~ tu tht• di ... k ht:ad. 

A1 tht· pr, ,i·nt timt•, tlw lfrad \iriN· /,.,!.111· 11dd, a 
1,ar1t\" l,11 ,dt,·r l'\'t•n· k liit... 1t hl'fHl-1 to tlw di .... k \\'ht•n 
tht· ,lt-.k i... fl ,ul. tlH'~<· pmily híh art• dH·I kt·d to j.!d 
1nrl1l .1f1 .. 11-. ut errur-. that m,t_\' h.i\·t> ot·rurn·il d11rin~ 
th1· di...1-: r,·11d 11pna11nn. Srnu· di-.k nrHr:. lt·nd lo 
u(t ur in t,,111rl1t·:., 1,r hur~ls, íulun~ ~} ... tt·m ,ks1~n 
pi.uh t·,dl i,,r the lht' of hur,;t nror-d1·tt•1·tint.: coding 
ft•1 h11t<¡u1 ~ r.11hn 1han pHrily hits. Th1• -.a\·111g,.. in 

8\',11l,1td,· ,t,,r,i~t· :,pun· i-hr,uld IH· ~11lhl<1nliul 
In ,uldir1 ,·, lo n,onlinating: nll 1tw 11lhl·r t!i,..k Hlll'r· 

fa, t· r,¡wr,1t1+.rh, tht• Cm1(r11/ /.u;,:tl' i-.t·h tht· t•xh-ruul 
fl.1g-.. !hui 11nl1fy tht:- ¡mtt.·c--. .... ,lr uhout di-.k n1nd111onl'I. 

F11r t·x1111111l,· a tia¡,:: i:. rui.-~t:d wht•fl lh~ inlt·rf,ut· fin­
bh,·.., lr,111-tt·rring a n,mplt·te l1ltlck f)Í d,11,1 111 the 
f(,\~1. 1,r 1\h1•11 a c-1,1npl1·tt· hlo\k 1,f cla1a }1,,-. lwt•n 
,..,,11t·11 011 dw di~k. Hv t1·:-t1n¡.: 1hih fl,t~. rhl' 111u-ro­
J1'"' 1·--...,,1, ¡,r,,:,r11111 1·1111 d1•1·i•h· \.\lu-11 1,1 di.111~1· /,.,, tlf,• 

conatructed ol dozena of integrated circuit logic pack­
agea mounted on large boards. Development of atan. 
dard llni\'ersal B!tYnt·hronous receiver--trnnKmitter 
(UART) t·hipK, etu·h rt•plnl'ing ~() to ~5 logic package&, 
h1u1 c.-on:.iclcrnhly t1irnplifit·d thiK tyJ><' oí e<1uipmcnt. 
The curnrnuninationM intNfut·t•:1 dt•M·rtht•d by lfo!'IS«l 
ami J.ipprnun in thiK nrtidt', ,llui-tr11te n U,\HT-ht1:,,('d 

dt•:-1i.:n. 
l{t•ct>ntly, Kini,elt•-diip communin11i.,n:-1 intt•rfnn•i,1 

ht1\'e ltt•cn unnuunrNI 111111 art> t.'Xl>t'l·h•tl to lw un tht' 
market !M)on. The:-.c lur~e-"rnle inlt•~rutt•cl <"Írt·l11t~ 
comhim.'. in ft tilrl.:ll' 1rnt·k11¡.:r, ttll o( tlw funt·t1ullA 

nt•Pdcd to t·,intwl't a mu·ruproft'~!>ur ~)·su•m lo n <'Offl· 
municutionit link. 

M11t11r11l11 St>mi\·unchu·tor f>t>f'llll'I to hll\'e the m11nt 

sophistirnted oí tht>M.' nt•w :.in>!lt>-dtip rlt·vict•s, Called 
the A!,ynl"hr,,nous <'◄ 1mmunintti1•ni- lntcrfun· Adupter 
(A<'IAI, this de\"Íl'l' opnntes with the '.\lolowla 
~11~-iOII mil'rot·omJmtt•r nyt>lt·m tu pro\'ide 1mh1,1,ure 
control oí a \"ariety oí interfan• íundions. Sniul data 
flow~ írom the t·ommun1cnti11111t link into a :.hih re~is­
ler in tht• ACIA'~ Ht•n•l/',• dut11 rq:i.'iffor M'l tiun b.t·t" 

Fig. :11. 
Hcre, int·oming hit!t ure u~ernhlcd into byte~. to he 

i!l-..lr11di1111s, und in1tiah• llt'W St11rf in~1rurti1111.-1 lo 

rt•;ul or wrilt· ddd11 ltJIWI d,11a blod,.h 
As u c,111\t•llil"lll'e ft·111ur1•, tht· cl1.-.k stt1n•:-1 u h,111t 

i-.!rap progr<.1111 th,11 t·.in rt·htan tht· t·ntin• micr1,1·11mptt· 
ter 1-,y~t1•m from ht·ratd1 af!N , .. ,wer iH lo!>,!, or nftt•r 
~1,111t (1tlwr 11n.tnl11"ipal1·1I 1·•1ndi1i1111 put~ thl· syhlt•m 

out oí t·c,mrni!>ihÍc,11. All\" 11!hn ¡m,~rnlll rt•hi1ling- ,111 rht• 
cfo,k t"an 1!11-n ht• luatlt•d U!>iÍn¡..: !lii~ h11<Jh!rap prc1~r,11n, 
t·liminotin~ t!i1• 1w1•d í1,r .i11,i!t.1ry ¡in,;.:rn111 !11.td 1h•· 
\'iP'h ~11d1 <t·• t'lh'-dl,·-. 1,r ¡iupn liqw. 1111tl J.!rl'.illy '>1111· 

plifyiug -.\':-11·111rt•1:1·1wratin111tf1i-r II n11:-h. 

1..t.·-.h vi!JI 111 !lit' !>,y~1t·111 !han 1tw flupp)' di--.k. hut 
s1ill intn1• ... tm~ troru an intnía• in¡,:: \'Íl'wp,1int, lh tht• 
T\'d1spl11:i,·. 

Talklng to a TV display 
Tlll' T\' mu d1--.pli1y tt·xt incf1rntin¡,:: 1·on11nunil'1I· 

tion.l,nk fauh ro11d1t111n!'i, 11ml 111!wr !>i)"hlem l\tHI\IK 
t·orHl1t1n11!'!. l\ut t••qwrit•rwt• ha.,; ~hnwn that 11M mn,,t 
u:-..ful íunl'l111n j..¡ te, di~pl,1\' 1n,·11111ry p1111n11!\; hit 
p11tlnni-. 1111 tfw <l11t11 h11:-. anti o!h1·r i11fur111a1ion for 
di,1~110:-,i .... , tt•:-.t, :ind 111,1i11tl"ll,IIH"t' uf lht• h~"hl1·m. 

A i-.f1111d,irtl. unuiodi!lt'd 'IV h\'I ih uwtl lnr th<' diit• 
play whi1 h ih rt·fn•.,llt"cf frnm l:.!H h)fl'h oí HA~I IIH'OI· 
ory. Thth ~tor,1~\' ,p,h't' ,._ d1·d11·,11t·d tu lht• d1~pl.1~·. 
und lht•:-.t• d,1ta pro\"Íclt• 111:.!I do!-. fur 1'a· di-.pla\". l.ikt• 
tht· f111ppv d1.,k, 1lw T\' ,li-.pla)· 11-.1·?-1 tlw d1r1·1 I rn~•rno· 
ry 1Hn·~~ (ryd1• -.f1•,1ltnf.l cupaluhty 111 d11· h)"::-lt·m. 

E\'l•ry t)l)lti uf u :,,,t•ru1ul, !ht• T\. 1111\·rfun· in1nr11ptl\ 
the IJíll("{'),,~llr mul 1,-,ks f.ir lll'W i1LÍ,1rnwt11111 ·ni(' In· 

lNrupt rout1111· th1·11 puinrs 111 1111• lw¡.:11111i11g c,f ttu• 
l:.!H hyh•.-, uf HA~t rnt•rrwry th111 n1nf11111 1111· T\' thh· 
plny d11!a Ttu- ... 1' 1!11111 urt· rlwn ~1•111 to lht• TV inh•r· 
fun• 1111 ¡l ,·ye l\· ~1l-.tl111).! h,1--.1., 

S11H·t• ,,uh· 11f\t' pl·npht·ral d1•\ 11·1· (",l!I lw M•rH•d 111 il 
tinw liy ltll' tl1n•1I m1•111un 111n·-. .. 1·11p11lnll1:,, 1111• di-.k 

• 

u 
------------------------------------------------, 
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aent to the microproceuor on the system data bus. 
Outgoing data moves frorn the system data bus to the 
'Jransmit dota register, where it is flhifted out as a 
stream of serial bits-with necessery edded trim­
mings, such as stort bit!t nnd parity hits-onto the 

communicntion!t link. 
Operntitm of the inlerfore is set up hy stiftware, in 

the form oí n !-iin~lt• hyte tif fontrol inínrmntion i,,tor,.•d 
in thf' C,mtrol ri·ti.~ta. Amon.c. 1 ht• t·onrnnmit·nt ions 
porumt't\•ri; t·11ntro!IC'd hy tht· t'nnlt•nts 11f this regislt•r 
an·: thf' w,1rd ll·ng-th, p,mty tewn or mld!, nn<l num­
bt•r oí stop liils (11r em·h lfilllhll\Ítll'd 11r rl•n·iwd chur­

aclt•r. 
lt 11• in1t·n•sti11~ to nolt• tlrnt l'nul Hu:-i-.t' and \tid1;1d 

l.1pp11rnn l!-t't' r11mp:111io11 urtidt· hdowl 11!~11 ma<lt• pro­

l(rnmuiulik 1wrnmt•h•rs u Ít·alutt' of tlwir n,rnmunicn• 
tÍc>n i,_\~lt·ru rn1nf.1n•s. In ful"!, uftn 1·omplt-ti11¡,: tht:ir 
e411ipmt•nt, tht•y fdt lh,11 tht•tr floppy dihk intnían 
\\••ult! ub,, hu\t' hl•nd1ttl'd lrom thl' u:-l· 11f pn1gr11m­

m11hlt• pJrnmt"ll'ri-. 
Tht•y tc,1111d thttl this 11ppr1111d1 ts pn•frrnhlt•, in most 

llppli<·ntio1h, to 1•nt· thnl requin·s manual hm<lware 
1ntKl1f11;1t11 111, \\ht'lhl'r this c11ni,,Íht~ 111 l,,git· n1t1dificu­

tion c,r i,imple :-tru¡, i.dt•t·ti11n. For tlwir disk, tht'y Ít'll 

11t11i !ht• T\' ,·,111nol npnilte :-i111ul1ant•ously Ttw disk, 
v1t1tl 111 !ht• rna111 i·om111t1rnnlf1(\llS f1111t"tio11 of tht• sys­
h-111, ís g1H·t1 11li:-.olutt' priority 11\"t'r 1!1l' T\' Thc re­

sult b 1 hal ,dll'll di.-.k and TV rwt•d:,; l""nflid, tlw T\' 
disphiy may flil·ker or show u rt"set pattnn for up In 

aho11t 1}4 st•n111d. 
The lowl'st-pri,,rity pt•riplwral in tht• sy~tcm is tht• 

mu11wil l:1·., h,mrd UM'd to t•nll•r d.11:1 h~·tt•:-, (1n th1• 
hl·Xml1•1·inial colh• in!t'rnally U::-l•d hy tlie :-y-.teml i1110 
1'11· l(A'.\1 11w11111ry. 'J'J1ih 1in,,idt•s n 1111',tlh !(1 dl'ln1~ 
urul 11111d1íy prut:nimi-. for 1•x,11npk, 111 t"i1:1:l~l' trark 
nnd t,1•1·11,r 1111111ht•rs m11111wll_v for f111ppy tl1:-.k opt·ru 
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parameters such as parity, block len¡nh, character 
length. sector size, and head stepping-time could ell 
have bt:en made program-selt'ctable. The interf.1ce 
wuuld then ha\'e heen capable oí controHlng a muhi­
tude of different disk driH•s with only mintlí nwdifü·n­

tions to its hMdware . 
The ACIA contains its 0\\.11 dock, to time incomi.ng 

and out~oin~ d~tt1.1, und the ratl' oí this ch)(.·k i~ st•t by 
control n•g-i:-tt'r bits. H('re, control is limited tl, the 
b1lsil' dock rute and rates oí 1·u1 and 1

'6t oí the ba~ic 
rute. Tlw c·ontrol n•g:ister ('(llltents also dt•lerniine 
wlwthn or not an interrupt \\.Íll ht' gent'ra,t'd when 
the r<•<"t'Í\'t' data regihter 1s rt•tHly to n•mnHllltl':ttt' 
with the microproel's!>ior. Finally, the control rt-;:i:-ter 
pro, idt·h for llptional tr.insmi:--...,i11n ní d hre,1k lt•\·t'I 
(s.pan·) on thc rnmmunication~ link, ~ets thc lt-\el of 
requc•~t-tn-~t:nd ~ignHlh for c1,ntrc¡!Jing a cornrntiniea­
tion:,; nwdl·m, and enahlc-i-. nr cfo,ahlt's a rrn<l~ -10-
tru11:-mit intl•rrupt to tlw micrnpr•Ke:,;sqr. 

The ,\'tntu."> r1'_l!.1 ... tcr slort":- 1he fla~s 1hat n(1tify the 
microprc•('t'~:,or oí imr1ortant condi1ions at the inler­
Íllt't'. Thrst· indude indi\·;uioni,, that cfo1¡1 hus bren re­
ceind íwm the communicatinns link. and that the 
tranhmiltc>r is n•ady for din,, fn 1m the mia,1prtk,.'l':-:-or, 
as wdl a~ sut·h error indilatwns a!- nnrrun (data 
<'Oming- in fahter than it is heing: re1.\d) and p,uity 

error. 
The ACIA can he npt-rnted on a p11:ling ha!-is, in 

whkh n1~e 1he miaornmputer 1m,~rarn cht'l'ki- ~tJtus 
f!ngs nnd initiatt·::, ali trnn::.iers llÍ d,ltll to and from 
the- interíare. lt can ali.o hc- operatt-d on an imerrupt 
hasis. lntt'rrupts to the micrnprocesi-.or are gl•nt:•ra't·d 
when the Recril'(' datn n·.,:1.,;tt'r cuntains a !ull h~ t(' l1Í 
dala íor tht• processor, anrl úlstl \\llt'n the Jlrl':-t'?1l't' oí 
a rnrrier is íirst detected on the c11mrnunir..it ion:- link. 

A ~et·1nHJ 1me-chip communit"J[inn,.. i:Jt\•rf:ht' i:- thf> 
Tt•lt•rorn1nuninltions f)¡¡rn lnh•rfan• ,T{)l I dt•i-:~:wd 
f1•r u:•w \\llh Hot·kwt•l! lntt•rii.ui"n,d·~ PI'.'.'\ 1111n,•w,1n•.-;. 
snr sy..;tt•ms. l.ikt' the . .\CI.-\, tia• TfJI at•1.·ept:- St'ri,ll 
bits from a <.:ommun1u1ti1,m, link, fonn·rt~ tht'm into 
h:i,tes for the n1icrt1prol·e~:-or, and \·ict--\·er:-a, \\hile 
tt1king nue oí formatting-, parity, and other rnmmuni­
cnt io11s housf.'kN•ping t·hnres. 

A unique feature oí the TDI is 1he inclu:-ion of a 
ft1II murlem on the same chip as the intt:-rfaee cirt·uit• 
ry. Tlw I:¿{)(.).b 1 s rnodem is de~i¡:ned to dri\·e a tele­
phom• line through an 11pe-rntional amplif:c>r. 

The TDI generates intPrrupt~ wht•n the tr.in~mitter 
rcgii.tt·r is empty and whl•n the re1·ei\"er rPgi~lt'r is 
íull. Thehe mu~t be íollowed by micropr◄ 1t·e~">ur in­
struction:- to te:-t the soun·e l,í the interrupt. From 
one to eig:ht t·haracters muy he tra11!-mit1ed or re­
ceived within a ~ingle pair oí start and stop bit!-, al­
lowing \"NY rtexible formats. 

Parameters like bit-rates, parity, and word length 
are !-t.'t by wirt>d-in circuit strnps and rannnt ht­
<·hangc·d ~as they art- in the AC'IC-by pn•~ram in­
Slrurlions. 

Reprints of lhls arlicle (No. X74·091) are availab!e al 
S1.50 for the flrsl copy and SO.SO for eaeh adCl•honal eopy. 
Picase send rem11t~nce and requesl. slaling arttcle numbe,. 
lo l[[E, 345 E. 47 SI, New Yotk, N. Y. 10017, Atl: SPSU. 
(Reprinls nrc av:iil,,ble up lo 12 months hom d,1fe ol pub­
lir.,il1o1"'1.) 

t•Mt#<TA ►i • $ ,.,, ,. ~),'W11S.,,1H1;,¡:,-"' RM, ,, .AA.t4 G,4Ji z ttlll"'!M ¾R, j )~!KJJ4L' 'JORA ,,,iaj p;¡;,;,;4g,Jc,;r¡stJ.QU/Z4C,S!UfüU:UU4)i@ 2,,444 '. J).f ,h;,o.,uz;:;:a !P~,, ¡ T .»~:;;::;;.;+Hiffii,j\!/,;MAQ ,7 jti) t UJC. :4;41,,m,_. .. .Ml,14.iUh, 6Mb. * ltii ,-4$,t wzw, • %4i. u; M 4 4 Jµ " ¡; &A.;t 
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8\T.S /SEC vs BALlD 

BAU.t:>: -/1-í\t-'\FS L\N1t: CON't>\T\o/J C.t-tfl-t,JGE?_s­

'PER ScCOt-) D 

ASYN e : BPS = ~A-U...D 

SY N C : BPS ~ l-J X BAU.b 

N =- \.., 2, 4J B .1 • • • • 

... 

ASCT.I 16AU. t)OT -.... 
STAR.T BlT START Y> \TS (\, \.~ 2) 

8 DATA 8lTS S"DAíA 'B\TS 

STOP 8\T STOP ~\T 

1200 B?S so 8P~ --
= IZO CP.S 7.i '· 1 ,. 3 C.?..S 

.• 

- 1 



-

'PE"AK TRAFFtc. 

ov.s 

- 2X2.X7 

'DoM 

l '2.0 o 8PS 
HA.L F" 

DU.PL.E"X 

+ 12 o 
--,,-..J 

= /4 8 
C.kl'IA../ 

SEc. 'ObH 

MOST LCC.'<. '.s ( loo C.l-1A-A. I SE:c . 

... 

FLOPPY D\CSCS 

• SEEK TIME 

• LATENC.Y 

• DATA TRF\NSF"ER TIME 



• ' 

SE.Et< TIME = TtME FOR HE.AD 
TO REACH DES(RED TRAck 

s = (#"TR.Acks)X STE:PT\ME'(f>) 

+ STEP. STA B. 'DLY tb) 

EX. I&H D\Sk'E'TTE P-=l()HS 
t) = 10 M.S 

WOR~T CASr: S = 7GX ro +lo 
S~E'K" = 77ó MS 

s= 3ex10+10 

== 3'10 MS 



.. 

Ll\TENCY (L) ==- T\ME TO . 

. ACCESS 8LOC.K ON TR~C.l< 

EX. IBM D\SKETTE. (-a,oR.PM) 
~ -

WORST CASE: L = 1,,.7 MS 

AV ERA '- E : L = J_ X \ ',. 7 
'2-

... 

DATA TRANSFER T\M"E (X) 

= T\ME TO TRf\NSFER A 
BLOCK OF t:lP..-rA 

FO!<. -:I:.&""' P\SKETTc (3\.2S" 

K BYTE"..S / SEC.) 

x =- ca \-oc.&< Le- NG-Tr\ M s 
3\.25' 



l 

EX. 128 25"6" BYTE 8LOC.KS - ., -
X,'2.e 

128 - 4. 1 ~·s -"3\.1.S' 

X2s, - 2 S'~ - 8.'2. MS - -
3\.2.S 

ACCESS TIME : SEEK + 
LF\TE.NCY 

DISC · THRU PLA.T =- BLoc.K S\rE 
Access + X 

--



EX. IBM 'D\Sl<ETTE P= 10 Ms - / 

LUORSc CASE 

aH R. U. 1' L,l T 
--

__ ,_2._8 __ = l 37 
o. 9 2 7+ 0.001.f J 

~Yrr=S/SECi 

zs, = 279 
o.q27-,..o.008 

( 12 8 '&YTE"S.) 

rJ -
2 X w.c. T\-\~U. ?U. T 

AV<;. = 2 7/f BYTE /~Ec 

AVG-. - s¿¡.8 BYTES/rrc 

r-,.1 



1 

t 
1 
l 
1 

1 
i 
f 
?I 

l 
' 
1 

1 

1 
1 

~,#,., 

--

IN DATA COMH. SYSTE MS J 

STO'RE 1 CHAR. 'PER 1a\lTE 

• lLPPER gou.~n o f\l o C) 

UJORST CASE SYSTE"M T\-\Rt.<Pur 
- /'37 CHA/l /SEC (\ze 8/B) -

2 71/- CHA-R/SEC. c:zs, B/B) --
= S-48 C. H Af<./SEC C.S'lZ.. B l B) 

* RANDOM Acc.e-.ss MO't)E 

.... 

WHY NOT L~RCE BLOC.E< S\'2-E. ? 
• 

1 MS~ PER BLOCK \S \\)Ef\L 

=;> \N Ef=F\ C.\E~T USE OF 

t>\S C ST01<.A G-E" 

=✓ "US f: FU.L"• TH RU PU T 
U.tvCHA~G-eD 

=-J..r 



V 

,: '"'" c.. 

RFCALL: ALL C.~LC.U..\..AT\O~S 

A SS U.ME t:> P = \ O M S . ! 

\OORSE' CASE 

17-\ R u.. ? '-t ,-

e \'2..8 13.'lí~.5 /eLo'-'<) 

1 M PRO V E TH R U. PU.. T 

l. lARCER BLOC.KS 

'P-=-10 M.S 

2. SMJ\LLER STE?PING- T\ME. 

'3 .. D\SC M/\T'JACME.NT 
- ~1:LI\TEb \N FO. ON l\bT. TRA-c.ks 

- MU.L T. M SC:. ?E. R BLOck 

... 

OPT\M A-L r./o S'E62U.ENCc WHE N 

TRANSFERR\"G:- Mt.lLT\?LE 8\..oCJ<S 

/oD~ ooo :::. 730 INST. / CttA~ 
/37 

MORE THAN ENOU.G=H FOR C.HA R.. 
,=, Roc.e-ss \ N ~ 

~ F D \S t3óTTLE'NSCk:: I 
• 



WORKLOAD 

HARDWARE SOFTWARE 

• MULTIPLE CPU'S • SINGLE INTEGRATED 

•MULTI-PORT MEMORY OPERATING SYSTEM 

• SHARED I/0 ACCESS • RECONFIGURABILITY 

• I /O CONTROL L E R S 
(FAIL SOFT} 

CONTROL SIGNALS, REPORTS, ETC. 
ETC . 

... 

CPU 

CPU 

... 

ALL CPu.'s MUST SU.PPORT 

COHPAT\"SLf=' l~T'ER- ?ROCt:.SSe>R. 

l N T E'RFAC..ES A NS) \ N STR.U.CTlo"-lS 



CPU 

o 
o 

---CPU 

.... 

1 

SLAVE 
CPU 

INFORMATION BUS 

MASTER 
CPU . ' ceo f 

SLAVE 
CPU o o o o 

MASTER - SLAVE ORGANIZATION 

ADVANTA~E .-,,,-, ,., ,..,,, 

SLAVE 
CPU 

EA C.H 'IJ TE'R.. PR.o CE".SSO R. tNTER..FA Ce 

CAN S"'E TA\ LO~é'u TO CokJTJ:tOLLER. 

R'ESU.L,S. \t-J EFFlC:LE"NT U.Se ~F 

I/ O CO"DcS . 



NOTE: FOR LOC..AL \NTELL\CEt.JCE'~ 

l-JEE't) 'PR..oct;ssp,.lc;: (cP(..l') AN~ 

CPU #1 
MAILBOX 

o 
o 
o 
o 
o 

CPU #N 
MAILBOX 

M EH O P..Y (R.AH). 

THU.S EA-C..H .SLAVE" C.PtA... HA~ 
/ 

owtJ RAH. 

/ 

l 
/ 

' 

- No LIH\T o~ # CPU'~ (Mt-1 

CO J\J"T'E ~ T\ O tJ) 

-SlMPLE"R LCG-\C 

CPU #2 TO CPU #1 

CPU #3 TO CPU # 1 
o 
o 
o 

CPU =#= N TO CPU #1 

CPU -#1 TO CPU -#2 
o 
o 
o 
o 
o 
o 
o 

CPU -#1 TO CPU -#N 

CPU -#2 TO CPU -#N 
o 
o 
o 

CPU -#N-1 TO CPU #N 

+ 000 

t l 

Jr-.S-

COMMON 
MEMORY 

( N-1 
COMPARTMENTS 
PER MAIL90X) 

s YSTEM SYSTE M SYSTEM 
-#1 -# 2 ºººº #N 



l ;¡ 
,l 
f 
~ 
l 
] 
1 ,1 

1 
& 

1 
í 
1 

' ¡ 
l 
1 : 
j 
j 

J 
1 
j 
l 

t 
l 

w HE N Mu. L T l - e pu 's ? 
• 

• N'EED MOR.E CPU.. PowER. 
ANI) TAS KS CAtJ '=sE. 

EFFEC..T\VE"L'/ 'PARi\i\ONEt:). 

M\CROPR0C'ES'S0R r E R r. vs COST 

f3 ----------------
p~ /' PZ. )' p \ 

f3 >>3><?1 

f 2. - - - • - -• - - - •• - -

- - ·- --- -- ... 
' 

?/ : 
f 

11 • 
/! 

1 

' 1 

/ . . . . 
CI ~JCC.I 

w 5 
o 
z 
et 4 
:e 
o:: 3.3 

3 o 
u. 
o:: 2 w 
o.. 
::> 
o.. 
o o 

o 

,/ 
A' 

/1 , 

COST 

BASIC 

/ 

/ 
/ 

37,; 
/ / 

BASIC 
370/155 

2 2.2 3 

CPU COST 

f2 )> ZX.?l 

,,,.,,,.., 

4 

1 ¡: 
f: 
f 



:1 ,¡ 
J 

] 

:1 

'· 

, 

-l 
d 

i Ji : _¡ 

j . j 

1 
1 1 

1 .' \ , l 
' ! 
l i1 í 
j ·'J 

l 
·-3 
~ j 

CPU (1 l MAB 
RAM (1 l 

(MASTER) ~ 

t • l DATA BUS ( 1) 

~ j 

I:./0 BUS (1) 

l ~ ' 
1 NTER- PROCESSOR INTER- PROCESSOR 
INTERFACE INTERFACE 

i ~ ' ! .J: /O BUS (3) :C/0 BUS 12) 

(NO DMA) ' (NO DMA) 

~ DATA BUS 13) , DATA BUS( 2) 

' '' 

' ' t , ' 

CPU (3) CPU (2) . RAM (3) . RAM (2) 
(SLAVEI MAá (SLAVE) MAEÍ 

MAB: MEMORV / ADDRESS BUS 

MULTI-MICROPROCESSOR HARDWARE 

.... 

:C/OBUS(I) 

LATCHES FOR EF
1
S ( 

EF
1
S (2),DMA ( 1 ), 

INTER RUPT (2) 

1 ) • 

I/0 BUS (2) 

CPU ( 1 ) 

, , 
BUFFER ( 1) 
C S BITS) 

,, 
CPU (2) 

DATA BUS ( 1) 

' ~ 

BUFFER (2) 
( S BITS) 

' ' 

DATA BUS (2) 

INTER - PROCESSOR INTERFACE 



CPU RAM 

---------------r---..__----DATABUS 
I/0 BUS 

CONTROL 
ELECTRONICS 

SINGLE CPU SYSTEM 

,CPU ( 1 '""> RAM ( 1 ) 

• T '~ 
.. 

I/O BUS ( 1) DMA ( 1) 

·~ 

-LOGIC - - CPU ( 2) ( BUFFERS, I/O BUS 
LATCHES) 

( 2) 
• ' 

' .. 
I/O BUS C 2) ~ ' ,. 

CONTROL 
ELECTRONICS 

-

Á FLOPPY 

UD1sc 

TWO CPU SYSTEM 

RAM 
( 2) 

• l 
DMA 
(2) 

DATA 
BUS 
( 1 ) 

DATA 
BUS 
(2) 



MlC.RO U.SES 
- ,,., ---
• MlNl REPLACE.MENT..S 

• HARbW\R..ED LOG-lC.. RtPLACE­

MEt--)T (.LC.CU...) 

• NE lAJ A??L\ C.AT\ON S 

CF"RED) 

MICROPROCESSOR APPLICATIONS 

•DEDICATED CONTROLLERS 

-- 1 NTELLI GENT TERM I NALS 

-- DATA COMMUNICATIO NS 

-- PROCESS CONTROL 

-- NUMER I CAL CONTROL 

-- INTELLIGENT PERIPHERALS 

-- INSTRUMENTS 

-- AUTOMOTIVE APPLICATION 

MICROPROCESSOR APPLICATIONS 

•STAND ALONE MICROCOMPUTER SYSTEMS 

-- HOME 

-- SCHOOL 

-- ARCADE 



FU.TU.RE E. \/OLU..T\ON OF 

M\CR0PR0CESSO~S 

T\ME 

~~~~~~~~PRoB~~L~ 

i--========-;.,. / _,,-', / , 

f c.:-oc1<, -

1 c. 
1 

' 1 
1 • 

✓ 

Cos-r 

! CPU. 
' 
' , __ -

--------
ROM 

----

o o o o CE".3 

1 
1 

~ 1 
1 SINC.~E" 
1 C.1-\\~ 
1 
1 

' • 
-r./o au.s 

lt-rl 



-
• HIGHER. RE"LIA~\ L\T'Y (t=EWE"A. PA~TS) 

• LOWER C.OST 

• HO RE" PI NS FO~ r.¡o 1 ~TERFACE" 

• EASU:R TO USE' 

=) WOU.L'b OPEN MOA.E NGIAJ /tt°PLICA-'TJ tJAJ.f 

Tl-ll+N FASTE"A. CPU'S i ~AHS WlrH , 
¡1-4p/J.cl/E ~ 'P¡IJ./lt /,PEI<. F. 

. CCt)'s 
~,. ,,....__ 

• 1 iv1Ac;:.ER~ 
• ANALOG= S\<;Nf!\L PROCESS\ N G 

• BL0Ck'-OR\ENTEb MEMOR\E.S 

.,_ 

COU.RSE SU.MHA-A.Y 

• WHAT FtRE" M\CA..O PR.Oce-s.soRs 

• COSMAC (_\~ ncTA\L) 
, 

• ON E ~ TWO LEVEL r./o STR.U.CTLtllcS 

• APPL\CAT\ONS 

- FRE [) 

- DATA C.OH\V\. 

• FLOPPY "D\SCS 

• MU.LT\-M\C'R..0 STR.U.CTU.R..E'.s 

• FU.TU.RE - MOQ..E' Ls:r:.J cc:.b's ... e,c. 

Jr-1'? 




