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ABSTRACT

The advent  of the  LSI microprocessor and
inexpens i ve m e m or y  in t roduces  a new f ield in the
c o m p u t e r  i ndus t ry  — the  f ield of personal c om p u t e r
appl ica t ions  and smal l scale compu te r  systems.  An
entirely new g r o u p  of manufac turer s are mar keting
microcc m puter related items , products that range from

computer system kits with peripheral devices to

software and literature on the subject . The wide

ranging versa tili ty of small scale microc omputer
sy stems has caus ed a trem endous ex pansion from wha t
was strictly a hobbyist compute r market to growth

areas in school educational mar kets and commercial
applications. The costs, ca pa bili ties, problems

encountered by personal computer enthusiasts, and the

future implications of person al compu ter s are
investigated.
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I. INTRODUCTIO N

A. B A C K G R O U N D

The microprocessor  is one of t he  most exc i t ing
innova t ions  in t h e  di git.a ). electronics field s ince the
deve lopm en t  of the  t r ans i s to r .  Microprocessors  a r e  in fact

r e v o lut i c n i z i n g  d ig i t al  electronics.  Their  impact is ve ry
similar to that which the transistor had on v a c u u m  tube
t e c h n o l o g y .

A microprocessor  can be de f i n e d as a c~ ntza1 process ing
uni t  ( C P U )  i~ p lemen ted  in one or several  in teg ra ted  c i rcu i t
(IC) packages .  A microprocessor has the  capabi l i ty  to fe tch
i n s t r u c t i o n s  f r o m  m emory  and decode t h e m , accept data  f r o m
i n t e r n a l  m e m o r y  or outs ide  sources , p e r f o r m  a r i t h m e t i c  or
logical  opera t ions  and save the  resul ts  in m emory  or send
them tc external displays or other devices [1 . A
micro p roces sor can perform many of the func tions of large
cen tral proc essing uni ts .

The microproc essor is an outgrowth of large scale

± n t e g r a t i c n  (LSI)  in m e t a l — o x i d e  s emiconduc to r  (MOS)
t e c hn o l o g y ,  a device  f a b r i c a t i o n  process which a l lows
c o m p l e x  e l ectron ic  c i r cu i t s  to be placed on a s ingle  c h i p  of
s i l i con .  By a p p l y i n g  LSI t e c h n ig ue s  and NOS t e c h n o l o g y ,
m a n u f a c t u r e r s  h a v e  been ab le  to place th e  e g ui v a l s nt  of
10 , 000 t r a n s i s t o r s  on a ch ip  of s i l icon less than  a qu a r t e r
of an inch s q u a r e  ~ 2] .  The p r o d u c t i o n  costs of c cm p lex
chips  is not s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t ha t  of less

7 

“-,, - -- — - , -~~~~- -~~~-- -- . -—- - -“- - — - ---~~~~~~~~— - . - _ _



- - ‘i

complex chips. The more circuitry that can be placed on a

single chip, the cheaper the overall system costs will be.

Such a single chip system reguires fewer packa g es and
connect icns , less power , less labor , and a smaller a m o u n t  of
s u p p o r t i n g  c i rcuit ry  an d equ ipmen t . LSI results in lower
total  Cost if the same LSI device can be adapted to many
d i f f e r e n t  appl ica t ions .  Using these  t echn iques ,
microprocessors  have  been built cn one or jus t  a few chips

fcr costs in the range of $10 to $100.

When a microprocessor is combined with memory and

input/output (I/O ) devices, a micr ocompu ter is for me d with
capabilities allowing it to replace circuitry imp lemented

w i t h  conven t iona l  random logic (Boolean log ic express ions
i wp l em e nt e d  by the use of ga t ing  circuits)  [3 ] .  These
r n i c r c c on pu t e r s  are  not on ly  f i n d i n g  use in small  sys tems ,
where they m a y  replace  m i n i c o m p u ter s , b u t the y ar e also
opening vast new areas of applications such as in

personal/hobby computing where larger machines are not

econom ically feasible. Prior to the development cf the

micro p rocesscr , personal computing had been largely limited

to the privileged few with access (authorized or not) to the

computer facilities of their employers or the computers in

their schools , colleges and universities. Few computer

enthusiasts could either afford to buy their own

mini computer or were resourceful enough to construct their

own equipment.

This picture is rapidly changing. The age of the

affordable personal computer has arrived for many and will

socn be here for many more — all because of the icy priced

microproce ssor . The introduction of the MITS (Micro

Instruments and Telemetry Systems) Altair computer kit in

January of 1975 for an original cost of less than $400

demonstrated that almost anyone could now afford to own a

computer [4].

8
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Within six months of the introduction of the MITS Altair

com pu ter ki t, other m a n u f a c turers, recognizing the market

potential, b egan announcing com pa tible memory boar ds,
interface boards , and peripheral devices. In the past two

year s, 250 — 300 retail computer stores catering

specifically to computer hobbyists have come into existence.

At present , over 180 compute r clubs are in ope ra t i on  in
Aus t r a l i a , N e w  Ze a lan d , Japan , and Canada as well as t h e

U . S .  Commerc ia l  periodicals publ ished on a m o n t h l y  basis
and ded ica ted  to t h e  ccn lp ut e r  hobby i s t  h a v e  also a p p e a r e d .
Personal  c o m p u t i n g  conven t ions  have  a t t racted v o l um i n o u s
cr cwds .  M a r k e t  surveys  indica te t h a t  the  m a r k e t  woul d
e x p a n d  f r o m  the 7500 personal  compute r s  in J a n u a r y  of 1976
to over 18,000 suc h uni t s  b y  J a n u a r y  of 1977 wi th  a 250 per
cen t gro~ th rate expected for 1977. Starting from zero in

January of 1975 , when it introduced the industry ’s first

computer kit, ?IITS expects sales to exceed $12 million this

year .  In  short , t he  persona l/hobby c o m p u t e r  market  as it is
e m e r g i n g ,  is a s izable  one [5 ] .

B. GOALS OF TH IS STUDY

The pu r p c s e  of th i s  s t u d y  is to i n v est i g a t e  the
personal/hobby computer market. A r~~ tory of t h a t  m a r k e t  is
provided for perspective . It includes the background and

development of microcomputers and personal computing. The

techn ologies used and the architecture of microprocessors

and micrccomputers is covered in order to present their

capabilities and limitations. In the course of describing

personal computer system components , the following items are

covere d :



-~~~~~~~~~ •~~~~~~ - ~~~~~~~~ 
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uccst considerations

esup port circuitry and r eq ui r ene n t s
clock circuitry
power sup pli es
memory
power  of instruction se t

•support  f r o m  su ppl ier
hardware support

mec hanic al hardware
processo r cards

i n t e r f a c e  cards
documen ta t i on

software support

assemb lers, compilers , interpreters
high level lan guages
utility programs

uliterature

t e chn ica l  manual s
s o f t w a r e  m a n u a l s
app l i ca t ion  notes

• p e r f o r m a n c e
speed

ut i l i za t ion

uin terfacing

I/O f l e x i b i l i t y  and c apab i l it 7

F i n a l l y ,  the imp l i c a t i o n s  and f u t u r e  of p er s o n a l
computing is discu ssed .
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A. PERSONAL CO~1PUTE R INTEREST GROUPS

Potential home computer hobbyists received their f i r~it
exposure to computers in the 19601 s. Two of the most

significant events during this period were (1) colleges

installed timesharing terminals and instituted courses in

E~ SIC ar1i FOaTRAN programm ing and (2) Texas Instruments Inc.

introduced a series of integrated logic circuits (7400 TTL

series) priced wit hi n range of amateur electronics

e xp e r i m e n t e r s .  As  a resul t, two distinct groups appeared:

one , primarily software—oriented and ancther ,

hardware—criented. The hardware group was characterized ov

the amateur electronics hobbyists , who used 7400 TTL series

log ic circuits for simple counting and control applications.

Amateur electronics publications during this period

invariably carrie d projects , utilizing 7400 TTL series

log ic, which helpe d stimulate interest in this area . The

7400 series integrated circuits were to convert a generation

of “circuit designers” into a generation of “logic

des igne r s ” . S o f t w a r e — o r i e n t e d  people  b a n d e d  t o g e t h e r  into
computer clubs , mostly to share BASIC programs [6 , 7].

Typical of the computer clubs was The Amateur Computer

Society organized in 1966 by like minded experiment ers.

They succeeded in ccnstructing rudimentary TTL computers

using scrip transistor ioaic boards and surplus core ~emo:y

p l a n e s .  P r o g r a m m i n g  ~ui:-~~ - e x p er t i se  in machine or

a s s e m b l y  l a n g u a - ~e. Eetween the parts scroung ing, debug~ it~ ,

11
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and the  i n t e r f a c i n g  p rob lems , only the skilled e n t h u s i a s t
made much prcgress . Though computer costs dropped rapidly

throughout the 1960’s, no hobby computer market developed

during this time period , mainly because system—level

hardware ccsts were still well beyond reach of most

am ateurs . For examp le, Digital Equipment Corporation ’s

first miniccmputer , the PDP—5 , was introduced in- 1963 for
$3C ,000. In 1965, DEC introduced its popular 12—bit

mach ine ,  t h e  PDP—8 , for wha t  was t he n cons idered  the
incredibly lcw price of $18 ,000. By 1970 , a basic PDP— 8

conf iguration with 4K words of core was base priced at about

$10 ,000, but this price was still above the range of the

average amateur computerist [8].

Even if ~ini—computers had been affordable to amateur

ccmputeri sts , no sizable market would have developed since

hardware—criented and software—oriented factions still

existed. Most software types were familiar only with

interpretive language~ . Those with some assembly-level

k n c w l e d g e  r a re ly  k n e w  a n y t h i n g  a bout i n t e r f a c i n g  h a r iw a r e .
Hardware types, slightly better off , had little or no

experience with system—level software and generally worked

at the di gital logic level.

B. DEVELCPMENT OF MICROPROCESSORS

Manufacturers needed to create a base common to the

hardware and software—oriented people for the hobby market

to consolidate. This consolidation came in 1971 , whe n In~ ei

Corporat ion introduced the first microprocessor , the 4004.

Intel had pioneered in the development of semiconductor

memory chips to be used in large computers. In the

intricate lcg ic within memory chips , Intel design engineers

knew it ~as possible to stDre a program to run a ~ir.isc~iie

12
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com putin g circuit. In the course of a contract to produce a

series of eleven chips for the logic circuits of a

calculator , Intel condensed the layout onto three chips.

The comp uter ’s brain , the central processing unit , consisted
of one chip. This CPU on a chip of size less than one-s ix th
of an inch long and  o n e — e i g h t h  of an inch wide  came to be
k n o w n  as the  (400 4 microprocessor . Two memory  ch ips  were
attached to this microprocessor , one to move data in and out

of the CPU and one to provide the s o f t w a r e  p r o g r a m  or
instr ucticn s to drive the CPU. Intel now had a rudimentary

general purpcse computer known as the MCS— 4 that could run a

ccmplex calculator , control an elevator or a set of traffic

lights , and perf orm many ot her tasks, depending on its

pr c g r am  [ 9 ] .  The  m i c r o c o m p u t e r  was s lower than
minicomputers but it could be mass produced as a ccmpcnent ,

on the same high volume lines where Intel made memory

chips  — a surpr ising d e v e l o p m e n t  t ha t  s u d d e n l y  p u t  the
semiconductor business into the computer business.

Initiall y the semiconductor industry showed surprisingly

little interest in Intel ’s technological advances. The big

semiconductor companies — Texas Instruments , ~otorola , and

Fai rch i ld  — were p reoccup ied  w i t h  t he i r  large c u r r e n t
business, integrated circuits and calculator chips. Only

Rockwell International and National Semiconductor entered

the field early, about a year after Intel. To encourage

ad op tion of mi croc ompu ters, Intel attempted to recast the

thinking of industrial—design engineers by presenting

microco mputer concepts through the use of a marketi ng and

educational aid which developed into the Intel ?1ICROM~ P

System . The message became clear that a microprocessor and

its memory could replace a lot of individual iogic chips.

Hard wired logic systems could now be replaced with

m i c r o c o m p u t e r s  because  t h e y  could s tore  p r o g r a m  se j uen c e s  in

the m em cr y chip instead of using separate logic chi ps an d

13



discr ete components to implement the desired function. A

single micr op rocessor chip could be used for several
thousand different applications b y program code words
substituting for hardware parts [3].

As i n d u s t r i a l — d e s i gn  engineers started ordering

miczoprocesscrs in large quantity, other companies rushed to

establish a foothold in the microprocessor market. Their

entry into the microprocessor line was achieved by “second

sourc in g” — i.e. copying — Intel’s microcomputers. Second

sourcing is a common practice in the semiconductor industry.

More often than not , it is done without the original

manufacturer ’s permission or cooperation , but the practice

is widely accepted by the companies involved. It works to

th~ benefit cf the user in establishing a competitive source

for the component as well as a backup source fcr the

origina l m anufacturer .

In 1S72 Intel followed up the four—bit 4004 with an

eight—bit microprocessor chip, the 8008, that had more

com puting pcuer and flexibility than the 400(4 and was more

suitable for control applications and data handling. Toward

th~ end of 1973 Intel brought out its second—generation

micro processor, the 8080. The 8080 had many improvements

over its pre decessor , the 8008. These improvements included

addit ional instructions, a tenfold improvement in speed with

a basic cycle time of 2 microseconds , an d sep arat~ aidress

and data buses . M ost of th~ external logic supporting the

8008 was inccrporated in the design of the 8080 CPU [9~ .

14 
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C. EMER GEN CE CE PRESENT MARKET

By mid 197(4, the ho bb y c o m p u ter marke t was be g i n n i n g  to
benefit ±rcm the microprocessor developments. Prior to mid

1974, the price of microprocessors was in the  h u n d r e d s  of
dollars category for single units while the general

availability of single units was limited. With the

introduction of newly designed microprocessors in 197(4, most

notable Cf which being Motorola Corporation ’s M6800,

competition within the microprocessor industry increased as

did producticn efficienc y and prices began to decrease. The

cost of the Intel 8008 dipped below $100. New inroads were

being made  for  the software—oriented group with BASIC

i n t e r p r e t e r s  being imp l e m e n t ed on m i c r o c o m p u t e r s  and
l i s t ings  cf tested BASIC programs for recreational use

appearing in the literature [6].

The potential for a hobbyist computer market was clearly

building amcng both the hardware—oriented and the

software—criented groups. MITE recognized this potential.

Prior to 1974, MITS had developed several products for radio

telemetry and offered a hand calculator in kit form for the

consumer market. When mass production reduced profit

margins within the calculator market , MITE b~ yan production

of an inexpensive computer in kit form utilizing the Intel

8080 micrcprccessor. This computer , known as the NITS

Altair 8800, was featured as the cover article of the

January 1975 issue of Po~~~1a~ Electronics  [4 , 6 ]. M ITS had
hcped tc sell 200 — 300 kits in 1975, but as it turned out ,

their projection was an order of magnitude too low. ~ITS

realized that they had underestimated the market for a low

cost ready to run micrccompute: as they were deluged with

orders fcr their $395 kits. The appeal of the kits was not

15
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m erely that they were affordable, b~it rather that they were

understandable to hardware and software types alike. Aware

that potential competitors had noticed the response tc the

Aitair  8800 , MITS c cm m i t t e d  their e f f o r t s  to gain  and
maintain a strong foothold in the persona l computer market .

What had been an emerging market in the first half of

1975 became a developed market by the second half. NITS

face d competition from firms that were able to capitalize on

and improve the weaker features of the design which MIlE had

hurried to market. Among the early competitors were INS

Associates Inc. (IMSAI), Southwest Technical Products Corp.
• (S~iTPC) , Processor Technology Corp., and The Digital Group.

Cost and prcduct quality became competitive points as the

new systems were intro duced. Several of the newer systems

were designed to be bus and printed circuit card compatible

with the Altair 8800. The cross—compatibility amounted to a

de facto standard , al lowing small er f i rm s capab le of
producing memory boards and peripheral devices to become

established in the personal computer industry [6).

Curren tly th ere are over 50 ma nuf acturers prod ucin g
microcom puter related products for the personal computer

market. The wide ranging capabilities of their products is

in part based on the characteristics of the microprocessors

used in their systems. The types of microprocessors,

technologies used to fabricate them , and their desirable

features are discussed in order to present their

capab ilities.
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III. MICROPROCESSOR CHARACTERISTICS

A. SEMICONDUCTOR TECH NOLOGIES

Micropro cessors are manufac tured using a v ariety of
different semicond uctor technologies . Most characteristics

of interest in microprocessors are controlled by fabrication

methods and an awareness of the performance of each

technology will put the competing products in perspective.

The importance of particular features as well as

technologica l trends that may be of significance to

hobbyists are described.

1. ~~~~~~~~~~~~~~~~~~~~~~~~~~

Scme desirable characteristics include [1)]:

Lc w cost: Wh en devic es from a particular tech nology
can be p ro duce d chea p ly ,  the ultimate cost will be lower.

Cost is a function of the complexity of the semiconductor

processes and of the amount of experience that has been

acquired with a particular process . Semiconductor prices

vary widely and the list prices established by manufacturers

often dcn ’t closely follow the actual prices charged by

distributcrs cr electronic equipme nt supply houses.

high Dens ity: Whe n m ore com plex circui ts can he

pl aced on a sin gle chip, fewer devices will be needed to

perform tseful functions. More complex chips are not much
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mor e expensive to manufacture , but require fewer packages,
fewer connections, less board space, less external support
logic , and less power than a larger number of chips. As

higher circui t densities are achieved, the cost per function
im plem ented on a chip decreases, resulting in lower cost for
the memories and support circuitry.

Lc w power  c o n s u m p t i o n :  If t he  circuits  prcduced
from a par ticular technology require less power, they will

require smaller po wer sup plies, use less ene rgy , an d p roduce
less heat. Devices that use large amounts of power require

expensive power supplies and special cooling mechanisms such

as fans.

Ruggedness : If devices made from a particular

technolo gy are more rugged, they will be able to withstand

temperature variations , moistur e, power surges, and shock

which are likely to be present in the personal computer

environmen t.

High speed: Devices that run faster can perform
m ore work in a given time. Trade offs between the above

characteristics and speed exist . Technologies that result

in high speed typicall y are of low density and high cost.

Ccmpatibility with standard TTL (Transistor —

Tran sistcr Lcgic) circuitry: If devices frcm a particular
technology can be readily used with the standard 7400 series

TTL integrated circuits, they can then be easily and cheaply
in terfaced tc peripheral devices and other circuitry.

Wide availability and support: Devices of the same

technolo g y that are pro duced b y many suppliers an d h eav ily
su pported have more compatible parts available ari d lower

prices.
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2. c~~~~~~~ Rela ted  Characteristics

3icrcprocessors are currently available in six
different technologies:

£MCS (P—Channel Metal Oxide Semiconductor) : This is

the oldest NOS technology . PMOS advantages include high

density and lcw cost but it has relatively icy speed and is

not TTL ccmpatible . Devices using PMOS generally require 3

distinct power supply voltages [11).

NMOS (N—Channel Metal Oxide Semiconductor) : This is

the present state of the art MOS technology. NMOS

advantages include high density, moderate cost, and speed.

NNCS devices can be made TTL compatible. Devices fabricated

using NNOS techniques are more amenable than PNOS devices to

working with a single power supply voltage [11].

CMOS (Complementary Metal Oxide Semiconductor )

CNCS technolcgy is widely used when low pcwe r consumption

and high roise immunity are required. CNOS devices can be

made TTL ccmpatible and have medium density, cost and

speed (11 .

Schottky TTL (Schottky Transistor—Transistor Lcgic)

This is a variation of stand ard TTL th at offers a high
speed , but these devices have a high power consumpticn and

hi gh cost along with a low density. Schottky TTL devices

are fully ccLnpatible with standard TTL [12).

ECL (Emitter-Coupled Logic) : This technology

achieves very fast speeds but it is very expensive and

consum es a large amount of power. ECL devices are not

comp atible with TTL [12].

_____ 
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12 L ( I n t e g r a t e d — I n j e c t i o n  Logic) : This new
technology  uses the s t andard  TTL f ab r i ca t i on  process , but
yields circuitry that is as dense as MOS , as fa st as TTL an d

ye t consumes only 1/100 the power of TTL. I2L allows
special interface circuitry — dig i ta l  and/or  linea r — cn the

same chip. This ability is important in  many  app l i ca t ions
i t  m i n i m i z i n g  cost s th rough  the e l imina t ion  of pe r iphe ra l
parts which may be needed to support a NOS part to make it

system ccmpatible [13].

A comparison of these technologies is shown in Table

1. Clearly, Pi’IOS and NMOS rank highest in the impcrtaat

categor ies  of cost an d d ensity ,  CMOS ranks highest in

ruggedness and low est in power consum ption , ECL is the

fastest , while Schottky TTL is the easiest to

in te r f ac e (144].

At the present time , NNOS seems to have the most

desirable combination of characteristics. It is relatively

cheap, very dense, consumes little power , can be male

ccmpatible with standard TTL circuitry, an d has a lar ge
family of compatible mLmories . NMOS can be used to make

sin gle—chip microprocessors which run at reasonable speeds.

Such commonly used microprocessors as the Intel 8080, MOE

Technology 6~ 02, and Fairchild F—B are made from the NNOS

process. Most of the microcomput ers manufactured fcr the

hobby market emplo y NNOS microprocessors.

New developments in the NMOS technology could lead

to considerable improvements. NMOS memories , such as the

Intel 2115 , are now available that are as fast as c~emo r ies
made fro m Schottk y TTL. New NMOS processes have been

i n t r o d u c e d  t h a t  can be easily interfaced with standard TTL

circuitry and can use standard TTL po;er supplies ~ 1 5].

20
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TABLE ONE

Comparison of Semiconductor Technolog ies

Schot rk y 2PMOS NMOS CMO S TTL L ECL

Cost (l~ Lowest) 1 2 -~ 3 5 6

Density (l~Most Dense) 2 1 3 5 6

Power Consumption 3 1 5(l~ Least)

Speed 6 2 3(l~ Fastest)

TTL Compat ib i l i ty  N o Some- Some- Yes Yes No
times times

Ruggedness (1~Most 3 2 6Rugged)

Ava ilab ilit y and 3 2 R 5Support  (l~ Most )  -

Standard Parts
and Niemories 3 2 1 6 5
( l z M o s t)

Ref ( l~4 )
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B. CATEGCRIES OF MICROPROCESSORS

Curren tly, mi croprocessors can be divided into three

basic categories:

1. Calculator—like processors,

2. Bit—sliced processors and others with a user—d efined

instructicn set, and

3. Standard , self—contained processors with a fixed

instructicn set.

These three categories include a wide range of ccmputing

power , speed , price and application aieas. Category 3

cor.tains all of the microprocessors used in hobby computers ,

therefore the attention of this section will be focused on

Category 3 while Categories 1 and 2 will be briefly

described .

1. Calculator. Like Processors

Category 1 , the calculator—like processors , contains

the simplest and cheapest devices. Typical processors in

this category are the Intel 4004 and 4040, Rockwell P?S—4 ,

Texas Instruments TMS—1 300 , American iicrosystems 9209 , and

National Semiconductor I~!2—4. Many of these devices a:e

much like calculators; they are cften specially designed or

have special instructions to handle keyboards and lighted

displays and to perform sirnple decimal arithmetic. However ,

these microprocessors are user—programmable and can be used

in a wide variety of applications. Besides advanced

22



calculators, such devices have been used in character

printers, games , household appliances , paper tape readers ,

test sets, function genera tors, coun ters, microfilm readers,
telephones, tuners , valves, scales, cash re g isters , and time

and attendance termina ls [16 , 17).

The devices of category 1 represent the smallest

amoun t of ccmputing power that can be purchased as a single

unit. Ccmplet e systems based on these devices cost only $5

to $30 ip large quantities. They are used mainly in

applicaticns requiring low cost, low speed , and r e l a t i v e l y
limited processin g power. Such microprocessors are most

often fcund in larg e ~:olume applications as simple

con t ro l l e r s  for systems whose speed is limited by human

interaction or slow mech anical devices. These processo:s

generally have very short word length s (most can handle 4

bits  at a t i ne )  and are t h u s  unsui ted  to sys tems  r e q u i r i n g
complex  ca lcu la t ions, high data  rate s , or grea t  a c c u r a c y .

Due to the r ap id  a d v a n c em e n t  of LSI t e c h n o l o gy ,  tki e
d i f f e r e n c e  in cost of m a n u f a c t u r i n g  an 8—bit  CP~ c h i p  as
compared to a 4—bit chip is not significant. Manufacturers

have attempted to prolon g the life of their 4—bit prcducts

by maintaining an artificial price difference between their

4—bit and their 8—bit CPUs. As the pressure of competition

continu es, these price differentials are disappearing.

Given this situation most users would prefer using an 8—bit

microprocessor. Althoug h 4—bit microprocessors are less

used than in the past, they will continue to have a

significant market for many years to come , bas~a ou ~rcducts

that were designed around them prior to the development of

8—bit microprocessor s [163.
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2. Bit Sliced Processors

The bit—sliced processors of Category 2 are largely

intended as building blocks for special purpose computing

elements. Unlike the devices in Categories 1 and 3, the

bit—sliced processors are not self—contained. Although the

concept of putting an entire microprocessor on a single chip

is an attractive idea , the syste~ consisting of several

chips , each with a smaller number of components , can have

its advantages: higher production yields , fewer connection

pins per devic e, and better heat dissi pation

characteristics. Some multichip systems have the advantage

that they can be microprogrammed by the ‘aser. The approach

most often taken by manufacturers of bit—slice systems is to

design one common control section and several tuc— or

four—bit “slices” for the arithmetic and logic unit and the

registers. The slices are connected in parallel , making it

possible to assemble machines that have several different

word lengths. These microprocessors are thus intermediate

between the self—contained CPUs and the discrete circuitry

that is currently used to make larger computers ~13].

Most of the bit—sliced processors are much easter

than standard microprocessors, but significantly more

expensive and harder to use. CPUs based on these

microprocessors typically cost $500 to $1500. Typical

applicaticns include disk controllers , minicompu ter CPUs ,

test equi pm ent , in telligent terminals , and signal prcc~ ssing

equipment. The future may see bit-sliced processors as tne

basis for mast minicomput ers. Before these devices can be

used in hcbby computers , the Cost and the numbe r of elements

required for a CPU will have to be si;nificantly

r e du c e d  flfl .
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The main category of microprocessors with which

hobbyists are presently concerned is Category 3, the

standard , self—contained processors with a fixed instruction

set. These processors are intermediate in performance

between calculators and minicomputers (i.e., between

categories 1 and 2) . They are complete CPUs on one or a few

chips and req uire only a small amount of supporting

circuitry. Prices for these devices range from $20 to $200

in single quanti ties (not including memory, I/O, or other

system requirements) . ?lcst of the devices of Categcry 3

will handle 8 bits of information , although a few can handle

16 bits at once. The most widely used microprocessors among

hobbyist s are:

Intel 8080

The Intel 8080 was the first device in this category to

be introduced and is the most widely used in hobby

computers; as such , it has become the frame of reference in

many people ’s minds as to what a microprocessor should be.

The 8080 consists of an arithmetic and logic uni t , ccntrol

uni t, accumulator and registers and is fabricated using N~~OS

technology. The 8080 requires separate clock logic and bus

interface lcgic. These features are provided by the use of

external logic chips in the 8080 family [203.

Included in the 8080 family are the following

devices [ 2 1 ] :

a 8224 System Clock Generator and Driver. ThIs

device generates a 500 nanosecond timing signal for the

entire 80E0 microcomputer system. Instruction executi on

times range from 2 to micrcseconds. 
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• 8228 System Ccntroller. This device

demultiplexes the data lines of the 8080 CPU which are used

for bidirectional data transfer and to output control and

status symbols.

• 8251 Serial I/O Communication Interface which

provides a variety of synchronous and asynchronous serial

data communicati ons options.

• 8255 Parallel I/O I n t e r f a c e  which  pr cv ides
p r c g r a m m ab l e  I/O communication with external devices.

• 8212 I/O port, which can be used as an address

buffer/decoder , a priority interrupt arbitrator , or an I/O

peripheral interface.

• 8257 Direct Memory Access control device , which

enables data to be transferred between memory and external

logic, bypassing the CPU .

All devices in the 8080 family have TTL c o m p a t i b l e
signals and require three levels of power supply: +SV , +12V

a nd — 5 V .  The 8080 has  a set of 78 i n s t r u c t i o n s .  T h e  8080
is used in the MII’S Altair 8800, IMSAI 8080 , and in similar

sets from The Digital Group and other sources.

Zilog Z—80

The Zilcg Z—80, an NMOS device , is often referred to as

a “third generation ” microprocessor. The Z—80 was designed

by the same individuals responsible for designing the 80R0

at Intel and is an extended version of the Intel 8080. The

Z-80 microprocessor iinolements the functions of three

devices cf the 8080 family: 8080 CPU , 8224 Clock and 8228

System Ccntroller [22). For the programmer , the Z—80

provides ‘ore registers and addressing modes than the 8030, —

plus a set of 158 instructions that include the 78

instructions of the 8090 as a subset . Compatibility bEtween

these microprocessors is limited to the instruction sets and

g e n e ra l  f u n c t i o n a l  c apab i l i t i e s .  4 i t h i n  ce r ta in  l im i t s ,
programs written for an 8080 m i c r o c o m p u t e r s y s t em  are

1~~~~~~~~~~~~I~~ 
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software compatible with a Z—80 based system. For example ,

a RCM device tha t is used to implement object programs for

an 8080 ~icrccomputer system can be physically removed and

used in a Z—80 system [23]. Support devices that have been

designed for an 8080 CPU will also support a Z—80 system ,

allowing an upgrade of an 8080 system to Z—80 capabilities

by replacement of the microprocessor and additional

interfacing logic [24].

With a standard clock speed of L~00 nanoseconds ,

instructicn execution time is 1.6 microseconds. The Z-80

requires a single power supply voltage (+5V)

Microcomputers utilizing the Z—80 microprocessor are

available from The Dig ital Group and Cronenco. The Z—80 is

available as a rep lacement CPU card from Affordable Computer

Products and Technical Design Labs .

Motorola 6800

The Motorola 6800 is comparable to the Intel 8020 in

performance. It is the second most widely used

microprocesscr in personal computing systems following the

8080. Like the 8080 and Z—80 , the Motorola 6800 is an 8—bit

NMOS micrcprocessor which is TTL compatible. The M6800 was

designed by Motorola as an enhancement of the Intel 8008, at

the same time that Intel was -developing the 308J as an

enhancement of the 8009.

As compared uith the 8080, the M6800 has a less

complex set of control signals and does not re~ u i r e a n y
device equivalent to the 8228 System Controller. Whereas

the 8080 has separate I/O instructions , the M6800 includes

memory and I/O within a single address space allowing all

I/O device accessing as mem ory locations. while the 8330

re~ uires three power supply voltages , the ~68O0 uses ju.~t

one (+5V) . The instruction set of the M6800 has fewer basic
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instruction types with more memory addressing options while

the 8080 has a larger number of special

instructi.cns [25 ,26].

The M6800 is used in the MITS Altair 680 and other

hobby sets from Southwest Tech nical Procucts Ccmpany

(S~ TPC), Sphere , Wav e Mate , and Ohio Scientific Instruments.

MOS Technclogy 6502

The ~OS Technology 6502 is also comparable to the Intel

8080 and Motorola 6800 in terms of performance. It was

first introduced in 1975 and is used in the JOLT hobby

computer and others. The MOS Technology 6502 is somewhat

c~ eaper than eithe r the Intel 8080 or Motorola 6800 , but not

as widely used [19].

National PACE

The National PACE has a slower instruction execution

speed than any of the previously mentioned processors and is

somewhat tore expensive. It will , however , handle 16 hits

of information at a time (the others handle 8 bits) and has

a mcre powerful instruction set [27]. Systems based on this

processo r are available from Godbout Electronics and from

Ham ilton—Avne t (the ?acer)

Intersil 6100

The Intersil 6100 Is mo re recent than the above

microprocessors. it can execut e all the instructions cf the

PDP—8 minicomputer . The advantage of the Intersil processor

is that programs available for the PDP—8 can ~e used on

systems eased on the IntersiJ 6100 [23). Systems based on

this prccessor can be obtained from PCM Corporation or Ohio

Scientific Instruments.
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Oth er piccessors in category 3 which may eventually be used

in hobby computers include the Rockwell PPS—8 , Signetics

2650, RC~ CDP 1802 (COSMAC ) , Fairchild F—8 , and General

Instrument CP-1600. The devices in category 3 are used in

many applications besides hobby computers. Among the more

comm on are mcnitoring systems, line printers , navigation

systems , oscilloscopes, message switching units , and

graphics terminals [29]. These microprocessors will

prcbably continue to have the widest variety of applications

in the near future .

C. MICRO~ EOCESSOR SELECTION CONSIDERATIONS

A ccmparison of microprccessors is difficult because of

the wide diversity of architectures and support circuitry of

the available microprocessors. Since microprocessor-based

— systems must be programmed like conventiona l computers ,

software as well as hardware must be considered. The

intricacies of either entails different tradeoffs between

hardware and software. ~1icroprocessor comparisons are not

helped much by the expanding volume of application

literature cffered with “computers on a chip. ”
Documentation often inflates or omits key specifications.

Important characteristic s, such as operating speed , are
difficult tc extrapolate from the voluminous data. Typical

data sheets specify a basic cycle time and clcck rate . Many

~icrccomputer operaticns reguire several cycles to be

performe d , particularly in the case of the more powerful

instructicns which take mor e time than the basic cycle

indicates. Similarly, it is possible for one microprocessor

with a seemirgly high cloc~t rate to perform a funda~ ental

o j~er a t i o n  — such as a :egLster-to—register add — more slowly

than it is performed with a slower clock [ 10).

- - . ~~~~~~~~ .~ . __________



M anufac turers’ promotional materials often ele,ate a

sell ing p oint, such as CPU cost, into an unwarranted

selecticn factor. The cost of additional support compcnent s

(peripheral and interfacing circuits, an d m emory) exceeds
the prices of CPUs by a wide margin. The prices of coffputer

kits vary widely, although they may use the same

micropr ocessor and offer about the same features. Sometimes

the difference in price is due to the use of less exp ensive
ICs in the lower—priced models which have more constraining

temperature and voltage limitations. While some

manufacturers may stress that their chip sets can operate at
one TTL level of 5 volts, more than a single power supply

may be required if some of the newer memories are used .

A widely omitted specification is noise immunity. A

ccmpariscn between levels for peripheral circuits and the

address—output levels of the microprocessor may indicate

little or no protection against unwanted transient

waveforms. Noise immunity is of importance when a

micrccom p u ter is mov ed from a clean, noise—free bench into a

personal computer environment. The newer microprocessors ,

such as the CMOS Intersil 6100 , excel in this area , a strong

point of the low—power CMOS technology (10]. Other hardware

consideraticns are discussed in Section IV of this study.

A m icroprocessor ’s instruction set and architecture

deter mine one of the most frequently stressed selection

factors — prcgramm ing ease. Microprocessor—chip designers

are constrained by limitations of technology and packaging

size. As a result , each microprocessor reflects a different

ser ies of compromises and tradeoffs in implem enting

prcgramming. Specific software considerations of importance

to the personal computer user are discussed in Section V of

this study.
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IV. ~~~~~ ~~~~~~~~~ Q~ ~~~~~ £Q~~~I~~ ~~~~~~

At the time of its January 1975 introduction , the Altair

8800 was intended to fill the rising demand for a hobby

computer. The Altair 8800 first appeared in kit form , aime d
at the electronics kit builder market . In the two years

since the introduction of the Altair 8800, more than 50

manufacturers have developed and are marketing their own

versions cf microcomputers . The market has changed from what

was strictly a hobby market to what can now be better termed

a small scale or personal computing market with applications

of micrcccnputers in areas that include business and school

education as well as hobby use. Today, systems are

available in kit form requiring assembly of logic elements ,

as assembled components (much like a stereo system ) , or as

completely integr ated systems with all the necessary

components sold as a unit for turnkey operation. The

savings realized on unassembled k i tS  ranges from 20 to 40

per cent of the cost of the assembled version. Frcm the

hardware stand point , all of the present personal

microco mputer systems bear similarities. Figure 1 depicts a

ty pical ~icrccompu ter system . The blocks represent the

various compcnents and their interconnections.
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A. MICROCOMPUTER MAINFRAMES

The m ain fram es of the availab le pe rsonal comp u ters are

strikingly similar. The mainframes consist of a CPU card ,

m e m o r y  car d, power supply, and control panel , all of which
are interconnected by a bus structure. The most commonly

used bus structure in mainframes is the S—100 bus. Table 2

provide s a. compar ison of several personal com puter m ainfra m e
assem blies.

1. S—1C ( Bus

The Standar-d— 1 00 or S—100 control , address , arid data

bus has beccuie a de facto standard in the mic:ccomputer

industry . The S—100 bus, which consists of a bank of

100—contact connectors wired in parallel on a comm cn mother

board , was developed by MITS for their Altair 8600

micrccomputer. The 100 lines of the bus carry address ,

data , and control signal information between the various

componen ts of the microcomputer system . The S—100 bus
structure allows the microcomputer ’s CPU and memory to be

mounted cn separate printed circuit (PC) cards and also

provides space for addit ional PC cards for system expansion.
- Using PC cards with interfacing logic , peripheral devices

such as floppy disk drives , CRTs, line printers , and

cassette recorders , can be added to the system . Cards on

the 5—100 bus are often functionally independent and

transparent to the operation of the other cards such that

adding or deleting a card does not effect the operaticn of

other system components. Ad ditional memory or I/O

interfaces are added by removin— ; the mainframe cover a.nd

pluggin g in additio nal circuit cards . The S— l O U bus
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structure allows microprocessors to be changed or upgraded

by removing one card and inserting another in its place.

This allows considerable versatility by permitting easy

system upg rades to increased m emory capacity and more
powerful processors as the hobbyist requirements

increase (31 3.

The widespread adoption of the S—l OU bus structure

has been a key reason for the rapid growth of the personal

computer industry. Over 20,000 mainframes using the 3—100

bus are presently in use . Other manufacturers have been

able to supply compatible memory boards , interface boards

and peripherals designed to S—l OU specifications and thus

provide support to the microcomputer mainframe manufacturer

as well as further their o~ n cause.

2. Pcwer S~~ pl~

In order to keep t u e  cost of the  m a i n f r a m e  low ,
unregulated power supplies are normally used. The S—100 bus

requires power supply voltages of +8 volts, +18 volts , and

—18 volts to support the variety of memory and I/O interface

cards that can be used wit h the system. The number of extra

sockets available in the S— lOU bus and the amperage rating

of the power supply normally determines the number of

peripheral device interf ace and memory boards that can be

supported. As an option to most systems , the S—100 bus can

be extended and additional power supplies added in crde: to

support more peripherals. With system expansion in this

manner , ccoling equipment ofteo becomes a necessity [ 3 2 ] .
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3. Memories

The mem ory within th e microcom puter mainframe may be

divided into two broad classes , read—only memory (RON) and

read— write memory (RAn) . The RON supplied with most

microcomputer systems is contained on the C~ U card while the

RAM usually ccmprises a separate card. Because RAM requires

additional circuitry to implement the write function , ~AM is

typically less dense than ROM on ?C boards . The am cun -t of

memory provi ded with the -mainframe by microcomputer

manufacturers varies widely and depends in part on the

units ’ intended application. Generally, the minimum amounts

of read— write memory and read—only memory provided are 512

bytes  and 1K bytes respectively. Expansion of RA M and RON

to a combined total capacity of about 6L4 K is usually

possible and is left as an option to the buyer [32].

a. FCN

~ead—only m emory forms an important part cf the

mem or y  r~~ uirem ent in most nicrocompu~er systems . 
—

Instruc tions , tne coded pieces of information ti’.at direct

the activit i€~ of t~ie C?U a:~ stored in read—only memory,

which , as its name implies , may be read but not alts:ed

under pr ogram control. ROM , being a fixed m emory, is

nor.— v ol a : i l e ;  i .~~~ . , ~ loss D~ o o w e r  o r a m a l f u n c t i o n  to the
syst€m dc€s not caange ~~ ccn~ erts of t:~e RON . ~ost ROMs

have the featur e of ran d om access such that ~iemory access

tim e is ~ndep endent of ~~~ memory location being

accessed [33:.

~C~ s are o~~~ n em ployed in personal comp uter s

fcc bootstra p loading whe reby ~ bu :lt—in ~OM contains enough

36 

— --~~~~~



permanently stored information (firm ~ are) to allow the

computer to accept a new program as soon as the power is

turned on. Key systems programs (monitors and interpreters)

are so~netim es provided by microcomputer manufacturers in RON

form to eliminate the necessity of having to read them into

memory every time the computer is turned on. The M IKBJG R0~1

operating system used with Motorola M6800 processor based

systems is an example of such a monitor [34-]. ROMs are also

employed in microcomputer systems that are dedicated to a

single application such as a process ccntroller.

ROMs that are programmable are referred to as
PRCMs and exist in several forms. The program ming

technique used to store information into the ROM can be used

to classify all ROM5 into one of three categories [35]. The

first category consists of ROMs that are custom or masked

programmed during manufacturing and cannot be changed after

fabricaticn. This type of Programmed RO~1 has been employed

to supply microcomputer systems with BASIC language

interpreter capability, and assembler/resident operating

systems. Cromenco Inc. distributes such an interpreter , 3K

EAS IC , i~ plemented on 3 PROM devices at. a cost of $150.

Crcmenco Inc. also distributes an assembler and resident

operating system implemented on 8 PRONs , available at a cost

of $400. The second category includes RG~ s which are user

program m ab le by modification of fusible links. These

Programmable ROMs (PROrIs ) , once programmed , have perm anently

fixed contents. The third category of R0~1 is ceprogra mm able

using electrical or optical means. The ccntents of these

e l ec t r i c a l l y  p r o g r a m m a b l e  R O M s  ( E P R O M s )  can be altered again

and again.

PROMs are finding use in personal comp ute rs as a

c o n v e n i e n t  s t c rag e  place to transfer the program contents

f r o m  the  m i c r o c o m p u t e r ’s volatile read/write memory when the

power is turned off. ~Jsing the software provided with

_ _ _ _ _ _ _ _ _ _ _ _
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systems such as the Cromenco BYTESAVER that employ PROMs in

thi s m a n n er, frequently used programs may be transferred

frcm non—permanent RAM to the permanent PROM [36]. Once the

program is stored in PROM , it is protected from power

turn— offs, either accidental or intentional.

b . RAN

General—purpose microcomputers of interest to

the computer hobbyist require read/write memories for both

programs and data. Even though ROMs are technically

rando m—access memory (RAM) elements , the read/write memory,

which is an array of active , volatile elements , is

frequently referred to as RAN. RAN is the direct functional

equivalent of the core memories that have been the rnainstay

of computer storage for two decades.

BANs exist in two classes, static and dynamic.

Static RAM s store each bit of informaticn in a flip—flop

which retains this information as long as power is supplied

to the circuit. Dynamic RAM s store information in the form

of electric charge on the gate—to—substrate capacitance of a

MOS transistor. This electric charge dissipates in a few

milliseccnds unless a periodic “refresh” is applie’ .

Dynamic RAMs are faster than static BAN s and consume less

power in the quiescent state but the refreshing cycle —

requires additional circuitry. tlnlike RONs, RAM s are

volatile and lose their contents when power is turned off.

Because of the volatile nature of RAMs , high Speed i n pu t
devices fcc icading mem o ry are desirable in hobby ccmputer

systems [37].

Mcst personal computer systems are designed to

accept additiona l memory circuit boards c expand memory.

T~ € amount cf RA M wewcry rejuired varies with the system ’s

~~~~~~~
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software requirements. When assembler software and high

level language interpreter programs are not implemented on

RON devices , RAM memory is required for these purfoses.

Typical assembler programs require BK bytes of storage while

high level language interpreters require from ~K to 16K

bytes  of s to rage .  Addi t ional  R A M  is r equ i r ed  for  t h e  user ’s
a pp l i c a t i c n  p r o g r a m .  The  cost of p r o v i d i n g  this  m e m o r y  can
dcminate the system cost. Persona l compute r systems

incorporatinc memory bank select capabilities can expand

memory up to a half megabyte. ~iowever each 4- kilobyte R~~
memory secticn can cost up to 3200 [32].

Cassette tape recorders have provided an answer

to the requirement for low cost mass storage. Mass storage

devi ces at e  discussed in a f o l l o w i n g  sec t ion  on p e r i p h e r a l
devices.

4. ~~~~ ~~~~~~~~~~~~~~~~

The rema in ing  c om p o n e n t  of the  m i c r o c o m p u t e r
mainframe is the microprocessor card wnich holds the CPU of

• the system. As previously stated , the functions of the C?TJ

a r e  to  f e t ch  instr uc t ions  f r o m  memory , decode their dna:’,

c o n t e n t s , and  e x e c u t e  t h e m .  The CPU also accesses memory

and I/O pctts as necessa ry  in t h e  e x e c u t i o n  of ins~~:uctions

and  r e c c g n i z e s  a n d  responds  to ce r t a in  e x t e r na l  c o nt r o l
signals, such as Interrupt and ~air requests.

It is o f t e n  d i f f i c u l t  to r a k e  a c o m p a r i s o n  cf the
ve r s a t i l i t y  and e f f i c i e n c y  w i t h  w h i c h  d i f f e r e n t
microprocessors perform these operations. Instruction sets

ate very subjective anf a com~ariscn cf the power of t wo

different microprocessors made on the basis of the s:ze of

their instruction set or or the basis of inpl em enta tio~ of a

be n c h m a r k  p r c g r a m  can  be m i s l e a d i n g .  5 en c h m a r ~ p r o g r a r n s  c a n



be a priori biased since they are written by programmers who

can well be more faniliar with the internal data

manipulation s and I/O operations of a particular

microprocessor  and thus  more efficiently sequence the

instructicns of the benchmark program for that

microprocessor [38 ].

Prom the viewpoint of the hobbyist or perscnal

computer user , an evaluation of the different

microprocesscrs should be made on tie basis of the

fcllowing:

• Functions to be performed

• H a r d w a r e  r e q u ir e m e n t s

• Time limitations

• Memcry requirements

• tccumentaticn available

~ Prcgramm ing language

• Scftware provided

The f unc t ions  to be p e r f o r m e d  a n d  t h e  a b i l i t y  Cf the
i n s t r u c t i o n  set to  i m p l e m e n t  these  f u n c t i o n s  gives a clear

view of the applicability of a particula r microprocessor to

the task. Fcr example , although the Z—80 instruction set

includes 30 more instructions than the B080, a novice

prcgra mme r ma y find the Z—80 instruction set to be

be ’~ilderingly complex. The 80~ O instruction set may well

satisfy the functions required by the novice while the

additional instructions provided by a Z— 80 microprocessor

may remain unused. Simila rly the ability of a

microprocessor to be microprogram med can ne a needless

f e a t u re .  A l t h o u g h  m i c r o p r o g r a m n i n g  p r o v i d e s  t h e  c a p ab i l i t y
of tailorinc the instruction set to the user ’s particular

a p p l i c a t i o n , fo r m a n y  ~~ . ers , it s i m p l y  i n t r odu c e s  an
additional ccmplexity. :~~ a d d i t i o n  to  m i c r o p r o g r i m m i n g  the
machine , the user must generate his own software — a

form idable task for the novice [39].
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The anount of hardware governs the physical size and

cost of a sy s t em .  H a r d w a r e  r e q u i r e m e n t s  f o r  m i c r o c o m p u t e r s
are determined to a great extent by the input/output

operations required. Systems based on one microprocessor

may require fewer hardware interfaces than systems based on

two inicrcprccessors . However , systems that have a greater

amcun t of hardware may have simpler software requirements.

To evaluate this tradeoff in costs, a benchmar k program can

be beneficial.

Among personal computer users , instruction execution

speed is perhaps the least consequential consideration.

High system throughput is not as important a consideration

as in large scale time—shared computer systems. To the

hobbyist , price is crucial while speed and relianility are

secondary.

~enory requirements -differ between micr-oorocessors

because of differences in modes of memory addressing and I/O

operations. Since the cost of providing read/write ~enory

can be great , any means of decreasing this cost is of

be n e f i t  tc  t h e  h o b b y i s t .

Other items to be considered during selection of a

miczoprocesscr include the availability of documentati on fo r
that micrcprccesso :, the programming languages used , and the

software prcvided by the vendor. S o f t w a r e  s u p p o r t  and
p r c g r a l u Er ing  l a n g u a g e s  are addressed  in sect ion V of th i s
study.

B. P E R I P i ~E B A L  D E V I C ES

A m icrcccmpu ter mainfra me with the basic component s ~hat

allow i t  to be classified as a m icrocompute r can ne ac; iired
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at •costs from $395 for a South West Technical Products

Company 6800 in kit form to $995 for an assembled version of

Cro m enco ’s Z—1. As in the case of a CPU on a chip being

advertised at a seemingly low price of $20, microcomputer

mainframes are likewise advertised at what seem to be

reasonable prices to the uninitiated. Without the

sup porting m emory, I/O circuitr y ,  and power supply, the CPU

on a chip is a long way from being classified as a

microcomputer. Likewise the microcomputer mainframe is a

long way from being a workin g compu ter syst em . In crde r for
the micrcccmputer mainframe to interact with the outside

world , input and output devices (peripherals) are :e-~ u ir ed .
Peripherals include teletypewriters, paper tape readers and

punches , CET displays, keyboards , cassette tape recorders ,

floppy disk drives, and printers. Although personal

ccmputing enthusiasts are using some of the traditional

computer peripherals , the relatively low cost ones , a

variety of peripherals that are unique to the small scale

ccmputer market , are also available. In contrast tc the

peripherals used in large scale computer systems , personal

ccmputer peripherals are at the lower end of the p e r f o r m a n c e
scale. In this section , several peripherals available for

use in personal computing and their interfacing requirements

are described.

1. 
~~~~~~~~~~~ ~~~~~~~~

When one or more I/O devices are connected to a

microcomputer , an interface network for each device , ~no-~n

as a peripheral interface is required. Peripheral

interfaces are used to convert information that is being

passed from the peripheral device to t h e  compute: into a

L 

format that is compatible with the computer. Likewise

during a transfer of information from the computer to a

peripheral dEvice , the peripheral interface converts the

_ _ _ _ _ _  
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informa tion into the required format for the peripheral. In

order to reconcile any timing differences between the

compu ter and a peripheral, the interface usually must supply

status information to the computer (e.g., READY or

BUSY) [20 , 23~~.

Pour fea tures comm on to periphe ral in terfaces
inclu de b uf fering, address decoding or device selection ,

comm and deco d ing, and timing and control capabilities . The

buffer capability is required tc synchronize data exchanges

between the CPU and the peripheral . The address decoding

feature is necessary for selection of an I/O device in

systems with multiple peripherals. Command decoding is

provided in some systems for I/O devices that perform

actions cther than data transfers , such as control of a tape

drive. Finally, each of these functions requires timing and

ccn trol [40).

The interfacin g requirements of a particular

m icrocom puter system are determined by the characteristics

of the peripheral devices employed in the system.

Peripheral devices generate and accept data in either

parallel or serial formats. Devices that employ parallel

forma ts, such as keyboards , analog to -digital (A/D)

ccnverters and digital to analog (D/A) converters , sen-i or

receive all the bits in a data word or keyboard character

simultaneously. The interfaces for pa~ allel forma t dev :c~ s

simply provide electrical compatibility and proper ~im inq

for transfers to and f r om the microprocessor or ~i:ect

Memory Access (DMA) bus.

In p r o g r a m m e d  da t a  t r a n s fer  o p er a t ic n s , i n f o r r n a t i o n
to be placed in mem cry is transferred from the input device

via the processor to the designated memory location. In a

sim il a r  f a sh icn , data that is no be o u t p u t  f r o m  m e m o r i  goes
by way of the processor. T~ is typo of data t:ansf~~r t i e s  up

~43
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the processor during the entire data transfer. In order to

permi t cverlap of I/O and processor functions , some
m icroprocessors hav e a hold provision that enables ~irect

Memory Access (DMA) operations. The DMA allows t~ e

peripheral device to transfer data directly [41].

in device s that use serial formats , a data word is

sent or received one bit at a time. Since the

microprocessor is a parallel word processor , the peripheral

interface, in this case, must perform serial—to—narallel and

parallel—to—serial transformations in exchanging data to  a n d

from the processor or DMA data bus. Serial interfaces are

typically more exp ensive than parallel interfaces because of

these data transformations.

Ihe selection of the peripheral devices to  b e  used
on a personal computer system is important because in many

instances , the cost of these devices exceeds that of the

microc omput er mainframe components. Reguiremeat s by a

microcomputer for interface logic can add significant cost

to the tctal system [42]. These requirements vary from

system to system dependent upon both what is initially

supplied for interfacing in the mainframe and nicroprccassor

capabilities. A tabulation of the available interface boards

and their costs is given in Table 3. The cost of ~roviding

interface boards for a microcomputer cvs :em can be minimized

by the use of boards des ignated as m ulti ple I/O (~ IC) boards

which can handle the interface need s of more than one

peripheral device. An example of an ~~O board is t h e  :MSAI

MIO with five ports. This ~IO boar d combines t~i€ most

ccmm only used I/O inter faces on ~ single board with a

ccn tzol pcrt , serial channel , cassette interface , an~ two

parallel I/O ports. With this ?IIO board , a keyboard ,

printer , tare cassette and ne l-~- t y p e  (or CRT) can ~il he
controlled siniulna neously.

j



TABLE THREE

Standard Inpu t /Ou tpu t  In te r faces

IMSAI Description Kit Assembled
Cat .  No.  Price~ Price~

M IO Mult i ple i / O Board (2  pa ral lel , $195 $3 5 0
1 ser ial , 1 cas set t e ta p e inter-
face)

PlO t4_l One port parallel I/C Board 93 lL~0( Keyboard , A/ D S 0/A  conve r t e r s)

PlC 14_ 4 Four port parallel  I/O Board 156 299
(Alphanumeric Printer)

SIC 2— 1 One channel serial I/O Board 125 235
(Tele type , Key board CRT Termina l)

SlO 2 — 2  Two Channel serial I/O Board 156 2 9 9

PlO 6— 6 Programmable 6—port parallel 259 2 7 9
I/O Board (bidirectional data
flow )

P lO 6— 3 Programmable 3-port parallel 39 239
i/O Board

~Re f  :Ms Assoc ia tes  Janj ar ’i  1977 Pr ice  Lis t

_ _ _ _ _ _  j



2. Hard co~~ Devices

As personal com puter use grows , so does the demand

for low cost hardcopy output devices. Without hardcopy

prin tou t, debugging a long program can be difficult . Since

line printers that utilize chain crinter mechanisms are

t~rpical1y toc costly to justify for use on personal comput~ r

systems , several alternate nardcopy output devices are

employed. These hardcopy peripherals include teletypes , IBM

Selectric keyboard printers , and dot matrix printers.

a. Teletypewriters

Many of Teletype Corporation ’s ASR—33 (autcmatic

send—receive) teletypewriter sets are available on the

surplus market. This device offers a keyboard which

transmits 8—leve l ASCII code , a typing unit for producing

har dcopy, a paper tape reader , and a paper punch. The

ASR—33 is a low speed device which transmits or receives

data at a maximum rate of 10 characters per second. The

paper tape unit can be used to read paper tape prcgram s

which load monitors , assemblers , debug routines and high

level softwate int o the computer system.

ASR—33 teletypes are available on the surplus

market in “as is” condition for as little as $250 but may

require extensive parts replacement. AS R— 33s that have been

under regular maintena nce contracts command a price of $350

— $400 while reconditioned units sell for £730 — $900.

Although they are generally unavailab le from terminal

dealers whc prefer to rent rather than sell the A SR— 33s

outright , new unit s can be acquired through hobby computer

stores for a price of $1350 [43].
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Eccause the ASR— 33 employs a serial format for

data transmission between the teletype and the computer ,

either an Rs—232 voltage terminal or 20 ma TTY current loop

interface board m ust be provided in the computer mainframe.

Specia l integrated circuits such as the universal

asynchroncus receiver—transmitter (UART) are available for

this purpcse. The cost of this interface can add $140 to the

total system cost if the computer mainframe does not have

this prcvisicn built in E4L$ ].

b. IBM Selectric Keyboard Printer

Cne of the most desirable fcrm s of comput er

output is high quality typewritten text suitable for

pre par in g letters, reports , and other documentation. A word

prccessing system which speeds up the process of 4riting and

revising text would be a very useful and feasible

applicaticn for a small microprocessor based system ,

provided that a suitable hard copy output device can be

fcund at a reasonable price. The IBM Selectric Input/Cutput

Keyboard Printer provides an ideal output medium for such - a

word processing system. Selectric I/O units have found

their way into the surplus market as the IBM computer

systems that the y wer e designed for have become obsolete.

Prices fcr these units range from $250 to flSOO .

Interfacing hardware and logic adds an additional $100 to

this cost [145].

C .  ~atrix Impac t Printers

As an alternative to teletype terminals which

can be both costly and bulky, dot nlatriA printers are

available f o r  hardcopy output. A n example of a print er of
this type is the SWTPC P~ —4-3 Alphanumeric Printer , available

a:
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in kit form for $250. It uses a 5 by 7 dot matrix to print

40 characters per line at a rate of 75 lines per minute on

standard 3.~~75 inch rolls of adding machine paper. This

printer requires no head positioning circuitry thereby

sim plifyirg the requiremen ts placed on its driver
electronics. One complete line is printed at a time from an

internal 40 character first in first out buffer memory.

Printing occurs either on receipt of a carriage ccn trol
signal or automatically whenever the line buffer memory is

filled. This printer is approximately the size of a cigar

box and incorporates TTL compatibility [146].

3. cRT ~2A~ I~

Cathcde ~ay Tub e (CRT) displays provide a very

effective aedium for interactive use of personal computing

systems. Although they have the disadvantage of being

unable tc prcvide hardcopy output , their low operaticn cost,

silent operation and versatility make CRT displays

desirable. C~ T display units used in personal computing are

divided into two categories: video terminals which include

a keyboard , and modified television sets and video monitors

without keybcards.

a. Vid eo Terminals

The versatility of video terminals increas€s t~ e

value of personal ccmputers as tools by enhancing the

communication between the system and the user. The user

supplies information tarough the ke~’boa:d input fur

prccessing by the systen and the system d :splays the

resulting data on the monitor screen in charact er or gra~ hic

form. Video terminals witri the logic reguired to allow

cursor ccn trc l, character read at cursor position , scrollin~

ISs~~. ~~~~ ~~-r~-—-—-r t,---? —. ~~ -----‘- -- — ~~~~~
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or paging operation modes, dis p lay of u p to L48 l ines wi th 90
characters per line, and expandable RAM memory for display

storage are avai lable to personal computer enthusiasts

through both surplus equipm ent sup ply houses an d as new
units with prices ranging from $200 up to $1250 . New units

are normally sup plied with the equipment necessary to

interface with the microcomputer [147].

h. Television Typewriters

Although video terminals are desirable additions

to persona l computing systems , their high cost relative to

the computer mainframe cost places vide o terminals beyond

the reach of most hobbyists. The problem of providing a low

cost video display has been solved by using the standard

hone television monitor as a TV typewriter. The logic

required to interfac e the hom e television with the computer —

is available on 3— 1 00 bus PC cards designed for this

purpose. Data to be displayed on the television is ctored

in a portion Cf the computer ’s RA~1 m emory . A reading of tne

RAN produces the video signal used for creating the

alphanumeric display. The video signal is then passed

through a video—to—RF converter , attached to t h e  a f l t e n n a
leads of the television. The video— to—RF conversion ,

required by FCC regulation s, reduces the availabl e ~an~ width

such that cnly 32 to 0 character positicns per line are

available. Home televisions adapted in this a~anner

typically display 16 to 32 lines, and do not have the cursor

and scrolling capabilities of the commerciall y a7ailable

video terminals . However , the cost of converting th e home

television to this use is less than $100 and it still can be

used for jt~ traditional purpose (148].
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c. Video Monitors

A variety of video monitors designed

specifically for use as moni tors, are available and have

capab i l i t i e s  tha t  a re  no t  ava i l ab le  on a television set

conversion. These monitors accept video output without

conversion to RF which allows a wider video bandwidth for a

larger number of lines and characters per line in the

presentation. ~Jhile video terminals provide a keyboard for

data input , video monitors and television typewriters lack

this feature.

~~~ fl2~~ L~~~~~~~

a. Paper Tape Readers

~ost microcompu ter manufacturers use paper tape

as a media for distributing programs , updates , and

diagnostics because of its lcw cost and ease of handling and

mailing. As an alternative to the use of high priced

teletype ter~ inals to enter paper tape programs , several low

cost (!75 price range) paper tape r ea d e r s  a re  a v a i l a b l e  fo r
personal computer systems . These devices have no moving

parts and incorporate optical sensor arrays to read the

perfora-t icns of the paper ta~~es. The reading speed of these

devices is a function of the dexterity cf the user who pulls

the tape through the device. All the required handshake

logic to interface with any microprocessor I/O port is

included w i t h  the unit.
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b.  Ke yboards

Although the front panel address and data

switches , which are present on some personal computer main

frame assemblies , can be used for entering basic mncnitor

pro grams , mcre extensive programm ing in high level languages
such as EASIC require the use of a keyboard input. Standard

ASCII keybcards with positive control logic, ccntrol

characters, and the necessary cables for interfacing the

microcomputer are available in kit form for $125 or they can

be procured assembled for $200. Keyboards require a 1 port

parallel I/O interface board which adds $93 (kit) or $1~ 0

(assembled) to the price of this input device.

5. 
~~~~

a. Audio Cassette Recorders

Magnetic cassette tapes are the mos t flexible

and least expensive means of nass data storage for personal

ccmputer systems. The utility of cassette tape r e c o r d e r s
lies in their ability to provide a high—speed (compared to

keyboard or paper tape) input medium and a permanent storage

for retaining long programs after they have been developed.

Cassette tape also serves as an important medium for the

exchange cf prcgra ms. By using audio cassettes, a h o b b y i s t
can easily store long progra~ s, such as a BASIC interpreter ,

an-i load the m into compute : ~AY~ in less than 30 seconds.

An early standard ization for computer lata
encodin g Cr. audio cassettes has benefited personal computin ~
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by allowing the exchange of progra ms in machine readable

tcrm betueen those using the sane standard. In order to

exploit the most effective recording technique aud to

coordinate design efforts , BYTE magazine sponsored a

symposium in the Fall of 1975 in Kansas City in an a-ttem Dt

to establish a recording star~-~ard for the storage of digital

data on cassette recorders. The standard developed -ias to

record data serially using IJA RT format at 30

characters/second. Marks or logic ones are represented by

recording a 2400 Hz sine wave on the tape while spaces or

zeros are represented by recording a 1200 HZ sine wave.

With the proper circuitry this recorded data can then be

read off the tape into a self clocking tJART based tape

system which will tolerate audio recorder speed variations

of approximately plus or m inus 30 per cent. The 30 per cent

tolerance allows speed variaticns due to line v~ultage ,

battery voltage , wow and flutter , arid mechanism wear.

However , this “Kansas City ” standard did not specif’i how

data was to be or;anized on the tape . This can lead to

incompatibility among various manufacturer ’s uni~~ ~u 9:.

~hile the low price and widespread availability

of audio cassette recorders makes these units attractive t~~

personal computer users, the interface to perform the above

frEquency shift keying operations is expensive in ccmpar iscr —

to the recorder costs. Southwest Technical Pro-ducts Ccm p any

offers such an interface in kit form for 380. It includes

status indicators to show read and write states as well as

valid data flow and provides manual or computer control over

the cassette ’s operation in read/record modes [50].

b. ~igitai Cassette Recorders

A l t h o u ; h  t he r e a re  several ccmm ercial di~ ita

cassette ta:€ decks on the market today, :ecc ng
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techniques vary and they are significantly more expensive

than the average audio cassette unit. The digita l ca ssette

tape units that are on the market incorporate man y features

such as handshaking with terminals and modem s and software

ccntrol c~ start/stop. The cost of a digital data recorder

manufactured by ~Iational Multiplex Corp., that can run at

any baud rate up to 14800, is $175. To interface with the

computer , an RS—232 voltage interface is required whil e the

scftware ccntrol of start/stop also requires a separate

interface board. This can increase the total cost of

d i g i t a l  c a s s e t t e  r e c o r d i n g  b y  $100 [5 0] .

C .  Plcppy Disk Drives

Fl ex ib l e  m a g n e t i c  disc ( f l o p p y  -d i sk)  s~js t ems
provide random access capability to program /data stc:a~~ .

Hard—sector fcrma tted , each disk hold s over 300 ,000 data

bytes. The floppy disc provides a much faster data transfer

r a t e  t h a n  casset te  r eco rd ings  b u t  u n f o r t u n a t e l y  t h e  a v e r a g e
£1200 cost of most floppy disk systems makes them too

expensive f-~~ most hobbyists.

The recent deveiopnent of a mini~ fioppy disk

drive that provides random access mass storage at a cost

that is ~eli below that of a full size floppy disc may make

the mini—floppy a standard for the personal comput er

industry. North Star Computers , Inc. has intro duced a

mini—floppy disk system that has a 90K data i yte cacacity

f o r  each disk. The 3599 cost of this system ~nclu1es PR3~1

bo c tst r a p ,  a file—oriented disk ope:ating system , a 12~
version of BASIC with sequential and random disk ~i e

accessing, and all the necessary ~a:dware interfacing

:o’ ic [50]. A conDarison of system reguirements for the

above mass storage devices is -given in ~~ble 4 .
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TABLE FOUR

Device Requirements

Audio Digital Floppy Floppy
Cassette Cassette Disk Disk

Average Access 15-23 mm mm 1/3 sec /~ sec
Time

Cost of kit for und er $200 -~nder $500 3700— 3570-
dri ve , interface $1500 32-0 7
S controller

:nteriacing -~00 s:<
Oo:o— ;are Size

(Bytes)

Data Stored 6~-K 300K 3001<
(Allowing for
system overhead )

1~umber of Files 200 unlimited 255
(approx)

Transfer Rate 30 — 2t4 0 500 201< 101K

R e f  ( 5 0 )



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C. HAR DWAR E PROBLEMS

The greatest hardware problem faced by personal com put er

use r s  is the  lack of a d egu a t e  d o c u m en t a t i o n , p a r t i c u l a r l y  in
the area of kit construction . ~any computer journals refer

to the develcping personal computer industry as a “garage

shop phenomenon. ” Microcomputers can be manufactur ed by any

company which can buy the basic chips and put them on a PC

card and supply such software and service as their- expertise

allows. Among the - problems faced by kit builders are the

following: inoperabilit y of the computer after asseTbly,

inc lusicn of part s not shown on wiring diagrans or on parts

lists , incorrect order of assembly of compcnents

n e c e s s i ta t i n g  u n s o l d e r i n g  of previously assembled narts , and

a lack of service from the vendor or slow service from the

manufacturer in resolving these problem s [51 ]. These

p r o b l e m s  can be m i n i m i z e d  by  the  p e r s o n a l  c o m p u t e :  user
e i t h e r by the  pu rchas e of  a ssembled  c o m p o n e n t s  or t h e
purchase cf kits from the more firmly established compani es.

Other items of concern include the cost of peri pheral

devices and their interfacing requirements. With :arket

expansio n and technological advances , the rost of
peripherals should decrease. The personal comput er

purchaser must be aware of the bus structure of his intended

purchase . Although the S—100 bus has been term ed the

in d u s t r y  s t a n d a r d , o the r  bus  s t r u c t u r e s  do e x i s t .  For
examp le , t h e  c o m p u t e r  pro~~uc ts  t h a t  H e a t h  C o m o a n y  i ii l  b e g i n
selling in the fall of 1977 will emp loy a 50 pin bus ,

presu m ably to limit the user to purchases of Heath C C m p a n y
peripherals unless he is willing to accept the expense of

interfaci ng logic for non—Heath Comoany peripherals [52].
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V .  M IC R J C O MPU IE R  S O F T W A R E

In spi te of their small size, microcomputers are still
complicated dev-icas and requir~ extensive scftware support

to be useful. This support can come from a variety of

sour ces , includin g the microcomputer m anufact irer , the

microprocessor manufacturer , other tuicrccomputer vendors and

users , independent software distributors , and users groups

and hobbyist clubs, lost vendors provide at least a minimal

s y s t e m  of a s semble r  and  a p r im i t i v e  k e y b o a r d  m o n i t o r  and/ or
debug package since without them , a microcomputer is a

rather expen sive paperweight. A few companies provide true

op er at i n g  s~is tem s and  even  h i g h  level  l a n g u a g e s .  Th i s
section describes the types of software support that are

available for microcomputers.

A. A SSE~ ELEPS/EDI O.RS

although it is possible tc do programm ing in  ma ch i n e

language (binary, octal, or hexadecimal) using a debug

mcnitor , programs written in assembly langua~~e using

ccmb inaticns cf letters and numbers (mnemonics ) to represent

instructi cn codes are easier for human interaction ~ith the

computer. Programs called assemblers translate ass~ mb ly

language programs into macr ifle language for executicn by the

comput er. Assemblers permit programmers to annotate their

progr am s ~ith comm ents and to explain and document the

purpose and operation of the instructior .. 
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Most microcomputer manufact urers produce an assembler to

aid in p r c gr am  writing. Assembler programs are available as

both r es iden t  and cross assemble r  p r o g r am s .  The
ava i l ab i l i t y  of res ident  assemblers  can significantly

increase p r c g r am m i n g  c o nv e n i e n c e . The limitation of

resident assembler programs however is that significant

expense is invc lved  in p r o v i d i n g  a mass s torage dev ice  to
store this program. For example , the assembler program for

a typical micrccomputer, the SWTPC 6800, runs in 8K bytes of

read/write memory but requires at least a 12K system to

allow the user to assemble medium size application programs.

The requirement for a mass storage device can be curtailed

by the  use of cross assemble rs  on a large—scale ccnputer.

This type of service , however , is generally unavailable to

the personal computer enthusiast [53].

Assembly language programming can have the advantage of

allowing a progran to execute using fewer instructior .s than

one written in a higher order language and compiled into

machine instructions. This allows a faster execution time

and requires less memory. The price paid fcr this possible

advantage is the extra time reguired for the user to become

prcficient at assembly language [5L1].

A l o n g  with t h e  a s semble r , a p r o g r a m m e r  requires an

editor program to allow him to change his symbolic language

and correct errors . With resident assemblers , this may be

pr c v i d e d  as par t  of the  a s s e m bl e r  or it may be a separate

p r c g r a m  ~ir h  its own s to rage  requirement .
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B. LOADEB /CEEUG PACKAGE

Once the program has been assembled, it is read into the

microcompute: memory by a progra m known as a lcader.

Microcomputers such as the MITS Altair 680 and SWTPC 6800

which use the Motorola M6800 microprocessor maintain the

loader progra m on ROM . ROM utilized in this manner prcvides

a f i r m w a r e  f u n c t i o n  known as a m o n i t o r  which enables
microcompu ters that use the M6800 microprocessor to operate

with a nearly naked front panel. The SWTPC 6800 uses a

standard mcnitor, known as the MIKBUG , developed by Motorola

while the MITS Altair 680 uses a mncnitor designed

exclusively for ?IITS by ? l i c r o— S oft .  As a resul t , p r o g r a m s
written for a MIKBUG oriented computer are not

interchangeable with Micro—Scft oriented computers [533.

Computers , such as the MITS Altair 8800, which do no t
h a v e  a icader  p r o g r a m  present  in t he  m a c h i n e  in RO M m a k e  u s~
of a bootstrap loader. Such a progra m is usually on tape

and requires several instructions to be keyed in by hand ,

via  toggle  swi t ches  on the front panel , to initialize and

direct  the  read ing  of the  loader . The b o o t s t r a p  loads
itself and is then capable of loading an assembled

prcgram [55].

The inclu sion of a monitor in ROM makes the develcpwent

an d running of pro gram s easier an d also permi ts using the
read/write memory more effectively since none of it has to

be taken up with storing monitor—type subroutines.

Many of the micrccomputer manufacturers provide their

machines with a -debug program as part of the monitcr which

allows the programmer to exa mine and modify the contents of
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registers and memor y . The debug function also allows the

insertion of ttbreakpoints u in the program. In this way the

programmer can walk through the execution of the program an d
isciate bugs (56).

C. COMPILERS

Compilers function much like assemblers and they are

necessary for high level languages. With high level

languages , the p rogrammer specifies a num ber of general
commands (source code) which are translated by the compiler

software into the specific instructions (machine code)

necessary for the microcomputer to perform the task

indicated. Compilers make programming easier and faster

because fewer statements are required to implement an

algorithm , however this is balanced by a slower speed of

program execu tion , a decrease in efficienc y of memory

utilization , and a requirement for a significant amount of

off—line stcrage. Another negative feature is the

non—availability of comp ilers that operate on microcom puters

although compilers for this purpose are under development.

At present , cross compi lation on large computers is used to

compile program s written in high order languages for use on

microcom puters (57 ].

D. I NT ER PB E’I ER S

Assemb lers and compilers can be classified as

translators which accept source language and change it into

an cbject code which can then be loaded into the compu ter

for execu tion. In place of a compiler , an interpret er can

be used to execute high order language programs . Unlike
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translators, interpreters execute the source languag e
directly without the intermediate process of translation to
an oblect code. Interpreters have the advantage that a

small amoun t of storage is required for this langu age
prccessor tc work while the efficiency of the programmer is
high because of the use of high level language. Usually,

the interpreter provides direct an d indirect modes of
program execution. The direct mode enables the programmer

to execut e statements as they are entered allowing

interaction with the compu ter for correction of syntax
errors prior to resumin g execution. In the indirect mode ,

ccmm ands are stored for later execution [58].

when ccmp ared to com pilation, interpreters have the

disadvantage that more time per statement is required since

statements are considered one at a time. Because statements

are not consi dered as a grou p, interpreters are una b le to

resolve syntactical inconsistencies that compilation would

disclose.

Most of the high level langua ge processors used in

microcomputer systems are pure source—code interpreters.

E. HIGH LEVEL LANGUAG E

The availability of high level languages for

microcomputers through the use of interpreters has increased

the attractiveness of per3onal computer systems . High level

languages provide a powerful and fundamenta l form of

software for any system by allowing the description and

solution of problems in a form that is easy for the user .

While high level languages are not as efficient as assembly

languages in terms of memory utilization and speed -of

prcgram execution , they have the advantage of bein g easy to
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learn and easy to use.

The most widely used high level language in personal

computer systems is BASIC , which stands for Beginners ’

All—purpose Symbo lic Instruction Code. BASIC language is

offered by mcst microcomputer manufacturers because it is

perhaps the easiest language to lea.rn and because it can be

used for numerous applica t ions. Literally thousands of

BASIC prcgram s hav e been written and are in t h e  pub l i c
domain. These programs include accounting programs ,

business programs , scientific programs , educational

prcgrams , game pr ogr,am s , engineering programs , and much

more. BASIC is an interactive language allc~ ing the user to

receive immediate feedback from the interpreter as EAS!C

statements are e nt er e d .  In this manner syntactical and

lcgical errors can be identified and corrected. This assists

the program m er in t he  writing of long complicated programs.

Many suppliers offer three versions of EASIC [59]: ~K

BASIC — designed to run on as little as UK of read/write

m emory, 8K BASIC , or EXTENDED BASIC (12K) . The different

vers ions  a re  sui te d to d i f f e r e n t  a p p l i c a t i o n s .

1.

~4K EASIC is a small version of the versatile BASIC

language designed for applications requiring just

mathematical manipulation without extensive processing of

text. It includeds 16 statements in addition to U comman ds

and 6 functions. (4K BASIC is designed to run in a system

having a m ini m um of UK of r e a d/w r i t e  m e m o r y .  In a 4K

syst em , UK EASIC as o f f e r e d  by ~ITS f c: t h e i r  A lt a i r
products leaves approxim ately 750 bytes of memory for

stora ge cf tEe use r ’s high level ian~ uage program.

- ___
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2. 8K BASIC

The Altai r 8K BASIC interpreter requires 5.9K of

read/write memory. If the system contains 8K of RA M , 2.1K

net bytes of RAM are left for the user ’s programming. ~3K

BASIC has the same capabilities as UK BASIC but it includes

4 additional statements, 1 additional command , and 8

additional functions. Other features include

nultidimensicned string and nu~neric arrays , the ability to

read or write a byte from any I/O port or a~emory location ,

the ability to interrupt program execution and the n continue

after examination of values , and multi—line , multi—vari able

user furcticns . With 8K 3ASIC , print statements provide

fully formatted output for multiple devices such a~ C~T

screen , teletype , or line printer. ~ulti—dimensional arrays

perm it fast processing of data that can be o:canized

graphically or in tabular form. BK BASIC is particularly

useful fcr applications requiring lists of nam es or numb ers

such as accounting prograus , inrentory programs , and nailing

lists.

3. EXTENDED BASIC

~any firms also cffer versions of EASIC they call

EXTENDED BASIC which is similar to 8K BASIC wi’ h tie

addition cf dcuble precision arithmetic , the s~ a~ em~ nt ?~~~~T

USING which provides complete control over ou tp u t format , as

well as other features . The Altair version of EXT EN DED

EASIC requires 10.2K bytes of read/write m~ norv , ieav ina

1 .8K bytes of a 12K RAM system available for tae user ’s hi;h

lev el language program.

62

_ _ _ _  _ _ _  ~~~- —~~~~~~~ - -  ~~~~~~~~



SCm Q personal  c o m p u t e r  syst ems o f f e r  an E X T E N D E D
DISK BASIC which allows users to save and recall prcgrams

and data files from floppy disk drives . Random access as

well as sequential file access ca pability is pro~ ided.

EXTENDED LISK BASIC systems generally include all features

of EXTENDED BASIC and require 16K bytes of read/write

mem ory.

The abcve softwar e programs are availanle on several

mediums: paper tape , magnetic cassette tape , floppy discs,

and PROM devices . Software implemented on PROM devices

o f f e r s  th e  user  the  -greatest  conven ience  in  t h a t  t h e  p r o g r a m
need not be loaded into the system each time the system is

powered up.

F. OPERATING SYSTEMS

Operating systems for low—end personal nicrocomcute :s

are rather primitive unless considerable mem ory is

available. Cassette operatir~ systems and disk cpe:atinc

systems are available for use on microcomputers wni ch have

been equiped with cassette tape recorders or floppy disk

drives and provide file management capabilities for these

peripherals . However , the extent of cperating system

capability is usually limited to the previcusly men tioned

keyboard monitors which rarely have any mass stor a~~€ o r f i l e
handl ing capability. Monitors generally provide 0 f l 17  ~n

ability to examine and load registers under m emory ccn~ rol

and to transfer control to a specified location ~5-3].
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G. SOFTWA BE P1~CBLE~1S

1. 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

Software present s a major problem that will have to

be overccme before the industry can make a successful

transition from the hobby market to the mass market. Not

only is software expensive to develop, but there is no

driving force to standardize software systems. For example ,

software interpreter programs written for a syste~u based on

8080 ha r-~~are will not run on a 6300 hardware system . Even

for m± crcccmputers based on the same m i c r o p r o ce s s o r ,
software interpreter programs written for one manufacturer ’s

microcomputer will often fail to operate on an alternate

vendor ’s product. These problems can be attributed to

assumptions made by the software developer regarding

location cr transparancy of a nonitor , use of a m o n i t o r  f o r
input /output operations , -direct memory access or interru t

prctocols , or use of an input/output port or address for a

particular ptrpose [60].

Similarly, application ~:ograns written in high

level languages such as BASIC often cannot be freely

interchan ged between systems. Each manuf acturer offers his

own particular version of the language which may ccntain

control statements , comm an~ds , or functions that a second

vendor does not include .

Pcr the hobby conput er user , the availability of a

fairly w ide :an~ e of software can be ensured by stayina

within the mainstrea m of microprocessors and m icrocom puters

marketed fo: persona l conp~ ting;e.g., the 3080 an - .~ 6~ 00 
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microprocessors and IMSA I and MITS microco~ puters. Programs

for specific applications such as business use (accounting,

bcckkeep ing, inven tory, and payroll programs) , educational

use (math , programmed teaching instruction , and engineerina

programs) , hcbby use (games) and resea rch are available in
bcund publication s and are written in BASIC which is

cc!npatible fcr execution on the most widely used personal

ccm puters.

Purchase of a personal computer often entitles the

user to wemtership in hobbyist clubs which serve as a forum

for interchange of information regarding means of resolving

hardware and software problems tha t arise in that particular

system. Many of these clubs also maintain software

libraries althoug h they may vary in their degree of

reliability. Some manufacturers are also forming users

groups fcr their products and they solicit applications

prcgrams written by users which will be made available to

other user group members.

2. Distribution

T!- e distribu -ticn of software also presents problems.

At preserr- severai m ed ium s are used to distribute software:

paper ~~~~~~~~~~~~~ magnetic cassette tape , floppy disks , and PROM

devices . scae of these mediu m s are both fragile ani costly.

A va :ie~~y of ~rcoding tecnnigues exist for cassette tape and

flcp~ y ~~~~~ Tnis presents a requirement for comp atib le

h ardware am cn~; uuers desiring to exchange program s on these

me ‘~ i u m s.

In a recent article by Jim ~a:ren , editor of ~r.

Do~~b’ .~ Jcu r~~-ai , a hobbyist publication concerned prim arily

with the ~-~5ign and implem entation cf software , several

solutions to the proble m of mach:ne independent softw~.:e
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were addressed. “Publ ication and distribution of source

ccde can greatly simplify the problem of customizing a

program for a given hardware configuration. Transparent

monitors are another obvious aid. Assemblers and loaders

that can produce and process relocatable and segmented c-ode

will reduce the problem . Careful modularization of the

software — wit h particular attention being given to

isolation of I/O and hardware dependent code - will

help [601 .” Complete documentation of software is another

obvious aid .

E f f o r t s  at s t a n d a r d i z a t i o n  of data  encod ing
technigues have been made. The “Kansas City ” standard is an

example of this. The probl em of the multiplicity of

standards used on cassette tape has been circumvented by one

manufacturer , Tarbell Electronics , by producing an interface

that will read any of three recording standards.

3. Cost

Ihe cost of software varies greatly. BASIC

interpreter program s, assembler/editor progr ams , monitor

prcgrams , and disc/cassette operating systems are supplied

by some micrccompute r manufacturers with the cost included

in the hardware for purchasers of complete microcomputer

systems , while cther vendors and independent software

distributcrs charg e according to the convenience afforded by

the me dium. Software programs implem ented on PR O M devices

are generally the most exPensive with costs in the range of

$50 for each 1K PROM. Table 5 provides a comparison of the

aocv e software costs.
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The high cost of some software program s subjects

t h e m  to e x t e n s i v e  u n a u t h o r i z e d  d u p l i c a t i o n  and  d i s t r i b u t i o n
among users without compensation to the developers. Since

the hobby market offers a very narrow profit margin ,

software ~iracy curtails any incentives for software

develop oent by independent distributors.

Var icus publications dedicated tc the small scale

compute: system users have seen pro’ii1in-~ a solution to t~ie

prcble~ s of software distribution and cost. Th& May 1977

issue of In ter f ace  in itiated a pr ogr am of  d ist r ib u t i c n of

software by neans of audio record inserts which I n t e r f a c e
refers to as Floppy — ROMs. The first of these records

prcvided a ~~ BASIC interpreter program for ~S00 series

microDrocesscr based systeai s with ~IK3UG loaders. Patching

instructicas ani separat e loader program s are provided for

systems ~ithcut the MIKBU~3 loader. ~~~~~~face  plans to

distribute additional Floppy — ROMs for 8080, Z—80 , and 6502

CPU s y s t em s  [6 1] .  A l l  that is required to load the

Fl c p p y — R C M  is a m o n o au r a l  33 R P~ t u r n t a b l e  and a
modulator/deIT~cdula tor capability to detect “Kansas City ”
standard frequency shift keyed audio signals and output

digital data. This detect Cr capabilit y is provid ed by

standard cassette tape interfaces.

Cther journals distribu te software in m acnine

readable print format for users with optical bar code reader

capabilities [62].

As the per sonal computer ma rKet expands , ni~~h \oium e

distribu ticn of software will possibly allow software

d~ velopets tc remain competitive wi th a small profit m -~roLn .

By making software available at prices that are oom p irao ie

to  t h e  costs of unauthorized copv in-p o~ .- i -~ .sc:tware ,

una uthori zed coDving will be discouraged.
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V I .  S~ M N A ~ ’L

Low cost microprocessor—based cosputers are be±nç used

in ever increasing numbers. Numerous small oonpanies

pursuing the personal computer market offer a variety of

products with wide ranging capabilities. The potential

personal ccnputer buy er should be aware of the capabilities

and Iimitaticns of the competing products , particularly in

t h e  a r ea of co m p u te r ~a in f r am e s .  The a v a i l a bl e
niicrocompute : mainframe assemblies include different amounts

of memory ard peri~ hera1 device interface , p owe r s u p p ly and
sy s t e m  ex p a n s i c n  cap ab i l i ti es  wti ich h a v e  i m p a c t  on f u t u r e
costs to the buyer.

The cost of personal computer mainfram es is ~u i c~ ly
overshadcaed by the ccst of providing peripheral -dev ices  to
allow hum an interaction with the comuuter , mem ory to s u p~ o:t

s o f t w ar e , and  s o f t w a r e  to p rov ide  i n t e r fa c i n g  c ap a b il i t i ~ s
with peripheral devices. Software and hardware suppo rt and

a v a i l ab i l i t y  va r i e s  w i d e l y  b e t w e e n  d i f f e r e n t  s y st e m s  and  is
often a function of the microprocessor used in t~~e system .

z a n y  pe r s o n al  c o m p u t e r  m a n u f a c t u r e r s  are a v c i d in ~ p o t e n t i a l
hardware servicing problems by turning away from kit

p r c d u c t i c o  and concentrating on the production of assembled

componen ts. The gradual development of software as rae

m a r k e t  m a t u r e s  is d im i n i s h i n g  s o f t w a r e  av a i l a b i l i t y
problem s. Cci~pa~ ibiiity of hardware and software b-~tween

systems based on ~ifferent microprocessors rem ain s an

importan t aspect ~o be considered by t h~ personal comput er

buyer.
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At present mor e tha n one—third of computer cwning

hobbyists have invested over $2,000 in their systems [30].

Many have invested twice that amount to achieve systems

capable of any practical applications. Prior tc the

emergence of a true mass consumer market , the price of

per sonal computers will have to decrease substantially.

Advances in technology and the influence of the efficiencies

of mass production will eventually provide Lower cost

computer compcnents open ing personal computing to the true

m as s m a r k e t .

The demand for low cost computing systems by small

bus ines se s  and educa t iona l  i n s t i t u t i o n s  has  s u p p l em e n t e d  the
demand of hobbyists. Competition to meet these dem ands is

increasing. 1977 is likely to go on record as the yea: when

the pe :scnal computer began changing from a small , but

surg ing hobby kit market pursued by dozens of small

companies to a huoe mass market dominated by the nation ’s

largest electronic equipment manufacturers and retailers~
The small hobby computer manufacturers , in many cases

undercap italized and inexperienced , have sparked the

interest of every consumer electronics manufacturer and mass

retailer. Large companies are beginnin~ to enter the

personal computer field. During early 1977 , Pertec Co~ pute r

C o r p .  a c q u ir e d  :~ITS, t h e  l ead ing  ho me c o m p u t e :  m a k e r :
Computer Machinery C o r p . ,  w i t h  an e s t ab l i shed  sales n e t w o r k :
and iCom , a producer of microco mput er peripheral ha rdw are;

tc supp lement its existing bisiness of makin g memories and

display terminals for minico mputers. By this mer ger , ~ertec

can take advantage of vertical integration in selling

complete microco mput er sistem s , provide access to more

se rv i ce  cut l e t s  a n d  u t i l i ze  the s t r o ng e r  f i n a n ci a l  D u c k l n - u

and prod i~oticn skills of a larger com pany. Other keys mo v es

in t h e  d i r e c t i o n  of mass 1 I :k e ~~:rc inc l~~u e  the  ~ nt : a n c e  f
r e t a i l er s  s-~ch -a s H e s t r .  C 3 m p a n ~ a nd  R a 3 :~ Sha ck  w h c  w i l l

7 .)
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sell their own line of home compute r products. Commodore

Business Machines has announced plans to mass—merchandise ,

throug h television ad vertising, a self—contained turnkey

micr ocomputer , called PET , which will sell at retail for

$~ 95. It will include a TV monitor for graphics and text

display, a typewriter—like keyboard for input , and cassette

tape mencry.

The average consumer will be partial to low cost (under

$500) , readily available computers that are easy to operate.

While the entrance of large industry into the personal

computer market nay cause many of the small hobby computer

manufac turers to go out of business, as with the early

entrants in the hand calculator market , their ability to

provide lower cost computers will mark a step in the

direction of perso nal computers for the masses.
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