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1. INTRODUCTION

1. 1 Back ground

In the past decade or so , the comp uter- user communi ty wi tnessed the
emergence of low-cost compute rs , specifically , the so-called mi nicomputers .
They are the computers wi thin the computer industry which incurred the
most signifi cant growth duri ng the cited time period. (Histori cal sales
stati s tics add some credence to the statement.)

• Calendar Year (CV ) 1962 can be thought of as the fi rs t time of
noteworthy publ ic i ty  for the application of minicompute rs to the solution
of a special class of real-time problems . That ~ubiici ty disclosed that
mi nicomputers were being (or coul d be) used to perform a whole host o~specialized tasks (especially in dedi cated real-time type applications) ,
for example , to obtain sol utions to a certain class of aerospace problems ,
for recording the results of certain experiments , for controlling certai n
precision scienti fic equi pment, and as traffi c l igh t  controllers .

1.2 Problem
• The Uni ted States (U.S.) Army Troop Support and Aviation Materiel

Readi ness Command (TSARCOM) has two IBM System 360-65 computers which
are dedi cated to scienti fic and engineering (S&E) applications . These
computers represent the hardware for the U.S. Army Materiel Development
and Readi ness Command (DARCOM) Mi dwest Regional S&E Computer Center,
locate d i n St . Louis , Missouri . Being the DARCOM Mi dwest Regional S&E
Compute r Center , it has many retail customers. Amorg them are the U.S.
Army Armament Researc h an d ~evelopment Corinand ~ARRC0M), Rodman
Lah tory, and U.S. Army Management En9irlee —i n ; Tr0ining Agency (AMETA) ,
P ~l and , I hnois; U.S. Army Air Mobility Res earch and Develo pmen t

“v , Ft. ~us tis. V rginia; Mat2 riel Test ng Di rectorate , Aber~een
‘ound , Ma ryl and;  LS. Ar -~y Bell Plant Acti vi ty, Ft . Worth , Texas ;

H Product/Project Mar. ~ ers ~~~~~~ St. Lo-~~~, Missouri ; arid U.S. Aniiy
~idJ1 on Research a~d Dev clo p~;L .t Comma . ,.. (AVRADCOM) , St . Loc i s , Missouri .

Note that the retai l cus~:o’rer :orcept for computer resources s~~. ests
a sharing of tne computer as well as computer time 1 on t~ie part of ~;‘.esecustomers . Addi tionally, it su~cests that ~&E compute r users purc ?~as~a block cii compt-:er ~~~ fron TSARCOM. As ~ matte r of fact , tri~ is how
the concept c~s i -iplem..n te~ and i~. mainta ined. T~~ amount a retai~customer pays for coripi ter re~ ~~rc€~ is pri ncipally conti ngent upon the
amount of comp c~ -r time h~ I,s,Ie I u:~~~~~ .

1
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When a computer user determines that he (she) really needs computer
support , he (she) should fi rst evaluate the available alternati ves.
The followi ng is a partial listi ng of the questions that should be
answered before he (she) proceeds:

a. What level of S&E computer support does my organization requi re?
(Thi ngs to be considered are: Who is to prepare, operate , and maintai n
the S&E compute r system, computer programs , and data files? What size
computer is needed to satisfy my organizati on ’s S&E computer require-.
met~ts? When will my organization receive the appropri a te output--
turnaround ti me with respect to needs?)

b. What is the most cost-effecti ve means of provi ding S&E compute r
support to my organization?

• c. How do the regular and nonregular duty hours of my organizati on
di ffe r from those of the organization (s) which are to provi de S&E
computer support?

d. Which S&E computer softw are packages will my organization have
access to?

e. Is my organization ’s present compute r hardware compatible with
that of S&E computer retailers on my candi date list? ,

f. Does my organization ’s present compute r hardware allow for
growth and ypward compatibility ? (Are my organization ’s computer support
needs expected to rema in vi rtually constant?)

In view of the abo ve and because of aus te re fundi ng , the Systems
Analys is Offi ce (SAO), U.S. Army Avi ation Systems Command (AVSCOM) ,
in iti ated the Mi nicomput -~r System Study. The purpose was to determine
the projected minicomputer /microcompute r hardware and software requi re-
men t~ fo c the Di rec to~-cite for Plans and Analysis , AVRADCOM , deve .op a
procecure for selecti ng a ~inico~.puter/microcompute r sys tem wh ich
sat isf ies these requi : emen~s , and deri ve an esti mate of the benefi ts
that could acc uc: from procuri ng ~nd implementi .ig the appropriate mini-
computer/micro -~ pu-ar system ~ith~i the Directorate for Plans andAnalysis , AVR I TL~ 1.

1.3 Charac tc rist cs

Tab E 1 sh~~s a r ige of tie t~ip cal characteristics of a c~iriicorpute r ’microcomputer from a mirimal thrcugh a fairly sophisticated piece of
hardware . (No~~ these before 7 cOceeding.)
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TABLE 1

TYPICAL MINICOMPUTER /MICROCOMPUTER CHARACTERISTICS AND FEATURES

______________ 
FEATURES AVAILABLE 

___________

CHARACTERISTICS MINIMUM AVER AGE MAX iMUM

‘IEMORY
Word Length (Bits) 8 8 or 16 32
Size (Words) 1 ,024 to 4K 4K to 32K 4K to 256K

• Increment Size (Words ) 1,024 4,096 8,192
Cycle Rate (KHz) 125 571 to 1,000 2 ,000
(C yc le T i me , ~Sec) 8 1 to 1.75 0.5
Parity Check No Optional Standard
Memory Protect No Optional Standarc

• Di rect Addressing (Words) 256 256 to 4,096 All of Core
In direct Addressing No Single/Multilevel Multilevel

ENTRAL PR OCES SOR
General -Purpose Registers 1 1 , 2, 3, or 4 12
index Reg isters 0 1 15
Hardware Mu ltip ly /Uivide No Optional Standard
Immediate Instructions No Half yes Yes
L ouble-Word Instruct No Mostly yes Yes
byte Processing No Half yes Yes

~NP UT/OUTPUT (~ iO)
Progranr.ed L 1 Channe1 1 1 1
i/ O Wo~d Size (Bits) 8 8 or 16 32
Priori~ , irte~ rupc Lines 1 1 Standard to 64 2 Standard to

Optional 256 Optional
Cirect ~;1ory ~~cess (DMA) No Optional Optional
i/O M~.~i u m  T~ ..,s fer Rate (DMA ) 125 ,000 400,000 to 600,000 1,000,000

~T hbP~ .-~ u~E S
/~a lt i -~e ~.iock No Optional Standard
P(~~ r Faj,/~ es tart  ~Opt ional Optional Standard
.~ r~est Disk (Megabits ) No 2.1 to 9 183.6
As semcler Yes Yes •Yes

No Basic, FORTRA N , Basic, FORTRA N ,
PLM AL GOL , A PL . PL M

C~~piler No Basic , FORTRAN , Bas ic , ~O~T j ’~,
PLM AL GOL , APL , ~LM

O~e:’atir1g ~v s - ~ No No ~ Rea l-T i :e ,

~ Backyrciuno ,Fore grou na
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Minicompute rs typically possess fast processing (core cycle times
and peri pheral transfer) rates, relati vely short word lengths, and
adaptable input/output (I/O) structures . The price of one of these
appears to be based on such attributes as the word length , sco pe of
the instruction set , and adaptability of the I/O structure .

The central processor uni ts (CPUs ) of m inicomputers or microcompcte rs
are generally single-address binary processor uni ts with negati ve numbers
expressed as two’s complements. However, there are disti n~uishi ng
characteristics among them. The principal ones are the followi ng :
ni.znber of accumulators provi ded; instruction decodi ng; and interrupt
handling capability . Typical CPUs possess an instruction set from 60
to 100 instructions . However , it is possible to find CPUs which possess
more than 200 instruction sets.

At one time , the pri ncipal role of a mi nicompute r or mi crocomputer
was that of performi ng management control , data acquisiti on , and display
functi ons . They were then dedi cate d to performing the followi ng ki nds
of tasks: moni tori ng and controlling specified processes; monitori ng
specified processes and displaying prescri bed output; data acquisition;
data reducti on and analysis; and communication.

To disti nguish a minicompute r from a microcomputer, Barden1 offered
the followi ng statement (the statement below is a paraphrase): A
minicomp uter is an i nexpensive (costing up to a few thousand dollars )
physically small , general-purpose computer , while a mi crocomputer is
a minicompute r possessing a microprocessor chip or chips as its CPU.
Observe that , from the previous statement , one could not ‘~~tain acrystal clear disti nction between a mi ni conputer and a microcomputer.
Not enough facts were offered, to have done so would have been an
horrendous task , and certainly not worth the effort.

In view of the discussion presented above , any rationale offered
in the future for a mi nicompute r will also apply to a microcomputer.
(Appendi x A shows a select list of minicomputers/microcomputers and
their manufacturers.)

1William Barden , Jr ., How to Buy Minicomputers and Microcomp uters
(Indianapolis , IN: Howard W. Sams and Company , 1977), P. 11.

4
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1.4 Lite rature Search

References 1, 7, and 12 disclose that minicomputers/microcomputers
are avai lable in numerous configurations and are highly sui ted for two
basic kinds of processing, batch and time—sharing. Additionally, they
show that mi ni computers/microcomputers are being used to aid in the
performance of many (as well as di fferent ki nds of) tasks, wi th few
exceptions . Seve ral of these app lication s we re cited above , under
Characte ristics. Needless to say, a give n manufacture r ’ s literature
(Reference 16) makes assertions about how useful and versatile its
product woul d be in enhanci ng solutions to specific user type problems.

References 2 through 6, 8 through 11, and 13 through 15 disclose
that when a potential user commences a search for a mi nicomputer/
microcomp uter, he (she) shoul d identi fy his (her) particular require-
ments and then concentrate on obtaining the computer configuration
which best meets his (her) needs. Addi tionally, s pec ial cons idera tion
should be given to on-line storage, peripherals, so ftware , monitors ,
l anguage processors, edi tors, and operations.

5
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2. REQUI~~I~ENTS

2.1 General

The scope of this study was limi ted to AVRADCOM ’s S&E and data
management computer requi rements . This acti on was taken because of
the thrus t of the potential work load (research and development
oriented) and since many of the operations research and cost analysis
projects can be properly accomplished only through the use of a computer
as a tool .

The followi ng is a partial listi ng of the ki nds of programme d
assignments which are required to support AVRADCOM functional offices
and resident D~RCOM Project/Product Managers (PMs): system/end-item
ilfe cycle cost modeling, system/end-item survi vability and vulner-
ability modeling, support compute r graphics--netwo rk , schedule and
risk analysis modeling, organization force structure modeling , routine
cost and system analyses , and implementation and maintenance of the
Modernized Army Research and Development Information System (MARD IS)
and of the Second Generation Comprehensive Helicopter Analysis System
(SGHAS). -

AVRADCOM and resident DARCOM PM personnel programmed to use the S&E
computer system consist princip ally of scientists and engineers (speci-
fically operations research analysts , various kinds of engineers ,
mathemati cians , and mathematical-statisticians), but also others who
are not necessarily trained or experienced computer scientists or computer
programers. These personnel are expected to develop their own appl ica-
tions software or exercise applications software which are designed for
them by others to satisfy their specifi c S&E and data management require-
ments.

2.2 Hardware

One of the pri ncipal concerns of AVRADCOM is to accomplish its
mission . To efficiently and effectively attain this goal , it is
mandatory that the proper resources (personnel and hardware) be readily
available and accessible to AVRADCOM for employment at all times. The
resource of interest here is compute r hardware (a CPU, mai n rnemor --
core, solid state electronic or bubble storage, input/output (I/O
devi ces, and external storage devi ces), in particular , a general purpose
minicompute r/microcomputer for di rect support of AVRADCOM ’s S&E and
data management requi rements. AVRADCOM offices, particularly the
Di rectorate for Plans and Analy sis , Systems and Cost Analysis Di vision ,
need access to computer hardware which has the capability to support
thei r S&E and data management requi rements . This computer hardware may
be inte rnal or external to AVRADCOM ’s on-site facilities . (See Table
2 for a possible configuration of mi nicomputer/microcomp uter hardware.)

6 
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TABLE 2
MINICOMPUTER/MICROCOMPUTER HARDWARE

ITEM SPECIFICATION
Central Processor Unit

Main Memory At least 32K bytes of stora ge
• Floppy Disk Drive, or At least dual, with 250K bytes of storage/

Diskette Drive floppy disk or diskette

Disk Drive At least dual , with 1~~ bytes of storage/disk

High Speed Printer At least 350 lInes per minute (1PM)

Punch Card Reader, or 80 column card
Magnetic Tape Drive Dual , wi th standard 7 or 9 channel s , 800 or

1600 bytes per inch (BPI) tapes

7
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Consider the case where computer hardware is external to AVRADCOM ’s
on-site facilities. AVRADCOM would then be a user , as previously
discussed , and consequently serviced by a computer retailer or whole-
saler through batch , remote job entry (RJE), or time sharing option
(ISO) terminal processing . (This assumes that the computer retailer
or wholesaler will possess the computer hardware that satisfies
AVRADCOM ’s total S&E and data management requirements.)

Reasonabl e sources for obtaining a listing (and even a comparative
listing) of available computer hardware are :

a. Manufacturers (IBM, UNIVAC , DEC , BURROUGHS , Interdata , Data
General , PRIME , HP, etc.)

b. DATAPRO Research Corporation -— a company that , among other
things , compiles a comparative analysis of computer hardware.

c. Auerbach Services -- a company tha t , among other things , provides
information on particular manufacturers and their computer hardware.

d. U.S. General Services Aóninistration (GSA) Federal Supply
Schedule.

Similarly , consider the case where computer hardware is internal
to AVRADCOM . In this case, AV RADCOM has to acqu i re a set of computer
hardware which is supposedly cost-effective and satisfies as a minimum
the g~icx- response portion of its S&E and data management requirements.
This computer hardware should possess the following :

a. A ODU , main memory , input/output (I/O) dev ices -- card reader
and ~igt~-soeed printer , and mass storage devices —- direct access
storage dev Ices (DASDs), magnetic /paper tape drives , etc. which are only
‘ arge er~ougn to satisf y the user ’s total (or as a minimum his (her) quick -
response) S&E and data management requirements.

b. Comp itibi lity with existing computer hardware , and permits
u7ward compatibility and growth. (This case is assumed throughout the
remai iaer of the paper.)

2.3 Sof twa re

Computer software in this paper includes the followi ng : operating
syst~ (cxe~ it~ve , supervisor/command , I/O logic , language processors--assen~ ier , cross—assembl er, high level language compilers or interpreters
(cO 3C~ , FORT RAN , PASCAL , PLM , BASIC , APL , etc.), emulating packages ,
enitors , support , and applica tions packages (See Table 3 for a minimum
software requirements list.) A significant number of the minicomputer/

8
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m icrocomputer manufacturers , software houses (INFORMATICS , DATAPRO
Research Corporation , Management Science America , Inc. (MSA), etc.),
original equipment manufacturers (OEMs), and service bureaus produce ari~market  adequate computer software to support most user computer hardware
systems . Consult the International Computer Program (ICP) Di rectory and
other software directories for more information on software . (See the• Glossary for a definition of peculiar terms.) An additional source ~computer software is other computer users .

It behooves every potential software purchaser or user to be care-
ful when he (she) takes inventory and evaluates his (her) organ~zatio~ ~particular softwar2 requirements or seeks external software support.
Otherwise , he (she) may not get what was originally bargained for.

Observe Tablc 3, two items of primary importance will be discussed
• in detail. They are operating system (OS) and system utilities.

First , the components of an OS:

a. Intertask communication perm its one task or prog ram to communicate
wi th another .

b. Shared files permit severa l programs to access the same data
concurrently.

c. Shared programs increase compu ter system efficiency and de reis~the amount of memory required .

d. Multiprogra mming permits more than one program to run on the
computer system at one time .

e. Multitasking permits more than one task to run on the computer
system at one t ime.

f. Batch gives a user the facility to run work in background.
a non interactive mode of operation .

g. Core dump gi ves a user the facil i ty to obta i n a sna p shot of
memory when a failure occurs .

h. Power failure/recovery routines protect a computer from los ir~its data when a power failure occurs .

‘.ast, the components of system utiliti es :

a. A conversational editor permi ts the user to enter data j~ro-~t~ 1;
into the computer.

b. ~ comrnard language is the medium through which t ir ~~- . .;

commun icates with the computer system.

9
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TABLE 3

• MINICOMPUTER/MICROCOMPUTER SOFTWARE

i:L~J:i. SPECIFICATIONS

Operating System Operational ; maintainable
Intertask Communication
Shared Files Support
Shared Programs (Reentrant)
Multiprogramming
Multitasking

• Batch
Core Dump

• Power Failure/ Recovery I’

Language
FORT RAN Comp iler/Interpreter “

P1/I Compiler/Interpreter
APL Compiler/Interpreter ‘I

BASIC Compiler/Interpreter ‘I

Assembler

System Utility
Conversational Editor/Text Editor II

System Command Language
Stored Command Functions
Task Bui~ der
Fi le Transfer Programs
Sorts
On—l ine Debugging Tools

F i le Hand ling
Commun i ca tion

ev i c~ SupportSta ti st i cal Packa ge
Mcatflei;iatical Programm i ng Package
Emulation PacKage
In put/Output Logic or Circuitry ‘I

10
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c. A set of stored command functions is a facility which permi ts
tne user to store command functions. This facility saves times and
simp lifies operations which may occur later.

d. A task builder produces tasks for later use so that a task or
program can be exercised on the computer system .

e. File transfer programs facilitate data transfer between
different peripheral devices .

f. A SORT routine arranges data in accordance wi th prescribed keys.

g. On —line debugging tools permit the user to debug (her) programs
in a conversational mode.

2.4 External Storage

E <ternal storage media in thi s paper is considered to mean principally
ass storage , that  is , direc t  access , magnet ic tape or card , paper/mylar

tape , and paper card . It may take any one of the fol lowing specific forms :

DAS (drum , rigid disk , fl oppy d i s k , or diskette).

L .  Magnet ic  ta pe (variou s diameter and track sizes).

c . Magnetic cassette tape (cartridge; standa rd and micro).

d . Magnetic card .

e•. Paper or i~iylar tape .

f Paper card .

H l i offers a usefu l ~i~cussion on DAS ; Hogs offers additional useful
-~ :~a r k s  on DAS , particularly floppy disks; and Boyle discusses some

d~tai s of magnetic ta pe cassette storage. 3 , 10 , 11

T~e advantages of externa l (mass) storage are ease of record handling,
~ff’ciency of repeated use , accuracy, and high volume storage performance.

Di the principal external storage media previously cited , one order
ot ~op 4lari ty is disk , fl o ppy disk or dis ke tte , magnetic tape , drum ,
~i’J iet~c cassette ta pe , punched paper card , and punched paper/mylar

:~~ . This is pa rtially due to the follow i ng a ttr ib utes wh i ch each
aos -~~s to some extent: speed , ease of data recovery , volat i l i ty,
t ransporta bi l i ty , reliability, and economy .

11
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t t o - o a e  r~ipabi i ity of the stor age media l isted below is e t t i~-~~t ’~
?~S S r ~~~W~I

c - - fl 
~

-
~~~1~~i u m  E s t im a t e d  S to ray e  ~~pac

L -u:n Open 
—r arO cnsk About 1OM bytes and up

~~~~~ ~~sk About 250K bytes and up
About lOOK pytes and u~r~~~ t ic  t o j t e About 30 .72M bytes and ~

p
(9 ci~ rnel , 2400 feet , 1~ OO BP I ,

b i o c~ size 20, 30 characters / record)
~agce t~c cassette tape About 125K bytes and u;~
~~~r~ t ic card About 5K bytes and u~• Puo :~ ~a~ar or mylar tape About lOOK bytes and u~(~~ O fn~ t i-o h )
Thnc h :JdPer card 80 characters
~~~nc~ ic s t r i p e  card

~~~ nay be recorded on each of these storag e media under or w i t n-
c~ t ~~~r H~~~t control . In general , one may record more information Qr a
n~d~~m when he (she ) uses for rrat control .

2.~ Scu rces

Mini c~nneuters / mic roco r ri~uters can he acquired through i~any sour .~s;
a’~on th~ u ~re computer manufacturers , OEMs , and servic e bureaus. ~.s
~re” es ly  mentioned , the GSA Federal Supply Schedule of computer ha re —
W 3c e  :i~~~~ be used as a source . Addi t ia na l ly ,  most computer manufact ir~ rs
furr~~~~r~ ass is t a nce and information on the state —of—th e—art  and upcomino
- a rd~~ire ani software.

2.~ A n a l y s i s

Uo :~~’ s minicomput er,’microcomput~r hardware is reported to Le
s ta ta -of-the-art. Acco rd ing ly ,  almost any manufacturer can offer
;;o:enti a l  oecchaser or user configuration of computer hardware that
~s r~lidb~e and whicn sat is f ies his (her) particular nec- is. (Min i—

)in~ o ter/ mi crocoinputer users who presentea papers at the Ame n can
irist i~~.~:e of Industrial Enginea rs (A1I E) Seninar entit led ‘M inic o mp~ t~ rs~A p~:l icat ion Ex n los ion ,” conducted by the A IIE , Chicago , I1~ i no~~- ,
A n i l  2 -29 , ~9, 7 , gave some credence to the prev ious statements.)

12 
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For example , dur ing the A IIE Seminar , Armstrong offered the follow-
ing statement, “Because minicompute rs grew up in a diffe rent worl d, they
tend to be reliable to a degree those of us wi th large machine experience
find unbelievable. The complexi ty of thei r systems Is increasing, bri ng-
i ng  wi th it  some software reliability problems, but overall , you can
expect a mean time between failures which large system owners can only
dream about. ”1

One can infer from historical statistics that mi nicomputer/microcomputer
CPUs are significantl y more rel iable than their large-scale big brothers .
At the AIIE Semi nar mentioned above , mi nicomputer/microcomputer users
generally cite d fewe r than 24 hours of mi nicomputer downtime ove r a peri od
of one year of operation. Minicomputer/microcomputer hardware system
problems we re reported to exist, but they were attendant with the
mechanical moving parts of the peripheral equipment.

The pri ce of a minicomputer/microcomputer hardwa re system from a give n
manufacturer is competi tive with that from another. The pri ce of the
system, in addi tion to what was ci ted under Characte ristics, Is conti ngent
upon the particular requi rement of the mi nicomputer/microcomputer purchaser
or user and the confi gurati on of the hardware actually procured. New
“chip” technology is permi tting eve n further and more significant price
reductions .

Note that select mi nicompute r/microcomputer manufacturers offe r
CPUs which may be linked with a variety of peripheral equipment, even
those from di fferent computer manufacturers. This capability shoul d be
one of the areas of primary concern when purchasing or seeking to use a
mi ni computer/microcomputer system. That is, such attributes as compati-
bility, upward compatibility and growth need to be an integral part of
any minicomputer/microcomputer sys tems eva luation.

As noted earlier , select softw are for a minicomputer/microcompute r
system can be obtai ned from most of the compute r manufacturers . It can
also be obtained from OEMs , service bureaus , software houses , and user
organizati ons. However , there are i nherent problems associated wi th some
of these sources. For example , the OEMs , servi ce bureaus and software
houses may be dependants of the user organization because of the client:
seller communications problem and bankruptcy--some of these ins titutions
are underfinanced. ( Check these insti tutions as you woul d any other for
reputability , financial capability , and competence.) (Note that fi nanci al
incapability does not necessarily imply Incompetence.) Communications and

1 Jack C. Armstrong , “Minicomputer as Extension of Central Data Processing ’
(paper furnished to the Ameri can Insti tute of Industrial Engineers ,
Chicago , Illinois, Apri l 27—29 , 1977).
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barkruptcy are purported to be the pri mary problems associated with
software misunderstandi ngs. Accordi ngly, a user would do wel l to ensure
that there is a mutual understanding of the contract problems (parti-
culanl y the detailed scope of work ), and tha t the insti tution which Is
awa rded a contract is fi nancially capable of completi ng and mai ntai ni ng
the software it develops. On the other hand, if the applications software
are not procured, the user organization is required to commi t a signifi-
cant share of its personnel resources to the task of developing and mai n-
taining it , frequently a costly endeavor.

The DAS devices and media are superior external storage methods.
(See the literature on each type relati ve to its merits.) However , if
time and space are not of the essence , other external storage devi ces and
media may satisfy your organization ’ s external storage requi rements .
(Cons ider the bulk and frequency of the need of the data , etc . to be
sto rea. )

2.7 Benefits

Procurement and implementation of an in-house mi nicomputer/micro-
computer system within the user organization coul d resul t in the followi ng
be nefi ts : improve d responsiveness , increased user control , increased
manag?me nt control , absence of telecommunications cos ts , reduced overhead
cOsts for use of a computer system -- no requi rement to maintai n a computer
sys ter wh ic~ ove rfihls the organization ’ s needs , placing computi ng power
vciere ~t is most used, reduced filing and storage costs , a more portable

r~c~ r ~ai~he comp uter system, less space for placement of the computer
systet , reduced movement on the part of analysts and programme rs , and
increas ed effi c iency from the compute r hardware and personnel resources
•~ecspect i ve . Observe , the previous statement was not meant to be an
‘~~austi ve del ineati on of the benefits of an in-house mi nicomputer!
no cro computer system.

14

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
- ‘

~~~~



PT ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~
- -

~~~~~
—--— -

~~~~
--- —

~~~~~~
- -

~~~

3. EVALUATION

3.1 General

When a potential purchaser or user of a minicomputer/microcomputer
system becomes serious about the selection and acquisition of a mini-
computer/microcomputer system , he (she) should develop and establish a
forma l study plan . That study plan should as a minim um include the
following : problem definition and data collection , data analysis , and
decision.

During problem definition and data collection , it is i mperative that
the potential purchaser or user of a minicomputer/microcomputer system
delineate all potential problem and applic ation areas in which it may
be useful. (Refer to Exhibit 1 for a list of possible minicomputer !
uicroconiputer application areas.) Additionally, he (she) should list
sUch items as current and projected work load , the backgrounds of the
current and potential purchaser or user employees, the suspense dates
~f the work load , f i l e  storage requ i remen t s , growth potential , manual
and automated processes , existing computer system availability and
cop ab ihity , security considerations , backu p and recovery procedures , etc .

uri ng data analysis, the potential purchaser or user of a mini-
~ompn ter/rnicrocomputer system should delineate his (her) specific
“e-~ uirements (even if he (she ) must obtain help) , determine a possible
set c~ vendors (by obtaining information from computer manufacturers ,
trade jo urnals , and companies such as DATAPRO Research Corporation ,
A3e r~ncn Serv ices , etc. ), and prepare and submit requests for proposals!

•~uote~ (RFPs/ Qs) to the identified vendors .

DLr ’ng decision , the potential purchaser or user of a minicomputer !
mi croc o nputer system needs to follow a preestabl ished assessmen t proce-
njr~~ . That as~assment procedure should reflect the potential purchaser ’s
o’ ~~ar ’ s prev ously established statement ot the minimum hardware!
s ~~~~ requirements , including a scheme for assigning the appropr ate
r at~~e rating and weight for a given factor. (A proposed assess ment

r c ~~~e fo l lows. )  - -
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EXHIBIT 1

MINICOMPUTER /MICROCOMPUTER APPLICATION AREAS

Ak ~A

Process Control
Nuo er’ical Control of Machine Tool s
Process Control : Security ; Env i ronmen tal Conditions
Jirect Control of Machines and Production Lines
~nto .ioted Testing and Inspection
Tel er~etry
Da ta Acquisi t ion and Logging
Control and Analysis of Laboratory Experiments
Afl al/si s and Interpretation of Medical Tests
Tr~ f f -~c Control
shipboa rd Navigation Contro l
Message Switching
C~in.unications Controllers for Larger Computers
~j :i unica tions Line Concentrators
Programmable Communications Terminals
~eripnera1 Control lers for Larger Computers
Control of Multistation Key-to—Tape/Disk Systems
Disp lay Control
Corpur er— aided Design
Typesetting and Photocomposition
T ’;i~n it e ’-~ass i sted Instruct ion
Lr~ ineer irig and Scientific Computat ions
7i e-~ h~rinq Computational Services
B~~~ness Data Processing
i\r~ l~~ to Digital Con version
~exn: Lditing and Processing -

T - ctr sact ion Systems : Point of Sale; Reserv ations; Attendance Reportir , 

~~~~~~~~~~~ ~~~~ - 
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_________
3.~ Procedure

The -e are three components to the proposed assessment procedure
~~ se lect ing ans acqui ri ng a compute r sys tem: purchaser/user require-
ments , fac tor anal ysis , and performance measurement .

ht  purchaser /user requi rements , as previously mentioned , should he
~~r~pletely delineated to include the minim um constraints for each i tem
piac ~d on the technical requirements list. For example , consi der seve ral
th re:nolds for a high-speed printer (HSP): A 132 character print line ,

craracters per inch , interchangea ble print belts wi th 48, 64 , or 96
E b C C I C  char acter se ts , and at least a 350 LPM for a 96 EBCDIC characte r
set is required.

E n ibi t 2 is a suggested factor analysis schedule. The weight and
:~tin q assigned to an entry in thi s schedule could be those which are
s~~~r in Tables 4 and 5, respectively. (However, it is recommended that
the potential purchaser or user develop his (her) own weight and rating
schen~e . )  Tables such as these shoul d be used for assigning val ues to
each i tem listed on the factor analysis schedule. A schedule should be
prep ared for each vendor/producer of a target hardware or software system
to include calculati ng a composite vendor/manufacture r score.

The analysis of a target vendo r/contractor, completion of the factor
ar -~lvs~s schedule , and  a compari son of the factor analysis schedules for
toe target vendors/contractors constitute the factor analysis. (Statis-
ti~~ l theory and techniques may be used to facilitate the comparative
a ai ysis among the target vendors/contractors.)

~e’~fe rmance measurement can occur either when a prospect ive cus tome r
•a~ cr~lecte d an d ac q ui red a par ti cular comp uter sys tem or made contact

a current purchaser or user. In either case , pe rformance measure-
m€ t an “esult. A composite performance measurement score for a given
v ’ c ~ ~ecojfacturer ray be obtained in the same manner as the composite
~~r1 manufacturer score. Exhib i -~ 3 -is a sugges ted  perforrr~nce measure -
*~schedu~e. Again , the wei ghts and rat i ngs from Ta b les 4 and 5 mLy be

~~~~~~~ (Note tnat performance measurement assume s that there is experience
th the computer system.)
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E X H I B I T  2

W E I G H T E D  EVALUATION SCH EDULE

FACTOR WEIGHT RATING SCORE

A . HARDWARE
1. COMPAN Y RELATED

Overall EDP/A DP Experience
State-of-the-Art Upkeep

• Overall Managemen t Quality
Serv ice  R e p u t a t i o n
Overal l EOP/ADP Market

Involvement
Obje ctives
Activity Level in Minicomputer!

• Mi crocomputer Product Line
Financial Analysis
Proximity/Accessibil ity for Service

SUBTOTAL

2. SYSTEM RELATED -

• a. Reliabil ity and Maintainability :
• Central Processin g Unit

Main Memory (Core/ RAM)
Disk Drive
Floppy Disk Drive
Diskette Drive
Magnetic Tape
P r i n t e r
Punch Card Reader
Punch Paper/Mylar Tape Drive

b. Cost Factors :
Lease/ Purcn~ s~ Pri ce
Main tenance Cost

c. Anc i l lary Features :
Cocoat i  c~ T i  ty
Groc t:~ upw~ra CQ ipat oi I i ty
Ma~n Memor y ~o a t ~~~ty
Main Memory Expansion Limits
Channel Capabi l i t ies and

Expansion Limits
Ease of ~p p l i c a t i o n
Wor o Length
~4or~ S ize
Price of Addi t iona l  Main Me ory

SUBTOTAL

TOTAL

1 ~-



EXHIBIT 2 (CONT ’ D)

WEIGHTED E V ALUAT I ON SCHEDULE

FACTOR WE IGHT RATING SCORE
1. COMPANY RELATED

Overal l EDP /A DP Experience
State-of -the-Art Upkeep

• Ove rall EUP/ ADP Market
Involvement

Obj ecti yes
Activi ty Level in Minicomputer !

Mi crocom puter Product Line
Financial Analysis
Proximity/Accessibi l i ty for Serv ice

SUBTOTAL

2. SYSTEM RELATED
a. Reliabi l i ty and Maintainability

of O p e r a t i n g  System :
Inter task Communi ca t ion
Shared Files Support
Shared Programs (Reentrant)
Multi programing
Mul t f t a s k i n g
Batch
Core Durip
Power Failure/ Recovery

b. Lar :uc~e:FORTRAN Compiler/ Interpreter
PL/ I  Co;i ;pile r/ ir~terpreter
.APL Con pi I ~r/ Interpreter
Ass e~ bIer
C ros s—Ass e ~ler

c. S,stem Urlity :
Conversa t io ial Ed~ or /Text Editor
Systen Conmand Language
Stored Coninand Functions
Task Builder
File Transfer Proc rams
SORTS
On-l ine Debugging Tools

19
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EXHIBIT 2 ( CO NT ’ D)

W E I G H T ED EVALUATION SCHEDULE

FACTOR WE IGHT RAT I N G  SCO RE

c. System Utility ( cont ’d ) :
File Handling
Commun i cat ions
Device Support
Statist ical Package
Mathema tical Programing

Package
E m u l a t i o n  Package
Input/Output Logic or
Circuiting

Documentation
Ma i ntenance Cost
Lease/Purchase Price

d. Ancil lary Features :
Compatibility
Growth/ Upward Compatibility
Ease of Application

SUBTOTAL

TOTAL

GRAND TOTAL

20 
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EXHIBIT 3

PERFORMANCE MEASUREMENT SCHEDULE
• FACTOR WEIGHT RATING SC O L

C. PERFORMANCE
1. GENERAL

Field Support
Hardware
Software

SUBTOTAL

2. CHARACTERISTICS
a. Hardware :

Ease of Use
• TSO Capability

Print Quality
RJE Capabil ity
Input/Outpu t Speed
Reliability
Quality of Staff

SUBTOTAL

b. Software :
Ease of Usc
Quality of Dor-u:’~ntati on
Quality of Staff

SUBTOTAL

TOTAL

GRAN D TOT ,~
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TABLE 4

SUGGESTED WEIGHT SYSTEM

WE IGHT DESCRIPTOR

50 Critical
40 Major
3C Important
20 D e s i r a b l e
10 M i n o r

TABLE 5

SUGGESTED RATING SYSTEM

RATING DESCRIPTOR

~-iO Superior
6-7 Very Good

S Good
4 S~ tisfactory —- ~~’- :ts a ll Min~~ur Req re - o r c c
3 Adequate
2 Poor
I Rejec

22
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4. FiND INGS AND CONCLUSIONS

“ .1 Findin~s

“i n i ~ oinpu:er /microcomputer system s are being used to perform the
foll ow ing kinds of tasks: monitoring and controlling specific processes ,

,!1it C~’ i n g  specifi ed processes and displaying prescribed output , data
ret’levQ l , reduction and analysis , communi ca tion , inventory control ,
payroll , pro •iuction contro l , schedul i ng , dispatching, S&E problem
so i v~ng, management information systems , and word processing .

~ovi n gs can accrue from procuring and implementing a minicomputer !
m i crocomputer system which satisfies the particular - needs of a given
user.

A clear di s ti nc ti on canno t be delineate d ano ng a mi nicomputer ,
microcomputer , and large—scale computer .

r- in -i computer/mi crocomputer systems are manufactured which are
co~ p~t i5le wi th present day computer systems , and permit upward
com p atibility and growth. (See the Glossary.)

4.2 Conclus ions

It :~ay be concluded that:

a ief~ ro a purchaser or user procures a com~uc e ~ syste m , he (she )
~~~~~ e’•’a luate his (her) specific computer requir~~~rts .

P~ min icomputer/microcomputer system that satisñes an indivi dua l
recu irements car b~ ~~ocu rec wi~ r:ou: di~ f ic u lty . (There is no

Ton ge’ m y  need for a purcha s-~r c user to buy more computing power than
~~~~ 

(s~ e) needs.)

23
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~3. RECO~4 1EN DATI0 N

It is recommended that the Directorate for Plans and Ana lysis,
• Systems and Cost Ana lysis Division , and other potential computer users

evaluate their S&E and data management requirements for a large-scale
computer system (i ts tie-in RJE and/or TSO termi nals, and t h e i r
associated telecommunications) versus a customized in-house ni;nicomputer/
ricrocomputer system before acquirin g addi tional computer support.
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APPENDIX A

MINICOMPUTER /MICROCOMPUTER

MANUFACTURERS AND SOME

OF T H E I R  SYST EMS
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TABLE 6

MINICOMPUTER/MICROC OMPUTER MANUFACTURERS
AND SOME OF THEIR SYSTEM S

~L~ u F A C T U R E R  CODE COMPUTER

ilt air Corp. ALTA IR 8800A!B
6200 Hiawatha Avenue
Chicago , IL 60646

AMBAC Indus tr i es , Inc. AMBAC MICRO D
Roosevelt Field
Garden City , NY 11530

Burroughs Corp . B 0-210
Second Avenue at Burroughs
Detroit , MI 48976

Business Informations Technology , Inc. BIT BIT- 483
5 Stra thmore Road
~atick , MA 01760

Compiler Systems, Inc. CSI CSI-l6
P . 0. Box 366
Ridcefie ld , CT 06877

Co uter Automation , Inc. CAl PDC-2O8 ; PDC-2l6
o95 11. 16th St.
Newport Beach , CA 92660

~~~ Genera l Corp . DG NOVA ; SUPER NOVA ;
•:o t e  9 800; 1200
Southooro , MA 01772

~ata Technology , nc . DT DT-l600
13CC C. Meaoow C . ’ce
a lo Al to , CA 94303

iat~~ate Computer Sys~ams DCS Datanate-16
3o~. 3 ’ O
3~~ spring , TX 79720

~; 1 iL~1 Equipr~ nt Corp . DEC PU~-8/ i; PDP-3/L ;
1~~~~f~ M- in Street PDP—9/L; P2—11/20:
~aynord , MA 01/54 PDP- 15/iO , TSS-8

Ll ectronic Associates , Inc . EAi EAI-640; MiCRO -68
~ 7 “onrno ut~’ P~rF ~
‘e~t Long Branc h , ~U 07h4
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TABLE 6 (CONT ’D)

~1A~.U FA CT U R[ R CODE COMPUTER

:~ xo n Enterprises Inc. ZILOG Z -80
log

540 New Haven Avenue
Mi l for~ , CT 06460

Fa ir cnilJ Camera & Instrument Corp . F F—8
46~ Ell is Street
Mourtain View , CA 94042

General Automation , Inc. GAl SPC -12; SPC- l6;
• 706 W. Katel la Sys tem 18/30

Orange, CA 92668

General instrument Corp . GI CP-l600
1775 Broadway
New York , NY 1 001 9

GRI Computer Corp . GRI 909
76 tlowe Street
Newton , MA 02166

Her’le:t -Packard Co. HP HP—983 0; HP—2ll4A / B ;
1501 Page Mill Street HP-2l l5A/ B; HP-2 116A/ D
p al o alto , CA 94304

~ eywell , Inc. HON H-316; DDP-516
j rputer Cont~o1 D i v i s i o n

31 , Connect. ~~rra i m . ~nam , M~ 01701

lu creS A ir crd Th Cc . H HCH 2O1
tirela ~~ Te a le

Thl ve r City , CA 90230

~~ /~sso. 0tL , Inc. IMSAI 8080
14663 nick s ~uu ievar
~~~ L~~~hO O ,  C~ 9~~.• ’7

~r rmn Q LlJn Tecnrolo~v , Inc. ITI 49C0
~64 .~~~~~

‘ ‘ Rcar

~ ‘v~a m e , C~ 94036

N ~~~. Cor~ Th,TEL lCS—~.O; 
•/~~(

3( 5 •m~~~in Avenue
•‘ait C ara , ~A 9b~~

2c
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TABLE 6 (CONT ’D)

MANUFACTURER CODE COMPUTER

interdata , Inc . INT Model 3; Model 4
2 C:escent Place
Oceanport , NJ 07757

Intecnat onal Business Machines IBM 5100; System 32;
Ceneral Sys tems Division Series 1
875 Jonnson Ferry Road , N .E.
At lanta , GA 30342

I~ A Systems , Inc. IRA SPI RAS -65
332 Second Avenue
Wa ltham , MA 02154

Lockheed Electronics , Inc . LEI MAC 16
Data Products Division
6201 2. Randolph Street
Los 1\r geles , CA 90022

Mic rc Systems , Inc . MSI 800 ; 810
64 4  Cast Youn g Street
Santa Ana , CA 92705

~OS Techno logy Inc. MC’S MCS-6500

~~iley ?or~ e Corporate Center
950 Rittenhouse Road
~orr i stown , PA 19401

~Thtcr o ic , Inc . MOT MC-6800; MDP—l OO

~~ ~4C9
r r CE f l~~~~~~ , AZ 85010

L~ c)— 3r3 , inc , ?FI 1216—F
3939 ~~~~~~~~~~ 

~~~~~

Paic -\ltc , CA 9430?

Ra~ ‘ . lorp~ra~ior ~ ~~. er~~a RCA CD? 1302
~,oI iJ St,~te Div~s~cr
‘.~~~~; lo lland Avenue

~ r~ r , PA 1 7 ’~
P - ‘

~~~~~~~~
- i  Compu t ~r RAY 703; 706

27 1) :uutfl •- a ; r v ~~ , - ‘~atSent . Ana , CA ~?7O4

~I ~~~~~~ ~~~~~~~~~~~~~~~ 
5 -~~~~~~~~- -



TABLE 6 (CONT ’D)

~~NL FA C T u R E R CODE COMPUTER

Redcor Cct . RC RC-70
7800 D~eri riy /lvenue
~~~. 0. ~ OX 1031
Canuqd Park , CA 91304

r~ocI’.v,ei 1 International RI PPS—4; PPS—8
• b 3 U  M’r alonia Avenue

P. u. Box 366S
~nane im , CA 92803

Scientif ic Control Corporat ion SCC 4700
DOA %
Carro :~n , ‘~~~ 25006

Syste.. Engineering Laboratories , Inc. SEL 81OA/ B
3~ x 9148
Fort ..au~er~aie , FL 33310

Te ; ~~~ . ~~~~~~~ Inc. TEM T EMP O— l
?4C ~~~ Collins Ave .
.!cange , C~ 92667

d ~orp . UNIVAC Add l000
‘i:~ 3 vis or,, Cor:uter Systt~ms

1. )OX ~0r
• l~ c aeH , PA 19422

:~ Mac~~’ r.er , Inc . VUM 520/i ; 620/i
1722 i~~che son Jr ve

the , C.~ ~2 C6-t

uar ~, ~~uorator;es , Inc . ~~NS 2226; C~~C 3300
. rC .st~ al Ave .

, ~~~ 3215 1

•m~st iiqncrse iCct ” n C ~p. ~ThS

~ ~nd I~ t , .~ ? r t 1 . ~~~~r. 1.
•.~~t i~ ’ ..iai

~~ an.c , FL 328u4

r~ Da ta Sy e~.s XDS C E- i6 ;  CF -16;
10. m • .~ r A v ’  ion Brule ,,arc 5IG’-~A-3

~ ~~rdu , ~~
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A BBREV IAT ONS , ACRONYMS AND SYMBOLS



ABBREVIATIONS , ACRONYMS AND SYMBOLS

AScII A; erican Standard Code for Information Interchange

Binary Coded Decima l

bits Per Inch

C~S Characters Per Second; Cards Per Second

CPU Cen tral Processor Un it

CRT Cathocie Ray Tube

DA c3 D r ec t Access Stora ge Dev i ces

DMA Direct Memory Access

DMC Direct Multip lexor Channel

FSCDI C Extended Binary Coded Decimal Information/Interchange Code

1Pk~JM Eras able Programmable Read Only Memory

E2UM Erasable Read Only Memory

131 International Computer Programs , Inc .

1 ‘3 .out/ :utput

i rche.  Per Secc ru

ind~xeb Sequ •t ii Ac~:~c System

:rc~ c ction Set ?roc~ssor

1. 32~ wordc 4 . 8- , 11— , 15- , 4- , 32-Tht worus

i es F cc M~ .u cc

‘3rge-Scaie :~ tegration

~~~~ 5iil l icnth

-t~1~~c .~i- ‘iue 0; ~e ~e i c  .uctor

~~ Semi ~~ . . .

1 1 C r  ~rcue~sOr U ri L 

~~~~~~~~~~~~~±i~~L t •
_,



-~~~~~~—-—~~~~~~~~ — ~~~~~~~~~~~~~~~~ --- -~~~~~~~~—~~~~~~~ - -~~~~~~~~~~

ABBREVI ATIONS , ACR ONYMS AND SYMBOLS (Cont ’d )

MSI Medium—Scale Integration

NDRO Nondestructive Read Out

OEM Or igi nal Equipment Manufacturer

OS Opera ti ng System

PROM Prog ramma b le Read Onl y Memory

RA Relative Address

ROM Read Onl y Memory

UART Universal Asynchronous Receiver-Tra nsmitter

WCS Work Core Storage
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GLOSSARY

Assembler A computer program which translates symbolic assembly
langua ge input into machine language output; a computer
program that converts the natura l language (English, Swah i li ,
flc.) equivalent of machine instructions into actual machine
code on a one-for-one basis.

Baud A data transmission rate of one bit per second .

Binary Coded Decimal (BCD) A method of representing decimal digits
in the form of four bit words.

• Bit One binary digit.

Byte A cell in computer memory which can store eight binary bits of
information; a unit of data which consists of eight binary digits .

Compiler A computer program which translates symbolic statements of a
high level computer language input into machine language
output; a language processor that evaluates algebraic source
statements and produces object code (machine language ’ to
solve the user ’s problem.

Computer System The sum total of the central processor unit (CPU):
main memory , input/output from the CPU , mass storage,
and software; a computer complete with the peripheral
equipment and extensive software capabilit ies ,
operating system , compilers , interpreters , and
application support , ready for application to problem
solv ing.

Cross—Assembler Utilizing an assembler of another computer (preferably
a large-scale computer) to produce operational machine
code for a host computer.

Distributed Computer Processing Apportioning the computi ng power
among various operating level user organizations
through placement of select computer hardware and
software systems in different geo~raphic locations
for direct user application ; the marri age of tele-
comuni cation and mini computer systems which emanate
from different geographical locations but are linked
to specific host computer systems ; a network of hardware
and software systems where operating level users (who
origina te and use data from various geographical
locations) are permitted and encouraged to preprocess ,
access, and postprocess a substantial portion of the
data on the network , while still leaving central control
of the network to the host organization .

36 ,
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Erasable Read Onl y Memory (EROM) A special type of ROM which (a)
ca n be programmed electrically, and (b) retain data
even with the power disconnected , except it can be
erased by exposure to short wave -length ultraviolet
li ght .

T nterpreter A computer program which translates symbolic statements
of a high level computer language input into an imediate
action ; a computer program that converts the user ’s input
(a source program ) into a form which produces the desired
output.

Interru pt Anything that causes a running program to be suspended ,
resultin g in the activation of another program . (The user ’ s
program call causes an interrupt which invokes the operating
system ’s executive module.)

Language Processor A computer program that accepts natura l language
input , analyzes it , and produces output as either
the desired immediate action or in the machine
lan guage form .

Mai n Memory Core , soli d state electronic , or bubble stora ge.

Mass Storage A medium for storing larger amounts of data than can
fit into the main memory of a given processor at one
time .

M icrocomputer A microprocessor affixed wi th main memory , input/
outpu t logic or circuitry , and some programing
facil ity which nakes it capable of problem solving .

Microcomputer System An assemblage consisting of a microcompute r ,
per i pheral equ ip men t, and software , wh i ch are
integrated to achieve the capability of problem
so lving .

Micro processor A central p~ocess ing unit (CPU) contained in a s rU le
semicon ductor ch’p.

M~cropruue sser Unit (‘-PU) ~ CPIJ imp l emented witr an integrated circuit
microc rocessor .

urr ater A small -scale Computer (perhaps a large microcomputer),
consisting of CPU , n’ain memory , input/output circuitry ,
power suppl i es , and some prog ramm i ng facility .

M~ni ccii octer Syste ;; An assemblag e consistin g of ;srni ccmp~.ter ,perip neral equipment , and software , which are integrated
to achieve the capability of problem solving .

--



- 

~;~J-;;zT~~

Object Code The machine code version of a computer program.

Operating System A computer program that controls and provides services
to a user ’ s application program , as wel l as controls
system interrupt handling and other system activity .
An operating system consists of three basic modules :
executive , supervisor/comand processor, and input!
output device .

Original Equipment Manufacturer (OEM) A company that (a) produces or
procures operating systems, systems appl i cations
and other software for target computer systems,
(b) interacts directly with various computer hardware
and peripheral equipment manufacturers for the marria ge
of computer hardware, peripheral equipment , and soft-
ware of (and to procure , market , and maintain) target
computer systems, and (c) markets and sells a
complete package (computer hardware , peripheral
equipment , software , and maintenance ) to potential
users .

Overlay A memory management method which may be used by a computer
programmer to instruct the CPU to move data from a peripheral
device to an area of memory that currently contains part of
the program . The part of the program which is being replaced
(overlaid) is stored in a peripheral. This memory management
concept is under user control. -

Page A computer memory concept wherein computer memory is divided into
b locks of multiple bytes .

Parser A computer program mechanism which takes a set of syntax rules
(a grammar) and an input string and decomposes the i nput string
into tokens in accordance wi th the specified set of syntax rules .

r’enipher a l Any input/output device.

Pro g r~ inable Read Only Memory (PROM) A ROM in wh~ch programmi ng i s
performed h’/ burning out fusable links at each cell.
(This is accomplished by flowing a large current
through the nichrome link. )

? ‘ .uum Access Memory ( RAM) A set of memory cells wh ich can have either
a one or zero stored in it. (Individual cells may
be accessed in any order. )

kead Onl y Mernor) (ROM) A memory device which has a fixed content in
each location.
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Real-Time Pertaining to the actual time during which a physical process
transpires .

Service Bureau A company that markets and sells complete customized
computer resources to potential users.

Simulator A computer program that is written for a specific minicomputer
or large-scale computer system and used to interpret the
assembly or machine language program that has been writen
for a target computer system in order to produce the desired
action . The idea is for the minicomputer or large-scale
computer to emulate the target computer.

Source Program A nonmachine code version of a minicomputer program , e.g. ,
Assembly, BASIC , FORTRAN , PL/I , etc.

Statement A computer programing l anguage equivalent of a sentence in
a natural language .

Subroutine A special purpose section of a computer program which is
called upon to perform a specific function.

System A set of objects or components which is united by some form
of interaction or interdependence .

Token A basic unit of the Syntax of an expression.

Universal Asynchronous Receiver- Transmitter The transceiver converts
serial input data to parallel output data at a rate
determined by the receiver data clock. The transmitter
accepts parallel input data and transmits it serially.
It also inserts the desired numbe r of start bits (at the
transmitted word ) and ~~~ bits (at the end of the trans-mitted word). (A parity bit may be inserted.) Data
are then transm i tted out a baud rate determined by the
transmitter data clock.

Upward Compatibility of Computer Hardware The capability and facility
for the same series or later generation computer hardware
system of a given manufacturer to fully exercise the
software of the other. (If a computer software system
works on a given manufacturer ’s product line , and al so
works on the same series , a larger , or later generation
piece of computer hardware (from that manufacturer ) in
the same or a different product line, it is said to be
upward compatible.)
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Variable A symbolically named data location.

V irtual Memory A memory management method where main memory
(which may be small) is made to look larger to the
computer programer. Without user control, ancillary
memory, such as disk , magnetic ti~e, etc. is made tolook like main memory to the computer programer.

Word A set of characters that occupies one storage location and is
treated by the computer ci rcuits and transported as one unit;
one unit of data.
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