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Minicomputers, now used in Government
primarily for scientific data processing and
control of machinery, are expected to be in-
creasingly adopted for more general data
processing to improve productivity.,

Although Government experiense with
minicomputers themselves is generally satis-
factory, some agencies believe complicated
acquisition regulations are causing problems.

General Services Administration agrees that
simphified acquisition procedures are

appropriata.
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T, the President of the Senate and the 7
Spearer of the Heouse of Representatives

This report describes why we believe minicomputer use
can enhance an agency's preductivity. It also describes the
problems in and the limitations on using minicomputers.

We made our review pursuwart to the Budget and Account-
ing Act, 1921 (31 U.S5.C. 53), and the Accounting and Audit-
ing Act of 1950 (31 U.S.C. €7).

We are sending copies of this report to the Director,
Office of Manzagement and Budget: the Administrator of General
Services; and the heads of Federal departments and agencies.
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ACTING Comptrollgr General
of the United States
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COHPTROLLER GENERAL'S USES OF MINi DHUPUTCRS IN THE
REPORT TO THE CONGPRESS FEDERAL COVERHNNMENT: TRENDS,
BENEFITS, AND PROBLEMS

bI1GEST

A minicormputer is -onsidered, for purposes of
this report, a all-scale computer for which
the manufacturer may furnisl only limited
products and services. This practice con-
trasts with the full-service marketing prac-
tices of manufacturers of large computer
equipment.,

TRENDS

Minicomputer acquisition in the Federal Gov-
ernment is increasing fascer than any other
type of computers., (See p. 6.)

In the Federal Government, minicomputers are
used primaerily for scientific data processing
and contral of machinery, but Federal managers
expect that they will be more widelv used in
th~ future for data entry and editing, commu-
nications, and general data processing. (See
p. 8.)

BEHEFITS

GAO describes several cases of minicomputers
enhancing productivity. Tee cases demonstrate
thez potential use of minicowputerc for:

-~Initially aitomating a process previously
done manually. {See p. 10.)

-~-Augmenting work previously done on large
central computers. (See p. 11.)

~-Replacing existing eguipment or services,.
(See p. 13.)

PROBLEMS

GAO found that there were problems in and
limitations on using minicomputers and that
software costs of minicomputer systems gen-
erally were higher than hardware costs. In
considering minicomputers, Pederal managers
should assess the impact of the total cost

Yaar %?ﬁ: Upo removal, the repor i FGMSD=75~53
covar date should bs noted hereon.



-

| BEST DOCUMENT AVAILABLE

on agency coperations along with assessing
the impact of the hardwere acquisition costs.
(See p. 15.)

GAO found also that many agencies were using
computer programs in a language that could -c
used on only one manufacturer's hardware. GAO
encourages users to program minicomputsrs in a
high~level language, a language that can be
used on a veriety of computers. (See p. 16.)

The Nat.onal Bureau of Standards is develop-
ing standards for FORTRAN and BASIC, two com—~
mon scientific cumputing high~level languages,
and is modifving the standards on COEOCL, a
cemmon business-oriented high-level language,
so that they can be used in minicomputer ap-
plications. (See p. 19.)

Some agencies reported that procurement regua-
lations governing the minicomputer acguisi-
tion were too complicated and causcd agencies
to incur excessive administrative cos*s and
time delays: in some instances agency offi-
cials indicated they obtzined a more expen-
sive alternative system instead of a mini-
computer because the procurement process was
simpler and faster. {See p. 20.)

Vendors opposed the General Services Adminis-
tration's use of indefinjite quantity require-
ments contracts on the basis that ninicompu-
ter technology was changing rapidly and that
the agencies might pe forced to accept a sys-
tem that was not most desirable to their needs.
(See pp, 21 and 22.) But General Services said
that the possibility of purchasing obsoclete
equipment was minimal because these contracts
were for only a 2-year period aad were subject
to review at midpoint.

_ - - - O}fﬁ

GAO -ecommends that General Services simplify
procurement requirements agencies must follow in
buying small quantities of low~cost minicomput-
ers. (See p., 24,)

' General Services agreed;that it needed to sim-

plify procurement requirements in tnese circum-~
stances, and it is considering some steps. to
accomplish these purposes. (See p. 24.)
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INTRODUCTION

The Federal Government 18 the largest single user of
automatic data processing (ADF) in the world. Az of June 30,
1975, the Generel Scrvices Administration (GSA) reported
that the Government owned or leased 8,600 computers. About
half of them cost 550,000 cr less. Maay of the computers in
in this price range are known as minicomputers.

WHAT IS A MINICOMPUTER?

Although the term "minicomputer” has been extensively
used by the data processing community, it defies a precise
definition, For purpocses of this report, minicomputer char-
acteristics are described below,

Technical

--A simple computer system having a central processing
unit which costs $50,000 or Jess.

~—-Technical features of the cocmputer--such as merory,
word size, and instruction sets——are either smaller
or simpler than in large computers,

--Proc=ssing time generally is longer than for large
compaters, particularly for long, complex tasks,

-~Special air-conditioning, wiring, and built—~up floors
generally are not reguired.

Marketing support

--Manufacturers' librar: of system software 1/ is gener-
ally limited.

~-Minimum price of the system excludes products and
services that frecuently are required by other equip-
ment manufacturers to be purchased by users when
acauiring that manufacturer's equipment.

1/Repres=nts computer programe<, prccedures, and related doc-
umentation of a computer system.

I
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¥ajor manufactureiz offer to help users develor thelir sys~
(2me; the minicomputer =~apufacturers frequently expect cus-
tomc:rs to devzlop their own systems,

To show some of their cistinguishing features, pic-
tures of a large-scale data procese:ing systom, a mediuwn-
scals data processing system, and minicomputer data proc-
essing system are shown on pa‘es 3 fo 5.

MINICOMPUTER USE TREHDS

The first commercially available miniconputer was
introduzed in 1963. It 1s difficult to c¢stimate how many
minicomputers are 1nstulica becavse of the difforencés of
opirion of a definition of a miniconputer. One prominent
data research orginization estimated that over 135,000 mini-
computers wouald b installed in the United States by the end
of 1975. Another prominent data rescarch organization esti-
mated thet over 750 000 wvinicomputers would be installed
worldwide 5y the end of 1980.

Conzerning the minicomputer market, industry represen-
] 19
tatives have made- the following couments,

~--Minicomputers started a revolution in data processing.
Their compact size and low cost permitted the develop-
ment of dedicated systems to meet cpecialized needs in
communications, control, data acauisition, and busi-
ness data processing.

~~Today a $2,000 minicomputer is more powerful, more re-
liable, and easier to use *han the 51006,000 wmachines
of a decade ago.

-~Minicomputers are permeating every aspect of our so-
clety from contral of traffic signals on city streets
to checking the validitv of credit cards and authoriz-
ing their use for purchases. As the prices of mini-
computers ~antinue to decline, the number of applica-
tions for which it becomes cconomical to computerize
increases dramatically.

~~The industrial user's need for. better productivity
and tighter control, coupled with the declining cousts
of miniconmputers and microcomputers, will double the
industrial automation market by 1979,

--Since the asdvent of the first readily available mini-
computer, there nas been a growing recognition of the

g |
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cost effectiveness of minicomputer systems for
communications applications.
minic

Number of omputers in Governmesnt is growing

GEA reported that the number of computers in the Govern-
ment increased from 3,700 in June 1867 to 8,600 in June 1975,
As shown on the graph below, considerahle growth hzs occurred
in the lower priced computers, whereas use of the middle-~
priced computers has decreased and use of the more expensive
computers has remained fairly constant. .

NUMBER OF COMPUTERS IY THE FEDERAL GOVERMEENT
BY COLPUTER COST ALD BY FISCAL YEAR
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HINICOMZUTER APPLICATIONS

Initially, ®inicomputers were used as components of
larger computer cguipment configurations, as stand-alone
equipment for scientific data processing, and as linking
gear tor cdata communicaticne. Minicomputers fit these pur-
poses well because they have been designcd principally to
handle the same tasks on a trepeat basis. In such cases,
the manufacturer‘s assembly programing language generally
was used. Some minicomputer svstens also contained a FORTRAN
compiler which permitted the user to program in FORTRAN, a
programing language used principally for scientific work.

Meny minicorputer manufacturers initially did not markec
complete computer systems. They sold these minicomputers tt
other manufacturers and to orvanizations that incorporated
them ir .o their own products and systems. HMinicomputers in
the Government were first uscd in agencies that had employees
with the capability to develop their applications and sys-
tems. For example, the Atomic Energy Commission (now Energy
Research and Development Administration (ERDA); and the Na-
tional Aecronautics and Space Administration (NASA) used mini-
computers in their scientific investigations in the field of
atomic energy and cspace,

Federal users, in response to a guestionnaire, said
they used minicomputers primarily for scientific experiments
data reduction and processing. ©Other uses mentioned included
process control, communications, and input and/or output
purposes., Appendix IV lists a variety of data processing
applications using minicomputers.

Federal users expect that minicomputers will be used
for an ever-widening spectrum of applicaticns as manufactur-
ers improve and increase the products and services they offer
and as users become more knowledgeable. According to re-
sponses to our questionnaire, a wide use of minicomputers is
forecasted for entering and editing data into larger comput-
ers and for general data processing.

Federal computer management

The Brooks Act (Public Law 89-306) vests certain overall
ADP management responsihilities in the Gffice of Management
and Budget (OMB} (then Bureau of the Budget)}, the General
Services Administration (GSA), and the Department of Commerce.
The act directed GSA to coordinate and provide for the economic
and efficient acquisition of the Government s ADP equipment

BEST DOCUMENT AVAILABLE

b
p— L



i 'I“”‘"|

| BEST DOCUMENT AVAILABLE

supject to fiscal and policy control established by OHEB.
Each agency has certain responsibilities for its own ADP
operatiocns.

SCOPE OF REVIEW

We reviewed the legislative history of Public Law 8%-306,

OMB circulars and guidelines, GSA regulations ané procedures,
Commerce's National Bureau of Standards (HBS) directives and
publications, and selectec agency prccedures pertaining to
the scquisition and use of miniceomputer technoclogy. We in-
terviewed officials of GSA and NBS and officials in civil
agencies and in the Department of Defense who procured and
used ADP equipment and we talked with representatives of the
computer industry.

We studied minicomputer uses an. visited private and
Federal organizations to learn the .enefits and problems
they associated with using them. We used a questionnaire to
obtain additional infeormation. {See app. V for the ques-
tionnaire and results.)

Information on savings, benefits, and problems described
in this report was provided to us by the organizations in-
volved; we did not verify the amounts.

0



CHAPTER 2

OPPORTUNITY TO ENHANCE PRODUCTIVITY

BY USING HMINICONMPUTERS

Automation is one means of increasing productivicy
within the Governnent. Minicomputers can provide Federal
manage:rs with an economical oppertunity for enhancing pro-
ductivity. They may provide:

--Bn initial use of automation which was heretofore
cost prohibitive.

--k more economical method of data processing and data
communications.

--More rapid and meaningful information to managetrs to
assist them in their decisionmaking process.

As stated in chapter 1, agencies have used minicomputers
successfully for process control, scientific data processing,
and data communications and they plan to expand minicomputer
use, particularly in such areas as cata entry and gencral
data processing.

BOW DOES USIHG MINICOMPUTERS
ENHANCE PRODUCTIVITY?

Computer use has been dictated principally by techno-
logical and econounic factors. Early business computers were
used for clerical and recordkeeping processes., As computer
rechnology advanced, the variety of applications expanded.
Additional computer uses were possible with the development
of integrated circuit technology, multiprograming operating
systems, and remote access capabilities. Many of these
technological advances were economically feasible, however,
only if the computer systems were large with attendant econ-
omies of scale. Many data processing applications were
still not economically feasible in such large syvstems.

After large-scale integrated circuitry was developed,
minicomputers and small computers using such circuitry could
perform data processing functions heretofore done only by
larger computers. This advance in technology thereiore per-
mitted users to transfer some computer applications from the
larger gear to smaller eguipment and to perform work at con-
siderably less cost because some of the overhead costs of
the larger compui~is’ complex operating systems was elimi-
nated. In addition to obtaining lower costs, minicomputer
users obtained the following benefits.

9

BEST DOCUMENT AyA\LABLE iy



e HACSENT AVMEABIR

~--Increased capability.
--Increased system reliability.
--Growth potential.

--More timely and acrcurate data.

CLASCIFICATION OF PRODUCTIVITY ENHANCEMENTS

Minicomputers can be a major factor in increasing pro-
ductivity. They can be cost effectively used to:

I. Automate marual or mechanized processes, which re-
sults in more work accomplished in relation to re-

sources consuned,

2. Augment work previously done on large central
computers and thereby release the large computer's
time for use when its greater processing capability
is needed.

o

3. Replace existing equipment or services with result-
irg increased benefits.

One of the questions we asked in our guestionnaire was
the purpose for which cuseis acquired a minicomputer. Follow-
ing is a summary of the responses and a discussion of the
purposes given.

Principal

purpose
Initial computer automation 108
Augmentation of eguipment 19

Replacement of equipment or

service 7
Other 17
Total 151

II,

Initial automation

The low cost of minicomputers has allowed initial auto-
mation of manual and mechanized processes, whereas previ-
ously it was cost prohibitive or impracticable to use large
computers. These minicomputers have been incorporated in
other pieces of equipment and used for process control; they
have been used as input-output devices for larger computers;
and they have been used as stand-alone computers. Examples
showing how productivity has been enhanced follow,

10 BEs! DOCUMENT AVAILABLE
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~~Data entry is being done in many instances by use of
keypunches. This operation is time consuming and is
subject to many errors. Minicomputers, either incor-
porated in an automated data entry device {such as
the key--to-disc system) or operating as a stand-alone
device, nave been increasingly used by Federal aren-
cies to inciease the e¢fficiency of this operation.
ActLul g to agency officials, minicomputei usec has
reduced both che number of staff-years needed f2
data entry and the frequcncy of errors in the process.
Data entry errors have been troublesome, historically,
but minicomputer-based entry systems have reduced this
problem.

--An ERDA laboratory automated the data collection of
its mechanical shop by installing a minicomputer.
The system was justified on the basis that it would
(1) increase the efficiency of the data collection
process, (2) provide management with timely and accu-
rate information to improve inventory control of the
parts stocked in the shops, and ‘3) provide informa-
tion which could be usrd to improve the use of ma-
chine tools and throughput of ijobs.

--An Air Force stuly entitied "Support of Air Force
Automatic Data Processing Reguirements Through the
1980's" reportes that there were over 70,000 people
ia the Air Force engaged primarily in manually con-
verting data to one form or another, computing end
comparing data, or sorting data. Minicomputers are
being considered for /installation as part of the Air
Force's systems for fiscel years 1980-82. Trhis
change will automate many data functiong arl reduce
related costs by an estimated $38 million annually.

Augmentation of large computers

The technical features I large computers and their
supporting operating systems--which perform such functions
as goncurrent programinag and grocessing (referred to as mul-
tipregraming and multiprocessing), interrupting jobs in proc-
ess for jobs with higher pricrities, and maniculating large
amounts of data--are acquired at a price. Often these func-
tions are not needed, and minicomputers can be used instead
of large computers. Using minicomputers to augment large
computers can lower data processing and/or communications
costs and can free large computers te perform functions
where their sophisticated logic, large memory capability,
and complex operating systems are required.

bt
ot



BExamples of minicomputers auamenting large computers
follow.

~--The Advanced Research Projects Agency of the Dopart-
ment of Defense uses minicompiters for terminal con=-
nections to its nationwide computer uetwork. The
minicomputers support the use of wide-band communi-
cations links operatced among network points of data
concentration,

--Minicomputers are used at the ERDA Lawrence Livermore
Laboratory computer network as remote job entry termi-
nals. Studies have shown cost effoectiveness due to (1)
time saved by users traveling between remote office
areas and the computer center and (2) reduced tuin-
around time for the processing itself.

--Minicomputers are used in large retail store chains
to collect and process data from point-of-sale termi-
nals within the store and to summarize the data as
input to large computers.

A brief description ¢f a case illustratiiyg the benefits
achieved by a minicomputer augmenting a large computer fol-
lows.

NASA d-signed a communications link that allowed a large
computer to operate more efficiently. The large computer was
used to process data received from six sending and/or receiv-
ing stations located ian space throughout the world. The
main purpose of the communications link was to merge six
data signals so that data could be transmitted to a large
computer over one line at a faster rate,

NASA decided to ust a minicomputer as the linking device
because it was more ve-cavile and less costly than other al-
ternatives. The $17,500 cost of the minicomputer compared
very favorably with the estimated $60,000 cost to build a
special-purpose device. Further, unlike the speciai-purpose
device, the minicomputer could be reused on another job once
the project was comple‘ed. Using the minicomputer freed '
sovace in the large computer's main memory and increased its
available computing time from 5 to 10 percent.

The National Weather Service, Department of Commerce.,
rlans to make extensive use of minicomputers in its Automa-
tion of Field Operations and Services Program which is sched-
uled to become fully operational in 1979%. One of the key
elements of this system is the automating of the 52 weac her
service forecast offices so that they can communicate readily
with other links of the national distribution circcuit.

[
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Each forecast office, using a minicomputer-based system,
will function as:

--An area data collection point, where all data acguired
and preprocessed within that designated forecast area
is collected; stored; and, if reqguired, entered onto
th=s national distribution circuit.

~-An area data distribution and dissem.nation point from
which all data arriving through the national distribu~
tion circuit or other local and/or .tea communications
facilities can be relayed ic other National Weather
Service stations or users within the forecast area.

~-~A national distribution circuit store-and-forward
communications point.

~-An area data bank with high-speed loc.l access and
with medium~ and low-speed, areawide request and/or
reply capability.

The technique of decentralizing considerable computer
capability to each forecast office is referred to as distrib-
uted processing. In our opinicn, this technigue presents
considerable opportunities to enhance productivity since it
cuts communication costs, whic': may be as high as data proc-
essing costs.

Another possible benefit from using minicomputers for
work previously done on larger computers is to defer the re-
placement of the existing large system. For example, one
agency plans to use minicomputers to augment its larae com- --
puters to handle communication control. Agency officials
estimate total savingz of about $13 million, by defciring
for 5 to 10 years the replacement of the large computers.

Replacement of computers with minicomputers

Because of the improvements in computer technology and
lower minicomputer prices, minicomputers may r=2present cost-
effective replacement alternatives to continued operation of
older compuier systems.

A company that was leasing a computer system decided to
purchase a minicomputer sysvem insiead. The cost of a mini-
computer was 553,000 less than the purchase price of the
computer being leased, and the minicomputer system offered
more expansion capability. Most of the computer programs
had been written in a language that c¢:uld also be adapted on
a variety of equipmert. This simplified the programer's
problems in converting most of the existing programs for use
on the minicomputer system.

15 BESI DULUEIVI AVAILABLE
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Replacement cf coumputer time-
shuring service

A credit union could not get all the services it desired
from a computer time-sharing company, and time-sharing costs
were escalating. The time-sharing service provided record-
keeping for customers’ accounts.

The credit union officials decided to install their own
system, instead of using the time-sharing service. A mini-
computer was installed at the main office (which is tied into
terminals located at two branch offices) for processing cus-
tomer accounts, as well as for providing management-type re-
ports. .

Creait union officials estimated that they saved about
$19,000 annually, and they were able to expand both volume
and services to customers., Costs were reduced because unused
computer capacity was sold to another credit union.

MULTIFACETED RATLWAY USE OF MINICCHMPUTERS

The following cane shows how cne company's productivity
was enhanced a number of ways by using minicomputers.

& railroad company needed a new freight car yard to
handle increasing traffic and to relieve overloads in nearby
yatds, The effective operation of the 0ld yard was dependent
on employee judgment and on weather conditions. Management
adtomated several of the manual processes (e.g., scheduling,
distr.but ion, management information, and process control)
as much as possible toc save time and reduce cost. A
minicomputer system was chosen to do this because it appeared
to be more reliable, less expensive, and provided a faster
response time than other alternatives.

A system of five interconnected minicomputers is used
at the new yard: two generate reports for management infor-
mation purposes and three support the scheduling, distribu-
tion, and control functions--handling incoming tiains having
freight cars bound for a variety of destinations and re-
assigning them to a number of outbound trains. The mini-~
computer system is also connected to a large computer facil-
ity elsewhere which supplies such information as car desti-
nation, contents, and weight.

Company officials estimated the cost of automatiny the
yard would be recovered within 5 years. Savings include
$100,000 from a reduction in personnel costs and from a
considerable decrease in freight damage.

14
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CHAPTER 3

PROBLEMS RELATING TO THE USE AND ACQUISITION

OF HMINICOMPUTERS

Chepter 2 describes a number of cases in which
minicomputers have been successfully used to do work more
efficientlv. Hinicomputers are nnt appropriate, however,
for some automation projects.

Pederal managers should he aware of the computers' limi-
tations as well =5 their capabkilities in order to determine
when it wocld te beneficial to acquire them.

Since an ADP system's sofiware costs generally are higher
than hardware costs, Federal menagers should assess the im-
Qact of the total cost on agency operations along with ag-
sessing the impact of the hardware costs. NBS has provicded
scwme guidance to Federal agencies in this area, and is work-
ing on some taske thav should provide additional guidance.

Agency ofricials reported a number of pronlems that
occurred in using and acquiring minicomputers,

USE_PROBLEH]

Some hardware zad software problems we identified which
can hinder the effective use of the minicomputers follow.

Programing

Three levels of programing lenguages used in computer
instructions follow.

--Machine language instruction is directliy understood
by the specific computer. (This instruction level is
used infreguently.]

--Assembiy language ipstruct.on is easier to use and
the computer translates it directly into machine
language.

o

=

-~-High~-level-language instruction is even easier to us
and is designed to be used on a variety of computers
and then translated into machine langquage.

Although programing in assembly language may be the most
efficient language to use in certain circumstances, this lan-
guage has lifitations. ‘

Assembly languag: is unique to the equipment involved
and generally can be used on only one manufacturer‘'s hardware.

.

" BEST DOCUMENT AVAILABLE

By



-rv....

Therefore the user tends to be dependent on one manufacturcr's
eguipment, even though it may no longer be the most desirzble
choice. A user wanting to use another manufacturer's equip~
ment must rewrite the existing assembly language programs;
this process is time consuming and is very costly. However,
responses to our guestionnaire indicated that many users
programed only in assembly language.

Many minicomputers can now be programed in high-level
languages, such as FORTRAN, COBOL, and BASIC. FORTERAN and
BASIC are used principally for scientific work, whereas COBOL
is used principally for business-related applications.

Use of these lanquéges is helpful in transferring appli-
cationg programs to other manufacturers' eguipment and thus
minimizes conversion problems and makes easier the sharing
of software with other users, Since high-level languages
are becoming more available for minicomputers, their use
shoLld be encouraged.

Limited manufacturers' support and service

Some minicomptter manufacturers provided only limited
support to end-product users in designing and instaliing
data processing systems. Many manufacturers' primary mar-
keting strategy was simply to sell equipment. But other man-
ufacturers not only sold or leased the equipment bu® also of-
fered a wide assortment of software packages and provided
considerable support or service to put the system into opera-
tion.

In 1974 a data research organization reported that about
7¢ percent of all minicomputers sold would be to organiza-
tions that add value to the equipment—-—by either develop-
ing complete systems of incorporating minicomputers within
other products--and resold them as different end products,
The remaining 30 percent would be sold directly to users of
the end products. Some manufacturers' representatives said
they did not want the responsibility of designing or install-
ing systems for their customers.

In the Federal community, uders have mostly been engaged
in research and development work and normally have the tech-
nical capabilities to develop, install, and maintain the
various segments of a computer system. Responses to our
questionnaire showed that, out of 151 minicomputers, most of
them were used for scientific, engineering, and other techni-
cal types of applications and that programs generally were
developed by the users,.

Organization officials using minicomputers told us they
ha¢ problems in the support or serviece areas of (1)
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manufacturers' software ana technical support and (2) h:iring.
training, ana retaining of personnel.

Marny commercial firmes acquiring minicomputer systems
have overcome this support problem by contracting with in-
dependent companies to develop & fully operetional system,
commonly referred to as turnkey system, which is then turned
over to the firm.

Some Federal agencies are starting to obtain from other
sources the service and support not normally available from
some minicompute: manufacturers., NB35 uses a group of compu-
ter specialists to provide support to the professional staff
in one of its institutes which uses minicomprters extensively,
whereas the Environmental Protection Agency has an interagency
agreement with an ERDA laboratory t¢ provide technical assist-
ance to develop software and interface devices for an auto-
mated laboratory management system,

We believe that the justificztion for acquiring a mini~
computer should include an evaluation of whether technical
sipport is available from the vendor and, if not, whether it
1t available in-house.

Eguipment limitations

Ceneraliy a minicomputer can do the same type of work
as a :watger conputer, but it eannot do so much at once or as
fast. There -re some jobs it cannot do at all; for example,
certair large j.bs cannot be broken into segments smali enough
to fit in the minicomputer's memory.

A minicomputer has the same basic components as larger
computers, -~-%he internal parts of a minicomputer, however,
are fewer in number and size and do not contain many of
the expensive features offered by a larger computer. The
following table illustrates some of the differences between
teatures of a minicomputer and a larger computer (generally,
the larger the number the more work a computer can do within
a given time.)

Typical Typicail
Featureas minicomputer computer
Word 4ize {bits) 16 32
Register; (general
purpose) 8 16
Memory (th»usands
of bytes) 32 128 to 4,000

Our questionnaire results showed that 12 percent of the
Government users responding encountered problems with word
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size and 40 percent encountered problems with ctorage capacity.
Many of these limitations are being overcome since minicom=~
puter manufacturers are continually announcing new products

and services and users are continually becoming mo:e experi-
enced.

For example, an organization encountered problems with
tne minicomputer's menory capacity and some of the apnlica-
tion programs had to be sectioned into parts because of the
small size of the available memory, but this situation ap-
peared to result more from the user's lack of knowledge
about the equipment's capabilities than from faults in the
equipment itself. ‘Thereforec the justification of acauiring
a minicomputer should be based on an evaluation of its
capabilities as well as on its price.

NBS effarts in providing gquidance to
agencles Uusing mMiNicOmputers

The Rrooks Act authorized the Secretary of Commerce 1/
to provide agencies and GSA with scientific and advisory ~
services relating to ADP systems and to make recommendations
to the President relative to the establishment of uniform
ADP standards. The act also authorized the Secretary to
undertake research in ADP sciences and technoclogies., This
authority was granted subject to the fiscal and peiicy con-
trol exercised by OMB.

Execut'ive Order 11717, effective April 15, 1973, trans-
ferred to the Secretary of Commerce functions being er-
forunea by OMB relating to the establishment of Government-
wide ADP standards, including the function of approving stand-
ards on behalf of the President.

NBS*s stated objectives of its ADP standards rrogram ate
to:

1. Increase interchange -and sharing of data, programs,
and equipment by Federal agencies and the public.

2. Improve perfcrmance angd quality of ADP products and
services developed by or acguired by Federal agen-
cles.

3. Inccease awarenessS by Government and industry of the
needs for standards to achieve compatibility and
enhance the effecrive utilization of ADP products and
services.

1/The Secretary of Commerce delegated this responsibility to
NBS. . '
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In developing its Federal ADP standards, NBS participates
with the American National Standards Institute, a vrivate or-
ganization established to develop and adopt national volun-
tary standards for industry, and, when appropriate, it adnopts
thz standards approved by this organization as the Federal
standard.

One of the principal means KBS uses to carry out 1ts re-~
sponsibilities of establiching Government-wide ADP standards
is through the development and issuance of Fedesral Information
Processing Standards (FIPS). NBS made a s*tudy of ihe FIPS
standards it had issued and of thosze under development to
ascertain which ones were applicable to minicomputers ard
whether any of them might hav: to he chanaed to consider the
characteristics of mi- icomputers. The study, compleced in
the spring of 1975, concluded that most of the publiched FiP3
standards were applicable to minicomputers; COBOL stondardce,
nowever, needed to be changed to accommodate minicompute:
needs. Additional work on the standards beinc developed for
FORTRAN and BASIC and on the linking of peripheral equipment
with the computer was needed to recognize the minicomputer !
characteristics.

With respect to the COROL standard, NBS told us that the
simplest versicon of COBOL 1/ could be adapted for minicomput-
ers. This view corresponds with that expressed by the De-
partment of the Navy, which was developing a simple version
of COBOL for use on minicomputers. NBS officials told us
that the subcommittee on COBCL of the Arerican National Stand-
ards Institute held similar views.

We questioned what efforts NBS was making to develop
Federal standards for FORTRAN and BASIC. An NBS ofticidl
told us that development of standards for these languaqes
was well underway and that the standards should be published
about mid-1976. He also indicated that some manufactuters®
versions of FORTRAN and BASIC varied very little and that
the problem of converting programs written in these lan-
guages for each computer system should not be Jifficult or
costly.

Issuance of Federal ADP standards for high level pro-
graming languages is desirable because it would help reduce
computer program conversion problems and related costs.

1/COBOL has been developed in four versions, referrced to as
levels. Levels are based on programing capability,
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ACQUISITION FEUBLENS

Federal agency officials told us that certain policies
GSA establisheu have caused them to have problems in ac-
quiring minicomputers costing over $10,000; 1/ minicomputer
manufacturers also told us that policies GSA established
caused them to have problems in selling to the Government.
For the nmost part, computer equipment procurement is based
on %A% policies establishea about 10 years ago. Although
these policies were appropriate when the range of computer
procucts on the market was limited. they may not alweys be
appropriatc today with the far greater range of computer re-
sources available to users.

In response to our guestionnaire, 5b officials {36 per-
cent c¢f the respondents) said that they oxperinnced delays
in acquiring minicomputers. Of thls group, 26 officials (45
percent) cited the time reguired to get approval of the pro-
curement as the principal factor contributing to these delays.

we made a turther inguiry to find out why the approval
process delayed minicomputer acguisition. The problems most
frequently cited were the numerous levels of review and the
approvals required to justify and acquire a minicomputer.
“Agency ofticials indicated that these levels of review ex-
isted even on procurements up to $50,000 where agencies were
given a blanket delegation of procurement authority by GSA.

For example, a Navy Department laboratory study of ADP
discussed problems in the acguisition process and stated that
delays wer= causegd both by internal (Havy) requirements and
by GSA requirements. The study indicated that the costs oFf
meet ing these reguirements were a major portion of the cost
of the ADP resource itself and thct "thzs is particularly
true fer low cost ADPE (equipment),

The study also detailed a case where, for a given task,
two equipment options were available: one using flexible,
minicomputer-based gear at a cost of $17,000; the other, a
single~-purpose (hardwired) piece of gear at $21,000, Al-
though the minicomputer-based equipment cost less and could
do more, the decision was made to buy the other equipment
because the difficulties of ADP procurement could be avoided
and the system could be installed without delay.

The study also included ancther case where the cost
($3G,000) and time to justify (under existing policy)

1/Public Law 93-356, enacted in July 1974, provided for the
use of simplified procedures in the procurement of prop-
erty when the cost does not exceed $10,000.

20
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upgrading of a minicomputer system exceeded the total cost of
acquiring the system and resulted in a 2-year delay of the
project on which it was needed.

The Navy laboratory study commented that:

"The present type of control over ADP acquisition

tends to encourage overklll in procurement {(at ex-
tra expense) to avoid potential reguirements to

go back to the ADP chain for additional resources

when needed.”

NASA and ERDA officials expressed similar thoughts c¢n the
complicated approval process for minicomputers,

In our opinion, at least some ©f the inlernal problems
of the agencies could be alleviated .f GSA simplified the re-
guirements for procuring minicorputers in small quantities.

Problems vendors encountered

We met with officials of several minicomputer manufac-
turers to obtain their views on Federal ADP policies and pro-
cedures. They were concerned with problems experienced in
atiempting to sell minicomputers to Government agencies,

They considered Government pLocurement procedures--as applied
to purchase of small quantiticvs--too complex, too lengthy,
and too detailed. Some manufacturers said that the limited
profit potential from the sale of small quantities of mini-
computers frequently made the cost of analyzing and respond-
ing to a Government solicitation pronibitive. For example,
one major minicomputer manufacturer told us that it did not
respond to Government solicitations for equipment valued un-
der $50,100 because of the high cost to prepare a response.

In a meeting with GSA officials in July 1975, an indus-
try association representing many computer equipment manufac-
turers expressed opposition to GSA's proposed use of indefi-
nite guantity requirements contracts 1/ for obtaining mini-
computers. The association's position was that computer

1/This type of contract provides for the furnishing of an
indefinite quantity (within stated limits) of specific
property or services during a specified contract period.
The contract provides that, during the contract period, the
the Government order a stated minimum quantity and that the
contractor furnish property or services ordered up to a
stated maximum quantity.
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equipment should not be procured the same way as many cther
items since it was a high-technoleogy item, mission dependent,
and subject to a high rate of change. Itrs opinion was that

the agency chould be the ultimate authu.ity on application
requircment s,

Aotociation members were concerned that a user would
have to adapt its applications to fit the eguipment available
under the contracts rather than obtain the eguipment that
best meels its needs. The association said quantity procure-
ments were valid when (1) users would define the applications
for wnich minicomputers would be used and (2) guantities to
be orderod were known.

GSA 1esponded to the association’s position in a letter
dated Auqgust 26, 1975. GSA agreed that:

~-iligh~technology items should rot be procured like
commoditics.

~~-No single solution meets Government-wide users' needs,

but in a population as large as the Government, there
probably were “"like" needs.

-~The user was the ultimate authority on application
requirements,

~=lLawt, reqgulations, and procedures should be adopted

as Jequirements changed or were more tlearly under-
st ood.

with 1espect to GSA using indefinite quantity require-
ments conliacts to procure minicomputers and other high-
technology ADP equipment items, GSA said it was a complex
problem and necded careful consideration. GSA believes that
use of this type of contract is an appropriate contraciuval
vehicle for quantitv procurements provided that:

--The base or major egquipment requirements are if~nti-
fied to a specific application.

~=-Interested agencies participate in poth the specifica-
tion preparation and the evaluation.

-=5ome level of additional uses of this equipment can
I assumed.

GSA also stated that:

-=Since these contracts were not mandatory {except for
the minimum guantity stated in the contract), primary

22
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" user agencies would make the final determination as
{0 whether the eguipment specified in the contract
met their regquirements.

--Technical obsolescence would be diminished through
the use of a 2-year ordering period, subject at mid-
point to an annual renewal option.

~-Past experience had shown that these contracts re-
sulted in considerable savings and improved terms and
conditions to all Government agencies,

With respect to low-dollar and small-quantity procure-
mentsS, GSA agreed with the objective of streamlining the ADP
procurement procedures while at the same time assuring that
maximum practicable competition is achieved. In this con-
text, GSA advised the association that:

“The problem for us is to define the area where
informal competition {or sume other method of
simplifi<d evaluation and selection) is applicable
and to establish assurance in that area that the
Government obtains the best available prices."

Aithough acquisition cost of minicomputer equipment is
important, we believe agencies should be aware that other
factors also bear on their decision ro acquire., Software
costs, for example, generallv exceed equipment costs, as
indicated on page 15, anc agencies should determine which
course of action will produce their desired results at low-
est total cost; not merely the lowest equipment cost, over
the life of the systemn. '
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CIIAPTER 4

CONCLUSJONS, RECOMMELDATION, AND AGENCY COMMENTS

CONCLUSIONS

Additional opportunities exist for Federal acencies f{o
use minicomputers as an efficient alternative to using laryer
computers to meet iheir expanding data processing needs,

The minicomputer eguipment itself is generally not the
principal cost of the ADP system. Software development and
mairtenance costs,; plus operating costs, are far greater.
Therefore the cost of the equipment itself should not be the
overi1iding factor in determining what equipment to acquire.
Preblems that managers should consider in using minicomputers
were discussed in chapter 3.

We believe GSA has satisfactorily responded to the data
processing industry's concern that use of indefinite quantity
teguirements contracts are appropriate to acquire rapidly
changing technology items. These contracts have on.y a
2-year ordering period and are subject to review after 1 vear;
GsA has a procedure which should permit determining whether
equiprent 1s becoming obsolescent.

An agency should not obtain minicomputers that are not
appiocriete to its needs simply because the eguipment can be
obtained . more readily on an existing contract. When the
procur ement will exceed $50,000, the agency has the option
to request a delegation of procurement authority from GSA to
obtain the appropriate eguipment.

Some of the agency problems in buying low-dollar-value
minicemputers or egquipment containing a minicomputer cowvld
be alleviated if GSA simplified its requirements for such
procurements.

RECOMMENDATION

We recommend that GSA, threough forums with other Govern-
ment agencies and industry associations, simplify Government-
wide procurement requirements for minicomputers giving recog-~
nition to the difficulties cited by agencies pertaining to
the purchase of minicomputers with a low-aggregate-dollar
value.

AGENCY COMMENTS

G5A agreed, in general, that there was 2 need for sim-
plified procurement and indicated that it was considering
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steps to accomplish these purposes., 1Its reply is included
as appendix I.

we plan to review the effectiveness of their actions
when they have been fully implemented.

Copies of the responses to our proposed report that we
received from NBS and from the Deparitment of Defense are also
included as appendixes.

We are sending copies of the reponrt to Federal agency
heads for their informotion and use in considering minicoan-
puter use as cne means of meeting their agencies' ADP reqguire-
ments,

BEST DOCUMENT AVAILABLE
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APPENDIX I APPENDIX I

UNITED STATES OF AMERICA
GENERAL SERVICES ADMINISTRATION

WASHINGTON, DG 20405

DEC 9 1975

Honorable Elmer 13, Staats

Comptroller General of the United States
Genesral Accounting Office
Washington, DC 20548

Dear Mr., Staats:

Thank you for the opportunity io review your draft report,
"Uses of Minicomputer in the Federal Government: Trends,
Benefits, and Yrohiema®, dated Augast 15, 1975,

We agree with the basic thrust of the report relating to the need
for simplified procurement procedures. However, it should be
noted that there asirmnplilied procedures could adversely affect the
full and {ree compeiition in ADP equipment procurements,
Nevertheless, rome ADP ifems must be acquired even though

the opportunity for realistic overall price/cost reductions is
remote., Underx these conditions, the administrative cost of
conducting a formal competitive procurement is not warranted
and, therefore, placing an order agzinst one of our ADP Schedule
contracts would constitute an economical and efficient procurement
action,

The problem, however, is to define that ADP equipment where
simplified evaluation and selection may be used in lieu of full
competition and at the same time assure that the Government's
needs are satisficd at the lowest overall cost, price and other
factors considerod. The significance of this problem was
recognized in the following statement cn page 1 of the draft report,
"o .. Although the term minicomputer has been extensively used

by the data processing community, it defies a precise definition,.."

Since there {8 no coinmouly accepted description of a minicomputer
that we believe would be suitable for use in the procurement process,
we suggest that a dollar threshold is more appropriate. It would
appear that a threshold of $50, 000 is reasonable, In addition to
being reasonable for minicomputers, we believe that this same
dellar threshold also could be applied to other ADP equipment.

Keep Freedom an Your Future With U’ S. Savings Ronds
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APPENDIX I APPENDIX I

However, to preclude quantity buye under achedule contracts
where there iz a good probability of obtaining significant quantity
discounts, & maximum order limitation (MOL)‘ ehould be placed
on the number of the same type and model devices that could be
acquired under a singls procurement {ransaction, Surh MOLs
already are incorporated in our exis:ing ADP Schodule contracts
for this purpose, Accordingly, what we propuse ie - $50, 000
MOL: and a quantity MOL in each contract with the lesser MOL
to govern,

In addition, there are several areas that could be clarified and
our specific comments are attached,

if there are any questiong, please let us know.

Sincerely,
YW,
rzitay oA et

ik

Aciing A{j}:i straior

Enclosure [See GAOQ note.]

GAO note: The deleted
: e comments were consid i i
lizing the report. sred in fina-
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Washington, O.n. 20 mwo
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m

October 16, 1975

Mr. Victor L. Lowe

Director, General Government Division
U.S5. General Accountirg Office
Washington, D.C. 20548

Dear Mr. Lowe:

This is in reply to your letter of August 19, 1675, re-
questing comments on the dratt report entitled "Uses

of Minicomnuters in the Federal Government: Trends,
Benefits and Problems.'

We have reviewed the enclosed comments of the Assistant
Secretary for Science and Technology and believe they
are responsive to the matterbs discussed in the report.

W. \h:ngamxdds, Jdr.
bnk%, Assistant Secretary

for Administration

encliosure

«mu mw ﬁguw
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SEP 25 1397%

#r. Victor L. Lowe

Director, CGeneral Government Division
United States General Accounting Office
Washington, D.C. 20548

Dear Hr, Lowe:

Thank you for sending to the Secretary copies of the draft
repart “Uses of Minicomputers in the Federal Government: Trends,
Benefits, and Problems".

The National Bureau of Standards' Institute for Computer Sciences

and Technology, which provided inputs to the General Accounting
Office staff during preparation of the report, has reviewed the

draft report. 7.:c Institu*e believes that the report is good and
that, in keeping wi“h the established pattern of General Accounting
Office reports in the computer area, will be a valuable aid to
Federal agencies. The Institute has prepared a brief set of detailed
comments on the report; these are attached.

Thank you again for giving the Department an opportunity to review
and comment on the report.

Sincerely,
Bétsy Ancker-Johnson, Ph.D.

Enclosure {See GAO note.]

GAC note: The deleted comments were considered “in final—
izing the report.
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ASSIEYARIT SELCERTARY OF CEFENIZ
WASMINOTGN, B.C. 28330

28 OCT 1575

Mr. D. L. Bcantlebury

Director, Division of Firancial &
General Management Studies

Y., S. Genersl Accounting Office

Dear Mr. Scantlebury:

The Secretary of Defense hsg asked us to respond to your proposed
report on uses of minicomputers in the Federzl Government: trends,
penefits and problems, forwerded by your letter of August 28, 1975
(0SD Case #415%),

We strongly support your conclusions regarding (1) the opportunities
which exist to improve efficiency end increase productivity through
the use of minicouputers and associated technology, (2) the fa.t that
ADP equipsment cost is & rapidly reducing factor in the overall cost
of ADP systems, and {3) the nged for simplification of procurement
rolicies and practices of GSA snd other Federal Agencies relating to
acquisition of minicomputers and related low cost compuler systems to
—educe time and administrative cost.

We recommend winor wmodifications of your recommenda’.ions on pages 46 .
and 47 to increase specificity as follows: '

[See GAO note 1, p. 31.]
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[See GAC note 2.]

fincerely,
'M ; } géz é[/ﬁ
jié"f’wé%fﬁ C 447

Terence E. ¥eClary e N

Aasistant Secretary of Defense

.
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GAD notes:
1. Page references in this appendix may not correspond
to pages of this report,
2. The deleted recommendations in the letter were con-
sidered in finalizing this repor:,
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APPSNDIX IV APPENDIX IV

EXAMPLLS OF MINICOMPUTER APPLICATIONS

Application

area

Industrial
control

Scientific/
engineering
data proc-—
essing

Management
data proc-
essing

Bunction

Pre.ess con-
trol

Data collec~
tion

Product test-
irg ana cali-
bration

Data acgquisi-
tion and re-
duction

Laboratory
automation

Mathematical
problem
solving

Administra-
tion opera-
tions

To control the electrolytic
process that converts alumina
ore into molten aluminum.

To monitor and control the
production and shipment of
truck axles. The system pro-
vides data for shippino and
inventory contrel and produc-
tion rnianagement control.

To run a battery of tests of
automobile carburetors de-
signed to meet 1975 auto
emission standards. The car-
buretor is adiusted automat-
cally by computer~driven
screwdrivers and wrenches.

To process and display data
acquired in real time from op-
tional and developmental test-
ing of aircraft.

To provide automatic operation
of 106 gas chromographs giving
complete guantitative analyses
and printouts of all analytical
reports,

To perform a variety of astro-
nomical tasks to obtain more
accurate results at a national
observatory.

To prepate a city payroll.
To provide computer~aided in-

struction in undergraduate
sciences and engineering

courses.

To process college registra-
tion information.

To define causes of accidents
at the scene.

[N
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Appliication
area Function Application

To assist in the routine anal-
ysis for nature and extent of
pulmonary diseases.

Data commu- Message To maaage the flow of data and

nications switching messeqes throughout the nul-~
tiple field locations and the
home office of a manufacturer
of truck trailers.

Preproc- To preprocess bank information
essors before it is sent to large
central computers.

bata concen- To ~oncentrate nationwide com-

trator puter time-sharing network
data. Each minicomputer in-
terfaces between a number of
relatively low-spead communica-
tion links and one or two high-
speed lines beiween cities.

Terminals To monitor and collect data,
and to report changes to a
central computer in an oil
transmission system, and to
respond to change controls
from the central computer.
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APPEHNDIX V APPENDIX V

GAO MINICOMPUTER QUESTICHNAIRE AND RESULTS

According to the General Services Administration's
inventory of fFederal Government computer systems, as of De-
cember 31, 1973, your organization possesses a minicomputer.

. The following guestions relate to the performance of the com-
puter and your experience in ucing the minicomputer.

1. What is the minicomputer primarily used for? (Please
check one)

a) Process control device 13
b} Communication device 12
¢} Input/output device 4
d) Management data processing system 2
e) Scientific experiments data
processing system 78
£) Other ({describe) 35
g} Multi-purpose 7
Total 151

2. Was the minicomputer acquired to:

a) Automate something that was pre-

viously done manually 108

b) Replace a larger computer system 7
¢) Augment another computer 15
d} Other (describe) 17
e} Multi-purpose 0
Total 151

3. wWas a larger scale computer considered as an alternative
prior to the acguisition of the mini? Yes 25 No 118

4, Please rate each of the categories below according to yocur
experience with the computer.

Excellent Good Fair Poor Total

Overall performance 51 60 7 1 145
Manfacturer's software 22 85 31 5 143
Ease of programing 32 R 11 11 143
Ease of installation 57 /3 11 3 144
\- Ease of operation 42 EL) 5 1 146
Hardware reliability 58 62 17 ki 144
Hanufacturer®s techni- :
. . cal support 23 61 43 14 141
. Biring, training, and .
retention of personnel 19 68 23 7 117
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APPLNDIX V APPENDIX V

5. Who primarily developed the application software? (please
check one)

a) In-house personnel ) 98
b)Y Minicomputer manufacturer 14
¢) Independent software developer 17
d) Computer system supplier 17
e) Multi~sources . 5

Tot al 151

6. What programing language is used for the system?

Multi~progiamed 40

a) Basic 11
b) Fortran 17
¢) Cobol 0
d) Other (describe) Assembly - 15
Machine T
Othet 17
Total 151

7. Hlave you expeticenced problems due to some of the limita-
tions of *he minicomptter 's system chatractel istics?

a) Instiuction set Yes 14 No 132
h) Word size Yes _ 17 No ~ 130 ]
¢y Number of registers Yes 18 No 129
d) Stoiage capacity Yes ~ 59 No 87
@} Other (describe) 20 130

8., What s the estimated hreakdown of acquisition costs asso-
efated with the minicomputer system, by percentage?

a) CPU, including add-on memory 42 2
b} Peripherals 327 Ty
¢) Software 18 %

100 %

9. Pid you experience unitovasonable delay in acquiring and/or
implementing the mini? Yes 58 No 91

J0. If the answer to question 9 is yes, in which areas did you
experience delays?

a} Approval 26
b} Delivery of hardware 3
¢) Delivery of softwale ’ 4
d) Implementing the system 4
&) Other (describe) 1
£) More than one problem 20

Total 58
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APPENDIX V

11. Do you envision wider use of minicomputers to satisfy
certain data processing requirements within your organi-
zation? Yes 133 No 18
12, If the answer to guestion 11 is yes, in which areas do
. you envision wider utilization?
a
a) Process control device 71
N b) Communication device 57
M ¢) Input/output device 62
d) General data processing system 42
¢} Scientific experiments'® data
processing system 108
f) Other {(describe) 31
L
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