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SXSCUTIVE SUMMARY

This study provides an overview of the Automatic Data Processing (AD?)
acquisition process as it relates to general-purpose (non-embedded) com-
puter systems. It starts with a broad overview and proceeds through the
general selection process with a detailed discussion of techniques which are
available to a progrem manager (Fk).

Computers are utilized in all walks of life in both government and
industry. It would be a r-;o system which did not involve even a tangen-
tial relationsnip to a cozputer or its related equipment. A manager must
be eware of the overall AD? selection and evaluation process. A PM is
totally responsiole for tue management of his project. While experts are
available to assist him in many areas he must not decide to be unfamiliar
with tie basic principles of any area.

This paper covers tue analysis and specification of the user's system
and the tools to aid in tae investigation such as simulation, modeling,
monitors, etc., and some comzercially available software packages. Validea-
tion of the proposed computer system is the most crucial phase in the entire
selection process. Several excellent methods of selection are provided in
the form of the weighted scores approach and the cost-velue technique. Ths
latter method, in particular, is very valuable. This procedure recognizes
the necessity for evaluating the non-zandetory requirements of a system and
their costs. Ths zandatory requirements are validated instead of being
evaluated.

It appears tnat tne za jor exphasis waich & manager must place in tne
overall process is on a modification in the initial anslysis time. In
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order to lessen tne subjectivism whica is already a part of any evaluation
and to lessen the criticisa of "representativeness," considerably more time
and effort must be expended at tne "front end" of any systems developmzent.
Many commercially available sizulators rmust be used in order to evaluate a
users present or proposed system. 3Bencnmarks should also be utilized even
though fhay are not always satisfactory.

In essence, the PM is provided with an overview of the evaluation and
selection process. ie can be brought "up-to-speed" on the subiect ares by
using this paper. Theé, depending upon the particular situation, he can

pick and choose the various methods as the circumstances and rules allow.
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CHAPTER I
INTRODUCTICN

l.l General
Th;a peper is divided into four ma jor chapters, each of which will
take the reader tnrough a series of steps wnich are essential to the task
of evaluating and selecting a compﬁter system. The exphasis of topic
selection is that of t?e author snd ie by no means either all-inclusive or
exhaustive.
The researcn questicn is as follows:
what nethods ere available to a meneger in the evaluation
and selecticn of a computer system or parts thereof?

1.2 Purpose ené Scope of Research

Tne purpose of this research is twofold. The first is to satisfy the
partial reguirecents for the Procram lanagers Course. The second purpose
is ny nodest attexzpt to learn more adout the evaluation and selection of a
computer systew. Tnis paper is directed towerds tne general purpose com-
mercially available (non-embedded) computer systems. If througn this
peper a project manager can more accurately deterzine a procedure which is
useful when procurezent of ADP'ia required for successful procject cemple-
tion, tnen this research will serve some useful purpose.

The scope of this resecarcn is limited to a general description of
cozputer acquisitions with special exphasis on bencamarking, simulation,
partial testing--in snort, the workload description and validation pro-

cezses. No particular computer user group is addressed. If a vendor or




his products are mentioned, it is done so only in passing and taen only to

stress a point for discussion.




1.5 Chapter Sucraries

Cnapter II provides an overview of tne selection prccess. Included
therein are sucan factors as the basic considerations in systems procurerent,
sole socurce versus coxpetitive oid procedures, steffing views, plus a few
otoer comments.

Chépter III deals with tne analysis and specification of the user's
present system end tne tools to 2id in tnat investigation such as simula-
tion, zodeling, monitors, and soze commercially available software packages.
It also covers eccncmié analysis and systems life evaluation costinge. The
section dealing with tne validation of tne propesed system is the most
crucial phese in the entire selection process. Simulation is investigated,
as well as tne methods of central processing unit (CPU) ticing, and soft-
were evaluation. Means for benchmarking are described. The last section
in this chapter addresses the selection technicues through which the best
overall system nay be chosen. The weigated scores approacn and tne cost-
value tecuniques are discussed.

Cnaptsr IV describes tne prorress which hes been made in the evalua-
tion end selection process.

Cnapter V contains the summary. Tne taesis guestion is addressed and
tne conclusions of tnis study paper are presented.

Iwo clarifying cormments are needed. First, it is hoped that the re-
search will provide a broad introduction to the coxputer evaluation and
selection process. Tne outline of the cnapters is intended to portray the
fact tnat tne total scope of the zcquisition process must be inown by a

zanager. In this paper tne words "orgunization," "agency," and
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®corporation® have identical zmeaning and intent. Furtner, the term
“systexz" hass zany meanings and connotations. In this context tne word

“systex" refers to tne data processing type zecaning.
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CHAPTZR II
QVZRVIZA

2.1 Introduction

The primary intent of vection 2.2 is to provide a broad introducticn
to ADP systems acjuisition with exphasis on the DOD policy pertaining to
taie sudbject. Sudbseguent sections in this cnapter provide more overview
type details whicn must be considered by tne PM in & computer acquisition.
Section 2.5 covers pribariiy tne past and present analysis aspects of com-
puter systems design. Iq addition, various past and present zethodolgies
for testing tne newly desigmed system are presented--the more current of
wnich will be discussed in Chapter 3. Tne next section reviews basic con-
giderations with respect to sole source versus competitive acquisition
processes. A knowledge of the basic difference between these two concepts
is a must for tne PM, otherwise he may be tempted to jump et the first
offeror who is possibly backed by a big naxe company. As tne section
points out cozpetition is the better route. Next tne ”M needs to ccnsider
whno is geing to perform all of tne evalusting and selecting tasks. Sec-
tion 2.5 covers tnese aspects in soxe detail in order to provide a better
understanding tnereof. Lastly, Section 2.0 provides a brief discussion of
prodbably tne most key event in tne entire process. The user must recognize
tnat there are both good end bsad suppliers. Tne basic step to eliminating
zuch future trouble is en adequately defined Kequest for Proposal (RFP).
ahile this subject will be discussed later, it is essential to bring out

certain salient overview facts.




2.2 Basic Considerations in Systexs Procurezent

A comparison axong various computing systexs available today is be-
coming more difficult since many systems differ in size, configuraticn, and
basic desi;n. 3efore the evaluation and selection process can degin, how-
ever, some basic considerations must be addressed.

Tnéugh rarely a controlling facter, tne cost of the potential acquisi-
tion is still e maior factor and little has to be said to stress its im-
portance. 4itnout tais constraint little effort would need to be expended
in modeling, simulatio;, and bencamarking.

Time is an important factor in wzost system procurements. 3esides the
fact tnat tae user would like to neve nis new eguipment as soon as possible,
it is important that each pnase of the acquisition be alloted encugh time to
permit full completion of its associated tasks. The time allotted to each
phase in en evaluation and selection process is system dependent. The zore
ccmplex and costlier system rust be alloted more resources, botn in terms
of dollars end time. Zxpenses for szaller procurements are, by necessity,
curteiled if the selection process is %to remain economical.

The following teble, tuxen from the Ceneral Services Adrinistrstion

ADP Procurerent Guidelines, indicates tne various time spans for the ele-

ments of tne competitive procurement cycle. This was determined from a
recent interagency studye.
Request for Prososal (aFP) Development 5 months
Delegation of procurezent authority from GSA 2C days
Benchzark tize 4C days

Tecnnical evaluation tice 14 weeks




Contract negotiations 6 weeks

Cost evaluation time 12 weeks
selaction time 6 weeks
TCTAL 45 weeks

The above times ars historically typical. Consequently, tne total for
all elements of tne procurement cycle will not necessarily equal the aver-
age tize for tnat category of proc;rement. It should be noted, aowever,
taat a recent study oy ir.-Robert H. Parke (Fii@ Class 76-1) indicated tnat
an averace processing cycle of 65 weeks existed within the Departzent of
tae Arzy on ADP procurement actions. (2C, i9)1 As & result one should
view tae procurezent cycle wita extreme caution and planning whenever AD?
is involved in a prograz. In essence, one will not just order a computer
today and receive it tomorrow.

The user's needs zay cnange if the acquisiticn cycle is long enough.
In addition, staff salaries, tne number ci system enalysts and programzers,
and sizilar factors can profoundly affect tue cost ot a computer systenm
and the productivity it provides. (26, 2C2)

Alternatives to tne established plan should becoze part of ias plan
and not dismisssd cut-of-nand. ~for various reasons it may be less costly
to lesse a new system retusr tﬁan purcaase tne equipment outrigat. Sizi-
lerly, tae entire sxercise may prove tnat updating tae current system is

cheaper. In adiition, it may prove trnat tae existing system will be

‘Tnis notation will be used turouraoat the report for sources of
quotati ns and zu jor references. 7ane lirst nucber is tae source listed in
tae bicliograpny. The second number is tne page in tne retlerence.



satisfactory for X more years. Since most system development is approsched
with a "let's dreaz" attitude, slternatives in costing should be considered
such as determinin: the total cost of the new system both with and withous
the "bells snd whistles."

Another basic factor which must be considered before proceeding with a
system procurement is the impsct of a new system on the organizaticn as a
whole. Literally hundreds of books and thousands of papers have been writ-
ten on the effects that new influences have on employees when they are taken
out of their old envirbnme&t. Depending on the complexity of the system in
question, retraining and.reeducating must be considered. During the acjui-
sition, some depertments may be reduced in size while others grow. In
essence, the total impact must be known beforehand.

Within tne Department of Defense (DCD) policy and guidance for the
selection and acquisition of ADPZ is contained in DCD Directive 41C3.53.

(7, 3) Of particular importance to the project manager in the acquisition
process are tne following policy statements:

8. Decisions to acquire ADP?S will be preceded by and predicated
upon the results of well-documented studies that indicates:

l. That a valid information requirerent exists. The functicns
or processes to be accomplisned through tne use of automatic processing are
essentiel to mission requirements.

2« That autcmatic processing is the zmost cost-effective reans
of satisfying tne requirezents.

5. That tne system to be employed has been designed to acnisve

trne hignest practical degree of effectivensss and operational economy.



4. That tane lowest overall cost alternative for satisfying
the requirements has been deterzined prior to selection and acquisition of
ADP:e resources.

be Specificaticns to support tne acquisition of ADPZ rescurces
will be developed independently of a specific vendor's products. Zqual
opportuhity and consideration will be accorded to all vendors who offer
products capable of meeting the specifications.

¢+ The metnod of acquisition will offer the greatest advantege
to the Governzent unde; tne circumstances surrounding the situation.

d. To furtier prozote effective selection and acquisition of ADPS
resources, a professionally staffed activity witn primary full-time mission
to develop solicitation documents, evaluate vendor responses and competi-
tively select ADPZ will be establisned within eaca military department.

In addition to tns tecanical and zanagement policies conteined in tne
directive, selection and acguisition of ADP: resources will be in accord-
ance with tae policies and procedures of the rederal Property Msnagement
Regulation (7rlR) and the Armed Services Procurezent Regulations (ASPR).
In the event of conflict between the two povernment repulations, the pro-
visions of the FPNK govern.

The directive alsoc delegates responsiovilities to the secretaries of
the military services to approve the selection of ADP: resources and to

issue appropriste ixzplementing docuzents and procedures.

RS



2.5 Past and Present jiiethodology in System Procurement

In the early days, the existence of an cperationil computer system
was virtually an end in itself. Diflerent systems were compared with
easily observable quantitative caaracteristics such as memory size, nuzoer
of instructions executable in a sscond, speed of printers, cerd readers, or
clock rates of the equipment. As the logical design and usage of informa-
tion processing equipment became more complex, it became apparent tnat such
easily observed or measured physical perameters did not always yeild an in-
ference as to "quality" or "goodness" which ccrrelated well with ones intu-
itive feeling about the relative work or usefulness of differeny systecs.
(22, 2) 1In tne 165C's, independent sub-systems were designed for inter-
dependent sctivities. Furtaer, the systems of tne 155C's were largely
operational-level systems. They provided the information necded by first-
level supervisors and their subordinates. (6. 168) From this, it is evi-
dent that tne early systexs were indeed eesier to evaluate. Concreteness
and simplicity of design as well as ease of application were the ma jor con-
tributing fectors. as the systems grew in scope and complexity, so did the
problems of evaluation end selection. The independent sub-system, such as
the payroll progracms, cecame a small part of & larger financial system.

“ith system complexity caée evalustion cozplexity where systemxs analy-
sis technicues lagged one generation behind those machines which were to be
acquired. Cnly in recent years have techniques narrowed the gap between
the hardware send its evaluation. The stress in performance evaluation has
snifted froz prograzzing and testing of new systexs to the "front end" ap-

proaca waich includes documentation of tne present system, evaluation of

1C
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system rejuirements, and desisning the izproved system. (€, 162) As the
stress on analysis grew--directly affected by tae systezs complexity--so
grew tne metnodology svailsable to tue snalyst. Tne period between 1920
and 19°C saw tne develogment of piperwsr< and process flowcnarts. Their
ma for shortcomings were the lack of the identification of data elexzents and
volumes; Duringz the 195C's, general flowcnarts and block diagrams evolved
based on previous attempts at eccdracy. The period 19€C-197C saw the
greatest progress in the analysis of computer systems. NCR's Accurately
Defined System (ADS) was an improvement on the use of charts since it pro-
vided a well-organized and correlsted approach to system definition and
specification. (6, 173)

ADS used five interrelated forms to provide tne systex (application)
definition. Tne process began with the definition of output. Next, in-
puts were definsd--on tas second forme. Tae tnird fora provided the defini-
ticn of coxputaticns to be perforzed and tne rules cof lozic governing the
couputation. Tae interrelationszip of cozputations were also defined on
this form, es were tre sources of inforzation used in tne computation. The
fourth form, the nistory definition, specified information to be retained
beyond tne processing cycle for sudbseguent use. The fifth form provided
the logic definitions, irn the forz of a decision table.

#itnin ADS, information linkage was accomplisned in two ways. First,
each data element was assigned & specific tag or reference. Next, each
time tne tag was used in tae system, it wes linked back to the previous
link in the chain. All elezents of deta w:re chained from input to output,
accomplisned tarcuern tnes use of puge and line nuzbers. The process of
chaining facilitated identificaticn of ozissions snd contradicticns in the

11




system. Once tne information requireients were establisned, the system
design phase determined the eppropriate hardware mix to effect the system.

Anotaer approucn, known as information algsebra, based on tae efforts
of lir. fobert 3csak, provided the tneory for systems specification. Infor-
mation algebra was an important development because it provided a theoreti-
cal basis for automstic processing of system specifications. The prirmary
intent of information algebra is to extend the concept of stating the rela-
tionships among data to all aspe;ts of data processing. This will require
tae introduction of increased capebility into compilers for translating
this type of telaticéal expression into procedursl terms.

while both of tne foregoiny were based on tne assumption that tne
study of tae organization and its needs nad been completed, two new develop-
ments, ARDI (Anslysis, Aequirement Developzent, Design and Developzent,
Izplexentation and zZvalustion) developed by Pailips, and Study Crganizeticn
Plan (50P) developed by I3k, sided tne initial phase of esnalysis. The lat-
ter is tae umore significsnt contribution to the field because if pulled
various tecuniques togetner into an integrated approach. S0P wes designed
to gatner data witn which to analyze the informstion needs of tne entire
organization. (6, 174)

Anotner improvement waich made analysis easier was the use of the
Hoskyns System. (6, 191) Using tae Hoskyns approech the systex is de-
scribed in terms of programs end files witn the programs being described
in terms of records snd data elements. These sets of relationsnips are re-
corded in tne form of matrices. In summary, the Hoskyns system sccepts

system specifications and converts tuem to CO30L programs without menual

12
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intervention. The system was developed and implemented in three 3ritish
corporations by idoskyns Systems Research Incorporated. It was introduced
in tae United States in 1972 end is in use at Aferox, General Foods, and
Allied Chewical.
uneress tne first and second generation analysis technicues ccncen-

trated on sudoptinization witnin 8 given organization, third generation
systems philosopny is concentrating on studying the organization as a
whole. This new ides presented an even larger problexz for tne analyst
until & new approach wae devised. This is known as Problex Stated Langusge/
Probler Stated Anslyzer (PSL/PSA). The concept was now different. The
analyst asked what ne wanted to inspect regardless of how those needs
should be met. The Problem Statement Language (PSL) is designed to express
desired system outputs, tne data elements which comprise these outputs, and
formulas to compute tneir values. The user specifies the parameters whnich
determine tne vclume of inputs, and tne outputs end the conditions (partic-
ularly those related to time) wnich govern tne producticn cf outputs and
the acceptence of inputs. The Proolem Stotement Analyzer (PsA) sccepts in-
puts in 25l and analyzes tnex for correct syntax, then:

a. Produces comprenznsive data snd function dictionaries.

be. Performs static network snalysis to insure completeness of
derived relstionsnips.

¢ Performs dynexic snalysis to indicate time-degendent relstion-
ships of data.

d. Analyzes volume specifications.

So far only tne analysic aspect of computer systems design and

13




evaluation techniques have been discussed. The question still to be an-
swered is: Wwhat methodology is available for testing the newly designed
systen?

As previcusly stated, the euarlier systexs were relatively easy to
evaluate due to tasir similar cnaracteristics of size, number of instruc-
tions executable in & given period of time, etc. As the configurations be-
caze more couxplex and multiprograrzing and zultiprocessing became more
proxinent, the evaluation tecaniques availsble had to undergo complete
changes in order to me;t these new innovationse.

The esrliest atteczpts at CPU evaluation were the two interdependent
*instruction zixes" and "kernel" methods. In the mix metncd, each instruc-
tion or related group of instructions in the repertoire of a computer is
assigned a weighting factor obtained by analysis or measurement of a pro-
gram or progrems in executicn. Applying the weignt to each instruction
provides an sverage instruction time taat can form a basis of comparison
between two or more systems. (9, 257) Tae technigue in thne kernel method
is to deterrine tne most freguently used portiocns of an application and to
program these portions in tane various instruction sets of the cnestral pro-
cessing units deing cozpared. after eacn kernel anad been evaluated, they
were cowbinzd according to scxe weignting function. Althougn tae kernel
methed was & better tool tnan tne instruction mix, both methnods have now
been discarded in zost evalusticn and selection procedures. The instruc-
tion wix ie no longer used since a single weigat is used in evalusting the
perfermance of systems witn different instruction sets, mexory configura-

tion, ete. (9, 257) The kernel method has fallen into disuse primarily
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because it ignores input/output considerations esnd software performence
factors. Moreover, it is usually difficult or impossible to relate tne
tize for an assortment of kernels to & given user's rezl time dzte pro-
cessing applications. (22, 6)

With the instruction zix and the kernel method falling into disuse,
the benchmerk metnod gained in populsrity. A commonly accepted definition
of the bencnmark metncd is 8 program or programs which seek to represent by
representative progsracs the total sutometic data processing (ADP) workload.
(5, 41) In the sontext of this definition, the current worklosd with ex-
pansion is designed and executed on several confisurstions. The results
are then compsred. althoush quite popular, the method has some inherent or
potentisl pitfalls. The definition of a "representative" workload is most
probably tne rost prominent. The central difficulty lies with establisaing
the representativeness of the job or Jobs being run ceonsidering thet they
are usually a very small sazple of tae actusl workload planned for the sys-
tem in question. (22, 7)

Otner fuactors whicn are xnown to affect the outcome of any bencamark
test are "CPU utilization," "channel utilization,® "terzinsl resgonse tize,"
etc. To aid in the evaluatien of these fectors, sizulation has become quite
popular due to its flexibility, despite the high cost and time fectors in-
volved in writing and running these packsges. During the 196C's, several
sizulation langusces were developed and now cperate with & high degree of
proficiency.

Finally, herdware and software packages were end are still being devel-

oped to aid tae perforzance evaluator. 3otn packages have limitations,
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but they are acceptable as tools which h2lp in the validation and verifica-
tion of progrems being executed on a system. The scftware zonitor is &
program wnica is usually imbedded amongst tie operstin: system and produc-
tion progrems of a system. As the systew executes, deta is collected which
states scxzetaing sbout the seguence of events, quesues, timings, cemory
cycles, etc. Tne drawback to these software packages is the fact that the
measuring program itself cen adversely affect the system being measured.
The measuring program is using the system's memory, input/output devices,
etc.--sxactly taose co;ponenta wnicn it is to messure. To overcome this
problem, hardware monitors hsve been developed which are connected to key
points in the system. Altnough tney do not interfere with the operation of
the system, their drswback lies in the limited nuzber of system points that
can be connected tc the monitor.

Tne cost ol systex development and procurexent are not cheap. jisny
ranagers en‘er into tne arena witnout any idea of the cost distribution in-
volved. Figure 2-1 presents an overview of tne systems development costs as
tney existed in the recent past. It is worthy of note that more effort is
required during tne initial phases of tne coxmputer project. Both the amount
of cost and the distribution of resources have changed. In first reneration
systems, Phases I and II ebsorbed approxizately five percent of system de-
velopment cost. The expanded scope end sophistication of third generaticn
systems nas increased overall development cost, uitﬁ approximately twenty

percent absorbed by Phases I end II.
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2.4 Sole Source vs. Corpetitive 23ids

Today most coxputer acquisitions are made tarough competitive bids,
that is, more taan one vendor respyonds to tne Reguest for Proposal (RF?)
and offers wnat he believes %o be the best system or sys®* ms. Procurexzent
of AD? is generally dons on the bssis of taree general principles. It may
be obtained by general performance specifications. Tnis normally applies
to an entire system. GSecond, the user may only have need for an equipment
specification (i.e., terxinal) in wnich case nis requirements are stated in
terxs of e piece of eqhipmént. Lastly, specified ADP may be requested
(1.e., I3k 36C) by tne user. In essence, specified ADP is a make and model
description. (1, 4) The federal governzent generally requires competitive
bids on any uzs jor system. Few exexptions are granted, and only then, if it
can be saown that sole source acguisition is the most cost effective. llost
sole source acquisitions are justified under several circumstances. As an
example, only one vendor has the specific equipment needed or the conver-
sion effort is too great. The key ingredient in tne request for specified
ADPZ or sole source is tne rationale to support how the requested ADPc was
evaluated and why it was determined to be the best or only equipment whicn
will satisfy the reguirement or need. (27, 31) Sole source has its ad-
vantage. The evaluation becomes a routine task in that the user makes a
ratner perfunctory cansck of system capability. In this respect, the eval-
uation and selaction method costs very little. Sols source acquisition
rests, of course, on the prsmise that the user knows the equipmer~t's capa-
bility and his own necds well enoura to be able to pick a specific z8nu-

fecturer.
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This type of acguisition, however, does a disservice to most users.
Nc matter wiat the requirecents zay be, therg are at least two vendors who
will be able to meet them. If thnis is not possible, then it may be sdvis-
able to look at the overall operation and sse if changes cannot be institu-
ted whicn will allow greater latitude. Competitive bids allow tne user to
pick and choose nhis equipment based cn need, cost, and performance. In some
cases, vendors have bid systems w&ose configurations were far superior to
those tnat the user ha? in.cind. There are disadvantages to tnis method of
procurexent. Competitive bids are costlier than sole source since the ex-
isting system must first -be docuzented; second, an RF? must be prepared;
third, tae validetion of tne proposzl including system performance measure-

ment must be made; and lestly, the actusl system must be scslected.

S ¢
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2.5 Cvalustion and Selection by Permanent Staff versus Consultsnt Firr or

Ad Hoc Cozrittee Usace

For those organizations whose primary mission demands the support of
one cr more sLlF facilities, tne need for a permanent staff of hignly trained
coxputer professionals nus grcwn from one of novelty to one of necessity.
Tecanologicael advances have come with startling repidity as computing za-
caines spread over a spectrum ranging from tne minicomputers to the "number
crunchers." These individgals are usually up-to-date in tneir speciality
of nardware configurat;cns, software, simulation, etc. They sre familiar
with tne organization's problezs and taey play an active and vital role in
tne evaluaticn and selection process. In those areas which are sensitive
because of security or proprietary matters, a permanent staff is usually a
must. Despite these advantagss, a permanent staff has one real and one
potential drawback--cost and tunnel vision or stagnation. 4 professicnal
group is quite expensive and adds to the corporate overnead. As much as
eignty-five percent of a facility's total budget has been assigned to the
maintenance of programxzing and analysis support. Tunnel vision is, of
course, only a potential problem. As the group becomes familiar with the
current ejuipmsnt in its day-to-day activities, the equipment itself will
impose its limitations and constraints on those directly dealing with it.
In tne future, suggestions for solving problems will be rejected because
tne lizitations of tne current system do not allow the suggeested soluticn.
Tney will normally not be rejected because they are unworkable.

The use of consultants must be considered. Wwhile the consulting firm

is less expensive than tre raintenance of & permanent professional staff,
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it con£ains all the merits of the latter. The firm is employed only for

trne development tarougnh the test and evalgation phases of the system and
usually ends its aussociation with tne organization after the last piece of
equipment nas been installsd and accepted. As an exaumple the U. S. Arzy's
supply system in the Pacific area of operations (3S) was developed and mein-
tained by tne Computer Services Corporation (CSC). In fact, CSC provided
systems personnel on-site in Vietram to maintain the 3S system. In some
instances tne firm will be retained on a part-time besic--just in case prob-
lems develoy after tné system is installed. Again, some typical pitfalls
zust be identified. If tne consultent has enjoyed great success with a
particular application, he zay recocmend e repeat performance with en i-
dentical or similar system even thouga it may nct juite meet the organiza-
tion's needs. Depending on the consultant's own background, experience,

and inclination, an organization ecjuiring new and unfeniliar equipzent may
be persuaded to purcasse a zore expensive system from a particular vendor
since tacss ;roducts are most familiar to tae consultant.

In most cases, the ad noc coxmittee is the least expensive path to
follow in choosing en evaluation and selection teax. Members of the team
are normally froz tae orgsnization acyuiring the computer, therefore, they
are usually familiar witn the problems and as a result little time rust be
wasted in explaining the processing, needs, and policy of the orgsnization.
Mr. 2. M. Tizoreck suggests that this is quite sstisfactory for acquiring
an upgreded system. (26, 20C) They will essentially sdd & few ADP compo-
nents to the systex, make tne necessary cocparisons, end purchsse the cheap-

est systems. This method is also equally workable if a sole source
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procurezmznt is desired. The drawbacks to the ad hoc committee are obvious.
The group nas little expertise in computing machinery in general and no
experience at all in computer evalustion. If the contarct has a high dol-
lar value and cany vendors are invited to bid, it is safe to assume that
the system whicn is finally purchased is not the best system that could
have been acquired for the zoney expended.

What then is tne proper comoihation? Althougn no firm rules are avail-
able, Mr. Zdward C. Joglin‘auggests all three may be used depending upon
the expected system's cozplexity, the ad hoc committee's understanding of
the computer evaluetion and selection process, and tne experience of thne
permsnent staff. In the majority cf cases, a cozbination of all taree
groups is used. ¥embers of the ad hoc comzittee are usually appointed pro-
ject manazers with the consultants and tne permanent staff of ADP profes-
sionals assigned supporting functicns sucn as costing, bencnxerk definition,
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2.6 Vendor versus User Considerations in Systex Procurezent

Althougn the title of this section muy imply that an antagonistic re-
lationsnip exists between any given vendor and user, little evidence appears
to support this view. One fact, nowever, is obv. us. The vendor wents %o
sell his line of equipment and he hopes to persusde the potential user to
purchase it.

Assume for the moment that the RFP has been cozpleted stating tne man-
datory requirements end the desirable features. The organization expects e
large response, yet it.receivea only a few politely worded inquiries. ahat
are the possible causess:

a. The RFP addresses few vendors who manufacture a mandstory
piece of equipment.

b. To bid is too costly for a large number of vendors. This is
one point that{ seems to have beecn overlooked eitner due to unawareness by
those who write tne RFP or due to limited rescurces whicn will be expended
on the purchase. 3idding cen be expensive. Preparing a reply to & propos-
al can cost anywnere froz 31,CCC.CC to well over J4CC,CCC.CC. This expense
zust be borne by the vendor who nas no guarantee that he will be awarded tae
contract. For instance, at UNIVAC's Marketing Test Center usually two to
five bencnmarks are in process with another ten to fifteen in various stages
of cozpletion. An average bencnxark takes from six to twelve weeks to com-
plete. This process uses spproximetely 1CC hours of actual computer time
and froz sixty to eayenty-f;ve total manweeks. Some calculations can quick-
ly verify tae qut‘tﬁat‘én a%P, describing any system, is an expensive pro-

position for any vendor.




c. Tne RFP is not clesrly written. The RF? snould be precise in
its wording, leaving notaing to tne fruitful imagination or to the "benefit-
zyself* interpretation of tne vendors. Unless sole source acquisition can
be justified, tne rsquest should be general enouga in its reguire.ents to
allow as many vendors as possible to complete witnout comprimising the
needs of tne organization. ~Frfurtner, a well-written AF? steers the vendors
in the right direction. They need not waste their resources in trying to

guess what the buyer really wants.
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3.1 Analysis and Specifications of tac Present systenm

As was snown in Section 2.3, more and more time and effort is expended
at toe ‘front-end,' tnat is, during the initial phases of any ccxzputer ac-
quisition. [epending on the autho}, any number of steps can be cited which
should be included in }his.inltial veriod. Mr. Joslin, one of the most
prolific writers on this subject, suggests three basic steps which should
be followed in tas bdezinning efforts. The three steps are: (1) data rath-
ering or investigation of the present system plus any new requirements;

(2) analysis of the data gathered in the investigation; and (3) synthesis,
or refitting of the parts and relationsaips uncovered tarough analysis into
a better systex. (13f, €3)

One izportant point xust be discussed before this topic can be further
explored. Is tais acjuisition tne user's first or does ne already have a
system? Mr. Timareck joints out that drawing up specifications of need for
the forzer will be much more difficult. (26, 205) For exaxple, the small
organization witaout a computer must first very carefully ask itself wneth-
er it really needs one. It is quite possible that tae coxpany's needs can
be satisfied by other means ratner tanan purcaase. The fallecy of owning a
systex, and one that may be too large, was snown in the early part of the
1970's. Over 2CC software houses and service bureaus closed their doors.
Overspending on computer systems coupled with & declining need and a slow-

ing economy were the chiefl reasons for these closures.
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In either case, s very thorouch exemination of the organizational ob-
Jectives snould be undertaken. Since members of the team come snd go,
tnese objectives should be in writing and given to each memder of the team.
(13f, 63) These objectives should be specific enougn so that a long-ringe
plan--s‘years or more--can bz developed. A thorougn examingtion of tiae

"who does what to whom" and wnat

organization must be made. 3y tnis I mean
are tneir interrelationships. disgorical data must also be gathered. why
is the present system opersting in this menner? .hat are tne policies,
practices, and regulations? The analysis should focus on detailed bresk-
downs of ths workload classes, isclate specific pro‘scts, organizations,

and personnel reguesting service. Statistics saowing tne total machine

time used and the number of jobs each of the aforezentioned ren in a civen
period must be rathered. Priorities end their assirmment procedurss zust be
analyzed. Many organizations have some dadicated jobs which nust be exe-
cuted at specific intervals, i.e., payrolle These, too, zust be isolated
end tneir time and number recorded. The type, duration, and priority of

the backlog must oe examined. The meens of backlog resolutiocn must be
known. Furtaer, tnc idle time of the system must be deterzined. Specifi-
cally, this paase saould be divided into operational and system cheracteris-
tics.

Operaticnal cnaracteristics fall into several catepories. Questions
concerning coxzon operator errors whica alfect thruput, job scheduling, user
dialogue, document problems, availability of tapes snd discs, etc., are
certsinly pgerxzane. Users ol tne system should be questiocned concerning

turnaround adequacy. The system logs should be exarined to determine tne
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number of nours per recording period in whicn tne machins was emulating,
simalating, idle, cozmpilinz or assemdling, inoperable due toc nardware or
software failure, or down due to preventive maintenance. JSome statistics
should be gataered on tu2 number of forms wnica are used. Finally, re-
sources expended :n both men-hours and machine time must be exsmined.

The.system's characteristics must also be examined. Data concerning
CPU utilization per monta, tne peaks snd valleys of the jobs in core, the
number of input/output SI/C) operations, the support eguipment availeble
(such as tapes and discs), opinions from systems progremmers on the limit-
ing factors (core, disc, memory, channels, etc.) must be obtained. If pes-
sible, information on the time spent for solving productioh problems, aid-
ing users, maintaining old applications, developing new programs, and alter-
ing software must be gathered.

The next step is to consider tne areas of process descriptions and
narrative flowcaarting. Process description concerns inputs and outputs.
It essentislly inveclves interviewing those individuals who receive reports
or those who generate tuem. Areas of investigation are tne report need,
format, and frequency. The purpose of the investigation is threefold:

(1) deterzine exactly what is used; (2) what can be eliminsted; and (3)
what else is needed. It is here tnat each ‘ob or group of jobs must be
thoroughly investigated. Characteristics of each input/cutput should show
CPU usage per job in both prime time end non-prime time. The analysis must
snow for esch job tne nuxber of tapes and discs used, the percent that com-
pile or assexble, tne lanpuage eacn one uses, the percent cf CPU time used

(for production iobs), tae number of production jobs, and I/C times. As is
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tne casc in zmost facilities, there are always a few programs which are
classified as tne largest, the most executed, and tne most important. It
is advisable to iscl:te tnese runs and prepare separate information sasets
cn esaca. Nuca of tne pressent system may be shortened, rewritten, or total-
ly elizinuted. This is particularly true for a very large system tnat has
been in existcnce for a number of years. Tane tendency is to expand, unfor-
tunately not always in an orderly.fasnion. Usually zuch redundsnt inforca-
tion is gatnered. Dep?nding on the accuracy cf the reporting system, cur-
rent evaluation criteria end reports may be ussd. The last portion of this
subject concerns processing or in cther words converting given inputs into
desired cutputs. In tnis connection one must determine the file sizes, up-
date frequencies and number of records per file, plus a host of other
variasoles.

Narrative flowcharting is tus process of documenting the present sys-
tem. It shows tne current processes and subprocesses at various stages of
cozpletion. Narratives saculd bs as syecific as possible when dealing with
rates, volums, standards, and peakloads since tnsse will be used in work-
losd deterzinstion and bencazsrks. It is the purpose of tne narrative to
cross-reference all tne I/C's waica were gautnered in tae process descrip-
tion.

The second step in this overall process is the analysis of the infer-
mation whicn has been pathered. All I/C's saould now be logicslly ar-
ranged in sequence. Tne pertinent files are exacined. The relstionships
between filec must again be questioned. Some files may be drop:ed, modi-

fied, or carried as they are presently designed. The information gathered
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up to tais point should now give a clear picture of tne various functicns
whicn are directly reluted or affected by tne current system. Tae dats can
oe utilized for:

a. Jod zccounting--CPVU time + tape, etc.

be Prograg snalysis--nuxber of test runs and their frejuency;

machine time required for test runs; perioheral resources used.

¢c. Multiprogramzing effectiveness--machine hours overlapped, num-

ber of tasks concurrently processed, CPU usage, I/0 usage, idle time.

de Operations anslysis--idle time, set up time, efficiency of

schedule.

e. Program profile--processing requirements, I,/C dependency of

jobs, C2U-I/C balance.

f. Resource utilization--resources used by load modules, load

module freguency utilizstion, I/C degendsncy of load mcdules.

ge Hardware snalysis--core size impact, CPU speed impact, I/C

device impact, chan;el impact.

At tne conclusion of this pnase, tne entire system as it currently
exists should be known in tae fullest detail. The analysis may bring scme
unexpected surprises in that the findings may show that a new system is not
needed. Dropping of redundant informetion or tne acquisition of more nemo-
ry, a disc, or several tapes msy be all that is needed. Although only a
few such cases can be found in the literature msny more are likely to exist.
(25, 1225-123%)

The final step is taat of synthesizing this information with those

oblectives tnat must be met by tne new system. rfive factors zay be
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considered impcrtant in a good systez design:

a. Try to minimize input and cutjsut operations.

be wnere poscible, scurce informuticn saould be initially trans-
ferred directly into a medie scceptable as inmut to the computer.

c. oScek multiple uses cf :ommon source data.

d. Attempt to keep tane systcuz simple, flexible, reliabdble, econom-
ical, end acceptable to the users;

Again, ss this ev?lution progresses, steps must be taken to rid tae
system of many anacahrcniszs which crept in over tice, and were later de-
clared law. The word nere is standardization--a costly, thoura wortawnile,
effort. Nr. Tizzreck states, “Clearly, an organizetion's approezch to
standardization will sicnificantly affect its flexibility when selecting a
computer system. An crganization waich strongly erphasizes programrming
standsrds will norzzlly be relatively free to switch from one manufacturer
tc anotrner." (2€, 2C4) .ita government sugport or pressure, mcre and more
aspects of tue computer industry ere being standardized. The federal gov-
erncent's insistence on tae usage of CO3CL, ss well as the current attermpts
by tne Army, Navy, end the Nationel Buresu of Standards toc arrive at stand-
ard benchmarks serve as exsmples of standardizsation.

Ag all of tne informaticn is synthesized, various computer confipura-
tions must be studied. Flowcharts which indicate volumes, record length,
1/C device type, frequency of execution, etc., should be used. At this
stage, trade-cffs must be mede. As an example, discs mey be a favored
pedis ; however, the application may be done on tape just as well. In this
cese the price of tne devices may be tne determining factor. The most sat-

isfectory metncd of determining a systez desipn is to develop froz “the
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systex" downward listing eas many variations ss meet the need. After this
has been completed, it is possible to choose parts of each in order to
arrive at tne opticum systexm which meets all constraints. In essence, a
nybrid system is developed. after tae final system is designed, it shculd
serve as e bssis for comparison. It should not, nowever, be used as an
absolute systex. wcacan vendor will, no doubt, bid one or zcre systems which
may be radically different from thé synthesized configuraticn, yet meet the
user's needs.

Even thougn it is almost triviel, & finel comment must be made about
the importance cf deterzining the obiectives of various potential users
followed by tane analysis of the users present system, and finelly the syn-
thesis of 2ll perts into a design. Considerable effort cen be avcided by
systematically going through these steps. The RFP will be essier to write
since everyone incws exactly what is needed. after hsving accocplisned
tnese details the subsequent evalustion and selection process should be

more manageable.




2e2 Systems Life Evaluation Costing for ADPZ

3«2.1 General
A good comparative cost analysis is ecssential tc the AC? gelec-
tion end evalustion process. To use this techniqus precpsrly, it is neces-
sary to bring togstaer all costs over the stated systems life. In addition,
the foilowing points zust be considereds systems life, present value dis-
count methodology, residual value; and the various procurement methods a-

vailable. (12)

%e2¢2 Systems Life

The systexs (items) life rust be established by the Govern-
ment based upen its requirements and it must be stipulated in the Solic-
itation Docuzent. The "systexzs or items life" resns a forecast or pro-
Jection of the period of time which begins with tne installation of the
systecs cor items and ends when tne need for such systers or items nas ter-
minated. JSysterms or itezs life is not synonymcus with actugl 1ife of the
equipment.

%e2¢3 Present Value Discount letacdolory

The present value discount methodolosy as set forth herein
formalizes a single discount rate of 1Ci for all DCD agencies. The single
rate specified--1C per cent--is approximztely the long-run opportunity
cost of capital in the privete sector. Under this concept, the payments
zade over tize will be ad‘usted to reflect the present value cf those
payments as of the dats of contract sward. Thus, "all expenses," while
waiting for equipzent delivery or after installation for the stated life of

tae systex, must be ad’usted to reflect present value. "All expenses®
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includes not only tne offeror's prices (ejuipment, softw:re, and suzport)
over the systems life, but also predeterzined in-nouss expenses for ADRPZ
installetion and operation.

Tne following formula is to be used in calculsting present

<

value cost:

Zxpected Ciscount Present
Monthly X Factor - Value
Cost ; for 1C% Cost
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3.,2.4 Residual Value

Usually, at the end of the stated systezs life, the ccmputer
syster still hus scxze value to the Governzent. This valus may reflect thase
fact that the initial using activity may well keep tne system loncer tazn
planned or some other Government activity way reutilize the hardware.

The futurz leasz payments saved, as well :s the resale value of tne equip-
ment at tae end of tne stated systems life, affect residusl value. The
residuel velue varies yitd.eacn activity. triowever, for general purpose
equipment it is expected tnhat after a five-year systems life the equipment
should still be worta approximately 2C-3C;7 of the purcnase price and after
eight years, about 1Ci. The following foruwule can be used to detercine
residuasl value:

Purchase Price * X 7% X Present Value discount = Residual

factor for last month Value
of systers life

In the sbove forzulu "purchuse price" is tne lowest evalusted
purcaase price offered by a responsible and responsive offeror. any pro-
curezent option (e.g., Purchase, Lease-to-Cwnersnip, etc.) tnat results in
the Government owning tne systexz(s) will have the residusl value deducted
from tne systecs life ccst for evaluation purposss.

* Including the operating software, if priced sepsrately frex the
equipment purcnase price, and a perpetual license nas been ob-
tsined by the Government. Insteud of the sitraight purchase
price, the sum of all invoice payzents to be made to the Con-

tractor ray be used as the basis for this calculstion.
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3¢2.5 Procurecent Metnods

Systems life costing shculd be calculated for esch procurezent
zetaod offered. Zxazples of the plans currently being offered are:

a. Purchsse: OQOutright purchase after installetion and ac-
ceptance of eguipment.

b. Lesse:

(1) Lease aith Purchase Opticn: Lezse witn option to
purchase at predsterzined }ntervals of time. The purchase price is usu-
ally reduced by aubtr;cting rental credits as set fortn in the offeror's
proposal. Purcnase option crziits creater than 1CC% of montnly charges
shall not be considered in evaluatinz offers for award.

(2) Long Terz Lease: Such plans may provide multi-year
leasing at determineble prices wnere the agency exercises & renewal option
at tne end of each fiscal year.

(3) Lease-to-Cwnersnip Plan or Lease with Title Transfer
Plen: A plan whereby title transfers after payment of n months of rental,
but usually with no obligation, or less obligation, to continue to lease
than in (4) below. Normally, title trensfer does not occur in less than
8ix years.

(4) Installment Purcnase Plan: A plan whereby tnz Govern-
ment exercises an opticn to purchase the ejuipment upon payment of n
zontas of payzent. It is freguently offered as & fixed terz installment
plan ususlly for 36 or 60 wmonths in wnicn %tne Governzent either is pranted
title izmediately or title is passed at the end of tze contract. Norzally,

an installzent purchace plsn cannot be consucmeted using annual
P £
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appropriations. CQure saould be tiken during negotiations to ensure tuat
the Governzent rctains accrued credits and/or ejuity under any of the plans
in (b) above, snould tne sgzency rejuirezent ceass or funds no longer be a-
vailable.

3.3 Alternctive Accuisition Analysis

It is very importent that an enalysis cf the alternative methods of
acquisiticn be followed witan great care and precision. Frequently, the
same vender will not be low on botn lease and purchase plans. Zxhibits

A - D on the following pages show examples cf different lesse and purchase

plans, as computed under the present valus discount metacdology.
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1C% carried to six decimul places and assumes end of the year costs.

discount fictor for the last month of eacn year was used (i.e., 12 zcnta:

«CCOCC1l; 24 montas - .826446; 3C zmentas - .75131%; 42 zontas - .€23C13;

contns - .62C%21; 72 months - SOLL74) for tae sample analysis.
actual econozic analysis, the preparer would use the applicable
factors provided by their éepurtzent.

2. OSix year systems life.

5« Hesidual Value was detercined as followss

Purchase Present Value
Price Discount Factor
for last monta Residual
of systems life Value
§élc,cco X 207 X 564474 - $68,866

4. The Solicitation Document snould clesrly state how the purcaszss

option will be evaluated for purposes of award.
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RIMARKS CN ZLGISIT D

1. The present value cost is determined by using s discount rate of
10% carried to six decimal places and assuzmes end of year costse. The dis-
count factor for tae last menta of eaca year was used (i.e., 12 zonths -
.CC2CC1; 24 montas - .B2c4ké; 3€ months - «751315; 48 montns - .£83C13; €C
zontas - .620921; 72 mentas - .564474) for tne sample analysis. In an
actusl econozic snalysis, tne preparer would use tae applicable discount
factors provided dy tneir éepartment.

2. Oix yesr systems life.

J¢ oStruignt six yesr leise; residusl value not applicable.

41
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SUMMARY SHEZT CF EXHISITS A-D

AS CCMPUTaD UNDER Tds PRZSZNT

VALU: DIoCCTUNI LoTHCDOLCGY

Alternative Methods of

Acquisition Lepicted

A.

D.

Lease basis with option
to purchase (option
exercised at the end

of 18 months) )
Purchase 3Basis

Lease to cwnership pian
(Title transfer at tne
end of six years)

Straigat Six fear Lease

Systems Life Cost

Zxhibits A - D

§576,824

$665,613
$558,291

§574,89¢

Tne exhibits are designed to depict the alternative metncds of acquisition

using tne present value discount methodology.

No attempt has been made in

these exhibits to identify all costs sssocieted with the acquisition of

ADPZ .

In an actual sconoxic analysis, cost to the Governzent includes not

only the vendor prices (equipment, software, and support).over the systems

life, out also predictable inhouse expenses for ADPZ installation and

operation.

L3




o4 Zconomic Analysis

An econozic analysis is the process used for analysis end docuzenta-
tion of the relstionship betwesn data systems and the functional operations
supported by tnese systezs. (8, €-1) It has been separated intc discrete
steps for convenience of presentation; however, it will be noted that sig-
nificani interplay exists among these steps in practical application.
while it is realized tnat tais dis;ussion goes beyond the computer evalua-
tion itself, & manager must obviously relate it to the overall operatiocn
wnich it is to support.

The following information concerns items of interest in an economic
analysis.

a. Problem/opportunity identification.

The problex should be presented in terms of the current func+
tionai deficiencies which are targets for improvemsnt through automation.
Tne initial protlem statement should be subjected to continuous review as
part of the ensuing steps in the process, sincz it will undoubtedly undergo
several ma jor chsnges as a result of tae iterative and intersctive nature
of tne process.

b. Relevant environment.

Descrive the functional environzent and operations taat tne
proposed systez is to support. The environment, description of existing
resources, production processes, and products form tae baseline alternative
and provides tne decisionmeker and snalyst with a comzmon point of depar-
ture. NMsjor processes and associated r:sources in the ares of functional
operations to %e supported by the automated daute system shculd be identi-

fied and investigated.

Ly




c. OCbjectives.

Cbjectives steted should be specific and related to solvinr
the problexzs or reslizing the opportunities identified in a above. Zuphe-
miszs, sucn as "the objective of the proposal is to provide zunapenent with
more accurate, tiwely information," are not applicable objectives.

d. Assumpt{cns and constraints.

Assunptions and construints are any factors that limit <ae
flexibility of the decisiocnmaker or waicn might restrict tne use of tqe
analysis in the decision process. Assurptions focus on the key factors,
processes, and variables sffecting tlie analysis, but which are not explic-
itly stated in otner parts of the anslysis. Constraints are factors exter-
nel to tre relevant environzent, but which limit the feasible slternatives
to the problex soluticn.

é. alternatives.

Tnere is no fixed rule on the number of alternatives that must
be considered. However, frcm tae discussion below, it is obvicus tnat it is
highly unlikely that tnere will ever be fewer tnan two alternatives and a
baseline, at leest in the earlier phase of system development. Alternctives
to be considered involve alternative zetnods of functicnal opesraticns as
well as alternstive methods of previding autcrated support to these opera-
ticns.

(1) In general, tue selectiocn of a cowputer is predicted on
using AD? to correct a shortcczing or izprove operaticns. Thnis autoratical-
ly dictates 8 buseline (no cuence to tae preeent function) and two other
alternatives--one wnicn reguires only correcticn of the saortcozing (zinor

chunces) end one wnicn envisions mu ‘or cnanfes in eitner the .D? or

————



functional proccdure.

(2) Ctner alternstives which must be addressed as appropriate
ares
(a) Use of existing services tarougn sharing, consolida-
tion, or reutilization of Governzent-cwned facilities,
(b) Cbtainins similar systexs or ma jor aspects (appli-
cations) of similar systecs frox otner DCD or Governzent agencies.
(¢) Use of contractor support (versus in-nocuse).
f. Costs.

All costs shculd be identified in tne cost portion of the a-
nalysis. Costs for eacn alternztive can 2e considersd to fall into tanree
broad categories:

(1) Costs within tae alternctive tnat are directly relsted
to automatic data processing (ADP) support.

(2} TFuncticnel costs asscciated with the alternative that
would change as a result of impplementing tnat alternstive.

(3) Functional costs associated with each alternative as an
aid to visualizing tne costs associated with each alternative. Cne should
consider representing tne relationship of two alternatives by a diagranm
(fig. 3-1). Let a triangle represent the total cost of alternative A and a
rectangle represent tne total cost cf alternative 3. ADP related costs
shculd be identified in total for each alternative. 3asic elements of ADP
related costs are snown in the sacple forms provided at figures 3-3, 3-4,
and 3-35. These cost elezents are used to describe ADP systers in the pro-

graz/sudget process and econozic analyses. Tnese costs zust be portruyed

LE
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in tne analysis in sucn a manner tnat if the proposal were adopted, tnese
costs would be identifiable in subsequent program/budret docurentation.
Functional costs that are common to botn alternutives {cross-hatched area,
figure 3-1) need not be incorporated in the economic analysis since they
are nondifferential. ?he last category of costs to be identified is func-
tional costs unijue to a particular alternative. If alternative A is the
*no change" or baseline alternative, the area labled "functional cost u-
nique to alternative A," provides tne basis against waich the unique func-
tional costs of eacn of the otner alternatives will be compared. Note tnat
the alternetive m:y be greater than, ejual tc, or less than thcse associated
with the baseline case. In all circuzstances, each alternative will be
compared to tane baseline case so that changes are identified from s common
reference point. Identifying cost reductions cr decreasss in relation to
the baseline case constitutes a coxzitment 5y the functional manager to
absorb corresponding budget reductions at specified points in time. In
those cases wnere functional canapers plan to reutilize resources {reed by
implementation of tne MIS rataer thsn absorb rzductions in that area, the
specific reutilization zust be identified. Tor those functional costs that
result in a net increase in relation tc the baseline case, sufficient de-
tails oust ce provided to facilitate en evaluation of the impact of the
increases. The enalysis for eacn alternative considered will consist of
botn Part I--ADP Ixpenses and Part II--Ffunctionsl Zxpenses in the formats
as shown for each phase of tae life cycle of each slternstive. Figure 3-2
grapaically represents tne distribution of cost of a baseline snd one pro-

posed alternative over time. Costs have been grouped into tae catepories
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of developzent, phasecut, and operation for the new systex. These cate-
gories shculd not be confused witn the formal phasing of the system life
cycle and are presented only to illustrate one meens for viewing to‘al
systeme costs. Some costs zasy fall into all three categories in a given
year. Costs which have been 'experded or are otnerwise irrevocably obli-
gated to & project are "sunk costs" and should be identified, but excluded
from furtaer analysis, i.e., not chluded in tae computation.

g. 3enefits.

(1) Benefits are to be expressed in terzs of dollar savings
resulting frow satisfying tae objectives of the functional operations sup-
ported by sn autcazetsd data system. The principal task to be undertaken in
this section of tne analysis is to isolate tne quantifiable benefits, in
terzs of tis objectives for eaca elternative. In msny cases it will be
first necessary to estizate or measure tae chenge in systexs perforzance
parameters identified as dezcnstratinz satisfactioen of.;he s&étam oblec-
tives, then subject eacn parazeter to é detsiled anelysis of the value cof
obtaining that amcunt of change.

(2) Data to support tie benefit analysis must be identified
early in the life cycle of tne system in order to perzit adequate prepara-
tion, collection, snalysis, end coordination. 3aseline data snould be
collected early, witn updates as reguired.

n. Coxzpare alternatives.

(1) 7The coupsrison ;f alternatives curfaces tne key differ-
ences, and enables tne decisionmaker to focus on trade-offs. The basic
procedures for these compsrisons include tue use of present value tech-

niques. Cnly tnree relaticnsnips exist as concernt the cost and benefits




_——

of various alternatives: ZEqual benefits/unequal cost; equal cost/unegual
benefits; unequal cost/unequal benefits.

(2) The unegual ccst/unequal benefits case is both the mest
cozmcn and the most difficult. Unless every possible system paraceter is
identified, measured, evaluated, and translated into some common measure,
tnere i# no all-purpose criteria for identifying tne preferred alternative.

i. Test for sensitivity.'

(1) Derivation of costs end benefits for the various alter-
natives under consideration may have been acnieved largely throurn the use
of simulations, projecticns, and assumptions concerning the operationsl
environment. No mstter how mucn effort has been invested in tae assiduous
use of these techniques to cbtain en accurate portraysl of the environzent,
the result may not and probably will nct be the sare aé that environzent.
I for no otner reason, the future orientation of the snslysis interiects a
certain amount of risk or uncertainty into the results.

(2) The major job in this step of 4tne process is to explore
risks snd uncertainties wita a view to discerning the potential izpact of
these elerxents cn tne outcome of tne analysis. This is accomplisned by
examining the key cost, benefit, and environmental <factors snd relation-
snips, in light of variations to tne stated assumptions. Two anslytical
tecaniques are considered useful in carrying out this portion of the anal-
ysis: sensitivity snelysis and contingency analysis.

Jo Presentation of tne enslysis.
The completed analysis should be structured to facilitate

assiziletion snd understanding on the part of reviewing and decisionmaking
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authorities. For this reason, use of an executive sumzary and spproprizte
graphic displays and tables are useful inclusions to the basic analysis

document.
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3¢5 Request for Propossl

Request for Proposzl must cover two catezories of items for any ADP
system. Tne first category concerns those items wnich sre mandatcry. This
means that without any part of tne itexs contained under this heading t:ze
system would eitaer not operate or thé entire system would drop below that
wnica iﬁ considered as minizum. Tne second category covers any itex which
is not included in the mandatory s;ction. These are considered to be otaer
system requirezents (Cok's).

To determine which items are zandatory and which are CSR's may prove
to be cnzllenging if several systems have beesn devsloped. In this case, it
may be best to compare tne configurations and designate those itexs cozumon
to all systems as mandatory. In any case, the mandatory itexs snould in-
clude only tnose items without which the plsnned system would not be eitaer
operable or acceptable.

The CSR items should be listed followed by a detailed statement con-
cerning eacn item. A value statement must be prepared which shows the ra-
tionale for arrivinz at the wortan of tae item and a texzplute which saows
how tne value will be distributed. liore details concerning this zethod
will be found in Section 3.7, Selection.

The [AF? is written only after tae system has been configured and the
mandatory/CSR itexms have been determined. In 2ddition the cost values as-
societed with the CSR items must nave been estasblisued. Several approsches
to RFP preparation are possible. Zaca method witn its advantages and dis-

advanteges will be discussed in tne following thnree secticns.




3.5.1 Genersl aFP Specifications (Zguioment Perferzance Soecificaticns’

e L

Tais tyze of RFF is most probably the easiest for the user to
write. This zmetnod involves specifying minimum perforrmance requirements
for eaca itexz, such as memory cycle time, disk size and speed, tape sze:zds,
and printer s_.ceds. This method will invariably result in vendor bias if
tae speéifications are not cnosen very carefully. Additionally, this meth-
od may not allow varisnces in individual unit speeds that, waen considered
a8 part of tne wnole proces:s, mest tze overall systex requirezent. How-
ever, if the solicitation specifies performance witn benchmark, a fair and
equitadble procurement snould result. witn this approach, tne vendor de-
signs tne lergest portion of the system, tnus allowing him tre freedox to
configure as he pleases, using tne few constraints associated witn the
given files. Tne merit of this method lies in the fsct that tae vendor's
analyst, nopefully with brosd experience, will design the best possible
system. 4as Joslin indicutes, it exposes the organization cozputer rejuire-
ments to the top vendor analysts. (l3c, Q)

There are several problezs connected with writing a general

o

rP. Due to its nature, tne user can expect to spend many hours witn the
vendor clariiying tae intent of tne various files mode of opesrstion :-lus a
host of otner variables. Tne user is also likely ‘o spend many more nours
trying to veriiy the systerms proposed dy tae vendors to ensure that they
will work. The prospective user cust eitner do tnis or run tne risk of
buying & system that will not quite te capable of handling the applicaticns
it is required to handle. Also, it is very important that the prospective

user thorournly understaxnd the system concepts whica the vendor proposes,

ol




because no matter waica systexz he selects, tne vendor's representstive who
wrots the propcsal and sugpested the concept will not be delivered with the
system. It will be ine responsibility of the user to turn the concept into
reality. Depending on the amount of work accomplisned in the snalysis
phase, the evaluation process can be ;ither short and smooth or long and
difficult. In essence, it is often difficult to compare competitive pro-
posals and to select cne above all.the others.

3.5.2 Letailed Spscifications (Dzta Systerms Specifications)

Tne greatest overall advantape in writing sucn an 2ZFP is the
fact tnet detailed tnougat processes whica must go into eaca step. Tne user
is forced to inspect his sntire system. He must spell out eaca step to be
taken in esch of the applications. Tnis m2thod includes establisning the
objesctive of thne system snd presenting the dsta processing requirements for
eccomplishing the odjectives. Tae following data are required: (&, X-3)

a. Tnrougaput requirezents

b. File description, record size, etc.

c. Transaction volume and descriptions

d. Card and printer I/0 voluzes

e. Terminal I1/0 volumes

f. Information on sequence reguirex2nts

g+ Timing or turnaround restrictions, etc.

Tne prospsctive user cust take great care in writing detailed specifications
to ensure tnat they do not become machine-oriented ratner than spplication-
oriented. lscnine-oriented spacificotions may discriminste against some

vendors, and taus unintenticnully keep tane coupany from petting the sysiem

o4




T

that would best meet its needs. Detailed specifications require tne ven-
dors to configure their systems 2xactly as demanded by the specifications.
This sixzplifies systems design work for tns vendors, but allows taem little,
if any, freedc: to fit the applications to their cozputers. Rataner the com-
puters zust be fitted to tne applications. Tne advantage here is quite ob-
vious. Tne uszsr detects cmis&io:s? errors in description, and inconsist-
encies.

Detailed specifications offer anotner definite advantage to tne user
in that tney descrioe tne situation cozpletely and taey define each appli-
cation fully and uniformly to all vendors. Thus tas us=r has tc waste
little time in talking to vendors. when the propcssls are submitted, tne
user can more easily verify, cozpare, end evaluste tnem, since tne systems
propcsed must all be identical to steps set fortn in the specificaticns.

No system will be proposed that is far inferior to the system demanded bty
the specifications. Cn the otner hand, no system will be proposed tnat is
far superior to the system specified, eithner,

This method, nowever, also nas its drawbacks. The time and effort
expended in the writing may be too costly for tne systemr whica is to be
acquired. anotuer major point is tne fauct thst the detuiled rejuest allows
tas vendor little improvezent on the basic design. aAs kr. Joslin stated,
"ahen detailed specifications are used, the systex proposed will be no
better tanan tane system described in the specifications, but the trocuble

involved in odbtaining tne system is minimized." (l3c, 11)



specifications (Dute & Perforuunce
the prespective user will be doing
are a8 mixture or synthesis of both of o} will discover any proolex areas in
using both tue generel/detailed spec- cations to the vendors. Tnis natu
ra tion reny of the eadvantages with as tions between vendors and user.
either method. Cozbinaticn specifica- Proposals submitted in
N
as guidelines to be followed in pre- g tion should ell present sclutions
cifications as examples of how tne X forth in tne detailed specificatio
. 12 inative cr exceptional proposal.
ased as exsmples serve a threefold should be scxzewnat simpler than ve
sulting frow straigat general spec
ely wnica functions ars perforrced in main oblectives of using cczbinuti
rany questicns 8 vendor mignt ctaerwise problex of proper verification and
i little izportance cozpared with obd
-deiinsd wodel for a1l vendors. The puter systexzs.
€ ways by different vsndors, tut still Frequently the type of
to all vendors. They alsc indicate system indicates tne best type of
prospective user wisnes to see embed- pose tnat tne application is & sci
problens cf a relatively fixed nat
vendor cr tne very busy vender soce- rost satisfactory, since there is
. Therefcre, ne dces not need to go to - the computer in tne systex. OCn thu
cale analysis of tne system. calls for zany users to time-snare
ations aleng with general specifica- : ments would constantly vary, so ta
to tae user. The prospective user who tailed specifications for sucn & ¢
ns is forced to think tnrcugh the situa- desirable even if tasy could be pr
1 n2ve to think it tarougn. iHowever, prospective uger is really seeking




The vendor's responses snould follow a preselected formst. The

Government Services administration's Guidance on tae Pregarstion of Specifi-

cations, Selection and Acquisition cf autcmatic Uata Processine Systems of

27 August 197¢ offers excellent sdvice on RF? content. 7Trn. exnaustive lists
offered for AFP preparation, benchmarking, etc., are very gocod. The pro-
spective user should ensure that ne reviews this docuzent in ccnsiderable
detaile. In addition, tae same document provides a "Solicitatiorn Document
for ADP Systems" wnich, in essence, is a model ALP contract. The provisions
therein apply to sll federal agencies.

3.5.4 nrequest For fropcsel Contents

The RFP is tuc key to & good user-vendor relationshipe. If tae
user is willing to accept a response cof minimum quality from vendors, tae
RFP might contain zerely a description of the system specifications, & few
statexents about niecessary vendor support of tane system, and the due dates
for tne subzission of proposalse. o&ucn a bid reguest zight suffice for the
purpose, but it certainly does not constitute effective contact wita the
vendore. A good HFP snculd ccntain, at the very least, statemants concern-
ing the following elements: (13c, 118)

a. oSystem reguirezents: This section saoculd contain

o
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quirezents of tane expected system.

b. Vendor's support of systex: This section snould contain
statements about e¢xpected training, back-up facilities, msnpower that tne
vendor is expected to supply, etc.

¢c. Tecunical juestionnaire and timing tablec: These question-

naires and tables seek to elicit inforxution on nsrdware, software, vendor
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supgort, and equipzent ccst, as w:ll as data on timing. Tae prospective
user shculd request tnat the vendor give referencesto the vendor literature
or to other tecanical sources in support cf all information offered in an-
swer to tne juestions asked in the questionnaire. The user should also re-
quest detailed information to sudostantiate all the vendor's timing estimates.
Tne questionnaire and tne timing tgbles snould be preceded by a concise and
forthrignt explenution of now the information that tane vendors furnisn will
be used. The vendor will taus gain a greater understanding of tne gques-
tions asked, and he will be better able to supply tne information rejuested.
But more ixzportant is the  fact thast tae vendor will acjuire a degree of in-
signt that will perzit him to recognize tuc intended meanings of juestions
that cight otnerwiss nave seemed oobscure to nim. 3y explaining the use to
whicn he intends to put tae answers, and wny ne is asking tre guestions, the
user is in essence telling the vendor how ne is going to evaluste tae sro-
posal, wnat factors are izportant, and what relative izmportance each factor
hase

d. 3encamark datas If bencamarks ars to be used, the data for
these benchmarks should be supplied.

e. 2idder's conference data: If the systex is coxzplex or very
costly, a conference sznould be schneduled toc discuss the applications cov-
ered in tne proposal as well as tue evaluation zmetuods tc te uszd. Thae
chosen data snould give tue potential venders encugn ticze to prepare for
the zeeting.

fo Dates of significant events: All critical dates such as

proposal due date, awarding date, systex installation dsats, ete., should be




included in this section.
ge Provisions for handlinz questions: <Cince guestions zust be
expected after the proposal nhas been releascd, s central candidate is tue

Procurement O0fficer. No zsxzvder(s

Q

f tae evalustion tesm should be in-
volved since preludices, both pro and con, toward a particular vendor zay.
ensue.

h. Vendor demonstratfon: 3encnmarks, if any, are usuélly ex-
ecuted during this deronstration period.

The above items concern tne more technical AD2? aspects o

ey

tne
/F2. To enedle an offeror/oidder to prepsre a propcsil or juotation, the
solicitation will identify all tne evslustion factors tuat srs to be con-
sidered. Tne Arued Services Procurczent Regulation prescribes tae specific
forzat and annexes required for any oFfP. Tnese aspects obviously zust be
fQIIOhed in preparing such a document. The scle intent of tae above was

to dwall on AD? peculiar items.



3.6 Validaticn of the Propossd Systeums

why validate? Nr. Joslin writes tnat, "tas user saould assuze that
.

the claiz cvntained:gne vendors' propossls cinnot be accepted at fuce
value + + . tohe prespective user will find tnst a vendor interpret® state-
ments and requirements so as to fevor his own equipzent . . « « The ven-
dor . . . may greatly expsnd and enlarge favoruble answers to any guestion
whose answers cannot be factually er physically prcved or disaspyroved.*
(13c, €3) although less blunt, Mr. Tizzreck points to essentislly the ssme
problems. e states that: "The vendor's objective . . . is to maximize
his prefits . . « . e will often tend to ecpnasize certain features with
respect to which nis machine is supericr to others. . « « Certain aspects
of his hardware and software will be designed to 'lock in' the user, tnat
is, to make conversion away from tne vendcr's equipment prohibitively expen-
sive. It seems, then, taat the ancient adage, 'Let tne buyer beware' holds
in tae purcnase of zultimillion dollar equipzent as well as in tne grocery
zarket."

These basic comzents lead to tne next question. How is a given system
validated? are there any guarsntees tnat the selected system will maxizize
the stated objectives wnile minizmizing tne expenses incurred? GSeveral zeth-
ods will bSe described and critigued in the following pages. Some of taese
metnods are currently in use; some have been discarded, while others are
still being furtner developed and refined.

3.6.1 landetory Hequirerents

Validation of the mandatory requirexents is a rather quick and

painless procedure--the items and their specifications, ss listed in the
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RFP, are checked against each vendor's proposal. Additionally an in-house
review snould be made using current tecnnical data supplied by vendors, ADP
Industry Standard reports, etc., to validate all sspect:z of the proposal.
Also oral presentation should be sought from bidding vendors to facilitate
elabcration of tneir proposals. In this cuse mezvers of the Source Selec-
tion Zvaluation 3oard, after reviewing the proposals, will be expected to
attend euch vender's presentation.. Lastly, those itexs wnich cannot be
directly validated sucn as & vendor's promise to supply a given support
itex, etc., should be very clearly defined in the ccntract. If %the ven-
dor's bid does not zeet any one of the mandatory requirercents, sudbject to

the above discussion, thnat proposal is immediately disquelified.

n

3.6.2 System Ticmin-

5

Unfortunately, the zatter of system timing is not sizple or
easy. lany articles ere availuble to tne reader of coxzputer literature
waich describe various timing zethods and processes. with the help of
tnese rethodologies, tne user snould be able to deterzine whether or not
the systen will process tae data in a specific amount of time.

Basically, every system timing method relates directly to the
workload whicn tns system is expected <o process. Factors such as equipment
and storuge ussfre, lanrusge, order or sejuence of lobs executed, and tasks
of the type which are expected to be processed rust be taken into consider-
ation. lany zethcds for constructing 8 drive workload have appeared with-
in tae recent pest.

Joslin (13a, 27-37) describes a tecanique for selecting repre-

sentative bencarurks by classifying tne workload according to the type of
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Job and then selecting a cczbinution of 3obs to represent the character-
istics of each class. Shope et al., constructed a drive workload consist-
ing of jobs selected from tne actual worklosd by statistical campling and
tnen ad justed this collection until it was considered representative. #ood
and Forzman (28, 51-55) composed a syntnetic worklcad using Shope's technigue
and substituting 3uchnolz's (4, 3C9-318) syntnetic prograz for eaca lob in
tne wix. The parameters of the synthetic prograwm seex to have been deter-
zined by trial and error. Recent proposals for creating an industry-wide
library of standardized bencamarxs (H. C. Lucas) (15, 1041-1C52) and a li-
brary of syntnetic zodules (i. N. Gazse) (11, 1C) may reduce the number of
mannours required to ccde and debug the programs, but tnere still remains
tae need for a zethod of constructing a representetive workload from such

4 collection. Ferrari (1C, 18-24) stresses tne importance of workload
characterization and points out tne need for methods of constructing drive
workloads tnat are representative of real workloads. Previous rethods of
Job selection may be convenient, but they zsy be somewhet arbitrery and
inaccurate. (24, 2)

Although escn of the above methods differs sorewhat in construc-
tion, their comzcn element, esither stated or izplied, is the ccncept of
"representativeness" of tue totsl cnaracteristics of any worklced whaich is
expected to drive tne system. sven though tne analysis of the present sys-
tem has been painstakingly executed, tnere is little dcubt that tae cozpi-
laticn cf a reyresentative drive workload with all the cnerscteristics of
tne "real world" is tue .ost difficult pnase in sny evaluation snd selec-

tion of a couwputer systez. The issue of representative drive workloads
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will be addressed eguin wanen "bencniurking® is discussed. Once the drive

workload has been built (by eny of tae sbove methods) tae systexm cen be
timed.

a. Add-Tize Compasrisons

Add-time compariscns were used in the past to measure com
puting power tetween two macnines. This method was esbandeoned due to:

(1) Variables in adder circuitry end core storage =ccess
tize.

(2) cingle versis zmultiple-address organization time was
not taken into account.

(3) The method completely ignored any consideration of
software. (24, 12)

be Instruction lixes

This method attieupts to broaden the range of the evalustion.
The zix of instructions is determined by the uszr's application programs.
Zach of the mixes is simply a weighted average cf the execution times for a
number of tne most comzconly used instructions. A wei-ating facter is es-
signed to eacn instruction in accordance’witn someone's opinicn of that in-
struction's freguency of occurrence in programs of a certain general type.
The evaluation is based on multiplying the weignt factor by tne zanufac-
turer's specificaticns for that instruction and suxzing each total. Al-
thougn nore instructions are used by this metnod, many of tae shortcemings
of tae edd-tixzs rewsined. JSeveral ctrer difficulties exist in this metanod.

(1) I/C considerutions and cczpiler efficiency is ususlly

fgnored. (5, 41)
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(2) Imstruction overlap facilities are hard to reflect
accurately.

(3) Tne result obtained--a weignted-average instruction
time--mey be a fair representation for an individusl systez in a particu-
lar appolicaticn area; however, it is almest zecningless to use in a com-
parison waen tne nuwber of insturctiocns resquired by each system is not
known. (1, 13)

(4) Yo generally accepted criterion for determining the
weights hss been establisaed.

{3) aAltnougn tne instruction sets differ among mucaines,
each must be weignted tne same.

(6) In general, the instruction zix method is inspproprizte
for selection purposes snd inmapsoslicable for software evaluation.

c. Kernels

A kernel is a small reoutine, whican is usually quite simple.
Further, it is ccded in tne particular mecanine's own language. This metaod
was quite &n sdvance over the instruction zix procedure. Some advantaces
were:

(1) The timings are pased on the menufacturer's statsd
exscution time for tne instructions that are included in the kernel.

(2) Since tne process uses tne zachine's own instruction
set, characteristics unigue to a rcachine could be fully exploited to the
vender's edvantace.,

(3) Tne kernel cun include zore parazeters tanan the pre-

vious tecanizues. (15, £2)
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Sozxe innerent di:sdvantages, however, beran to appear when cultiprograz-
zing and nmultiprocessing were used. These are:

(1) Xernels sre renerally isolated tasks, tnet is, a ker-
nel m=2y represent the wain loop of an application prograz.

-

(2) In conjunction with tne aforexentioned, I/C is not
properly zeasured since tue stress is on an instruction set.

(3) Modern systexs exnibit great overlap and sizultaneity
of events snd taus a dependence upon the sejucnce and requirexents of tne

total processing workload. (22, 6)

(4) There is not a single typical kernel, and further

there are no accepted or standeardized weights for combining kernels. luch,

effort is required to ccde and time larre numbers of kernels. It is also
difficult to deterzire if equsl prograrxing skills were used for each ker-
nel. (15, #2)

In eeneral, kernels have been ebandoned for comparative
evalustions. The relative power of 8 systexz is nct necessarily now fast
it is internally, but ancw fast it can perforz tne cozplete lob. (26, 2C21)
In any througnput evaluztions ons zmust consider tne interactien of internal
perforzance, witn I/0 speeds and facilities, in addition to tne rost izgor-
tant factor of programzing systezs efficiency. (1, 14)

Up to this point, zethods of evaluating pure prc;essing
power huve been discussed. Jue to their inherent snortcozings, they neve
virtuslly disappeared froz computer evalustion zethods. "Zenchmarking" has
taken plece. The next section will discuss the different typres of bench-

zarks and the pros and cons of esch types
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d. 3enchxarks
(1) General
Benchmark job streams have been used with incressing

frequency fcr tne purpose of improving the present gerformence of a system,
predicting the effects of cnunging workloads on a system, or sizing and
selacting a new computer system. There xzust be a drive workload that imi-
tates tne actual werkload with reaécnabls fidelity. workload is defined as
the collection of all individual jobs and dats tnat are processed bty the
computer system during & specified period of time. (24, 1) Cne zignt de-
fine bencnmarks as follows: They are mix (or grouping) of routine to be
run on several different coxzputer configurations in order to obtain compsr-

ative thruput perforzance figures on the capsbilities of the various con-

()

figurations to hendle the specific spplications. This definition cf btench-
marks includes the following three key characteristics: first, tue routinss
are to be actually run on the configuration; seccnd, the total througaput
tize is important (not just prccessor time); and tnird, they are sired at
specific applications.

Tae concept of "

representativeness® of tne drive work-
lcad has been discussed. To zmeet tne above-cited criteris, tnree types of
bencnuzarks nave been used:

(a) Use of tane real workload (live benchmark) without
caange.

(b) Deeign & workload (artificiel benchmark) indepen-
dent of the real wcrkload.

(¢) Assemble a workload (hybrid bencamasrk) froz parts

of tne real workload.
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(2) Live 3encamarxs

The sicplest and least costly zetzod ies to run tne
present workload against tae proposed systez. No problems will be encoun-
tered witi "representativeness™ nor witn the relationsiips between real
workloads and bencazurks. Tais method is cuite acceptable if tae new sys-
tem is upgrading an existing one. Zven this "ideal™ epproach has its dis-
advantages. |

(a) Since tne live workload is tne systex and the de-
mends on the systex chenge within a ziven time freme, how do you chocse and
group tae typical worklosad so that they will give a fair picture of tne
systexm's workload? Tc overcoze this prodblem, Mr. Joslin gives a detailed,
cookbeok approach designed to assure that tae benchmark is truly represen-
tative. (13¢c, 68-81)

(b) Unless tae production programs are wri‘ten in =
igner level language, tue entire scueme of a natural or live bencamark will

not work since tne programs will not be portable. (13f, 278

~

(¢) 3encazarks are prepared end processed using a
variety of procedures resulting in unduly long execution tizes, unreason-
able file volumes, end inconsistent measurement procedure. (1&, 4)

(d) Live bencurarks asre usually asscciated with aigh
costs, bota to tae buyer snd vendor, in terms of tire and money. (12, 5)
Mucn of this tizme is spent by the vendor in adjusting the bencamark so that
it will satisfactorily run on his proposed system.

(3) Artificial 3enchzarks
An artificial bencamark is & program which models a

live bencnzark. oeveral netnods of artificisl oencuzarss nave alreedy been
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discussed in detail. Instruction mixes were considered representative of
the ms jor functicns of that system. The kernel zethod improved on tne in-
struction cizes, as an example, by taking I/0 activity and CPU utilization
into considerstion. ne drawdics<s 4o these metnods were discussed in the
previous section.
(4) dybrid 3enchmarks

As the term i#plies, a hybrid benchmark is a combina-
tion of methods used to evaluate a proposed system. In zost cases, live
benchmarks forz the core of the process. Synthetic programs may then be
used to exercise tne machine if it is felt that the live data will prove
to be inadegusts. 3octi: may be supplemented by simulation, particularly in
those instances waere remote sites or telecomzunications are involved. aAl-
thouza this apjproach seems tc cover as many areas as nsossible, the disad-
vantazces are again found in tne relationsaip of the bencamark to ¢
and tctal workload. Tne problem encountered in synthetic prograzs and
sizulation will be discussed next.

e« OSynthetic Progrems as 3encnmarks

A synthetic prograz may bs defined as & 3ob wncse usage of

various resources may be parametrically changed to fit the charecteristics

of & resl workload. The programs may be sorted in two groups:

(1} The syntactic prorrax, which is to represent a resl

prograz, is designated as the task-oriented element.

@

(2) Those syntnetic programs which can be adfusted to uti-

lize various azounts or CPU tizme, I/C tize, etc., are defined as resource-
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The building of a synthetic bencamark is based on a "repre-
sentative" sample of tae workload end production prosrems of the present
system. Their cnaracteristics--1/0 chanmnel activity, CPU tize, mezmory
space--are zeasured. A syntnetic job or jobs is then built, using tae de-
terzined cnaracteristics of tae real environment. The goal is to remcve
complexity wnile preserving sensitivity. (22, 8)

The principle reasscn fcr usinp syntaetic prograns
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flexibility. They can be made machine independent =2nd portable because
they are written in a higher level language. Still, problems do exist.

ne chesracterization of the real
workload used tc set the parameters cf the syntnetic lob is not adeguate.

In essence, it dces not unijiely determine the perforzance variables that

are to be zsasured. (1C, 22 David w. Lazbert cites t.e fcllowins sredlec:
(1) the lack cf standard terus and messures across m2caines; (2} workloud

detercination and repressntaticn for conceptual systexs; (3) transferadility

of synthetic programs; (4) workload specification and generaticn for on-line

systems; and (5) effects of new computer systez architectures on present
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metnodse. Pernaps Cliver has stated tas
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with synthetic programs most
succinctlys "It is interesting %o note tnat all sugrestions on how to zcdel
a workload rely on one of the evaluation tecanizues surveyed . . . (men
sizulastion, etc.)s Thus we snould not expect the synthetic zix apprecuach to
be an improvement over these." (18, 13)
fo Sigulstion

A siuzulator is & prosrux puccare whica represents tneactual

gecnine under considerstion. lhis proves very useful for evalu.ting a con-

Coptlusl systeme wr. gdenry C. Lucas calls siculation
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application since it is aimed at the I3l 360 system. within tais con-
straint, nowever, C3: is 8 powerful tool for the modeling of cexjputsr sys-
tezs. The language addresses itself to the equipmsnt and its cecrres.onding
cnaracteristics. It is generally used to determine tue impact cf new 2quip-
ment on tae system, changes in the configuration, stc. CiC traeining is
offered by I3k to its customers at no extra cost.

(b) Many sizmulstors waicn use these and other lan-
guages are now coxrercially availsble. They will aid tae user in evaluaiin-
his current systex or in evalusting the configurations which are bid by ven-
dors. A description of two popular simulators is psrovided below.

(1) Systems snd Computer Zvalusticn snd Review
Tecanigue (SCZRT)
SCZRT is & proprietsry sirulution packuge
developed by Comress, Inc., of wWasaington, J. C. Tns simulstor nas been
used in a8 large varicty of epplications involvins -eusioility anslysis,

equipment selecticn studie end system rainte-
4 | <
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nance. SCIAT's main advantage lies in the fect tnat it does not utilize =
dedicated langusge sucn 8s G25. or CS. since the application systex defini-
ticn and the hardware/software definitions are indejendent. This is quite
significant in proposal evaluation. By holding the system definitien con-
stant, tne equipment configpuration can be changed for esch vendor. [Lurin

&,
the systex desicen stage, the converse holds. The SCZIRT packare contains

nq

slporitnme for optizizing numerous aspects of the total system. This in-
cludes tne blocking of recorde on tape or mass stcrsge scheduling in
culti-prorrazred environzent and tne sseignment of peripherals to 1/C

caannsls.




(2) Computer-iided System Zvaluaticn (Casi)

CaSE is a proprietary package developed and
zarketed by Software rfroducts of Falls Church, Virginia. Tae peckage will
sirulate all tyoes of systems for any manufacturer. The chief advanta-e
of Can.is tne prograz's autcmatic system design feature. This is quite
helpful during the design and evaluation of & new system. By specifying
the workload and the desired cenfiguration, a system design will be pro-
duced which is independent of any one type of machine.

(c¢) Sizulators have been used to redesign file struc-
tures, test tne utilization of alternmate I/C devices, increase mauory ca-
pacity by pointing to redundancies and test various workloads on varicus
configureaticns. Further, many packages are coumzercielly available which
are raintained witn extensive libraries of manufacturer data for many con-
figuraticons. Finally, sizuletors have been extensively used in formal
coupetitive procurexenis.

(d) Aalthourn simulutors sre enjcying current popu-
larity, due to their flexibility they are expensive both in tixe snd cost.

(e) There are alsc seversl other draewbscks. Sirula-
tors have shown mixed results for multiprocessor snd telecormunication sys-

texzs. Furtner, the availability of lanruage an
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ficuit since the packsges do contain proprietary material. The simulstcr
costs wnich include training tc use tne langusge or sizmulstor and manpower
and cozputer tize to 5uild aend run tne codels muy prove too grest to war-

rant sizulaticn. Finslly, the exgerience of several users has indicated




that sizulution csnnot be used to make sccurate ccmparisons. allowances
should be mede for errcr bounds of perhaps thirty percent. (26, 2C°)
since sizmulstors are predictive in nature, their output cust be validate

and verified. Depgending on tne complexity of the sirulator, this process

muy prove to be overwanelzing.




37 sSelection

As soon 4s tne proposals have been evaluated and the bencrnmarks heave
been coxpleted, tne user zust make & selection of that computer system
waica best ueets nis needs and yet is cost effective. Severasl methods of
system selection have been proposed.

%e7.1 Thne weights and Scores Approach

In this approach the characteristics cf the proposed systecx
are divided into me jor classes such as equipment characteristics, program-
ming, éoftwsre support, pricing, etc. OSubclasses are then establisned with-
in each cless. This division continues until the detail is as fine ss de-
sired. The result is e tree structure whica completely descridbes the de-
sired systex. This general systex is tnen weighted according to the impor-

tance tne user places on each ncde or subnode in the tree. Fer exsrmole, the
- 9,

"

user may decide tnst to meet nis needs he should represent tae central pro-
cessing unit as being twice as important as zemory. He may further rank
memory as being as important as the I/0 interfaces. He rmay tnen, as an
exaxple, weigh taose characteristics as 2, 1, and 1, respectively. (26,
21C) ©Since the aforementioned itezs are part of the herdware, a weight is
assigned to that category in relation to scftware, expansion potentiel, etc.
The scoring aspect of this method is achiecved by evaluating each vendoer's
proposal in the above manner. An anelyst adds up ell the scores for the
various branches and nodes. This process continues until the entire sys-
tex hss been evaluuted and a single score for eacn system has been deter-
mined. Tne highest score is ostensibly ciacsen tae winner.

Altaocuga tnis approscn is cozplete and effective several defi-

¢ioncies ure juite evident.
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8. Tne zethod cf asssigning weights to the verious components
is subjective and depends on tae individuel's understanding of the systerx,
its requirem=nts, the needed growta potential, plus a host of other vari-
ables.

be. The entire evaluation scheme is threatened if & particular
piece of equipzent is not did. This problem arises since each node (twig)
is dependent on the previous node.

¢e Anotner ma jor deficiency of this method is its irnability to
satisfuctorily handle, incorporate, and evaluate the cost cf the system.

3e7e2 Cost-Velue Tecaniguss

(te]

Since cost is among tas major fectors to be considered in cox-
puter systems acqguisition, a "cost-valqe" tecnnique has bezn developed by
Dr. azdward C. Joclin. This method, described in detail below, is currently
being used by both tne Navy end Air Ferce.

#hat is the cost-value tecanique? Zssentiaslly, it is a zeth-
odology wnich recognizes the necesssity cf evaluating the CSR feztures of
the system and their cost as offersd by coczpeting vendors. Those features
which have been prescribed as zandatory.are not evaluated; rather, they are
validated. The payments associated with mandatory reguirecents are rela-
tively easy to identify, since tae vendor itemizes them for tae user.

Since all vendors must couply with the mandetory conditions steted as Ven-
dor Reguirezents, wnicn by definition can only be satisfied by the vendor,
one must then accept tne char-es whicn tne vendors attsca to fulfilling

those requirexents. a vendor's ebility to meet the zandatory requirezents

“w<?l

saould not reguire ev:luation, since tne vender should not have sudbmitted a

&0




bid unless he was able to meet the requirerents. Zowever, the degree to
wnich a system or vendor exceeds tae minimuxr rejuirements is evaluated, if
this excess is listed as desirable. (13, 271) The cost-value technique
offers two distinguishins featuress (1) it enables the user to evaluate any
extra festures and deterrine whether these features are important in them-
selves or if they are merely incidental to the proposed system; (2) it
enables tane user to assign a dollar value to tae OSR. Although the dollar
value assigned to a featurc may still be an arbitrary choice made by the
user, it offers & basis for cozpariscn which can be changed independent of
all other individuslly assigned values.

The first questions to be asked are: .n2t is and what is not
considered %o be an CuR feature? 'nhat cost-value csn be assigned to it?
To avoid any biss, or appearance cf bias, on the part of the evalu=tion,
this study must be initiated before the propcsals are received. It thus
becomes necessary to deal with hypothetical or realistically anticipated
extrass. (13, 371) 1In order to evaluate the expected "extras," categories
such as cost, equiprment characteristics, expansion cotential, and vender's
support of the system are establishsd. Should the vendor include an item
waich does not fall into any one of the categories whicn the user has estab-
lisned, 8 cost-vslue template can be establisned at that point if the new
itemw is considered tc be important enocugh.

Some gencral couments are provided on tae four categories listed

above:
¢

a. Cost: The cost must be sprzad proportionately cver the

expected life of the system, and tne system costs zust change to reflect the

8l




costs of any planned systex expansion . . . « No cost item should be
duplicative. (13, 372)

be. Zquipment Characteristics: The cost-vslue technigue
does not consider any ejuiprent characteristics, in themselves, to be icz-
portant extras. Instead, their significance is measured in terms of the
running tizme of the systex waich ip turn deter:ines tne system's cost and
expansion potential. (13, 372) Cnaracteristics whica fall into this group-
ing may be aardware cocmpatibility, reliability, capascity, speed, etc.

-

€. aXpansion Potentisl: In crder to evaluste the expan-

[ &

sion potential of a system, it is necessary to calculete tane running time

L)

required by tane systexz to complete all of the reguired applicetions. Cne
zust alsc kneow the capacity of the central processor and, finally, be able
to evaluate tae special features suca as buffsring end parallel processing.
(13, 373)

de. System Support: The cost-value technigue ccnsiders the
value of the extras offered by each vendor. Joslin suggests tnat tae sim-
plest end perh2pgs the best method of cost-value assignment is to sizmply re-
quest the otner vendors to guote tne costs associated with supplying a ser-
vice. Thus, if one vendor offers 24 nocurs on-site maintenance, and other
vendore do not, it wipht prove mesningful to ask the other vendors-what the
extra cnarge would be. (13, 375)

e+ Otner cxtrass Tais category is designed to deal wita
those itexs wnich do not fit into any of tne cther four previously mentioned
groups.

After grouping all of the expected extrss or Cir's, value




statements cust then be prepared which list:
ae Tne CSR feature--a detailed statement of the itex to be
considered.

b. rationale--a detailed statexment whicia sacws 4ne meinods

©
w
w
r

na
3
[\
(o9

usad to arrive at the value assigned to tane feature. The value
should be considered from four viewpoints:

(1) The cost to the organization in terms of manpowsr,

~
il

equipment, etc., of naving to do without tais
(2) The cost of cbtaining this OSR by in-house pro-
graonming, cost of extra eguipmsnt, etc.
(3) The cost of purchasing this CSR frow scmeone
otner taen the vendor.

¢e The templet--a statement which shows how the value will

le by the vendor.

o
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be awarded to varying azounts of the iterm rmade
d. Cost Assessment--this is a ststement added after the
evaluation which describes how 4 cost was assessed to the various bidding
vendors for the Othner Systems Requirermsnt(s).
Value statements are cf tnree basic types and are assesszd
accordingly.

(1) Statezents of those iters having & lozical maxi-
pum veiue (or assessable cost). Items of this nature are the Ciner Systems
Requirecments whica are available from an independent source, i.e., soft-
ware packages, support, etc. If & vendor were to cherre an sxount in ex-
cess ol tne stated value, the item would be purcnassd instead froz tae
Tnerefore, the high-

ost assessabdble cost for those requirezents is 4he cost steted in the
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templets for these itezs umust identifly the cost by describing taew as tas

(2) Statexents of other items having an approxircate
maximum assessable cost. Items of tnis nature arz Otner Cystems Require-
ments which are largely made up of fixed or predeterzinable costs, with
some cost elemsnts which are dependent upon the systems bid. An example
of this type might be the estimated developmental cost for specisl software,
where, if the user were to do it, it would invclve manpower (predeterxinable
cost) and equipment (dependent cost). Items of this type are identified by
stating tne approximite cost (value) wnica could be assessed for failure to
bid tnat item.

(3) ©Statezents of a third type involve an itex whica
owes its value strictly to cost avoidance issuss. Items of tais type are:

A

location of training or test fucilities, space requirezsnts, etc. Approx-

@

imate values are given for tnese items also, however, tne cost assessment
becores whatever they truly cost.

An example taken frow ¥r. Joslin's book, Analysis, Desi=-n,

and Selection of Computer Systems illustrates tne above points. (13f, 2C)

(1) Desirable Features: Accounting Report - Opers-
ting System capability for zaintaining records of time charges with respect
to users and job identificaticn codes.

(2) Raticnale: In-house developzent of an accounting
report prograw would reguire an esticated one men-year of systems software
analyst effort (32C,CCC); one nan-year of prorrazzer effort (§2C,CCC), and
38,C0C in cozputer tize. Thus, the total costs are 34%,00C. The develop-
zent time would range from twelve %o eirtiteen conths. [eveloprment of tne
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prograx using contractual programming sup;crt would cost an estirated
35C,CCC and consum: twelve montns time. Therefore, a value of $47,CCC
will be used.

(3) Templets: A raximum value of 347,CCC could be
assigned for the desired package. Value will be assigned, however, in
conjuncfion with 8 qualitative evaluation of the fulfillment of the require-
zents by esch vendor's packige.

In order to properly use the Cost Value Tecanique for eval-
uation, it is necessary to bring togetner all of the mandatory reguirements
payments and Cther systexs Hequirsuwents payments over tne entire system
life. In order to do this, four edditicnal points must be considered:
system life, present Qalae, residual value, and the various procurerent
methods available. Zacn of tnese items were discussed previcusly.

Se7¢3 Contract award

Proposals meeting the mendatory requirements and cocplying with
the provisions of the contract will bte evalustsd and award mads to that re-
sponsible offeror whose proposal is deterzmined to be tae lowest overall

cost to the Government, price, and other factors considered for tae sy:tenm(s)

ot

life. Cost to tne Government includes tie offeror's prices (equipment,

software, and support) over tue systems life, assessments for desirible
feetures not satisfuctorily proposed and seny predeterxzined in-house expenses

for ADPZ installstion and operstion. Hesidual value will bs evaluated for

any system(s) wnere ownersuip resides witn tae Government.

D
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PRCGRZGO wITAIN Tad SZILICIICH 2aCCisSS

There are no sicple, precise, g3a

%]

ntitative reasures by which one caz-
chine can be said to be better than another. Althougan there is still a
large azount of sup ectivity invclved, real progress has been made in many
facets of tae selection process. a&st experience has shown that wall
casrts and graphs were insdejuzte. Progress has been made in assisting

tne systers anzlyst Oy vsrious automated tecaniques. Similar procress cen
be ssen in z:caine evaluation tecnnigues. Instruction cycles and edd-tizes

ware izproved upon by the kernel method. uith the sadvent of the multi-

-

progra:zing/:ulti;rocessing racnine, the evaluation process was zodified

and casnged to include live and artificial bencamarks, simulation, e

syntnetic programs.

The future seems to hold some prozising results in store for tae
evaluator. Task Group 13, Federal Informazticn Processing Stenderds, hecs
relessed somez guidelines cn stendard benchzerkse. A new system known &s
Inforration bSystem Cesign and Opticization System (ISDCL) is being devel-

oped. (€, 1¢3) This effort is strivinc to snalyze the syster as a whole--

yst
the orgenization as & single unit rataer taan lust the varicus parts

a8 computer spplications are being integrated, taschnijues for esch of

-

the phases of systex developzent are beins integrated. A natural extension

of computerized problusxz stutezents is trenslation of tnose stetements into
progracaing language statezents. The IoOCL project is designed to produce

such @ sy.texe while completion of tne ILDCo project is some time sway, a

fiicient nuuoer of wodules have teszn decsirned and tast

(]

d to prove thus
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ISDOS consists of four modulss. The [ata Reorzanizer accepts: (1)
specificetions for tae desired stcrage structures from the physical systems
design proczse; (2) definiticn ¢f d:%s as sumrarized ty the Problem Stete-
ment Anelyzer; (3) tne specificaticns of the hardware to te used; &nd (4)
the data as currently exists and its storage structure., It then stores the

data on the selected devices in the form scecified. The third module, the
by ’

Code Generator, accepts specificetions from the physical desi

-
)
e }

o ]
=
o
0
(4]
(0}
n
{0
=
(&9

o

rganizes the problem statements into pregrams recoznizing the data inter-

~

face as specified by tne Data ZHeorg

nizer.

{C

zachine code, ststecents in & higher-level languece (e.g., Codol), or paras-

meters to a softwere package. These two rodules perforz, sutematically

the functioning of prerraczing and file construction. The firal module of

the 1SDCS system is the "ystems Directer. It sccepts the code generated

environment and produce tne necessary outputs according tc tie reguirerents
expressed in the prosler statement.
ke jor projects such s these will allow sizpler and clearer analyses.

These motnods, in turn, will allow clesrer evalusti~n techniques to be

developed.
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CHAPTER V

CONCLUSICNS ATD CCw2NTS

The basic research question tnst zmust be snswered 2s as follows:
«a3t methods are available to a mansger in tue eveluztiocn and selection of
& computer systexm or parts thereof?

It appears tnet the me jor exphasis wnich @ manager zust place in the

overall process is on & zodification in tne initial analysis tize. In

o*
sy
®

order to lessen suzjectivism, whicn is already a part of any evalustion,

snd to lessen tuic criticisz of "representstiveness," consicerably more tircs
and effort zust be ex ended st tue “"front end," of eny systems develojment.
cophasis must be placed on data gathering and enalysis of tae present systez
or tane proposed systex. Techniques neve tesn snd are being developed which
will eid tne anslyst in his work. ISDCS was already mentioned as tne cur-
rent effort in systems design. Many of the cozzercially available sinule-
tors zust be used in order to evaluate a ussrs present system, as well as
the vendor's prcposed systems. Concejytual systems do not lend themselves
to tne present conventional benchmarks. Jipulaticn and syntnetic grograzs,
wnich are representative of the expected process, are two zlternatives

tnat are suggested for conceptﬁal systems. Thie is recocnended in spite

of the questionable accuracy of simulaticn and t:e current nonportability
of many syntnetic prozrems. One other alternutive zust be mentioned.
Bencararks should be run on systexs waich are similar to the onss whicn are

expected to be bide. Althougn tnis is rot as satisfactory as an actual run

on the bidders equipment, a rouga estizate can be obtained froz tais

€8




experience. Firally, tne system will perform as expected if time and care
are tacen in tae analysis efforts as well as & careful usage of the various
evaluation zetacds.

Tnrougnout this re.ort I have attexpted to maintain s general azoroach
to tne problex. Computers, aowever, are used in almost all pregrams yet
they continue to receive inadequate attention. uitness tue tregic failure
of the U. S. Air Force logistics computer system which wus scrapped after
9 years of effort and 25C millions Its failure was attributed to many
causes, soxze cf wnich was the espect of systems specifications, testing,
and cozputer acjuisiticn. Any progrem zenager (2N) or similar irdividual
wno is charged with development of a system, be it a weapons systex or a
computer systex, cmust utilize many of tae areas contained in this paper.

In essence, a variety of sudblects have been presented fromw which & dilient

Pli can pick and choose as the situstion and applicable procedures alleow.

€9



l.

4,

6.

y

8.

1C.

11.

BIBLICGRAPHY

Arbuckle, R. A., "Computer Analysis and Thruput Zvaluaticn." Comouters

ani Autometion, 15:1 (January 1666), pp. 12-15.

dowers, Donald A., Departzent of the Navy, Automatic Data Processing
Equipment Selection Office, washington, D. C., Personsl Interview.
3rocato, Louis J., "Getting tne 3est Computer System For Your Money."

Computer Decisions, 3:9 (September 1571), po. 12-16.

Bucnholz, #., "A Syntaztic Jod for lessuring System Performance."

18 systems Journal, 8:4 (19469), pp. 3C9-318.

3uckley, Fletcasr J., ‘Estizating the Timing of iorkload on ADP Systems:

An Zvaluation of Methods Used." Computers end Automation, 18:2

(February 196¢), pp. 40-42,
Couger, J. Deniel, “Zvolution of 3usiness Syster Analysis Technijues.®

Computing Surveys, Vol. 5, #3 (Septezter 1973), p. 1€°,

Department of Defense, Directive 41C5-55, Selecticn and Aczuisition of

Autoxzstic Data Processing Resources, 19 May 1972.

Department of tne arzy, AR 18-1, lenegement Information Systers,

Policies, Cbjcctives, Procedurcs and Responsibilities, August 1%71.

Druzgon, Y. 2., Jr., "A Perspective On Systems Perforzance zvaluation."

13i systems Journsl, 8:4 (1%6G), pp. 252-263.

Ferrari, Domenico, "morkload Characterization end Selection in Computer
Perforzance Measurement." Computer, 5s4 (July/August 1972),
PP 18-“‘ .

Gamse, R« No, Approach Plan for a Standard Benchzerk Library for Use in

Cozputer System Zelection. MNTR-2226. Bedford, Mass: Mitre Corpora-

tion, Septexber 1€71.,




12. General Services Administration, FNC 74-5, Manapement Acguisition and

Utilization of Automatic Deta Processing (ADPY, 3C July 1¢€74.

13. Joslin, idward C., Cost-Value Technique for Evaluation of Coxzputer

System Proposals. Proceedings of the Sprins Joint Computer

Conference, 1664,
13a. s Application 3enchmarks: The Key to Meaningful Computer

Svaluations. Proceedings of tne National Conference, 1¢65.

13b. » "The Validity of Basing Computer Selection on 3enchmsrk
Results." Computers and autcmation, 15:1 (January 1966), pp.
22-23,

13c. s Computer Selection. Reading, kass: addison-hesley

Company, 1968.
13d. , "Describing worklosd for Acjuiring ADP Eguipment and

Software.® Computer and iutozation, 18:6 (June 1, 166°), pp.

36-4C.

13e. » "Techniques for Selecting ADP Zquipment." [ata kanace-
ment, €:2 (February 1970), pp. 28-3C.

15f. y 6de, Analysis, Design and Selection of Cozxouter Systems.
2nd ed. Arlington, Virginia: College Readings Ine.,1¢72.

13g. , "Use Requirements Costing to Select Your System." Com-

puter Decisions (August 1974}, pp. 45-56.

14. Lokay, Fred J., LTC, Cozjuter Systems Support and Zveluation Agency,
Pentagon, washington, D. C., Personal Interview.
15. Lucas, denry C., Jr., "Performance Zvaluation and Monitoring.* Com-

puting Surveys, 3:3 (September 1971), pp. 79-91.

9K




A et AR e =

1. s Syntnetic Progrem Specifications for Performance

Eveluation. Proceedinrs of ACH National Conference, Boston, 1972,

pp. 1041-1C58.

1é. Merindini, Z., Computer Systems Support and ivalustion Agency, Pentagon,
dasnington, D. C., Perscnal Interview.

17. Ldlier, williamw V., Jr., LTC, Pozputer Systems Support and Zvaluztion
Agency, Pentagon, washington, D. C., Personal Interview.

1€. Cliver, Paul, Review of Staundard 3encumark 2ffort. i.emorandum Feport.

Lepartzent of the Navy, automatic Data Processing Zjuipment
Selection Office, wasnhington, D. C., July 31, 1¢73,

19« Cliverio, Joseph, Departzent of the 4ir Force, Cozputer Acjuisition
Cffice, Hanscom Field, 3oston, Massachusetts, Telephone Interview.

2C. Parke, Rodgrt H., Procurement of AL2Z in the Arry: An Zvaluation.

Belvoir, Virginia.

2l. /éi;lic Contructs and Property Manapement, Cods of Federsl Rerulstions,

/

Title 41, Cnapter 1Cl, Federal Property lsnsgezent Regulstions,

«ashington, D. C., Governzent Printing Cffice, 1C74.

2Z.  Robinson, Louis, Computer Systems Performance Zvalustion (end 3iblioc-

raphy). I3 Corporation, November 1972.
€3s Snope, we iey Ko Lo Kashzark, Je w. Ingnram and D. F. Cecker, Systexs

Perforzance Study. Procesdings of shais aXXIV, Vol. 1, Colorado,

karch 2-6, 197C, op. 430-53C.

24, Srecnivasen, K. and A. Kleincsn, On the Construction of Representative

Syntnetic worklcads. Report No. iTP-143, 3edford, Mass: Mitre

corpgoraticn, March 1673.

92

-




n
\n

i'#

~3

, "On the Construction of a Representative worklosd."

Comze of ACk, 1733 (Marca 1674), pp. 127-122.

Strauss, J. C., A dencaxsrk otudy, in aflPo. Proceedings of 4ze Fsll

Joint Comguter Cenference, 1¢72.

Tizmreck, Z. M., "Cozputer Selection Nethodology." Cczputer Surveys,

534 (Decezber 1973), pp. 159-222.

weinrich, #. Fred, "Computer Selection.® Data Managerent, &:2

(Februsry 167C), ppe 31-33.
wood, David C. and Zrmest H. Forman, Throughout Measureczznt Using e

Synthetic Job Streaz. 2Proceedinrs of tae Fall Jeint Cozouter

Conference, Vol. 3G, 1671, ppe S1-36.

93

S )










