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£X~CUTIVE J).a.iA~~

This study provides an o rerview 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 proce ss with a detailed discussion of techniques which are

available to a program manager (?J~).

Computers are utilized in all wa1~cs of life in both government and

industry. It would be a rare system whicn did not involve even a tangen-

tial relationship to a cos~puter or its related equipment. A manager mu~.t

~e aware of the overall AD? selection and eValu3tion process. A PM is

totally responsiole for toe management of his project. while experts are

available to assist him In meny areas he mta Bt not decide to be unfamiliar

witu t.~e basic principles of any area .

This p aper covers toe analysis and specification of the user ’s system

and the tools to aid in toe investiga tion such as simulation, modeling,

monitors , etc., and some commercially available software pacca ges. Valida-

tion of toe proposed computer system is tne most crucia l phase in the entire

selection process. Severa l excellent method s of selection are provided in

the form of the weighted scores approach and the cost-value technique. The
I -—

latter method , in particular, is very valuable . This procedure recognizes

the necessity for evalua ting the non—mandatory requi rements of a system and

their costs. The aandatory requirements are validated instead of being

evaluated .

It appears toat toe major emphasis woich a manager must pla ce in tne

overall process is on a modifi cation In the initial anslysis time . In

I
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order to lessen toe su b j ectivi sm whici-i is already a part of any evaluation

and to lessen tas criticism of ‘representativeness,’ considerably more time

and effort mu st be expended at toe ‘front end’ of any systems development.

l..any commercially available simulators must be used in order to evaluate a

users present or proposed system. ~encnmarks should also be utilized even

though they’ are not always satisfactory.

In essence, the PM is provided with an overview of the evaluation and

selection process. 4e can be brought ‘up—to—speed ’ on the eub~ect area by

using this paper. Then, depending upon the particula r situation, he can

pick and choose the variQus metooda as the circum stances and rules allow .
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CiiA?T~R I

IN :~-tODUCTICN

1.1 General

This paper is divided into four major chapters , each of which w ill

take the reader tnrough a series of steps which are essentia l to the task

of evalua ting and selecting a computer system . The emphasis of topic

selection is that of the author and is by no means either all—inclusive or

exhaustive.

The researco question is as follows:

what methods are available to a mana ger in the evaluation

and selection of’ a computer system or parts thereof?

1.2 Purpose and scope of Resea rch

Toe purpose of’ this research is twofold. The first is to satisfy the

partial re juirements for the Prorram ~-.anagers Course . The second purpose

is my modest attemp t to lea rn more 530ut tr.e evaluation and selection of a

computer sy~te~ . To_ s paper is directed towa rd s toe general purpose com-

mercially available (non—embedded ) computer systems . If througa this

paper a project manager can more accurately determine a procedure which is

useful hhen procurement of AD? is required for successful project comple—

• -~~ tion , toen this research will serve some useful purpose .
I

The scope of this research is limi ted to a general descripti on of’

computer acquisitions with special er.phasis on benc~marking, simulation ,

partial testing——in snort, the workload description and validation pro-

cesses. No particular computer user group is addressed . If a vendor 
or1



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

stress a point for discussion.

2
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1.3 Chapte r Summaries

Chapter II provides an overview of the selection process. Included

therein are suco factors as toe basic considerations in systems procurement ,

sole source versus competitive ~id procedure s, staffing views , p lus a fe~.

otoer comments.

Chapter III deals with toe analysis and specifi cation of the user ’s

present system and toe tools to aid in toa t investigation suon as simula-

tion, ~odeling, monitors , and some commercially available software packages.

It also covers economi c analysis and systems life eva luation costing. The

section dealin~- witn toe validation of t:~e proposed sy stem is the most

crucial pr~ase in the ent i re  selection proce ss .  Simulation is investiga ted ,

as well as toe me thod s of centra l processing unit (cPu~ timior, and soft-

wa re evalua tion . Means for benchma rkj nr  are descr ibed . The last section

lfl tois chapter addresses the selection technLues thrcurh which the best

overall system may be chosen. The weipoted score s approacri and toe cost—

value tecnni~ uea are diacussed.

Cnapt~r IV describes toe pro~resa whic h  na s been ma de in the evalua-

tion and selecti on process.

Coapter V contains the summa ry . Toe thesis ~.uestic~n is addressed and

toe conclusions of this study pa per are presented.

Two clari fying comments are needed. First, it is hc.ped that toe re—

aearcti will provide a broad introduction to the compute r evalua tion and

selection process. Toe outline of the coapters is intended to portra y t:~e

fact that toe total scope of the ~cquiaition process must be aiown by a

manager. In this paper toe words ‘organiza tion ,’ ‘a~ency,’ and

3



‘corpora tion’ have identica l meanin~ and intent. Further, the term

‘system’ has many meanings and connotations. In this context toe word

‘system’ refers to toe da ta processing type m~aninE. 
-

4
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C~LAPT~ R II -

OVERVIE ~

2.1 Introduction

Tne prima ry intent of ~ection 2.2 is to provide a broa d introd~zcticn

to AD? systems acquisition with emphasis on the DOD policy pertaining to

this susject. Subsequent sections in this coapter provide more overview

type details wziicri must ~e considered by toe PM in a computer acquisition.

Section 2.5 covers prircarily toe past and present analysis aspects of com-

puter systems desi gn. In addition , various past and present methodolgies

for testing toe newly designed system are presented——the more current of

woico will be discussed in Chapter 3. The next section reviews basic con-

siderations with respect to sole source versus competitive acquisition

processes. A knowledge of the basic difference between toese two conce ’~ts

is a must for toe ?M , otherwise ne may be tempted to ju mp at the ftrst

of’feror who is possibly backed oy a big name compa ny. As toe section

points out competition is the better route . Next toe .9.1 needs to ccnsider

wt~o is going to perform all of trio evaluating and selecting tasks. Sec-

tion 2.~ covers these aspects in some detail in order to provide a better

understanding tnereof. Lastly, Section 2.o provides a brief discussion of

probably toe most ~ey event in toe entire process . The user must recognize

toat the re are both good end bad suppliers. Tne basic step to elimtna ting

muco future trouole is an adequa tely defined Request for Proposa l (EF?).

øhile this subject will be discussed later , it is essential to bring out

certain salient overview facts.
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2.2 Basic Considerations in systems Procurement

A comparison among various computing systems available today is be-

coming more difficult since many systems differ in size , configuration , and

basic deai~n. Before the evalua tion and selection process can begin , how-

eve r, some basic considerations must be addressed .

Though rarely a controlling factor, trio cost of the potentia l acquisi-

tion is still a ma~ or factor and little has to be said to stress its im-

portance . ~itnout tais constrüint little effort would need to be expended

in modeling, simula tion , and bencoma rking.

Time is an important factor in ~ost system procurements. ~esides the

tact tnat toe user would like to nave mis new equipment as soon as possible ,

it is important that each p ha se of the acqu is i t ion  be al loted encugo time to

permit full completi on of’ its associated tasks. The time allotted to ea ch

poase in an evaluation and selection process is system dependent. The more

complex and costlier system must be alloted more resources , both in terms

of dollars and time . £xpenses for smaller procurements are , by necessity,

curtailed if the selection process is to remain economical.

Toe followin~- table , ta~en from the General ~ervices Administration

4D? Procurement Quide linss, indicate s toe various time spans for the ele-

ments of toe competitive procurement cycle. Tnis was determined from a

recent interagency study.

Mquest for ?ro~osa l (~ F?) ~evelopment ~ months

Delegation of’ procure~ent authority from G~A 2C days

Benchmark time 4C days

Teconica l eva lua tion tims 14 weeks

6



Con tract negotiations 6 weeks

Cost evaluation time 12 wee~cs

~elect ion time 6 weeks

TOTAL 45 weeks

— The above time s are h is tor ica l ly  typ ical .  Consequently, tne total for

all elements of the procurement cycle will not necessarily equal the aver—

• age time for that category of procurement. It should be noted , oowever ,

toa t a recent study 3y~ .:r. •Eobert i-i. Parke (?i.~ Class 76—1) indica ted toat

an averare processing cycle of 65 weeks existed within the Department of

toe Army on AD? procuremónt actions . (2C, 19)1 As a result one should

view toe procurement  cycie  wit-i extreme cauti on and planning whenever A~?

is involved in a program . In essence , one will .iot just order a computer

today and receive it tomorrow .

The user ’s needs may change if the acquisiticri cycle is long enouga.

In addition , sta ff salar ies , the nunber or system analys ts  and procra mmers ,

and simi lar factors can profoundly affect t:~e cost or a computer system

and the productivity it provides. (26 , 2C2 )

Alternatives to toe establis:.sd pi an should become par t  of toe pian

• and not dismissed ou t—of —na nd . For various reasons it may be less costly

to lease a new s~ atem ret.~er t.i~n purc o-~ss toe equipment outr igot .  Simi-

larly, toe entire exercise may prove toot updating toe current system is

cheaper. In addition , it may prove tr4t toe existing system will be

1Tni s not~it ion w i l l  be used th rou -~~o~ t toe report  for sources of
quota ti ma and ~~jor rexerences. oe :irst nui oer is tr.~ source listed in
toe biciiograpoy. The second number is toe page in toe rs~’erence.

7
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sat isfactory for X more years . Since moat  system development is appro a cr.ed

with a ‘let’s dream’ atti tude, alternatives in costing should be c on side red

such as determinin~ t~e total cost of the new system both w i t h  and wi thout

the ‘bells  and whis t les .’

Anothe r basic factor which must be considered before proceeding wi th a

system procurement is the impact of a new system on the organizat ion as a

whole . Literally hundreds of books and thousands of pa pers have been w r i t -

ten on the effects tha t new influences have on employees when tney are taken

out of their old envir~rnment. Depending on the comp lexity of the system in

question , retraining and reeduca tirig must be considered . During the acqui-

sition, some departments may be reduced in size while others grow . In

essence , toe tota l impact must be known beforehand.

Within t~e Department of’ Defense (DcD) policy and guidance for the

selection and acquisition of AD?~ is contained in DCD Directive 4lc~ .5~.

(7, 3) Cf parti c~lar importance to the project manager in the acquisition

process are toe following policy statements:

a. DecIsions to acquire AD?~ will be preceded by and predica ted

upon the results of well—documented studies tha t indica tes:

1. That a valid informa tion requirement exists. The functiu~s

or processes to be accomplished throu,h tne use of automa tic processing are

essential to mission requi rements.

2. Tha t automa tic processin! is the most cost—effecti ve means

of satisfying toe requirements.
0

3. That toe system to be emp loyed has been desi~~ied to achieve

toe highest p r ac t i ca l  degree of ef fec t iveness  and opera tiona l economy .

8
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4. That toe lowest ove rall cost alternative for sattstying

the requirements mas been dete rmined prior to selection and acquisition of

AD?s. resources.

b. Specifica tions to support toe acquisition of’ ADP~ resources

will be developed independently of a specific vendor’s products . ~qual

- 

- 

opportunity and consideration will be accorded to all vendors who offer

— 
products capable of meeting tne specifications.

c. The method of acquisition will offer the greatest advantage

to the C)overnment under tne circumstances surrounding the situation .

d. To furt~ier promote effective selection and acquisition of ADP~

resources, a professionally staffed activity with primary full—time mission

to develop solicitation documents, evaluate vendor responses and competi-

tively select ADP~ will be establisoed within esco military depa rtment.

In addition to trz3 technical an d ma nagement polIcies contained in toe

directive , selection and acquisition of ADP.~. resources will be in accord-

ance with toe policies and procedure s of the Federal Property ~ana gement

Regulation (?~
..i~) and the Armed Services Procurement ~er~1ations (ASPR).

In toe event of conflIct between the two government regulations , the pro-

visions of the F?YJ~ govern.

The directive also delega tes responsibilities to the secretaries of

the milita ry service s to approve the selection of’ ADP.~ resources and to

issue ap propri a te implementing documents and procedures.

9
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2.3 Past and Present ~4ethodology in System Procurement

In the early days , the existence of an operat iona l computer system

was vir tually an and in i tse l f .  i~i f ferent  systems were compa red w&t h

easily observable  quan t i t a t i ve  coa ract e ri at ics  such as memory ai~O, nu ioer

of instructions executaole in a second , speed of printers , ca rd readers , or

clock rate s of the equipment. As the logical design and usage of informs —

— 
tion processing equipment became more complex , it became appa rent toat such

easily observed or meapured physica l pa rame ters did not a lw ays yeild an in-

ference as to ~qua~ jtyP or ‘goodness’ which correlated well with ones intu-

itive feeling about the relative work or usefulness of differeny systems.

(22, 2) In toe l95C’ s, independent sub—systems were designed for inter-

dependent activities. Furtoer, the systems of the 195C’s were largely

operational—level systems . They provided the informa tion needed by first—

level supervisors and their subordina tes. (6. 198) From this, it is evi-

dent that toe early systems were indeed easier to eva luate. Concreteness

and simplicity of design as well as ease of application were the major con-.

tr ibut ing factors. ~~5 the systems grew in scope and complexity , so did the

problems of eva luation and selecti on. The independent sub—system , such as

the payroll programs , oecame a smell pa rt of a larger financial system .

4i th system comp lexi ty came eva luation comp lexi ty where systems analy-

sis techn i~ ues lagged one gene rat ion behind those machines which were to be

acqui red. Cnly in recent years have technique s narrowed the gap betw een

the hardware and its evaluation. The stress in performance evaluation nas

snifted from pro gramming and tes ting of new systems to the “ front end ’ ap —

proac o wh i ch  inc ludes  documenta tion of’ tne present system , evaluation of

lC



system requirements , and desi~nin~ the .zproved system. (6, lô~ ) As the

stress on analysis zrew——directly affected by toe systems comp lexity—-so

grew toe me tnodology avai1~~~le to t~ e ana lys t .  Toe period between 1020

and 19 C  saw toe develo ;ment of ~~p J r w c r ~ and process f lowona r t s .  Their

major shortcomin~ a were the lack of the ident i f i ca tion of data elements and

volumes. Durin~ the 195C ’s , general flowcharts and block diagrams evolved

ba sed on previous attempts at accura cy. The period l96C—1970 saw the

greatest progress in the analysis of’ computer systems. ~C~~s Acc ura tely

Defined System (ADS) was an improvement on the use of charts since it pro-

vided a well—organized and correlated approach to system definition and

specifica tion. (6, 173~

A~~ used five interrela ted forms to provide the system (app lication )

definition. Toe process bega n wj t ~ t~e d~ finitinr. r~f output . Next , in-

puts were defin~d—— on toe second f c r ~~. :.e tr~ird fcrm provided the defini-

tion of- co~puta ticna to be performed and toe rules of logic governing the

cobputaticn . LIe interre1a tions.~i~ of computations were also defined on

this form , as were tr.e source s of infor~~tion used in toe computation . The

fourth f crm , the history definitic~n, specif ted informa ’~icn to be retained

beyond toe processinr cycle for suosequent use. The fifth form provided

: the logic definitions , in the form of a decision table.

within ADS, informa tion linkage was sccowp lisned in two ways. First,

each da ta element was assigned a specifi c tag or reference. Next , each

time toe tag was used in toe system , it was linked ba ck to the previous

link in the chain. All elements of’ data were chained from input to output,

accomplisoed tarcuerri toe use of p .ge and iine numbers. ~he process of

chalnirr fsci1lt~ted idontificatjcn of omissions end contradictions in the
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system . Once toe informat ion requirements were .eatablisned , the system

design phase determined the appropriate hardware mix to effect the system .

Artotoer approaco, ~a~own as information alp-ebra , based on toe efforts

of ~4r. z~obert 3oaak, provided tne toecry for systems specifi ca tion . Info r-

ma ti on algebra was an important development because it provided a theoreti—

cal be si~ for automa tic processing of system specifi cations. The primary

intent of information algebra is to extend the concept of sta ting the rela-

tionships among data to all aspects of data processing. This will require

tne introduction of increased capability into compilers for translst~ng

this type of relational expression into procedura l terms.

~hile both of toe Coregoin7 were cased on the assumption toat toe

study of toe organization and its needs had been completed , two new develop-

ments , A1~DI (Analysis, ~equ irament Develop~ent, ~eaign and ~evelopment,

Implementation and Avalua tion) develoced b~’ Philips , and Study Organize t i cn

Plan (..C~) developed by I~~ , aided toe initia l pha se of  analysis. The le t—

tar is toe more significant contrioution to the field because if pulled

various techniques togetrLer into an integra ted approach. SOP was designed

to gatner data witn which to analyze the informa tion needs of toe entire

organization . (6, 174)

• Anothe r improvement woich made analysis easier was the use of the

kioskyns system . (6, 191) ~Jsing toe iloskyna approa ch the system is de-

scribed in term s of programs and files with tne programs being described

in terms of record s and data elements . These sets of’ re la t ionships  are re~.

corded in tne form of’ matrices. In suslusiry, the iioskyns system accepts

system spe cifica tions and converts toem to CO3OL programs wi thout manua l

12



intervention . Toe system was developed and implemented in three 3ritish

corporations by £ios~yns Systems Research Incorporated . It was introduced

in toe ~Jn i.ted ~tates in 1972 and is in use at Xerox, General Foods, and

Allied Cne_ical.

~nerees toe first and second generation analysis techniques concen-

trated on auooptiu.ization within a given organization, third generation

systems philosopny is concentrating on studying the organization as a

whole. This new idea presented an even larger problem for toe analyst

until a new approach wac devised . This is known as Problem Stated Lanruage/

Problem Stated Analyzer (PSL/?SA). The concept was now different. The

analyst asked what ne wanted to inspect regardless of how those needs

snould be met. The Problem Statement Language (PsL) is designed to express

desired system outputs, toe data elements whico comprise these outputs , and

formulas to compute tneir values. Tne user specifies the parameters which

determine toe volume of inputs , and toe outputs and the conditions (partic-

ularly those rela ted to time) i.rii cO govern toe producti on cf outputs and

tao acceptance of inputs. The ?ro~lez ~td tement Analyzer (PbA ) accepts in-

puts in i’~.L and analyzes tnem for corfect syntax, thens

a. Produces comprenensive da ta end function dtctionaries .

b. Perform s static network ana lysis to insure completeness of

derived relationships.

c. Perform s dynamic analysis to indicate time—dependent relation-

ships of data.

d. Analyzes volum e specifica tions.

So tar only toe analysis aspect of computer sy stems desi gn and
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evaluation technique s have been discA ssed. The question still to be an-

swered is: *hat methodology is available for testing the newly designed

system?

As previously _t
~ ted , the earlier ~ ‘stems were re lat ively easy to

evaluate due to tocir s~milar co3racteristics of size, number of instruc-

tions execu tab le  in a given period of time , etc. As the configurations be—

came more co~ plex end multiprogra mming and mul t iprocess ing  beca me more

prominent, the evaluation teconique s available had to undergo complete

changes in order to meet these new innovations.

The earliest a tte.pts at C?’J evaluation were the two interdependent

instruction mixesTM and ~kernel’ methods. In the mix method, each instruc-

tion or related group of instructions in the repertoire of a computer is

assigned a wei ghting factor obtained by ana lys i s  or measurement of a pro-

gram or programs in execution . Applying the weiFnt to eacn instruction

provides an average instruction time toat can fo rm a basis  of comparison

between two or more sy stems . (9, 2~ 7) Toe tdchniaue in toe kernel method

is to dete rmine toe most frequently used portions of an application and to

program these portions in toe va rious instruction sets of the cnetral pro-

cessing units being compa red . 4tfter each kernel oad been evalua ted , they

uere combined according to acme weignting function. Althotzgn toe kernel

method was a better tool toan toe instruction mix, botn method s nave now

been discarded in most eva lua tion and selection procedures. The instruc—

tion c ix  is no longer used since a sir~gle wei~ ot is used in eva luatin~ the

performance of systems with different instraction sets , memory configura-

tion, etc . (0 , 2~7) The kernal method has fallen into disuse primarily
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because it ignores input/output considera tions and software performance

factors. Moreover, it is usually difficult or impossible to relate t~~

time for an assortment of kernels to a riven user ’s real time du ta pro-

cessing applica tions. (22, 6)

~ith toe instruction mix and the kernel method falling into disuse ,

the bencumark method gained in popularity . A co~~only accepted definition

of the bencomark method is a program or programs which seek to represent by

representa tive proc-rams the total automa tic data processing (AD?) workload.

(5,  41) In the context of this definition , the current workloa d with ex-

pansion is designed and dxecuted on severa l ccr.fic-urations. The results

are then compa red. hlthou~h quite popular , tha z~thod has some inherent or

potential pitfalls. The definition of a ‘representative’ workload is most

probabl y tne moat prominent. The central difficul ty lies with establisning

the rep resentativenoss of the ~ob or fobs being run considering tha t they

are usually a very small sample of the actua l workload planned for the sys-

tem in questi on . (22, 7)

Otner factors .hi Cfl are known to a ffect toe outcome o~ any bencoma r~<

test are ‘CPU ‘utilization ,’ ‘channel utIliza tion ,’ ‘termina l res~ onse time ,’

etc. To aid in toe eva luatien of these factors , simulation has become quite

popular due to its flexibility , despite the high cost and time factors in-

volved in wrjtjn7 and running these packages. During the 196C ’s, severa l

simulation l9ngua~’es were developed and now opera te with a high degree of

proficiency.

Finally, ha rdwa re and softwa re packages were and are still being devel—

opod to aid toe performance eva luator. 3oto pa ckages have limitations,
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but they are acceptable  as  tools  which  help in the validation and verifica-

tion of progra m s being executed on a sy stem . The scf twa re monitor  is a

pro gram which is ‘usually imbedded amongst t:.e operatin : system and prcduc—

tion programs  of a system. As the system exe cute~~, data is collected which

states sczetoing about the sequence of events , queue s, timings, memory

cycles, etc .  Tao drawba ck to these sof twa re pa ckages is the fbct that the

measuring program itself can adversely affect the system being measured .

The mea suring pro :ram is using the system ’ s memory, input/output device s ,

etc.——exactly those components wnico it Is to measure . To overcome this

problem , ha rdware monitor ~ have been developed which are connected to key

points in the system. Although they do not interfere with the opera tion of

the system, tneir drawba ck lies in the limited number of system points that

can be connected to the monitor.

The cost of c~’stem develop ment  and procurement  are not cheap.  ~sny

managers enter into to~ arena witnout any idea of the cost distribution in-

volved . Figure 2-1 presents an overview of toe systems development costs as

tnoy existed in toe recent  pas t .  I t  is worthy of note tha t ~ore e f fo r t  is

requi red d ’ur in~ toe ini t ia l  phases of toe computer p r oj ec t .  3oth the amoun t

of cost and the d i s t r ib u t ion  of resources have changed . In f irst  generation

systems , Phases I and II absorbed  approx i ma te ly  five percent of system de —

velopment cost. The expanded scope and sop h is t icat ion  of third genera tion

systems has increased overa l l  developm ent  cost , wit -i app rox ima tely twenty

percent absorbed by Phases I and II.
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2.4 Sole Source vs. Co~ pe t i t ive B ids

Today most computer  a cqu i s i t i o n s  are made tarough competitive bids ,

that  is, more toan one vendor  r es?onds  to toe aeques t  for  Propossl (RF?)

and offers woa t he believes to be the best system or sys ’ms. Procurement

of AD? is generally done on toe basis of three gene ra l princip les. It may

be obtained by genera l performance specifi cations. Tnis normally applies

to an entire system. second , the user may only have need for an equipment

specifi ca tion ( i .e . , t e rm ina l )  in woich case his re quirements  are stated in

terms of a piece of equipment. L4astly, specified AD? may be requested

(i.e., 13.-. ~hC) by toe user. In essence , speci f ied  i~D? is a make and model

description . (1, 4~ The federa l gove rnment generally require s competitive

bids on any major system. Few exemptions are granted , and only then , if it

can be sno~n that sole source sc~ujsjtion is the most cost effective . lost

sole scurce acquisitions are j ~stified under several circumstances • As 8~~

examp le , only one vendor has the specifi c equipm ent  needed or toe conve r-

sion e f f o r t  is too great. Toe key ingredient in the request for specified

ADP~. or sole source  is toe rationale to support how the requested AD?~ was

evalua ted and w~-~y i t  w 4 9  de te rm ined  to be the beat or only equipment which

w i l l  s a t i s f y  toe re~ u i rt ~ment or need.  (27 ,  ~l) Sole source has i t s  ad-

vantage . The evalu~ation becomes a routine ta sk In tLl a t tr4e user  makes a

ratoer  pe r fun c to ry  coeck of system capab i l i t y . In thi s respec t , the eva l—

uutlori and selection method costs very little. Sole source acqu is i t ion

rests, of c-curse , on the premise  that  th~ user ~:nows the equi pme~ t’a ca pa-

bility and his own needs well enour:l to be able to pick a specifi c ma nu—

fs cturer.
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This type of acquisition , hc~ever , doe s a disservice to most users.

Nc matter w~.at the requirements may be , there are at least two vendors who

will oe ~~ie to meet them . If tr.s is not possible , tnen it may be advis-

able to look at toe overall opera tion and ace if changes cannot be institu-

ted which ~il1 allow greate r latitude . Competitive bids allow toe user to

pick and choose his equipment based co need , c:st, arid performance. In some

cases , vendors have bid systems woose configura tions were far superior to

those tnat the user had in mind . There are disadvanta ges to tois method of

procurement. Competitive bids are costlier than sole source since the ex-

isting system must first-be documented; second , an RF? must be prepared;

third , toe validation of toe proposal including system performance measure-

ment must be made; and l a s t ly ,  the actua l system must be selected .

•
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2.~ ~va lustion and select ion by Permanent Staff’ versus Consul tant  Fi rm or

Ad ;~oc Committee ‘Jsa e

For those organizations whose primary mission demands the support of

one or more ~~~~~~~ f~~c~~~ ties , toe need for a permanent staff of nigoly trained

computer professiona~~s nas grc wn from one of novelty to one of necess i ty .

Technological advances have come witn startling r~pidity as comput Ing m a—

cr.ines spread over a spectrum ranging from toe minicomputers to the ‘ritamber

crunchers.’ These individuals are usually up—to—date in their speciality

of hardware configurations, software , simulation, etc. They are familiar

with toe organization ’s problems and toey play an active and vita l role in

toe evalua tion and selection process. In those area s whi ch are sensitive

because of security or proprietary matters, a permanent staff’ is usually a

must. Despite these advants~ es, a permanent staff has one rea l and one

potentia l drawba ck—— cost and tunnel vision or sta2ns tion. A professiona l

group is quite expensive and adds to toe corpora te overnead . As much as

eighty—five percent of a facility ’s total budget has been assigned to the

maintenance of pro:ramzing and analysis support. Tun-~el vision is , of

course, only a potential problem . As the group becomes f~miliar with the

current eatai pmant in its day—to—day activities , the equipment itself will

- - impose its limi tations and constraints on those directly dealing with it.

In toe future , suggestions for solvini- problems will be rejected be cause

toe limitation. of toe current system do not allow tne suggested sol-iticri.

They will normall y not be rejected because they are unworkable.

The use of consultants must be considered. while the consul ting firm

is less expensive toan the maintenance of a permanent professiona l sta ff,
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it contains all the merits of’ the latter. The firm I. employed only for

tt.e development tnrougr. the test and evaluation phases of the system and

usually ends its association with toe organization after the last piece of

equipment nsa been installed and accepted . As an examp le the U. ~~. Army ’s

supply system in the Pacific area of operations (~s~ was developed and main-
tained by toe Computer services Corporation (CsC). In fact , C~ C provided

systems personnel on—site in Vietham to maintain the 35 system. In some

instances toe firm will be retained on a Dart—time bssic——~ust in case prob-

lems develo~ after toe system is installed. Again, some typica l pitfalls

must be Identified. If ’ toe consultant has enjoyed great success with a

particular application , he may recommend a repeat performance with an I—

dent ical  or si silar system even thouco it m~y not qui te meet the organiza-

tion’s needs. Depending on the consultant’ s own beck~round , experience ,

and inclina tion, an organization acquiring new and unfamiliar ecjui pme~ t may

be persuaded to ~~rco~se a more expensive system from a particular vendor

since ~~~~ :roducts are most familiar to the consultant.

In most cuses , the ad ~oc committee is the least expensive path to

follow in choosing on evalua tion and selecticn team. Members of the team

are normally from toe organization ac~uiring the computer , tnerefore , they

are usually familiar witri the problems and as a result little time must be

wasted in explaining the processing, needs , and policy of the organization.

Mr. a. 1.. Timmreck suggests tnat this Is quite satisfactory for acquiring

an upgraded system. (26, 2(t) They will essentially add a few AC? compo-

nen ts to the system, make toe necessary compa risons, and purcha se the cheap-

est system. This method is also equally workable if a sole source



procurem~nt is desired . The drawbacks to the ad hoc committee are obvious .

The group oas little expertise in computing machinery in genera l and no

experience at all in computer evalua tion . If the contarct has a high dol-

lar value and many vendors are invited to oid , it is safe to assume that

the system whico is finally purcna sed is not the best system tnat could

have been acquired for the money expended .

What then is toe prope r combination? Although no firm rules are avail-

able, Mr. £dward C. Joslin suggests all three may be used depending upon

the expected syste~~s complexity, the ad hoc committee ’s understanding of

tne computer evalua tion and selection process , and the experience of the

permanent staff. In the ma jority of cases, a combination of all three

groups is used . 2’~embers of t~e ad hoc committee are usually appointed pro-

~ect m~r~i~~~rs wito the consultants and toe permanent staff of AD? profes-

sionals assigned supportir .~- functicos suco as costing, benenma rk definition ,

etc.
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2.6 Vendor versus User Considera tions in ~ystez Procurement

Although the title of this section may imp ly toa t an antagonis t ic  re—

istiorisaip exists between any given vendor and user, little evidence appears

to support this view. One foct, however , is obv: us. The vendor wants to

sell his line of equipment and lie hopes to persuade the potential user to

purchase it.

Assume for toe moment that tkió Z~F~ kiss been completed stat ing toe man—

datory requirements and the desirable features. The organization expects a

large response, yet it receives only a few politely worded inquiries. noat

are the possible causes:

a. The RF? addresses few vendors who manufacture a mandatory

piece of equipment.

b . To bid is too costly for a large number of vendors . This is

one point that aesms to have bean overlooked eitaer due to unawareness ~y

those Who write toe RIP or due to limi ted resources whico will be expended

on the purchase . 3idding can be expensive . ?re pa r~ng a rep ly to a propos-

al can cost anywnere from ~il ,CCC.CC to well over ~4CC,CCC .CC. This expense

must be borne by the vendor who nas no guarantee that he will be awarded toe

contract. For instance, at JNIVAC ’s }4arketing Test Center usually two to

five bencoma rks are ifl process with another ten to fifteen in various sta ges

of completion . An ave rage benchmark takes from six to twelve weeks to com-

plete. This process uses ~~proximately ICC hours of actuu l computer time

and from six ty to ~eventy-f1ve total manweeka . Scm. calculations can quick-

ly veri fy the fact tha t ~n ~~~~~~ describing any system , is an expensive pro-

position for any v.~ndor.
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c. Too RIP is not clearly written . The RIP should be precise in

its wording, leaving nothing to the fruitful ima~ ination or to toe 
TM benefit-

myself interpretation of toe vendors. Unless sole source acquisition can

be j ustified, toe request should be genera l enougn in its rezjuire...ents to

allow as many vendors as possible to complete without coxsprimiaing the

needs of toe organization. Purtoer, a well-written £~FP 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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CHAPT ER III

Td..~ ~~LLCTIC:; P3CC~~~

3.1 Analysis and Specifica tions of t~~ ?r esent ~ystem

As was shown in .~ection 2.3, more and more time and effort is expended

at the ‘front-~nd , toa t is, during the initial phases of any computer ac-

quisition. ~epending on the author, any number of steps can be cited whi ch

should be included in this.initia l period . Mr. Joslir , one of the most

prolifi c writers on this subject, suggests three basic steps which should

be followed in the be;innin~ efforts. The three steps are : (1) data ‘ath—

ering or inveat~gation of the present s:stem plus any new requirements;

(2) analysis of toe data gathered in the investiga tion ; and (3) synthesis ,

or refitting of the parts and relationships uncovered through analysis into

a better systeo. (l3f, 63)

One important point rust be discussed before this topic can be further

explored. Is tois acquisition too user ’s first or does ne already have a

system? Mr. immre ck ~ointa out that drawing up specifications of need for

the forme r will be muco more difficult. (26, 2C~) For example , the small

organiza tion witnout a ccm~uter must first very carefully ask itself w~ eth—

er it really needs one . It is quite possible that the company ’s needs can

be sa t i s f ied  by other means ra ther toan purcoase. Toe fallacy of owninr a

system , and one that may be too large , was shown in the early part of the

~~~~~~ Over 2CC softwa re houses and service bureaus closed their doors .

Overspending on compute r systeos coupled with a decllriinc- need end a slow-

ing economy were the chief reasons for these closures.
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In either case , a very thorough examina tion of the organizat iona l ob-

lective s snould be und ert~~:e n .  ~ince members of the team come and go ,

tnese objectives should be in wr i t i ng  and given to ea ch member of the team .

(l3f, 63) These objectives should be specifi c enough so tr~ t a lonv-r~nre

plan——5 years or more—— can be d.~veloped . A thorougri examina tion of the

organiza tion must ae made. 3y t i -i.s I mean ~‘WhO doe s wha t to whom ” and what

are their interrelationships. ,~istorica l data must also be gathered. ~hy

is the present system opera.ting in this manner? hha t are toe policies ,

practice s, and re~-ulations? The analysis should focus on detailed break-

downs of the workload classes , isolate specific pro~scts, organiza tions,

and personnel requesting service . Statistics soowing the total machine

time used and the number of sobs each of the aforementioned ran in a given

period mU8t be oa thered . Priorities and their aasirnment procedures must be

analyzed . Many organizations have some dedicated 1obs which must be exe-

cuted at specific intervals , i.e., payroll. These, too , must be isolated

and their time and number recorded . The type , dura tion, and priority of

the bac~ log must be examined .  The ueans of backlog resoluticn must be

kno wn.  Furtne r , toe idle time of the system must be de termined. ~pecifi —

ca l ly ,  tnis posse snould be dividud into opera ticrm l and system cria racteris—

t ics.

Opera ti ona l cha rac ter i s t ics  f a l l  into severa l cs te~ o r i a s .  .~uesti ona

concern iri~- common opera to r  er rors  whico a ffect thruput , ~ob sche du l ing ,  user

dialo,ue , document p rob le m s , ava i l ab i l i t y  of tape s arid discs , et c. , are

ce r ta in ly  germane . Users nf toe sy stem should be quest ioned ccncernin~

turnaroun d adequ a cy . The system logs should be examined to determine the
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number of hours per recording period in woico toe ma chine w a s  emulating,

simulating, idle , compiling or assezDling ,  inoperable due tr  hardwa re or

softwa re fa i lur e , or down due to preventive maintenance . some s ta t i s t ics  p

shoul d be gatoered on t:.e number of forms woic o are used. Finally,  re-

sources expended ~n both man—hours  and ma cnine time mus t be examined .

The system ’ s cha racter is t ics  must  also be examined.  Da ta concerning

CPU uti l ization per mcn ta , toe peaks and val leys  of the jobs in core , the

number of input/output (i/C ’ opera tions, the support equipment ava i l ab le

(such as tapes and d i s c s ) ,  opinions from systems ~.rogra mmers on the limit-

ing factors (core, disc , memory , channels , etc.) must be obtained. If ?cs—

Bible , information on the time spent for solving production problems , aid—

m r  users, maintaining old applica tions, developing new programs, and alter-

ing software must be gathered .

The next step is to consider toe areas of process descript ions and

na rrative flow c~arting. Process description concerns inputs and outputs.

I t  essen t ia l ly  involves interviewing those ind iv idu al s  who receive reports

or those who gene rate them . Areas of investi ga tion are the repor t  need ,

forma t, and frequency . The purpose of the investigation is threefold:

(1) dete rmine exactly wha t is used; (2) what can be elimina ted; and (3)

wh a t  else is needed . It is tiers that each ~ob or group of jobs must  be

thoroughly investiga ted . Characteristics of each input/output should snow

CPU usage per job in both prime time and non—prime time. The analysis must

snow for each job tne number of tapes and discs used , the percent that com-

pile or assemble , tne lanv—ua ge eaco one uses, the percent cf’ CPU time used

(for production fobs), toe numbe r of production jobs, and I/C times. As is

27



tne cas.~ in most f ac i l i t i e s, there are a lways  a few programs which are

elsasified as toe largest, the most executed , and the most important. It

is advisable to iscl~ te toese runs and prepa re sepa rate information sneets

cn eaco .  kuco of toe p r e s en t  system may be shortened , rewr i t t en , or tota l-

ly elimina ted. This is particu.arly true for a very large system tna t has

been in exist~-nce for a number of years . Toe tendency is to expand , unfor-

tuna tely not always in an orderly fasnion . Usually much redundint informa-

tion is —atne red . Depending on the accura cy cf the reporting system , cur-

rent evaluaticn criteria end reports may be used. The last portion of this

subject concerns processing or in other words converting given inputs into

desired out?uts. In to~.s connection one must determine the file sizes, up-

date frequencies and number of record s per file, plus a host of other

va n a  ole s.

~arrstive :~ owco~rtinv is t~ s process of documenting the present sys-

tem. It shows toe current processes an d sub processes at various stages of

completi~n. ~arra tivea soculd be as s~ecifi c as possible anen dealing with

rates, volum e, standa rd s, and peakloads since triese will be used in work-

load determination and bencoma r~ s. It is the purpose of the narrative to

cross—reference all toe I/C’s w~.ico were gatnered in toe process descrip-

tion.

The second step in tols overall process is toe analysis of the infor-

ma tion whico has been ratnered. All 11C ’s should flO W he logically ar-

ranged in sequence . Toe pertinent files are examined. The relationships

between files must again be questioned . some files may be dropped , mcdi-

fied , or carried as they are presently designed . The inforzaticn rathered



up to tois point should now give a clea r iicture of toe various fun ct i .? r~s

whicn are directhy related or affected by toe current system . Toe data can

be utilized icr:

a. .o~ ~.ccountin ~ ——C?U time + tape , etc.

b. Program aoaija .~s-—number of test runs and their frequency ;

machine time required for test runs; periphe ra l resources used .

c. ~:ultiprorra~~ ing effectiveness——machine hours overlapped , num-

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

d. Operations analysis—— idle time , set up time , efficiency of

schedule.

e. Program ~rofile_-processing recuirements , I/C dependency of

job s, C?’J—I/O balance .

f. Resource utilization——resources used by load modules , loa d

module frequency utiliza tion, I/C dependency of lou d modules.

g. hardw are analy sis—— core size impact , C?U speed impact , I/C

device impact , channel impact.

~t toe conclusion of thi~ poi se , toe entire system as it currently

exists should be known in toe fullest de ta i l .  The analysis may brin? acme

unexpected surprises in tha t tne findings may show th a t  a new sys tem is not

needed . Dropping of redundant information or tne ac’~uisition of more mem o—

ry, a disc , or severa l tapes may be all that is needed . Althou gh only a

few sucn cases can be found in the literature many more are likely to exist.

(2~ , 1227-1233)

The final ate p is toa t of synth~ ai.~lo~ this information with those

objectives that must be met by toe new system . live factors may be
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cons idered impc tant in a good system design :

a .  Try to m i n im i z e  i npu t  and cut ~ u~ cze r o t l c n s .

b . ..oere pcs~ ible , scurc~ ~nfc rn~.ti~o soould be initially trans-

ferred directly intc ~i me di a  ~cce~~t~ib ie a~ ir~~ut to toe computer.

c. beek mul tizle uses of ~ommon source data.

d. Attempt to keep toe syst~~ simp le , flexible , reliable , econom-

ica l, end acceptable to the users.

Again , as thi s evolution pro~ressos , steps must be taken to rid toe

system of many ana chronisms which crep t in over time , and were late r de-

cla red law. The word nere is standa rdiza tion——a costly, thcu- .~ rt:.~olle ,

effort. ~r. immreck states, ‘Cl early, an orgunizetiort ’a approach to

standardization will sionificantly affect its flexibility when selecting a

compute r system. An crganization woich strongly ezphesizes prograc.min~

standsrds will normnlly be relatively free to switch from one manufacturer

tc anot~er.’ (26, c4) •it~. government su~port or pressure , ocre and more

aspects of the ccoputer industry are bein~ standa rdized . The federa l ~ov—

ernmer .t ’ s insistence on the usa ve of CD.~CL, as well as toe current attempts

by tne Army , Navy, and toe N~ tiona 1 ~ure.au of ~tar.dards to arrive at stand-

ard bencoma rks serve as exampl es of standa rdization .

As all of the information is synthesized , va ricus computer confi rura —

tions must be studied . Flowcharts whico indica te volume a , record length ,

I/C device type , frequency of executic.n , etc., should be used . At this

stage, trade—offs must be made. As an example , discs may be a favored

media ; however , the applicati on may be done on tape just as well. In this

case the price of toe d~ vices may be the determining factor. Toe most sat—

isfectory mat~ cd of d~.terminin.- a syat~:. desi.~n is to develop from ‘toe



system’ dcwn~ard listin7 as many va riations as meet the need . After this

has been completed , it is possible to choose parts of ea ch in order to

arrive at toe opti .um s y st e m  which  meets a l l  cons t ra in t s .  In essence , a

nybrid system is developed. after the fina l system is desi gned , it should

serve as a basis fcr comparison . It should not, nowever , be used as an

absolute system . ~aco vendor ~il1 , no doubt , 3id one or ac re systems which

may be radically different from tae synthesized configura ticn , yet meet the

user ’s needs.

Even thourn it is a l m o s t  t r i v ial , a f ina l c c z m e n t  must  be made about

the importance cf determthinE the objectives of va rious potential users

followed by toe analysis of the users present syat~m , and fInally tne ~yri—

thesis of all parts into a desirn . Considerable effort can be avcided by

systematically roin~ thrcuc-h these steps. The RE? will be easier to write

since everyone knows exactly woa t i~ needed • After havin~ accomp lisoed

toese details the subsequent evalua t ion and s el e c t i on  process  sr~culd be

more manage~ible.



5.2 Systems Life ~valuation Costing for AD?Z

5.2.1 Genera l

A good compa rative cost analysis i~ essential to the A ?  a e l e c —

tion and evalu~tior process. To use thi s techni~ u~ zrc:~ rl,, it is neces-

sary to bring tc~- t..er all costs over the sta ted ‘~ temu life . In addition ,

the follo~d.nr po int~ ~u~ t be considered: systems life , present value dis—

count metnodolo~-y, residua l value , and the various procurement methods a—

vailable. (12)

3.2.2 Systems Life

The systems (items) life must be established by the Govern—

ment based up on its r-s~uirements and it must be sti~ ulated in the Solic-

itation Document . The “systems or items life li means a forecast or pro-

~ection of tOe period of’ time wnio~ begin~. with the inst e il~ t ion of the

systems or items end ends ~oen toe need f~r such ;stsms or items nas ter—

~ir.~ted . ystems or it~ms life is not synonymous with actua l life of the

equipment .

5.2.5 1r .~sar .t V a l u . ~ ~i s c c i n t ;.e t r c ~ o1ogy

Toe present value discount metnodolo-y as set forth herein

fo rm al izes  a sing le d i s c oun t  ri te of lC ,~ for  a l l  ~~~ a genc ies .  The sin r l e

ra te specified——lC per cent——i s a~ proximi tol y tne lcn7—run opportunity

cost of cap ita l in the priva te sector. ‘~nder thi s concept , the payments

made over time will be adjusted to reflect tne present value of those

payments as of the data of contract award . Thus , “all expenses ,” ~hi le

wa i tinv for e~ulpment delivery or a fter i~ stal1ation for the sta ’ed life of

the system , must be ad usted to reflect present value . UA11 expenses



includes not ooiy toe offerer ’s price s (equipment , eoft~.~ re , and iort)

over toe systems life, but also predetermined in—oouse ~x;enaes for ~

installaticn and o~,ratjcn.

Toe following formula is to be used in calculating present

value cost:

Expected Discount Present

Monthly X Factor • Value

Cost for lC% Cost

5,



3.2.4 Residua l Value

~sua1ly, at the end of the stated systems life , the cczput~ r

system still o~ a some value to the Government. ThIs valu~ may re flect to,

fact tha t the i n i t i a l  using activity may well keep toe system ion~~r t.~~n

planned or some other Government activity may reutilize the hardwa re.

The future ie~ ae payments saved , as well the resale value of toe equip-

ment at the end of toe sta ted systems life , affect residue l value . The

residual va lue va ries ~it.~.ea co activity . jioweve r, for genera l purpose

e4u~pment it is expected that after a five—year systems l i fe toe equipment

should still be ~ortri approxima tely 2C— 5c ; of the purchase price and a fter

eight years , about lc; . The following fortsule can be used to dete rmine

residua l value :

Purcha se ?rice X ______

~

t X ?res~nt Value discount ~esidua l

factor for is at month Value

of’ systems life

In the above formula ~purcna s~ price d is t:~e lowest evalua ted

purchase price cffered by a res~ onsible and rcs~ cnsive offeror. Any pro—

curement op tion (e.g., Purcoase , Lease—t o-Cwncrsoip, etc.) toa t results in

the Goverr.m~nt owninc toe aystem (s) will hevo toi~ resid ue l va lue deducted

from toe systems life ccst for eva lua tion purpo ses.

* Including the operatin~ software , if priced se?a r.~te y from the

equipment pUrcou~ e price , and a perpetua l license nas been ob-

tained by the Gove rnment. Instead of the atra i~~nt  purcha se

~ric~3 , the S ~m ~f all inv~’ice payments to be made to the Con-

tractor - ay be u~ -~d as t~~e basis for thi s cslc-i l~ tion .
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3.2.5 Procurement !~etnods

Systems life costin? should be calcul ated for each procureoent

m~tood offered . .xamples of the ?lans Currently being offered are :

a. Purchase: Outri~ ot purch ase after in s t a l l~~t icn  an ~ cc—

ceptance of equipment.

b. Lease :

(1) Lease 4th Purchase Op tion: Le-se witn option to

purchase at ~redetermined Intervals of time . The purcha se pri ce is usu-

ally reduced by subtractin~ z’~r.tu l credits Cs set forth in the offerer ’s

proposal. ?urcna~ e option ~r~ iits orea ter than lcc~ of montnly charge s

shall not be considered in evaiu .tin : offers for award .

(2) Long Term Lease: ~uco p lans may provide multi—yea r

leasing at dete rminable prices whe re the agency exercises a renewa l op tion

at toe end of ea ch fisca l year.

(5) Lease—to—Cwnersnip Plan or Lease with Title Transfer

Plan: A plan whereby title transfers after paym’ nt of n months of renta l ,

but usually with no obligation, or less obli gation, to continue to lease

than in (4)  below . Normally, title transfe r does not occur in less tha n

six years .

(4) Installment Purcoase ?l~n: A plan whe reby tn~ ~overn—

ment exercises an op tic-n to purchase tOe equi pment upon payment of n

months of payment. It is frt~~uently offered as a fixed term ins ta l lment

plan usua l ly for 56 or 6C months in woi ca toe Government either is gr nted

title immediately or title is passed at the end of toe contract. Normally,

en installment purcos ee plan cannot be consuz~~ted using annua l
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appropriati ons. O~re soculd be ~~~~ durin~ nezotiatioris to ensure that

tne Government retains accrued credits and/or equity under any of the plans

in (b) above , snould toe agency re~ uirement cease or funds no lonEer be a—

vailable.

5.5 Alternative Ac~juisition Analysis

It is very important  that an analysis of the alternative methods of

acquisition oe follo~.ed wito great care and precision . Frequently, the

same vendor wi l l  not be low~ on both lease and purchase p lans . Exhibi ts

A — D on the fo l lowing page s show examples of d i f f e rent lea se and purchase

plans, as computed under the present  valu~ discoun t metocdolcgy .



—

~~~~~~~~~~~ L. ~~~~~~~~~ .% “ ~~

1. The present value :o~ t is d e t e r m i n e d  by u~ in ~ a di~~~cu~ t

lC;~ carried tc six decim i places and assumes end of’ the year costs.

discoun t f~ctor ~ir the last month of eacn year was used (i.e., 12 —

• .cC9C91; 24 iont~s — .8261446; 3C mentos — .7 l3l~~; ~ mcntos — . °~ Cl~~; ~C

montas — .62c921; 7~ months — •5cL..7L~) ::r tLlC sample analys .s. In an

actua l economi c analysis , the prepirer WC ..d use toe applic able disc -~u.nt

factors provided by their department.

2. ~ix year systems life .

~~ . ~esidual Value was dete rmined as follows:

Purchase Present Value

Price Discoun t Factor

for last monto :~esiduc l

of systems life Value

$6ic,cc-o X 2C~ X .~64474 ~6~ ,866

4. The Solicita tion Document snould clearly state h-~w toe ?~~~~~~°°~~~~
- -

~

option will ~e eva luated for purposes of award .
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c:; ~~~~~ D

1. The present value cost is determined by using a discount rate of

1C~ carried to six decima l places and assume s end of yea r costa. The dis-

count factor for toe last monto of each year was  used (i.e., 12 months —

•‘~CCCCl ; 24 months - .82c446 ; 36 months - .75l~ l5; 48 r~ontns — .68~Cl~~; ~C

months — •62C921; 72 mcnths — .564474) for the sample analysis. In an

actual economic analysis , toe preparer would use the applicable discoun t

factors provided by tdeir department.

2. .‘ix year systems life.

5. ~traigat six year leise ; rasidua l value not applicable .
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-~ .Ahi ~~L~T C? EX -~I~~ITS A-D
A~ ~~~~~~~~ ~N~~~t i.~~ ??.~~~~ T

VALU~ D:. c:~N: .-~ Tii~~~~CG1

Alternative ~ethods of Systems Life Cost

Acquisition Cepicted ~xhibits A — D

A. Lease basis with option $576,824

to purcoase (option

exerci sed at the end

of 18 months) -

B. Purchase 3ssis 
-

C. Lease to cwnership plan 558,291

(Title transfer at toe

end of six years) 
/

i~. ~trai~~~t o x  Lear ~~c~~e ~57I4 ,~ O6

Tne exhiaits are designed to depict toe alterna tive ~etticds of acquisition

usivig toe pre sent value discount methodology . No attempt has been made in

these exhibits to identify all costs associated with the acquisition of

ADP~. In en actua l economi c analysis , cost to toe Gove rnment includes not

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

• life, b~it also predictable inhouse ex?enses for ~~~ installa tion and

operation .
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3.4 ~conooic Analysis -

An economi c analysis is the process used for analysis end doc~mer ta-

tion of the relJtionship between da ta systems and the functiona l opera tions

supported ~y these systems . (8, C—].) It has been sepa ra ted ~~~ discrete

steps for convenience of presenta tion ; however , it will be noted that sig-

nificant interplay exists among these steps in practica l applica tion.

mhile it is realized to.it this discussion goes beyond t-.e compute r eva lua-

tion itself, a m~1na ger must obviously relate it to toe overall operation

watch it is to support.

The following information concerns items of intorest in an economic

analysis

a. Problem/opportunity identifi cation. 
-

The problem should be presented in terms of the current func~

tiona~ deficiencies which are ta rgets for improvement thrcugh a.ato~at~cn .

Toe ini tial problem sta tement should be subjected to continucus review as

part of the ensuin7 steps in t(~e process , sinc~ it will undoubtedl y undergo

severo l major changes as a result of toe iterative and inter~.ctive nature

of toe process.

b. itelevarit environment.

- - ~escribe the functiona l envircnz~nt arid operations toat toe

proposed system is to sa~port . The environment , descrip tion of existing

resources , prcd~ cti cn procesae~ , and ?roducts ~orm the ~asaline alternatLve

end provides toa decieionoa .~er end analyst wito a comoon point of de~ar—

ture • }.s~ or processes end aseociated r~ so rc~ s in the area of functiona l

opera ti on s to be supported by toe automa ted data system should be identi-

fied and inve~ tioa ted.
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c. Objectives. -

Cb~ectives stated should be soecifi c and related to sclvin—

tac problems or re :i~~ the c~ po rt -.i.n i t i e s  i d e n t i f i e d  in a a b o v e . L e —

misms, suco as “ the obje ct ive  of ~~e p roposal  is to provide  m a n a g e o e n .  w i t h

more accura te , time ly informa tion ,” are not a~~ licable objectives .

d. Assump tions and constraints .

Assumptions and ccnstra~ nts are eny f ac to r s  tha t limi t the

f lex ib i l i ty  of toe decis ionm~~cer or ~~ic~ ~i~~r.t r e s t r i c t  t:.e use of the

analysis in toe dec ision prccess . Assuoptions focus on the ~ey factors ,

prccesses , and variables ~ ffactin-- the an~ ijsis, but  ~hico are not explic-

i t l y sta ted in o toer tarts of the an~ lysis. Constraints ar~ factors ~x~ er—

nal to toe relev ant environment , but wn i ci’. limi t toe f eas ib l e  a . tern t ives

to toe pr obl e~ solution .

e. Al t ernatives .

~L1e re is no fixed r~ je on the number of sltern~ tive s that must

be considered. ho~~ ver , frcm toe discussion belo~~, it is obvicus tast it is

hi~ r.ly unlikely that there will ever be fewer than two alternatives and a

baseline , at least in toe earlier poase of system develcoment . Altern .tives

to os considered involve alte rnative methods of functiona l operaticri s as

• well as aitern~ tive z.~ too as of p rcv i~ in~ autc o.ated sap~oort to these opera —

ticns.

(1) In genera l , t:.e selecti .n of ~ cc~~~ter is predicted on

A ?  to correct a &n or t c o ir .4- o r i m p r o v e  cp er~t i cn s .  Tois automatical-

ly dicta te n a b~ se1l~~ (no o.~r. t o  the ~r~~~~~t n tion~ and t~o ot.~~r

alterne tives—-one ~~~~ cn re4~ ires cnl~- corre~ ticr. of the soortccming (minor

c n ~-t s) erd erie ~~:~~~c:~ e r v -.s~ ons mu~~or c:yi r l—es  in e it h e r the ~~~~~ or



a- -

functiona l proc~dure .

(2) Ctoer alternatives ~nic~ must be addressed as appropriate

a re:

(a) LTse of existing services throu~o sharing , consolida-

tion, or reutiliza tion of Goverriment—cwned facilities.

(b) Cbtainin~ simila r systems or ~~~or aspects (appli-

cations) of simila r systems frcm othe r ~~~ or Government arencies.

(c) Use of contractor support (versus in—house).

f. Costs.

All costs soculd be identified in the cost ?orticn of the a—

nalysis. Costs for eaco alternetive csn be considered to fall into three

broad categories

(1) Costs within t.-~ a1tern~ tive toat are directly rela ted

to automa tic da ta process ing (ALP)  s uppo r t .

~2) Functi ona l ccst s  assoc ia ted  w i t h  the a l t e r n a t i v e  tha t

would chan~a as a result of jto .~le~ ent in~ toa t a l t e rna t i ve .

(
~

) Functi ona l costs associated with ea co alternative as an

aid to visualizing toe costs associated with ea ch alternative . One should

consider representing the reluticnshi~ of two alternative s by a diagra m

(fig. 5—1). Let a trienrle rapre~ent the tota l cost of alternetive A and a

rectanole represent toe total cczt of alterna tive 3. AL? related costs

soculd be identified in tct~ l ~ar eaco alternative . basic elements of ~DP

related costs a r .  srlO ’..O ~n tr,e simp le iorma provided at fi gures 5—~ , 5— 4 ,

end 3 — .  Toese cost e1eo~ nta are used to d e s c r i b e  A~~~~~ systems in the pro—

gram,~~ad~ et process and econo ..i c analyses. racae coats m~st be portrayed

46



— - - - - — - -— — F

I
in toe analysis in suco a manne r that if the proposa l were adopted , tn- se

costs would be identifiable in subsequent program/budre t documentation .

Functional costs that ~re common to bctn a1tern~ tives ~cross—h~tcned ar~a ,

figure 3—1 ) need not be incorporated in the economic analysis since they

are nondifferential. The last category of costs to be identified is func-

tiona l costs uni4ue to a particular alternative . If a1terr~itive A is the

‘no change’ or baseline alternative , the area labled “ functiona l cost

nique to alternative A ,” provides the basis against which toe unique func-

tiona l costs of eacn of the otoer alterna tives will be compa red. Note tnat

the alte rnative may as oreater than , equa l to , or less than thcse associa ted

with toe baseline case . In all circuzatance.s , each alternatj-.-e will be

compa red tc toe baseline case so tha t changes are identified frcm a common

re ference point. Identi fying cost reductions or decreasos in relation to

the baseline case ccr;stitute s a commi tment by the functional manager to

absorb correspc ’ridin~ budget reduction s at speci fied poants in time . In

those cases wo~ere functiona l mana gers p lan to reutilize resoarces freed by

implement ation of toe -~l~ rather than absorb reductions in tha t area , the

specifi c reutilizati —n must be identified . For those functiona l costs that

result in a net increase in relation tc the baseline case , sufficient de-

tails must oe provided to facilitate an evaluation of the im~~ct of the

increases. The entaly sis for eaco alternative considered w ill consist of

‘oath ?art I—--A ? ix~enses and ?urt Il- -Functiona l ~.x~enses sn the for~~ts

as shown for esco ~oase o~ toe life cycle of eaco alterna tive . Figure 3—2

grap.-iicall~ r~~resents the distribution of cost of a baseline and one pro-

posed alternitive over time . Coats r.ave been grouped into toe ca teror~es
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of development , phasecut, end operation for the new system . These cate-

gories should not be c--nfused wita the forma l phasing of the system life

cycle and ar e  presented only to i l lu s tr a t e  one means for viewing total

eystez~s c’~sts. come costs may fall into all three categories in a given

year. Costs wnich have beer.exper.ded or are otherwise irrevocably coli—

ga ted to a project are “ sunk costs’ and should be identified , but excluded

from furtoer analysis , i.e., not included in the computation .

g. 3enefits .

(1) 8enefits are to be expressed in terms of dollar savings

resul t ing from sa t isfy ing  toe obj ect ive s of toe funct iona l operat ion s sup-

ported by an autcma t~ d da ta system . The pr inci pal ta sk to be under tak en in

thi s secti on of toe ana lysi s  is to isolate  trie ~uant ifia b le be nef i ts , in

terms of t . -3 objectives for eaco alternative . In many ca ses it will be

first necessary to estima te or measure toe change in systems performance

parameters identified as demcnstratinr satisfacti c~-i of the System ob~ec—

tives , then su bj e c t  eacn p arame te r  to a det a i l ed  analysis of the value cf

obtaining tha t amount of change .

(2) Data to support toe benefi t analysis must be identified

early in the life cycle of toe syster. in order to permi t adequa te prepa ra —

tion, collection , a r.alysis, and coordination . 3aseline da ta snould be

colle cted early, with upda tes as required .

n. Compare alterr .etives .

(1) :he comparison 
‘
of’ alternative s ~arfaces toe key differ-

ences , end enacles toe decisionmaker to focus on trade-offs . The basic

procedures for these comparisons include the use c~ present va lue tech-

nl~~ea. nlj toree relationsoips exist as concern s the cort sn~ benefits
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of various alternatives: Equa l benefits /une~ ual cost; e-~ua1 cost/unequal

benefits; unequa l cost/unequa l b e n e f i t s .

(2) he une~ual cost/unequa l benefits case is both toe m cs t

comzcn and the most diffi cult. jnless every possible system pa ramete r is

identified , measured , eva luated , and transla ted into some common measure ,

there is no all—purpose criteria for identifying toe preferred alte rnative.

i. Test for sensitivity .

(1) Deriva tion of costs and benefits for toe various alte r-

natives under consideration may have been acnieved largely throu~—o toe use

of simulations , projecticn s, and assumptions concerning toe ope rationa l

environment. No matter now mucn effort has been invested in toe assiduous

use of these techni-~ues to obtain an a.curate portrayal of toe environment ,

tne result s ej  not and prcb~ bly will nct be the same as tha t environment.

If for no otoer rea son , toe future orientation of the analysis interjects a

certain amoun t of risk or uncertainty into the results.

(2) The oa~ or ~c: in t h i s  at e p  of toe process  is to exp lore

risks and uncertainties with a view to discerninr tne ~otent1a~ iz:act ~f

these elernent s on toe o.~tcome cf toe analysis. This is accomplisoed by

examining the .ey cost , ~enefi t, and er .vir~nmen~~l factors and relat ion—

snip s , in li~~~t of vari~ ticns to toe st ated  a s sumpt ions .  T~ o a n a l y t i c a l

tecnni~ ues are considered useful in carrying oat this ~crtior. of the anal—

ysis: sensitivi ty a~ a l y ~~ s an d cc n t s n . -eri cy a n a l , ’s~ s.

j. ?reson~ iti~ r~ of toe analysis.

The com 0let~ d analysis snould be ztructur~ d to facilitate

assimilaticn - i~ d ~n d e r a t :~~d~ n~- toe p er t  of r - v i e ~ 1ni and decisionmek in~
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authorities. For this reason , use of an ~xecutive summa ry and appropri ate

graphi c disp lays and tables are useful inclusions to the basic analysis

document.
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~.5 Re~ uest for ?roposa l 
-

Request for Propos- 1 ‘ust cover two ca te7ories of items for any A~?

system. Toe first cateEory concerns those items wr,ich are ~~ndatcry . This

means that without any pa rt of toe item.~ contained under this heading toe

system would eitse r not opera te or the entire system would drop below tha t

which ic considered as minimuia . The second category covers any item which

- • is not inclu ded in tne mandatory section . These are considered to be other

system requi rements (C~A~s).

To determine which items are mandatory ~nd which are CSIVs may prove

to be ch~ilengin~ if severa l systerns have been developed. In this case , it

may be best to compare toe confi rurations and desi7nate those items co=cn

to all systems as manda tory. In any case , the mandatory items snould in-

clude onl y tnose items without which the planned system would not be eitner

operable or accep table.

The C~R ite~ s should be listed followed by a detailed statement con-

cerning eaco item . A value sta tement mus t  be prep a red ~n i c~ show s the ra-

tionale for arrivin : at toe wort.1) of to~ item and a temp lt~te which ~nc-~ s

how toe value will be distributed. ~ore details concernino this ~ethod

will be cund in section 
~.7, ~election .

The .IF? is written only after the systeu his been con :igured and toe

mandetory/C x~ items have been determined. in ~ddition toe cost va lues as-

socia ted w i t h  to~ C~~ i tem s mast ~isve been est ,blis~ ed . devera l appro aches

to RF? prepa ra tion are p o s s i b l e .  ~acn me tnod wito its advsnta res and dis—

advanta ve s will b~ discussed in toe f o l l o w i n g  three  s e c t io n s .



3.~ .1 Ger,~ ra I o ?~~~ecifi cations (~ qul~ ment Perfcrmance 32ec1f1 ci~ ticne ~

Tnis ty.e of kCF~ is most  p r obabl y the easiest for the user to

wr i te . Thu metnod involve s .; ec i :~yin~ mi n izuz per fo rmance r e q u i r e m e n t s

for oacn it-..m, such as memory cycle time , disk size and speed , tape s~. ;ds ,

an~ prin ter s:~ t~ds. Thi s metnod will ’ inva riably result in vendor bias if

toe specifica tions are not coosen very carefu l ly .  Add i t i ona l ly,  this meth-

od may not a l low va r i ances  in individaa l unit speeds tha t , woe n considered

as part of toe woolo proces , meat toe overall system requirement. .~ow—

ever , if the solicitation specifies performance witr~ bencoma rk, a fair and

equi table procurement snould result. •vith this approach , toe vendor de-

signs toe largest portion of toe sys tem , tous a l l o w i n c -  him toe f reedom to

configure as he pleases , usin~ toe few constraints associated with the

given files. The merit of this method lies in toe fact tha t toe vendor ’s

analyst, hopefully w i t h  brc~d experience , wil~ desi~-n the best possible

system . .ia Joslin indica tes, it exposes the organization computer rel-.dre.

ments to toe top vendor ana lysts. (l~ c , 9~

There are severa l problems connected with writing a genera l

i~F?. Due to its na ture , tr.a user can ex?ect to spend many hours  wi th  the

vendor clari :yinr toe inter~t of t:.e various :ilea mode of opera tion , lus a

- - host of otoer varjablea . ln~ user is also likely to spend many more nours

tryino to veriiy the systems proposed ~y toe vendors to ensure tha t tney

will work . The pros?ective user mast either do this or ran t oe r isk of

buying a system tha t will not qui te be capable of handling to~ applic ations

it is required to handle. Also , it is very im?orta rst tha t the prospective

user thoro’a-oly understa~~ toe system concepts wh~ co toe vendor proposes ,

:1
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because no zaetter woi co .jstem oe selects , the vendor ’s representative w o o

wrote toe pro~ osa l an~ s.~r~este~ the concept will not be delivered with the

system. It n i l l  be ~.oe res~ on s i b i l ity  of the user  to turn the concept into

reality . ~ependinc- Ofl toe amoun t of work accomplished in the analysis

phase , the evaluation process can be either short and smooth  or long and

difficult. In essence , it ~s often difficul t to compa re competitive pro-

p o s a l s  and to se lect  one above a l l  the others .

5.~~.2 etailed -~cif1 cations (~~ta systems ~~ecificstions )

Toe g r eat e s t  ove ra l l  sdv an t a ~ e in w r i t i n g  suco an P~FP is the

fact toa t deteiled tno al-mt processes whico must ro into eacri step. To~ ~~~
is forced to ins~ect nis enti re system. ie must spell out e~ co step to o.e .‘

taken in eacri of toe app lic~ t ion a .  This met n od ir . c lude s  e s ta b l i s o i n ~ toe

ob~ 2ctive cf toe system and presentir~ toe data processin g re~airements for

accom. ,li~ oino the objectives. The fo1lowin~- da ta are required: (-s , ~:—~ )
a. Thrcur .iput re’~uirements

b. File desc ri pti on , record siz’e, etc.

c. Transaction volume and descri otion s -

d. ~~rd and  p r i n t e r  110 volumes

e. Termina l I/O volumes

f. In fo rmst io n  on seluence r e ; u ir e~~ nt s

g. Timinc- or turnaroand restrictio ns , etc.

Toe p ro sp ec t i ve  u ser  m a s t  ta~ e ~-rea t ca re in wr i  t i n o  d et a i l e d  ape ci fi c~ t i o ns 
—

to ensare toa t tnej  do n ot  becom e ma c n i n e — o r i e n t e d  ra tnu r tha n ap p l i c a t i o n —

oriented. ~~cnine— oriented specifi ca tion s may discri m ina te against some

vendor s , and t~ as -anint ent i cn a l l y  keep toe co~’pany from ~ettinr the aystnm 

_ _ _ _  
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that would be8t meet its needs. Detailed specifications require toe ven-

dors to  confi~-ure their systems .sxactly as demanded by the specifications.

this simp lifies systems desi~’n work for toe vendors , bat allow s toem little ,

if any, freedcm t o fi t toe app l i ca t ions  to their computers. R at o er  the com-

puters must be fitted to toe a~ 0lications . Toe advunt a -e here is qui te ob—

• vious . l~~ r detects cmisaio~ s , e r rors  in d e s c r i ? t i o n , aod incorisist—

encies.

Detailed specifi ca tions cffe r anotoe r definite advante re to toe user

in that they descri oe toe situa tion ccm; l st e ly e~ d they d e f i n e  each 9~ p ii—

ca tion f -a l l y  and -u n i f o r m l y  to a l l  v en d c r s .  Tou s to~ us~~r has  to waste

little tize in talking to vendors. .bhen the pr opc sals are submitted , toe

user can more easily verify , compare , and eva lua te them, since the systems

prcpcsed must 811 be i d e n t i c a l to steps set f o rt h  in the specifi caticos .

No system w i l l  be proposed toa t is far inferior to the system demanded

the specifi ca tions. Cn the otne r hand , no system will be proposed that is

far su erior to toe system specifaed , eitoer.

This m e t occ ~ no.~~v er , ~ ls~’ oss i t~ dr  a~ c~ s. The t ime and ef fo r t

expended in t0e w r i t i n g  may be too costly for toe systen whico Is to be

acquired. Ancther majo r point ~s toe fact tr.~t toe det~i iled re~ uest all ow s

toe vendor little improv eme nt en the b~~s tc  d e s i o n . A s ~~~ Josh 0 stated ,

N .~oen d et a i le d  s~ eci f i c a t i on s  are  used , the ~y s t e m  p ropo sed  wi l l  be no

cetter t~~a~~ toe sy ste m d e s c r i D e d  In toe s~ecifi ca tienc , ~ut the trz’u~le

involved in c~~t-a i ni n ~ toe system is minimi ~ sd .1 (13c , 11)



~~ i fi c~~~~ cn~~~~~~~ta~~~~ i rfc- r-o

the pre ape ctive user will be doin .

a mixture or synthesis of bct:. of 
‘ - 

w i l l  discover a n y  p r o o l em  ar e a s

u_ o:~ b ot o  t L .e general/det~iled c~~ c— ca t son s  th toe v en a c r s .  1n~ s n a t .

a t i c o  m a n y  o f the ed v a r~ta oes w i t r .  ~a s  t ions be t ween  v~ o d o r s  and use r .

either method. Comb instico spec~ f~ca— Propcsala su:m~ tted ir

as o’uidehin es to be followed in pre - 
- tion anoald all present sclutior .s

ifica t ions as  e .a~c : les  of ho w toe for tn  in toe detailed s~~e c i fj ca tic

12) i net ive  er ex c ep t i cn a l p r c~ osa l .

sed as ex.m~les serve a threefold should srmewr.at simp ler toan v~

sui t ing fr :~. et r ~~io ot  genera l sp- e~

w o ~ co f s nc t i o ns  ar ~ p e r f o r m e d  in cain o b j e c t i v e s ci us~~n~ Ccm ~ iOa t~

JO~~ ~-u e s t i ~~ns v e n d o r  m~ j -ot ot o e rw i se  problem of proper verifi cation aro

- little im~crtunce cc- .pa red to a;

-d -~:in -~ -::el f-o r ~~l veroors . pater cystems .

- iy ~~~f~ r~ r ot v~~- c o ~~ . ~~ t s t i l l  Fre q uently toe type o:

to ~~~ v . , o d o r s .  They a l sc  i n d i cat e  sys tem in O l c a te s toe bes t  t~’se of

l -r c s e c t i v e  u se r  w : _ o e s  to see em ’o c d —  pose tost  toe a ; - s l i c a t i o n  i s  a s C :

proble m s of a re l~~t ive 1y  ~I : .ed  na

~eoHc r  cr t~ e very busy veo~ cr some — most satisfa ctory , since there is

• Theref~re , rio does not n~ ad to go to  the cemputer in toe system. ~fl t :

: a ie  ~nai ysi:~ of toe sy s t e m .  calls for many ucers to time— soart

~tj’~r,s r j i C n ;~ w i t h  genera l s~~e cj f i c~~— ments  wc’ald conct~ntly va ry, co t.

:~ t.;e -n ,er .  l~O’; ~rossectjve user who tailed specifications for saco ~

~c ~s fcrced to to~o~ tnrc-a -c. toe s i tha - desira b le even If to~ y c ou l d  be p
~

0 to rk i t  t ; . r c u — .. . •~ow eve r , proapectiv - user a rea lly see.in-
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The vendor ’s responses snould follow a preselected fc rmat. The

Gove rnment ~erv ices  Adzi n~ s t rat ion ’s Guicance o n t ~ e ?repar~ ti-~o of ~pecifi—

catjon s, ~electicn and Ac’~uis1tion cf ,~utcsatic -~ts Pr~-c esc ~ r,— ~‘,‘stems cC

i? August 1976 offers excellent advice co i~F? c o n t e n t .  ex h a u s t i v e  l i s t s

offered for ~FP prep a ra t ion , oenchaa rkin~~, e tc . , a re  very good . :ne p r o —

spective user snculd ensure toa t he r e v i e w s  th is  document in considerable

detail. In addition , toe same document provides a “.aolicitatior. liocument

for ~~? ~yatems’ wnicn , in essence , is a model ti~~~~F contract. Tne provssicns

tnerein a ; p h y  to all federa l agencies.

3.5.4 x-.eguect  ~or ~-ro~ csa l Contents

The oi? is t.. ~~y to a good acer—vendor relationanip. If toe

user is willing to accept a respons a of min imum qu a l i t y  from vendors , toe

Al? mi got contain mereli’~~~ o~ script ion of toe s~’ate_ specifi ca tions , a fe~

sta temen t s  a b o u t  r. ecess ’i ry  vendor  s u pp o r t  of toe s y s t e m , and the due da te s

for  toe su~ m i s si o n  of pr opo s~~l a .  u cu  a o l d  re~~u o a t  mi gr.t su f f i ce  for toe

purpose , but i t  ce rt d io l y  doe s ~ ot c o n s t i t u t e  e f f e c t i v e  con tact  w i th the

v e n d o r,  good oF? socu l d  c o n t a i n , a t  tOe very l e a s t , st~ t e m e nt s  concern-

ing toe f c h l c w i n ~ e l e m e n t s :  ( 1~~c , ll~~)

a. ~y c t e m  r ej ’ u i r o m e r . t 3 :  ~h $ sec t i  ‘n r . - uld :nt~ io toe r~. -

c-al raments of toe ex ected system .

o. ~~~~~~~ ~u~port of systems This section soo’ald c o n ta i n

sta temer .ts a pout -:i~~~e c ted t r a i n i ng , ~a c o — u p  fa ci i t~ es , m~ np ow e r  toa t toe

vendor is expected to aup~ iy, et c.

c. ec~riical ~ueationnairc sna t i m i n g  t d o l e s :  Th ese  ~a e st i on —

naires and zi~ 1e~. soe~ to e1~~c i t  ir , f’o r m t t i c n  Co ;•~ rd~ure , software , vendor
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aa p~ ort , and equ i p men t  ccst , as  w e l l  as  duta on t i m i n ~- . b e  pros~ e c tiv e

user anculd request that toe vendor ~ive references to toe vendor literature

or to other teconicu l soerce s in su p p o r t  of a l l  i n f o r m a t i o n  o f fe red  in sri —

swer to toe u e s t j o o s  .-~e’i in the cue st i c ona ir e . Toe user shoul d also re-

quest detailed informa tion to substantiate all the vendor ’s timinc estic~ tes.

Toe questIonnaire and tne timing’ tables should be preceded by a concise and

- • 
forthrirot explanation of now toe information tha t toe vendors furriisn will

be used . Toe vendor wi ll tous ~-ain a oreater understanding of toe ~ues—

tions asked , and oe will be bette r able to supp ly the informa tion requested.

S-at more i.~~o r t a n t  is toe fa c t  to~ t t•~e vendor will ac4uire a degree of in—

Bigot toa t wi l l  pe rmi t nim to rec o - - n ~ se t.. nten ded mei nin~ s of qu e s t i o n s

tr.at mi~ ot otoe r~ ise nave seemed osscure to oth. 3y explaining the use to

nhi Cfl me intends to put toe answers , end w LIy tie is a s k i ng  toe qu e s t i o n s , the

user is in essence telling toe vendor how oe is ~oin~ tc eva lua te toe ;rc~

posal , w:.at factors are imsortant , and wh~t relative izpcrtance eaco factor

has.

d .  3encomark da ta : If bencoma rks are to be u sed , the da ta for

toese benchma rks should be supplied.

e. Jidder ’s conference d a t a :  f the s y s t e m  is comp lex  or very

costly, conference soould oc seosdaled to d i s cu s s  toe ap~- 1 ications oov—

ered in toe p r o p o s a l  a s  n e i l  as t ..e eva i u at i~~n m e t o o d s  tc be u sed .  Toe

coosen  d u t ~ s n ou l d  -- ive  the ~o t en t i a i  vendor s enru-- o time to p r e p a r e  for

toe meetin- .

f .  ~-it~-s of ci -n jfj cant events: ~ l l Critica l dates such as

proposal d u o  d a te , a w a r d . o~- d u t e , s li s tem ~r r a t a i l a t i c r  d st e , e t c . , sno-u ld be



included in this section .

g. Provisions for i~andlin~ questior .s: ince ~ee.tions must be

expected after toe proposa l nag been released , a centra l candidate is toe

Procurement Cfficer. ~o m~m oe r~ s~ of t.~e evala~tjon team sh ou ld  be in-

volved since pre~ adice s, boY. pro and con , tow~ rd a particular vendor may.

ensue .

h. Vendor demons t ra t ion :  3encoma rks , if any,  are  u su al l y ex-

ecuted d u n n -  thi s dem onst ra tion period .

The above  i t em s  c o n c e r n  toe more t e cn n i ca l P~~~ a s~ ect s  of toe

R?1. :~ enable an offeror/oioder to prepare a p r o p o s a l  or ~u c t it i o i , toe

s o li ;it 4 t icn  ~i l l  i d e n t i fy all toe evalua tion f~ctore t h a t  ar s  to be

aidered . ‘The ~trmed services Procurement Regulation prescribes toe specific

forma t arid annexe s required for any ~~~ ?. These a s p e c t s  obviously must be

followed in preparing such a document. The scle intent of toe above was

to dw.ll on A ?  peculi ar i tems.
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3.6 V a l id a t i c n  of the Prop osed ~y st e m s

ahy valida te? }.r. Joalin writes t~ o t , toe use r  smoul d assum e tos~t

the claim s contained~~oe vendors ’ p roposal s CeOflot be accepted at fa ce

value . . . toe prcs5 otive user will find toat a vendor iriterpret$ sta te-

ments and requirement s so as to favor his own equipment . . . . The yen—

dor . . . may greatly expand and enlarge faverasle answers to any question

whose answers cannot be fact’u~lly cr physically proved or disapr roved .’

(l3 c, 6~) ~iltnough less blunt , ~r. ‘immreclc points to essentially the same

problems. ~~C states that: N The vendor ’s objective . . . is to maximize
his profits . . . . ~ie will often tend to emphasize certain features with

respect to which his mo coine is superior to others . . . . Certain aspects

of his hardware and software will be designed to ‘lock in ’ the user , toa t

is, to make convers ion  sway from toe vendor ’s equi :merit prohibitively expen-

sive . It seems , toer., that the ancient adage , ‘Let toe buye r ~~~~~~~~~~ o d d s

in toe purco~se cf z’ultimiliion dollar equ.pment as well as in the grocery

ma rket •

These basic comments lead to toe next question. ~ow is a given system

valida ted? ~re there any ~uarsntees that toe selected sy s t em  will maximize

tne stated cb~ectives w riile minimizing toe expenses incurred? ~evera l math—

ods will be described and critiqued in the following pares. ~czo of toese

metnods are currently in use; some have been disca rded , while others are

still being further developed and refined.

3.6.1 ~andato~y occui rements

Validation of trie mandatory requirements is a rathe r quick and

painless procedure __ the items and tn~~ir specifications , as listed in the



RFP, are checked against ea ch ~~~~~~~~~~~~~~ proposal. Additionally an in—house

review should ~e made using current tecnr-ii cal data supp l ied  by vendors , AD?

Industry .~tandard reports , etc., to valida te all as2ect~ of the proposal.

Also oral presentation should be sought frcm bid~ in? ve i or s  to f a c i l i t a te

elabcraticr. of tacir proposals. In th is  cu a e  m a m b e r s  of toe sour ce  ~elec-

• tion ~va lua tic’n 3oa rd , a fter reviewing the proposals , w i ll be expected to

attend each ~~~~~~~~~~~~ presentation. Lastly, toose items woich cannot be

directly validated suco as a vendor ’ s promise  to supp ly a given s-up~ ort

item , etc., should be very clearly defined in the contract. If to~ ven-

dor ’s bid doe s not  meet any one of toe oondato r y  r e qu i r emen t s , s-u o~ ect to

tne above discussion , tou t proposal is iozediateiy disqu al ified.

5.d.2 stem Timir.~

J n f c r t u n a t e ly ,  the ma t t e r  of system t i m i n g  is not s i o p l e  or

easy. ~..any articles era avail acie to toe reader of compu ter literature

woi ch describe various timing methods arid processes. ojt~~ toe OCi p of

tnese methodo logies , toe user snould be sole to determine whetoe r or not

the sys tem w i l l  p r o c e s s  toe data  in a speci fi c amount  of t ime .

3asi ca l ly ,  every  system t i m i n g  me thod relates directly to the

workloa d whico toe ay~Jtea: is exoected to ?rocess . Fhctors such as equipment

and stora ge usaç e , lan~ u~ ge , order or sequence of fobs  executed , and tasios

of tne type woico are expected to be processed must be taken into consider—

ation . .sny m e t~ cd s for ocostracting a drive workloa d ou ve appeared with-

in toe recent  a a 5t .

Jos lin  ( l i a , 2 7 — 3 7 )  d e s c r i b e s  a tec . inique for se lec t ing  repre-

sen t a t i v e  ber~c eoi r~ s by c l a s s i f y in g  toe workloa d according to the type of



job and toen selectin g a c : m ~ ina t ion of job s  to represent the character-

istics of each class. ~r.ope et UI ., constructed a drive workload Consist-

ing of iobs selected from t:~e actua l wor~los d by st~tistica1 ~amp linz and

toen ad~ usted thi s collection ‘until it w-~s c o n s i d e r e d  r e p r e s e n t a t i v e . hood

and Forma rt (2~ , ~l—5~ ) ccm~-osed a syntoetic wor :ica d usin~ £hope ’s technique

a nd s ub st it u t i ng  3ucnn olz ’ s (‘-i , 5C~ — 3 l P )  syntheti c progra m for cacti ~ob in

toe mix. Toe pa rameters of the syntroetic progra m seem to ha ve been dete r-

mined by trial ~nd error. Recent propos als for creating an industry —wide

libra ry of sta nda rdized bencoma r~ a (.-i. . _ucas) (it, l C 4 l — l C ~~~) a nd a li-

bra ry of synthetic modules (... ~~. 3amse ~ ~ll , IC)  t~~y reduce toe n-umber of

ma nhours r e qu i r ad  to ccde and d e b u g  the pro ~ r ame , but tnere still remains

toe need for  a me thod of c o n s t r u c t i ng  a represent a t ive work lo ad  from such

a co 1i~~c t io n. i~err a ni ( lc , l~ — 24) s t resses  the impor tance  of w o r k l o a d

coaracterizatiori and pcints out toe need for methods of const r ’uc t inc-  drive

workloads that are representative of real workloods . Previous rethods of

~ob selection m~y be conveni ent , cut  they ma y  be s mewho t a r b i t r a ry 3nd

inaccurate . (24, 2)

A 1t oou~ n ea c o  of the above m et h o d s  d i f f e r s  somewha t in con s t ruc -

t ion , the i r  co m m on e l e m e n t , e i the r stated or imp lied , is the concep t of

N repre~~ nta t i v ene s s~ of the tota l coa r a c t e r i s t i c s  of any workica d woico is

expected to d r : o e  toe sys t em.  mve n thoug h toe analysis of the p r a s~ nt sys~

tam has been ~ainataking iy executed , there is l i t t l e  d o u b t  tna t toe com~ i—

laticn cf a re..~r~ sen t~ tive drive workload with all toe coaracter ietics of

toe N re ai  w o r l d ~ ~a t. .e oat d i f : i c u l t  pn J se in any  ev a l u a t i o n  a selec-

tion of a co~ap’uter Byst-~m . The isaue cf representative drive wc ’r~ loads



wil l  be addressed  again  woen “ c e n c : ~ ..a r~ inz ~ is  discussed. Cnce the drive

workload has been b’u~ 1t (by any of toe above ro-etoods) t oe sys tem can be

timed .

a. Add— Time Comparisone

?.dd—time compariscn s were usea in the past to measure com

putin~ power between two ma cnines. This method was eban d cn ed  due to:

• (1) Va r iab les  in adde r  c i r c u i t r y  and core storage eccess

time .

(2)  ~in - l ~ v e r s u s  m u l t ip l e— a d d r e s s  o r g a n i z a t i o n  t ime wa s

not taker i n t o  a c c ou n t .

( 5 )  oe met n od com 0 l e t - e 1y i c r o n r e d  any consideration of

software . ~~~ 12)

b .  instr-u c tio.i 2 ixes

:h~~E m e t o o d  ~ tth
_
~pts to brood en toe r a n g e  cf toe e v a l uat i o n .

The mix of ir.~ tructicna is dete rmined cy t~ e u~ :r ’s ap~ lic ation p r C o r a m s .

~ach of toe mixe s is simp ly a w e i gh t e d  avera ge of  the e x e c u t j c n  t im e s for a

number of toe most commonly used instructicns . A wei-o tino factor is as—

signed to eaco instruction in accordance wi~~ nomeone ’s op inion of tha t in-

struction ’ a freeuency of occurrence in programs of a certain c-criers 1 ty:e.

The eva lua t ion is b a sed  on m u l t i p ly i n o  the w e i - o t  f a c t o r  by toe n i n u f a c —

ti.arer ’s specifica ticris for that  instruction ar id  summing eaco t ot a l .  ~t I —

thou--o more instructions are used ~y tois met.iod, m a n y  of toe shc r t c co ino s

of toe e d d — t i m e  re~~~j r~ed • ~eve ra 1 ‘-toer d i f f i c-u l t i e s  e x i s t  in  th i s  metoo d .

( 1) I/C c on s i d e r a t i o n s  an d compiler eff~ciancy is usually

tgnorsd. (5, 4 1)
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(2 )  l r . st ru c ti cn  -v a r lan facilities are oa rd to reflect

accura tely.

( 3 )  The resu l t  cot~ in ad--a ;.eivoted—avera ge instruction

time——ma y be a fair representation fcr sri i oidi vi dua l system in a particu-

lar app lication area ; onwever , it is almos t meeningless to use in a com—

parison wo en  toe nui~oer of i natu r c t i cne  r~~’uired by each system is riot

known. (1 , 13)

(4) ~c- oenerally accepted criterion for determining the

weights nas been estaslisoed.

(~ ) A l t r -ic- ugn toe i n s t r u c t i o n  sets d i f f e r am on g mL. cn in e s ,

each must be wei~ oted toe same .

(6) In genera l , toe i n s t r u c t i o n  mix method is i n a p p r c p r i o t e

for selection p ur p o s e s and i na : a l ic ab l e  for  s o f t w o r e  e va l uat i o n .

c. Kernels

A kerne l is a small routine , wh ica i s  us u a l l y  c u it e  simp l e.

Further , i t is  c o d e d  in  toe porticular m~ coine ’s own langua ge . This  metocd

was quite an advance over the instruction mix procedure . ~ome a d va nt a re s

were :

( 1) Toe tj oj n r s  ar e  ca sed on toe m a n u f a c t u r e r ’ s s ta t ed

execution time for t~~e instructions tha t are included in the kernel.

(2) bi~ ce toe process uses toe macnine ’ s own instruction

set , cnarscterist~ cs 1n1~ ’ue to a ma crocrie could be fully exploited to the

vender ’s adventa c~e.

( 5 )  Toe kerne l can i n c l u d e  more pa rame ters tc.an the pre —

vicas teconi .ues. (i~ , ~~)



~ome int ie r ent  d~ adv antages , however , be~~ n to appear when mul ttorovrom—

ming and mu lti:rccea:in~ were usod. These are ;

(1) Kernels are renerallv isol ated tas :s, too t i s , a ke r-

n e l  m- y represent the sein loop of an ae L lication :rcgram.

(
~ in conjunction with toe aforementioned , I/O is  not

oro :er I ~ ze~ aure d s nce the s t re s s  is on an instruction set.

(3 ) 1.~odern  systems exn i : it  or eat  ov er l ap  and simul tanecty
-I

of events a n d  thus a deaenderic e -a~ or. t he se ~ueo ce and r equ i r emen t s  of toe

to ta l  p r o c e s s i n g  w o r k l o a d .  (2: , 6)

(4) :oere is not a ainc-le typical .~erne l , and farther

there are no accepted or standa rdized wei~ ots for combi ning kernels. ::‘uch

effort is re~ -uired to code and time lar~—e numbers of kernels. It is also

d i f f i c u lt  to t e r : : :f  e~~u al  p ro gr a mm ir i r  skIlls were used for each ker—

1 ‘- ~~~ ~~~~~~ne~~. ~.,, — i

In ~ene ra i , kernels have been ~ba~ d~~ad for comps ratcve

eva lua tions. Toe relative power of a sys tem is not necessarily .;ow fas t

it is internally , b~A t  :irw f~.st cart perfo rm o~ e c :~~l et e  ob .  (2 c , 2C °l)

In any t r o r o u -  t cvalu~ tioris one must ccna zder to-e interaction of ~nternu l

performance , with I/O s~~ eda anc facilities , in additio n tc toe aost impor-

tant f~ ctcr of progremzin~ systems effici ency . ( 1 , 14)

Jp to th i s  pc~ n t , zet .-icd s  of eva l uating pure process ing

power nave been d~~sc’ussed. ue to their inne rer.t s:lor t comin — o , they n~-ve

v i r t u a l l y  d i s a p p e a r e d  from computer eval-a tion m e t r i o d s .  “ :er1cho *~rk ir .g  has

taken p lace . The next section will discuss th~ diffe rent tynes of bench—

m~ rka and the pros arid cons of eaco type .
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d. ~enchma rks

(1) Genera l

3ench~ark ~oo streams have been used witn increasing

frequency for toe purpose of improv in g  toe present rerform~ nce cf a system ,

predictin~- toe effects of cr.anvino work1o~ds on a syste m , or siz in g  and

s~ l a c t i n g  a new computer  system . There must  be a drive workloa d tha t imi-

tates toe actua l wcr,do~d w i th reasonable fidelity . ~iorkload is defined as

the collecticri of all individua l 4obs and da ta toat are p roces sed by the

computer system durin g a s?ecified period of time . (24, 1) ~ne aigri t de-

fine bencoma rks as follows: They -are mix (or grouainr~ of routine to be

run on severa l d i f f e r e n t  computer  c on f i ou r st i o n s  in order  to obtain compar-

a t ive  t h r u p ut  p e r f - rm ence  fi g -urea  on the c ap 9 a i l i t i e s  of toe va rious con-

fl o u rs  t io no  to h a n d l e  toe s p e c i f i c a p p l i c a ti on s . This  definition . cf benco-

ma rks i n c l ud e s  toe f o l l o w i n g  three key coo r a ct er ~ st cs: f ir s t , t rcut~ r.es

are to be a c t ua l l y  run on toe conf i -u r a t i on ;  seccn d , the tota l t h r o u ~ op ut

ti me is im?ortant (not just processor time); and toird , they are a i m e d  at

s~ ecjfic a sp l i c a t i o r i s .

Toe conc ept of d repre sentativeness U of toe d r i v e  work -

icad r~as been d i s c u s s e d .  Ic meet t:.e above— cited criteri a , three types of

• bencomar,~s ri~ve ceen u s e d :

(a) Use of toe real workloa d (live ber.chma r~z) without

c..ange .

(b) ~esi~ n a workloa d (artificial bencnma r~ ) indeDen—

dent of the real wcr- :load .

(c) A saemal~ a workloa d (hybr Id bencoma rk) from parts

of toe re~ I ~or k l o ~ d .
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(2) ~ive ueicomarka

‘rie s imp lest  and l e a s t  cos t l y cet ~.od is to run t:.e

present  work load  a gu i n i t  toe p roposed  syat ~ m . No p r o o l e m s  w i l l  ce encoun-

tered with “ representatlveness~ nor witri the relation soips be tween real

workiouds and oenco~~rks . lois method is ~u it ~ acceetable if toe new sys-

tem is u p g r a d i n g  an existing one . ~ven thi s ~~doal~ approach has its dis—

adva n ta ges.

(a) Since the live workload is toe system and the de-

me nd s on toe system ch a n g e  w i t h i n  a —iven time frame , how do you chocse and

g rou~ toe typ Ica l w o r k l o s d  so- that they w i l l  give a f a i r  p ic ture  cf toe

s y s t em ’ s w o r - : l oad?  Tc overcome this pro slem , ~-r . Joslin gives a detailed ,

cookbcok ap ~ ros ch des igned  to ass ure that  toe b enc~amar k is t ru ly  r e p r a s e n —

tat~ v-~ . (U c , ~~ —~~l)

( b )  Unless  toe p r o d u c t i o n  p r o~-r~ ms a re ‘wr s t t en  a

hig;ier level l~ nguage , t..e entire sc:.eme of a natura l or live cencama rk will

nct  w o r k  scoce toe p r o :r a m s  w i l l  not be ~o r t i b l e .  ( 13f , 7 )

( c )  3ancoma r~:a are prepared end proces sed usino a

variety of :rocedures resulting in u n d u l y  long execution times , unreason-

able file vol um es , end i nccn ai s ten t mea surem ent procedure . (1E , 4)

(d) l~ive benc .~mar~ss are usieu ly associated with . oir n

c c at s , both to toe b u y e r  a r i d  v e n d o r , in t a rms  of tc:e an d  mo ney .  ( l E , ~
)

~uco of tol a time ~ spent by toe vendor  in a d  i usts ng toe bencoma r-k so too t

i t  w i l l  sa t i~~f a c t o r U y  r u n  on h is  proposed  s y s t e m .

( 5)  Artificial 3er~c~z~rks

on art ifici al henc:.a~trk is a p rLrr a m woico models a

live b~nc. ma r~ . .ever~ l r~etood s cf art .f~ c i l  uenc e~ r.~s ma yo air ead ,’ been
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dl sc~~ sed in detail. I n s t r u c t i o n  m ixes  were considered represent a tive of

toe m~~or functi ons of that ayste~~. Toe kernel method im~rcved on toe in-

struction mixe s, as an example , ~~~.
- t~ix i n p  I/C activit y and CPU utilization

into con ider~ tion. The dre.o~ -a t-’ these m e t & i o d s  w e r e  d i sc ’aa s e d  in the

previc-us section.

(4) £iybrj d Beri crsma rks

As the term imp lies , a hybr id  :enor •ma r~s is  a c c m b i n ~-

tion of me toods -used to  evalua te a p roposed  s y s te m .  In mos t  cases , l ive

bencomarks fcrm toe core of the process. ~yntoe t ic  p r o g r a m s  may the n be

us ed to e x e r c i s e  the ma cnine  i f  i t  is fe l t  tou t toe i i ve  d et a  h i l l  rove

to se m ad -a ~~ . P ot . .  may be su-ap leme ntud b y s izul ~ t i on , p a r t i c u l a r l y  in

trto~e ine tooces woe re r;mote sites or telecom uoi cations ar~ involv ed. ~ l—

tr.o~~-.. toss a :ro-icn seams to ocvar a s  mony  a r e a s  a s  c o s s i o l e , tac d i s - ~d —

van t a g e s  a~~ e 3 ~in :ound i r t  toe rel~ ti co~~.i p o~ toe b e n c o m ~ rk to  toe r a i l

and t c t h l  w o r k l o a d .  Toe p r o b l e m  enc oun te red  in synthetic jrcorsma ~ nd

simuli tion w i l’~ be di .cuose~ next.

e. ~y nt~. e t i c  ?r o : - r - m s  ~s ael coma r.s z

~ sy n t a c t i c  p r o o r a m may ba d e f ~n ed as  a •~cb w oo  cc -usa re of

various resources may be ~~~~~~~~~~~~~~~~~~~~~~~~ c o a n g e J  to fit toe cou r e c t e r s s t i c a

of a re ,l wc rk icad. Toe ~-rcgra :rs may ~s s o r te d  in  two ‘r e u p s :

( 1)  sy n t o : t s c  pr o :ra a , w o i c - . is to r e p r e s e — .t a r e a l

pro orem , is des:nruted so toe t~ sk— oruentei element .

(2) Thcse syntactic pro -rum s woicri ca n be s d u ~ ted to uti-

l i ze  v a r s o u s  am o u n t s  of ~~~ t a m e , I/ C t a e , e t c . , a re d e f a n e d  as  r e s o -u r r ~ —

or sen ted elements .



mi- co2~~



- — - — —~~~ -~~~~~~~~ — -~~~~~~ —~~~~~~ — — _________________

The b u i l d i ng  of a s yn t h et i c  b e n c o m ar k  is based  on 8 “ repr e —

~~~~~~~~~~~~~~~~~ sam p le of toe w o r k l o a d  and  ~r o d a c t i o n  p r o j - r am s  of toe p r e s e n t

system . Ti-ieir cr.a r a c t e r i st i c s — - - I/ O  cha nnel  a c t i v i ty ,  C?J t ime , m e m c r y

spa c s— —a re m e a su r e d .  A syntactic ~ob or o b s is the n bui  i t , using toe c e —

termined c..~racteristics of t oC real  e n vi r o n men t .  The goa l is to r e m o v e

comp lexi ty .:iile preservino a e o s c t ~ v i ty . (.
~~, ~

)

Toe p r i n c i p l e  ra~~scn f o r  us or sy n ta ct i c  P r o g r a m s  is  t a -3 ir

flexibility . They can be ma de  ma cm ine  m a c  e n d e n t  end :~‘or t ab I e  b e c au s e

tney ax e written in a riiooer leve l lan~ uage. its 11 , proble ms do e i i a t .

Cne r e s n  f r  t~ t a  agat cc the f a c t  t at . coa racterjza tjon of the r e a l

workloa d used to set tac o~ r :;cters ~f toe s - at .et ic ~cb is not adeo-u3te .

In  es~~en ce , at 00cc ~ — t  ~n~~~c e y  ;r . i o~ to~ : cr ~~c r m a n c e  v ar i ab l e s  too t

a re  t o  be m e u e e r c d .  (IC , ~ i L~ v .b i . .  L~ :a te rt  C ItOC t .e ~c l l o ~ io— prcs . em :

(~) t0 t ~ 1 5 0 - :  cf a t~ oco x o  t er s a ° c  me s e o c s  a c r o s s  r s - c : i o e s;  (~ ) ~. o r : ’.c-~d

d e t e r m s n a t~~on a n d  r e o r e s . n t c t : a n  f a r  c P — . c e :t u a i  systems; (5)  t r a n o f e r a b i l a t .-

of syntoetic prcora:s ; (ti ) ~ o rk l o a d 5 :d c i . i c a t ic n  e n d  g e n e r a t i o n  fo r  o n — l i n e

s y s t e m s ;  a r .~ (5)  e f f e c t s  01 neW c om a u t e r  sy~~t c m  a r c o i t a c tu r e s  on p r e s e n t

m e tn o d s .  Pe r oup s  Ol i ver ha s ~t a t e~ to~ p r o c l e m  w i t o  sy n toe t i c p r o o r a m s  most

su c c in c t l y :  ‘It is  a t e r e st i o j -  t o  note toa t all suj-~ esticn~ on how to mo del

a w o r ~~l o a d  r e l y  on one ~~ toe ev~~l-c - t inn  t o o a n i  u es  su r v e y e d  . . . f ; o m i t o r e ,

a s m u la t ion , e t c . ) .  Ta o s we m ould not ex ~ ec t  the s y n ta ct i c  m i x  ap p r c a  ch to

be an  imp rove m ent  ove r toese .d ( I E , 15)

f. Si ou 1~~t i o n

A s i - .~~l a t o r  is a p r o  -r e : ~ac .< o~~e w n i c .-i r e p r e c e a t s  toe 9 C t u ~~l

m a c a s - ”  u n d e r  con ~~s d e r ~~t i on .  . hi s  p r o v e s  v e r y  u s e fu l fo r  e v s l u . t t - a r t c o n —

- ~~
, . r • .. - ry C . ac s c~ ~s - a l t  tI or. the m os t  .o t a  tu I y
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app i ic~ ti si nce i t  is aimed at t~e i.3..~ 5& syst -a~~. •i i t h i n  to i s  con-

s t ra i n t , a- - m o v er , ~~~ is a powerfu l iool for toe modelin ’ of cc :p u th r sys-

tems. Toe i,i r.:uage a d d r e s s e s  i t s e l f  to the e q u i p m e n t  and  i t s  c c r r a s  ond ino

coa racteristics. It is generally ~eed to determine toe impact of r o w

ment on toe system , cnanEes in the configuration , etc. C~~ t re in i nr is

offered by I3~
. to Its customars at no extra cost.

(b) h~ r.y s imu l a to r s  w o i c O  use these  and  othe r l a n —

gua ges are now como ercia lly avaiia~~ e. Tha i will aid toe user in evaluatin~

his current system or in e’,el-uetino toe c o n f i gu r a ti ons w r , i c h  are b id by yen-

dors . A descri ption of two ropa lar simulators is orov ida d below .

(1) i~ystems cg d Ocmo ut ar ..v-alJa tiCri Bnd ikeview

Teconicue (SCi&. )

is  a z - o a r ~~~t r  s~~- o u 1 c t i a n  ~c c-: .~-e

developed by Comress , Inc., of ,~a s .~~ oj - t ’ - o , . _ . Th e s i - a a i e t :r  ria s ~een

used in a Throc variety cl ap~~lic aticr.s V~~l V ~~r.~~ ;e_ m aa~ lit :.- ana ly sis ,

e ju i p m e n t  s e l e c t i o n  st u d i es , a , a t o  a~ d p r c a r ~~m des~ -n a n d  s y a te~ m a i n t o —

n~nce . ~CsoT ’s mas n advsnta~ e lies in the fect th a t  i t  doe s no t  u t i l i ze  a

dedicated langua ge suco as &~m.. or C~~ sance toe ap aii c -t tj on system defini-

tion and toe ha rdware/soft~ -~re definition s crc indeeender .t. Thi: is quite

ci~-oifi cant in : t r c p c ~ a i  e v a l u a t i o n .  ~y r.’ald iro- toe oyster de finit i”o con-

stant , tue e t a emeot  c o n i i v u r o t i o n  can  be coanc-ed  f o r  e sco  v e n d o r .  ~u rj r ’

to te sy s te m  desi~~n sta -c , toe c o n v e r s e  h o l d .~. The p a c k a ge ccnt a ~~ns

a l s - c r i t r a m a f o r  op t i : i r sn o  n um e r o u s  a s L~e c ts  of  toe tota l system. This in—

clud es toe blockin g of r e c o r d €  ‘n tece or s as s  st cr a re s c h e du l i n g  in a

mu lti— p ro -r~ mme d e virc oment jr.d tee asti rr.mer. t of pcrI pher~ 1s to I



(2 )  Compu te r - ~l ided  ystem .~va1u3 tion (Th.~m )

CA~~ is a proprieta ry package deve losed and

marketed by ~oftw~ re yrcducts of Falls Churc•o, Virg inia . Toe pa c~ aoe aill

s imula te  all ty c e s  of sys t ems  for  any m an u f a c t u r e r .  To e cri ief adv-3 r . tc -c

of ~~~~ is toe arogra m ’ s a u t o mat i c  sy s t e m  d e s a g n  f e a t u r e . This is quite

hel p f u l  d u r i n g  toe desi~ n und evaluation of a new system. dy specifyin~

the workload and the desired c o n f ig ur a t i o n , a system d esi gn will be pro-

d uced w o i c h  is  in d e c en d en t  of any one tyr e  of mach ine .

(c) Simulators have b eer .  used to redesign file struc-

tures , test to~ utilization of a l t e r na t e  I /o  d e v i c e s , l r . c r C a O e  :c0:;ory c-3 —

pa city by pointing to x-ed-andincies and test vari ous workicads on various

confi ruro ticrui . Further, ma ny oc c~c37e s are comm erci all y available w r.icr.

are ma intasred atm extensave 11~~r j t i e~ of m~ nufactarer da ta for zany con—

figur~ tirns. iin~llj, simulator s hive been extensavel; used in fcrma l

ccm~ ctit .ve p r o c u r e m e n t s .

(d) tl tr .ou-- n olsuia tore ire en cylnr current oop u—

l ri t~~, d ue to their flexibility they are cx erasive botr~ in time s od  cost.

F.•~— ~~i
’”, ~~,

(a) There are a iso severs 1 other d rawba c~es. Lirula —

t ’~r a  o~v-e soot~n m ixed reault o far multi p rocess or ~r,d t-~ 1-t c m~~,r o c e  t ico

tems . ~-urt_e r , toe oia~~Iabil ity of lan :aage and doc aceot tlon be dif -

ficult circe toe ~a ckoges do con t~ in 0ro~cr ie t sry ma teri al. The c :ulatcr

costs w oich j n c T h d e  t ru sn~~nr to u se  toe 1-i o g u a g e  or simulator and m a n~ e w e r

end c::_~ uter thac to o u a i ~ a n e  rata t..t m o d e l s  :ay prove too j-rcet to war-

r.nt s:mulatior.. isra 1l~ , tr.e e~~erjeece of severa l u c r s  has a n d i c u  t e d
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tha t a:mulution c~ nnct be used to make accurate comparisons . 4-,l1o~;ances

sr .ould se meda far errcr bounds of perhaps thirty percent . (Th , 200)

~ir.ce sl:ui~ tcr~ are r redictive in na ture, their output must be validated

and verified. e ,endin: on toe complexi ty of the simulator , toi s process

may prove to be overwtielming .

7E
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5. 7 ~electicn

As a- cr. a s  toe p r o p o sa l s  have been eva lua ted and the bencoma rks have

been c o o p l e t e d , toe user must make a selection of tnat compute r system

woico  sest m e e t s  ois  needs  and yet  is cost e f f e c ti v e . ~evei-s l method s of

system s e l e c t i o n  n ave been eroposed .

~.7.l Toe i .ej gh t s  and  Scores  i~ccro ac r i

In thi s appro ach the cna racteristics of the proposed systems

are divided into ms~ or classes suco as equi pment characteristics , prooram—

rin g, so fz~ s re  s up p o r t , p r i c i ng ,  e t c .  Subclasses are t:oen established with-

in eaco c la ss .  loi s division continue s until toe detail is a s  f ine 5s de-

si r ed • Toe r e s u l t  is a t ree  s t ru c t u re  w o i c o  c o m p l e t e l y  d e s c r i b e s  the de-

s i r ed  sy s t em.  This  gen era l sys tem is trien w e i g ot e d  c o c o r d in o  to the io~p or—

tan ce  toe u s e r  p l a c e s c-n each rc de  or subno de in toe t ree .  Fcr e x o m e l e , toe

user  may d~~cide  t . ~ t to meet  •oi s nee ds he soc-aid r ep r e s e n t  toe centra l pro—

c e s s sr g  m o l t  a s  oem : twice as im~ crtaot as memory . i~e moy fur t h e r ra nk

m e m o r y  as  b e i n g  a s  imp o r t a n t  a s  to-a I /O i n t e r f a c e s .  :~e may then, a s an

examp le , w e i ga toose cna r a c t e r is t i c s  as  2 , 1, and  1 , r e s e e c t i v e l y .  (2~~,

2lC) ~ince toe a f o r s m e r a t i o n e d  i t e m s  are :~~r t  of the ha rdware , a wei-ot is

assigned to tr.a t ca tegory in r e l a t i o n  to s o f tw a r e , expansion potenti al , etc.

The c o o - r i n g  a c~ ect  of th i s me th od  i s  a c o i c c o  d by ev a l u - - t i n , - e: cn vend or ’ s

proposa l ira th e  a b c v e  ma no r .  An L ’r c l y s t  a d d s  ‘u~ a l l  toe scores for the

various brancoe s are nodes. This • rccess contin ue s until toe entire sys-

tem has beer. eva l ae. ted and a s ing le sco re  : - : r  eacr. systc~ oss been deter—

mined . Toe ns~-oest sccre is ostena ib y c.:cser t o~ ~ sn n e r .

A1 toouo~ t~ ia aoPrc-a c:. ~r. comp lete in~ effective severa l deli —

ci-enc ies ar~ ~uite ev5:e- ~t.
79



a. Inc ~ethod of assigning wei ghts to tne va rious components

is subjective and depends on toe indiv idua l’ s understanding of the system ,

its requi rezerat~ , the needed rrowto potential , plus a host of othe r vari-

ables. —

b . The entire evalua tion scheme is threatened if a parti cular

piece of e~ uipm~ nt is not aid. This problem arises since each node (twi:)

is dependent on tne previous node.

c. Anotoer ma-~~or deficiency of this method is its inability to

satis~~ctoril y r.undle , incorpora te , and evalua te the cost cf the system.

5.7.2 Cast—Value lecanicuca

Since cost is among toe ma ~or fa c t o rs  to be considered in . com-

pute r systems ao -~’ui sition , a “cost—value ” technique has been developed by

~r .  m d w a r d  C . J o s i i n .  This m e t o o d , d e sc r i c ed  in  d e t a i l  be low , is c u r r en t l y

betog used zy bot~ toe ~av~ arjd Air Force .

Aha t Is the c o s t - v a lu e  teconi qu e ? ~ s sen t i a  i l y,  it is a meth—

odolcgy woico reccnriizes toe necessity of eva l uating toe ~~R fe~ tures of

the system and their cost as offered by competing vendors. Those feature s

whi ch have beer. jrescribed as ma ndatory-are not evalua t ed ;  rather , they are

va l ida ted . T~e payments associated wito manda tory requirements are rela-

tively easy to i z e n t i f y , since toe vend or iteaiz~~s teem for toe u ser .

~ince a l l  v en d o r s  mu s t  comp ly .~itn toe m-a r.datory conditions stated as Ven-

dor ~eçuiremer.ts, woi co zy defsm~ tion c-an only ae satisfied by the vendor ,

one mu st  then acce p t t..e char-es ~r iicn t oe vendors at ta co to f ul fi l li n7

those re~ u ir c m e nt s .  A vez~dor ’s s b I J ~~ty to meet the mandatory requirements

auoulä no t re~ ui re ev~ 1ua t~ on , since t~ e verdcr should not nave submitted a



bid unless he was able to meet the requirements. la:wever , the degree to

which a system or vendor exceeds toe minim um re~ uirements is eva lua ted , if

thi s excess is listed as desirable. (15, ~7i) The cost—va lue technique

offers two disti rivu ishin- features: (l~ it enables tee user to eva luate any

extra fe a tures and dete rmine wnetrre r these features are im3ortant Ifl the m—

selve s or if they are merely incidental to the proposed system ; (2) it

enables toe user to assign a dollar va l ue to toe 0~R. Al tno’u~h the dollar

value assi gned to a featur may s t i l l  be an arbitra ry choice made by the

user , it offers a basis for comparison which can be changed independent of

a l l  other  i n d i v ~ d - a a l l y  a s sI gned v a l ue s .

Toe first questions to be a sked a r e : out  is an d  wha t is  n o t

considered to be a n  O~ R fea t-ure~ ~iha t cost—va lue can be assigned to it?

To avoid any bias , or appe arance of bias , on toe p3rt of toe eva luation ,

thi s s tudy mus t  be i n i t i a t e d  before toe p r o a c s a l s  a r e  r e c e i v e d .  I t  tou s

become s nec~ saa ry to dea l with hypothetica l or realistically anti ci pated

extras. ~~~ 571~ In order to evalu ate the exaected “extra s ,” oa te~~ories

such as cyst , equiement coa raoteristics , exp ansio n .~otential , and vendor ’s

eu~ aort of the sys tem are  e s t ab l l s o o d .  Should too ven dor  i nc l u d e  a n  i t em

woic~i does not fill into ~ny one of toe ca tegories wnicn toe user has eat ab—

i i s . ie d, a c o e t — v a l u e  t ezp l . te  csn b e e st a b l i sned a t to t p o i n t  if toe new

I t e m  i s  c on s i d e r e d  tc be i m a o r t a n t  e o c u c o .

~oze gen- ra l cr~:.ents ar~ prov ided on toe four categories listed

above :

a. Cost: The cost must be spr~ad proporti onatel y over the

expected li~ e of the system , and toe system costs must cha n~ e to re flect toe

El



costs ~f any p l a n n e d  system expansion . . . . No ccst item shculd be

d-u l~ cat Iv~ . ~~~5, ~72)

b . £quipment Cnm racteristics: The cost—value technique

doe s not consider any e :uipment cha racteristic s , in toemselves , to be Im-

portant extras. Instead , their signifi cance is measured in terms of the

r u n n i n g  t ime  of toe e y e t - ~~~ a: . ieo  in tu rn  d e t e r  in e s  tr.e a y st m ’ s cost  and

expansion potential. (l~ , ~72) Criaracteristi cs wriico fall into this group-

ing may be oa r d w ar e  c c zp a t ib i l i t y,  r i i a b i i i t y, ca pa c i t y , speed , e tc .

c. ~xpans ion :otential: In order to eva lua te toe expan-

sion p o t e n t i- a l  of a system , i t  is necess a ry to calc-u~~ te toe r u nn i n g  t ime

required by t:.e s~- st~ m to c o m p lete a l l  of the re~~ue r o d  a p p L c et i o ns . Cne

must al so knc~ the capacity of toe centra l processor and , f i n a l l y ,  be a b l e

to evalua te toe soecia l feature s suco as buffering end parallel proces a~ nc.

(i~~ Z 7 Z .~
~ 1~ p t ~~~d

d. System ~up -ecrt : The cost-value teconi~ ue ccnsiders the

value of toe extra s offered by eaco v e n d o r .  J o s l i n  s-ag:ests tea t toe sim-

plest and r er~~r~ ~~~~ ~ -a~~~t me thod of co st - i The a s e i ~-n.me r it  is to simp l y re-

ques t  t~~C o toe r  v e n d o r s  to auo t e  ~~~ cc s ta  a asoc ia  t e d  w i t e  s u p -D l y ln g  a ser-

vice . Thus , if one vendor offers 24 o~ -ur s  o n — c it e  m~ int-a na nc - a , a n d  other

vendors do not , ~~t ...irot pro -/ a e : ean in: ful  to a sk  to otoe r v e n d o r s  woa t t.io

extra coar ce would be. (15, 51~ )

e. Ctie r ~xtr aa; Thas oa te~ ory is des ;-oed to deal wit ,i

those items wri~ co do r : t  f i t  i nt o  on; of toe otoe r four previo usly mentioned

group 8.

Afte r gra-uain r all of toe ex~ecte d extr~ s or C.c’s, va l ue
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stn t ement s  m u s t  th en be prepa red w h i c h  l i s t :

a. Toe C~R fea ture—— a detailed sta tement of tb-a item tc be

considered .

b.  e a t j o n a l e — — a  d e ta i l e d  st~~t e m e nt  ~~~~~ s.-icws ~~.e m~ t o o d s

aced to arrive at t~.e v a l u e  a s s ign e d  to toe f e a t u r e . Toe value s ioned

sn ou l d  cc considered from four viewpoint a :

(1) The ccst to toe organization in terms of ~~npower ,

equi oment , etc., of .-i~ ving to do witnout tois i’.~~.

(2) The coat cf cbt~ ining tn~ a ThF~ by in—house pro—

gremmin~— , cost of extra ~-j~ o zont , etc.

The coSt of p ur c o a s i r e~ th i s  O~~e f r o m  a~ meona

othe r toen the vendor.

c.  Toe t e m p l e t — — a  st ~~t ement  ~eioo s:eo~ s ~~Cn ’ to o value hi l l

be a w a r d e d  to va ry inr  a m o un t s  of toe i t - a m  m a d e  a ’.~- a i ~~’sle b the ‘;endor .

d .  Cost A s s e s a m e~~t — — t h i s  is a s t~a t e m e n t  added  a f te r tee

eva 1u~ t i on  w a ~ ch d e s c r i b e s  how a c o a t  wa a a s se s s ed  to the  v a r i o u s  b 1 d d i n ~

vendors for t~~e C t . er  ~v u t e m s  ~e~~u i r : e r it ( s ) .

Value sta tement -a are cf toree b~ sic tyoes and are asses s-e d

accordmn :ly .

• (1) ~ t a t o o - a n t s  of toose  i t e o a  o * v ng a 1o-~~l c~-- l  moi xi—

mum ye I ue (or a s_ essa b l e  cost~ . Item s cf th a ri ~ure a r e  tee C to e r  ~y s t ms

~e~~u ir emen ta whi co are availab l ’e from an : n d e :~~n 2 - a e t  so ur c e , i.e. , soft-

wa re p a c k a g e s , a u p p o r t , et c .  If a vendor w~ r~ to cn-arre an u~~ou nt  i n  ex-

cess of t:.e st ted .-~ I ac , t he i to: w o u l  a be a ur c e a  a- ~d instea d frcm toe

a l t e rna te ~~urce (at lea st for ev~~iuaticn purpo~~ s). ;.a refcre , toe h i m —

eat a s a e s a - ~ Ic cost :~~r t: - a c  req-i l re e~ ts i tea cost  r t~. t -~d in  the



temp lets for t. -~ se i t e m s  mus t  identify toe cost b y d e s c r i b i n g  toe: as toe

maxim~m 
c o a t .

(2) ~tate:enta of other items having an ap?roximo te

maximum assessable cost. Items of tn~s na ture .re Othe r ystems ~equire —

ments w o i c h  are largel y ojade up of fixed or rredeterzin ;~ ble costs , w i to

some cost elements which are dependent -upon the systems bid . An examp le

of thi s type mi ght be the estima ted develo rmenta l cost for special softwa re ,

where , if toe user were to do i t , i t  wo u ld i n v o l v e  o un p c w er  ( p r e d e t e rm in ab l e

cost) and equi pment (dependent cost). Item s of t h i s  tyre are identified by

stetinm toe approxim ate cost (value ) weico could be assessed for f~ ilure to

bid tea t item.

(
~

) ~ ta t em en ts of a t h i r d  ty~ e i n v o l v e  an i t e m  w h i c o

owes i t s  va l ue s t r i c t ly to coat avoid an ce issues . Items of te~ a type are :

loc ation of tr emn in— or t-~st oslitie s , spa ce requirements , etc. ~ orro x—

iza te v a l u e s  a r e  o eve r .  for  these ~t~ ms also , n o n e v e r , toe cost assessme nt

beco m es  west ver  toe; t ru l y c o a t .

Ar . examp le ta~ en frc:: ;r. Josl ie ’ s book , Anal y fis , esi -o,

and Selecti on of Ccm -~uter aystoms illustr a te s tee above points. (lzf , ~~
)

(1) Desirable Features: .~cco’untinc- Peport — Cpene —

tjno ~ rstem ca:ability for m31 ntainiri~ rcccr~ e of t i m -s  c h e r m e s  ni th respect

to users and  ~ob id en t i fi ca t i m n  c o d e s .

(2) P . a t i o n a l e :  In—ocuse cevelcp zent of an uccc’ant~no

report pro ora m would require an estimate d one :~~n—yeea r of systems software

analyst effort (~ 2C ,CcC); onc :s.n—year of pr om r-a mme r effort (;~c ,occ), an d

38 ,CCC in  coe~~u t er  t e - ;  . Thus , toe tot -i costs ~ar e 34~ ,CC~ . Tee de vo lco—

ment tise wo ~li ran~ -~ :rom t~~elvc to et -ot~ co months. ~evo1o~ r~~:it cf tee



pr ogram usino ccntr ctu~ l programmi ng support would cost an estima ted

~5C ,CCC an d c o n s u m e  twelve :cntns t ime . There fo re , a va lue of ~4°,CC~’

w i l l  be used .

(3) Temp let: max mum va lue r f  ~~~~~~~ ~~r co-i ld be

assigned for tn.e desired pa ck-i~~e. Value wi l l cc a5c:-ned , o:never , in

con~uncti on with a ~ualitative evalua tion of toe fulfillment of the re~ uire —

ments  b y ea cm v e n d o r ’ s pa c~:- - m e .

In o r d e r  to p r o p e r l y  ‘use toe Cost Va l ue Teconique for  e v a l —

u at ic n , it  is  n e c e a s ~~r to cr i n o  toge toer  a l l  of the mandatory requirecents

p a y me n t s  a O O  Ctoe r ~~ a to m s ~~ reeents pay ~unts over toe entire system

l i f e . In o rder  to do t hi s , four  a d d i t i cn ~~i oo i n t s  m u s t  be c o n s i d e r e d . ;

sys t em l i fe , p r e s e n t  va l ue , r e s i du i l  v a l u e , - m d  toe various procurement

method s av~ ili:ie. La cn of toese i t ems  w e r e  d i s c u s s -d p r e v i o u s l y .

3.7.~ Contra ct ~werd

Proposals m e e t a n g  toe me n d i t o r ;  r e iu i r em e n ts  and  co m p lysoc- w it h

tea p r o v i s i o n s  of tea c o n t ra c t  w i l l  ~‘e eve 1 t e d  a rd  a ~a rd ma de to tea t re-

s p o n s i b l e  o f f e r o r  wo c s e  ~rcp osa l is d e t e r m ~ n e d to be toe l o w e s t  overa l l

cost  to the  Oover rmo ent , p r i ce , and  o th e r fac t or s  c o n s i d e r e d  fcr tee uy

life . Cc -at to toe ~overnrcen t i n c l u d e s  t. .e o f f e r o r ’ s r i c e s  (e~~ui p m e n t ,

software , a nd s-u port) over the syst ems  l i f e , a s s e s a o e n t s  f o r  d e s i r~~c I e

feeturas n. t s a t i c f .  c t o r i ; ro .~aee d  and a r ;  p r e d et~~rm~ ned i n — n o u s e  eX~enses

for ~.ii-~ ins thli at ion coo operation. roes . aue l value w i l l  be ev al- u i t ec for

any  s y a t o m ( s )  woo re o w n e r s . . i p  res d,e s w~ to t~ e ~O vL r r u : e n t .

2



C.~iAPT~~ IV

OC~o_~~ .1 :.-1: T~ m ~~~~:x::; ::1~ _~~

Tnere are no scep le , ~r~~c c s e , ~ a o o t i t . t : v  measure s by which one S —

crim e can be aa~~d to cc b e t ~~er  t a ~ n e n o t o e r .  .-.. i t o o J g m  t ear s  is s t i l l  a

large amount of ~u c c t i .~~t -  ~ n . v : l v e d , r ea l  p r o g r e s s  has been m a d e  in m a n y

fa cets of toe s e l e c t i o n  ; r o c u a a .  .- o st  e x p e r i e n c e  r.a s s h o wn  tea t w i l l

ch a r t s  and  cr a p o s  w e r e  in. de~~u at e . ~ r c c -r e s s  mas be en made  ~n assistire-

toe sys t ems  arelyst y va r i ou s  a u t c m a ~~ed t e c e n s eu s.  s i m i l a r  p r o~~r e s s  can

be seen in O~~~~Oe ov l-u~~t i o o  teconso ue s - n s t r u c t i o o -i c ’ c i~~s and  s d i — t s z e s

p r c v a :  upor .  ep tee ~e rne l  m e t ~~c d .  • i t  - t . e  a d v e n t  of toe : - u l t i —

p r o r r a~~~an ~ , ’ u l t i e r c c e s s~ n~- :.ac~ aee , toe ev_ l ua ti-o n o rc co ss  w a s  m c d z f i e d

sea c..~ n~-ed to inci~~ee i~~ V C a ri d art ~~Ci~~ i c e n c o m ~ r ea , a s a u l a t i o r , end

sjritiietic programs .

TOC f u t u r e  seems to  hold scm -a ;romssae~ result s in store for toe

s v i l u~~tor .  T ask  ~r e u p  U ,  Federa l infor: :-ticr: y r o c o s a i n . : _ t e e d e r d u , r . s

release d Some -u ed el in e s on s t h nd rd b e n o ;e  r o s .  .~ new syst~ e nown as

Informa tion ~ystem ~esirn sod Op t imi : a ti cr ~ystem ~~::) is h eir -ic- deve —

oped . ( ( , lC~~ Thi s  e f f o r t  is str ivino to a r i a ly r e  t e e  e l - s t e m  9 5  a s o - i c — —

tLce orNoscation as a ~in.c -le unit r~~toe r than r u s t  to~ v.~ rio -us pa rt~

.~s cospat er O rP l~ e t ~ Cfl5 ~ re :eso~- l a t e r r a t e d , t e c e e i~~- u o - a  fo r  e a cr .  of

sec  : s~ st e m  ~e v e l c ~ ee at are oein~ ~~r i t~~ c-c-a tad . r. n a t u r a l e x t .  eaj .  on .

of co:pate r~ aad a rrc em ~Ltements is t r e n a l at i o n  of ti. ato t ss .enta into

prc~- raeLeni - Ln.-u~;-e t a t a .. e at .  • The ~~~~~ ~ro~ e ct  i s  d e s k  c-red to orr-d’uce

Su c o  a bJ. t-~~ • m a l e  ccc .~~le  :i on of t~~e ~~ Ja jo ~ec t  is  SOre time aws~- , a

sa~~:j cj en t  n ~~u e r  c: ~.oe J i C S  e n  ye cc en ‘Ic _ i ~~~~ a n d  t o - t e d  t o  or~~v e



validsty of’ t h e

I~ DC~ cons i s ts of  ~our _ odu l s s .  roe Ze ta :-ocrc-eoizer accep ts: (1~

soecifi ca.ti :—.- i d or t .~ e o-e s r e d  e t c i - ~~-e ~ t r - u c t u r e s  f~ om the ~oys i ca l sy s t e m s

d e e c ~— o p r o c e e s ;  ~2 c-d o n s  t i — n  o f  -da  t~ ~s summ a r i zed .  b y toe Problem ~ tste—

cient analyzer ; (~- )  t oe s pe c i f i c~ t~~ces  of tee ho rd as  r~ to be u s e d ;  àrod  (Ii )

toe da ta as  c u r r e n t l y e x i s t e  a n d  it s  s tcr a~~e s t r u ct u r e . I t  teen stores tea

data on toe s e l e c te d  d e v i c e s in tee form sp e c i f i e d . The t h i r d  m o d u l e , tee

Ccde ~ener -atcr, acceots sp-e cificsticns frori toe poysisa l des ion p r o c e s s  a n d

o rg en i z e s  tee problem statements lntc p r c c - r o n z s  r e c o — n z sn . - tee da ta in t e r -

fa ce as  s oe c i f i a d  toe ~ ta e~ oroa n i z e r .  c e d e  p r o d . . c - e d may be  c i t e - e r

m a c n i n e  code , ~ta te a~~te  in  o i c - . e r — i~~ve i  . ._ n - u ~~— o  ~~~~~~ o b c l ) ,  or ~a r a —

m e t e r s  to a so f t w ~ re : sc< o-u . :eese tw o  : : c du l e s  ; e r f o r m , eu t o:. tic eil y ,

toe :uect i : - r.i ri~ ci p r o - r a c e i n c -  ~ nd I l l s  c c n e t r u c t s : - . The fin-e l module of

5 ;S t i e  ~~E toC y e t - e z c  Z i c - .  o t ~ - r .  It  a cc er t s  t ..e cc de  c- e n.o r a t e d ,

toe t mari — s pe c i f i ca t i o r . s  e S  d e t e r m e n e d  b y tee :~~~:.ca l d e s i c - n sb - c - i t e m ,

an d  the ap e c o f i c a t e o n a  f rom toe Z~’t ~ 0 0 0r c -m i :er , a c - cd : r o d a o e z t . e  . r c - - : t

ir .forma tinn _ystem . This ey~~t-c m i s  n o w  read :;  to  e c c e p t  or.: ut s fro: to e

cn v i r c n m e n t  an d  p r o d u c e  the  necess ..r y  cut p u t ~ a c c o r d m e c -  to the r e o - u i r e : s n t s

exp resoed in the pro ole zo statem ent.

}d~~~or p r o t e c t s  ~ ec :l  a s  these w i l l  a l l o n  s i c - i c r  and c l e~~r~~r a n a l y s e s .

leers m- t:.cds , In tarn , w ill allow cleare r av ilue t i  tacr . -o o~~ues to be

dev elcped .

I - -I
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CiiAPT~R V

CCNCLtJ~ICNS ~~D CCA~~~NT~

The ba sic research question that must be s~~:~ ere~ ~s s~ fcllows:

..~ st methods are available to a manager ir. the evslu.ticn and selection of

a computer system or parts tnereof~

It appears tnat the ~~~or emp hasis wnicn a ma nager mu st pla ce in the

overall process is on a modifi cation in the initial analysis time . In

order to lessen t.:~ ~u:~~ ctivism , wnici is already ~ part of any eva luation,

and to les s en  t~~ cr ~.t i c i ~ z of ‘representa tiveness,’ considerably more time

and e f fo r t  mus t  be ex~er.ded st  t..e ~front  end ,” of any systems develoj. m~n t .

~mpha sis must be placed on data gathering and analysis of t.ie present system

or tLle proposed system . Tec~inique a nave seen ~~d are being developed whi ch

wil l  aid the ana lys t  in his work . ISDCS was already mentioned as the cur-

rent effort in systems design . l~any of the commercially available simula-

tors must be used in order to eva luate a users present system , as well as

the vendor ’s prcposed systems . Conce?tua l systems do not lend themselves

to the present conventiona l benct.marks. ~imulaticn and synthetic programs,

wtiichi are representative of tne expected process , are twc alternative s

that are auggested for concep tua l systems . This i~ recoz.n.ended in spite

of’ the questi onable accura cy of simula tion and the currant nonportability

of many syntheti c programs . One other a l te rn u t i v e  must be mentioned .

~enc~mark. should be run on system. wnicn are s imilar  to the ones wnich are

expected to be bid. Altr.ougn tmi s is not as  zat i sfactor~ as an actua l run

on the bidders equipment, a rougA estima te can be obtained from tai.

e8



V

experie nce . Ftr.ally, tr ~e system wi ll perform as expected if time arid care

are ta ceri in t~e analysis efforts as well as a careful usage of tme various

evaluation methods.

Througnout this re.ort I have attempted to maintain a genera l a?pr~~ ch

to tne problem . Computers~ aowever , are used in almost all prcgrams yet

they continue to receive inadequate attention . .iitness the tragic failure

of the 1). S. Air Force logistics computer system which was scrapped after

9 year s of’ effort and ,25C million. Its failure was attributed to many

cause s, some cf v.~.ich ~~~ tne aspect of systems specifications , testin,,

and ccmpute r ~~~~~~~~~~~ Any program manager ~~~ or similar ir~ ividua l

who is charged with d.evelopment of’ a system , be it a weapons system or a

computer system, must utilize many of’ trio areas contained in this paper.

In essence, a variety of sub~octs have been presented from wh~cn a dili~ erit

P2.i car. pick arid cnoooe as trie situa tion and applicable procedures allow .

e9 



V

BI3LIC~RAPHY

1. Arbuckle, R. A., Computer Ana lysis and Thruput ~valuation.” Com;uters

an: A utoma tion , l~ tl (Janu ary 1966), pp . 12—15.

2. 3owers, onald A., Department of the Navy, Automatic Data Processing

Equipment ielection Office, Raehington, D. C., Personal Interview.

3. Brocato, Louis J., ‘Getting the 3est Computer System For Your Money.’

Computer Decisions , 5:9 (Septembe r 1971), pp . 12—16.

4. Buchholz, s . , ‘A ~yntristic Job for ~
..essuring System Performance.’

13. ~y st ems Journa l, 8:4 (1969), pp . 5C9—3l8.

~~. 3uckley, Fletcner J ., t~ stima ting the Timing of ~orkload on ADP ~yste~ s:

An ~va1uation of )~ethods Used.’ Computers and Automation , 16:2

(February 1969), pp . 40—42.

6. Couger, J. Daniel , “~vo1ution of 3usir.eas system Analysis Techniques.’

Computing Surveys, Vol. 5, ~j&5 (Sept em~er 1075), p. lt~ .

7. Department of Defense, Directive 41c5—55, Selection and Ac’~uisition of

Automa ti c Da ta Processing Resource s, 19 2.~ay 1972.

8. Department of the army , AR 18—1 , ~ana gement Information ~ystoms.

Policies, Cb~~ctives, Procedur~e a rid Respcnsibilities , Aurust 1971.

• 9. Drummon , .. £., Jr., ‘A Perspective On Systems Performance ~.valua tjon.’

• I3~ Systems Journa l , 8:4 (1969), pp . 252—265.

10. Ferrari, Domenico, ‘s.orkload Czi~iracterization and Selection ~n Computer

Performance Measurement.’ Co,ni,uter, 5:4 (July/AuEust 1972),

pp. 18—~4.

11. Gamse, It. N. , Approa ch Plan for a Sta ndard Benchma rk Libra ry for Use th

Compute r System ~e1ection . MTR—2226. Bedford , ~assz Mitre Corpora ..

tion , September 1c7l .
90



12. Gene ra l Service s Administration , FYC 74-5, Management Acquisition and

Utilization of Automatic Da ta ?rocessinp- (AD,~~~ 30 July 1°74.

13. Joslin , £dward 0., Cost—Value Technique for Evaluation of Computer

System Proposals. Proceedings of’ the Spring Joint Computer

Conference, 1964.

13a. ___________, Appl ica tion 3encbma rks: The Key to Meaningful Computer

Evaluations. Proceeding. of tne Nationa l Conference , 1965 .

l3b. — , ‘The Validity of Basing Computer ~e1ecti on on 3enchma rk

Results.’ Computers and Automa tion, 15:1 (January 1966), pp.

22-25.

l5c. ____________, Computer Selection. Readinr , ~..ass :  itddison—Wesley

Company, 1968.

15d . ____________, ‘Describing ~iorklosd for Ac~uiriri~ AD? Equio ent and

Software .’ Comouter ar~ ~u~ D~ation, 16:6 (June 1, l96~’~, pp .

36—4C.

13.. ____________, ‘Techniques for Selecting AD? ~quipment .’ Data Yanac~e—

ment , 8:2 (Februa ry 1970), pp . 26—30 .

15f. ____________, ed. , Analysis ,  Design and ielectjon of Computer Systems.

2nd ed. Arl ington , Virginia : College Readings Inc.,1072.

15g. ___________, ‘Use ~equirements Costing to Select Your System .’ Com—

p~ter Decisions (August 1974), pp.  45—56.

14. ~.okay, Fred J. , LTC , Compu ter Systems Support and Evaluation Agency ,

Pentagon , aashington , C. C. , Persona l Interview .

1~~. Luca s, .-(enry C. , Jr. ,  ‘Performance Eva1u~tion arid Monitoring.’ Con—

~~t ing Surveys, 3:3 (september 1Q71), pp. 79—9 1 .

9~

• . _,_ - 
—.—-—--.- .-~ 



15a . ___________, Synthetic Progre m Specifi ca tions for Perfo rmance

Evalua tion . Proceedin~ s of’ A CZ’. Nationa l Conference , Boston , 1972 ,

pp. l041-lC58 .

16. ) :erindini, ... , Computer Systems Sup?ort and .v~ 1taation .rtgency, Penta gon ,

dashington, D. C., Persona l Interview.

17. hiller , ailliam V. , Jr., LTC , Compute r Systems ~upport and Eva lua tion

Agency , Pentagon , ~.ashirig ton , D. C. , Persona l Interview .

16. Clive r , Paul , Review of .~tu ndard 3enc~mar~c ~ffort. ..emorandum iteport.

Lepartzent of the Na vy , Automa ti c Da ta Processing Equ ipment

Selection Offi ce , ~ash ing ton , D . C. , July 31, 1975 .

19. Clive ri o , Joseph , Department of the Air  Force , Compute r Aciu is i t ion

Offi ce , i-isnscom Field , 3oston , ~.assachusetts, Telephone Interview .

2C. Parke, Ro~~’It ii. , Procurement of AD?~ in the Army : An Evaluat ion .

Iteport , Z~~y 1~)76 , Defense Systems Eanagement College , Fort

,/
/‘Belvoi r , Virginia .

21. ,/?ub l ic  Contract s  and Pr oper t ’~ ~an~p~a.ent, Coda of Federa l Rer~1a t i onc ,

Title 41, Chapte r 1C1, Federa i ?roperty~~~~~~emer.t Re~u~~tio~ s,

~ashington , D. C. , Gove rnment Print ing Offi ce , 1074 .

2 ..  Robinson , Louis , Com~puter Systems Pe r formance Evaluat ion (and 3iblior—

ra phy) .  I3~ Corpora ti on , ~ovamber 1972 .

25. Snoj e , ... i.., K. ~~. Kashnark, J~ ~~. Inghram ari d D . F. De cker , Systems

• Perfo rmance Study . Proceedings of ~nAR. . aXXIV , Vol . 1, Colorado ,

Mar ck~ 2—6 , l97C , pp. 439-53c .
24. Sreeniva sen , s~. arid A .  Kleir.msn , On the Construct ion of’ Representa tive

~yntae tl c .sorklcsde .  Report ~o. ~~~~~~~~ 3edford , M a s s :  Mitre

.orporaticn , ~arch ~~~
92

1 , 
.• --



2i*. 
____________, ‘On the Construction of a Representative uorkload.’

Coma. of ~~~~~~~~ 17:5 (Y.a rc~i 1974), Pr ~ 
127—1~2.

25. Strauss , J. C., A ~enchma rk ~ tudy ,  in ~~~~~ Proceedings of t~e ~~11

Joint Computer Conference, 1972.

26. Timmreck, £.  k.. , ‘Computer Selection Methodology .’ Ccz;uter Surveys,

5:4 (December 1975), pp. 199—222.

27. ~eihr ich, .i. Fred , ‘Computer Selection.’ Data Management, 8:2

(Februa ry l97C), pp. 3 1—35.

26. aood , David C. and Ernest ~i. Forman, Throughout Me urc~~nt ~~~~ a

Syntheti c Job Stream . ?roceed1n~ so f t~e ie11 . cint O~~ puter

Conference , Vol . 39 , 1071, pp. 5l—~6.

I
..

• — ~
.____ -. .. -. .- .. - . ..“ ~~- • ..• -
-. - . . k -*





- 
_ _ _—~ II - I

_ 
_ _ ci

I 

_  

- 

_


