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FINDINGS.OF THE STANDARD BENCHMARK
LIBRARY STUDY GROUP-

by

Dennis M. Conti

ABSTRACT

/-

V .

This report presents the findings of a
Government-industry study group investigatIng .the
technical feasibility _of standard benchmark
programs. As part of its investigation, the sTudy
group reviewed earlier efforts to develop and use '

standard benchmark programs. Several issues
dealing with the implementation, maintenance,
cost/benefit, and acceptAbility 'of standard
benchmarks emerged as a roult of this review.
The problems enoduntered by the study group,
notably the lack of an acgepted definition ,of
"repre ntativeness," prevented it from arriving
at af .,Oefinitive statement on feasibility,.
Howevelk, \several areas were identified as topics
requirfhg further investigation and are presented
in this feport.

Key words: Benchmarking; benchmark library;
selection of. ADP systeMs; standard benchmarks;
synthetic benchtharks; workload Characterization;
workload definItion.

1. Introduction

Benchmarking is. an accepted meichanism for testing
veindor systems in the competitive selection, of cOmputer
systems within bpth private industry and the Federal
Government. However, dile to the rising cost of benchmaj.kimg
on the part of both agencies and vendors, new methods need
to be ex'pIored?, that will help reduce the overall costs 6*
benchdarking. For this. reason, the concept of ,"stAndard"
benchmark programs has receivea renewed interest. A
collection (or '"library") .of such programs could serve as a
source from which agencies would select parameterized,
functional synthetic prOgtams to supplement .their normal
benchmark 'mix. tn this context, a "functional synthetic
,program" is a computer prograp which is written to perform

. some pre-defined ADP fuOction. Sevetal,important questions
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remain, however, related to the feasibility of such an

approach.,

A Government-industry study group was formed in 106 to
determine the technical feasibjlity of the standard
benchmark library conce0t. This report first surveys past

, efforts to develop and use standard benchmarks, and then
summarizes the,problems encountered by the study group. The
report ends with a set of conclusions and suggestions for'

futuf'e wo.rk.

1.1. Background

Government-wide concern for benchmdaing-related
proiplems ihas been evident since at least 1969 when it was
major topiic at Vie Conference on the Selection and

Procurement of Computer Systems by the Federal Government,
sponsored by the Office of Management and Budget.

In December 1972 the Commission on Governmept
Procu ement issued the following recommendati6n
(Recom endation D-14), Executive Branch [141:g

,
"Develop and issue a set of standard programs -to
be used as benchMarks for evaluating vendor ADPE
(automatic data processing equipment) proposals."

In response to this recommendation, the ,9eneral -Services
Adminlstration initiated and chaired La committee of
Executive Branch agencies which included the National Bureau
of Standards (NBS),- the Department of Defense, the Veterans
Administration, te National Aeronautics and Space
Administration, anti the (then) Atomic Energy Commission.-
The committee developed an Executive.Branch position paper

dated March 27, 1974 131 which stated that:
"The feasibility of developing and issuing a. set

of sfandard programs to be used as benchmarks
throughout the Federal Government for evaluating
vendor ADPE proposals has not yet been
established. If it is determined that these
benchmarks are feasible, it is the recommendation
of thi,s committee that the recommendation be
.adopted by the Executive dranch as stated by the
.Commission on Government Procurement."

The Executive Branch position paper added that: .

"The primafy objective of Recommendation D-14 was
perceived to provide a mechanism to reduce the
costs incurred bY both the user and computer
vendor in the bencherk process."

It also stated that:

A
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...much preliminary work needs to be done to test
the feasibility.of various approaches to.standard
bencW0Tks."

The position paper also, pointed out that "criteria had-. not
yet been establfshed for determining feasibility" and that
such criteria should be established "at an early date."

In May 1976, the Office of Management and Budget gave
notice in thee Federal Register of acceptance of
Recommendation D-14 on behalf of the Executive Branch, and
assigned lead agency responsibility to -NB8 as part.of its

. existing central management role and ongoing efforts in
bencbmarking. NBS was directed to "coeirdimuate and seek
advahcements in benchmarking within the execue4ii.re branch"

'and to "publish- various guidelines and documents, as
appropriate."

Shortly befoie this time, NBS. began a cooperative study
effort with participation from the LS. Department of
Agriculture and Bell Laboratories to examine the technical
feasibility 9f the development and use of funcqOnal
synt,hetic programs as a basis for a common-use ("stabdard
benchmark") library, one of several possible appro*ches
responsive to Recommendation D-14. All three of these
organizations had' extensive experience in the development
\and use of synthetic benchmark programs.

1.2. Perspective

,The technique of bencshmarking remains a necessary and
important tool in the competitive evalualion and selection
of computer systems within both privte industry and the
Federal Government. This is true for several ,reasons. It

is acceptable to the computer. industry as a fair and
unbiased live test of a vendor's proposed system. tVt is a
'mechanism by which an agency 'can model its current and.
projected workloads in sue( a way as to ensure that the
vendor's proposed system will be of an appropriate size. It
is 'a test- mechanism Which Cs repeatable within acceptable
limits from one vendor to the mext. Finally, for most batch
benchmarks, the benchmark can be run against the newly
installed system as part of an agency's accelotance testing
procedures.

Benchmarking as currently practiced within the Fede-ral
Government usually consUsts of five distinct phases. Dur,ing
Phase 1, the workload to be performed by the new system is
defined. *This usualfly requires an analysis of the current
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woikload, a prediction of its future grQwth, and an estimate
of new.applications. In Phase 2, a benchmark is constructed
to represent the defined workload, often in terms 'of some

criticag period of the workload' (e.g., a peak month).

During Phase 3, the -benchmark is tested, sometimes by

running it on a system other than the agency's current one.
The benchmark is then modified to eliminate any errors or

major mach.ine dependencies,.and is suitably documented for

vendor Use. In Phase 4, each competing vendor makes

necessary and allowable changes to the benchmark in order
for it to run on his system. Each vendor also undertakes.to
configure a system capable ''of processing the benchmark
witriin some- agency:determined time constraints. Finally, in

Phase 5, the benchmark is run as part of a timed live test
demonstration, and its performance is compared against the

agency-dpfined constraints. During each of these Olases, a

cost is incurred either by the agency (Phases 1, 2, 3) , by

the vendor (Phase 4) , oc_by b_oth the agency and the vendoiH

(Phase 5). The impact of the benchmark library concept on

each of these costs As discussed in Section 3.3.

Although benchmarking is an importanl, sizing tool, it

is noi an exact one. Benchmark runs are approximations to

trm: workload cmands over some "agency-determined time

frame. The degre'e Jo which a benchmark is representatie of
the trAle workload depends upon the comNexity of the rea

workload, the acciaacy with which filure workload demad.

can be predictea, and the amount, of effort the agelcy

invests in the worklodd definition and benchmark

construction phases. Producing high-quality benchmarks is

,r1
usually a very expensive prQcess for an agency. o -quality

benchmarks, on the other hand, arQ less e ens)ve to

produce, but risuakly result in higher.costs to the vendors

(as in the case of poorly documented programs), in addition

to a higher risk th,14 the procured system may kot adequately'

.
satisfy the agency's requirements. It is 4the need for

high-quality benchmarks at les's cost tq both tl-W.agencies

and vendors that has pr.ompted various efforts to establish a
library of standard benchmark programs.

2. Prev.ious Efforts

Several early efforts, notably those within the

Department of Defense, attempted to address the benchmark
library concept. Other related works include the use of

standard benchmark prOblems by the Auerbach Corporation, a
paper by Lucas' in J972 in which he outlined a set of moduie

that could be used to construct a functionpl benchmark, dnd



a study by the Mitre Corporation ih 1975 in which results of
a limited test of the benchmark Jibrary concept were
-presented. More recently, the use of an internal set of

standaLd. benchmark programs by the U.S. Department of
Agriculture in their own procurements appears to be the most
pr9mising effort toward establishing feasibility. Each of
these activities is discussed 'in more detail below.

2,./ts: Department of Defense Efforts

a. Air Force effor.ts

In 1971, i*Y study conducted for the U.S. Air Force by
the Mitre Corporation MI resulted in a plan for a standard
benchmark library for use in the competitive selection of
computer systems by the Air Force DirectOrate of-Automatic
Data Processing Equipment Selection (MCS). The study
'ncluded-a feasibility study and an,economic analysis of the"
tandard benchmark approach as it applied to Air Force

procurements. The study outlingd the 'objectives and
.operation of a ben'chmark libraty, 'and presented several
.issues related to its use. Among the issues raised'were:

1. Could vendor systems evolve in such a way that they
would eventually be "tuned" to process the standard
benchmark programs in a manner moCe efficient than
the real workload?

2. What form should the benchmarks take (e.g., actual
user programs vs. sullt CPU and I/0 (synthetic)
modules) ?

3. Can users build representative workload models
(i.e., benchmaes) using sandar.d benchmark
programs?

This last point ,was determined to be "the! single most
important issue in consideration of an MCS standard
berwfimark library." Because of this, it was suggested that
"a trial run of the use of library programs to specify
system workloads should be performed before the Pibrary
concept is fully implemented.:' The study.also estimatd t.he'
level of staff and computer resources_ needed to implement
the library, in addition to the dollar savi'hgs to the. Air
FOrce based on its use. Because the investment decision
-would "just about break even" (i.e., costs would equal
benefits), it was concluded that the decision whether to
implement the library Should be based on non-ponetary
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/benefits, such as reduced time to complete a procurement and
reduced vendor costs. However, the study added that the
mcTt critical problem was whether user workloads could he

represented by benchmark programs chosen from a.standard
library, and that this quest4on could only be answered
through experience. The study called for an early review of
feasibility and a test run of the library as soon as it

became operationa*l.' Apparently no further wor+ was
undertaken on this effort;

b. Army efforts

The development of standard benchmarks within the
'Department of the Army began in September 1972 in response
to recommendations made by a Department of Defense (DOD)

tak force investigating the time and cost of ADPE
procurements. This dsvelouient effort became a full-time
project within the P.S. Army Copputor Systems Support and
Evalua,t4on Command 4SACSSEC), although the project was
coordinated by a joint vteering committee composed of

nembers from the'Army, Nav/, Air Force, and Defense Supply
Agency. Initial efforts centered on the development of
functional synthetic benchmark programs, data files.- to he

used kw the synthetic programs, and the development of a set
of procedures for the use, distribution, and maintenance mf

the programs;

A Contributor's Symposium on Standard Benchmarks was
held at USACSSEC in October 1972 tor the purpose of refining..
the standard benchmdrk concept. Participants at the

srirposium included representatives from ADPE vendors, the
(then) Business Equipment Mipufacturer's Association (BEMA),
interested universities; A6PE research firms, and the joint
.steering committee. The following excerpt from Department
of the Army Pamphlet No. 18-10-2 LI summarizps the results
of this meeting:

"The symposium was keyed to the 'utility' of

standard benchmarks, using the Steering
Committee's concept 'as a 'strawman.' The sympQAum
was successful in meeting the established goals
and in familiarizing many of,the potential users
with this concept."

Whe USACSSEC effort resulted in a contract with Galler
Associates to "define a 'tandard benchmark' and its usage."
Although the GalAer contract culmihated in an extensive
teport [4] describing -a "kernel" approach to the Itandard

.1penchmark concept, the-USACSSEC nevertheless felt that there
were still several unanswered questions and unresolved
problems. Among ,.these was the "problem of mapping .Crser
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work1oad4equir(ements into the proper set of "kernels." TtAis
appears to he the extent of the.USACSSEC effort'.

c. Navy efforts

4

A related effort was begun in June 1973 within the
Department of the_ Navy's ADPE Selection Office (ADPES0).,
This effort, partly_iq suOport of the DOD e'ffort and partly',
ror'in-house use, was directed toward developing a small set
of synthetiC programs which could be used to "enhance an
existing set of natural benchmarks in order to gauge
specific system characteristics!. 121. Although the Navy
effort produced five synthetic benchmark programs in which
parameters could be set to force a. prescribed load on
various system resources (e:g., the CPU, I/0), several
difficulties were reported. Among them were the dependency
of the parametews on the nature of the system being
evaluated, and the "sheer magnitude of the number of
combinations of program parameter values" [13]. The study
concluded that 'although synthe,tic programs could be
controlled to produce a prescribed processing load on a,
givell system, it was not possible "to arrive at a

generalized, comprehensive, ,and accurate model of system
workloads except in the most trivial cases." It added,
however, that f one accepts a 'modest' workload
characterization, aimed more at reflecting extremities and
crucial areas.rather than comprehensiveness, it is,possible
and reas'onable to construct a benchmark from a set of
synthetic modules." No further work has been reported on
this effort.

2.2. Auerbach(Stahdard Benchmarks

Perhaps the earliest reported use of standard
benchmarks was by the Auerbach Corporation 'n the
development of their Standard. EDP Reports [6,7 . These
standard "benchmarks" were actually problems tha, covered a
number of'commonly performed ADP' functions, such as file
updating., The problem were hand-coded in assembly language
for each vendor's system. Published 'instruction ,t,-i-Res were
then used to calculate stand-alone problem time'. 'Kr-lumber
of standard equipment configurations were defined to make
comparative vehri.o.r_ evaluations easier. Execution times were
estimated for each problem on each uonfiguration. Users had
to relate their special needs to these stagirilard problems,
And., because they were coded in assembly language the
problems were written differently for each vendor's'system.
The problems were not actually run on vendor systems, .and

1
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the estimated execution times. did .not consider
,multi-programming effects. This approach tas apparently not
been uaed since approximately,1971., -

2.3. Lecas Modula a.

- In a 1972 article [91, H. .Lucasiggested that"a set

qf industry-wid synthetic mOd'ules be developed and provided
lpy each computer manufacturer .for his equipMent;" The
interwipd 'use of these.modules w'as primardly to assist usep's

in modeling their workload (i,e., consteAlCting a benchmark)
'for use n the selec on process.

Tf),e proposed s tic modules were divided into three

categoriesf compi attributes, opetating system

- attributes, and program execution. Both thd compiler. Ad
operating 4ystem categories contained modules primarily

111
concerned wi"tt evalu 'ng error detection features Th'. e

program execution c tegory attempted to "Cepresent all of
.ttle coMmon .operations found in both commercial and

acientific data prOcessing." Examples of auch execution
modules are: fixed_ point operations, stress analysis,

forecasting model, :and fixed length record update. Each (Jf

these proposed modules had associated with it '6ne or more
adjustab.le, but very general, parameters. Sample parameters
included: number of calculations and prec-iSion, size of

pr.oblem, number of forecasts and number of periods, ai'vd

number and size of fields updated: J .

Although Lucas suggested.that.a user .could ,const ct a

iprichMark by selecting a group of. .syntheti,c' modu1ek from

such a collectipn, :he did not specifically ,address .the

problem of. how -this mapping from user rtiquirements into
synthetic modules and parameter settings Should be done.

simply states that "the evaluator must determfne the

anticipated.job lod for the system to be evaluated" and

'that "he tOen selecn repve, tative models (i.e., synthetic
modules) sand joins them-toge0 er into jobs which model that

load."

2.4. Mitre-Study

'A study conducted by the Mitre Corporation in 1975 18.1

for NBS. stated three primary objectives: "to develop the7.,

.Applications, Benchmark, Library concept, to perform, a'

preleiffi.nary feasibility test of`this concept and to.identify
.related areas for further study." The "development of the

8
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cotrept" cqnsisted .of a suggested approach concerning the
"strUcture, cre'ation, t.leL maintenance, and document3Cion of'

an application library, -'The "preliminary test" consisted of
a controlled testing of two parameterized application
programs, one written in FORTRAN.and the other in COBOL.
-PAr.eas fpr further study" included investigations into 0*
"operational" -and "eConomic" feasibility of the library
concleplpt. One of the .ggested "operational 'feasibility"

1tests !includea testing the ability to map user progrAms into
4 library prograas. 1n-summary, the.Mitre report suggested
'physical structure for the library, outlined a library*
maintenance procedure,-and showed that the resource demands
of parameterized' programs could be controlled in a

predictable manner.

2.5. Department of Agriculture Experience

In 1972-1973, as part of its procurement of a new
system for which few operational programs existed, the U.S.
Department of Agriculture (USDA) undertook to develop a set
of functional synthetic benchmv.k programs. Although the
procurement was subsequently consolidated with other
procurements, the same benchmark programs, with revised
workload estimates, were used for this consolidated
procurement. Three vendors esubmitted proposals, and all
three demonstrated their proposed systems using the
synthet-ic benchmarks. The consolidated procurement was
cancelled, however, without an award being made. At the
present time, USDA is going forward with several new,
independent computer procur-ements. Each procurement
involves sizing the , present and future workloads fokf a

Aifferent-gfoup of USDA agencies. The same basic set of
synthetic '11t4.1<hmark programs used in the original
consolidated procurement is being used for several of these
:prg,yurements [10]. However, the programs have been upgraded
irAta number of ways since they were first developed. Mo(re

iaportantly, a standard procedure was developed by USDA for
Ats agencies to follow in projecting their workloads .ind

#16ppiiig them to the synthetic programs. The following'
Parpgraphs discuss the USDA benchmark programs, the workload
_Mapping procedures, and varioulkotechnical considerations and
issuds related to the USDA effort.

a-- Structute of the programs

Each of the USI; benchmark programs is designed to
perform some wobmon- data-manipulation. function. 'Major
categories of fbncticins are: (1) batc1K_.. versus on-lirte

9.



processing, (2) serial versus non-serial data accessing, and

(3) data retrieval versus data update operations. A

'Synthetic program was developed to represent eacp required

combination of these major categories (for example, "batch

serial update") . This erfort resulted in a set of synthetic

programs which represent distinct ADP operations across many

applications, rather than programs which represent complete

applications (such as "payroll"). The synthetic programs

are Inherently quite small and generate little CPU load

except for that associated with moving transactions and data

records in and out of memory. A :Common routine is

incorporated into each program, however, which can be set to

:consume any amount of CPU time and any amount of Memory.

All on-lihe synthetic prograins are designed to execute in

conjunction with vendor-supplied transactiow, processing
software, which is expected to pass to the programs. one

transaction at a time on, a demand basis.

The synShetic programs are supported by a number of

other .software and procedural components, which together

constitute a benchmarking system. These supporting programs

include: a dota generation program, a post-demonstration

analysis program, a workload mapping procedure, and a

workload tally program. Some of these components are

relevant to this report and are therefore discussed at

greater length in the following paragraphs.

b.1 Tec4ical cotsiderations

By virtue of its use in actual procurements, the USDA

benchmark system has had the benefit of several ciitical,

technical reviews. The more salient technical issues of the

U$.0&standard benchmark effOrt are discussed here.

First, it has been proven feasible to map the workloads'

of a variety of USDA agencies to the benchmark programs. ,

This issue is discussed at greater length in the next

section. The USDA mapping effort did result in one or more

new synthetic programs, or, variations of programs, being

proposed in ,order to more closely match certain Tajor

workload functions. Each proposal for a new program' was

evaluated to determine whether the resulting improvement in

representativeness would be sufficient to justify the cost

of developing the new program. On oczasion, new programs

were deemed to We necessary.

There was considerable concern at the outset of 'the

USDA effort whether a vendor could take unfair advantage of

some inherent characteristic of the synthetic programs

Y
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for example, hy placing Che enfire executable portion of
code in a small, high-spped memory. The approach USDA took
in dealing with this issue was to attempt to identify each
pot itial weakness and'correct it. A technical solution was,

, deve. ped for each potential.weakness that was identifie.d.
USDA ports that no..weaknesses have since been found which
could not be overcome.

One majOr'problem which UDA faced was interfcing
their benchmark programs with\sophisticated vendor software'
l'for which standards did not exist. Although this issue is
not peculiar to synthetic programs, it is nevertheless
important enough to mention here. In particular, \the USDA
benchmark depends upon a transaction processor and a

data-base managettint system. However, only the most
fundamental functions,of these subsystertis are used and even
then, the vendors ar41. allowed to modify the program
interfaces. Although a more accurate workload
representation could be produced if segments of the
benchmark programs were tailored to the vendor software,
this was not deemed feasible for a number of reasorrs. One
major reason,\Apresumably, was the destre to run the same,
untodified programs on all vendor systems.

One potential weakness of standard benchmark programs, 4,,
-rred to in Section 3.1 of this report, is the potential
the programs to influence the evolution of vendor

systems. Nothing in the USDA experience can provide an
answer one way or.another on this issue.

c. Workload mapping

Because the current series of USDA.procurements involve
ih.veral different USDA agencies whose computer processing is
performed at various computer centers, each agency is
required to project its own future workload to be supported
by tile new systems. Technical personnel supporting the
procurements, however, do provide the discipline to assure
the compatibility of format, in addition to combining the
workload projections for each center.

Early in its procurement efforts, USDA deemed it

necessary to use a standard procedure for mapping agency
workloads to the synthetic benchmark programs. Such a
procedure was .developed and has since evolved as personnel
of several USDA agencies have used it. The_workloadlnappfing
procedure is incorporated into this, repoct as Appendix B.
In summary, the procedure consists of four steps:

11 N



1. Identify major agency'functions thaticesult in tin

ADP workload. Where practical, functions sa\e

budget line .items, s-uch as "cotton. 'Mans.°
Establish a discrete unit of actiVity nieasure fbr
iach ftinctio; (e.g., "dumber of loans").

2. Determine what ADP operations result from on

occurrence of each function. These ADP operations
are further quantified.in terms'of- occUrcences of

various sVnthetic benchmark programs, or other

specifie benchniark workloads, such as program

compilations:

3. Project the units of activity for-each...major. agency
function' over the system life. Whert praCtical,
this activity is performed by budget personnel or

othervnod-AyP persons.

4. Extend the quantifications of agency functions to ,

ADP operations; i.e., to synthetic programs and

other benchmark components. USDA has developed a

computer program to assist its agencies in

uorforming this step.

Step 2 above appears,to b( the most tedious, and cequires

that persondel have a thorough knowledge of thelr ADP

.operations. These perspnnel must also be thoroughly

familiar with tfie synthetic -benchmark pcograms. USDA

reports that apprpximately eight hours of Nutoring are

required to familiarize personnel with these procedures.
Further discussions are sonletimes necessary to clear up any

misunderstandings that may surface later. Nevertheless, it

is reaprted that agency personneithout prior knowledge

of OM benchmarking s'ystem, ha e performed the mapping

process effectively, and in several instances, with

relatively little training. This training procedure has
been the source of sorn changes to the synthetic programs,

since it is here that new people have the opportunity to
review tittle programs and surface,deficiencies with respect to
the way the programs represent real ADP operations.

.4:1: Effectiveness

The,USDA benchmarking system appears to be satisfying

its three maior objectives..

First, a single,procedure and.a single set of tools and

programs are- serving to benchmark a series of systems.

Repetitiv use of the same tools will certainly result in

\\,



much better calibration and much le\ss cost to thle Govetnment
than would the developmerit of a. new benchmark for each
procurement. It is premature to Claim similar cost savings
for the vendors, but it seems likely that their subsequent
benchmark coatis using these programs will be reduced.

Second,'in order to .-equalize, their proposals, all
vendors. are provided with the same demonstrable workloaa.
The fact that title original, albeit aborted, procurement
resulted in three clmonstrated and proposed systems
indicaes that this objective was achieved. The three
vendors who benchmarked in this early procurement effort did

- not report any suspected biases in the sYnthetic programs.
In fact, a bias was claimed in one of the few operational

Sk programs whi.ch were included in the benchmark. USDA reports
that recent analysis of veilOor proposals and benchmark
re ts (which cannot be-publiShed for proprietary reasons)
ndicates that the three responding bidders were-as close in

their configurations as could be established by such
comparisons.

The third USDA objective was to assure that the sys ems
which are proposed have the proper capacity to perform the
projected workload. Strictly spenking, the only way to

prove that this objective is achieved is to track the
inaalled system's ability to meet the workload demands over
the system's life. This assumes of coutse that the workload
projections can be accurately made. .As a practical matter,
there are a number of other ways that the confiden e leve
in the "correctness" of these benchmarks can be im ro
Steps which USDA has taken include simulation, analytical
analysis, and extensive execution. of the benchmark on;

multiple systems. Some of these efforts have led to a more'
1 c,areful analysis of different elements of the benchmark and,

in certain instances, have _resulted in various adjustment-s
to the benchmark programs themselves. In general, this
analysis has supported, to the extent possible, the validity
of the USDA benchmarks.

3. The Benchmark Library Seudy Group

Because it was assumed that enough work had previously
been done to determine . the feasibility of a standa.rd
benchmark library, an NBS-sponsored study groulp was formed
in 1976 to address this question. As will be seen, this
assumptiot proved false, principally because there existed
neither fithin private industry nor within the Government
any accepted criteria for determining when a benchmz6k w41.
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"representative" of a computer workloir

The study group consisted of perSonnel from the
Department of. Agriculture, Bell Laboratories, and"NBS. It
met severalktimes between March 22, 1976 and October 13,
1976. The stated objective of the study group was to
...attempt to esta6lish the technical feasibility of

benchmark library concepts for use within the. Federal
Government." In order to accomplish this objective, the
'following tasks were established:

1. Define relevant terms.

2. Determine scope of the benchmark library.

3. Identify potential problems associated with the
benchmark library concev via interviews and a
detailed review of pr ey4u s efforts.

4. Determine. criteria against which a proposed
benchmark library can be evaluated for the purpose
ot determining its acceptability. Although
evaluation criteria shoulki he established for four
major areas (technical, management, cost, and
acceptability), aemphasis was to be placed on the
technical aspect:73.

5. Apply the evaluation criteria established above to
existing or proposad benchmark library prototypes.

6. Based on the above results, determine, in general,
whether any benchmark library (existing. or
propose() is technically feasible (i.e., adequately
satisfies the established evaluation criteria).

Task 1 repulted in a glossary of terms (see Appendix A) . As
a result of Task 2, the following scope was defined:

"The study will,. address the feasibility of
estalijishing and maintaining a library of
syntg?tic applicatjpn programs which will be
useful fOr inclusion in benchmarks. More
specifically, 'it will be-limited to programs with
these characteristics:

(a) They may be written in standard COBOL or
FORTRAN and must contain only standard
components of those languages:
(b) They are capable of representing batch or
on-line transaction-processing applications

14
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primarily of a."- 'commercial' (vs.
'scientific') nature which are describable by
well-defined functions."

The tesults of Task 3 are described below. It soon became
apparent as a result of Task A that determining the
technical feasibil.ty of a library of standard benchmark

,programs require 'much 'more . preliminary Work than had
'already been d . Section -4 of this report discusses this
'problem -in more detail, .and Section 5 suggests fliture
courses of action.

'Several issues evolved during the course oNhis study
relative to the implementation, maintenance, cost, and
acceptability of a library ot standard benchmark programs.
The following paragraphs briefly discuss each of these
issues and attempt to assess their impact on the overall
feaibility of standard benchmark programs.

, 3.1. Implementation Issues

a. Identification of a set of ADP functions common
to many agencies

Cen'tral to the standard benchmark concept is the
assumption that there exists a reasonably small number of
App functions common to many agencies. Before a benchmark
library could be developed, tt would thus be necessary to
first identify these functions. This could be accomplished
eittler by surveying large Government installations or by
reviewing the prooessing and benchmark requjrements found in
recent computer system Request for Proposals (PPP's).
.Assuming such a set of functions exists and can be
identitied, then benchmark programs could be written or
obtatped to iMplement these ADP functions. It is this
colleNtion of benchmark proqrams-4alich would constitute the
benchmark library.

b. Ability of benchmark programs to accurately
represent agency workloads

Given that a.set of common agency functions can be
iFlentified, a related, but equally importantt question,
remains: Can the benchmark programs which implement these
Aunctions be. combined and parameterized in such a way as to
accurately represent agency workloads? For example, it may
be found .that many agencies perform a particular type of
sort functOn. Although a benchmark program could be

15



writtbn to duplicate this function, the question remains
whther the prOram can be parameterized to adequately
at'cOUrit for differing agency volumes, ftle strUctureS, etc.
This problem is further complicated byVtjae lak of an

accepted definition of what it means for a 1."AnchMark to be
"representá ive" of a workload. 4

c. Synthetic programs could produce "overwhelming side
effects"

6%. A suggested alternative to the "functiOnal" benchmark
programs alk:Oescribed above is the tise of resource--.0riented
synthetics, These synthetics are parameterized programs
whichr (.-an be controlled to place a prescribed load on ma:j4)r
system resources. -The resource-oiiented synthetics peeform
no useful work, but rather they exercise selected system
resources in some pre-defined Manner, for example looping on
a series of CPU-bound statements. One (If Ihe problems that
has been raised relative to the use of resource-oriented
synthetics as standard .benchmark progiams is their inabilitY
to represent a given workload's resouTee demands across
system lines 1131. For example, beca-use they are usually
written in a higher-level language, the translation of

certain language constructs, such a's a PEFi'FORM statement.in
COBOL or a DO statement in FORTRAN, may produce .stich
drastically different resource ,demands from .system to

system, that t.he synthetics ability to represent the lea!

workload is deStrpy4.

d. Unknown effects of optimizing compilers on
. "stylized" synthetic,programs

Another problem that has been raised ielative, to the

use of resource-oriented syntheti'c 17)rogramf; concerns the
unknown, -uncontrolled effects of optimizing comp leis MI.
Because they are highly "stylized" (i.e., a tificial in
nature), such synthetic, programs may be more Aor less)

susceptible to the -effects of optimizing compilers.
Consequently, the resulting performance impact on the

synthetic dprograms may not be typical of that which would
occur to the real'workload. This problem also applies tO

some extent to functional benchmark programs.

e. Possibility of inherent biases for or against some
vendbrs

A problem related to the use f any set of standard
benchmark programs concerns the possibility of inherent
program biases for or aginst som vendors. Although a

,
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benchmark should place a representative load on each
.vendor's-system; the benChmark should -not perform actions
above and beyond those needed to represent the actual
workroad. If it does, the benchmark may unduly bias one
vehdor over another.

.A suggested Solution to this *problem is the .

incorporation of some mechanis , as part of the library's
normal maintenance procedures, for responding to and
resolving vendor complaints. ouch actions may consist of
eliminating questionable programs from 'the library, or
modifying them to the Satisfaction of all vendors.

f. Possible evolution of vender syg-tems tailored to
benchmark prograth

ASsuming that a libr.ary of benchmark programs is
usable, the 4.1estion has been raised whether vendor systems
will evolve in such a way as to maximize the performance of
he benchmark programs, at the expense-of the workloads
which will actually run on those systems Some continuous
mechanism would therefore' be needed, again as part of the
library's normal maintenance procedures, to monitor the
possible development of this situation.

g. Inability of synthetic programS to adequately test
compilers, operating system conefrol features, etc..

Finally, because of the limited number of programs that
might be in a benchmark library, there is'the danger that
such system functions as compiler diagnostic procedures,
operating system utilities, etc. would not be adequately
tested. However, as suggested by Lucas [9],- sta.ndprd
programs for testing these features could be developed. 14.

3.2. Maintenance Issues

a. Abilitoof benchmark programs to meet
state-of-the-art changes

Because of the highly dynamic nature Of computer
architectures and languages, a library of benchmark programs
would have to be adequately maintained in order to prevent
them from becoming obsolete. Obsolescence may result either
because the programs would simply no longer run, or ecause
they would be incapable of representing- important, new
architectural features. This latter point is exemplified by
the recent popularity of paging systems: -a benchmalk
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program not capable of,representing the pattern of, metory

r.ef*rences of a functional application could be biased
ther in-favor of o,r against some vendors. These potential

problems, of course, also amily to current benchmark
methods. In oraer to *keep the benchmark programs consistent
4.rith state-of-the-art architecture and language features, an
on-going review of the benchmark library programs would be

needed.

b, Mechanisms needed to resolve agency and vendor
problems and complaints

Irrespective of the particular benchmark programs in

the library, no set of programs will satisfy all agency

needs. Also, it is possible that a vehdor may 'claim that

one or more of the' programs is biased for or against a
particular system. Prompt' resolution of these problems
requires a maOtenance mechanism capable of extending the
library if enough agencies find it deficient in particular
functional -areas, and of objectively testing vendor claims

of bias.

3.3. cost/Benefit Evaluation

As input to an overall feasibility study of the

benchmark library ,concept, the cost of Such a library, in

relation to its expected dollar benefits, shguld be

evaluated. If' a library of standard beechmarks were

developed, agencies would have access to w411-documented
programsi easily portable across vendor lines, with which to
construct or supplement their normal benchmark mix. This

would result in reduced time and cost to, agencies in

,constructing and db.tutenting their benchmarks,. as well as a

reduction .in Vendor conversion costs. In addition,

well-documented and tested benchmarks would most likely also

reduce the time to complete a live test demonstration, a
cost savings o both agencies and vendors. In a full

cost/benefit' ,evaluation, these benefits should be weigilled

against the cost to develop, use, and maintain a library of

standard benchmarks. The benchmark s'tudy group did not

conduct such a cost/benefit analysis other than,to identify

the above factors.

18
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3:4. Acceptability to Agencies and Vendors

As part of a gReral feasibility study on the benchmark
library concept, the anticipated 'use of the programs by
agencies would ,have to be evaluated. This could be
accomplished, as an example, by offering-a preliminary set
to a number of agencies -condlActing procurements and
evaluating .their use of the bencliilark programs. It should
be' pointed out that several procurements have alreadY taken
plAce in which agencies have used pre-existing benchmark
programs because they %,/ere available; well-documented, and
fairly'representative in function.

In addition to ,evaluating agency acceptance, vendor
response s'to the standard benchmark concept should be
solicited. It is anticipated that some vendors will welcome
clean, well-documented progr,ams as a way of reducing their
benchmarking costs. As stated in the Executive Branch
position paper. on Recommendation D-14, "CBEMA's (Computer
and Business Equipment Manufacturers Association's) pcimary
concern ... is to insure that benchmarks take a form such
that they can be constructed to be representative of the
user's, needs, to be consistently representative across
vendor equipment lines, and not to restrict the vendor's
ability,and responstbility to configure his computer systems
for most efficient processing." The vendor community has in

the past cooperated with Federal efforts to arrive at better\
benchmarking approaches (a good example of this is the joint
Government-Industry Remote Terminal Emulation Project (51).
There is no reason to believe that vendors would not
cooperate in addressing the standard benchmark conc9pt.

4. problems Encountered in Attempting to Determine
Technical Feasibility

In attempting'to answer only the technical feasibility
question (and not such other related questions as
cost/benefits, acceptability, etc.), the benchmark library
study group determined that a Ot of evaluation criteria
should be established. Using these criteria, a candidate
benchmark library could then be dbjectively evaluated as to
its technical acceptabili,ty. These criteria were to .be

,estabiihed apart from any particular benchmark library'.

As a result of a concerted effort to establish such
evaluation criteria, it was soon determined that there.was
no common' agreement among the study grbup members (or for.
that matter, Within the ADP community, as a whole).concerning
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the Meaning o.f "representativeness" ap if applies to.

benchmarks of existing workloads. Since the

representativeneS's question was central to, the evaluation
crit,eria, this raised an obvipms 4stacle.

A-
For discussion purposes, .a theoreticAl approach was

developed foi' defining "repres-entativeness." A series of

experimental tests (i.e., "vvaluation criteria"). were
proposed such that'if a candidate benchmark library "passed"
these tests, then it would be deemed "technically

acceptable," at least as far as its "useability" and

"portability" are concerned- (see Appendix A for a definition
f these terms). This process is outlined in Appendix C and

is an example of the type and complexity of evaluation
criteria which the study group envisioned. It was generally
agreed, however, that current benchmarking practices are not
subjected to this level of rigorous definition and that such
a degree of representativeness may hot be achievable in

practice. This did point out the need, however, for an
empirical and acceptable test of representativeness.

4 Finally, in attempting to determine technictil

feasOoility, the question arose whether the standar'd

benchmark approach shoulS be compared against existing
. benchmark construction approaches or whethe-_it should be

examined on its own merits. Since more traditional
approaches to benchmarking have-themselves never come under
close, scientific scrutiny, it wasikbelieved that the

benchmark library concept should be 7valuated relative to
existing practices.

5. Conclosjons

Based on the previous findings, the benchmark .library
study group concluded that although the standard benchmark
library concept has been used with apparent sdccess within

particular agenCies (e.g., USDA), the're is not yet

sufficient data to establish the feasibility sudh an

approach for Government-wide use. The continuei use of such
an approach by USDA, however, and their post7installation
experience$ will -1.pr,ovide more useful daea to\help answer
zome of the 7 issues and problems -raised ."arlier.

Furthermore, t e use of USDA's benchmarks by other agencies
on an ad.hoc basis will also provide valuable experiential
data to help further answer the feasibility question as it

applies across agency lines. To this end, NBS is curttntly
exploring with USDA the possibility of Maki9g the'USTA
benchmark programs, along-with a companion userys. guide,

2 0 4$)1.5
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available to all Federal agencies. If this is done, the
benNimark material would be distributed through a central
source, such as the National Technical Information. Service.
(NTIS). Requests for tRe benchmark material could then be
monitored'as an indicator of agency-interest in the standard
benchmark concept.

As a result of the study group's review, - it was'
apparent that'.a technical foundation had not yet _been
established for addreSsing several _fundamental questions in

all phase8 of the benchmark process: workload definition,
benchmark construction, etc. jt was also clear that the
best of known practices [12) are being used by only a
handful of agencies. Furthermore, in, spite of the
relatively la.rge number of Government procurements that have
been conducted thus lar, surprisingly little data exists on

the relative effectiveness of alternative- benchmark
4pproaches to prop6rly size computer systems. Some specific
questions that the study roup believes should be addresSed
are:

0'
1. What should be the objfctives, constraints, and

quality measures of a benchmark mix demonstration?

2. Does there exist a common set of 'ADP functions
across agencies? .

3. ,Can a benchmark Program be pai-ameterized in such a,

r 'way o as to, accurately represent these logical
functions, as well as any agency-required data

'volumes?

4. How can possible benchmar* biases be identified. and

eliminated?

5. What are the proper analysis techtiques Which
should he used to define a workloa Kior to
benchmark construction?

6. What is the
"representativeness"
environment?

proper definition of

in the competitive selection

11
In addition to answering the above questions, more of

an" exchange of ideas and experiences is :.needed among
agencies.who have conducted computer system/ procurements
Furthermore, in keeping with the Spirit of Recominenda-tion
D-14, other apprOaches to reducing benchmarking cdsts should
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also be eicplored. One example is the development of a
*Jribrary or° toojs"- to assist agencies in the workload
analysis and benchmark preparation phases. It is believed
that only through,an in-depth analysis of the problems and
costs associated with each phase of the benchmarking process
will efforts to reduce overall benchmarking costs attain
their maximum potential payoff.

J
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Glossary of Terms.

ACCEPTABILITY A desired combination of qualities of the
proposed benchmark library including its proven feasibility
(i.e., portability, maintainability, and useability), as
defined herein, ,which would lead ultimately to its use
throughout the Federal Government.

db.

APPLICATION PROGRAM A computer program which) directly
contributes to the processing of end work, as pposed to
computer systems programs, language processors, and other
utility programs.

BATCH PROCESSING - A modeVof computer processing which is
characterized by the concurrent availability to the computer
of a complete set of input data fo/ a given job to .be
processed, the execution of whic is not controlled in
real-time (i.e., on-line) by a user. See Transaction
Processing.

BEN,HMARK A set of computer programs and associated data
tailored to represent a particular workload, and used to
test the capability of a computer to perform that workload
within a predetermined limit.

BUSINESS DATA PROCESSING A broad class of computer jobs
which perform administrative and logistics type. functions,
and are characterized by heavy demands for data input and
output relative to the amount of computation'performed. See
Scientific Computing.

EVALUATION CRITERIA The set of measurement standards (to
be) established as 'a part of this study as a basis for
evaluating the degree to which proposed solutions satisfy
real or potential technical deficiencies of a benchmark
library.

FEASIBILITY (of a benchmark library) The technotogical
capability to establish and maintain a usable Set of
synthetic benchmark programs that can be assembled and
adjusted to represerlt large classes of Federal computer
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workloads. See Usable.

FUNCTIONALLY-DESCRIBABLE WORKLOAD A computer workload
which can be characterized and quantified in terms of
well-defined and predictable pnociassing functions. See
Resource-Oriented Workload.

LIBRARY (benchmark library) A collection af synthetic
:benchmark programs wh.ich have been tested and documented for
general use by Government agencies in computer benchmarks.
See Synthetic Benchmark Program.

MAINTAINABLE The requirement that a benchmark library be
supported by systems to test and document additional library
programs, to respond to deficiencies, and ta update the

programs as a result of changing technology.

MIX -'A combination of different benchmark programs and data
which together correctly represent the real workload.

PORTABLE A requirement of synthetic programs in the
benchmark library to represent a specified amoune of work on
d ifferent computers without undue bias resulting from

d ifferences among the computers and their systems software.
Also refers to the ability of benchmark programs to ,run on
d ifferent systems with little or no source-code changes.

QUANTIFY With respect to a computer workload, the process
of expressing the workload in numerical values.

REPRESENT The ability of a benchmark to impose the same

demands on a computer- system'as the real jobs which will be
processed on that system during a given time frame.

RESOURCE-ORIENTED WORKLOAD A computer workload which is,

characterized and quantified in terms of its consumption of

computer resources. See Functionally-Describable Workload.

SCIENTIFIC COMPUTING A broad class of computer jobs which
involve extensive mathematical functions and are
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characterized by heavy demands for computation relative to
the amount of data input And output performed. .See Businesb
Data Processing. -

SYNTHETIC BENCHMARK PROGRAM A parameterized, functional
computer program designed to represent a particular class or
function of application programs for benchmarking purposes
only; the synthetic benchmark program serves no 044er
useful function.

TRANSACTION PROCESSING.- A mode of computer processing in
which data is available as a function of time, usually when
the transactions result from an on-line user. See Batch.

USABLE The ability of the potential library of synthetic
benchmark programs to ,represent an applicable computer
workload. A necessary ingredient is an effective method of
analyzing and mapping the workload quantification to units
which are compatible with the synthetic program parameters.

" N".'
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USDA Workload Maptoing Procedure

Preface

The following material has been extracted from the USDA
benchmark system documentation. It is not presented here as
a stand-alone procedure, since the complete docomentation
and some tutoring would.be required to follow the procedure.

1. Derive Benchmajk Workload

The benchmark workload is somewhat unique in its
objective to establish the processing capacity- of the ,

system. _That is a different objective than cost
justificallon, i.e., calculatin9 the value of the system,
which is concerned with all work wbich the computer will do.
The benChmark will be based upon the projected workloads
during periods of maximum throughput, which tend to Yeeur in
daily, weekly, monthly, or annual patterns. The activities
described below are necessary to quantify this workload.

(a) Identify quantifiable events which represent agency
functions. These functions must be major agency program or
administrative functions. The proper level of detail Eor
these functions is the highest one which can result in an
explicitly determinable set of ADP operations. A Commodity
Credit Corporation loan, for example, is not'sufficient
detail, because there are many kinds of such loans,
requiring different processing. The output of this activity
will be a4list..,, for each agency, of the agency workload
functions, and the specific events to be quantified for
each, i.e., applications processed or loans made.

)(b) 'Identify and define benchmark ADP )perations. A
tenchmark ADP operation will be directly and explicitly
'represented in the benchmark workload mix by a synthetic
program or some other workload category. Not all programs
in the library have to be included, and there are some
workload categories which cannot be represented by synthetic
programs. For example, there may be high volume ADP
applications which are too complex to represent in synthetic
programs. Other categories 'of work, such as compiling-,
sorting, and data base query 'language operations, will uSe
vendor software exclusuively. The output of this activity
will be a list, with descriptions, of the ADP operations

B-1
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likely to constltute significant parts of the peak workloads
to be benchmarked. A single-composite list will apply to
all agencies. It is possible that one or more of these
operptions might prove to be insignificant when the peak
periods aibe finally identified and quantified, and might
then be omitted from the benchmark.

(c) The volume for 'each agency quantifiable event
identified in activity I (a) muSt be projected over the
scheduled life of the computer system. Quantification for
each year is required for each item. More detailed
quantification is also necessary for workload items which
experience cyclical ups and downs of volume within !a year.
If the same cycle is repeated annually, a single profile
giving the workload percentage occurring in each month will
suffice for all years. Stikl shorter cycles may be
expected, in particular,-daily cycles for on-line workload.
A single profile of daily clientele arrival rates may be
provided for all those on-line functions trigger,ed by the
public at distributed locations. Tbe output of this
activity will be, first of all, a columnar chart with agency
quantifiable events (by code and name) down the left side
and woi-kload across the top, as shown in the Workload
Projection Form, Figure I. Second, more detail will be
provided, by .hour of day, or other period, to show volume
cycles of shorter duration. The two kinds of projEctions
will make it possible to project workload for any particular
pOint within the scheduled system life.

(d) Determine, by analytical means, the relationships
between quantifiable events specified in activity I (a)

above, and the' benchmark ADP operations identified in

activity 1 (b) . Thbe relationships must be mapped into a
matrix which lists the ADP operations on one axis and
quantifiable events on the other, as shown on the Workload
Mapping Form, Figure 2. Experience indicates that, ADP
systeMs which support agency functions fall into three
categories for mapping, defined and treated as follows:

(1) There is a category,of ADP systems which are
executed frequently, at least monthly, and workload is
a direct function of the quantifiable events. ADP
syst9ms must be further divided into contiguous
subsystcems; that is, where processing- by a single
subsystem is performed without intervening gaps in
time. Identify ,as category 1, and list, for, each
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A4ericy

USDA QUANTIFIABLE BENNMARK EVENTS
AND.WORKLOAD PROJECTIONS
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USDA ASSIGNMENT OF BENCHMARK TO ADP OPERAT IONS
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subsystem:

o Code assigned'to quantifiable event from
list 1 (a) above.

o ADP system/subsystem name.
o Name and phone number. of ADP consultant.
o Category (i.e., "1") of system/subSystem.
o Displacement (time) in months from 4ncidence

of event to processing.
o Under each benchmark ADP.operationf the number

of executions per incidence of.event, for the
entire life of the transaction.

(2) The second category of systems/subsystems is
those for which theIre is infrequent (quarterly,
semi-annual, or annual) ADP processing, and workload is
a direct function of quantifiable.events. ADP support
systems must be further divided into subsystems by
proce§sing frequency. ) Specify the same as category 1
above except identify as category 2,,and use one of the
following frequency codes in lieu of displacement:

Code Frequency

0 Processed annually at end of calendar year
Processed annually at end of fiscal year

2 Processed semi-annually
4 Processed quarterly

(3) The final category consists of
systems/subsystems Lor which workload is not a function
of a quantifiable evens. Maximum flexibility is
provided for quantifying and mapping this workload,
using a combination of the Workload Projection and
Workload Mapping forms. Show category 3 for thgse
systems/subsystems. The displacement fequency, column
is not used 0 tallying the workload ana Tay be used as
desired for its information conten.t, Ttfer distribution
of workload will be detived from monthly percentages
providbd on the Workload Projection Fotm. The best waye,
to learn how to quantify and map categpry 3 woskload is
to understand how it will be tallied. For a given
month, the monthly percentage will behmultiplied by the
appropriate annual workload projection. This product
will in turn be multiplied by each oft the ADP operation
quantities for designated systems/su systems to yield
workload for the month in questio . Given the three
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value fields to be multiplied together, the actual

quantities can be manipulated in a variety of ways to

produce the same results. As with category 1 and 2

system/subsystems, category 3 line items on Workload

, Mapping Forts are associated with workload projections
by using the same quantifiable event cOde..

(e).Select peak workload months.._ The objective ot'this
activity is' to identify4he peak months of computer workload
for the combined agencies. This will be done by tallying

workload (A.r, each month from Workload Projection and Mapping

forms. DetAiled methodology cannot be worked out in ad'vance
because the'complexity of the task depends upon all the data
collected in activAies I (a) through 1 (d). If all ADP

operations peak at the same time, then the selection will be

obvious. More analysis will be required if disparate peaks

materialize. Management guidance must.be obtained as to the

desired,level of capability to support peak periods, in

order to determine how much flattening of peaks is

appropriate. The output of this activity will bel the

tdentification of at least two repreiintative
occurring in the firstwand final years. the workload

changes between these years in volume or composition, in

other than approximately linear fashion, additional peaks

must be identified to represent the cllanges.

(f) Quantify peak periods. Using the data derived in

steps 1 (-c) and I (d), calculate the aggregate numbeilkof

iterations of each benchmark operation, for all- combined

agencies, required to -perform the agency workload during

each of the peak. periods. The output of th,i.s activity will

be a quantification table for,each peak period, giving the

number of iterations for eaMi of the benchmark ADP

operations,

(g) Determine benchmark transa6tion characteristics.
For the purpose of this discussion, a transaction is a coded

representation of an event which triggers one iteration of

one of the benchmark ADP operations discussed in paragraph 1

(b) above. This definition will apply whether the ADP

operation is on-line.or batch, the difference being whether

the transacttons are preElented to the system individually at

the times when the driving events occur, or 'toliected into

batches for processing. This- activity . will requite

determining the chareicteristics of the transactions likely

to be in the operational systems and assuring that theset
;.
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( characteristics are adequaelyit representedin the dO4chmark
..,..eprograms. .

1

(h) Determine dirt4 storage needs'and etremiacteridtics Of
th data .base. T1iM activityqwill copsisttof determining ,

'.1,the 'size of:the data base(s) to be stored 'in the /objectv
.tromputer system, and the characteristics OftbegmajOr data '
ftlps, ttvill also require,taking mesures to aasiure Hiatt,
the' benchmark adequat#ly rekesents these data
characteristic's;

_2. ,AftAlyze Workload

ast 0
5,

The purpose of this analysis is tostvnslate the ,workload
projeatipns into parameters 40tor the belchmark. These
specific ctivities will be rdquireti

.
_, ,t , ,

.,

(a) riVe ynthetfc program paramelliesA These dnclude
:the sizes of program,s, -'frate of job exectirion, numbers'of
statements exec-tilled in e,?(Ch program, aumber, of copies of
each program, 'and transaction rate pe4-copy.

,

a

(b) Develop data storage benchmark:Man. The size of
the data base, number and sizes '07 files, and file
organizations.must be decided..

(c) Assodiate programs,.transactiona, ana data files.
Decide the, ratio of matching ata base reco.rds t6
transactions for each transaction typ t ,,4

S.

_.../'(d) Derive data generation paramts: At WI t6,
assign keys which will .render the ol(r.ect
transaction=to-data-base ratio, and at the same timer, yield
thlogroper data volumes. ,--

3. Develop and TeSt. Benchmark Mater'

Th4ls'...afgroup of activities extending coier 'the total
duration of the'..- benchmark ,effort, relate,d in that they
'require knowledge of the benchmark programs 'and use of
comput,pra. Specific activit.ies are:

a-

B-7
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(a) Construction of emulat9rs. In order to test

synthetic programs on USDA computers, a set of software

emulators is required to perform the, functions of the

transactiQ,n processor and data base management system. This

activity consists of constructing and/or modifying these

emulators for the current procurement and testing them.

(b) Retest 1l benchmark componehts. Thim activity

consists of generation of test transaction.and data. via the

data generator and exercizing all emulators, synthetic

application programs, and the post processor.

(c) Update synthetic programs in accordance with new

:LspecificationsA

(d) Modify data generator to produce trans c ions and

data file's in accordance with new specificatio

(e) Generate new transactions and data.

(f) TeSt benchmark and produce ccittrol values.

(g) Reproduce materials for vendors. Use a tape copy

process. Use each new copy to reproduce the next, finally

validatAng the last copy against the original.

13-8
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Tally Process

A computerized process will tally the workload for any given
month in the scheduled system life, from data provided on
Workload Projection and Workload Mapping forms. The results
will be an aggregate volume for each ADP operation listed on
the mapping forms. Detailed steps for the .tally, with a

, year and month given as parameters, are:

.1. Initialize a tally for each of the benchmark ADP
operations.

2. Process each agency quantifiable event sequentially
through steps 3 and 4.

3. Get the workload projection for that event and
hold.

? 41)

4. P ocess each ADP subsystem for the ?function
according o which of the three categories it is in, e.g.,

(a) For category 1, subtract displacement (see
1.d.1) from parameter to obtain month of workload
oriOn. If it falls earlier than available data, add
q2 months. Obtain quantification projection for month
of origin. Multiply the number of executions .of each
ADP operation by the quantification for the month of
.origin and acld to their respective tallies.

(b) The sec(Ind category is periodic processing
with frequency codes of 0, 1, 2, or 4. The workload
for a given system/subsystem will be used only if part
of the processing is scheduled to fall in the month for
which the tally is being made. That can be determined
from Table 1, which shows an example of the allocation
for each frequency code to months. If the ,allocation
is non-zero for the object month, then the combined
workload for the months listed in the corresponding
"use data 'for" column of Table 1 is determined. That
is done by Multiplying each month percentage by the
appropriate annual volume and summing the products.
The allocation for the object month is then applied to
the.sum. This product is then multiplied by the number
of executions of ,each ADP operationand the products
are added to their respective tallies.

(c) Category 3 line items are treated as those in

Category 1, except that displacement is assumed to be
0. See paragraph 1.d.3 for a discussion.of the use of



DIMIBUTION OF PERIODIC WORKIAD

Category 2

10

Frequency 0 Frequency 1. F equency 2 Frequency 4

Allocate Use Allocation Use Allocation Use Allocation Use All cation
DatiTor: DatiTor: 4ti776 :to: DatrfOr:

:Pee Jan-Dec: 10% July-hec: 5'% OctaDec: 5%
,

Jan. 50% 35/ 80

Feb . 40% 10 I

_Mar --1
5% 5%Oct;Ikr: Jen-Mar:

Apr .. : 35% 80%
I

May
.

t
k101 157.

june Jan-JUne:
, 5% Apr-June: 5%

1

Jbly 35% -90%
r

Aug _ 10% 17.

Sept Oct-Se t: 10% A r-Se.t, 5/ Jul e t: 57

_Oct

Nov

50/ 35% 8071L

401 101 157,

Table 1. Distribution of Periodic Workload (Category 2)

4



categoty 3.

5. Print out the filial tallies for each ADP operation.

B-11
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Sample Evaluation Criteria

The following describes a proposed set of evaluation
criteria to be used to determine the useability and
portability of a candidate benchmark library.

1. Useability

1.1. Background

Recall the definition of "usable" (see Appendix A):

USABLE The ability of the potential library of
synthetic benchmark procjrams to represent an applicable
computer workload. A necessary in(edient is' an
effective method of analyzing and maPpWng the workload
quantification to units which are compatible with the
synthetic program parameters.

Implicit in this definition are two necessary components of
the library: (1) a set of programs that can represent a .

workload; and (2) a set of procedureg that specify how to
use the library.) Thus, any evaluation criteria testing
"useability" should test both of these capabilities.

Recall also the definition of "represent":

REPRESENT The ability of a benchmark to impose the
same demands on a computer system as the real jobs
which will be processed on that system during a given
time frame.

This requirement,is summarized by the following diagram:

workload demand
on S

benchmark demands
on S



That is, for any given system S, if the wprkload W and the

benchmark B are run on S. then W and B should produce

approximately tile same demands on S.

The next question is, what do we mean by "the same

demands." The following three requirements define what it

means for "W and B to pcoduce approximately the same demands

on S":

1. The elapsed running time of W on S should be

approximately the same (e.g., within 10%) of the

elapsed running time of B on S. NOte, for on-line

applicatiops, "elapsed time" c9u1d ,be, replaced by

,"resposise time."

2. The resource utilization data (e.g.,- percent

CPU active, average disk space used, I/0 volume

transferred) when W is run on S should be approximately
the same as the corresponding data when B is run on S.

3. The resource profiles of W and B should be

approximately the same.

Items 1 and 2 seem obvipus if one wants B to properly size

the right system. It is item 3, however, which requires

expanded discussion. In order to show the importance of

item 3, especially in a multi-programming environment,

vsume the following situation:

1. Let two.applications, Al and A2, Make up the

real workload W' and have the following resource

profiles:

CPU

I/0

'1 time

CPU

I/0

X Y X

Al A2

1time

a
That is, Al uses X seconds of I/0 followed by Y seconds

of CPU, and A2 uses X seconds of CPU followed by Y

seconds of I/O.
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2. Assume that benchmarks Bl and B2, which ar.e

claimed to represent Al and A2 respectively, have the
following resource profiles:

I/0 I/0

1

1

1

I time I

X Y Y X

Bl B2

Note that:

!time

(a) both Bl and B2 have the same elapsed
times as the applications they each claim to
represent; and

(b) both Bl and B2 have the same resource
utilization data (i.e., CPU and I/0 times) as the
applications they claim to represent. In

addition, note that B1 has the same profile as Al,
but B2 and A2 have different profiles.

3. Assume both applications are now run in a

multi-programming environment where the CPU and I/0 can
overlap each other:

CPU

I/0

X

A 1

A2

I time

Note that the total workload completes in elapsed timet
X+Y. e.

4. Assume both benctmarks Bl and B2, which claim
to represent Al and A2, are now run in the same
multi-programming environment:



WAIT------,

I/0

81

time

Because-B2 had to WAIT for Bl's I/0 demands to V

complete, the elapsed time to run the total benchmark
was extended to: 2X+Y nearly double that of the
workload which the benchmark claimed to represent.

The above example thus points out that it is not sufficient
for a benchmark to have the same elapsed time and resource A
utilization data as the workload it claims to represent;
but rather, the benchmark should also have a resource
profile similar to that of the real workload especially
in a multi-programming environment.

1.2. Useabi4ty Evaluation Criteria
)

Based on-the previous discussion, the following
evaluation criteria would thus determine whether a candidate
benchmark library is acceptable in terms of "Useability":

Useability Criteria: A benchmark library is

"usable-6 if, given an arbitrary workload W, programs
from the library can be selected, configured (i.e.,
parameters properly set), and combined in such a way,
using established library procedures, so that the
collection of programs (i.e., the benchmark B) suitably
represents W. That is, for any arbitrary system S:

a) the elapsed time of W on S '2,- the elapsed time
of B on S;

b) the resource utilization of' W on S z. the
resource utilization of B on S;

C-4



c) the resource profile of W on S the resource
profile of B on S.

1.3: Application oE Useability Evaluation Criteria

Having defined the evAluation criteria which will
determine whether a candidate benchmark libr.ary is usabl6,
the next step is to_define the procedure for applying the
criteria. This section will outline a sequence of steps to
be lollowed which will determine whether a candidate library
meets the Useability Criteria for a given workload on a

....._____gluen_system. Note, the ideal test-of a library would be to
apply. the Useability Criterja across all work oads and
across all systems. Because this would not b4pctical,
the procedure actually defines a set of nece ut not
sufficilent, conditions for useability.

Before the procedure which will determine useability
can be applied, the following preliminary steps should be
-performed dn order to obtain a test workload W:

1. Identify ADP functions IF1,....,EINemmon to

many agencies, by:

(A) surveying agencies1,7 e.g., distribute a

list of ADP functions (e.g., those identified by

Lucas [9)) }and have agencies indicate the
frequency af use and importance of each;

(b) or, alternatively, identify those
functions believed to be used by many agencies and
see if this list is4ponsistent with recent RFP's.

2. Select from an agency (or create) a set of

applications [Al,..%,An} that perform the functions
identified in 1. These applications are real computer
programs that will make up the test workload W. ,Note,
each Ai could be composed of many programs.

Having constructed a test workload W, the following steps
are performed to determine the "useability" of a candidate
benchmark library. The following procedure is optimal in

the sense that if a benchmark library will fail, it will
fail early.

6.1
C-5



Procedure to Determine Useability

1. Using the be hmark'library procedures, create
a benchmark Bi (a set of library program4) to represent
each application Ai of W.That is, apply the library
procedures to choose the proper progrAms and parameter
settings. Call the collection of Bi's, B.

2. Run W and B sin9le thread (i.eN, not

multi-programmed) on several large syseems and

calculate the errors in demand'g as follows:

A. Elapsed Times

a) Determine the elapsed times of each Bi and
its corresponding Ai. Note, it is necessary to
look at individual (Bi, Ai) differences and not

just total (B, W) elapsed time differences since
errors could have a cancelling effect, as

illustrated in the following elapsed time charts:

B:

B1

A2 A3 A4
'4 1.

B2 B3 B4

Here, cumulative elapsed times for W and B are.the
same, but individual ones are not.

b) For each system on which W and B are ruh,

calculate,thp maximum elapsed time relative error:

System 1: El max
fIA1-$11

,

1A2-821
, )

Al A2



z

System 2: E2 = max
1A2-B21

)
Al A2

c) Find the maximum elapsed time error across
all systems:

E = max -(El, E2, ...)

Thus, E represents the Maximum percent error that
ever occurred between an application and its
corresponding benchmark. For example, if the
following represented elapsed running times in
minutes:

Al B1

System 1 10 15
Systetn 2 14 15
Syst m 3 13 13

I I

A2 132

A2-B2

A2

.50

.07

.0

12 9 .25
11 12 .09
9 8 .11

then E would equal .50, i.e., the maximum relative
error across all systems and (application,
benchmark) pairs. -

B. Resource Utilization Data

a) For each major system resource Ri (e.g.,,
R1 = CPU, R2 = core, R3 = disk space used, R4 =
channel activity, ....) , .collect .appropriate
utilization data when W and B are tdn,pn each
system. *

54
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b) For each resource, calculate the resource
utilization errors between -each application and
its corresponding benchmark; for example,

R1: avg. CPU Al
utilization

A2

,

System 1 System 2

'avg. CPU avg. CPU
afor A2 - for 82 I'

avg. CPU for A2

c) Find the maximum resource errors across4
all systems. ConstruCt a resource utilization
error vector:

R = (max. CPU utilizarion error,
max. core utilization error,...)

C. Resturce ProfileData

11714,..4

a) For each major system resource, obtain a

profile across time of resource usage for each
application and its corresponding benchmark. For

example, on System 2 the CPU profiles for A3 and
B3 might look like:

A3:

100%

CPU
Active

.4

tl t2 U t4

r,



1.

t.

B3:

100%

CPU
Active

1

t2 t3 t4

b) Apply 4statisitical techniques to all
profiles for each, resource and determine the
priefile pairs least like each other- Quantifi
this discrepfncy in terms of relative.error or
confidence limits.

c) Construct a prdYile error vector:

P.= (max, CPU profile error,
max. core,profile error,..7)

In summaryjAhe valUe.E and the vectors R and P
thus tell, ,H.1-1 quantifiable terms, how close (in

'demands) B is to W.

3. Determine if B has passed the usebility test
thus fax. That 1*/ see if E, R and P are within
acceptable bounds E < 10%). If not, the
'candidate benchmark.library.faiis. If B passes so far,
continue with the next steps.

-
4.. ConstruCt a' transaction processing test

.
.

A woAkload W. Repeat,.steps 1-3. If pass, continue
, eelow. ,.

t

.. 5, Try a combination hatch 'anci transaction,
-Processing 'workload and rePeat steps 1-3. If pass,
continue.

-

6. Try -all' of-the above in a, multi-programming
environment. -

a

'

The above procedure will determine if a candidate benchmark

--e



library Can adequately represent existing application
programs. A further question is how close the benchmark
library can come to representing applications specified with
less and less knowledge -- i,e., closer to the functional
specification level.

2. Portability

2.1 Background

Recall the definition of "portable":

PORTABLE A requirement of synthetic programs in the

benchmark library to represent a specified amount of
work on Offerent computers without undue bias

resulting from differences among the computers and
their systems software. Also refers to the ability of

benchmark programs to run on different systems with

little-or no source-code changes.

Thus, the benchmarks constructed from th,e library must have

two necessary qualities: (1) they must contain standard
language and data constructs; and (2) they must not "unduly
b'as" one system over another. It is clear wiklat the Orst
cr'terion means. What is not clear is the' meaning of,

"u duly bias." The following discussion .addresses this

latt4r point. .

A benchmark should adequately represent a workload so

that the ability of ?ne system to handle the workload better
than another system is reflected in the benchmark running

times, resource usage, etc. That is, the benchmark should
rqflect the same."natural biasing" that will take place when
tile real workload is.pn .---,.,. this, after all, is what
benchmarking is all about. The problem, of course, is fhat

thd benchmark should not perform additional activities which ,

are not needed to represent the workload since these

additional actrivitieS are subject .to different -system
transformations and'henpe may skew the benchmark results.

How does one then determine if a , benchmark is

performing these "additional activities" --,that' is, if it

qunduly biased? -One'of the only practical ways is to



.,

determine if the benchmark is placing more resource demands
on the system than the real,workload would. .The assumption
here, of course, As that if the benchmark were performing
"additional activities" they would be reflected." in
additional demands. This assumptiob appears correct eic'cept
in the case in which additional (or insufficient) demands
cancel each other with the net effect that the benchmark has
similar aggregate demands as the workload, though different
activities. Furthermore, it is necessary to assume -that the
application programs from which the benchmarks are

, constructed are themselves unbiased.

2.2.- Portability Evaluation Criteria

The following evaluation criteria would thus determine
whethee a candidate benchmark library is acceptable in terms
of "portability":

Portability Criteria: A" benchmark librafy is

"portable" -if, given an arbitrary workload W, a

benchmark B can be constructed which:

a) contains only standard language and data
constructs; and

. b) does not place additional demands on an
arbitrary system S as would W f W were actually run on
S (i.e., cl-n-ES not unduly bias o e system over another).

2.3. Application of Portability Evaluation Criteria

The procedure for applying the POrtability Criteria tox,

a candidate benchmark library cane as it turns out, be
performed in parallel with the "useabil,ity" test described-
earlier, Having constructed a benjhmark B to represent a
test workload W, B could be examined either manually or
automatically to determine if it contains any non-standard
language constructs. Secondly, during the running of W and

Aon various systems, the resource utilization and profile
ata collected for the "useability" tests can also be used
to determine. whether (and how much) B is unduly biased.
(since, as has already been stated, unduly .biased means B

places diftetent demands on the system than does W) . In

fact, tile resource utilization error matrix -developed
earlier %/ill tell whethei the benchmark is biased by

application (comparing the matrix rows) or by system rs

(comparing the matrix columns).


