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Abstract
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are selectsd as vorthy of further study, either for valuahie insights into the
QC problem, or decsuse they contain concrete suggestions & experimental data.
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Genersal Discussion

This document was preparsd as part >f a project tc explore the possibilities
of applying quality control technig:es for improving the design and production
of computer-based information processing systems, and more specifically for
improving computer programs. Most people who have studied the subject agree
that measures of merit, except at a primitive level, are lacking in the
computer software field; we lnow vhen a program fails tc work, but not vhat 1is
needed to make it "work better"--nor, indeed, what the expression "work better"
means in any operstional sense. They also agree that if we are to produce
"better” software, we must first find a meaning for the word "better” in this
context; and, second, find some way of recognizing degrecs of merit, so that
effort can be guided in the right direction. Anyone undertaking to study
these problems naturally wants to know whether any significant work has
already been done; or, if not, at least vhether other people have thought
about the problem and arrived at any useful conclusions. This document
consistns of a set of reviews of some 60 papers, reports, articles, and books,
all selected for their possidble bearing on the subject of quality control in
information processing.

A true "Reviev of The Literature” was obviously impossible, because of the
wvide dispersion of possible sources: these would include (among others)
journals in Russian, Japanese, Chinese..., together with in-house papers and
graduate theses almost without number. Availability was a primary criterion
“or selection. This led necessarily to a concentration on SDC and RAMD
»aports. Buch a concentration is perhaps not as objectionable as one might
suppose. One correspondent in another organization to vhom I wrote for
possible leads replied, "I would expect SDC to be the best source of this kind
of information." Apparently SDC has the reputation of being a pioneecr in the
software field. Many people at SDC have expressed interest in the quality
control problem and have written reports presenting their ideas, and at least
some of these authors have presumadly been conversant with current p:ogress
elsevhere. But even within 8DC, 1t has not deen possidble to reviev every one
of the thousands of documents produced during the company's history. Papers
were selected for reviev because (a) somebody recommended them; (b) the title.
contained suggestive words (like Quality Control, or Performance Meagures);
or ) the suthor of the paper was known to be working on some allied problem.
The me method of selection served also for non-8DC publications.

The total contridution of all these papers is small. Not one of them is in-
disypensable, and all of them put together fail to provide a firm basis for
further work. The reviews here presented have mainly a negative value: they
my save a future researcher the labor of acquiring, reading, and discarding.
If he wants to review some literature, he will at any rate nut have to reviev
this perticular literature. If he decides to review some of this particular
literature anyway, he may, perhaps, be able, by looking over -he reviews, to
pick out papers more likely to reward his efforts than papers selected at
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random, or because they have attractive titire. Selection by title can be
especially hazardous; some cf the least valuable cvapers reviewed actually use
the words "Quality Control" in their ti‘les.

I have said that all the reviewed documents put together do not provide us
with a firm basis for further work; by this I mean that they are of no help.
Many of them are nearly or quite unrelatel to ocur task. A few contain good
discussions of the need for quality control, btut these deal with the
destination, not with ways for getting there. An even smaller number give
charts of trails that have been tried and abandoned; tut in no case is the
information complete enough to sllow us to assert confidently that a parti-
cular trail can be dismissed as impossible. Not one of the trails described
was followed long enough, and persistently enough, to establish it as either
promising or unprowising; in fact, one might almost say that in each instance
the explorer selected a path, followed it for a short distance, found that it
did not lead to a paved superhighway, and then turned back.

But I do not say that the collection of reports is valueless. Some of them
explain, quite convincingly, why it is important for us to cross the mountains.
They 40 not help us find a way across, but they do help us to choose among the
four possible courses of action. Others tell about approaches that the
authors thought might be worth trying; these are speculative, but the specu-
lations of informed people are entitled to consideration. Among the documents
we find a few charts of trails actually followed for a short distence. I have
selected sixteen papers for separate presentation and discussion; these are
reviewed in Appendix A. In my opinion, these sixteen contain everything of
value to be found in the entire collection. This is not to say that the
rejected papers contain no useful ideas, but only that these ideas are
discussed adequately (and I think better) in the selected group. There is
necegsarily some repetition even within the sixteen; this is good, as it
suggests some agreement among the authors.

Aprendix B contains reviews of all the other documents examined. Most of
thege revievs are brief, tut a few are longer, presenting as much of the
original as seemed interesting or useful. The report ends with Appendix C, an
index, alphabetical by authors, of all the papers reviewed.
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Appendix A
The Sixteen Valuable Reports

The following is a listing of the sixteen valuable reports. In three cases,
several reports are considered together as a group. The order of listing is
chronological, beginning with the earliest date. For groups, the date
assigned is the date of the earliest paper in the group.

Page 6 Interviews with SDC Management, Corporate Management System Staff,
FN-6860/000/00, 7 September 1962.

7 Programming Languages and Standardization in Command and Control,
J. P. Haverty and R. L. Patrick, RAND Document RM-3L47-PR,
January 1963.

8 Management Aspects of Computer Pro ing for Command and Control
Systems, V. LaBolle, SP-10007000702, 5 February 1963; Management of
Computer Programming for Command and Control Systems: A Survey,

K. Heinze, N. Claussen, and V. LaBolle, T™-903/000/02, 8 May 1963;
Quality Control in Computer Program Development, V. LaBolle, an

undated paper which appears to be a draft.

11 A of Lessons Learned from Air Force Mana nt Surveys,
ASSCP 375-2, 1 June 1963.

11 Program and System Testing (Chapter 16 of a proeected book),
N. E. Uillmor&,-ﬁ-fmﬂﬂo/oo, 28 April 1964 (the first section

18 titled "Program System Quality Control").

14 An Approach Toward Quality Control, P. V. Mclsaac and
F. D. O'Connor, n-xxix.i-Em?ooo?oo, 4 June 1964.

18 Factors that Affect the Cost of Computer Programming: A %%gti-
tative Analysis, L. Farr and H. J. Zagorski, ™-1447/001 ’
31 Augus? I&K.

18 A 'necmiggre for Iﬁrovlng the Man.aEBment of a Computer Installation
R. L. Patrick, Memoran RM-4232-FR, September 1§55.

19 Training and Job Performance Validities of Pro r Trainee
Selection V:!%S]Jl , M-2172, and Valh—ig of E;Egg Tralnee

1lis XK.

Selection Variables , ™=-2173, both by rry,
9 December 195%.
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Fage 20 Computer Status Quo, R. L. Patrick, 8P-1947, 15 December 196k.

21 The Correlation of C ter Pro ng Quality with Testing Effort,
A. E. Tucker, T™™-2219/000/00, 26 January 1965.
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Interviews with S8DC Management, Corporate Management System Staff,
m-68657ooo7oo, 7 September 1962.

This document presented management personnel with a series of questions,
and on page 4, we read Question 3, part D, "How would you try to convey
to management the quality of the work?" This question is clearly
relevant to our subject, since any attempt to convey the quality must
imply some sort of estimate of quality. And on page 9, we have some
ansvers; I quote now, the bottom paragraph on page 9: "Question 3-D
asked for weys of conveying quality to meanagement. In slight variance
wvith the intent of the question, most interviewees were "(rst of all
concerned with ways of measuring quality. Many expressed concern over
the difficulty of even determining the quality of softw. e. Suggestions
for improving quality control at 8DC also appeared. All responses to
this subquestion were treated as belonging in a single major information

category.”

On page 11, there is another question: "Have corporate goals been
clearly established against vhich the contract can be wveighed?™ And

on page 12, two more questions: "Is the proper skill mix available
vithin 8DC?" and then, two lines further down: "Do we have available
the proper skill mixt" vhich seems tc be the same question. On pags 13:
"Can qual)ity be reasonably measured and reported!™ On page lk: "Are
reports available to insure that the most effective control can be
exercised over the project?!” PFarther down: "Are adequate control
measures being exployed?” and still further: "Have proper criteris
been established to judge the adequacy or the product?” In the body
of the paper, percentages are given of the number of management
personnel that showed some concern with the. question. On one table

ve have from 88 to 100 percent of the management personnel concerned
with quality. In another table we have from O to 38 percent. On

page 21 we read, about the middle of the page, "A summary comment
reflecting frequent stated opinion is, 'Generally, we at 8DC produce
too many reports, and they are too complex. We need simple summary
reports vhich pinpoint key facts and serve as a oasis for special
requests for detailed reports.' Eight comments specifically supported
theposition that SDC needs to eliminate unnecessary repcrts or parts
thereof.” Then another quote, farther down the same page: "One
significant observation voiced by several cautions that regilar reports
in their present form are not the genersl source of decision premises--
that information for decision making generslly stems from persopal
contact or ad hoc information reporting. The regilarly wvritten report
in standard format becomes a useful historical documsnt bBut does not
serve to keep the manager inforwed of the true status of the project
at the vorking level.”

On page 51, there is a selection of statements from interviev data, and
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I quote a few of these. '"Projlect Teports Lot to be bothersome without
management support or feedhek.,” A&cain, "Yhen lower management feels
that the informstion is actualiy Leing uae~, the quality of the infor-
mation will improve." And ~ puge Yo, more interview comments: "If
you're on schedule, on budget, and your customer is happy, this may be
the best measure of quality." And again, "Management should be more
concerned with quality and subordinates would find ways to report on
quality if they thought management were interested.” On the last page,
"I can recall no other instance of an attempt to obtain systematically
from within SDC at levels lower than the managsment council suggestions
for the improvement of anything." Further along: "Somebody should comse
up vith a messurement of quality and quantity other than money spent.”

It sesms fairly clear that a good many of the people interviewed here
were concerned with the quality prcblem in the sense in vhich we are
talldng sbout it, that is, the control of quality during production
rether than the repair or the correction of errors already produced.
Two or three of the interviewee comments are to the effact that if top
management displayed a really lively concern about quality, the produc-
tion personnel would find some way to report it. Thias has certainly
been the case in other establishments; as long as the general feeling
wvas that top management vas not interested particularly in eome aspect
of the work, that aspect was likely to be neglected by production
personnel. I think perhaps this cbservation may be the moat valuadle
pointer we can get from this particular document.

Pro ng langiages and SBtandardization in Command and Control,

J. ’. Ewn‘iﬁ an% R. L. Yatrick, RAND Document RM-3ul(-PR, January 1963.
This document belongs to the small group that propose definite measures,
and moreover, has the additional characteristic that it includes some
experimental data. On page 24, Table I, "Comparison of Compile and
Exscute Times,” we have some data tending to show that JOVIAL programs
take about twice as long to compile as FORTRAN programs, and that the
JOVIAL execution time at best is equal to the FORTRAN time, and at worst
takes four times as long. On page 57, Table II, "Comparison of IEM 650
Programuing Bystems,” we have a comparison among four languages, with
compile or assembly times, time required to load program in computer,
number of chi-square sclutions per minute, using the computer output;

and a similar problem (chi-square solutions per minute) without read
or punch instructions.

On page 31, we read, "The most glaring deficiency in the software area
is in performance perameters. This deficiency will remain until we
develop a cost and data collection endeavor and rigorously define each
process and subprocess in the programming area. In the absence of these
definitions, already complicated interrelationships tecome indescribeble.
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We must be able, at some point, to analyze multiple criteria and complex
performance trade-offs.”

In my opinion, this document definitely belongs to the small class of

documents that must be reserved for close reading by anyone interested

in applying quality cc trcl to systems.
The next three papers are treated as a unit because of a common authorship.
These are Management Aspects of C ter Pro ng for Command and Control
Systems, V. LaBolle, 8P-1000/000/02, § February 1%%3; Management of C ter
Programming for Command and Control Systems: A Burvey, K.Heinte, N. ssen,
and V. LaBolle, 'm-9037ooo702, 3 May 1963; ana finally, an undated paper
vhich appears to be a draft; it does not bear an author's name, but it is by
V. LaBolle and has the title Quality Control in Computer Program Development.

The first paper, 8P-1000, deals mainly with costing, but since {in my
cpinion) cost control and quality control are very nearly opposite sides
of the same coin, it is appropriately included in this review. laBolle
measures program output mainly by number of inatructions, but on page 15
says as follows, "Although these charts provide some insight into pro-
gramming costs and their relationship to product size, the charts have
limited use for planning a large programming effort. Bven if these data
were highly reliable, and a sufficiert number of cases were available for
high confidence, the variables are missing that wvould permit a manager
to make accurate cost estimates for prograrming. Data are needed to
estadlish the relation between requirements and the size of the basic
product, i.e., number of instructions. Ways must be sought to assign
measures to requirements, such as complexity of the data-processing
tasks, size of the data base, and expected response time. These
measures, in turn, may be correlated with numdber ci instructions in order
to find wvhich of these can be confidently used as predictors.

"A caveat is in order with respect to the use of the variable, number

of instructions or progran size, as an exclusive measure of the product.
The popularity of size as a measure is really based almost entirely on
its availadbility. Other very important measures are needed to indicate
the value of a progrem: measures of quality, e.g., freedom from error;
performance, e.g., program operstion time; and convenience or ‘usadility'
are important to the customer. An obvious shortcoming of progrea site
as a moasure of value is that clever, experienced programmers can
gonerate the same logic vith fewer instructions than those needed by in-
experienced programmers. Bven if programmer capadility vere a constant,
the variation in logical power of various machines and {beir order codes
my distort comparisons between efforts in terms of progrem sise. Oftem,
in developing large program systems, computer storage is at a premium
and programming effort is used to reduce the number of instructioms.
Therefcre, despite the availability of prograa size as s btasis for




25 March 1965 ) ™-2313/000/00

comparing programs, dangers existi whea .t 1g used without qualification.”
Further on, on page 17, LaBolle enumerates, "Some other attributes of
program design that might be defined mere —recisely and possidly
measured,” and lists modularity, versaiility, Tlexibility, coupling
capability (the ease of addirg new iogic to the program and/or ease of
integrating it into a program system) und usability (the ease with which
personnel other than the designer can use the program).

Although these comments relate primarily to program costing, yet obviously,
& costing program is meaningless unless we have a measure of output; if
the output is twice as great, then & cost of twice as much would not be

out of line. This measurement of cutput is the crux of the quality control
prodlem, since it depends on the identification of output criterias.

The second document, T™M-903, begins with an adstract, which states in
part, "Managers have difficulty in controlling end planning programming
efforts without precise and detailed cost data, standard performance
measures, and definitions of tasks and products. Xnowledge of managing
and developing computer programming systems must be extended and detailed,
and programing must be formalized." On page 1 of the document, there is
& list of papers which the suthors regard as relevant, and on puge 2, & - -
remark that is especially pextinent: "Project members had difficulty in
gathering accurate and complete numerical data.” I think this difficulty
is going to hamper all attempts to improve understanding of cost relation-
ships and quality control until management decides that these are prime
questions on vhich substantial research effort should be expended.
Generally speaking, we should not expect program supervisors and machine
operators to take time cut to supply data for research unless the effort .
has some sanction at the top management level. .

On page 10, we read, "Opportunities are plentiful for personnel to secure
Jobs with increased salary snd/or challenge , making it difficult for
Programuing managers to keep their experienced people.” Farther down
the page, "High personnel turnover impairs work continuity.” This

point, it seems to me, has not been sufficiently recognized by other
suthors. Many qualified observers have stated that the level of
technical writing in the United SBtates is poor. If we have a high rate
of turnover among programmers, and if they are not very skillful at
documenting their work, the inevitable ouicome is that mich of their
vork is lost. I have in mind in particular the documentatior on the
COMMAND Model, vhich was produced in the ARPA project from January 1963
to November 196k. Bverything considered, I think the documentation on
this project was rather better than average; and yet, I believe it is
not nearly good enocugh to enable later workers to pick up the project
vhere it was laid dovn. If my conjecture is true, then all the vork that
went into the COMMAND Model is in effect lost; most of the personnel have
been terminated or transferred and future personnel attempting to perform
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a similar task will, in my opinion; prefer to do it over rather than try
to reconstruct it from the documentation. In this ccnnection, it is
pertinent to refer to pages 13 and 14 of the document now under consider-
ation (T-903), in particular Section C, which has the headings “Improved
Documentation, Production Control, Quality Control, and Informmtion
Retrieval."

T™-903 contains a rumber of tables and other presentations of data
gathered in connection with earlier contracts, and so bslongs (o the
group of papers that present facts rather than those _Lhat are chiefly
speculative. Moreover, the section beginning on page 13 titled "Opinions
and Recommendations,” contains some fairly specific proposals.

The comments on the third paper will be brief, partly becunuse most ¢f the
ideas presented there are included in T™™-903, and partly decause the paper
has not been published and so is not availadle. RNevertheless, a fov
questions and comments seem to be in crder.

On page L4, "Ths development of improved quality control may bs regarded
a8 an iterative process. PFeedback from attempts to inscitute improve-
ments vill lead to recognition of (1) vhat can and cannot be coatrolled,
(2) vha: techniques are best and (3) vhether the effort is paying off....
With respect to organisational structure, the clear-cut assignment of
responsidility and suthority for various aspects of Quality control is
desiredle. On the other hand, quality control goals and msthods must be
universally understood and agreed with. Improved quality control is
slmost impossidle without mase participation....8imple technigues used
consistently can improve quality control."

In this document, laBolle makes & proposal of rpecial interest, consider-
ing the importance of good documentation to the jreservation of work in
systems and programming. On page 18, "Documents could also be rated for
understandability, by using a scheme such as that developed by Flesch
(The Art of Resdable Writing, R. Flesch, Collier Books, 1963, paperback).
Using sampling or 100 percent inspection, Flesch shows hov to measure
readability in terms of interest and ease of reading. Interest, for
example, is 8 function of short sentences and the use of many syllables.”
An alternate to the Flesch index is that proposed by Robert Qunning in

s booklet, "Hov to Take the Pog out of Writing,” jublished by the
Dartnell Corporation, Chicago 4O, Illinnis, copyright 1959. This
vooklet of 64 pages seems & good kind of thing for the Corporation

ta supply to ali personnel involved with documentation, even if the
propoesed index is not used.
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A Bummary of Lessons Learned trow Ali rorce Monsgement Surveys, ABSCP 375-2,

1 June 1953.

Pro

This is an official publicsti~n o1 the Afr Force. On page 57, we have

e subject: Quality Assurance Audits not Fffective. Among symptoms of
basic deficiencies we find listed, "quality procedures not followved,”
"Production frequently failed to meet contract specifications,” "lack of
comminication between quality, reliability, engineering, manufacturing
and test personnel,” "inadequate manning of quality assurance organiza-
tion," "incomplete support of top management,” "quality sudit results
not enforced,” "lack of follow-up to evaluate effectiveness of corrective
action,” and among desirable actions by contractors, "increased staffing
of quality audit department,” "QA trend charts and trend levels
established,” "auality review board established,” "continuous surveil-
lance" and "provide for Air Force feedback of malfunction data."”

This document appears to be applicable mainly to hardware procurement,
tut the type of difficulties listed under the quality assurance heading
are those that would be associated with any quality problem. To my way
of thinking, many of the points made in this document in connection with
quality assurance could be carried over into the quality control of
softwvare, 1if ve had some sort of basic approach to the evaluation problem.
Obvicusly, the Air Porce document does not provide us with this,

and System Testing (Chapter 16 of a projected book), N. E. Willmorth,
, €8 April 1964 (the first section is titled "Program System

Quality Control").

With respect to its coverage of the quality control problem, this document
is the longest and the most comprehensive of the documents examined.

From page 1, I quote the following: "Unless s comprehensive plan for
insuring product quality is adopted that insures continuous product
reviev throughout the process, adequate quality cannot be expected of

an ultimate product that is often poorly defined and vhose attainadle
performance is uncertain and involves considerable innovation or risk.
Further, production of a large program system is so expensive and lengthy,
that the only real slternative to a faulty product is either to forego
the system entirely or to live with an inefficient and ineffective system
until it can be replaced. Although the greatest interest in quality
assurance lies in such ultimate products as programs and operator's
manuals, quality is not just something to deliver to a customer, but is
part and parcel of the pride in workmanship associated with a responsibdle
and professional attitude. Therefore, a quality control program cannot
be based upon a single acceptance test or aven a series of program tests,
but upon a continuing program of quality assurance from the initial ‘
statement of system requirements to the final shakedown of the program
system in an operating environment. Quality must be assured, not Just

of programs, btut of the morass of intermediate plans, designs, and
documentation lerding up to and supporting them.

v i - B——— - - ——
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"Although a good program system development team autamatically does the
best job it is capable of, it is the management's task to eatablish the
criteria of quality for both produntis and performance and to set forth
the procedures that wvill make sure that these gosls are being attaipnad.
Not only must adherence to performance requirements and product charscter-
istics aet forth by the customer be cbzerved, but to ths convantions and
standsxds adopted by the project to insure greater sfficiency in production
and mainienance of the product. Some standards are fixed by the con-
straints ¢nd limitetions of the production systam (computer and ntility
syatem) and some by the criteria of good prograwming practices and the
stale of the art. Pinally, criteria and methods must be set for the
detecticn of the legions of minor clerical and logical errcors that almost
invariadbliy 3lip through to crop up {rom time to time during system
operation. Hanagement's main taske, then, are making sure that precises
and accurate quality specificatione exist, that searching inspection,

and reviev procedures are established and observed, and finally, that

the importance of doing good work is stressed in the goals of the project
aad in the evaluation of performance."

The foregoing quotation is the entire opening section titled "Program
System Quality Control.” Willmorth goes or with sections titled
"Adherence to Specifications,” "Adherence to Programming Principles,”
"Adherence to Standards,” "Constraints and Limitations," and "Logical
and Clerical Errors.” He then has a section titled "Integrating System
Quality Bvaluations”: 'Insuring the quality of such a monolithic product,
compoaed a8 it iz of largely conceptual and logical components, is not an
essy task. Traditional statistical sampling techniques do not apply; each
product must be reworked until it does meet prescrided atandards or is
acceptable to the customer. Further, it ii much easier to &pply quality -
control techniques to individual components than it is to the cverall
systam, often suboptimizing these at the expense of the cystem....The
steps that must be taksn in setting wp a comprehensive Quality control
are (a) identify those products whose guality must be assured....
!b) identify quality inspection procedures and tests....(d) identify the
points where inspections and tests are to Ye made....(s) esign firm
responaibility for conducting quality reviews and for testifying that
gtandards have or have not been observed....(f) specify performance and
quality standards for quality revievs and reports....As for any other
product, conventions and standards should be set forth for the format
and contant of review reports and forms."

In sections that immediately follow, w2 have & subsection titled
"Deveioping Product Quality Criteria": "Quality control plans must
specify procedures for revieving spscifications as they appear and
either phrasing the specification statements such that required perfor-
aance and structurel ocriteria are evideat or extracting from the
specifications the levels of quality that must de observed....Quality
oriteria are in general more than a specification statexzent; both a
desired state and allovable tolersnces should bs determined."
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In the next secticn, under Cuality Ascwrance Procedures”: "It is
important that at least a minimun set ¢f vrotedures be established as
a guide and to encourage adej. ate rovievs....iniless the test prccedures

and requirements are quite ctiesr andt wvel. structured, much redundant
testing may be done and tes*tiry i. uit Likeiy 1o be as comprehensive as
it should be." The next sectioc . :itled Ferformance Evaluation," says,
"A frequently neglected aspect of the quality control program is the
establishment of appropriate performance standards for quality review
personnel....Quality control programs should establish criteria for
adequate reviews and procedures for review evaluations. Management
must teke note of such procedures, since performance evaluation is
largely a management concern, and use them to encourage and enforce
adequate product reviews."

This document (which contains 94 pages) continues in very much the same
vein, presenting the reasons why quality control is necessary and the
objectives that a quality control program ought to attain. There are
numerous flow diagrams, and some examples of what Willmorth regards as
possible procedures: for example, on page 48, we find "A Sample Assembly
Test Plan,"” which details the purpose of the test, identifies the programs
used, and gives the inputs and outputs. On page 66, Willmorth discusses
"Organizing for Program Quality Controcl, ' and says, among other things,
"If quality control is to be at all effective, it must have the whole-
hearted support of the project management. It is top management who
determines objectives sets policy and defines the scope of project
sctivities. It provides the impetus in establishing product and
performance standards, and generates the energy with which these are
enforced. In top management lies the ultimate responsibility for

quality and from there stems the authority for insuring that quality

is enforced. If project management neglects its duties, efforts to
establish and enforce goals of quality at a lover level are built upon

a base of sand....It must be recognized that & quality assurance progranm
is not just a way of clecking up on subordinates, but a methodological
approach to the organization's assuring itself that the desired quality ,
does exist." .

It does not seem practicable to quote at any greater length from this
rather long document. The general flavor is, I think, fairly represented
in the extracts given. I, for one, do not quarrel with the author's
statements; they appear to present the problem and define the objectives
a3 completely as need be. Nevertheless, the document atill leaves open
the question, "How, in practice, are these desirable objectives to be
attained?" We need, in short, an engineering approach to the problem;
one that carries out the steps called for by Willmorth. One of these
steps, for example, 15 to set up quality criteris and devise procedures
for insuring that these criteria are satisfied. What we need now is to
perfora this operation in a specific case. Willmorth points out that
basic quality requirements should come from specifications, either
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directly or by interpretation. We need to tske an actual specification
and extract from it the quality criterie, and see just how this is to
be done.

The next three documents are tied together by a common concept and a common
authorship. The first of these is An Approach Toward Control

P. V. McIsaac and ¥. D. O'Comnor, n-tx{x.g-&f?@?m E‘El% IW ﬁn
main characteristic of these documsnts is that they propose a definite
kind of device, namely, "system catalog" as an adjunct to quality comtrol.

I quote from the earliast of the documents. The opening paregraph
reads: "The establishment and conscientious employment of sound
quality control techniques is as necessary to the production of a
computer bese system as to the more conventionsl applications of
mnifacturing. Quality control technigues, however, need not depend
upon strict statistical sempling and anlysis. Control may be achieved
in a variety of ways, including both concrete tools (e.g., COMPOOL, !IRT
charts) and sound methodology (e.g., state-of-the-art techniques).

end must not be confused with the means. The end is to cbtain qun.lity
through contrcl. The means must only achieve this end within the
bounds of practicality and efficiency.

"Nev systom, hovever, pose new problems which necessitate the development
of nev controls. Toward this end, the following device, vhich we term a
system ocatalog, has been conceptualised. The system catalog will serve
for the collection and description of system data. Beveral of its
primary advantages are envisioned as follows: (1) provide an acourate
end up-to-date description of all system inputs snd outputs, (2) provide
a crosscheck between operational design end the real world, (3) provide
e means to intersct with outside ageacies, (U4) provide a source of
information for changes to the program, (5) provide for accurate inter-
progran commniocation, (6) provide guidence and control for the efficient
struturing of data, (7) provide a description of the relationship betveen
operational design and program design, (8) provide a convenisent source
for the repid updating of crucial changes....It is hoped that a realistic
attitude will be assumed toward the catalog in order that it may becoms
an efficient and fruitful tool rather than an avkward and useless relic.”

There follov some Qiagrems in vhich the system catalog ie¢ showm a3 an
intermediate between the ops equipment requiremsnts and progrea coding;
and then there is a list of components that might be in the catalog.
PFirst ve bave inputs: "teletype inputs, data link inputs, console
actions, keyboard actions, and processing.” Then .or artputs, ve have
"teletype cutputs, category displays, tabtular displays, special 4isplays,
alarws bard copy displays.”

There is then at the close of the document vhat the writer calls "a sample
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of a single 425L system input meesace snd its resultant outputs as it
would appear had it teen extrarted from a coumplete catalog.” The remain-
ing seven pages of the document are teken up by this attachment and this
shows, in tabular form, the various typec of inputs and outputs. The
tadble containg 12 columns an? cach has & hcading. There are cross-indexing
and various abbreviations in the table sc that it's necessary to consult
some sort of dictionary or glossary to inow what the entries mean.

The second paper is Initial Insighte Toward System Quality Control,
P. V. McIsaac, N-1X-521/100/00, 15 July 196G,

Again, quoting from the document, "Quality control, in its droadest
senae, refers to the systematic control of those variables vhich affect
the excellence of an end product. Quality, however, is an absatract word,
unless related to definable and measurable characteristics of the product
involved, in this case, a programming system. But how does one define
the quality of s system? Obviously, one good measure would be the degree
to vhich it meets consumer requirements....Such a definition is, of
course, much too general, for what criterion msasures does one use to
measure adequacy and hov and vhen are these administered? 8Such are the
real problems of system quality control. But even at a general levei,

ve can recognize two distinct quality control requirements: one is the
need for standards and specifications that establish the quality objec-
tives to be measured or evaluated, and the gecond is a more dynamic need The
to provide the devices and techniques by which such quality objectives P. V
are reached and subsequently maintained....Control measures should first
be aimed at eliminating those assignable variadbles as opposed to chance
variables vhich might be syctem availability, maintainability, computing
efficiency or reliability. They might also include operating time,
system sire, expansion capability, flexibility to changes, or simply

8 criterion that the system be operationsl in x months....0ne of the
greatest stumbling dblocks toward effective quality control in the past
has been a poor recognition of just vhat wvas to be controlled.

"One me jor tulwark standing squarely in the path toward more effective
Quality control is the very conception of the term itself. The develop-
ment of a system does not currently consist of a single process tut is
Bore 8 series of large complicated processes involving a collection of
professionals vhose needs for quality control and thus their interpreta-
tion thereof are as diverse as their beckgrounds and duties. Bystem
Qality control cannot be limited solely to inspection or messurement,
since a system, by its very nature, must be kept under continuous cngoing
control. There is no scrap pile for & system wvhich 'fails to msasure up
to inspection criteria.' Inspectior is but one necessary and admittedly
neglected area among a number of devices, techniques, and methodologies
vhich enbance the successful development of the system and which must Ye
relegated both legally and properly to the domain of quality control.
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"We can break these control needs into an inspection or measurement
function and a control or production function.

"Qne must readily accept the fact that any one set of quality control
techniques will necessarily fail tc satisfy an entire system's needs.

It seems we must rather concentrate on control requirements according to
area and function....We might attempt to develop techniques to arsist
management in controlling the prcduction of a systex or design ¢ tool to
asgist the technician to better check the logic of his code.

"A narrow definition of the term quality control must not serve to

restrict the means by which system quality is achieved. All means

effective in developing higher quality must be given consideration.

First consideration, of course, should be aimed at improving our current
methods of operation....It may become necessary to revamp or even discard
0ld methods....This seems to be the current plight of the system develop-
ment process. Alithough we admit to inefficiency and lack of quality, we
nevertheless are reluctant to adopt any device or methodology which fails
to use the current basic approach to the process....Perhaps we should be ex-
anining the process itself rather than attempting to plug elusive holes
weated by the process and tagged with the label 'lack of quality control.’"

he third document is Model of a System Catalog for Quality Control

+« V. McIsaac and F. D. O'Connor, N-IXyIL’-5215200755, 5 August 1§3ﬁ.
The first paragraph reads as follows, "This Note is the third in a series
of documents produced on the subject of quality control techniques for
computer systems. It represents a further development of the initial
concept of designing an input-output catalog to be used as the controlling
source for operational and program system design.” The btulk of this paper
consists of something like 24 fold-out sheets printed out from a computer
and showing an actual form that in the authors' opinion embodies the type
of system catalogs they have in mini. This catalog apperently would con-
tain quite a sizeable body of descriptive information, and on page 4,
under subheading "Using Catalog Sections in Other Capacities,” we read,
"In addition to the conventional catalog application as a central agent
for the collection and description of system data, each section of the
catalog might alsc serve other purposes. For example, Section 2, Data
Base, has been designed so as to retain the characteristics of the
symbolic COMPOOL. Instead of modifying the COMPOOL structure, catalog
con..0ol cards were added to each table description. With only trivial
modifications to the COMPOOL assembly program, this section could eesily
serve the dual function of catalog section and symbolic COMPOOL. No
additional manpcwer need then be expsnded to meintain s symdolic
COMPCOL unique to catalog Section Tvo. Section Three might also dbe
used in ine capacity of a set/used 1isting, thereby reducing the need
for such a function being produced independently of the catalog.”
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The next section is titled "Imnact o a Svetem Catalog on Existing
Specifications.” "The inter’ of the prcpcced system catalog is not to
supplement the contents of ~rerational and program design specifications
but to constitute the primary and conirolling source for system outputs
and inputs. It should there.cre be assimed that if a system catalog
evolved from the onset cf acquisition, the current contents of design
specifications would probably differ. The exigtence of a system catalog
would obviate the need for some of the detailed design informmtion that
currently exists in operational and program design specifications. 1In
all likelihood, operational specifications would be subject to fewer
changes (and inconsistencies) in addition to being a more meaningful
document for customer review and concurrence. A system catalog should
not be just another snurce of information, otherwise its primary
purpose (to control) is defeated.”

This is the end of the quotations from the three documents, all indexed
under the primary designator of N-1X-621. It seems to me that in comment-
ing upon these documents, it is necessary to regard them in two aspects.
The firut of these aspects, which is best illustrated in document number
tvo and in some of the quotations from document number one, deals with
the writer's concept of the quality control problem--its difficulties
and some of the requirements of a valid quality contrcl effort. The
second aspect deals with the proposal for a system catalog. In this,
the authors get down to a concrete recommendation, and supplement it
vith a rather extensive sawple catalog, presumably intended to shovw
vhat such catalogs ought to be like.

I cen only agree wholeheartedly with Mclsaac's interpretation of the
quality control problem, with nis philosophy of quality control, and
vith his broad ideas of hov the problem must be approached. I agree
that a doctrinaire limitation to some particular method or control device
vould be a mistake. 1 agree that various aspects of system production
and checkout vill require different methods. I agree that though system
testing is important and probadbly could use much sdditional effort, yet
it must be distinguished from process control. I think it perfectly
possidble that in order to achieve this control, it may be necessary for
us at least to investigate quite revolutionary nev methods of system
production. In fact, I might almost say that McIsaac has expressed mxy
opinions about the broed quality control prodlem quite as well as I
oould have expressed thea myself.

¥ith respect to the second aspect of these papers, the “"system catalog”
device, I feel much more hesitant. I 40 not see that McIssac and O'Connor
make it clear hov this system catalog is to be used in pructical quality
oontrol. In fact, I 4o not see hov this listing of inputs and ocutputs
vould halp a manager in any way. The samples given in documents 1 and 3
are not legible to managers vithout special training; not only would it
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be necessary to understand the tabular arrangement, but the person using
the catalog printout would also have to be familiar with a considerable
vocabulary of abbreviations and computer jargon. The catalogs themselvee
are quite voluminous. They do not have the property of, say, a quality
control chart, that the observer may assimilate a large amount of informs-
tion at a single glance; one gets the impression, rather, that the catalog
would at best be a source of information which would then need further
processing before it could be presented as a display to the quality
contrcl supervisor. In short, it is not at all clear to me how this
system catalog could be used, nor that any substantial area of quality
control is covered by the system catalog.

I acquired so high a respect for the authors through the general philoscply
of quality control as expressed in document two, that I prefer to close
these comments vith reservations. It may well be that the system catalog
can be used as the basis for certain important control data that would
solve part of the quality control problem. It may even be that the
method of its use is implici. in the papers, and that it is clear to
. more preceptive minds than mine. The fact remains that I do not see
hov 1t is to be used, and I suggest that the method of its application
vill need to be made more explicit and described in simpler terms before
it can be generally understood.

Factors that Affect the Cost of c%t&r MFB: A Quantitative Analysis,
L. | o J. Zagorskl, ’ Augus

As the title implies, this document is concerned rather vith the cost of
computer programming than vith the task of mintaining or assuring progem
quality. Howvever, on page 11, the authors point out, "Cost estimates are
used for evaluation. 32qually important to the direct uses of improved
cost predictors are the indirect uses. For example, predictors can be
sought that relate requirements and resources to the wethods used to
control coests.”

Although T™N-1kk7 does not address itself particularly to the quality or
psrformance prodlem, yet in my opinion, it should de part of the lidbrary
of anyone vorking on system quality and performmnce.

A Techni for the t of & C ter Installation,

[} . » - Y .

This, like an earlier RAND docu@nt by Patrick and Maverty, has the merit
of recommending specific proposals and presenting scme data. On page 1,
in the Introdiction, we read, "The conclusions of a previous Nemorandum
(reference here to the Mtrick-Baverty paper) stressed the fact that
there are no generslly acoepted msasures of performance for computar-
based systems. In the dfscussions that followed publication of that
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Memorandum, some concluded tiaat any measure of performance is sufficient
to improve the present siate »f affairs. An informal technique exists
and is being employ*d by somc managers ~{ computer installations, but to
date, none of them has formal:zed ard drcumented the technique. It wvas
decided worthvhile to formaiize the existing technique and to make 1t
available for possible use by others.”

The method proposed by Fatrick is, however, only indirectly a method of
Quality control; it is much more closely related to cost coantrol, and, in
fact, is described by Patrick as a type of cost accounting. Patrick
divides the activities of a computing center into 24 categories, and
proposes that separate costs should be assessed in each category. He
presents specimen forms that he thinks might be used, together with
samples of how they should be filled in.

Although the Patrick paper seems to deal with cost rather than wvith
Quality control, it may be as well to bear in mind that these two aspects
of management are very closely related. Any system that would give us a
better understanding of costs would almost sutomatically give a better
understanding of quality. Although the methods of assessment produced
by Patrick do not relate directly to quality, yet this document must, I
believe, be selected for careful reading by anyone vho proposes to
continue vith quality control in systems.

Two papers, Treining and Job Ferformance Validities of Programmer Trainee
Selection Varisbles, ™-2172, and Validity of Pro iﬁ;nu Selection
erhatles DCATTS = R ated 3 Bocember 1060

™-2173, both by Dallis K. Perry, both date

These documents report essentially the same data, TM-2173 being more in
the nature of a summary and more informal.

These documents are of interest to the present survey only becsuse they
include performance mesasure, vhich wvould necessarily be closely related
t0, if not {dentical vith, measures of the quality of & programmer's
outjut. Data vere collected on 452 trainees, including age, sex, lsvel
of education, and scores on the PMA (primary mental nbuitys test and

the OTIS ganeral intelligsnce test. Also available vere grades awvarded
in treining courses, first in Q-7 programming and later in SAGR program-
ning. On-the-jod perforwance vas msasured by several criterion variadles,
including length of employment, selary progress, salary reviev rating, and
classification progress. Curiously eacugh, the largest correlation was
betvesu education and salary rrogress for trainees who took the GAGE
oourse, and this correlation coefficiant vas negative and signifioant at
the 1 percent level. Unfortunately, ti relatic P vas nct coufirmed
vith treinees who di4 not taks the SBAGE course; the correlation coeffi-
cient bare wvas again negative,; but equal only to -.0l. If the negative
correlation had osen confirmed for both groups, it might be interesting
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to try the performance of persons vizh only a fcurth-grade education.
Several of the positive correlation coefficients attained significance -
at the 1 percent level, though this fact must be discounted vhen we
remember that 80 such coefficients were computed for Table 8 in TM-217T2.
The predictor that gave most consistent positive correlations with the
four criterion variables wvas number of dependents, and even here, the
largest correlation coefficient wvas .23, suggesting that 95 percent of
the variadility is still unaccounted for.

Though the correlation coefficierts obtained in this study are not
exceptionaily smll in compearison vith those obtained in most validation
studies, yet they are much too smell to form the basis for an operational
quality control system. To put the same statement differently, ve do not
knov vhether the predictor variables are in fact related to performance
by any strong relationship, nor are we sure that the criterion variables
such as salary progress and salary reviev rating are valid measures Of
on-the-Jjob performance. The conclusions of these two papers, that the
tests proposed have some value in aiding in programmer selection, are

not disputed; but 1if a Qquality control procedure is to support day-to-
day actions, a performance criterion is needed with a much smaller
standayd deviation than is indicated for the criteria used here. Perry
obtains better correlations, of course, by using a veighted combination
of predictors; but this improvement wvould itself have to be validated by
e repetition of the experiment. Tn any case, it seems unlikely that the
performancs measures used by Ferry are sufficient for routine gquality
control purposes.

Computer Status Quo, R. L. Patrick, 8P-1947, 15 December 196k.

Unlike the other documsnt by Patrick, this one does not contain any data.
It does contain, beginning on page 21, a suggested sequende of actions
for producing a program. Patrick divides the total effort into seven
acts, each bf vhich is further divided into scenes (Act VII consists of
s single scens, Act V coantains 12). The tone of much of the writing is
scmevhat tongue in cheek, btut it may well be that a discussion of this
kind could be wvaluadils.

Oo page 3¢, RPatrick begins an spilogue, in vhich he says in part, “ths-
author is not avare of any concsutrated effort to solve the dedugging
problem by understanding the dsbugging proosss so that proper tools may
be produced t0 alleviate it. In the past, v bave spent vast amounts of
money vithout e clear-cut objective or apmoved plan.” Patrick omcludes
his paper with the folloving sentences: ‘Ve may design systems that are
80 damanding that ve can never make them vork. Such is the life of the
computer professional. What an exciting time to live.”

Although I 4o not delieve that this paper ccntains any important

Y
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suggestions for operational quality ccrntrol or improvement, yet it
is readable and perhaps shculd be included in the quality control
analyst's small shelf of books.

The Correlation of C ter Programming Quality with Testing Bffort,
A. Y. Nicker, EEI;;%MO, 55 January 1965.

Among all the papers reviewed, there are very fev that propose an
opsrational scheme for evaluating any part of program production, but
this vaper is one of those few. Tucker has collected date on the muber
of dilcr!#gx o] forms as a function of time; the time, that is,
expended in searching for and finding programming errors. There is a
modest body of theory, applicable to problems of proofreading or search,
that might be invoked in this kind of effort. Tucker presents some
grephs shoving hov the number of errors discovered changes with pro-
gressive time, and in the light of proofreading theory, it seems quite
possidble that some mode of estimation could be dsvised that would give
an estimate of the number of errors undiscovered after a particular

time, using as input the number I errors already found. Tucker says

in part, on page 32, "A quali.aiive feeling or indicaticn of the quality
of an individual program can be obtained from the slops of the error
scoumilation versus testing effort data plot. This feeling or indication
ocan be reinforced by the use aof an estimated total error population for
the program....The relative quality of different computer programs can
be estadblished by & data normalizing procedure in vhich the total error
population for each program is estadblished.” Tucker goes on to recosmend
that a more extsnded and systematic effort be made to collect data on
oumbers of errors and testing :ffort, and to inalyss these data. "Until
sufficient data 1is availabdle to justify other standards, the quality of
B8FD computer products should be defined in terms of a nominal model based
upon the normaliszed data presented in this report.”

It 18 80 refreshing to find a document vith a specific operational
procedure to propose, that perraps ry enthusissm rucs avay vith me;
nevertheless, the number cf errors in a computer program is certainly
ons measure of its quality, and there does exist some statistiocal theory
that vould allc. its estimation, following the iines suggested by Tucker.
I think this document mist be placed very high in the stack of documents
to be considered sericusly in deciding hov to continue with the prodlea
of quality control.
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Appendix B

This Appendix contains reviews of all documents considered but not included
in the selected 16.

g%:r Prograr System Development Milestones, no asuthor, 88D Exhibit 61-b7A,
no

This document "defines the conten: of the computar program developmsnt
ailestones products to be delivered to the Air Force." It doces not
present specific methods of quality evaluation, but it doee indicete
that ths Air Force expects soms sort of quality standards to de
observed. Yor example, on page 21, it speaks of acceptance criteria,
"Outputs checked and any particular results to be noted are checked.
Possible data to he preuserved for other tests skould bde identified.”
This on Milestone 5. There is another requirement, under Milestome 11,
that calls for quality recording and reporting, though again with no
suggested measure of performance.

The document is of no value for suggasting specific quality control
moasures; its only interest lies in the witness it bdears to the Alr
Yoroe 'a interest in quality.

SACR Pro

emantation His No. 2--How to Set

This dooument is included only bdecause the title suggests it mighs
bave matarial relevaat to quality coatrol; in fagt, it contains vo
such material. It {eo chiefly an ocutline, spparently intended for
training instructors, shoving hov thay might proceed at a field site
to break in nev personnel.

The eudject of testing is listed, vith such headings as “Test
Milosophy,” Standard Test Concept,” “Additional Testing,” and
“Assembly Test Procedures.” Opsrational testing is descridved omly
in & very gmerel wmy. In =xy opinion, this document has nothing
of interest for ocur case.

“Bov Do You Messure Useful Computer Timet"™ Autamtic Data Processing Digest,
Yolums 6, Mumber 5, March 1960, pages 1h-17.

T™he abstrauct begins with the sentences, "Neasmirement of good and ded
computer time is not easy. Bame activities may be comsidered good
(1.e., productive) and others--tad (or nonproductive), vhile same
may be open to doudbt or regarded as nefther. The activities are
grouped under these headings: preventive maintenance, actual
production runs, developmsnt of progrems, time lost due to computer
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faults, repair time of computer fau'ts, time lost due to operator

or programmer errors, idle time, miscellaneous occurrences.” Rurther
along, the w-iter points out that tnere is no unique scale for the
asaduremsnt of gocdness or bedness in computer utilization and that
videly different figures for the same set of circumstances might be
obtained merely by applying different yardsticks. He concludes with
the recommendation, "It is suggested that manufacturers gst together,
yo8sidly under the suspices of the British Computer Society, and 'settle
s foryuls that could be used for all installations and produce strictly

ocaparable figures.'"

It seems clear that here again we have a pointing out that the problem
exists, vith not auch specific in the way of a proposed solution.

Qg Que)ity Control, T. J. Suyder, N-18476, 22 June 1962.

Wr. Snyder begins his paper with the following ssatence, “Perhaps ths
first probvlem to te addressed in a working peper of this kind is that
of a cautious definition of the term quality coatrol. At first blush,
ef course, thig term does not appsar to bs much more vague or difficult
than come others wo heve lived with and used, tut it is. Quality control
18 a &readful term made worse by increasingly generul use and misuse."
After scme preliminary discussion, Snyder resolvas the prodvlea into
yeoognising two genernl classes of errors vhick he calls system errors
and nongystem ezrors, and the objective of quality control appsars to
be the control of the frequency with which these errors ocoaur. Both
system aud nonsystem errors can occur as either random or vhat Snyder
calls methodic; I quote now, "Nonsystam errors predbably comprise the
bulk of any error package. These run the geaut, from simple, foolish
mistales to great, irrevocable blunders. They are 4digcouraging to
find and worse to be responsible for. Of all the types of errors we
should most wvant to control, we are least likely to comtrol thess.

But perhaps we can find the means to minimise trwm.

"Rerdom nonsystex errors ere very bed things. They result from ksypunch
failures, aull pencils, tirved eyes, etc. These random errors can orop
Up almost anyvhere in the production cycle, and in eny medium employed.
They are bed things.” Murther along in the papsr, wo.reed, "Off line
exror checking bears the brunt of most so-called quality control opere-
tions. It is here that the most sophisticated planning and creative
thinking is needed, and bas alvays been leciking. Normally, in e higaly
ocomplex system, this opereation exists es an ex post facto product
measure. In fuct, off line checking should be largely incorporated
into the preproduction phase; that is, throughout the input apecifica-
tion end preparation stages. Murther, it mey be more feasible to plan
its application in small portion---not only to detsct errors as soon
a8 possible, tut in order to distritute the operation in time snd
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space.” M™nally, near the end, Snyder says, "We must determine whether
we want an error-checking or an error-correction provision, or both,
incorporated into the progrsm system., Thie will be a difficult tesk.
By adopting, for example, a set of programsed measures that will
accomplish sophisticated error correction in conjunctica with errcr
detection, the quality control feature may become unwieldy. The feeture
can become B0 complex itself, in fact, that it too may begin genernting
sufficient errors to come under the jurisdiction of yet another quality
control feature."

It does not appear that in this paper, Snyder has done more than point
out the need for quaiity control, and the dichotomy between measures
used after the product has been produced (which I prefar to call accep-
tance inspection) and measures applied to the production process; which
I regard as true quality control. The paper contains interesting
discussicns of the kinds cf errors that can adversely affect quality,
tut does not really suggest anything specific in the way of procedures.

On Nulurin §_the Valldity and Effectiveness of the Response of a

This documant is not directly addressed to the prodblem of quality

) control, but since it deals with a measure of effectivensss, it is
worth considering in any survey of supposedly quantitative aprsoaches
t0 a system prodblem.

I quote from the first parsgraph, “0f the many kinds of responses cpen
t0 a military command control system, possibly the most odbvious is the
attack. fBuch a response has a number of different properties, two of
vhich will be considered in this papex, vis., validity and effectivensss
eesoThe validity of a response may be defined as gee to vhich the
response conforms to the intent of the coamander. The effectivensss of
& rasponse may be defined as the extent to wvhich the intent has deen
realired.” The rest of the paper is a somevhat mathematical “reatment
based on some rether abstract concepts, and it is not at all clear that
the paremeters needed for the methematical expression are operationaily
asoertainable. In any case, the document contains no suggestion at an
opexational level that might provide us with a recl measure of either
validity or effectiveness. Oordon even saye cn page 8, "The attempt

to define validity or effectiveness in some simple, universal way is
freught with Aiffioulties." The purpose of the paper seems more to
amphzsise these Aifficulties, rather than propose any metnod for overe
coming them. As such, it seems to have little value for our present
study and so I think can be disregarded.
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T™e following two papers are by different authors, but on the same subject,

so they are discussed together. These are Infcrmation Processing System

Besign: General Principles, Part I, Juck Jaffe, ™-743/001/00, 9 August 1962,
nciples of Information Prccessing System Design: Part II,

Osorge Masters, ™-743/002/00, 10 February 1953.

In the firrt pape-, Jaffe says, on pege 41, "Evaluation of ths Design.
fhis is tae evaluation of the design product itself, as a design,
before the system is constructed or before the design process is
reiterated. vhichever approach has been selected by management....
Errors of omission and internal consistency are searched out and when
found, fed back to the design production effort for correcticn. This
is a hard and lengthy process and one that a great deal of time must
be allowed for....A very important element of the evaluation process
is the establishment of design quality criteria. This means the
discovery of the important features of the system and eventuslly

the setting of lavels of acceptability. Particularly with computer
based systems, there is a neecd for defining the relevant functional
areas. A programmer may need to know access speed for core memory,
but a designer needs to know how long an operator will have to wait
for e new display that he has requested.”

In the second document, beginning on page 34, under the heading "System
Anslysis,” Masters says, in part, "In discussing system anslysis, wve
vill not cover analysis involving mathematics or other sophisticated
analytic or rigorous techniques although these techniques are certainly
important aids to the designer when they are applicable. The concentra-
tion here will be on what will be called rational analysis.” Masters
goes on to discuss the subjesct in very much the same way that it is
discussed in the book by Goode and Machol, using very much the same
terminology. No specific procedure is suggssted.

Although the discussions in these two papers are interesting and would
bs useful to someone approaching the problem of system design for the
first time, I see no helpfulness for the task of creating a methodology
for quality evaluation or control.

The next two documents are closely related to each other, and they are of
special interest because both of them contain the expression 11ty control
in the title. In point of time, the earlier of these documents is --

Recommendation, Real Time Quality Comtrol, W. L. Thomacn and H. P. ’
l=5537976766, 2 August ?& .

The opening parsgraph reads es follovs, "One of the principal criteris
for successful operation of the BAGRE system is that each subsystem be
maintained at design level. That is, performance of esch subsystem
aust be checked and verified to insure the reliability of that subsystem

OO et B A As et s M e .
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as an integral part of the SAGE system. Present techniques for accom-
plishing this are inefficient and quite often ineffective. This document
outlines modifications in SAGE system design (o provide a real-time
quality control capability.”

A little down the page we have, under the heading, "Recomndended
Solution,” the fcllowing: "The recommended solution to the quality
control (QC) problem is a computer program vehicle which is time-ghared
with the real-time simulation program. This vehicle consists of several
new DCA programs which, together with modificatione to existing DCA
programs, will perform the following functions:

&, Real-time monitcring of LRK and GFR test messages.

b. Real-time analysis of SIF codes reported by MK space x input
equipment. ‘

¢. Real-time analysis and correction of registration and collimation
errors.

d. Periodic calibration of height finder RHI consoles.

¢. Real-time monitoring of the height communications loop.

f. Real-time analysis of negative heignt replies.

g+ Recording of information prepsration of subsystem performance
summaries.

The implementation of some of these features requires equipment modifica-
tions; additionally, the programming of the time-shared solution can best
be implemented 80 as to be concurrent with other SPC activity. PFor these
reasons, an interim package which does not contain monitoring of GFR test
messages or any of the height festures will be provided. This interim
package will provide an early oprrational quality control -apability,
temporarily using existing spare drum allccations whicn will be freed by
the release of the final time-shared package."

If we look through the remainder -t this dccument, we find that it con-
sists essentially of proposals for s number of standard test problems or
messages intended to be presented tc the system, with monitoring of the
resulting output. This is conceptuslly identical with industrial testing,
vhere the product is checked from time to time to verify ita performance;
it is distinot from process quality control, vhich is intended to moniter
tha prooees of producticn. In the subject document, a number of tests
are desoridbed, ut these are all quite spacific to the partiocular system;
thay have nc genersl applicstion, and could not bs transferred to comgpu-
terised systems of all kinds. Necessary as this type of iaspection and
oontrol is to the successful operation of a large systam, it is not the
total task as that visualired in the present approach to quality cemtrol.

loe ...
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Closely ellied to this is Interim Production 1ist of 8PCR 1576 (the reference
is to the previous document), R. W. Green, N-17204/040/02, 15 October 1962.

N-17264 appears to be an atiempt by the author to translate the require-
ments of SPCR 1576 intc computer jJargon. Thus, on pege 29, we reed under
the heading, "Alternate Quality Control/Real-Time Simulation

Taken by AS0, AST

Cf Activate Button is Used

Cf2 1if QRTI is §, PSMI mist not be ‘ON' (3).
R§l Complement ARTI

RP2 set QMOD to 1"

and so on’ This is then a set of instructions to the programmer
intended to enable him to carry out the ideas of SPCR 1576, and as
such, is of no general interest to us.

ﬁuml Measures of Information Characteristics, R. M. Longmire and
* L} m’ '9&, 1 pmmr 19620

The title of this document is very encoursging, but I 4o not believe the
contents quite coms up to the expectations generated. The authors
recommend a device vhich they call s STANIC chart, wvhich turns out to de
simply a doudble dichotomy in wvhich information statements are classified
a8 true or false, relevant or irrelevant. This proposal is followed by
& symbolic mathematical treatment, vhich, in xy opinion, is not very
operational, in spite of the title. I am, in fact, not able to see hovw
the proposals of the authors could actually be followed out in any
practical case. Thus, I believe the document may be set aside.

m Similation for Evaluating Product Quality, J. R. Cravford, 8P-992,
tten for presentation at the 17th Midwest Quality Control
Conference in Denver, October 26 and 27, 1962).

The title of this document is appealing, but upon examination, it turns
out to be a proposal for a queuing model to similate transactions in a
warehouse. I 40 not believe it has any relevance to our prohles.

E Rlusive Criteris in Coemand end Control, Oordon M. Becksr, 8P-198,
r ) ere ectric | ’ ta Bardara, California.
This paper was presented to the humen factors wor group at the Tenth
Military Operations Research Symposium in October 1962. Becker starts
out bty saying, "One of the oldest prodlems we face in military research,
and one of the most difficult to resolve involves the selection of a

eriterion to evaluate a military system, subsystem, or componcnt. The
problem is especislly important, and difficult, in command oontrol

T e oy MR —— " | o ——— —
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systems research. It is important because these systems vitally affect
the nation. It is difficult because these systems must he acceptable to
many diverse groups in the nation prior to heipg rrocurel, and because
they must satisfy the requirements of a multitude of users after they
are procured.” A little later, we read, "Given this structure within
vhich we must operate, vhat can we do to increas: the efficiency of our
efforts in the design of command control systems? Two recommendations
to the Director of Defense Research and Engineering. vhich appeared in
a report of the Institute for Defense Analysis are pertinent to this
prodlem. These recommendations were (1) mechanismn wheredy technical
and functional compatibility efforte are cuvordinated within the Depart-
ment of Defense should be strengthened, (2) the military users of a
command control system should actively perticipate in the design develop-
ment and the evolution as well as the use of the system.

"We can help to implement both of these recowmendations. We can help if
we restrict the assumptions we make in our studies to those that are the
direct responsibility of the ageuacy that furds our study, i.e., we should
not act as though we kmov the input, recuirsments or utilities of agencies
other than the particular agen~y and its subcrdirate agencies, that are
directly responsible for our study." Agsin on the next page, "We can also

help by making more use of simlation during our design vork. This simu- .

lation should be so structurad that the contrecting agency can participats
in the test runs. Moreover, the design group can help the contrecting
agency maks use of other governmeni and military groups, including the
alternate uders of the system both above and below the level of the systam
assigned to the agency to participate in the simulation.” On the last
page, "In rummary, I have indicated that the selection of s command
control system depends upon the criteria of many groups. 8Since all of
the groups in the evaluation chain must be satisfied if a system 18 to

be adopted by the operating forces, none of the systems accepted will de
Judged bdest by any group if they apply different criteria. MNoreover, the
designer cannot expect to obtain an analytic expression of the real
utilities used to evaluate military systems. Despite the lack of an
explicit analytic utility expression, ve can, by simulating our systems
in the design phase and by including other DOD agencies as subjects and
experimenters in the simulstion of the system, design systems which
satisfy the criteria of the various groups in the chain and incresse
their coopsrativeness. Thus, ve can satisfy that elusive command

control criteria through similation studies even if we cannot measure
1t." This is the final parsgraph of the paper.

It seems to me plain that although Mr. Becker has spoken at length
about the need for reconciling the criteria of various users, be bas
at no time got specific about any of the criteria, nor about methods
for assuring that any ariterion is satisfied. I think the paper has
no value from our point of viev.
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Stages in the Design and Development of an Information Processing 8ys : ’
!ﬁine C. Gay, SP-1023, 9 Novemher 1962.

This paper is included because the title suggests that it might contain
something about eveluation; :in fact, it does rot.

The next tvo papers are treated as & unit because of their common suthorship.
Pirst is lementing C ter Systems and Bvaluation of tional tems,
0-918/0&5&, 10 January §¥3. The second 18 Ezmntﬁgs % lv_d\u?ﬁ}
ma Processing Systems, SP-1294, 6 November , both by

These papers are not idemtical, but they include essentially the same
material, and the folloving quotations and comsments are from the latter
one, BP-1294. ’

On pags 2, ve resd, "Now, the introduction of data processing devices,
such as computer, implies that, for one reason or another, the existing
system is unsatisfactory....The reasons for adopting automation are
expressed in such gimeral terms as ‘'increased efficiency.' It is true
that one should expect greater efficiency of operaticu, but his sxpecta-
tions should be geared to specific instances if he is to properly assess
the potential benefits to be derived from sutamation. These specific
instances furnish the criteria by vhich a system may be evaluated.

"“There {s nc single set of criteria against vhich all systems can de
magured wnd vhich, at the same time, would be sufficient for the evelu-
ation of u« given systam. Accordingl;, although this paper diocusses
oartain general standards, it vill emphasize the process of daveloping
partioular criteria for individual systems.” Developing this ides,
Ademacn begins, on pags U, s list of questions, "vhich the systes
Scaigner must ask himself adbout his observations of user activity and
Qestions vhich he mist also direct to the user.” Among these questions,
ve have ons regarding user odjectives, another on operetional functioms,
another on operational tasks, still another on information requirements,
and 80 on, eading with the question "Who uses the information, and for
vhat purposest”

tm page 19, Ve resd, "The operationsl requiremsnts furnish criteria by
vhich the user evaluates the finished product. They also fumish
eritaria by vhich the designer evaluates the design specifioations,
vhich in turn furnish the basis for the designer's evaluation of the
production effort. There are other more generel ways of evaluating
systams...cos of these is costs.

“here is one final criterion vhich demands close study by the user:
seeds the squirment baing used to capacityr”
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This is about as specific as Adamson gets in his discussion of
performance criteria, and clearly not specific encugh to support a
-quality control activity.

the Development of Complex Systems, M. G. Holmen, N-19760,
] F%Sry 19613.

In the Introduction, Holmen says, "There are at least eight major steps
to be performed in managing the develomment of & ccmplex cosmand and
control system. This article is concerned with those steps, the sequence
in which they are taken, and the way in vhich they are arranged.”

Further along the eight major steps are described. Step 8 includes
system testing, tut this paper, again, does not present any method for
Quality control of program production or for the evaluation of s produced
Progrem.

Detailed Evaluation Plan 0100 by Field Design Branch, T™-CR-003/000/00,
3 April 1953 (no author given).

This paper wvas included because its title suggests that it deals with
the evaluation prodlem. Actually, its scope is Quite narrov. It refers
to an experiment on system L25L, in which the experimenters sought to
determine the effect upon systam response tims of inputs, additiooal
consoles, and recording programs. The conclusions from the experiment
are not very precise: "It would be extremely temuous to attempt to
extrapolats these exact results to changes in recording paremsters,
increases in the number of consoles and simultanecus actions, or change
of inputs....Further investigation is curreatly being planned along
these lines."” 8ince the experimenters 4id not seem to feel that they
had established anything very firmly and since at best the experimsat
bas limited scope, there seems to be 20 likelihood of furthar gain from

this paper.

mmthrnppornmtmudununitbomnotthirmmﬁarmp.

mymco—na.ndcm 1 Management o.cmon Making, SP-11Th, 20 May 1963;
p : : 5.16M11963.

5, 6 January 196k, all by

A quotation from SP-117h, oo page 18: “"A major difficulty of status
monitoring is the sslection of appropriate data. Busy managers camnot
be expected to adeord data describing everything about the company any
more thean an admirel or a gsnereal ocen de expected to spend aight end day
before the displays of a command and countrol system. The data for status
monitoring should be carefully screensd and selected so that they are of
intarest to the group vhich vill see them....The danger of status momi-
toring is the wll mown frustraticn caused Ly masses and masees of

ba ..
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reports being sent to manugeir who <o nct hove time to read them.”

Very nearly the same paracravh cccurs in SP-'175, page 8. In SP-1506,
rage 4, under the heading "Values and Criteria,” we read, "The values
toward which a technological casign is directed are those characteristics
of the ensuing product that &2 cenmidered desirable. A criterion. is

the degree of the valued cheracteristiz wnich must be obtained before

the product is acceptable.” (This is nnt, I believe, the definition of
criterion that is usually accepted.)

N-19789/311/00, G. F. Weinwurm, 22 May 1963.

This short document is a preliminary cutline for a chapter with the title
"Operational Design.” It has a section under the heading "What is a good
operational design?” and this, I think, comes close to our subject.
Weinwurm lists as good quali“ties that an operational design should have
accuracy, consistency, completeness and logical organization. Probably
none of us would quarrel with these ctjectives, but Weinwurm does not
attack the problem of how these qualities are to be measured, and that,

I believe, i8s at the core of the quality control problem.

JOVIAL Compiler/OASIS Maintenance Procedures, W. M. Mineart, T™M-WD-78,
2F ¥ay 1953.

The opening sentences of this document are, "The purpose of this document
ie to describe the procedures used by SDC in maintaining the Phase I
JOVIAL compiler and OASIS systems at the NAVCOSSACT computer facility.
Further, the document provider guidance to the users of these systems

in the reporting of discrepancies and malfunctions of the systems and
provides for the disgemination of information ccncerning the disposition
of errors." This paper is specific in that it presents definite report
forms that have actually been used to report discrepancies, which could,
of course,’be regarded as quality failures. However, it does not at all
address the problem of overall system performance testing, nor of the
establighment of performance criteria.

"Prediction of Creativity in a Sample of ﬁeaearch Scientists,"”
Cecil J. Mullins, in IEEE Traneactions of Engineering Management, June 1963,
pege 52.

I will quote the summary which appears at the beginning: "In an attempt
to identify test predictors of sclentific creativity, two criteria of
creativity were used: supervisor's ratings and number of publications.
An interest questionnaire, a vocabulary test and nine tests of the
Ouilford Creativity Battery wvere administered to 13l research physical
scientists. Of U2 test scores derived from the battery, U were signifi-
cantly related to the rating criterion and 7 to the publications
criterion. The two criterie were not significantly related to each
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other and none of the predictor scores correlated significantly with
both criteria. A composite predictor gave promise of increasing
effective prediction of “he ratings criterion, but not of the
pudblications criterion.”

Although this article is not aimed at quality control, it wes examined
because of the possibility that a dreakthrough in measuring sciemtific
creativity would give some clue for methods to measure program produc-
tivity or program excellence. As appears from the summsry, uo such
hope can be entertained; we are still unable to predict creativity in
research scientists, and in fact, one might even argie vhatbher either
supervisor retings or numbers of publications is a valid measure of
creativity. The paper is accordingly laid aside as of no interest to
our project.

Is Relevance an Ad.;!ﬁu Critsrion in Retrieval System Bvaluation?
[ ] ’ [

This paper was included in the survey because the title suggests that
criteria and evaluation might be discussed, as indeed they are; but not
in & quantitative vy suitable for quality contiol uses.

An Updated Plan for s Corporte Management System, R. J. Rhine, 2k July 1963.

This dooument i3 concerned mainly vith describing the wvaricus activities
that have to be undertaken in developing & specific management system.
Some attention is given to timing and use of the FERT system, but
nothing here apparently relates to quality control.

mt Standards for Dats Processing, Dick K. Brundon, Ven Nostread,

T™he prodblem of quality control in progreaming {s still fur from a
solution, and tius one <oes not look for muich help in dooks, which tend
%0 b8 a fev ysars dehind the current Jourmal articles. BStill, Breandom
has tvo chapters ladeled "Nethods Standards: Progremming,” asd clearly
these must de exaxined, if only because of their title.

The firet of the subject chapters (mmbered IV in the book, pp. 69-109)
deals vith the standardimtion of procedures: flow charting conveations,
charecter writing conventions, and the like. 7The second chapter bas
such as "Testing and Progrem Validation” (page 1102, “Testing
Standards” (page 115), and "Program Change Administreticn” (page 143);
tut none of this material seems specific encugh for use in Juality
ocontrol. There are also sections on “Performance m" vhioh
propose such comparisons as "Production Time/ ing Time" (page 213)
or "Avezuge test set-up time/Averuge test time” (page 220). Soms of the
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suggestions are concrete encugh -0 tavle un page 236) but I get the
impression that they were darived om a contenplation of what ought to
be, rather than from experience viwi o working crew.

In any case, the methods de.criled Lare :learly not been validated by
actual trial and iterative mocification. Jne would expect that paperc
of more recent date would bte more valuable for our purposes. I think
we have to accept the fact that we cannot get much help from books.

Command Control Softwvare System Development During the Conceptual Program
Definition and Acquisition Phaces, M{(},)-1.X-/1/000/000 Draft, 14 August 1963.

This document weighe five puunds turee ounces, including cover, and so
by dint of sheer size might be supposed to have something for everybody.
When it 1s published in ftc final form the pages doubtless will be
consecutively numbered, but in the Jdraft most pages are not numbered

at all, Instead, they bear designalors such as Dl-50-29 or AS-49-1, and
explanations of these designators appear at the beginning of the sections
into which the document is dividei. At the back of the book is a set of
fold-out charts, and these show the designators and their relationship
to the general scheme of classification.

Designator C-25 means, Preliminary System Analysis and includes seven
numbered subheads, including No. 2, Preparefﬁvalqgtion Framework; No. 6
Evaluate Cost-Performance of Alternatives; No. 7, Jelect Most Promising
Con?igprntion and Aaiust System Performance Roquirement,

2

We have also C-25A, System Performance and Design Documents.

Under C-25.2 we read, "This marks the first step in a continuing concern

of the system design engineer with the problem of design verification
and validation.

"Based upon a review of interface consideration, command organization,
mission and operational environment information and the structure of a
threat, the system design establishes a cet of general performance
criteria vhich will be used as a measure of system concept effectivity.”

C=25.7 begins with the following paragraph: "With concurrence with the
user, the Systems Division will select the most promising configuration
for a preliminary system design sub-phase., The configuration is selected
as & result of the previous cost/performance evaluation activity."

C-25.6, Evaluate Cost Performance of Alternatives, says, '"Cost performance
studies involve the determination of the cost of a certain specifiable
complex of machines, devices and facilities which will provide the
capability of implementing a specific system idea or concept (mission
concept or concept of operation). This cost is compared with other
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costs developed from studies of other configurations supporting a _
different concept of operations (system concept) or other configurations
eupporting the same system concept.

"Included in the items for cost performance analysis is the traditional
principle of system configuration; which in command control is the
geographic dispersal of men, equipment and facilities.

"We must include in an analysis the software or computer programming
element with an implied examination of trade-off between human and
automatic information processing operations and decision making.

"For instance, the greater the automatic processing requirement, the
greater is the néed for equipment and programming capabilities and the
less control exercised directly by the human decision maker. From a
cost point of view, by reducing the number of decision makers and
increasing the size of your electronic magnetic information processing
complex, one could be playing operations dollars off against development
dollars.

"From an vperations point of view, the question is one of control and
reliability. Once the automatic info.mation processing complex sal-
funciions or ceases to vork, the entire system comes to & halt. This,
in the case of the death or incapacity of a CINC or senior officer, 1s
not true; the proper subordirate takes over the role of decision making
and bdattle management. The designer has to examine and measure the
cost/worth value of greater speed and accuracy and capability for the
automatic processing complex against its relative vulnerability and
lack of strength-in-depth.

""he most pri:uiuu configuration of men, machines, facilities,
sutomatic information processing complex are salected and prepared
for the next design step.”

The adove quotation includee the whole of the entry under C-25.6.

These quotations appear to de the ones most closely related to the
subject of quality coatrol. About all one can say of them is that thay
concede, at least by impiilcation, that quality coatrol is an important
objective. Nothing is said anyvhere about methods or conspts of approach
to the quality comtrol problem. In fasct, about all the documamt really
says 18 that ve have an obligation to daliver a reliadle product of good
qQuality. Bov ve distianguish good quality fram dbad, or hov ve are %o set
about maxing & product reliadle remains t5 de determined; I find nothing
in the presamt document that sheds light on these questions.
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Research in the Management of Computer Prugrams, V. LaBolle, TM-1626/001/00,
i December 1963. -

On page 17, there is the beu!nning ot a sect:on under the heading
"Quality Control Techniquez.”' '"In this itask, we would underteske to
clarify, define, and help determine measurements for the gquality of
computer programs and computer program documentation. A part of this
area of wvork that overlaps the cost work described above would seek to
build a classification system for programs in terms of vhat they do.
Such a taxonomy is vital to the cost analysis and is implied by many of
the cost factors already identified.

“A deeper investigation of quality would consider: (1) what programs
are supposed to do and how they are intended to be used as reflected in
requirements and design specifications, (2) what programs actually do as
determined by test, exercise and operational use, (3) ways in which
desired quality, including performance characteristics, can be expressed
unambiguously and preferably quantitatively, and how the products, both
documents and programs, can be inspected during each programming
activity to insure that the quality standards can be met.

“Clearly, the study of quality can not only contridute to insight into
a cost/value relationship in program development but also will point to
changes in the methods for performing the programming job."

This document is essentially a rescarch proposal and the section under
quality control says in escence that because quality control is an
important problem we should be devoting some effort to its solutiom.

It recognizes that operational methods can be developed, if at all,

only by long research, and thus we do not find in this document anything
more than a recognition of the gravity of the quelity problem; there is
nothing suggested in the way of specific methods.

or, zation Decision Making, Julian Feldman and Herschel E. Kanter, SP-1357,
eamber 1903.

The authors consider the decision-making process as one of selecting a
particular path among a number of alternate paths, so as eventually to
reach a desired goal. Although the methods proposed are relatively
cloee to the standard approaches of matrix theory, game theory, and
operations research generally, yet the presentation here appears to de
too sbstract for immediate value in the quality control problem. No
attention 1is paid, for example, to the question of selecting among
alternate goals; it 1s assumed, in the Feldman-Kanter treatment, that
a goal has been selected.

I think ve'may set this paper aside.

i
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A Comparative Evaluation of JOVIAL and FORTRAN IV, C. J. Shaw, N-21169,
T January 1964,

This paper vas included for examination because its title suggested that
there might be scme sort of verifiable criterion used in the coaparative
evaluation. It turns out that this is not quite the case. In the paper,
ve have (in parallel columns) discussions of various features of JOVIAL
and FORTRAN, and at the conclusion of the paper, statements such as, for
example, on page 23, "FORTRAN IV is better for compiling large programs
out of many small subroutines,

*FORTRAN IV compilers provide for the manual inclusion, into the programs
they process, of previously compiled subroutines,” and so on. In short,
the two systems are described in qualitative language; there seems to be
nothing here that would lend itself to quantitative assessment.

A User's erience vith Three Simulation es (GPSS, SIMSCRIPT, and
, Xaren Young, TM-1T55 » 17 February 1964,

This paper was reviewed because its title implies a comparison and
comparison in turn implies evaluation. The author considered method

of modeling, programming flexibility, outputs provided, programming

time required, and programming ability required; but all these quantities
vere assessed subjectively, and I do not believe they give us mrich hint
for quality control methods.

The Design and Production of Operational Procedures, L. A. Friedman,
'(IT-‘Ei's‘ﬁ/oooloo, 3 March 1964.

On the cover, this is identified as a chapter to be contridbuted to a
book, The Development of Computer-Based Information tems, sponsored
by S5DC. Near the end of his chapter, on page 105, of & total of 11k
peages, Friedman has a section titled "Testing the Operational Procedures."”
He makes an interesting point, on page 107, "One of the major and most
important reasons for procedure testing is that procedures vhich are
developed from design documents are only nominal, that is, wvhat should
be. Experience has always shown that vhat actually is doane in an oper-
ational enviromment does not alvays resemble vhat should be done. Thus,
delivering the procedures to a potential user without testing them can
lead to troubled operations. Hence, a test must be designed to check
the validity of the procedures, i.e., do the operational procsdures
prescribed actually operate and control the computer programs for vhich
they are vritten?" There is a little more along this line, but here,
again, the emphasis is obviously on testing a completed program or
perhaps monitoring it over a period of continuous operation; nothing
hers related to the control of the program production process itself.
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Auitometed Computer Efficiency: the ACE Hethod for Efficient Computer
Programming, M. 1. Bolsky and 8. L. Felngold, 8P-1292/000/01, 5 March 196k.

This document's title suggests that it might be relevant tc our problem,
but it 18 in fact not soc. On page 1, in the Abstrect, we read, "This
paper documents ACE, a method for the systemization of the innumeradble
details invelved in digital computer programming and checkout, specifying
these details in step-by-step form on s series of checkout charta. This
systemigation insures that programmer actually perform all of these
details, and in correct order. The charts indicate the specific actions
to be taken to prevent errors and to track down the causes of errors

that 4o occur.”

Ve have here, then, essentially s procedural or checkout list, whose
parpose is to insure that no essential step is omitted. 1t has, I think,
no relevance for our task.

System Progremming Menagement, N. E. Willmorth, T-1578/000/00, 13 March 196k.

This document is in process of revision; the foilowing quotation on
quality control is from a preliminary version (page 178):

"Control of document and program quality is one of the toughest problems '
facing the programming manager. Making sure that dccuments are accurate

and programs are debugged takes so much of the manager's efforts that It
other aspects of document and program quality are often ignored. anc
N-¢

"Quality control of documentation and programs presents some unique
problems. High levels of reliadbility are demanded, tut exacting methods
of determining reliadbility and validity are not well established. Since
the products produced are one-of-a-kind items, sampling methods are not
applicable. A document or program must pass all teets in order to be
acceptable. Fortunately, quality criteria for most programs are concerned
vith vhether or not the programs perform the required functiom and occa-
sionally with processing speed, but seldom with elegance or optimum
efficiency. Once in a wvhile flexibility and modularity are mentioned,
but criteria of flexibility and generality are seldom establighed or
enforced.

“Cn the other hand, program and program testing seems an interminable job.
Getting a complex system completely debugged seems an impossible task.
Many programaing menagers would like to establish some means of stopping
testing activities short of complete perfection without being called to
account for every bug discovered in the future. The determination of 8tu
some method of establishing of reliability and quality better than
debugging for obscure cases is desirsble.




25 March 1965 B8 ™-2313/000/00

"In addition to product excellence quality control is used for the
evaluation and improvement of the processing system. Keeping statistics
on the °‘scrap rate' of designers, programmers and computers is something
that is infrequently done. Computer reéruns are sometimes accounted for
vhen the rerun is due to machine, system or operator error, tut seldom
for program errors. The amount of 'bed code' that is produced and
scrapped in the course of producing a program is almost never accovated
for, although rates ranging from 50 to 500 per cent have besn alleged for
particular programs. Very little can be done to improve the quality of
performance in program and document production unless such scrap rates
and other performance meagures are collected and evaluated for normal
performance meagures.

"Strong control over quality is an asset to successful performmnce in
productiorn planning and control. Most of the products turned out in a
program system production phase are intermediate items used by the next
phase of the process. Poor quality in items is not only very irksome

to the perscnnel who must deal with them but create errors, inefficiencies
and vork delays in the later phases. Having to rework a program or a
document can disrupt work projections and other work may be stalled
awvaiting the results of the re-do.”

This quotation includes all of this section, and speaks for itself.
It is of some interest to consider the subject paper in connection with

another paper by the same author (Managing the Softwere Development Bffort,
N-21395/000/00, 12 March 1964).

This chapter is directed mainly at problems of costing and scheduling,
but contains some material relevant to the quality problem. For exsmple,
on page 18, wve find e graph, "Instructions per Man Month as a Punction
of Program Length." According to this graph, programmer productivity
falls off quite sharply vhen the total number of instructions in a
progran exceeds about 200,000. The following page bas another greph,
"Computer Hours Used as a Function of Program Length," wvhich suggests
that the number of computer hours required rises almost exponentially
as the total number of instructions incresses. It seems reascnable

to gueses that the cause of this increase in computer time, and lower
productivity of programmers, arises from the difficulties of msintaining
qeality in the production’.and assembly of very large systems; at any
rate, the quality problem can certainly not be divorced from the :
production prodlem.

This paper 1‘0 the last of a series of four dealing wvith proposed measures
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for the effectiveness of air defense crews. It is included because such
measures might very possibly ve the basis of quality control variables.
In fact, the measures proposed by Hillis and Sheldon do seem to hold some
romise of being useful for quality control, though the exact way in
vhich they would be used is not discussed by the authors.

The proposed measures include such things as detection (yes or no), detec-
tion latency (time), false positives (number), detection adequacy (yes or
no), maxisum tracking error (nautical miles), number of override actions
(numbder), and so on.

sl

It seems perfectly possible that the list proposed by Hillis and Sheldon

might be used for reporting quality of performance of a system, though it
is not very clear hov they could be applied to the meaguremsnt of program
@ulity. Nevertheless, as a specific propossl naming definite variables,
the paper seems to merit consideration.

The Administration of Research, Joseph Fink, SP-1684, 15 July 196k,

The title suggests that the paper might discuss evaluation of the results
of resesrch, and so the paper was examined. No discussion of evaluation
is in fact presented, and although the paper is interesting, with a
mmber of cogent comments on hov research should be administered, it
does not seem to have relevance for our problem.

$rip Meport dated 31 July 1964 from F. B. Tierney to J. W. Bingleton.

Tierney says, at the end of his second paragrarhk and the bveginning of his Clc
third, "Is there a manageable number of variacles which can be used in Con
evaluating given computer facilitiest....Bconomic evaluations of computing 007
systems, large and smll, began in the areas of strict business applica- Cot
tions." On page &, he continues, "There is, in the persons of both —
mnagers and consultants, an awvareness of the fluid state of affairs in

the msasuremsnt of performance concerring large systems. The advent of

nev and drematically changed computers will affect the historically

utilised comparautive meesures. It is the purpose of these individuals

to moud tor these relative and adsolute measures and to determine vhether ‘a!,
or not they are deficient or superfluous or whether rersnkings and/or

additions are required.”

Similar comments cover the first five pages of the memorandum. The next
2h pages are devoted to a rather detailed description of the computer
equipment available at SDC Sants Monioca; this includes not merely a
Gescription of the computers themselves, vith such details as memory
aapacity, cycle time, and specisl features, but also & listing of
peripherel equipment available with each computer. There is, however,
00 attampt in these pages to set up criteria of value or performance.
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The importance of the document lies principally in the fact that it
has a bibliography at the end, containing 98 titles, and this list of
references would presumadbly be of considerable use to anyone undertaking
a further study of evaluation; however, Tierney at no time mentions
progrem quality or quality control, so we may take it that the decuments
he 1ists are not highly speicifc to our problem, but at best shed a
marginal light. :

The Results of the lsngg_mﬁnc Work on Managemsnt Control of Software,
no author, 3551, August 1 .

This document 1s included because of its title. It has a section with
the heading, "The AFSC Technical Requirements and Standards Program,”
but does not contain or suggest specific quality standards for software.
In fact, it reads in part, "It is specifically recommended that a
follow-on group be established to further design and to implement,
install, trein for and maintain staff surveillance of the process of
softwvare subsystem acquisition.” It is not very clear that such a
group would be concerned with product quality, though on the following
page, the writers recognize the relevance of such charscteristics as
reliability and maintainability, and call for monitoring of tests,
acceptance standards and standards application.

The document does not appear to contain any material useful for the
present ‘survey, unless wve 80 regard the expressed concemn of BSD over
standards and testing.

Closely related documents with overlapping authorship are SDC ence in
Computer Program Implementation: Costs and Cost Pactors, L. Farr, N(L)-15931/

’

002/00, 30 June 195k, and Cost Aspects of Computer Pro ng for Command and
Control, L. Parr and B. Nanus, 8P-1ﬁ27ﬁ_701, 13 Jamuary 1&5. -
These documents all bave about the same orientation, btut it will probedly
be sufficient for anyone interested to consult m-lfd&?/OOl/OO.

tam inlulhtion and Testing, Frank ¥. Hopkins, MITRE Publication 8R-123,
hr 1964

On page 4, Hopkins says, "Implementation testing should be designed and
conducted to ansver the following questions:

Does the system as installed meet the specification?
Does the system, meeting the specifications, allov the job to be done?

Hov well does the system do this jodb?"

There can be no doudbt that these are cogent questions, but Hopkins does
not propose any operational method of answering them. On page 9, for
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example, he says, "Insure that the information is interpreted and used
properly at the receiving site. The best example here is, again, that
of data Quality. Presumably at the receiving site there are soms
conditions under vhich we wish to incorporate cross-told information of
804 quality tracks, other conditions under which we wish to incorporate
cross-told data of poor quality tracks, and, perhaps, some conditious
under vhich ve vish to use only part of the information received.” Here,
the definition of good quality and poor quality seems to be taken pretty
mich for granted and our real problem is to maks these definitions
operational.

Bopkins does get a little more specific later on in his paper. On page 18,
under the heading “"Tests to Bvaluate Performance,” he says, "Our third
generel odbjlective is to determine how well the system does the jodb for
which it vas dought....lLet us assume as a desired criteria for tracking
ocontinuity that the track should be within 5 perceat of aircraft position
90 percent of time that the aircraft is vithin redar coverage of the
environment, vhile maintaining the same track number and identification
through out. Our measures may actually indicate that for 95 perceant of
the time the trauck heading is within 2 percent, the track speed within
10 kmots and the track position within 14 miles of the corresponding
paremsters of the aircraft. This information is useful to kmow. It can
be obtained as & direct by-product of testing for the second geaersl
objective and can be collected repeatedly after systam operations bdegin."
I¢ 15 clear that Hopkins has in mind the reporting of such gquantities as
the proportion of time that an estimation error exceeds scme assigned
perocsntage, and this may be acceptadle for system operation, but the
proposal leaves undetermined the question vhether these partioular
deviations are in fuct the best ones to report, or hov ve should arrive
at critioal percentages that would be taken as having special inferential
valus. The paper, in short, does not offer a specific proposal for the
operation of quality control or performance svaluationm.

W, J. B. Crnkovich and 0. Neil,
L ] L

™his dsals vith parumeter testing and points out scme of the problems
%0 be sclved in oomnection vith paremeter testing tut does not deal with

progrea production.

In comnection vith the preceding dooument, ve have N-21585 from N. B. Wilmorth,
19 Ootober 196k.

This Memo is & set of comments ocn N(L)-21787 and records scme differences
of opinion vith the suthors of that Note; however, it, Jike the Note, is
oconoerned wvith testing & progrem after it is produced, und not vith any
evaluation of the programming process.

il comn
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Data Processing Task Items, Dallis K. Perry, Memo M-20963, October 9, 196k.

The first paragraph of this Memo reads as follows, "Attached is a list
of data-processing task statements which have been prepared for use in
s study aimed at developing better understanding of the data-prooessing
Jobs in 8DC. Individual programmers will be asked to describe their
Jobs by sorting the task statements according to the importance of the
tasks in their jobs." The detailed list continues on the following
pages, and includes a number of steps such as desk checking and
perameter testing, but is merely a checklist similar to the one
produced by Bolsky; it does not suggest specific criteria.

I think the document is not helpful for discovering quality control
procedures.

Control of ths BUIC tional Pro : Pessive Tra
H. 8, ’ oation tnuo
Unclassified), 16 October 196k,

The contents of this paper are classified, and so are not reported here.
Eowever, they are very specific to the BUIC program, and have no applios-
J tion to quality control in a generel sense.

Controlling Time and Cost Factors in Pro , Robert Bohrer, OBC Report
olume 11, No. 5, & publication of Compu enoes Corporationm,
Deoamber 196L.

This documsnt is genersl in charectar; its main purpose seems to be %o
serve as & sort of sales ulk to prospective clients. It desarides in
qualitative terms some of the things that CSC personnel 4o in approaching
systems problems, and even has a faceimile of a OBC forw; tut I don't
believe the paper has any particular valus.
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