RADC-TR- 71-30, Volume I
Final Technical PReport
February 197

HANDBOOK OF METHODS FOR INFORMATION SYSTEMS ANALYSTS AND DESIGNERS
Volume I - Basic Handbook and Appendix 1

| Synectics Corporation

AD 725782

This document has been approved
for public release and sale; its
distribution is ualirited,

Roms Air Development Canrer
Air Force Systems Command
Griffiss Air Force Base, New Yook




MCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA-R&D

1

(Security clessilication of title, body of abstrect and indexing annoiafion must be entered when the overell repott ls clessilied)
1. CRIGINATING ACTIVITY (Comorate suthor) 20. REFPORT SECURITY CLASSIFICATION
Synectics Corporation UNCLASSIFIED
4790 William Flynn Highway . cmour N/A
Allison Park, Pennsylvania 15101

) REPOAT TITLE

HANDBOOK OF METHODS FOR INFORMATION SYSTEMS ANALYSTS AND DESIGNERS
Voluwe I - Basic Handbook and Appendix I

Ry

4. DESCRIPTIVE NO XS (Type of report and inclusive dates)

Fipal Report

9. AUYHOR!S) (First name, middle initiel, last name)

James W. Altman
Alvan W. Leavitt

Susan C. Shannon
Stanford T. Hovey

6. REPOAT DATE Ta. TOTAL NO OF PAGES h. ND OF REFS

February 1971 292 3k

88. CONTRACY OR GRANT NO

F30602-70-C-01k49

98. ORIGINATOR'S RERPDRT NUMBE R!Y)

013-C-1
RREIODINAK
Job Order No. 45940000
€. . OTHER QLPORY NOISI “Any other numbers tha: mav be assigned
this report)
« RADC-TR-T1-30, Volume I {of two)

10. DIITRIBUTION STATEMENT

This document has been approved for public release and sale;
its distribution is unlimited.

11. SUPPLEMENTARY NOTES ‘Iu SPONSCRING MILITARY Al "ty Ty

Rome Air Development Center (INDA)

Griffiss Air Force Base, New York 13LLoO
i

P
13. ASSTYRACT

A generalizable procedure for the analysis and design of information systems is
described in the context of allied and supporting data methods, design acsessment,
&and project mauagement considerations. This procedure follows from a view of infor-
mation systems development as a complex series of goal-directed iterations, rather
than a vell-ordered sequence of simple steps. In each iteration, tentative design
alternatives are progressively aarroved, better defined, carefully assesscd, and
revised until a wvorkable, user-responsive solution is operationally activatad.

The analyeis and design procedure is developed in two forms: (1) a comprehen-
sive discussion of the basic concepts, rationale, and constructive operations
supported by detailed flov diagrams; and (2) s simplified, conveuient wvorking tool
(TRACE),illustrated vith twvo sample system design problems of videly different
complexity.

Handbook content and orgunization vere evolved, uniquely, through provisions
for systematic evaluation-refinement cycles at selected stages during the period of
materials development. Potentially relevant materials were evaluated by s cross
section of RADC research and development personnel vwith extensive practical experi-
ence in all facets of information systems development, vho used techniques specifi-
cally adapted for this purpose. The resultant handbook constitutes a single-source,
practice-oriented guide intended for those vith formal training in the informatiom

sciences, but wvith little or nc experience in military information systems
development.

 —r————

DD "=V.1473

UNCLASSIFIED

Secunty Classification




m

UNCLASSIFIED
Security Classiflicstion
Ve LINK A LINK B LINK € 1
XKEY WORDS
roLe wT rROLE wr ROLE wT
I
2
Systems Analysis
Systems Design
Information Systems
Handbook
URCLASSIFIED
KRecurity Claesificsting B




HANDBOOK OF METHODS FOR INFORMATION SYSTEMS ANALYSTS AND DESIGNERS
Volume I - Basic Handbook and Appendix I

James W. Altman
Alvan W. Leavitt
Susan C. Shannon
Stanford T. Hovey

Synectics Corporation

This document has been approved
for public release and sale; its
distribution i{s unlim{ted.




FOREWORD

This final technical report in handbook form was prepared by
Synectics Corporation (formerly Datagraphics, Incorporated), 4790
William Flynn Highway, Allison Park, Pennsylvania, under contract
F30602-70-C~0149, Job Order Number 45940000, for Rome Air Develop-
ment Center, Griffiss Air Force Base, New York. Mr. William Doig
(INDA) was the RADC Project Engineer. Contractor's identification
number is 013-C-1.

The authc. . are indebted to those many Rome Air Development
Center personnel who participated with interest and vital effort
in the unique process chosen for shaping this handbook, particu-
larly Mr. Samuel DiCarlo, Mr. Doig, Miss Patricia Langendorf,
and Mr. Roger Weber.

This report has been reviswed by the Information Office and
is releasable to the National Technical Information Service.

This technical report has bean reviewed and is approved.

Approved: 44&:&,
iLLIAV A Dag(

Pro;cct Engineer
Enpineering Analvsis § Applications Section

/jzﬁljy dAAr

"’"“'/7/ FRAYS 11 DETTER
Colonel, USAF
Caief, Intcl and Recon Division

FOR THE COMMANDER: Zé:‘é
J. GABELMAN

" Chief, Advenced Studies Group

il




b s Y A S TR

ABSTRACT

A generalizable procedure for the analysis and design of information
systems is described in the context of allied and supporting data methods,
design assessment, and project management considerations. This procedure
follows from a view of information systems development as a complex series
of goal-directed iterations, rather than a well-ordered sequence of simple
steps. In each iteration, tentative design alternatives are progressively
narrowed, better defined, carefully assessed, and revised until a workable,

user-responsive solution is operationally activated.

The aralysis and design procedure is developcd in two forms: (1) A
comprehensive discussion of the basic concepts, rationale, and constructive
cperations supported by detailed flow diagrams; and (2) A simplified, con-
venient working tool (TRACE), illustrated with two sample system design

problemzs of widely different complexity.

Handbock content and organization were evolved, uniquely, through pro-
visions for systematic evaluation-refinement cycles at selected stages during
the period of materials development. Potentially relevant materials were
evaluated by a cross xection of RADC research and development personnel with
extensive practical experience in all facets of information systems develop-
ment, who used techniques specifically adapted for this purpose. The resul-
tant handbook constitutes a singie-source, practice-oriented guide intended
for those with formal training in the information sciences, but with little

or no experience in military information systems development.
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SECTIN I

ORIENTATION

The two chapters contained in this section describe the handbook content

first in structural and then in conceptual terms. Chapter 1, The Handbook,

examines factors related to the use of the handbook:

6.

What is its purpose?

Who are its intended users?

What are some broad implications for users?
What is its content?

How is it organized?

How is the handbook most effectively used?

Chapter 2, Systems, Process, and Products, presents the conceptual frame-

work of the handbook content in relation to system design and development.

The emphasis of this chapter lies in three general areas:

1.

To define and describe information system characteristics
and design attributes, providing a conceptual goal for Je-

sign and development activities.

To provide a design and development strategy for achieving

that information system concept.

To identify the products (fcrmal and infcrmal) which re-
sult from that design and development strategy.

I-1




CHAPTER 1

THE HANDBOOK

This Handbook of Methods for Information Systems Analysts and Designel s

looks toward a class of design problems without peer in challenging the
skills and creativity of systems development and implementation personnel.

As an aid to meeting this challenge, the handbook presents a comprehensive
and consistent set of procedures with which any particular information system
requirement may be approached. Thus, at one extreme, the reguirement may

be a limited impgovement to an operatioral capability already in being,

while at the other, it may envision a wholly new system. The handbook cf-
fers a design approach, applicable to all possibilities, which is described

at three specificity levels. That is, in terms of:
1. Basic concepts and relevant methodologies.

2. A generalized design-development strategy for proceeding

from requireme: s definition to full operations.

3. Step-by-step examples of the procedures applied to widely

different system requirements.

This handbook is intended, primarily, for use by twc vitally important
groups of participants in systems research, development, and implementation.
The first includes those scientific-technical specialists, who are new or
very recently assignea, to information system design activities. The second
group comprises project level managers and supervisors of systems design ac-
tivities who are new to, or unfamiljar with, the unique demands of complex
information processing and handling problems. It was assumed in this connec-
tion that members of both groups would bring a background of formal training
and some knowledge or experience in one or more areas related to the infor-
mation sciences. Hence, the handbook often references, but does not detail,
the nature and use of such "tools of the trade" as mathematical and statis-
tical techniques, electronic design techniques, research desigr principles,
and the like. It was also assumed that research and development policy di-
rectives and administrative practices were already available to these groups

and need not be repeated.

1-1




Unquestionably, the handbook may be used in a wide variety of ways.
Certain major applications were anticipated in its preparation and are cited

below:

l. To orient and gunide the practice of systems development

participants.

2. To assist in planning, organizing, and managing systems

development efforts.,

3. To orient user agency representatives and others who in-

terface with systems development efforts.

4. To establish a frame of reference for standardizing sys-
tem design procedures, staff requirements, and team or-

ganization.

Handbook organization is shown schematically in Figure 1-1. This chart
may be used to locate the principal content and subject areas treated in the
text. The contents are structured in four sections with brief introductions
which explain the scope and purpose of those chapters contained in the section.
Where appropriate, the chapter introduction is accompanied by a more detailed
aid to content location similar to Figure 1-1. In general, handbook organi-
zation can be understood by reference to Figure 1-2. Here, the core Chapters
6-1C (Section III) which consist of the generalized design procedures, are
shown supported by the design effort implementatinon considerations in Chap-
ters 3, 4, and 5 (Section II). Ssction IV provides further support in the
form of two Appendices. Appendix I is a list of sources of design-relevant
information. Appendix II is devoted to TRACE (Total Requirements Analysis
for Concept and Elements) with two case studies illustrating its application.
In essence, TRACE represents a practical method for carrying out the concepts
and procedures presented in the main body of the handbook.
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CHAPTER 2

SYSTEMS, PROCESS, AND PRODUCTS

In all probability, undertaking the first or any new information system
analysis and design problem will seem much like confronting a bowl of wet
noodles. On the one hand, prospects for untangling matters are scarce
and complicated. While on the other, loose sticky issues spring up for
consideration on all sides. Clearly, some insight into the overall nature
of this game is necessary in order to become a player. Hopefully, access
to a "big picture" will also protect against becoming lost in the details

as you carry out the system development project.

The overview is developed in three parts. Systems answers the question:
What is an information system "thing?" It discusses the chief identifying
characteristics and design features which mark this class of system; in gen-
eral, these are shown to be responsive abstractions of crucial user require-
ments. Process outlines a coherent strategy for gathering pertinent design
data, synthesizing a design, and implementing an operational capability in
the user's environment. It covers where to begin, how to proceed, and what
to consider. Products describes intermediate results of the development
process as successive snapshots ot the evolving end items. In so doing,
it points out the formal and informal products used to create the systanm,

keep development on course, and inform both management and user of progress.

Systems

Definition

Information systems are purposeful organizations of hardware, software,
and personnel components which accept, manipulate, and disseminate informa-

tion.* An effective information system informs its designated users on the

* Information is any intelligible representation of fact or circumstance
{such as a message, symbol set, or graphi~- data) which affects the re-
cipient's perception of the state of some phenomenon.




state of specified phenomena in relation to the users' informational needs
or organizational roles. Hence, the criterion of systems effectiveness is
the extent to which the system delivers relevant facts and data to its
users. Relevancy (of deliver=ad information) is best measured in objective,
quantitative terms as a function of the accuracy, completeness, and/or time-

liness with which user needs are met.®

Fiqure 2-1 expresses the definition as an elementary single-thread model
of system functions and first-order interrelationships. The representation
is deliberately simple, in order to highlight the basic characteristics.

For example, not shown are the duplicate functicns ordinarily required in

the real world to handle traffic load; nor are the iterative handling actions
and feedback loops which implement data verification and query refinement.
The point is that once the confusing overlay of application-specific elements
is stripped away, a rather simple model suffices for the entire gamut of

system possibilities.

Neverthcless: the nature and scope of application requirements appear
to be virtually unlimited, as users increasingly demand access to all manner
of natural and behavicral data. Information system design can and does in-
volve just about every conceivable scientific~technical data collection,
reduction, and presentation problem~-fortunately, not all at the same time.
Some idea of the range information systems take is illustrated by the fol-

lowing brief list «f military applications:

1. Reconnaissance systems--airborne/ground-based target

Jata collection and explcitation.

2. Early warning systems--missi’.e/manned-aircraft pene-

tration detection, identification, and tracking.

* User at-itudes toward output--e.q., satisfaction or dissatisfaction
with infowmation received--are neither very precise nor reliable in-
dicators of systen effectiveness. The difficulty is that attitude
formation is influenced by a large numbar of factors, not just those
directly related to how well output matches actual need. Consequently,
user attitudes are usually gross clues at best to system strengths
or wveaknesses; and the effort to pin down the underlying reasons say
not be worth the cost.
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3. logistical support systems--material accounting and in-

ventory control.

4. Air traffic controi systems--aircraft take off, landing,

routing, and navigation.

5. Weather observation-prediction systems--satellite/ground-
based meteorological and climatoloyical data collection

and exploitation.

6. sScientific-technical information systems--documentary
data collection, oxtraction, translation, and dissemina-

tion.

7. Personnel records systems--personnel legal, medical,

historical data collection and application.

Tco conclude elaboration on identifying characteristics, Table 2-1
breaks out each model function to the next .ower level. This level enables
one to see the variety of application differences more clearly. (Subfunc-
tion labels may at first seem unusual, since these terms are meant to cover
the entire range of information system applicaticns, some of which may mot

be familiar to you.)

Design Features

The salient design and operating faatures characteristic of information
systens provide further insight into design-development problems. Of the
many recognizable features which hold for a srall number of systems, seven

Appsar reaso:iably universal.

1. Perhaps the single most important feature an informacion

system must possess is responsivencss to the informational

neeis of itg users. To achicve a responsive operational
system is no easy matter, however. 7The key to success
lies in anticipating that user needs change and providing
for this in the system design. Furtherwmore, it is not
sufficieat to resolve this morely at the beginning of sys-

tem operation. More important jg how well the system
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Table 2-1

Representative Information System Functicns

PRIMARY FUNCTION

TYPICAL SUBFUNCTIONS

TYPICAL SUB-SUBFUNCTIONS

RECEIVE: Accept relevent|°® Monitor *  scan
inputs from the environ- |* Collect * Track
ment ¢ Sense

* Detect

* Identify

* Classify

° Filter
TRANSCRIBE: Adapt, di- |* Convert * Sort
rect, and move data into |* Route * Modify
the system * Transfer * Encode

* Decode

* Assign

RECORD: Generate data * Read ¢ Transgduce
analogs in recoverable * Write * Index
form * Format
STORE: File data in a * Structure * Read
searchable medium * 1Insert * Write
* Retrieve * File
* Search

PROCESS: Manipulate
data

* Compute
* Associate
* Collate

* Translate

* Add, sSubtract, etc.
* lLogical Sore

!' Jompare

|+ Sequence

DISSEMINATE: Distribute,
present information to
users

« Coesaunicate
+ Distribute
* Present

* irint
* Display
* Brief

ADMINISTER: OUptimize and
direct system operations

* Plan
*  Program
* Regulate

Set Soals

* Allocate Rescurces
* Measure Ferformance
* Se* Staniards

ORISR F———
.
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functions accommodate these changing demands throughout

its usefui life. The utmost attention to acc irate and
complete reguirements description is implied throughout

development, but especially very early in design.

Information systems must cope with a dynamic source of
input. Data of interest is embedded in a stream of non-
pertinent bits and pieces of information. As a result,
these systems must be equipped with capable receiving/

detecting/filtering mechanisms.

The changing context from which inputs are withdrawn
coupled with evolving user information requirements
necessitates that systems also have the capacity to
adapt. Designs tend to be open-ended and modular so as
to permit increases (and decreases) in transaction ca-

pacity or shifts in content.

Information systems are commonly £itted with means for
protecting and/or segregating data according to charac-
teristics, nature of use, and/or user. The design and
implementation of data protection/segregation features
often raise unsurmountable difficulties for available

technology.

The functions shown in Figure 2-1 form three interactive
operating clusters, like links in a chain, which perform
the familiar input-mediate-output actions. From a de-
sign viewpoint the requirements which define these three
are quite different. Clearly, input functions must be
Jdesigned around the nature and constraints of the data
elaments to he takean into the system, while output func-
tions are influenced primarily by intended usaes. Medi-
ating functions are driven by whatever it takes to trans-

late between input aad output functions.
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6. Data'acted upon by information systems can only be de-
scribed in terms of average parameters, not in precise
quantitative terms. Design and operation must, there-
fore, pay special attention to data quality checks and
controls throughout.

7. Current reliability/maintainability techniques are in-
adequate for design and operation of the software and
personnel components of the system. Consequently, this

area requires special attention also.

Process

More often than not, system development follows a path of trial and
error, retraced steps, blind alleys and smail advances. Even the most ideal-
ized representation of the process is considerably mcre complex than a single
thread sequence of decisions. Perhaps, the most apt description is "progres-
sive, goal-directed iteration,"” as pictured in Figure 2-2. It 1s progressive
and goal-directed in the sense of definite movement toward end objectives;
iterative in that tentative solutions are gradually refined through succes-
sive examination and revision. There is an interplay among initial problem
definitions, context (resources, capabilities, constraints), and tentative
solutions. Eventually, the candidate solution is assessed and, if found in-
adequate, the cycle is repeated. However, even an accepted solution is pro-
visional, inasmuch as subsequent findings may bring to light possible improve-

ments or an entirely new and superior answer.

Despite these realities, there is order in the development process. And,
two convenient expressions of this order are used here %o structure a dis-
cussion of the process, beginning with the earliest indication of a need for
the system and terminating with full operation. The first divides the de-
velopment effort intc units we have chosen to call "stages"--i.e., pieces of
effort which culminate in identifiable intermediate development goals. These
discernible stages of development are the backbone of Chapters 6-10 (which

cover the process in detail) and an overview of the process presented shortly.




s 08

L

\"M- CONTEXT * Problem

Tenative

Solution
Assess

Revise
Assess

/,

Revise

Assess

Revise Q
/

Accepted J
Solution

Figure 2-2. The Iterative Path of Design-Development




— T

The second ordering is in terms of project milestones which denote sig-
nificant administrative, managerial, and developmental el :nts where timing
of the action is the critical factor. As such, milestones are interwoven
throughout the stages of development and may or may not coincide with stage

terminal points. Major system development milestones are reviewed briefly

later.

Stages

Figure 2-3 identifies the design-development stages used in this hand-
book to describe the general nature of system creation effort. The diagram
also shows the organization of stages in Chapters 6-~10 as well as the re-
lationship of broader development considerations in Chapters 3, 4, and 5 to
the central effort. Of course, development stages are nothing more than
convenient abstractions which help to define, schedule, and measure progress
in development. They derive their maximum significance when used in concert
with milestones and other functional segmentations of the developmental

process.

Stage I. Deriving System Requirements and Objectives. An information sys-

tem can only be justified in terms of responsiveness to user needs., Consequent-
ly, unless these needs are trunslated into explicit requirements and the latter
into unequivocal development objectives, a properly channeled project with a

successful end product i3 most unlikely.

A great deal of worthwhile design work, having relevance to later stages,
is accomplished as a by-product of this first step as well. The reason seems
to be that skilled, creative design is largely a repertoire of solutions in
search of the right problem. Thus, a careful statement of requirements and
objectives (the problem) facilitates early solution identification. There
are real dangers in "“locking on" a solution at this time; however, if it
is poorly thought through or good ideas are rejected, either much repair
work will be needed or a suboptimized system will result downstream, and both

outcomes are costly and wasteful.




Organization and Management (Chapter 3)

I. Deriving System Requirements and Chjectives

I1. Defining Resources and Constraints

III. Identifying Functions

IV. Allocating Functions

V. Describing the Design Concept

VI. Determining Design Feasibility

VII. Detailing the Design

Early
Design
{Chapter 6)

Design - -
Engineerin VIII. Engineering Development
(Chapters
7, 8, and 9) IX. Producing the System
X. Negotiating the System
System XI. Installing the System
Trangition

(Chapter 10)

XII. Shaking Down System Operations

XIIXI. Operating the System

Data Methods (Chapter 4) and Design Assessment (Chapter 5)

Figure 2-3. Stages of System Design and Development
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Stage II. Defining Resources and Constraints. This activity concen-

trates on an accurate analysis and description of the cnntexts in which sys-
tem developmerit and operation must take place. Analyses emphasize factors
and/or considerations which are assets, restrictions, or necessary accommoda-

tions.

Stage III. Identifying Functions. This activity aims at an initial,

comprehensive, not too detailed description of system functions. Functions
are those operations and performance capabilities required to generate system
outputs (described under Stage I) frum system inputs (described under Stage
II). Functions description becomes successively more detailed as development

progresses.

Stage IV. Allocating Functions. The functions defined in Stage III

are tentatively allocated or assigned to hardware, software, personnel, or
some mix of these components at this point. As functions are refined, more

specific allocation or re-allocations are made to flesh out the system design.

Stage V. Describing the Design Concept. This stage represents the

first comprehensive, formal attempt to describe the system design. The con-
cept must consider relevant available technology, any advances required in
technology, and estimates of operaticnal results in connection with the sys-

tem problem pose¢ by user requirements and performance objectives.

Stage VI. Determining Design Feasibility. Studies of design feasibility

are carried out at this time to determine: (1) That requirements/objectives
and resources/constraints statements adequately descripe the desired system;
(2) that proposed functions and allocation choices are consistent with re-
quirements, etc., and that no serious deficiencies exist; (3) that an optimal
design has been achieved insofar as this can be evaluated. Feasibility de-
terminations rely heavily, though not exclusively, on paper-and-pencil analy-
sis, modeling techniques, and extrapolation from other system operating re-
sults. Increasing weight and attention is now given to qualitative, less
easily measured factors which affect design suitability than formerly was

the case.
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Stage VII. Detailing the Design. This stage involves the reduction

of identified functional capabilities to a specifiable mechanism such as a
particular equipment, software routine, or personnel skill. The level of
detail required is a direct function of the size and specifity of components

sufficient to satisfy system requirements. "

Stage VIII. Engineering Development. The objective of this stage is

to generate the symbolic and/or physical representation of design specifica- j’
tions sufficient for demonstrating operational suitahility. Since it may be |
impractical or unnecessary to demonstrate the entire system, subsystem/ele-

ment performance may be integrated on rational bases to derive estimates of

complete system capability.

Stage IX. Producing the System. This includes the procurement, fabri-

cation, and assembly of the system- The extent of effort required varies
greatly from one information system to another and from one component to
another within the same system. For example, the major hardware elements
are probably commercially available items and may even be already installed
in the user's facilities; therefore, production would concentrate on unique

applications software and providing personnel with new skills required.

Stage X. Negotiating the S9stem. ‘The period just prior to and over-

lapping system installation and shakedown usually involves intensive negotia-
tions between the developers and users. The developer wants to pin down fa-
cility plans, installation details, test and evaluation procedures, etc., and
hopes to pave the way for quick user acceptance. The user wants assurance
that the system will be placed in an operational status as quickly as possible
and, if shortcomings appear, that the developers are prapared to rectify de-
ficiencies promptly so operations can begin. In short, the user's interests
lie in delaying formal accuptance as long &s possible, while obtaining op-
erational use of the system; the developer's interests lie in a swift project
wrap-up with a cordial user sign-off signifying operational take over and
another successful development. Compromise is essential to resolve these

rather antithetical ambitions.

Stage XI. Installing the System. Delivery, setup, checkout, and ini-

tial debug of all system components are the objectives at this stage.
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Stage XII. Shaking Down System Operations. Takeover of operating res-

ponsibility for the system by the user is ordinarily initiated during this
stage. The primary aims are to complete functional and operational accep-
tance tests, correct or, at least, identify any remaining design deficiences,
and complete phaseover actions to the new system. Final acceptance of the
system by the user is often contingent upon removing or alleviating the de-
ficiencies uncovered during test and evaluation; as a result, the time period

required to cor.plete this stage may be as much as a year.

Stage XIII. Operating the System. This stage begins with formal user

acceptance and ends with phaseout or replacement of the system. ‘he obvious
goal is full realization and.exploitation cf the operational cepabilities
provided by the system over the longest ssible period of time. Updates

and substantive improvements, particularly in software and access devices
(such as interactive consoles) are common during the operational life of an
information system; naturally, such changes tend to obscure estimates of sys-

tem life expenctancy, but generally, the latter is about five to ten years.

dilestones

Figure 2-4 summarizes the major milestones associated with a system de-
sign and development effort. Virtually every milestone implies some admin-
istrative w. ti~n on the rart of development team members, user representa-
tives, top management, or all three participants. Thes2 .. 1ications, shown
on the right-hand side of the figure, are the important connectors between

development stages and milestones.

Products

The products of system development are usually thought of as just the
actual hardware, software, and documsntation "deliverables” placed in the
user's hands upon conclusion of the development process. For handbook pur-

-poses, a more inclusive definition is vsed--one that takes account of any

result or action of the design and development process which is instrumental
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in reaching a satisfactory operational solution. We refer to those products
and services--formal or informal--delivered by the design and development
team to intended system users and for user-support groups. This focuses at-
tention on the bases upon which users and their supporting elements (e.g.,
top-level operations management, logistic, and training functions) will judge
the adequacy of the system. Figure 2-5 presents the identifiable formal and
informal inputs; it also indicates their relationship to major milestones
just discussed above. Of course, no one can describe in advance those in-
tangible contributions to program success such as persuasive briefings and

the like, even though these invariably occur and are often crucial.

Early Design Products

The products associated with early design stages and objectives are dis-
cussed according to: Those which contribute to establishing system require-
ments, and those which contribute to establishing the design con_ept and de-

sign feasibility.

Establishing the Requirement. Four products appear necessary in order

for intended users and management, which legitimate requirements, to determine

that an adequate set of requirements and objectives have been identified.

1. Developmental Policy Statements. The product documents

in an objective, unambiguous, and concise a manner as
possible the development rationale, the products antici-
pated, and preliminary evaluation criteria. Such state-

ments would provide:
a. Source(s) of request ‘or developmental effort.

b. Nature of the problem--reason or need for de-

velopmert.
c. Major requirements and objectives to be met.

d. Description (tentative) of how the system would
meet those requirements and objectives identi-

fied thus far.
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e. Consequences for intelligence operations of de-

velcping and/or not developing the capabilities.
f. Relationship to existing or planned capabilities.

g. 1reliminary, broad, probable develcpment time and

costs.

h. Selection and justifications for developmental

are. ..
i. Tentative design-developmental objectives.
j. Performance criteria of significance to users.

svstem Regquirements and General Objectives Descriptions.

This product summarizes the findings base? on available

information with respect to:

a. Scope and nature of requirements for each

user or using element.

b. Alternative requirement sets considered in
arriving at a "best fit" set of design ob-

jectives.

c. Assumptions and hypotheses underlying the

"best fit."

d. Concise., nnambicuous description of the

general design objectives.

User uperations Descriptions. This product aims at gen-

crating a sufficiently detailed description of operations
anticipated urnder the new system such that confirmation
can be obtained from :ntended users. To this end, the
description should identify at mission, function, and

rossible task level:
a. ontinued system operaticns.
b. lUew or drastically madified operations.

viscontinued opcrations.
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P,

4, System Performance and Developmental Objectives Descrip-

tions. This product provides a priority ordered set of
system performance objectives and the implications which
these hold for development action. These descriptions
should:

a., Permit evaluation of the adequacy of avail-
able resources with respect to the detailed

objectives.

b. Provide concise statements for subseguent

formulation of the system development plan.

Establishing Design Feasibility. Once the constellation of required

system outputs in the form of performaiice requirements and related develop-
mental objectives has been established through user review and approval, the

set of feasible (available or developable) inputs can be established.

Five aggregaticns of design and end products are minimally essential
for an orderly progression to feasibility concurrence. While requirements
establishment was aimed at successfully communicating system output charac-
teristics to identified user groups, relevant feasibility determinations are
communicated to those top management levels in control of development re-
sources. For this purpose, no level of detail, depth of analysis, or skill in

presentation may be too great.

1. Resources/Constraints Analysis and Description. This

product comprises the results of quantitative aril quali-
tative statements of resources according to the c ‘tegories
of development and operational system status. In ¢ eneral,
the descriptions should offer a homogereous set of param-
eters chosen on the basis of the informational content of
the resource and constraint statements and the utility these
parameters would have in demonstrating the extent of com-
patibility between resources/constraints and requirements/
objectives. The extent of compatibility achieved is repre-

sented in the detailed tradeoff analyses reported on both
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system operational and system develormental considerations.

Quantification of the parameters and tradeoffs should be

sought to the maximum extent possible.

Function Desciiotion. This product describes all input-

process=-output statements required to adequately represent
the design. Since its primary user is the design team,
the form and content may vary widely. Some utilization

of system modeling techniques is common, however.

Function Allocation Description. This product presents

the results of function allocation and should delineate
results of allocation, evaluation criteria, and those in-
stances in requirements and objectives where modified

in order to achieve allocation. The resultant functional
process statements organized according to function respon-
sibility must be sufficient for: (a) assessing cost/
effectiveness of the allocation decisions; (b) demonstrat-
ing comprehensive coverage of objectives and resources;

{c) assessing effects on interfacing systems as well as
those existing subsystems to be incorporated in system

development.

Design Concept. This product presents the summary de-

sign description. It must facilitate responsive answers
to questions aimed at how solidly the design will perform
if developed to operational status.

Oevelopment Plan. This product dascribes a viable ap-

proach for development of the described capabilities.

Such a plan should include:

a. Job design--task requiremnents and position

descriptions.

b. Manning requirements and organizational

structure.
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c. Recruitment and selection requirements and

techniques.

d. Training requirements and proficiency measure-

ment techniques.
e. Group coordination and communication strategies.
f. Expected outcomes.
g. Scheduling.
h. Cost considerations.
i. Workspace layout and environment.

j. Job performance aids a.id equipment requirements.

Design, Engineering, and Production Products

The products generated during these stages include: functional specifi-
cations, engineering specifications, engineering drawings, and the hardware,
software and personnel cadre elements. Chapters 7, 8, and 9 treat these prod-
ucts in detail. Furthemmore, these products are covered thoroughly in terms
of documentation requirements by existing United States Air Force program

management regqulations and directives.

Installation and System Shakedown Products

The products generated in connection with these two stages include: Fa-
cility layout diagrams, test and evaluation repcrts, reliability/maintain-
ability reports, and special reports on system operating characteristics and/
or deficiencies. Aqgain, program management documentation tpells out the formal

roequirements in detail.
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SECTION II

SYSTEMS DESIGN IMPLEMENTATION

This section examines the essential activities which support system de-
sign and development and which occur continuously throughout all design and
development stages. These support activities are categorized in three general
areas which correspond to the three chapters comprising this section. A

description of each chapter content follows:

Organization and Management (Chapter 3)--outlines the recurrent administrative

activities which are necessary to organize and direct the system effort, de-
scribes the varied roles of management, and discusses the functions which
management performs in system design and development. Consideration is also

given to organization and management, including identification and selection,

of the design team.

Data Methods (Chapter 4)-;relntes the methods and strategies generally rele-
vant to the collection, manipulation, and interpretation of pertinent design
data throughout the system effort.

Design Assesament (Chapter 5)-—-Jescribes the approaches, considerations, and
techniques employed by the design team as well as management to evaluate the

emerging system as design and development progresses.

Figure II-1 depicts the relationship of these three support activities
to desigr. and development. The scope of this section is indicated by the
exphasized portions of the diagram.

11-1




Organization and :lanage

Design
Engineering--
Hardware

[ I

Design
[] Early Design . Engineering--
Software

W Ao T X

Design
Engineering--
Pers~rnel

Design Assessment

Fiqure II-1. yster wcign and Devel teore




Urganization and Management

Design
Engineering--
Hardware

. Design
|] Early Design Engineering--
Software

-~

System
Transition

SO0+ B RO MM

o 0

Design
Enginsering--
Persornel

g0

. /

dyster cesign and evel trers

m"n KA I1-3/11-4




-

CHAPTER 3

ORGANIZATION AND MANAGEMENT

Design-development management is not clearly distinct from other types:
Its purpose is to increase and maintain coherence and direction in the or-
ganizational unit. But the manager's task is more complex in information
system development, because these systems are usually more complicated. Thus,
as manager of such a system building task, you must identify, pull together,
and lead a diverse gruup of technological specialists. You must be knowledge-
able in and comfortable with a broad spectrum of user applications, wherein--
as we have already seen--the accurate determination of the user's requirements
is especially critical. And, you must proceed against a backdrop of rapidly
changing technology which has produced a bewildering array of components to
choose from and very high monetary stakes, indeed. For these reasons, you
shoula be aware of the important issues in organizing and managing this type
of project. Hence, the discussion which follows is ordered according to
consilerations in organizing the team, then, to matters of managing success-~

fully.

Organizing the Team

Team Composition

Probably, the first question immediately following establishment of a
development project and naming of a project manager is: Who should be in-
volved? A practical answer rests on the principal functions which team mem-
bers must perform as shown graphically in Fiqure 3-1. Several points can be

made in this connection.

1. To a large degree essential team functions cut across the
scientific-technical disciplines involved. This fact

strongly argues that team nmambers be selected who can wear

multiple hats competently. Moreover, the name of the game




Design and
Development

Figure 3-i. Principal Functions in Design and Development
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in the early design stages should be to keep the team small
and closely knit--a secoad consideration which underscores
the first.

The diagram stresses that the skills, knowledge, and expe-
rience required for team functions be present from the
outset. Consequently, it is important to select individ-
uals who can, or will come "on board" at the beginning and
stick with the project. Late arrivals or early bow-outs
(recessitating replacement) cause too much backing-and-
filling on the part of the manager as well as other teanm
members. The same consideration holds for selecting user
agency representatives, although you will obviously have
far less control over the choice of an individual, time
of arrival, and length of stay. (In fact, user represen-
tatives are most oftean located remote from the R&D agency
which means, at best, br::f periods of direct participa-
tion on their part, spaced throughout development). In
addition, the amount of total effort in later stages of
development is very much a matter of whether or not the
exceptional efforts required of the user's personnel to
accommodate the unfamiliar demands and shakedown require-
ments of the new system are counted. Thus, in the final
stages, there may be an illusion of minimal effcrt when
the user is actually expending monumental efforts to bring

the new system up to operational status.

It is crucial that team members be selected for demonstrated
skills in the intellectual processes symbolized in Figure
3-2, at least during the early design stages. While true
that downstream efforts can compensate for defective work
within limits, the costs are almost always greater than
those incurred by a sound initial approach. Similarly,

team members must e able to function effectively together

in an informal, flexible, and relatively non-differentiated
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work situation at the outset, even though individual and
group responsiktilities grow increasingly formal and spe-

cialized as development progresses.

4. Although capability to perform Figure 3-' functions may ap-
pear virtually equal in importance, in practice, certain
abilities are more equal than others. Generally, for team
members these are the abilities to: (2) manage time/ef-
fort effectively; (b) document or communicate; (¢) liaison,
particularly with user agencies and representatives; and

(d) conduct evaluations or assessments.

Team Structure

Essentially, there are only two organizational structures available to
the project manager of substantial system developments: matrix and vertical.
Matrix is the most common, since it is prescribed Department of Defense (DOL)
policy. In this case, the project structure is superimposed on the develop-
ment agency's existing organization. That is, while the project manager is
specifically assigned within the lead (responsible) agency elemert, most or
all project team members are desigrated fram among other elements presumably
able to provide the various necessary technical skills. Administratively,
of course, designated tcam members remain tied to their parent elements and
project responsibilities represent additional dutics shared with normal or

other project duties.

In the vertical organization, a separate entity is created for project/
prograr management purposes and ordinarily restricted to large-scale system
develomments. Here, the manager and most, if :.,t all, staff members are as-
signed on a full-time basis; however, technical specialists may still be
drawn from outside the development agency element -0 provide additional sup-

port.

Since the project manager usually has no option as to which structure

used, his main interest is the major strengths and weaknesses of each approach.

The strengths of the matrix structure are:

1. It is more quickly staffed.




Al
..

scarce technical skills are more readily available through

sharing.

It is more easily fitted within existing development agency
orcanizational structures, due to a common functional na-

ture.

Matrix weaknesses are:

3.

Vertical

Vertical

1.

Too many layers of management above technically responsible

project managers, with expandiig reporting demands.

Project team memkers report elsewhere rather t! - to proj-

ect manager.

Au:hority is dispersed and may be very unclear.

strengths are:

It has the rost successful r¢ ~ord in complex projects.
Authority is more clearly focused in the project manager.

Project members 2re fuil-time and provide greater continu-

ity thioughout the project life-cycle.
weaknesses 5

For all but the largest. wmost visible projects, it alsce
suffers from too many management layers.
Competent technical development versonnel are a scarce com-

nodity, 4nd there may not be a sufficient supply for all

such projects at any nisen time period.

The number of staff members tends to pballcon and go beyond

the span of project manager control.

Manaaing Design-Development
g

For purpoces of this discugsion manacerial processes are described in

terms of roles, functions, derived activities, and resultant styles. The
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relationships assumed here between the design-development process and the

managerial process are presented in Figure 3-3.

Roles

Traditionally, managers are thought of in an operational role, acting
as a source of direction and feedback tc insure that workers correctly per-
ceive and carry out assigned tasks. This managerial role predominates where

most o work force is involved in repetitive and relatively stable duties.

¢

HoweveT, §an accelerating technical and social rate of change has broucht

. v
the maintenanc® and planning roles of management into prominence. In main-

tenance the manager is an analyst who insures the organization is in good
working condition, detects when performance is not according to expectations,
predicts incipient failures, diagnoses where corrective resources must be
assigned, and judges effective problem solutions. In the planning role em-
phasis is upon being prepared for the future. A common planning error i=

to assume that most factors remain constant and that only a few, more un-
stable variables change. Sophisticated planning goes beyond the prediction
of future status except in the broadest sense. Instead, the planner develcps
stra.wyies and resources for flexible response to contingencies as these be-

come predictable or occur.

Development project management derives from the general management roles
of operation, maintenance, and planning--it also includes these roles. Nota-

ble relationships of development managerial roles to general management are

suggested in Table 3-1.

Functions

Managerial functions are defired as sets of actions related by conteut,
purpose, 1interdependence, or mechanisms of accomplishment. Three prime mana-

gerial functions are considered below:

Information Processor/Handler. The manager may be linked to an infor-

mation processor/handler, and in this capacity, there are several relation-

ships to which you should attend.
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Table 3-1. kelationships of Design-Devclopment Managerial

Roles tc General Management

Design-
Development
Managerial
Roles

Operating

Maintaining

Planning

Relationships to General Management

Design operations can interfere with activities under
general management in a number of ways--the legitimate
effort to obtain information about current operations
and requirements for the new system may be unnecessarily
disruptive, unreasonable demands for operating personnel
and facilities in test may be made, conversion may be
inadequately conceived, the initial operating capability
for the new system may be unevenly provided. It is the
responsibility of design management, and especially the
project manager, to minimize such disruptive interac-
tions.

Design for maintainability of the new system obviously
has a direct effect on demands placed upon general man-
agement in order to maintain standards when the new sys-
tem comes into the inventory. It is the responsibility
of design management also to insure that design activi-
ties and conversion do not degrade general operations.
In its 2ifort to maintain adequate guality and pace for
the design effort, design management may appropriately
make unanticipated supplementary requests to General
management as contingencies demand.

The pianning of design management interlocks, in part,
directly with tne plans of general management. The proj-
ect manager's job derives from the acceptance by general
management of the need for a new system within his span
of responsibility. The product of the project manager
and those who support his efforts is expected to find
its acceptance in the domain of general management--
when general management anticipates and plans its ad-
vent.
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The project manager is the appropriate channel for exchange
of information between the project and other key individu-
als such as users and higher levels of research and devel-
opment management. In fact, there must be a free two-way
mcvement of relevant information, or neither the pdrposes
of project nor higher level management can be served. For
example, top management is responsible for deciding when
and for what reasons to proceed; the project manager must
be aware of and understand these facts and inform develop-
ment team personnel. Or, user personnel must be kept in-
formed of design changes, otherwise misunderstandings
sbout system characteristics develop, and these confusions

may jeopardize final system acceptance by the user agency.

The project manager has a high obligation to transmit ac-
curate information to higher levels of research and de-
velopment management and to user organizations. At the
same time, the manager who concentrates only on technical
accuracy will not do his project justice. He is appropri-
ately chief advocate for the system while it is in develop-
ment. He should take principal responsibility for assur-
ing that the timing, frequency, organization, and tone of
communications relating to the system maximize its cons.i-
eration ir an environment where there is always strong com-
petition for attention and resources. To be fully effec-
tive, he must be prepared to argue the merits of the sys-
tem in situations of indifference or hostilit, He must
identify the key individuals who influence crucial deci-
sions, regardless of their location on a formal organiza-
tion chart. Within the constraints of allowable communi-
cations, he must feed appropriate information to these key

individuals and be sensitive to feedback from them.

Evaluator.

The project manager is an evaluator in a most important

sense: He must have, evaluate, and verify information concerning the status
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of the effort on a continuing basis. To do so, he requires an effective
review mechanism.* Yet, one of the most difficult problems in systems de-
velopment is timing, frequency, and form of managerial review and approval.
In particular, the technical development work, although secondary to informed
management decisions, should not be impeded by the review process. Figure
3-4 presents the nature of information flow for design review whi~h reflects

the following points relating to the manager's evaluative function:

l. There is an interlocking relationship between review and

other aspects of the development process.

2. The technical staff, intimately involved and intformed
about the details of design, represents an essential
buffer hetween on-going development and review. The is-
sue is not whether that staff can or should be by-passed,
but rather, how it can effectively and efficiently play

its role in design review.

3. Effective review requires a differentiated and organized
flow of information among different levels and types of

management.

4. Positive feedback is required in the developmental sit-
uation; review in one phase is the source of specific de-

velopmental goals for the next phase.

5. Accumulated experience with review provides a potential
source of information having applicability beyond the con-

fines of the immediate situation.

6. Technical assessment is the basic source of information
used by management for project evaluation, but all design

information is potentially useful.

* Chapter 5, Design Assessment, summarizes evaluative techniques which
can be applied to management information as well as to system design
products.
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At the same time, the manager must perform the evaluator function in the

face of several ambiguities. Chief among these are:

1. Ambiguous management responsibilities. It is not clear

that the project manager is responsible for total ongoing
evaluation of systen development, since he shares both
responsibility and authority with procurement officers,
higher level R&D, and user agency managers. In many in-
stances, the lines of communication, which should focus
on the project manager, do not; hence, he cannot properly

pass information upward or receive sufficient information.

2. An ambiguous system development process. The development

process is partially, at least, an improvisation--there is
a general strategy, but no pre-programmable instructions
for executing development. Therefore, at any given time,
there is uncertainty due to shifting final objectives and
requirements, constraints on available development re-
sources, and limited techniques for quantifying such crit-

ical variables as system performance or requirements.

3. An ambiguous review process. Available review methods

have not kept pace with the complexity of the development
process which they are intended to reveal and control.
Also, a general model is lacking to guide selection of
evaluation criteria or basic data for different, specific
review situations. How best to provide feedback from re-

view actions to all concerned is also not well defined.

4. Ambiguous development phase relationships. The benefits

from effective review decisions decrease with elapsed de-
velopmental time, while the quality of information avail-
able to support effective decisions increases. Also, the
costs of premature decisions (in the form of sub-optimized
end results and/or retro-design) and of delayed decisions
(in wasted developmental costs and/or deferred benefits
from an improved system) are difficult t<; estimate Or

balance.
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Resource Allocator. The system development manager is an allocator of

resources: Time, dollars, personnel, equipment, and facilities. Before
treating each of these areas, there are some general allocation caveats

which should be considered.

1. Allocation problems frequently arrive in the guise of a
requirement to allocate 2 single resource. It is seldom
that considerations can be so limited, however. Instead,
you must deal with resources in interlocked bundles,
rather than in optimized clusters of your choosing. For
example, when development services are procured, the com-
bination of prcbhlem approach, personnel, and facilities
offered by a given contractor must usually be accepted,
even though the personnel of one, the equipment of another,
etc., is preferable. The important consideration is to
factor in all the resources in making a chcice, and not
chocse simply on the basis of the single most important

or most cbvious.

2. Available information on resources is likely to vary in ac-
curacy and reliability from one to anothar and from time to
time. For example, the time requirsd for drafting a par-
ticular design drawing is quite predictable, but the time
required to solve a given technical design problem is much
less accurately predictable. Exercise care tc insure that
you do not either favor or penalize requirensant areas on
the basis of the accuracy or inherent uncertainty of

available information. Rather, attempt to allocate re-

sources fairly across requirements having varying degrees

of definition.

3. You cannot expect to be handed resources for safekeeping

until needed. More likely, you must squeeze every ounce
out of the same sources who are demanding results. Further-
more, you are likely to encounter brigands bent upon appro-

priating your main resources, money, and outstanding per-

sonnel.
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Paradoxically, system development involves extraordinary
lead times to gain resources, but harsh demands to achieve
instant. results with them. Expect to be under many pres-
sures to accept requirements and commit resources before
a decent determination can be made. Learn early not to
feel ovurly sorry when mousetranged into “"hallpark” esti-
mates which suddenly become cast in concrete. Instead,
make the best out of resou.ces you can scrape together
and be very realistic, evea melodramatic about all those
things which cannot be accomplished without adequate re-
sources. Also, bLecome sensitive to the use of "prelimi-

nary" resource requirement estimates.

Only the virginal design manager imagines having a com-
pletely free hand tc define resources requirements or even
allocate those nominally under his control. Rather, cro-
tect as many degrees of freedom as possible, exercise these

wisely, and don't waste energy fighting windmills.

Formal cycles for approval of the resources needed to ini-
tiate a new system develomment or to provide continuity
for existing efforts can be extremely slow. Happiness is
finding resources whici:, »'*hough not specifically ear~
marxed for the purpose, can legitimately be allocated for
an urgent development requirament. Attenrnd with uncommon
sensitivity, memory, and skill to breaking loc=e contin-

gency resources,

Few systew projects have left resources of time or money,
but many have laft experienced design teams, equipment, and
unique facilities. Look ahead and plan for the effective

use of such legacies.

You must also allocate your own time and eftort as project
minager, and here, there is one completely worthless jues-

tion you car. ask, "Am I doing all that I should be Joing
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At this point we return to the five resource allocation areas mentioned

or would like to be doing?” Unless it is an utterly trivi-
al project, the answer must be you are doing neither. If
the project is of any size, the meaningful question is
"vhat am I doing that someone else could de without caus-
ing dire consequenc.s?” Stop doing all such tagks, forth-
with. Finally,

a. If you spend most of the time putting out brush
fires rather than selecting the tasks to ewpha-
size, additioual buffering is needed against

the various firing lines.

b. If you are not dealing directly with user rep-
resantatives on a reqular basis, stop worrying
about how the ship is running and start worry-

ing about where it is going.

c. If there is any significant aspec” of the sys-
tem for which you are responsible but with
which you are not reasonably current, stop
competing with certain design specialists and

work harder at being a manager.

in the oprening paragraph.

L.

Allocating time and scheduling.

4. Recognize that it taikes zime to institute and
achieve smooth operation of any scheduling
procedure. Whatever the me¢thod uscd~-PERT/
Cost, etc..--tailor the effort put into its use
to the benefits realized in improved scheduling
performance. In this regard the technique
must permit flexibility at the outset of de-
velopment and increasing precision as the

rroject moves forward. Since there is actually
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2.

d.

Allocating dollars.

a hierarchy of milestones in every schedule, it
is important to determine those which can be
slipped without penalty and those which cannot.

Since design~development effort tends to ex-
pand and fill available time, avoid setting

long-term deadlines without also setting in-
termediate goals. Generally, you should dis-

use--which can be relaxed--and formal assigned

goals which are rather rigid.

No schaduling method is perfectly reliable;

therefore, look beyond the built-in trouble

indicators for other signs of potential dif-
ficulties.

Consider all scheduling costs, such as,

1) Planning and estimating time/
effort.

2) Designing, monitoring, and up-
diting schedules.

3) Expending rescurces to meet
scheduled events which would
not have been necessary with
8 less stringent schedule.

4) Elixinating design improve-
ments that might have heen
desirable under less tightly
scheduled activities.

a shortace of money resources to constiruct the operaticonal

system you wouid like to see developed and to support all

developmental activities you wouyld like to carry out.
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Nevertheless, funds must be doled out to support the vari-
ous required capabilities in such a way that minimum dam-
age is done to the essential objectives. Perhaps the most
difficult part of fund allocation is to put money where it
is most urgently needed and still accomplish a balanced
design which meets all critical operational requirements.
It is a real temptation, particularly, to the technically
oricnted manager, to fund efforts where the state-of-the-
art can be exploited and pushed farthest, even though the
assigned mission is to develop a specific operational sys-

tem #nd wot to push state-of-the-art.

Allocating personnel. Excrept for one-man projects, you

can expect most consideraticns discussed in Chapter ¢ on
personnel subsystem design to apply her:. The simila:ity
of personnel concerns for system development and for op-
erating systems has increased as system development time
has pproached, and sometimes exceeded, .seful system op-
erating life. The outstanding differences between per-
sonnel problems for development and for operating systems
are: The progressive change in roles for almost all per-
sornnel on a development project, the finite period of most
development projects, and the somewhat unique tasks from
one project to another. Another area of major difference
is that the design team may have relatively little direct
voice concerning the user organization, whereas the user
agency may have considerable influence on organization of
the project staff. A perennial personnel management prob-
lem i3 motivating team members to adhere %o schedules.
While avoidance of delinquency consequences is a strong
deterrent for the individual or group that is constantly
labeled as behind schedule, it soon loses motivational
forze. In this event rewards nust be used to re-establish
meocting schedules as important. Nevertheless, when seri-

ous hangups occur, you should, as project manager:
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4. Identify the kev figures responsible and bHring
them into effective communication for its reso-

lution.

b. Press for full racognition of the sources of
difficulty, refusing to accent trivial explana-

tions just Lecause they are -~omfecrting.

c. Keep everybody's sights glued to the reali-
zation that the purpcse is to solve a signi-

ficant development problem, nothing else.

d. Relentlessly hcld feet to the fire until a
workable resolution, involving all concerned
parties, has been hammered out--ruthlessly
denying quasi-solutions which make people
feel better temporarily, but do not get at

the heart of the matter.

Allocating equipment. The design manager must beg, buy,

borrow, rent, or otherwise obtain computing, laboratory,
testing, and other equipment required for efficient sys-
tem development. His cost/effectiveness considerations
must include choices among different items of equipment,
different sources and modes for acquiring the equipment,
and the costs of gaining access to equipment versus the

costs of accomplishing design without such access.

Allocating facilities. Develomment projects are nearly

always engaged in a game of "musical facilities™ because
of their relative impermanence, fluctuating size, and
changing activities. The design manager must argue stren-
uously for minimally adequate facilities. Then the choi_e
lies between living with a configuration of the project
team that is out-of-date versus the costs of constant mov-

ing.
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Hanagerial Activities and Styles

There is one final aspect of managerial perfcrmance which is

This is style--that is:

1.

The activities which you choose to emphasize--select
those exerting a significant impact on developnnent ob-

jectives.

The activities which you emphasize on the part of those
who report to you--again, emphasize those things which
relate importantly to development goals.

The freedom afforded subordinates--make end goals clear,
but leave a great deal cf freedom in how these are ac-

complished.

The concern shown for staff--while clearly concerned
for success of the project, show interzst in and sup-

port for the well-being and growth of staff members.

Use reinforcement--help the staff gain pride in their
accompliishments. Do not spread phony enthusiasm, but
take obvious note of. and pride in guua work. Don't
be afraid to be critical, but recognize that sharp
criticism and punishment must be used with extreme
discretion or it is simply disruptive, not appropriate-

ly motivational.
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CHAPTER 4

DATA METHODS

Virtually all system developments place heavy demands on collecting,
analyzing, and interpreting data for design purposes. This is certainly true
of information ¢''stems--in fact, the tendency is to support every decision
with data of some sort. Therefore, as a designer vou must be conversant or,
at least, very familiar with methods for resolving these demands which arise
repeatedly throughout the course of development. You can also expect that
conditions surrounding the overall development will dictate one of three data

collection approaches. Namely:

1. Exploit readily available data, gathered incidental to
some other effort--severe time and cost restaints over-
ride all other considerations, precluding the most aus-

tere tailored approach.

2. Iderntify and tap potential sources of existing data--time/
cost considerations are less restrictive and a sound de-

cision more critical.

3. Generate new data specific to the question at hand--time
and cos* are not controlling factors, insufficient data of
any kind are available on which to base a decision, and

the outcome is crucial to success of the system,

This discussion should familiarize you with the nature and scope of em-
pirical methods for acquiring decision-relevant data under typical limiting
conditione (primarily, alternatives 2 and 3 above). Where incidential data
are the only resort, a-~ut all one can do is plan to be extremely cautious.
Recognize also that the complexity of questions raised by design-development
problems may require expert attention. Hopefully, this orientation wiil as-

sist in identifying when and why such attention is needed.
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collection Objectives and Congiderations

Assuming existing or new date are ruq}xirud to support dosign and develop-
ment, you will have one of two objectives,  one objective iz to butld a madel
of systom operations. ‘The other is to solve a specitic problem or test o
hypothesin about the systom based on the system model. Hypothesis toesting
includes parametoer estimations and prodiction tests. Thus, a system mode!
is a prerequisite to specitic study or hypothesis testing. A model of systom
operations either exists or must be created from carefully collectad, anmalysad

data.

A taziy for distinguishing these two information gathering objectives
is the ditfoerence in their corrvesponding data collection strategies. In
model formulation, the data are used to create a total picture of system op-
crations. The patterns, relationships, and structures of the data are empha-
sized. Data gathering strategies should be developed to reveal as many alter-
native views about system operations as possible so that the best s.iqulc rep-
resentation or picture can be constructed. This model must be referenced to

the operational system as closely as possible. The model then serves as the

framowork for probloem solving.

Information gathered for problem solving or hypothesis testing should
also be referenced to the real operations of the system. The strategies used
here should ensure that the characteristics of the data collected fit the
model. ‘Tthat is, the model determines the doqrvb of procision and reliability

required for the data.

Aside from the particular objoctive of data collection and the corres-
ronding strategies, you should be aware of two other considerations--the cost
and effectiveness of your data methods. Cost is an important consideration
in regard to the amount and quality of the data. Generally, the greater the
quantity of data and the more accurate the collection techniques, the arcater
the cost. The degree of precision in data collection, measured by the atove
factors, should be evolved to avoid precision beyond needs which, of course,

will translate into higher, probably unnecossm;y, costs.,



Ef fectiveness of data methods refers to the technical characterist jcs

of the data,

Accuracy describes the general nature of these charactoristices

when analyzed in terms of soveral components: bias, precision, and level of

confidence.

Consgider caclhi component in judaing the of foctiveness of Jdata

collection plans.

1. Bias must be considered in sampling the population of data

relevant to system operations. Explore the dimensions and

broad ramifications of potentially biasing factors in col-

lecting the data. Riases usually develop in comnection

with judgments about the range of variations in operations,

key missions, and the ecffects of envirommental factors.

2. Precision may be increased or decreased in two ways-=lwy

changing the number of measuroments with a given data

method or by altering the refinoment of the method.

Since there are no general rules for adjusting numbers

or quality, you should evaluate tradeoffs between the two

in terms of system spocific factors and the cost consid-

erations previously discussed. ‘Two techniques which can

be applied to guide precision asvects of data collection

are gensitivity and sequential analyses.

3. The level of confidence for data should be eutablishoed

according to relevant factors rather than acceptance of

an arbitrarily established valuc. The major factor you

should consider in evaluating possible sianificance levels

is the risk or cost of over- or umlerestimating and, thore-

by,

falsely aceepting or rejecting data.  Decision theory

provides a basis for judging conventional levels of confi-

donce.

Spucific Data Methoeds

Figure 4-1 is an overview of data methods,  As shown, data sources are

discussed primarily umder the first method, population definition. The next

4-3



« Population Definition

a Sampling

Discussion and Interview

Incident Reporting s Analysis of Trends,

. ) Projections, and Forecasts
Document Review

. imulation
Review of Records and Frocesses + Simula

Obse:vation of Operations + Rational Analysis

Survey or Questionnaire foutlf———

s Data Reduction

a Coding and Classification
s Tabulation and Listing

+ Description

» Inference

Figure 4-1. Overview of Data Methods
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section, sampling, suggests some of the principal considerations in selecting
from the pool of potential data scurces. A series of six sections follows on
comnon methods for collecting existing data, then three sections on methods for
generating new data. Finally, five sections are presented on methods for

processing and interpreting data.

Population Definition

The problem of population definition is essentially one of identifying
the sources of potentially useful data. Identifying a data source includes

simultaneous concern for the following three variables:
1. The context fror. which information or data is to be gained.
2. The content or class of information to be acquired.

J. The media by which existing information is stored and
through which it will have to be extracted.

Figure 4-2 suggests the prircipzl categories which serve to define these

variables.

Sampiing

Drawimx; rigorously defined probability samples through random or sirati-
fied random sampling (from which unbiasel generalizations to the population
of information sources are made) is not generally appropriate in systam Jde-
sign. An exception is the generation of input to simulations, tests, and
experiments involving systom performance. That is, it is important to gen-
erate representative samples of information to be processed in system simula-
tions and tasts. In general. though, precise generalizations to the population
are not required.

The followiny are more important considerations:

1. Don't overlook important categories of information. A use-

ful technique is to keep an accusulative reccrd of incoming




Contexts From Which Informatio~ Can be Gained

Y Operating agencies faced with problems analogous to those to
be resolved by the new system
* Users and potential users of the new system
* Agencies which interface with users and potentiai usezrs
* Sister services
* Other nations
* American and other industry

Y Developers of similar systems and their comporents (including
those involved in the development of the new system of concern)

Y The general body of scientific-technical knowledge

Content of Information’

Y The information environment with which the new system must
cope (for example, the flow ard exploitation of military
intelligence)

Planning and historic
Design

Assessment and research
Manpower and training

Financial and economic

N N Y N s

Orgarizational (structures, missions, procedures)

-

Facility
Y Objectives, needs, and requirements
»' Laws, policies, directives, regulations

v Socio-political, military expectations

Media of Storage and Dissemination

/ Individuals

v Activities

v Objects (for example, exiscing equipment,
v Records

¥ Documents

S = - -,

Finrure 4-2. Crcegorize o So rce Variables
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information. If alil categqgories are covered, then new in-

formation should not affect interpretation of the data.

bon't miss important single sources or classes of sources

ol information. Important single sources include public

relations, financial, and point of approval data. In prin-
cipal, ensuring the opportunity (via the sampling plan) to
contribute to the data pool is nearly as important as an

actual contribution from the source.

Separate fact from fiction. False notiorns of a user's cur-

rent operations are very easily obtained. Twu of the best
ways to be led down this garden path are: to ask higher
level managers about specifics and to analyze outdated/

unused operating manuals.

Serarate needs frcm wishes. An a:ccurate understanding of

potential users' needs is crucial to effective design. Sur-
prisingly, ore of the poorest ways to determine needs is

to ask potential users what they want in a new system and

to accept their statements uvncritically. A more represen-
tative, valid sample of needs is likely from analysis of

the potential users' actual use, or non-usze, of informatin

at the point of use.

Adapt data strategies to constraints. In most instances,

time available for obtaining essential data is extremely
short and late results are rarely useful. 7Therefore, the
most practical strategy is to ac.'cpt the hest sampling
plan within the time allowed rather than tco insist upon

a theoretically optixum sample which may exceed the limits.
Furthermore, reliable estirates of the time required are
difficult to make refore the fact but can b2 more accu-

rate, if based upon initia! data gathering exrerience,

Accourt for bias. As already notel, practical data col-

lection constraints (time, money, access to sources, etc.!




may preclude thorough sampling of the defined population.
Thus, it is important and probably more effective to detect
the nature of bias, its likely limits, and its implications
than to assume the elegant sampling plan has probably con-
trolled or eliminated biasing factors.

7. Know the limits. Knowledge of the entire range of varia-

tion for a given variable is not always necessary. Eco-
nomics in data collection are often possible as a result
and should be exploited. For example, if design specifi-
cations call for the system to perform without degradation
only under maximum load, sampling system rcsponse behavior
can probably be limited to variables which affect or gen-

erate maximun load infcrmation, ignoring all other cases.

Data Coliection Methods

Six common data collection methods are discussed below. Each is treated
from the standpoint of its strerngths (likely uses) and limitations for ac-
quiring information of significance tc the system design effort.

Discussion and Interview

The principal means of communication for those invoived in the design
process is the telephone and face-to-face discussion or interview. These ex-
chanyes vary from casual to formal and from trivial tw profound insofar as
the course of developmert and final system design are concerned. Usually, no
s:parate record of informal meetings among the design team members is made.
The impact of these asetings upon current design work loaves an infarmal
record. Separate records are prepared, however, for formal mee’ings between
diffarent management levels or between users and designers. Suth records
help "o prevent future arquments about agreement terms and reduce wasted

wotion from backtracking nver earlier discussions.
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Occasionally, a broader review of information and opinion concerning
an aspect of design is profitable. 1In that circumstance, carefully recorded
discussions and interviews clarify the status of knowledge about the problem.
It is almost always useful to have a set of questions thought out ahead of
time, although it is also usually fruitful to encourage interviews to go be-
yond the scope of specific questions.

The most comparable information from different interviews is obtained
by asking multiple choice or rating-type cquestions. However, seldom in data
collection for system Jdesign is exclusive or major reliance placed on close-
ended questioning. Extracting insight from knowledgeable persons is almost

always more useful than conducting a scientific survey.

Incident Reporting

Pactual intormation if best obtained frc: reports of specific identified
incidents or events. Asking individuals tc discuss their impressions of or
reactions to the reported events iz also useful. It is important, however,
for the report to be as factual as possible. If incident reporting covers
a broad range oI subject matter, a relatively large number of incidents are
required to provide a comprehensive picture of the situation. Discussions
with many individuals are necessary, then, since most individuals can only
teli;bly report a haniful of incidents on a given topic. This means that
incident reporting must usually be combined with other techniques if it is
possible to contact only a limited number of individuals.

Document Review

Peference to a variety of documents for many specific purposes is an
integral part of system design. Sometimes design dccumentation becomes ex-
tremely bulky and disorganized. Then, it is necessary to extract informaticn
and recrganize the documentation for efficient future design. Always be
alert against the possibility of such documentation fram documents becoming |
“busy work." |

There are natural sequences from one type of marual to another in

systam develomment. In particular, dezign documents are used for assessment
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planning; both design and assessment documents are used in the preparation

of operation, muintenance, and training manuals.

Rwioew of Records and Processes

It is almost always casicr to use impressions or opinions of past system
processes and performance than to actually dig up and analyze existing re-
cords and process descriptions. ‘the review, however, yields substantially
greater accuracy an! insight. Since impressionistic recollections and records

often disagree, a common assumption is that records are right and individual

"impressions are wrong. This assumption is not necessarily accurate. When

there is serious discrepancy, it is worthwhile to reconcile the differences.
Often, the veory individuals who report distorted impressions of past processes
and performance resolve discrepancies when summarices of old records are
brought to their attention.

Observation of Operations

Many of the same considerations that apply to the review of records also
apply to the observation of current operations. It is particularly important
to compare observed operations with verbal and written descriptions of those

operations.

For an initial orientation, observing existing operations in an unguided
way is often desirable. However, recurrent or prolonged periods of observation
arc inefficiont unless specific purposcs, sampling procedures, and routines
for the observation are established.

Survey or Questionnaire

While written surveys and questionnaires serve useful specific purposes,
they represent a serious potential hazard. They look like an easy way to col-
lect a lot of background data cheaply and quickly. However, a number of fac-
tors limit the apparent usefulness and advantages of questionnaires and sur-
veys. If carefully designed, they take a long time to prepare; they should
be pre-tested with a small representative sample; the time of respundents must
be counted as part of the cost; there are usually a significant proportion of
non-respordents; and busy operational and design personnel take a dim view of

4-10



surveys unless their purpose is immediately relevant and important. In all,
the usc of surveys and questionnaires for system design purposes should be

selective and severely limited.

Data Generating Techniques

Frequently in system design, the data available are not sufficient to
support required activities. GEither the needed data are generated or assump-
tions about the data are used in design. Usually data having scme apparent

validity are generated, but which must be interpreted with caution.

analysis of Trends, Projections, and Forecasts

Many of the parameters around which a system is built (for exampie, fu-
ture input load and output demands) are not known at the time design decisions
must be made. By developing credible models, obtaining relevant current and
historic data, and extrapclating future conditions, data are generated for
decision-making. Because of the substantial erro: margins inherent to most
extrapolations, it is advisable to determine the regions of sersitivity and
indifference of the design to extrapclated variables. Certainly, sound de-
sign demands a high degree of robust indifference to extract values of ex-

trapolated variables.

simulation

In the chapter on design assesspent, simulation is defined in a yrecise
and rather limited scnse. Here, it implies efforts to represent and to ex-
ercise the system under design--and thus includes most assessment technigques,
Simulation is used as a major technique to generate data which help guide
design efforts. It is important, of course, tc be gsensitive to differences
between simulation and operational conditions and the probable effect this

will have on simulation results.
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Rational Analysis

Hopetully, all of the analysis carried out by a design team is rational.
tiere, the tem rational analysis means the prrcess of breaking requirements
or objectives into increasingly specific components. This is an extremely
important part ot the Jdesign process since it is the principal way in which
functional, equijment, software, and human performance conceptualizations of

the system are generated.

Data Processing Techniques

The variety of data processing techniques used in information system de-
sign are as broad as the entire field of data processing. They range from
simple qualitative data collections to sophisticated multi-variate statistical
treatments. This handbook does not summarize or review this field; many stan-
dard references are available. The comments below describe the relationships

of data processing to problems associated with developmental Jdata.

Data Reduction

The body of quantitative and qualitative data available and relevant to
information system design is often chaotic and overwhelming. A difficult as-
pect is that many of the data will have significant utility only at the time
they are collected. Other data are of recurrent use across a long time span
and variety of purposes. Deciding ahead of time which data will and will not
be of continuing use is very difficult cr impossible. Thus, it is important
from earliest design to hammer incoming data into a compact, consistent, and

manipulable form.

Coding and Classification

The principal way of reducing incoming data to manipulable form is to
vatwgorize incoming data and code the on a real time hasis. bEven roughly
pre-vaded Jata are more useful than raw data that "someone should get around

to Jdoimng something with sometime.”
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More elaborate classifications can be designed later if they are neces-
sary or desirable. Early and informed attention to rough coding and classifi-
cation procedures has a beneficial impact throughout the developmental history
of the sYstem.

Tabulation and Listing

The principal argument for getting messy qualitative data into machine-
compatible form early is that low-level processing, tabulation, and listing are
then feasible and facilitate tha task of planning more powerful processing
routines. If the data bank grows beyond non~trivial proportions, the time
required for experimental tabulations and listings by hand exceeds available
time resources. This does not mean, of course, that the whole bulk of data
must be reduced to machine compatible form or go into an automated data bank.
Rather, it means that some analog of each major item of data--extracted or

coded-~should be reduced to machine compatible form.

Description

The major role of data in system design is to produce analogs or descrip-
tions of the system. These are in the form of requirements for system proces-
ses, estimates of system performance characteristics, etc. System descriptors
should be initiated in the earliest planning of the data bank. Unless the
data bank and procedures for its use facilitate easy description of the sys-
tem along a variety of dimensions, considerable cffort is being wasted in

data gathering, storage, and retrieval.

Inference

When data processing mechanics are established, interpreting the da:a
for design still remains. Mathematical or statistical models seldom apply
‘to the kinds of data available. Allowances are often made for many biases
and artifacts. As a system designer, you are essentially a creative artist
and decision-maker in the face of ambiguity and uncertainty. Careful use of
the best obtainable data prevents many false starts and erroneous conclusions.
But, in the final analysis, data only provide a platform from which you can
make the broad inferential leaps required to accomplish effective design.
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CHAPTER 5

DESIGN ASSESSMENT

Assessment refers to any effort to determine the merit of system charac-
teristics on rational grounds. It follows that assessment problems--from
analysis of tentative design ideas to large-scale tests--pervade every stage
of system design-development. This chapter describes the nature and role of

assessment in that process.

Chief consideration is given to generally applicable concepts and tech-
niques. In practice, however, these fundamentals must be augmented by apply-
ing experimental and analytical evaluative techniques specifically adapted
to the circumstances at hand. A foundation for assessment efforts (as re-
quired by the design-development procedures detailcd in Chapters 6-10 and

Appendix 2) is examined under the following:
l. Assessment stages--typical phases of an effort.
2. Assessment interfaces--defining relationships.

3. Assessment factors--planning, conducting, and synthesizing

an effort.

Two closely allied aspects of assessment are not included for discussion.
First, the relationship and contribution of assessment to project management

are dealt within Chapter 3, Organization and Management. Second, administra-

tive test and evaluation procedures are not discussed at all, since these mat-
ters are specified by United States Air Force research and development policy

in requlations and directives.

Assessment Stages

Although assess—ent efforts by nature vary tremendously in objectives,
scope, etc., common stages of execution can be identified for all. tach stage
contributes, materially, to the ultimate success cr failure of an effort and
should be included, particularly in those cases vhere a less formal approach
is adopted. There are four stages:
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Plan. A guide or blueprint is needed which informs those
concerned about the assessment task. Typically, it covers
the purpose, objectives, test methods or design (procedures,
criteria, standards, data analysis, materials, and test
equipment), support equipments (manpower and facilities),
report intentions, and costs. Certainly, every effort does
not demand a fully documented plan in the detail just
listed. But, every plan should be formea on tne basis of
considering each point on the ligt. Furthermore, plars
shouid be initiated as early as possible and refined as
more accurate information becomes available or as deci-
sions are made which affect implementation. HAlthough a
chore to prepare, there is virtually no substitute for an
explicit, detailed plan; it will nearly always reduce con-
troversy, wasted effort, and lost time wihile serving ob-

vious positive ends.

Conduct. No matter how trivial, assessment efforts require
data collection of some sort. The chief problems are re-
lated to the real differences between planning and doing.
That is, one must assure that contingencies which invari-
ably arise do not comprumise the entire effort. Subtle,
but important, changes in cond’.ions and deviations from
egsential procedures are just two common error sources
which may invalidate the obtained data for its intended
use. Unfortvnately, operational (field) settings which
usually offer the mcst realistic conditions also present
greator risks of compromise since establishing and main-
taining necessary concrols is more difficult. For this
reason, in particular, it is dasi-able to pre-test data
collection procedures, even when presumably trained and
experienced personnel are invlved in the assessment ef-

fort.
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3. Synthesize. Reduction, analysis, and interpretation of the

collected data and information is ordinarily the most de-
manding stage in time and effort. In faci, it may require
as much time to complete as the other three stages combined.
Ironically, how smoothly synthesis of results moves is al-
most entirely a function of adequate plans (Stage 1) and
faithful execution of the plan (Stage 2).

Synthesis is really little more than transposing data from
the convenient form for collection to a convenient form

for interpretationr against those questions which raused
the effort in the first place. However, the diverse skills
and experience generally required for any assessment ef-
fort come to a focus at this stage--there is no place for

self-styled "experts."”

4. Report. A record of some kind should be generated which
capturas the essentials covered in the first three stages.
As noted above, formal test and evaluation requirements
specify detailed coverage and in this manner preclude
failure to document what was done. The ccripelling prob-
lem is one of assuring that informal evaluations, com-
pariscns, and related decisions are set down in a communi-
cable recoverable form. Furthermore, it is most diffi-
cult to obtain an adequate record of assessmenit actions
during the early stages 5f design-development. To do so
requires a workable means and procedure for noting seem-
ingly insignificant evaluative decisions such as, say,
selecting this peripheral unit over that one. Establish-
ing the record system and getting those involved tc use
it is the problem. Yet, these informal assessments are

no less important than highly visible, organized efforts.




Assessment Interfaces

From time to time during system development, questions arise o. the re-
lationzhip (or interface) between assessment and three closely allied study
approaches; namely, research, analysis, and opcimization. This discussion
on relationships among the latter is solely *tc provide a cons’stent frame of

refercnce for describing assessment techniques later.

Agssessment - Research

Figure 5-1 presents an idealized view of the connections between assess-
ment and reszarch. From this standpoint, basic research establishes a fund
of knowledge concerning phenomena which may subseguently prove to have practi-
cal implications. Applied research selectively explores these potentially
important findings and detailis their form and limits in the interest of attain-
ing specified capability objectives. Checking the feasibility of these out-
comes further under the constraints of a concrete applicaticn is the task of
assessment. As such, practicability investigations may continue throughout
the period of reduction-to-practice. Integration of a successful technique/
device into a subsystem Oor a subsystem into a larger system usually generates

new assessment requirements.

Summarizing, basic research (1) questions and tests existing knowledge,

{2) fills japs or extends the frontiers of knowledge, (3) raises critical

new or unanswered questions. Applios?! research increases both the certitude

and confidence with which one applics a domain of relationships havirg practi-
cal, immediate, or lonrg-rxange utility. Assessment increases the confidence
that a given means can accomplish specified goals, intermediate, or moie gen-

eral.

Assessment - Analysis

Analysis, i.2., mathematicce-logical dascription and/or so ition of orob-
lems, is an important ingredient of asressment. In fact, since analysis in-
volves value judgoents, the conrerse is also true to a minor extent. To avoid

arbiguity of this sort, analyses are sutsumed under assessment.
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Assessment - Optimizatior

Assessment is frequently aimed at system optimization. It is directed,
in other words, at determining how close actual performance approximates the
most advantageous region of performance or a design feature fulfills overall
design rxqirements. This concern occurs at two levels. First, there is the
matter of optimizing input/output objectives and requirements as well as sub-
system performance characterigtics in relation to the entire system. Second,
there is the matter of optimizing design characteristics to meet specific
system objectives. In both instances, however; resolution is achieved through
applying cost/effectiveness models to compare alternative objectives or de-
signs and selecting that alternative which most nearly satisfies pre-estab-
lished criteria. Thus, optimization can be said to be a special case of as-

sessment.

Except i.. trivial cases, the number and complexity of alternatives makes
an exhaustive study of all possibilities impractical. Consequently, there is
2 nzed for techniques which reduce the magnitude of data and computations re-
quired. There are many techniques for such purposes and new or refined meth-
ods are constantly developed for use. Table 5-1 lists several; others can L.
found by reference t» Appendix 1. Unfortunately, assessment 1s hampered in
these areas, due to a lack of methods for treating non-quantifiable charac-
teristics in a rigorous manner. If such tools were avajlable, evaluative ef-
forts would make sense at an earlier design stage and contribute substantially

more t. _teering a true dsvelopmental course.

Assessment Facltors

Most, if not all, design assessments are dimensionable in terms of just
a fow key factors. [t remains o identify these and consider their signifi-

cance for planning, conducting, and synthesizing assessmant actions.

Flanning

As a ma%ter of principle, requirements for assessment can and should be

foreseen and integrated irto the total system levelopment plan. Etfective
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Table 5-1*

Partial List of Techniques for Optimization

II.

III.

Iv.

Mathematical Techniques

Birth and death processes
Calculus of finite differences
Calculus of variations
Gradient theory

Numerical approxiuation methods
Symbolic logic

Theory of linear integrals
Theory of maximum and minimum

Statistical Techniques

Bayesian analysis
Decision theory
Experimental design
Informatiorn theory
Methoé of steapest ascent
Stochastic processes

Programming Techniques

Dynamic programming
Linear prograsming
Nonlinear programming

Other Operations Research Techniques

Gaming theory

Monte Carlo techniques
Queuing theory

Renewal theory

Search theory

Signal flcw graphs
Simulation

Value theory

Based on techniques suggested in ARINC Research Corporation,

Guidebook for system analysis/cost  ffectiveness.
Auther, 1969. (AD 688154)

5-7

Annapolis:




appraisal cannot occur in a vacuum, isolated from the main streum of effort,

or as an afterthought. Recognize that such efforts draw from, and contribute
to, the accumulative information bass which constitutes the life line of the en-
tire development procass. Pragmatically, this means plans for such matters as
subsystem/full system performance tests, critical hardware selection studies,
and the like are formulated at the outset of the project or as soon as pos-

sible thereafter.

With this overriding principle in mind, we turn to other major considera-
tions which enter into assessment planning. Of these, the first three estab-

lish a general orientation for the effort, while the second three treat

specific detemminations which are required.

Static-Dvnamic. Assessment relies at one extreme upon paper-and-pencil

analyses or upon exercising system components at the other. A choice affects,
or is affected by, the natuve of available data. Thus, a static evaluation
utilizes facts in hand or those derivable from flow chartsg, machine drawings,
mockup inspections, and related descriptive documentation to develop findings.
Typically, these data are available during the initial stages of design and
cost less to assemble.

Dynamic evaluation hinges on implementing the component functions, ma-
nipulating them under anticipated operating conditions, and collecting the
findings of interest via systematic observation. Obviously, if carried out
to the fullest extent, this approach necessitates that the component(s) in
question (devices, software, and/or operating personnel) be available for such
use--a circumstance which does not ordinarily occur until late in development.
Additionally, a larger investment in time and effort is usually necessary to
properly plan and conduct these assessments. There are also strong advantages:
(1) validity--the extent to which observed findings represent the true situa-
tion--is more easily established; (2) less knowledge regarding the governing
principal factors affecting operation, etc., is required; (3) results as well

as uxperience gained are more or less directly applicable to ultimate opur.

tions.

Simulation offers an intermediate alternative to the opposing requirements
of static amxd dvnamic approaches. In this method critical cocmponent charac-

teristics, funcztional relationships, and operating conditions are symbolically
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represented;‘the representation is then manipulated according to principles
understood or assumed to underlie the operation. Consequently, considerable
knowledge of the governing principles and factors affecting operatior must

be available from existing theory, technology, or other empirical studies.
Since component behavior is observed indirectly, the validity of findings is
more difficult to establish and defend. Advantages of simulation are: (1)
that component functions or larger system units can be studied well in advance
of final design or a commitment to build; (2) alternative conditions, design
features, operating techniques, etc., can be examined thoroughly at a rela-

tively small cost in tims/effort.

Experiment-Demonstrate. Assessment varies from carefully designed,

closely controlled experimentation to open-ended, loosely controlled demon-
stration. The difference in orientation depends on the purpose. It may be

to investigate cause-effect relationships systematically and enable confident
prediction of results, or it may be to illustrate that certain results are
attainable under specified conditions. In c¢.her words, an experimental ap-
proach is necessary to gain an understar ing of component/system performance,
while a Jdemonstrational approach corroborates or presents those aspects that
are already understood. Accordingly, experimentation is appropriate for
selecting, refining, or modifying a specified aspect of design. Demonstration
is suitable primarily for non-critical design reviews, capability determina-

tions, or system exercises.

Intensive-Comprehensive. For any given assessment effort, there are

practical limits on the amount of time and/or effort which can or should be
allocated to its accomplishment. Basically, a balance must be struck between
an intensive study of some narrow aspect of the problem and a comprehensive
look at all aspects. For example, Given a fixed, limited time to select amona
several candidate data processor configurations, one must choose to compere
21ll candidates against a restricted set of selection factors; or, alternative-
ly, compare two or three candidate configurations against a full set of selec-
tion factors including, perhaps, variations on a particular configuration,
multiple test runs with varying input/output loads, etc. Due to the multi-

plicity of factors which enter into such a decision, there is no simple rule
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or set of rules which determine an optimum solution. Rather, the implication
is that in each individual case, planning must attend to an identification of

critical determinants and effect acceptable tradeoffs.

Objectives, Criteria, and Standards. Assessment plans must gset forth ob-

jectives clearly and unambiguously. To do so, however, entails distinguish-
ing the two related concepts of criteria and standards. Figure 5-2 describes
basic relationships among these concepts as well as their connections with the
"macro-system,” the erxternal environment in which the subject system resides,
and with assessment "measures,” an important related consideration. Each of

these three are discussed below, in jreater detail, from a planning viewpoint.

1. Objectives. Assessment objectives identify the scope,
detail, and precision of intended effort. As such, ob-

jectives:

a. Represent comitments on the part of opera-
tional (user) personnel, systems engineers,

and camponent specialists to priority goals.

b. Provide a frame of reference for relating as-
sessment requirements, i.e., the most cogent
question put to any system-related proposal is:

To what established objective(s) does it relate?

c. Abstract essential information requirements at
cach level of system definition (circuit, com-
ponent, subsystem, etc.) and indicate expected

contributions or impacts between levels.

*J

Criteria. Assessment criteria specify the basis on which
achievement of a particular objective or set of objectives
will be judged. In essence, these are stated, prefarably
direct measures of goal attaiment or non-attaimnment. As-
sersment criteria are generally based nn measures of the

folloming:

a. Timeliness--conformance with a specified upper,

lomer, or interval limit in time.
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b, Completeness--comformance with a specified range

of coveraqge.

c. Efficiency--a ratio of input (aggregate costs)

to output f{useful work or benefit).
Jd. rensitivity--degree of responsivity to change

¢. ubjectivity--degree of bias in a measure, result,

finding, ctc.

f. Validity--degree of correlation between a given
measure and some independent measure; the degree
of purity in scale, the lack of distortion, or

the lack of contamination in a measure.

g. Reliability--degree of consistency in results

with repeated measures.

3. standards. Specific values of criterion measures established
as a general gauge of adequacy in a component/system char-
acteristic are referred to as standards. These measures
can provide a baseline for judging system design and per-
formarce wnich extends beyond the confines of the imme-
diate development effort. OCOf course, unique system-specfic
standards may also be developed and employed as a part of

the development process.

Measures. The selection and definition of assessment measures represents
another major planning consideration. Useful guidelines for measure selection

identification include:

1. Juantitative measures are preferred over qualitative;
however, in many cases the only quantification possible

is to count qualitatively defined units.

2. Direct measures of the variable in question are preferrad
over indirect wherever possible; direct measures aic
those wiiich reflect change in the variabie itself rather
than a more or less closely associated variable to the

cne unkder study.




3. Measures are preferred which are relatively insensitive
to changes other than those specifically designated for
measurement; thus, measures which alter in significance
as a functioa of any extraneous condition are to be

avoided.

4. Measures which correlate with or are readily translated
into operationally significant terms are preferred; 1.c.,
where possible, one should select measures which are

readily urderstood by user and management representatives.

tontext. Perhaps the most difficult planning consideration involves
defining a meaningful, realistic context in which to conduct the assessment.

Three important aspects of context definition are described in the following:

1. Operational orientation. Frimary attention should be given

to che accurate inclusion of those facets of the operational
environment which have implications for system development.
In part this means that substantial assessment efforts must
be devoted to checking the validity of operational assump-
tions, themselives. Since there is bound to be more explicit
as well as implicit notions on "how things operate” than
one can reasonably examine, selectivity among such assump-

tions is also paramount.

2. Anticipatory, generalizable results. It 1is essential to

sequence assessments (and therefore contexts) such that
results have maximum importance for subsegquent Jdesign-
development stages. The aim is t> gain as much utility
as pogsible from any assessnent effort--and utility will
generally be greatest when results obtained today assist
in resolving tomorrow's problem. Unfortunately, this is
easier said than done, since certain amount of clairvoy-

ance and plain luck are necessary.
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3. Assesmment user orientation. The general requirements and

specific intended uses of potential users for the results
should be taken into account when the assessment is planned,
For example, if the report generator routines are under-
going test and test results provided to the intended opera-
tional users for review, then it makes good sense to assure
that the output format conforms to user expectations,

whether or not format is a crucial test parameter.

Conducting

As noted earlier, conduct of the assessnent effort is primarily a matter
of faithfully executing a sound plan. It is rare, indeed, when execution is
this straightforward. Frequently, the most carefully, thoroughly designed
plan must be modified at the outset or during this assessment stage. When

this occurs, constructive recovery actions should:

1. Seek r:asonable assurance that constraints cannot be
modified within established priorities for the assessment.

2. Document the probable (or actual) impact of a cutback on

assegssment objectives on design.

3. Abandon first those aspects and results of assessment
least likely to yield significant design impiications;
strive to maintain those likely to have important im-
plications as long as possible. Wwhen choosing among
elements for retention and abandorment, it is important
to recognize lost causes--that is, those elements which
cause the effort to be impractical or too costly within
existing constraints; to recogniie the extent to which
measures can be backed off from criteriz, while still
Jetaining essential utility; to base the selection on the

best estimates of and appropriate weighting for:

a. Expected degree of confidence in the relevant

area of design buefore and after assessment.
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b. Probable scope and impact of design changes

likely to result from the assessment.

c. Net cost of assessing the particular element.

Clearly, one should not:

1, Waste energy attempting to remove constraints that cannot
be eliminated.
2. Reduce or modify objectives too sharply, or abandon the
effort entirely when constraints refuse to disappear.
Synthesizing

Synthesis concerns the analysis, reorganization, and interpretation of

results to support the development of significant conclusions and reccmmenda-

tions--those which importantly change or maintain design-development direction.

Generally, such information fits one or more of the following categories:

1.

Identification of design faults, significant operational
errcorg, or shakedown difficulties that can be overcome

through redesign or operating procedures.

Distributions of performance under specified conditions

that can support more precise normative expectations.

Improved ard simplified models of the system (including
input/output relationships) that can serve as a useful
tool in operational planning to optimize utilization of

the system.

Operational and maintenance strategies that maximize

systam effectiveness.

Requirements for personnel time and other systam support.
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SECTION III

SYSTFMS DESIGN PROCEDURES

This section details in five chapters the process by which a sound design
and development effort yields a tangible, responsive operational information
system. The capsule overview presented in Chapter 2 of Section I is drawn

in fine-grain procedural form.

According to the orientation of these procedures, desijn and development

is organized in three major divisions of effort, as foilows:

Early Design (Chcpter 6)--describes the formulation and definition of a
viable system concept; procedures by which the concert is translated into
function statements; and the allocation of functions to hardware, software,
and personnel. The outcomes of early design are in the form of "paper-and-
pencil” design specifications. The svstem components have not yet been

engineered or matched to existing technology.

Design Engineering {(Chapters 7, 8 and 9)--describes, in serial fashion that

which is actually a parallel process, the detailed design of system components-
hardware (Chapter 7), software (Chapter 8), and perscnnel (Chapter 9). The
relationship of these subsystemsc to early design is illustrated in Figure
I1T-1. Hardware, software, ana rersonnel considerations begin in early design
and break out as subsystems following the completion of functional allocation

(tentative and/or dedicated).

System Tzansition (Chapter 10)~--describes the considerations and procedures

involved in transitioning the system from Jesign engineering to installation
and oreration. This chapter deals with the nature of user developer/vendor
negotiations, with user implementation problems, and with tesg.ing approaches
oriented toward user evaluation of the system. System transition consider-
ativns emerge upon unification of the hardware, scftware, and personnel compo-

rents for installation purposes.




The relationship of the five section chapters to one unother and to
the remainder of the handbook is illustrated in Figure III-1. The scope
of the section is represented by the emphasized area.
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CHAPTER 6

EARLY DESIGN

The process of designing information systems is a complex serias of cre-
ative decisions integrated with data collection, assessment, and management
activities. The efficiency of the aesign process and the effectiveness of
the system are directly re’ated to the nature, sequernce, and accuracy of the
decisicns. These, in turn, are dependent upon complete and appropriate in-
formation and upcn the procedures used. Thus, as a system designer, you
need a useful and generalizable structure or set of procedures which guides
the direction and order of design activities. This chapter outlines the

requirements, procedures, and problems of early design.

Figure 6-1 is an overview of these early design procedures. The design
activities identified in the overview correspond to sect,ons of chapter con-
tent. Each major design stage and its comporient procedures are described in

the same sequence within the chapter.

Figure 6-2 separates early design intc the six major stages which termi-
nate in functional specifications for a feasibie design concept. The first
derives a set of requirements and objectives for the system. The second
stage defines the resources which can reasonably be brought to bear on de-
velopment and operation of the system, as well as the constraints or bourda-

ries within which such development and operation must occur.

The third and fourth design stages conceive the functions required of
the system to transform available inputs into outputs. These outputs must
satisfy stated objectives and the rtunctions which lead to them must do so
within established constaints. The t rd stage is con~erned primarily with
identifyirg and describing the system functions. The fourth has to do with
allocatiryg the functions to the hardware, software, or per:onnel components

of the system.

The fifth design stage involves the integration of results to this
point and provides the first major description of the systam design concept.

The sixth and firal stage considered to be part of esrly design is concerned




with determining the feasibility of the design concept (in meeting opera-
tional requirements) and preparing a development plan for the design enji-

neering.

6.1 Deriving System Requirements and Objectives (Stage I)

The derivation of system requirements and objectives involves the iden-
tification of one of two major kinds of "givens” that are imposed from the
environment outside the system--namely, the givens or marginals for the out-
put side. Input givens are discussed under the next design stage on resources
and constraints. The two sections on functions design steps will deal more
with "variables" or means within the system fof obtaining cutputs from given
inputs. The sequence of major activities included in the process of deriving

requirements and objectives is suggested in Figure 6-3.

6.1.A Defining System Development Boundaries

Defining the boundaries of system develupment is the initial focus of
any systems effort. The types of information and the activities employed in
selecting a development area and formulating a development rationale are

shown in Figure 6-4.

Develomment Area. The thrust behind initiation of a design effort may

have many sources. Operational prcblems with existing systems, economic
squeezes, scientific and technological breakthroughs, acquisitions of new
systems by competing agencies, projections of future capabilities of other
nations, emerging demands, new services and new policy, directives, and regu-
lations can play a significant role in motivating initiation of a system de-
sign. Many counter forces and cross currents irfluencs the development and
operational implementation of new systems. Moreover, conflicting motives can
occur among superordinate levels of management, operating groups, the design
team, and groups playing ancillary roles in desigr. Jince there are usually
valid reasons or needs for many new systems at once, competition for the ecc-
nomic and other resources occurs. Selectiorn of an area for development, or
at least elimination of some areas, must be based on a set of critoria which
include the information system attributes described in Systems, Process, and
Products.
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In order that selection of an area can be made, it is necessary that
descriptions of possible alternative designs be gathered and presented in
such a fashion that the established criteria can be applied. The information
required in these descriptions includes:

1. Identification of the need--demonstration of the way in
which present operations fall short of expectations or
requirements, or the way in which they will be inadequate

to meet future needs.

2. A description of how the contemplated effort would correct
or eliminate the prcblem.

3. Feasibility of the solution within identifiable time and

cost restrictions.

This information then becomes the starting point for the formation of objec-

tives.

There will be instances where no clear-cut first choice or priority area
evolves, and because of an inability to differentiate among priorities, a
"commaud decision" is required. It may occur because of real equality be-
tween alternatives cr as a result of unavoidable subjectivity in the evalua-'
tion. Instances of special interest and/or rigidity on the part of selected
members of a design team are neither rare nor indicative of faulty procedure;
they are inherent in the process. Having followed the procedures, ho'rever,
the individual making such a "command decision” selects the development

area, using all relevant information and being as objective as possible.

Development Rationale. An honest effort to identify the principal mo-
tives which stimulate the developme:ital effort and which will influence the

course of that development helps to clarify the complex of communication re-
quired throughout the developmental process. Of particular importance is
the nature of communication required between the design team and general
management. Examination of these motivating forces contributes to the
rationale for development of the system design. Additional areas which
contribute to the definition of a design rationale include: implications of

existing operations and resources and constraints, the extent or scope of the
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design effoct %o be undertaken, and the preliminary identification of cri-

teria for successful design.

Implications from national goals. A prime determinant of arezs in

which the Nation is willing to invest research and development

funds and time is the set of long-ranye objectives to which the Na-
tion is dedicated. This informaticn is often not available in any
formal sense; however, a conscientious effort should be made to ex-
plicitly stace any such goals that are, or could be, relevant tc the
developmental area. It is important to probe for, and be alert to,
implications fvom national goals; it is equally important not to
force implications or consider joals which are inappropriate to the

cevelopment area.

Implications from nersonal goals. The natural tendency of manage-

ment, regardless of size, is to make its operation the "biggest and
best” of its kind. Managemen® is not always aware of and sometimes
not particularly interested in what is happening in other segments
of the total operation, or the effect that change will have on other
operations. On the other hand, managemment is aware that attached

to larger and more complex operations ave greater prestije and pow-
er--a greater sphere of inflvence. This is not a negative charac-
teristic; rather it is desirable. However, the design team must
recognize and tamper the influence of this characteristic on system-
ceslen decisions. Sic~e personal goals--of the user, of R&D manage-
ment, etc.,--are the most fluid and least predictable scurce of in-

put to the d:siyn process, implications drawn from them should be

carefullv weighed iu terms of the potential life span of that in-

fluence in the systam-development eftort.

Implications from existing operations and rescurces and constraints.

The problem of determining what the systemg develcpers really have
to work with is comprehensively treatad in the next section. It is
suffizient to say here that the implications derived from realistic

resources and constraints geonera.ulv fall into five major areas.
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1. Equipment implications which commit already existing
hardware or define particular hardware which must be-

come the interface point with other systems.

2. Long-range schedules in which previous system develop-
ment planning has mapped out courses of action. The
schedules imply that particular capavilities, equip-
ments, personnel, monies, etc., will be in specific

configurations at certain points in time.

3. Fiscal commitments which relate to items 1 and 2 above
and which act as a very real constraint on developmental

activities.

4. Perscnnel availability in terms of the kinds of human

capabilities which are or can be made available.

5. Areas of serious operating problems for which the ex-
penditure of funds seems reasonable in light of their

overall degrading effect on operations.

Extent of design. A further consideration in defining the bounda-

ries of system develomment is determining the extent of the de-
sign area. There are three major levels which are considered at

this point in development.

1. Machine programs. At this level the instructions for the

hardware are prepared, tested, ard taken to the field by
the programmers--who then operate the system in whatever
conversion mode is appropriate--until line personnel be-
come sufficiently acquainted with the process and irace-

dures to tak. over.

2. Programs and practices. At this level, the documenti-

tion of design is prepared and disseminated. This “ocu-
mentation describes both the machine process and the manu-
al procedures in some fashion, but relies upon the inge-
nuity of each particular location of system operations %o

adapt the documentation for perscnnel training.
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3. VPrograms, practices, and training materials. At this

level of design, the documentation is completed and ma-
terials are prepared for training to support both con-

version to and operation of the new system.

‘There are circumstances which justify each of these design levels.

A des’sn level decision must be made, 2t least tentatively, at this

varly stage of design so that the detailed planning for development

strategies (1) focuses on the totality of future developmental prob-
lems, and (2) does not concern itself with the kinds of decisions

which should not involve the design team.

Preliminary system evaluation criter.a. From the earliest stages

of design, it is highly desirable to begin identifying the criteria
by which the effectiveness of the system can ultimately be judged.
For example, even a preliminary definition of evaluation criteria
facilitates and clarifies the delineation of system requirements

and objectives. Detailed criteria appropriate to evaluation of the
system emerge only on the basis of evolving design and detailed
analysis. Information system attributes, described in Systems, Prc-

cess, and Products, appiy to the definition of preliminary criteria,

as do many of the considerations in Design Assessment.

The development rationale should be carefully documented. It should des-
cribe the system and its known parameters, specify the organization's intent
to develop a certain area, tentatively identify the types of products which
will evolve from the design prucess, and provide preliminary criteria for
evaluating the system. Part of this documentation, the statements of the
analytical relationships which have led to the selectior of the development
area, are useful in providing an historical osverview and are involved in nu-

merous other design decisions as developmer: proceeds.

t.1l.8% Vetailing Requir Tents and (Gbjectives

nee a develojmen’ area has been selected, a level of detail is required
that defines the interfaces between (ke system 0o be developed and ithe world

into whooh 1t must fit.  The purpose of this activity is to analyze alternative
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approaches to the specific development area so that the definition of "system”
can be made and general requirements and objectives prepared to structure it.
The activities and information employed in this process are shown in Figure

6-5.

System Users. A user in this context means a recipient of output from
the system under design. Considerations up to this point have been with
serving some unique set or sets of users, identified as "firm" users. There
may be other users (or use situations) which are classed as "possible" users.
That is, system design can be purposely configured so that it will or will
not have an influence on their activities. Potential users and their use
situations should be considered at this stage of design because of their

utility in further definition of the system boundaries.

Each firmm and possible user are individually examined (o identify cross
system characteristics which meet tliat particular user's needs. These
are system characteristics which start to structure or set bounds on the sys-
tem operation. Each user will suggest some of these characteristics. An
examination cf the nature of the specifiic output for each user del{ines pos-

sible system characteristics.

System Characteristics Per User. Detailed requirements and objectives

are derived from an understanding of user activities which the system will

support. Relevant user considerations include:

1. Identifying the . ypes of users served in some significant
way by the system, including unaided humans and humans

assisted by equipment and other informaticnal aids.

2. Defining the bracket of time over which the system wi.l
serve each type of user. For example, the design team
cannot be content to lock at the current information
requirements of a given type of user, but should attempt
to project his activities five or ter vears into the
future and derive from this projection what his infor-

ration requirements will be.

J. 1identifying locational and functional relatiorainig

among users which suggest that total system ob-eltives
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are different from the simple sum of requirements for

different types of users.

4. Establishing boundaries relative to the needs of each
type of user. For example, a specific user's stated
needs might be considered outside the boundaries of
this system design if his needs are better met by
arother system that will be concurrently available

with this system.

Input/Output Analysis. Identifying users and formulating system charac-

teristics and output requirements for each user is a creative process. That
is, hypotheses are formed--and tested with available data--about how users
will be served by any particular set of characteristics and outputs. Under
each hypothesis about output requirements and system characteristics, a
general analysis of the input requirements is performed. If the major
functions of the system are already being performed and the main purpose of
the development effort is to improve that performance, existing inputs which
are appropriate to output requirements are easily identified. £ the system
is new in terms of its purpose and processes, existing sources of iaformation
provide inputs, but there will be many additional inpuvt requirements. With
general user output requirements, identified along with associated inputs
(those existing and those anticipated), it is possible to hypothesize proces-
ses which will convert those types of inputs to the required types of outputs.
Each of these should be examined for each user, those to whom the system is

dedicated and those who will benefit from its existence.

Alternative System Requirements and Conversion Implications. Based upon

the preceding analyses, sets of system requirements which define alternative
kinds of system operations are hypothesized. These prescribe alternative sys-
tem perimeoters, including and excluding users, as the combinations of systan
characteristics dictate. The ..lternatives should be made explicit, and their
conversion implications should be associated w2ith each requirement as with
common groups of them. Particular kinds of systems necessili:te or preclude
specific kinds of ccrversions. The conversion process is often a unique sys-

tems Jevelopment problem in itself. 1Its consideration at this point in early
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systems design is critical, since conversion implications can control the

selection of system users or system operating characteristics.

At this stage of systems development, descr.ptions resulting from these
analyses will not be in minute detail. It is more important that all in-
gredients which contribute to the decision about what system will be designed

are considered to the level of detail that the existing information permits.

"Best Fit" Alternative. Hypothesizing alternative sets of system re-

quirements and associating operaticn and conversion implications with these
sets utilizes all available information about the system. Tais information
provides a basis for selecting the unique scope of tne system to be designed.
Most often, at this point in development, the "best fit" alternative is ap-
parent. All of the design and operating inplications are identiried and
examined in sufficient detail to determine the appropriateness of any particu-
lar set of system requirements. If the "best fit" is not evident, a review
must be made of the total process of detailing the requirements and objectives
to reassess 2ll of the assumptions and hypotheses upon which it is based. If
the review does not result in an apparent "best fit" alternative, the develop-

ment area selection process should be examined.

General Requirements and Objectives. The formal output of detailing the

selncted development area is a sct of general requirements and objectives
which define the system. These requirements and objeatives should be prepared
very carefully and made available for review by management and operating per-

sonnel in the svstems area which is affected by the design.

6.1.C Describing User Operations

Detailing the area of system requirements and objectives cstak’'ishes a
framework within which the relevant behavior of users is meaningfully analvzed

ard described. Analyzing user behavior includes the following sterps.

1. 1Identify the hest sources of information concerning

user operations.

2. Further define the total population of users by charac-

terizing each class according to relevant variables such
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as availability for specialized training in using the sys-
tem. Characterization is in terms of distribution tables,

averages, variability, or limits.

Identify and delimit major contexts within which relevant

user behavior takes place.

Identify major contingencies which the system will not be
able to attend to and the reasons, as well as those con-

tingencies with which it will be able to cope.

Identify the various kinds of missions carried out and ob-
jectives fulfilled by the user which are relevant to in-

formation from the intended system.

Break user missions into major segments, operations, and
classes of suboperations.

Verify and refine the preliminary structure by trying it
out against 2 sma.l set of specific examples of user per-

formance.

Figure 6-6 demonstrates how these activities and informations are em-

rloyed in describing user operations.

Sources of Information Abo::t Users. At this stage of early design, the

appropriate sources of information about system users and their activities

are well defined. The sources will vary between systems and according to

the extent of design being undertaken. In general, the sources caa be cate-

gorized intc:

1.

4.

Cammnand managenent.
Line operating personnel.
System staff (quality control types).

Developers of other interfacing systems.

Des:ription F:rmat. Techniques to obtain data used in describing user

operations are tailored to the particular user. availability of relevant in-

formation in written sources (e.g., research studies, job analyses, previous




system studies), access to users, and the contexts in which the users op-
erate. Interviews and critical incidents make useful contribations. Tas}
identification, description, and analysis however, are the most useful. A
description format which portrays the specific operations of the select2d
users should be developed. An example of description parameters, sufficiently
general to be applicable under most condicions of informatica system early

design, are:
1. Users/using groups.
2. Functions or operations.
3. Tasks or activities.
4. Types and numbers of users.

5. Using conditions affecting user input requirements (user
input requirements are actually system output requirements,

of course). These using -onditions are described by:
a. Frequency.

b. Volume.

c. Use time.

d. Perishability of information.

€. Dependancy of other operations on the results

of an operation being analyzed.

dany of these clessificatious of information require definition within the
specific system development context. The important thing is not that standard
meanings bc assignel to words such as onerations, tasks, activities, etc.,

but that for each specific developmental effort, these labels are clearly de-
fined and unambiguous

User rations. In describing user operations, it is generally assumed
that users requirs information to meet real needs. That is, users require in-
formation not jus* because they want it, but because their actions are influ-

enced by the information in some way. Thus, a proper approach te identifying
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pertinent information requirements is to uncover the Joperations most sensi-~

tive to availability or nonavailability'of potential system information.

For every user, the selected information category should be as com-
pletely documented as possible. Since user overations are often extensive,
varetul consideration of types of useful Jdata contained within the format
ccononizes time and funds required to describe user operations. Obviously,
the information forwrat requires much greater detail about user operations
than just their functional moduies. Detail, down to the task level, is re-

quired in some cases 52 that all operations are pinpointed and assessged.
In particular, three types of operations are desired:

l. Those opcrations which the user currently performs and
wlh ich must continue to exist when the system goes into

cperatiun.

2. lew opera’ions which the user will perform as a result

of the new system.

3. Current user nsperations whic' will be discontirued when
the new systen heccmes cperational, either because they
will be performid by the new system or because they are

no ionger relevant to the operational f{low.

Thus, ouc of *° s design activity comes the definitive description of
the user under *h. ..ow system and svfficient detail about those operations

so that specifications for requ::ed system nutputs <an be set.

sampling Frame. Ucer operations may be too 2xtensive and diverse for

exhaustive analysis and descript-oa. 7vhus, it is necessary either tn accept
samplin or enti.ely abardon the derivation of information requirements from
user operations. The problem in the past hxs frequently been that the sampling
involved gross absirsctions frow the user damain, and the basis for the ab-
xtractions has not Heen clear. This results in gyross birs in the definition

{ requirements.

lampling means selecting some smaller set of user pe:r’>rmances frox a
iarser se% »f possibleé performences. The following points are relevant to

sanpling yrocedures:
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1. The framework established by det.iling system requirements
and objectives serves as a direct contributor to the defi-~

nition of a sampling frame.

2. The sampling bases and weights for chcosing among different
hierarchical levels, e.g., tasks versus sgecific hehaviors,

are cften different.. Tradeoffs between levels are also

considered.

3. Sampling on bases other than frequency of occurrence is
entirely valid. For example, presumed sensitivity to in-

formation can influence sampling ratios.

4. Random sampliing here means enumerating all of the behav-
ioral units among which sampling takes place. A primary
motive is to avoid the exhaustive work involved in making
such an enumeration. Thus, quota sampling is more appro-

priate than strict random sampling for the more detailed

levels of user behavior.

6.1.C 7Translating User Operations Into Objectives

Implications for system design are derived from appropriate arrays of
user . cvations. The implications are directly relevant to performance out-
puts of the system, i.e., related to the system outpui characteristics re-
quired to support successful user performance. Figure 6-7 shows the activi-
ties required in the conversion of user operations information into a set of

system requirements and cbjectives.

System Output Specifications. Estimates of output characteristics, de-

rived fron descriptions of user operations which must be supported, comprise

the first set of system output specifications. The information types
included under theise specifications are:

1. The physical furm cf the outgut.

2. The information content of the cutput., ‘At this 2arly stage,
it is often roussible to ideniify only typres or rlasses of

information rather than the details wi*h'n any one ciass.)
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3. Frequency of output reguired.

4. Dimensions of accuracy to which the system output must ad-
here so that the desired reliability for user operations

is attained.

5. Descriptions of output comprehensiveness when the infor-
mation output to the user must completely describe the

particular operation or activity.

v. Recency, which are statements of the effect of informa-

tion currency cn the user operation.

7. Reaction time, which is relevant to the reporting of cer-

tain kinds of aperiodic or nonscheduled events.

Syscem Ferformance Specifications. Descriptions of user operations are

aiso utilized te derive specifications of system performance and operational
activities which produce desired output characteristics. The performance
specifications are examined in terms of the potential range of information
available to the system. It is then possible to determine which system op-
erations have the greatest informati n requirements in order to achieve the

necessary system output.

Jperational-Qutrut Sensitivity. All of the system output characteristics

and specifications previously identified are weighed against the poss:ibilities
of achieving them. It is necessary to develop some tvpe of priority meesure,

a measure of the sensitivity which operational activities have tc output
characteristics. Sensitivity can be measured by the difference be.vseen per-
formance that ill be achieved without any system information flow and the
performance achieved with the best information imaginable. The degree of
performance decrement as a result of partial cutbacks from ideal information
indicates stringency of systeam informacion requirements ‘The cousequences of
perfornance decrements for achieving user objectives determines the importance
of the .n‘ormation. Consideration of thesc factors aids in setting approp:riate

Strectives for terminal cutput performance of the systom.

~ystem Reglirements and Vbjectives. vnce the priorities of the system

periomance specitivations are established, a set ot syster requirements
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and objectives can be prepared which specifies the goals cof system operations.
The system and user operaticns descriptions are translated into system re-

quirements and objectives in terms of:
1. Output.

2. Uperating modes (at least for those areas dictated by

resources and constraints).
3. Areas and groups of personnel skills regquired.
4. Operating costs.
5. Volume of production.
6. Frequencies of output.

7. Spatial locations for installation and ope i:iion of sys-

tem components.
8. Communications requirements within and between systems.
9. Storage and security of system data.
10. Back-up systems or alternat.ve operating nodes.

Useful system requirements and objectives have the following charac-

teristics:

1. They unambiguously communicate to management and members
of the developrent team what the intended outputs of the

system will be.

2. They facilitate measurement or assessment of the oxtent

to which outputs are r :alized.

J. They are form>d at a level of specificity which pernits
evaluation of the system's capability to achieve the ob-

jectives.

Unce individual requirements and obijectives have been tdentified, they should

be organized into a lcogical and nonredundant structure.




6.2 Defining Resources and Constraints (Stage II)

Whether an element is considered a resource or constraint is largely
de:penda2nt upon one's point. of view. The limits on any resource can be con-
ceivel! as constraints, and the regior wthin any constraint can be conceived
as a resource. 4o system developme: : ius unlimited rescurces of manpower,
roney, materials, facilities, or time. Each resource has additional organ-
izational, technological, operational staff, policy, and administrative staff
limits. o information system is entirely independent of the context in
which it will operate. These factors should be identified and defined early
in system development to preclude any incompatibility with the realities

that influence its success or failure.

imits, once identified, do not necessarily remain fcorever fixed. Trade-
offs are sometimes made. Ongoing development can suggest that resources
thought to be adequate are no longer sufficient; that constraints thought to
be acceptable are intolerable; or contexts thought to be ideal are inferior.
None of these possibilities changes the basic desirability of organizing and

analyzing resource and constraint information early in design.

Although shifts in identifiable resources and constraints are expected
to occur throughout the developmental process and the operaticnal life of the
system, it is possible to structure the kasic considerations which apply to
the definition of resources and constraints in early system design. The
principal -~ctivities involved in defining resources and constraints to the

system and its develcpment are shown in Figure €-8.

6.2.A Categorizing Resources and Constraints

Categorizing resources and constraints involves identifyin; and examining
potertial sources of information and deriving from them a preliminary set of
resour-es and constraints. This preliminary set is then ‘ategorized by system
relevant parameters which parmit a more detailed description of system re-
sources and constraints. The activities and information invelved in catego-

1.zing rosoirces and constraints are illustrated in Figure 6-9.
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(6.2.A) Categorizing Resources
and Constraints

\

{6.2.B) Detailing Rescurces
and Constraints

\

16.2.C) Analyzing Resources
and Constraints

Figure 6-8. (6.2) Defining Resources and Constrairts (Stage I[I)
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Potential Resource and Constraint Zarametexs

Figure 6-9. (6.2.A) Categorizing Resources and Corstraints
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Sources of Resources and Constraints Information. Sources of informa-

tion concerning resources and constraints are related in number and complexity
tc the dimensions of the system development objectives. The more encompass-
ing the system, the more resources it requires, and the more constraints it
needs to recognize. Some paramc.ers are always examined--money, peorle,

time--and some parameters remain peculiar to a given objective.

Potentially relevant area- of information for determining resources ard
constraints are described in the paragraphs whicn follow. 7Their interactive
implications are manifold; the nature and extent of the interactions are
specific to the given design objectives and cornditions. Some resources and

constraints information relate primarily to the final design and operation

of the system; others relate primarily to the development effort.

Previous systems. Previous systems and their documentation are a

particularly rvich resource if the present Jdevelopmental work aims

to optimize or emulate the onyoing system. However, if the develop-
ment of a new concept addressed tc existing problems is attempted,
resources and constraints information atout the existing system is
as misleading as helpful. Unless it is assumed that the previous
system designers completed a2 thorough analysis of parameters and
that nothing about the enviromment or the system objectives h- -
changed sicnificantly, a retesting cf previous recources and con-

straints information is required.

Related studies. ~Related feasibility and design studies and their

documentation--1f available and applicable--provide sound resources
and constraints information. Care must be exercised to insure that
Lthe relationship of the studies to the system under development is
direct and appropriate. Further, it is necessary to be critical of
the studies to assure that the stuay or documentation is correct

ard comprehensive, and that the information is acceptable.

-tate-of-the-art. The state-nf-the-art in relevant areas of devel-

sycent is assessed for its potential contribution to the resjurces

anl -onstraints. The validity of thase efforts to the development
*




program must be assured. it is unrealistic to base development
on resources unproven by state-of-the-art studies or laboratory

demonstration.

Management policy. Management policy or goals, at national ani in-

dividual agency levels provide guidelines of resaurces and con-
straints. To interpret them literally 1s sensible; to ignore them
is disastrous. The ideal approach tc management goals is to derive
guidance from them and attempt to effect change in them when neces-
sary. !lanagement policy can be interpreted ac eitner a strong set
of constraints and deterrents or a sound measure of resources and
motivation. Furthermcre, trends are probably as importart as

fixed policy. Iiost agencies operate under a complex of specific

regulations which must be taken into account in the design.

Cperational organization. Organizational structures are an impor-

tant source of constraint information since it is difficult or im~
possible to create an information system which does nct impact on
the organizational structure. The extent of constraints imposed by
organizational structures that interface with the proposed system
must be determined. That is, the amount and kind of change imposed
by the system i: assessed against amount and kind of change the or-

ganizational structure will tolerate.

Traditions. Traditicns, like organizatio::al structure, are diffi-
cult to change. Traditions are sometimes as real and as constrain-
ing as regulations or contractual! cbligaticns. They are rarely
spelled out in any decument or set of references and are elusive and
difficult tc ascertain. Ilevartheless, traditions cannot le ignored.
A conscientious =ffort should be made to assess system ohjectives

in the light of known or implied triditions. "2ld tiners” serve ay

a source of information about traditions.

Long-range plans. The long-range plans ~f the user agency and its

ruperior crganizations should he carefuliy considerad since they
determine the future direction of the organizations. If tle pro-

posed system corpliments the plans, little more than pointing to
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this consistency is necessary. However, if the proposed development
effort does not coincide with long~fange plans! reconsideration

or change is needed. Rarely have all the long-range plans for an
organizaticn been pul’ed together in one document. Interviews with
planning personnel and top managers augment, verify, and clarify

planning documents.

Financial reports. Practically all information systems are justi-

fied, at least partially, on the basis of cost considerations. Ac-
curate information concerning the costs of existing systems which
are replaced provides a useful baseline against which justification

for the new system can be formed.

Operatioual manpower. Early consideration is given to the personnel
requirements for Sperating and managing the new system. Determiha-
tion of the exact number of types of people, i.e., the knowledges
and skills required to operate the system, like many other factors,
is not possible earlf in a developmental process. Nevertheless,
certain early assumptions are made, based on the best information
available, about what is required. Job evaiuations and descrip-
tions provide a status report of skills and knowledges. 1If it is
apparent that the requisite resources are not presently available
and cannot be developed before the system is ready to become opera-
tional, a large problem exists. If, through sslection, training,
or job aids, the required knowledges and skills to operate the sys-
tem can be developed in the required length of time, a resource is
counted rather than a constraint. Again, eatly determination of
manpower requirements is adjusted, refined, changed, and quantified

as the developmental process progresses.

Developmental manpower. The considerations given to operational

manpower resources and constraints are also given to developmental
manpower. It is difficult, if not impossible, to definitize these
manpower requirements early, yet assessment of developmental man-

power is a critical requirement. Some assumptions, the soundest
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estimates possible at the time, must be made. As development
progresses and the requirements become more definitive, these as~

sumptions are reexamined, clarified, and quantified repeatedly.

Facilities. Existing facilities are another strong area of re-
source, and sometimes constraint, information. Facilities include
such diverse things as existing data base, existing and unused com-
mnnications lines, computer time, building, and various other equip-
ment or unused personnel capabilities. Historically, many system-
development efforts have been motivated by the fact that one or more
of these facilities was operating at less than capacity. However,
improving the capacity of available facilities can be unnecessarily
restraining, particuiarly if the development effort can profit from
a new facility resource within the financial capability of the

agency.

Time frame. An accurate fix on the time frame for development is
needed very early in the developmental process. Information to

make a definitive estimate of time required is not usually available
early in the development process, but a reasonable estimate can be
made on the basis of such resource information as time studies,
feasibility analyses, past experience with similar development ef-
forts, etc. This estimate is considered tentative and flexible

and is adjusted as new information is assimilated during the de-

velopmental process.

User adjustments. It is reasonable tc assume that people can adjust

to only a given amount of change in a certain amount of time.
Thecefcre, the amount of change which can be successfully intro-
duced and assimilated by the personnel who will operate the system
has a restraining influence ¢an the development effort. The en-
visioned new system must be objectively compared to the present
system to determine how much chanée is implied and what areas the

change will affect. Two questions arise in regard to system

changes: whether or not it is reasonable to expect the personnel

involved to accept the change, and by what means a resisted change
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is made acceptable. Areas such as multi-media training technology
and technigues of system introduction are assumed ir these consid~

erations and planned for in the development.

System interface. System interface data are perhaps the most dif-

ficult kind of resource and constraint information to obtain. In
order to acquire correct information, some initial issumptions
about the boundaries of the system are first made. Next, each
boundary is scrutinized for interface, interchange, or interdepen-
dent relationships with other systems. It is important to identify
potential interfaces as well as real interfaces and to seek out the
elusive ones as well as the obvious. Historically, failure ;o per-
form adequate analysis of the interface, interchange, or interdepen-
dent relationships with other systems has contributed to the down-
fall of many system efforts. Further, this step cannot be done
once and then forgotten; it is repeated as more detail becomes

available.

Pergsonalities. Personalities exert a very strong resourr~-constraint

influence on the developmental process. Complete systems have been
built on the strength and enthusiasm of a single, highly motivated
individual. Conversely, system efforts are sometimes retarded or
stopped because of the attitude cf one or two influential individ-
uals. The opinions, intentions; and expectations of those individ-
uals who bear the ultimate responsibility for system effectiveness
and operating success have to be properly appraised. It is essen-
tial that those reSponsible personnel be kept informed of develdp—
mental progress so that their influence enhances the developmental

effort.

By-products of the system objectives. Inferences from the system

definitiun or the stated requirements and objectives contribute to
the definition of resources and constraints. In particular, clari-
fication of system input givens is often possible. The extent to

which system objectives are explictly stated affects the extent to

which inpu* information resources and coristraints are identified.




While every attempt should be made to collect this type of informa-
tion, it is essential that implications not be overdrawn and re-
sult in unnecessarily restrictive conditions. Information should
be collected in as many parameters as possible, without attaching

unwarranted dimensions to those parameters.

Resource and Constraint Parameters. As noted earlier, some parameters

of resources and constrainrts, e.g., money, people, time, are always examined.
Yet, it is apparent that the potential diversity of sources and types of in-
formation creates such a mixture of resnurces and constraints that conversion
to a "type categorization" is necessary. Although most of the vital infor-
mation is boiled down to major categories--time and money--such an overdis-
tillation prohibits careful analysis. Listed below are parameters of re-
sources and constraints which, in most situations, permit a categorization
scheme of common denominators. Wnile some of these categories are irrelevant
to particular situations, other situations require the use of additional

categories.

1. Input information.
2. Time.

3. Cost.

4. Personnel.

5. Hardware.

6. Software.

7. Job performance aids.
8. Training.

9. Oryganization.
10. Facilities.
11. Laws.
12. Requlations.

13. Contracts and agreements.

6-37




14. Procedures.

15, Existing knowledge concerning the performance charac~

teristics of sim.lar systems.

Categorization Scheme. In categorizing information, it is imporcant

to avoid (1) drawing a categorization scheme so broad--i.e., too few cate-
gories-~that it destroys the opportunity for analysis of interactive effects,
or (2) drawing a categorization scheme so narrow--i.e., too many categories--
that no transformation of the original resources and constraints can be made.
Because of the necessity for evaluating the available resources and the con-
straining influences against the system objectives, selection categorization

types should facilitate this comparison.

Since a source-type of information does not necessarily fit into only
one categorization, each source of information must be carefully analyzed for
its informational categories. For example, documentation from previous sys-
tems. a single source of information, can offer data for many categories of
information. Consequently, each segment or item of information must be care-
fully analvzed for its contribution to each category of information. Over-
lapping the same informational item in more than one category is undesirable.
That is, while an information source often feeds more than one category of
information, a single item of information should not appear in more than one
class unless it is suitably cross-indexed. Schemes for aggregating resource
and constraint information must account for items given multiple categori-

zations.

Categorization of source information into categories is an arbitrary
process. However, distilling the varieties of information to provide a more
homogeneous set of information is appropriate and serves as a check on the

reasonableness and structure of resulis obtained.

6.2.B Detailing Resources and Constraints

Detajiled description of resources and constraints information is neces-
sary before it has utility in the systen develomment effort. A critical as-

pect ox this description is determining the levels expec*~” n resoucce and
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constraint parameters, Admittedly, guantification is difficult and arbitrary.

Yet, there is a potentially large number of direct and derivative quantifi-
cation factors which are relevant in detailing resources and constraints.

The following are generally applicable; their interactive effects are shown

in Figure 6-10.

Resource and Constraint Levels. The range of levels which is expected

in the system resources and constraints should be examined in terms of:
Y

l. The probable maximum that can be obtained even with great

effort.

2. The probable minimum that can be expected under the

worst circumstances likely to occur.

3. The most probable level of resource is likely to achieve,

based on the identified maximum and minimum levels.

Degree of Confidence in Levels. Th- degree of confidence in estimations

of probable resource and constraint levels should be determined. This requires
an analysis of the assumptions used in establishing maximum, minimum, and

probable levels, and of the number of unknowns in the system to . ‘s point.

Frobable Levels. It is important to examine the ease with which given

resources and constraints can be modified. This requires identification of
the criticality/noncriticality of the resource and the probable level likely
to be achieved in conjunction with the extremes judged possible. Large dis-
crepancies between maximum and minimum, coupled with a low level of confidence,
irdicate areas where the effects of modifying resources and constraints should

be considered.

6.2.C Analyzing Rescurces and Constraints

The analysis of resources and constraints examines their interaction in
the system. Analysis activities include analysis of resource and constraint
relationships, evaluating the impact of individual ind related parameters,
and investigating tradeoff possibilities among the parameters. The sequence

of resources and constraints analysis activities is depicted in Figuro 6-11.
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Figure 6-10. (6.2.B) Detailing Resources and Constraints
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Major Relationships Among Resources and Constraints. Each resource

and constraint should be examined for its relationship with other resources
and constraints. Resources and constraints also have some interactive effects
on system performance characteristics. For example, lack of a particular

kind of input information can have implications for level of personnel skills
and knowledges. Once related resource and constraint types are identified,

a network or matrix form may be suitable for depicting the chain of these
rela£ionships. This can take the form of a mileage chart on a map, with re-
sources/constraints listed vertically down one column and horizontally in
another line. Within this structure, a match point indicates an interrela-
tionship; a no-match point indicates a lack of interrelationship. A mathe-
matical cet of symbols can also be used to indicate the degree of interrela-
ships. Since it is extremely difficult to portray graphically the intricacies
of both type and extent of interaction, a narrative form is probably the most

appropriace for at least some categories of resources and constraints.

Resources and Constraints Evaluation. Having identified parameters,

likely levels they will éssume, and closely related clusters, it is possible
to estimate the probable impacts of individual parameters and closely related
clusters of parameters on the developmental effort. Comparison of stated
requirements and objectives with resources and constraints permits identifi-
cation of sensitivity requirements, critical parameters, imbalances, and
potential areas for adjustment. Explication of resource and constraint im-
plications for the conversion from old to new system and for the operational
phase is helpful to almost all of the major design stages which follow. The
pattarn of resources and coastraints can be adjusted to accommodate the spe-

cial requirements of the temporary, but critical, period of conversion.

Tradeoffs Among Resources and Constraints. As a result of identifying

critical parameters, the noncritical or less important parameters of re-
sources and constraints are also identified. These noncritical parameters
becom2 the candidates for tradeoff analysis. The tradeoff analysis is in-
tended to blend, mold, and reshape the resources and constraints information
toward optimization of the new system. Reshaping or reconfiguring these re-
souries and constraints toward optimal alignment with system objectives is

the pivotal point of the system development or design process.
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Each tradeoff candidate should be translated back into source type of
information, i.e., reflected in its original context, so that the change is
viewed in proper perspective. This is necessary to assure that the composite
analysis has not distorted a parameter to the point where it appears unimpor-

tant when it is, in fact, very important.

Experience indicates that if the resources and constraints analysis is
not thorough and accurate, either the development effort or the operating
system will have built-in surprises. Often in the past, these surprises have
been of the negative type--either the development or the operation of the sys-

tem was not possible or did not live up to its performance expectations.

System Fequirements and Objectives Adjustment. If the resources and

constraints analysis reveals problem areas which have to be alleviated by
resource and constraint tradeoffs, #d3.- 'ments to system requirements and
objectives may be requiref. The adjustmen*s should adhere as closely as
possible to the original requirements and okiactives configuration. Once
the system requirements and objectives are appropriately adjusted and a set
of acceptable resources and constraints is formed, the design activities

focus upon describing system functions.

6.3 Identifying Functions (Stage III)

Identifying functions and function relationships is the conceptualization
of the minimal processes required to transform inputs into outputs. The func-
tions analysis involved is of system output requirements, input capabilities,
and process abstractions., It is not an analysis of hardware nor of existing
software routines. The data generated through the identification of functions
provide the informational base on which the specific design is accomplished--
the allocation of functions to hardware, software, and personnel subsystems.
The principal activities in the identification of functions are represented

in Figure 6-12.

A function is defined as an action or process. It stands alone or sub-

sumes a number or series of smaller functions or subfunctions. A function

€-45




(6.3.A) Establishing a Functions
Description Rationale

\
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Figure 6-12. (6.3) Identifying Functions (Stage III)
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or group of functions can be viewed as an inherent performance characteristic
or capability of an entity or thing. It implies a logical rule or set of

rules applied to an entity which possesses characteristics fitting the rules.

At its most gross level of conceptual