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SUMMARY 
This study develops a methodology for designing an informa

tion subsystem to process data concerning events exogenous to the or
ganization. The design method is based on defined framework concepts 
which are a synthesis of Gerald Nadler's IDEALS design philosophy and 
Sherman Blumenthal's organizational concepts of information-decision-
action, programmed and nonprogrammed decisions and the hierarchy 
of organizational planning and control. The design method is applicable 
to original, corrective, or improvement design for an information sub
system. 

This study includes an example information subsystem devel
opment. This example serves to illustrate the practical interpretations 
of the framework concepts and the use of the design method in a sub
system corrective design effort. 
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CHAPTER I 
INTRODUCTION 

Background 
Despite the recent advances in information technology and the 

flood of available data, business and industrial managers still express 
the need for more complete and timely information which is directly 
useful in planning, operating, and controlling their organizations (1, 
p. 37; 2, p. 55). The mathematical techniques and scientific method 
derived from operations research, management sciences and systems 
engineering disciplines have partially alleviated some of the problems 
of information control within the organization. Internal information 
systems supporting operating level activities have proven effective and 
worthwhile. 

Management has direct control over its internal functioning. . 
It can collect, verify, process, and store information that it needs for 
planning and control. The firm can specify what information is needed, 
how and when it is to be collected, how it is to be processed, and to 
whom the information is to be distributed. At the present state of in
formation technology, it is theoretically possible to develop an informa
tion system that will provide management with the necessary informa-
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tion to control the internal functioning of their organizations (3, p. 17). 
A great deal of the current emphasis of information systems 

design concerns the total systems approach. This approach is based 
on the tenet that the total system is composed of interacting information 
subsystems which attempt to satisfy all data requirements for all eche
lons of management and for all operating needs. The various informa
tion subsystems in the firm may include sales, advertising, production, 
and finance. The total systems approach is an attempt to unite all infor
mation subsystems into a single integrated system. 

The information subsystems supporting the internal activities 
are only a portion of the total systems concept. The information con
cerning the organization's environment constitutes the complement of 
internal information. Management has little or no power to alter envi
ronmental influences such as the economic, social, or political condi
tions, governmental regulations or the competing firm's activities, al
though these external events exert a great influence on the internal 
functioning of the organization. Because there is imperfect knowledge 
of external conditions, a great deal of uncertainty is introduced into 
the internal decision-making process. 

If the manager can develop a better understanding of the envi
ronment in which his organization operates, his logic and rationality in 
dealing with that environment should improve. The organization's inter
nal information subsystems do not provide this type of information. 
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Existing information subsystems can provide the manager with excel
lent operating statistics, but they cannot tell him of the impact of 
governmental, industrial, or corporate threats to his firm. The typi
cal management information system with its operations-oriented data 
base is of low utility when the manager must make decisions about eco
nomic threats, opportunities, risks, and future resources requirements 
and sources. 

The development and implementation of an information sub
system to collect, analyze, evaluate, and integrate data from external 
sources would relieve some of the manager's uncertainty in decision 
making. Pertinent data that had been evaluated and integrated with 
knowledge from all other available sources would possibly provide the 
manager with the capability to compare his position, plans and problems 
with those projected or forecasted for his competitors. This additional 
information would promote more realistic objectives, better competitive 
strategies, and more effective and timely management actions (1, p . 37). 

The inputs to such a subsystem will vary in quality because not 
all information can be objectively evaluated. Quantifiable data is the 
symbolic representation of transactions or events; data can in most 
cases be equated to numerical figures or measurements. Data becomes 
information by the process of evaluation or manipulation. By isolating 
only those elements of data which are needed, the manager derives re
duced data which will be referred to as information. A column of num-
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bers represents data, whereas the mean and mode of the column of 
numbers represent information about the numbers. 

Political, ideological, and sociological information cannot be 
quantified easily. Management's subjective opinions, experience, in
sight, and biases concerning these ideas constitute qualitative informa
tion. When qualitative judgments are evaluated and integrated in light 
of known quantitative information, the result is intelligence. Intelli
gence can be described as the result of the evaluation and integration 
of all available internal and external information which may be signifi
cant to planning, operating, and controlling the organization. 

The effect of external events on the organization cannot be pre
dicted; nor can the manager's utility for or judgment of qualitative in
formation be predicted with any certainty. The flow of this information 
within the organization can and should be controlled and directed to 
those managers who need the information. Numerous authors have ad
vocated the establishment of a formal information subsystem to accom
plish this, but there is no design procedure available. This lack of a 
design methodology is a motivating factor for this study. By formaliz
ing a design method for an information evaluation and integration sub
system, the objective of directing intelligence to the appropriate mana
ger may be accomplished. 
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P u r p o s e 

The purpose of this r e s e a r c h is to develop a methodology for 

designing an information evaluation and integration s u b s y s t e m which 

will p r o c e s s only var iab le quality exogenous inputs. This r e s e a r c h 

has the following specif ic object ives : 

1. T o develop a log ica l and sys temat ic des ign method for 

the design of an information evaluation and integration 

subsys tem; 

2 . T o i l lustrate this design method with an example 

m i l i t a r y intel l igence s u b s y s t e m . 

Scope of the Study 

This r e s e a r c h is concerned only with how exogenous inputs are 

p r o c e s s e d within the information s u b s y s t e m . The boundaries for the 

r e s e a r c h are at the one e x t r e m e the receipt of the exogenous data and 

at the other e x t r e m e , the t r a n s m i s s i o n of intel l igence to the dec i s ion 

m a k e r or m a n a g e r . The actual co l lect ion of external data is vital to 

the s u b s y s t e m , but the environmental data b a s e is ava i lable . H o w e v e r , 

the avai labi l i ty of the data b a s e is of l ittle import unless the s u b s y s t e m 

can trans la te the data into usable intel l igence for the dec i s ion m a k e r at 

the other e x t r e m e of the s u b s y s t e m . 

Within the total s y s t e m s concept , al l information s u b s y s t e m s 

interact with each other . This r e s e a r c h wi l l not be concerned with the 
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in terfaces between s u b s y s t e m s . This is a l imitat ion, although one that 

can be adequately handled by the proper coordination and cooperat ion 

during the planning for the total s y s t e m implementat ion . This d e v e l o p 

m e n t of a des ign method will be conducted in the vacuum created by the 

boundaries specif ied above . Addit ional r e s e a r c h would be required to 

include s u b s y s t e m interactions in the des ign method . 

P r o c e d u r e 

T o a c c o m p l i s h the object ives outlined above , a log ica l and 

systematic structure must be developed for the design method. The 
next chapter outlines the pertinent descr ip t ive l i terature about i n f o r m a 

tion s y s t e m s des ign and design methodo log i e s . Chapter III lays the 

groundwork for the development of a des ign method by ordering and 

c lass i fy ing the integral components needed in an information s u b s y s t e m 

design method . 

The actual des ign method is developed and descr ibed in C h a p 

ter IV. Chapter V i l lus trates the des ign method with an e x a m p l e , that 

of a m i l i t a r y intel l igence s u b s y s t e m . The example represent s a m i l i 

tary application, but the development in Chapters III and IV will be g e n 

era l so that the method can be applied to bus iness and industrial des ign 

p r o b l e m s . T h e r e are distinct para l l e l s between a m i l i t a r y inte l l igence 

s u b s y s t e m and a bus iness information s u b s y s t e m p r o c e s s i n g data c o n 

cerning the organizat ion's compet i t ive environment . S o m e of these 

p a r a l l e l s wi l l be descr ibed in Chapter HI. 
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C H A P T E R II 

L I T E R A T U R E S U R V E Y 

Introduction 

T h e topic of information s y s t e m s has been receiving i n c r e a s 

ing attention in recent y e a r s , although the t e r m s used v a r y widely . I n 

format ion s y s t e m s are var ious ly cal led the management information 

s y s t e m , the bus iness information s y s t e m , the total s y s t e m , or the 

unified approach. T h e r e does not exist any taxonomy or s tructure to 

this part icular field of knowledge. Information s y s t e m s are m u l t i d i s -

c ipl inary and interdisc ip l inary , and this m a y be a reason for the c o n 

fusion and misunderstanding in the definition and meaning of t e r m s . 

Thi s l i t erature survey wil l outline only those areas of the informat ion 

s c i ences and design methodology which are of part icular importance in 

this r e s e a r c h . 

Information S y s t e m s 

Although the need for information in any m a n a g e m e n t situation 

is m o r e than obvious , its importance should be u n d e r s c o r e d . "Infor

mat ion f lows a r e as important to the l i fe and health of a bus iness as 

the f low of blood is to the l i fe and health of an individual (4 , p . 4 7 5 ) . " 

"Information is the catalyst of m a n a g e m e n t and the ingredient that c o -
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a l e s c e s the m a n a g e r i a l functions of planning, operating, and contro l 

ling (5 , p . 106) . » 

M u c h of the semant ic confusion existing today centers on the 

lack of a standard definition of what an information s y s t e m i s . Gosden 

et a l . define an information s y s t e m as a data m a n a g e m e n t s y s t e m d e 

voted to the handling of data for management (6 , p . 5 ) . Duffy and Ganter 

define it as a s y s t e m to sat isfy the changing and unique needs of m a n a g e 

m e n t at the m o m e n t in t ime when the information is required (7 , p . 3 3 9 ) . 

O r l i c k y states that an information s y s t e m is a s y s t e m that m a k e s any 

information in the data b a s e i m m e d i a t e l y avai lable to the u s e r to sat is fy 

his planned, as wel l as unplanned, information requirements (8 , p . 5 3 ) . 

M u r r i s h states that an information s y s t e m provides for the col lect ion 

of internal and external information in a f o r m a c c e s s i b l e to all m a n a g e 

ment l eve l s to a s s i s t in planning and control dec is ions (9 , p . 2 ) . 

The c o m m o n thread running through these definitions is the 

fact that information is provided to management to a s s i s t in dec i s ion 

making . The management dec i s ion-making functions are to use al l 

avai lable information to: es tabl i sh organizat ional objec t ives , a l locate 

r e s o u r c e s to achieve the object ives according to a p r e d e t e r m i n e d plan, 

and to react to deviations between the predicted and actual resu l t s to 

fores ta l l the deve lopment of an unfavorable situation (10 , p . 16 ) . 

If the s y s t e m can provide the n e c e s s a r y informat ion to crea te 

an operating plan and to detect deviations between the plan and the actual 
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events, then it is possible for the system to: 1. Deliver information when it is needed so that situations requiring immediate decisions can be controlled, and situations that are not so pressing can be deferred, but not delayed to the point of loss of control. 2. Provide for simultaneous horizontal and vertical dissemination of necessary information so that management and every operating department will be adequately informed. 3. Provide for immediate random access to all information in the system so as to support management decisions in unpredictable situations. 4. Reduce reams of information to meaningful facts for management to use in planning the future operations (10, p. 17). Much of the research concerning information systems deals 
with computer based systems. This is natural because of the power of 
the computer to accomplish repetitive computational activities. How
ever, the availability of a computer should not be the overriding consid
eration in its inclusion in the information system. The objectives and 
requirements of the system should determine the type of processing. 

Manual systems are preferable under certain conditions. When 
the criteria for decision making are not well defined, when the volume 
of data is small, or when the rules for decision making change fre
quently, manual information processing is preferable. A manual sys
tem may be superior when the quality of data entering the system is 
variable and standards of consistency cannot be maintained or when the 
inputs to the system are random or erratic (11, p. 92). 

Design Methodology 
Design is the specification of the desirable precise conditions 
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for each of the s y s t e m ' s e lements (12 , p . 4 3 ) . The des igner seeks a 

specif ic set of condit ions. Designing is a creat ive activity that seeks 

to obtain useful resul ts f r o m the theory , l a w s , and exper ience der ived 

f r o m r e s e a r c h . In the broades t s e n s e , des ign is deductive in that it a t 

tempts to der ive a specif ic solution that wil l log ica l ly fo l low f r o m known 

laws and theor i e s . 

The object ive of any methodology is the i m p r o v e m e n t of the 

p r o c e d u r e s and cr i ter ia employed in the effort ( 1 3 , p . 6 ) . Des ign 

methodology is there fore the study of ways to i m p r o v e the creat ive act 

of des igning. A n y final product , dev ice , or s y s t e m is a resul t of the 

synthesis of the des igner ' s creat ive capabi l i t ies , the s tructure he can 

interject into the p r o b l e m , and his methodology for solving the p r o b l e m . 

Severa l authors state that the design method cons i s t s of ana ly 

s i s , synthes i s , and evaluation (14 , p . 3 4 6 ) . Other authors define the 

des ign method as: determining the p r o b l e m , analyzing the s y s t e m , 

suggesting solutions to the p r o b l e m , select ing and detailing the solution, 

reviewing the solution, and drawing conc lus ions . T h e s e two v iews a r e 

e s sent ia l ly equivalent and can be s u m m a r i z e d as: 

1. Identify the p r o b l e m for which a s y s t e m is requ ired . 

2 . Subdivide the p r o b l e m into its component p a r t s . 

3 . A n a l y z e the components to uncover any new e lements of the 

p r o b l e m which would change the des ign speci f icat ion. 

4 . R e c o m b i n e the components into the d e s i r e d s y s t e m . 
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This approach to design is based on research methods. Re

search and design are different endeavors with different purposes. Re
search is used to establish general theories and laws and is inductive. 
Design is used to create useful products or systems based on theories 
and laws and is deductive in nature. Despite these differences, the 
same methodology has been used in both efforts. 

The method summarized above is the basis of many of the 
texts and articles concerning engineering design, operations research, 
management sciences, and information system design (10, 11, 13, 15, 
16, 17). There are numerous assumptions inherent in the above method. 
A full explanation of these assumptions is found in reference 12. The 
impact of these assumptions on the problem solution becomes critical 
when the method is used for design projects. 

Only one design philosophy has been found that differentiates 
between the purposes of research and design. Gerald Nadler proposed 
a design philosophy based on research results from psychologists, so
ciologists, organizational theorists, and his own research with leading 
professional designers in the fields of engineering, law, medicine, ar
chitecture, and commercial art (12, 18). 

Nadler's IDEALS (Ideal Design of Effective and Logical Sys
tems) concept is a philosophy, not a technique. It is a way of thinking, 
not a rigid list of activities. This design philosophy essentially elimi
nates the restrictive assumptions inherent in the research-based design 
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m e t h o d s . The I D E A L S concept f r e e s the des igner of al l except the m i n i 

m u m res tr ic t ions so that he m a y use his imaginat ion and ingenuity in 

developing the bes t p o s s i b l e s y s t e m or product under a given set of c i r 

c u m s t a n c e s . 

The I D E A L S philosophy is a way of designing with only m i n i 

m u m re ference to the existing s y s t e m , if one ex i s t s . This phi losophy 

is s u m m a r i z e d be low. 

1. Function determinat ion - the m i s s i o n of the s y s t e m , and the 
higher leve l s y s t e m s of which the projec t s y s t e m is a part , a r e 
identified to se lec t the highest l eve l function. 
2 . Ideal s y s t e m development - s e v e r a l high l eve l and advanced 
ideal s y s t e m s a r e actual ly developed - not just d i s c u s s e d in the 
abs trac t . 
3 . Information gathering - col lect only the n e c e s s a r y i n f o r m a 
tion concerning des ign of the s y s t e m , m a n n e r of implementat ion 
and bas ic organizat ional data. 
4 . A l t ernat ive s y s t e m s suggest ions - the information gathered 
wil l show that s o m e of the components of the ideal s y s t e m will 
not be f eas ib le , there fore develop al ternat ives which wil l c o n 
f o r m as c l o s e l y as p o s s i b l e to the ideal s y s t e m . 
5 . Se lect the f eas ib l e solution - bas ic evaluation fac tors a r e used 
to se lec t the r e c o m m e n d e d s y s t e m . 
6 . F o r m u l a t e the s y s t e m - the exact detai ls of the s y s t e m are 
p r e s c r i b e d . 
7 . R e v i e w the s y s t e m des ign - to c o r r e c t details and m o v e c l o s e r 
to the ideal s y s t e m . 
8 . T e s t the s y s t e m des ign - to insure components function as 
des igned . 
9 . Instal l the s y s t e m - final changes m a d e , personne l trained 
and act ivi t ies debugged. 
10 . P e r f o r m a n c e m e a s u r e s es tabl i shed - de termine if s y s t e m s 
object ives a r e m e t and es tabl i sh operating expectations (18 , 
p . B 6 4 7 - 6 4 8 ) . 

The full detai led descr ipt ion of N a d l e r ' s I D E A L S concept is i n 

cluded in P a r t I V of W o r k Des ign , A S y s t e m s Concept ( 1 2 ) . N a d l e r a d -
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m i t s that his concept sti l l needs r e s e a r c h and refining, but it has been 

tes ted extens ive ly with i m p r e s s i v e r e s u l t s . 

Var ia t ions of the I D E A L S concept have been used extens ive ly . 

The "4D" v e r s i o n is widely used in applications in s e v e r a l industrial 

corporat ions . Th i s is perhaps the s imple s t adaptation of I D E A L S and 

is m e r e l y a convers ion of N a d l e r ' s ten steps into four steps (12 , p . 5 2 2 ) . 

This v e r s i o n is: 

1. Define the s y s t e m . 
2 . Des ign the ideal . 
3 . Deve lop the opt imum. 
4 . D e l i v e r savings (12 , p . 5 2 2 ) . 

R e g a r d l e s s of the variat ion of the I D E A L S concept or the number of 

steps involved, the h a l l m a r k of the method is to f r e e the des igner ' s 

imaginat ion to develop the bes t pos s ib l e s y s t e m under the known m i n i 

m u m res tr ic t ions without re f erence to previous s y s t e m s . 

Information S y s t e m Des ign 

The amount of l i terature concerning the analys is and des ign of 

information s y s t e m s is overwhe lming . Since 1959 in e x c e s s of 1 , 6 0 0 

a r t i c l e s , books , or anthologies concerning s o m e aspect of information 

s y s t e m s have been published (19 , p . 2 9 9 ) . M u c h of the avai lable l i t e r a 

ture is superf ic ia l . S o m e of it advocates suggested changes in des ign 

but offers no method of implement ing these sugges t ions . 

T h e des ign and implementat ion of an information evaluation 

and integration s y s t e m is one part icu lar area that has rece ived s u p e r -
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ficial treatment in the past. William R. Fair (20) predicted the design 
and development of a new corporate activity whose mission would be 
the detailed analysis of competing firms with the view of discovering 
weaknesses that could be exploited. Fair realized that efforts in gather
ing information about competing firms were in progress at that time, 
but that the collection and processing system had not been formalized. 

Carroll and Zannetos (21) proposed some redirection in the 
efforts of information systems designers so that management would not 
merely receive increased amounts of operational data but would also 
receive additional evaluated information about the organization's envi
ronment. This improved information would allow the manager to react 
more intelligently to the environment and changes in it. 

Smith and Levitz (1) proposed the establishment of a commer
cial intelligence system. They defined commercial intelligence as de
scribing the external business environment in which the company oper
ates (1, p. 37). They described what this type system is to accom
plish and gave a superficial outline of how to establish it. 

Two other references available advocate the establishment of 
an information evaluation and integration system. Johnson and Derman 
(2) describe the type of data being presented to management for plan
ning purposes as "operations oriented," and claim that this type of data 
is not what is needed. They propose that an information system designed 
to "collect data, process them into information, and convert them into 
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inte l l igence" is what is required (2 , p . 5 5 ) . The method of designing 

this s y s t e m is the purpose of the present r e s e a r c h . 

A second re ference a d d r e s s e s the i m p r o p e r use of operating 

data for use in organizat ional planning. Symonds ' (22) approach to a 

bus iness intel l igence s y s t e m is b a s i c a l l y f r o m an economic standpoint. 

B y obtaining the proper financial information, m a n a g e m e n t can t r a n s 

late this into a f o r m of inte l l igence for use in planning. 

The above-c i t ed authors have advocated the convers ion of the 

presen t operat ions -or iented s y s t e m s into s y s t e m s that wil l provide the 

m a n a g e r with inte l l igence rather than i n c r e a s e d data. This concept is 

excel lent , except that there is no des ign method avai lable to a c c o m p l i s h 

this objec t ive . 

N u m e r o u s excel lent v o l u m e s are avai lable for use in i n f o r m a 

tion s y s t e m s des ign . The approaches taken by H a r t m a n , M a t t h e s , and 

P r o e m e (23 ) , Blumenthal (24) , and L e e (16) are part icu lar ly wel l d e 

ta i led. Each of these re ferences is founded on r e s e a r c h - b a s e d des ign 

m e t h o d s , and each concerns only the organizat ion's internal i n f o r m a 

tion s y s t e m s . 

S h e r m a n Blumenthal (24) r i g o r o u s l y defined s e v e r a l i n f o r m a 

tion s y s t e m s concepts . His definitions are c l e a r , comple te , and f l e x 

ib le . On the b a s i s of these definitions, he developed a des ign m e t h o d 

ology for information s y s t e m s . His method was based on a r e s e a r c h 

methodology , and it incorporates the impl ic i t as sumpt ions of r e s e a r c h 
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m e t h o d s . H o w e v e r , s o m e of his definitions and concepts wil l be adapted 

for u s e . T h e s e will be examined in detail as they are required . 
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C H A P T E R III 

BASIS F O R D E V E L O P M E N T 

Introduction 

Th i s chapter wil l order and c la s s i fy the concepts upon which 

the development in succeeding chapters is b a s e d . T e r m s which a r e 

casua l ly used in the information sc iences wil l be f o r m a l l y and expl i 

citly defined. These definitions will serve to structure the transfor
mation of data into inte l l igence, the tasks to be p e r f o r m e d if the s y s 

t e m m i s s i o n is to be accompl i shed , and the organizat ional units which 

wil l p e r f o r m these t a s k s . The developed vocabulary wil l be the b a s i s 

for the informat ion s y s t e m design method developed in Chapter I V . 

Information C h a r a c t e r i s t i c s 

T h e p r o b l e m h e r e is to specify the detai led internal workings 

of the "process ing b lack box" shown in F i g u r e 1. 

Definition 1; P r o c e s s i n g is the totality of act ivit ies involved in t r a n s 

forming data into inte l l igence . 

Definition 2; Data is the symbo l i c representat ion of transact ions or 

events . 

Definition 3; Information is data which has been evaluated. 

Definition 4: Evaluat ion is the appra i sa l of data or information re lat ive 
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to a standard compat ib le with the object ives and goals of the o r g a n i z a 

tion ( 2 5 , p . 146) . 

Evaluation is not a d i scre te event. It is continuous because 

the value of data or information to different individuals wil l v a r y . What 

is important to a l ine m a n a g e r m a y be of no consequence to top m a n a g e 

m e n t . This impl i e s that data and information a r e evaluated and r e e v a l u 

ated in light of the goals of each echelon in the organizat ion's h i e r a r c h y . 

T h e data cons idered for this r e s e a r c h is f r o m s o u r c e s exogen

ous to the organizat ion. This data, when evaluated in light of o r g a n i z a 

tional goals and objec t ives , b e c o m e s informat ion. Information g e n e r 

ated f r o m exogenous sources m a y be c las s i f i ed according to its m e s s a g e -

carry ing function. T h e s e functional c lass i f icat ions a r e b a s i c descr ipt ive 

informat ion, current e s t imate information, and speculat ive information 

( 2 6 , pp. 1 1 - 6 8 ) . T h e s e information c lass i f icat ions a r e not mutual ly e x 

c lus ive . Each c lass i f icat ion is highly in terre la ted to each of the o thers . 

B a s i c descr ipt ive information d e s c r i b e s the environment in 

which the organizat ion has been operat ing. This information is of the 

type that can be ver i f ied or conf irmed f r o m open s o u r c e s in the env iron

m e n t a l data b a s e . B a s i c descr ipt ive information m a y d e s c r i b e the p o s i 

tion of competing f i r m s in the m a r k e t , governmenta l regulat ions , r e 

s tra ints , or po l i c i e s . This bas ic information is the groundwork upon 

which changes in the other two c lass i f icat ions of informat ion can b e 

gauged. 
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A n example m a y s e r v e to i l lustrate this type of information. 

The posit ion of a competing f i r m can be obtained by knowledge of the 

compet i tor ' s economic object ives in the m a r k e t , his authorized o r g a n i 

zational manning l eve l , descr ipt ion and specif icat ions of his products 

or s e r v i c e s , percentage of the m a r k e t that he s e r v e s , amount and types 

of equipment owned, rented, or l e a s e d , number of buildings occupied 

or under construct ion, and bibl iographic descr ipt ions of the c o m p e t i 

tor ' s top management personne l . This l i s t could be expanded and m a d e 

m o r e detai led. This type of information can be obtained f r o m open 

sources such as the compet i tor ' s advert is ing b r o c h u r e s , p r o s p e c t u s , 

and financial reporting s e r v i c e s . 

Current e s t imate information d e s c r i b e s not only the present 

situation of exogenous influences on the organizat ion but a l so the on

going act ivit ies of c o m p e t i t o r s , planned changes in product l ines or 

p r i c e s , m a j o r po l icy or personne l changes within the competing o r g a n i 

zat ions , new technological breakthroughs , and the status of proposed 

regulatory l eg i s la t ion . This informat ion is b a s i c a l l y a br idge f r o m the 

past to the p r e s e n t . It s e r v e s to update bas i c descr ip t ive informat ion 

in light of changes and s e r v e s to a ler t the organizat ion about m a t t e r s 

which m a y eventually affect i t . Current e s t imate informat ion m a y be 

of such a nature that it cannot be ver i f ied by independent s o u r c e s . 

Speculat ive information is that functional c lass i f i ca t ion of in 

format ion which embodies the future . A c l e a r , p r e c i s e f o r e c a s t of the 



21 

future environmental influences on the organizat ion is d e s i r a b l e . Specu

lat ive information about the future is perhaps the m o s t important c l a s s i 

f ication, but it is the m o s t difficult to a s s e s s . Speculative information 

is avai lable f r o m both overt and covert sources such as information on 

financial t rends , news announcements and a n a l y s e s , employees of c o m 

peting f i r m s , and bus iness espionage efforts (27 , p . 1 1 8 ) . 

T h e s e functional c lass i f icat ions of information are by no m e a n s 

d i s c r e t e . They a r e inextr icably in terre la ted . Individually, or in p a i r s , 

their usefulness m a y be l imi ted , but the union of the three sets of in for 

mat ion is the input to information integration ( see F i g u r e 2 ) . 

Definition 5; Integration of information is the melding or synthes is of 

all avai lable information to der ive sets of ind icators . 

Definition 6: A n indicator is a set of e l ements of information leading to 

an inference about the future course of events exogenous to the o r g a n i z a 

t ion. 

A set of indicators der ived f r o m information m a y infer that a 

compet i tor wil l take a part icu lar c o u r s e of act ion. A different in tegra

tion of the s a m e information m a y produce another set of indicators s i g 

nifying that the compet i tor wil l take a different c o u r s e of act ion. Th i s 

resu l t s in mult ip le hypotheses about the future actions of the c o m p e t i t o r s . 

The apparent d i l e m m a of mul t ip le sets of indicators der ived f r o m the 

s a m e set of information m a y be helpful in the long run. This d ichotomy 

wil l widen the m a n a g e r ' s p e r s p e c t i v e of the environment ' s influence on 
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his organizat ion. 

Definition 7: Intel l igence is the resul t of the evaluation and integration 

of al l avai lable information significant to a dec is ion at a point in t i m e . 

The union of all sets of indicators is the p r o c e s s e d inte l l igence . 

Not all sets of indicators a r e n e c e s s a r y for all d e c i s i o n s . In c o n s o 

nance with definition 7, only those sets of indicators which are relevant 

to a dec is ion in t ime need to be presented to the decis ion m a k e r . A set 

of indicators m a y s imultaneous ly be relevant to s e v e r a l d e c i s i o n s . F o r 

a part icu lar dec is ion , the re levant set of indicators is inte l l igence . 

Definition 8: A n intel l igence es t imate is the set of indicators which m a n 

agement judges to be the expected c o u r s e of events . 

T h e intel l igence es t imate is a judgmental dec is ion on the part 

of the m a n a g e r . The m a n a g e r or dec is ion m a k e r m u s t weigh the facts 

as he comprehends them, the sets of indicators presented to h i m and 

his own subject ive evaluations of them, to de termine which of the sets 

of indicators por trays the future c o u r s e of events . If the dec i s ion 

m a k e r had per fec t knowledge, his dec i s ion-making p r o c e s s would be a 

m e r e a c a d e m i c e x e r c i s e . Unfortunately, these conditions of perfect 

knowledge r a r e l y o c c u r . 

T h e intel l igence presented to a dec i s ion m a k e r has s o m e d e s i r 

able qual i t i es . T h e s e qual i t ies are : t i m e l y , in that the inte l l igence is 

avai lable when needed; re l iab le , in that independent o b s e r v e r s v i ew it 

in the s a m e way; c l e a r , in that the inte l l igence is understandable to the 
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dec i s ion m a k e r ; va l id , implying that the inte l l igence is in congruence 

with establ i shed facts; and adequate, in that the avai lable intel l igence 

g ives a full account of the needed detai l . 

T h e s e des i rab le qualit ies a r e difficult to achieve s imul taneous 

l y . S o m e of the qualit ies a r e working at c r o s s p u r p o s e s . F o r e x a m 

ple , for inte l l igence to be t i m e l y for a dec is ion , adequacy and re l i ab i l 

ity m a y need to be foregone . Although in prac t i ce the s imultaneous 

achievement of all the des i red qualit ies is not frequently accompl i shed , 

these qualit ies provide the descr ipt ion of the d e s i r e d output i l lus trated 

in F i g u r e s 1 and 2 . 

Organizat ional Cons iderat ions 

T h e organizat ional h i erarchy exerts a pronounced effect on the 

type , quantity, and quality of data which is p r o c e s s e d through the in for 

mat ion s y s t e m . A t the var ious echelons of the organizat ion, there a r e 

m a r k e d di f ferences in the value and use of informat ion . A t the l o w e r 

echelons information p r o c e s s i n g and usage a r e highly spec ia l i zed and 

confined in interest , whereas at higher echelons these spec ia l t ies a r e 

drawn together and have a g r e a t e r breadth of in teres t . 

Data m a y enter the s y s t e m f r o m exogenous s o u r c e s at any 

echelon or it m a y be funneled through one part i cu lar echelon. If it can 

enter at any l eve l , then the higher the l eve l at which it en ters , the l e s s 

l ike ly it wi l l b e c o m e dis torted in p r o c e s s i n g and being c o m m u n i c a t e d 



25 

through the s y s t e m . The shape as wel l as the number of echelons c o n 

ditions the f low of informat ion. Soc io log ica l r e s e a r c h in information 

p r o c e s s i n g has indicated that the opt imal shape of an intel l igence h i e r 

archy would be re lat ive ly flat with a l arge number of p r o c e s s i n g s p e 

c ia l i s ts in the middle management l eve l s (28 , p . 4 5 ) . F e w e r ranks in 

the h i e r a r c h y would p e r m i t speedier diffusion of m o r e accurate in for 

mat ion . M o r e spec ia l i s t s at the middle l eve l s would provide bet ter in 

format ion to m o r e potential m a n a g e r s . 

A s s u m p t i o n 1: Data can enter the information s y s t e m at any echelon 

of the organizat ional h i e r a r c h y . 

A s s u m p t i o n 2; Data entering the information s y s t e m is p r o c e s s e d d i s 

tort ion f r e e . 

Central izat ion of information a l so presents a d i l e m m a to the 

information s p e c i a l i s t s . If information is central ized at one m a n a g e 

ment l eve l , too f ew m a n a g e r s with l i tt le accurate or re levant i n f o r m a 

tion are too far out of touch with the organizat ion to function effect ively . 

On the other hand, if information is scat tered throughout m a n y subord i 

nate units , too m a n y m a n a g e r s with too m u c h spec ia l i zed informat ion 

m a y engage in dysfunctional compet i t ion, m a y delay dec is ions while 

consulting with each other, or m a y distort information as they pas s it 

through the h i erarchy (28 , p . 5 8 ) . 

Th i s r e s e a r c h does not advocate either centra l i zed or d e c e n 

t ra l i zed information p r o c e s s i n g . This dec i s ion is dependent on the type 
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of organizat ion and the philosophy of the m a n a g e m e n t in that o r g a n i z a 

tion. H o w e v e r , s e v e r a l important resul ts should be noted. F i r s t , 

there is a need for information evaluation and integration at every e c h e 

lon of an organizat ion where exogenous factors d irec t ly influence the 

internal dec i s ion-making p r o c e s s . This is n e c e s s a r y because the in for 

mat ion p r o c e s s e d at different echelons wil l be of var iab le value to the 

dec is ion m a k e r . Secondly, where information f lows between l i k e - m i n d e d 

spec ia l i s t s at the var ious echelons of the organizat ion, m u c h of the d i s 

tortion of communicat ions is e l iminated (28 , p . 5 9 ) . Th ird ly , distort ion 

is a l so m i n i m i z e d in a s ing l e -purpose organizat ion where the conditions 

at each of the operating echelons is uni form (28 , p . 5 9 ) . 

A s s u m p t i o n 3: T h e r e a r e sufficient information spec ia l i s t s at each e c h e 

lon to p e r m i t evaluation and integration at every echelon. 

A s s u m p t i o n 4: Operating conditions at each echelon of the organizat ion 

a r e uni form. 

F r a m e w o r k Concepts 

Sherman Blumenthal (24) presented a f r a m e w o r k for i n f o r m a 

tion s y s t e m s deve lopment based on the synthesis of the concepts of in 

f o r m a t i o n - d e c i s i o n - a c t i o n , p r o g r a m m e d and n o n p r o g r a m m e d dec i s i ons , 

and the h i e r a r c h y of planning and control . Definitions 9 through 19 c o n 

tained in this sect ion a r e adapted f r e e l y f r o m the concepts he introduced 

in M a n a g e m e n t Information S y s t e m s , A F r a m e w o r k for Planning and 
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Deve lopment (24 , pp . 1 7 - 3 8 ) . 

Definition 9: A leve l is a f i le of information or inte l l igence . 

Definition 10; A n activity center is an organizat ional entity under the 

supervis ion of a m a n a g e r , which regulates a n d / o r t r a n s f o r m s the f low 

between l e v e l s . 

Definition 11; A n action is a p r e s c r i b e d (or p r o g r a m m e d ) regulat ive or 

t r a n s f o r m a t i v e re sponse of an activity center to information or inte l l i 

gence with which it is concerned . 

Definition 12; A dec is ion center is one or m o r e management people 

with their staffs who (1) p r e s c r i b e the dec i s ion rules which govern the 

actions of one or m o r e activity centers and (2) m a k e dec i s ions for ac t iv 

ity centers to execute as actions in situations where the es tabl i shed d e c i 

s ion rules a r e exceeded or a r e nonexistent, or where the p r e s c r i b e d 

act ion was not proper ly respons ive or needs to be adjusted. 

Definitions 9 through 12 specify that the activity centers con

cerned with a l eve l execute all p r o g r a m m e d actions concerned with that 

l e v e l . The dec is ion center intercedes in all actions which are non-

p r o g r a m m e d or when the p r e s c r i b e d action taken by the act ivity center 

does not cause the proper r e s p o n s e . 

Definit ion 13; A functional unit is an organizat ional entity consist ing of 

an activity center and its dec is ion center . 

T h e genera l s tructure and components of a functional unit a r e 

depicted in F i g u r e 3 . It should be noted that the functional unit i n c o r p o r -
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ates both horizontal and ver t i ca l l inkage with other organizat ional ent i 

t i e s . The dec is ion center is l inked horizonta l ly with other dec i s ion 

centers and ver t i ca l ly to a po l icy-se t t ing echelon. Information or in 

te l l igence f r o m other l eve l s l inks the functional unit with other func

tional units . 

Definition 14; A management control center is one or m o r e m a n a g e 

ment people with their s taffs , which acts as a dec is ion center for one 

or m o r e functional units or for one or m o r e subordinate management 

control c e n t e r s . 

Definition 15: A n operational function is a set of any one or m o r e 

c l a s s e s of actions c a r r i e d on by one or m o r e different functional units , 

which regulates or t r a n s f o r m s the inflow to or the outflow f r o m a s e 

quence of l eve l s as a group. 

A n operational function is a set whose e lements are c l a s s e s of 

act ion. Each c l a s s of action cons i s t s of a set of sequences of re lated 

ac t ion-dec i s ion steps in re sponse to a type of information f r o m a l eve l . 

Definition 16; A n action s u b s y s t e m is a group of activity centers in 

volved in an operational function. 

Definition 17: A dec is ion s u b s y s t e m is a group of dec i s ion centers and 

management control centers involved in an operat ional function. 

Definition 18; A n information s u b s y s t e m is one or m o r e functional units 

involved in an operat ional function and whose l eve l s and f lows cons i s t 

of informat ion a n d / o r inte l l igence generated and used in the action and 
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dec i s ion s u b s y s t e m s of other operational functions. 

A n action s u b s y s t e m m a y cons i s t of s e v e r a l different func

tional units . F i g u r e 4 i l lustrates that each functional unit in the action 

s u b s y s t e m executes an action which regulates or t r a n s f o r m s the f low 

between l e v e l s . A management control center m a y a lso routinely e x e 

cute actions which regulate or t r a n s f o r m the f low of information between 

l e v e l s . 

Definition 19: A management information s y s t e m is an operational func

tion whose parts are information s u b s y s t e m s of other operational func

t ions . 

The management information s y s t e m of each echelon of an o r 

ganization cons i s t s of numerous information s u b s y s t e m s ( see F i g u r e 4 ) . 

Each information s u b s y s t e m p e r f o r m s an operational function. In an 

organizat ion separate information s u b s y s t e m s m a y be operated for m a 

jor functional a r e a s such as personne l adminis trat ion, advert i s ing , 

manufacturing, and f inance. T h e s e part icu lar areas are designated as 

operational functions, and each is a set of c l a s s e s of actions dealing 

with that a r e a . The information or intel l igence generated by these s u b 

s y s t e m s is used by other informat ion s u b s y s t e m s in the m a n a g e m e n t 

information s y s t e m and by other management information s y s t e m s . 

The t h r e e - d i m e n s i o n a l v iew of l eve l s in F i g u r e 4 depicts the 

continuous nature of information f low with re spec t to t i m e . A s one s e 

quence of in format ion-dec i s ion-ac t ion is taking p lace , additional inf o r -
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mat ion m a y b e c o m e avai lable which would nullify, change, or perhaps 

re inforce prev ious ly specif ied act ions . With this continuous p r o c e s s , 

there m u s t be s o m e type of pr ior i ty c lass i f icat ion for the f low of in for 

mat ion so that important information could be handled in a t i m e l y m a n 

ner and l e s s important information could be de layed. 

F i g u r e 4 depicts the m a n a g e m e n t information s y s t e m at only 

one echelon of an organizat ion. T h e r e is a h i erarchy within the o r g a n i 

zation, and there exists an information s u b s y s t e m at each echelon of 

the organizat ion for each operat ional function. Information s u b s y s t e m s 

per forming the s a m e operational function at the var ious echelons are 

c lo se ly re lated with information, dec is ion , and pol icy f lows , although 

not all s u b s y s t e m s need to be f o r m a l i z e d . 

T h e s e f r a m e w o r k concepts d e s c r i b e a s tructure for the in for 

m a t i o n - d e c i s i o n - a c t i o n tasks to be p e r f o r m e d by the information s u b 

s y s t e m and an anatomical f r a m e w o r k for the organizat ional units at 

each echelon. This task s tructure is i l lustrated in F i g u r e 5 . 

Operat ional function A is a set of operational functions ( i . e . , 

OP A = { O P I, OP II, . . . , O P s J ) . Operat ional function A is the 

set of tasks to be p e r f o r m e d by the m a n a g e m e n t information s y s t e m . 

The e lements of this set represent the actions to be p e r f o r m e d by the s 

information s u b s y s t e m s of the management information s y s t e m . O p e r a 

tional function I is a set of c l a s s e s of action ( i . e . , OP I = ^ C A I , 

O A 2 , . . . , O A r I ) . The e lements of this set r epresent the tasks p e r -
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f o r m e d by the combined efforts of all of the functional units in the in for

mat ion s u b s y s t e m . E a c h c la s s of action represents a set of sequences 

of operations to be p e r f o r m e d by a part icular functional unit in re sponse 

to the f low of a type of informat ion. 

F o r a part icular operational function, the number of c l a s s e s 

of action m a y vary according to the des igner ' s appraisa l of the s u b 

s y s t e m goals and the manner in which he defines them. S i m i l a r l y , the 

number of sequences of operations in a c l a s s of action m a y a l so v a r y . 

T h e r e is no m i n i m u m , m a x i m u m , or r e c o m m e n d e d n u m b e r . The d e 

s igner has the following var iab les under his control: c l a s s e s of action, 

sequences of operat ions , functional units , and l e v e l s . T h e s e are the 

dec i s ion v a r i a b l e s . 

S u m m a r y 

This chapter has ordered or c lass i f i ed the concepts which wil l 

be used in the subsequent development of a des ign method . Definitions 

1 through 8 specify the actions required to t r a n s f o r m data into inte l l i 

gence . Definitions 11 and 15 and their components define a s tructure 

for the tasks to be p e r f o r m e d by the information s u b s y s t e m . Def in i 

t ions 10 , 12 , 13 , 14, 16 , and 17 define the organizat ional units n e c e s 

s a r y to p e r f o r m these t a s k s . T h e s e definitions and concepts represent 

the p r o b l e m structuring which is used in the des ign method for an in 

format ion evaluation and integration s u b s y s t e m . 
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C H A P T E R IV 

D E V E L O P M E N T O F A DESIGN M E T H O D 

Information Subsys tem Des ign Method 

This sect ion wil l develop a methodology for designing an in for 

mat ion s u b s y s t e m . The general s c h e m e is to des ign the s u b s y s t e m u s 

ing the definitions and concepts of the prev ious chapter and the des ign 

phi losophy proposed by Gera ld N a d l e r . The method is a synthesis of 

ideas presented by Blumenthal , N a d l e r , and this author. 

The method presented is f lexible in that it can be adapted for 

use r e g a r d l e s s of the s u b s y s t e m state . If there is no existing s u b 

s y s t e m , the method can be used in an original des ign effort . If there 

is an existing sat i s fac tory s u b s y s t e m , the method can be used for i m 

provement des ign . If there is an existing unsat i s factory s u b s y s t e m , 

the method can be used for c o r r e c t i v e des ign. The developed method 

is d i s c u s s e d be low and is s u m m a r i z e d on pages 5 2 - 5 6 . 

Step 1: Define the Subsys tem 

T h e purpose in defining the s u b s y s t e m is to enumerate e x p l i 

c i t ly the functions which it m u s t a c c o m p l i s h . T h e s e functions include 

the m i s s i o n , purpose , or p r i m a r y concern of the s u b s y s t e m in relat ion 

to the organizat ion g o a l s . The m i s s i o n is the r e a s o n for the ex i s tence 
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of the s u b s y s t e m . The s u b s y s t e m goals can be equated to m e a s u r e s of 

p e r f o r m a n c e . The goals d e s c r i b e the des i red ideal or target s u b s y s t e m 

and provide a bas i s of c o m p a r i s o n for the actual and des i red outcomes 

f r o m the testing to be conducted in Step 3. 

The p e r f o r m a n c e function i s mul t id imens iona l , and its value is 

dependent upon the dec is ion var iab le s and the uncontrol lable var iab les 

of the s y s t e m ( e . g . , P = f ( X , Y) where the dec is ion var iable X = g(xj,X2» 
. . . , x ) and the uncontrol lable var iab le Y = h ( y j , y2» . . . , y n ) ) « The 

dec is ion var iab le s are the var iab le s over, which the des igner has control 

and include the resolut ion of the c l a s s e s of action and their included sets 

of sequences of operat ions , the number of functional units and the l e v e l s . 

S o m e decis ion var iab les are control led by management and m a y extend 

over a range of v a l u e s . T h e s e management dec is ion var iab le s are in 

corporated in the subsys t em goals or m e a s u r e s of p e r f o r m a n c e . The 

uncontrol lable var iab le s are those over which there is no control , such 

as the information- loading c h a r a c t e r i s t i c s . 

In the s imple c a s e of one dec is ion var iab le ( e . g . , manning 

l eve l s for the s y s t e m ) and one uncontrol lable var iable ( e . g . , i n f o r m a 

tion input v o l u m e ) , the p e r f o r m a n c e function ( e . g . , p r o c e s s i n g t ime) 

m a y be v iewed as the re sponse surface as i l lustrated in F i g u r e 6. The 

s u b s y s t e m goal m a y be set as a m i n i m u m p e r f o r m a n c e l e v e l ( e . g . , B B ' ) 

or as a range ( e . g . , B B ' to A A 1 ) . Situations in which a range of p e r 

f o r m a n c e va lues might be appropriate wil l be pointed out l a t e r . 



F i g u r e 6 . P e r f o r m a n c e Funct ion 
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The information s u b s y s t e m e n c o m p a s s e s the var ious echelons 

of the organizat ion. The m i s s i o n and goals of these echelons do not 

n e c e s s a r i l y correspond when examined in detai l . The m i s s i o n s and 

goa ls of the s u b s y s t e m at each echelon m u s t be explic i t ly stated and e x 

amined to determine the interrelat ionships to be maintained in the a c 

compl i shment of each of their m i s s i o n s . 

The opt imal s i ze and shape of information s y s t e m s f r o m an o r 

ganizational viewpoint have been d i s c u s s e d prev ious ly . The o r g a n i z a 

tion for which the s u b s y s t e m is being des igned probably cannot be 

changed to m e e t these opt imal conditions, but the des igner can approach 

these conditions by the proper use of central izat ion or decentral izat ion 

of the s y s t e m . 

A n important portion of the s u b s y s t e m definition is the r e s o l u 

tion of the operational function into c l a s s e s of act ion. In effect, this 

cons i s t s of partitioning the total set of tasks to be p e r f o r m e d into a set 

of c l a s s e s of act ion. Each c las s of action cons is ts of a se t of sequences 

of operat ions . Each sequence of operat ions cons i s t s of a s e r i e s of s p e 

cified dec i s ion-act ion s t eps . C l a s s e s of action and their re spec t ive s e 

quences of operations a r e dec i s ion var iab le s under the des igner ' s c o n 

t r o l . 

The m i n i m u m l imitat ions or res tr ic t ions on the s u b s y s t e m m u s t 

be spec i f ied . The purpose is to e l iminate al l p o s s i b l e res tr i c t ions 

which would l imi t the des igner in proposing new or unique ideas for in-
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corporat ion into the s u b s y s t e m . Some constraints wil l r e m a i n , but 

these m u s t be the b a r e e s s e n t i a l s . T h e s e remaining res tr ic t ions might 

be cons idered as the nonarbitratable constraints on the s u b s y s t e m d e 

s ign. 

The m i n i m u m constraints wil l v a r y in f o r m . S o m e wil l be qua l i 

tat ive res tr ic t ions on the des igner ( e . g . , manual p r o c e s s i n g s y s t e m 

rather than a computer based s y s t e m ) . Other constraints wil l be quan

tif iable in explicit t e r m s . F o r e x a m p l e , an accounting annual total cos t 

constraint m a y be i m p o s e d on the s u b s y s t e m operat ion. The total cos t , 

T C , is a function of its component f ixed and var iab le cost fac tors ( e . g . , 

T C = f(x2,X2,x2,x^,Xg,. . . . ) where x^ = cost of training and s a l a r i e s 

for m a n a g e r i a l personne l , X£ ~ cos t of training and s a l a r i e s for o p e r a 

t ional personne l , x^ = cost of office space , x^ = operating cost (equip

m e n t maintenance , suppl ies , e t c ) , and x = initial cost of equ ipment ) . 
5 

In a s imple two-d imens iona l c a s e as shown in F i g u r e 7, the s u b 

s y s t e m goals specify the des i red p e r f o r m a n c e l eve l , and the constraint 

spec i f ies the m a x i m u m amount of s c a r c e r e s o u r c e ava i lab le . During 

the f i r s t pas s through the design method, the constrained r e s o u r c e m a y 

not be comple te ly used . B y i teration through the design s teps , the p e r 

f o r m a n c e r e s p o n s e of the s u b s y s t e m under full uti l ization of the r e s o u r c e 

wil l be de termined . This requires the s u b s y s t e m r e s p o n s e to l i e on the 

constraint l ine C C . 

In F i g u r e 7, region I indicates the set of f eas ib le solutions and 
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region II indicates infeasibi l i ty because the m i n i m u m p e r f o r m a n c e l eve l 

is not attained. A n y point to the right of l ine C C is a l so infeas ible s ince 

those re sponses would violate the constraint . The s u b s y s t e m p e r f o r 

m a n c e re sponse m a y be above, on, or be low the m i n i m u m acceptable 

p e r f o r m a n c e l e v e l . Points x . , x , and x indicate that the des i red p e r -
1 2 3 

f o r m a n c e l eve l is exceeded, equaled, and not m e t , re spec t ive ly . Only 

one of these conditions would occur for any part icular situation, and the 

point x^ indicates only one point on the p e r f o r m a n c e curve for a p a r t i c u 

l a r combination of constraint and p e r f o r m a n c e . 

Step IA; Redefine the Subsys tem 

The design method c o m m e n c e s with Step 1 on the f i r s t i teration 

for original des ign efforts but starts with this step for c o r r e c t i v e or i m 

p r o v e m e n t design p r o j e c t s . When the method obtains an infeasible s o l u 

tion in Step 3 , the p r o c e s s r e c y c l e s to this s tep . The purpose of this 

step is to redefine the s u b s y s t e m m i s s i o n s , goa l s , and res tr ic t ions i m 

posed on e a r l i e r i terat ions . The m i s s i o n s and goa ls for each echelon 

of the s u b s y s t e m m u s t be cons idered in conjunction with m a n a g e m e n t 

to de termine which of them can be e l iminated or re laxed . If the m i s 

s ions , goa l s , or res tr ic t ions cannot be modi f ied , then the des ign of the 

s u b s y s t e m is infeas ible and the des ign p r o c e s s t e r m i n a t e s . If the m i s 

s ions , goa l s , and res tr ic t ions can be modi f ied , then Step I A p a r a l l e l s 

Step 1 in its substeps and then proceeds to Step 2 . The resul t of this 

step is the re formulat ion of the m i s s i o n s , goa l s , and res tr ic t ions on 



4 2 

the s u b s y s t e m des ign . 

Step 2; Des ign the Ideal Subsys tem 

This step e n c o m p a s s e s the creat ive aspect of the development of 

an information s u b s y s t e m . T h e s u c c e s s of this step is d irect ly depend

ent upon a c l e a r s tatement and understanding of the s u b s y s t e m m i s s i o n s , 

goa l s , c l a s s e s of action, and sequences of operat ions . T h e s u b s y s t e m 

des ign on each iteration through the method is a function of the des ign

er ' s creat ive capabil ity and his abil ity to res truc ture the s u b s y s t e m 

based on the knowledge gained f r o m previous i terat ions . 

F o r each echelon and for each c l a s s of action, de termine what 

functional units and l eve l s a r e n e c e s s a r y to a c c o m p l i s h that c las s of 

act ion. This determinat ion m u s t be under the m i n i m u m res tr ic t ions 

der ived in Step 1 or 1A. The des igner should attempt to m i n i m i z e the 

number of functional units n e c e s s a r y to a c c o m p l i s h each c la s s of action. 

The purpose of this is to e l iminate redundant sequences of operat ions 

by combining s i m i l a r sequences . This min imiza t ion is accompl i shed 

by determining and isolating the c o m m o n a l i t i e s in sequences of o p e r a 

tions and by combining these s e q u e n c e s . 

D e t e r m i n e the interre lat ionships between each of the functional 

units involved in each c la s s of action at each echelon. This is a p r o b l e m 

in logic to de termine the flows of information between l e v e l s . It i s a 

tedious , t i m e - c o n s u m i n g p r o c e s s , but the end resul t wi l l be the spec i f i 

cation of the f lows between al l functional units . In conjunction with this , 



43 

the responsibi l i t ies and boundaries of each functional unit need to be d e 

t e r m i n e d . 

The next substep is to de termine the relat ionship and p lacement 

of management control centers to act as dec is ion centers for each of 

the functional units . The determinat ion of the boundaries and r e s p o n s i 

bi l i t ies of the management control centers para l l e l s the deve lopment 

for the functional units . Its delineation wil l speci fy the f low of i n f o r m a 

tion in re sponse to situations in which dec i s ion rules for the functional 

units are exceeded or nonexistent, or in which the actions of activity 

centers or action s u b s y s t e m s need adjustment . 

Upon complet ion of the above steps for each echelon, the e c h e 

lons m u s t be interconnected with flows of information between l eve l s 

and the flows of po l i c i e s , guidance and decis ion r u l e s . This substep 

comple tes the design of the s u b s y s t e m for the organizat ion. 

This step is t i m e - c o n s u m i n g to c o m p l e t e . A t this point the c o m 

plete des ign m u s t be rev iewed . The logic for each substep should be 

scrut in ized object ive ly to insure that the developed s u b s y s t e m will a c 

c o m p l i s h the m i s s i o n for which it was des igned . The resul t of this 

step is the bes t poss ib l e s u b s y s t e m under the m i n i m u m res tr i c t ions 

i m p o s e d in Step 1 or Step I A . 

Step 3; Ideal Subsys tem Degradat ion 

The purpose of this step is to degrade the s u b s y s t e m by apply

ing the constraints under which it wi l l opera te . T o a c c o m p l i s h this , 
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the des igner m u s t de termine the actual conditions for operat ion. This 

m a y involve m o r e detailed invest igation of the organizat ion. A l l in ter 

nal e lements m u s t be cons idered . The e c o n o m i c s , m a n a g e r i a l p o l i 

c i e s , and the psycholog ica l effects of the s u b s y s t e m on the o r g a n i z a 

tion m a y levy res tr ic t ions on the des ign . 

The des igner should co l lect data which will d e s c r i b e the s u b 

s y s t e m operat ion. Th i s data should ref lect only sufficient information 

to represent s tat i s t ica l ly the operating condit ions. The purpose is not 

to define the conditions comple te ly but only to answer pertinent q u e s 

tions or to gather absolute ly n e c e s s a r y data. 

With the co l lected data, the additional constraints and the d e v e l 

oped s u b s y s t e m , construct a m o d e l of the information s u b s y s t e m . This 

m o d e l should portray the operating conditions as rea l i s t i ca l ly as p o s s i 

b l e . Through the use of this m o d e l and either manual or computer 

s imulat ion, the feas ibi l i ty of the s u b s y s t e m can be determined by c o m 

par i son to the stated goa l s . 

During the initial s imulat ion runs , the p e r f o r m a n c e re sponse 

m u s t be to the left of or on l ine C ^ C in F i g u r e 8 in o r d e r to sat isfy the 

cons tra int s . If the re sponse is on the constraint l ine , then the s c a r c e 

r e s o u r c e is being fully ut i l ized. If the re sponse is to the left of C ^ C , 

then the r e s o u r c e is not being fully ut i l ized. When this o c c u r s , addi 

t ional s imulat ions should be conducted to de termine the r e s p o n s e at full 

ut i l izat ion. T h e s e r e s p o n s e s wil l sketch a port ion of the p e r f o r m a n c e 



45 

curve for the s u b s y s t e m . 

T h r e e c a s e s m a y occur as indicated in F i g u r e 8. In C a s e s I and 

II the s u b s y s t e m is f eas ib le because the p e r f o r m a n c e re sponse exceeds 

or equals the m i n i m u m acceptable l e v e l at full uti l ization of the r e 

s o u r c e s . C a s e I is feas ib le over a range of constraint values (i . e. , 

C2 to C j ) . The p e r f o r m a n c e curve for C a s e I can be determined by 

additional s imulat ion with the m o d e l . C a s e II represents a l imi t point 

of the feas ib le set . C a s e III is infeas ible s ince the p e r f o r m a n c e l e v e l 

is be low the m i n i m u m acceptable at full ut i l izat ion. If C a s e III o c c u r s , 

the s u b s y s t e m can b e c o m e feas ib le by relaxing the constraint to any 

l eve l equal to or greater than C^ as shown in F i g u r e 8. 

C a s e I present s a situation in which a trade-of f between p e r f o r 

m a n c e and constraint l eve l s m u s t be m a d e by m a n a g e m e n t . T h e d e s i g n 

er should p r e p a r e for this contingency by s imulating at sufficient l eve l s 

to sketch the shape of the p e r f o r m a n c e curve in the f eas ib le reg ion . 

This additional information would a s s i s t the m a n a g e r in making his 

dec i s ion . 

If the s u b s y s t e m is f eas ib l e , the des igner should p r o c e e d to r e 

v i ew the des ign in Step 4 . If the s u b s y s t e m is not f eas ib l e , de termine 

which constraint is causing the infeasibilxty. This m a y requ ire addi 

t ional s imulat ion under varying condit ions . T h e end resul t m a y indicate 

that none of the constraints alone is causing the p r o b l e m . Thi s wil l r e 

quire recyc l ing the des ign p r o c e s s back to Step I A to r e c o n s i d e r the 



F i g u r e 8. P e r f o r m a n c e C u r v e s 
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specif ied s u b s y s t e m m i s s i o n s and g o a l s . 

If the dominant constraint causing infeasibi l i ty was added during 

Step 3, it m a y be p o s s i b l e to e l iminate or re lax that constraint to the 

point at which the s u b s y s t e m wil l again b e c o m e feas ib le without r e 

cycl ing to Step I A . This would require the consent of the m a n a g e m e n t 

l eve l that lev ied the constraint . If this ca se occurs and the constraint 

can be e l iminated or re laxed , reconstruct the m o d e l and tes t f or f e a s i 

bi l i ty under all condit ions. The end resul t of this step is a s u b s y s t e m 

des ign that i s both pract i ca l and f e a s i b l e . 

Step 4: Rev i ew the Subsys tem Des ign 

The purpose of this step is to r e v i e w the or ig inal ly stated m i s 

sions and goals to insure that the s u b s y s t e m achieves t h e s e . This r e 

quires a detai led check of each m i s s i o n under al l expected operating 

condit ions. Addit ional s imulat ion runs m a y be required to insure a c 

c o m p l i s h m e n t under all e x t r e m e s . 

A comple te check of the logic m a y i l lustrate any substitutions 

or o m i s s i o n s in the des ign . If any e r r o r s a r e located , they m u s t be 

c o r r e c t e d , and the p e r f o r m a n c e of the s u b s y s t e m m u s t be checked. If 

the s u b s y s t e m functions as d e s i r e d , present the p r o p o s e d des ign to m a n 

a g e m e n t . If the s u b s y s t e m fai ls to operate as d e s i r e d , then go back to 

Step I A . 

This step represent s one of the des ign method' s m a j o r in ter 

faces with the organizat ional m a n a g e m e n t . Once this step is comple ted 
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and presented to m a n a g e m e n t , the p r o c e s s is t e m p o r a r i l y out of the 

des igner ' s control . The proposed design wil l be returned f r o m m a n 

agement as approved, d i sapproved, or modi f ied . If approved, then the 

des ign method proceeds to Step 5 . If it is d i sapproved, then the p r o 

c e s s t erminate s at this point. If the proposed des ign is modi f i ed by 

m a n a g e m e n t , the des igner should r e c y c l e the method to the appropriate 

step (Step 1A or Step 3c) and continue. 

Step 5: I m p l e m e n t the Subsys tem 

This step cons i s t s of three broad ca tegor ie s of act ion. The 

f i r s t is thoroughly planning for the instal lat ion and implementat ion of 

the information s u b s y s t e m . This a r e a incorporates act ivi t ies such as 

the deve lopment of t ime tables for instal lat ion, plans for hiring and 

training personne l to a s s u m e duties in the s u b s y s t e m or retraining 

present organizat ional personne l , planning t i m e schedules for s u b s y s 

t e m equipment p r o c u r e m e n t and instal lat ion and the method and t iming 

by which the s u b s y s t e m b e c o m e s operat ional . T h e s e planning ac t iv 

i t ies a r e conducted in conjunction with the organizat ional m a n a g e m e n t . 

T h e second m a j o r area of considerat ion i s preparat ion for in 

stal lat ion. Th i s cons i s t s of act ions carrying out the prev ious ly d e v e l 

oped p lans . M a n y of these act iv i t ies wil l be executed s imul taneous ly . 

T h e organizat ion m u s t p r e p a r e for instal lat ion in numerous w a y s . 

P r i o r to instal l ing the s u b s y s t e m , it m u s t be documented . Depending 

on the s i z e and complex i ty , this could be a m a j o r t a s k . Th i s d o c u m e n -
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tation m u s t detail how the s u b s y s t e m will operate , how each functional 

unit and management control center a r e re lated , and what the sub

s y s t e m m i s s i o n and operating p r o c e d u r e s a r e to b e . Th i s documenta

tion might include manuals or texts to a s s i s t in training o p e r a t o r s . 

Opera tors m u s t be trained; equipment and m a t e r i a l s n e c e s s a r y for o p 

erat ion m u s t be prepared and instal led; and the organizat ion m u s t be 

educated in the use of the s u b s y s t e m and psycholog ica l ly prepared for 

its instal lat ion. This las t cons iderat ion m a y have a m a j o r bearing on 

the s u c c e s s of the s u b s y s t e m in operat ion. P r o p e r planning and p r e 

paration will faci l i tate an easy transi t ion to the new s u b s y s t e m with 

m i n i m u m confusion. 

Upon complet ion of the preceding act iv i t ies , the s u b s y s t e m can 

be ins ta l led . It m a y be instal led at one t i m e or t i m e phased . M a n a g e 

ment m a y require pilot s u b s y s t e m s p r i o r to full implementat ion . A f t e r 

the s u b s y s t e m is insta l led and is working, the des igner ' s efforts m u s t 

not t e r m i n a t e . P r o b l e m s and incons i s tenc ies m u s t be e l iminated, and 

i m p r o v e m e n t s to the s u b s y s t e m m a y be cons idered and tes ted . Des ign 

is a continuous i terat ive learning p r o c e s s , and i m p r o v e m e n t s on the 

old s u b s y s t e m can be m a d e based on the exper ience and knowledge 

gained f r o m previous i t erat ions . 

D e s i g n Method Limi ta t ions 

Th i s des ign method is for an information s u b s y s t e m operating 
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within a management information s y s t e m . The methodology is c o m 

plete for the internal specif ication of the s u b s y s t e m but does not c o n s i 

der the interfaces and interact ions with other s u b s y s t e m s in the m a n 

agement information s y s t e m . This i s a des ign l imitat ion, although 

one that can be handled adequately in the planning for and i m p l e m e n t a -

i 
tion of the total s y s t e m . 

The des igner ' s creat ive abil ity i s a l imit ing factor in the use of 

this method . The abil ity to create useful resu l t s f r o m an unstructured 

p r o b l e m area cannot be fully s y s t e m a t i z e d . Ingenuity and creat iv i ty in 

accompl i sh ing Step 2 are within the des igner ' s domain . His abil ity to 

enumerate and evaluate pos s ib l e s u b s y s t e m solutions in that step m a y 

produce quick sat i s factory resu l t s to the des ign p r o b l e m or m a y resu l t 

in an unproductive effort . 

The des igner ' s relat ionship to the organizat ion m a y a l so be a 

l imit ing fac tor . A n outside consultant m a y not fully understand the i m 

portance of the s u b s y s t e m m i s s i o n s and goals at the outset . Thus , he 

would require a longer t i m e to develop a s u b s y s t e m solution. A s y s t e m 

des igner within the organizat ion m a y be too int imately involved with the 

s y s t e m to suppress his own subject ive opinions of how the s y s t e m 

should be developed and operated . Th i s inabil ity to evaluate object ive ly 

the s u b s y s t e m m a y detract f r o m the use of the method . 

P e r h a p s the grea te s t l imitat ion of this method is the assumpt ion 

that m a n a g e m e n t can enumerate expl ic i t ly all s u b s y s t e m m i s s i o n s , 
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g o a l s , and constra ints . If m a n a g e m e n t could fully specify these , the 

methodology would m o v e quickly to a solution. H o w e v e r , it i s felt that 

the exact m i s s i o n s and goals of the s u b s y s t e m would be developed 

through recons iderat ion and modif icat ion of the orig inal ly stated m i s 

sions and g o a l s . 

Des ign S u m m a r y 

This des ign method provides guidelines for designing an i n f o r m a 

tion s u b s y s t e m . T h e s e guidelines a r e internal ly consistent and can be 

applied to any information s u b s y s t e m ranging f r o m tr iv ia l to c o m p l e x . 

This method was orig inal ly developed to des ign a specif ic information 

s u b s y s t e m for the evaluation and integration of informat ion. H o w e v e r , 

the general i ty of the concepts and definitions and the resultant method 

al lows for its adaptation to the design of any type of information s u b 

s y s t e m . T h e s e bas ic concepts and definitions could be expanded into a 

methodology for developing the full management information s y s t e m . 

The des ign method is an i terat ive learning p r o c e s s . It is highly 

unlikely that the f i r s t i teration would produce a feas ib le s u b s y s t e m d e 

sign solution. Severa l i terations through the p r o c e s s would insure that 

al l p e r f o r m a n c e goals were m e t or exceeded and that the bes t p o s s i b l e 

des ign under the res tr ic t ions would be developed. 

F o r original des ign projec t s with no existing s y s t e m , the method 

c o m m e n c e s at Step 1, F o r c o r r e c t i v e or i m p r o v e m e n t des ign p r o j e c t s , 
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the method c o m m e n c e s at Step I A and cons iders the existing s u b s y s t e m 

as an infeasible projec t solution f r o m Step 3 . By starting the design 

method at Step I A , the full power of the method can b e applied to the 

p r o b l e m . 

Step 1 or Step I A provides the b a s i s for the s u b s y s t e m in the 

s tatement of m i s s i o n s and g o a l s . Step 2 develops the ideal s u b s y s t e m 

based on Step 1 or Step I A . Step 3 m o d e l s the constrained s u b s y s t e m 

and tes ts it for feas ibi l i ty . Step 4 rev iews the comple te design p r o c e s s 

and presents it to m a n a g e m e n t . Step 5 implements the s u b s y s t e m d e 

s ign. The developed method is s u m m a r i z e d b e l o w and in F i g u r e 9. 

Step 1: Define the Subsys tem 

a. Specify the s u b s y s t e m to be developed. 

b . E n u m e r a t e the m i s s i o n s and goals of the s u b s y s t e m and 

each echelon. 

c. D e t e r m i n e the impact of the organizat ional h i erarchy on 

the accompl i shment of the s u b s y s t e m m i s s i o n s . 

d. A s c e r t a i n the set of c l a s s e s of action n e c e s s a r y to 

a c c o m p l i s h the s u b s y s t e m m i s s i o n s . 

e . D e t e r m i n e the set of sequences of operations for each 

c la s s of action. 

f. D e t e r m i n e the m i n i m u m res tr i c t ions on the s u b s y s t e m . 

g. Go to Step 2 , 

Step I A : Redefine the Subsys tem 
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a. In conjunction with m a n a g e m e n t , reevaluate each originally-

stated m i s s i o n , goal , and res tr i c t ion to de termine which 

can be e l iminated, reduced , or modi f i ed . If the m i s s i o n s 

and goals can be re formula ted , continue; o therwise , t e r 

minate the pro jec t . 

b . D e t e r m i n e the impact of the organizat ional h i e r a r c h y on 

the accompl i shment of the rev i sed s u b s y s t e m m i s s i o n s . 

c. A s c e r t a i n the set of c l a s s e s of actions n e c e s s a r y to a c c o m 

pl i sh the rev i sed s u b s y s t e m m i s s i o n s . 

d. D e t e r m i n e the set of sequences of operations for each 

c l a s s of action, 

e. Restate all res tr ic t ions on the s u b s y s t e m for this i t e r a 

tion; go to Step 2 . 

Step 2: Des ign the Ideal Subsys tem 

a. F o r each echelon and for each c la s s of action, designate 

the functional units and l eve l s n e c e s s a r y to a c c o m p l i s h the 

m i s s i o n at that echelon under the m i n i m u m res tr ic t ions of 

Step 1 for the f irs t i teration and Step 1A for subsequent 

i terat ions . 

b . Specify the respons ib i l i t i es and boundaries of each of the 

functional units . 

c. Define the interrelat ionships between each of the functional 

units . 



54 

d. D e t e r m i n e the relat ionship and p lacement of management 

control centers for each echelon. 

e. Specify the f lows of information and pol ic ies between the 

eche lons . 

f. R e v i e w the logic and consequences of each of the preceding 

substeps; comple te design; go to Step 3 . 

Step 3: Ideal Subsys tem Degradat ion 

a. D e t e r m i n e the constraints under which the s u b s y s t e m wil l 

operate . 

b . Co l l ec t data to d e s c r i b e the s u b s y s t e m operating condit ions. 

c. Construct a s imulat ion m o d e l of the constrained s u b s y s t e m . 

d. Through m o d e l s imulat ion, de termine whether the sub

s y s t e m is f e a s i b l e . If f eas ib l e , go to Step 3e; o therwise , 

go to Step 3f. 

e. If feas ibi l i ty is C a s e I, de termine the feas ib i l i ty range in 

t e r m s of p e r f o r m a n c e and constraint l eve l s and then go to 

Step 4 . If feas ibi l i ty is C a s e II, go to Step 4 . 

f. E x p e r i m e n t with the m o d e l to de termine whether there is 

a s ingle dominant constraint causing the infeasibi l i ty . If 

there i s , go to Step 3g; o therwise , to Step 1A. 

g. If the dominant constraint was added in Step If or in 

Step l A e , go to Step 1A; o therwise , to Step 3h. 

h. D e t e r m i n e whether the dominant constraint can be re laxed 
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or e l iminated. If so , re lax to the m a x i m u m al lowable 

and go to Step 3c; o therwise , go to Step I A . 

Step 4: Rev iew Subsys tem Des ign 

a. Insure that the s u b s y s t e m a c c o m p l i s h e s the m i s s i o n s as 

stated in Step 1 or Step I A . 

b . R e v i e w comple te des ign with detai led logic checks for 

substitutions or o m i s s i o n s in the design; c o r r e c t e r r o r s ; 

i veri fy re su l t s . 

c. If the s u b s y s t e m functions as des i red , prepare and present 

the proposed design to m a n a g e m e n t . If it fai ls to function 

as des i red , go to Step I A . 

Step 5: I m p l e m e n t the Subsys tem 

a. P lan for the instal lation of the s u b s y s t e m . 

b . P r e p a r e for the instal lat ion of the s u b s y s t e m . 

c. Instal l the s u b s y s t e m . 



Step 2 

Step 3a 

F i g u r e 9. Des ign S u m m a r y 
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C H A P T E R V 

I L L U S T R A T I V E E X A M P L E 

Background Information 

The use or m i s u s e of data concerning exogenous events can 

spel l s u c c e s s or resounding defeat for m i l i t a r y organizat ions engaged 

in combat operations against an act ive enemy f o r c e . The impor tance 

of good inte l l igence has genera l ly been recognized by m i l i t a r y c o m 

m a n d e r s s ince b ibl ica l t i m e s , but f ew c o m m a n d e r s have had this f o r 

tunate r e s o u r c e . 

In recent y e a r s significant efforts have been m a d e in the area 

of increas ing the capabil i t ies of information col lect ion dev ices such as 

radar , te lev i s ion , photography and i m a g e interpretat ion, and automatic 

recording and reporting s e n s o r s (29, p . 3 1 3 ) . Desp i te these hardware 

advances , the f ie ld c o m m a n d e r st i l l l abored under an "intel l igence gap" 

b e c a u s e the organizat ional s tructure and governing doctr ines of the 

supporting m i l i t a r y inte l l igence units w e r e not r e s p o n s i v e to the i n f o r 

mat ion needs of the combat c o m m a n d e r ( 3 0 , p . 1-2). 

C o m b a t intel l igence is that knowledge of the enemy, weather , 

and geographica l features required by a c o m m a n d e r in the planning and 

conduct of tact ica l operations ( 3 1 , p . 5 ) . The object ive of combat in 

te l l igence is to m i n i m i z e the uncertaint ies of the effects of enemy capa-
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b i l i t i e s , weather , and t erra in on the accompl i shment of the friendly-

unit m i s s i o n . The c o m m a n d e r employs combat intel l igence to d e t e r 

m i n e the best use of his avai lable r e s o u r c e s and to a c c o m p l i s h his 

m i s s i o n and maintain the secur i ty of his c o m m a n d ( 3 1 , p . 5 ) . 

Sources which furnish data about the enemy, weather , and t e r 

rain a r e n u m e r o u s , and the avai labi l i ty of new, m o r e sophist icated d e 

v ices is growing constantly. A part ia l l i s t of these s o u r c e s m a y in

clude: fr iendly and al l ied combat units; captured e n e m y p r i s o n e r s , 

documents , and equipment; ground and aer ia l reconnai s sance and s u r 

ve i l lance; e l ec tr i ca l , mechan ica l , acous t i ca l , and s e i s m i c detection 

devices employed by col lect ion agenc ies ; and espionage and counter

espionage agents . Th i s l i s t of s o u r c e s could be expanded further by 

enumerating the different dev ices in each of these c a t e g o r i e s . 

Desp i te the d ivers i ty of co l lect ion s o u r c e s and m e a n s , these 

s o u r c e s have s e v e r a l c o m m o n c h a r a c t e r i s t i c s . F i r s t , they furnish the 

m i l i t a r y organizat ion with one or m o r e of the c lass i f i cat ions of in for 

mat ion as d i s c u s s e d in Chapter III ( e . g . , bas ic descr ip t ive , current 

e s t imate , or speculat ive) . Secondly, the data which is furnished is of 

var iab le qual i ty . The five des i rab le charac ter i s t i c s of intel l igence 

r a r e l y occur s imul taneous ly . 

The inte l l igence s y s t e m to be d i s c u s s e d h e r e wil l deal with a 

b r i g a d e - s i z e d f o r c e . The organizat ion of this combat force is i l l u s 

trated in F i g u r e 1 0 . The approx imate manning strengths of each e l e -
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m e n t of each echelon is indicated to give the reader a feel ing for the 

s i ze of each e lement . It might a l so be noted that the compos i t ion of a 

br igade is var iab le in that it m a y control f r o m two to five separate 

maneuver batta l ions . The n o r m a l configuration of three battalions wil l 

be used h e r e . 

The type of organizat ion depicted uses numerous information 

s u b s y s t e m s . The br igade echelon operates a m a n a g e m e n t information 

s y s t e m consist ing of information s u b s y s t e m s for m a j o r functions such 

as personne l /admin i s t ra t ion , operat ions , l o g i s t i c s , and inte l l igence . 

The battalion echelon operates s i m i l a r information s u b s y s t e m s within 

its organic management information s y s t e m . The battalion and br igade 

echelons have a staff sect ion which handles each one of the information 

s u b s y s t e m s . The intel l igence off icer and his sect ion at the battalion 

and br igade echelons a r e respons ib le f or p r o c e s s i n g data into inte l l i 

gence for use b y the c o m m a n d e r in his dec i s ion-making p r o c e s s . The 

company echelon does not have an intel l igence of f icer . The s y s t e m at 

company l eve l is operated as required by the c o m m a n d e r . The c o m 

pany echelon handles only a l ow v o l u m e of traff ic about the environment , 

and the s p e c t r u m of interes t is e x t r e m e l y l imi t ed . A n y informat ion 

concerning exogenous events that would affect the organizat ion a r e 

t ransmi t ted through the operations informat ion s u b s y s t e m to the inte l l i 

gence off icer at the battalion echelon. 

U . S. A r m y doctrinal m a t e r i a l ( 3 1 , 32) contains genera l guid-



Strength 

3 0 0 0 

Support only-

M a n e u v e r 
Battal ion 

Note 1 

D i r e c t 
Support 
A r t i l l e r y 
Battal ion 

800 

M a n e u v e r 
Company Note 1 200 

T 

Note 1: Same as the unit shown in detai l . 

F i g u r e 10 . Type Br igade Organizat ion 



63 

ance on the proces s ing methods to be u s e d . H o w e v e r , in prac t i ce the 

methods have been left a l m o s t comple te ly to the ingenuity of the inte l l i 

gence of f icer . A n attempt at rectifying this situation was conducted by 

the U. S. A r m y Combat Deve lopments C o m m a n d in 1967 (33 ) . This 

study attempted to de termine the essent ia l battlefield information r e 

quired by the combat c o m m a n d e r , the opt imum operational and o r g a n i 

zational concepts for col lect ing, p r o c e s s i n g , and disseminat ing in for 

mat ion and intel l igence (32 , p. 1 - 2 ) . The study synthes ized an inte l l i 

gence s y s t e m which would o v e r c o m e the known existing weaknesses in 

the s y s t e m . T h e new intel l igence s y s t e m was n a m e d the Batt lef ie ld 

Information Control Center ( B I C C ) . 

T h e B I C C s y s t e m was f ield tes ted in V i e t n a m during 1968 with 

one of the units operating in that l ow intensity conflict situation. * The 

f ield tes t indicated that the B I C C functioned as des igned and was con

s idered s u c c e s s f u l . This f ield tes t ' s s u c c e s s r a i s e d the question of the 

viabi l i ty of the concept in the m o r e demanding m i d - and high- intens i ty 

conflict s i tuat ions .** 

M a j o r Edward Maddox (34) conducted a computer s imulat ion 

of a b r i g a d e - s i z e d f o r c e operating with a B I C C s y s t e m under m i d - and 

high- intensi ty s i tuat ions. He concluded that under those conditions the 

B I C C s y s t e m b e c a m e over loaded and was incapable of handling the e x -

L o w intensity r e f e r s to a counter - insurgency confl ict . 

M i d and high intensity re f er re spec t ive ly to a m o b i l e , conventional 
war and nuc lear w a r . 
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pected in format ion-process ing load . 

The information s u b s y s t e m subsequently developed wil l use 

the method developed in the preceding chapter and the s a m e m i s s i o n 

and functions upon which the B I C C s y s t e m was b a s e d . No further ref

erence wil l be m a d e to the B I C C . F o r a full descr ipt ion of its o p e r a 

t ions , see M a d d o x ' s thes i s ( 3 4 ) . 

Intel l igence Subsys tem Deve lopment 

The des ign p r o b l e m is to develop an intel l igence s u b s y s t e m u s 

ing the method of the preceding chapter . This example wil l s e r v e to 

i l lustrate the pract i ca l meanings of the definitions used in the method 

and wil l s e r v e to i l lustrate the use of the method in the solution of a 

c o r r e c t i v e design p r o b l e m . This example wil l not comple te the cyc l e 

through the design method but wil l t erminate when the concepts and 

method have been i l lustrated adequately. 

Step l A a 

The s u b s y s t e m to be developed is a combat intel l igence s u b 

s y s t e m to operate within the type of br igade organizat ion shown in F i g 

ure 10 . This inte l l igence s u b s y s t e m p e r f o r m s the tasks involved in an 

operational function cal led combat inte l l igence product ion. 

The m i s s i o n of the s u b s y s t e m at the battalion echelon is "to 

produce t i m e l y and val id combat intel l igence for use as a bas i s for c o m 

m a n d dec is ions (30 , p , 4 - 1 7 ) . " T h e m i s s i o n of the s u b s y s t e m at the 
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br igade echelon is "to co l lect , p r o c e s s , and d i s seminate t ime ly and 

val id combat intel l igence for use as a bas i s for c o m m a n d decis ions ( 3 1 , 

p . 4 - 3 ) . " Despi te the dif ferences in wording, the m i s s i o n s of both 

echelons a r e essent ia l ly identical . The only di f ference wil l be that the 

scope of interes t of the br igade s u b s y s t e m wil l be wider . This d i f f er 

ence wil l b e c o m e apparent in the d i scuss ion of the c l a s s e s of action and 

sequences of operations n e c e s s a r y to a c c o m p l i s h the respect ive m i s 

s ions . 

The company echelon does not have a stated intel l igence m i s 

s ion. T h e r e f o r e , further cons iderat ion wil l be directed only at the b a t 

talion and br igade eche lons . 

T h e goals c o m m o n to the battalion and br igade echelons a r e 

that those s u b s y s t e m s must : 

a. Be capable of operating under l o w - , m i d - , and high- intensi ty 

conflict situations; 

b . P r o c e s s m e s s a g e s of the four standard m i l i t a r y precedence 

designations; 

c. Be capable of p r o c e s s i n g the es t imated dai ly m e s s a g e v o l 

u m e according to the genera l t i m e guidance contained in doctrinal l i t e r 

ature . 

A n additional goal is included for the br igade echelon s ince it 

is the apex of the inte l l igence s u b s y s t e m within the br igade o r g a n i z a 

t ion. T h e br igade s u b s y s t e m m u s t produce target deve lopment i n f o r m a -
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tion in accordance with the general t i m e guidance contained in doctrinal 

l i t era ture . 

T h e s e four goals are the f r a m e w o r k for the m e a s u r e s of p e r 

f o r m a n c e to be used in determining the feas ib i l i ty of the s u b s y s t e m in 

Step 3 . The following c o m m e n t s wil l s e r v e to quantify these g o a l s . 

Under all conflict intensi t ies , the m e s s a g e in terarr iva l t i m e s are expo

nentially distributed with a m e a n calculated to yield the m e s s a g e v o l 

u m e s in T a b l e 1. When testing in Step 3 , each intensity and echelon 

m u s t be tested to insure that the developed s u b s y s t e m is capable of p r o 

cess ing the m e a n number of m e s s a g e s for those condit ions. 

T h e second goal indicates precedences for m e s s a g e s . T h e s e 

precedences a r e explained in T a b l e 2 . This m e s s a g e s tructure i m p o s e s 

a pr ior i ty s e r v i c e discipl ine on the s u b s y s t e m . P r e c e d e n c e 4 m e s s a g e s 

constitute 15 p e r cent of the total m e s s a g e vo lume; P r e c e d e n c e 3 , 5 per 

cent; P r e c e d e n c e 2 , 10 per cent; and P r e c e d e n c e 1, 70 per cent ( 3 4 , 

p . 6 4 ) . 

T h e third goal p r e s c r i b e s a t i m e l imitat ion on the s u b s y s t e m . 

T h e s e t ime l imitat ions a r e i l lustrated in T a b l e 3 . The trans i t t i m e in 

dicates the t i m e interval f r o m data rece ipt to intel l igence t r a n s m i s s i o n 

to u s e r s . The proces s ing t i m e indicates the t i m e interval in which data 

is t r a n s f o r m e d into inte l l igence . The las t goal , which is appl icable to 

br igade only, is due to the br igade ' s posit ion of super ior i ty in the o r g a n 

izational h i e r a r c h y . Th i s target deve lopment is a l s o subject to the 



T a b l e 1 

E s t i m a t e d Dai ly M e s s a g e V o l u m e s ( 3 2 , p . B - I I - 2 ) 

Echelon Intensity M e a n 

Br igade L o w 606 

Battalion L o w 282 

Br igade M i d 895 

Battalion M i d 4 4 4 

Br igade High 1021 

Battalion High 504 
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Table 2 

P r e c e d e n c e Designat ions ( 3 5 , p . 42) 

P r o c e d u r e 
P r e c e d e n c e N u m b e r Descr ip t ion 

F L A S H 4 Operat ional combat m e s s a g e of e x 
t r e m e urgency . This m e s s a g e wil l 
be t ransmi t ted ahead of al l other 
m e s s a g e s . M e s s a g e s of l ower p r e 
cedence will be interrupted. 

I M M E D I A T E 3 T h e precedence r e s e r v e d for m e s 
sages which re late to situations 
which g r a v e l y affect the secur i ty of 
nat ional /a l l i ed f o r c e s or populace 
and which require i m m e d i a t e d e l i v 
ery to the a d d r e s s e e . This type of 
m e s s a g e is t ransmi t ted ahead of al l 
other m e s s a g e s of l ower precedence 
even to the extent of interrupting 
p r o c e s s i n g and t r a n s m i s s i o n of 
l ower precedence m e s s a g e s . 

P R I O R I T Y 2 The precedence r e s e r v e d for m e s 
sages which require expeditious 
action by the a d d r e s s e e a n d / o r furn
i sh essent ia l information for the c o n 
duct of operat ions in p r o g r e s s . This 
type of m e s s a g e wil l be t ransmi t ted 
ahead of al l other m e s s a g e s of l ower 
p r e c e d e n c e , except that routine m e s 
sages being transmit ted will not be 
interrupted unless they a r e long. 

R O U T I N E 1 This p r e c e d e n c e is to b e used for al l 
types of m e s s a g e s which justify t r a n s 
m i s s i o n by rapid m e a n s unless of suf
ficient urgency to require a higher 
p r e c e d e n c e . This type of m e s s a g e 
wil l be transmit ted after all m e s s a g e s 
of higher p r e c e d e n c e . 
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Tab le 3 

P r e c e d e n c e M a x i m u m M e a n M a x i m u m M e a n 
P r e c e d e n c e N u m b e r P r o c e s s i n g T i m e s T r a n s i t T i m e s 

F L A S H 4 

I M M E D I A T E 3 

P R I O R I T Y 2 

R O U T I N E 1 

A s fast as pos s ib l e 

30 minutes 

2 hours and 30 
minutes 

5 hours and 30 
minutes 

A s fast as pos s ib l e 

Not m o r e than 45 
minutes 

Not m o r e than 3 
hours and 45 
minutes 

Not m o r e than 6 
hours 

T r a n s i t and P r o c e s s i n g T i m e s (36) 
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s a m e t i m e - p r o c e s s i n g guidelines ment ioned above . 

Step l A b 

The impact of the organizat ional h i erarchy for this example is 

m i n i m a l s ince the s u b s y s t e m is s m a l l , the organizat ion is s ingle p u r 

posed , re lat ive ly flat, and has only three eche lons . The m a j o r impac t 

der ives f r o m the fact that the company echelon wil l not p o s s e s s a f o r 

m a l intel l igence s u b s y s t e m . Thi s m a y affect the t ime l ines s and a d e 

quacy of the s u b s y s t e m accompl i sh ing its stated g o a l s . 

Step l A c 

T o produce intel l igence useful to the c o m m a n d e r , raw data 

m u s t be obtained f r o m the sources avai lable to the s u b s y s t e m and the 

plans for additional data col lect ion m u s t be generated; this data m u s t 

be t r a n s f o r m e d into intel l igence; per iodic reports and event - t r iggered 

reports m u s t be prepared; these reports and plans m u s t be distr ibuted 

to the appropriate units or c o m m a n d e r s for use in dec is ion making . 

This log ica l expansion of the "intell igence production operational func

tion" i l lus trates the nature of this substep. 

The number of c l a s s e s of act ion is rather dependent on the 

way these c l a s s e s of action have been defined above . If the l a s t two 

c l a s s e s above had been defined differently, only three c l a s s e s of action 

would resu l t . H o w e v e r , this author wil l cons ider four c l a s s e s of action 

on this i terat ion. T h e s e wil l be designated as : data co l lect ion, p r o c e s s 

ing, report ing, and d i s seminat ion . T h e s e c l a s s e s of act ion a r e the 
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s a m e for battalion and br igade . 

Step l A d 

In this substep each c l a s s of action for each echelon defined in 

Step l A c m u s t be expanded to indicate the different sequences of o p e r a 

tions inherent in each. A t this point there is a transi t ion f r o m a purely-

genera l c lass i f icat ion of tasks down to spec i f i c s . The des igner ' s knowl 

edge of the organizat ion and requ irements wil l affect the expl ic i tness 

of this substep. 

T h e r e a r e two echelons and four c l a s s e s of action per echelon. 

T h e r e f o r e , this step includes the expansion of eight c l a s s e s of act ion. 

C l a s s e s of action at the two echelons need not n e c e s s a r i l y be the s a m e 

because of i n c r e a s e d number of s o u r c e s , r e q u i r e m e n t s , or capabi l i t i es . 

The sequences of operations for each c l a s s of act ion a r e s u m m a r i z e d 

in T a b l e s 4 through 7 . T h e s e tables indicate that there a r e m o r e s e 

quences at the br igade b e c a u s e of the wider scope of interes t at that 

echelon. The p r o c e s s of deriving one of these sets of sequences of o p 

erations wil l be i l lus trated . The others a r e s i m i l a r l y der ived , but wil l 

only be s u m m a r i z e d in the tables prev ious ly indicated. 

The r e s p o n s e to types of data as they p a s s through the i n f o r m a 

tion s u b s y s t e m m a y include t r a n s f o r m a t i v e or regulat ive actions in one 

or m o r e c l a s s e s of act ion. A s data p a s s e s through one of these c l a s s e s 

of action, a s e r i e s of operations wil l t r a n s f o r m or regulate its f low out 

of this c l a s s of action and into another or out of the s u b s y s t e m . D i f f e r -
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ent types of data wil l el icit different sequences of operations to t r a n s 

f o r m or regulate this f low. Thus , this step requires the des igner to 

develop an understanding of the types of data entering each c l a s s of a c 

t ion. If the r e s p o n s e to two types of data a r e the s a m e or s i m i l a r s e 

quences of operat ions , then the two sequences should be combined into 

one . 

The p r o c e s s i n g c la s s of action at battalion will i l lustrate the 

divis ion into sequences of operat ions . Data rece ived by the s u b s y s t e m 

m u s t be evaluated a n d / o r integrated with other known data, i n f o r m a 

tion, and inte l l igence . S o m e types of data wil l need both types of a c 

tions whereas other types of data wil l r equ ire only one or the other 

types of ac t ions . 

A brief descr ipt ion of the types of data entering the p r o c e s s i n g 

c l a s s of action wil l be useful at this point. The battalion per iod ica l ly 

(either e v e r y 12 or 2 4 hours) rece ives an intel l igence s u m m a r y 

( INTSUM) f r o m br igade . This is a document s u m m a r i z i n g al l of the 

detected enemy activit ies during the reporting per iod . Spot reports 

are event - t r iggered reports which a r e rece ived randomly . T h e s e in 

clude such i t e m s as enemy s ight ings , enemy contacts , and detection 

dev ices s e n s i n g s . Situation reports indicate the status of the battal ion's 

c o m p a n i e s . T h e s e a r e per iodic verba l r e p o r t s . O r d e r of batt le data 

i s r e c e i v e d randomly and prov ides information about enemy p e r s o n a l i 

t i e s . Inte l l igence e s t imates (Definition 8) are random reports indicat-



ing the br igade ' s judgment of future enemy act iv i t ies . T h e s e a r e n o r 

m a l l y i s sued only when a change o c c u r s . 

In response to these types of information, the sequences of 

operations can be designated ( see F i g u r e 1 1 ) . The p r o c e s s i n g c la s s of 

action cons i s t s of a set of eight sequences of operat ions . Each of these 

sequences is a s e r i e s of operat ions . F o r e x a m p l e , the sequence of 

operations entitled "evaluate spot r e p o r t s " m a y cons i s t of the following 

operat ions: (a) r e c o r d report in log , (b) check situation m a p to d e t e r 

m i n e a c c u r a c y and urgency of informat ion , (c) if urgent , d i s s eminate 

i m m e d i a t e l y , and (d) if not urgent , apply rating and post information in 

appropriate f i l e , A part icu lar sequence of operat ions m a y be used a l so 

for s e v e r a l types of informat ion . F o r e x a m p l e , the s a m e sequence is 

used to t r a n s f o r m or regulate the f low of enemy observat ions , aer ia l 

R & S r e p o r t s , and enemy bombing, m o r t a r i n g , or shell ing r e p o r t s . 

The set of eight sequences of operations constitute the tasks 

inherent in the a c c o m p l i s h m e n t of the p r o c e s s i n g c l a s s of act ion. If all 

of the e lements of this set can be p e r f o r m e d , the c l a s s of action then 

can be r e a l i z e d . This initial set m a y be found inadequate during t e s t 

ing and thereby m a y require al terat ion on la ter i t erat ions . 

Step l A e 

T h e m i n i m u m or nonarbitratable res tr ic t ions on this s u b s y s t e m 

are : 

a. T h e s u b s y s t e m m u s t be capable of sustained 2 4 - h o u r - a - d a y 
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P r o c e s s i n g 
C lass 
of A c t i o n 

< 

Sequence of Opera t ions 

1. Evaluate Spot Repo r t s , 

2 . Evaluate Situation 
R e p o r t s 

3 . Evaluate O r d e r of 
Battle Informat ion 

4. Integrate Spot Repo r t s 

5. Integrate Situation 
R e p o r t s 

6 . Integrate O r d e r of 
Battle Informat ion 

7 . Integrate Br igade 
In te l l igence Es t imate 

8. Integrate Br igade 
In te l l igence S u m m a r y 
(INTSUM) 

Sequences 
of 

Opera t ions 

F i g u r e 11. Sequences of Opera t ions of the P r o c e s s i n g C l a s s of A c t i o n 
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operat ion. 

b . The result ing organizat ional units of the s u b s y s t e m m u s t 

be capable of dividing into two s m a l l e r units and operating 

separate ly without l o s s of s u b s y s t e m - o p e rating c h a r a c t e r 

i s t ics for t i m e per iods not to exceed 12 h o u r s . 

c. The company echelon wil l not p o s s e s s an intel l igence s u b 

s y s t e m . 

d. The s u b s y s t e m is to be des igned for manual operat ion. 

Steps 2a, 2 b . and 2c 

Up to this point, we have cons idered only a structuring of 

tasks needed to a c c o m p l i s h the s u b s y s t e m m i s s i o n s and g o a l s . A t this 

point, we begin considering what functional units and l eve l s a r e r e 

quired to a c c o m p l i s h each c l a s s of act ion. T h e s e functional units and 

l eve l s are dec i s ion v a r i a b l e s . Once these a r e des ignated, then the 

f lows of information between l eve l s a r e f ixed. 

F o r this example we m u s t cons ider eight combinat ions of 

echelon and c la s s of act ion. One of these wil l be developed in detai l , 

and the others will be s u m m a r i z e d in la ter i l lus trat ions . A l l eight 

combinat ions a r e developed in a s i m i l a r m a n n e r . 

F o r a part icu lar type of data, information or intel l igence 

which m u s t be p r o c e s s e d through a c l a s s of action, a part icu lar s e 

quence of operat ions wil l t r a n s f o r m or regulate the f low of this type 

of data. T h e way the sequences a r e defined wil l indicate the data in -
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T a b l e 4 

Sequences of Operat ions of the Col lec t ion C l a s s of Act ion 

Sequences of Operat ions 
N u m b e r Battalion Br igade 

1 R e c e i v e a l l incoming data, Identical 
information and inte l l igence f r o m 
adjacent units , and higher and 
lower units 

2 R e c e i v e request for informat ion Identical 
ca l led essent ia l e lements of 
information (EEI) and other 
intel l igence requ irements (OIR) 

3 P lan the col lect ion effort 

4 P lan the ground surve i l lance 
c o v e r a g e 

5 P lan for ground reconna i s sance 
and patro ls 

6 Request aer ia l R & S c o v e r a g e 

7 No requirement 

8 No requ irement 

Identical 

Identical 

Identical 

Identical 

Request i m a g e 
interpretation reports 

R e c e i v e request for 
aer ia l R & S 
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Tab le 5 

Sequences of Operat ions of the P r o c e s s i n g C l a s s of Act ion 

N u m b e r 
Sequence of Operat ions 

Battalion Br igade 

1 Evaluate all incoming 
spot reports 

2 Evaluate al l incoming 
situation reports 

3 Evaluate order of battle 
information rece ived 

4 Integrate spot reports 
into data b a s e 

5 Integrate situation reports 
into data b a s e 

6 Integrate order of battle 
information into data b a s e 

7 Integrate br igade inte l l i 
gence s u m m a r y into 
data b a s e 

8 Integrate br igade 
intel l igence es t imate 
into data b a s e 

9 No requirement 

10 No requirement 

11 No requirement 

12 No requirement 

13 No requ irement 

14 No requirement 

Identical 

Identical 

Identical 

Identical 

Identical 

Identical 

Integrate divis ion and adjacent 
br igade inte l l igence s u m m a r i e s 
into data b a s e 

Integrate divis ion and adjacent 
br igade inte l l igence e s t imates 
into data b a s e 

Evaluate al l counterinte l l igence 
reports 

Integrate al l counterinte l l igence 
reports into data b a s e 

Evaluate al l aer ia l R & S report s 

Integrate al l aer ia l R & S 
repor t s into data b a s e 

Evaluate all target deve lopment 
information 

Integrate al l target deve lopment 
information into data b a s e 
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T a b l e 6 

Sequences of Operat ions of the Report ing C l a s s of Act ion 

Sequence of Operat ions 
N u m b e r Battalion Br igade 

1 P r e p a r e spot reports of Identical 
intel l igence result ing f r o m 
p r o c e s s i n g incoming data 

2 P r e p a r e reports of Identical 
c i r c u m s t a n c e s of capture 
of enemy m a t e r i a l 

3 No requirement 

4 No requirement 

5 No requirement 

P r e p a r e I N T S U M 

P r e p a r e intel l igence 
es t imate 

P r e p a r e spot reports of 
intel l igence result ing f r o m 
aer ia l R & S 

6 N o requirement P r e p a r e spot repor t s of 
inte l l igence result ing f r o m 
counterintel l igence efforts 
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T a b l e 7 

Sequences of Operat ions of the D i s s e m i n a t i o n C l a s s of Act ion 

Sequence of Operat ions 
N u m b e r Battal ion Br igade 

1 D i s s e m i n a t e intel l igence Identical 
result ing f r o m p r o c e s s i n g 
al l incoming data 

2 D i s s e m i n a t e the ground Identical 
reconna i s sance and 
patrol plan 

D i s s e m i n a t e the 
col lect ion plan 

Identical 

D i s s e m i n a t e the ground Identical 
surve i l lance plan 

D i s s e m i n a t e request for Identical 
aer ia l R & S 

D i s s e m i n a t e capture 
reports 

Identical 

N o requirement D i s s e m i n a t e resul ts of 
aer ia l R & S 

8 N o requirement D i s s e m i n a t e counterintel l igence 
reports 

9 No requirement D i s s e m i n a t e I N T S U M 

10 N o requ irement D i s s e m i n a t e inte l l igence 
e s t imate 
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vo lved . The battalion col lect ion c l a s s of action wil l be cons idered in 

detail . 

F i v e types of data require actions of the type p e r f o r m e d by 

the col lect ion c l a s s of act ion. T h e s e types of data are : spot r e p o r t s , 

situation r e p o r t s , intel l igence s u m m a r i e s ( I N T S U M ) , intel l igence e s t i 

m a t e s , and order of batt le . F r o m the set of s ix sequences of o p e r a 

tions of this c la s s of action (Table 4 ) , three m a j o r tasks can be in ferred . 

T h e s e are rece iv ing data, planning col lect ion, and requesting i n f o r m a 

tion. Sequences 1 and 2 concern data reception; Sequences 3 , 4 , and 5 

concern planning; and Sequence 6 concerns a request for information. 

T h e s e facts i m p l y that three functional units a r e needed to p e r f o r m this 

c l a s s of act ion. T h e s e wil l be designated: rece ipt , planning, and r e 

questing. 

The receipt functional unit regulates the f low of incoming data 

between the l eve l s of al l external sources and a l eve l of this inte l l i 

gence s u b s y s t e m which wil l be cal led total data. This total data l eve l 

is the f i r s t in the s u b s y s t e m . It m a y be cons idered as a r e c o r d of al l 

data which has entered the s u b s y s t e m . 

Data in the total data l eve l is tapped by other functional units 

in the s u b s y s t e m which need part icu lar types of data. One of these is 

the planning functional unit. Th i s unit regulates the f low of i n f o r m a 

tion between the total data l eve l and the l e v e l s it mainta ins . In p lan

ning for the col lect ion of additional informat ion, three l eve l s m u s t be 
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developed. T h e s e three l eve l s a r e der ived f r o m the definition of the 

sequences of operations in the c l a s s of act ion. T h e s e three l eve l s are: 

the col lect ion plan, the ground surve i l lance plan, and the ground r e 

connaissance and patrol plan. Information in these l eve l s is the resul t 

of the actions p e r f o r m e d in t rans forming data into a plan. 

One type of information is t r a n s f o r m e d f r o m data into a r e 

quest for aer ia l R & S by the requesting functional unit. Th i s t r a n s f o r 

mat ion is c a r r i e d out by sequence of operations 6. F i g u r e 12 i l l u s 

trates these r e s u l t s . 

The reader should not infer that this is the only pos s ib l e a r 

rangement or even the c o r r e c t one. This is a creat ive step b a s e d on 

the information developed in Step 1A. T w o other p o s s i b l e ways of p e r 

forming this c l a s s of action a r e shown in F i g u r e s 13 and 14 . Ei ther of 

these arrangements could be equally wel l justif ied on the bas i s of s e 

quences of operat ions . 

On the bas i s of F i g u r e 12 , the rece ipt functional unit regulates 

the f low of information f r o m external s o u r c e s to the total data l eve l by 

taking actions in accordance with either sequence of operations 1 or 2 

depending on the type of data entering the s u b s y s t e m . Thi s functional 

unit a l so maintains the total data l e v e l . T h e planning functional unit 

t r a n s f o r m s the information f low f r o m the total data l eve l to one of the 

three l eve l s that it maintains by taking actions in accordance with s e 

quence of operations 3 , 4 , or 5 depending on the type of data being t r a n s -



Rece ipt 
Functional 
Unit 

Planning 
Functional 
Unit 

Request ing 
Funct ional 
Unit 

Oh 
Note 1 Tota l Data 

Co l l ec t ion C l a s s of Act ion 

Col lect ion P l a n 

J L 

Ground Surveillance Lan Ground 
R e c o n . and 
P a t r o l Plan 

5 equest for 
er ia l R & S 

Note 1: Data , information or intel l igence f r o m sources external to the subsystem„ 

F i g u r e 12. Funct ional Units P e r f o r m i n g the Col lect ion Class of A c t i o n 



Receipt 
Functional 
Unit 

Planning 
Functional 
Unit 

Of 
Note 1 Data 

3 , 4 , 5 

Col lec t ion C l a s s of Act ion 

A l l 
Col lec t ion 
P lans 

Reques t for 
A e r i a l R & S 

Note 1: Data , information or inte l l igence f r o m sources external to the s u b s y s t e m . 

F i g u r e 1 3 . A l t ernate 1: Funct ional Units P e r f o r m i n g the Col lect ion C l a s s of A c t i o n 



o 
Note 1 

Rece ipt 
Funct ional 
Unit 

Tota l Data 

Planning 
Functional 
Unit 

6H 

Col lect ion C l a s s of Act ion 

rvi 

r̂ i 

P a t r o l 
P lan 

Ground 
Col lec t ion 
P lan 

R e q u e s t s 
for 
A e r i a l R & S 

Note 1: Data, informat ion or inte l l igence f r o m s o u r c e s external to the s u b s y s t e m , 

F i g u r e 1 4 a A l ternate 2: Functional Units P e r f o r m i n g the Col lec t ion C l a s s of Act ion 
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f o r m e d . The requesting functional unit t r a n s f o r m s the f low in i n f o r m a 

tion f r o m the total data l eve l to a request for aer ia l R & S by taking 

actions in accordance with sequence of operations 6 . T h e s e d e s c r i p 

tions of functional units and l eve l s and F i g u r e 12 comple te Steps 2a , 2b , 

and 2c for the battalion col lect ion c l a s s of action only. The s a m e p r o 

cedure is used for the other seven combinations of echelon and c la s s 

of action. T h e s e other combinations a r e i l lustrated in F i g u r e 15 for 

the battalion echelon. 

Steps 2d and 2e 

Step 2d p laces one or m o r e m a n a g e m e n t control centers to 

m a k e dec is ions for its subordinate functional units when the p r e s c r i b e d 

dec is ion rules a r e inadequate or nonexistent . The resul t of Step 2d 

wil l be a schemat ic m o d e l of the inte l l igence s u b s y s t e m at battalion 

echelon and a schemat ic m o d e l of the inte l l igence s u b s y s t e m at the b r i 

gade echelon. Step 2e connects these two s u b s y s t e m s with f lows of in 

format ion , po l icy , dec is ion ru le s , and dec i s ions . 

F i g u r e s 16 and 17 show the comple te inte l l igence s u b s y s t e m s 

for battalion and br igade , r e s p e c t i v e l y . T h e s e two echelons a r e c o n 

nected with the appropriate f jows . F o r speci f ic i ty the fol lowing data 

capture point ( D C P ) designation s y s t e m is adopted. E a c h D C P of a 

l eve l is indicated by a f ive digit sequence , i j k l m . The f i r s t digit , i , 

indicates the echelon (1 = br igade; 2 = battal ion) . The second digit, j , 

indicates the unit number at echelon i . T h e br igade is numbered 1 



Col lec t ion C l a s s of Act ion 

D e c i s i o n 
Center 

Receipj 
Functional Unit 

Act iv i ty 
Center 

o 

D e c i s i o n 
Center 

Planning 
Funct ion 

al Unit A c t i v i t y 
Center 

Note 1 Tota l Data 

Note 1: Data, informat ion or intel l igence 
f r o m s o u r c e s external to the 
inte l l igence s u b s y s t e m . 

F i g u r e 1 5 . Par t ia l Battalion Subsys tem 

4 

D e c i s i o n 
Center Requesting 

F u n c t i o n a l Unit 
Act iv i ty 
Center 

6 

^ 1 Col lect ion 
P l a n 

Ground 
Survei l lance 
P lan 

Ground 
Recon , 
P lan 

A i r R & S 
P lan 



Procesj 

L 

sing Funct ional U 

D e c i s i o n 
Center 

Act iv i ty 
Center 

2k 

•A 

nil 
Management 

Ac t ion 
Integration iTunctionzIl Unit 

D e c i s i o n 
Center 

Ac t iv i ty 
C enter 

O & I m a p 

O r d e r of 
Batt le M a p 

4 , 5 , 6 

P r o c e s s i n g C l a s s of Ac t ion 

E n e m y 
C o u r s e of 
A c t i o n 1 

E n e m y 
C o u r s e of 
Ac t ion 2 

E n e m y 
C o u r s e of 
A c t i o n n 

Intel l igence 
E s t i m a t e 

F i g u r e 1 5 . P a r t i a l Battal ion S u b s y s t e m (Continued) 



L 

c P Ground 

(Jollection .Plan 
Ground . _ 
Survei l lance P lan 

Ground 

Recon . P lan 

A e r i a l 

Reporting 
Functional Unit 

Dec i s ion 
Center 

I 
Act iv i ty 
Center 

D i s s emination 
Functional Unit 

Dec i s ion 
Center I 

Act iv i ty 
C enter 

Spot I 
Reports 

Capture >y 

Reports 6 

R & S Requests 
Report ing C l a s s of A c t i o n J L Disseminat ion C l a s s of Act ion J 

Note 2: T o l eve l s of other information s u b s y s t e m s or other m a n a g e m e n t information s y s t e m s 
Note 3: Inte l l igence can be obtained at any D C P in the col lect ion c l a s s of action. 

F i g u r e 1 5 . Part ia l Battalion S u b s y s t e m (Concluded) 



Col lect ion C l a s s of Act ion 

t 
D e c i s i o n 
Center 

>Jp-c Rece ipt 
Functio.Inal Unit 

Ac t iv i ty 
Center 

P1C11 

D e c i s 
Cente 

ion 
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Planninlg 
Functiqlnal Unit 

Activi 
Cente 

Lty 
r 

Note 1: F r o m 2 j D l m for any l m 
11 D i m for any l m 
operations s u b s y s t e m 

Note 2: Th i s f igure is for battalion # 1 ; 
battal ions 2 , 3 , 4 are ident ical . 

F i g u r e 16 . Battal ion Inte l l igence S u b s y s t e m 

Dec i s ion 
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Request 
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Act iv i ty 
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21C23 
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21klm, any lm and 
k = C , P , R , D o 1 

Battal ion 
M a n a g e m e n t 
Control CenteiJ 

D e c i s i o n 
Center 

E v a l u a t i o n F . U . 

Act iv i ty 
Center i 

D e c i s i o n 
Center 

Integration F T U . Act iv i ty 
Center 

21P11U 
7 , 8 

bipi2^ 
4,5,6 21P2lPl 

>blP22 
P r o c e s s i n g C l a s s of A c t i o n *ElP2nW 

21P31I 

F i g u r e 16. Battalion Intel l igence Subsys tem (Continued) 
o 



2 1 P l m 
any l m 

21C21I 

D e c i s i o n 
Center 

Report 
Funct i a l Unit 

Act iv i ty 
Center 

1-
> t t l R l ] f 

2 1 R 1 2 

Report ing C l a s s of Act ion 

Decis ion 
Center 

D i s s enl inat i on 
F u n c t i i o n a l Unit 

Act iv i ty 
Center 

T o appropriate D C P : 
2 j C l l f o r j = 2 , 3 , 4 ; 
1 1 C 1 1 ; 
Operat ions , P e r s o n n e l 
or Log i s t i c s Subsys tems 

Disseminat ion C l a s s of Ac t ion 

F i g u r e 16 . Battal ion Intel l igence Subsys tem (Concluded) 



Col lec t ion C l a s s of Act ion 

Rece ipt 
Funct ional 
Unit 

Planning 
Functional 
Unit 

Reques t 
Functional 
Unit 

o 
Note 1 

Note 1: F r o m : (a) 2 j D l m for j = 1, 2 , 3 , 4 and any l m 
(b) Adjacent br igades 
(c) Div is ion s u b s y s t e m 
(d) P e r s o n n e l s u b s y s t e m 
(e) Operat ions s u b s y s t e m 
(f) L o g i s t i c s s u b s y s t e m 

F i g u r e 17 . Br igade Intel l igence Subsys tem 

4 ^ . 

J*11C21 

11C22 

1 1 C 2 3 

11C24 



Col lect ion C l a s s of Act ion 

F i g u r e 17 . Br igade Intel l igence S u b s y s t e m (Continued) 



w Report 
Funct ional 
Unit 

Dis s emination 
Functional 
Unit 

T o appropriate D C P : 
a) 2JC11 for j = 1 , 2 , 3 , 4 

(b) Adjacent br igades 
(c) Div i s ion subsys tem 
(d) P e r s o n n e l s u b s y s t e m 
(e) Operat ions s u b s y s t e m 
(f) L o g i s t i c s s u b s y s t e m 

C l a s s of Act ion 

F i g u r e 17 . Br igade Intel l igence Subsys tem (Concluded) 
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s ince there is only one br igade under cons iderat ion. The battalions are 

numbered 1, 2 , 3 , and 4 indicating the three m a n e u v e r battalions and 

the direct support ar t i l l ery battal ion. The third digit, k, indicates the 

c l a s s of action (C = col lect ion; P = p r o c e s s i n g ; D = disseminat ion; and 

R = report ing) . The fourth and fifth digits , l m , indicate the D C P l e v e l . 

F o r example , 2 3 P 2 1 indicates l eve l 21 of the proces s ing c las s of action 

at battalion number 3 . T a b l e 8 s u m m a r i z e s the battalion and br igade 

l e v e l s . 

The s u b s y s t e m s at each of the four battalions a r e the s a m e 

under A s s u m p t i o n 4 . If this assumpt ion w e r e re laxed , then the entire 

preceding deve lopment would be needed to develop the s u b s y s t e m for 

each different organizat ion. 

Step 2f 

This step requires a comple te reevaluat ion of each of the p r e 

ceding s t eps . When this is comple te , the resul t is a schemat ic of the 

ideal s u b s y s t e m of the br igade inte l l igence s u b s y s t e m . The next step 

wil l degrade this ideal s u b s y s t e m . 

Step 3a 

A t this point additional s u b s y s t e m constraints a r e de termined . 

Only one is evident for this e x a m p l e , and that i s a personne l manning 

l eve l constraint for each echelon. The battalion s u b s y s t e m is to be 

manned by not m o r e than one off icer and nine enl isted m e n , and the 

br igade s u b s y s t e m is to be manned by not m o r e than one off icer and 16 



T a b l e 8 

Battalion and Br igade L e v e l s 

Echelon L e v e l Des ignat ion 

Battalion for 
j = 1 , 2 , 3 , 4 

Br igade 

2 j C l l Tota l Data 

2 j C 2 1 Col lect ion Plan 

2 j C 2 2 Ground Survei l lance P lan 

2 j C 2 3 Ground R e c o n . and P a t r o l P lan 

2 j C 2 4 A i r R & S Request 

2 j P l l Operat ions and Intel l igence M a p 

2 j P 1 2 O r d e r of Battle M a p 

2 j P 2 m Enemy Course of Action m 
for m = 1 , 2 , . . . , n 

2 j P 3 1 Intel l igence E s t i m a t e 

2 j R l 1 Spot Reports 

2 j R 1 2 Capture Reports 

11C11 Tota l Data 

11C21 Col lect ion P lan 

11C22 Ground Survei l lance Plan 

11C23 Ground R e c o n . and P a t r o l P lan 

1 1 C 2 4 A i r R & S Requests 

1 1 C 2 5 I m a g e Interpretat ion Requests 

H P l l Operat ions and Intel l igence M a p 

I I P 12 O r d e r of Batt le M a p 

H P 2 m E n e m y C o u r s e of Act ion m 
for m = 1, 2 , . . . , n 

11P31 Inte l l igence E s t i m a t e 

H P 4 m T a r g e t Information F i l e m 
for m = 1, 2 , . . . , r 

11R11 Spot Reports 

11R12 Capture Reports 

11R13 I N T S U M 

1 1 R 1 4 Intel l igence E s t i m a t e 
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enl isted m e n . T h e s e personne l constraints wil l evidence t h e m s e l v e s 

in the computer s imulat ion m o d e l in the f o r m of capacity constraints 

on the fac i l i t i e s . 

Steps 3b and 3c 

The methods and techniques of data col lect ion, m o d e l con

struction and validation, and computer s imulat ion wil l not be pursued 

here s ince they a r e d i s c u s s e d adequately in numerous r e f e r e n c e s . 

H o w e v e r , there a r e s e v e r a l points concerning data col lect ion and m o d e l 

ing which m a y s e r v e to i l lustrate further the use of the design method . 

The use of the schemat ic ideal s u b s y s t e m (Figures 16 and 17) , 

wil l a s s i s t in determining what data is needed to construct the s i m u l a 

tion m o d e l . If a s u b s y s t e m has p r e v i o u s l y ex is ted , data co l lect ion wi l l 

be great ly s impl i f i ed . Stat is t ical ly , representat ive data can be e x 

tracted f r o m appropriate operations of the old s y s t e m . This data can 

be used in s imulating the new s u b s y s t e m . H o w e v e r , if there was no 

prev ious s u b s y s t e m , frequency distributions and s e r v i c e t i m e s wil l 

need to be es t imated through l imi ted experimentat ion with pilot c o m p o 

nents , other s imulat ions , or P E R T - t i m e e s t i m a t e s . 

T h e s u b s y s t e m s imulat ion m u s t p o r t r a y the f low of i n f o r m a 

tion into the s u b s y s t e m , between l eve l s and out of the s u b s y s t e m in r e 

lation to t i m e . The actions of the functional units can be treated as 

s e r v i c e s on the information as it f lows through the s u b s y s t e m . T h e 

m o d e l m a y be constructed in any of a number of computer languages 
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such as F O R T R A N , A L G O L . , B A S I C , or in a spec ia l s imulat ion language 

such as G P S S , S I M S C R I P T , or SIMP A C . In determining the language 

to be used , the charac ter i s t i c s of the var ious languages m u s t be c o n s i d 

ered in relat ion to the purposes of the s imulat ion . A n excel lent c o m 

par i son of s imulat ion languages was presented by K r a s n o w and 

M e r i k a l l i o (37 ) . 

The r e s p o n s e var iab le s for the s imulat ion are: (a) the p r o 

cess ing t i m e s , (b) the transi t t i m e s , and (c) the target development 

t i m e s . Fu l l test ing would require three s imulated condit ions. This 

number can be l e s s e n e d s ince the only di f ference between low, m i d , 

and high intensit ies is that the m e s s a g e m e a n is different . If the s u b 

s y s t e m can operate at high intensity, it can operate at l o w and m i d in 

t ens i t i e s . This would require the assumpt ion that the s u b s y s t e m p e r 

sonnel operate at a constant eff iciency independent of t i m e and state of 

the s u b s y s t e m . B y testing only under high-intensity condit ions, only 

one s imulat ion condition need be run. The m e a s u r e s of p e r f o r m a n c e 

or goals for these conditions a r e shown in F i g u r e 18. The indicated 

t i m e s are in m i n u t e s . T h e s e goals a r e tabulations of the goals s p e c i 

fied in Step l A b . 

The initial s imulat ion runs should be conducted using the m a x i 

m u m manning l eve l s a l lowed under Step 3a . Th i s wil l cause the p e r f o r 

m a n c e r e s p o n s e for each set of conditions to be on the l ine C ^ C in F i g 

ure 8. The des ign method a l lows for re laxat ion of this constraint under 
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Intensity High 

Hours of 
Operat ion 24 12 

Subsys tem 

^ s ^ r e c e d e n c e 

Response****^^ 4 3 2 1 4 3 2 1 

Br igade 

P r o c e s s i n g 

T ransit 

T a r g e t 
Deve lopment 

< 3 0 30 150 330 

<T45 4 5 225 360 

^ 3 0 30 150 330 

-

Brigade 
(Split 
Section) 

P r o c e s s i n g 

T ransit 

T a r g e t 
Deve lopment 

-

^ 3 0 30 150 330 

< 4 5 45 225 360 

< 3 0 30 150 3 3 0 

Battal ion 
P r o c e s s i n g 

T r a n s i t 

< 3 0 30 150 330 

< 4 5 4 5 225 360 _ 

Battal ion 
(Split 
Section) 

P r o c e s s i n g 

T r a n s i t : : : : 
< 3 0 30 150 3 3 0 

< 4 5 45 225 3 6 0 

Note: R e s p o n s e t i m e s a r e in m i n u t e s . 

F i g u r e 18 . P e r f o r m a n c e Goa l s 
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C a s e I feas ib i l i ty . 

This example will be t erminated at this step s ince the con

struction, validation, and experimentat ion with the s u b s y s t e m m o d e l 

wil l s e r v e no further purpose in i l lustrating the design f r a m e w o r k or 

the design method . 

The resul ts of the s imulat ion runs m a y cause s e v e r a l i t e r a 

tions through Steps 3 , 1A , 2 , and 3 . The design method is comple te 

and internal ly consistent , and speci f ies the actions for each contin

gency . The end resul t of these i terat ions wil l be a comple te , prac t i ca l , 

f eas ib l e solution if one e x i s t s . Addit ional ly , it wil l be the b e s t a v a i l 

able under the given constra ints . The method would then m o v e to 

Steps 4 and 5 for complet ion of the design p r o j e c t . 

S u m m a r y 

This combat intel l igence s u b s y s t e m has s e r v e d to i l lustrate 

the use of the definitions and the des ign method for a c o r r e c t i v e des ign 

effort . It should be evident that the crux of the des ign is the p r o p e r d e 

tai led execution of Steps 1 and 2 . E r r o r s or o m i s s i o n s in these steps 

will c a r r y throughout the r e m a i n d e r of the des ign . 

The use of this des ign method is dependent on m a n a g e m e n t 

sc i ences and computer s c i ences techniques . This example did not c o n 

s ider al l the ramif icat ions that other disc ipl ines would have on the d e 

s ign. H o w e v e r , in a mul t id i sc ip l inary t e a m effort , these other p e r i -
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phera l a r e a s could be cons idered . 

The solution developed on this f i rs t i teration would probably 

not be a f eas ib le solution. H o w e v e r , by i teration through Steps 3 , 1A, 

2 , and 3 , a f eas ib le solution could be deve loped. T h e s e i terations 

would require management dec is ions about which m i s s i o n s , g o a l s , or 

res tr ic t ions could be modi f ied . B y incorporat ing these changes and 

by manipulating the dec is ion v a r i a b l e s , the des igner m a y develop an 

acceptable solution. 
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C H A P T E R VI 

C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 

Genera l C o m m e n t s 

The two-fo ld object ives of this study as stated in Chapter I 

have been comple ted . Object ive 1 was to develop a log ica l and s y s t e m 

atic design method for the des ign of an information evaluation and inte 

gration s u b s y s t e m . Thi s object ive was a c c o m p l i s h e d in the deve lop

ment of the design methodology in Chapter I V . Thi s method i s s u m 

m a r i z e d on pages 5 2 - 5 8 . 

Object ive 2 was to i l lustrate the design method using a m i l i 

tary inte l l igence s u b s y s t e m as an e x a m p l e . This was a c c o m p l i s h e d in 

Chapter V . The example s e r v e d only to i l lustrate the meanings of the 

definitions and the use of the method in a c o r r e c t i v e des ign effort . 

It is felt that the developed design methodology i s c o m p l e t e , 

internal ly consis tent , and i s appl icable to any s u b s y s t e m ranging f r o m 

tr iv ia l to c o m p l e x . The method is adaptable to or ig inal , c o r r e c t i v e , 

or i m p r o v e m e n t des ign . The method i s a synthes is of the f r a m e w o r k 

concepts developed by Sherman Blumenthal , the phi losophy presented 

by Gera ld N a d l e r , and the ideas of this author. 

A d v a n c e s in information s y s t e m des ign depend on advances in 



103 

s e v e r a l rather than in a single technology. Th i s r e s e a r c h has only con

s idered a part of des ign methdology . Only when the knowledge f r o m all 

relevant technologies is "integrated" can a comple te informat ion s y s t e m 

be developed. 

Conclus ions 

The m a j o r conclus ions der ived f r o m this study are: 

1. The use of N a d l e r ' s des ign phi losophy or a variat ion of it 

a l lows the des igner the m a x i m u m f r e e d o m in developing 

solutions to design problems. 
2 . Definitions 1 through 19 prov ide a comprehens ive f r a m e w o r k 

upon which to b a s e the development of an information s u b 

s y s t e m des ign method . 

3 . The des ign method developed in Chapter IV and s u m m a r i z e d 

on pages 5 2 - 5 8 is a log ica l and sys t emat i c method for des ign

ing an information evaluation and integration s u b s y s t e m . 

4 . T h e des ign method can be adapted for use in or ig inal , c o r r e c 

t ive , or i m p r o v e m e n t des ign e f forts . 

Recommendat ions 

The following a r e a s or topics are suggested for further r e 

s e a r c h to i m p r o v e or expand the p r o p o s e d des ign methodology . 

1. The p r o p o s e d design method should be expanded to develop a 

methodology for the des ign of a m a n a g e m e n t information 
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s y s t e m . 

2 . The example in Chapter V should be completed by m o d e l con

struct ion, validation, and test ing to develop a f eas ib le s u b 

s y s t e m solution. This s u b s y s t e m ' s p e r f o r m a n c e could then 

be c o m p a r e d to the s imulated B I C C p e r f o r m a n c e descr ibed 

in re ference 3 4 . 

3 . A procedure for formulat ing the s u b s y s t e m m i s s i o n s , goa l s , 

and res tr ic t ions f r o m management m u s t be developed. This 

was indicated as a method l imitat ion s ince these spec i f i ca 

tions are n o r m a l l y not avai lable f r o m organizat ional m a n a g e 

ment personne l . 
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