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ABSTRACT 

The Development Envi~onment (DE) developed in this 

~esea~ch includes a methodology and specification and 

implementation of a tool envi~onment fo~ Management 

Information Systems (IS) development. In the DE p~oposed, 

business IS development includes, and indeed hinges on, 

o~ganizational modeling. Specifically, the objective and 

st~ategy, task, and agent st~uctu~es a~e modeled and 

analyzed. This initial analysis uncove~s incompletenesses 

and inconsistencies in the o~ganizational model as well as 

allowing top-down p~io~itization of business a~eas fo~ 

furthe~ IS development. 

Fo~ info~matior. ~equi~ed to support decision making, 

various info~mation att~ibutes -- e.g., cu~rency -- a~e used 

in modeling the info~mation ~equi~ements. These att~ibutes 

~ep~esent variables of information benefit levels to the 

use~ and of cost facto~s in IS development and ope~ations. 

In late~ stages of development, these att~ibutes se~ve as 

infe~ence pa~amete~s that dictate system aspects such as 

communication a~chitectures, database design, and p~ocess 

scheduling. 

xiii 



xiv 

Information outputs are decomposed into to form an 

information processing architecture -- an architecture 

comprised of interlinked data and processes -- that 

minimizes the redundancy of IS resources. A specification 

of computer-aided tools for this and all steps in IS 

development are given. Methods and tools are developed for 

the determination of data store contents and physical 

structure, information processing requirements, system input 

requirements, data/process distribution, and data 

aquisition, disposal, and information processing scheduling. 

The DE developed as a part of the dissertation 

research attempts to draw together and extend upon many 

notions and methods of system development, decision support 

mechanisms including artificial intelligence based systems, 

value of information, and organizational planning and 

modeling, to form an integrated system development 

environment. 



CHAPTER 1 

INTRODUCTION 

Information and Organizations 

Information is a common currency within organiza

tions. Of the~six types of organizational networks identi

fied by Forrester [Forrester, 1961], the information 

network "is raised to a position superior to the other net

works because it is the interconnecting tissue between all 

of them." 

Organizational structures represent need-satisfying 

interaction patterns. Organizational needs are expressed 

as organizational objectives and are formalized and opera

tionalized in task structures. Task structures, in turn, 

influence the establishment of interaction (communication) 

patterns between organizational entities. One purpose of 

organizational planning is to formulate a need structure 

for the enterprise. These "needs" are formulated as 

missions, objectives, and goals. To accomplish these 

needs, strategies are formulated and implemented. 

Strategies are developed for organizational design, which 

includes the communication structure, and for operations, 

monitoring and control. 

1 
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Basic structures that exist in organizations in-

clude: 

1) The Strategic Plan Structure 

2) The Task Structure 

3) The Commodity Structure 

4) The Transfer Structure 

Organizational strategic planning produces a high

level description of, and prescription for, the organiza

tion. Through the strategic planning process objectives, 

goals, strategies, and tasks are formulated. A structure 

exists of these elements such that, for example, strategies 

are linked to the objectives they attempt to achieve, and 

objectives have subobjectives, strategies have 

substrategies etc. 

The strategic planning aspect of organizations has 

two basic information system ramifications. First, infor

mation must be gathered, processed, and presented to sup

port the planning process. Second, this structure should 

serve as the hub of Management Information Systems (IS) de

velopment, especially IS prioritizations. The strategic 

plan structure is comprised of 

Mission 

Objectives 

Goals 

Strategies and Policies 



Organizational design strategies 

Task (operating) and Role strategies 

Monitoring and Control strategies 

Implementation of Strategies (priorities, etc.) 

Strategic Assumptions 

Given the strategic plan structure, the IS analyst 

attempts to derive information processing requirements for 

the organization that are compatible with the current and 

future plans of the organization. Other structures 

analyzed are the task structure, the commodity structure, 

and the transfer structure. The task analysis attempts to 

isolate the structure of the organization as a system of 

performed tasks. 

1. Planning: 

Tasks are of various types including 

developing a schedule of the future, 

2. Coordinating: organizing and directing the use of 

resources and the coordination of tasks, 

3. Monitoring: evaluating performance, 

4. Controlling: correcting performance, 

5. Transforming commodities: operational and 

transactional tasks. 

Tasks are interrelated with the other structures 

including other tasks. Planning, for example, applies to 

the planning of the strategic plan structure, the task and 

role structure, the commodity and transfer structures. 

Tasks monitor and control other tasks. 

3 



The type of task under consideration implies the 

type of IS support required. Example uses of information 

in relation to task type are: 

4 

1. The majority of planning tasks involve assumptions 

about the future. Required information, therefore, 

includes projections and forecasts with respect to 

both internal and external conditions. Planning a 

new product line, for example, requires information 

(projections) of future production capacity, custo

mer preference trends, etc. 

2. Coordination between tasks demands either broadcast 

or serial coordination. Broadcast coordination re

quires a protocol for information dissemination 

among task performers. The sales force, billing, 

and collections must have access to the same pric

ing information. Marketing and production must 

have access to the same information on inventory 

levels and production schedules. Serial coordina

tion is a function of the precedence relationships 

between tasks. Information is used to effect such 

coordination. A customer, for example, triggers a 

chain of serial tasks upon sending information in 

the form of a product order. 
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3. Monitoring of performance may be periodic, 

exception triggered, or random. Monitoring repre

sents observation of the relation between objec

tives and task performance. A project manager, for 

example, may monitor project status weekly, may 

receive notification only of projects over budget, 

or may desire to make random spot-checks of project 

status. 

4. Control tasks entail the discovery of causal fac

tors for, and corrective action on, performance. 

Information, then, must be provided to help 

discover the cause of poor performance. A control 

task is typically triggered by, and so must share 

information with, a monitoring task. Once causes 

of the problem are determined, a control task may, 

in turn, trigger a planning or coordinating task. 

5. Commodity transform tasks produce a new commodity 

from an existing commodity. Commodity 

transformation tasks include information process

ing: information transformation; fabrication: 

material transformation; financing: money 

transformation; and computer programming: tasks 

and task performer transformation. 
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In addition to the type taxonomies, various attrib

utes are associated with types. An example of a task at

tribute is the degree of task routinization. Another is 

task importance. This attribute can be used to prioritize 

IS support. An attribute of personnel (task performers) is 

preference for information presentation mechanisms. The 

relationships between a task and other elements, in a 

sense, represent attributes which define the task: a pro

duction manager is responsible for monitoring and controll

ing other tasks; an inventory supervisor monitors and con

trols held material commodities; analogously, a data 

administrator monitors and controls held information 

commodities. A shipping/receiving supervisor monitors and 

controls the transfer of material commodities. 

Information is transfered and presented via verbal 

messages, electronic messages, queries, and reports. 

Attributes of information include volume, freshness, 

accuracy, aggregation level, and topic(s). Information in 

the context of a task will dictate requisite transfer mech

anisms, information attribute levels which, in turn, influ

ence the cost and value of the information. As discussed 

throughout this thesis, information attributes serve as 

meaningful aspects of information requirements to users and 

as factors in IS design decisions. 
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Commodities refer to anything that is held or 

exchanged either within the organization or between the or-

ganization and its environment. Typical commodities in-

clude: 

Capital Equipment 

Money (liquid assets) 

Task performers (personnel, hardware/software, etc.) 

Information 

Materials (raw materials or finished products) 

Space 

The interrelation between the task and commodity 

structures forms the transfer structure. A representation 

of a transfer structure model is shown below. It should be 

noted that all commodities types held or exchanged indicate 

loci of potential IS support. 

Instigator (Task performer) 
I 

Needs or gives 
I 

For some reason (Task objectives) 
I 

Something (Commodity) 
I 

With certain quality and volume (Task attributes) 
I 

In some manner (Transfer/Presentation mechanism) 
I 

From or to instigatee (Task performer) 



8 

Organizational planning derives the task structure 

of the organization and assigns task performers to be re

sponsible for the various tasks. These tasks, in conjunc

tion with the task performers, dictate required 

commodities. These requirements include w:1at information 

commodities are needed with what quality and volume con

straints. These requirements, in turn, dictate appropriate 

transfer mechanisms (e.g., periodic report versus on-line 

query). Finally, sources of the needed commodity are iden

tified or constructed in accordance with the requirements. 

"who needs (or will need) what, why, when" 

is the demand side of the transfer structure and defines 

requirementso The supply side of the transfer structure is 

"who has (or will have) what, why, when" 

and defines actual or potential availabilities. System de

velopment, then, is concerned with identifying components 

of demand designing systems that fulfill requirements by 

matching them with existing or created availablilities via 

transfer mechanisms. Further, the potential benefits of 

satisfying requirements are balanced against the costs of 

creating availabilities. 

As discussed further in chapter 3, IS planning 

methodologies use various organizational components to 

drive the analysis process. BIAIT [Carlson, 1979] and BICS 

[Kerner, 1979] pivot on analysis of the transfer structure; 



9 

BSP [IBM, 1975], on the task structure; CSF [Rockart, 

1979], on manifestation of the strategic objectives struc

ture: and the product portfolio approach [McFarlan, 1981], 

on the commodity structure, specifically, on products. 

The Nature of Tasks: Structured and Less Structured 

[Simon, 1977] presents a framework to distinguish 

tasks based upon their degree of structuredness. For our 

purposes, and for the sake of parsimony, the degree to 

which a task, or decision making process, is structured is 

determined by the level of formalization with respect to 1) 

the information required to perform the task, and 2) the 

logic engaged in performing the task. A task for which 

little is known of the these two is less structured than a 

task for which both are fully known and which can, indeed, 

be programmed. The types of applications in an IS, in 

order of decreasing task structuredness, can be categorized 

as: 

1. Transaction Processing Systems (e.g., payroll, 

order processing), 

2. Decision Consultation Systems (e.g., an expert 

system for loan approval decisions, a financial 

modeling system for portfolio management), 
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3. Decision Support Information Systems (e.g., product 

performance report used for planning new production 

strategies) , 

4. Ad Hoc Information Delivery Systems (e.g., general

ized query processing to aid in making unforeseen 

decisions). 

Transaction processing systems are characterized by 

a task domain in which the inputs, outputs and logic of the 

process can be predetermined. Payroll processing, for 

example, is typified by an algorithm that calculates 

remuneration based upon wage rate, hours worked, tax rates, 

etc. In such cases the task may be programmed and 

relegated to the computer. 

Decision consultation systems support the perfor

mance of tasks that cannot, as opposed to payroll process

ing, be completely formalized. In the decision to grant a 

personal loan, for example, the decision maker may well 

have a large number of formal decision rules -- credit 

rating must be X or Y, income must be 1000 percent of the 

requested loan amount. Such tasks, on the other hand, 

often also use any number of qualitative, "intuitive" rules 

-- do I feel that the person requesting the loan really 

needs the loan? Although the task process cannot be com

pletely formalized, substantive aspects of the task process 

can. Therefore, systems can be built that supply requisite 
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information and also do part of the actual task logic. 

Such systems, then, provide active support but do not 

supplant a human decision maker. Expert systems, for exam

ple, are comprised of a data base of information, a knowl

edge base of "IF ••• THEN ••• " production rules, and a gener

alized inference algorithm for making conclusions based 

upon the informa~ion at hand. 

With decision support information systems, less is 

known about the logical processes involved in the task. 

The information needed to do the task -- make a decision of 

a certain type -- are largely known. These systems produce 

formatted information, such as a product performance report 

or a sales forecast, to be used by the human decision 

maker. 

Lastly, a number of tasks are best supported by ad 

hoc information delivery systems. These tasks are charac

terized by being "one of a kind" decisions, such as a deci

sion on how to handle a class action suit filed against a 

corporation by its employees, for which it is either 

impractical or infeasible to acquire enough knowledge about 

the nature of the task to be able to develop a tailored de

cision support system. In supporting the performance of 

such tasks, generalized data base query facilities and gen

eralized modeling systems (see [Kottemann, 1982]) are ap

propriate. 
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Although the taxonomy given here is useful in iden

tifying general IS application types, it is the types taken 

together that form the organizational IS. Data processed 

by the transaction system, for example, are also used by 

systems of all types. The aspects of the Plexsys develop

ment methodology presented in this thesis attempts to ad

dress development of all four system types with special 

consideration given to decision support information. 

Components of Management Information Systems 

An IS is a set of integrated components. These 

components include those for data gathering, data storage, 

and information processing -- the production and presenta

tion of transaction and decision support information. 

Figure 1 is a schematic of an IS. Input data includes 

transactional data and non-transactional data. 

Transactional data, such as a customer order, exists to 

trigger and coordinate transactional tasks and are also 

used for decision support. Non-transactional data are not 

a natural part of transaction processes and are gathered 

separately for the sole purpose of supporting managerial 

operations. Whereas "total organizational sales dollars" 

is derivable from organizational transactions, "total 

market demand" is not. 
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As illustrated in figure 2, there is a direct rela

tionship between transactional and non-transactional data 

with respect to decision support. The decision support in

formation for market share analysis is produced using both 

transaction and non-transaction data. 

Gathering of transactional and non-transactional 

data implies procedures and mechanisms for data acguisi

tion. Further, data gathering procedures imply the 

existence of controls for data validation and verification. 

Data gathering may also imply the existence of a data ga

thering schedule. If a schedule can be fixed for acquisi

tion of data, it reflects a sampling interval of states of 

the organization and its environment. If a schedule does 

not exist, this implies that the source or recipient of the 

data instigates the exchange -- a customer sends an order 

or a finance manager requests current bond rate figures. 

Data stores are repositories of transactional and 

non-transactional data. The existence of a data store im

plies the existence of updating processes, update process

ing modes that, if batch, imply the existence of an updat

ing schedule. Schedules may exist for updating, location 

transfers, archiving, as well as disposal. Further, data 

stores must have prespecified data item contents and are 

ordered and keyed and must be stored using some storage 

media, at certain locations with, perhaps, dynamic schedules 
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ing. Data transfers imply the existence of a communication 

network. 

Information processing produces both transactional 

and decision support information. A customer bill is a 

transaction whereas yearly sales totals constitute decision 

support information. The existence of transactional or de

cision support information implies the existance of a pro

cess to generate, or produce, the information as well as 

the mode -- on-line or batch -- of the generating process. 

Further, information mayor may not be generated on a fixed 

schedule and the information produced must be routed, or 

transfered, and presented to the recipient. 

All components of figure 1 are subjects of IS de

velopment. IS planning and development methodologies 

should provide coverage of these components as well as rec

ognize the interrelation between them. 

The Need for Integrating Plans 

The information network discussed by Forrester 

[1961] is a de facto model of the organization. with the 

need to understand and cope with automated IS, the IS has 

been isolated from other organizational functions for pur

poses of study. This conceptual isolation, unfortunately, 

has also lead to a degree of isolation of the IS function 

within organizations. In the realm of integratin planning, 

isolating information systems planning from overall 
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organizational planning makes as little sense as isolating 

marketing, production, or finance planning. 

To date, scant empirical evidence exists to 

substantiate the desirability of reintegrating information 

plans. A study by the Kearney Management Consulting firm 

offers initial evidence the results of which are shown in 

figures 3, 4, and 5. Given that the results shown are 

correlations between the level of integration and organiza

tional performance indicators it is obviously foolish to 

categorically assert a cause and effect relation. That is, 

does the integration of organizational and IS plans cause 

improvements in profitability or is it that more profitable 

organizations happen to also have integrated plans? 

Nonetheless, it is evident that such integration is poten

tially profitable. 

The study results shown are based on extensive in

terviews of "40 of the nations most successful companies." 

"It appears from study findings that companies make a major 

stride in realizing financial gains at the point when busi

ness and systems plans are integrated." The trend lines in 

figures 3 and 4 are monotonically increasing making their 

interpretation straightforward (overlooking the relatively 

insignificant dip in figure 4). Figure 5, on the other 

hand, shows a decrease in net profit margin with organiza

tions that have organizational and systems plans but the 

two are not integrated. This phenomenon points out the 
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dysfunctionality of uncoordinated plans. It also may 

account for the early disillusionment with IS planning 

using methods such as BSP [IBM, 1975]. 

The Role of Development Environments 
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The primary objective of the organizational IS is 

to increase the productivity of the organization. This im

plies certain characteristics of a quality IS, that is, an 

IS that best improves overall organizational productivity. 

Emery [1971] outlines several desireable characteristics of 

a IS: noteably, a quality IS will display only relevant 

information for a given task. Orr [1977] states an 

objective of IS developement is to develop a minimal 

system, which does the absolute minimum to produce the de

sired outputs. Also, for the IS to best support an organ

ization, which is a dynamic, learning entity in a dynamic 

environment, IS implementation must be timely. 

The desire for the IS to provide quality informa

tion implies the need for proper requirements. Some re

quirements are contingent on the generic problem domain 

while others are contingent on the particular application 

within the problem domain. For example, BIAIT [Carlson, 

1979] provides a normative, contingency model for the deri

vation of transaction processing requirements for all or

ganizations that provide goods and services. Each 
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organization, due to its uniqueness, must revise these 

requirements. IS development methods, then, should provide 

normative methods for requirement determination and methods 

to customize these requirements. 

An organization-wide, minimal IS structures the en

tire set of IS components to minimize data and process re

dundancy. Minimizing data redundancy implies maximizing 

data consistency, which in turn, improves the coordination 

of organizational tasks and decreases IS operation costs. 

One current study [Kahn, 1983] of 56 organizations indi

cates that organizations are having difficulty in effec

tively achieving the goals of establishing priorities of 

information requirements, maintaining a data dictionary, 

promoting data sharing, controlling redundancy, and main

taining an enterprise model of data. Given the magnitude 

of an organization-wine IS, computer-aids can help achieve 

these goals. 

Computer-aids are needed, also, to improve the 

timeliness of IS implementations. High-level programming 

languages, for example, have lessened the time required to 

implement applications by a ratio of 4 to 1 [Boehm, 1975]. 

Programming represents only one development task. 

Computer-aids are needed to similarly support the total de

velopment process. 
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A development environment, as suggested in [Newman, 

1982] and [Wasserman and Gutz, 1982] is an integrated, or 

unified, set of techniques and computer-aids that provides 

support for the entire development process. [Newman, 1982] 

asserts that (1) there is a need for increased attention to 

technique and tool integration, and (2) such integration 

demands a fundamental reworking of various approaches 

rather than the establishment of superficial connections 

between techniques and tools. 

Overview of the Dissertation 

Development methodologies and tools embody para

digms. These paradigms provide a framework for explaining 

and improving the development process. Paradigms of root 

methodologies, of the nature of development as a network of 

description forms and transforms, and of the organization 

of development environments are developed in chapter 2. 

These paradigms are used to examine existing development 

methodologies and tools. 

To integrate a large-scale IS into an organization, 

a coordination of mutual strategic postures is necessary. 

Chapter 3 discusses the nature of IS strategic postures. 

Chapter 4 is an overview of the Plexsys development 

environment. The Plexsys DE is comprised of a methodology 

and general and special purpose tools. IS development 

coincides with developer learning. Both the language forms 
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used to model the target system and the actual target 

system models, therefore, must change over time. This im

plies the need for a unified DE whereby the language and 

target models may be modified over time such that consist

ency and completeness is maintained within and between the 

lang~age and target model definitions. The corresponding 

general purpose tools include those for model storage and 

manipulation, language form definition, target system 

modeling, and consistency and completeness checking, and 

are discussed in chapters 5 and 6. 

Chapter 7 discusses the Plexsys methodology and 

shows the language forms used in modeling. The emphasis of 

chapter 7 is on IS planning, decision-making task analysis, 

and information requirements determination. Chapter 8, 

then, details computer-aided transforms for IS planning and 

construction. Chapter 9 provides conclusions and future 

research directions. Appendix A is a survey of strategic 

planning tools. 



CHAPTER 2 

IS DEVELOPMENT: PARADIGMS AND APPROACHES 

Methodologies guide in problem solution by provid

ing an orderly~path toward a solution. By providing a 

check list of activities, methodologies provide a 

provisional guarantee that the implemented target system 

will be complete and consistent with respect to explicit 

and, possibly, implicit system requirements. More pre

cisely, the completeness of a development methodology 

bounds the completeness of the target system developed 

using the methodology. 

Root Methodologies for IS Development 

Viewed from an abstract level, methodologies have 

root methodologies. These root methodologies provide a 

high level, canonical form for various methodologies. That 

is, two distinct methodologies may embody the same root 

methodology. In this section we review two important root 

methodologies the life cycle and prototyping -- and pre-

sent a root methodology into which both of these can be 

mapped. 
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Two seemingly diametric views of the proper root 

methodology for IS development are the life cycle approach, 

and the prototyping approach. A sample life cycle is given 

by the steps: 

1. Information Requirements Analysis 

2. Logical Design 

3. Physical Design 

4. Coding and Unit Testing 

5. Integration Testing 

6. Implementation 

7. Maintenance 

The life cycle proponents argue that in order to 

derive a logical design that is complete and consistent, a 

... -···-·c-~~plet;~~d-co~·si;tMt~staterrient--·o-f- requirements must 

exist; in turn, to derive a physical design that is com

plete and consistent, a complete and consistent logical de

sign must exist. 

The prototyping proponents argue against the life 

cycle's apparent static nature, saying that it does not 

explicity reflect the iterative nature of system develop

ment, and its assumption that a complete and consistent 

statement of requirements can be compiled a priori of the 

other phases, an assumption they declare uncategorica1ly 

false [Freeman, 1981]. As it appears in the life cycle, 

the target system, once initially developed falls into a 



hole that is labeled "maintenance." As shown empirically, 

however, the majority of maintenance is actually IS en

hancement [Lientz and Swanson, 1980] and, thus, qualifies 

as IS development. 
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Prototyping proponents stress the iterative nature 

of the system development/refinement process. The basic 

philosophy underlying prototyping is expressed well by 

Feyerabend [1975] in his book Against Method. "Creation of 

a thing, and creation plus full understanding of a correct 

idea of a thing, are very often parts of one and the same 

indivisible process." An end-user prototyping methodology 

given in [McCraken, 1981] consists of the steps "implement, 

re-design, re-implement, re-design ••• " 

.. --------.. ·-·-Suc-h-·a·--m-e~·G-G!GJ:-G£-:'l . ...-a--£-.g-i'\le.n.,. __ .is_._f.uD.dg!!lg.DJ:.EJJ-JL!.12 ____ .. _____ .. _ 

error. A purposeful system must have requirements and 

meaningful development can be attempted only after one or 

more requirements are identified. Further, given that some 

structuring of requirements and solution must precede the 

actual implementation, there must exist some structuring 

(design) activity before any attempt at implementation. In 

general, then, requirements always exist even if they are 

only general, undocumented statements of purpose, and 

structuring always takes place if some system, which, by 

definition, has structure, is to be implemented. 
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Figure 6 is an alternate, yet homomorphic, root 

methodology. The four basic activities to be carried out 

in system development are recognition, requirement gather

ing or dismissal, (re)structuring, and (re)implementation. 

Further, at any point, recognition of need or opportunity 

may cause a revision of requirements, structure, and imple

mentation. Note that nothing is implied with respect to 

which feedback arcs are dominant nor is any constraint 

placed on the rapidity with which the process iterates. 

Note also that the question of whether a given specifica

tion is a requirement or a design is a matter of 

perspective. From the viewpoint of the agents performing a 

given development task, their output represents a design. 

From the viewpoint of a subsequent development task that. 

receives the document, it is a requirements specification; 

The person who formulates a program specification produces 

a program desigr. which is a requirement imposed upon the 

programmer. 

In light of this figure, the life cycle and the 

prototyping philosophies are not diametrically opposed. 

The life cycle and prototyping approaches represent points 

on a continuum, which reflects the relative emphasis of 

each step of figure 6 as well as the rapidity of the 

iterative process -- see figure 7. From the prototyping 

perspective, the life cycle is a conservative methodology 

with the risk of never getting a system implemented, or 
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expending resources to implement an already obsolete 

system. From the life cycle perspective, prototyping is a 

hyperactive life cycle, an radical approach with the risk 

of implementing incomplete, unintegrated, and 

unmaintainable target systems. 

The proper development philosophy choice lies along 

the continuum and is determined by a number of factors. 

Davis [Davis, 1982] suggests that higher levels of 

requirement uncertainty imply the greater suitability of 

prototyping. Also, the need for organization-wide priori

tization of system development efforts and sensitivity to a 

lack of sUb-system integration, with its accompanying data 

redundancy and inconsistency, implies greater suitability 

of the traditional life cycle. Small, independent systems 

may best be approached using prototyping with the new tools 

of fourth generation languages, however if a large-scale, 

integrated IS is to be developed, substantial effort must 

precede any implementation due to the large number of 

system components and the high degree of connective density 

of the components. 

The appropriate development posture on the contin

uum between proto-typing and Life Cycle development 

corresponds to the position upon which the target system 

lies on the application to system continuum. The applica

tion to system continuum ranges from an application in 
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which no component -- data, processes, etc. is shared 

among organizational tasks to a system in which all compo

nents are shared by two or more tasks. A mid-point on this 

continuum is system development where isolate, task speci

fic, processes are developed using a shared database. 

A methodology can support either a pro-active or 

re-active development viewpoint [McLean and Soden, 1977]. 

Pro-active viewpoints add an organizational information 

planning step at the beginning of the development process. 

System development then proceeds along a goal directed path 

developing integrated, prioritized sub-systems. This view

point is best supported by an approach on the life cycle 

side of the continuum. Re-active methodologies develop 

systems to treat individual problems or to do fire-fighting 

in the organization. A re-active viewpoint is best sup

ported by an approach on the prototyping side of the con

tinuum. 

The primary philosophical argument against life 

cycle and in favor of prototyping approaches is still, 

again from Feyerabend, that the correct idea of a IS and 

the creation of the IS are often one and the same process. 

However, as more is learned about the nature of organiza

tional information requirements, the greater the ability to 

devise increasingly normative methodologies and tools. 

These methodologies and tools increasingly represent the 



correct idea of the IS before the creation of an instance 

of a IS. 

Aspects of a Develupment Environment 
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A DE is defined as a complete and unified set of 

concepts, techniques, and computer-aided tools, that cover 

the entire development process. These methods serve to 

support the elicitation of requirements, the derivation and 

implemention of designs, and analysis the quality, such as 

completeness and consistency, of requirements and designs. 

IS development is a network of transformations 

which are comprised of input descriptive forms and develop

ment transforms that derive output descriptive forms. The 

most familiar examples of automated transforms are program

ming language pre-processors and compilers. A methodology 

is the formalization of a specific development process 

network. A unified, complete methodology provides formal 

description forms and formal transforms for the entire de

velopment process. Figure 8 shows the development process 

as such a network. 

A formal transform has knowledge, or understanding, 

of 1) the system description form that is input to the 

transform, 2) the output system description form to be pro

duced, and 3) the rules and procedures for mapping the 

input form to the output form. 
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Current Technigues and Tools for IS Development 

Much research in methodology and tools falls into 

two schools: the organizational modeling school and the 

software/database modeling school. The organizational 

modeling school is exeemplified by techniques such as BMT 
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[Pendleton, 1981], BSP [IBM, 1975], BIAIT [Carlson, 1979], 

and BICS [Kerner, 1979], and stems from the need for organ

izational modeling, IS strategic planning, organizational 

integration of systems, and management acceptance of the 

role of IS. The software/database modeling school is ex

eemplified by techniques such as Structured Design 

[Stevens, et al., 1974], Warnier-Orr [Warnier, 1976] 

[Warnier, 1981] [Orr, 1977], ISDOS [Teichroew and Hershey, 

1977], SREM [Dyer, 1977] [Alford, 1982], the relation data 

model [Codd, 1972], the entity-relationship-attribute model 

[Chen, 1976], and the "adaptable methodology for database 

design" [Roussopoulos and Yeh, 1984]. 

IS requirements stem from the activities of the 

utilizing system [Davis, 1982]. Attributes of the utiliz

ing system are descriptions of the organizational tasks and 

environment and are not explicit target system descrip

tions. Attributes of the utilizing system are then used to 

infer attributes of the IS. In BIAIT and BICS, for exam

ple, the inference, or transform, is a simple mapping of 

attributes of the utilizing system to attributes of the IS 



generic information and processing requirements and 

designs. 

The generation of refined requirements involves 

infering new requirements from the requirements currently 

modeled. If the transform process can be formalized and 

codified -- the realm of knowledge engineering -- then 

there is potential for computer aiding or automating the 

transform. A DE, then, should attempt to formalize de

velopment transforms such that a tool to automate or aid 

the development transform can be constructed. 
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The actual generation of operational target system 

components marks the final development activity in an 

iteration of the development process. The components re

ceiving most attention are the information processing and 

data stores -- high-level languages, including fourth gen

eration languages, and generalized data management facili

ties. Other components that need to be proceduralized in

clude schedules for data acquisition, data store updating, 

archiving, and disposal, data communication networks, in

formation routings and schedules, etc. 

Existing methodologies and tools can be classified 

into four groups: 

1. methodologies with descriptive forms that attempt 

to cover the development process but do not 

formalize techniques for development transforms and 

do not provide tool support, 



2. methodologies with techniques that provide only a 

framework for normative analysis or development 

transforms, but do not cover the development pro

cess and do not provide tool support, 

37 

3. automated tools for description language 

customization, model definition, storage and 

retri~~al, documentation generation, and performing 

or aiding in engineering analysis, but do not cover 

the development process or support elicitation or 

transforms. 

4. tools that perform development transform activi

ties. 

The following section is a survey of representative 

methodologies and tools from the above four categories. 

Current Methodologies for System Description 

A great number of IS development methodologies spe

cify the "what" rather than the "how" of development. 

Methodologies that lack formal transforms are characterized 

by explanatory statements of the form "now produce an X de

scription where an X description looks like this." With re

spect to the target system description, however, many meth

odologies are relatively complete. 
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Structured Systems Analysis (SSA). [Gane and 

Sarson, 1979]. SSA is a methodology for modeling process 

flow, data structure and process logic. It describes the 

necessary representational forms of data flow diagrams, 

data dictionaries, decision tables and trees, and data im

mediate-access diagrams. As SSA does not include an auto

mated tool set, it largely ignores actual implementation 

questi6ns~ This is not surprising since actual implementa

tion of IS components demands specific instances of tools 

such as program generators, compilers, data base management 

systems, and network management systems. A synopsis of the 

SSA steps is: 

1. Initial objective analysis -- The statements of 

problems and opportunities are stated as objec

tives. These objectives are formulated from the 

perspective of the user. The translation of these 

objectives into objectives for the target system is 

undertaken later. 

2. Initial cost/benefit analysis -- Given the current, 

and relatively cursory, requirements and objec

tives, the economic feasibility, or attractiveness, 

of the target system is assessed. In particular, 

system benefits are identified in the three areas 

of 1) increased revenue, 2) avoided costs, and 3) 

improved service. 
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3. Logical modeling of the existing system -- Using a 

data flow diagram (OFO) a model of the system is 

built. A OFO is used to describe sources and 

destinations of data (system interfaces), flows of 

data, processes which transform flows of data, and 

stores of data. Any given component of a OFO may 

be "exploded" in a lower level DFO. Note that at 

this time an assumption is imposed. This assump

tion comes in the form of the system boundary cho

sen which, in turn, implies the scope of the study 

as well the the scope of control assumed for system 

design purposes. 

4. System objectives System objectives are derived 

from the limitations of the current system and the 

previously identified user objectives. The general 

areas for system objectives (performance) outlined 

by Gane and Sarson include improved response, 

freshness, and accuracy of supplied information, 

more supplied information, and new information 

processing logic. 

5. Produce alternative physical design -- Given the 

logical requirments generated thus far, make 

tentative decisions on, for example, what processes 

to automate, the timing of processes, choices be

tween batched or on-line file updating, hardware 

and system component distribution. Also, the 



logical model is assessed to determine possible 

elimination of redundant data and processes. 
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6. Detail design of process and data -- The logical 

data and processes depicted in the DFD are detailed 

as physical structures and procedures. 

Particularly data stores are detailed in a data 

dictionary descriptive form, process logic is 

formalized in decision tables and structured 

english and new clerical (interface) procedures are 

outlined. 

7. Cost estimation -- Projection of "people time" and 

support resources needed for both system construc

tion and operations are made. 

SSA provides a rich set of representational forms 

for modeling process flow, process logic, and data struc

ture. It offers, also, several concepts for economic ana

lyses. 

ISAC. ISAC [Lundeberg, et.al., 1981] was developed 

in Europe and is, as SSA, weak with respect to formalizing 

development transforms. A synopsis of ISAC is: 

1. Problem Recognition -- For example "distribution 

reports are late" and there is "no basis for pro

duction planning." 
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2. Change analysis -- Here described are the activi

ties affected by the problem, the input/output re

lationships between activities, properties of the 

activities such as inter-activity contact fre

quency, volumes and frequencies of inputs and out

puts to and from activities. Finally, the problems 

initially identified are restated as objectives and 

prioritied and alternative for problem solution are 

defined. 

3. Activity study -- In this phase, the activity 

structure is partitioned and activities are further 

defined. The information system, specifically, is 

partitioned into subsystems and each subsystem is 

~described in detail.~ Also, activities are cate

gorized by their ~degree of formalization." This 

notion is identical to the distinction between pro

grammed/nonprogrammed decisions and structured/un

structured tasks discussed by authors such as 

[Simon, 1977]. Finally, cost/benefit analysis is 

carried out to determine the attractiveness of each 

alternative subsystem. 

4. Information Analysis In this phase, the 

precedence relations between activities are deter

mined (which activities depend on the outputs of 

what other activities), the structure of informa

tion sets are delineated, and process behavior is 
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depicted by means of decision tables. 

5. Data System Design -- The last phase of ISAC in

volves the determination of data store (record) 

structure and the relation between processes and 

data (what processes manipulated or use what data). 

Process structure is derived from the data struc

tures via the method of [Jackson, 1975] which is 

highlighted below. Finally, hardware is selected, 

file are generated, etc. 

The focal system description forms include: 

1. An activity graph showing the interrelation between 

organizational activities under study, 

2. Information set precedence graphs, 

3. Information set contents and structure graph, 

4. Data structure and data base graphs, and 

5. Program structure graphs. 

The methods just outlined are two of a large number 

of system development methods. Although a critique of the 

current state of methodologies and tools is deferred to the 

end of this section, several points should be raised here. 

One, there are many similarities between methodologies. 

This is not surprising as most use the development life 

cycle as their root methodologies and also draw upon each 

other. Second, the majority of methodologies address the 

analysis and design of subsystems, particularly transaction 
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processing subsystems, and not enterprise-wide ISs. Third, 

there is little tool support for the methodologies. 

Current Normative Methodologies 

BIAIT [Carlson, 1979] and BICS [Kerner, 1979] are 

normative methodologies. Based upon attributes of the 

utilizing system -- organizational model -- data and pro

cess requirements are formally infered. The attributes 

relate to how transactions are handled and monitored in an 

organization. Specifically, the seven attributes pertain 

to whether the organization 1) has credit sales, 2) 

delivers goods, 3) profiles customers, 4) negotiates its 

prices, 5) sell or rents goods, 6) tracks orders, and 7) 

produces standard or custom goods. 

Based upon the value of the above binary attrib

utes, a formal mapping is used to determine general process 

and data requirements. For example, if goods are sold at a 

fixed price, product forecasting data and product pricing 

data are required; otherwise, if price is negotiated, con

tract negotiation data is required [Kerner, 1981]. 

The majority of methods, methodologies, and tools, 

rather than directly generating IS requirements from at

tributes of the utilizing environment, derive refined re

quirements and designs. They are more or less formalized 

development heuristics. 
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Jackson [1975, 1983] outlines techniques for 

refining system structure and for deriving process struc

ture from data structures. It is a popular technique for 

the design of transaction-oriented software. The two fun

damental steps of the process structuring technique are: 

1. Define the structure of inputs and outputs, where 

structure indicates the cardinality between compo

nents, 

2. Derive a logical program structure based upon cor

respondences between the input and output struc

tures. These correspondences are in terms of 

cardinality: one to one, one to many, many to one, 

and many to many. 

The method is further formalized by Alford [1982] 

who formalizes the description, via graph theory, language 

for the input, output, and process structures as well as 

the majority of transforms -- backtracking, resolution of 

structure clash, and multi-threading. 

Formal transforms for generating operational IS 

components, executable code, for example, are almost by ne

cessity tools. Discussion of such transforms as program 

generators is deferred until later in this section. 
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Current Tools for Modeling and Model Analysis 

In the development of large-scale, highly inte

grated ISs, without computer-aided tools, it is difficult, 

if not impossible, to manage the creation, storage, and 

retrieval of system descriptions. It is more difficult to 

manually check for the completeness and consistency of 

those descriptions. To automate completeness and consist

ency checking, a formal system description language, ma

chine-readable model storage, and retrieval facilities must 

exist. 

PSL/PSA. One of the earliest such tools is PSL/PSA 

[Teichroew and Hershey, 1977] and was first conceived in 

the 1960's. PSL is a description language/description 

analyzer for logical designs. The PSL parser is generated 

with a meta system -- the Information System Language 

Definition System [Yamamoto, 1981]. The meta system has 

been used to generate a number of description languages 

[Teichroew et al., 1980, 1981] [Konsynki and Bracker, 1980) 

[Konsynski, et al., 1982]. More recently, research leading 

to meta definition of consistency and completeness rules 

was undertaken [Kang, 1982]. 

The basic object types modeled in PSL are input, 

output, interface, entity, and process. Inputs and outputs 

are objects that cross the modeled system's boundary -

customer orders. An interface is the source or recipient 

of an input or output -- customer. An entity is an object 
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that exists in, and may flow through, the system -- ship

ping ticket. A process -- order processing -- derives en

tities and outputs -- shipping tickets and bills -- and re

ceives and uses entities and inputs. Objects are related 

via relations such as "uses" and "generates." Further, the 

conditions under which processes are initiated can be 

modeled. 

Automated consistency checks ensure that the PSL 

language has been used cOLrectly. These include checks to 

insure that no ambiguity exists in the model -- that an 

object called a process is not also called an entity and 

checks to insure that proper relations between objects are 

maintained -- a process cannot generate a process. 

PSA reports are produced to be used by the systems 

analyst to visually check for completeness and consistency 

[Teichroew and Gackowski, 1977]. Examples of the integrity 

checks supported via PSA reports are: 

1. All "interfaces" should "generate" some "input," 

"receive" some "output," or be "responsible" for 

some "set." 

2. All "entities" should be broken down via the "con

sists" statement clause. 

3. All "processes" should be incident to some data. 
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The last check, for example, is supported by a ma

trix report with processes along one axis and data along 

the other with entries in the matrix showing the existance 

(or absence) of receives, uses, updates, derives, and 

generates relations. 

The PSL description is stored using a CODASYL data 

base management system. A procedural Report Definition 

Language, RDL, can be used to generate customized documen

tation. The PSL/PSA approach lacks an explicit methodo

logy, other than the methodology implied by what objects 

and relations need to be modeled, and similarly lacks in 

formal, automated transforms. PSL/PSA is a precursor to a 

number of system description tools. 

SPSL. [Sorenson, et al., 1981] [Opseth, et al., 

1983] has been extended from PSL to include office descrip

tion, the modeling of organizational forms, a structured 

English grammar and parser, and an interactive target 

report format prototyping facility. 

SREM. The SREM system [Dyer, 1977], [Alford, 1982] 

was developed to support the development of real time sys

tems. Although our emphasis in this paper concentates on 

IS, the SREM system provides a good example of automated 

completeness and consistency checking. SREM provides a de

scription language, RSL, and stores models in a CODASYL 

data base. 
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Given the paradigm of the development process as a 

directed graph of system descriptions and transforms, the 

tools just discussed aid in determining whether the de

scription produced at a subset of points in the development 

process is complete and consistent input to later develop

ment activities. Below, tools that automate or aid in the 

actual performance of transforms are discussed. 

Tools to Perform Transforms 

The vast majority of transform tools come from the 

software modeling school and hence concentrate on program 

generation. (High-level languages, such as Pascal and 

COBOL, and generalized packaged software, though important, 

ubiquitous tools, are not discussed here.) A set of 

transformation tools, with their roots in artificial intel

ligence, attempts to computer-aid or automate program syn

thesis. Two representative tools are PECOS and the 

Programmer's Apprentice. These and other such AI based ap

proaches are reviewed in [Barr and Feigenbaum, 1981] and 

[Partsch and Steinbruggen, 1984]. 

PECOS [Barstow, 1979] is an expert system for 

program synthesis. A knowledge base of several hundred 

production rules exist to guide the computer-aided synthe

sis. For example, in the selection among data structures 

to implement a collection of data items, if the cardinality 

of the collection of data items is bounded, then an array 



is an appropriate data structure, if unbounded, a linked

list is appropriate. Further, if the set of possible 

members is predetermined, it may be represented as a map

ping of items to Boolean values. 

The .application domains of PECOS are largely 

disjoint of IS, except for database retrieval. PECOS has 

been used to synthesize simple sort algorithms, a graph 

reachability, and prime-number algorithm. 
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The Programmer's Apprentice [Waters, 1982] is de

scribed as "midway between an improved programming methodo

logy and an automatic programming system." Further, lithe 

greatest leverage provided by the system stems from the 

fact that a programmer can rapidly and accurately build up 

a program by refering to the fragments [code modules] in 

the library ••• " It serves, then, as an intelligent inter

face to a library of software modules. 

A host of program generators have been developed 

and classified as fourth generation languages. They are 

not program generators in the sense of PECOS, that is, they 

do not generate code, but rather, they are comprised of a 

set of data-driven, generalized functions. The functions 

typically included are "database" definition, interactive 

database maintenance, querying, and report generation. 

Such generators, then, have clustered previously available 

functions into one system. The domain of the majority of 

fourth generation languages is the development of isolate 
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applications rather than large-scale, integrated ISs. 

Further, the capability of such systems is, of course, li

mited. Report generation, for example, is typically li

mited to hierarchic (control break driven), sorted reports. 

Such report definition facilities have been available for 

some time -- COBOL report writer, for example. 

Current tools for system generation are still in 

their infancy. Further, to.be of maximum utility in the 

development of large-scale, integrated ISs, they must be 

devised and actualized in the larger context of a 

Development Environment. 

potentials for New Development Environments 

Taken as a group, the current methodologies and 

tools serve as a rich set of DE components in need of 

enrichment and integration. Some observation of the cur

rent situation are: 

1. Methodologies formulated for IS development 

concentrate on the formulation of system descrip

tion forms and the order in which these forms are 

to be produced. The methodologies, however, typi

cally neglect formalizing the exact nature of the 

transform procedures required to go from one de

scriptive form to the next. 
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2. Very few methodologies have integrated tool sets to 

support performance of the methodology. 

3. Current methodologies and tools typically address 

development of subsystems, particularly transaction 

subsystems, and do not address development of inte

grated (minimal), large-scale ISs. 

4. Current tools address relatively small parts of the 

development process. 

5. Current tools most often do not embody explicit, 

formal methodologies. 

6. There is a lack of tools that perform transforms. 

7. The tools that do perform transforms address the 

generation of executable code and address applica

tion, rather than system, development. (Here we 

run the danger of tools returning us to the days of 

fragmented systems with their duplication and in

consistencies). 

8. Current methodologies rarely address the active in

tegration of organizational and IS strategic plan

ning. 

The integration of organizational and IS planning, 

as indicated in chapter 1, is a potentially profitable 

undertaking. Chapter 3 considers the types of IS strategic 

planning postures and the alignment of organizational and 

IS strategic postures. The nature of methodologies and 
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tools with respect to the various postures. Chapter 7 pro

vides a straight-forward technique for integratin organiza

tional and IS strategic planning. 



CHAPTER 3 

INFORMATION SYSTEMS PLANNING: 
STRATEGIC POSTURES AND METHODOLOGIES 

Two complementary issues emerge in formulating and 

implementing a comprehensive IS plan -- determining of the 

IS function's strategic posture and choosing or developing 

appropriate IS planning methodologies. [Kottemann and 

Konsynski, 1984] and this chapter presents frameworks for 

addressing both issues. IS strategic postures vary along 

several dimensions including the level and scope of the 

system view as well as the degree of participation of the 

IS function in overall organizational planning. The choice 

among postures is a choice of a set of IS guiding policy. 

Current IS planning methodologies differ in: components of 

the organization used as planning pivots, assumptions indi-

cating perceived stability of components, and IS objectives 

reflected in the methodology. These assumptions and objec-

tives implicit in a methodology dictate their suitability 

for given strategic postures. A contingency framework is 

used in examining selected IS planning concepts and metho-

dologies. subsequent chapters discuss the Plexsys deve1op-

ment environment which attempts to address system planning 
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and development for all IS strategic postures. 

Information Systems Planning Strategic Postures 

Perspectives, or dimensions, along which the IS's 

role in overall organizational planning can be analyzed 

are: 
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1. The level of strategy addressed by the IS function

al unit, 

2. The phase, if any, of the organizational planning 

process that the IS functional unit is actively in

volved in, 

3. The scope of the strategy under investigation by 

the IS functional unit, and 

4. The degree of participation of the IS functional 

unit in organizational strategic planning. 

The first dimension is the level of objectives and 

strategy being addressed by the IS functional unit. Five 

levels are proposed based in part on the taxonomy presented 

in [McNichols, 77]. The organization's root strategy, its 

mission, provides guidelines for the firm's posture and 

scope in the market place and for the formulation of stra

tegies at other levels. From the root strategy, in con

junction with the recognition of a problem or opportunity, 

organizational objectives and goals are formulated. 

Operating strategies are developed as mechanisms for the 

realization of organizational goals. Operating strategies 
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dictate, among other things, the enterprise's actions in 

the market place. Organizational design strategy formula

tion includes such tasks as communication network design to 

support the realization of operating strategies. Finally, 

monitoring and control strategies are developed as mechan

isms for determining and correcting the organization's per

formance with respect to strategic objectives. 

The second dimension considered centers on the or

ganizational strategic planning process itself. A host of 

organizational strategic planning process models have been 

proposed in the literature. A representative organiza

tional strategic planning process model, adapted from 

[Mason and Mitroff, 81], is 

1. Problem/opportunity perception, 

2. Problem/opportunity formulation and structuring, 

3. Premising: (a) Formulation of objectives, (b) 

Formulation of goals al1cl de.~ivation o~ performance 

criteria, (c) Fact identification, (d) Assumption 

identification, 

4. Generation of alternative, 

5. Evaluation of alternatives: (a) analysis of out-

comes (consequences), (b) evaluating outcomes, 

6. Selection of alternative(s~, 



56 

7. Implementation of the alternative(s), 

8. Monitoring the performance of the strategies. 

Differing approaches to, and problem contexts of, 

organizational strategic planning dictate the emphasis to 

be placed on each step of the organizational strategic 

planning process by individual functional units. IS, 

historically, has adopted a passive role, in general, and 

has concentrated particularly in the implementation of 

predefined monitoring activities. The above steps serve as 

a second dimension with which to assess the role of the IS 

functional unit in organizational strategic planning. 

A complementary view of the levels of strategies is 

the scope of strategic plans. For our purposes, plan 

scopes include environmental, firm, and subunit of the 

firm, where a subunit may be an individual. Further, the 

degree to which a plan is environmental in scope is deter

mined by the type of stakeholders addressed in a given 

strategy. In addition, scope can be viewed as the organi

zational levels of tasks -- decision-making and transaction 

processing. 

The functional units used for purposes of discus

sion include the traditional business functions of market

ing, finance, production, IS, etc. Each functional unit of 

the firm will assume a given role in organizational strate

gic planning. The roles of the functional units apply to 
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the phases of organizational strategic planning in which a 

functional unit participates. The basic roles are 

nonparticipative, participative, and focal. A totally 

nonparticipative role, in terms of IS, is the implementa

tion of systems to support existing business processes. A 

functional unit in a wholey nonparticipative role is in

volved in organizational strategic planning only in a post 

facto sense, that is, in the support of previously imple

mented strategies. 

A participative role implies that the functional 

unit is included in one or more phases of the organiza

tional strategic planning process. IS participation in 

strategy implementation, for example, implies that IS pro

cesses are implemented concurrently with the overall organ

izational strategy. If a unit is in a wholey participative 

role, it is actively involved in all phases of organiza

tional strategic planning. The focal unit is that func

tional unit which is the major pivotal area for the strate

gic plan at a given level of strategy. In improving market 

share through promotion, for example, the marketing 

function is the focal unit whereas finance, IS, and other 

functions mayor may not participate in the formulation, 

implementation, and monitoring of organizational strategy. 
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The dimensions of analysis for organizational stra

tegic planning processes are summarized in figure 9. These 

analysis dimensions indicate the basic tacts and strategic 

postures of the a given IS function. Below is a list of IS 

tacts as a function of the analysis dimensions. The tacts 

are listed in order of increasing level, phase, scope, and 

participative role of the IS function in organizational 

planning. 

1. Isolated support of predetermined monitoring acti

vities for selected individual business processes. 

2. Isolated support of existing operational activities 

for selected business processes. 

3. Integrated system support for predetermined moni

toring activities in individual functional units of 

the firm. 

4. Same as 3, but for operational activities. 

5. Integrated systems support, at the firm level, of 

predetermined monitoring, organizational, and oper

ational business processes. 

6. The extension of 5 to include environmental scop

ing. 

7. Derivation of IS plans, at the sub-unit or firm 

level, from current organizational monitoring stra

tegies. 
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8. Same as 7 r but extended to include organizational 

design and operational strategies (e.g., internal 

communication systems). 
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9. Derivation of IS plans from current organizational 

objectives. 

10. IS support costs considered in the selection, and 

perhaps the formulation, of strategy option(s). 

11. The IS functional unit participates in the formula

tion of organizational monitoring strategies. 

12. IS participation in the formulation and 

implemetation of organizational design and operat

ing strategies. 

13. Same as 12 with environmental scoping. 

14. IS focused organizational design and operating stra

tegies at the firm level (An information processing 

view of the organization is used for strategy for

mulation). 

15. IS focused organizational strategies of 

environmental scope. 

16. IS focused organizational mission and objectives. 

Figure la, which will be used for parsimony in the 

contingency model below, groups the sixteen tacts into four 

basic IS strategic postures. The degree to which the IS 

function is integrated into organizational strategic plan

ning is contingent on the role adopted by the IS functional 
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unit in the organizational strategic planning process with 

respect to l} the varying levels of objectives and strate

gies, and 2} the varying scopes of objectives and strate

gies. Any subset of the sixteen general tacts listed and 

IS strategic postures of figure 10 may be appropriate as an 

IS planning philosophy for a given organization. Each of 

the tacts offers potential benefit to the firm. The con

cerns of, and appropriate methodologies for, the four IS 

strategic postures are discussed following the next sec

tion. 

Information System Planning Methodologies 

A variety of methodologies have emerged for support 

of the IS planning activity. Two areas addressed by these 

methodologies are: (I) Application/Systems Planning, and 

(2) IS functional organization planning. The first area 

involves determining application, data, and technology 

plans and is the dominant concern of the majority of recent 

methodologies. An IS planning approach implicitly embodies 

IS tacts and strategic postures that direct system evolu

tion. 

The second area, IS functional organization plan

ning, is concerned with insuring a proper fit between the 

organization and control of the IS function and the organ

ization as a whole. Considered here are issues of costing 

and pricing, centralization and decentralization, and 
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system component ownership. This area, although critical 

for a complete IS plan, is here only briefly addressed. 

Note, however, that the two strategy areas are interre

lated. Organization and control strategies imply appropri

ate technology strategies: a highly decentralized organ

ization implies the use of locally controlled minicomputers 

that mayor may not be networked. The methodologies con

sidered below address the tasks of capturing and structur

ing IS requirements. 

Information Systems planning methodologies differ 

along several dimensions. 

1. The characteristics of the organization considered. 

2. The implicit or explicit view of information 

adopted by the methodology. 

3. The IS goals that are implicitly embedded in the 

methodology. 

The characteristics of the organization considered 

by a given methodology define what are considered critical 

factors that determine IS requirements. All of the metho

dologies discussed here treat one or more characteristics 

as the "pivots" of analysis. BSP [IBM, 75] drives the 

analysis by identifying an organization's resources and 

processes. The pivot characteristic in CSF [Rockart, 79] 

is the critical success factor, and associated objectives, 

as viewed by managerial users. The product portfolio 
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approach [McFarlan, 81] pivots on the products of the firm. 

The choice among appropriate pivotal characteris

tics are influenced by several attributes: 

1. The pivotal characteristics should be meaningful 

and important to the users, 

2. They should be easy to identify with a minimum of 

ambiguity, 

3. They should lead to the identification of other 

characteristics such that a complete set of strate

gic requirements can be derived, 

4. They should remain stable over time, and 

5. They should offer a consistent view of the organ

ization to the diverse groups involved in system 

planning. 

The importance and meaningfulness of the pivotal 

characteristic(s) to the user(s) govern the efficacy of re

quirements elicitation. Critical success factors, for 

example, have de facto importance to a given manager. 

The ambiguity of characteristic(s) increases the 

difficulty of applying a given technique as individual and 

mutual user/analyst understanding of requirements are 

hampered. Physical entities such as products and resources 

afford a relatively unambiguous avenue into strategic re

quirements analysis. 
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The degree to which the pivotal characteristics 

lead to the identification of other relevant characteris

tics affects the expected completeness of the resultant 

strategies. Given that an organization is comprised of, 

and a player in, a highly interconnected network of activi

ties, analysis of a single characteristic is unlikely to 

lead to a complete view of the organization. An appropri

ate pivotal characteristic, therefore, should naturally 

lead to the identification and consideration of other 

salient features of organizational dynamics. Using re

sources as a pivotal characteristic, for example, provides 

a path to the identification of the transformation and man

agement processes that lead from resources to final pro

ducts. 

Organizational characteristics apply to individual 

tasks, task interrelationships, the firm as a whole, the 

firm in relation to other firms, and the firm in relation 

to the environment in its broadest sense. This can be con

sidered the "causal texture" [Emery and Trist, 1965] of the 

methodology's view. As "scope" is used in the discussing 

of IS strategic postures, "texture" and "scope" will be 

used interchangably. The characteristics considered by the 

various IS planning methodologies can be compared with re

spect to texture. For purposes of discussion, we have cho

sen four textures. First, the individual activities in an 

organization can be analyzed for strategic requirements. 
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Second, the interrelations between activities can be con

sidered. Aspects of relations include required coordina

tion between activities -- production and marketing, for 

example. Third, the direct relations between the organiza

tion and its environment can be considered. These 

relations include resource acquisition and product market

ing. Fourth, the total organizational environmdnt can be 

considered. Extending from the third, competition and 

other general macroeconomic mechanisms are considered. As 

is discussed in the next section, the various IS planning 

techniques differ with respect to the texture of analysis. 

An important attribute of strategic requirements 

are their stability. Given the often high capital expense 

and lengthy development time-frame of large-scale IS imple

mentations and the difficulty of radically changing exist

ing implementations, it is desireable to base design and 

implementation on stable aspects of the organization. Each 

of the methodologies discussed in the next section makes 

assumptions of stability. What characteristics are in fact 

stable, however, is contingent on a myriad of organiza

tional and environmental factors. 

A final attribute of pivotal characteristics is the 

degree to which they provide for a consistent view of the 

organization. By "consistent," we mean that strategic 

requirement models based upon given characteristics are 

interpreted congruently by all members of the user and IS 
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communities. 

In addition to the five attributes of pivotal char

acteristics used by a given IS planning methodology, the 

methodologies represent, implicitly or explicitly, a cer

tain view of the role of information in organizations and 

also represents a certain view of underlying IS objectives 

and goals. Information can be viewed in a number of ways: 

as a resource or commodity that can be sold or used di

rectly for competitive advantage, as a decision aid in re

ducing uncertainty, as a mechanism to coordinate activi

ties, or as "just a thing" that has de facto value if 

"someone wants it." 

All IS planning methodologies have associated with 

them underlying assumptions of IS objectives and goals. 

These implicit objectives directly affect the nature of re

sultant IS strategies, which, in turn, affect governing de

sign principles. These implicit objectives dictate whether 

IS strategies move toward system integration or high payoff 

applications, whether the strategies are short or long 

term, whether lower level, transactional and operational 

activities or high level, strategic decision making activi

ties are supported. 



Information System Strategic Postures 
and Selected Methodologies 

The properties of methodologies discussed above 
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were chosen as a basis for assessing the applicability of a 

given IS planning approach in a given context. The nature 

and scope of the characteristics and the IS strategic 

postures implicit in the various approaches dictate their 

suitability for use in a given organization in a given con-

text. 

If, for example, an organization desires only to 

integrate existing systems, BSP is adequate. If, on the 

other hand, it desires to identify new application areas, 

gather new information requirements, and integrate systems, 

a hybridization of several approaches is appropriate -- CSF 

and BSP, for example. 

In general, the choice among approaches should be 

based on: 

1. The dominant IS strategic postures, and 

2. The nature of the organizational characteristics 

addressed by a given technique, notably the 

stability of the pivotal characteristic. 

First, the approaches selected must have embedded 

in them IS objectives that are in concert with those deter-

mined for the organization and the IS. Thus, given the IS 

strategic posture, planning approaches should be selected 

that embody the posture. Typical IS objectives that 
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influence the choice among planning approaches include the 

desire to support decision-making tasks, to effect coordin

ation among organizational activities, the desire for 

system integration, and the aggressiveness with which the 

organization desires to pursue IS strategies to gain a com

petitive advantage in the market place. 

The choice of appropriate approaches should also be 

based on the stability of the approaches' pivotal charac

teristics. What characteristics are in fact stable depend 

on the particular organization and industry under examina

tion. These characteristics include individual products 

and product lines, organizational culture and structure, 

competition and industry structure, resources and business 

processes. 

In summary, then, a set of appropriate IS planning 

approaches can be selected for hybridization in a given si

tuation by: 

1. Formulating the organization's IS strategic pos

ture, 

2. Identifying the stable characteristics of the or

ganization and its environment, 

3. Based upon 1 and 2 (and an analysis of the poten

tial approaches as presented in this section) se

lect appropriate IS planning approaches. 
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Concerns and methodologies for each of the four 

basic IS strategic postures are discussed below. Note that 

only the fourth posture implies a participative or focal 

role of IS in overall organizational planning. For each IS 

strategic posture, the basic IS concerns, system management 

and control issues, appropriate planning methodologies and 

tools are discussed. The methodologies are ass~ssed with 

respect to the criteria given in the previous section. 

IS Posture I: Isolated (Unintegrated) Task Support 

Posture I is suitable for task support where the 

task is highly autonomous, that is, there is a low level of 

functional interdependency, or when the task has highly 

unique information and processing requirements. System 

management issues here are negligible as the posture is or

iented to application rather than system planning. 

Appropriate methodologies and tools include critical 

success factors, the product portfolio approach, prototyp

ing, and fourth generation, end-user programming "lan

guages." 

Critical Success Factors (CSF) [Rockart, 79] is a 

technique for eliciting information requirements of mana

gerial users. The pivotal characteristic, as the name im

plies, is the set of factors that a manager deems critical 

for the success of the enterprise. The factors can, once 

identified, be stated as objectives. Information required 



to monitor performance with respect to the objectives is 

then identified. 
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Identifying CSFs is perhaps more difficult than 

identifying physical entities such as products. CSFs are 

sUbjective and may lead to inconsistent IS requirements. 

The texture of the CSF approach is limited largely to man

agement activities, specifically as they relate to monitor

ing activities. The stability is dependent on the 

stability of objectives. Potentially, then, CSFs offer a 

stable pivotal characteristic for IS requirement determina

tion. 

The CSF approach views information as a mechanism 

with which to monitor the performance of objectives. The 

underlying objective in CSF is to provide IS application 

support to key aspects of the organization. It does not 

explicitly address issues of system integration nor long

range IS evolution. 

The product portfolio [McFarlan, 81] is an IS spe

cific form of the Boston Consulting Group's market strategy 

approach. The pivotal organizational characteristic of 

this methodology is the products marketed by a firm. The 

nature of a product is defined in terms of its stage in the 

product life cycle and current market position. Given that 

products are physical entities, they are generally meaning

ful, easy to identify, and unambiguous. The completeness 

and consistency of the strategies formulated using the 
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product portfolio approach are limited due to the one

sidedness of the analysis. In other words, the scope of 

the analysis is limited largely to the "demand side" of the 

organization. Rather than claiming products to offer a 

stable view of the organization, this approach admits, and 

indeed accomodates, the volatility -- changes in life cycle 

phase and market position of products. 

Information value is deemed by the product 

portfolio approach to stem from its support for production 

efficiency and marketing effectiveness. The objectives, 

then, relate to improving market position. Based upon the 

products stage in the life cycle and its market share, gen

eral guidelines for IS support are indicated. 

IS Posture II: Integrated Task Support 

Posture II becomes important when there exists high 

levels of functional interdependencies and common informa

tion and processing requirements among tasks. One basic 

concern with this posture is data management. Data manage

ment implies system management issues 1) to minimize unne

cessary redundancy, or duplication, of the creation, ga

thering, storage, and processing of data, and 2) to 

establish the ownership of data resources. Appropriate 

methodologies and tools include architecture approaches 

such as BSP, BIAIT, and BICS. 
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BSP [IBM, 75] is one of a number of IS architecture 

approaches. BSP uses an organization's resources to 

"drive" the analysis process. Resource tracking provides a 

mechanism for the identification of business processes. 

Business processes are analyzed with respect to their 

relations with three other organizational characteristics: 

organizational~units, data classes, and systems. The lack 

of a thorough taxonomy of these four factors hamper the 

meaningfulness, ease of identification, and unambiguity of 

organizational characteristics. 

The scope of BSP analysis is constrained by the 

boundaries of the organization. Business activity centers 

are analyzed and interrelated via data, system, and organi

zational units. This limitation is, of course, easily 

overcome by explicitly modeling processes in the environ

ment. 

The pivot, business processes, was selected based 

on a perception of stability. It is proposed that business 

processes offer the most stable pivot for IS planning in an 

organization. The view of information implicit in BSP is 

passive, that is, information is merely "a thing" which 

exists in the organization. BSP is not a planning methodo

logy in the strict sensei data and systems are identifi~d 

as they currently exist or are currently planned in the or

ganization. The underlying objective in BSP is not to plan 

new systems but to effectively prioritize and integrate 
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systems. Its dominant objective is to move toward an inte

grated IS. 

BSP is a seven phase process ending in the instal

lation and operation of information systems. Only the ini

tial phase 'is of interest here. The first phase in BSP is 

the identification of requirements. The objective of the 

phase is for the study team to gain a holistic understand

ing of the firm. This is accomplished by examining exist

ing documents and by interviewing executives. The activi

ties of the requirements identification phase are: 

1. Study team formation. 

2. Existing firm documents are reviewed in order to 

analyze the firm. The documents investigated in

clude organization structure, environmental anal

ysis, current plans, financial and product reviews, 

market analyses, profiles of the information sys

tems, and previous organizational studies. 

3. A process-to-organizational-unit matrix is 

constructed to reflect the level of responsibility 

and involvement that the various units assume for 

the various business processes. Three levels are 

used -- major organizational unit responsibility 

and decision making for a process, major involve

ment in a process, and some involvement in a busi

ness process. 
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4. A system-to-process matrix is constructed to iden

tify current or planned information system support 

for business processes. 

5. A data class (information type) to systems matrix 

is developed. Based upon the three matrices, then, 

information can be mapped to business process and, 

hence, to organizational units. 

6. Interviews with executives are conducted to 

determine objectives, goals, needs, etc. 

7. Priority systems are identified for implemention. 

8. The requirement definition phase is planned. 

The requirement definition phase (phase 2) involves 

planning the system development process. Manpower and fi

nancial resources, for example, are projected and the ac

tual information system network design are undertaken. The 

later phases of BSP involve the design, construction, and 

implemention of the information systems and are not discus

sed here. 

BIAIT [Carlson, 79] attempts to provide a simple, 

canonical approach to the analysis of the transaction level 

in organizations. Although BIAIT, as with virtually all 

methodologies, is modified over time, the basic BIAIT prin

ciples are as follows. Seven questions are posed that 

characterize the information usage of an organization. The 

pivot of the analysis is on "orders," which may be requests 
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for a "thing," a "space," or a "skill." As shown in chapter 

2/ four of the seven questions concentrate on the nature of 

the supplier of an order. 

Given that each of the questions is answered either 

"yes" or "no," 128 possible combinations exist each of 

which is associated with 1) typical business objectives, 

and 2) a set of information handling disciplines required 

to process an order. From this categorization, data bases, 

processes, etc. are determined. 

The Business Information Characterization Study 

(BICS) [Kerner, 79] draws from both BIAIT and BSP in an at

tempt to combine the simplicity of BIAIT and the business

wide perspective adopted in BSP. 

Posture III: IS Plan Derivation 

Posture III involves the derivation of IS plans 

from organizational plans. It is appropriate when there is 

a need for simultaneous implementation of functional tasks 

and the IS support for them or when a justification of IS 

plans are required by central management. There is an in

creasing trend toward such justification. By directly 

linking IS plans to organizational plans, the IS is, if 

only loosely, justifiable. A notable methodology for IS 

plan derivation is the Strategy Set Transformation (SST) 

approach. 
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King [1978], presents a general framework for 

transforming organizational objectives and strategies into 

IS objectives and strategies. The factors of analysis in 

(SST) are: 

1. Stakeholders, or claimants, 

2. Organizational objectives, 

3. Organizational strategies, 

4. Strategic organizational attributes, 

5. Information System objectives, 

6. Information System constraints, and 

7. Information System strategies. 

The first factor is the pivot for the overall or

ganizational planning process, and two through four are the 

pivots for the IS planning process. The choice of indivi

dual organizational objectives, strategies, and attributes 

to be used as actual pivots should be influenced by their 

stability. 

Figure 11 illustrates the general strategy 

transformation approach. The identified needs and assump

tions held by stakeholders are used to derive organiza

tional objectives. Customer desires, for example, dictate 

that the organization maintain a high level of customer 

goodwill which, among other things, dictates the production 

of high quality, safe products. The organizational 

objective(s), so derived, are used to generate 
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organizational and IS objectives~ In the example of figure 11, 

both organizational objectives lead to a product redesign 

strategy, and the customer goodwill objective leads to the 

formulation of the IS objective "produce information for 

quick response to customer requests." In SST, IS objectives 

are derived from 1) organizational objectives directly and 

indirectly, 2) organizational strategies directly, and 3) 

the strategic organizational attributes directly and indi

rectly. 

Once IS objectives have been derived, IS design 

strategies are developed. In addition to IS objectives, IS 

constraints and strategic organizational attributes di

rectly influence the formulation of IS design strategies. 

Implicit here is the indirect influence of stakeholder 

wants and needs. In the exampl~ of figure 11, the sophis

tication of management with respect to computer use, and 

the IS objective of quick response to customer requests 

leads to the IS general design strategy of developing 

interactive system(s). The IS constraint "a possible de

crease in the IS budget" suggests that systems be designed 

and implemented in a modular fashion such that results can 

be obtained incrementally. 

The fact that the second view involves the 

transformation of corporate strategy into IS strategy indi

cates that the two are not actively integrated in the sense 

of participation in the organization's high-level planning 
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process. The IS functional unit is isolated from, and 

hence influences little, organizational objectives and 

strategies. This implies that the upper levels of strate

gies may not be directly addressed, and that the IS strate-

gies may be constrained ,in scope. The IS role therefore 

may be participative during strategy implementation, but is 

nonparticipative in the other organizational strategic 

planning phases. 

Posture IV: IS participation in 
organizational strategic Planning 

In the fourth posture, the IS function assumes a 

participative or focal role in organizational strategic 

planning. The assumption behind this posture is that IS 

concepts and technologies can be used for direct competi-

tive advantage. Posture IV is appropriate when there is a 

high degree of functional interdependency both within the 

organization and between the organization and its environ

ment, or stakeholders. Three types, or levels, of strategy 

that can be directly formulated from an IS perspective are 

organizational design strategy, and operating and monitor-

ing strategies. 

Ackoff [1977] and Simon [1973] suggest that organizational 

design may best be accomplished from an information 

processing perspective. Ackoff, for example, suggests that 

tasks may be assigned to managers such that the 
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variety of information a given manager uses is minimized. 

System architectural tools, such as BSP, are partial models 

of the organization. Such tools model salient features, 

from an IS perspective, of the organization. In BSP these 

include business processes or tasks, information utilized 

by the set of tasks, and information systems. 

Organizational design is the formulation of an organiza

tional model where tasks are assigned to functional units, 

and functional units are structured as nested groups. 

Formulation of the organizational model, or design, 

is a process of clustering. Given, for example, a BSP 

model, organizational designs may be generated using clus

ter, or affinity, analysis [Anderberg, 1973]. Criteria to 

be used to both assign tasks and group units include the 

minimization of information variety of a given task where 

information variety is a function of the number of data 

classes required by a task. 

Galbraith [1972] was among the first to formalize 

the role of vertical and lateral information systems in or

ganizational strategy. According to Galbraith, the crea

tion of slack resources -- inventory, personnel, etc. 

and the creation of self-contained tasks -- autonomous 

subunits -- lowers the need for information processing ca

pacity. Inversely, the implementation of a vertical or 

lateral information system, by increasing information 

processing capacity, decreases the need for slack resources 



and for the creation of autonomous subunits. Figure 12 
I 

diagrams such a vertical/lateral information system. 
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Inter-organizational information systems strategies 

are analogous to traditional integration s~rategies. A 

form of integration, called quasi-integration, is discussed 

in [Porter, 80]. "Quasi-integration is the establishment 

of a relationship between vertically related businesses 

that is somewhere between long-term contracts and full-

ownership." Quasi-integration, then, offers the potential 

benefits of vertical integration but avoids costs of owner-

ship. Integration strategies, realized through inter-or-

ganizational information systems, are quasi-integration. 

Figure 13, adapted from Porter [1980], lists selected ad-

vantages (benefits) and disadvantages (costs) of tradi-

tional integration. 

Integration via inter-organizational information 

systems offers many of the advantages of traditional inte-

gration while lessening the quantitative and qualitative 

costs. In brief, economies of coordination are realized 

due to the decreased time lag of information exchanges 

product orders for example -- and the formalization of ex-

change protocols; economies of information are due to the 

fact that "external information," such as demand histories, 

are a natural by-product of inter-organizational informa-

tion exchanges; assuring supply and demand through product 

differentiation comes about as the IS support is, in 
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essence, a service feature that adds value to existing pro

ducts and services: the organization may enter the poten

tially higher return business when the organization enters 

the transaction processing business in serving its competi

tors: finally, entry barrier are elevated in that, in 

order to compete effectively, a new entrant, or competitor, 

has the additional burden of supplying an inter-organiza

tional IS. 

Many disadvantages of traditional vertical and 

lateral integration through acquisition are diminished. 

Disadvantages one and two of figure 13 are lessened as out

ward extension of the organization's IS to other organiza

tions is implemented rather than acquiring those organiza

tions. For example, online order entry and processing may 

be offered by a wholesaler to a potentially large set of 

retailers rather than that wholesaler acquiring the set of 

retailers. Disadvantages three through five are diminished 

as the organizations involved in an inter-organizational 

information system remain relatively autonomous entities. 

With the advent of advanced information systems 

technologies -- networking, point of sale devices, etc. 

the implementation and automation of high capacity vertical 

and lateral information systems becomes feasible. A taxo

nomy of such systems is proposed in [Barrett and Konsynski, 

82]. When an organization provides information processing 



services to stakeholders, notably competitors, it has 

adopted, more or less, an IS-oriented mission. 
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In this fourth IS planning posture, the mission of 

the organization may be revised or reinterpreted. 

Organizations that revise or reinterpret their mission in 

IS terms are analogous to what Barrett and Konsynski cate

gorize as level four and five inter-organizational informa

tion sharing systems. 

Appropriate methodologies and tools for identifying 

potential "inter-organizational" information systems in

clude the Strategic Assumption Surfacing Technique (SAST) 

[Mason and Mitroff, 1981] and the technology structures ap

proach. 

The pivotal characteristics in SAST are the stake

holders and assumptions about, and held by, those stake

holders. The completeness and consistency afforded by SAST 

is similar to that discussed for eSF. SAST, however, pro

vides a more rigorous methodology for analysing critical 

information requirements -- those that pertain to import

ant, uncertain assumptions about stakeholders. Via force

field analysis, the assumptions are ranked. It is such a 

ranking that indicates possible inter-organizational IS 

linkages. As with eSF, SAST does not directly address 

issues of system integration nor plans for long-run IS evo

lution. 
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Technology structures as discussed in [Mason, 83] 

attempts to identify points along the resource-product ion

market chain that can benefit from IS support. As men

tioned, posture IV is appropriate when a high level of 

functional interdependencies exist between the organization 

and its stakeholders. The pivotal characteristics used in 

the technology structures approach are activity centers and 

the relations between activities centers. By an "outside

in" analysis process, each of the four levels of texture 

discussed above are addressed. By identifying activity, or 

decision, centers in the industry and the firm, technologi

cal "macro-structures" are identified. The type of macro

structure identified indicates the appropriate types of IS 

support, for example, resource allocation and market re

search. 

The view of information, in this context, is one of 

value; information and information technologies poten

tially add value to an organization's processes. The 

underlying, implicit objective of the technology structure 

approach is to provide integrated, possibly inter-organiza

tional IS support that fits the basic activity structure of 

the organization and industry. 
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Summary 

The strategic posture of a given IS functional unit 

can be described in terms of 1) The level of strategy ad

dressed by the IS functional unit, 2) The phase, if any, of 

the organizational planning process that the IS functional 

unit is involved in, 3) The scope of the strategy under in

vestigation by the IS functional unit, and 4) The degree of 

participation of the IS functional unit in organizational 

strategic planning. 

Enumerating, and then grouping, the combined levels 

of these four factors gives a set of four basic IS 

postures: l)Isolated (unintegrated) support for organiza

tional tasks, 2)Integrated support for organizational 

tasks, 3)IS plans directly derived from organizational ob

jectives and strategies, and 4)IS participation in the for

mulation of organizational strategies. The IS strategic 

postures represent the underlying support philosophy for 

the IS function. In addition, the postures imply appropri

ate IS planning methodologies. 

Current IS planning methodologies differ in: com

ponents of the organization used as planning pivots, as

sumptions indicating perceived stability of components, and 

IS objectives reflected in the methodology. These assump

tions and objectives implicit in a methodology dictate 

their suitability for given strategic postures. The strong 

relationship between the IS strategic postures and the 
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methodological characteristics, provides a contingency 

framework for discussing and selecting IS planning methodo

logies. 

The Plexsys methodology, overviewed in the fol

lowing chapter, attempts to address all IS strategic 

postures, with particular attention to postures II through 

IV. 



CHAPTER 4 

OVERVIEW OF THE PLEXSYS DEVELOPMENT ENVIRONMENT 

The Plexsys DE draws heavily on existing methodolo

gies and tools and attempts to merge and augment the con

cepts offered from both the organizational modeling and 

software/database modeling schools. The philosophy behind 

the development of Plexsys has been to provide a work-bench 

environment for Management Information Systems (IS) devel

opers. It has been developed to provide unified methodolo

gical and tool support for IS planning through IS implemen

tation. 

The first step in the development process should be 

the modeling of the utilizing system. In the context of a 

IS, this is a model of the organization and relevant organ

izational environment incident to the IS. If the overall 

IS to be integrated into the host organization, a thorough 

and accurate model of the organization should serve as a 

"hub" of IS development. Further, the IS model should be 

represented as a structure embedded within the organiza

tional model. 
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As shown in figure 14, the Plexsys development pro-

cess is comprised of five basic steps. 

1) Preliminary customization of the Plexsys DE 

2) IS planning 

3) Information Processing Architecture (IPA) 
construction 

4) IS component requirements/design generation 

5) IS Implementation 

Methods have been developed for each of the steps. 

These methods vary with respect to the degree they cover 

the development process. Taken as a group; these tech-

niques and tools provide a unified cover over the entire 

development process. The tools shown at the top of figure 

14 are general purpose and span the entire development pro-

cess. 

The Plexsys DE specifies techniques as well as 

tools to support the modeling and analysis of target system 

descriptions and transforms to aid in IS design and imple-

mentation. In Structured Design, for example, a Data Flow 

Diagram is transformed into a structure chart [Yourdon and 

Constantine, 1979] [Page-Jones, 1980]. Figure 15 shows the 

relationships between the Plexsys techniques and tools. 

The development process, along with the invocation of ap-

propriate tools, is given below. These steps are detailed 

later in this chapter and in subsequent chapters. 
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1) Model the organizational aim structure. 

Invoke the aim-structure form for specification. 

Invoke the generalized model completeness checker 

to insure completeness of the aim structure. 

EXPLANATION: This step is the initial step of 

enterprise analysis. Specifically, through the 

organizational strategic planning process, 

objectives and strategies are identifyed and 

prioritized. Objectives and strategies are 

collectively termed aims. These aims serve 

to indicate information requirements per 

step 5, and serve to later prioritize all 

components of the organization and IS. 
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2) Given the production system, identify the exchanges, 

and parties of exchanges for all internal and 

external relationships. 

Invoke the task-priority form for specification of 

task priorities. 

EXPLANATION: The production system is a term for 

the collection of activities that comprise the 

acquisition of resources and production and 

dissemination of products or services. The 

information needed to trigger acquisition and 

dissemination and to coordinate the set of tasks 

that form the production system are exchanges. 



This step then involves the identification of 

transactional tasks and information. The tasks 

are prioritized with respect to the aims they 

help achieve. 

3) Define a set of transactions and sub-transactions 

that support the documentation of the above 

exchanges and communication requirements~ 

Invoke the information-set and 

information-attribute forms for specification. 

EXPLANATION: This step refines the identified 

transactions into logical sets of information 

items. Further, the required attribute levels 

of information, such as currency and accuracy, 

are determined. As shown below, the required 

information attribute levels influence the 

design of IS components such as data gathering. 
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4) Identify and assign agents who are responsible for 

each of the transactions. These are defined as 

controlling tasks. 

Invoke the task-agent form for specification. 

EXPLANATION: Via a bottom-up analysis path, 

beginning with the transaction level, 

managerial tasks are identified. The existence of 

a task implies the existence of a superior task 

which monitors and controls subordinate tasks. 

The agents assigned to tasks are modeled. 
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5) Identify aims for the task that dictate monitoring 

requirements and causal analysis requirements 

that serve as decision support information 

requirements. 

Invoke the task-priority form for specification of 

task priorities. 

Invoke the information-set and 

information-attribute forms for specification. 

Invoke the completeness analyzer to determine 

needs for further modeling. 

EXPLANATION: The information requirements 

determination combines and extends the methods 

of Critical Success Factors [Rockart, 1979] and 

the Strategic Assumption Surfacing Technique 

[Mason and Mitroff, 1981]. The completeness 

analyzer is used to indicate what tasks do not 

have controlling tasks, and what tasks do not 

have information requirements specified. 

6) Recursively perform number 5, traversing the task 

controlled-controlling relationships. As new 

monitoring and causal analysis information 

requirements are determined, these impose 

additional requirements on the data gathering 

-- transaction processing -- tasks. 

EXPLANATION: The general analysis process of 

steps 5 and 6, involve the bottom-up analysis 



of tasks and information requirements and the 

top-down imposition of data requirements. 

7) Invoke the priority analyzer to determine IS 

support to continue into further development. 

EXPLANATION: Priorities are currently modeled for 

(1) aims, (2) tasks with respect to aims, 

and (3) information with respect to tasks. 

Prioritization, then, involves normalizing 

information priorities by weighting them 

with respect to tasks which are, in turn, 

weighted with respect to aims. 
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8) Invoke the Information Processing Architecture 

Constructor to decompose the information 

requirements into a minimal IS design. This 

includes the specification of data stores, 

Enterprise Software Development Library modules, 

processes, and system input requirements. The 

IPA constructor invokes the appropriate 

statement forms. The IPA constructor also 

invokes the completeness analyzer to guide 

the IPA construction process. 

EXPLANATION: This step involves the formal 

derivation of a logical IS design. The basic 

process is output decomposition, where output 

information is decomposed into processing logic, 

data store, and system input specifications. 
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The decomposition process represents the inverse 

of the processing, or composition process, 

required to generate the required output 

information. The IPA model represents the 

derivation dependency between information 

outputs and IS components needed to generate 

the information outputs. 

9) Invoke the priority analyzer and impact 

analyzers to determine IS components 

to continue into implementation. 

EXPLANATION: Given the priority of information 

requirements determined in step 5, the priority 

of IS components is infered. The priority of 

a given component, such as a data store, is 

simply the total of priorities of information 

outputs that are derivation dependent on the 

component. 

10) Invoke the system attribute analyzers 

to derive binding system attributes and 

design process control, databases, and 

network configuration. These analyzers can 

either generate reports or directly load 

derived statements into the requirements 

database. 

EXPLANATION: The derivation dependency relations 

between information outputs and IS components 
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represents an attribute inheritance path. 

For example, the binding level of information 

currency is inherited by the data required to 

generate the information outputs. This data 

currency requirement, then, dictates appropriate 

data store updating procedures and schedules. 

11) Invoke the hardware selection and configuration 

analyzer. 

EXPLANATION: A rule-based expert system selects 

and configures hardware based upon user/load 

profiles. 

12) Retrieve the ESDL module specifications. 

using the Plexsys supplied IS software tools 

libraries as a base, develop enterprise specific 

software tools for the ESDL. 

EXPLANATION: The software development library 

contains modules common to a host of processes, 

for example, the terminal input and editing of 

a product number. The modules were determined in 

step 8. Plexsys supplies approximately 200 

software tools developed for IS applications. 

These are used to build an Enterprise dependent 

set of ESDL modules. 

13) Retrieve process specifications. 

Retrieve database specifications. 

Develop code and generate databases and process 
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control. 

EXPLANATION: The current Plexsys database contains 

specifications for processes and data stores. 

Using the ESDL and the local implementation 

environment -- data managers, operating system, 

etc. -- the target system is operationalized. 

(Current research involves bundling Plexsys with 

an implementation environment.) 

The methodology and tools are discussed below. 

First, general purpose tools are described. These include 

a specialized database management system for the storage 

and manipulation of specifications, a tool for modifying 

the specification language, a tool for target system model

ing, a tool for generalized completeness checking, and 

tools for prioritization and impact assessment. 

General Purpose Tools 

In Plexsys, a special purpose database system, 

JAMES, has been designed and implemented for storing and 

manipulating symbolic knowledge and text. One JAMES 

database is used to store both the definitions of descrip

tive form definitions as well as the actual target system 

descriptions -- see chapter 6. Given that the description 

language definition and the target system description using 

the language are stored in the same database, modifications 

to the target system description as well as modification to 
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the language definition itself may be made throughout the 

development process. This differs from current approaches 

in that 1) the current database does not need regeneration 

upon language modification, and 2) language definition mo

difications propagate to the target system description. 

Plexsys, by providing a dynamic language environment, al

lows not only customization to a given problem domain but, 

also, allows for customization over time -- as more is 

learned of the language required during the development 

process. 

Interfaces to Plexsys are batch and screen-or

iented. A screen is a set of windows with full text 

editing capability. The language definition facility pro

vided in Plexsys, LANG-EDITOR, is used to define forms. An 

example form definition is shown in figure 16. The form 

definition include the definition of language terms, and 

language statements, instrumented as forms, as weel as doc

umentation on both terms and statement forms. The forms 

represent a nonprocedural language for target system de

scription. The form definitions are stored in the JAMES 

database and are then used in target system description. 

In figure 17, the form defined in figure 16 is used to 

define a specific instance of a task and its prioritized 

relation with an organization aim. Note that an aim is a 

general term given to all organizational objectives, goals, 

and strategies. Also, documentation on the language and 
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target objects and statements can be stored. The documen

tation specified for the language definition serves as lan

guage documentation to target system modelers. The form 

definition tool supports editing of form definitions, per

forms consistency checking on the definitions to insure 

consistent typing, and stores form definitions. 

A tool, INSTANCE-EDITOR, is provided that allows 

the definition of target system descriptions using the 

forms defined with LANG-EDITOR. This generalized tool 

retrieves form definitions from the database, supports 

editing of target system descriptions using the forms, per

forms consistency checking on the target descriptions to 

insure consistent typing, and stores target descriptions. 

When invoked, INSTANCE-EDITOR traverses the JAMES database 

building selection menus of statement forms and language 

objects. Target system description input may be performed 

by selecting from the menu of specific statement forms or 

by selecting statement form groups based upon an object 

type. INSTANCE-EDITOR retrieves statement forms and lan

guage terms from the JAMES database. In figure 18, 

INSTANCE-EDITOR has built a menu of all statement forms in 

the database from which the user can select specific forms 

to be filled out. Figure 19 shows the term menu built by 

INSTANCE-EDITOR. Upon selecting a specific term, INSTANCE

EDITOR allows the user to cycle through the forms that 
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concer.n, or contain, the term. For example, by selecting 

the statement group for "task," INSTANCE-EDIT will cycle 

through all statement forms that concern "task" allowing 

the user to fill in all information that concerns tasks. 

A generalized database query facility and report 

generator, PERUSE, is provided in Plexsys that allows for 

interactive review of the current contents ,of the JAMES 

database and for generation of customized reports. Figure 

20 is the layout of the PERUSE screen. PERUSE supports the 

selection of statements in the JAMES database based on user 

specified terms and pattern matching criteria. As both the 

language form definitions and actual target system descrip

tions are stored in the JAMES database, PERUSE can be used 

to view the language definition and the target system de

scriptions. In figure 20, the user is perusing all 

expressions in the database that contain the terms "state

ment form definition," "task," and "aim" in any permuted 

order. In effect, then, the user is perusing all language 

form definitions that concern tasks and aims. The matching 

expression window contains the current statement form being 

viewed. The bottom windows contain the term, or item, and 

expression documentation. 
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Figure 21 shows a report generated where the user 

has selected to report all language form definitions asso

ciated with "aim." Note that text may be entered at the 

terminal while using PERUSE such taht the text is outputed 

to the report. In the example of figure 21, this capabil

ity has been used to enter a report heading. Form defini

tions and the associated documentation, as mentioned, 

serves as a "help facility" to modelers. Using this facil

ity a modeler may ask to see all language forms that con

cern organizational tasks or that concern both tasks and 

information requirements, or generate a complete language 

manual, for example. A modeler may also generate documen

tation on the target system model. 

Whereas consistency checking is performed before a 

language form or target system description is stored in the 

database, completeness checking is performed at user-con

trolled intervals during language definition and target 

system modeling. Completeness checking is supported by the 

generalized completeness checker INTEGZER. Rather than 

using the entity-relationship-attribute paradigm [Chen, 

1976] for language definition, which is the most prevalent 

approach, a case grammar paradigm is used making it possi

ble to generalize a large number of completeness rules 

see [Kottemann and Konsynski, 1984] and chapter 5. 

Further, by using the case grammar paradigm, completeness 
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checking can be performed on the language definition it

self. The INTEGZER reports violations of completeness 

rules. Options provided for completeness checking of tar

get systems descriptions include (1) global completeness 

checking, (2) completeness checking on all instances of a 

given language type, all "tasks" for example -- see figure 

22 -- and (3) completeness checking for a given instance -

see figure 23. 

Prioritization and impact analysis can be conducted 

at any time during the development process. Given system 

output information requirements and their priorities, the 

priority of any given system component needed to satisfy, 

that is directly or indirectly linked to, the information 

requirements can be derived, and the impact of dropping a 

requirement, as it manifests in the possible dropping of 

system components and binding system attributes, can also 

be derived. 

Language and target system description, database 

querying and report generation, and priority and impact 

analysis are active throughout the development process. 

The remaining techniques and tools correspond to discrete 

parts of the overall development process. Figure 15, pre

sented earlier, reflects the inter-relationship between 

these techniques and tools, and depicts both the Plexsys 

methodology and the tool system that supports use of the 
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methodology. 

IS Planning and Requirements Determination 

IS planning involves the modeling and analysis of 

salient features of the organization and its environment 

including information requirements. These features in

clude: 

1. Aim structure -- the aims of an organization form a 

prioritized network. (Here we make no distinction 

between objectives, policies, strategies, etc. All 

are treated as directives for tasks.) The root aim 

is analogous to what is often termed the mission of 

the organization. Aims are refined into sub-aims, 

where a sub-aim may have many super-aims, and so 

form a network. 

2. Task Structure -- in an organization, aims are 

realized through the formulation and performance of 

tasks. Tasks are classified as being either 

transactional or decision-making tasks. The task 

structure depicts not only the interrelations be

tween tasks but also the prioritized relation be

tween tasks and aims. The locations of tasks are 

also modeled as they are needed in the design and 

management of data communication networks. 

Further, the behavior of tasks -- conditions of 
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task initiation and average frequency with which 

tasks are performed -- are modeled. Task initia

tion relates to whether a task is performed on a 

fixed schedule, is triggered by an event, or per

formed ad hoc. If a task is scheduled an initia

tion calendar is specified. As noted later in the 

section, this calendar is used in generating pro

cess control. With ad hoc initiation, the task in

itiation behavior can not be predicted. This may 

occur, for example, with a project manager who 

wants to perform project status checking at random. 

3. Agent Structure -- groups of tasks are assigned to 

some entity that becomes responsible for perfor

mance of the task. This allocation, then, is re

presented in the organizational model as a struc

ture embedded within the task structure (which in 

turn is embedded within the aim structure). 

4. Information Set -- groups of information items that 

are needed by a decision-making or transactional 

task. The modeling of information sets includes 

the specification of their contents, generation re

quirements, and information attributes. These are 

discussed later in the section. 
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Figure 24 is a schematic of a subset of the Plexsys 

modeling language. Processes, Data Stores, and ESDL 

Functions are discussed below. These statements are 

modeled by invoking INSTANCE-EDITOR and then, as discussed 

above, specifying specific statement forms or language 

object types. 

Transaction processing entails the documents and 

controls that enable an organization to communicate with 

the external environment, communicate among the internal 

functional areas, and collect the necessary information for 

valuation of the organization. The valuation information 

is a primary source of information for managerial planning 

and monitoring tasks. 

The Plexsys methodology models transaction process

ing as exchanges among internal entities within and exter

nal entities with the organization. A BIAIT-like, norma

tive analysis is used to determine transaction processing 

requirements. For any given product or service flow, a 

four leg transaction schema exists [Pendleton, 1981]: 

order, receipt, statement, and payment. Each of these may 

contain information requirements as categorized by: 

1. Tag -- information used to identify the exchanges 

and objects of exchanges, 
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2. Descriptive information that describes the ex-

changes and objects of exchange, 

3. Control -- information that aids in the detection 

and correction of inaccuracies in the transaction 

proceses, 

4. Valuation -- information used to value the ex

changes and objects of exchange, 

5. Contractual agreement -- information that specifies 

the legal obligations involved in an exchange with 

external entities. 

Modeling and understanding the transaction process

ing aspects of the organizational IS contribute to the 

elicitation of decision support requirements. 

Specifically, all transaction processing activities infer 

the existence of tasks, and corresponding information sup

porting, monitoring and controlling the transactional 

tasks. 

Decision-making is viewed as a process by which 

problems and opportunities are monitored and change is 

planned, implemented, and reviewed [Simon, 1977]. 

Information to be supplied in support of decision-making 

tasks should support the 1) detection of problems and op--

portunities, 2) discovery of the source(s) of problems and 

opportunities, 3) communicating and implementing change, 

and 4) reviewing the change. Note that the review process 
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may cause a change in the original monitoring strategy. 

When taken in relation to other tasks, any task may 

have associated with it a controlling task which monitors 

and changes the controlled task process. For example, an 

inventory reordering task that r'eorders based upon reorder 

points infers the existance of a controlling task that 

monitors the effectiveness of the reordering task and that 

may change the reordering task by adjusting reorder points. 

Aims are metrics for monitoring. Once an aim fail

ure is detected, sources of aim failure need to be identi

fied. The failure to achieve an aim may be due to 1) the 

establishment of an unreasonable aim, 2) failure in an as

sumption underlying the aim [Mason and Mitroff, 1981], 3) a 

failure in a controlled (sub) task, and 4) a failure in the 

task itself. Note that failure of the task itself may 

imply failure of its respective controlling task(s). The 

aim "increase market share by 5% each year" as monitored by 

a marketing manager may fail due to 1) the improper setting 

of the market share goal, 2) a failure in the assumption 

that total market demand will increase at a rate of 10%, 3) 

inadequate performance of a lower level marketing task, 

such as advertizing media selection, or 4) a failure in the 

marketing management task itself. 
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The above paradigms indicate the following decision 

support information requirements elicitation technique. 

This elicitation technique specifies both how to "traverse" 

the organization while capturing requirements and what 

types of information requirements that should be captured. 

The elicitation process begins with identifying the 

first level of controlling tasks that control transactional 

tasks and, after identifying and analysing information re

quirements for the task, identify its respective controll

ing task(s). The information set of the controlled task is 

used as a starting point, or point of reference, in the de

termination of information requirements for the controlling 

task. For each task, 

1. Identify the aims corresponding to the task; 

2. Identify the controlled tasks, and use the informa

tion set determined for the controlled task as a 

point of reference; 

3. Determine metrics for monitoring aim achievement; 

4. Identify the assumptions underlying the aims, that 

is, sources of possible aim failure; 

5. Determine information required to indicate and 

analyze assumption failure, and model the informa

tion requirements by selecting "information set" 

from the INSTANCE-EDITOR language object menu; 
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6. Controlling tasks for the current task under anal

ysis indicate the next task for information re

quirements analysis, model the controlled-controll

ing relationship via INSTANCE-EDITOR for the "task

task" statement form. Invoke the completeness 

analyzer INTEGZER with the language object "task" 

to determine tasks in need of analysis. 

A regional marketing manager may specify "increase 

regional sales by 5% per year," where sales are broken out 

on sales zone. This indicates the necessity of monitoring 

zone sales, and thus the necessity for an information set 

pertaining to the zone sales levels. One assumption under

lying the aim may be that total zone sales will increase 

10% per year. This indicates the necessity for information 

on total zone sales. The controlling task is central mar

keting management which may have corresponding, yet more 

abstracted, information requirements. For example, moni

toring regional and overall organizational and total market 

demand (sales). 

INTEGZER is used to insure that the task structure 

modeled is complete and that information requirements exist 

for each task. This accomplished by invoking INTEGZER and 

specifying "task" and specifying "information set." 
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The information required by tasks are termed infor

mation sets. Modeling information sets entails the speci

fication of the contents of the information sets, and gen

eration requirements and information attributes placed on 

the information set for a given task. The information at

tribute and generation requirements modeled include: 

1. The time-horizon covered by the information set, 

2. Ordering criteria, or item, for the information 

set, 

3. Direct access criteria, or items, for the informa-

tion set, 

4. Information currency levels for items in the set, 

5. Information accuracy levels for items in the set, 

6. Volumes of the information sets, 

7. Allowable response delay for generation of the in

formation set, and 

8. Priority, or subjective value, of the information 

set to a given task. 

Further, the task attributes given above -- initia

tion and average frequency -- imply whether information 

processing of the set can be scheduled, triggered, or must 

be generated on demand. As shown below, these attributes 

influence, in a formal manner, a number of design decisions 

which are supported by transforms. The simplest example is 

the automated transforms that uses time-horizons specified 



123 

on information sets to derive data disposal schedules. 

These attributes influence a number of IS design 

decisions. As discussed below, an information set is deri

vation dependent on a data store if any data item in the 

data store is needed to produce the information set. The 

retention period for a given data set is determined by the 

maximum time-horizon among all information sets that are 

derivation dependent on the given data. Therefore, binding 

levels of time horizons, inherited by data stores from der

ivation dependent information sets, dictate data disposal 

scheduling. The analyzers that determine binding attrib

utes can be used either to generate reports or to directly 

load derived statements in the JAMES database. This is de

monstrated after discussion of IPA construction. 

Information Processing Architecture Construction 

IPA construction is a formalization of the output 

decomposition paradigm. In this step, the output informa

tion sets for both transaction processing and decision sup

port are decomposed resulting in a network of specifica

tions for Enterprise Software Development Library (ESDL) 

modules, processes, system inputs, and data stores. The 

decomposition process is carried out in such a way that 

requirement commonalities are identified and capitalized 

upon -- sets that are produced at intermediate steps of 

deriving an information set may actually be, in whole or in 
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·part, the information set required by another task. In the 

above sales monitoring example, the regional sales manage

ment information set may be a reporting of weekly zone 

sales for a one month time horizon with total sales given 

for the region for the entire month. Central management 

may require an information set that reports monthly re

gional sales over a one year time horizon. The monthly re

gional sales totals generated for regional sales manage

ment, then, may be archived and used in generating the 

central sales management information set. 

The IPA construction tool (IPAC) aids in identify

ing commonalities by generating a structured representation 

of the information sets. This structuring places the in

formation sets by level of aggregation and time-horizon. 

The IPA, so derived, approaches a minimal design. The tar

get system descriptions derived during IPA construction in

clude: 

1. Enterprise Software Development Library 

Specification, 

2. Process specifications, 

3. Data store contents specification, and 

4. System input requirements. 
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The Enterprise Software Development Library (ESDL) 

is a set of process modules common to a host of specific 

processes. They are modules that input, edit, store, and 

output occurrences of data types specific to a given organ

ization -- product number, employee number, department 

code, color code, lot number, credit term codes, etc. 

Process specifications indicate the ESDL modules, inputs, 

incident data stores required to produce. an information 

set. IPAC, then, aids in the generation of statement forms 

corresponding to the above specifications. 

IS Component Design 

As shown in figure 24, the current model represents 

the direct and indirect relationships between modeled ob

jects. These relationship paths are used as inheritance 

paths for automated inferencing. The tools infer binding 

system attribute levels which influence the design of: 

1. Process control specification: data gathering, up

date, archiving, disposal, and information process

ing schedules, 

2. Software construction specification: processing 

mode and code, 

3. Network configuration specification: process and 

data store placement, and link placement and capa

city requirements, and 



126 

4. Database specification: key and ordering selection. 

The tools take the existing target system descrip

tion and derive additional descriptions. These derived de

scriptions correspond to statement forms and may be di

rectly loaded into the JAMES database. In the direct 

database load mode, the analyzers determine the binding 

levels of attributes and present an analyzer-filled form to 

the developer. The developer may then choose not to store 

the statement, to modify the statement before storage, or 

to store the statement as derived. The main menu choices 

with the analyzers allow the developer to (re)derive all 

instances of a given statement form, or to derive only 

those instances that have changed in value or do not cur

rently exist in the JAMES database -- see figure 25. All 

derived statements are tagged with their derivation date. 

A brief example is given below for two of these formal 

transforms. 

The majority of the transforms utilize concepts of 

clustering, derived system attribute levels -- such as 

time-horizon and average total data store accesses per day 

-- and inheritance. The primary example of an inheritance 

path is derivation dependency. An information set, for 

example, is derivation dependent on a data store if any 

contents in the data store is required to generate, or pro

duce, the information set. Derivation dependencies apply 



127 

Respon3e xeq. I James 

R. Generate report 

A. Load Knowledge Base Reviewing ALL 

N. Load Knolo:ledge Base Review~r.g NE"vl 

E. Exit 

Choice: 

Fig. 25. RESPZER Menu 



128 

to all components in the model. The data upon which aims 

are dependent can be found by recursively traversing the 

relationships between aims, tasks, information sets, infor

mation set contents, and the relationship, modeled during 

IPA construction, between information items and the data 

required to generate the items. As noted above, such paths 

are used to infer priorities of all system components. 

The binding information set response requirement, 

taken in conjunction with required currency levels influ

ence the choice of application mode ( on-line or batch), 

the determination of processing invocation schedules, and 

processing performance requirements. Further, the binding 

response requirements dictate the critical performance re

quirements for processes. The analyzer RESPZER determines 

these binding levels for each information set. Figure 26 

illustrates the direct database loading option for the de

rived statement. Figure 27 is a sample report of binding 

response times. 

The requisite robustness of data validation and 

verification processes is contingent on the binding 

accuracy requirements of information generated from the 

data. The Plexsys analyzer ACCZER determines the binding 

levels of accuracy on items in data stores as inherited 

from items in information sets. That is, ACCZER traverses 

the existing statements that specify data store contents, 
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finds derivation dependent information items, and deter

mines the binding level of accuracy among all derivation 

dependent information items. Figure 28 is a sample report 

generated by ACCZER. 

IS Implementation 

Actual implementation requires a prespecified im

plementation environment including programming language and 

compiler, data management system, network management 

system, and operating system. An ideal DE will be bundled 

with these components. This makes it possible to generate 

the actual process controller, the database, and software. 

In general, specific treatment of implementation boils down 

to the use of particular implementation environment 

[Jackson, 1983]. 

The current version of Plexsys only passively sup

ports the implementation process by supplying a library of 

general purpose software tools specifically developed for 

IS applications. Many of these software tools are used in 

the implementation of Plexsys itself. They serve as the 

initial Enterprise Software Development Library. Library 

functions include screen definition and window management 

for application terminal I/O, a database system, and report 

generation facilities. These are outlined in chapter 8. 

Plexsys is currently implemented in 20,000 lines of Pascal 
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code running on Digital VAX 11/780 under VMS. Current re

search includes efforts to direct automatic code genera

tion, or code splicing, based on the IPA model and efforts 

to design a high-level, algorithmic language for IS soft

ware. Other research areas are given in the final section. 

Summary 

The development of the Plexsys DE is an on-going 

project. The purpose of this dissertation is to outline IS 

development paradigms, as given in previous chapters, to 

develop a brpad framework for the Plexsys methodology and 

computer-aids -- the purpose of this chapter -- and to 

detail a subset of the methodology and tools. This is the 

purpose of subsequent chapters. 

A metasystem paradigm is proposed, after analysis 

of existing metasystems, that allows for generalization of 

language and target system description completeness rules. 

These rules were used manually to assess the completeness 

of the Plexsys target system description language. A tool 

was designed and implemented to perform completeness check

ing on target system descriptions given in an arbitrary 

language. The metasystem paradigm is discussed in chapter 

5. The completeness checking tool is described in chapter 

8. 
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As noted, a database system, JAMES, for storing 

language and system descriptions was designed and imple

mented. This database architecture is described in chapter 

6. Tools for language definition and target system defini

tion are also described in chapter 6. A JAMES database 

query and report generation facility was implemented. This 

is also described in chapter 6. 

Chapter 7 details a subset of the Plexsys methodo

logy and gives the target system description forms used in 

modeling. The subset of the methodology addressed in chap

ter 7 includes (1) the integration of organizational and IS 

planning to derive the overall aim structure, (2) determin

ation and modeling of decision support information require

ments. 

Chapter 8 describes the completeness checking tools 

and tools designed for support of IS component design. A 

number of these tools have been implemented. The latter 

tools derive target system attributes based upon attributes 

of the utilizing system, most noteably, the information at

tribute levels required by tasks. In describing these 

tools, general analyzer principles are discussed. These 

include traversing statements forms which represent 

inheritance paths and the determination of target system 

attributes through these inheritance paths. A pseudo-code 

is formalized and used in describing the tools. 



CHAPTER 5 

METASYSTEMS 

A science is a well made language. 

-- Condillac 

Computer-Aided environments are evolving to 

facilitate the specification and development of large-scale 

information systems. Tools to support enterprise analysis, 

logical data and process modeling, database design, process 

organization, automatic code generation, and other desi0n 

activities exhibit a variety of models, semantics, and 

terminology. A degree of dynamics must be introduced if 

the design support tools are to be effective. These 

dynamics are fundamentally important as both language 

definitions and target models change over time. That is, 

as more is learned about the organization and about the 

development process itself, the DE must support the 

modification of language and target model definitions such 

that the models are internally and mutually complete and 

consistent. 
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conceptual underpinnings as well as the structure 

and function of metasystems for information systems de

scription are discussed in this chapter. A metasystem 

framework of three basic definitional levels is developed. 

Requirements for an effective metasystem ~re outlined, in

cluding succinctness, dynamism, scope, and granularity. 

Three metasystems used in information systems specifica

tions -- SEM, SDLA, and SDS -- are analyzed. The emphasis 

of the analysis is an assessment of the degree to which the 

metasystem can be a guarantor of the integrity of models. 

The integrity of a model concerns its semantic complete

ness. An alternate meta paradigm is proposed. The para

digm draws on the relationship of the metasystems concept 

to semantics and knowledge representation in linguistics 

and artificial intelligence. The meta approach and system 

presented allows for the generalization of a set of inte

grity rules for language specifications and target system 

descriptions. The implementation is discussed in the sub

sequent chapter. 
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The Metasystem Concept 

In describing information systems, a large set of 

often disjoint terminology is used among development set

tings. In many cases, several terms are used to name a 

given term or concept. For example, IIrecord,1I IIgroup,1I 

IIrelation,1I and IIdata structure ll have all been used to name 

a conceptually analogous term. 

One major drawback of many computer-aided methodo

logies is that the predefined terms used in the methodology 

may not be in the same as the terms used by target system 

developers in any given setting. This drawback leads to 

one of two outcomes; namely, the computer-aided methodo

logy will not be adopted, or it is adopted with the 

accompanying cost of reorienting all individuals involved 

in systems development. In the second outcome, extensive 

training of developers with respect to understanding the 

IIpackaged ll system view and becoming fluent in the methodo

logy's terms is required. 

Despite the existence of differences among develop

ment settings, these differences can be isolated, through 

the process of abstraction. Through this abstraction pro

cess, a conceptual, or axiomatic, model is attained which 

can be used to define modeling forms for relatively dispar

ate development settings. The result is a computer-aided 

methodology that is tailorable to any of a set of develop

ment environments. 
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Underlying Metasystem Principles 

A metasystem view consists of definitional levels. 

The three metasystem levels of figure 29 have been named 

with the adjectives "axiomatic," "axiomatamedian," and 

"instantial." The definition of these, given in Webster's 

Third New International Dictionary, are: 

1. Axiom: a proposition, principle, rule or maxim 

that has found general acceptance or is thought 

worthy thereof whether by virtue of a claim to in

trinsic merit or on the basis of an appeal to self

evidence. 

2. Axiomatamedia the general principles that are 

above simple empirical laws yet inferior to the 

highest generalizations or those that are taken to 

be fundamental. 

3. Instantial: reference to any particular person, 

thing, or situation. 

For the sake of parsimony, median will be used in 

place ofaxiomatamedian. In figure 29, two continuums are 

drawn. The first is a continuum moving from abstract to 

concrete. "Abstraction" has come to have multiple 

interpretations [Brachman, 1983]. For our purposes, we 

consider abstraction as presented in Locke's Essay 

Concerning Human Reasoning. 
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Words become general by being made the signs 
of general ideas; and ideas become general by 
separating from them the circumstances of time 
and place, and any other ideas that may 
determine them to this or that particular 
existence. By this way of abstraction they 
are made capable of representing more indivi
duals than one; each of which having in it a 
conformity to that abstract idea, is (as we 
call it) of that sort [type]. 
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The other continuum is from deep to surface struc-

ture. Perhaps the best explanation is by example. Chomsky 

[1971] formalized the notion that the surface grammar of 

any given instance of a language is a manifestation of a 

deep structure. The deep structure, in this case, is a 

basic grammatical system from which the whole variety of 

manifest surface structures (actual communication in a lan-

guage) can be generated. The axiomatic level, to be dis-

cussed shortly, is a deep structure. 

A system has system structure and system function. 

Structures themselves do not function, but systems function 

because they have the structure to do so. One can infer, 

only in part, one from the other. An effective axiomatic 

model should abstract both notions of system structure and 

system function. The distinction between system structure 

and system function is analogous to the distinction between 

language syntax and semantics. 
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A target system is the system being described at 

the instantial level, and so is a description of an exist

ing or proposed implementation of an information system. 

An axiomatic model, or system, has acquired two 

basic interpretations, the more traditional being that 

found in mathmatics where a set of axioms are used to for

mally prove the truth of an assertion. The second inter

pretation of an axiomatic model comes from the empirical 

sciences: the truth of an axiomatic model is judged, over 

time, on the basis of its power to explain observable phe

nomena. Pascal refered to this as deductive synthesis -

rather than premises extending to consequences via formal 

proof, the truth of the premises "rebounds back" from the 

consequences. This second interpretation of an axiomatic 

model is the one used in this discussion. 

With axiomatic models derived by deductive synthe

sis, completeness of the axioms is shown pragmatically over 

time. That is, the completeness of the axioms is initially 

governed by past experience and insights. Incompletenesses 

are later discovered through use of the axiomatic model in 

practical application. The axiomatic models presented 

here, therefore, are hypotheses. 

In light of the above definitions, the axiomatic 

level (model) is a deep structure arrived at by abstraction 

that is used to define a description language at the median 

level, which in turn is used to describe specific target 
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systems at the instantial level. All three levels, taken 

together, form the system description model. 

A metasystem, for purposes of the present discus

sion, is an computerized implementation of an axiomatic 

model that provides facilities for the definition and anal

ysis of median and instantial models. The current discus

sion concentrates on the description of complete and con

sistent system descriptions and is not concerned with 

metasystems used to generate executable programs [Cameron 

and Ito, 1984]. 

A schematic of a typical metasystem is shown in fi

gure 30. Given the concepts and facilities provided at the 

axiomatic level, a system description language is defined 

giving the median level view. Target systems are defined 

using the descriptive forms defined at the median level and 

so form the instantial model. 

Levels in a Metasystem: A General Description 

Figure 29 depicts the conceptual structure of a 

typical metasystem. Aspects of metasystems that the figure 

attempts to illustrate are: 

1. The levels in a metasystem build from each other. 

The model at a lower (more surface) level inherits 

concepts from the levels above and are a 

refinement, or concretization, of the model at the 

upper level(s). E.g., the axiomatic term "entity" 
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is used to type the median term "file" which, in 

turn, is used to type the instantial term "master 

customer file." As shown in a later section, the 

Plexsys metasystem involves the inheritance of con

text dependent system object roles from the 

axiomatic to the median, and the median to the 

instantial levels. 

2. Although lower levels inherit from upper levels, 

they may choose to disregard concepts of upper 

levels (i.e. the levels may be disjoint). E.g., 

the instance level modeler may choose to override a 

completeness rule specified at the median or 

axiomatic level. 

3. The lower the level the less abstract is the model 

and the more it is descriptive of observable pheno

mena. E.g., "master customer file" is a more 

detailed description of the target system than is 

"file" or "entity." 

4. Each level may indeed have levels of abstraction 

within it. E.g., within the median level itself, 

"file" may be further refined into "master file" 

and "transaction file." 
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5. Lower level models contain more information, in the 

information theoretic sense, than upper level 

models (lower level models are more verbose). The 

single term "entity" is refined into a multitude of 

median terms such as "file," "data item," "pro

cess," and "output report." "File," then, is 

refined into a multitude of instances of files 

"customer file," "product file," and "employee 

file." 

6. The completeness and consistency at upper levels 

determines the intrinsic completeness and consist

ency of models at lower levels. This point is the 

focus of the present discussion. 

Given the previous list, particularly number 4, it 

is apparent that the breakdown of a metasystem into three 

levels is not so much due to a law of nature, but rather is 

due to the fact that there are differing implications, 

motivations, and goals at each level. Also, the model 

definers at each level are concerned with different aspects 

of the world being modeled: the axiomatic level -- to 

define fundamentals of target systems in a set of develop

ment settings; the median level -- to define the model 

tailored to specific development settings; the instantial 

level to define the target system itself. Finally, the 

three tier view is useful for purposes of discussion and 
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for the realization of a metasystem implementation. 

For purposes of discussion, models at all levels 

are stated in a language. These languages are composed of 

terms and expressions. As noted, the higher levels are ab

stractions, and thus, a term at one level becomes a defini

tion of a term type at the next, lower level. The 

relations among and motivations at the respective levels 

are as follows. 

As shown in figure 30, the concepts at the 

axiomatic level, manifest in the meta language provided by 

the meta system, are used to define a target system de

scription language at the median level. That median lan

guage is then used to describe actual target systems at the 

instantial level. 

The axiomatic level provides abstract terms 

(axiomatic terms) which become term types at the median 

level. Example axiomatic terms are "entity" and 

"relation." All language terms defined a.t the median level, 

then, are declared as either type "entity" or type 

"relation." Examples of these terms are "file" and "pro

cess" declared of type entity and "produces" of type 

relation. Language statement constructs -- median 

expressions -- to be used at the instantial level are also 

defined: e.g., "Process instance-slot-l produces file in

stance-slot-2." 
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Using axiomatic concepts, and corresponding 

metasystem facilities, the language definition may also in

clude rules of composition to be imposed at the instantial 

level. For example, a rule might be defined to assure that 

a given instance of type "file" is produced by one and only 

one "process" instance. Such rules are specified with the 

goal of insuring the integrity of instantial models -- the 

descriptive models of target systems. As noted, the thrust 

of the present discussion is the degree to which the 

axiomatization can insure integrity of the median and 

instantial levels. 

In addition, some axiomatic terms and concepts may 

be "understood" at the axiomatic level, for example, "is 

part of", and "is a subtype of". These, then, represent 

axiomatic concepts that are understood at the axiomatic 

level. Thus, the meaning of "A is a subtype of B" is 

"understood" at the axiomatic level. In the metasystem, 

this understanding means that the metasystem has predefined 

operations invoked to act appropriately in the case of "A" 

is a subtype of "B." One operation may be the inheritance 

of properties of "A" by "B." 

Finally, at the instantia1 level, the language de

fined at the median level is used to describe the target 

system. E.g., "Process Employee-update Produces File New

employee-file." 
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As discussed in the following sections, one cri

teria for evaluating or constructing metasystems is the de

gree to which its axiomatic level can understand the mean

ing of abstract definitional terms and enforce resultant, 

generalized ·rules of system integrity. This implies that 

there exists an ideal axiomatic model: one that is 

abstract enough to cover a large set of development set

tings, yet concrete enough to make meaningful, operational 

distinctions of "what an information system is" at the 

axiomatic level. 

Reguirements for a Metasystem 

Although each level in a metasystem can overcome 

definitional deficiencies in upper levels, it is argued 

here that the power of a metasystem is quite dependent on 

the power of the axiomatic level. Indeed we define the 

ideal axiomatic model as a deep structure arrived at by ab

straction that is used to generate models at the median and 

instantial level and that ensures intra- and inter-level 

completeness and consistency. Such completeness and con

sistency concerns are evident in any requirements or design 

specification, for example, data base specification 

[Brodie, 1983]. 
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Four characteristics that influence the power of a 

metasystem are: 

1. Scope of the axiomatic model. Scope is defined as 

the variety of median levels that the axiomatic 

model is capable of generating. In short, scope is 

the variety of the development settings addressed. 

2. Granularity at the axiomatic level. Granularity is 

a measure of the fundamental distinctions intrinsic 

at the axiomatic level. An operational definition 

is the number of axiomatic terms and concepts. 

These, then, are axiomatic concepts that are under

stood, and operationalized, by the metasystem. 

3. Succinctness (efficiency) of language definition. 

Succinctness concerns the ease with which the 

median model can be defined. Note that in the 

median definition the language to be used at the 

instantial level as well as rules to be imposed in 

the formulation of instantial models may be de

fined. Succinctness can be defined via information 

theory and the related metrics of software science 

[Halstead, 1977]. 

4. Dynamism of the median and instantial levels. 

Target systems and views of system development 

change over time. It is desireable for a 

metasystem to allow changes to the median model and 

that those changes will propagate to the instantial 
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models generated from it. This characteristic is 

largelya metasystem implementation issue and is 

discussed in the subsequent chapter. 

There are several implications of and relations be

tween the concerns just listed. In short, a conflict stems 

from the fact that too drastic an abstraction looses much 

of the general semantics of systems. Indeed, total ab

straction would leave us with one single axiomatic term 

"everything." A certain degree of abstraction at the 

axiomatic level is obviously desireable. As we abstract we 

gain scope. As we abstract, however, we also sacrifice 

granularity and succinctness. Referencing the preceding 

list, the major advantage of the abstraction is to broaden 

the scope of the metasystem. If, however, the axiomatic 

level is too abstract: 

1. the less the axiomatic level can "understand" the 

meaning of terms and expressions at the median and 

instantial levels, consequently 

2. the less powerful can be axiomatic analysis -- the 

metasystem provided integrity analysis of the 

median and instantial models -- and 

3. the more distinctions must be made at the median, 

language definition, level. This implies that nu

merous completeness and consistency rules must be 

specified at the median level, in short, 
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succinctness is sacrificed. Further, the definer 

of the median level is left wondering if all 

requisite rules have been defined. 

It is desireable for the metasystem to understand 

various aspects of general system structuring and function, 

or behavior. As proposed in general systems theory, see 

for example [Checkland, 1981J, certain features of systems 

are omnipresent. Some general areas in which the 

generalizations exist include: 

1. The distinct roles played by terms in a system, 

2. Role completeness rules -- all necessary roles fil

led, 

3. Role consistency rules -- functional dependencies 

among processes, for example, 

4. Temporal aspects of system behavior, and 

5. The purpose (goals) of processes. 

One goal of a metasystem is to axiomatize not only 

the "syntax" of systems, but also the "semantics" of system 

functioning. In the following section, three metasystems 

are selected for discussion. 
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Existing Metasystems: SEM, SDLA, and SDS 

Existing metasystems provide quite abstract axioms. 

Specifically, the components of a system are abstracted 

into two or three axiomatic terms. All are closely allied 

to the Entity-Relationship-Attribute model proposed for lo

g ical database des ign [Chen, 1976]. 

System Encyclopedia Manager (SEM) 

SEM [Teichroew, Macasovic, Hershey, Yamamoto, 1980] 

was developed under the auspices of the ISDOS project at 

the university of Michigan. It is used primarily to 

implement the PSL [Teichroew, Hershey, 1977] [Teichroew and 

Gackowski, 1977] system specification language but has also 

been used to implement languages for office [Konsynski and 

Bracker, L., 1982] and network [Konsynski and Bracker, w., 

1980] specification. An architecture similar to SEM has 

been proposed for an Information Resource Dictionary System 

[Kerschberg, et.al., 1983]. SEM uses as its axiomatic de

scriptive terms "object," "relation," and "property." This 

general model was proposed as a logical database design 

modeling form by Chen [1976] -- the Entity-Relationship

Attribute model. The first version of SEM [Yamamoto, 1981] 

allowed for the definition of: 
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1. Terms to be typed as objects (entities), relations, 

or properties (attributes); 

2. Statement forms which are strings of terms. 

3. The structure type (n-ary cardinality) associated 

with the relation in a statement form. These 

cardinality structures involve up to 4-ary 

relations; 

The median model is defined using the Information 

System Language Definition System. The following is a 

sample definition of a language subset for describing in-

formation systems. Details, such as the definition of 

synonyms for objects, are omitted for clarity. 

Objects are defined by, 

OBJECT agent; 
OBJECT process; 
OBJECT report; 

Properties are defined by, 

PROPERTY average-size; 
APPLIES report; 
VALUES INTEGER 0 THRU 1000; 

Relations and their respective n-ary cardinalities 

are defined by, 

RELATION performs; 
PARTS agent-part, process-part; 
COMBINATION agent-part, agent 

WITH process-part, process; 
CONNECTION-TYPE S4; 
CONNECTIVITY ONE agent, process; 

RELATION produces; 
PARTS process-part, report-part; 



COMBINATION process-part process 
WITH report-part report; 

CONNECTION-TYPE S2; 
CONNECTIVITY ONE process-part 

MANY report-part; 

The actual statement forms to be used at the 

instantial level are given by, 

STATEMENT performs-statement 
USED agent-part performs; 

FORM performs process-part; 
USED process-part performs; 

FORM is performed by agent-part; 

STATEMENT produces-statement 
USED process-part produces; 

FORM produces report-part (,report-part); 
USED report-part produces; 

FORM is produced by process-part; 

Finally, example terms and statements defined at 

the instantial level are given by, 

DEFINE AGENT chicago-processor; 
DEFINE PROCESS sales-reporting; 
DEFINE REPORT salesman-performance; 
DEFINE REPORT regional-sales-performance; 

AGENT chicago-processor 
PERFORMS PROCESS sales-reporting; 

PROCESS sales-reporting 
PRODUCES REPORT salesman-performance, 

regional-sales-performance; 

The axiomatic level in SEM is limited. Instead, 

specification of integrity rules are relegated almost 

entirely to the median level. The robustness of rule 
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types, moreover, is limited largely to the specification of 

cardinalities for n-ary relations and static type checking; 
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In the previous example, the instance chicago-processor can 

only be used in relationships defined for type AGENT. 

Static typing is typing that is context independent. That 

is, despite the use of "chicago-processor" in the 

instantial model, it is consistently typed as AGENT. 

An extension to SEM was later proposed to support 

the specification of integrity rules at the median level 

[Kang, 1982]. These rules are specified in predicate cal

culus. 

1. Implication-derivation -- if an object exists in a 

given part of one relation, then it can be assumed 

that it exists in a given part of another relation. 

Thus if x is a parent of y, and y is a parent of z, 

then x must be a grandparent of z. 

2. Mutual exclusion -- an instance of an object may 

exist in only one of a set of possible relations. 

Thus, a person cannot be both married and single. 

3. Exclusion -- if an instance is in one relation it 

may next participate in a limited set of other 

relations. Such rules constrain state transitions 

of a description. For example, marrital status, 

once given the value of "married," may be next as

signed the values of "divorced" or "widowed" but 

not "single." 
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The later specification of SEM, although allowing 

for a substantial degree of integrity definition, has not 

abstracted many more concepts into the axiomatic level. 

The definition of the above integrity rules must be given 

at the median level. Further, SEM stores median and 

instantial models in separate databases. Any median level 

modification necessitate regeneration of the databases. 

A·lso, for example, if a median term is deleted, the change 

does not propagate to the instantial model. In summary, 

SEM scores well on scope and poorly on dynamism, 

granularity of the axiomatic level, and succinctness of 

median level definition. 

SOLA 

SOLA [Knuth, et.al., 1979] [Oemetrovics, et.al., 

1982] was developed in part at the Hungarian Academy of 

Sciences. Our discussion of SOLA is brief as only differ

ences between SEM and SOLA are highlighted. The major dif

ferences between SEM and SOLA include: 

1. The distinction between "relation" and "entity" is 

abstracted into "concept." A concept is associated 

with attributes. 

2. SOLA allows abstraction at the median (language de

finition) level. If a concept2 is a subtype of a 

conceptI, concept2 inherits the attributes associ

ated with conceptI. 
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3. Axioms of system structure are refined. 

Depending upon one's view of a term, a term may be 

treated as an object or a relation. The concept of "com

munication," for example, may be used as a relation -- John 

is in communication with Judy or as an object -- commun

ication is difficult. In SDLA, this problem is alleviated, 

not by allowing multiple roles, but by abstracting away the 

distinction between objects and relations to form "con

cepts." 

As noted in a previous section, the conceptual 

levels in a metasystem may indeed contain levels. Unlike 

SEM, SDLA axiomatizes abstraction to be used at the median, 

language definition level. Thus, for example, in an infor

mation system, there may be the concept "file." There 

exist, moreover, types of files such as disk files and 

print files. In SDLA, the definer of the median level may 

define a type "file" with the attribute "size" and the 

subtypes "print file" with the attribute "average number of 

pages," and "disk file" with the attribute "average number 

of bytes." The types "print file" and "disk file" inherit 

the attributes of their supertype and thus also have the 

attribute "size." Language statement forms may be defined 

that include super or subtypes. Thus the statement form 

"FILE x IS-LOCATED-AT y" allows instances of type "file," 

"print file," or "disk file" to participate. The statement 



form "PRINT FILE x IS-LOCATEO-AT y," on the other hand, 

constrains the instances to be of type "print file." 
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Lastly, SOLA allows for the specification of struc

ture types for binary relations. These integrity rules are 

similar in effect to cardinality rules; they constrain de

scribed system structures. The concept "parent

child(human, human)," for example, is undeniably 

antisymmetric (i.e., my mother cannot also be my daughter). 

SOLA allow for binary relational property specification to 

enforce structures to be: 

antisymmetric, 

irreflexive, 

hierarchic, 

precedence, and 

lattice, 

where "hierarchic" implies a tree structure, "precedence" 

implies a structure with a transitive closure that is a 

partial ordering, and "antisymmetric," "irreflexive," and 

"lattice" are used in their algebraic sense. 
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SOS 

SOS [Levene and Mullery, 1982], as with SEM, uses 

an entity/relationship scheme. In SOS terminology, enti

ties are termed "components," which may have attributes 

termed "properties," and finally, components are associated 

via "relationships." 

The SOS system is weak with respect to the 

axiomatization of and availability of facilities for median 

definition of integrity rules. The primary support for in

tegrity analysis is a query facility. That is, a user may 

query the requirements database in an attempt to discover 

integrity violations. 

Conclusions on Some Current Metasystems 

The development of metasystems for system develop

ment lend a degree of flexibility to the application of 

formal system specification tools. A metasystem represents 

an axiomatic view of information systems. The conbtribu

tion of a metasystem rests not only on the computerization 

of tools for system description but also in the power of 

the meta view of information systems, particularly: what 

are the essential, abstract elements in an information 

system that dictate its integrity?" In this sense, a meta 

paradigm represents a theory of information systems. 
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The meta approaches described above go far toward 

realizing both abstract formalism of information systems 

and the facilities for automation of IS specification lan

guages. The approaches, however, abstract at the axiomatic 

level to such an extent that integrity rules cannot be 

axiomatized. Given the SEM entity-relation axioms, for 

example, virtu~lly all integrity rules must be explicitly 

defined at the median level. Axiomatized integrity check

ing at the median level is limited to rules such as "a 

median term typed as a relation cannot also be typed as an 

entity," and "all median terms should be used in at least 

one statement form." Axiomatized integrity checking of the 

instantial level is limited analogously. However, at the 

instantial level the statement forms defined at the median 

level imply integrity constraints. In the example given 

for SEM, if an instance term is defined as median type 

"process," that instance term may only be specified in 

relations (and associated statements) containing "process." 

In the following section, an alternative meta para

digm is developed with the intent to provide an axiomatic 

model with sufficient granularity for generalizing inte

grity rules and integrity verification for both the median 

and instantial models generated using the metasystem. 
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The Plexsys Meta Paradigm 

Axiomatic Terms and Concepts 

As asserted in the previous sections, the distinc

tions drawn at the axiomatic level of a metasystem should 

be abstract enough to address a large number of median and 

instantial models while also granular enough to formalize 

and axiomatize basic aspects of system structure and func

tioning. As a side benefit of granularity, the more dis

tinctions intrinsic to the axiomatic level, the fewer dis

tinctions, or integrity rules, need be explicitly stated at 

the median level, hence the more succinct the media (lan

guage) specification. Indeed, as shown below, generalizing 

one type of integrity rule may circumvent the need to ex

plicitly state a large number of manifestations of the gen

eral rule type at the median level. As shown below, a 

second major benefit of granularity at the axiomatic level 

is that it potentially allows for integrity checking of the 

median model, that is, the metasystem can perform integrity 

checking of the language definition. 

Many authors have proposed axiomatizations of sys

tems, these axiomatizations being a list of aspects shared 

by all systems. Checkland [1981], for example, gives the 

systems elements as 

Transformation Process 

Ownership of the System 



Actors in the System 

Customers of the System 

Environmental Constraints 

Nadler [1975, 1981] r gives 

162 

1. Function -- The mission, purpose, or primary con

cern of the system. 

2. Inputs -- The physical, information, or even human 

items that the system must recognize and handle. 

3. Outputs -- The physical, information, or human 

items, both desireable and undesireable, which the 

system will predictably produce from the given 

inputs. 

4. Sequence -- The step-by-step process by which ac

ceptable inputs are transformed into predictable 

outputs. 

5. Environment The physical, and psych-socio-logi-

cal setting in which the system operates.-

6. Physical -- The physical resources that are 

catalysts used in each step of the sequence but are 

not part of the output. 

7. Human -- The human resources that are agents used 

in each step of the sequence but are not part of 

the output. 



8. Information -- The information which is used in 

each step of the sequence but is not part of the 

output. 
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Although the axiomatization choosen for the Plexsys 

meta view is influenced by taxonomies such as the above, it 

draws most heavily from work in linguistics: specifically, 

in deep case analysis [Bruce, 1975]. It differs from the 

meta approaches discussed above in that 1) it is 

axiomatically more granular, and 2) it treats the role of 

median and instantial terms context dependently. Context 

independent, or static, typing involves the invariant 

correspondance between instantial, median, and axiomatic 

terms. Thus, for example, a "file" is statically typed as 

"entity," and "employee file" is statically typed as 

"file." Context dependent typing involves the variable 

roles of terms. For example, a "file" may be produced as a 

result of a process and may be used as an input to another 

process. 
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Cases in Linguistics and Artificial Intelligence 

In a natural language, such as English, words as

sume different cases, or roles, in different sentences. In 

"the man sees the dog," the "dog" is the object of the 

sentence. In "the dog sees the man," the "man" is the 

object. Whereas in languages, such as Latin, the role of a 

word in a sentence is manifest as a surface case -- differ

ent spelling of the word for different roles. Languages 

such as English rely on word order, prepositions, and other 

similar implication mechanisms. 

Despite the manifestation, or lack thereof, of sur

face cases that indicate the role of words in sentences, 

linguists such as Fillmore [1968], [1971] note the presence 

of deep case structures. Take, for example, 

Bob wrote a letter with a pencil. 

"Bob" is the ACTOR of the verb "wrote," the "letter" is the 

OBJECT, and "pencil" is the INSTRUMENT. Note that although 

the sentence 

The note was written with a pencil by Bob. 

has a different surface structure, the cases, or roles, of 

"Bob," "note," and "pencil" remain the same. In the 

sentence 

Judy poked Bob with a pencil 

although "Bob" may be statically typed as a "human," the 

role assigned to "Bob" is now OBJECT. Thus, while type is 

context independent, role is context dependent. It is this 
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notion that allows for axiomatization of integrity rules. 

A case formalism represents an attempt to abstract 

out the essences of language semantics. The challenge in 

delineating a case formalism is similar to that in forming 

the axiomatic level -- to maximize the captured semantics 

with a minimum of distinctions, or cases. The number of 

proposed roles, or cases, vary between five and thirty 

[Bruce, 1975]. They are used both for linguistic analysis 

and natural language processing (see Schank [1975] for an 

example of the use of case grammars in natural language 

understanding systems). Here, the purpose in developing a 

case formalism is to derive an axiomatic model that affords 

a generalization of integrity rules for models at both the 

median and instantia1 levels. 

Use of Cases in Plexsys 

A case is a role type that a given term assumes in 

a given context, or language statement form. Although a 

given instantia1 term is always associated with a given 

median term, e.g., "Bob" is a "human," it assumes different 

roles in different contexts, e.g., "Bob" is an ACTOR in one 

context and an OBJECT in another. The role types chosen 

for the axiomatic level in Plexsys are: 
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1. Process: an action that changes the state of the 

system under investigation. E.g., performing a 

sales assessment task. 

2. Actor: the performer of a process. E.g., Sales 

manager performs sales assessment. 

3. Instrument: the term is used by an actor to 

perform a process. A term in the role of an in

strument is not changed by the process. E.g., 

Sales manager performs sales assessment using the 

sales performance report. 

4. Directive: the term(s) that control(s) the process 

-- these may be constraints and/or objectives. 

E.g., Sales manager performs sales assessment to 

increase sales performance. 

5. Material: the term that is changed by a process in 

its state before the change. E.g., A file to be 

updated. 

6. Result: the term that comes into existence as a 

result of the process. In a different context, the 

term that is a result here may be a process, acto~, 

instrument, directive, or material. E.g., An up

dated file. 

7. Temporal gualification roles: These include 

momentary verbs -- state transition -- e.g., "stop 

processing" "start processing" and continuative 

verbs -- states -- e.g., "is processing." 
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8. Spatial qualification roles include: locus: where 

a term resides and movement: which infers the 

existence of source and destination loci, speed, 

and process to move the term, which in turn, infers 

the existence of instrument (transport medium), 

actor, directive, material (locus before move), and 

result (locus after move). 

9. Object: a term whose existence or structure is 

merely being considered -- not used in a process 

behavior description context. E.g., "The sales 

coordinator is human," "Disk file is a type of 

file," and "File has a size." 

In defining the median level -- the language to be 

used at the instantial level for instance modeling -- a 

language construct is defined. A language construct is a 

series of axiomatic terms, median terms and slots for in

stances: Manager instance-slot has-authority-over manager 

instance slot for-task instance-slot-3. 

For each median term that is to be associated with 

an instance slot, the allowable string format of the in

stance term is defined. Thus, example instance name for

mats for median terms are defined as 

Aim: string of printable characters 

Task: string 

Agent: string 
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Information set: string 

Priority: enumerated string (1,2,3,4,5,6,7,8,9) 

Frequency: enumerated string (daily,weekly,monthly). 

For each language construct two types of specifica

tions are defined: context independent and context depen

dent typing. One, the median type to be assigned to, or 

checked for, an instance defined in that slot is defined. 

In the above, slot-1 would be associated (typed) as 

"Manager." Two, the role of the median terms, and the role 

assumed by the instance when it is placed in a correspond

ing slot, is defined. 

Task: Process 

Realizes Aim: Referent 

With Priority: Object. 

Agent: Actor 

Performs Task: Process. 

With Frequency: momentive verb. 

Task: Process 

Is Performed At Location: Spatial Qualifier. 

Agent: Process 

Uses Information Set:instrument 

To Perform Task: process. 
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At the instantial level, then, statements such as 

the following may be defined 

Task Check-Delinquents 

Realizes Aim Reduce-Bad-debt 

With Priority 5. 

Agent Collections-Manager 

Performs Task Check-Delinquents 

With Frequency Monthly. 

Task Check-Delinquents 

Is Performed At Location Tucson-Office. 

Agent CollectionS-Manager 

Uses Information Set Aging-Report 

To Perform Task Check-Deliquents 

Axiomatized Integrity Rules 

Granularity of the axiomatic level and the use of 

context dependent roles provides the potential for 

axiomatizing various types of integrity rules. There are 

two varieties of axiomatic integrity rules -- those whose 

violation indicate a definite integrity violation and those 

whose violation indicate a possible integrity violation. 

Given the role formalism proposed in the preceding section, 

the following integrity rules for the language definition 

can be axiomatized. 
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1. Except for the special case of sources and sinks, 

all median terms that exist in a process role must 

be associated with terms in the roles of actor, 

directive, material and/or instrument, and result. 

This rule is assuring complete process description, 

that is, a process must be performed by some actor 

for some purpose, using some inputs and/or instru

ments to produce some outputs. 

2. A median term in the role of result should also be 

in the role of process, actor, instrument, mater

ial, or directive. This rule asserts that a result 

must serve a useful purpose in another context. 

3. A median term in the role of process, actor, in

strument, material, or directive should also be in 

the role of a result. This rule is the inverse of 

rule 2 and asserts that something of use must come 

from somewhere. 

4. All median terms should be in the role of result in 

only one statement construct. This rule asserts 

that nothing is produced by two disparate median 

types. Tangentially, it also helps assure 

unambiguous typing. 

5. Existence of a median term in the role of material 

or instrument should be associated with a process 

that uses it. This rule asserts that a material or 

instrument is useful only as used by a purposeful 
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process. 

6. Existence of a median term in the role of result 

should be associated with a process that produces 

it. 

7. All terms in the role of process should have 

temporal qualification. This rule asserts that all 

processes take place in, and are interrelated in, 

time. 

B. The language definition should have a language con

struct to associate processes to loci. Movement of 

results is infered by the locations of processes. 

The preceding integrity rules can be interpreted as 

utility and possibility rules -- that a system never does 

anything if there is no use for the action, and that a 

system must do something to produce necessary elements in 

the system. Using the role paradigm, the above integrity 

rules can be analyzed for an arbitrary language definition. 

As outlined in an above section, a metasystem should have 

the capacity for a lower level to disregard concepts at an 

upper level. This is accomplished via the option of naming 

certain roles as "implicit." Thus, for example, the 

directive for a process type "Decision making task" may be 

associated with "Directive is Implicit." In this case the 

directive for a decision making task need not be specified 

at the median or instantial levels. 
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The rules for the median level have analogs at the 

instantial level. These are as follows: 

1. Except for the special cases of sources and sinks, 

all process instances should have associated 

instantial terms in the roles of actor, instrument 

and/or material, result, and directive. This in

sures a complete process description. 

2. An instantial term in the role of a result should 

also be in the role(s) of process, actor, instru

ment, material, or directive in a different con

text. This insures utility of process outputs. 

3. An instantial term in the role of process, actor, 

instrument, material, or directive should be in the 

role of a result in another context. This insures 

that nothing comes from nowhere. 

4. Existence of an instantial term in the role of ma

terial/instrument or result implies the existence 

of a process that uses or produces respectively. 

5. All instantial terms should be in the role of a 

result in one and only one instantial statement 

two distinct terms do not produce the same thing. 

6. All instance terms in the role of result must be 

associated with a process that produces it -- a 

result must be produced by some process. 
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7. All instance terms in the role of process must have 

temporal qualification -- a process takes place in 

time. 

8. All processes should have a location. Further, if 

"A" produces "X" and "B" uses "X," the existence of 

a process to transport "X" from the locus of "A" to 

the locus of "B" is inferred. 

Note that if the language definition satisfies the 

median level integrity rules given above, integrity check

ing of the instantial model is straight-forward. For exam

ple, the first median rule insures that there are statement 

forms for associating a given median type that is extant in 

the role of process with actors, directives, results, etc. 

Roles are inherited from median terms to their correspond

ing instance terms. At the instantial level, then, the in

tegrity checking reduces to the verification that an in

stance of a given median type is extant in all statement 

forms containing the median type. 

Completeness and consistency are closely related to 

the notion of ambiguity in language specification and use. 

The rules above do not insure total integrity. As for 

ambiguity, there are differing concerns between specifica

tion of an algorithmic language, such as Pascal, and sys

temic languages. with specification of algorithmic lan

guages, it is critical that no ambiguities exist, 
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necessitating the use of a context sensitive grammer. with 

respect to IS modeling, however, a certain degree of 

ambiguity is indeed necessary due to the continual reality 

of limited system knowledge. The Plexsys axiomatization 

presented above only partly insures unambiguity in the 

median and instantial models. 

All of the rules just given are integrity rules 

that are generalized into the axiomatic level of the 

Plexsys system. Descriptions of target systems at the 

instantial level expressed in an arbitrary language can be 

analyzed by the system for violations of the rules given 

above without the need to identify and define the rules. 

The integrity analyzers are discussed in chapter 8. 

Summary 

A metasystem is comprised of three logical layers. 

The axiomatic level represents the highest level view of 

"what information systems al.-e. II The axiomatic model, and 

accompanying metasystem facilities, are used to defined a 

descriptive language which, in turn, is used to describe 

target information systems. Since the axiomatic model em

bodied by a metasystem is the foundation upon which models 

are built, it is important that the axioms be robust. This 

robustness is defined as scope, granularity, succinctness, 

and dynamism. 
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Existing metasystems, in their attempt to provide 

scope, have sacrificed granularity and succinctness. In 

adopting an overly abstracted axiomatic model, the existing 

systems fail to generalize rules of system integrity. The 

integrity at any level is a function of the integrity of 

upper levels, for example, an incomplete language defini

t~on implies the incompleteness of the instantial models 

defined using the language. It is desireable, therefore, 

not only to generalize integrity rules for instantial 

models but also for median models. By defining axiomatic 

terms that represent roles played by components in a 

system, a large number of integrity rules can be general

ized. The roles and corresponding integrity rules help in

sure the intra- and inter-level semantic integrity of both 

the language definition and the corresponding instance de

finition. This refinement to existing meta models makes it 

possible to perform generalized integrity checking on the 

language definition (median model) as well as the descrip

tions of target systems (instantial model). Further, given 

the Plexsys metasystem implementation, dynamism is offered. 

This dynamism allows for the propagation of modifications 

to a given level to those levels below. 

The next chapter discusses the general purpose 

tools for language and target model definition, storage, 

and manipulation. Chapter 8 presents the integrity check

ing algorithms. 



CHAPTER 6 

GENERAL PURPOSE PLEXSYS TOOLS 

The Plexsys methodology is supported by a inte

grated tool environment. Figure 31 is a diagram of the 

general purpose tool system. At the bottom lies a 

"database" system specially designed for storing descrip

tive language and is described in the next section. The 

following sections describe the general purpose tools for 

(1) customizing the description language, (2) inputing tar

get system descriptions, and (3) model querying and report 

generation. Discussion of the generalized completeness 

analyzer and other analyzers is deferred to chapter 8. 

JAMES: The Model Storage Facility 

A system, JAMES, which serves as the hub modeling 

storage and management system for the Plexsys development 

system, is discussed in this section. JAMES is a modeling 

system that attempts to generalize the distinction between 

structure and content. This is similar to the view adopted 

in the relational data model [Codd, 1972]. Unlike the 

CODASYL network model in which relationships between re

cords are implemented as a static, physical structure, the 
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relational model represents such relationships merely as 

common attributes across relations. The JAMES data manage

ment system, must also represent the three model, or meta, 

levels and their relationships. 'rhe storage structure of 

JAMES is similar in many ways to that used with a typical 

LISP interpreter [Siklossy, 1976]. 

The major design objectives which motivated the de

velopment of JAMES are: 1) to allow for storage and manip

ulation of arbitrarily long and complex model expressions, 

2) to allow for storing the axiomatic, median, and 

instantial model levels in the same database, 3) to allow 

the storage of blocks of text, and 4) to provide powerful, 

yet simple, database accessing, especially traversal of 

expressions based upon pattern matching criteria. The 

above requirements dictate certain "data management" capa

bilities. These include the ability to store variable 

length records and the ability to efficiently find model 

terms and pattern expressions based upon various matching 

criteria. 

James is a generalized modeling system that can be 

used to implement relational databases, semantic networks, 

production rule bases, parsing structures, etc. The basic 

components of a model are terms and expressions. A term is 

analogous to a LISP atom. An expression is a string of 

terms. It is list and so is a special case of a LISP 
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S-expression. Further, then, the expressions represent a 

total ordering of terms. Partial orderings can be 

accommodated by altering the basic JAMES storage structure 

or by introducing axiomatic notation for indicating such 

nested orderings, or structures. 

Terms and expressions may be axiomatic, median, or 

instantial. An expression at a given level may be prefaced 

with terms of a higher level such that these terms serve as 

expression gualifiers. An example is given below. 

Figure 32 shows the physical representation of the 

three model statements "term-l term-2 term-3," "term-2 

term-3 term-4," and "term-3 term-4 term-5." The numbers at 

the upper left corner of the term and expression boxes are 

the database addresses at which they are stored. The in

terpretation of the example of figure 32 will become clear 

after a discussion of the basic JAMES storage/data struc-

ture. 
The term "names" are stored in a B-tree [Knuth, 

1973] index structure which points to the term description 

stored as a variable length record. Within the term de

scription, two pointers are maintained which serve as head 

pointers to a circular, doubly linked list of term 

occurrences in expressions. 



Index \ 

10 / I t \~ 
,..., -te-rm---l ..... '-6-0 ...-, -6 a""'" I term-21 60 ,80 I 

30 40 
1 term-3 160 /100 r I term-4 Iso 1100 J 

50 
term -5 11 a 0 11 0 0 J 

60 
1~1-0~I-la~I-10-1~2-0~'-so~l-20~1-3-0~I-so~I-30~1 

so 
1~2-0"-2all'6-0-1-3-0~I-lO-0~1-60~1-4-0~I-IO-0~1-40~1 

100 
.1~3-0~1-3a~l-so~I~4-0~1-40~1-SO~I~5-0~1-50~1-50~1 

Fig. 32. The James Storage/Data Structure 

180 



181 

Term occurrences are a set of three pointers (data 

base addresses). The layout of a term occurrence is 

1. Database address of the term description, 

2. Database address of the next occurrence of the term 

in another expression or to the term description if 

it is the last or only term occurrence, and 

3. Database address of the previous occurrence of the 

term in another expression or to the term descrip

tion if it is the first or only term occurrence. 

Expression, then, are a contiguous group of term 

occurrences. Although the expressions of figure 32 are of 

the same length, in general, expressions are of various, 

arbitrary length. Also not shown in the figure are the 

treatment of text blocks: The first four 8-bit bytes of 

all term descriptions and expressions are used to point to 

text blocks. Further, the first four bytes of text blocks 

are also text block pointers allowing the chaining of text 

blocks. These text blocks are used primarily to store doc

umentation of the axiomatic, median, and instantial terms 

and expressions. They are also used to store screen format 

definitions. 

A JAMES database is initialized with a program 

called GENASYS. GENASYS creates the JAMES database and 

loads the axiomatic terms. These terms are "understood" by 

the Plexsys system. GENASYS first loads the term 
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primitive-token. Then a file of primitive tokens is read and 

loaded in the database. These terms are also loaded in 

expressions of the form "primitive-token" "term." Primitive 

terms include: 

is_median_object 

is_median_expression 

language_form_definition 

plexsys_data_type 

printable_chars 

enumerated_string 

allowable enumerated_string 

Definition of the median model involves the defini-

tion of median terms and language statement form defini-

tions. (The actual language definition facility is discus-

sed in the following section.) The median expressions 

loaded with the definition of the statement form and corre-

sponding terms for "task realizes aim with priority," where 

priority is defined to take on the instance values from a 

specified list of enumerated strings, are given below. 

Note that unstarred terms are axiomatic and starred terms 

are median. 

is median object 
T task -



is median object 
"* realizes 

is median object 
T aim -

is median object 
T with -

is median object 
T priority 

is median expression 
plexsys-data type 
printable chars 
* task -

is median expression 
plexsys-data type 
no instance objects 
* realizes -

is median expression 
plexsys-data type 
printable chars 
* aim -

is median expression 
plexsys-data type 
no instance objects 
* with -

is median expression 
plexsys-data type 
enumerated string 
* priority-

is median expression 
allowabTe enumerated string 
* priority -
* high 

is median expression 
allowable enumerated string 
* priority -
* medium 

is median expression 
allowabTe enumerated_string 
* priority 
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* low 

is median expression 
statement form definition 
* task prIority statement 
* task- -
* realizes 
* aim 
* ·with 
* priority 
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As discussed below, the tool for entering instance 

level descriptions -- target system description --

retrieves language statement from definitions from the 

JAMES database, paints the corresponding screen form on the 

terminal screen, and allows editing and storage of target 

system descriptions. Using the above statement form, for 

example, the instance statement tltask check-delinquent

account realizes aim improve-cash-flow with priority high," 

implies the storage of the following instance expressions. 

Note that double starred terms are instantial. 

is instance object 
T task -
** check_delinquent_accounts 

is instance object 
T aim -
** improve_cash_flow 

is instance expression 
* task prIority statement 
* task- -
** check delinquent accounts 
* realizes -
* aim 
** improve cash flow 
* with - -
* priority 
* high 



185 

The JAMES software performs basic database manage

ment such as page management, and reading, writing, rewrit

ing, and deleting variable length "records." Other JAMES 

software performs database searching. The basic search fa

cility is pattern matching. Upon specifiying a set of 

terms, these routines find expression that contain those 

terms. Further, the current pattern matching involves 

three search criteria -- a pattern match of terms in any 

permuted term order in expressions, in relative order, and 

strict order. For example, the set "is-instance-expression 

task priority high" will match the above instance 

expression for the the "terms in any order" and "terms in 

relative order" criteria, yet will not match is the cri

teria isterms in strict order." The set "high task aim pri

ority" will match the above instance expression only with 

the "terms in any order" matching criteria. 

In addition to these basic criteria, exclusive 

"or's" may be given. For example, the set "is-instance

expression task priority NOT low" will match all instance 

expression where priority is either medium or high. The 

pattern matching facility is used by all Plexsys software. 

The instance model editor, for example, uses these facili

ties to build a menu of statement forms by retrieving all 

expression containing the term "statement-form-definition." 
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The query facility Peruse, discussed below, allows users to 

specify match sets and matching criteria for interactive 

review of models or for report generation. 

The Screen/Window Tools 

Interfaces to Plexsys are constructed using a set 

of routines for screen/window editing and management. As 

all user level programs use the same routines for 

screen/window editing and management, consistency of inter

faces across applications is provisionally assured. The 

present discussion is intentionally brief. 

The window editor, WINDOW-EDIT, is a set of library 

routines that allows for text editing within any window. 

It currently handles several types of windows including 

term windows, text windows, read only windows, and 

character and scroll menu windows. The basic editing func

tions include text input, modification, deletion, and 

scrolling. Given that all user level software in Plexsys 

use this editor, a consistency of human-computer "dialogue" 

is maintained. To facilitate flexibility, on the other 

hand, any window editor command can be overridden by an ap

plication level process. This is accomplished by the fol

lowing. Any application may pass the window editor an 

array of "commands", which are either characters or escape 

sequences. Whenever any of these commands are entered by 

the user, the window editor returns control to the calling 
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application. In this wayan application can define termin

al keys, including function keys. 

The screen / window manager, WINDOW-MGR, can be 

used for general purpose commands such as go to the next 

window, save or cancel a current window edit, and 

repainting windows as necessary -- if, for example, windows 

are overlapped on the screen. The screen definer, SCREEN

DEF, allows for the definition of a screen as a collection 

of windows. All three of these user interface routines are 

used for definition of forms which correspond to the 

Plexsys language constr.ucts given in chapters 4 and 7. 

These routines are also used for instantial system descrip

tion input. 

System Description Facilities 

The Plexsys language terms and statements are 

instrumented as forms. These are defined using the 

Language Editor, LANGED, facility. As shown in chapter. 4, 

a statement is represented as a form to be "filled in" with 

target system instances. LANGED is used to define median 

terms, expression, and screen formats. Median terms, such 

as "realizes" are of Plexsys data type "no-instance-ob

jects" and so do not have corresponding instance iilp'irt 

windows. The median term "task" is of type "printable

chars" and has a corresponding type of instance input 

window. Finally, the median term "priority" is of type 



188 

"enumerated string." Based on the allowable values stored 

in the JAMES database, LANGED builds a scroll menu for 

"priority." LANGED also performs type checking on median 

terms. For example, given that "aim" has been typed 

"printable-chars," LANGED insures that it is not later used 

as a different type. The case grammar formalism, discussed 

in the preceding chapter, is not currently included in 

LANGED. The formalism was used, however, in manual valida

tion of the Plexsys language. An algor.ithm suggesting im

plementation of the generalized integrity rules for median 

models is given in chapter 8. 

Instantial modeling for an arbitrary language de

finition is accomplished using the Generalized Instance 

Editor, INSTED. When invoked, INSTED constructs a menu of 

statement form names and a menu of median terms of type 

printable-char.s. The INSTED user (IS developer or user) 

may select any of the statement forms and enter target 

system descriptions, or may cycle through statement from 

the include a given median term, such as "task." INSTED 

retrieves form definitions, paints them on the terminal 

screen, allows forms filling, performs type consistency 

checking of instance terms, and stores instance terms and 

expressions and their documentation. 
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As noted in a previous section, any term or 

expression in a JAMES database may be documented. 

Documentation associated with axiomatic terms serves as a 

help facility for language definers. Documentation associ-

ated with the definition of a median term or expression 

serves as a help facility to users at the instantial level. 

Through the pattern matching search facilities discussed 

above, for example, an instantial level user may ask to see 

all language construct definitions that concern "task." 

Physically this request translates to finding all median 

expressions with the terms "statement-form-definition" and 

"task" in them. Such querying and report generation is 

outlined below. 

Customized Report Generation 
Using the Peruse Utility 

PERUSE is a generalized, interactive JAMES database 

searching utility that can be used both to review models at 

the terminal and to generate custom reports. In keeping 

with the meta levels discussed above, PERUSE can be set at 

any of the three -- axiomatic, median, and instantial 

view levels. In the axiomatic mode, all three levels of 

the model can be viewed. In the median mode, the language 

definition is viewed. And, finally, in the instantial 

mode, the target system description is viewed. Note that 

in displaying the statement "is-instance-expression " ... , 
in instance mode, the axiomatic terms, such as 
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is-instance-expression, are not displayed. 

Using Peruse 

The basic function of peruse is to review the con

tents of a JAMES data base. Capabilities include: 

1. Find a given term and its documentation, 

2. Find first, next, or previous expressions contain

ing certain terms in (a) Any permuted order (b) 

Relative order, or (c) Strict order, and expression 

documentation. 

Report generation mirrors the above query func

tions. For report generation, the functions include: 

1. Put text entered at the terminal in the report 

(This can be used to print headings, comments, 

etc. ) , 

2. Print the current term, 

3. Print the current matched expression, 

4. Print all matching expressions for a given matching 

criteria. 

using PERUSE, any number of reports can be gener-

ated. 
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Examples of Queries and Report Generation 

As mentioned, Peruse's, dominant capability is pat

tern matching. It can be used to match ter.ms and 

expressions in the data base using various matching cri

teria. 

The axiomatic mode. In the axiomatic mode, the en

tire contents of the database, that is, all meta levels are 

viewed. As shown, all expression are stored such that 

prefix terms are in actuality tags describing the nature of 

the statement. For example, all axiomatic expressions are 

prefixed with the term "primitive-token," all median 

expressions are prefixed with the term "is-median

expression," and all instantial expressions are prefixed 

with "is-instance-expression." 

By pattern matching with the single token "is

instantial-expression," a report listing all instantial 

statements can be generated. By pattern matching with the 

two tokens "is-median-expression" and "task," all median 

level statements that pertain to tasks can be reported. 

The Median Mode. In the median mode only median

expressions and ter.ms are viewed. The primary role of this 

mode is to review the language definition. By pattern 

matching with the single token "statement-form-definition," 

all statement forms defined at the median level can either 

be reviewed at the terminal or can be listed to a report. 

By pattern matching "is-median-term" all terms used in the 
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language definition can be ~eviewed. Thus, pe~use can be 

used to gene~ate a language manual fo~ an a~bit~a~y median 

model o~ as an on-line language help facility. 

By patte~n matching with "statement-fo~m-defini-

tion," "task," and "info~mation-set," all language state-

ment fo~ms that ~elate tasks and info~mation sets can be 

~eviewed. Thus the scope of que~ies and ~epo~ts can be 

alte~ed by adjusting the uniqueness with which the use~ 

specified te~ms patte~n match exp~essions in the database. 

The Instantial Mode. In the instantial mode, the 

instantial model, which is the ta~get system desc~iption, 

is viewed. By patte~n matching with the token "is-

instantial-te~m," all te~s in the ta~get system desc~ip-

tion can be ~eviewed. Othe~ examples a~e: 

Patte~n Matching Te~s 

o task 
exception_t~igge~ed 

o info~mation set 
contains -
item 

o info~mation set 
sales history 
contains 
items 

o task 
~equi~es 

info~mation set 
sales_history 

o communication link 
location -

Repo~t Gene~ated 

A listing of all tasks that 
a~e initiated by exception 
conditions 

A listing of the contents of 
all info~ation sets 

A listing of the contents of 
the info~mation set "sales 
histo~y" 

A listing of all tasks that 
~equi~e the info~mation set 
"sales histo~y" 

A listing of all locations 
that have communication 



chicago 

o item 
binding 
currency 

o item 
product price 
binding
currency 

links with "chicago" 

A listing of the binding 
currency requirements for 
all items 

A listing of the binding 
currency requirement for 
the item "product price" 

Peruse is a database query and r.eport generation 

facility. Other than pattern matching ability, however, 
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Peruse is relatively unintelligent. That is, Peruse does 

not perform design. Automated or computer-aided IS design 

is conducted using transform analyzers. Transforms and in-

tegrity checking are algorithmically formalized in chapter 

8. 

Summary 

General purpose tools in Plexsys are discussed in 

this chapter. The language definition facility is used to 

define the language for the Plexsys IS development methodo-

logy. The instance definition facility is used to define 

target systems. The query and report generation facility 

is used to generate documentation at the axiomatic, median, 

and instantial levels. Example language forms and instance 

specifications are given in the subsequent chapter on the 

Plexsys methodology. 



CHAPTER 7 

INFORMATION SYSTEMS PLANNING 
AND REQUIREMENTS DEFINITION 

In the past, a typical business information system 

was comprised of fragmented, usually transaction oriented, 

applications. Although the need for integrated organiza-

tion-wide and inter-organizational information system im-

plementations has been voiced for some time (see, for exam-

pIe, [Blumenthal, 1968]) neither appropriate technology nor 

analysis and design tools existed to support the develop-

ment of such systems. Over the past decades, the technolo-

gical problems have substantially abated given the availa-

bility of sophisticated data management and networking 

hardware and software. The sophistication of relevant 

analysis and design tools, however, has not kept pace. 

One popular enterprise analysis technique is BSP. 

While BSP offers a quite complete list of development acti-

vities, it lacks analytical, methodological rigor. 

Notably, BSP does not systematically move toward a 

realizable design; a design is not a by-product of the BSP 

analysis. Another popular enterprise analysis technique, 

BIAIT, although extremely systematic, is heavily biased 
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toward transaction processing analysis. 

For enterprise analysis, the organization and its 

environment must be viewed as a complex set of interrelated 

activities. Organizational activities range from program

med, transactional activities to nonprogrammed, long-range 

planning activities. In this chapter the Plexsys methodo

logy is discussed with particular attention paid to the in

itial phases of planning and requirements analysis. The 

special purpose tools for construction of the Information 

Processing Architecture, IS component design, and IS imple

mentation are discussed in the subsequent chapter. 

The P1exsys methodology attempts to capture infor

mation requirements such that 1) the value of information 

system applications reflect organizational priorities, 2) 

cost/benefit analysis can be conducted during analysis and 

design to support system development decisions, 3) informa

tion systems design is a natural result of analysis, 4) 

commonalities of information needs are recognized and, in

deed, capitalized upon, and 5) there is the potential for 

computer-aiding development transform activities. The 

overall objective underlying the Plexsys process is to 

capture the minimum of requirements such that the require

ments generated in a given step of the process provide a 

maximal amount of continuity into later steps while 

permitting a high degree of design inferencing. Further, 

by capturing requiLements in machine readable form, 
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analysis and design can be compute~-aided. 

The Plexsys methodology is o~iented to la~ge-scale 

systems that a~e comp~ised of a la~ge set of highly inte~

~elated applications, that may o~ may not span o~ganiza

tional bounda~ies, and that, most likely, ~equi~e data com

munications. It is also app~op~iate fo~ less laudable 

undertakings. ~ 

The basic steps in the plexsys methodology a~e 

given below. Note that the initial step of customizing the 

language fo~m definitions is omitted, and the IS planning 

step given in chapte~ 4 is expanded into two steps. 

1. IS st~ategic planning and aim modeling and anal

ysis. He~e, a st~aight-fo~wa~d method is p~esented 

fo~ integ~atin the o~ganizational and IS st~ategic 

planning p~ocesses. A by-p~oduct of the p~ocess is 

a p~io~itized aim st~uctu~e. 

2. Info~mation ~equi~ements dete~mination. This ~tep 

involves a bottom-up analysis of o~ganizational 

tasks, whe~e info~ation ~equi~ements a~e imposed 

top-down upon the transaction p~ocessing sub-sys

tems. Task analysis is conducted to obtain the 

cha~acte~istics of the task and to elicit info~ma

tion ~equi~ements. Info~mation ~equirements in

clude the dete~ination of info~mation set contents 

and the gene~ation and att~ibute levels of the in

fo~mation in the set. 
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3. Constr.ucting a logical information processes archi

tecture (IPA). Here the information sets are de

composed and clustered into a minimal system com

prised of Enterprise Software Development Library 

(ESDL) modules, processing specifications, data 

store specifications, and system input specifica

tions. This step is addressed only briefly. It is 

detailed in [Stott, 1984]. 

4. IS Component analysis and design. Here, with the 

aid of formal algorithms, or transforms, analyses 

are conducted on data acquisition, data store up

dating and placement, information processing sche

duling and placement, and data communication link 

placement analysis. Also, cost/benefit analysis is 

conducted to select and schedule subsystems for im

plementation. This step involves formal develop

ment transforms and is primarily discussed in the 

subsequent chapter. 

5. Implementation involves hardware selection and con

figuration and softwar.e construction. Hardware se

lection and configuration is discussed in 

[Konsynski and Bracker, 1980] and [Zeldin, 1984]. 

Software construction in Plexsys is supported by a 

library of software tools for IS development. 

These tools are outlined in the subsequent chapter 

and detailed in [Stott, 1984]. 
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Organizational and IS Strategic Planning 

Although it is desireable to implement a total in

fo~ation system, such an undertaking is infeasible for at 

least two reasons. First, the time and resources needed to 

analyze the entire organization are prohibitive. Second, 

even if sufficient time and resources are available for ex

haustive analysis, it is doubtful that sufficient resources 

exist to implement the large set of identified applica

tions. 

The purpose of the strategic planning activity is 

to identify the aims of the organization. The aims are 

those identified and synthesized during the planning pro

cess outlined below. Note that in the organizational 

model, no distinction is drawn between objectives, poli

cies, strategies, etc. The distinctions between objec

tives, policies, and strategies are nebulous and the 

distinction is not necessary for our purposes. To avoid 

conflict, all references to objectives, strategies, etc. 

are te~ed aims. The "objective" increase market share and 

the "strategy" increase promotion to increase market share 

are both treated as aims. 
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The NatuLe of Aims 

OLganizations behaving as pULposeful systems aLe 

guided by a set of aims. SeveLal asseLtions aLe made with 

Lespect to aims that influence the choices of descLiptive 

fOLrns and planning guidelines. 

1. Aims, although often left implicit and 

undocumented, should be explicitly defined in oLdeL 

to guide IS development. 

2. Aims vaLY in geneLality. 

3. Aims fOLm a netwoLk wheLe higheL level aims aLe 

mOLe geneLal and aims may have many sub-aims and 

supeL-aims. 

4. Aims cOLLespond mOLe diLectly to specific tasks the 

less geneLal the aims aLe. 

5. Aims vaLY in pLioLity. 

6. VeLY geneLal aims aLe less vaLiant than mOLe 

detailed aims among oLganizations and oveL time. 

7. Aims fOLm a stLuctuLe that peLmeates the oLganiza

tion. 

As discussed, the most impoLtant peLfoLrnance cLi

teLia fOL IS development and opeLation is the degLee to 

which the pLoducts and seLvices of the IS function contLib

ute to oLganizational pLoductivity. One opeLational way to 

insuLe a ceLtain degLee of such conbtLibution is to expli

citly link the IS planning and development decisions to the 



organization's aims. This, of course, necessitates the 

formalization of these aims. 
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The set of aims of a given organization vary with 

respect to their generality. An aim such as "be produc

tive," is more general than the aim "make consumers think 

we're nice," which, in turn, is more general than "conduct 

'what makes customers think we're nice' study." The less 

general an aim is the more operational it becomes, that is~ 

the more it describes a behavior, consequently, the more 

directly the aim corresponds to tasks in the operating or

ganization. Further, aims for a network. The aim "improve 

the billing process" may be refinements of the two super

aims "improve customer relations" and "improve cash flow" 

and may be refined into the two sub-aims "decrease errors 

in billing amounts" and "decrease the billing cycle." 

Any given aim of an organization has a priority. 

At the highest level -- the set of general aims that are 

often refered to as the mission of the organization -- pri

ority is not relative, that is, as the organization has de

fined its overall purpose as the mission it is of infinite 

priority. Less general aims are linked to, and are 

refinements of, higher levels aims such as the mission, and 

therefore, their priority is relative to the priorities of 

the higher level aims. The aim structure forms a top-down, 

relatively weighted priority structure. In other words, a 

lower-level aim's priority is the degree to which it 
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explains or operationalizes the higher-level aims to which 

it is linked. 

In differing organizations and in different situa

tions aims are given different priorities. The more gener

al the aim, the mo~e stable its priority is. The mission, 

or root strategy, of an organization is typically less vo

latile than specific action plans. As noted in chapter 3, 

it is desireable to develop an IS around the most stable 

aspects of an organization. Any model of the aim struc

ture, therefore, should include the aspect of volatility. 

Further, the aim modeling should concentrate on the less 

volatile aims: rather that include "advertize in the 

Wildcat the week of homecoming," include "assess optimal 

advertizing portfolio" as an aim. 

In Plexsys, the aim structure is modeled as a 

network. Figure 33 is the form used to model the aim 

structure. The pu~pose of the planning process discussed 

below is to identify, or elicit, these aims and to orient 

the IS strategic posture. Note again that the completeness 

analyzer, INTEGZER, is used through the development pro

cess. Its serves to aid in the identification of "holes" 

in the model and so indicates the directions for analysis, 

design, and implementation. 
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Integ~ating the Strategic Planning P~ocesses 

In chapter 3 a fou~ dimensional framework was pro-

posed for the analysis of st~ategic postures: 

1. level of strategy, 

2. scope of strategy, 

3. phase of the planning p~ocess, and 

4. functional unit pa~ticipation level. 

This f~amework also se~ves as a f~amework for inte

g~atin the o~ganizational and IS planning p~ocesses. 

The st~ategy set t~ansformation approach discussed 

in chapter 3 dealt with the transformation of organiza

tional objectives and st~ategies to derive IS strategies. 

In fact, all functional unit st~ategies are derived f~om 

high-level organizational objectives. O~ganizational ob

jectives, by natu~e, are not stated in functional terms. 

They desc~ibe the "what" rather than the "how" of o~ganiza

tional endeavor -- "inc~ease custome~ goodwill," for exam

ple. Statements of strategy, on the other hand, imply 

means, and hence, the role of the various functional units. 

Strategies to improve customer goodwill include 1) better 

custome~ preference resea~ch, 2) bette~ p~oducts, 3) bette~ 

pricing policies, and 4) better orde~ and complaint handl

ing. 
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One or more functional unit will serve as the 

focus, or leading edge, of a given strategic change, while 

the other units will serve, to varying degrees, support 

roles for the focal unit(s). The ,objective of a comprehen

sive, integrated strategic planning process is to accommo

date perspectives along each of the four dimensions listed 

above including the functional unit participation level 

dimension. Although the IS function has heretofore assumed 

largely a nonparticipative role in organizational planning, 

IS focused missions, objectives, and strategies are often 

feasible and, moreover, often appropriate (profitable), as 

evidenced by the growth of interorganizational ISs. 

IS factors enter into organizational strategic 

planning whenever issues of information are involved. An 

information processing viewpoint, then, is appropriate for 

crisis and opportunity motivated planning. Even when the 

IS function serves in a support role, the costs of that 

support should, at the very least, be considered during 

strategy selection. These costs are qualitative and quan

titative, technical and behavioral. 

Strategic planning is invariably a group process. 

Group processes, in the context of strategic planning, have 

several benefits: 1) it is generally accepted that group 

creative problem-solving is superior to that of a single 

individual, 2) there is a need in organizational planning 

to gain consensus among the internal, and external, 
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interest groups, and 3) the implementation of strategies 

demands coordination between the various functional units 

of the firm. 

To assure that a strategic situation is assessed 

properly and that the various functional units are coordin

ated and in consensus, each major unit of an organization 

should be involved in the organizational strategic planning 

process. When a group is formed for problem solving, 

however, certain protocols (parliamentary procedure, for 

example) must be enforced if the group is to rationally 

progress toward a solution. (See appendix A for a discus

sion of small group dynamics). 

A host of group problem-solving techniques have 

been developed in an attempt to provide a structure for 

group interaction such that the above negative group forces 

are minimized. These techniques include brainstorming 

[Osborn, 38], the nominal group technique [Delbecq, Van de 

Ven and Gustafson, 75], and Synectics [Gordon, 61]. (See 

appendix A for a survey of planning processes and tools.) 

The procedure discussed below draws on these and the con

cepts of dimensional analysis found in morphological anal

ysis [Zwicky, 48]. 

The general framework of the planning process in

volves 1) the formulation of functional unit perspectives, 

and 2) the synthesis of functional perspectives to form an 

organizational perspective. This gener.al approach has been 
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used successfully by Emshoff [1978]. The overriding 

perspective embodied here is that functional units offer 

unique perspectives on organizational problems and oppor

tunities that, taken together, lessens the tendency to 

ignore problem dimensions. There is, nonetheless, a need 

for a formal mechanism for integratin the individual per

spectives. In conjunction with the above framework, ends 

and means planning [Ackoff, 70] are employed. The approach 

involves specifying aims by each functional unit along the 

four dimensions of strategy formulation. The functionally 

biased views are then synthesized and reconciled. The gen

eral steps in the Organizational/IS planning process are: 

Group formation 

Ends planning 

Functional unit problem/opportunity assessment 

Synthesis of organizational problem/opportunity 

statement 

Functional unit focused formulation of 

organizational objectives and assumptions 

Synthesis of organizational objectives and 

assumptions 

Means planning 

Functionally focused formulation of strategic 

options (along the strategy level and scope 

dimensions) 

Functional unit formation of their potential 



suppo~t fo~ the st~ategic options fo~mulated 

by the othe~ functional g~oups 

Analysis of options 

Synthesis of o~ganizational st~ategies 

Detailed functional unit planning 
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A fi~st, and c~itical, step in the planning p~ocess 

is g~oup fo~mation. The basic philosophy fo~ g~oup 

fo~mation and ite~action follow f~om Kilman [1977]. 

B~iefly, g~oups a~e fo~ed in o~de~ to minimize int~a-g~oup 

diffe~ences while maximizing inte~-g~oup diffe~ences. Each' 

g~oup is, the~efo~e, comp~ised of membe~s of a given func

tional unit. 

Each functional g~oup ~einte~p~ets and ~estates the 

mission of the o~ganization f~om its pe~spective. This 

pu~posefully biased statement of mission is used by the 

g~oup to add~ess the cu~~ent st~ategic c~isis o~ oppo~tun

ity. Each functional g~oup then inte~p~ets the p~oblem o~ 

oppo~tunity f~om its pe~spective. In a cash flow p~oblem 

faced by a wholesale~, fo~ example, the IS p~oblem state

ment may be stated in te~s of inefficient billing p~o

cesses whe~eas the ma~keting unit might state the p~oblem 

in te~ms of lagging sales. 
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Once each functional unit has fo~mulated a p~ob

lem/oppo~tunity statement, a selected membe~ p~esents the 

g~oup's statement to the othe~ g~oups. Content analysis is 

then conducted to isolate the c~itical issues. Finally, a 

composite, integ~ated o~ganizational p~oblem/oppo~tunity 

statement is synthesized. Note that the Q-so~t method (see 

appendix A) may be used to aid in the identification and 

analysis of view dive~gence. Given the o~ganizational 

p~oblem/oppo~tunity statement, a statement of o~ganiza-

tional objectives is fo~ulated in an analogous manne~. 

Following the synthesis of o~ganizational objec-

tives, each functional g~oup begins means planning. The 

g~oups' task is to outline st~ategic alte~natives fo~ each 

level along the strategy level dimension and along the 
. 

st~ategy scope dimension. Again, each g~oup is inst~ucted 

to fo~mulate st~ategies in which thei~ functional unit 

adopts the focal ~ole. An IS focused st~ategy at the 

t~ansactional level and of envi~onmental scope is the de-

velopment of an automated ve~tical info~mation system for 

o~der processing to speed the billing cycle for imp~oved 

cash flow. Fu~the~, the st~ategy may entail the develop-

men~ of an o~de~ p~ocessing system that se~ves not only 

o~de~s f~om ~etaile~s to the fi~m, but also, o~de~s f~om 

~etaile~s to the fi~'s competito~s. The ~emaining plan-

ning activities to be unde~taken by the planning body a~e 

1) enume~ation of the suppo~t ~oles of functional g~oups, 
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and 2) combination of pe~spectives among functional g~oups. 

Once each g~oup has fo~ulated its st~ategies, the 

dimensionally ~ep~esented st~ategy statements a~e exchanged 

between g~oups. The fo~mulation of suppo~t st~ategies in

volves, on the pa~t of one functional g~oup, the specifica

tion of its potential st~ategic suppo~t ~oles fo~ the st~a

tegic options exp~essed by anothe~ functional g~oup. This 

p~ocess mi~~o~s the St~ategy Set T~ansfo~mation methods 

given in chapte~ 3. F~om an IS pe~spective, a suppo~t ~ole 

might entail the development of a system to suppo~t ma~ket

ing ~esea~ch. The end ~esult of this analysis is a dimen

sional ~ep~esentation suitable fo~ fu~the~ analysis using 

mo~phological analysis. Individual "cells" a~e ~ecombined 

to fo~mulate st~ategic options and to stimulate further 

ideation. Take fo~ example, the aim of a wholesale~: "in

c~ease ma~ket sha~e by 5 pe~cent in 3 yea~s." A composite 

st~ategy can be fo~mulated in which ma~keting p~omotion is 

used to p~ovide demand pull and the implementation of a 

ve~tically integrated IS is used to p~ovide demand push. 

The result of such analysis is a composite, inte

g~ated set of o~ganizational strategy options to be evalua

ted. The natu~e of the evaluation p~ocess, the c~ite~ia 

fo~ selecting evaluation methods, and a discussion of a 

number of existing evaluation methods a~e given in Appendix 

A. Upon the selection of organizational strategies, each 

functional unit undertakes the iterative process of 
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refining and detailing functional plans. It should be em

phasized that a concerted effort on the part of the groups 

and the planning facilitators is required to avoid the ten

dency to diverge into detailed, functional planning during 

the organizational strategic planning process [Emshoff, 

1978] • 

The approach presented above is a straight-forward 

approach that attempts to provide a structure for the over

all strategic planning process which helps assure that 

functional units, including the IS function, are integrated 

into the organization's planning process. Other advantages 

of using this, or a similar, approach include 1) clear 

lines of reponsibility and accountability are drawn, 2) 

interdependencies (required cooperation) between functional 

units are highlighted, and 3) a more thorough view of stra

tegic problems and opportunities is synthesized. The ap

proach just outlined is integrated with the system develop

ment methodology discussed in the following sections. That 

is, the output of the planning process is a model of one 

basic substructure -- the aim structure -- in the overall 

organizational/IS model. 
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Dete~mining Info~mation Regui~ements 

As outlined in chapte~ 4, the task analysis and in

fo~mation ~equi~ements dete~mination a~e conducted bottom

up. Requi~ements fo~ new data, then, a~e imposed top-down 

upon the data gathe~ing -- t~ansaction p~ocessing 

subsystems. 

Task Analysis and Modeling 

When an agent, o~ task pe~forme~, is inte~viewed, 

the it is necessa~y to (1) insu~e that tasks a~e ~educed to 

fundamental tasks, (2) tasks a~e p~io~itized, and (3) task 

att~ibutes a~e captu~ed, including the assignment of tasks 

to agents. 

Task Reduction.Task analysis is conducted for each 

task to b~eak down a task into its basic subtasks. Figu~e 

34 is the fo~m used to model task ~elationships. The task 

"assess accounts," fo~ example, can be broken into "assess 

delinquent accounts," and "assess bad debt." In pa~tition

ing a task into basic subtasks, 1) a more complete ~equi~e

ments specification is possible, and 2) the impact on the 

info~mation system of ~eo~ganization of the o~ganization's 

task st~uctu~e is lessened (example, pe~formance evaluation 

of sales pe~sons may late~ be "down loaded" f~om the gene~

al manage~ of sales to the ~egional sales manage~s). No 

algo~ithm exists in the lite~atu~e, no~ is one developed in 

this disse~tation, fo~ ~educing tasks to fundamental tasks. 
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Several rules of thumb to indicate that a task is not re

duced to fundamental tasks are: 

1. The task has many controlling tasks, 

2. The task is a controlling task for many tasks, 

3. The task has several different values for the task 

initiation or frequency attributes, and 

4. The task requires many distinct information sets or 

the same information set with many different values 

for generation and information attributes. 

Task Prioritization. Each task is weighted 

relative to the aims to which it is instrumental in 

attaining. Figure 35 the form is used to model task prior

itization. The priority of tasks in realizing aims is as

signed by controlling tasks, not by the task agent. For 

example, Central Marketing assigns priorities to Marketing 

Research. Marketing research may be given a weight of 8 

for its instrumentality in attaining the aim "increase 

market share" -- which has previously been given a aim 

weight of, say, 3 -- and a weight of 2 for its role in 

attaining the aim "increase customer goodwill" -- which has 

an aim weight of 6. By summing the product of a task's 

instrumentality in achieving an aim and the aim's weight, 

critical tasks are ranked. In this example the priority of 

the marketing research task is 8*3 + 2*6 = 36). 



task lassess acccunts 
! -

has su= 

task : asses s_.de 1 inquent_a=count:; 
~-----------------------------~ 

, 
De:;criptionl'rhe current accountlng :lj"stero ..• 

I 
I 

I 

Enter d~3cription for the ter~. then ,Enterl 

Fig. 34. Task Structure Form 
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task lassess_delinquent_accounts , 

realizes 
~.-----------------------------~ aim Iminlmize_de!lnquent_A/R I 
, 

Description i 
1 
I 
1 

i I 
priority lunSFecitled. 

19 I 
>18 1 

17 
16 
15 
14 
13 
12 
11 , 

PF1, PF:, FF3-Save FF"j\5-Clear 5tm~ ~E!JTE.Fn-Next FF:~~'-FrE:'".J "h-:<l~ ·~-W!.t 

Fig. 35. Task Priority Form 
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Task Attributes. Tasks are further defined in 

terms of two attributes -- initiation and average fre

quency. Figure 36 is the form used to model task attrib

utes. The initiation of a task pertains to the conditions 

under which the task is initiated. Types of initiation in

clude 1) scheduled, 2) exception triggered, and 3) at ran

dom. Average frequency indicates the average time interval 

between initiations of the task. Note that if the task is 

scheduled, the average frequency is in actuality the abso

lute frequency. These two attributes of tasks, as discus

sed below, imply the conditions under which, and the aver

age frequency with which, information sets must be gener

ated. An agent is an entity that performs a task. Tasks 

are performed at one or more locations. 

form used to model the task location. 

Figure 37 is the 

Figure 38 is the 

form used to model the task assignment to agents. 

Information Requirements Analysis and Modeling 

An information set is a group of information items 

that an agent needs simultaneously in the performance of a 

task. Note again that information sets should relate to 

basic tasks. Figure 39 is the form used to indicate what 

information sets are required by which tasks. Figure 40 is 

the form used to document the contents of information sets. 

Identification of required information sets pertains to 



i 
task lassess_d~linquent_a:co~nts , 

j 

initiation lunsFe:1I:~d 
Ion derr.,J.r.~ 
lexcepti:n triggere~i 

)1 scheduled I , 

i 
Des=riptionl 

1 

I 
I 

i 

frequer.cy luns~eC!I!edl 
Isubhour:y 
I hO!.lrly 
IweeKly 
Ibiweekly 

>Imon::hly 
Iquarterly 
I yearly 
i 

PF1, PF2, PF3~Save PFr~5-C~ear 3tr..t \EN~;::r.)-:J~;·:t Ffl'C-F!'e"; ~h-xit "S-uit 

Fig. 36. Task Attribute Form 
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I 
task ,assess_deli~quent_account~ 

! 

15 performed at 
I 

location ,tucson 

, 
L'escriptior., , 

, 
, 

Fig. 37. 

~! ------------------------~ 

Task Location Form 
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agent Icredit_manager 
i 

performs 
~i------------------------~ 1;ask lassess_delinquent_accc'..Int:: 
i 

i 

Descriptionl 
I 
I 
I 

PF1, PF2, FF3-Save PFK5-Clear Stro.t ·.::;,:-ERl-Next FFI':C-Fre\' ';:'.-Xlt ·~-,~it 

Fig. 38. Task Agent Form 
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both current and projected needs. 

An information set is defined first in terms of its 

contents -- information items. The items in an decision 

support information set can be elicited using a number of 

techniques. In the Plexsys methodology the existing tech

niques of SAST [Mason and Mitroff, 1981] and CSF [Rockart, 

1979], and the view of the IS as a diagnostic tool for man

agers provides the framework for the elicitation activity. 

Managers are much like diagnosticians. They must 

recognize symptoms, be they organizational problems or op

portunities, identify the cause(s) of problems and sources 

of opportunities, and determine an action, or treatment. 

In an organization, the diagnosis analogy begins with the 

setting of aims. These aims indicate a set of "life signs" 

for the organization. The accomplishment of aims are 

judged by the relative levels of organizational aims and 

actual performance. If an aim is not realized it may be 

due to 1) an unrealistic aim, 2) an unrealistic assumption 

underlying the aim, or 3) ineffectiveness of organizational 

operations. Given an aim unrealized, the decision maker 

attempts to determine the cause and to effect a remedy ac

tion. 



i 
tasK lasse3c_de11nquent_accounts 

! 

require3 

information set laIr_aging 
~! ------------------------~ 

DescriPtionlThe current credit terms call tor pay:ne:":c witr.in ::0 d::tys, 
l'l'he aging report, then, :hould t'e:lecc aginq of Ali-. C\'er 

130 days, 
1 

Enter description for the term, then CEnter) 

Fig. 39. Task Information set Form 
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i 
information set lair_aging 

~!------------------------~ 
contains 

item icustomer_id , 

i 
Descr1pti(mlTne current credi: terr.:l! c3.11 tor pa::r.:e;,t I..':.tr.:n 3j ':'3,'Z, 

IThe aging report. t.r.en. :;i'.:..uict reI le:t .:lgi~.? C1 p." r, :\'"r 
13':1 days. 
I 

PF1, PF2, PF3-Save FFi:S-Clear Btmt ~£:j':'E:!ii-Nc};t FFi:O-i'I<e'/ ·~,-x:'.t ',sOUl: 

Fig. 40. Information Set Items Form 
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Underlying the aim "increase market share by 5% per 

year" is a set of assumptions including that total market 

demand will increase at least at the rate of 5% per year. 

Assumptions such as these represent one possible cause of 

aim failure. Note that assumptions of this sort also may 

represent indicators of organizational opportunity, that 

is, for example, total market demand in excess of that pre

dicted may indicate further opportunities. In eliciting 

information set requirements, then, this framework indi

cates the need to determine. 

1. The aims must be formalized as quantitative meas

ures such that the measures indicate information 

items needed to monitor the performance of aims, 

2. The assumptions about the environment underlying 

the aims must be identified, formalized as meas

ures, and monitored. The assumption indicators 

relate to both realms of organizational opportuni

ties as well as possible causes for aim failure. 

3. Possible organizational operational characteristics 

that are potential causes for goal failures must be 

identified and formalized as measures. For exam

ple, a failure in the goal "increase sales" may be 

due to the inadequate frequency with which sales

persons make calls. 
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4. Finally, any o~ganizational task implies the 

existence of a ~equisite "meta-task," where the 

meta task's pu~pose is to alte~ the natu~e of the 

task p~ocess. 

In gene~al, then, decision support information is 

needed to monito~ the aims, assumptions, and anticipated, 

potential causes of aim failu~e. Information is used both 

to t~igger a decision making task as well as to aid in the 

fo~mulation of a decision. Fo~ example, a product pricing 

decision may be initiated by lagging sales figures and may 

be made using sales history information. Further, the ac

tual decision may cause a change in either product p~icing 

o~ the p~icing decision p~ocess itself. As given in chap

te~ 4, the elicitation processes p~0ceeds bottom-up, 

trave~sing the controlled-controlling task relationships, 

and is given by: 

1. Identify the aims co~responding to the task; 

2. Identify the cont~olled tasks, and use the info~ma

tion set dete~mined fo~ the cont~olled task as a 

point of refe~ence; 

3. Dete~mine met~ics fo~ monito~ing aim achievement; 

4. Identify the assumptions unde~lying the aims, that 

is, sou~ces of possible aim failure; 
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5. Determine information required to indicate and 

analyze assumption failure, and model the informa

tion requirements by selecting "information set" 

from the INSTANCE-EDITOR language object menu; 

6. Controlling tasks for the current task under anal

ysis indicate the next task for information re

quirements analysis, model the controlled-controll

ing relationship via INSTANCE-EDITOR for the "task 

structure" statement form. Invoke the completeness 

analyzer INTEGZER with the language object "task" 

to determine tasks in need of analysis. 

In addition to contents of information sets, the 

access and ordering items, the referents and attributes for 

information sets are modeled. The attributes of informa

tion reflect variables which influence the value of the in

formation to a given individual. They also manifest as 

factors in design decisions and in the costs of target 

system development and operation. 

Information sets are classified by referent -- one 

of a set of real world entities or relationships between 

entities to which information refers. Figure 41 is the 

form used to inventory basic referents. The initial set of 

referents suggested here is influenced by Forrester [1961] 

and BICS [Kerner, 1979]. Basic referent classes include: 

customer 



i 

referent Icustomer 
~'------------------------~ 

i 

DescrlptionlA ~ustomer is any person cr organl:a:ic~ t~a:", 
I 
I 
I , 

Enter descriFtion for the term. then ~Ent.r~ 

Fig. 41. Referent Declaration Form 
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supplier 

competitor 

materials 

(including raw materials and finished goods) 

personnel 

money 

capital equipment 

organizational abstractions 

(e.g., sales region, finance department) 

The above (efe(ents correspond to entities. 
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Referents may also correspond to relations between enti

ties. Product orders, for example, represent a relation

ship between products and customers, a bill represents a 

celationship between customers and money. Special cases of 

such relations have been termed "exchanges" [Warnier, 1981) 

and "relation unique inventories" [Keener, 1979). Other 

examples are: suppliers of money, suppliers of raw mater

ials, and suppliers of information; customecs of given 

product categories, and customecs of a given sales cegion. 

The refinement of ceferents represent a refinement in cate

gocization, or cross-sections, of information. Figure 42 

is the form used to inventory relational, or (efined, 

referents. Note that the celation referents form a struc

ture that is a logical abstraction view of the 
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organizational data model. 

Figure 43 is the form used to indicate the 

referents for information sets. If a single referent can

not be specified for an information set, the information 

set is not reduced to a fundamental information set. As 

discussed in the previous section, this in turn indicates 

that the task may not be reduced to fundamental tasks. 

Following the identification and classification of 

information sets, each information item or set is para

meterized by several attributes. These attributes, along 

with the task attributes, serve several purposes: 

1. To serve as factors in cost/benefit analysis. The 

attributes, as mentioned, are variables which in

fluence the value of information to a given indivi

dual as well as the costs of system development and 

operation, 

2. To serve as objectives and constraints during de

sign, 

3. To derive refined requirements, and 

4. To generate IS designs. 

Access and ordering are defined by defining the in

formation items upon which a given information set required 

by a given task are accessed and ordered. Given the infor

mation set (sale amount, salesperson number, region code), 

access and order items for a regional sales evaluation task 



i 
referent \customer_credlt_sales , 

has super 
i 

referent \customer ~i ________________________ ~ 

DescrlPtlonlh customer 13 any per~o~ or Dr;~n1:aci;n thato •• 
I 
\ 
\ , 

PFl. PF2. PF3-Save PFK~-Clear St::-,t (E:J:.oEF<I-Ne:!: E'fK'o-l'reo., o;"-xit o'::-'JH 

Fig. 42. Relational Referent Declaration Form 
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i 
information set lAIR_aging 

i 
referent Icusto~~r_creait_=ales , 

i 
DescriptionlTr,E? ::urrer,;; :re::iH terms cal: :cr Fai':;,e:-:: :.;~~:-,:~, ;" -:::'i':, 

I,!'bt~ ac::in·; report, t:-.er., st.,:wld retl~·:t. ag:~.-;· :: r.lf.: '::'Jer 
130 days, 
I 
~------------------------------------------

PFl, PF2, PF3-Solve Fn:5-':lear Stm~ 'EilTEFn-l;~x~ pn:C-Fre" 

Fig. 43. Information Set Referent Form 
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may be salespe~son numbe~ and ~egion code. Figure 44 is 

the form used to model access items. Figure 45 is the form 

used to model ordering items • 

. As suggested by [Gorry and Scott Mo~ton, 1971] and 

[Eme~y, 1971], info~mation att~ibutes, or characte~istics, 

influence the cost and value of p~oviding information. 

Although info~mation items across decision making tasks 

vary with respect to attributes such as scope, and detail 

level these are intrinsic prope~ties of a given info~mation 

set. Attributes such as currency, on the othe~ hand, are 

va~iable fo~ a given information set or item. Fu~ther, 

these attributes influence the level of benefit of the in

formation to the decision make~ and the level of cost 

incurred in supplying the information. In sho~t, informa

tion sets qualified by info~mation attributes describe ~e

qui~ements from a decision makers point of view while also 

supplying critical IS developmental and ope~ational objec

tives and const~aints. Information attributes have funda

mental impacts on development decisions and costs, as indi

cated above and detailed below and in chapter 8. 

Some of the info~mation att~ibutes apply to infor

mation sets while others apply to individual information 

items. 



i 
information set laIr_aging into set attribu:e 

~'------------------------~ 
required by 

task r:a--5-s-e-s-s-_-d-~-I-i-r.-,~-,u-e-~-,-:_-a--~-~-c-~-~-t-s----~ 
, 

access on 
item r:u-n--s-p-e-c-i-·t-1-e-d--------------------~ 

, 

i 
De5cription l:-he curre~t credit :errns C3.11 I:;r pay==,;:>n~. ;.;: ::.::1 j'J .::3.::". 

ITn!? agir.:;.I report, then, shoulc rellect a:pn; ~I ;'/f-. Dve!" 
130 daY3. 
I 

PFI, PF=:, FF3-':;ave foFK5-Clear Stmt (E:ITE.~;)-Next forr:O-Pre',' 'l'.-~:lt ',s-",i: 

Fig. 44. Information Set Access Items Form 
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information set laic_aging 
~. ------------------------~ 

required by 
I 

task I asse!is_dellnque:lt:_acco'Jnts 
I 

I 
ordered on major item IPurc~a~e_manth 

info set attrib~:e 

~I------------------------~ 
I 

ordered on minor item Icusto~cr_i~ 

~'------------------------------

Descr1pt10n;Customer is a unique identilier glven by ... 
I 
I 
I 

Enter descripticn lor the term. ther, (Enter; 

Fig. 45. Information Set Ordering Items Form 
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Generation Attributes of a given information set 

for a given task a~e derived from the corresponding task 

attributes. Generation attributes, then, are: scheduled, 

conditionally triggered, and at random. Scheduled genera-

tion correspond to discrete access times information 

available at specific times or frequencies, for example, 

weekly sales report. Conditionally t~iggered indicates 

that the task (agent) should receive the information set 

when a conditional state occurs, for example, when project 

expense is greater than budgeted amount. Random generation 

implies that the agent cannot determine a schedule nor con

dition under which the information should be received. A 

project manager may wish to randomly check project status. 

Generation attributes place requirements on the process 

scheduling. 

Currency applies to an information item and is a 

measure of the allowable time lag between a change in the 

state of a real world referent and the change in informa

tion pertaining to that referent. Production control 

tasks, for example, demand a high degree of currency on the 

status of the production process whereas long-range plan

ning calls for typically modest levels of information cur

rency. 
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In the Plexsys methodology, cu~~ency ~equi~ements 

a~e exp~essed in standa~d time units (e.g., minimum cu~~en

cy is on the o~de~ of hou~s). Cu~~ency ~equi~ements influ

ence the design of data acquisition p~ocedu~es, data update 

schedules, data sto~e o~ganizations, and info~mation 

p~ocessing schedules. Also, inc~easing levels of cu~~ency 

generally increase, the costs of system development and 

ope~ation. 

Accuracy of an info~mation item is a measu~e of the 

deg~ee of correspondance between the state of a ~eal wo~ld 

entity or condition when data is captured and the informa

tion pertaining to the entity o~ condition. 

Accuracy is measured as a percentage of allowable 

er~ors among all occur~ences of a given info~mation item. 

Increases in accuracy ~equirements influence the design and 

costs of data acquisition -- sou~ces, communications facil

ities, and controls -- and of data verification and valida

tion. Figure 46 is used the form used to model the cu~ren

cy and accuracy requirements on information items. 

Time-horizon of an info~mation item or set is a 

measure of the "time window" of the information 

versus yearly sales totals, for example. 

weekly 

Time-ho~izon ~equirements are given eithe~ as "cu~-

~ent" or in standard time units such as days, weeks, 

months, and years. Inc~easing the time-horizon of informa

tion tend to inc~ease data storage costs and information 



i -, 

item Itotal_custorner_accounc_balancel item attribute 
I , 

i 
required by tasi< la~se:;:;_d"l!r.q~"'nt_.a,:c,junts . 

j i . . 
currency lun~pecifiedl accur3cY·lun~~ecl:ied: 

IloleeK's I 
)Idays I 

Ihours I 

175% 1 

185% I 
>195% I 

Iminutes I 110\)% I 
Iseconds I , 

i 

Description ITI'.e total cus~,jrr.~r acc.::;ur.: caiar.ce r~'11ect::; the tOCaJ. 
Ireceivables tor a 9\ven customer. 
I 
I 

Enter description for the term. then .En~er> 

Fig. 46. Item Currency and Accuracy Form 
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processing costs. As noted later, given the information 

processing architecture constructed in step 3, the proper 

form (e.g., aggregation level) for archival storage as well 

as data disposal schedules can be determined. Time horizon 

increases storage costs. Figure 47 is used the form used 

to model the time-horizons of information sets. 

Response is a measure of the allowable time that 

may transpire between a decision maker's desire for an in

formation set and the presentation of the information set 

to the decision maker. Required response essentially 

reflects the user's view of the immediacy of a task. 

Response is stated in time units such as seconds, 

minutes, days, and weeks. The impact and interpretation of 

response requirements is contingent on the task initiation 

attribute. If initiation is scheduled, response time re

quirements are relatively irrelevant. Response time im

pacts the choice of data store keys, data distribution on 

the network, network link placement, information processing 

performance requirements, and hardware selection. 

Increasing required response increases, notably, the cost 

of the necessary application mode (on-line versus batch). 

That is, interactive applications typically take longer to 

develop and place increased demands on hardware. Figure 48 

is the form used to model response requirements. 
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information set laIr_aging into set attribute 
~'------------------------~ 
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Fig. 47. Information Set Time-horizon Form 
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Fig. 48. Information Set Generation R esponse For.m 

238 



239 

Volume is an estimate of the amount of the number 

of information items outputed. Volume influences the de

sign and costs of data gathering, storage, network 

topologies, and processing. Figure 49 is used the form 

used to model the estimated volumes of information sets. 

Priority of an information set is a subjective 

estimate reflecting the importance of a given information 

set to the performance of a given task. Figure 50 is used 

the form used to model information set priority relative to 

tasks. 

Specific impacts of these attributes on design are 

outlined in chapter 8. 

Prioritization 

At this point, information set requirements have 

been modeled and prioritized. The information requirements 

are now prioritized in order to compile a list and schedule 

of those system support areas that will be further investi

gated. Figures 51 and 52 are the forms used to model the 

development precedence and status of processes to generate 

information sets. The priority (benefit) of each potential 

I.S. component now reflects the priority cited by the 

performers of the tasks. Costs are qualitatively assessed 

by the complexity of and commonality among the information 

requirements. It is beyond the scope of this dissertation 
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to fo~malize cost o~ benefit functions. 

Info~mation sets a~e assigned ~elative to the tasks 

that ~equi~e the information set. Info~mation set benefits 

are judged on the basis of the total priority. The prior

ity is "cumulative." For example, given the aim "inc~ease 

market share" with a p~io~ity 5, the task "markating re

search" with a priority 4 with ~espect to its conbtribution 

to the above aim, the priority of the task is 20. Given a 

priority of 6 for the information set "custome~ demog~aphic 

information," the priority of the information to the ma~

keting resea~cher is 5*4*6=120. The The sum of all such 

priorities across tasks is the priority of the information 

set. Note that the resulting, calculated prio~ities can be 

used only to rank objects of interest. Given the simple 

cumulative metric, the priorities of tasks and information 

sets cannot be relatively compared. 

Potential costs of developing the IS subsystem 

needed to generate an information set is qualitatively as

sessed. Rules of thumb indicating varying levels of IS de

velopment and operations costs are: 

1. A required information set is cur~ently produced by 

the IS, but is not p~oduced with the requi~ed ~e

sponse, time-ho~izon, o~ access item requirements. 
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2. Required information items are currently produced 

by the IS, but not at the required levels of 

accuracy nor currency. 

3. Required information items are not currently pro

duced, yet the data needed to produce the items is 

available. The data, however, may not be of the 

proper attribute levels. 

4. Data that is needed to produce the information 

items is not currently available. 

The analysis to this point has been "elicitation 

intensive." At this point, adequate requirements are 

modeled to allow "computer-aided transform intensive" de

velopment. These include the derivation of the Information 

Processing Architecture and the derivation of process con

trol, or scheduling, database structure, software construc

tion, and network configuration. These activities can be 

supported with active computer-aids, that is, by computer

aided transforms. The discussion in the remainder of this 

chapter is intentionally brief. The formalization of the 

computer-aids is given in the subsequent chapter. 
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Derivation of an Information Processing Architecture 

The objective of IPA construction is to derive data 

store content specification, enterprise data types and cor

responding enterprise software development routines, 

processing specification, and input requirements. The dis

cussion here is intentionally brief, the IPA derivation 

process is fully developed in [Stott, 1984]. Before dis

cussing the procedure, several definitions must be es

tablished. An intermediate data set is a group of data 

items used to derive information sets. They are determined 

via decomposition. 

A decomposition serves to derive data sets from in

formation sets or other data sets. A composition is a pro

cess that derives information sets from data sets. 

Composition operators include: 

1. The merging of two data sets on the basis of a com

mon data item -- the relation join. 

2. The derivation of a single data item occurrence 

from one or more data item occurrences via 

calculation. 

3. The derivation of the value of a given item by a 

mapping from the value(s) of other item(s) -- a 

table look-up of tax rate based upon salary. 
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4. The extraction of data set occurrences or data item 

occurrences -- select and project. 

5. The ordering of information sets by item(s). 

6. The transformation to a presentation mode -- a bar 

chart l for example. 

A system input, is a data set that is not further 

decomposed, that is, it can not be composed and must be 

input to the system. Examples are customer number, order 

quantity, and product description. A given setl is deriva

tion dependent on set2 if set2 is required to derive setl. 

A data store is any information, intermediate or primitive 

data set that is to be stored (versus derived on a needs-be 

basis). 

Enterprise Data Types correspond to unique identi

fiers for referents and relation referents and discrete 

codes. Referents should be identified by a unique 

identifier -- customer number, product number, employee 

number, region identifier, etc. Relational referents 

should also have unique identifers product color, size, 

etc. Discrete codes dictate a set of allowable values for 

an item -- marrital status, credit rating, tax status, etc. 

Each enterprise data type implies the need for routines for 

inputing, editing, storing, and retrieving, the data type. 

These routines, built using the Plexsys supplied software 

tools, form the Enterprise Software Development Library, or 



ESDL. Figure 53 is used to model Enterprise Data Types. 

Figure 54 is used to model the routines in the ESDL. 

248 

Another output of information processing architec

ture construction are data store contents -- see figure 55. 

The last, process specification, indicates the information 

set produced by the process -- see figure 56 -- the Qata 

stores incident, or needed by, the process -- see figure 57 

the ESDL routines used by the process -- see figure 58 

and the data items needed to derive information items -

see figure 59. Note that as any term or expression may be 

documented using the JAMES database, informal process re

quirements may be stored and retrieved. 

Summary 

As developed fully in chapter 8, the IPA provides a 

structural representation of derivation dependencies be

tween IS components. Many design decisions are influenced 

by the infered level of binding system attributes. The re

quired level of the accuracy for data items in a given data 

store, for example, is the maximum level of the accuracy a

cross all information items from which they were decom

posed. If a given decision-maker requires maximum accuracy 

of data, it is this binding attribute that dictates design 

decisions. Also, this increased data accuracy becomes 

available to other decision-maker at no marginal cost. 
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esdl routine Idollar_amount_reporting 
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data store Icustomer_records , 

contains 

item icustomer id , 

I 
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Fig. 55. Data Store Contents Form 
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process ia/r_aging_generation 
! 

produces 
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infor~ation set la/r_aglng 
~------------------------~ 
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Fig. 56. Process Information Set Form 
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Fig. 57. Process to Data Store Form 
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Fig. 58. Process to ESDL Module Form 

254 



item itotal_~ustomer_acco~nt_ralancei 
, ! 

ill derived from 

i tern I credi t-P'Jrch.:lse_al:1ount 
~------------------------~ 

i 

Description I The total cus tcmer acco\,;nt talar.·:e ref le':ts tne to':..:ll 
Ireceivables tor a given cust~mer. 
I 
I , 

PF1, PF2, PF3-Save PFK5-C'lear St:nt <E. ... -n:n'-Next ff1:0-Frev 'li-xit -.:'-uit 

Fig. 59. Item Derivation Form 

255 



256 

As shown in chapte~ 8, given the IPA and the info~

mation set ~equi~ements, the ~equi~ements on othe~ IPA com

ponents can be automatically de~ived. These att~ibutes, o~ 

~equi~ements, "inhe~ited" th~ough the de~ivation dependency 

~elations influence the design decisions listed below. 

1. P~ocessing schedules and modes (on-line o~ batch), 

2. P~ocessing pe~fo~mance ~equi~ements, 

3. Input items (p~imitive data items), 

4. Data sto~e update p~ocessing, 

5. Data sto~e update schedules and modes (on-line o~ 

batch), 

6. Data sto~e keys, 

7. Data sto~e o~decings, 

8. Data acquisition and update contcols cequi~ements 

and p~ocedu~es, 

9. Data dist~ibution (netwo~k placement), 

10. P~ocess dist~ibution, 

11. Communication netwock link placement, 

12. Data disposal schedules, 



257 

13. IS completeness ve~ification, and 

14. IS component p~io~itization. 

All of the above analyses can be fo~malized such 

that they a~e suppo~table with automatable t~ansfo~ms. A 

subset of those p~esented in the following chapte~ have 

been implemented. 



CHAPTER 8 

TOOLS FOR IS COMPONENT DESIGN 

Deriving Statements Via Intelligent Analyzers 

As mentioned, system documentation is a set of 

system descriptions that, in its final form, is an imple

mented IS. Development transforms represent the activities 

that move a system description from requirement description 

to more detailed requirements, designs, and, finally, to an 

executing system. 

Nature of Underived Versus Derived Statements 

A transform, in essence, derives a given part of a 

system description. In Structured Design, for example, a 

Data Flow Diagram is transformed into a structure chart 

[Yourdon and Constantine, 1979] [Page-Jones, 1980]. 

Transforms, as with decision making processes in general, 

vary with respect to their degree of structuredness and, 

hence, to the degree to which they are programmable. In 

the Plexsys methodology, the early development activities 

involve organizational modeling and information require

ments determination. These descriptions are underived in 

the sense that they are not automated, or programmed. 
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Later activities, on the other hand, are more programmed 

activities and, therefore, are potential candidates for 

automation and computer-aids. This chapter presents algo

rithms for transforms that serve as computer-aids for IS 

component design. These components fall into the categor

ies of database design, process control scheduling, network 

configuration, and software construction. To present the 

algorithms, a pseudo-code is developed. A subset of the 

tools presented have been implemented. 

A derived statement, where a statement is a 

component of the overall system description, is one that is 

derived from the existing system description. A derived 

statement, then, represents a system "fact" that can be 

surmised from other, existing system facts. 

Derivation as Design Heuristics 

An expert system generates conclusions, or new 

"facts," based upon a set of stated facts, a set of infer

ence rules -- the production rules in the knowledge base 

and a generalized inferencing algorithm -- the inference 

engine. With the analyzers discussed below, the target 

system model contains the stated "facts," and the analyzers 

are specific procedures -- programs -- that embody both the 

rules and inferencing logic. 
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IS development rules are typically heuristics used 

to determine appropriate system designs. For example, the 

currency requirements on items in a data store and response 

time requirements on access to the data store influence the 

selection of a file organization, and access and update 

processing mode for the data store. If currency require

ments are low, and response time requirements high, an 

indexed file organization with on-line access and batch up

date is appropriate. Following a backround discussion on 

analyzer principles, a number of Plexsys analyzers are out

lined. 

General Analyzer Principles 

At the base of the Plexsys analyzers discussed 

below are three complementary concepts clustering, 

structure traversal, and determination of system attribute 

levels. 

Clustering 

Cluster analysis is used to group model objects 

based on association of the objects to other objects. 

Cluster analyzers can be used, for example, to generate al

ternative views of the system description. Information 

sets can be clustered on the basis of common referents. As 

mentioned in chapter 3, alternate organizational designs, 

or logical views, can be generated by clustering tasks on 

the basis of common aims, the referents of information sets 
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required by the task, information items required by tasks, 

task attributes such as initiation conditions, etc. 

Clustering has a myriad of uses in both view syn

thesis and in computer-aided design. It has been used, for 

example, in process structuring [Karimi and Konsynski, 

1983]. In view synthesis, then, the structure of one 

object type ma~ be synthesized based upon the structure of 

another, associated object type. Clustering is of funda

mental importance in the construction of the Information 

Processing Architecture [Stott, 1984]. 

Structure Traversal 

Structure traversal is the traversal of object 

structures based upon arbitrary relations. Such traversals 

may be within or across statement types. Thus, by recur

sively traversing instantia1 statements of the form AIM 

HAS-SUB AIM leaf aims in the aim hierarchy are found. 

To determine the derivation dependencies of infor

mation sets upon data stores, several statement forms must 

be traversed in a nested traversal. By traversing the 

statement forms INFORMATION-SET CONTAINS ITEM, ITEM IS

DERIVED-FROM ITEM, and DATA-STORE CONTAINS ITEM, derivation 

dependencies of information sets to data stores can be de

termined. By extending the traversal to include the state

ment TASK REQUIRES INFORMATION-SET, the dependencies of 

tasks on data stores can be determined. Lastly, by 
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extending again to include TASK IS-PERFORMED-AT LOCATION 

and DATA-STORE LOCATION, the dependencies between task and 

data store locations can be determined. This dependency 

represents a partial heuristic for determining necessary 

communication links between locations. 

The traversal of structures such as derivation 

dependency represent the establishment of inheritance 

paths. As discussed in a later section, attributes of the 

utilizing system, such as the required accuracy and 

currency of information items, dictate target system 

attributes, such as data validation requirements, through 

the derivation dependency inheritance path. 

Derived System Attribute Levels 

The description of tasks and information 

requirements includes the specification of various 

attributes. 

Task initiation 

Average task frequency 

For a given task 

For a given Information Set 

Access items 

Ordering item 

Time Horizon 

Response time 

For a given task 



For a given information item 

Currency 

Accuracy 
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System design decisions are influenced by the 

values of these attributes. Often, they are influenced by 

the binding levels of the attributes. Thus if five 

decision makers require a given information item with 

accuracies of 75%, 78%, 85%, 90%, and 95% respectively, it 

is the binding level of 95% that most influences design 

decisions, or dictates system attributes. If the design 

satisfies the binding requirements, it obviously satisfies 

all requirements. In the analysis below, binding attribute 

levels are used to derive, ocr recommend, a set of system 

features. The Binding levels are MIN and MAX functions 

where the domain of the function is all information 

attribute requirements and the range is the attribute 

levels imposed through the derivation dependency relation. 

Another attribute function is overall average accesses on a 

given data item per day. These functions derive system 

attributes from attributes of the utilizing system. The 

system attributes, then, are inherited from attributes of 

the utilizing system. 



Algorithmic Development Transforms 

Development transforms are heuristics to derive 
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target system statements. These statements represent 

either refinements of existing system requirements or ac-

tual system design features. All transforms presented 

below draw on the three principles outlined above -- clus-

tering, structure traversal, and determining derived system 

attribute levels. 

A Transform Algorithm Pseudo-code 

As shown in chapter 4, outputs are instances of 

statement forms or reports. Also, for each of the 

transforms, pseudocode is given. The nature of the 

pseudocode mirrors: the JAMES storage structure given in 

chapter 6, making heavy use of the pattern matching 

routines; the three analyzer principle procedures given 

above; and Pascal-like syntax. For example, the following 

IF find-first-expression("is-instance-object" 
"information-set") 

REPEAT 
current-information-set := extract object 

instance-information-set 
IF find-first-expression("is-instance-expression" 

"allowable-response-delay" 
current-information-set) 

REPEAT 
update-binding-response; 

UNTIL not find-next-expression("is-instance-expression" 
"allowable-response-delay" 
current-information-set) 

ELSE 
binding-response := null 

UNTIL not find-next-expression("is-instance-object" 
"information-set") 
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traverses all instances of information sets and determines 

the binding response time requirement for each. 

For the sake of parsimony, an alternate, and more 

english-like, notation will be used. In this notation, the 

above algorithm is stated as 

For each instance of type information set 
For each allowable response delay for 

current information set 
Update binding response delay 

The Language Definition Integrity Checker 

Chapter 5 developed a case grammar approach for the 

definition of a system description language. The primary 

goal of the paradigm was to achieve granularity such that 

integrity rules can be generalized. Further, the goal was 

to make integrity checking of the language definition pos-

sible. A number of generalized integrity rules are given 

in chapter 5. An example of an integrity checking 

algorithm for one rule is given here. 

One general language definition integrity rule in-

volved terms in the role of a result. The rule states, 

colloquially, that a term in the role of a result must 

elsewhere be in the role of a process, actor, instrument, 

material, or directive. That is, this rule asserts that 

something produced is produced for some reason. That 

reason is a subsequent useful role. The algorithm to check 

this rule is given by: 
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For each language term 
If the term is in the role of result 

If not 
find the term in the role of process 
or find the term in the role of actor 
or find the term in the role of instrument 
or find the term in the role of material 
or find the term in the role of directive 

Then 'incomplete language definition' 

Algorithms for the other rules are analogous. As 

noted in chapter 5, given a complete and consistent 

langauge definition, integrity checking on the instance, or 

target system, model is reduced to insuring that an in-

stance of a static type, such as "information set," appears 

in all statement forms that contain that type. 

The Generalized Instance Model Integrity Checker 

The Generalized Integrity Analyzer, INTEGZER, is an 

algorithm that checks for completeness of the instantial 

model. Note that the Generalized Instance Model Editor, 

discussed in chapters 4 and 6, insures that an instance of 

a given type is used only in slots corresponding to that 

type. Thus, for example, if "sales history" is typed as 

"information set," it may only be entered in slots corre-

sponding to information set. This insures a degree of con-

sistency in the instantial model. The Generalized Language 

Editor insures same for the median level model. The GIC, 

on the other hand, is used to determine incompletenesses in 

the instantial model. Note, that whereas the analyzers 
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discussed below assume a median model -- language defini-

tion -- as outlined in the previous chapter, The 

Generalized Instance Model Editor and the Generalized 

Integrity Checker can be used with an arbitrary median 

model. 

Integrity violations are outputed to a report by 

INTEGZER. The ~nstance model integrity checking algorithm 

is: 

For each instance object 
Find its corresponding median type 

For each statement form construct 
in which the median type appears 

If the instance object does not appear in 
an instance of a statement of that type 

Then report integrity violation 

Priority Analysis 

The Plexsys language calls for the inputing of 

aims, tasks, and information sets along with there 

respective valuation (priority). More specifically, the 

priority of tasks is specified with respect to the aims 

they help achieve; the priority of information sets is 

specified with respect to the tasks that require the infor-

mation sets. 

The Priority Analyzer, then, can calculate the 

overall, normalized priorities of aims, tasks and informa-

tion sets. The rank ordering of tasks and information sets 

produced by the analyzer is used first to define (limit) 

the scope of the initial analysis and later for selecting 
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subsystems for design and implementation. The prioritiza-

tion of tasks is: 

For each task 
Zero out priority total 
For each aim realized by the task 

update task priority total 
(priority total + 

(aim priority * task to aim priority)) 
Rank tasks by priority 

The prioritization of information sets is: 

For each information set 
Zero out info set priority total 
For each task requiring the information set 

For each aim realized by the task 
update information set priority 

(info set priority total + 
(aim priority * task to aim priority 

* information set to task priority)) 
Rank information sets by priority 

Following IPA construction and IS component design, 

an assortment of priority analyses are possible. The 

priorities of IS components are "inherited" from informa-

tion set priorities through the derivation dependency 

structure. (Note the assumption is made that all items in 

an information set are of uniform priority within the in-

formation set. This assumption is easily overcome by ex-

plicitly prioritizing information items with respect to the 

set of tasks. For the current treatment, however, explicit 

information item prioritization is deemed too tedious.) 

Take, for example, data store priority analysis. 
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For each data store 
For each item contained in the data store 

For each information item that is derivation 
dependent on the data store item 

Update data store priority 
(where the value is calculated in a manner 
analogous to information set priority) 

Data Acquisition/Update Controls Analysis 

In this heuristic, design of data acquisition/up-

date controls are supported. The transform derives binding 

levels of data accuracy. The higher this binding level, 

the tighter the controls must be. Control mechanisms in-

clude automated and manual data validation and verification 

upon receipt of input data and/or prior to data store up

dating. The following algorithm determines the binding 

level of accuracy for data store items. Figure 60 is the 

statement form generated by the transform. 

For each data store 
For each item in the data store 

For each information item derivation dependent 
on the data store item 

For each required accuracy level for the 
information item 

Update binding data store item accuracy 
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Fig. 60. Data Item Binding Accuracy Form 
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Data Store Update Schedule Analysis 

With this transform, the scheduling of data gather-

ing and data store updates is supported. The transform de-

rives binding currency requirements on data. That is, the 

binding level of currency of a given data store item 

dictates the time that may transpire between a change in 

the state of the real-world and its reflection in the or-

ganizational data model. Currency, as mentioned above, 

also influences the choice of file organizations and updat-

ing mode (on-line or batch) -- if currency requirements are 

high, then on-line, random update is appropriate; if cur-

rency requirements are low, then batch, sequential update 

is appropriate. 

Figure 61 is the statement form generated by the 

transform. The algorithm for determining the binding level 

of currency on data store items is analogous to that for 

binding accuracy. 

For each data store 
For each item in the data store 

For each information item derivation dependent 
on the data store item 

For each required currency level for the 
information item 

Update binding data store item currency 
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Data Store Disposal Schedule Analysis 

As data ages, it is typically needed less frequent-

1y. While customers' current balances may be needed quite 

frequently, the balances of customers five years past will 

most likely be needed infrequently. Infrequently accessed 

data is typically archived, that is, it is down-loaded to a 

different, less expensive and/or less bulky storage medium 

such as magnetic tape or microfiche. At a given age, data 

may not be required for any task. It is at this point that 

the data may be disposed. The time horizon attribute spe-

cified for information sets among the tasks that require 

the information set is used here to determine the age at 

which data sets may be disposed. The transform derives 

statements of the form given in figure 62 and uses the fol

lowing algorithm. 

For each data store 
For each item in the data store 

For each information item derivation 
dependent on the data store item 

For each information set containing 
the information item 

For each required time horizon level 
for the information set 

Update binding (maximum) time horizon 
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Information Set Generation Response Analysis 

Any number of tasks may require a given information 

set. The levels of the various task and information at-

tributes, however, varies among these tasks. The binding 

response requirements for information sets dictates the ap-

plicable application mode (on-line or batch), the appropri-

ate storage medium for the data stores (on-line or off-

line) and the performance criteria of the application that 

generates or retrieves the information set. Figure 63 is 

the statement form derived by the transform. The binding 

response requirement is found by: 

For each information set 
For each task requiring the information set 

For each response requirement for the 
information set required by the task 

Update binding response time 

Information Set Generation Schedule Analysis 

Information sets are required by agents to perform 

tasks. Tasks, per the Plexsys language, are assigned ini-

tiation and average frequency, where the initiation may be 

at random, exception triggered, or scheduled. The initia-

tion type of a task implies the initiation type of the in-

formation set. For scheduled tasks, the frequency can be 

used to determine information set generation (processing) 

schedules, or intervals. Figure 64 is the statement form 

derived by the transform. Again, it is the binding level 
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of the attribute that dictates the design decision. 

For each information set 
For each task requiring the information set 

If task initiation = scheduled then 
update binding frequency 

Else cannot derive a fixed schedule for 
information set generation 

An information set may be a batch report or a 

query. If information sets generated are saved, it may be 

possible to avoid regeneration. The scheduling decision, 

in this case, must be augmented by considering currency 

levels for the information set, where the currency of a 

given information set is, in turn, the binding currency 

level of information items in the set among the tasks that 

require the set. 

If the binding frequency requirement for a given 

information set is tighter than the binding currency 

requirement, then the information set has only to be gener-

ated with a schedule dictated by the currency requirement. 

For example, if the binding request frequency is daily, and 

the binding currency requirement is week, then the informa-

tion set can be generated weekly and stored for access 

daily. If the binding currency requirement is tighter than 

the binding frequency requirement, then the information set 

must be generated upon request (note that this may only be 

true for the requestor responsible for the binding curren-

CYi this refinement is not addressed here). Further, 
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given the initiation type is scheduled, the information set 

may be generated before the "request." More specifically, 

the information set may be generated the value (e.g., day, 

week, month) of the binding currency requirement before the 

scheduled request. This manifests as scheduling freedom 

for the information set generation such that currency re-

quirements are not violated. For example, if the binding 

frequency is monthly (first of each month), and the binding 

currency is week, then the information set may be generated 

any time during the last week of each month. The extended 

algorithm is: 

For each information set 
Determine binding frequency (per above) 
Determine binding currency (per above) 
If binding frequency is tighter than 

binding currency then 
generation interval := binding currency 

Else 
generation interval := (binding frequency 

less binding currency) 
to binding frequency 

Data Store Access Key Selection Analysis 

The average frequency with which tasks are initi-

ated implies the average frequency with which information 

sets must be generated or retrieved. The operational 

measure of frequency used here is total average accesses 

per a time unit -- for example, total accesses per day. 
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In the selection of data store access keys it is 

not the binding level of the access frequency that dictates 

a design decision, .but rather, it is the achievement of a 

threshold of a function of attribute values -- total aver-

age accesses. Further, it must be possible for a developer 

to set the level of these thresholds. Thus, in the data 

store access key selection decision, the analyst/designer 

may specify that the threshold for selecting a data store 

item as an access key is "50 total average accesses per 

day." Figure 65 is the statement form derived by the 

transform. The algorithm is: 

Set threshold level 
For each data store 

For each item in the data store 
For each occurrence of the item as an 

"access-on item" 
Update total accesses per time period 

If total average accesses per time period 
> threshold level then 

make data store item a key 
Else 

make data store item nonkey 

The choice of access keys is also influenced by the 

reponse time requirements on information sets and the 

volume of data stores. More specifically, if response time 

requirements are quite relaxed or the data store volume 

quite low, access information items need not be made data 

store access keys: the data store can be sequentially 

searched for values of the given items. As above, thres-

holds may be set such that if the volume of a data store is 
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below the volume threshold, it is ignored and is a given 

response requirement is below the threshold, the respective 

access frequency is not entered in the calculation of total 

average accesses per day. This refinement is given by: 

Set total average accesses per 
time unit threshold level (AT) 

Set volume threshold (VT) 
Set reponse time threshold level (RT) 
For each data store 

If data store volume < VT then 
no keyed data item 

Else 
For each item in the data store 

For each occurrence of the item as an 
lIaccess-on item" 

For task corresponding to lIaccess-on item ll 

If response requirement > RT then 
Update total accesses per time period 

If total average accesses per time period 
> threshold level then 

make data store item a key 
Else 

make data store item nonkey 

Data Store Set Ordering Analysis 

In business processing, sorted ordering is a funda-

mental way to organize information sets. Data stores, 

likewise, are typically ordered on one or more data store 

items. To achieve sorted output either the data store may 

be ordered on the desired item(s) or the data store can be 

sorted. Ordering of a data store may be achieved either by 

physically or logically. The physical ordering is that 

order that data sets are stored when the data store is 

treated in sequential access mode. Logical orderings can 
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be achieved either by secondary key index structures or 

multi-list -- threaded -- organizations. 

As with data store key selection, the frequency 

with which an information set is requested with a given 

ordering influences the choice between actually ordering a 

given data set on the item in question and sorting the data 

sets (or intermediate data sets) during generation of the 

information set. Figure 66 is the statement form derived. 

The algorithm is analogous to that for access key selec-

tion. 

Set total average accesses per 
time unit threshold level (AT) 

Set volume threshold (VT) 
Set reponse time threshold level (RT) 
For each data store 

If data store volume < VT then no ordering required 
For each item in the data store 

For each occurrence of the item as an 
"order-on item" 

For task corresponding to "order-on item" 
If response requirement > RT then 

Update total accesses per time period 
If total average accesses per time period 

> threshold level then 
order data store on item 
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Data Store Network Placement Analysis 

The function of this transform is to support the 

decision of placement of data stores at organizational 

locations. As with the other analyzers, it uses an heuris

tic approach. No claim, therefore, is made of attaining 

optimality. Further, the current specification of these 

tools ignores existing hardware facilities when allocating 

components. Before conducting the analysis the analyzer 

determines the relationships between IPA components. Data 

stores are associated with information sets per derivation 

dependencies. Further, information sets are associated 

with one or more tasks which, in turn, are located at one 

or more locations. The analyzer first, then, analyzes 

these associations to determine the locations that require 

access to the data stores. The actual placement of data 

sets is influenced by the following conditions and thres

holds for response time requirements, total average access 

frequency, location priority (see below), accuracy, and 

currency. Figure 67 is the statement form to be derived by 

the transform. Below is a partial list of decision rules. 
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For each storage set do 

If access is from only one location 
Then place set at that location 

If total average access frequency> threshold 
Then place set at that location 

If location priority> threshold priority 
(location priority is determined by 
summing the values of the information sets 
needed at a given location that are 
derivation dependent on the data store) 

Then Place set, assess desirability of replicating 
the set in other locations 

If high accuracy and/or currency requirement for 
data store > threshold 

Then place set in location nearest to data source 

Information Process Network Placement Analysis 
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Given the placement of data stores, the processes 

which access the data stores can be placed. One objective 

of process distribution is to minimize interlocation data 

traffic volumes. In general, then, processes will be 

placed in the same location as the data sets they utilize. 

For example, given the information item "total sales per 

month" and the data store (sale, salesman, date), the pro-

cess which derives the total sales per month would be 

placed at the same location as the (sale, salesman, date) 

data store. Thus, the volume of traffic to the location of 

the total sales per month set is minimized through data re-

duction prior to transmission. The statement to be derived 

is given in figure 68. 
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Logical Network Link Analysis 

Communication links are placed between locations 

that store mutually derivation dependent storage sets and 

information sets. That is, if an information set needed at 

a location X is derivation dependent on a storage set at 

location Y, either an indirect, or optionally a direct, 

link must exist between X and Y. The heuristic below 

places direct links. To derive indirect links, a pruning 

algorithm can be used. The statement to be derived is 

given in figure 69. 

For each data store 
For each data store location 

For each item in the data store 
For each information item derivation dependent 

on the data store item 
For each information set containing the 

information item 
For each task requiring the information set 

For each task location 
Place link between data store and 

task location 

Implementation Priority Analysis 

Traditionally, cost/benefit analysis for informa-

tion systems has concentrated on the assessment of indepen-

dent applications. Given a large-scale IS comprised of a 

host of richly interconnected components, such cost/benefit 

analysis is inadequate. Requirements commonalities rule 

out the assessment of individual applications "in vacuo." 

Data and processes are shareable resources. One given 
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component may be needed to supply information to a number 

of tasks. One subsystem may derive the information sets 

for one task in the process of deriving the information 

sets for another task. Also, a group of information re

quirements together impose constraints on data attribute 

levels -- task 1 needs information set A with maximum re

sponse while task 2 needs information set A with maximum 

currency. 

Cost/benefit analysis on large-scale systems, 

therefore, must take into account the "economies of scale," 

derived from such sharing. The cost/benefit analysis must, 

on the other hand, recognize that highly independent appli

cations may still be desireable. Coordination of the de

velopment of systems increases as the complexity of the 

target system increases. Thus, independent application of 

high value and relatively low cost are also good candidates 

for implementation. 

The proposed cost/benefit analysis consists of four 

basic steps. The purpose of the analysis is to select a 

group of subsystems for physical design and implementation. 

The analysis described here iterates in a process of elim

ination ending with the selection of subsystems for imple

mentation. The basic process is given by: 
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1. Cluster the IPA into relatively independent sub

architectures where total independence means that 

no direct or indirect "IS DERIVED FROM" link exists 

between two partitions in the IPA. 

2. Identify candidates for elimination -- the selec

tion criteria are given below. 

3. Determine the change in IS size and complexity var

iables resulting from elimination -- these varia

bles are also given below. 

4. Eliminate components. 

5. Return to step 1 or 2. 

Partitioning the Information Processing 

Architecture. Although the systems of concern in this dis

cussion are large-scale, highly interrelated architectures, 

the overall IPA can be partitioned into relatively indepen

dent subsystems. 

The major purpose of partitioning is to simplify 

the cost/benefit analysis. The basis for determining 

partitions is the level of sharing of components (those 

data sets, processes, and communication facilities shared 

in the production and communication of information sets). 

The clustering criterion is the degree of component shar

ing. Once partitioned, the analyst can assess individual 

subsystems. 
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Criteria for Selection of Candidate Components for 

Elimination. Given the partitioning, the analyst must se-

lect individual or groups of information sets that are 

candidates for elimination. The criteria for elimination 

include benefits assigned to the information set(s) and the 

level and nature of component sharing. The individual 

elimination criteria for information sets include: 

Low relative value (priority) 

High data acquisition and update costs: 

The information set requires currently unavailable data 
The information set is the source of binding data 
attribute constraints for accuracy and currency 

The information set uses many non-shared data items 

High data processing and storage costs: 

The information set uses many non-shared processes 
The information set uses many non-shared data items 

(esp. if with high volume and currency requirements) 
The information set is responsible for binding levels 

of time-horizon and response time requirements 

High communications costs: 

The information set uses many non-local data stores 
that are not stored locally 

High requisite response and volume in data communication, 
And high currency and accuracy requirements as implies 

cost of Source-Data store communications facilities 

IS Size and Complexity Measures. Sensitivity anal

ysis is conducted to determine the effects of eliminating 

or relaxing requirements. The developer may relax informa-

tion attribute requirements or eliminate individual or 

groups of information sets, tasks, and entire subsystems. 

The impact of the elimination(s) is given by the change in 
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the following measures of IS and IS development size and 

complexity. (Note that the symbol _ means "number of" and 

/ indicates a ratio.) 

Binding attribute levels for response times for 
information sets. 

Binding attribute levels for data accuracy, currency, 
and time horizons 

Required data store access and ordering items 

# of ESDL routines / # of information sets, 
# of information items / # of data store items 
# information sets / # system inputs, and 
# information sets / # data stores, 

(these indicate commonality, or degree 
of sharing, of the ESDL routines and data) 

# Locations accessing a given data store 
(this indicates communications network complexity) 

# data sources / # system input data sets 
(this indicates data acquisition complexity) 

# data sources / # information sets 
(this indicates the commonality of data sources) 

Total # of locations 
tasks 
information sets 
data sources 
data stores 
data store volume 
system input data sets 
ESDL routines 
unavailable system imput data sets 
non-local accesses of data stores 

Many intangible costs are obviously not reflected 

in this analysis. The developer must temper elimination 

decisions by factors such as political implications of 

eliminating applications. 
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The process of elimination and sensitivity analysis 

continues until the total set of potential application has 

been reduced to a list of interrelated subsystems and com

ponents to be implemented. 

Physical Design and Implementation Analyses 

Below is a preliminary list and brief discussion of 

tools for physical design and system construction. 

Physical Network Design. Given the logical network 

specification derived earlier, a physical design can be 

formulated by considering the volume of traffic across 

links and the response requirements across links. Physical 

links between the data source and data store and between 

the store and users are influenced by the volume and re

quired levels of accuracy and currency on the set. As with 

the end-user communication mode analyzer, the analyst may 

specify decision rules for the selection of link facili

ties" Or, the problem may be solved using management 

science techniques. Reliability assessment is conducted 

using information set value as an operational measure of 

requisite reliability along a given link. 

Hardware Selection and Configuration. Expert sys

tems currently exist for the selection and configuration of 

hardware [Zeldin, 1984]. Discussion of such systems is be

yond the present scope. Note, however, that the IPA con

tains the value of many parameters needed to generate 
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configurations. These parameters include the amount of 

processing and storage volumes at each location and the 

user workload profiles as indicated by access behavior. 

Also, response requirements "inherited" by data stores from 

derivation dependent information sets indicate appropriate 

types of storage, processing, and information presentation 

devices. 

Process Organization. Process clustering, in a 

sense, was determined during the construction of the IPA. 

Additional software metric considerations, see for example 

[Karimi and Konsynski, 1983] can be used to further refine 

the organization of the IPA. 

Software Construction. Plexsys currently supports 

software construction via a library of IS software tools 

written in Pascal. Figure 70 shows the basis architecture 

of the software tool libraries. These tools are contained 

in libraries for User Interface, Report Generation, and 

Record Processing. Low level routines, including data type 

handling, database management, and basic terminal handling 

are also application accessible and are used by the high

level libraries. Data types handling involves the input, 

validation, internal manipulation, storage, retrieval, and 

reporting of special data types such as "dollar," "date," 

"time," and "string." As noted, enterprise specific 

routines can be added to the libraries. 
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The User Interface routines support the definition 

and application management of terminal screens. These 

screens are defined as a formatted set of windows. The 

Screen Definer routine, for example, can be used to define 

an order entry screen. The Window Initialization Procedure 

routine is then used to generate a Pascal procedure which 

is included in the application. Using the Window Editor 

and Screen Manager routines, the application can readily 

implement a user-friendly interface in which the user has 

full text editing facilities within windows. Other User 

Interface Routines provide special data inputing and vali

dation. 

The Report Generation Library is a straight-forward 

set of routines for report formating and outputing special 

data types. Record Processing library is a database man

agement system that supports the storage and retrieval of 

keyed, variable length records. 

Summary 

This chapter described the nature of and 

algorithmic principles for automated transforms. These 

transforms generate system descriptions or reports of use 

in the design of IS components. Algorithms, a subset of 

which are implemented, are presented to illustrate the po

tential for such tools. The algorithms are also outlined 

for language and target system description integrity checks 
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for prioritization, and for cost/benefit analysis. In 

support of system construction, the Plexsys software tools 

libraries were overviewed. 



CHAPTER 9 

SUMMARY AND CONCLUSIONS 

Summary and Contributions 

The thrust of the theory, methodology, and tools 

developed in this dissertation realizes two complimentary 

goals: one, to develop IS development paradigms that, two, 

lead to the specification of IS development methods and 

tools. The nature of information and IS in businesses is 

overviewed. The framework describes the context within 

which an IS operates as well as defining broad perspectives 

and goals for IS development. 

Several IS development paradigms are proposed. The 

first paratdigm attempts to provide a domain independent de

velopment approach which is used, incidently, to partially 

resolve the life cycle versus prototyping debate. It is 

shown that, although on the surface a basic philosophical 

and methodological distinction exists between the two, a 

root view exists that explains both approaches to IS de

velopment. The uncertainty of requirements and the sensi

tivity of systems in operation are parameters that dictate 

the relative emphasis of given development activities and 

of perfective development iteration. The basic 

300 
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philisophical distinction, in part, remains. This 

distinction stems from the question of whether or not a 

valid implementation can be achieved only through iterative 

implementation and use. It is argued that as normative IS 

development methodologies mature, they provide an a priori 

view of the nature of valid implementations. In short, 

methodologies increasingly embody successful approaches to 

development. 

The root methodology presented is comprised of four 

basic steps: Problem of opportunity recognition, require

ments gathering and dismissal, requirement and solution 

structuring, and implementation. The Plexsys methodology 

presented maps into this root methodology as follows. As 

the Plexsys approach is pro-active, opportunity is taken as 

a given. A controlling-controlled task assessment 

procedure is presented for requirements gathering and 

dismissal. The distinction between requirements and 

designs is shown to be perspective dependent. The concept 

of, and specific instances of, transforms are given. These 

transforms derive and structure requirements and designs. 

Finally, an implementation environment is highlighted. The 

implementation approach involves the development of an 

Enterprise Software Development Library. The goal of the 

approach is to promote both developmental and operational 

IS component sharing. 
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The second paradigm describes the IS development 

process as a network where "nodes" represent system de

scriptions and "arcs," transformation of one descriptive 

form to another. In this way, the tightness and robustness 

of a methodology can be ascertained. Further, realms of 

tool support can be delineated into tools for system de

scription, description integrity validation, and descrip

tive transforms. Automated and computer-aided transforms 

provide active support for IS development. That is, the 

tranforms derive requirements and designs. The ideal set 

of tools will allow for the target IS to be generated from 

non-procedural requirements statements. The nature and im

plementation of transforms are formalized. 

The third paradigm stems from the construction of 

metasystems. Conceptually, a metasystem paradigm's benefit 

is primarily that the meta form offers a "general systems 

theory" for information systems. Formalisms for meta forms 

and systems are developed and used to assess current ap

proaches. The meta approach developed in this dissertation 

improves upon existing systems as shown in figure 71. 

The Development Environment (DE) -- methodologies 

and computer-aids -- presented in the dissertation remedies 

deficiencies of many of the current practices. The Plexsys 

DE provides methodological and tool support for the entire 

development process: planning through implemenation. The 

Plexsys methodology adopts as goals those of data 
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Existing Plexsys 
Metasystem Metasystem 
Approaches Approach 

Automatic 
Propagation 
of Change NO YES 
Through 
Levels 

Context 
Dependent NO YES 
Typing 

Axiomatic 
Language 
Semantic NO YES 
Integ ri ty 
Analysis 

Axiomatic 
Instance 
Model NO YES 
Semantic 
Integrity 
Analysis 

Fig. 71. Comparison of the Plexsys Meta Approach with 
Existing Approaches 
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administration -- minimize redundancy, etc. Further, extend

ing from current data dictionary systems, an organizational 

"dictionary system" is proposed. Modeled are the salient 

aspects of the organization which allow for virtually con

tinuous IS prioritization and impact assessment. Also, a 

method for modeling information requirements is developed. 

Information requirements which drive IS development should 

1) capture those aspects of information that are meaningful 

and represent value to users, and 2) provide operational 

objectives and constraints for IS design. A collection of 

information attributes and accessing behaviors are proposed 

to satisfy these criteria. 

The attributes addressed involve requirements on 

information imposed by the utilizing system, or users. 

They include currency, accuracy, time-horizon, and response 

of information. Given that the IS produces information 

with a set of IS components, including data, processes, and 

routers, a derivation dependency relation exists between 

information outputs of the IS and the IS components used to 

generate the information outputs. Derivation dependency 

represents inheritance paths along which attributes are 

inherited by IS components from output information attrib

utes. Given that one information attribute is the priority 

of information outputs, the priority of all IS components 

is similarly inher.ited. 
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A tool system is outlined and la~gely implemented. 

The a~eas of concecn mi~~o~ the aspects of a development 

p~ocess outlined above -- tools fo~ system desc~iption, in

teg~ity checking, and desc~iptive t~ansfo~ms. The meta pa

~adigm and ~equi~ements database manage~ developed allow 

fo~ the definition of dynamic definition languages: the 

modification of language definitions and instance models 

defined using the language while insu~ing integ~ity both 

within and between the definitional laye~s. 

A fo~mal language, defined in te~ms of fo~ms, is 

developed fo~ the Plexsys methodology. A database system 

fo~ sto~ing desc~iptive models and an inte~face management 

system that p~ovides for interface consistency yet also al

lows for customization to suit a particular application a~e 

designed and implemented. Description t~ansforms that 

perform a number of the development activities in the 

Plexsys methodology a~e formalized and a subset imple

mented. The transfo~ms developed derive system descrip

tions -- instances of language-statements -- based upon 

existing statements in the model. 

Extensions to the Research 

The main directions of extension considerd are 1) 

direct extension and validation of the Plexsys development 

environment, and 2) tangential extension. The direct ex

tensions concern the further r.efinement, implementation, 
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and field testing of the Plexsys Development Enviconment. 

This dissectation marks a point in the overall development 

of the Plexsys system. Further implementation continues. 

The tangential work involves investigation into the rela

tionship between 1$ and overall organizational design, and 

determinants of the value of information. Further, the im

pact of information attributes on IS design require con

tinued formalization. 

Given the overall objective of automating the de

velopment process, several extensions become necessary. In 

general these involve further identification and formula

tion of generalized application and systems types. 

Generalized application generators then become feasible. 

In terms of the tool system, the Plexsys system should be 

extended to better cover construction and implementation 

activities. This involves, among other things, the speci

fication and development of a language processor and code 

generator or an IPA-driven software library code-splicer. 

Indeed to effectively instrument such a complete system, 

Plexsys must be integrated into an entire implementa

tion/system operation environment. This environment in

cludes process control -- operating systems. 

Validation of Development Environments is a neces

sary yet difficult task. Given that the problem domain ad

dressed in this dissertation is large-scale, highly inte

grated management information systems, a robust experimental 
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design becomes infeasible. That is, the difficulty 

in instrumenting a real-world experiment with adequate 

sample size and complete with a control group becomes 

insurmountable. The validation of such Development 

Environments is left largely to real-world acceptance or 

unacceptance. This is evolutionary in the Darwinian sense. 

Possible approximations to real-world validation 

experiments include the establishment and use of a set of 

accepted case studies to be used. These case studies, 

then, serve as test-beds for the effectiveness of 

Development Environments. Case studies, however, eliminate 

a major system development activity from consideration -

elicitation of requirements. 

In addition to system building methods and tools, 

Plexsys can also support a myriad of system development 

project management tools. As envisioned, such a system 

would be able to produce and refine local models for 

resource estimation, allocation, and project scheduling. 

The dissertation research has also posed some 

tangential issues that are fundamental to the functioning 

of information systems in organizations. One, given that 

the IS is a "mirror" of the organization, the interrelation 

and interaction between IS and organizational structures 

should be investigated. In fruition, such knowledge offers 

insights into both the proper structuring of the IS and of 

the overall organization. 



308 

The Plexsys methodology attempts to model informa

tion and information requirements in a meaningful, useful 

way. Various information attributes influence both the 

benefit of receiving and the cost of producing information. 

Important contributions can be realized if the set of mean

ingful attributes can be extended and if robust measurement 

scales and cost/benefit evaluation methods can be developed 

for each of the attributes. 



APPENDIX A 

STRATEGIC PLANNING TOOLS 
AND THE STRATEGIC PLANNING PROCESS 

Introduction 

The view of man offered by Shakespeare " ••• noble 

in reason, infinite in faculties ••• " -- has been 

challenged. A more contemporary view of man is typified by 

Herbert Simon [Simon, 1957]. Simon argues that the deci-

sion maker: 

behaves rationally with respect to this [a 
simplified] model, and such behavior is not 
even approximately optimal with respect to the 
real world. To predict his behavior, we must 
understand the way in which this simplified 
model is constructed, and its construction 
will certainly be related to his psychological 
properties as a perceiving, thinking, and 
learning animal [p.198]. 

Recent research supports this view of the decision 

maker -- notably, ~esearch into cognitive bias, and other 

limits of human information processing ability (see 

[Hogarth, 1980] [Sage, 1981] for reviews for cognitive bias 

research). Strategic planning (SP), and learning, and 

augment the capabilities of the decision maker. In re-

sponse to increasing need for efficient and effective stra-

tegic planning, a myriad of methodologies and tools have 

309 
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been developed. Tools to aid in ill-structured tasks, such 

as may lessen (the affects of) cognitive bias, improve 

feedback 

1. Sp tools the capability to better cope with the 

complexities of the strategic planning environment. 

These complexities arize, in part, from depen

dencies between and among the firm and the environ

ment. These dependencies have been termed the 

"causal texture" of the firm [Emer.y and Trist, 

1965] • 

2. Sp tools and methodologies represent a source of 

collective wisdom. They offer the planner insights 

and structure in the form of descriptions of how SP 

is being conducted (see, for example, [Mintzberg, 

Raisinghani and Theoret, 1976], [Naylor, 1979], 

[Fahey, King and Narayanan, 1981], and [Boulton, 

Franklin, Linsay and Rue, 1982]) and in the form of 

normative models (see below). 

3. The tools aid in structuring the SP process. It is 

interesting to note that a recent textbook on SP is 

itself structured around the models and tools of SP 

[Rowe, Mason, and Dickel, 1982]. 
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These three tool benefits imply improvements in the 

strategies generated as well as in the SP process itself. 

SP tools allow the production of more accurate and concrete 

stategies. Such characteristics imply that the resultant 

strategies are more readily communicated and that their 

performance is more easily ascertained. SP tools and meth

odologies also help assure that strategies are complete and 

consistent. The improved structure of strategies, too, 

simplifies strategy ceformulation and the development of 

recovery strategies. Lastly, tools and methodologies im

prove the group processes inherent in SP. Unproductive so

cial processes ace abated, and the SP structure provides a 

framework for group communication, reasoning, etc. 

The realization of SP can be represented as, 1) an 

overlying procedural model oc methodology, and 2) the ap

plication of assorted tools, or methods, within the frame

work of the SP process model. A host of SP process models 

has been proposed [March and Simon, 1958], [Mintzberg, 

Raisinghani, and Theoret, 1976], [Ackoff, 1970], [Delbequ 

and Van de Ven, 1971], [Lippitt, Watson and Westley, 1958]. 

A representative SP process model, adapted from [Mason and 

Mitroff, 1981], is:' 

1. Problem/opportunity perception, 
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2. Problem/opportunity formulation and structuring, 

3. Premising: (a) Formulation of objectives, (b) 

Formulation of goals and derivation of performance 

criteria, c) Fact identification, d) Assumption 

identification, 

4. Generation of alternative, 

5. Evaluation of alternatives: (a) analysis of out-

comes (consequences), (b) evaluating outcomes, 

6. Selection of alternative(s) 

7. Implemetation of the alternative(s) 

8. Monitoring the performance of the strategies, as

sumptions, etc. 

Within each SP phase, three activities are more or 

less engaged. These activities are ideation, analysis and 

structuring, and evaluation. (Evaluation is used here in 

the strict sense of estimating and expressing the numerical 

value of something.) (In this discussion, issues of strate

gy implementation and monitoring are ignored except as they 

are present as concerns in the earlier phases of the SP 

process.) Although all three activities are relevant to the 

majority of phases in the SP process, ideation is espe

cially relevant to phases 1 through 4, structuring to 

phases 2, 3, and 5 and evaluation to phases 5 and 6. SP 

tools typically place an emphasis on one of the three SP 

activities. Tools such brainstorming and morphological 
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analysis are used for ideation. Idea generation tools for 

group and individual ideation are discussed in the second 

section. Once ideas are generated, facts and assumtions 

identified, they must be analyzed and structured. Tools 

for analysing and structuring the SP situation, the issues, 

plans, and decisions are discussed in the third section. 

Once structuring is accomplished and options are identi

fied, evaluation of alternatives using, for example, 

multiattribute utility theory, leads to an option being 

chosen for implementation or to the recognition of the need 

for additional ideation or structuring. Tools for evalua

tion are discussed in the fourth section. Each of the 

tools surveyed are assessed within a more or less common 

framework. 

1. Introduction to, and objectives of, the tool. 

2. An explaination of the use of the tool. 

3. Strong and weakpoints of the tool. 

4. As derived from 3, SP contexts to which the tool is 

suitable. 

5. The possibilities for automation of, and improve

ments to, the tool. 

6. Precursors or spinoffs of the tool. 
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Many of the tools p~oposed in the lite~atu~e a~e in 

fact sequenced g~oups of tools. Such tools a~e termed tool 

st~ings. In the discussion of a tool st~ing method, each 

component tool is identified. In decomposing such tool 

st~ings, we can identify useful components of a p~oposed 

method. Fu~the~, components f~om va~.ious tool st~ings can 

be combined to realize a new tool st~ing. The fifth sec

tion discusses tool st~ing const~uction and discusses cu~

rent and futu~e ~esea~ch into the development of integrated 

SP systems. 

Tools for Idea Generation 

Tools for idea gene~ation, o~ ideation, exist to 

encourage creative thinking in both g~oup and individual 

envi~onments. It is gene~ally accepted that group ideation 

is supe~ior to that of a single individual. Fo~ this and 

othe~ ~easons -- the need fo~ coo~dination and concensus 

SP is typically conducted in a group setting. Various 

methodologies have been p~oposed as means of imp~oving upon 

the standard, unst~uctured interacting group. 
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Tools fo~ G~oup Ideation 

As mentioned, g~oups tend to gene~ate a ~iche~ set 

of ideas than do individuals. When a g~oup is fo~med fo~ 

p~oblem solving, howeve~, ce~tain p~otocols pa~limenta~y 

p~ocedu~e, fo~ example must be enfo~ced if the g~oup is 

to ~ationally p~ogress towa~d a solution. In ideation, 

howeve~, an ove~ abundance of st~ucture may stifle 

c~eativity, and hence, the gene~ation of f~uitful ideas. 

Individuals in p~oblem solving g~oups engage in two types 

of tasks, social-oriented tasks and p~oblem-o~iented tasks. 

While too much structu~e inhibits free thinking, too little 

st~ucture leads to ove~emphasis on social processes. This, 

in tu~n, causes dec~eases in the f~eedom of exp~ession, the 

development of psuedo concensus, etc. G~oup phenomena that 

tend to stifle c~eativity are [Gustafson, Shukla, Delbecq 

and Walster, 1973] 

1. The tendency to routinize into a central t~ain of 

thought. 

2. Group members participate only when they feel 

competent with others. 

3. Cove~t manipulation of the g~oup th~ough "hidden 

agendas." 

4. P~essu~es to confo~m the the g~oup "no~m." 
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5. The influence of dominant membe~s. 

6. An ino~dinate amount of g~oup ene~gy is expended to 

maintain gcoup o~ganization (combat ent~opy). 

7. The tendency to igno~e p~oblem dimensions and to 

reach "quick decisions." 

Group techniques for ideation and problem-solving 

are typically attempts to st~ucture group interaction such 

that the above negative forces are minimized. By minimi

zing these negative forces it is possible to increase the 

task orientation of the group while still encouraging 

creativity. The techniques discussed in the section are: 

1. The standard interacting group, 

2. B~ainstorming, 

3. The Nominal Group Technique (NGT), 

4. Recorded Round Robin (RRR) and Structured 

Bra i nsto~mi ng (SBS), 

5. The Delphi technique, and 

6. Synect ics 

The majority of techniques fo~ g~oup ideation are 

toolstrings. NGT, for example includes evaluation and se

lection. Seve~al tools such as the St~ategic Assumption 

Su~facing Technique [Mason and Mitroff, 1981] a~e, there

fo~e, included in the section on tool st~ing construction 

(tool splicing). 
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The Standa~d Interacting Group. The standard group 

is included he~e only for comparitive purposes. The 

remaining tools in this section are attempts to imp~ove 

upon the standard group by increasing structure. 

Increasing the structure of group interaction is an attempt 

to decrease negative social forces, and thus, to increase 

task orientation, ideation, and concensus. 

Brainstorming. Brainstorming was developed in the 

1930's by an adve~tising executive [Osborn, 1938] as a 

method for ideation. The major structu~al change f~om 

standard group interaction is seperation of ideation and 

evaluation activities, as premature evaluation has a 

stultifying effect on creativity. In implementation, 

brainstorming also seperates the socialization process from 

the task process. A typical brainstorming session involves 

1. A warm up session of app~oximatly one half hour for 

group socialization. 

2. The open expression of ideas without evaluation 

(with ~eco~ding of the ideas). 

3. Evaluation of the reco~ded ideas. 

The seperation of socialization, ideation, and 

evaluation in brainsto~ming does lead to the generation of 

a larger numbe~ of ideas than an unst~ucturied interacting 

group. The technique is, however, largely unstructured, 

and group interaction is wholey verbal. Consequentially, 
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negative social forces, such as the tendency to to adhear 

to a central train of thought, are only minimally 

circumvented. Logistic weaknesses of brainstorming include 

1) the need for face to face meeting, and 2) pity the poor 

person who is to record a flood of ideas. These strengths 

and weaknesses of brainstorming lead to several suitability 

criteria. Brainstorming is appropriate when 

1. The problem being addresses is open ended, 

2. The number of group members is limited (six or 

less) , 

3. Their is a minimum of extant intra-group conflict, 

4. Face to face meetings are feasible, and 

5. The need for group concensus is not great, 

Automated support of brainstorming is limited to 

the use of text editing to record ideas, a large viewing 

screen to present the idea list, and possibly, the use of 

automated content analysis on the idea list [see Kerlinger, 

1973] • 

Brainstorming was an early attempt to improve group 

problem solving. All subsequent techmniques have drawn 

upon the basic concept of brainstorming -- the seperation 

of ideation and evaluation -- and they further the precept 

of brainstorming by controlling further negative group 

forces. 
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The Nominal Group Technique (NGT). NGT [Delbeq, 

Van de Ven and Gustafson, 1975] improves upon brainstorming 

in two ways. First, NGT can more easily accommodate larger 

groups. This implies that a larger number of ideas will 

surface. Second, the process of ideation is seperated fur

ther into individual idea generation and group communica

tion of ideas. This seperation succeeds in lessening nega

tive group processes. NGT consists of five basic steps. 

1. Members are broken into one or more groups of 6 or 

7 members per group. Group formation tools include 

MAPS [Kilman, 1977] and Q-sort [Kerlinger, 1953] 

and [Stephenson, 1953]. 

2. Each member silently generates and records ideas. 

3. In round robin fashion, members voice one their 

ideas. Each idea is recorded on a flip chart. 

4. Open discussion for the clarification and evalua

tion of the recorded ideas. 

5. The selection of idea{s). 

The advantages of NGT over brainstorming accrue 

from the individual, silent generation of ideas. Steps 

three and four, furthermore, maintain the essense of group 

ideation -- the idea of one member can stimulate a new idea 

by another member (note that the process can iterate 

indefinitly in steps two through four). In general, NGT 

sustantially lessens the seven negative group forces listed 
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above. In particular, NGT balances member participation. 

Members do not enjoy anonymity, however, which implies the 

existance of a certain degree of socio-political pressure. 

From the standpoint of logistics, NGT has several 

disadvantages and one noteworthy advantage. Disadvantages 

include the need for face to face meetings and, as in 

brainstorming, the process of recording ideas on a flip 

chart may slow the process, and thus, frustrate group 

members. NGT has one major logistic advantage over 

brainstorming. Given that members generate and record 

ideas concur.rently, NGT allows for a more efficient use of 

time -- ultimately the scarcest of all resources. 

The suitability criteria of NGT for a given prob

lem-solving context are similar to that of br.ainstorming 

with two extensions. First, NGT is better able to accommo

date larger groups and multiple group settings. Second, 

given NGT's more rigorous structuring of group interaction, 

the need for low intra-group conflict is reduced. 

Automated support of NGT alleviates many of its 

weaknesses. As presented in [Stohr, 1981], individuals can 

record ideas via a texteditor on their private screen. 

During the round robin step, then, ideas can be quickly and 

easily be "routed" to a large central viewing screen. If 

desired, furthermore, members may remain anonymous, thus 

potentially lessening socio-political pressure. To little 

social interaction, however, may well lower the motivation 
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of the participants. Further, managers currently have 

mixed opinions with regard to automated aids for group de

cision making [Kull, 1982]. 

Recorded Round Robin (RRR). RRR [Rickards, 1974] 

was developed in Europe as an extension of NGT. An auto

mated version of RRR, Structured Brainstorming, was de

signed and implemented as part. of the PLEXSYS information 

system development system [Konsynski and Nunamaker, 1982]. 

The RRR process consists of the following steps: 

1. Each member receives three cards with a given 

subproblem written at the top of each card. 

2. Each member reads the problem statement and writes 

an idea below it on each card. 

3. According to a predefined system, members exchange 

cards. The system of exchange should be structured 

such that each individual receives fresh ideas from 

different members. 

4. Each member writes a new idea (after reviewing the 

ideas written on the card). 

5. After iterating on steps 3 and 4, the ideas are 

compiled, and discussion and evaluation are 

undertaken. 
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The RRR technique mo~e or less sha~es the advan

tages and disadvantages of NGT. It does, however, better 

encourage the bootstrapping of ideas, that is, since ideas 

are exchanged more dynamically, the potential of idea 

spawning is greater. Further, efficiencies due to 

concurrent member ideation are enhanced. The major 

disadvantage in RRR not shared by NGT is the logistics of 

the card exchange system. To assure a heterogeneous ex

change the system gets quite complicated when the number of 

group membe~s exceeds five. 

The RRR technique, as mentioned, has been automated 

and integrated into the PLEXSYS system under the auspices 

of Structured brainstorming (SBS). The advantages that 

accrue from the automated implementation of RRR a~e 1) fa

cilities are provided to ease the task of idea reco~ding 

and compilation of ideas, 2) the "card" exchange system is 

automated, thus simplifying the exchange process and allow

ing for a larger number of participants, 3) Membe~ 

anonymity can be enforced if desired, and 4) as with all 

the techniques discussed, if the ideas are maintained in 

machine readable form, they can be subjected to automatic 

content analysis. 

The DELPHI survey. The Delphi technique was devel

oped by Dalkey [1967] and his associates at the Rand 

Corporation as a result of work in technological forecast

ing and transfer. The objective of the delphi technique is 
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to gain ideas from and consensus among a group of indivi

duals (experts). Like the techniques discussed above, 

Delphi attempts to circumvent negative group forces by 

structuring group interaction. Delphi lies at the extreme 

of interaction structuring. Indeed, no direct communica

tion takes place between participants. Although the actual 

implementation of the delphi technique varies, a represen

tative process description is 

1. A group of "experts" is chosen for the study. 

2. An open-ended questionnaire is prepared and for

warded to the participants. The purpose of this 

first questionnaire is to elicit ideas from the 

participants with respect to the issue at hand (eg. 

technological forecasts) 

3. Once the surveys have been returned, an 

administrator uses the responses to the survey to 

prepare a new, more structured questionnaire which 

again is forwarded to the participants. 

4. Step 3 continues until consensus has been reached 

among the participants 

The major advantages and disadvantages of the 

delphi technique are intrinsic to survey methods in gener

al. Since the technique, unlike those discussed, does not 

require face to face meetings, it is able to tap a much 

larger and much more heterogeneous (or homogeneous) 
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pa~ticipant base. Fu~the~, anonymity is achieved, thus 

lessening negative g~oup fo~ces. Note, howeve~, that the 

complete absence of socialization may dec~ease the motiva

tion of the pa~ticipants. As with all su~vey techniques, 

Delphi is flexible with respect to type of questionnai~e 

and the number of ite~ations of the su~vey-~esponse cycle. 

Su~vey inst~ument validation questions, howeve~, a~e always 

p~esent. Finally, the delphi app~oach may necessitate 

va~ying deg~ees of w~iting skill on the pa~t of the pa~ti

cipants and may prove p~ohibitive due to la~ge adminisst~a

tive costs and because of the length of time ~equi~ed to 

conduct the survey. 

Extrapolating from the above (dis)advantages, the 

delphi technique is well suited when 

1. time allows, 

2. a large hete~ogeneous o~ homogeneous number of "ex

perts" are necessa~y to gain f~esh (outside) ideas, 

3. a face to face meeting is infeasible, and 

4. dealing with a highly technical issue (where, fo~ 

example, the numbe~ of expe~ts in residence is li

mited). 

Automated suppo~t can reduce many of the delphi 

technique's disadvantages. Th~ough the use of elect~onic 

mail, the time f~ame of a su~vey can be cut dramatically. 

This faster turnaround time may also imp~ove the motivation 
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of the pa~ticipants. (Note that if consensus is not im

po~tant, the p~ocess can be te~minated afte~ one o~ two cy

cles.) Administ~ative costs may be ~educed by the use of 

office automation technologies. 

Synectics. Synectics [Go~don, 1961] was developed 

by Go~don based upon his ~esea~ch into the c~eative p~o

cess. Afte~ identifying ce~tain psychological states p~e

sent in individuals du~ing c~eative p~oblem, Go~don devised 

the methods of Synectics as an attempt to induce these 

c~eative psychological states in a g~oup setting. 

Synectics involves fou~ gene~al g~oups of techniques to 1) 

foste~ const~uctive inte~pe~sonal p~ocess, 2) st~uctu~e the 

g~oup p~ocess, 3) identify ~oles of the pa~ticipants, and 

4) to encou~age c~eative thinking. 

Fou~ types of analogy a~e identified by Go~don that 

potentially inc~ease the o~iginality of ideas -- personal, 

di~ect, symbolic, and fantasy. Personal analogy was used, 

for example, to develop a constant-speed mechanism. A box 

with a shaft passing th~ough it was drawn on a blackboard. 

Participants entered the box metaphorically and tried to 

effect the speed constancy function. 

Direct analogy essentially involves the extension 

of a natu~al phenomenon to the problem at hand. Symbolic 

analogy utilizes objects to describe a problem. The anal

ogy of the indian rope trick, for example, resulted in the 

development of a unique jacking mechanism. Fantasy analogy 



326 

is a form of wishful thinking. 

The full blown synectics approach is quite complex 

and, as a result, may not be acceptable to management. 

Furthec, it necessitates careful participant selection and 

training. Simplified versions of the approach have proven 

successful [Rickards, 1974]. Overall, Synectics may prove 

more useful for creative problem solving than 

brainstorming. Specifically, unlike brainstorming, 

synectics provides proven mechanisms to directly support 

the processes of creativity. 

Summary of Group Ideation Tools. The primary 

objective of group ideation tools is to maximize the posi

tive aspects of group interaction while minimizing the ne

gative. Imposing structure on group interaction is the 

mechanism with which this objective is attempted. As is 

evidenced by the historic trend in group ideation tool de

velopment, two complementary structures are used. One, ac

tual group interaction is structured, and two, steps for 

individual ideation are provided for. In the following 

section, several tools to support individual ideation are 

reviewed. 
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Tools for Individual Ideation 

Individual ideation tools can be used both when 

there is a single, isolated decision maker and in a group 

setting. Given that SP is intrinsically a group process, 

the latter use is emphasized. The tools surveyed in this 

section can be utilized in group settings in two distinct 

ways. First, the majority of tools. discussed in the pre

vious section incorporate steps for individual ideation. 

Tools to support individual ideation, therefore, are criti

cal. Second, many of the ideation tools for individuals 

can serve as formats, or common grounds, for group discus

sion, thus serving as augmentations to the structuring im

bedded in a given group ideation tool. 

A host of techniques are available to aid in 

creative thinking. The dominant goal of all these tools is 

to force the individual to abandon routinized patterns of 

thought. Some of these tools are 

1. Lateral thinking 

2. Morphological analysis 

3. Checklists 

4. scenaio writing 

Lateral Thinking. Lateral thinking [de Bono, 1971) 

is based upon the premise that the mind behaves as a 

patterning system. Thinking, therefore, is apt to be too 

methodical, and hence, uncreative. In lateral thinking, 
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discontinuities are purposefully introduced to shift the 

mode of thinking from methodical (vertical thinking) to as

sociative (lateral thinking). The objective in lateral 

thinking is to generate parallel, or alternate, ideas. The 

basic process in lateral thinking is analogous to the first 

two stages of Lewin's model of change for individuals and 

small groups -- unfreezing, moving, refreezing [Lewin, 

1947]. De Bono's teChnique is in fact an aggregation of 

ideation tools for individuals and groups. 

1. The deliberate shifting of viewpoint using avoid

ance devices. 

2. Question "why" to any statement. 

3. Rotating the attention or perspective (for example, 

when an employee is changing jobs, view the change 

from the point of view of the individual changing 

jobs, the old department, the new department, and 

the replacement personnel). 

4. Setting a quota for the number of ideas (alterna

tives) generated. 

5. Concept changing (for example, changing the basic 

concept of "productivity"). 

6. Concept elimination (if, for example, the word 

"profit" is being used frequently, disallow the 

word to be used). 
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7. Concept decomposition (eg., decompose the concepts 

of "profit" and "productivity" into more elemental 

concepts). 

8. Concept aggregation (in conjunction with concept 

decomposition, this forms the familiar top-down / 

bottom-up systems analysis tool). 

9. Delaying judgement (a premise, for example, of 

brainstorming) • 

10. Introducing discontinuities (eg., random associa

tions). 

11. Problem reversal (the familiar "standing a.problem 

on its head). 

12. Distortion and exaggeration (this approach is fun

damental to the IDEALS system development approach 

[Nadler, 1970]). 

13. Cross-fertilization and analogy (central methods in 

synectics. 

14. Random stimulus (introducing a random word for dis

cussion). 

Morphological analysis. Morphological analysis 

[Zwicky, 1948] is well suited to the generation of alterna

tives. A related technique is attribute listing [Zwicky, 

1948]. The steps of both techniques are: 
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1. Dete~mine the dimensions of the p~oblem. In mo~

phological analysis, dimensions ~ep~esent cluste~s 

of ~elated subp~oblems such as Ma~keting and 

Technical p~oblems. In att~ibute listing the di

mensions ~ep~esent functions o~ att~ibutes of a 

p~oduct o~ p~ocess. Gene~ating new p~oduct ideas 

fo~ a ~azor, the dimensions could be cutting su~

face, handle, cutting p~ocess, etc. 

2. List ideas, functions, o~ att~ibute values along 

each dimension. In the ~azo~ example, cutting suf

faces include steel st~ip, blade, etc. Cutting 

p~ocesses include scisso~ action, ~otating action, 

etc. 

3. The ideas, functions, o~ att~ibute values a~e 

placed in a mat~ix-like fo~mat. 

4. Random cells, one f~om each dimension, a~e matched 

~esulting in a possible alte~native to be evalua

ted. 

Morphological analysis and att~ibute listing are 

simple, yet powe~ful, app~oaches fo~ stimulating new alter

natives. The suitability of the app~oaches is gove~ned by 

seve~al facto~s. These techniques offer a simple, modula~ 

tool to be inco~po~ated into other techniques. They can be 

used, fo~ example, as a framewo~k for discussion of and ex

tensions to the ideas gene~ated p~eviously du~ing an NGT 
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session. The chance that ~andom combinations will se~ve as 

viable alte~natives may be slight, but neve~theless, they 

may still se~ve as stimuli fo~ fu~the~ ideation. 

Checklists. Checklists a~e pe~haps the most 

f~equent and ~obust of tools. The majo~ity of analysis and 

st~uctu~ing techniques discussed in the next section uti

lize checklists. In gene~al, checklists can se~ve to 

"p~ime" (o~ ~einitiate) the ideation p~ocess and to assu~e 

a complete ~eview of the p~oblem at hand. 

Checklists ~ep~esent the "collective wisdom" in a 

given p~oblem a~ea. As mentioned, they can be used to 

p~ime the ideation p~ocess while also helping to assu~e a 

complete cove~age of the p~oblem. They may, of cou~se, 

stultify ideation. The automation of a simple checklist 

system is st~aight-fo~ward. Implementation of mo~e sophis

ticated checklist systems a~e ~ealizable in the form of 

expert systems [Stefik, et al., 1982]. 

Scenarios. W~itten scenarios a~e a mechanism for 

"wishful thinking." Researchers, such as Ackoff, view scen

arios as a vital tool in SP. Guidelines for scenaio gener

ation are given in [Rowe, Mason and Dickel, 1982]. A 

scenaio represents a fictionalized future. Fiction, 

notably science fiction, is often concerned with depicting 

future scena~ios. Fiction, in effect, often se~ves as a 

ba~omete~ of futu~e technology, social phenomena, etc. 
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Once a wishful futu~e has been sketched out, it can 

be analyzed and structu~ed with ~espect to unde~lying as

sumptions, pe~ceived ~equisites fo~ co~po~ate success, etc. 

The~e is the danger, howeve~, that the ideas p~oduced will 

be i~~elevant (a problem always indiginous to ideation), 

that executive w~iting skills (like the autho~s) a~e sho~t 

of impecable, and that the na~~ative(s) will be difficult 

and time consuming to p~epare and to analyze. 

Scena~ios a~e well suited to SP situations that 

involve ~efo~mulation of the ~oot st~ategy, o~ mission, and 

that involve oppo~tunity, as opposed to c~isis, planning. 

Fu~the~, scena~ios a~e capable of ~eflecting a holistic 

view of the p~oblem and they ~eadily accommodate qualita

tive assessments. 

Potential fo~ automated suppo~t of scenaio genera

tion is limited to office automation technologies, and per

haps, to automated content analysis. Fo~ automated suppo~t 

to fu~the~ suppo~t scenaio gene~ation and evaluation, quan

titative modeling is ~equired. Seve~al ~elatively exhaus

tive systems exist fo~ scena~io modeling -- INTERAX [Enze~, 

1980], SIMPLAN [Mayo, 1978] and GENSIM [C~aig, 1980]. 

Summa~y of ideation tools. Ideation plays a c~iti

cal ~ole in p~oblem-solving. The c~eative p~ocesses in

volved in SP can be suppo~ted to va~ying deg~ees by tools, 

and to a lesse~ extent by automated tools. In developing a 

tool st~ing, o~ process, fo~ ideation activities, various 
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problem-solving context parameters influence the choice of 

individual tools. Once a set of ideas has been generated, 

it must be str.uctured for analysis. Thus, tools for 

ideation and for analysis and structuring are 

complimentary. 

Tools for Analysis and Structuring. 

Given a set of ideas or observations, the next task 

in SP is to analyze and structure the set. Tools for SP 

include tools for structuring: 

1) Ideas 

2) Observations, assumptions, etc. about 

a) The environment 

b) The firm 

c) Subunits of a and b 

3) The problem 

4) Decision tasks 

5) Plans and strategies 

,,-

Structuring any of the above aids in gaining in-

sight and in providing a framework for analysis. While the 

previous section is concerned with tools for ideation, this 

section reviews tools for structuring. The categorization, 

however, is not air tight. Structuring often leads to new 

insights, and hence, new ideas. Furthermore, a given tool 

may well serve ideation, structuring, and evaluation. 
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Modeling the st~uctu~e of a decision via a decision t~ee 

stimulates the c~eation of new alte~natives, p~ovides 

st~uctu~e fo~ analysis of the decisions, and inco~po~ates 

evaluation. The dominant focus of decision t~ees, however, 

is on decision analysis and st~uctu~ing. 

St~uctural models involve objects and ~elations be-

tween objects. The various modeling forms (st~uctu~ing 

tools) va~y with ~espect to their scope or o~ientation, 

thei~ form of rep~esention, and the level of quantification 

of the objects and ~elations. Fo~ the pu~poses of o~gan-

ization, this section is b~oken into th~ee subsections 

1. Models specifically designed fo~ analysing the 

business and the business envi~onment. 

2. Gene~alize models fo~ st~uctu~ing. 

3. Models that a~e largely oriented to structu~ing of 

decisions, p~oblems o~ plans 

Tools fo~ Analyzing and Structu~ing the 
Business and Business Envi~onment 

The majo~ity of tools specifically designed fo~ SP 

involve the st~uctu~ing and analysis of the business envi~-

onment as it ~elates to the fi~m. The inte~dependencies 

within and between the envi~onment establish the "causal 

textu~e of o~ganizations" [Eme~y and T~ist, 1965]. The 

perspective of the eight tools su~veyed in this section 

cente~s upon the threats and opportunities manifest in the 

environment and/or the strengths and weaknesses of the 
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firm. An analysis of the relation between the environment 

and the firm then indicates loci of vulnerability -- where 

the firm's weaknesses correspond to environmental threats 

-- and the loci of opportunity -- where the firms strengths 

can capitalize on opportunities manifest in the environ-

ment. Although less critical, missed opportunities and si-

tuations where the firm is "safe for now" may also 

analyzed. 

The eight models vary as to their scope, 

"checklist" completeness, and weighting schemes. The 

variance of scope pertains to both the scope of the anal-

ysis with respect to the firm and environment and with re-, .d 

spect to the phases of the SP process itself. Checklists 

offer "rules of thumb" for analysis and help insure com-

pleteness. Each of the models discussed below involve 

checklists. The checklists vary in their exhaustiveness 

and dimensionality (number of subcategories delineated). 

The tools also vary in their weighting schemes. Although 

evaluation methods are modular, the techniques discussed in 

this section tend to have imbedded weighting schemes -- im-

bedded in the sense that they are dictated by the structure 

of the analysis and the checklist structure. 

The Environmental Threat and Opportunity Profile 

(ETOP) [Rowe, Mason and Dickel, 1982] provides a framework 

for analysing environmental events and trends as they 

affect the firm. It only implicitly considers the firm, 
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and so is limited in scope. The environmental assessment 

is conducted with a checklist of six, predefined categories 

economic, political, social, technological, competitive, 

and geographic. The poor refinement of the categories 

makes its use suitable for a "rough cut" analysis. Once 

factors have been identified in each of the categories, 

each is rated on a -5 to 5 scale, -5 corresponding to a 

major environmental threat. The importance of each factor 

is then ranked on a zero to 10 scale of importance. The 

weighting is, therefore, fairly refined in the sense of 

dimensionality. The product of a given factors threat 

level and factor importance indicates the potential of that 

factor as a threat or opportunity, and the sum of these 

factor potentials reflects the perceived 

malevolence/benevolence of the environment. Corporate 

strengths and weaknesses are not built into the model, and 

so this tool is largely a subjective "environmental audit." 

WOTS-UP [Rowe, Mason and Dickel, 1982] analysis in

volves plotting on a weak-neutral-strong continuum the 

firms strengths and weaknesses. As opposed to ETOP, 

WOTS-UP analysis treats environmental variables implicitly 

(intuitively). The checklist in WOTS-UP is fairly exten

sive. Eleven subcategories are identified for each of four 

main categories -- managerial, competitive, financial, and 

technical strengths/weaknesses. The major weaknesses of 

the approach are its scope and its weighting scheme. The 
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scope is limited to an analysis of the firm without expli

cit treatment of the environment. The one dimensional, 

visual weighting scheme lacks refinement and precludes nu

merical analysis. A Direct, subjective weighting, however, 

is easily incorporated. 

TOWS [Weihrich, 1982], unlike the previous two 

techniques, explicitly considers both the threats and op

portunities of the environment and the strengths and 

weaknesses of the firm. The scope of TOWS is fairly exten

sive in that it includes contingency planning, strategy 

evaluation, etc. The guidelines, or checklists, provided 

are, however, extremely limited. The technique entails the 

construction of a matrix with organizational strengths on 

one axis and environmental opportunities on another axis. 

Correspondance is entered in each cell as positive (+) or 

neutral (0). Although, unlike the previous two techniques, 

TOWS makes factors of the firm and the environment expli

cit, and the correspondance between them, the weighting 

method used is rudimentary, and although guidance is given 

for the TOWS process, little is given for the TOWS content 

(eg. checklists). 

The Impact Matrix [Neubauer and Soloman, 1977] is 

part of the Environmental Assessment Process EAP). The 

framework of the technique provides for an analysis of the 

environment as it impacts the mission and strategies of the 

firm. Its checklist guidelines, however, are weak and the 
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weighting scheme involves placing on a -5 to 5 scale the 

extent to which an envi~onmental fo~ce constitutes a threat 

with ~espect to the firms mission and strategies. The 

Envi~onmental Assessment Process has two uncommon feature 

in compa~ison to to the tools su~veyed. It explicitly con

side~s the roles of the va~ious functional organizational 

units and the adaptability -- readiness to change -- of the 

o~ganization. 

The Co~po~ate Social Performance Mat~ix [Rowe, 

Mason and Dickel, 1982] involves assessing the extent to 

which the o~ganization is fulfilling social needs. The 

scope, with ~espect to SP, is somewhat limited (our 

apologies to the trigger fish). The CSPM analysis provides 

for a somewhat ~efined analysis relative to the othe~ tools 

discussed. The first checklist specifies six catego~ies of 

social issues -- economic, environmental, disc~imination, 

personnel, p~oducts, and community involvement. Impo~tance 

weights are assigned to each catego~y. The second 

checklist specifies seven stakeholder groups -

stockholders, custome~s, management, employees, gove~nment, 

local communities, and supplie~s. The pe~fo~mance of the 

fi~m with respect to each of the stakeholder groups for 

each of the six social issues is rated (positively o~ nega

tively). The performance of the fi~m can then be agg~e

gated 1) fo~ each stakeholder gr.oup, 2) for each social 

issue (with o~ without accounting fo~ the issue importance 
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weights), and 3) for the overall social performance of the 

firm. 

The analysis method developed by the Boston 

Consulting Group (BCG) includes two structuring techniques 

-- the competitive portfolio chart (CPC) and the product 

portfolio matrix (PPM). The major focus of analysis is on 

the firm, and more specifically, on the product portfolio 

of the firm [Capon and Spogli, 1977]. Industry growth rate 

serves as the major environmental variable, while market 

share and cash flow serve as the organizational performance 

measures. Using the product life cycle as a pivot, BCG 

analysis dictates appropriate strategic postures. In com

petitive portfolio charting, the decreasing cost of produc

tion over time -- based upon the learning, or experience, 

curve assumption -- is paired with the product life cycle 

-- introduction, growth, maturity, and decline -- to 

determine a "cost plus" pricing scheme. In product 

portfolio analysis, a two-dimensional matrix is presented 

in an attempt to typify the profitability of products. 

The product portfolio matrix typifies the 

profitabilty of products as a function of industry growth 

rate and relative market share. Each of the four product 

categories represent a phase of the product life cycle. 

1. "Question marks" -- the introduction phase. 

High industry growth rate 



Low relative market share 

2. "Stars" -- the growth phase. 

High industry growth rate 

High relative market share 

3. "Cash cows" -- the maturity phase. 

Low industry growth rate 

High relative market share 

4. "Dogs" -- the declining phase 

Low industry growth rate 

Low relative market share 
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The scope of the BCG structural analysis is fairly 

limited although, unlike the methods above, it does extend 

the analysis to strategic posturing. The view of the firm 

and the criteria of performance is, however, narrow. The 

"cookbook" structuring is appealing in the sense that it 

attempts to transform a relatively unstructured, or non

programmed decision into a structures, nearly programmed, 

decision. No notable evaluation methods are employed. 

Strategic Position and Action Evaluation (SPACE) is 

an extension to the BCG approach [Rowe, Mason and Dickel, 

1982]. Like BCG, SPACE is concerned with the formulation 

of a strategic posture for the firm aggressive, competi-

tive, conservative, and defensive. In SPACE, the environ

ment and the firm are characterized in terms of four types 
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of vaeiab1es -- envieonmental stability and industey 

steength, competitive advantage and financial steength. 

Fuethee, seven oe eight factoes pee categoey ace peovided 

making foe a faie1y complete checklist. Analysis of the 

fiem is accomplished with both geaphic and tabulae eepee

sentations. In the SPACE table, each factor (eg., the 

level of technological change as a deteeminant of 

environmental stability) is weighted. After the weights 

have been summed for each of the foue categoeies, they ace 

plotted on a four. positional chaet upon which competitive 

postuees ace indicated. 

SPACE imp coves upon the BCG methods by an extension 

of scope, checklists, and evaluation. Like BCG, SPACE at

tempts to convert a nonprogeammed decision situation into a 

eelatively steuctured, peogeammed task. 

Unlike the techniques discussed thus fae, the 

Profit Impact of Marketing Steategy (PIMS) [Schoeffler, 

Buzzell and Heany, 1974] is an empieica11y based model (see 

[Capon and Spogli, 1977] foe a compaeison of the BCG and 

PIMS approaches). At the heaet of PIMS is a eegeession 

model deeived feom a large sample of fiems. The objective 

in PIMS is to discovee those factoes (independent vaeia

bles) that coeeelate with return on investment (the depen

dent vaeiable). Consequently, PIMS eepresents an empiri

cally derived checklist foe assessing and improving corpor

ate ROI. (It also indicates those factors which covary 
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with ROI andove~ which the manage~ has limited o~ little 

control.) 

The scope of PIMS is limited. The p~ima~y useful

ness of PIMS" ••• is in the analysis and diagnosic appraisal 

phase of the policy fo~mulation p~ocess. P~oblem finding 

and solution yenerating phases a~e deemphasized." [Ande~son 

and Paine, 1978]. The checklist resulting f~om the PIMS 

model includes 37 independent va~iables in seven catego~

ies. Although this is fai~ly extensive, the validity of 

the checklist is contingent on the validity of the assump

tions unde~lying PIMS and the assumptions underlying 

~eg~ession analysis. Weighting is a natu~al ~esult of 

~egression analysis and se~ves to indicate the impo~tance 

of the va~ious factors (independent variables). If the 

factors themselves a~e suspect, however, thei~ coefficients 

are more highly suspect. 

Among the debatable sho~t-comings of PIMS a~e its 

lack of time-series (t~end) analysis, ROI being used as the 

sole c~ite~ion of o~ganizational pe~fo~mance, and its 

deemphasis of effects of synergy. Since a ~egression model 

is used, assumptions such as the absence of 

multicollinearity are implicit in PIMS. Finally, 

~eg~ession does not model causality. Thus an intervention 

policy based upon the independent va~iables in the PIMS 

model is dubious. 
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Summa~y of Fi~m/Envi~onment Models. Analysis of 

the causal textu~e of the organization is fundamental to 

SP. The models discussed in this section a~e attempts to 

systematize this analysis. Each tool has its st~ong 

points, its const~aints, and its omissions. None of these 

techniques a~e mutually exclusive, howeve~, and seve~al can 

be combined to synthesize a mo~e tho~ough, ~obust app~oach 

(tool string). Rowe, et al (1982), fo~ example, illustrate 

the complementarity of the PIMS, BCG, and p~oduct life 

cycle app~oaches. "Thus PIMS, BCG, and PLC should be 

unde~stood as integ~al pa~ts of a ma~ket st~ategy logic 

rathe~ than as different explanations of similar pheno

mena." [Rowe, Mason and Dickel, 1982, p154]. The synthesis 

of such tool strings, is discussed in a following section. 

In assessing the situation of a fi~m, static models, such 

as those p~esented above ~eflect the str.ucture of the firm 

and its envi~onment. Often, however, it is useful to view 

the fi~m and/o~ the envi~onment dynamically. The use of 

p~ocess models se~ves to analyze the dynamics of systems. 
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Process Models 

As mentioned, structural representations are made 

in ter~s of objects and relations. In modeling processes 

be they economic systems, firms, or tasks, inputs, pro

cesses, and outputs typically serve as the related objects. 

Input-process-output (IPO) models are the frequently used 

in systems engineering, and more recently in information 

system development. An example of an IPO framework in sys

tems engineering is the IDEALS system development method of 

Nadler [Nadler, 1970). In information system development, 

IPO models have been used to model software systems, pro

grams, etc. More recently, variants on the IPO approach, 

under the guise of enterprise analysis, are being used to 

model the firm and to determine information requirements. 

These techniques include the Business Information Analysis 

and Integration Technique [Carlson, 1979), Business Systems 

Planning [IBM, 1975), Business Information Characterization 

Study [Kerner, 1979), and the Front End Planning System 

(FEPS) of the PLEXSYS development system [Konsynski and 

Nunamaker, 1982). For a more thorough survey of informa

tion requirement tools see [Munro and Davis, 1975), 

[Bariff, 1977), [Taggart and Tharp, 1977), and [Davis, 

1982) • 
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The ente~p~ise analysis techniques embody an info~

mation p~ocessing view of the fi~m. They are well suited 

to the o~ganization st~ategy fo~mulation level as given in 

[McNichols, 1977]. It has been suggested that o~ganiza

tional design can best be accomplished from an information 

processing perspective [Simon, 1971]. They a~e, 

nonetheless, applicable to general structu~al analysis in 

SP. Two of Checkland's "methodological laws" state "that 

info~mation systems design must stem from a model of the 

activity system se~ved, and that wo~k on co~po~ate planning 

systems must start from consideration of the o~ganization 

served by the planning system." [Checkland, 1981]. 

It is becoming more and mo~e frequent for organiza

tions to fo~mulate information systems cente~ed missions 

(see [Ba~~ett and Konsynski, 1982] and chapter 2. 

Information is moving into the ranks of ~ecognized o~gani

zational resou~ces. Just as vertical integration has long 

been a strategy fo~ cont~olling and coo~dinating the supply 

of ~aw materials to the fi~m and the demand fo~ finished 

p~oducts f~om the the firm, the vertical integration along 

paths of info~mation flow is becoming a viable, and 

p~ofitable, strategy. Such systems have been te~med 

Interco~po~ate Information Sharing Systems [Ba~~ett and 

Konsynski, 1982]. 
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Business Information Analysis and Integration 

Technique (BIAIT). BIAIT [Carlson, 1979] attempts to pro

vide a simple, canonical approach to the analysis of organ

izations. Seven questions are posed that characterize the 

information usage of an organization. The focus of the 

analysis is on "orders," which may be requests for a 

"thing," a "space," or a "skill." The first four of the 

seven questions concentrate on the nature of the supplier 

of an order. Questions five through seven concern the 

ordered entity. 

1 ) Is the order billed for? 

2 ) Is the order to be delivered immediately? 

3) Is a profile of the requestor (customer> kept? 

4 ) Is the order price negotiated? 

5) Is the ordered entity rented? 

6) Is the ordered entity tracked? 

7 ) Is the ordered entity custom made? 

These questions have differing semantics depending 

on the organizational level being addressed. Given that 

each of the questions is answered either "yes" or "no," 128 

possible combinations exist each of which is associated 

with 1) typical business objectives, and 2) a set of infor

mation handling disciplines required to process an order. 

From this categorization, data bases, processes, etc. are 

derived. 
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Business Systems Planning (BSP). BSP [IBM, 1975] 

attempts to integrate information systems planning and de

velopment with the objectives of the firm. It focuses on 

support of business processes independent of organizational 

structure. Although the BSP approach is motivated by or

ganizational objectives, it is basically concerned with de

fining the systems in terms of operational processes and 

data as they exist currently in the firm. Business pro

cesses are addressed on three levels -- strategic planning, 

management control, and operational control. 

BSP is a seven phase process ending in the instal

lation and operation of an information system. Only the 

initial two phases are of interest here. The first phase 

in BSP is the identification of requirements. The 

objective of the phase is for the study team to gain a ho

listic understanding of the firm. This is accomplished by 

examining existing documents and by interviewing 

executives. The activities of the requirements identifica

tion phase are 

1. A study team is formed. 

2. Existing firm documents are reviewed in order to 

analyze the firm. The documents investigated in

clude organization structure, environmental anal

ysis, current plans, financial and product reviews, 

market analyses, profiles of the information sys

tems, and previous organizational studies. 
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3. A process-to-organizational-unit matrix is 

constructed to reflect the level of responsibility 

and involvement that the various units assume for 

the various business processes. Three levels are 

used -- major organizational unit responsibility 

. and decision making for a process, major involve

ment in a process, and some involvement in a busi

ness process 

4. A system-to-process matrix is constructed to iden

tify current or planned information system support 

for business processes. 

5. A data class (information type) to systems matrix 

is developed. Based upon the three matrices, then, 

information can be mapped to business process and, 

hence, to organizational units. 

6. Interviews with executives are conducted to 

determine objectives, goals, needs, etc. 

7. Priority systems are identified for implemention. 

8. The requirement definition phase is planned. 

The requirement definition phase (phase 2) involves 

planning the system development process. Manpower and fi

nancial resources, for example, are projected and the ac

tual information system network design are undertaken. The 

later phases of BSP involve the design, construction, and 

implemention of the information systems are not discussed 
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here. 

Spinoffs of BIAIT and BICS. The Business 

Information Characterization Study (BICS) [Kerner, 1979] 

draws from both BIAIT and BSP in an attempt to combine the 

simplicity of BIAIT and the business-wide perspective 

adopted in BSP. The Front End Planning System (FEPS) is 

part of the PLEXSYS developement system [Konsynski and 

Nunamaker, 1982]. It, like BICS, draws upon the BIAIT and 

BSP methodologies. It is unique in that it is an automated 

system. Being automated, FEPS is capable of performing au

tomatic consistency and completeness checking, forms man

agement, report generation, etc. In general, all of the 

tools discussed ln this subsection address the notions of 

decision process and information flow motivated organiza

tional design proposed by Simon [Simon, 1973]. Further, 

they serve as a step in the integration of information sys

tems development and SP. 

Generalized Tools for Structuring and Analysis 

What distinguishes the tools surveyed in this sec

tion from those in the previous section is their level of 

generality and their level of quantification. Whereas the 

tools above are designed specifically to analyze the firm 

and/or its environment, the tools below are general purpose 

tools for analysis and structuring. As mentioned, struc

tural models represent objects and relations. Models will 



va~y as to the level of quantification of objects and 

~elations. The qualitative/quantitative continuum for 

~elations is app~oximated by 

1) A is ~elated in some way to B 

2) If A inc~eases, then B dec~eases 

3) A = lIB 

The tools ISM, KSIM, and Math P~ogramming and 

Simulation are su~veyed in the o~de~ of inc~easing 

quantification. Fo~ecasting, although an important 

quantitative technique is not discussed he~e. 
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Inter.pretive Structu~al Modeling (ISM). ISM 

[Malone, 1975] [Warfield, 1976] is a tool suitable fo~ 

modeling "fuzzy" situational contexts and is used to 

develop an unde~standing of complex situations. ISM is a 

g~aph theor.etic model whose analysis vi~tually dictates 

automation. With the use of an interactive ISM softwa~e 

package an individual (o~ g~oup) 

1. Specifies a set of "objects" (eg. [Wealth, Skill, 

and Well-being) 

2. Confi~ms or disaffi~ms the existance of (bina~y) 

~elations between object pairs (egs. Skill "leads 

to" Wealth, Wealth "leads to" Well-being). (Note 

That only one ~elation type is p~esumed in ISM. 

That ~elation is t~eated as a transitive ~elation 

which decreases d~amatically the number of use~ 
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responses required during an ISM session.) 

3. The ISM analyzers formulate a hierarchical 

restructuring of the of the problem based upon the 

relative (relational) significance of objects. 

4. The ·model is reviewed and modified if desired. 

ISM has been used with relative success in 

analyzing problems in technological assessment [Burke, et 

al., 1977], information systems analysis [Hansen, McKell 

and Heitger, 1979], social system analysis and preference 

analysis [Warfield, 1976]. The usefulness of ISM is 

limited for a number of reasons. Some of these limitations 

are drawn from an experiment presented in [Watson, 1978]. 

1. ISM cannot adequately handle feedback relations. 

2. Since ISM requires one and only one user response, 

it cannot easily incorporate alternate views of the 

situation. 

3. Only one relation type is allowed. 

4. Relations are assumed transitive. This, as noted, 

does decrease the number of user inputs. All 

systems to be modeled, however, will not be 

"rational." 

5. User interaction is tedious, inflexible, and time 

consuming. 
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6. Ordering of elements in the object set affects the 

resultant model structure. 

7. The skill of the "facilitator" strongly affects the 

success of ISM sessions. 

8. Almost invariably, the first ISM model developed is 

only partially satisfactory. 

Despite these limitations, ISM does help to 

structure, and thus gain insight into, complex situations. 

It can be used to further analyze models derived using 

situational tools surveyed in the previous section. TOWS 

analysis, for example, can be augmented by ISM. 

KSIM. KSIM [Kane, 1972] was developed for cross

impact analysis. The motivation of KSIM is to allow cross

impact analysis to performed by a user who possesses only 

rudimentary mathmatical skills. It is similar to ISM 

except that interactions between objects are weighted. The 

weights, however, must be normalized on a -1 to +1 range. 

KSIM employs a simple transit model and assumes sigmoidal 

trends. Analysis using KSIM involves 

1) Identify the objects of interest. 

2) Construct an interaction matrix where 

entries (i,j) are in the range -1 to +1 where 

-1 indicates maximum negative covariance 

o indicates no interaction 

+1 indicates maximum positive covariance 



3) Run a simulation to determine the tendency of 

the system over time. Outputs of KSIM include 

graphs of object trends. 
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4) The model is then changed either to improve accur

acy and precision or to assess "what if" questions. 

KSIM does allow for cross-impact analysis on the 

part of nontechnical users. As with ISM, the number. of 

interactions to be specified increases substantially as the 

number of objects in the analysis increase. Applying the 

rigors of simulation to a "casual" representation of the 

problem may also prove dangerous. The stability of real 

world systems is a result of their complexity. In simula

tion, the ommission of a single variable (object) may 

dramatically alter the behavior of the system model. Thus, 

a system that is relatively stable over time will appear to 

be radically unstable in simulation. This fact, however, 

does indicate KSIM's usefulness in the detection of key 

variables which have been overlooked in the analysis. 

Perhaps the major drawback of KSIM is the trail-and-error 

mode of analysis it supports. Trial-and-error analysis, 

needless to say, is tedious and time consuming. An exten

sion of KSIM which incorporates constructive analysis is 

proposed in [White, 1981]. 
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Math peogeamming and Simulation. Simulation sys

tems ace one of the dominant steains of decision support 

system available for SP. Most frequently, the systems of

fered involve the simulation of financial policies. The 

following discussion offees a cursoey look at three systems 

-- Industeial dynamics [Foreester, 1961], SIMPLAN [Mayo, 

1978], and INTERAX [Enzer, 1980]. 

Industrial Dynamics [Forrester, 1961] focuses on 

the simulation of systems with the purpose of analysing the 

behavior (stability) of a system over time. Distribution 

time lags between production, warehousing, and retailing, 

for example, can be modeled. Model eepresentation is in 

the form of a set of simultaneous equations, and theeefore, 

entails a fair degree of mathmatical ability on the part of 

the analyst and/or decision maker. 

SIMPLAN [Mayo, 1978] is an attempt to peovide an 

integrated, coepoeate modeling system. The system integra

tion involves not only the integrated design of the system 

itself, but also the integeation of usee models. SIMPLAN 

is designed to suppoet coepoeate modeling. It provides, 

theeefoee, capabilities to suppoet financial, maeketing, 

production, etc. planning. The system itself is composed 

of five subsystems: the planning system, MIS, Modeling 

system, Foeecasting System, and Econometeic modeling 

system. It contains libeaey facilities for. both data and 

model bases. Possible uses of SIMPLAN include profit 
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ning and product analysis. 
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INTERAX [Enzer, 1980], as mentioned, is an interac

tive scenario simulator. First, a cross-impact model of 

the environment is built followed by a corporate model. An 

interactive user interface is then used to specify policy 

options for simulation. 

Techniques in math programming include linear pro

gramming, integer programming, nonlinear programming, and 

goal programming. These techniques, like simulation, re

quire a high degree of factor quantification. They are 

suitable for relatively well structured, well understood 

problem domains. An in depth discussion of math program

ming applied to strategic planning is not presented here, 

see [Naylor, 1982]. 

In general, simulation models and math programming 

models require substantial investment and expertise. 

Potential benefits derive from their rigor, scope, and 

flexibility. General difficulties inherent in simulation 

and modeling include the costs involved to develop models 

of requisite accuracy and precision, and the inevitable 

ommission of qualitative factors from consideration. 

Finally, a major pay-off of these forms of modeling accrues 

during model development, that is, substantial insight into 

the SP situational context. As technicians, and not the 

decision makers, typically develop such models, this 
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potential benefit is largely unrealized. 

structuring Decisions, Problems, and Plans 

A number of techniques have been developed that are 

suited for the structuring of alternatives. In general, 

these tools will be refered to as decision structuring and 

analysis tools. The distinction drawn here between envir

onment/firm situational structuring and decision structur

ing is somewhat arbitrary. The tools for situational 

structuring, presented in the preceding section, provide, 

more or less, a structure for the decision making process. 

Likewise, decision structuring tools, such as decision 

trees, incorporate aspects of the environment, such as the 

probabilities of environmental events. Furthermore, frame

works to structure and analyze a decision can be used to 

represent the SP process (a plan of the planning process or 

system) as well as to represent specific decisions. 

In general, decision analysis and structuring tech

niques serve to structure a decision model with respect to 

the decisional context, whereas the environment/firm 

situational models serve to structure the decisional con

text itself. Tools to structure decisions, plans, etc. 

include 

1) Decision trees 

2) Hierarchical structuring schemes 

3) Plan graphs 
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Decision Trees. Decision trees model alternative 

decisions through time in conjunction with states of nature 

and their probabilities of occurrence. A decision tree is 

a graph structure whose nodes are either decision points or 

event points. Along a given path (branch), decision nodes 

and event nodes alternate. A choice at a given decision 

node leads to a given event node whose outcome is dictated 

by a discreet probability mass or density function. In es

sence, then, decision analysis using decision trees is a 

form of contingency planning. The analysis is normative in 

the sense that a decision path is chosen to maximize ex

pected utility. Typical steps in decision tree construc

tion are given in [Rajala and Sage, 1980]. 

1. Identify the initial decision alternatives and re

present them by branchs emanating from the tree's 

first decision node. 

2. Identify all subsequent decisions relevant to the 

situation that are to be included in the model and 

determine their order of occurrence based on the 

decision maker's knowledge. For each decision. 

For each decision, determine the mutually exclusive 

and exhaustive alternatives that will be repre

sented by branchs emanating from that decision 

mode. 
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3. Identify those unce~tain events ~elevant to the si

tuation that a~e to be included in the model as 

chance nodes. Dete~mine the set of mutually exclu

sive and exhaustive outcomes of each event, and ~e

p~esent each event outcome by a b~anch emanating 

f~om the chance node. 

4. Following the fi~st decision, link sequentially all 

the decision and event nodes according to when 

knowledge of the occu~rence of each is available to 

the decision make~. It is important that nodes re

p~esenting all info~mation that will be available 

to the decision make~ p~ior to making a decision be 

incorpo~ated accu~ately in to the model. 

5. Determine whethe~ the decision maker is confident 

that at any point in the real decision situation 

(as cu~rently pe~ceived) a co~~esponding position 

in the decision t~ee model can be found. If the 

decision maker is not confident that the model 

reflects the reality of the decision situation, re

tu~n to the appropriate step and ite~ate through 

the ~emainde~ of the p~ocedu~e again. If the deci

sion maker has confidence in the model, stop st~uc

turing. 
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Decision tree construction and analysis is a sys

tematic procedure that captures, to some extent, the inter

relationship between decisions and environmental events. 

As the number of decisions and events increases, however, 

tree construction -- due to the amount of information re

quired -- and analysis -- due to combinatoric explosion -

become intractable. Indeed for most realistic SP problems 

an accurate representation is infeasible. 

Decision analysis of this form can be used to ad

dress questions of the value of information, which in turn, 

aids in decisions ~egarding information gathering for SP 

[see Rajala and Sage, 1980b]. A number of automated deci

sion tree applications have been developed. Leal and Pearl 

(1977) have developed a system for tree construction and 

analysis. Structuring of the tree takes place interac

tively. The expected value of resolving residual uncer

tainty and the sensitivity of nodes are used to determine 

node locations for subtree expansion. Steeb and Johnston 

(1981) have developed a decision tree application designed 

for use in group decision making. 

Hierarchical Structuring. Hierarchies are man's 

favorite structure. The hierarchy as a mechanism for mini

mizing system complexity is discussed in [Simon, 1962]. 

The structure of corporate strategies are readily 

expressible in hierarchical terms [McNichols, 1977]. 

Decision analysis via problem attribute hierarchies is 
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presented in [Keeney and Raiffa, 1976]. The Analytical 

Hierarchy Process (AHP) of Saaty [1980] was developed as a 

framework for hierarchical goal prioritization. Whenever 

the hierarchy is used as a structural template, the fol

lowing points become intrinsic to the analysis: 

1. Hierarchical structures limit the connectivity that 

can be represented between objects or factors. 

More specifically, a partial ordering of the system 

is assumed possible and accurate. 

2. In most hierarchically based tools, independence is 

assumed between factors at a given level. 

3. Decisions concerning the content of upper levels in 

the hierarchy constrain possible option at lower 

levels. 

Plan/Process Structuring: Planning graphs. The 

evolution of plan graphs appears to have begun with the 

Program Evaluation and Review Technique (PERT). Variants 

of the baseline plan graph include the Critical Path Method 

(CPM), Research planning diagrams [Rickards, 1974], and 

DELTA charts [Warfield, 1976]. 

DELTA is an acronym for the graphic symbols util

ized in the representation of plan structures: Decision 

box, ~vent box, ~ogic box, !ime arrow, and ~ctivity box. 

Plan graphs, in general, and DELTA charts specifically, 

have several positive characteristics. 
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1. They help the decision makec assess the impact of 

plans failuce at ccitical points (oc paths). 

2. They allow foc the cepcesentation of process stcuc

ture of plans. 

3. By adding probabilities to the paths leaving logic 

boxes in a DELTA chact, the plan can be simulated. 

4. The technique can be used to model the SP process 

itself as well as the resultant plans. 

5. They can be used to represent dynamic problems or 

systems ducing the initial phases of the SP pro

cess. 

6. As with PERT, estimates of resource cequirements 

(including time)can be obtained. 

Tools for Evaluation and Selection of Altecnatives 

Once stcategy alternatives have been genecated and 

structured, decision makecs must choose between them. The 

selection process presumes cciteria for comparison. These 

criteria ace derived fcom the goal stcuctuce and ace 

ceflected in the formulated measures of performance for the 

stcategies. 

When a decision maker selects between alternatives 

an implicit or explicit valuing process takes place. The 

objective of evaluation techniques is to derive an explicit 

value oc utility function. As mentioned pceviously, eval

uation tools ace pechaps the most modular of the tools 
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presented here. The tools surveyed in this section can be 

used, therefore, to supplement the "naive" weighting 

schemes imbedded in tools such as WOTS-UP and TOWS. 

The steps in utility analysis are outlined in 

[Johnson and Huber, 1977]. 

1. Identify the perspective from which utility is to 

be assessed, ie., "utility to whom", which indivi

dual of organizational unit. 

2. Determine the scope of the problem and identify the 

objectives, purposes, or uses of the objects or 

events whose utilities are to be assessed. 

3. Identify the set of alternatives to be evaluated. 

4. Determine the relevant attributes or factors on 

which each of the alternatives are to be assessed. 

5. Develop an operational measure for each attribute 

or factor. 

6. Choose an appropriate technique for assessing the 

utility of each attribute or factor, ie., for con

verting the physical measure into a utility or 

value measure. 

7. Assess the utility or value of each alternative on 

each attribute or factor. 

8. Choose an assessment model. 
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9. Evaluate each alternative using this model. 

10. Select the best alternative. 

In this discussion it is assumed that steps one 

through five are accomplished during the ideation, analysis 

and structuring processes. Further, step ten may lead 

indicate the need for additional ideation or structuring. 

It should be noted that the set of attributes should have 

several characteristics [Keeney and Raiffa, 1976]. 

1. The set should be complete, that is, form a true 

measure of objective fulfillment. 

2. The set should be operational, or fully context 

sensitive. 

3. The attributes should be decomposable such that 

they can be broken into manageable, meaningful sub

sets. 

4. The attributes should be nonredundant. This not 

only simplifies the analysis, but also avoids 

double counting. 

5. A minimum number of attributes should be used 

(while still satisfying the completeness criteria) 

to decrease the complexity and increase the 

tractability of the problem. 
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Subjective assessment techniques ace used in two 

basic contexts --- the subjective estimation of probabil

ities, and the estimation of a decision maker's prefecence 

structure oc utility function. The following discussion 

concentrates on the lattec techniques. 

The techniques themselves vacy as to whethec they 

ace uni- or multi-attribute methods, whether uncertainty is 

or is not modeled, etc. Further, techniques involve holis

tic or decomposed judgements. Although the concepts of ho

listic and decomposed are relative ones, holistic 

judgements involve evaluating alternatives while decomposed 

judgements involve evaluating the individual critecia (at

tributes) with which altecnatives ace compaced. (The ex

tension of evaluation to gcoup pcocesses is discussed latec 

in this section.) 

Despite the relatively large number of evaluation 

methods, limited literature exists to provide the analyst 

with guidelines for selecting an appropriate technique. 

Some guidelines are offered in [Kneppreth, Hoessel, 

Gustafson and Johnson, 1977], [Johnson and Huber, 1977], 

and [Schoemaker and Waid, 1982]. Considerations involved 

in assessing the suitability of a given evaluation tech

nique include: 
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1. Can risk and uncertainty be explicitly modeled? 

2. Can discrete and/or continuous attributes be 

modeled? 

3. Is attribute independence assumed? 

4. Is monotonicity of the function assumed? 

5. Type of user interaction (judgement) required. 

6. Complexity of the (judgement) task. 

7. Acceptability of the approach to the by the deci

sion maker. 

8. Face validity of the result. 

9. Assessment time required of the decision maker. 

10. Need for acceptance of the solution (by other par

ties) 

11. Need for potential innovation during evaluation. 

12. The variance of weights derived among member of a 

decision making group. 

13. Type of function and scale derived (relative worth, 

numeric worth, ••• ,ordina1, interval, or ratio 

scale). 

14. Level of analyst skill required. 

15. Flexibility of the approach. 

The assumptions underlying a given technique affect 

how accurate an evaluation model can be derived using the 

approach. The task difficulty for the decision maker will 

directly impact the cost and acceptance of the technique. 
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The miscellaneous considerations 10 through 12 imply group 

decision making. Extension to group evaluation techniques 

are discussed later in this section. 

The techniques themselves can be categorized as 

[Johnson and Huber, 1977] 

1) Ranking methods 

2) Category methods 

3) Direct subjective methods 

4) Lottery (Gamble) methods 

5) Indifference methods 

(Note that fuzzy set theory, although applicable, is not 

discussed. See [Yager, 1977] for a discussion of the use 

of fuzzy sets in multi-objective decision making.) 

The present discussion of these techniques is not 

intended to be exhaustive: rather, a representative tech

nique in each category is outlined. 

Evaluation Tools for Individual Decision Makers 

The Analytic Hierarchy Process (AHP): A Ranking 

Method. The AHP [Saaty, 1980] attempts to rank-order cri

terion using paired comparison judgement tasks. It was or

iginally intended to serve as a scaling process for deter

mining priorities in a hierarchical goal structure. Given 

a hierarchy of criteria, the decision maker is asked to 

make paired comparisons within each subgroup of the 
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hierarchy. Preference for an attribute over another in each 

pair is measured on a one to nine scale. Each pair of at

tributes is so analyzed in order to construct a preference 

matrix where the entry (i,j) reflects the preference of i 

over j. Attribute weights are determined by normalizing 

the eigen-vector associated with the maximum eigen-value of 

the ratio matrix. Redundant responses are solicited in 

order to average out judgemental inconsistencies. 

The AHP requires a large number of simple prefer

ence judgements of the decision maker. It is, therefore, a 

straight-forward, though tedious, process. As with the 

hierarchy discussed in an earlier section, AHP assumes in

dependence of criteria. A ratio scale can be derived using 

AHP, thus leading to precise preference modeling in the 

sense that relative preferences are reflected. Risk and 

uncertainty, however, cannot be explicitly modeled. 

Uncertainty can be often be dealt with after valuing 

[Johnson and Huber, 1977]. 

Ranking methods have good decision maker accept

ance, face validity, and flexibility. AHP, unlike a number 

of ranking techniques, requires substantial skill on the 

part of the analyst. As with the majority of evaluation 

techniques, the extension of AHP to group settings is es

sentially an ad hoc process. 
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Q-Sort: A category method. category methods 

entail the categorization of attributes along a discrete 

scale (most to least preferred). This approach is subtly, 

but distinctively, different than the ranking of alterna

tives in order of preference. Q-sort [Kerlinger, 1976] 

[Stephenson, 1953] was developed as a statistical technique 

for beh~vioral research. In Q-sort, a discrete, categor

ical scale (most to least preferred, important, etc.) is 

chosen. The decision maker's task is then to place each 

attribute, or alternative, into one of the preference cate

gories. Typically the number of attributes to be placed in 

each category is dictated by the analyst in order to gain a 

normal, or quasi-normal, distribution of attributes along 

the preference range. 

An extension of the basic Q-sort approach involves 

factorial designs. As with force-field analysis, alterna

tives are categorized along two or more dimensions -- exam

ple, levels of importance, certainty, etc. The data can 

then be subjected to statistical analysis. More specifi

cally, given the ranking of individual group members, rank

order coefficients of correlation are derived for each pair 

of decision makers. The correlation matrix then indicates 

clusters of decision makers with like preference struc

tures. The technique is, therefore, well suited to group 

decision making processes. 
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Q-sort, although of challengable value in behav

ioral research, is a simple yet flexible tool for evalua

tion. The technique is simple for the decision maker in so 

far as it requires a minimum of modestly difficult prefer

ence judgements. Further, it necessitates only a modest 

level of analyst expertise. Perhaps the most distinguish

ing characteristic of the Q-sort method is its ability to 

accommodate a large number of attributes or alternatives to 

be compared between 60 and 100 as a rule of thumb -- in 

a short amount of time. The output measures of the anal

ysis are on a ordinal scale and, thus, lack precision. 

categorical methods, like ranking methods, generally engen

der good decision maker acceptance and face validity of the 

derived model. 

Anchored Rating Scale (ARS): A Direct Subjective 

Method. Direct subjective weighting is the most straight

forward of the techniques presented. The weight for each 

attribute is directly stated by a decision maker along a 

(usually anchored) scale. It is possible to select 

descriptors for various levels along the continuum, thus 

approximating the category method, but opposed to category 

methods, direct subjective methods allow for fine judge

mental discriminations. ARS [Nutt, 1980] utilizes a 

normalized, 0/1 scale. 
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The task of direct weight assignment is relatively 

complex for the decision maker. While the AHP pairwise 

comparison method requires a large number of simple 

judgements, ARS requires a small number of complex 

judgements. It is, consequently, a potentially quick pro-

cess, perhaps because it more accurately mimics the way de-

cision makers evaluate factors. Despite (or because of) 

the judgement task complexity and because of the techniques 

naturalness, direct methods enjoy high decision maker ac-

ceptance and high flexibility. 

ARS does not incorporate notions of risk and uncer-

tainty. Its output is an interval scale, and the adminis
~ 

tration of the approach necessitates little analyst skill. 

Finally, the extension to group decision making process is 

ad hoc. 

A Gamble (Lottery) Method. Gamble methods center 

on finding certainty equivalents to lotteries [Keeny and 

Raiffa, 1976]. For example, 

Given a lottery with 

0.5 probability of winning $100 

and 0.5 probability of losing $ 50, 

find a value of X such that the decision maker is 

indifferent between the lottery and 

1.0 probability of winning (losing) X 
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Gamble methods, as is evident, handle conditions 

involving risk. Further, a decision makers attitude toward 

risk -- risk averse, risk seeking, etc. can be deter-

mined. The task for the decision maker and the analyst is 

fairly complex despite the fact that the number of inputs 

(judgements) is modest. Decision maker acceptance is typi

cally low and the technique is not particularly flexible. 

The gamble methods do result in an interval or ratio scale 

and do not require attribute independence. 

An Indifference Method: Conjoint Scaling Procedure 

(CSP). Lock-step CSP [Keeny and Raiffa, 1976] is a simple 

indifference method that focuses on the assessment of 

marginal trade-offs between two attributes (the method can 

be extended to handle a larger number of attributes). The 

method is best explained via an example. Given the values 

for two attributes X = 3 and Y = 30, the decision maker is 

asked "if X were decreased to 1, how much more Y would you 

need just to offset the change." The decision maker, then, 

supplies the value for Y. 

A methodical series of such questions is posed to 

the decision maker from which the decision analyst derives 

a utility function. The task difficulty is fairly low for 

the decision maker. Unlike the other techniques, however, 

it does assume monotonicity. If normalized, the output of 

the analysis is on a ratio scale. As with the gamble me

thods, indifference methods 1) require high analyst skill, 
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only moderately flexible. 

Determining Group Weights 
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SP is intrinsically a group process. It is desire

able, therefore, to extend evaluation techniques for indi

viduals into the context of group decision making. Q-sort, 

of the tools discussed above, is best suited to group situ

ations. It does not, however, attempt to derive a group 

value or utility function. Aggregate preferences are typi

cally derived by 

1. Integrating a structured group technique, such as 

NGT, with an individual evaluation technique. 

2. Aggregating individual preference functions 

algorithmically. 

[Gustafson, et al., 1973] have conducted research 

to determine the effectivness of methods that integrate 

group interaction and individual evaluation in sUbjective 

likelyhood estimation tasks. Several techniques were 

compared. One integrates a Delphi-like technique with an 

arbitrary evaluation technique. Briefly, the estimate

feedback-estimate method involves individual evaluation 

followed by written feedback shared among group members and 

concludes with independent reevaluation by group members. 

The method, as with Delphi, mayor may not be repeated 

until consensus is reached. Another method mimics the NGT 
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group technique. Called estimate-ta1k-estimate, or 

estimate-discuss-estimate, the method begins with indivi

dual evaluation followed by a structured group discussion 

concluding with individual reevaluation. The final tech

nique, talk-estimate, serves as an analogy to the interact

ing group. 

In the Gustafson study, the estimate-ta1k-estimate 

was found superior to the other techniques. A later study 

[Fischer, 1981], however, found no evidence that the me

thods differed substantially. Obviously, more research is 

required in the area of group evaluation. 

Judgement analysis [Christal, 1963] combines indi

vidual preference functions algorithmically. Each member 

of the group first ranks alternatives or uses, for example, 

direct weighting of the decision criteria. Regression 

equations are then generated for each member expressing 

their "judgement rule." The regression equations are 

systematically combined -- via a criterion-looping tech

nique -- until a single equation is derived which expresses 

joint judgement rule, or policy. A study by [Rohrbaugh, 

1981] suggests that while NGT and social judgement analysis 

result in approximately equally accurate group decisions, a 

significantly higher degree of group consensus is attained 

via the judgement analysis method. Again, considerably 

more research is needed in this area. 
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Automation of Evaluation Techniques 

Evaluation models are approximations of the human 

value system underlying judgement and choice. It is well 

accepted that human judgement, although approximated by re

latively simple models, is an enigmatic and complex pro

cess. The structu~ing inherent in evaluation techniques 

aid, and in no way supplant, human judgement. Thus, prob

lems are best analyzed with a complement of tools and human 

judgement. This complementarity implies that the best 

automation of evaluation tools is in the form of interac

tive processes [Zeleny, 1980]. 

Development of automated applications of evaluation 

tools has kept pace with the development of the methods 

themselves. Implementations of evaluation tools are dis

cussed in [Geoffrion, Dyer and Feinberg, 1972], [Pekelman 

and Sen, 1974], [Zionts and Wallenius, 1976], [White, 

1980], [Stewart, 1981], and [Klein, Moskowitz, Mahesh and 

Ra vi n d ran, 1982]. 



The Strategic Planning Process and 
the Construction of Tool Strings 

In order to support the SP process in a holistic 
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manner, a group of tools is required. A number of SP me-

thods that have been developed are indeed comprised of a 

group of tools which are integrated to form a tool string. 

A primary example of a well integrated tool string is the 

Strategic Assumption Surfacing Technique [Mason and 

Mitroff, 1981]. The Strategic Assumption and Surfacing 

Technique (SAST) integrates several tools to form a compre-

hensive SP process. 

SAST grew out of earlier research in Stakeholder 

Analysis and dialectics [Mason, 1969]. Further, it draws 

upon tools including NGT, AHP, and force-field analysis. 

The basic premise behind Stakeholder Analysis and SAST is 

that all plans have underlying stakeholder assumptions 

which dictate the potential success of a plan, or strategy. 

The (tool) steps of SAST are: 

1. Group formation using the MAPS [Kilman, 1977] 

system. 

2. Stakeholder identification. This step entails the 

identification of any internal or external entity 

whose actions influence the organization and the 

realization of organizational goals. 
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3. Assumption surfacing. Using NGT, assumptions about 

stakeholders are uncovered. These assumptions 

correspond to positive and negative forces with re

spect to accomplishment of organizational goals. 

4. Assumption rating. Using the evaluation technique 

of AHP, assumptions are rated along two dimensions 

Importance and Certainty levels. 

5. Force-field analysis is conducted on the rated as

sumptions to identify critical assumptions and to 

dictate appropriate action. 

In an experiment presented in [Burke, et al., 1977] 

several of the tools discussed in this paper were spliced 

and used in the context of technological assessment. Key 

issues in electronic funds transfer (EFT) were given, a 

priori, to a group of 36 conference participants. An 

expediant form of content analysis was used to categorize 

the issues. ISM was then used to structure the issues and 

to identify the issues in terms of clusters of interacting 

variables. Testing alternatives was conducted using KSIM. 

KSIM was used to explore changes in the behavior of varia

bles under varying assumptions (conditions). Finally, so

cial judgement analysis was used to formulate a group pol

icy. 
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[Stumf, Zand and F~eeman, 1979] p~opose three gen

eral context paramete~s of a decision making situation 

need for solution quality, acceptance, and innovation. 

Nutt (1982) identifies possible tool strings fo~ each of 

eight combinations of these context paramete~s. 

Metaplanning, as used here, is the p~ocess of plan

ning the planning process. The synthesis of a tool st~ing 

closely pa~al1els the metap1anning idea. The choice of a 

tool st~ing is influenced by 1) the decision making context 

and 2) the compatibility between tools both in gene~al 

methodology and in ~ep~esentation. Substantial resea~ch is 

~equi~ed to develop processes of metaplanning and tool 

splicing. 

[Hormann, 1971] represents pe~haps the ea~liest at

tempt to develop an integ~ated man-machine planning system. 

The system, GAKU, attempts to promote a "co-evolving" plan

ning system. The framewo~k of GAKU is analogous to two 

views of the planning p~ocess. One view holds that plan

ning is an inte~ative p~ocess. The SP p~ocess involves 

iteration between the basic phases of objective definition, 

alternative gene~ation, and alternative evaluation. The 

second view holds that the SP process is hie~a~chical -

such that plans are refined from the general to the con

c~ete. GAKU is comprised of three basic components. 
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1. A library of SP tools including statistical 

routines, Critical Path Method (CPM) software, and 

fuzzy set analysis. 

2. An executive monitor to help guide the planner 

through the planning process and to keep track of 

the state of plans currently under development. 

3. Tutorials at graded levels of assistance for both 

the selection and use of appropriate tools in the 

library. 

More recently, [Bonczek, Holsapple and Whinston, 

1977] offer a framework for the design of an automated 

strategic planning system. 

Future Research 

The design of a planning system or planning process 

is contingent upon the context of the decision making situ

ation. Since choice of a group of SP tools is a function 

of the planning process, tool splicing is also context de

pendent. The research necessary to formalize tool splicing 

includes 

1. Identify aspects of the planning (decision making) 

context that influence the suitability of various 

tools. 
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2. Develop methodologies and tools to add~ess the va~-

ious planning contexts. 

3. Investigate rules for mapping suitable tools into 

the va~ious planning contexts. 

4. Develop (and test) automated systems to suppo~t 

both planning, th~ough the use of automated tools, 

and metaplanning via, fo~ example, automated tool 

splicing. 

Resea~ch has been conducted to identify aspects of 

the oecision making context includes [Ma~ch and Simon, 

1958], [Eme~y and Trist, 1965], [Lawrence and Lo~sch, 

1969], [Mason and Mitroff, 1973], [Khandwal1a, 1976], 

[Beach and Mitchell, 1978], [Stumf, Zand and F~eeman, 

1979], [Stein, 1981aandb], [Smith, Mitchell and Beach, 

1982]. Below is a list of some of the proposed context 

facto~s. 

Decision Make~ 

Cognitive style 
Cognitive bias 
Leade~ship style 

Problem and Task 

Significance 
~esource constraints 
planning horizon 
time available for planning 
required level of innovation 
Scope of the plan 
Structuredness (complexity) 
Problem definition flexibility 
Crisis vs. opportunuty planning 
Availability/accuracy of info~mation 



Uncertainty of causal relations 
Ramifications (part of a larger problem) 
Technical level of the problem or task 

The Organization 

Number of interest groups 
Need for solution acceptance 
Level of conflict 
Production nature of the firm 
Organizational climate and management style 
Complexity of the causal texture of the 

organization 

The environment 

Perceived environmental uncertainty 
Level of competition in 

(market, product, price, etc.) 
Munificence/scarcity of 

(capital, material, labor, etc.) 
Regulation 
Connective complexity 
Level of technological change 
Demand and price variability 
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In addition to the single context attributes listed 

above, a number of attributes exist as a result of the 

relation between context variables. Task familiarity, for 

example, is a function of decision maker attributes and 

problem/task attributes. Instability of a task is a 

function of the environment, the organization, and the task 

itself. In many ways, the various contexts dictate the 

suitability of a given tool in a given situation. One form 

of DSS generator, then, is an automated contingency model 

that aids the planner in the selection and splicing of tool 

strings. 
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