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I. IWTHODUCTION 

Definition of Decision Support Systems 

I A decision support system can be defined as an 

extension of a management information system with particular 

capabilities that serve to: /"(1) assist managers in their 

decision processes in semi-structured tasks; (2) support, 

rather than replace, managerial judgment; and (3) improve 

the effectiveness of decisionmaking rather than its 

efficiency" )(Keen and Scott Morton 1978, p. 1). This 

definition implicitly recognizes that decision support 

systems represent the third stage in the development of 

computer-based support of managerial decision making, the 

three stages (in order of their evolution) being: 

1. Electronic data processing (EDP) systeíiis. Priniarily 

oriented toward data handling and transaction 

processing, EDP systems are essentially automated 

versions of manual processes. 

2. Management information systems (MIS). These integrated 

systems often incorporate data handling, rudimentary 

model handling, report generation, and querj 

capabilities. Designed to provide information tc 

management, the primary contribution of MIS to decision 

making may be efficiency rather than efficacy (Keen and 

Scott Morton 1973). 
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3. Decision support systems (DSS). The emphasis on the 

support of decision making rather than more general 

information needs distinguishes a DSS from an MIS. The 

goal of a DSS is to improve the effectiveness and 

quality of high level decision making, typically by 

direct man-machine'' interaction in problem solving 

situations. 

Characteristics which have been cited as exemplifying 

the concept of a decision support system are niunerous, 

including: 

1. Interaction between computer and decision maker (Blanning 

1979); 

2. Plexibility with respect to the decision making 

environments of varied users (Sprague and Vatson 1975b); 

3. Support of all phases of decision making rather than 

isolated aspects such as data gathering (Sprague 1980a); 

4. A synthesis of concepts taken from diverse fields 

including computer science, psychology, artificial 

intelligence, and linguistics (Bonczek et al. 1979); 

5. Integration of data, models, and user interfaces into a 

unified system (Bonczek et al. 1980b); 

6. Adaptiveness to changing conditions and a capability for 

evolution toward an increasingly useful system (Keen 

1980); and 

7. "User friendliness" or ease of use by non-programming 

managers (Sprague 1980c). 



Prameworks for Research in DSS 

The concepts embodied in decision support systems were 

first developed a decade ago under the name "management 

decision systems" (Scott Morton 1971). Due to this recent 

evolution of thought in the field, there is a paucity of 

mature theory in decision support systems. However, a 

number of "frameworks" have been reported in the literature 

which (in the absence of theory) are helpful in "organizing 

a complex subject, identifying the relationships between the 

parts, and revealing tbe areas in which further developments 

will be required" (Sprague 1980c, p. 6). Three frameworks 

for.decision support systems will be briefly discussed in 

order to provide a perspective for the current research', 

chosen on the basis of three criteria: (1) they are among 

the most often cited frameworks in the DSS literature; (2) 

they have been developed in the very recent past, an 

important consideration in a volatile field such as decision 

support systems; and (3) each represents a framework in 

which models play a central role, and thus lends itself well 

to the discussion of model management and utilization in a 

decision support system. 

Bonczek, Holsapple and Whinston (1979) have reported a 

formalized framework for research in the field of decision 

support systems. In the view of these authors a DSS 

represents an amalgam of interdisciplinary efforts 

particularly directed tov;ard "the computerized support of 
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relatively unstructured, nonprogrammed decision activities 

such as those involved in strategic planning" (Bonczek et 

al. 1979, P' 268). A computerized DSS is seen as being 

homologous to human decision making; however, it lacks some 

of the facets of its human counterpart. While decision 

making involves "(l) the ability to exercise some power, 

authority, or directive force; (2) the ability to collect 

information; and (3) the ability to formulate models" 

(Bonczek et al. 1979, p- 279), a DSS is able to support (but 

not automate) decision making by providing only the last two 

abilities . 

A "generalized intelligent decision support system" is 

described as having two separate but interacting 

components—an information base and a problem processor. 

The information base incorporates data base management 

capability as well as providing for the "integration of 

program modules . . . into the information base so that 

they can be managed just like the more traditional type of 

data" (Bonczek et al. 1979, p- 281). The problem processor 

supports decision making through its four abilities to: (1) 

collect information (both from the user and from the 

information base); (2) recognize the problem to be solved; 

(3) formulate the model necessary to solve the problem; and 

(4) direct the execution of the model and provide the 

results to the decision maker. An integrated approach to 

DSS design and implementation is recommended, noting that 

"the trend has been away from fragmented views of decision 
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support, towards a workable integration of the two 

decision support functions of data handling and modeling" 

(Bonczek et al. 1980b, p. 338). Complex models are 

developed and managed through a modular approach to model 

development, each module being a viable model in itself, 

capable of being combined with other modules to form a 

larger model. 

A subsequent related work by the same authors (Bonczek 

et al. 1980c) proposed a formal, generic description of 

decision support systems consisting of three principal 

components: 

1. a language system (LS), consisting of all linguistic 

features of the user interface; 

2. a knowledge system (KS) which contains both data and a 

set of rules according to which knowledge may be 

expressed; and 

3. a problem processing system (PPS) which serves as a 

" . . . mediating mechanism between expressions of 

knowledge in the KS and expressions of problems in the 

LS" (Bonczek et al. 1980c, p. 619)-

Model formulation is performed by the problem processing 

system which presumably draws upon information (possibly 

including existing models and submodels) from the knowledge 

system, although this mechanism is not elucidated. 

The recent framework for the development of decision 

support systems proposed by Sprague (I980c) takes a 

different theoretical perspective but is not conceptually 
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incompatible with the framework of Bonczek, et al. As part 

of Sprague's framework the following three levels of DSS 

technology are identified: 

1. The Specific DSS. A Specific DSS is a system which has 

been developed for the decision makers or users with 

regard to a specified application, using the decision 

support system as a whole to assist in its development 

and operation. It is the specific DSS which is used 

directly by the decision maker or his intermediary. 

2. The DSS Generator. A builder of Specific DSS, the DSS 

Generator is a more general package of hardware and 

software from which a conceptually infinite number of 

decision supporting applications can be developed. 

Evolution towards DSS generators is said to have come 

mainly from very high level and special-purpose 

languages such as IPPS (Execucom 1979). 

3. DSS Tools. This most fundamental level of technology has 

seen the greatest recent advancement. DSS Tools are 

hardware and software elements which serve to facilitate 

or expedite the development of the other two levels of 

technology. Examples include very high level 

programming languages such as APL, special-purpose 

languages to support functions such as statistical 

analysis and graphical information display, as well as a 

large ntunber of other hardware and software systems. 

Of the three levels of DSS technology, the DSS Generator is 

seen as occupying a central and coordinating role, its most 



7 

important function being to " . . . create a 'platform' or 

staging area from which Specific DSS can be constantly 

developed and modified with the cooperation of the user, and 

without heavy consumption of time and effort" (Sprague 

1980c, p. 7). 

The framework views the development of decision 

support systems as an iterative process, described by a 

cycling between the DSS Generator and the Specific DSS being 

created. This results in an adaptive system in which the 

three levels of technology stipport may change over time. 

The technological composition of the decision support system 

consists of three subsystems: 

1. the data subsystem, including data base management 

capabilities and necessary extensions specific to DSS; 

2. the model subsystem, capable of creating, maintaining, 

combining, and otherwise managing models and submodels 

in ways similar to the data subsystem's management of 

data; and 

3. the user interface subsystem, incorporating a dialog 

generation and management system (DGMS) and controlling 

all interaction between user and system. 

In addition, the following five personnel roles are defined 

which are associated with the three levels of technology: 

1. The manager, or ultimate user of the specific DSS; 

2. The intermediary, who may assist in the use of the 

specific DSS; 

3. The DSS builder, or controller of the DSS generator; 



4- The technical supporter, or developer of information 

system capabilities linking the DSS generator and DSS 

tools; and 

5. The toolsmith, a technical specialist who develops the 

basic DSS tools. 

Alter (I977b; 1980) has developed a taxonomy of 

decision support systems which also serves as a framework 

for DSS. The classification scheme is based largely on 

empirical research and categorizes DSS into seven major 

types: 

1. file drawer systems, or automated data access systems; 

2. data analysis systems, for data manipulation and display 

as well as report generation; 

3. analysis information systems, or management information 

systems tailored towards decision-oriented data bases 

and small models; 

4. accounting models, which process input data through a 

set of pre-defined operations based on standard 

accounting definitions; 

5. representational models, chiefly consisting of non-

accounting simulation models which help to estimate the 

consequences of particular actions; 

6. optimization models, used where the problem at hand may 

be analyzed using formal mathematical models with regard 

to specific objectives; and 

7. suggestion models, which generate suggested courses of 

action based on decision rules and snecified models 



chiefly for operational tasks. 

The author distinguishes the first three types of DSS from 

the remaining four as being "data-oriented" and "model-

oriented," respectively (Alter 1980). Additionally, each 

DSS type is described with respect to the type of task 

involved, type of user (both "hands-on" and ultimate user), 

and problems associated with usage, design, implementation 

and technology. 

he Role £f Models in. DSS 

The aforementioned frameworks for DSS suggest the 

importance of models and the modeling process in supporting 

decision making. This importance and the present role of 

models in decision support systems has been articulated by 

Sprague (1980c), who states: 

The area of model creation and handling may have the 
greatest potential contribution to a DSS. So far, the 
analytic capability provided by systems has evolved from 
statistical or financial analysis subroutines which can 
be called from a common command language. More 
recently, modeling languages provide a way of 
formulating interrelationships between variables in a 
way that permits the creation of simulation or "what if" 
models. 

This viewpoint is echoed by Bonczek et al. (I980b) in noting 

that "developments in the management science and information 

systems fields have led to the present recognition of the 

importance of incorporating extensive data-handling 

capabilities and models into a single system with víhich the 

decision makers can directly communicate" (p. 338). 
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The use of models in decision support systems is not 

of interest only to academicians. n one survey oi over 

2000 corporations in the United States, Canada, and Europe 

(Naylor and Jeffress 1975; Naylor and Schauland 1976), 73^ 

of the 346 firms responding were either using or developing 

some form of corporate planning model. These include 

financial, marketing, and production models as well as 

several attempts to integrate functional submodels into an 

integrated corporate simulation model. This represents a 

dramatic increase over a previous survey (Gershefski 1970) 

in which only 20^ of 323 corporate respondents reported the 

same degree of model development. The vast majority of the 

models studied in 1975 (94^) were deterministic in nature, 

while about- 6^ incorporated some probabilistic features such 

as risk analysis. Most of the planning models were capable 

of at least a degree of sensitivity analysis or "vrhat if" 

modeling, and a small proportion were designed for 

optimization of specific objectives. Corroborating this 

trend is another survey conducted on 56 firms in the United 

Kingdom (Higgins and Pinn 1977a; 1977b), which discovered 

that 69/̂  of the organizations were using some form of 

corporate model. The majority of these were financial 

models. 



II. STATEMENT OP THE PROBLEM 

Despite the central role of models in decision support 

systems, their effective usage has been limited by several 

factors. Naylor and Schauland have identified eight 

shortcomings of corporate models which are (in order of 

estimated significance): 

1. lack of flexibility; 

2. poor documentation; 

3. burdensome requirements of input data; 

4- inflexible output formats; 

5. excessive development time requirements; 

6. high cost of model execution; 

7. high cost of development; and 

8. lack of understanding between model developers and 

ultimate users. 

These limitations were compiled from a survey of 346 

corporations using or developing corporate models (Naylor 

and Schauland 1976). The majority of these models would be 

classified as accounting or representational simulation 

models in Alter's (1980) taxonomy of DSS. 

The shortcomings which are prevalent in _ corporate 

models may be particularly acute when dealing with 

strategic planning models such as computerized simulations. 

In this regard, Martins (198O) has enumerated several 

factors limiting the usefulness of such models in decision 

11 
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support systems, including the following. 

1. Computerized simulation models are typically run 

in a batch mode where all information necessary to start 

(and subsequently complete) a simulation must be provided at 

the start of the simulation. Thus they limit the domain of 

feasible models to those for which all relevant decisions 

are enumerated and all decision rules are formulated before 

the simulation begins. 

2. The technical knowledge necessary to implement a 

simulation model is neither present nor necessarily 

desirable in the typical ultimate user of simulation models 

(the decision maker). Most codified simulations are written 

either in a high level general purpose computer language 

such as PORTRAN or PL/l, or in a special-purpose simulation 

language such as GASP, SIMULA, GPSS, DYNAMO, SIMSCRIPT, etc. 

In either case a high degree of familiarity with the 

language of choice is required in order to code, debug, and 

test the implementation of the simulation model. This 

results in an undesirable separation of the ultimate user of 

the simulation and the implementor of the model. 

3- Validation and verification of simulation models 

are important and difficult processes intimately associated 

with the simulation model's ultimate usefulness as a 

decision making tool. Managers in high risk decision making 

situations may be unlikely to base important decisions on 

the results of simulations which are designed and run by 

others. 
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4. Large simulations tend to make prodigious demands 

on computer resources, particularly in terms of execution 

time and memory required. This limitation is being 

mitigated somewhat by contemporary advances in computer 

technology, but remains a constraint on the number of real-

time applications of simulation in management environments. 

Many of the aforementioned limitations of simulation 

and planning models may be alleviated by the introduction of 

decision support system capabilities which are specifically 

designed to facilitate the management and utilization of 

models. These facilities can provide the following 

benefits: 

1. An "umbrella" of interactive capabilities which 

helps to support the use of simulation and planning models 

in an interactive or conversational mode. This allows the 

decision maker to control and even to participate in the 

models' execution, making the models more responsive and 

adaptive than would be possible without this interaction. 

2. Model management capabilities allow a division of 

labor between the various personnel involved in the 

development and implementation of models, thus relieving any 

one individual from the burden of being knowledgeable in all 

aspects of the model. This permits technical specialists to 

be employed when necessary, for instance to create the 

actual computer code for a model, while not necessarily 

divorcing the decision maker from the modeling process. 

3. Model management capabilities help to manage and 
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control a valuable corporate or organizational resource, the 

collection of computerized decision aiding models. 

Capabilities analogous to those provided by data base 

management systems assure the timely and reliable 

availability of models to decision makers, while 

safeguarding against their unauthorized use or disclosure. 

It is useful to distinguish a model management 

approach to decision support from the use of specialized 

algorithms. Specialized algorithms are application-specific 

tools which may provide decision support for a range of 

problems, each of which is typically narrow in scope. The 

model management approach to decision support seeks to 

address a wider problem domain by allowing a niimber of more 

general-purpose models to be adapted or tailored to 

particular decision making situations. Support for the 

model management approach is articulated by Bonczek et al. 

(1980b), who state: 

As a topic for research (and as a managerial 
strategy) there is a good deal to be said for 
concentrating on how to improve responses to needs over 
time and under changing conditions. In the long run 
this may be more fruitful than devotion to augmenting 
one's capabilities for finding solutions that are 
optimal at a given moment in time. This would imrily a 
need for flexible systems that can easily adapt to'what 
has been learned and to current needs. 

In addition to providing a standardized procedure for 

addition, modification, retrieval, linkage, and deletion of 

models and submodels in a model base, a model base 

management system within a DSS can provide: 

1. security and privacy controls to prevent the unauthorized 
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use of the organization's model resources; 

2. real-time accessibility of models to users without 

technical expertise; 

3. independence (both logical and physical) between models, 

data, and user interface; and 

4. dynamic, adaptive construction of decision aids tailored 

to specific problems in a wide range of domains. 

It has been estimated that 40^ of model development 

time is devoted to programming the computerized model, with 

an additional 10^ spent implementing the model (Gershefski 

1970). The average total cost of individual corporate 

models has been found to be nearly thirty thousand dollars 

when developed in-house with the aid of outside consultants, 

and over eighty thousand dollars when developed without 

outside assistance. Additionally, these models required 

some ten and eighteen man-months to implement, respectivelj 

(Naylor and Jeffress 1975). Many corporations developed 

several such models either concurrently or in sequence over 

a longer period of time. Clearly the development and 

implementation of corporate models represent a significant 

expenditure of resources on the part of the organization, 

justifying exploration of the potential benefits an 

integrated DSS with model management capabilities can 

provide. 

It is well known that the cost of computer hardware 

has been decreasing steadily in the recent past. Less well 

known is the fact that software costs have been persistently 
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increasing during the same period. Not only have per unit 

software costs increased, but the relative amount of total 

computer related expenses accounted for by software as well. 

Kleijnen (1976) reported that the percentage of total 

computer costs attributable to software reached 50^ in 1965, 

and had increased to approximately 80^ by 1970. The same 

author proposed a number of strategies for managing the 

rising cost of software, including: 

1. Labor-capital substitution through the use of 

increasingly higher level languages; 

2. Use of general purpose, mass produced software where 

this is a suitable alternative for custom software; 

3. Division of labor among personnel involved in designing, 

developing, and implementing software, allcwing each 

person to maximize his or her ovm efficiency; and 

4. Increasing the life expectancy of software by utilizing a 

modular approach, allowing changes to be rnade in parts of 

a large software system while minimizing the effect on 

the remaining parts. 

The model management approach clearly facilitates each of 

these strategies in dealing with increased software costs, 

and its incorporation into a decision support system will 

allow the cost of decision aiding models to be controlled as 

well. 

In summary, the consensus of research in DSS suggests 

that in order for models to become truly useful management 

tools the DSS designer must provide: (l) management of 



models similar to management of data in a DBMS; (2) flexible 

man-machine interaction in the creation and operation of 

models; and (3) responsiveness to changing conditions and 

information needs of the decision maker. This will permit 

the building of decision models which will be more flexible, 

less expensive in terms of both dollars and time spent in 

development, and more useful to the ultimate user. 

Purthermore, the relative utility per unit cost of models 

may be increased by improving methods of design and 

implementation of software in general, thus reducing the 

cost of model development while enhancing its usefulness. 



III. REVIEW OP PRIOR RESEARCH 

Recent attempts to enhance the usefulness of models in 

decision support systems may be broadly classified as having 

either: (1) a meta-language orientation; or (2) a model 

management orientation. The meta-language approach attempts 

to provide the decision maker with a very high level or 

highly specialized language with which the model under 

consideration may be conveniently specified, thus reducing 

the amount of technical expertise required of the user. The 

model management approach seeks to provide the decision 

maker with a collection of pre-defined model building blocks 

which may be combined, modified, and otherwise manipulated 

(often in a manner analogous to data manipulation in a data 

base management system) in order to construct the desired 

computerized decision aid. Of course, it is not impossible 

for interactive modeling systems to employ aspects of both 

approaches, as they are not by nature incompaticle. The 

following two sections will review the meta-language and 

model management approaches for supporting decision making 

through the use of models. 

The Meta-Language Approach 

The development and impleraentation of computerized 

models have traditionally been dependent on persons with a 
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high degree of technical knowledge in programming computer 

systems. This dependence has been steadily reduced by 

technological advances, however, as can be seen from the 

following review of the evolution of meta-language 

approaches to simulation and planning models. The 

development of high level computer programming languages 

such as PORTRAN in the 1950's brought coding and 

implementation of simulations within the reach of persons 

who lacked the technical knowledge to write in machine 

language or assembly language code. t was not until the 

emergence of "general simulation languages" in the early 

1960's, however, that simulation began to receive widespread 

use in the analysis of complex systems. At this time a 

simulation could be performed without the user having to 

attend to every detail of the programming, with services 

available such as status descriptors, statistical gathering 

routines, and error checking to ease the, operational burden. 

These simulation languages suffered from several drawbacks, 

however, including the criticism that (despite their 

collective name) they were neither general nor anguages. 

Krasnow and Merikallio (1964) observed: 

The earliest generalized simulation packages were 
not, in any real sense, languages. They were, rather, 
generalizations of simulation models of specific loroblem 
areas having considerable economic or military 
importance. 

Despite the limitations of the early simulation languages, 

many have evolved into widely used present day languages. 

Examples include SIMSCRIPT, GPSS (General Purpose System 
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Simulator), GASP (General Activity Simulation Program), and 

DYNAMO. In addition, niimerous lesser knovm and special-

purpose simulation languages have been developed. One 

bibliography alone lists 28 of the more frequently cited 

languages (Williams and Williams 1978), and the number of 

operational systems probably numbers well over one hundred. 

The use of high level simulation languages is perhaps 

the most widespread example of a meta-language approach in 

the field of decision support systems. The following 

examples indicate the variety of strategies employed using 

this approach with regard to computerized simulations, a,nd 

represent only a few of the many meta-language approaches to 

simulation. 

1. GASP IV/E (Pritsker and Pegden 1979). One of over 

a dozen special purpose or selectively enhanced versions of 

GASP, this recent version allows simulation data to be 

displayed during a run. The user can interrupt the 

simulation and change the model, as well as provide input to 

the model during execution. This language is not v.̂ell 

documented and apparently does not support interactive model 

generation capabilities. 

2. GENTLE (Roggenbuck and Hopwood 1977). One of the 

few commercially implemented systems which assist in the 

model building process itself, GENTLE is in essence an 

interpretive assembler of GPSS statements. Its major goals 

are to help prepare a simulation in GPSS that is bug-free, 

quickly built, and not demanding of the user's expertise in 
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language specific details. nteractive capability during a 

simulation is not provided. 

3. DRAPT/GASP (Mathewson and Allen 1977). One of a 

number of program generators in the DRAPT family, the 

function of DRAPT/GASP is to assist a user in translating a 

model into an executable program in a simulation 

language—in this case GASP. The user must specify the 

model using entity cycle diagrams, a symbolic form of model 

description. Interaction during execution of the program is 

not supported. 

4. CML/HOSPSIM (Petter and Mills 1975). HOSPSIM is a 

sublanguage for the simulation of health-care systems, 

developed under the umbrella of Conversational Modeling 

Language (CML). Both provide real time, interactive 

capability in design and execution. CML will only operate 

on IBM 360/370 computers under the Cambridge Monitor System 

or the Time Sharing Option, however. 

• 5. CASM (Beights 1978; Burns 1980). This Computer 

Aided Simulation Methodology system is an interactive 

simulation model formulation system for continuous 

simulations. ''.'íritten in PORTRAN, it is a modular and 

transportable software package with which continuous 

simulation models can be developed and saved for future use. 

It is particularly useful to modelers and managers with 

little or no knowledge of a simulation language. 
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The Model Management Approach 

The model management approach to the use of models is 

largely an outgrowth of the recent developments in the field 

of decision support systems. Research in DSS during the 

past decade has involved the development of a large number 

of systems for a variety of applications. Very few of these 

support a significant degree of generalized model handling 

capability, and most are specifically oriented toward 

accounting models (Alter 1980). As reported by Naylor and 

Schauland (1976), 94^ of all corporate models in one survey 

were deterministic in nature, and virtually all of these 

were designed for specialized applications. 

The recent evolution of both decision support systems 

in general and model management capabilities within a DSS is 

responsible for the small number of documented systems 

utilizing the model management approach. There are, 

however, a number of recently developed systems which are 

notable in their emphasis on model management related 

aspects of decision support. Representatives from this 

group include the following. 

1. IPPS (Execucom 1979). The Interactive Pinancial 

Planning System is a commercially successful corporate 

planning tool which incorporates accounting simulation 

models. A non-procedural modeling language, IPPS provides 

sensitivity and "what if" analysis, a limited goal-seeking 

capability, and provisions for interaction with data files 
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and other models. IPPS incorporates characteristics from 

both the meta-language and the model management approaches; 

however its capabilities are directed primarily toward 

supporting specific classes of financial models. 

2. Projector {^<íeen and Scott Morton 1978; Meador and 

Ness 1974) Projector is a decision support system designed 

primarily for financial planning applications. It is a 

highly flexible, interactive system for model development 

which incorporates model management capabilities. Perhaps 

its greatest contributions are its adaptability (users may 

add models to expand its capabilities), and the excellent 

user interface, which allows for a limited English-like 

dialog between user and system. 

3. WHIMS (Elajn et al. 1980). Currently under 

development to facilitate micro-analytic simulation models, 

the objective of WHIMS is flexibility and modularity in 

model management. It employs a model management system 

(MMS) and a knowledge base in which knowledge is represented 

in a specialized semantic network. 

4. MAGIC (Wang 1981). The MAcro Generation and 

Interface Controller is a model management oriented system 

developed in conjunction with a more general decision 

support system generator recently developed. Model building 

blocks, consisting of various software elements including 

subroutine libraries and utilities, are combined and 

coordinated through the use of macros (sequences of 

instructions) directing the linkage and operation of 
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submodels. A macro base management system allows macros to 

be defined, executed, manipulated, and stored by the DSS 

user. 



IV. HE CONCEPTUAL MODEL 

The previous sections have outlined some of the 

shortcomings which have been identified with respect to 

computerized support of decision making, as well as a number 

of proposed strategies for alleviating these problems. 

Attention is now turned to the "conceptual model" of a 

decision support system which is intended to present a 

comprehensive representation of how computerized support cf 

decision making may be unified and utilized. The function 

of the conceptual model is to portray the abstract 

relationships between three main components of decision 

support: (l) the user, (2) models, and (3) data. 

The conceptual model consists of essentially tvío 

components: (1) a synthesis of concepts v/hich includes 

existing frameworks in the area of decision support systems; 

and (2) an instantiation of the resulting generalized 

concepts which is translatable into an operational model. 

The most important frameworks contributing to the conceptv.al 

model are those developed "oy Bonczek et al. (1979; 1980b; 

i980c) and Sprague (I980c), although the infl̂ ience of other 

research is .also significant. The conceptual mcdel 

represents a distinct perspective on the structure of a D3S 

which is different from existing frameworks, incorporating a 

number of significant additions in the areas of model 

management and logically independent, modular desií?n. 
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Development of the conceptual model will serve as an 

overall framework for the remainder of this research. Due 

to the broad scope of this general framework, the focus of 

the research will be narrowed once the conceptual model has 

been outlined. This focus will concentrate primarily on the 

model management and utilization aspects of the decision 

support system, with only limited discussions of topics 

which are not directly related to these aspects. 

Goals of the_ DS^ 

The goals of the DSS are intimately associated with 

limitations of computerized decision support identified by 

res'earchers, and pertain directly to the functions which 

the DSS must. perform to mitigate these limitations. This 

functional orientation is thought to be preferable to 

laudable but somewhat ill-defined goal definitions which 

address only desirable performance criteria (e.g. "the DSS 

should form an intimate bond between the decision maker and 

the computer"). Additionally, emphasis on functionality of 

goals facilitates a more direct translation of the 

conceptual model into an operational model. The following 

paragraphs delineate the ultimate aims of the decision 

support system through three main goals. Each of these 

goals is further refined into a set of objectives necessary 

to attain the respective goal. 

The first goal of the DSS ie to provide holistic 
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support of decision making through the integration of the 

three basic capabilities of model management, data 

management, and man-machine dialog management in a single 

coordinated system. This has been widely advocated in DSS 

literature (e.g. Blanning 1981; Bonczek et al. 1980b; 

Sprague 1980c), and addresses problems identified in 

existing corporate models by Naylor and Schauland (1976) 

involving burdensome interfacing of models and data. In 

order to achieve this goal the following two objectives are 

defined. 

1. Each of the three functional subsystems (dealing with 

data, models, and user dialog) should be afforded a 

dedicated system to maintain its respective resource. 

2. A fourth subsystem should control and coordinate the 

other three, directing . their operation. 

The second goal of the DSS is to provide the raaximum 

possible degree of system adaptivity, both with respect to 

the capabilities of the DSS itself and the decision models 

employed in conjunction with it. This requires a logical 

and physical independence between the functional subsystems. 

Achievement of this goal will help to reduce several 

shortcomings of computerized decision aids víhich have been 

hoted, including lack of flexibility with respect to varied 

decision environments (Sprague and Watson 1975b; Naylor and 

Schauland 1976), and a failure of systems to be adaptable or 

capable of evolving with a changing problem domain (Keen 

1980). To allow the second goal to be met, the followin,? 



objectives must be satisfied. 

1. The data, model, and dialog management systems must be 

functionally distinct, each system preserving its 

independence by performing only a strictly controlled set 

of functions. Por exaraple, models should not contain 

imbedded data or parameters which are more logically 

obtained at execution time from the user through the 

dialog management system, or from the data base through 

the data base management system. 

2. Communication between the subsystems must be 

standardized. As a result, communication to a given 

subsystem will be of the same form regardless cf which 

other subsystem originates the exchange. Por instance, 

both the user and the models in the model base may direct 

identical queries to the data base management system for 

specific data, and in either case the request will reacli 

the DBMS in precisely the same form. 

The third goal of the DSS is to enhance the 

effectiveness and efficiency with which the decision support 

system itself may be utilized. This goal addresses the 

implementation problems of corpcrate models identified by 

Naylor and Schauland (1976), which include poor 

documentation and high cost of development (both in terms of 

dollars and time). The following objectives are intended to 

facilitate realization of the third goal. 

1. A documentation system must be an integral part cf the 

DSS and be actively involved in all aspects of the 
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decision aiding process, including model building, 

manipulation, and use. 

2. Techniques which have been developed to promote the use 

of computerized decision aids by non-programming users 

must be employed, particularly with regard to the dialog 

management system. Some of these techniques have been 

developed in diverse fields including computer science, 

artificial intelligence, and psychology, and most have 

heretofore been applied to more application-specific 

problem domains. 

Description of the DSS 

Pigure 1 portrays the structure of the decision 

support system. The system consists of three sources of 

input and output: a data base, a model base, and the user. 

Each of these sources is served by a management system for 

that respective resource, thus user input and output is 

managed by the dialog management system (DMS), data by the 

data base management system (DBMS), and models by the raodel 

base manageraent system (MBMS). Coordinating the operation 

of the three functional subsystems is the problem processing 

system (the name of which is borrowed from a similar role 

suggested by Bonczek et al. (1979)). All communication 

between the three resource managing subsystems raust be 

directed through the problem processing system. In the 

follovring descriptions of the various subsystems in the D3S 
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the three resource managing systems (data management system, 

model management system, and dialog management system) will 

be referred to collectively as the functional subsystems of 

the DSS. 

The Data Management System 

The data management system is comprised of two 

components: a data base management system (DBMS) and a data 

base. The data base management system is responsible for 

controlling and manipulating data v/hich are stored in the 

data base itself, and for making these data available to the 

other components of the DSS as necessary. Communication 

between the DBMS and the other functional subsystems can 

take place only through the problem processing system. 

Ideally, this separability between the data manageraent 

system and the remaining components of the DSS would provide 

an independence between the respective subsystems. Thus the 

type of data base management system employed would not 

affect the form or content of either models or user queries 

which employ data from the data base. In order for this 

independence to be fully realized, however, two conditions 

must be fulfilled: (1) the problem processing system (PPS) 

must support a standardized, generic data manipulation and 

query language by which requests for data from the 

functional subsystems may be expressed; and (2) the PPS must 

possess the capability to translate these requests from 



32 

their generic form into a form which is understood by 

whatever data base management system is employed by the DSS. 

The decision support system described herein does not 

explicitly provide • full independence between the data 

management system and the problsm processing system for two 

reasons. Pirst, there are currently no generally accepted, 

standardized data manipulation or query languages available. 

The CODASYL (1971) Data Base Task Group has proposed 

standards for a data manipulation language which have been 

impleraented in a number of •commercially viable systems, 

however these standards seem to hold little promise of 

universal acceptance in the near future. Other approaches 

to the problem have been proposed to fill this void but none 

are yet demonstrably viable. These include special-purpose 

algebra and calculus systems to facilitate generic data 

specification. Second, the development of a standard data 

manipulation language is beyond the scope of the present 

research in that it is. primarily concerned with the 

management of data while this research primarily relates to 

the management and utilization of models within a DSS. 

Although the DSS does not explicitly support full 

independence between the DBMS and the PPS, a significant 

degree of independence may be implicitly provided through 

the utilization of other facilities which raay be used in 

conjunction with the DSS. Por exaraple, through the 

documentation associated with models in the model base 

(explained in a later section), the data requirements of 
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each model may be identified by the MBMS and the PPS. This 

is helpful in assessing the impact of a change in either a 

model or data related aspect of the system on the DSS as a 

whole. Additionally, in some cases it may be possible to 

facilitate the translation of data manipulation language 

statements or queries from one form to another. This may be 

done by the problem processing system through the use of 

intermediary models employed to convert data manipulation 

statements or queries written in one language to equivalent 

statements in another language. It is well known that such 

conversion is possible between many schemata of data 

representation such as between relational and tree or plex 

structures. Due to the aforementioned factors and the 

emphasis of the present research on model management and 

utilization, further exposition of the data management 

system will not be pursued except in a few pertinent areas 

to be addressed with regard to the operational model. 

It should be emphasized that while the data base 

management system is responsible for the management of data 

in the data base, this does not preclude the employment of 

data from other sources. Por example, models employed by 

the DSS may use and store data in external files which are 

maintained for use in specified applications. Additionally, 

the problem processing systera and the functional subsystems 

may from time to time employ special purpose files in 

conjunction with their normal operations. Examples of these 

include files holding defined macros and tables of keywords 
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in the dialog management system, and storage of production 

rules by the problem processing system. 

The Dialog Management System 

Being the only system which comraunicates directly with 

the user of the DSS, the dialog raanagement system is 

responsible for virtually all aspects of the user interface. 

This includes accepting input from the user and directing 

output to the user, as well as controlling the form and mode 

of this input and output. Communication with the other 

subsystems is channeled through the problem processing 

system, where processing may take place directly or 

indirectly (by the PPS directing appro-priate commands to the 

DBMS or MBMS). In accordance with the user's desires, the 

DMS maintains the general mode of user-system interaction 

through a number of dialog related options, each of which 

has an automatic or default value which remains in effect 

until modified by the user. These model related options 

determine the destination of certain system output (e.g. to 

the user's terminal, to a graphical display device, or to an 

external file), as well as the form of output. The most 

important option affecting the form of output is the 

"explanation level" which determines the amount of 

information provided to the user when the DMS requests 

input. This may be set high for inexperienced users who are 

not familiar with the operation of the DSS, or low for more 
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experienced users, and may be changed at any time by the 

user. When the explanation level is high the user interface 

is essentially "menu driven," meaning that the choices 

available to the user are listed, and from this list the 

appropriate choice is made. When the explanation level is 

low, the system is "command driven," and in this case the 

user familiar with the choices available merely enters the 

choice by way of a short comraand. 

A useful feature inherent in the DSS which affects the 

dialog management system is the capability for the interface 

mode options to be set not only by the user, but also by 

models which the user employs. This allows the model 

builder to anticipate- the communicative requirements of a 

model, and set the appropriate modes in advance. Por 

example, a production forecasting model may be designed to 

produce both tabular output at the user's terminal and 

graphical output on an offline device. The appropriate 

output modes may then be established by the model itself, 

replacing the otherwise automatic mode options with new 

default values. The user is notified of these changes and 

may prevent or alter their implementation if desired. 

Por the very experienced user of the DSS, a macro 

facility is provided which allows sequences of instructions 

to be defined, named by the user, and subsequently invoked 

by name when desired. This allows frequently performed 

operations to be pre-defined and saved for later use, and 

provides a rudimentary facility for programming and 
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automating a series of related functions. hese macros are 

stored and managed by the dialog manageraent system. 

The Problem Processing Systera 

The problera processing system is the coordinator and 

controller of the decision support system's operation as a 

whole. It accepts input from the three functional 

subsystems only in standardized form, and directs output to 

the subsystems when required, also in standardized form. 

This function of acting as a buffer to preserve independence 

between the other components of the DSS is one of two major 

functions the problem processing system performs. Should 

one of the subsystems be replaced or modified, the problem 

processor needs only to be altered to permit coramunication 

with the new system, while the other subsystems remain 

insulated from the change. 

The second function the problem processing system 

performs is to employ a "knowledge base" or "rule base" 

which assists the user in utilizing the DSS. Well 

structured knowledge is represented by a number of 

"production rules," each of which consists of a set of 

predicate functions (combined with boolean operators if 

desired) and an associated action. Por instance, the 

production rule: 
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IP a prerequisite model is specified 

AND output from the prerequisite model is not available 

THEN schedule the execution of the prerequisite model 

indicates what course of action the problem processing 

system will take in a particular circumstance when the 

execution of one model is a prerequisite to the execution of 

another. Another exaraple: 

IP a model's source code has been raodified 

AND the user requests that the model be run 

THEN recompile, link edit, and run the load module; 

ask the user if the load module should be saved 

insures that modifications of the model's source code will 

be reflected in the executable code as well when the model 

is run. The production rules are incorporated into the 

problem processing system as independent modules of code 

which can be added or removed at will. The more ill-

structured situations for which pre-defined production rules 

are inadequate are communicated to the user through the DMS 

for resolution. The concept of decision support (as opposed 

to automation) is clearly emphasized here in separating the 

more structured tasks performed raainly by the DSS from the 

less structured tasks performed mainly by the user. 

A potential drawback of the production rule method for 

representing knowledge is that the number of rules may reach 
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a point where their incorporation into the PPS becomes 

unwieldy. Should this prove to be the case it has been 

suggested that data base management techniques be applied to 

the management of the rules to facilitate their efficient 

utilization (Bonczek, et al. 1981). Additionally, for 

knowledge which is relatively invariant with regard to 

specific applications of the DSS, economies of storage and 

efficiency may be gained by relaxing the strict requirement 

of independence between rules. In this way more efficient 

means of storing equivalent information may be employed. 

Research into techniques for implementation and management 

of production rules as a representation of knowledge is 

currently being conducted from the perspective of artificial 

intelligence in the field of computer science. Purther 

exploration into the detail of these techniques is beyond 

the scope of this research and thus will not be discussed. 

Where necessary, production rules will be specified by 

equivalent English expressions which convey their meaning. 

The PPS supports a high level command language similar 

in some respects to a database query language which is used 

to help address and manage the resources in the other 

subsystems. This language is the principal medium of 

communication between the PPS and the functional subsystems, 

providing the two way communication necessary for their 

interface. Since there is a division of functions among the 

subsystems in the DSS some tasks will be performed directly 

by the problem processor and some will be divided into 
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subtasks which are performed by one or more of the other 

subsystems. Por instance, a request by the user to list all 

models in the model base which satisfy given criteria will 

pass through the dialog management system and problem 

processing system with only cursory processing (e.g. error 

and security checks, etc.) and will then be directed to the 

model base management system where the essence of the 

request will be processed. 

The Model Management System 

The model manageraent system occupies a role of special 

emphasis in the design of the decision support system. In 

conjunction with the other components of the DSS, the model 

management system (MMS) facilitates a model management 

approach to computerized support of decision making which is 

conceptually distinct from the more traditional data-

centered perspective of decision support systems. Two 

components together provide model management capability: 

(1) a model base, or collection of models and submodels; and 

(2) a model base management system (MBMS) which coordinates 

all aspects of raodel usage. The following sections will 

describe the MMS and how it promotes the model management 

approach to decision support. 
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Levels of Model Resolution 

When discussing the components which comprise a 

computerized model for decision support with regard to the 

model management system, it is important to distinguish 

these components at the outset. There are four levels of 

resolution by which decision aiding processes of models may 

be observed, elucidating these components. 

1. Computerized algorithms which perform well-defined, 

general-purpose tasks may be employed by models. Examples 

include mathematical and statistical subroutine packages and 

vendor-supplied system utilities which are typically 

designed to enhance the capabilities of programming 

languages. These computerized algorithms are not stored in 

the model base or managed by the model base management 

system. Instead, they are treated as part of the general 

software support utilized by the decision support system, to 

be employed through the operating system's linkage editor 

whenever required. To invoke a computerized algorithm from 

a decision model thus normally requires the equivalent of a 

subroutine call from the larger raodel. The linkage editor 

assures that the object module containing the algorithm is 

made accessible to the decision model as one of the routine 

tasks it performs automatically. 

2. Submodels within a larger model may often be 

delineated. These submodels may be utilized by several 

models, and each model may employ a number of submodels. 
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Por instance, a simplex solution procedure may be utilized 

by several optimization models such as linear programming or 

network models. These submodels may be stored in the model 

base £r as part of the larger pool of general software 

support. The method of storage is largely dependent on the 

degree of generality provided with respect to the various 

problem domains in which the submodels are employed, and is 

determined by the impleraentor of the model. Thus it may be 

possible to store a simplex solution procedure outside the 

model base and yet use it as a submodel in optimization 

models such as linear programming and network models. 

Alternately, special-purpose submodels such as event 

routines in a discrete event simulation which are subject to 

modification and used by only one model would normally be 

stored in the model base. In the latter case, the submodel 

may be physically stored in the model base either separately 

or as part of a larger model, the raethod of storage being 

determined by the model implementor. 

3. A model is an integrated combination of one or more 

submodels, each of which may incorporate one or more 

algorithmic support routines. Models are sufficiently 

comprehensive in scope to incorporate the necessary input, 

processing, and output capabilities that allow thera to 

support at least one decision application. Models may be 

physically stored in the model base in their entirety, or as 

a "template" consisting of a list of individual submodels 

stored separately. The method chosen is again determined by 
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the iraplementor of the model. In this way a large potential 

for redundancy of model storage may be avoided. 

4. Some decision applications may require the 

coordinated utilization of more than one model to achieve 

the desired result. This is particularly evident when the 

output from one model serves as the input to another—for 

instance, a sales forecasting model serving as input to a 

production model. The linkage of models in this manner is 

accomplished through the documentation of the individual 

models, which may specify "prerequisite" or "subsequent" 

models and enables the problem processing system to 

coordinate their operation. This documentation is discussed 

in more detail in a later section. 

To summarize, submodels which are specific to the 

user's problem domain are typically stored in the model 

base. General algorithmic routines are part of the computer 

system's overall software support, and larger models are 

normally maintained in skeleton form to be filled in with 

their respective subraodels when necessary. Coordination of 

several models is performed by the problem processing system 

according to rules specified with each model. In all 

following discussions concerning models in the DSS, the 

term "module" will be used to refer to a model or submodel 

which is physically stored in the model base. When such a 

distinction is not necessary for clarity the broader term 

"model" will continue to be used. 
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Objectives of the Model Manageraent System 

The model raanagement system is involved in all 

activities associated with the use of models in a DSS, 

including the building, implementation, testing, validation, 

execution, and maintenance of models. Several objectives of 

the MMS may be defined which are related to these activities 

and promote the overall usefulness of models in a DSS. 

These include the following. 

1. Logical and physical independence among modules, as 

well as between modules and the other functional subsystems 

of the DSS, should be maintained wherever possible. This is 

useful in supporting an adaptive DSS by minimizing the 

effect that a change in any particular module can have on 

the remaining parts of the DSS. 

2. Both formal and informal information relating to a 

module's functions and role in the DSS should be maintained 

by the model base management system, and this information 

should be separated from the executable module code wherever 

possible. In this context, "formal" will refer to machine-

readable information which is used directly by the modal 

base management system, and "informal" will refer to 

information which is used by personnel associated with the 

DSS. The separation of this information from the executable 

module code further promotes independence between modules 

and their environment, and facilitates the use of general 

modules which were not designed specifically for use in the 
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DSS. 

3. The model management systera should provide overall 

custodial functions including provisions for storing, 

cataloging, retrieving, building, modifying, expanding, 

linking, deleting, and executing modules. In addition, it 

should be capable of gathering, using, and reporting 

information concerning the model base as a whole such as 

inventories of models which meet certain criteria or utilize 

given resources. 

4. Considerations related to the integrity of the MMS 

should be addressed. Many of these are analogous to similar 

considerations in a data base management system, and relate 

to maintaining accessibility, security, privacy, and 

shareability of modules. 

The design of the model management system described 

herein attempts to address each of the objectives outlined 

above. In addition, a prototype special-purpose 

documentation language is developed, which is used to help 

achieve these objectives. General features of (tĥ  this 

language are described in the following sections, while more 

specific characteristics are explained in conjunction with 

the operational model. 

Structure of Modules in the Model Base 

In order to manage modules in the raodel base, each 

must be maintained in a standardized form. A module 
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consists of two main segments: a documentation segment and a 

code segment, as shown in Pigure 2. A special-purpose 

"dociimentation language" is employed, the name of which is 

based on a documentation scheme proposed by Elam et al. 

(1980). Model documentation is written by the model 

implementor and is maintained in the model base by the model 

base management system. Documentation relating to the 

problem processing system and the functional subsystems is 

supported as follows. 

1 . The identification section contains documentation 

related to the specific module itself. This includes the 

module name, source language employed in the source code 

section, prerequisite modules (modules whose output serves 

as input to this module), and subsequent modules (modules 

that use output from this model as input). A narrative may 

optionally be provided which is typically used to describe 

the objectives and notable aspects of the model. Unlike 

other model documentation, the narrative description is not 

used by the DSS itself, but rather is provided for use by 

personnel associated with the DSS; e.g., decision 

maker/users. In addition, a list of user-addressable sub-

modules is provided to facilitate examination of segments of 

the source code if desired. 

2. The data section defines the data requirements of 

the module, and identifies the sources of input (both from 

the data base and from the'user), as well as the destination 

and form of the module output. It is the responsibility of 



46 

Documentation Division 

! Identification Section 

! Module Name 
! Source Language 
! Prerequisite and Subsequei 
! Narrative Description 
! Addressable Sub-Modules 

! Data Section 

! Input Data Source List 
! Output Data Destination L 

! Dialog Section 

it Models . 

LSt 

! Default Dialog Options 
! Modifiable Parameter Sets 
! Module-Specific Command Definitions 
! Table of Menu Choices 
! Table of 'HELP' Explanations 

! Problem Processing Section 

! Model-Specific Production Rules 

Code Division 

Source Code Section 

Object Code Section 

Pigure 2: Structure of a Module 
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the model implementor to assure that the necessary data ãre 

available in the proper form to each module. This may be 

accomplished by the use of intermediary modules which re-

format data from an existing source into a form useable by 

the module. The use of default data schemata such as 

tabular or relational representations have been suggested by 

some researchers to deal with this situation (i.e. Sprague 

and Watson 1976, Wang 1980). Such "canonical scheraata" may 

be established by the administrator of the DSS (a role 

discussed in the following section) to minimize the need for 

intermediary data translating and re-formatting modules. 

3- The dialog section controls aspects of 

communication with the user, including options which govern 

the mode and style of the interface. Also maintained is a 

catalog of user-modifiable aspects of the model, typically 

divided into one or more sets according to some logical 

criteria (i.e. the estimated likelihood of their being 

modified). Module-specific comraand definitions may be 

established by the model implementor which further tailor 

the DSS for use with this particular raodule. Typically 

these would either re-define existing DSS coramands, making 

them more applicable to the module at hand, or define new 

commands which supplement and enrich the existing commands. 

Tables of both menu choices and 'help' explanations are kept 

in hierarchically keyed tables, the reconstruction of which 

forms a tree structure corresponding to the various levels 

of interface between user and DSS. The mechanisms involved 
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in processing these tables are explained more fully in the 

description of the operational model. 

4. The problem processing section represents knowledge 

which is related to the particular model by means of model-

specific production rules similar to the more general 

production rules utilized in the problem processing system. 

When a model is addressed by the user the production rules 

contained in the problem processing section of the 

documentation division are merged with those of the problem 

processing system to form the set of knowledge regarding 

that model which is available in the DSS. 

Comparison of the DSS to Other Systems 

The decision support system in general and the model 

management system in particular differ from other related 

model management approaches to decision support in several 

important respects. The following paragraphs compare the 

DSS and MMS presented herein to other systems which may be 

said to be of a model management orientation, including 

IPPS, PROJECTOR, WHIMS, and MAGIC. 

A large number of decision support systems designed to 

promote the use of financial planning models have been 

developed in recent years. These include IPPS (Execucom 

1979), PROJECTOR (Meador and Ness 1974), and a host of 

similar systems. These DSS can be described by their 

adherance to three general characteristics: (1 ) models are 
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specified by a single special-purpose langaage; (2) they are 

primarily oriented toward financial applications; and (3) 

they are typically designed to be used by the decision 

raaker with no assistance and on an ad hoc basis. Many of 

these systems might be more fairly classified under the 

meta-language approach, however rudiraentary raodel management 

including provisions for saving, retrieving, modifying, and 

interfacing models is also provided. The important 

features which are incorporated in the present research and 

differ from the financial DSS are: (l) models can be written 

in a variety of source languages; (2) support is provided 

for the management of more general purpose models rather 

than models which are specific to any one problem domain; 

(3) there is a division of labor among personnel, relieving 

the decision maker of programming tasks if desired; and (4) 

the MMS operates as one of four subsystems in a raore 

comprehensive DSS. 

The WHIMS (Elam 1979) model management system is more 

general in the problem domain it addresses than the 

financial planning systems, and is not dependent on one 

source language for model specification. Pour personnel 

roles are defined which are similar to those in the present 

research, and are the decision maker, model user, model 

maker, and model implementor. In addition, the model 

management system (MMS) is said to consist of five 

components: (1) a knowledge base utilizing a specialized 

semantic network; (2) an interrogator which serves as the 
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user interface; (3) a builder which addresses technical 

requirements such as data-model interfacing; (4) an'executor 

to direct model execution; and (5) an analyzer to present 

the results to the user. The primary difference between the 

WHIMS system and the present research is that the MMS in 

WHIMS controls the overall operation of the system rather 

than acting in concert with other subsystems of a DSS. Thus 

the MMS is not independent of the data handling capabilities 

or the user interface, and in fact assumes many of the 

functions of a problem processing system. 

The MAGIC or MAcro Generation and Interface Controller 

(Wang 1980) performs both model management and dialog 

management functions within a larger decision support 

system. Thê  DSS is characterized by the manageraent of 

models in the form of macros (sequences of instructions), 

the use of a specialized modeling language, and a 

relational data manageraent systera with which the models may 

be interfaced. This differs from the current research in 

that the MAGIC system treats models as linguistic resources 

rather than separating the model raanagement and dialog 

management functions. In addition, MAGIC is best suited to 

the use of models which are developed in conjunction with 

the DSS, while the present research attempts to incorporate 

a more general class of models. 
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Personnel Roles Associated with the DSS 

The use of comprehensive decision support systems may 

involve the cooperative efforts of several specialized 

roles. This has been noted by Spraque (I980c), in proposing 

five roles associated with three levels of DSS technology 

discussed earlier. These are: (l) the manager or ultimate 

user; (2) the intermediary, an assistant to the user; (3) 

the DSS builder, who "configures" the DSS for specific 

applications; (4) the technical supporter or developer of 

new DSS system capabilities; and (5) the toolsmith, who 

develops basic technology such as hardware and software. 

Similar roles have been suggested by Alter (1980) for 

decision support systems and by Elam et al. (1980) for model 

base management systems. The latter authors describe four 

roles which are: (1) the decision maker, or ultimate user; 

(2) the model user, who directly interacts with the 

computerized system; (3) the model maker, responsible for 

the logical conceptualization of models; and (4) the model 

implementor, or programmer who translates the model maker's 

specifications into computer code. 

The structure of the decision support system described 

herein suggests a set of three generic roles as follov/s. 

1. The decision maker/user. While in some regards it 

may be useful to distinguish the roles of decision maker and 

user (i.e. where they are different individuals), the DSS is 

primarily designed for use by the decision maker directly. 
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In cases where the decision maker does not use the DSS 

directly the user is assumed to fill the role of proxy for 

the decision maker with similar abilities and objectives. 

2. The DSS administrator. he independence and 

modularity of the subsystems within the DSS create the need 

for a coordinating entity. This function is performed by 

the DSS administrator, a role which is responsible for 

maintaining the overall integrity of the DSS and the 

coordination of its parts. In larger and more mature 

systems this role may be divided into an overall 

administrator and several functional administrators. Sach 

of the subsystems in the DSS (e.g. the DBMS, MBMS, PPS, and 

DMS) is charged with managing its respective resource, the 

overall controller of which is the functional administrator 

for that subsystem. Por instance, the familiar role of Data 

Base Administrator has been widely adopted as the manager of 

data resources in existing data base management systems. 

Similarly the roles of Model Base Administrator, Dialog 

Administrator, and Problem Processor Administrator may be 

defined. Of course, in many cases several roles may be 

filled by one individual and in other cases one role may be 

filled by several individuals. In any case, the primary 

responsibility of each functional administrator is to insure 

the integrity of the subsystem involved, and the 

responsibility of the DSS administrator is to maintain the 

integrity of the DSS as a whole. This means assuring that 

each subsystem maintains its independence from the remaining 
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parts of the DSS, that communication between subsystems is 

raaintained in standardized form, and that parts of the 

subsystem itself are coordinated in a logical, efficient 

way. 

3. Punctional specialists. The role of functional 

specialists in the DSS is to provide expertise in particular 

areas which support the DSS. This role raay be filled by 

both technical specialists and non-technical specialists as 

the situation requires. Non-technical specialists perform 

conceptual and logical design functions such as abstract 

model building, while the technical specialists are 

responsible for translating the logical relationships into 

implementable code which may be incorporated into the DSS. 

With respect to -the model management system, the functional 

specialists' roles may include model makers and model 

implementors (e.g., Elam et al. 1980). Model makers perform 

general model formulation, defining the overall structure 

and performance criteria for the model. Model impleraentors 

are responsible for translating this model into computer 

code and implementing the model in the DSS. 

Comments on the Structure of the DSS 

Previously it was noted that approaches to 

computerized support of decision making may be classified as 

being of either a meta-language or a model management 

orientation. It is in this regard that one of the foremost 
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advantages of the DSS structure outlined herein becomes 

apparent, for both approaches may be successfully eraployed 

in conjunction with the DSS. As described in the previous 

section, model management facilities are explicitly included 

in the model base manageraent system. There are no 

artificial restrictions placed on the model management 

system because of its integration into a more comprehensive 

DSS. Additionally, since models in the model base 

communicate with the data and dialog systems only in a 

standardized manner through the problera processing system, 

the meta-language approach may be employed in any speciiic 

model without loss of generality, and without affecting 

other models. In this case the model-specific dialog 

requirements which would likely be present in a model of 

this type would simply be communicated to the user through 

the problem processing system and dialog management system 

without further processing. Security and privacy measures 

may be incorporated in each of the functional subsystems, as 

the resources each user is allowed to access will vary. 

Typically the DMS will initially verify the legitiraacy of a 

user's access to the DSS, while the DBMS and MBMS may impose 

more specific restrictions with regard to the particular 

data and models and their manner of use. 

Several researchers (i.e. Bonczek et al. 1981; Elam 

1979) have suggested that the invocation or use of models in 

a decision support system should be autoraatic and 

transparent to the user where possible. It has been further 
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suggested that the mechanisms for facilitating this 

transparency should be part of the raodel raanagement system 

(Elam 1979)« The conceptual model described herein does 

allow such implicit invocation of models, however this 

function is not (and perhaps should not be) provided by the 

model base management system. Automatic model use iraplies a 

non-procedural translation of a problem statement into one 

or raore executable models. This translation is treated in 

the conceptual model as a linguistic function, to be 

processed in the dialog raanageraent system. Thus it is 

through the DMS (and specifically through the use of defined 

macro commands) that such automatic model usage may be 

provided, rather than through the model manageraent system. 

In contemplating the operation of the DSS as a whole 

and the interaction of its four main components, the role of 

"user" assumes several forms. As seen by the data base 

management system, the user is a "query base," from which 

requests for data may originate. The model base management 

system may relate to the user in the role of linkage editor, 

a combiner and scheduler of large models from a nuraber of 

modules. To the problem processor the user's primary role 

is to serve as an external "knowledge base" which assists 

in the operation of the system as a whole when the PPS 

itself faces situations it is not equipped to resolve. The 

dialog management system views the user as a source which 

provides a potentially infinite variety of input which is 

potentially ambiguous, unstructured, or in error; all of 
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whloh must be translated Into a„ unamblguous. «ell 

struotured, and error free (syntaotieally) forn, for the 

problem processor. 



V. THE OPERATIONAL MODEL 

The function of the conceptual model described in the 

previous section was to portray the abstract relationships 

between components in the DSS. Based upon this framework, 

the operational model will describe operational 

considerations of the DSS; e.g., factors affecting its 

successful implementation. In addition, illustrative 

examples will be included which exhibit the operation of 

selected functions of the decision support systera víith 

particular regard for its model management and utilization 

capabilities, and further describe the operational model. 

System Design Requireraents 

The DSS is designed to be implementable using existing 

technology which is available for computerized decision 

support. The majority of the technology required is now 

commonplace in corporate and' academic information processing 

environments, although the total requirements of such a 

comprehensive DSS are fairly substantial. In describing the 

DSS an effort is made to provide generality whenever 

possible in order to avoid unnecessary restrictions on the 

implementability of the system and a dependence on 

unnecessarily specific technology. 

As with the conceptual model, the description of the 

57 
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operational model places the highest emphasis on model 

management and utilization and a lower emphasis on the other 

functions of the DSS except as they relate to the model-

oriented aspects of the system. In general it may be stated 

that the emphasis of the DSS as a whole with respect to 

models concerns their effective utilization, while the 

emphasis of particular functional subsystems (e.g. the model 

base management system) allows other aspects of the total 

modeling process to be addressed, including raodel building, 

manipulation, and management. 

Hardware requirements for the DSS are somev/hat raodest 

given the present state of evolution in computer technology. 

The foremost of these requirements is that the computer 

system must provide the facility for truly interactive 

computing in a time-sharing environment. This includes the 

necessary communications equipment as well as interrupt and 

control facilities to allow control of the machine's major 

functions in real-time and from remote locations. The DSS 

itself has no absolute requirements regarding necessary 

processing speed or memory size, although its efficiency of 

operation may be affected by these factors. In addition, 

the sophistication in specific implementations of the 

functional subsystems of the DSS as well as modpls employed 

in conjunction with it may be affected to some extent by 

hardware factors. 

Software requirements for the DSS are more specific 

than are the hardware requirements but are not burdensorae in 
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comparison to currently available software systems. As with 

hardware requirements, the primary consideration is the 

support of truly interactive operation. The three main 

requirements of the DSS in this regard are as follows. 

1 . Interactive preparation of code into machine-

executable form. In most cases this involves interactive 

compilation of source code; hovæver, other functions 

including interactive translation, interpretation, assembly, 

and linkage editing may also be desirable. Interactive 

preparation of jobs is not essential when modules are stored 

in object code form. However, it is highly desirable when 

modules in source code form are employed because this allows 

the DSS to utilize any diagnostic services provided by the 

preparation process in real-time. Many inter'active 

translators and interpreters (e.g., SAS, BASIC) are 

currently available, as are interactive compilers used in 

conjunction with amenable operating systems such as IBM's 

VM/CMS. 

2. Interactive execution of code. The essential 

requirements for interactive execution of code are 

provisions for input and output to pass from the user to the 

software system and vice versa, and for the user to have the 

ability to interrupt the execution at any point. 

3. Executive or priviledged command capabilities. 

Ordinary programming languages by themselves normally lack 

executive capabilities which are necessary to cause the 

execution of code which is itself generated by the prograra. 
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In addition, it may be desirable to have access to 

priviledged operating systera capabilites to . promote the 

effective operation of the DSS. Procurement of these 

necessary capabilities raay be accomplished in two ways 

provided the computer's operating system will allow such 

access. The first is by means of assembler language 

subroutines containing "supervisor calls" which may be 

verified for security purposes and direct the operating 

system to carry out the required operations. The second 

(and perhaps more desirable) method is to employ a vendor-

supplied time-sharing monitor or sirailar software systera 

which is designed to work closely with the existing 

operating system and provide the necessary capabilites in 

this manner. 

Related to the third requirement above is another 

useful but not essential software requirement—an 

interactive monitoring and command facility. This facility 

allows users (or programs) to inspect and alter the 

computing environment in several ways. Por example, 

commands which allow the monitoring and alteration of the 

status of executing programs are desirable. An extremely 

powerful and desirable capability which embodies the 

interactive command concept is the ability to execute single 

instructions which function like program statements, but 

which may be executed in isolation at will. Por instance, 

this facility allows an executing program to be interrupted, 

the value of a variable changed in the memory of the 
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machine, and execution to subsequently proceed. 

Additional software requirements of the DSS which are 

helpful in supporting robust modeling capability are a 

variety of high level programming languages (e.g. PORTRAN, 

PL/I, COBOL, APL, etc.) and various special-purpose 

languages such as simulation languages and statistical 

packages. In addition, the availability of utility or 

general purpose programs to perform routine tasks is highly 

desirable, as is the capability for diagnostic services such 

as trace and debugging routines. 

It should be noted that many of the capabilities 

provided by the DSS may be partially facilitated by 

utilizing existing software systems. Por example, many 

time-sharing systems such as IBM's TSO or CMS, and others 

including WYLBUR/ORVYL, support both a high level command 

language and the facility for modification or extensions to 

the same. In addition, special-purpose languages such as 

the Statistical Analysis System (SAS) have been utilized by 

researchers to provide powerful capabilities while 

minimizing software development effort (Wang 1981). Tools 

such as these are particularly useful in promoting rapid 

development and modification of the systems involved in 

implementing a DSS. 
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•- Illustrative Example Application 1_ 

The following example application exhibits the 

operation of the DSS in utilizing a simulation of an 

inventory model. A textbook problera in siraulation (Pritsker 

1974), the description of the model is the following (p. 

283). 

A company has six retail outlets in a given city. 
The distribution of demand for a particular item at 
these particular outlets is Poisson-distributed with a 
mean of 10 units per day. These retail outlets are 
serviced by a distribution warehouse. It takes one day 
for an order to be received at the distribution 
warehouse from a retail outlet. Orders can be delivered 
from the distribution warehouse to each retail outlet in 
five days on average. The distribution of this time is 
lognormal with a variance of one. The distribution 
warehouse places orders on the factory every_fourteen 
days. The time for the distribution warehouse to obtain 
a shipment from the factory is normally distributed with 
a mean of 90 days and a standard deviation of ten days; 
however orders never are received in either less than 60 
days or more than 120 days. 

Table 1 shows the identification section of the 

documentation division for the sample model. The form of 

the documentation is standardized to be interpretable by the 

model base raanagement system, and is shown in the form in 

which it is written by the model implementor. Each 

statement in the dialog division is numbered for convenient 

identification (not a requirement) , and ends with a 

semicolon. Indentation of statements is not significant 

except to promote readability, and stateraents may be 

continued on succeeding lines as necessary. The module name 

in the example is "SAMPLE.INVENTORY.MODULE," written using 

the GASP-IV programming language as source code. The 
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Table 1: Example I Identification Section 

001 DOCUMENTATION DIVISION; 

002 IDENTIPICATION SECTION; 

003 MODULE NAME IS SAMPLE.INVENTORY.MODULE; 

004 SOURCE LANGUAGE IS GASP-IV; 

005 PREREQUISITE MODULES; 

006 SUBSEQUENT MODULES; 

007 NARRATIVE DESCRIPTION; 

008 This example exhibits how an inventory model 
009 might be employed in conjunction with the DSS. 
010 This section would generally be used to pro-
011 vide an overview of the model's functions and 
012 objectives, as well as any special features or 
013 requirements which are associated with it.; 
014 ADDRESSABLE SUB-MODULES (EVENTS); 

015 CL0SE.0P.DAYS.BUSINESS.0UTLET1-6 <pointers>; 
016 0RDER.REQUEST.PR0M.0UTLET1-6 <pointers>; 
017 0RDER.ARRIVAL.AT.0UTLET1-6 <pointers>; 
018 ORDER.REQUEST.PROM.WAREHOUSE <pointers>; 
019 ORDER.ARRIVAL.AT.WAREHOUSE <pointers>; 
020 PERIODIC.REVIEW <pointers>; 
021 PERIODIC.SUMMARY.REPORT <pointers>; 
022 WRAP.UP.SIMULATION <pointers>; 

narrative description is of arbitrary length and content, 

added to document less formal aspects of the model such as 

its objectives and any special features associated with it. 

The addressable submodules section lists segments of the 

module which the user may access individually, and an 

optional synonym for addressable sub-modules, "EVENTS," is 
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enclosed in parentheses. This is done so that the sub-

modules may be referenced using suitable terrainology 

relating to the particular module, in this case each sub-

module being an event in the discrete event simulation 

model. 

Associated with each sub-module or event are pointers 

which are used to indicate the beginning and end of the sub-

module. There are several forms in which pointers could be 

maintained such that each set of pointers contains the 

necessary information to locate the beginning and end of 

each addressable sub-module. Por instance, an absolute 

count of the lines or record numbers could be maintained, 

starting with one for the first line, two for the second, 

etc. Any particular location could then be denoted by its 

line number and, if necessary, a column number. This method 

suffers from the drawback that a change in the ordering or 

numbering of the records would necessitate a change in the 

values of any affected pointers. Similarly, although the 

situation would be somewhat improved if relative rather than 

absolute indexing were employed, a dependence on the 

ordering of records would remain. Purthermore, either of 

the aforementioned systems may require lengthy lists of 

pointers in more general cases where it is desirable to 

point to several related locations in a convenient manner. 

To avoid the problems of relative or absolute indexing 

methods, an "associative" or string matching pointer system 

is normally utilized by the DSS. This technique consists of 
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two parts: (l) unique strings of characters which are used 

to mark desired locations; and (2) a search mechanism which 

locates all strings that match some target string. As an 

example, suppose that it is desired to raark several 

locations which are related in some way. These locations 

may be set apart by any arbitrary but unique set of 

characters, e.g. "<this is a mark>." It is then possible to 

identify these locations at any time by merely searching for 

that character string. Because virtually all programraing 

languages support some facility for "coraraents" or 

documentation which is non-executable, this would be a 

typical place to incorporate location markers into the code 

to delineate sub-modules, for example. In cases" where the 

pointer system described above is inadequate a module-

specific system may be employed by re-defining existing DSS 

commands and tailoring the module's pointers to the 

situation at hand. Re-definition of system coramands in such 

a case would be the responsibility of the functional 

specialist, and can be accomplished through the dialog 

management system discussed later. 

Table 2 shows the data section of the documentation 

division. There are no input data for this parameter driven 

simulation. In some cases, however, data may be input into 

the model from external sources, typically a file or the 

data base management system. Such a situation would require 

a "file" entry under the input data source list for each 

file used, and for the data base manageraent system if it is 
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023 DATA SECTION; 

024 INPUT DATA SOURCE LIST; 

025 OUTPUT DATA DESTINATION LIST; 

026 PILE USER; 

027 SALES.SUMMARY.0UTLET1-6 DEPAULT 
028 <pointers> <formats>; 
029 SALES.L0ST.SUMMARY.0UTLET1-6 DEPAULT 
030 <pointers> <formats>; 
031 N0.0P.0RDERS.SUMMARY.0UTLET1-6 DEPAULT 
032 <pointers> <formats>; 
033 N0.0P.REVIEWS.SUMMARY.0UTLET1-6 DEPAULT 
034 <pointers> <formats>; 
035 AVERAGE.0RDER.AM0UNT.0UTLET1-6 DEPAULT 
036 <pointers> <formats>; 
037 RE0RDER.P0INT.0UTLET1-6 DEPAULT 
038 <pointers> <formats>; 
039 ST0CK.C0NTR0L.LEVEL.0UTLET1-6 DEPAULT 
040 <pointers> <formats>; 
041 AVERAGE.SAPETY.ST0CK.0UTLE 1-6 DEPAULT 
042 <pointers> <formats>; 
045 INVENT0RY.LEVEL.SUMMARY.0UTLET1-6 DEPAUL 
044 <pointers> <formats>; 
045 INVENTORY.LEVEL.SUMMARY.WAREHOUSE DEPAULT 
046 <pointers> <formats>; 
047 PILE PLOTTER; 
048 TIME.INVENT0RY.PL0T.0UTLET1-6 OPTIONAL 
049 <pointers> <formats>; 
050 TIME.INVENTORY.PLOT.WAREHOUSE OPTIONAL 
051 <pointers> <formats>; 

employed. Each file would have associated with it a pointer 

which points to that file's descr'iption in the code section. 

If data come from the data base management systera, a set of 

pointers would be required to delineate sections of code 
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which employ data manipulation statements. This approach is 

similar to that employed by the COBOL programming language, 

which also isolates the data division (because of machine 

implementation dependence) from executable segments of code. 

In fact, modules which are coded in COBOL would be 

particularly amenable to implementation in the model base 

management system and the DSS as a whole. Because of the 

limitations previously discussed involving the lack of a 

standárdized data manipulation or query language, this 

method provides at least a degree of independence between 

data manipulation statements and the remainder of the code 

section. 

Output data are classified according to their 

destination, the symbolic names "user" and "plotter" 

designating output displayed to the user and on an offline 

graphical device, respectively. Output directed to the DSS 

user through the file "user" is processed by the dialog 

management system before being displayed to the user, and 

thus may be formatted or annotated, etc, at that time. In 

order to maintain generality when utilizing models which may 

require direct user/model interaction the file "terminal" 

would permit this interaction while bypassing the dialog 

management system. 

There are many methods which may be used by the model 

implementor to characterize parameters which may be modified 

by the user of the DSS. In this example, each of the output 

data items have been labeled as either "default" or 
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"optional," and have a pointer which indicates the location 

of a simple binary variable in the code section so 

indicating. These variables may take on the value "1" if 

the output data are labeled "default," or "0" if they are 

labeled "optional." The user may change the designation of 

any output from default to optional or vice versa, and many 

sets of synonyms such as "yes" and "no" may be substituted 

for these designations. Once established, the code section 

of the module processes only those output statistics, etc, 

that carry an affirmative designation. This is done in a 

manner similar to the way standard statistical packages 

process option lists which are chosen by the user, and is 

relatively easy to incorporate into the computer code. 

In some cases it may be desirable to establish the 

format of output data in the data section. This may be done 

by specifying formats in a standardized manner, perhaps 

similar to the picture clause utilized by the COEOL 

programming language. These formats would normally be 

optional specifications as their absence would imply the use 

of the DSS's default formatting rules. 

Table 3 shows the dialog section of the doctunentation 

division. The explanation level is set "HIGH," meaning 

that the user is assumed to be inexperienced with the model 

and thus a menu driven dialog will be used unless otherwise 

requested by the user. Two output devices are employed by 

the model, the user's terminal being the default device and 

a mechanical plotting device which is optional. An optional 
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Table 3: Example I Dialog Section 

052 DIALOG SECTION; 

053 DEPAULT DIALOG OPTIONS; 
054 EXPLANATION LEVEL IS HIGH; 

055 DEPAULT OUTPUT DEVICES; USER; 
056 OPTIONAL OUTPUT DEVICES; PLOTTER; 

057 PARAMETERS (PREQUENTLY MODIPIED PARAMETERS); 

058 DAILY.DEMAND.0UTLET1-6 
059 POISSONdO) MIN=0 MAX=100 'UNI S'; 
060 PACTORY.ORDER.INTERVAL C0NSTANT(14) 'UNITS'-
061 DAYS.TO.RUN.MODEL C0NSTANT(720) 'DAYS'; 
062 DAYS.BETWEEN.REVIEWS C0NSTANT(3) 'DAYS'; 
063 DAYS.BETWEEN.REPORTS C0NSTANT(24O) 'DAYS'; 
064 RE0RDER.P0INT.0UTLET1-6 CONSTANT(80) 'UNITS' 
065 ST0CK.C0NTR0L.LEVEL.0UTLET1-6 
066 C0NSTANT(140) 'UNITS'; 

067 PARAMETERS (OTHER MODIPIABLE PARAMETERS); 

068 WHOLESALE.ORDER.SUBMISSION.TIME 
069 CONSTANT(I) 'DAYS'; 
070 WHOLESALE.ORDER.DELIVERY.TIME 
071 L0GN0RMAL(5,1) 'DAYS'; 
072 PACTORY.ORDER. DELIVERY.TIME 
073 N0RMAL(90,10) MIN=60,MAX=120 'DAYS'; 
074 TIME.STEP.SIZE C O N S T A N T O ) 'DAYS'; 
075 PIRST.DEMAND.TIME CONSTANT(O) 'DAYS'; 
076 BEGINNING.ST0CK.0UTLET1-6 
077 C0NSTANT(70) 'UNITS ' ; 
078 BEGINNING.WAREHOUSE.STOCK 
079 C0NSTANT(1920) 'UNITS ' ; 
080 PIRST.WAREHOUSE.REVIEW C0NSTANT(30) 'DAYS 
081 PACTORY.ORDERS.IN.PROGRESS.QUEUE 
082 1800 'UNITS' 30 'DAYS' 
083 1800 'UNITS' 60 'DAYS' 
084 1800 'UNITS' 90 'DAYS'; 

output device is one that may be used at the user's request 

(but is not used by default) and so the necessary provisions 
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for its use have been incorporated into the model. 

When the model is formulated, parameters that may be 

modified by the user are classified by the model implementor 

into one or more named sets. In this case these parameters 

have been grouped into "PREQUENTLY MODIPIED PARAMETERS" and 

"OTHER MODIPIABLE PARAMETERS." Several economies of 

notation are employed in addressing parameters. Por 

instance, the daily demand for six separate retail outlets 

is collectively stated where this value is equal for the 

group. The notation "DAILY.DEMAND.0UTLET1-6" is merely a 

shorthand way of addressing all outlets at once. Should one 

of the daily demands be changed individually, it is 

addressed with the appropriate number, such as 

"DAILY.DEMAND.0UTLET3." Additionally, the names of other 

parameters may bear a hierarchical relationship to one 

another, each level of hierarchy divided by a period. 

Groups of parameters with the same name in a given level raay 

thus be addressed collectively. Por example, if 

"WHOLESALE.ORDER" is specified this refers to both "WHOLE-

SALE.ORDER.SUBMISSION.TIME" and "WHOLESALE.ORDER.DELIV-

ERY.TIME" unless the reference is made more specific This 

feature may be useful where the user is interested in 

related parameters but is not familiar with their specific 

names, or where it is desired to list groups of related 

parameters without addressing them individually. Analogous 

to the data section, a pointer system relates each 

modifiable parameter with a location in the code section. 
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allowing these parameters to be conveniently modified. The 

pointers are not explicitly shovm here as they are dependent 

on particular model implementations. 

Probably the most important function that the dialog 

section performs with respect to model parameters is similar 

to the function of a data dictionary in a data base 

management system. In addition to having a default value 

associated with each model parameter and an index by which 

the parameter may be related to the source code, other 

information about each parameter may also be maintained. An 

example of this facility is shoTO for the parameter 

"PACTORY.ORDER.DELIVERY.TIME," where a minimum value of 60 

and a maximum value of 120 is specified. These values serve 

to define allowable values for the parameter which may be 

useful in: (l) refining the specification of a random 

variable's values in cases where a particular probability 

distribution by itself is inadequate; and (2) preventing the 

user from unknowingly modifying the value of a parameter in 

such a way that the result is obviously invalid or 

inconsistent with the model as a whole. In the latter 

regard, several of the remalning parameters in the example 

may be further specified. Por example the parameter 

"TIME.STEP.SIZE" would normally be constrained to positive 

values only, as would "PIRST.DEMAND.TIME." 

To further tailor the DSS capabilities to the use of a 

specific module, new commands may be defined or existing 

commands may be re-defined in the dialog section of the 
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documentation. These definitions essentially follow the 

same format as macro definitions, which are discussed later 

as operational facilities of the DSS. The model implementor 

would normally establish any model-specific commands that 

are deemed appropriate, however the user may further modify 

these to suit individual needs. 

Table 4 shows a limited menu table for the example 

situation. The menu choices are designed primarily for 

inexperienced users, and thus are much less flexible than 

the actual set of commands available. Written by the model 

implementor, the menu table is a hierarchical structure 

which associates a command with each choice frora the raenu at 

a n-umber of levels which the user may reach through the menu 

system. The problem processor follows the tree structure 

which it reconstructs from the menu table, maintaining 

points of reference such as the last command executed and 

the current level in the menu table. 

Each level of the hierarchy is specified by a series 

of one or more digits, separated by periods. Level 1 

represents the shallowest (most general) level of the tree, 

with choicss designated 1.1, 1.2, 1.3, etc branching from 

it. In this example, the first three of these choices lead 

further into the menu tree while the last two represent 

endpoints at which some action with respect to the model is 

taken. At every level of the menu table the actions taken 

proceed in the same sequence: (1) comraands designated at 

level zero are executed (e.g., level 1.3.0—SHOW PREQUENTLY 
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Table 4: Example I Menu Table 

085 MENU TABLE; 
086 1. MODEL; 
087 1.1 PRINT "Examine the model's documentation" 
088 SHOW DOCUMENTATION MENU; 
089 1.2 PRINT "Examine the model's source code" 
090 SHOW SOURCE CODE MENU; 
091 1.3 PRINT "Modify the model" 
092 SHOW MODIPY MENU; 
093 1.4 PRINT "Run the model" 
094 RUN; 
095 1.5 PRINT "Terminate use of this model" 
096 CLEAR MODEL; 
097 1.1. DOCUMENTATION; 
098 1.1.1 PRINT "Examine the identification section" 
099 SHOW IDENTIPICATION SECTION; 
100 1.1.2 PRINT "Examine the data section" 
101 SHOW DATA SECTION; 
102 1.1.3 PRINT "ExBJnine the dialog section" 
103 SHOW DIALOG SECTION; 
104 1.1.4 PRINT "Examine the problem processing section" 
105 SHOW PPS SECTION; 
106 1.1.5 PRINT "Return to the last set of choices" 
107 SHOW MENU LEVEL CURRENT-1 ; 
108 1.2 SOURCE CODE; 
109 1.2.1 PRINT "List the source code offline" 
110 SHOW SOURCE CODE ON PRINTER; 
111 1.2.2 PRINT "List the source code at the terminal 
112 by submodel" 
1 1 3 SHOW ADDRESSABLE SUBMODELS; 
114 ACCEPT COMMAND, PROMPT "TO LIST A SUBMODEL, 
115 TYPE IN 'LIST' POLLOWED BY ITS NAME."; 
116 1.2.3 PRINT "Return to the last set of choices" 
1 1 7 SHOW MENU LEVEL CURRENT-1 ; 
1 1R 1 ̂  MODIPY* 
119 K3.0 SHOW'PREQUENTLY MODIPIED PARAMETERS; 
120 1 "̂ 1 PRINT "Modify one of these parameters" 
21 ACCEPT COMMAND, PROMPT "TO MODIPY A PARAMETER, 
122 TYPE IN 'MODIPY' POLLOWED BY ITS NAME"; 
123 1 3 2 PRINT "See other modifiable parameters" 
124 * * SHOW OTHER MODIPIABLE PARAMETERS; 
125 1 3-3 PRINT "Return to the last set of choices 
1 26 SHOW MENU LEVEL CURRENT-1 ; 
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MODIPIED PARAMETERS), (2) all text enclosed in quotes for 

the remaining choices at the same level of the tree is 

listed to the user for selection, and (3) upon being 

selected by the user, the comraands directly following the 

text in quotes are executed for the given choice. Because 

the PPS maintains a record of its current position in the 

menu tree, it is possible to retrace the incoming path at 

any point in the tree. Por example, the command at level 

1.3-3 of the example menu table, "SHOW MENU LEVEL CURRENT-1" 

instructs the PPS to revert to the immediately preceding 

menu level. All sets of choices in the menu table will 

typically have at least one choice which allows the user to 

return to a previous list of choices. 

It should be noted that the menu contained in the 

dialog section is distinct from the problem processor, and 

is part of the documentation of the particular model it is 

associated with. The PPS does use the menu table, however, 

to quide the user in choosing coramands which are appropriate 

to the model. In most cases the actual commands executed 

are transparent to the user because they are implicitly 

invoked upon selection of a menu choice. Por general 

guidance when using the DSS, the problem processor maintains 

a menu system and explanation or "help" system which is 

separate from those which are specific to any one model. 

Thus the user may be assisted in general requests by the PPS 

alone, and for more specific assistance the menu tables and 

help tables from a model in use may be essentially appended 
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to augment this capability. 

The problem processing section of the documentation 

section is not shown due to its intimate dependence on the 

specific structure of the model as implemented by the model 

implementor. The production rules contained in this section 

would represent well structured knowledge about the raodel, 

including rules governing allowable raanipulations to the 

model that the user may perform, etc. 

Modules in the model base raay be stored as source 

code, object code, or both. In most cases it is desirable 

to maintain the code in both forms due to the particular 

advantages of each. Source code must be available whenever 

modifications to the model's structure are required, and 

thus normal revisions and improvements over time cannot take 

place without a source code version of the model. The 

primary advantage of storing models in object code is the 

efficiency with which the object module may be executed by 

the computer. Prequently used raodules in the model base 

saved in this form may thus promote economies of execution, 

although a change in the source code would normally 

necessitate a recompilation to update the object module. It 

should be noted that a change in the parameters of a model 

does not affect the structure of the model, and thus does 

not require modification of the source code or recompilation 

of the same to modify the object code. This is due to the 

fact that imbedded data are not allowed in the source code 

of models, and must be read into the programs as external 
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data. Both source code and object code modules thus obtain 

this data in the same fashion and may be treated similarly 

by the documentation division. 

A sample dialog showing a possible interaction with 

the DSS and a user regarding the use of this example model 

is shown in Table 5. It is assumed that the user has 

previously initiated use of the DSS and expressed the desire 

to use this particular raodel. At the beginning of the 

example dialog the user is informed of certain dialog 

options, in this case the level of explanation, and given 

the opportunity to change them. Since the user chooses to 

maintain the explanation level "HIGH," a menu-driven dialog 

ensues. Throughout all dialog sequences discussed in this 

chapter, input to the DSS provided by thê'user is shown 

underlined. All other text not underlined is printed by the 

system. When making a selection frora the menu table, the 

user may designate a choice by number or by any string of 

characters representing an unambiguous choice (i.e., they 

appear in no more than one choice). Por example, in the 

first set of choices the responses "3," "Modify," "MODIPY," 

"modify," etc, will each result in selection of the third 

choice. String matching in this situation is done without 

regard to the case of the individual letters, as all 

comparisons are done in upper case. However, the format of 

the choices displayed to the user may involve both upper 

and lower case letters to promote readability. Using the 

menu table shown earlier and various parts of the 



Model SAMPLE.INVENTORY.MODEL is now available. 

Explanation level is set HIGH. 
Do you wish to set the explanation level to LOW 

(for more experienced users) ? N£ 

Por help at any time, type in 'HELP' or '?'. 

You may: 

1. Examine the model's documentation, 
2. Examine the model's source code, 
3. Modify the model, 
4. Run the model, or 
5. Terminate use of this model 

What is your choice ? 2 

PREQUENTLY MODIPIED PARAMETERS: 

Parameter Default value 

DAILY.DEMAND.0UTLET1-6 POISSON, MEAN=10 UNITS 
PACTORY.ORDER.INTERVAL C0N3TANT, 14 DAYS 
DAYS.TO.RUN.MODEL CONSTANT, 720 DAYS 
DAYS.BETWEEN.REVIEWS CONSTANT, 3 DAYS 
DAYS.BETWEEN.REPORTS CONSTANT, 240 DAYS 
RE0RDER.P0INT.0UTLET1-6 CONSTANT, 80 UNITS 
STOCK.C0NTR0L.LEVEL.0UTLET1-6 CONSTANT, 60 UNITS 

You may; 

1. Modify one of these parameters, 
2. See other modifiable parameters, or 
3. Return to the last set of choices. 

What is your choice ? 1_ 

To modify any parameter type 'modify' followed 
by its name. 

(continued in Table 6) 
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? help 

Por example, to modify the parameter 
DAILY.DEMAND.OUTLET1-6 
you wQuld type in 'Modify daily.demand.outletl-6' 
You will be asked for additional information. 

modify reorder.point.outletl-6 

DISTRIBUTION ? poisson 
MEAN ? J_2 

You may: 

1. Examine the model's documentation, 
2. Examine the model's source code, 
3. Modify the model, 
4. Run the model, or 
5. Terminate the use of this model 

What is your choice ? RUN 

Execution beginning. 

Execution ended. Output follows. . . 

(output not shown) 

documentation division, the model is modified and eventually 

run. In one situation where the user is asked to supply the 

name of a pararaeter to be modified a response of "help" 

results in a further explanation of the choice to the user. 

The table of 'help' explanations (not shown here) is 

identical in forra to the table of menu choices except that 

it associates a specific explanation to each level of choice 
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that the user faces rather than a string describing a choice 

followed by a command. 

Illustrative Example Application II 

The following example exhibits the manner in which a 

mathematical programming software package may be employed in 

conjunction with the DSS. This is a case where some or all 

of the model code is inaccessible to the user in source code 

form. The DSS may still help to facilitate utilization of 

the model by acting as a front-end processor in preparing 

the necessary input to the raodel. Table 7 shows the 

identification section of the docuraentation division. . In 

this example the module "SAMPLE.LP.MODULE" has both a 

prerequisite model and a subsequent raodel. Typical of large 

linear programming applications in industry, a matrix 

generation system prepares input to the optimization 

algorithm by collecting data from various files or other 

sources. After processing by the optimization routine, a 

report generator is used to annotate and format the output 

to produce a more interpretable form. There are no 

addressable submodels because the various routines which 

make up the optimization algorithm are proprietary in nature 

and not accessible by the user of the DSS. 

Table 8 shows the data section of the docujnentation 

division. By default, the output from a model which is used 

by another model is named by appending "OUTPUT" to the name 
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001 DOCUMENTATION DIVISION; 

002 IDENTIPICATION SECTION; 

003 MODULE NAME IS SAMPLE.LP.MODULE; 

004 SOURCE LANGUAGE IS MPS/360; 

005 PREREQUISITE MODELS; 

006 MATRIX.GENERATOR; 

007 SUBSEQUENT MODELS; 

008 REPORT.GENERATOR; 

009 NARRATIVE DESCRIPTION; 

010 This example module exhibits how an 
011 optimization model might be employed 
012 in conjunction with the DSS; 
013 ADDRESSABLE SUBMODULES; 

of the model producing it, thus the input data source list 

contains the name "MATRIX.GENERATOR.OUTPUT." Sirailarly the 

output destination list contains the name "SAMPLE.LP.MOD-

ULE.OUTPUT," denoting the file where the output of this 

module will be stored. In this case the three related 

modules employed are designed to interact with each other by 

passing intermediate output from module to module through 

files. Thus the optimization module may directly use the 

output of the matrix generation module, and the report 

writing module may directly use the output of the 
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014 DATA SECTION; 

015 INPUT DATA SOURCE LIST; 

016 PILE MATRIX.GENERATOR.OUTPUT; 

017 OUTPUT DATA DESTINATION LIST; 

018 PILE USER; 

01 9 ERROR.REPORT; 
020 SUCCESSPUL.SOLUTION.NOTIPICATION; 
021 SUCCESSPUL.PILE.LOAD.NOTIPICATION; 
022 SUCCESSPUL.PILE.PILL.NOTIPICATION; 

023 PILE PRINTER1; 

024 PILE SAMPLE.LP.MODULE.OUTPUT; 

optimization module. In other situations it may be 

necessary to use intermediary modules to facilitate the 

transfer of data from module to module. Por instance, 

assume that a module in the model base is originally 

designed for a specific purpose, but at a future date it is 

desired to use the output of the module for another purpose 

(i.e. as input to another module). The output from the 

original module is established in form and content by the 

original model implementor, and this is documented in the 

documentation division associated with the module. To use 

this output as input to another module, a model implementor 

creates a translator module which translates the output from 
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the first module into a form which is usable by the second. 

The translator module is then specified as a prerequisite 

module to the second module, allowing it to use the output 

from the original module. 

Notification will be sent to the user via the file 

"USER" upon the completion of selected sub-tasks during the 

execution of the module. When using proprietary software 

such as this example depicts, the degree of user control (or 

even user knowledge) concerning the operation will be 

limited and dependent upon the specific software employed in 

each case. The file "PRINTERI" will receive output which 

the algorithm produc.es that is normally directed to an off-

line printer. Table 9 shows the dialog section of the 

documentation division. The explanation level is set "LOW," 

and thus the module is primarily oriented toward user's who 

are somewhat familiar with the DSS and this particular 

module. The parameters that may be modified by the user are 

divided into three classes according to the synonyms which 

may be used to address thera. The "NAMES" parameters are 

used for user-selected arbitrary naraes for aspects of the 

problem. In this case the optimization algorithm imposed 

certain constraints on the length of these names, and hence 

this limitation is specified in the documentation. The 

"CONTROL" parameters are used to direct the type of 

computation performed by this algorithm, in this case 

designating minimization of an objective function. The 

final group of parameters relate to "OPTIONS" which may be 

http://produc.es
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025 DIALOG SECTION; 

026 DEPAULT DIALOG OPTIONS-
027 EXPLANATION LEVEL IS LOW; 
028 DEPAULT OUTPUT DEVICES; 
029 USER; 
030 PRINTER1 ; 

031 PARAMETERS (NAMES); 

032 PROBLEM.NAME ('SAMPLE') MAX LENGTR 8; 
033 PROBLEM.SCRATCH.PILE.NAME ('SCRATCH') 
034 MAX LENGTH 8; 
035 OBJECTIVE.PUnCTION.NAME ('COST') 
036 MAX LENGTH 8; 
037 RIGHT.HAND.SIDE.NAME ('COMBINE') 

038 MAX LENGTH 8; 

039 PARAMETERS (CONTROL); 

040 PROBLEM.SETUP ('MIN'); 

041 PARAMETERS (OPTIONS); 

042 INITIALIZE DEPAULT; 
043 CONVERT DEPAULT; 
044 BCDOUT DEPAULT; 
045 PRIMAL DEPAULT; 
046 SOLUTION DEPAULT; 
047 PICTURE OPTIONAL; 
048 CHECK OPTIONAL; 

specified by the user to further control the algorithm's 

processing. Options listed represent a subset of those 

available which are commonly used. Options denoted 

"DEPAULT" will be included when the module is executed, 

while those denoted "OPTIONAL" will not be unless these 
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specifications are modified by the user. 

The problem processing section of the documentation 

division is not shown due to its dependence on the 

particular applications for which the model impleraentor 

configured the module at the time it was incorporated into 

the model base. 

Table 10 shows a sample dialog between a user and the 

Table 10: Example II Dialog 

Model SAMPLE.LP.MODULE is now available. 

Explanation level is set LOW. 
Do you wish to set the explanation level to HIGH 

(for less experienced users) ? NO 

COMMAND ? change output data file sample.lp.mod-
ule.output to test.filel 
OUTPUT DATA PILE SAMPLE.LP.MODULE.OUTPUT CHANGED TO 
TEST.PILE1 

COMMAND ? create test.filel (new,save) 
PILE TEST.PILE1 CREATED 

COMMAND ? change options check=default 
OPTION CHECK CHANGED, STATUS=DEPAULT 

COMMAND ? RUN 

MODEL EXECUTING 

(output not shown) 

DSS r e g a r d i n g t h i s model. As in the previous example, i t i s 

assumed t h a t the user has p rev ious ly i n i t i a t e d use of the 
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DSS and expressed the desire to utilize this model. This 

sample dialog exhibits the interaction between the DSS and 

an experienced user who is also functioning in the role of a 

functional specialist. Many complex models which consist of 

more than one interrelated module may be used in such a 

manner by functional specialists to speed testing and 

manipulation of modules conveniently. Additionally, since 

many features of the DSS may be utilized during the 

development, implementation, and testing phases of model 

building, the system functions as a modeling support system 

as well as a decision support system. In this example the 

functional specialist user of the DSS changes the default 

output file utilized by the module to a temporary test 

file, creates the test file, modifies the module's options 

for testing purposes, and executes the model. 

Illustrative Example Application III 

As was previously noted, the meta-language approach to 

the use of models in DSS is not incompatible with the model 

management approach, and may in fact be employed in 

conjunction with it. This example will illustrate how 

program generation techniques (a meta-language approach) may 

be used to support the modeling aspirations of DSS users, 

and will show how such techniques may assist the user in the 

modeling (specifically model building) process. The details 

of the program generation techniques themselves will not be 
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discussed, as research in that area is distinct from this 

research and outside its scope. Rather, facilities of the 

DSS which help to support this meta-language approach as 

well as model manageraent functions which may assist in the 

modeling process will be discussed, followed by an example 

dialog illustrating interaction between the DSS and a user 

desiring to build a model. 

There are four main ways in which the DSS can assist 

in the modeling process, either by extensions of existing 

model management capabilities or by using the facilities of 

the DSS to promote a meta-language approach to modeling. 

These are discussed in the following paragraphs. 

1 . Production rules employed by the problem processing 

system may be used as a rule base to define allowable model 

forms and structures, and to help the modeler to avoid 

certain pre-identifiable pitfalls in the modeling process. 

Production rules have been used successfully to assist in 

diagnosing infectious diseases by medical doctors (Davis 

1977) and have proved to be flexible and adaptive 

representations of knowledge. In addition, the application 

of systematic sets of rules raay help the problem processor 

to recognize or identify the type of problem to be solved, 

and associate with it a type of model required for solution. 

2. Menu tables associated with each module in the 

model base cause the execution of commands which are 

transparent to the user, and can be used to assist in the 

modeling process by translating menu selections into 
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commands which build, modify, or otherwise manipulate 

models. This technique can be used to facilitate an 

essentially menu driven program generator which functions 

much like other menu driven program generators which have 

been developed (e.g. Mathewson 1974). 

3. Program generators may be included in the raodel 

base as modules in a fashion identical to the incorporation 

of any other module. These modules may then be employed by 

personnel associated with the DSS in the normal manner, or 

may be invoked by the problem processing systera 

automatically (for instance, when a comraand from a menu 

table causes the invocation). 

4., The use of macro commands allows the definition of 

succinct commands by decision maker/users of the DSS or by 

functional specialists which are expanded by the dialog 

management system. These raacros may be used to conveniently 

cause the execution of meta-language models which assist the 

modeler. The dialog manageraent system can also assist in 

clarifying the problem through its role as raediator between 

the problem processing system and the DSS user. This 

assistance would principally consist of interpreting 

potentially ambiguous input from the user. 

Table 1 1 shows an example dialog between the DSS and a 

decision maker/user wishing to formulate a model. In this 

example the user initially makes an ambiguous request of the 

DSS, however the dialog management system is able to discern 

that the user may require some assistance and possibly wants 



88 

^ a n t t £ d2 some s t a t i s t i c a l a n a l y s i s 

E n t e r i n g HELP r o u t i n e . 

Do you wish to perform some form of 
STATISTICAL MODELING ? yes 

Do you know what kind of STATISTICAL MODELING you want 
to do ? ri£ 

Here i s a l i s t of t u t o r i a l - o r i e n t e d guides from which 
you may choose : 

ANOVA 

REGRESSION 

To build an analysis of variance 
model, for instance to test the 
equality of several means. 

To build a regression model, 
which predicts the value of a 
"dependent variable" on the 
basis of one or more 
"independent variables." 

Would you like to build any of these ? yes 

Which one ? Regression 

Entering HELP.REGRESSION routine. 

What degree of assistance or explanation do you think 
you will need (high, moderate, or low) ? moderate 

(continued in table 12) 

to do something related to statistical analysis. A "HELP" 

routine is entered which is used to assist the user by 
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Pirst of all, the data to be used in the regression 
must be identified. 
Is the data you have in mind in the data base ? yes 

Do you know how to query the data base ? yes 

What query would retrieve values of the dependent 
variable (the variable you wish to be able to predict) 
? select employee(salary) where sex=female 

What query would retieve values of the independent 
variable(s) 
? select employee(experience) where sex=female 

It is necessary to match the variables by sorae key. 
A common key seems to be "SSNUMBER". 
Is this correct ? yes 

What you are saying is that you wish to usé REGRESSION 
to predict EMPLOYEE(SALARY) 
based on EMPLOYEE(EXPERIENCE) 
where SEX=PEMALE 
and the data are matched by SSNUMBER. 
Is this correct ? yes 

The model is in your workspace now. 
Do you wish to save the model ? n£ 
Do you wish to run the model ? yes 

Execution beginning. . . 

Execution ended. . . 

(output not shown) 

attempting to recognize the type of problem to be solved and 

the type of model necessary for its solution. 

Upon verification of the user's intention to build a 

regression model, a modeling assistance routine is entered 
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which is specifically designed to assist in regression 

modeling. This routine is a program generation oriented 

module which is named HELP.REGRESSION, and is called into 

service by the more general HELP routine. The user is then 

assisted in identifying the data which the regression model 

will use and in formulating the model itself. In this case 

it is assumed that the data required for use by the model 

are present in the data base, and are accessible through the 

use of a hypothetical relational query language. This 

assumption is made only for the purposes of this 

illustration, as the actual method of data base management 

employed by the DSS may vary. The final form of the model 

including several model assumptions is displayed for 

verification by the user as it resides in the user's 

workspace. 

It is possible to incorporate a wide variety of 

modeling assistance routines such as the one illustated by 

the dialog of this example in the DSS. The advantage of 

this approach may be that the DSS can provide general 

assistance to the user, and direct more specific modeling 

assistance needs to meta-language oriented routines which 

provide the needed help. One disadvantage of the approach, 

however, is that modeling support remains liraited to problem 

domains which can be specifically identified in order to 

construct the required modeling support module (a 

characteristic which is inherent in the program generation 

type approach). 



VI. OPERATIONAL PACILITIES OP THE DSS 

The previous section discussed the requirements of the 

DSS with respect to hardware and software, as well as two 

illustrative example applications showing how the system 

could be used in hypothetical situations. This section will 

concern itself with specific facilities included in the DSS 

design, particularly those that are related to the model 

management system and other parts of the DSS which affect 

its model utilization capabilities. In the process of 

describing these facilities the actual form and function of 

many commands which may be executed by personnel associated 

with the operation of the DSS will be defined. 

Pigure 3 shows a general diagram of coramand processing 

from the point of view of the decision maker/user. As the 

flow diagram indicates, the dialog management system (DMS) 

normally processes all input from the user and all output to 

the user. User input is checked for syntax errors, and 

macros are expanded in the DMS. If the user input is valid, 

it is then processed by the problem processing systera (PPS), 

otherwise the user is advised of the error and requested to 

correct the command. Output to the user is also processed 

by the DMS, although in most cases this involves mainly 

formatting rather than more substantive processing. 

The problem processing system controls the processing 

of user commands, and delegates tasks to the functional 

91 
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DMS 
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Pigure 3: Plow Diagram of Command Processing 
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subsystems as necessary. Sorae tasks raay be processed 

entirely within the PPS, while some may iterate several 

times between the PPS and one or more of the subsystems, 

each time a different sub-task being performed. Upon 

completion of processing by the PPS, the DMS is advised of 

the results of the operation, which in turn notifies the 

user. 

The conceptual model defined three major personnel 

roles for the DSS: (l) the decision maker/user; (2) the DSS 

administrator, a role which may be divided into several 

functional administrators; and (3) the functional specialist 

or technical expert. Discussion of the operational 

facilities of the DSS will be divided into three categories, 

each of which will be related to one of these defined roles. 

Because the operation of the system is more flexible and the 

specification of the user's desires are very succinct in a 

command-driven mode (as opposed to a menu-driven mode, which 

is actually merely translated into pre-defined commands), 

the operational facility descriptions in the following 

sections will be command oriented. Throughout the 

descriptions of commands a standardized notation will be 

employed, which is described as follows. 

1 . Commands and keywords which must be entered exactly as 

they appear are in upper case (e.g. SHOW MENU). 

2. General descriptions which must be replaced with specific 

items by the user are shown in lower case delimited by 

"<" and ">" (e.g. SAVE <model name>). 
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3. Optional parameters, keywords, etc are enclosed in 

brackets, with default values underlined if present. 

Thus 'SHOW [USER!GROUP] MODELS' will default to 'SHOW 

USER MODELS', may be explicitly specified as the same, or 

may be optionally entered 'SHOW GROUP MODELS'. The '!' 

(or.) sign inside brackets indicates that one of the 

parameters inside the brackets may be chosen (but not 

more than one). 

4. Parameters or kê rwords that must be chosen, or groups of 

the same from which exactly one choice must always be 

made are enclosed in braces, '(' and ' ) ' . Por example, 

"MODIPY (parameter)" is a command that must have a 

parameter operand to be executed. 

Because of the emphasis on raodel manageraent and 

utilization in the present research, raost of the facilities 

and commands associated with the DSS will relate to the 

model management system. The independence between the 

functional subsystems allows consideration of these 

facilities independently with a minimum of ramifications to 

the system as a whole. No data base oriented facilities or 

commands are directly addressed as the data base management 

system is a separate entity which is not dealt with in 

detail. A few facilities or commands dealing with the 

remaining functional subsystems are mentioned, when these 

facilities can be expected to have a direct effect on the 

model management system. 

Table 13 shows various model related functions which 
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a r e suppor ted by the DSS and the model raanagement system in 

Punction 

Administration: 
Security and privacy control 
Physical use and storage definition 

Punctional specialist: 
Retrieval of models 
Storage of models 
Addition to models 
Replacement of model segments 
Modification of model segments 
Manipulátion of model statements 

Model inspection/output direction 
Model compilation 
Pile manipulation 

Decision maker/user: 
Retrieval of models 
Storage of models 
Modification of parameters 
Privacy control 
Model and documentation display 
Clearing of model 
Inspection of various options 
Modification of various options 
Model execution 

Command 

SET ACCESS 
SET MODEL USE 
SET MODEL SAVE 

USE 
SAVE 
ADD 
REPLACE 
MODIPY 
RENUMBER 
MOVE 
EDIT 
CHANGE 
INSERT 
DUMP 
COMPILE. 
CREATE 
SCRATCH 

USE 
SAVE 
MODIPY 
SET ACCESS 
SHOW 
CLEAR 
SHOW 
SET 
RUN 

particular. Each role has available all commands for that 

role and lower roles, thus the functional specialist may use 
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commands defined for decision maker/users as well as those 

defined for the functional specialist. All commands are 

available to the administrator role. The coramands provided 

for the three different roles may be of the same general 

format in many cases, however they are typically different 

in the number and kind of operands and options which may be 

employed. Thus the "SAVE" coraraand available to the 

functional specialist is more powerful and flexible than the 

"SAVE" command which may be used by a decision maker/user. 

The following section describes the model manageraent 

coramands in more detail, as well as certain other commands 

which affect the MMS. These are divided into functions 

which relate to each of the three personnel roles defined 

for the DSS: the decision maker/user, the functional 

specialist, and the DSS administrator. Associated with each 

function is a command which is supported by the DSS to 

facilitate that function's operation. 

Decision Maker/User Oriented Pacilities 

The facilities available to the decision maker/user 

which relate to utilization of models may be divided into 

five categories, providing the capabilities to: (D 

retrieve and display models as well as information 

associated with them; (2) modify and otherwise manipulate 

models; (3) save models for later use; (4) direct the 

execution of models; and (5) alter the environraent in which 
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the user interacts with the DSS. Commands associated with 

each of these five categories will be defined and discussed 

in the following paragraphs. 

Retrieval of a model from the model base is 

accomplished through the USE command. The general form: 

USE <model name> [<addressable submodel>] 

is sufficient to access any model in the model base which is 

available to the user. There are no format, location, etc 

options to the USE command because these are specified by 

the DSS administrator as default operands. The facilities 

available to the model implementor for managing technical 

considerations of model storage are disussed later. 

Execution of the USE command causes the model to be copied 

into the private workspace of the user, where it may be 

subsequently manipulated or executed. Use of a large module 

which is comprised of several submodules stored separately 

will result in individual submodules being copied into the 

user's workspace as required unless otherwise specified by 

the user. 

Display of models and inforraation (e.g., 

documentation) associated with models is facilitated 

through the SHOW command. The general form: 

SHOW <desired information> [qualifiers!options] 

is maintained for virtually all of the many possible formats 

of the SHOW command. The following command allows the user 

to inspect any part of the documentation division or the 

code division of the model which is currently in use: 
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SHOW [MODEL!<division narae>!<section name>] [ON 

(TERMINAL!<output device>)] [<range>] [<format 

options>]. 

The range may be explicit in terms of line numbers (e.g. 

3/8 to show the third through the eighth lines) or implicit 

in terms of relative line numbers (e.g. PIRST+5, LAST-2 to 

list the sixth and the third to the last lines). The range 

may also be associative, showing lines that meet string 

matching criteria such as "THIS STRING" in which case lines 

which contain 'THIS STRING' will be listed. Pormat options 

allow control of spacing, indentation, pagination, etc. , to 

create well formatted and easily readable output, typically 

used only when the information is printed on a hard copy 

device. Many of the facilities of the SHOW command such as 

the range and format options are similar to typical 

capabilities provided by word processors and editing systems 

in widespread use. An example of the show comraand: 

SHOW IDENTIPICATION DIVISION ON PRINTER1 DOUBLE 

will list the entire identification division on an output 

device called PRINTER1. Other versions of the SHOW command 

include: 

SHOW MENU [LEVEL (<explicit level!implicit level>) 

SHOW [USER!GROUP!PUBLIC] MODELS 

SHOW EXPLANATION LEVEL 

SHOW OUTPUT DEVICES 

SHOW MODEL STATUS. 

The user may modify any parameter that has been 
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established as a modifiable pararaeter by the model 

implementor through the MODIPY command. The general form: 

MODIPY <parametér> [<specification list>] 

allows the user to request that a parameter be modified 

without knowing the number or value of current 

specifications for that parameter. The example session 

shovm in Table 6 exemplifies this situation, where the 

system requests the required specifications for the 

parameter to be modified. Optionally, the user may include 

a new specification list for the pararaeter as an operand of 

the command if desired. Por the exaraple session in Table 6 

this could have been specified as "MODIPY REORDER.POINT.OUT-

LET1-6 DISTRIBUTION=POISSON, MEAN=1 2" to achieve the same 

result. 

To save a model which may have been modified for 

future use , the SAVE command may be eraployed by the user. 

Its general form: 

SAVE (<model name>) [REPLACE] [CLEAR] 

allows the model to be saved under a user-specified symbolic 

name. If a model by the same name exists which is available 

to the user, the option REPLACE must be specified or the 

pre-existing model will not be replaced. The CLEAR option 

allows the user to clear the workspace of the current model 

after it is successfully saved. To clear the workspace at 

any time (regardless of whether the model is saved or not), 

the command: 

CLEAR [MODEL] 



100 

may be used. 

Execution of a model is initiated through the use of 

the RUN command. In general the form: 

RUN [MODELKmodel name>] [(SAVE!HOLD) [OUTPUT ] ] 

will cause the model currently in the user's workspace to be 

executed, unless another model name is given. The latter 

case results in the execution of a model as it resides in 

storage without affecting the workspace. The SAVE or HOLD 

options store the output of the model so that is may either 

be used by another model, or referred to at a later time by 

the user. 

The DSS user may alter the system environment through 

the use of the SET command. Por instance, to change the 

current level of explanation, the command: 

SET EXPLANATION [LEVEL] (HIGHÍLOW) 

may be employed. In most cases a SHOW command is associated 

with each SET command to allow examination of the user/DSS 

environment whenever desired, thus the command: 

SHOW EXPLANATION [LEVEL] 

will return either 'HIGH' or 'LOW' to the user according to 

the current explanation level setting. The user may choose 

to employ optional output devices through the command: 

SET OUTPUT [DEVICES] (<device list>) 

where the device list consists of optional output devices 

such as graphical plotters. To be legitimately specified in 

the device list for use with a given model, the model must 

have provisions for directing output to that device 
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incorporated into it by the model implementor. 

Each user of the DSS must have a personal password to 

successfully initiate interaction with the DSS in order to 

maintain the system's security. This password may be 

changed by the user through the command: 

SET PASSWORD. 

Execution of this command requires the user to supply both a 

current valid password and a replacement password. 

Experienced users of the DSS may define special-

purpose commands which are aggregates of basic commands. 

This macro handling facility may take one of two forms. 

Pirst, a new command name may be defined through the 

command: 

DEPINE (<najne>) AS '<command list>' [REPLACE] 

where the command list may consist of one or more system 

commands, separated by semicolons. Second, more complex 

macros may be defined through the following sequence of 

statements: 

DEPINE (<name>) [REPLACE] BEGIN 

<command 1> 

<command 2> 

<command n> 

DEPINE [<name>] [END]. 

In this case the user-defined name refers to all statements 

between the two DEPINE statements. Whenever the DSS 
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encounters such a defined macro the replacement statements 

will be substituted for the macro name. The optional 

operand "REPLACE" will replace an existing command with a 

new command. A null operand of ' the DEPINE command will 

result in removing the command name from the list of defined 

commands. 

Normally, access to an individual user's models is 

restricted to that user only. In many cases it may be 

desirable to allow other personnel access to these models, 

and this is made possible through the SET ACCESS command, 

whose general form is: 

SET ACCESS [POR (MODELS!<raodel narae>)] 

[PRIVATE!GROUP [<group narae>]iPUBLIC]. 

This facility allows the user to permit a specified group of 

personnel to access individual models or all of the user's 

models, or to allow "PUBLIC" access to all personnel. 

Certain commands which may be expected to be 

infrequently used by users of the DSS are included in this 

section because they may be indirectly employed in the 

process of interacting with the system. An example of this 

is the command: 

ACCEPT COMMAND [PROMPT '<text>'] 

which is utilized by the PPS in conjunction with the menu 

table to accept a user command after a prompt string is 

conveyed to the user. 
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Punctional Specialist Oriented Pacilities 

The functional specialist role in the DSS is 

supportive of individual users. As such, all capabilities 

afforded to decision maker/users are also provided to 

functional specialists. In addition, a nuraber of special-

purpose commands are available to the specialists which 

assist in the task of supporting the user's technical 

requirements. The most important technical specialist 

dealing with models is the model implementor, a role which 

is responsible for developing, programming, and implementing 

models in the model base. Commands supported by the DSS 

which are particularly useful to the model implementor are 

described in the following paragraphs. 

Like other users of the DSS, model implementors may 

wish to save models for future use. In contrast to decision 

maker/users, however, the model irapleraentor is concerned 

with more technical aspects of the model's storage. The 

following general form of the SAVE command: 

SAVE <model name> [UNDER <user account>] [<location 

options>] [<format options>] [REPLACE] 

allows these technical considerations to be addressed. The 

model implementor may save a model under another user's 

account, typically when the model has been developed at that 

user's request. In addition, location and format options 

which may be specific to the computerized installation may 

be controlled by the implementor in order to efficiently 
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utilize the available resources. 

In order to facilitate the rapid development of 

models, several program editing and manipulation comraands 

are provided. These include the following: 

CHANGE ('<text>') TO ('<replacement text>') [IN <range>] 

ADD [<beginning line number>] [BY <increment>] 

REPLACE (<range>) 

RENUMBER [<range>] [PROM <start>] [BY <increment>] 

MOVE (<range>) to (<new range>) 

INSERT (<range>) 

EDIT (<range>). 

Additionally, the DUMP command is provided to aid the model 

.development process. The format of this comraand is: 

DUMP <model name> [OUTPUT] [ON <device>]. 

Through the DUMP command the model implementor may examine 

either the model or its output by printing the information 

at the terminal or on an offline device. 

To compile the source code of a module and save the 

object code, the command: 

COMPILE <model name> [SAVE] [ON <device>] 

[<options>] 

may be used. 

Por manipulation of files the CREATE and SCRATCH 

commands are provided. The general format of these two 

commands is: 

(CREATE!SGRATCH) (<file name>) [<options>]. 

No options are ever needed for the SCRATCH command, but may 
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be supplied with the CREATE command to establish the 

location, format, storage, etc, options for the file. 

These options will be dependent on particular machine-

implementations of the system. 

DSS/Punctional Administrator Oriented Pacilities 

One of the priraary functions of the DSS administrator 

is to establish procedures to safegaurd the security and 

privacy of the resources raanaged in the DSS. With respect 

to the model management system, the SET ACCESS comraand 

allows the administrator to control access to all modules in 

the model base. The general form of the command is: 

SET [function] ACCESS [POR-(module!account)]. 

The function operand may be any model management function 

supported by the MBMS, such as SAVE, USE, RUN, DELETE, etc 

Thus selective access may be granted to users in this 

manner, for instance to allow a user to run but not modify a 

module. The module operand may be any valid module name in 

the model base, or an account may be specified which causes 

the command to affect all modules in a specified account 

(i.e., all modules available to an individual user). 

To allow the administrator to control the physical 

• 4.- ^ -1-1,̂  mnAai haqe the SET MODEL SAVE and SET organization of the moaei oase, înc u-ux 

MODEL USE commands are provided. The general form of these 

comraands is: 

SET MODEL [SAVE!USE] (<storage options>). 
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The storage options are implementation dependent, and 

control the location and form of model storage. Por 

instance, in an IBM installation this would typically 

include parameters of Job Control Lanquage data definition 

statements defining where and how to catalog datasets in the 

model base, location options, format options, and their 

disposition, i.e., new, old, etc. 



VII. SUTÍMARY OP THE RESEARCH 

The current research consists of essentially two raain 

segments: 

1. Development of a conceptual model for a decision support 

system facilitating model management and utilization; and 

2. Instantiation of the conceptual model in an operational 

model, with particular attention paid to those aspects 

which relate to the model management system. 

The conceptual model addresses shortcomings of 

corporate models which have been identified by other 

researchers, including lack of flexibility, poor 

documentation, and a general lack of model adaptiveness with 

regard to dynamic decision environments. The result of the 

research attempting to alleviate these shortcomings consists 

of an integrated design for a decision support system 

comprised of four main components. (. These components are a 

data management system consisting of a data base manageraent 

system and a data base, a model management system consisting 

of a model base raanagement system and a model base, a dialog 

management system or user interface, and a problem 

processing system which acts as coordinator of the system as 

a whole.x Three personnel roles are defined which interact 

with the DSS: (1) the decision maker/user, or ultimate user 

of the system; (2) the functional specialist, who provides 

specialized or technical expertise in support of the 

107 



108 

decision maker's requirements; and (3) the DSS 

administrator, charged with maintaining the integrity of the 

system as a whole. 

The operational model describes hardware and software 

requirements of the decision support system, and illustrates 

its operation by means of two exaraple applications. These 

applications involve a discrete event simulation model and a 

linear programming optimization model. A special-purpose 

documentation language is defined which is used to store 

both formal and informal information about raodels in the 

model base. Operational facilities of the DSS are further 

defined through the description of command capabilities 

available to each of the three roles which interact with the 

DSS. Description of the operational model places prime 

emphasis on the model management system and how this system 

promotes the management and utilization of models. 

Conclusions 

The current state of the art in model base manageraent 

systems is roughly analogous to that which existed in the 

area of data base management systems some fifteen to twenty 

years ago. At that time, the concept of a data base 

management system was just beginning to emerge as a way to 

combine, coordinate, manipulate, and control data which had 

been traditionally stored in multitudes of individual files. 

Today, the cost of corporate models (both in terms of 
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dollars and development costs) has reached the point where 

it is now a reasonable goal to apply these same concepts to 

the management of models. This research has presented a 

design for an integrated decision support system which 

incorporates data, model, and dialog management in a single 

coordinated system, and has especially emphasized the 

critical need for a unified system for model manageraent. 

Contributions of the Research 

The conceptual model of the DSS represents a synthesis 

of and an addition to existing frameworks for decision 

support systems, and is designed to promote adaptive support 

of decision making for a wide variety of problem domains. 

Purthermore, the DSS itself is adaptive due tb the modular, 

independent design upon which it is built. This represents 

a perspective on decision support which is deraonstrably 

different from the majority of computerized decision aids 

existing today. The research differs from less general 

model management approaches (i.e. Elam, et al. 1980) in that 

the model management system is designed as part of a larger 

decision support system using a top-dovm approach. This 

approach first considered the DSS as a whole and 

subsequently designed the model management system to meet 

the resulting specific functional requirements. The 

research also differs from model supporting systems which 

are language oriented (i.e. Wang 1980) in that linguistic 
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features are separated from model raanagement features, and 

hence the system allows the incorporation and use of general 

purpose models which were not originally developed using the 

DSS. 

Recent advances in the field of decision support 

systems have been said to come primarily from meta-language 

approaches (Sprague 1980c). This research has designed a 

decision support system utilizing a competing approach—the 

model management approach. The advantages of this model 

management orientation include the promotion of 

specialization and division of labor among personnel, a 

lessening of technical skills necessary to use the DSS, and 

a standardized, systematic management of model resources. 

The DSS can employ models which were not originally designed 

for use in conjunction with the system, and can also provide 

services which help facilitate the creation and use of 

models in concert with the DSS. 

It is believed that the DSS can contribute to the 

cost-effectiveness of model usage by decision support 

systems in two ways: (1 ) the system's flexibility allows 

varying degrees of incorporation for indivi.dual models (frora 

acting as a front-end processor to total integration), 

allowing the choice to be based upon the relative costs and 

benefits for each model; and (2) the rising cost of 

corporate models is making formal management systems 

relatively less costly, encouraging the development of new 

models in conjunction with a model management system rather 
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than as stand-alone models. The- combination of these 

factors suggests that the evolution of model management 

systems may to a large extent mirror the previous evolution 

of data base management systems, offering a viable raeans of 

controlling and raanaging a valuable organizational resource. 

The model management system extends the concepts 

employed in data base management systeras to the management 

of models in a model base, contributing to the technology of 

model management systêms. The concept of a data dictionary 

is manifested in the documentation associated with each 

model, and performs functions similar to a data dictionary 

in a data base management system. Capabilites of addition, 

deletion, modification, security, privacy, etc which are 

common in DBMSs are similarly provided with respect to the 

model base management system. Adaptiveness of the DSS is 

enhanced by the logical and physical independence of modules 

in the model base, which minimizes the impact of a change in 

one module on the system as a whole. Documentation is 

provided in both the formal and informal senses for each 

module, where the formal documentation is in machine-

readable form and the informal documentation is used by 

personnel associated with the DSS. The special-purpose 

documentation language developed for this purpose is a 

further contribution to the technology of model management 

systems. 
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Limitations of the Research 

The consideration of a research area as broad as 

computerized support of managerial decision making 

necessitates a compromise between the treatment of general 

and specific concepts. As may be expected, this compromise 

inevitably leads to a disproportionate amount of 

concentration in a few areas deemed crucial to the overall 

success of the research, and in those areas which appear to 

present the greatest potential for contribution to the field 

as seen by the researcher. In this research such a course 

has resulted in: 

1. An emphasis on the technical (e.g., software) aspects of 

decision support to a greater extent than the behavioral 

considerations; and 

2. An emphasis on model management facilities of the DSS 

with lesser attention paid to other components of the 

DSS such as the data management system, dialog management 

system, and problem processing system. 

Suggestions for Purther Research 

Purther research related to that contained herein may 

come from at least two areas: 

1. Mitigation of the limitations of the current research, 

chiefly by investigating areas which were not emphasized 

here; and 
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2. Extension of the current research, including further 

investigation of the areas which recieved eraphasis. 

In alleviating limitations of the current research, 

several areas appear particularly promising for further 

investigation. Pirst, the development of a data 

manipulation language which is independent of (but 

translatable into) any DBMS's logical or physical 

representation would be extreraely valuable. Such a languag 

would allow the specification of a model's data requirements 

independently of whatever data base management system is 

used with the DSS. Second, more detailed designs for the 

problem processing system and the dialog management systems 

would further define how such systems ' may be used in 

conjunction with the DSS while maintaining their individual 

logical and physical independence from the rest of the 

system. 

Perhaps the most obvious extension to the research 

would involve the implementation of a prototype system. 

This would further validate the design of the operational 

model, as well as contribute to the knowledge regarding 

implementation techniques for comprehensive decision support 

systems. Purthermore, the implementation process would no 

doubt involve a certain degree of refinement and 

modification of the operational model, resulting in a more 

implementable system. 

In addition to providing insight from the 

implementation process alone, such an implementation would 
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allow the examination of managerial and behavioral ef fects 

tha t the system would produce. Some of the questions of 

i n t e r e s t may address the implications of further in tegra t ion 

of information systems on an organization, fac tors which 

affect the usage of models frora a model base, and dialog 

management considerat ions which lead to effect ive 

communication between the system and user . 
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