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ABSTRACT

Model management is a technology evolving by necessity, pushed by the
attempts to deal with increasing!y complex systems and the perceived inade-
quacies of past efforts. This rapid evolution of Model Management Systems
(MMS) has created different berspectives of the role of the MMS: one arising
in the database and decision support systems research community stressing
the user’s interaction with a mode! data bank and the other view from the
modeling community emphasizing the model development functions. These two
Perspectives are clarified and reconcifed by relating each to the model iife

cycle, which leads to 3 more comprehensive statement of MMS requirements.

CR Categories and SL.;bje'ct Descriptors: H.4.2 [Information Systems]: Types
of Systems —.decision support; D.2.2 [Software Engineering]: Tools
and Techniques: 1.6.0 [Simulation and Modeling]: Genaral.

General Terms: Documentation, Management

Additional Key Words and Phrases: model management, modal life eycle,

problem definition, model development, requirements,



The Objectives and Requirements
of

Model Management

Rapid advances in computing technology have encouraged increasingly
more ambitious simulation studies. The size and complexity of the modeling
efforts, involving managers, analysts, and programmers often working in
separate locations, forces the application of computers to the management of
the modeling activities. Model management should begin in the earliest phas'es
of the model life cycle and provide support throughout, although the require-
ments and the users served vary as the modeiing project matures. Examples
of components of a model management system (MMS) can be idehtiﬂed, but an
integrated, comprehensive tool set, truly representative of a MMS, remains as

a future goal.
1. The Context for Model Management

Understanding the objectives of model management must begin with a clear
perception of the phases in the development, use, and extended application of
a model, which can easily represent a multi-million dollar investment and a
time span of five years or more. Figure 1 is an illustration of the model! life
cycle that portrays a chronology of phases (shown by oval symbels) that,
although arbitrary, prove to be generally descriptive of large modeling
efforts. We digress heare only slightly to emphasize the focus on "large”
efforts; for, much like the software development task, smail models require

little in the way of good techniques or supporting tools.



The processes shown by dashed arrows in Fig. 1 should in no way be
interpreted as sequential. Modeling is iterative in nature, and accomplishment
of the modeling task forces "looping" among the phases. A modeling project
is initiated in the thir'c_:i phase of the life cycle. However, it is the responsi-
bility of the MMS to verify the formulated problem and assess the feasibility

of modeling by explicit referral to the earlier processes.

While Fig. 1 is considered generically descriptive of model-based problem
solving, we restrict our attention to simulation models in the following para-
graphs. A broader treatment, exploring the refationships among the phases

in. greater detail can be found in (Balci and Nance 1983) and (Balci 1983).
1.1 The Model Life Cycle Chronology

The problem definition phases represent the initial struggles'with misper-
ceptions and biased reactions, the delineation of cause and effect relation-
ships, the consideration and r‘econsid_eration of the problem statements in con-
cert with potential problem-solving approaches, and the deliberation or
negotiation of the extent of the simulation study. The difficulties in problem
formulation can surface as a mixture of technical, political, and personal fac-
tors hopelessly interwoven (see Balci and Nance 1983). While a MMS can

assist with all factors, the technical sources represent the primary concern,

The model development phases form the core needs for model management
and the consequent raison d'etre for model management systems. Beginning
with the establishment of system boundaries and the defin.ition of study objec-

tives, the development includes conceptualization and rapresentation, verifica-

3}
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tion and modification, programming and documentation, testing and validation.
Concluding with validation and the experimentation leading to results required
for implementation, model development comprises the creative activities most

frequently associated with model-oriented problem solving.

The decision support phases are the often ignored post-results periods
during which the results, and modei itself, are used or "conditioned" for
continuing use. Attempts to expand or enhance the model in response to
system changes or newly defined objectives are included here. Note that
extensions of the model to changes in the original study (system or objec-
tives.) or to the adaptation of the model to a different probiem situation could
be pictured as introducing a new life cycle or continuing an older one,

depending on the extent of the differences.
1.2 The Role of Model Management

By partitioning the model life cycle phases into three chronological catego-
ries, we can explain two widely different perspectives of model management
systems revealed in the current literature. One view, that advanced predo-
minantly by researchers in management information systems (MIS) and decision
support systems (DSS), ho.lds that a MMS is analogous to a database manage-
ment system, with models replacing data as the essential f‘esource {wili 1975;

. Sprague and Watson 1975; Sprague 1976). Taking this view the mode! bank
becomes a part of the MIS (Will 1975, p. 468). Consequently, the "model
management system is a software svstem that facilitates user access fo models”

{Bianning 1982).



The second perspective is taken by those working in the modeling commu-
nity. This group includes researchers in computer simulation and in mathe-
matical programming. The rﬁodeting community has focused on the techniques
of model development {(Nance 1977; Oren and Zeigler 1979; Zeigler 1980:
Nance, et.al. 1981) total model development systems (Holbaek-Hanssen, et.al.
1877; Mathewson 1978; Bisschop and Meeraus 1982: Mathewson 1983; Meeraus
1983)_, and computer-assisted model analysis (Kurator and O’Neill 1980:
Greenberg and Maybee 1981; Gréenber‘g, et.al. 1987; Nance 1981; Overstreet

1982; Greenberg 1983).

Differences in the two perspectives can be explained by reviewing Fig.
1. The MIS research community, even when expressing a holistic definiion
of the MMS {Elam -]980), has dwelled on the decision support phases of the
model life cycle; i.e., the effective organization and use of models within the
ffamework of decision support. This view reflects the concern for the deci-
sion maker as end user having "a primary impact on problem definition and

eventual success of the DSS" (Elam, et.al. 1980, p. 100).

The modeliﬁg community has focused on the model development phases
shown in Fig. 1, principally addressing_the modeler or analyst as the user.
Both views are correct, but sach can profit from mutual recognition of the
other. Further, both need to be concerned for the problem definition
phases, which seem to receive comparatively little attention; e.g., see (Wooley

and Pidd 1981; Balci and Nance 1983).



2. Requirements of a Model Management System

Expansion of the tabular presentation used in (Nance, et.al. 1981) widens

the perspective beyond the model development phases and draws a clear cor-

respondence between model management objectives and MMS requirements.

The users of a MMS, identified in the above: r‘gfer‘ence as:

M

(2)

(3)

{4)

(5

The organization manager, who supervises

several project managers, who manage project teams made up
of

analysts, primarily responsible for the model definition and
specification, the experimental design, the data definition
and organization, and the presentation and interpretation of
model resuits, who are supported by '

simulation software development managers. (The chief pro-
grammer position to use the terminology of (Mills 1971), who
conform the data definition and organization to the logical
and physical requirements of a data base management system
and computer system configuration, and instruct

programmers, who develop the programmed model representa-
tion in an executable language.

To these users, the last four of which are designated collectively as the

"Project Group,” we add

(6)

client manager(s), who request or "fund” the modeling pro-
jects and who potentially employ the model and results for
decision support. This group includes both the "decision
maker” and the "model user” described in (Elam, et.al.
1980},

The six user groups represent differing levels of responsibility within the

phases of problem definition, model development, and decision support. Alt-

hough levels might be combined for a specific project, this degree of detail is

helpful in the explanation of MMS requirements.



2.1 Problem Definition Requirements

The model management objectives in the problem definition phases include
accurate problem formulation consister_tt with study objeétives, consideration of
" alternative probiem-solving approaches, and the preparation of the requisite
communication channels between the moaeling organization and the client man-
ager(s), see Table 1. An overriding concern is the credibility of the model
and results; thus, technical, organizational ("political”), and personal factors

cannot be ignored (Balci and Nance 1983).

2.2 Model Development Requirements

The objectives in the model development phases pertain to enhancement of
the expression of modeling concepts, improvement in the efficiency and effec-
. tiveness of the study, assistance in achieVing correctness through verification
and wvalidation procedﬁres, and expansion of the mode] applicability and utility
(Nance, et.al. 1981). Table 2 shows the derivation of model development
requirements of the MMS. Two requirements in Table 2 deserve some elabo-
ration:

(1) Tools that assist in assuring model correctness should be
employed early in the modei development phases. Diagnos-
tics shouid be applied before a programmed representation
$0 as to guide program design and test.

(2) . Modei documentation must be inseparable from model specifi-
cation, stratified in its description of model components
(reflecting the principle of information hiding (Parnas
1871,1972)), and descriptive of the modeling activity as well

as the product.

A broader treatment of model development requirements can be found in {Balci

1883).
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2.3 Decision Support Requirements

The objectives in the decision support phases center on the properties
that make a system useable over an extended period of time -- extensibility,
user-friendliness, and flexibility. To these three is added the objective of
supporting the incorporation of adaptivity or knowledge. in the decision sup-
port functions. The opinions and perceptions expressed by several authors
are reflected in the descr‘_iptions used in Table 3; namely, (Wil 1975}, (Elanﬁ,

et.al. 1980}, (Elam 1980), and {Sprague 1976).

3. Summary

Based on the model life cycle chronology, the divergence of views of
"model management” found in the literature is explained. The database man-
~agement and decision support research communi’zies ﬁave focused primarily on
the decision support phases; while the mathematical programming and simula-

tion research communities have dwelled on the model development phases.

Both views are needed, and both must be coupled with objectives arising from

the probiem definition phases in order to develop a comprehensive statement

of MMS requirements.

10
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