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ABSTRACT

The purpose of this thesis is to design and implement a
prototype graphical user interface for a structured model
management system. The program is written for an IBM PC
using Lattice-C, the Halo graphics package, and the ORACLE
DBMS. Design and implementation issues are discussed and
evaluated. Future enhancements to the program and a
recommendation as to the disposition of the prototype are

also included.

A brief explanation of structured modeling is presented.
An example problem is used to illustrate the various model
representations provided by structured modeling. The program
re—-creates the graphical representations of structured

modeling from a database representation.

The results of this thesis show that the prototype design
methodology is an excellent supplement to the tradition life-
cycle design methodology. The implications of this

observation are discussed in relationship to the prototype

yrAphical user interface program. LT
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I. INTRODUCTION

A. BACKGROUND

Model management systems (MMS) can be effective tools
within an organization’s information system. Top-level
management can use "what 1f" type models and corporate data

for strategic decision making. At lower levels, modeling may

aid in the optimization of an assembly process using produc-
tion data as inputs.

Management’s awareness of the need for MMS has increased
due to several factors currently facing the management
science and oéerations research (MS/OR) communities [Ref. 1:

pp. 547-549]:

| ]

- MS/OR activities are not highly productive.

“ - Managerial acceptance of model-based assistance is low.

- The micro-computer revolution provides the medium for
greater productivity and acceptance of MS/OR applica-
tions.

- The advances in database management systems (DBMS)
technology provide a suitable interface for the high data
demands of MS/OR software.

- The popularity of spreadsheet modeling proves that many
people have the potential to construct useful models
given the appropriate tool.

Professor A. M. Geoffrion of UCLA proposes structured
A modeling as a theoretical base from which these issues can be
addressed [Ref. 17.
1
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The main purpose of this thesis is to design and imple-
ment a prototype of a graphical user interface for an MMS
based on the principles of structured modeling. Of interest
also will be the refined requirements specifications based on

the implementation of the prototype system.

B. STRUCTURED MODELING

Structured modeling provides the theoretical foundation
for a new generation of MMS. Its goal is to increase the
productivity and acceptance of MS/OR applications through
greater usage and understanding by model practitioners and
non-practitioners alike. Structured modeling allows for the
inclusion of several desirable features necessary for an
effective MMS [Ref. 1: p. 550].

The conceptual framework of structured modeling provides
for the delineation of a wide range of MS/OR mathematical
models in a single representation format. The representation
of a structured model is independent of both its solution
operators and its required data. The representation format
lends itself to computer implementation with a graphical user
interface. The independence of a model and its data allows
the integration with current database technology. Finally,
structured modeling provides support for the complete life-

cycle of a model [Ref. 2: p. 1-2}.
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C. PROGRAMMING ENVIRONMENT

The hardware configuration for the implementation of this 3
system is an IBM-PC, or compatible, equipped with an enhanced ij
graphics adapter (EGA) card. The selection of this config- x%
uration, vice a mainframe configuration, is due to the ;?
widespread use of micro-computers throughout many organiza- |
tions. The higher resolution graphics attainable from the E‘
EGA card improves the aesthetic quality of the interface. E:

»
These requirements are not excessively restrictive and are ;\
y
comparable with limitations imposed by commercial software f
products. 5§

The programming environment for the system is the ,:

v
Lattice-C compiler along with the HALO graphics package and i:
the PC ORACLE DBMS. The Lattice~C compiler gives programming gﬂ
versatility not found in many micro-computer language £4
implementations. The HALO graphics package offers a complete §
library of high speed graphics routines designed for the ?f
Lattice-C compiler. The selection of the PC ORACLE DBMS is :1
two-fold: (1) its support of SQL (standard Query Language) 3&
and (2) compatibility with the Lattice-C compiler. Et

C
D. SUMMARY -

N

The purpose of this thesis is to implement a prototype EE
graphical user interface for an MMS based upon the principles :{
of structured modeling. The prototype will be used to 3:

\
evaluate the initial requirements specifications for the E'
interface. Errors and problems encountered in implementation N
N
5
&

L]
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L
2
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of the prototype will be reported. Refined system require- 5
ments will also be presented. Recommendations for further
research and implementation of the interface will be dis-
cussed. Specific emphasis will be placed on whether to
continue the system implementation from the prototype or
begin anew using conventional structured analysis and design
techniques.

Chapter II provides an overview of structured modeling.
The basic descriptions of a structured model’s elements,
representations, and underly.ng principles are discussed. An
example of a structured model is constructed to reinforce the

theoretical concepts.

ASEA
(3}

Chapter III presents the initial system requirements and

ey

e ry

proposed design of the graphical user interface prototype.
The data structures and critical modules are detailed in this
chapter.

Chapter IV discusses problems that were encountered
during the implementation of the prototype. A discussion of
refinements to the initial system requirements, reusability
of the prototype, and integration with other concurrent
efforts 1s included.

Chapter V concludes this thesis with a synopsis of the

results, observations and recommendations for future study.
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II. STRUCTURED MODELING ]
b,

A. INTRODUCTION ._
- Y
Two factors hinder the proliferation of management N
science and operations research (MS/OR) modeling: the low -
productivity of MS/OR activities and a lack of managerial FT
acceptance of modeling {Ref. 1: pp. 547-549]. The factors v

)

interrelate in that low productivity amplifies management’s )

t

reluctance to accept models. #_
. '

Low MS/OR productivity is inherent in the current W

)

modeling technology. Present modeling practices that :_

~

adversely affect MS/OR productivity are: ;'

l\.

- The redundancy of effort needed to place models in the if

¥ required representation formats. Typically, external )
requirements force the generation of three separate model )
representations. Communication with non-MS/OR personnel =J

. mandates a logical model representation. A mathematical .i
representation is required for analysis. Finally, "¢

computational complexity and data requirements neces- Ny

sitate a representation that is computer-executable. )

"

- The difficulty of interfacing logical and mathematical ::

model representations with available modeling software. ?.

Most MS/OR software products use no interface standards, I

accept only one type of model schema, and do not support ;'

the entire modeling life-cycle. )

One might eupect that the lack of managerial acceptance &

e

of models is due t¢ models not capturing reality adequately, 5;

however, this is not generally the case. The issue of é-

“ )

s
a’a

acceptance is largely a matter of management’s reluctance in

%5 % %

- becoming dependent on MS/OR personnel. Modeling
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practitioners do not convey the structure of models in
formats that are easy to comprehend. Therefore, the opera-
tion of the model is not understandable and results must be
blindly accepted. This situation is not conducive to proper
management.

The quest for better MS/OR productivity and acceptance,
however, is far from hopeless. Several recent technological
advances present opportunities for improvement in modeling
techniques and comprehension (Ref. 1: pp. 548-549}. The
increased availability and usage of micro~computers provides
an instrument to raise productivity. Accessing data through
database management systems allows use of a single data model
to serve many applications. Finally, the overwhelming
popular.ty of spreadsheet scoftware suggests greater accep-
tance and demand for models when represented in an unders-
tandable format.

A new generation of modeling systems must be developed
that resolve MS/OR and management conflicts and incorporate
the new technologies. To effectively address these issues,
the new systems should possess the following features
(Ref. 1: p. 549}:

1. A single model representation supporting logical views,
mathematical analysis, and computer e:ecution.

ro

A model representation sufficiently general to encom-
pass a majority of MS/OR models.

3. An interface that supports the entire modeling life-
cycle.
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4. Adaptability to a micro-computer version with a modern
user interface.

5. Integration with a database management system.

6. Instantaneous solutions in the tradition of spreadsheet
software.

Structured modeling lays the foundation for a modeling system
providing all of these features.

This chapter gives a basic description of structured
modeling. The thrust is to define terms and present the
underlying concepts of structured modeling. A simple
transportation model will be used to reinforce and supplement
the explanation of concepts. The intention of this chapter
is not to cover structured modeling in its entirety. Readers
requiring a comprehensive treatment of structured modeling
should consult the research of Geoffrion [Ref. 1: pp. 552-

563], {[Ref. 2: pp. 2-1 to 2-101].

B. PRINCIPLES OF STRUCTURED MODELING
Structured modeling is a unified modeling framework
based on acyclic, attributed graphs to represent cross-
references between elements of a model, and hierarchies to
represent levels of abstraction. [Ref. 3: p. 4]
A structured model consists of three basic structures: an
elemental structure, a generic structure, and a modular
structure.
A structured model is expressed in terms of five types of
elements: primitive entities, compound entities, attributes,

functions, and tests. Every structured model contains at

least one primitive entity. A primitive entity defines the

R Wall g NP L I e S e P
IRV PN Pgs ,’M:‘f?-‘.‘f Y L": Lot
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s existence of an object. Its description makes no reference ﬁ
to a value or magnitude. Compound entities refer to other 3
1%
entities, usually primitive entities, to define a new and Ly
unambiguous entity. Attribuies associate values and proper- - \
W\

ties with entity type elements. Variable attributes are X
extensions of attribute elements. The values of a variable Y
attribute are likely to change and come under the control of oy
a model solver. The value determination of a function i
element is in terms of a rule or equation. A test element is ;;
essentially a functior. element returning a boolean or 3
true/false value. i
A model’s elemental structure is defined as a non-empty, bt
finite, closed, acyclic collection of model elements [Ref. 3: bt
"

p. 4]. Every element within an elemental structure, except ;
primitive entities, has a calling sequence. An element calls ;'
.
another element if the second (or called) element is in the ;;
calling sequence of the first element. Calling sequences - é.
provide a means of capturing the cross-references between the -
elements of a model. An acyclic elemental structure will ;
have no element which directly or indirectly calls itself. i‘
Acyclicity prevents a model from being indeterminable Rl
(Ref. 2: p. 2-4]. The graphical representation of the ;
elemental structure contains all the model’s elements and ;}
accurately depicts each elements calling sequence. Fl
The generic structure of a model is an abstraction of the . E
elemental structure. Similar element types are grouped 1nto i
8 K ‘:
7

"

}
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genera (or partitions) based on generic similarity. Each
element belongs to only one genus (singular of genera).
Satisfaction of generic similarity occurs if all members of a
genus are of the same element type, have an equal number of
calling sequence segments, and make calls to the same genus.
The graphical representation of the generic structure, the
genus graph, shows each genus as a node and the relationships
between the genera as directed arcs between the appropriate
nodes.

The modular structure provides a tree-type representation
of a model which serves as an aggregation of the generic
structure. All terminal nodes in the structure are genera
and all non-terminal nodes are modules. Modules are meaning-
ful groupings of genera. Modular structures satisfy the
conditions of monotone ordering. Monotone ordering requires
that modular structures fit an indented list format with no
genera making forward references to any other genera. This
implies that a module is essentially a hierarchically ordered

list of genera.

é. EXAMPLE: THE TRANSPORTATION MODEL

The best way to gain an understanding of structured
modeling is with an example. This section uses the transpor-
tation model to re.nforce the definitions and concepts of
structured modeling. The analysis of the transportation model
begins with identification of the elements in the model. The

elemental, generic, and modular structures will be derived
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and illustrated. 1In addition, reachability and adjacency
matrices are introduced as adjuncts to structured modeling.
An alternative to the graphical representation of structured
models is also presented.

The transportation model used for this example was first
used by Geoffrion [Ref. 2: pp. 2-70 to 2-71]. The problem
statement is as follows:

- Two production plants, one in Dallas and the other in

Chicago, must supply goods to customers in Pittsburgh,

Atlanta, and Cleveland.

- The production capacities of the Dallas and Chicago
plants are 20,000 and 42,000 units, respectively.

- The number of units required by the customers in Pitts-
burgh, Atlanta, and Cleveland are 25,000, 15,000, and
22,000, respectively.

- The Dallas plant may supply each of the three cities,
whereas, the Chicago plant may only supply the customers
in Pittsburgh and Cleveland.

- The cost of shipping from Dallas to Pittsburgh is
$23.50/unit; Dallas to Atlanta, $17.95/unit; Dallas to
Cleveland, $32.45/unit; Chicago to Pittsburgh,
$7.60/unit; Chicago to Cleveland, $25.75/unit.

The purpose is to determine a solution that provides all the
customers with the necessary amount of goods at the lowest
possible total cost.

The easiest elements in a model to define are primitive
entities. The following list shows that there are five
primitive entities in the transportation model:

- There exists a production plant in Dallas (DAL).

- There exists a production plant in Chicago (CHI).

- There exists a customer in Pittsburgh (PITT).
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- There exists

- There exists
Notice there are
entities.

abbreviations in

Their existence is all that 1s necessary.

a customer in Atlanta (ATL).
a customer in Cleveland (CLE).

no values associated with the primitive

The

parentheses will be used to shorten future

references in the definitions of new elements.

There are five other elements in the problem that have no

value and are existential in nature.

elements reference primitive entities,

However, since these

they must be of the

ettt LA ~'0le X

compound entity type. The definition of compound entities is
as follows:

- There exists a shipping link from DAL to PITT (LINKI1).

- There exists a shipping link from DAL to ATL (LINK2).

- There exists a shipping link from DAL to CLE (LINK3).

- There exists a shipping link from CHI to PITT (LINK4).

- There exists a shipping link from CHI to CLE (LINKS5).
Attribute elements associate values with entity type

elements. There are numerous attribute elements in the
transportation model:

- The production capacity of DAL is 20,000 units (SUPPLY1).
The production capacity of CHI 1s 42,000 units (SUPPLYZ2).
PITT requires 25,000 units (DEMAND1) .

ATIL requires 15,000 units (DEMAND2).
CLE requires 22,000 units (DEMAND3).
The cost of using LINK1 i3 $23.50/unit (RATEl).
The cost of using LINK2 is $17.75/unit (RATE2).
11
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- The cost of using LINK3 is $32.45/unit (RATE3).

- The cost of using LINK4 is $7.60/unit (RATEA4).

- »

- The cost of using LINKS5 is $25.75/unit (RATES). :
The transportation model also has a set of variable i )

attributes. Each shipping link has an associated amount of

T ke e -

flow (in number of units). The model solver determines the

oo

flow during model execution, therefore, flow is a variable (

attribute. The listing of variable attributes for shipping

-

flow are:

«
i’ o

There is a shipping flow over LINK1 (FLOW1).

s
I

There is a shipping flow over LINK2 (FLOW2). o
- There is a shipping flow over LINK3 (FLOW3).
- There is a shipping flow over LINK4 (FLOW4).
4 - There 1s a shipping flow over LINK5 (FLOWS).
A function element exists in the transportation model

which is the total cost of using each of the shipping links. y!

Total cost is necessarily a function element due to its ~ 3

computational nature. There are also test elements to ensure

that flows remain within the limits imposed by plant capac- b

T N

ities and customer demands. Exzpressed in terms of the

problem, the test and function elements are:

- There is a total cost (TOT_COST) which is the sum of the
products of the individual flows and corresponding rates. k

R A R B

N - The flow leaving DAL cannot exceed SUPPLY1 (T:SUPPLY1).

oS

- The flow leaving CHI cannot exceed SUPPLY2 (T:SUPPLYZ2).
A - The flow arriving at PITT must equal DEMAND1 (T:DEMANDI1). b

; ~ The flow arriving at ATL must equal DEMANDZ2 (T:DEMAND2). N

12
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- The flow arriving at CLE must equal DEMAND3 (T:DEMAND3) .

oy

The construction of the elemental structure involves

x
-

transcribing the calling sequences for each element into a

-

graphical format. The graphical representation of an element .
may be a word, abbreviation, shape, or anything that is .

unic ely identifiable. The representation of the calling

sequences are directed line segments. The base of the line Y
segment identifies the called element and the head points to .f
i}

the calling element. Figure 2.1 shows the elemental struc- )
¢
ture for the transportation model. The depiction of rela- ﬁ
Iy,
tionships between elements are complete and accurate. 'f
N

A generic model structure is a generalization of the )

-
elemental structure. The elements in a model are grouped by &j
¥
generic similarity. For example, a genus called FLOW is ey
<l

. . _ e

v formed by grouping all the variable attribute elements )
o
describing the flow of goods across shipping links. Each of 3,
§

& “‘
these elements have the same number of calling sequence 3
nd

segments to the same genus of elements. Thus, the grouping )
: =
of FLOWl, FLOW2, FLOW3, FLOW4, and FLOWS satisfies generic )
A9
similarity requirements and forms a genus. Figure 2.2 shows :‘
)

the groupings of all the transportation model elements into )
their respective genera. The generic structure for the %
transportation model is shown as the genus graph in Figure %
0

2.3. The T:GENUS NAME is a convention for naming test )
. N
o~

genera. "
A
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Modules are the basis of module structures. A module is
a meaningful grouping of genera. The definition of a
meaningful grouping is a function of the use of the modular
structure. The only restriction on a modular structure is
that it satisfies the requirement of monotone ordering.
Figure 2.4 presents two acceptable representations of a
modular structure, a tree structure and a modular outline.
The ampersand preceding each module name is a structured
modeling labeling convention. Note that all non-terminal
nodes are modules, all terminal nodes are genera, and the
monotone ordering is preserved.

Structured modeling offers other miscellaneous constructs
that are useful in the formulation and analysis of models. A
view of a model is simply a generic structure with a module
replacing some of its corresponding genera. This construct
can be useful in effective communication of models to non-
MS/OR personnel by suppressing unnecessary details. Reach-
ability and adjacency matrices provide a quick reference for
determining the inter-relationships between model elements.
Figures 2.5 and 2.6 show the adjacency and reachability
matrices for the transportation model’s generic structure.
The convention for reading the matrices is that the column 1is
the calling element and the row is the called element. A "1"
in an adjacency matri: means that the element in that row is

in the calling sequence of the column element. In a

17
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reachability matrix, a "1" means that the row and column o,

elements are related, with the column element being higher in j
the hierarchy. This alternative model conceptualization is a

familiar software engineering analysis tool. I

Module and genus paragraphs supplement the graphical W,

representation of structured models. The paragraphs provide

more detailed interpretations than permitted graphically. t‘
Paragraphs are arranged and indented identically to modular :
outlines. A model schema is a complete collection of >
paragraphs for an entire model. 5

Structured modeling provides a highly developed syntax (¥

for genus and module paragraphs. The paragraph notation

presents the model information in a compact form suitable for

L NI S

computer parsing. In Figure 2.7, the generalized paragraph

notations are shown. Figure 2.8 is the schema for the

transportation model. The following comments explain the fg

notational conventions: )
- The module and genus names appear exactly as they do in

the module structure. Both module and genus names should o
be short, descriptive, and upper case.

- The "i" indicates that there is a symbolic genus index.
The symbolic genus index is a referencing system to
identify elements within a genus. For example, if DAL 1is
PLANTl and CLE 1s CUST,, then, LINK13 refers to the
transportation link between DAL and CLE.

_«

»y

l

- The genus type is identified by an appropriate abbrevia-
tion within a set of slashes.

N SRR I Y

- The inde: set statement defines the population of
elements associated with the genus. "

P o
o)
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MODULE &MODNAME Interpretation S
PRIMITIVE ENTITY GNAMEi /pe/ <Index Set Statement> W
Interpretation iy
COMPOUND ENTITY GNAME <i> (Generic Calling Sequence) .‘
/ce/ <Index Set Statement> W
Interpretation N
O

ATTRIBUTE GNAME <i> (Generic Calling Sequence) \
/a or va/ <Index Set Statement> oy

<Generic Range> Interpretation - 9

SN
FUNCTION OR TEST GNAME <i> (Generic Calling Sequence) ﬁﬁ
/f or t/ <Index Set Statement> ﬁ\
Generic Rule; Intepretation g,

P
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&SDATA There are some SOURCE DATA Concerning sources of
supply.

PLANTi /pe/ There is a list of PLANTS.

SUP (PLANTi) /a/ {PLANT} :R+ Every PLANT has a SUPPLY
CAPACITY Measured in units.

&CDATA There are some CUSTOMER DATA.

CUSTj /pe/ There is a list of CUSTOMERS.

DEM(CUSTJj) /a/ {CUST} :R+ Every CUSTOMER has a non-
negative DEMAND measured in units.

&TDATA There are some TRANSPORTATION DATA.

LINK(PLANTi, CUSTJ) /ce/ Select {PLANT} x {CUST} covering
{PLANT}, {CUST} There are some transportation LINKS from
PLANTS to CUSTOMERS. There must be one LINK incident to
each PLANT, and at least one LINK incident to each
CUSTOMER.

FLOW(LINKij) /va/ {LINK} :R+ There can be a non-negative
transportation FLOW (in units) over each LINK.

RATE (LINKij) /a/ {LINK} Every LINK has a TRANSPORTATION
COST RATE for use in $/unit.

TOTAL COST(COST, FLOW) /f/ 1; SUMij (COSTij * FLOWij) There
is a TOTAL COST associated with all flows.

T:SUP (FLOWi, SUPi) ,t/ {PLANT}; SUMj (FLOWij) < SUPi Is the
total FLOW leaving a PLANY less than or equal to its SUPPLY
CAPACITY? This is called the SUPPLY TEST.

T:DEM (FLOWJj, DEM3j) /T/ (CUST}; SUMi (FLOWij) = DEMj Is the
total FLOW arriving at a CUSTOMER e:iactly equal to its
DEMAND? This is called the DEMAND TEST.

Figure 2.8 Paragraph Schema: Transportation Model
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- The generic calling sequence is the calling sequence of
the genus. Notice that the genus symbolic indices are
used here.

- The generic range provides the range of values associ-
ated with a genus element. This is similar to declara-
tion statements in programming languages.

- The generic rule is the equation or rule used to assigu a
value to function and test genera.

- The interpretation is a narrative description of the
genus or module. This is similar to a comment in
programming code.
D. SUMMARY

Structured modeling provides the basis for a new genera-
tion, general purpose model management system. The model
representations afforded by structured modeling provide views
that are comprehensible to management, support the detail
required by MS/OR personnel, and are computer executable.
The graphical orientation of structured modeling allows for a
computer-based implementation of a model management system
with a state of the art user interface. The remainder of
this thesis is concerned with the design of such an inter-

face.
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IITI. SYSTEM DESIGN

A. INTRODUCTION

Structured modeling establishes the foundation for a
computer-based version of an operationally and functionally
complete model management system (MMS). This thesis centers
around the design and implementation of a graphical user
interface to support this MMS. The prototyping development
methodology was deemed the most practical for undertaking
this project. The reasons behind this decision are presented
in this chapter. System requirements specifications for the
interface are also delineated and discussed. Finally, the

overall system design is presented.

B. DEVELOPMENT METHODOLOGY

A prime consideration in the design and implementaticn of
any computer-based system is the selection of an appropriate
development methodology. Until recently, the traditional
life-cycle (TLC) approach to system development was the only
widely acceptable option. The deterrent to using the TLC
approach is that adequate requirements specifications must be
defined prior to proceeding with design and implementation.
The difficulty here is that completely accurate requirements
specifications are non-existent [Ref. 4: p. 57]. Therefore,

determining when a specification adequately meets a user’s
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requirement is often a function of the deadline date for the
TLC’s analysis phase. This leads to the development of
systems that are not what the user wanted nor what the
analyst intended them to be.

The demand for large, high quality software systems
has increased to the point where a jump in software
technology is needed. Rapid prototyping is one of the most
promising methods proposed for solving this problem.

[Ref. 5: p. 1]
Prototyping, in its purest form, is the development of a
disposable version of the intended system used to supplement
the analysis phase of the TLC. However, prototype systems
that are well contreclled and documented can shorten the TLC
methodology by allowing a jump from the analysis phase
directly into system implementation [Ref. 6: p. 252]. The
issue, in this thesis, is not whether prototyping should or
should not replace the TLC, but, that prototyping is a
viable means of systems analysis that helps solidify the
specification of a user’s requirements.

The selection of an appropriate methodology is best made
prior to the beginning of a project. An unspecified approach
to system development can only lead to confusion and the
project’s eventual death. This decision is based on the
characteristics of the proposed system. Systems with known
costs and benefits and requiring little or no innovation are

well-suited for the TLC methodology. The prototyping

approach is most effective for systems containing new
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technology, innovative software design, and uncertainty as to ’

.~ §
the operational benefits and costs [Ref. 6: p. 256], ;i

=)

The prototype methodology was adopted for use in this »
. )
thesis for several reasons. The discipline of structured :,

N

‘|.l
modeling is currently more theoretical than practical. As :$

) A
such, user requirements for the interface are very general-

Ty
ized in nature. A prototype system would allow the formula- "~
tion of a more exact set of requirements specifications. CE

QA
Another factor in the selection of the prototype approach was »

ik
to prove the feasibility of implementing the system in a ﬁ

4

‘ 4
micro-computer environment. The main concern here was that a !

‘l
micro-computer would not possess the speed or memory neces- )
~
oy
sary to execute the system in real-time. The final factor P
¥
was to show that a model management system could be effec- oy
4
R tively integrated with a database management system at the 7
™~
i ; -
rudimentary level of model entry and review. "
J
h
C. REQUIREMENTS SPECIFICATION by
>
The initial phase in the prototyping methodology is to ?‘
specify the system requirements. Unlike the TLC methodology, Eﬂ

)
the prototyping methodology allows the definition of broad (N

1)
requirements specifications. The specifications become more ;c
refined as the prototype is constructed. This section !H
presents the requirements considered essential for a graphi- L:
cal user interface to a model management system based on 3?

~
structured modeling. :'
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The first requirement is that the system support real-

time, graphical creation of structured models. The interface
must provide a workspace for constructing both generic and
modular structures. The workspace should allow assignment of
meaningful names or labels to the various model elements.
Relationships between the model elements will be captured
with directed line segments (or arcs) as stipulated in the
concepts of structured modeling.

The system should verify that the structure is allowable
under the constraints imposed by structured modeling. 1If a
generic structure is being created, the system ought to
ensure that the model is acyclic and that there are no
improper calling sequences (i.e., a primitive entity calling
an attribute or a variable attribute calling a function). In
a modular structure, the system needs to detect non-terminal
model elements that are not modules and terminal model
elements that are not genera. The intent is to verify
adherence to the rules of structured modeling, not the
accuracy or completeness of a model.

The interface needs to allow the entrance of generic and
module paragraph data. This portion of the interface must

only request information from the user that cannot be

extrapolated from the graphical representation. Paragraph

leor the remainder of this thesis, the phrass "model
elements" will refer to genera and modules. The phrase
"elements of a model"™ will connote the element definition
given in the structured modeling chapter.

(R W W L D L oY L) L LN 