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ABSTRACT

Organizations involved in the development, maintenance and use of combat

simulation models have a need for computer-aided model management tools.

Structured modeling (SM), a new modeling paradigm developed by Prof. Geoffrion of

UCLA, was designed to provide such tools in'support of mathematical programming

models. This thesis examines the effectiveness of structured modeling when applied to

discrete event simulation by attempting to represent an existing combat simulation

model using S.M. There are three main products of this work.

First, a demonstration of the benefits which accrue from representing a

simulation model using SM. Second, a review of the limitations of the structured

modeling methodology for discrete event simulation. Third, recommendations for

overcoming these problems.
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I. INTRODUCTION

A. OVERVIEW
Any organization involved in the development, use and maintenance of large

software programs has a requirement for a formal computer-aided management system.

This is especially true in the area of combat simulation models. The development of a

combat simulation model management system for the US Army Training and Doctrine

Command Systems Analysis Activity (TRASANA) is currently being investigated by

Prof. Daniel R. Dolk of the Naval Postgraduate School. One aspect of this work

involves finding a suitable representation for the simulation models which can itself

then be stored in the model management system. Choosing an appropriate

representation is difficult due to the many requirements which model management

imposes. Prof A. M. Geoffrion of UCLA has developed a framework called structured

modeling (SM) [Ref 11, which seems to provide many of the required capabilities. This
thesis will examine the applicability of the structured modeling concept to a combat

simulation model environment.

If SM proves to be an adequate tool to provide the logical representation of a
combat simulation model, then it would be reasonable to attempt the construction of a
combat simulation model management system based on SM. There are many reasons

to believe such an implementation would be successful.

1. SM provides a graphicai interface for the users to interact with.
2. The resultinz loeical representation is capable of being represented in a

database marfagerfient system.

3. The precise syntax and rigid structure of SM should facilitate a computeri imiplementatioh.

4. SM provides for natural language interpretations to assist the user in
understanding the model.

5. A complete computer-based environment for SM. as described in Chapter 3 of
Geoffrions monograph, could provide all of these features [RcL 1: Chapter 31.

The obvious first step is to check the applicability of' SM to combat simulation
models, to define the pros and cons of such an application, and to document them in a
usable form. The pros seem obvious; if SM works then the features of SM mentioned

above can be incorporated into the model management system. The focus should then

be on identifviniz and documenting the limitations of SNf in this emironnient ,o

!0
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designers of a model management system can assess the merit of constructing such a

system based on SM.

B. PURPOSE OF THE THESIS

1. Methodology

The purpose of this thesis is to investigate the suitability of using the
structured modeling concept, a new conceptual framework for modeling proposed by

Prof. A. M. Geoffrion of UCLA, to represent and document combat simulation

models. The applicability of structured modeling will be tested by taking an existing

combat simulation model, the ONEC Model provided by TRASANA, and attempting
to represent it in the framework of structured modeling.

No attempt has been made to establish a pass,,fail criteria for judging the

suitability of SM in the construction of a combat simulation model management
system. This thesis only attempts to apply SM to the ONEC Model, provide the
resulting SM products, and comment on the strengths and weaknesses of SM in this

domain. The assessment of the suitability of SM as a basis for the construction of a

model management system is left to the designers of that system.
To be more specific. we did not attempt to represent the current ONEC model

as implemented in the ONEC program but rather the original documentation of the

model. No attempt was made to review the actual program in operation or the
program code. This provided a firm, although outdated, base line from which to work.%,

The fact that the final product represents an outdated abstraction of the program and
not the current version of' the code does not affect the conclusions reached by this

thesis.

Several times, in the process of documenting the simulation model. personne

from TRASANA were requested to review intermediate results and provide conunents.

This provided a forum to clear up ambiguity in the documentation, provide educat:on
on the Army structure inherent in the model, and generate feedback. Due to the

difference between the date of the documentation. Oct. 197S lRet'. 21. and the t.urrcnt
state )I the actual code e:c'ht --cars :ater, care xas takcn to crare The d .urt c:v,.t.

provided was the only source of n1formation represented in the structured modci

2. Structure of Thesis
The outline of the thesis is as Soilows ec.tion 2 de,.rlhe, the ()\I ( ':'

' ". ~Simuiati<ri \lI dci prv,' :d.cd ~:' I R\\'\",\. Sc :',, : r,.c', , :",,." ,

.,..'
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concepts of structured modeling. Section 4 presents the structured modeling

representation of the ONEC Combat Simulation Model. Section 5 discusses the
weaknesses of SM in the discrete event simulation domain. Section 6 summarizes the

results of this effort. and contains recommendations for further study. Appendices A,

B and C contain the documentation of the ONEC structured model.

3. External References

Although this thesis deals with the concept of structured modeling in great

detail it is not intended to be a complete reference on the subject. Readers desiring

further information are encouraged to review Geoffirion's and other related work

directly. Introductory tutorials [Ref. 1,3], detailed examples [Ref. 4,5,61, and

comparisons to other modeling approaches [Ref. 7], are all available.

C. SUMMARY

The purpose of this thesis is to test the applicability of the SM concept in the
arena of discrete event simulation models. The direct outputs of the thesis are an
evaluation of the strengths and weaknesses of such an application and the

representation of the Geographical and Movement Representation Sections of' the

GNEC Model in SM. An indirect by-product of the thesis is a section containing
descriptions of problems encountered in applying SM and the chosen solutions. This

may prove helpful to anyone attempting to use SM on similar problems.

There is an implicit assumption that if combat simulation models can be
represented in SM, understanding of these models will increase from use of the
graphical representations of the underlying structures. This may be a valid assumption.

and indeed feedback from TR.ASANA personnel is very positive. However, testing this

assumption is beyond our scope and it is left to the reader to determine if this form of

abstraction is a useful tool to understand the model.

In fairness to Prof Geofrrion and SM it should be admitted that SM was not
developed specifically to model discrete event simulation systems:

The main concern of discrete event simulation is mimicking the time dependent
behavior of some target system.

Structured Modeling, by contrast, is mainly concerned with representing
the pertinent essence of the sstem itself, and prefers to regard generating the
time dependent behavior as a non-modeling task best left to a solver. [Ref. 7: pg.
141

12



• . .one might ask whether structured modeling can support discrete event
simulation.

One possible answer is to prepare a static structured model of the system
to be simulated and to compose a (probably procedural) control program that
edits the elemental detail tables according to the rules governing the systems
dvnamic behavior. .. No such solver has vet been built, and it is not obvious
whether the idea is practical. [Ref. 7: pg. 17r

Nevertheless, the objectives of SM are ambitious with respect to its applicability
to a wide range of models. It is reasonable therefore to examine how SM works with

models for which it was not originally intended. Results of this kind of investigation

may either open new areas of application for SM or disclose limitations of the
approach or both. Regardless of the outcome, the objective is to provide additional

insight into SM and the domains where it most fruitfully may be applied.

It is assumed that the reader is conversant in the fields of elementary directed
graph theory, set theory, relational algebra, database theory and software engineering.

A basic knowledge of these areas will make the structured modeling concept eaiser to
comprehend and assist the reader in understanding the application of the SM concept

to a large so'tware program.

13



II. AN INTRODUCTION TO MF1IjDEC COMBAT SIMULATION

The ONEC Combat Simulation Model is a small part of the Command, Control,
Communications, and Combat Effectiveness (FOURCE) Combat Simulation Model.

A brief description of the FOURCE model will be provided to show the framework of
the ONEC model. Then a more detailed explanation of ONEC will be given.

A. FOURCE
FOURCE is a computerized simulation analysis tool which simulates a limited

land war scenario in a standard European environment. Two sides Red, always the
attacking force, and Blue , always the defending force, are modeled. This model runs

without player interaction and its primary purpose is to examine command and control
(C2) issues such as the impact on combat of alternative C2 or intelligence systems.

C2 of the Blue forces is exercised from the division to the battalion level. C2 for
the Red forces extends from the army to the division level. The resolution for the C2 is

at the level of an individual message, radio, computer terminal, or sensor, and ly
weapon type. within the various units. This resolution provides a good. look at the
effectiveness of alternative C2 and intelligence systems in terms of combat information

and intelligence flow.

FOURCE deals with issues such as command organization, message generation.

communication networks, tactical decision rules, air defense, battlefield environment.

unit movement, target acquisition and direct fire engagements. ONEC is a subset of
FOURCE which was extracted from the total model and modified so that it could
function on its own. It deals with the battlefield environment, unit movement, target

acquisition and direct fire engagements. ONEC does not perform the same functions
as FOURCE, nor does it operate at the same level of detail or resolution. [Ref. 8]

B. ONEC
The ONEC model was developed by extracting the "Fight the Battle" functional

area from the FOURCE model and making the necessary software changes required for

this subsection to function on its own. This was done to aid software debug, checkout,
authentication, and to assist in data sensitivity analysis. ONEC is much smaller than
FOL .CE because it lacks most of the functions in the total model. However, it is a

14



subset of the model and therefore exhibits the same degree of complexity as the overall

model. This qualifies ONEC as a suitable subject for testing structured modeling since

there is enough complexity to provide a chaUenging test yet ONEC is still small enough

to be manageable.

ONEC has four major functions: geographical description, representation of

movement, representation of combat support, and representation of direct-fire

engagements. The original intent of this thesis was to model the entire ONEC program

using SM. However, this goal was not reached and only the. first two functions,

geographical description and representation of movement, were modeled. Accordingly,

these are the only two functions covered in the following sections.

1. Geographical Description

The total battlefield in FOURCE is a rectangle 35km by 138km. It is

subdivided into grid cells which measure 1km by 3kn. Each grid cell is defined in

terms of its location, relief, vegetation, roads in the axial direction and roads in the

lateral direction. These features are considered to be consistent over the entire I bv

3km grid cell. These are the fixed features that describe each grid cell. There are also

variable features.

The variable features of each grid cell deal with the locations of items on that

grid cell. These items include the various Red and Blue units and smaller components

which are also given specific locations. These include command posts, sensors and

electronic warfare systems. It is easy to see that these locations are subject to change

as the simulation progresses.

2. Representation of Movement

Motion in the model is calculated for various entities based on features of
those entities and the geography traversed. It is necessary to define the units involved

and the attributes of those units before describing the procedural logic used to

calculate the motion information. The geographical features were described in the last

section. The other entities and their related features will be described in the next

sections. Finally the procedural logic which actually combines all of this information

to calculate motion will be described.

The units in the game can be divided into two classes. The first class deals

with the large organizations such as a battalion or a division. These will be called large

units. The second class deals with small items which are associated with the large

units. This group can also be divided into two sections. The first is weapons which

15



are grouped by weapon type. The second section deals with items like the command
posts and sensors. This section WIU be called small units.

The small items, both weapons and small units, are always associated with a
large unit for destination, direction and speed information. They are defined by their

type. kill range for weapons. and location for small units. The weapons are grouped by
weapon type and their location is always considered to be a uniform distribution across

the forward section of the host large unit. The large units are defined by their location
on a grid cell, size (division, regiment. . .), echelon (Ist, 2nd, reserve), type (artillery,
maneuver), status (orders, moving, engaged in fight...) and associated small items
(weapons and small units).

A major difference between FOURCE and ONEC is how each unit receives its
orders. Orders give each unit a mission and a destination. In FOURCE the entire
process of construction and transmitting the orders is a major facet of the program. In
ONEC orders are provided to each unit at the battalion level with no negative impact
due to command and control issues. The construction and delivery of these orders is

not an item of interest to ONEC. ( This information is a byproduct of a meeting with
TRASANA personnel.)

All of the important entities involved in the movement representation have
now been covered. The remaining information deals with the procedural logic of how

these entities relate to derive the required motion information for each unit.
There are two items which must be calculated for each unit that is to be

placed in motion: direction and speed. Since the direction of travel is required for the
speed calculations it ill be described first.

In general, direction is a flirly easy calculation to make. Each unit has a
current position and a set of orders which provide a destination. Both the destination
and the current location are expressed as a set of (X,Y) coordinate pairs. All travel is
considered to be in straight lines without reguard to the roads or the terrain, so the
direction calculation is usually just a straight line from the current position to the
destination. This is true for the Blue forces and some of the Red forces. It is not true

for the Red artillery or 1st echelon Red maneuver battalions. These two cases are
handled differently, with the assumption that they will move due west.

Overall the direction calculation is simple. The type of the unit must be taken

into account and then one of two direction calculations will be performed. Only three
pieces of' information, location, destination and unit type, are required. A more

16
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challenging decision must be made to decide if a direction calculation must be

performed. [Ref. 2: pg. 5-6 and 5-7]

There is a complicated set of rules to determine if a unit requires a direction

calculation. If the unit is not moving and its location does not equal its destination

then a direction calculation is required. There are other rules which deal with the type

of unit, its echelon, and its mission. In all there are eight pieces of information which

may be required to determidne if a specific unit requires a direction calculation.

[Ref. 2: pg. 5-71

After the direction calculation is made for a unit, the speed calculations may

be performed. Speed calculations are based on the maximum speed possible for a unit

and a series of factors which are used to decrease that maximum speed. The maximum

speed for any unit is 25 kin,hr in friendly territory and 15 km' hr in enemy territory.

All other factors will reduce this speed until a final allowed speed is determined For that

unit. [Ref. 2: pg. 5-7]

These speed factors take into account the relief and vegetation in a cell. the

roads available, the unit's direction of travel, the combat situation, the mission of' the

unit and the type of the unit. These factors determine the maximum allowed speed for

the unit. This speed is then considered in terfns of the unit's location with respect to

other units, both enemy and frien~dly, and finally a speed is assigned to the unit.

Virtually every aspect of the units and the grid cells are taken into account to make the

direction and speed calculations.

As with everything there are exceptions to these rules. Here it is important to

note that not all units have direction and speed calculations. In particular Red artillery

battalions get their speed from Red maneuver battalions which they are paired with.

This function of pairing the units is used as an example in Chapter V and will be

explained in detail there.

17



111. AN INTRODUCTION TO STRUCTURED MODELING

A. BACKGROUND

Since the late 70's Prof. A. M. Geoffrion, of UCLA, has been working on a
"general theory of aggregation" for the modeling domain. His work led him to believe
that this theory could be realized if models from different disciplines could be

represented in a "common format". In the early 80's the development and refinement
of this "common format" evolved into what is now called "structured modeling" (SM).

SM has taken on a life of its own independent of the quest for a general theory
of aggregation. Accordingly, it has its own goals arid objectives, a brief discussion of

which follows.

I. Transform Modeling from an Art to a Science
It is generally accepted that there is a large gap between the knowledge

domains of model builders and model users, and even between builders of different

models which may have to be integrated. This is due to lack of ar. accepted
",:. engineering process by modelers, a problem also experienced in software engineering

where the loss of essential information in the documentation process leads to the
inability of the users to grasp the detail presented in the model's documentation. SM

attempts to reduce these problems by:

1. Providing a framework and formal syntax for models based on five elementk types and acyclic, attributed graphs.
2. Enforcing a modular design and encouraging the use of stepwise refinement.
3. Easine communications between the builders and users o' the models by

proviing fbr the presentation of' information at various levels of' detail which
can be tailored to particular audiences.

32. Provide for a Computer-based Modeling Capability

As computer literacy spreads and computing capacity becomes cheaper and

more accessible, a trend to more user-developed models will occur. One of the long-

term goals of SM is to develop a computer-based modeling capability which will allow

a user to conceive an idea and implement the required model as needs dictate. An

obvious example of this postulated trend can be seen in the popularity of spreadsheets

hosted on personal computers. Users are willing and able to create their own models if

given the correct tools and environment.
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3. Integrate Database Management and MS/OR Systems

Current technology in database management systems provides an extensive

array of tools to perform any required data manipulations. However, this technology

is very poor in the handling of complex mathematical and logical functions. The

MS, OR disciplines works very well with the math and logic functions but are weak in

the data manipulation area. With the advent of a generalized computer-based

modeling capability, the best features of both of these two fields will be integrated into

one system.

4. Foundation for the Theory of Aggregation

The search for a general theory of aggregation motivated the effort to find a

common format" for model representation. which then became the concept of SM.

The work on SM will eventually lead back to building a general theory of aggregation.

with the-knowledge that a "common format" does indeed exist.

B. FUNDAMENTALS OF STRUCTURED MODELING

SM is strongly-typed in that all models are composed of basic elements, each of

which must be one, and only one of five basic element types: primitive entity.

compound entity, attribute. function, and test. The 'elationships between the elements

in the model are then represented in a f'ramework of acyclic. attributed graphs. -These
relationship structures are shown at three different levels of detail from the most

detailed level to the most abstract: elemental structure. generic structure and modular

structure.

A Structured Model consists of a modular structure coupled with a generic

structure and the associated elemental detail tables for each of the genera in the generic
structure. This provides all of the tools necessary to comprehend the relationships o1'
the basic elements in the original model. It does not however, provide the tools or

logic required to run and evaluate the model! The evaluation function is responsible for

determining the values of the variable attribute, function and test elements and is

accomplished by a separate piece of software called the solver.

In addition to these basic features, SM offers various other facilities sulch as:
graphical representation of the structures, different ways to tailor the presentation of'

the modular structure called views, and a capability to examine the interrelationships

between the elements using a reachability matrix. These other capabilities are possible

due to a complex indexing system which fully documents the relationships between the

elements in the various structures.
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Geoffrion explains all of these facets of SM in very precise detail in his
monograph. Unfortunately this rigorous explanation is not always easy to understand.

In order to provide the reader a more palatable explanation some of the more

important aspects of SM will be addressed in considerably less rigorous detail in the
following sections. This is done only to aid the reader in understanding SM. Any

specific questions not addressed here should be resolved using Geoffrion's works.

In the following Sections examples from the ONEC Structured Model will be
used to illustrate various aspects of structured modeling. All of these examples are

taken from Appendix A of this thesis. It may be helpful to refer to this appendix to

see the overall context from which these examples are drawn.

1. The Five Element Types

Although there are five element types in SM it may help to think of these five
elements in only two groups: things and information about things. The first two

element types, primitive and compound entities, are the actual physical items in the

model. They are called entities. The remaining three elements, attributes (and variable

attributes), functions and test elements, serve to describe these first two entities. They
can be considered as attributes of the ttjings in the model. This perspective may make

the following information easier to understand.

a. Primitive Entity

Primitive entities are the basic components of any model and each model
must have at least one. The primitive entities form the roots of the generic structure

and all other elemental types evolve from or relate to them. They have no

mathematical definition and exist only as existential assertions [Ref. 1: pg. 2-21. This is
somewhat confusing because, although they do not have a mathematical definition, the
primitive entities like attributes can and often do have values. These values, if required,

are shown in the elemental detail tables [Ref. 1: pg. 2-451. An example of a primitive
entity in the ONEC Model would be the SMALL UNITS. The elemental detail table

for the primitive entity SMALLUNITS would show a distinct identifier for each small

unit in this instantiation of the ONEC model. A small section of this elemental detail
table is in Figure 3.1. The data has been made up and does not reflect the actual data

in the ONEC model.

b. Compound Entity
Compound entities always reference previously defined entities, either

primitive entities or other compound entities. They are used to show relationships and
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SMALLUNIT

SMALL UNIT Interpretation
cmd post' I A command post.
radar I A search radar.
radar 2 A height finder radar.

Figure 3.1 SMALLUNIT Elemental Detail Table.

associations between these already defined entities or to define a new entity. They are

the counterparts of intersection tiles in relational database theory. An example of a

compound entity in ONEC would be the ASSUNIT. This shows the relationship that

exists between the primitive entities SMALLUNITS and LARGE UNITS, reflecting

that each large unit may have one or more small units. The elemental detail table lor

the compound entity SMALLUNIT would show the identifier for a SMALL_UNIT

paired with the identifier for a LARGEUNIT. A section of this elemental detail table

is, shown in Figure 3.2.

ASS UNIT

LARGE UNIT, SMALL UNIT
unit 1 - cmd post I
unit I radar I
unit 2 radar 2

Figure 3.2 ASSUNIT Elemental Detail Table.

c. Attributes

Attributes are used to associate certain properties and specific values of

these properties with certain entities. Attributes can be either fixed or variable. A fLxed

attribute is one where the value will not change during the evaluation of' the model.

An example would be the attribute LOC GRID CELL for the primitive entity

GRIDCELL. It should be obvious that the location of the grid cell will not change

during the evaluation process. A variable attribute is one whose value is expected to

change in the evaluation of the model. An example would be the variable attribute
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LOCLARGEUNIT for the primitive entity LARGE-UNIT. It is clear here that the

location of the units in the model is expected to change in the evaluation of the model.

The attribute values, for both the fixed and variable attributes are also

shown in the elemental detail tables of the primitive and compound entities which they

describe. For example the elemental detail table of the primitive entity SMALL-UNIT

would show the values for the attributes LOCSMALL UNIT and

SMALLUNITTYPE associated with that specific small unit. The structure of this

table would look like:

SMALL-UNIT

SM4ALL UNIT 11 LOC SMALL UNIT SMALLUNIT TYPE

Attributes may only describe primitive or compound entities. There is no restriction on

the number of these entities which may be associated with an attribute.

d. Function

A function is a rule for assigning a value. It is a more sophisticated

attribute entity in that the values it assigns are conditional and depend on the current

values of the other involved entities. The logic and syntax For defining the generic rule

section of the function entity are spelled out in Reflerence 9 . Functions may call any

of the five element types.

It is important to note that the ftnction entities are just expressions which

produce numeric values for the primitive and compound entities. They are not

intended to provide the procedural logic inherent in the underlying program. For

example. the function element may provide the logic required to calculate a value but it

would not provide the logic which would dictate when this calculation should take

place. As Geoffrion states:

A structured model itself provides no means for performing evaluation by
applving the rules of function and test elements. This is a task for a problerh
sonvr external to the model. [Ret" 1: pg. 2-71

The problem solver mentioned by Geoffrion is part of the evaluation phase and will be

described in further detail later in this section.
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e. Test

Test elements are function elements with a range of two values: True and
False. They are used anywhere a boolean flag might be required. The syntax for the

generic rule section of the test entity are the same as those for the function entity.

2. The Three Structure Formats

a. Elemental Structure

All models are composed of. act on, generate and are defined in terms of

certain elements. Examples of these elements from the ONEC Model would be grid

cells, units, locations, orders, missions, speeds and lines of sight. The elemental

structure is the collection of all these elements and their inter-relationships. Geoffrion

defines the elemental structure as "...a nonempty, finite, closed, acyclic collection of

elements" [Ref. 1: pg. 2-41. At the elemental structure level every single element is

shown along with the information on which elements are associated with it. This

information is obviously necessary but at this level of detail not very useful. This is

where the generic structure and elemental detail tables provide an additional level of'

abstraction while still retaining access to the original level of detail. No information is

lost with this abstraction because all of the elemental informaticn remains in the*

elemental detail tables of each genera.

b. Generic Structure
In the generic structure all of the like elements from the elemental structure

are partitioned into one of the five element types described above. Each grouping of

like elements is called a genus. The total partitioning of the elemental structure results

in a mutually exclusive and collectively exhaustive set of genus called genera.

In order for elements to be grouped in the same genus they must satisfy the
property of generic similarity. This means each element in a zenus must be associated

with elements of the same genera as every other element in that genus. In other words

every item in a genus acts on and is acted on by the same genera.

The obvious example of a genus in ONEC would be the grouping of all
grid cell elements into the gzenus GRID CELL. A less obvious example would be the

grouping of a set of calculations resulting in a true or false answer into a test element
genus. This is the case for the CALCDIRECTION test element , where information

about each UNIT is considered and a decision is made as to whether a direction

calculation is required for that UNIT.
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c. Modular Structure

Ci The modular structure is a flexible tool which allows the user to aggregate

the genera from the generic structure into groups which are meaningful to the user.

The user may divide the generic structure graph any way he sees fit as long as the
monotone ordering, where genera only reference genera already defined in the graph.

remains intact. In other words no forward references are allowed in the structure.

These different modular structures are called views and they allow the user

to tailor the presentation of a structured model to different audiences. Different views

can be used to change the level of detail, or area of emphasis according to the needs of

the presentation.

An example from ONEC might be a view which groups everything directly

related to a grid cell into a module called &GRID. (The "&- signifies a module.) This

would greatly simplify a presentation not concerned with the physical layout of the

battlefield by suppressing the associated genera GRID CELL. RELIEF.

VEGETATION. ROADSAXIAL. ROADSLATERAL and, LOCGRIDCELL into

the module &GRID.

n3. [dexing

Indexes are used to symbolically identify specific elements in a genus. or

establish the relationship between specific elements in different genera. They are used

in three different places: the symbolic genus index, the generic calling sequence, and the

generic rule section. These three areas and a related topic the index set statement will

be addressed in the followini Sections.

a. Symbolic Genus Index

Each genus is composed of a finite set of one or more elements. Each of

these elements can be specifically identified by its position in the elemental detail table

of that genus. To represent a typical element in a specific genus a unique lower case

alphanumeric index is used. There are three cases to consider.

The self-indexed genus is used when the elements in the genus are
.important in and of themselves. Examples from ONEC shown with their indexes are:

WEAPONw. GRIDCELLg and LARGEUNITu. It is important and meaningtul to

be able to reference a specific element in each of these genera.

The externally indexed genus is used when a genus is related to one or more

other genera. A good example from ONEC is the attribute RELIEF. By itself a value

for RELIEF is meaninEless. Only when it is combined with a specitic grid .ell does it
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begin to have meaning. Therefore, it would be shown as RELIEFg, with the unique

index 'g' associating it with a specific grid cell.

The unindexed genus is used when there is only one element in a genus. An

index is not required because any reference to the genus completely defines the element

required. An example from ONEC is the genus IBL. There is only one International

Boundary Line in the model.

b. Generic Calling Sequence

Every genus has a calling sequence, composed of genus names, which

identifies all other genera which are called by that genus. For example gertus A is said

to call genus B if genus B shows up in the generic calling sequence of genus A.

Graphically this is represented by a directed arc extending from genus B to genus A.

The indexes of the genera in that calling sequ'ence allow the identification of specific

elements from a specific genus. This use of indices completely defines the cross-

I., references that exist between the elements. It can also he used to build the graphicat

presentation of the generic structure. An example from ONEC:

ROADSPEED FAC(SPEED_FAC_AXIALg, SPEEDFAC LATERALg, DIRECTIONu)/f/

A This shows the genera SPEEDFACAXIAL. SPEED_FAC_LATER.\L -ind

DIRECTION are called by the genus ROADSPELD_ FAC directly. It also howq.

through the use of the indexes, that it -is the value of SPEEDFACAXIAL and

SPEEDFACLATERAL for a specific grid cell element "g' and the DIRECTION for

a specilic unit element u which are to be used in the calculations.

c. Generic Rule Section

The generic rule section of the 'unction and test elements is an expression

which generates a numeric value for an element in a genus. This expression is

essentially a formula which acts on specific elements to provide a numeric value. The

genus name and associated indices are used to define the specific elements involved in

the formula. An example from ONEC:

COMBINED_SPEED_AC_CELLgu = SPEED-FAC CELLg + ROADSPEEDFACu

This shows the combined speed factor for a cell is indexed to a specific grid cell 'g and

a specific unit u'. The formula used to calculate this value uses the speed factor for
cell '' and the road speed factor for unit u which is located on cell 'g'. In all of the

above cases, the indices 'P' and u refer to a specific grid cell and unit.
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d. Index Set Statement

The index set statements do not directly use the indexes but are used to
describe the size of the elemental detail table for that genus. If omitted then the

resulting data set defaults to the set of all possible combinations of the elements in the

involved genera. An example from ONEC:

Select (LARGEUNIT * SMALL UNIT}

The '*' operator stands for the natural join operation and means select only data

elements from these two data sets which share identical symbolic indices. The resulting
data set will be a list of every large unit and all of the small units associated with that

unit.

4. Evaluation and the Solver

Evaluation is the process of exercising .he structured model and computing
values for the function, test and variable attribute elements. In a true acvclic

structured model this process can be accomplished in a single pass because all of the

genera always call genera further up the graph. Evaluation is done by a software

package called a solver.

The actual logic which must be built into the solver is unclear and Geoffrion's

work is not very informative in this area. As a minimum the solver must accomplish
the following functions:

1. Resolve the smbolic genus indices as required to identify a specific element
from the eiemdntal detail tables.

2. Resolve the indices in the generic calling sequences in accordance with the index
replacement options [Ref. r: 2. 2-11. This is required in order to identify a
specific 2roup of elements rr6m a genus or the intersection of two or nfore
genera. "In ONEC this arniht be -equired to find all grid cells which are
occupied by red units. Notd this would require a subset 6r" the intersection of
the genera GRIDCELL and LARGEUNIT.

3. Evaluate the logic in the generic rule section of the function and test elements.

4. Update the elemental detail tables to reflect the evaluation of the variable
attributes and function and test elements.

5. Elemental Detail Tables

An understanding of the function performed by the elemental detail tables is
essential to understanding the overall process of SM. So far everything discussed deals

with the logical representation of a structured model. Special attention has been paid

to the aggregation of all elements into the five element types and how these five

element types can be placed into a structure which shows the relationships that exist

26

N 6e



between them. Very little has been said about the actual data elements which must

populate these five element types. This information is contained in the elemental detail

tables.

Everything in SM relates directly to the elemental detail tables. The primitive
and compound entities provide the keys to the tables. The attributes. functions and

test elements provide the values for the tables. The index set statements define the size

of the tables. The indices themselves point to specific elements or groups of elements

in the tables. The solver manipulates the values in the table in order to evaluate the

model and then stores the results of this evaluation in the tables.

In the simplest case a table is built for each genus and the data is inserted.

Each table shows the data value and the values of the elements in the generic calling

sequence of that genus. This leads to a case where many tables are identical except for

- V * the value column. This happens when several entities have the same identical generic

calling sequence. The second step in the process is to join all of' these nearly identicai

tables into one table. This is accomplished by establishing a table with all the elements

found in the identical generic calling sequences of' these genera and then adding a

column for each one of the. unique values.

Consider the following generic structure statements:

RELIEF(GRIDCELLgp a.
VEGETATION(GRIDCEL Lg) a.

ROADSAXIAL(GRID_CELLg),a,

ROADSLATE.-A\L(G RIDCEL Liz) a,

LOCGRIDCELL(GRID_CELLg),a.

Each of these attributes has the identical generic calling sequence i.e. GRIDCELLg.

So the resulting elemental detail table would combine all of these values into one table

which would be keyed on the value for the grid cell. The resulting table delinition

would be as follows:

Name Columns

GRIDCELL GRID_CELL I RELIEF, VEG, ROADSAX, ROADSLAT, LOCATION

This table would have 6 columns, as shown above, and lolo rows, one for each of the

-* grid cells. This allows all data related to a grid cell and only a grid cell to be grouped

in the same table.
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This is a gross oversimplification of the elemental detail table structuring

process. As the structures get larger and more complicated the process also gets more

involved. Reference I Section 2.6 has a very thorough explanation of the process in
which should be consulted for further detail.

C. SUMMARY OF STRUCTURED MODELING SYNTAX

Geoffrion's monograph on Structured Modeling includes a table which outlines
the syntax for each of the five basic element types. This is included in Figure 3.3 for

easy reference [Ref. 1: pg.2-34]. To further clarify the syntax a brief explanation of

each section in the formats is included in the following paragraphs.

Genus Type Format of Genus Paragraph

Pri. Entity GNAME<i> /pe/ <Index Set Statement> Interpretation

Compound GNAME<i> (Generic Calling Sequence) /ce/
Entity <Index Set Statement> Interp.retation

Attribute GNAME<i> (Generic Calling Sequence) /a or va/
<It)dex Set Statement> <:Generic Range> Interpret.

Function GNAME<i> (Generic Calling Sequence) /f or t/
or Test <.ndex Set Statement> ;Generic Rule Interpretation

Figure 3.3 Structured Modeling Syntax.

I. GNAME

This stands for the genus name. It is the name assigned to a class of elements
grouped into a genus. It is a unique, upper case, mnemonically useful character string

with no imbedded blanks which always begins with a letter. An example from ONEC

is LARGE UNIT.

2. Symbolic Genus Index
This is optional and used according to the guidelines explained in Section 3a

above. When used it is a unique lower case alpha-numeric character string appended

to the end of the genus name. It must start with a letter. It is generally refered to as
-. just the index. Example from ONEC is LARGE UNITu.
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3. Genus Type

This is required for all of the element types and serves to identify which of the

element types is being used.

I. /pe/ Primitive entity

2. ice/ Compound entity

3. ,a or va/ Fixed or variable attribute

4. ,f or t Function or test element.

4. Generic Calling Sequence

This is not used for the primitive entities because they do not call any other

genera. It is mandatory for the other four element types. It is a list of genus names

and their indicies set off with parentheses. An example from ONEC:

(LARGEUNITu, SMALLUNITs).

5. Index Set Statement

This is optional but if it is omitted then the resulting set is the set of all
possible combinations of the genera in the generic calling sequence. If it is included

there are three cases.

1. Unindexed genus - Must be a 1.
2. Self-indexed 2enus - A number defining the maximum size of the genus. May

also use relational operators.

3. Externally indexed genus - This requires a complex formula based on
relational algebra. It s not easy to put into simple terms so an dttempt will not
be made. S¢'e Reference 10 tor a complete treatment ofthis area.

6. Generic Range
This is used only by the attribute elements. It defines the range and type of

the attribute values. It is always preceded by at least one space and a colon.

Reference 11 contains the syntax for the generic range statement. An example from
ONEC, taken from the RELIEF attribute, is: "5Dd, 5Dc, 5Ec, 5Fc". This indicates

that only one of these four values is acceptable.

7. Generic Rule

This is used for the 'unction and test elements only. It is always preceded by
at least one space and a semicolon. Reference 9 contains the syntax and examples for

the generic rule section. An example from ONEC, taken from the

ROAD SPEEDFAC function element, is:

;ROADSPEEDFACgu =

([SPEED FAC_AXIALg - vabs ( '7,cos DIRECTIONu )1 +

[SPEED_FAC_LATERALg * Fabs ( Tsin DIRECTIONu )11
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[ abs ( Zcos DIRECTIONu ) + @abs ( @sin DIRECTIONu )]
8. Interpretation

This is used in all five of the element types. It is the English language
explanation of exactly what the element is doing. There is no syntax and style is a
matter of personal taste.

9. State Diagram

pe mo ce (pe, ce)

a (ce, pe)

-- f/t (a, pe, ce, fit).

Figure 3.4 Element State Diagram.

There are certain integrity constraints which pertain to the five element types
described in the past sections. For example an attribute may not call a function or test
element. These relationships arc not easy to remember when first dealing with SM.
Figure 3.4 is a generic structure of SM which shows the acceptable calling sequences
among genera. Figure 3.4 can be read by following the arrows. Any element 'A'
which has an arrow pointing to it from element 'B' may call element 'B'. Therefore, an
attribute element can call a primitive or compound entity element, but a primitive
entity element may not call any elements.
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10. Model Schema
A concept used for discussing a model or any part of a model is the model

schema. A model schema consists of a paragraph for each module and for each genus,
ordered and indented to show the modular structure. When it is necessary to focus on

specific instance of a model these schema are supported by populated elemental
detail tables. [Ref. 1: Pgs. 2-32 - 2-33] Examples of the ONEC model schema are in

Appendix B.
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IV. IMPLEMENTATION OF ONEC IN STRUCTURED MODELING

The ONEC Structured Model will be presented in a descriptive manner that

points out interesting features of the model, while ignoring the problems for the time

being. Although there were many problems encountered in modeling ONEC with SM

it is important to view the resultant products without the prejudice brought on by

knowing that the model is incomplete. A detailed review of the problems will be

provided in Chapter V.

As mentioned earlier. SM is built around five element types organized in

structures which document their interrelationships. There are three structure types

available each at a different level of detail. These structures from the most detailed to

the most abstract are: elemental. generic and modular. It would seem logical to start

with the elemental structure. However, in reality the elemental structure is not used

much in the model building stage. Rather, it appears in the elemental detail tables

which are determined by the generic structure. The generic and nodular structures are

.where most of the model-building occurs so we will start with the generic structure

followed by the modular structure and linish with the elemental detail tables.

A. GENERIC STRUCTURE

The creation of the generic structure comprises the primary workload. in building

a structured mode:. In this phase most of the modeling decisions are made and line

details are worked out, with the results recorded in the individual genus paragraphs.

Accordingly, the generic structure contains virtually all of' the essential information

about the general model.

Model information is necessary in varying levels of detail. from specifics about

individual elements, to the interrelationships between elements within a functional area,

to the interrelationships between elements for the entire model. All of this information

is available in the genus paragraphs; however, the relationship information is dificult

to use and comprehend in this format. To overcome this linuitation it is possible to use

the relationship information in the genus paragraphs to build a graphical

representation of the generic structure in a directed graph. Thus, there are two major

aspects of the generic structure: the genus paragraphs and the resultant graphical

representation. We will consider the genus paragraph information lirst.



I. Genus Paragraph Information

Structured modeling is based on things, the primitive and compound entities,

information about these things, the attributes, and manipulation of the information

which describes the things, the function and test elements. All of these element types

are defined by genus paragraphs and provide information about the model. Each

element type provides different information.

The primitive entities show the basic units in the model. Everything else

either describes the primitive entities, pairs them with other entities, or manipulates
information about them. The primitive entity element type is a great aid in

understanding a program which does not appear in some other form of software

documentation. To demonstrate this point the reader might examine an existing

software specification and see how long it takes to determine the key elements in the

program which every other element in the program either directly or indirectly depends

on. Then turn to Appendix A and see how long it takes to identify the primitive

entities in ONEC. A quick glance at the graphical representation of the generic

structure immediatel" reveals the roots of the graph structure as the primitive entities.

Experience with the ONEC specification and structured model indicate that SM does

indeed help in this regard.

There is other information in the prirrtive entity genus paragraphs as well. It

will show the number of items in that genus, if known, and it provides a plain text

explanation which describes the primitive entity. Two examples follow.

IBL/pe/ I There is a line called the International Boundary Line. It separates the
friendly side of the battlefield tiom the enemy side.

GRID CELLg /pe/ Size GRID CELL = 1610 1610 GRID CELLS. each measuring
1km X3km. are placed on a 35;7m X 138km Battlefield with their long sides parallel to
the long side of the Battlefield.

From these two examples we see there is a single IBL and 1610 grid cells in the ONEC

model. There is also an explanation of exactly what an IBL or grid cell is.

Compound entities can also be considered as describing things. but not in the

same way that the primitive entities do. The compound entities show the relationships

which exist between other entities. In this sense they act like relationships in the

entity-relationship database model. There are many cases in a model where it is not

the key elements which are of primary interest but rather their interaction. In a

structured model a compound entity can be used to show this interaction An example

follows.
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LARGE UNITu /pe/ There are many LARGE UNITS to be considered in this model.

WEAPONw/pe/ There are many Weapons in this model. Thi.s approach assumes that
weapons are accounted for by groups in weapon types, not as dividual units.

WEAPON LIST(VEAPONwv LARGE UNITu)/ce/
Selict {WEAPON} X ?LARGE 'UNIT)
Where w covers (LARGE UNI

Each LARGE_UNIT has a list oTall WAPONS associated with that UNIT.

This example shows that there is a relationship between the weapons and the large

units and tells what that relationship is, namely, that each large unit has a specific

complement of weapons.

The attribute elements provide the modeler the ability to build a wide variety

of data types with which to define the entity .elements. This capability is very much

like the feature of abstract data types which appear in new high order languages like

Pascal and Ada. This should help to make the model easier to understand since the

modeler can build data types which resemble the real world objects being described.

Three examples follow.

LOC GRID CELL(GRID CELLg) (a/ {GRID CELL} (0 = < X < 135, 0 = < Y
< 13) The'location of each grid cell is shown as an ordered pair of (X.Y) coordinate
pairs. The first pair represent the NE corner of the unit. The second pair represents
the SW corner of the unit.

ROADS AXIAL(GRID CEL Lgl /a/ (GRID CELL} : "none, primary, secondary, both"
Each GIID_CELL has'a value for roads in he axial direction.

VEGETATION(GRID CELLg). /a/ t.GRID CELL) : 0 < = INT < = 10 Each
GRID CELL has a vaTue associated with it tiat tells the fraction of the cell covered by
vegetation.

These examples show three different data types used to describe a grid cell.

The LOCGRIDCELL attribute is an ordered pair of X,Y coordinate pairs. This is a

nice alternative to a Fortran implementation which would define four distinct variables

for the location information. The ROADSAXIAL attribute uses character strings to

represent information which might normally be encoded with a numeric value. It is

obviously much easier to read "none" and understand what is meant than it would be

to see a "1" and have to look up what it stood for. The final example.

VEGETATION, shows that numeric values are also valid data types. The ability to

create a data type suited to the need is a valuable tool in building an understandable

model.
There is a great deal of information stored in the attribute genus paragraphs.

First, by looking at the generic calling sequence section, it is always clear what entity
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or entities, in the case of an attribute which calls a compound entity, the attribute is a

property of. Second, there is an indication of how many attribute values are required.
This can be found in the index set statement section, where the population of the

attribute elements is defined. In each of the above three examples, the index set
statement shows one value for each attribute for each of the 1610 grid cells. Third. the

exact range of each attribute is shown. The examples show this done by complete
enumeration, in the case of the ROADSAXIAL attribute, and by an algebraic

expression in the other two cases. This is much more flexible than being restricted to

data types of real, integer, or character string as in Fortran, for example. Finally, there

is the plain text explanation of the attribute. This augments the mnemonically

meaningful attribute name and provides an excellent vehicle for data documentation.

The function and test elements provide the tools necessary to manipulate
entity elements and attribute values. These function elements provide a very strong

mathematical modeling capability and are one of the distinctive features of SM. The
test elements are identical to the function elements except that they only generate

logical, true;false, values.

Geoffrion's early monograph did not provide a syntax for the generic rule
section of the function elements, and left the reader with the impression that this

section would be implementation dependent [Ref. 1: pg. 2-361. Accordingly, many of
the generic rule sections are done in a pseudo-code like manner. During the course of

this thesis, we received a supplement to Geoffrion's monograph detailing a syntax for
the generic rule section [Ref 91. Geoffrion's recommended syntax leans heavilh to a

mathematical notation as opposed to a high order language approach. Because the
modeling effort was mostly complete by the time that the supplement was received.
very few parts of the model reflect this syntax. Two examples of ONEC lunction

genera using this syntax follow.

DIST RAB RMBIER(LOC LARGE UNITul, LOCLARGELJNITu2)/f/
SelectTLARUE UNIT} X fL RGE U'ITIii afi.s [(Y Iu r - Ylu1)" 12 - ~ Y'r2- + I2 / 21TnU distance between each Red Artillen- Battron 1\ index ul. and ever" Reserve

Red Maneuver Battalion of the 1st E heion (R.MBIER). index u2. The distance is
only concerned with the north south separation and is measured friom the nudpoint of
each unit.

NMOVING M IN(NMIN DISTulu2, I MOTIONu2)/t/ (MIN DISTI
.,if(NIOTIONu2 =--TRUE), true, false) If the R1MBI1TR uniP paired with the RAB

unit-is moving then MOVINGMIN is true. This calculation is done for each R\B.
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The generic rule section of the function and test elements caused many
problems in building the model. However, if the syntax is implementation dependent

as Geoffrion suggests, then this could be a very powerful tool. If a high order

language capability could be embedded in SM to perform this function, then the

function elements could accomplish virtually any task required. An example of the

* .pseudo-code approach follows.

MISSION REL FACTORCOM SPEED FAC CELLu. LOC LARGE UNITu,
LARGE UNIT TYPEu. MI SSIONu)/f/(LARGE' UNIT);

. If MISSION'u = DELAY
then

MISSIONREL FACTOR = 0.75
else

If MISSIONu = ATTACK) and
'PE = 1st ECHELON DIVISION)

h en
Select UNITu * GRID CELLp,
for LOCATIONu intersect LOC LARGE UNIT
SORT on COMBINED SPEED-FAC CELL ascending
MISSION REL FACTOR = srowest-COMBINED SPEED
FACTOR CELL-

else
If (MISSIONu = ATTACK) and

(UNIT TYPEu = 2nd ECHELON DIVISION)
then

Select UNITu * GRID CELLP. for
LOCATIONu intersecf.LOC LARGE UNIT
SORT on COMBINED SPEED FAC-CELL ascendino
MISSIONRELFACTOR = tistest"SPEEDFACCELL
MISSION REL FACTOR = I

MISSION REL FACTORS seens to al ply to only the BLUE UNITS DELAYING
or the RED UNITS ATTACKING. [t requires a sorted list of the COMBINED
SPEED FACTORS CELL for each CELL that the RED UNIT is sittine on. This
requires a link between the UNIT LOCATION and the GRIDCELL LOCATION.

This example is fairly complicated but would be an easy task to program in

Pascal. It could be . and probably needs to be, broken down into smaller pieces. A

compound entity could be developed which showed the units paired with the grid cells

that they occupied. This could be a sorted list within each unit based on the speed

factors for the cells. This would reduct the amount of code in this function to a much

smaller if-then-else statement.

The appropriate syntax for the generic rule section is still open to debate. If a

4 high order language implementation were possible, it would significantly enhance what

the modeler could build. But would this be consistent with the Structured Modeling

framework? This issue will be discussed at greater length in Chapter V.
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2. Graphical Generic Structure

The elements just defined are all interconnected through the generic calling
sequence sections of the genus paragraphs. However, it is virtually impossible to grasp

the interrelationships which exist between these elements by viewing the genus

paragraphs. Fortunately, this information can be used to build a directed graph
representation of the element relationships. The graphical representation of the ONEC

generic structure is shown in Figure 4. 1.

Figure 4.1 contains every genus element developed in our partial ONEC model
but it's doubtful that a figure this "busy" would normally be used. The amount of
detail in the figure can be adjusted easily through the use of the modular structures: as

discussed in the next section.

There is considerable information available in Figure 4.1 , for example a user
might be interested in how the terrain of the battlefield was modeled. By examining
the GRID-CELL primitive entity (bottom left'of figure) it is easy to see that only five

factors are taken into account: location, relief, vegetation, and roads in the axial and
lateral directions. Should more information be required the user would now know

exactly which genus paragraphs io examine.

A user might also be interested in the impact of terrain on the direction of a
unit's travel. It is easy to see by examining the DIRECTION function (middle of
figure) that the terrain has absolutely no impact on the direction of a units travel (i.e.

DIRECTION is not in the terrain's reachability set). A huge mountain or steep drop-
off would not force a change of direction in this model. A closer examination would
show the user that only four factors are taken into account when calculating the units
direction: location, unit type. unit destination and a boolean flag. This process could

be continued by tracing all of the related genera until the user was comfortable that he
knew all the factors which could aff ct the calculation of'a unit's direction. All of this

information is readily available through the generic structure.

The user might wish to pursue the role of terrain in the model. This can be
seen from the figure by following the arrows emanating from the GRIDCELL
primitive entity (bottom left of figure). It is clear that all of' the attributes of'
GRID CELL are used in the functions For calculating speed factors. So while terrain
does not impact direction of travel it does play a major role in determining how fast a
unit may go.
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From these examples it is clear that the graphical representation of the generic

structure provides the user with a powerful tool for understanding the model and

presenting it to others.

B. MODULAR STRUCTURE

The modular structures in SM provide ways for the user to group the genus

elements into structures which are meaningful. The concept behind this grouping is the

same as the rationale for grouping individual elements into specific genera. The

elements are grouped into genera based on generic similarity, allowing the user to
consider a more meaningful grouping than the individual elements. A similar process

applies for grouping genera into modules. [Ref. 1: pg. 2-51

By grouping genera into modules the user can create units at a more abstract

level than the component parts. The resulting modules can also be grouped into higher
level modules. This nesting of gelnera into modules and modules into larger modules

continues until the entire model is represented by a single module. This creates what

Geoffrion calls a "hierarchical conceptual structure" [Re[. 1: pg. 2-5]. for the model.

The modular structure can also be approached from the "top down" and used as a

development tool in addition to the "bottom up" approach just shown. This is

discussed further in Section 4 B 2.

The module information of a structured model can be viewed in three different

ways. The first two are the textual and graphical representation of the modular

structure. which is in an ordered tree form. The third, and possibly most interesting, is

the graphical representation of the module graph. All three of' these representations

will be covered.

1. Modular Structure : Text and Graphical

The modular structure can be shown in both a textual and a graphical format.

The textual format uses an indented list to represent the preorder traversal of' the

modular tree. This is best described in Geoffrion's own words.

v What this means in simple terms is that all nodes of' the modular structure tree
are listeu verticallv, one to a line. with indentations of each node proportional to
the length of' its rbotpath' the root node listed first, the nodes of each subtree are
contiw2fous and bezin with the root of the rubtree. and siblings are alwavs listed
in their monotone brdering. [Ref. 1: pg. 2-9]
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The translation of the modular structure text into a graphical representation is
straightforward and not very interesting. The indented list representation converts into

a graphical tree in the obvious manner. An example of a part of the modular structure

in text form is shown in Figure 4.2. The corresponding graphical form is shown in

Figure 4.3. The full modular structure, both text and graphical, can be reviewed in

Appendix B.

&MISSIONSPEED
REDUNITINTEGRITY

ACTUALUNITSPEEDif/

&POSSIBLEUNITSPEED

ALLOWEDUNIT SPEED,'7
MAX SPEED UNIT,f,

MISSIONRELFACTORS f/

REL COMBATRATIOFACTOR

ARTY CAS FACTOR

Figure -4.2 Modular Structure Text Presentation.

It is interesting to note that the graphical presentation of the modular

structure does not seem to provide any new insight into the model, nor does it seem

much easier to use than the text. This was not the case with the textual and graphical

presentation of the generic structure where it seemed that there was a definite
difference in viewing the text and the graphics. This leads to the third method of
viewing the modular information, the module graph.

2. Module Graph
The module graph is just a condensation of the genus graph at any level of

detail required by the user. This is a very useful method of presenting module

information at varying levels of detail tailored to a specific audience. This is a
significant feature of a structured model which should be easy to automate. All of the

necessary information is found in the indented modular structure list and the generic

calling sequence sections of the genus paragraphs in that listing.
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To demonstrate the utility of the modular structure we will present five

different views of the ONEC model, each in increasingly greater detail. In the

accompanying figures a module is shown with a '&' prefix. Module groups are shown

encased by dashed lines with the name of the group set off to the side in a slightly

larger font and independent of any arrows.

There are two ways to view the module graphs. The first is as a tool to

examine the existing generic structure of an existing model. The second, and a very

interesting feature of SM, is to view them as a software engineering tool. One of the

goals in SM is " .to facilitate top-down model design by stepwise refinement"

[Ref. I: pg. 1-2]. This is handled very nicely through the module graphs. When

looking at Figures .4.4 through 4.S consider them as documentation of a top-down

implementation process as well as a method of viewing the model.

Figure 4.4 shows the default modular structure consisting of a single overall

module. More modules can be used of course, but in its simplest form. a structured

model only requires a generic structure, a modular structure with at least one module,

and the elemental detail tables. It can also be consideredthe very first step in a top-

down implem,ntation process.

Figure 4.5 shows a logical division of ONEC into the two major functional

areas. This breakdown is exactly what is found in the documentation [Ref. 2: ps. 5-I

to 5-151. It should be easy to see that structured modeling can support the software

engineering techniques of top-down implementation and stepwise refinement.

Figure 4.6 provides an expansion of the Movement module while leaving the

Battlefield module detail hidden. This allows the presentation of the model to focus on

the movement issues without the additional detail in other parts of the model.

Figure 4.7 shows a fairly complete system overview without the clutter in the

generic graphical presentation shown in Figure 4.1. This level of detail may also

correspond to the third or fourth pass through the model design.

The computer graphical presentation should be capable of providing a

spectrum of detail ranging from a single module to the entire generic structure. Figure

-4.S shows an expansion which includes some of the actual genus elements. It should

also be possible to call up any specific module and examine its graphical structure. A

complete listing of each module and the corresponding module graph can be reviewed

in Appendix B. A computer implementation should be able to display these modules in

any combination required by the user.



&ONEC

t K
Figure -4.4 'Module ()NEC.

&MOVEMENT

&BATTLEFIELD

. - &ONEC
----------------------

[-iure 4.5 .Module ONEC Detail.

C. DATABASE REPRESENTATION OF THE GENERIC AND MODLLAR

STRUCTU RES

The last two sections have described the types of information found in the

generic and modular structures. but did not address a method for accessing this

information. Prof. Dolk. of the Naval Postgraduate School. has developed a way to

place the generic and modular structure information into a relational database

management system [Ref. 121. This would allow the user to access the information

using a relational query language such as SQL. Some parts of this work are presented

here to show the capability of such an implementation. Prof. Dolks proposed system

is based on the Information Resource Dictionary System under consideration by the

American National Standards Institute as a prospective Federal Information

Processing Standard [Ref. 12: pg.21. There will not be an attempt to explain these

examples in detail as this is covered in the reflereced material.
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A Entity-Types

ENT_-TYPE('pe', 'primitive-entity'....
ENT_-TYPE( 'ce', 'compound-entity',...
ENTTYPE('att', 'attribute',.....)
ENTTYPE('va' , 'variable-attri4bute'.......
ENTTYPE('test', 'test-entity',....
ENTTYPE('fcn', 'function-ent-4ty'....
ENT_.TPE('modell, 'model>.......

Entities

?E(aname, dname..... dc cat, index,
:nde.x-stit, genrange, gen-rule.

'E(anane, driare......dc_cat., --nde::,
.nde:: stmnt, gen range. jen rile)

ATT (anane, dnane......dc cat, i'nde::,
:ndex-stImt, gen _rarige, genrle)

'JAtanarne, dname..... docccat, :nde-x.,
index-stnt, gen_range, gernrule)

TES'(aname, dnaine......dc cat, index,
index-stnt, gen range, gen_rul,_e)

FCN(ana me. dnane......docc at, index,
index-stnt, gen_range, gen rulI.e)

MODEL~aname, dname......dc-cat, i.dex,
index-stnt, gen_range, gen rule)

Integrity Constraints

CALLS(ce,pe) CALLS(va,pe) CALLS(test, test)
CALLS (att ,pe) CALLS (va, ce) CALLS Ctest, fcn)
CALLS(att,ce) CALLS(test,va) CALLS(fcn,fcn)
CALLS(test,att) CALLS(fcn,va) CALLS(fcn,test)
CALLS( fcn,att)

CONTIAINS(module,module) CONTAINS(module, test)
CONTAINS(rnodule,pe) CONTAINS(module,fcn)

*CONTAINS(module,ce) CONTAINS(model,module)

Figure 4.9 Database Representation of Structured Modeling.
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ENTITIES
MODEL('ONEC', 'ONEC Structured Model' ... )
MODULE('&BATTLEFIELD', 'The battlefieid......)
MODULE ( '&IBL', 'The International Boundary Line', ... )
PE ('GRID CELL', '1610 grid cells........)
PE( 'LARGE UNIT', 'There are many.......)
CE('WEAPON LIST', 'Each unit has ....,...
ATT('RELIEF', 'Each rid cell has...' ... )
FCN('MOVINGMIN', @i£(MOTIONu2 = T), T, F)

GENERIC STRUCTURE

CALLS (I 'RELIEF','ATT', 'GRID CELL' 'PE')
CALLS ('SPEED FAC AXIAL','FCN', 'ROADS AXIAL', 'ATT')
CALLS 'WEAPON LIST','CE', 'WEAPON' 'PE') I
CALLS 'WEAPON-LIST','CE', 'LARGE_UNIT', 'PE')

MODULAR STRUCTURE

CONTAINS('ONEC', 'MODEL', '&MOVEMENT.-, 'MODULE')
CONTAINS ( '&IOVEMENT', 'MODULE', '&MISSION', 'MODULE')
CONTAINS ( ' &.OVEMENT' , 'MODULE' , '&DIRECTION' , 'MODULE')

Figure 4.10 Database Representation of the ONEC Structured Model.

This would tell the user what' SM entity types a compound entity could legally call.

SELECT E1NAME, E1TYPE. E2NAME. E2TYPE FROM CALLS

WHERE ElTYPE != 'ENT-TYPE' AND E2TYPE != 'ENT-TYPE'.

AND (EITYPE, E2TYPE) NOT IN

(SELECT EINAME. E2NAME. E2NAME FROM CALLS

WHERE E1TYPE = 'ENTTYPE' AND E2TYPE = 'ENT TYPE')

This command would tell the user if the generic structure violated any of' the rules of

structured modeling.

SELECT EINAME. EITYPE

FROM CALLS WHERE E2NAME = 'LARGE UNIT'

This would tell the user every genus which called the primitive entity LARGE_UNIT.

SELECT E2NAME, E2TYPE

FROM CALLS WHERE EINAME = 'LOCLARGEUNIT'

This would tell the user every genus called by LOC_ LARGE_ UNIT.
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The queries available to the user on the structured model and structured
modeling are numerous and powerful. Recall, however, that we're dealing with

information about the model structure and not the actual data which populates the

model. This is the subject of the next section.

D. ELEMENTAL DETAIL TABLES

The first two sections of this chapter presented information about the generic and

modular structures. These two structures deal with information about the general

model. A distinction must be made between the model schema and a specific

instantiation of that schema created when data elements are supplied. The generic and

modular structures provide a logical model structure that can be viewed separately

from any associated data values. A model instance is comprised of a model structure

plus related data values. The elemental detail tables contain these data values.

There are two phases in building the elemental 'detail tables. The first phase

deals with the general model and is the creation of the elemental detail table structure.

Creating2 the structure consists of' identifying the table key, the elements required to

unambiguously identify a row within the table, and the genus elements which will be
* the value items in the table. There is a step-.by step process for doing this described in

Reflerence I on pages 2-46 and 2-52 and covered in Appendix C of this thesis. The

second phase is the actual entry of the data in the table -structures. thus creating a

specific model instance.

The general format of the elemental detail tables is shown in Figzure 4.11 . The

bold face print shows the required items. The normal print is for explanation only.

Some of the more important rules for the table generation are provided below to make

understanding these tables easier.

Each table must be named. The name is the genus name of the genus which the

table was constructed for. In the case where the tables have been joined, the name of

the genus which comes first in the generic structure paragraphs is used. Each table

must have an unambiguous key. This is in the section labeled stub columns and

includes everything to the left of the double lines. The genus names In the stub

columns are those which correspond to the indices in the generic calling sequence of'

the genus which the table is built for. Finally, each table has a value section, which is

everything to the right of the double lines. For the primitive and compound entities

there is an optional column which can contain an interpretation of' the identifiers. For
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attribute. test- and function elements the value section will contain the actual values.

The number of rows of data in each table is defined by the index set statements of the

respective genera.

Since this thesis is only concerned with the development of the structure of the

elemental detail tables, and not the loading of the data into these tables, a diffcrent

format will be used. This format is shown in Figure 4.12. This corresponds to the table

name and column heading sections of' the table shovn in Figure 4.11. The three step

process for building the table structure, along with the products of each step , is

described in Appendix C.

For illustration several table structures are shown in Figure 4.13. To see how

these tables might look when populated with data. the WEAPON and

WEAPONLIST tables are shown loaded with hypothetical data in Figure 4.14

TABLE NAME

STUB COLUMNS VALUE COLUMNS

COLUMN Genus .... Genus Genus .... Genus

HEADING Name Name Name Name

DATA Identifier .... Identifier Value .... Value

F r . -.

=: - Figure 4.11 Elemental Detail Table Format.
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TABLE NAME

GENUS NAME,.., GENUS NAME I1 GENUS NAME,.., GENUS NAME

Figure 4.12 Elemental Detail Table Structure Format.

LARGEUNIT
LARGE UNIT II Intero, LOC LARGE UNIT, LARGE UNIT TYPE,

COMMITTED, MOTION, ENGAGED, INFIGHT, ORDERS,
DESTINATION, MISSION, MISSION CHANGE,
CALC_DIRECTION, DIRECTION, MAXSPEED_UNIT,
DISTRABRMB1ER, MINDIST, 14OVINGIIN,
MISSIONRELFACTOR, ALLOWEDUNITSPEED,
ACT_SPEED_UNIT, GIVEN_ORDERSWEAPON

WEAPON II Interp, WEAPONTYPE, WEAPON_RANGE

WEAPON LIST
WEAPON, LARGEUNIT II %AVAILWEAPON, %,An1OWEAPON, INFIGHT_WEAPON

Figure 4.13 Sample Elemental Detail Table Structures.

WEAPON

WEAPON WEAPON, WEAPON
TYPE RANGE

tankl ml 3000
tank2 m48 1800
aac. redeye 5000

WEAPON-LIST

WEAPON, LARGE_UNIT II %AVAIL, %AMMO, INFIGHT
WEAPON WEAPON WEAPON

tankl unitl 90 50 true
tank2 unitl 20 10 true
aacl unitl 100 100 false
tankl unit2 100 100 false
tank2 unit2 40 10 true

Figure 4.14 Sample Loaded Elemental Detail Tables.
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N- V. PROBLEMS ENCOUNTERED WITH STRUCTURED MODELING

This section deals with some of the problems encountered in the application of
Structured Modeling to discrete event simulation. These problems fall into three major
categories. The first class addresses areas of discrete event simulation which are in
direct violation of the basic concepts of structured modeling and are therefore

-considered serious major obstacles. The second category concerns areas of discrete
event simulation which do not seem to lend themselves conveniently to SM and where

stopgap solutions were not easiiv found. The third class consists of general problems
we were unable to model along with proposed solutions, where possible, to the

problems.

One problem which appears throughout this thesis is a lack of understanding of
the SM process and tools. This shows up in areas where S.M tools are incorrectly used

or in some cases not used a: all. This lack of understanding and ability to use tile SM
tools has had a profound impact on this thesis.

This problem of comprehension is due in pa-rt to the immaturity of the SM
S- conceot which manifests itself in several ways:

I. The lack of available documentation in a useable format.

2. The lack of complicated exampies which could be copied and studied.
3. The lack of a working SM system which could be experimented with to gain an

understanding of the SM process.
Geoffrion is certainly aware of these problems and comments on them In his

monograph.

The presentation of material in this chapter is designed more f'or conieteness
and reference purposes than For prospective practitioners of the s;ructured
modeling approach. A much shorter, example-based exposition is necessary for
the latter group. To them structured modeling will be a new languaee surPbrted
by software: nost people assimilate new lanizu12es more easily b--i ntation oased
on examples than by being lectured on ,zfanihiar and vocabufa r. Ref I: P,,.

Working with SM in its current state of evolution must be similar to the tasks
,.'" faced by programmers in the early 50s. Every time they came upon the need For a data

structure, search routine or sorting algorithn they had to invent it: whereas today :hsee
are readily availabie :n any introductorv text book. SM is in the same state. The :ools
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are available in SM to build the required model structures but may be beyond the

s,.ope of the novice modeler. This will become obvious in the section on modeling

hierarchies.

SM is a powerful, but complex, modeling tool which requires a very sophisticated

modeler to take full advantage of. It is important to distinguish between problems

inherent in the SM approach and those resulting from a lack of modeling

sophistication. The distinction is not always clear but we will try to distinguish

whenever possible in the following discussion.

A. CRITICAL PROBLEMS

One of the original objectives of this thesis was to examine the impacts of

incorporating time into a structured model. Due to problems encountered in trning to

build just the static version of the model, this goal was never reached. We were unable

to adequately consider the role of time. however, it seems to be characteristic ot"

discrete event simulation models that they are cyclical by nature with respect to time.

1. Cyclical Aspects of a Simulation Model

A classic example, in combat simulation, is the conflict between two units

where the attrition factor is based on the power of the units. The original conflict is

based on the starting power of the units but as the fight progresses. -this unit power

value must be adjusted to reflect the results of the fight. The attrition ifactor must also

be adjusted to reflect these changes as the light continues. This cycling is in direct

violation of SM Proposition 2 that Genus graphs always be acvclic [Rel" I: pg. 2-131.

This unit conflict example comes from a section of the ONEC simulation which we did

not reach in our modeling effort, so. we'll consider an implemented example instead.

The example we will use deals with the issues involved in calculating a

direction of travel [or a unit. Figure 5.1 shows the logic and information required to

decide if a direction calculation is required and if so, how it should be done. This is

not an accurate representation and serves to illustrate a point only.

The logic is that if a UNIT has ORDERS and it's LOCATION does not equal

its DESTINATION and is not in .MOTIONfat time t), then a DIRECTION shuid be

calculated. After the DIRECTION is calculated the UNIT is placed in MOTION(at

time t + 1). At the next pass through the logic the MOTION flag must be set to true

and will not change again until the UNIT reaches it's DESTIN\TION. and the

MOTION flag will be reset to f'alse. There seems to be a cycle in these calculations



and we could see no way to model this section without introducing a cycle into the

model. Our view was that somehow the model had to loop back on itself to reset the
MOTION flag based on the fact that the unit had been placed in motion. We show

this in Figure 5.1 as a feedback loop from the module &PUT_UNIT IN MOTION to
the attribute MOTION. This is not a legal structured model as the attribute
MOTION cannot legally call anything other than an entity type genus. It is just
shown in this manner to demonstrate that somehow the motion flag would have to be

reset.

We posed this issue to Geoffrion. in an informal correspondence, and he was

considerate enough to respond and provide a schema which modeled this situation

without requiring a cycle. His proposed schema is shown in Figure 5.2.
Geoffrion was able to remove the perceived cycle by removing the MOTION

flag while at the same time retaining access to the motion information. He also
removed the CALCDIRECTION flag and the DIRECTION fhnction. His proposed

implementation to capture the direction and motion information is shown below.

DIR( LOCt, LOCt+ 1)/f/ Filter (2< = t < -1) {T}; LOCt+ I - LOCt

DIRINIT( LOC2. INITLOC) /f/: LOC2 - INITLOC

MOTION(DIRt)/t/ (DIR} : DIRt < > 0

iMOTION INIT(DIR INIT) /t/ ; DIR INIT < > 0

Now that each piece of information is available without a cycle it would also be

possible to build the CALCDIRECTION flag, used later ih the model, and the

implementations would, from a black box perspective, be functionally identical except
for the loop in our structure.

Geoffrion was able to remove this instance of a cycle with an easily

understandable piece of modeling. It is possible that he could do the same with other

cyclical aspects of the ONEC model. This casts doubts on our assertion that the
cyclical aspects of a simulation model would present a "showstopper". We must now

consider it a distinct possibility that a ONEC structured nmodel could be constructed

without cycles which would " . .hang together as a static snapshot" (Geoffrions
words). We still present this issue as a critical problem because, in our minds, it is the

key technical stumbling block which must be addressed bct'ore blessing SYI as a tocl

for discrete event simulation models.
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&PUTUNITINMOTION

DIRECTION/fl

CALCDIRECTION/ti

MOTIN/v! IDESTINATION/vali
MOINv/LOCATION/va! ORDERS/ce'

LARGEUNIT/pe!

LARGE UNITu /pe/

LOC LARGE LT NIT(LARGE UNITu) /a/ (LARGE UNIT)
ORD ERS(UNITu) /ce/ (UNIT)

* DESTINATION(ORDERSu) /va/ (ORDERS)

\IOTION(LARGE UNI'Tu. &PUTUNIT IN OTION)

CALC DI RECTION(DESTINATIONu. ORDERSu. LOC LARGE UNITu.
NIOTrnNio/t/ (LARGE UNIT
If UNIT has U I)E RS-and (NOT MOVING) and (DESTINATION < >

* LOCATIONd
then CALC DIRECTION =true.

DIRECTION(LOC LARGE UNITti. DESTINATIONu.
CALC DIRECTI()N//.LAR(GF t NITP
if CAUC DIRECTION then DlRECTIOf ( IEquations 5-11/213141/. P-.5-6)

Fleure -;.I Cyclesm DnIirction Ca icula tions.



It seems that the SM tools can represent and describe the current states of a
model very accurately. However, the tools required to model the state transitions do
not seem present. The ability to model the dynamic aspects of the simulation

programs is a major prerequisite and one which we could not satisfy.

Tt /pe/ TIME

UNIT /pe/

ORDERS (UNIT, Tt) /ce/{ (}

DEST(UNIT. ORDERSt) /a/ J}

INITLOC(UNIT, T < 1 >) /a/
LOC (UNIT, INITLOC. DEST < l:t- 1 >) /f/ Filter(t > 2) (T}

Figure 5.2 Geoffrion's Proposed Schema.

B. MAJOR PROBLEMS
There are twd problems discussed in this section and they both deal with the

representation of logic in a structured model. The first question deals with the role of'
logic in a structured model and focuses on the relationship between the solver and the
structured model. The second question deals with the tools available in SM to

represent the logic of the model.

I. Role of Logic in Structured Modeling

At first we were confused by the apparent division of program logic between
the structured model and the solver. After a review of Geoffrion's work and informal

correspondence with him on this subject, we have come to the following concept for
discrete event simulation models. This concept may not hold true for structured

models and solvers used in other modeline domains.

The entire set of logic for a program must be coded into the structured model.

The tools available for coding the logic of a program into the model are the generic
calling sequences, the index set statements and the generic rules. The solver acts as a

kind of super interpreter which takes each genus paragraph, in the order established by
a topoiogical sort of the genus graph, and exCecutCs the logic in these paragraphs. Ihe
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required data for the execution of this logic are found in the elemental detail tables and

the results of each step are returned there for use by the genus paragraph in the

evaluation process. The evaluation of a structured model only requires one pass

through the model. At the end of this pass all of the variable attributes, function and
test elements will have values and the model will be fully evaluated.

For a simulation model this process will be slightly different. In accordance

with the above concept, the -,valuation of the simulation structured model will only

represent a single snapshot in time. As a rule, it is not a single snapshot in time that is

important, but rather the cumulative efrects of multiple time segments. So, the solver

would have to execute the model repeatedly, saving the results, until a preset condition

had been reached: perhaps a specified number of passes through the model.

This extension of the role of the solver is directly related to how time is

implemented in the model and warrants a closer examination. The role of time in a
structured model has not been fully examined. One proposed implementation is to

create a primitive entity TIME whose elements are each instant in time to be

considered by the model. The TIME primitive entity would then be included in the

generic calling sequence of every dynamic entity in the model. [Ref. 1: pg. 2-91] An

example from ONEC follows.

TIMEt/pe/ There is a list of time instants.

UNITSu/pe/ There is a list of units.

LOCUNIT (UNITu, TIMEt)/va/ (UNIT) X {TIME} The unit locations.

UNIT TYPE(UNITu)/a/ {UNIT} The unit type.

Notice how time shows up in the location attribute but not in the type

attribute. Only the dynamic aspects of the model would be related to time. It is

interesting to examine the impact of this on the elemental detail tables and the solver.

The elemental detail table structure for the above example would be composed

of two tables due to the differences in the generic calling sequences. These structures

would be as follows.

UNIT TYPE

UNIT 'I UNIT TYPE

LOCUNIT

UNIT. TIME 1 LOC UNIT

The structures are interesting only in the fact that the dynamic and static aspects oF the
program have been serczated. :\ much more interesting point is to look at the size of

the dynamic tables and the interaction between these tables and the solver.
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Notice in the LOC_-UNIT index set statement the use of the cartesian product
with UNIT and TIME. This will generate a data set where every unit is paired with

every time instant. This can be thought of as a three dimensional array with time as

the third dimension.

The solver, in its single pass, would evaluate one time slice of the model.

Thus, in the first pass every row in the tables indexed to T = I would be filled with the
variable attribute and function values. The remaining rows would remain empty until

the solver completed the pass for that time slice. After the solver has completed its

required number of passes the elemental detail tables will be filled up to the row which

corresponds to the number of time segments executed. If all of the time segments in
the TIME primitive entity were executed then the elemental detail tables will be full.

For a model with a large number of units and,'or a large number cf time slices

this data set will become quite large. The resulting size may be an unacceptable

limitation of this approach. Because all of this data is not required, either Cor analysis

or for the execution of the next evaluation pass, it may be worth looking at another

option.

A second option is to just save the data of interest and that data required to
execute the next pass through the model. Assuming that all of the program logic must

reside in the structured model, this would require an extension to SM, probably in the

index set statement syntax, to direct the correct sizing of the elemental detail tables and

instruct the solver where to read and write the data.
This is considered a major problem because although SM can handle this issue

the solution might not be useful due to the size of the data structures required to

implement it. The alternative proposed seems workable but it requires a change to the
SM syntax and therefore an extensive study in order to implement.

2. Programming Logic into a Structured Model

The last section clearly defined the requirement that all of a program's logic

must be coded into the structured model. The tools available to code this logic were
given as the generic calling sequences. the index set statements and the generic rules.

The generic calling sequence performs the dual flunctions of representing the generic
structure of the model and identifying specific elements or sets of elements in the

genera. The index set statements are used to define the population of a genus. It
shows explicitly which elements from each genera are to be brought into the newly

formed genus. The gencric rules are used to manipulate the values in the model to

58



produce new values. It is in these rules that the majority of the program logic is

placed.

Geoffrion has defined a grammar for the index set statements [Ref. 10], a
syntax for the generic rules [Ref. 9], and a syntax for the generic calling sequence

[Ref. 1: Pgs. 2-11 - 2-441. The tools he has provided for these sections are very
powerful. incredibly complicated, and the source of the majority of our problems in this
attempt at building a structured model.

The syntax for the index set statements and generic rules seem tailored to
mathematical models and for a modeler with a strong mathematical background. It is
possible, even probable, that these tools are adequate to construct any structure
required in the ONEC model; however, they are inappropriate for use by a
"programmer" attempting to model a combat simulation program. It is difficult to tell
which part of this inappropriateness is the result of the wrong tool for the wrong job
and which part is to be laid at the feet of the programmer. Perhaps an example will

help.

a. Example of Modeling Problems

An easy way to demonstrate the difficulties faced in the application of' SM
to the ONEC program is to step through a section-of the modeling process. A section

of the ONEC documentation dealing with the pairing of the Red artillery battalions

and the Red maneuver battalions was chosen because it is a small easily understood
section of the model, yet it was complicated enough so that we were never able to
completely model it. The section chosen is only one paragraph long; so. it is repeated

here for easy reference.

(RED artillery battalions are assumed to move in response to the advance of
ED maneuver 'units. This etfect is represented by assigning to each artillery

battalion the speed o1'a selected maneuver battalion: In ffiost-cases. the selected
unit is the reserve battalion of a first echelon regiment which is nearest in the v
(north-south) coordinate to the given artillery battalion. If this battalion fsstopped, the most advanced battalion that is 'ithier in the first-echelon or has
been passed through by another battalion but still has a mission to attack in this
regiment is selected aid its speed is assigned to the artillery battalion. If' no
maneuver battalions fit the above criteria or if" the RED artillerv has advanced to
within KBMAXR" (30,) meters of' a BLUE maneuver unit. the speed ol" the
artillery battalion is set to zero. [Ref. 2: pg. 5-141

This short program section can be broken into several function genera
which will accomplish the required tasks. We have broken the creation of these
function genera into a three step process. which will be used to step through the
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modeling effort. The first step is to decide on the genera and indices required in the

generic calling sequence section. This provides the function the access necessary to

manipulate the data elements. The second step is to define the index set statement

which defines the size and population of the resulting elemental detail tables. The third

step will be the coding of the generic rule section of the function and test genera. This

is the actual logic of the program.

The first task in this program is to calculate the north south distance

between each Red Artillery Battalion (RAB) and every Red Maneuver Battalion of the

Ist Echelon (RMBIER). For the purposes of this example we will assume that there

are five LAB and five RMBIER.

Step 1: A technique must be devised to provide access to two sets of
elements, RAB and RMBIER, in the same genus, LARGE UNIT. We considered

having two compound entities. R.AB and RMBIER, and having the lunction entity call

them. However. we decided on a simpler approach of introducing two indices to the

LARGE UNIT genus: ul for RAB and u2 for RMBIER. This is done by using the

attribute LOCLARGE_UNIT twice in the generic calling sequence: each time with a

different index. This is consistent with Geoffrion's work in Reference 4 pg. S and
Reference 1 pg. 2-94.

Step 2: The elemental detail table must be sized to hold a value for each

possible RAB, RMBIER pairing. This would require a table that was 25 X 3. The

three columns are for RAB, RMBIER and the function value. The 25 rows are [or

-. -each possible combination of the five RAB and the five RMBIER.

Step 3: Build the function rule. This is straight forward beca'use this is a

simple mathematical problem which is very easy to do with the S*M syntax.

Resulting Genus Paragraph:

DIST RAB RMBIER(LOC LARGE UNITul. LOC LARGE UNITu2)/f/
SelectTLARlE UNIT} X f LARGE LTNIT}
;dabs {[(YIur + Yul) 12 - (Y!u2 + Ylu2) / 2]

h distance between each Red krtillerv Battahon % B). index ul. and even- ReserveRed Maneuver Battalion of the 1st Echelon (RMBIER), index u2. The distance is
only concerned with the north south separation and is measured from the midpoint of
each unit.

• Comments: The generic calling sequence and the generic rule section look

good. However, it is not clear who, the modeler or the solver, must keep track of the

indices. The index set sta:ement ioiks weak. We know exactly what the resulting data

set must look like. but we cannot express it. In particular, there is nothing explaining

the selection criteria.
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The second task in this program is to examine the just created 25 X 3 data

set produced by DISTRABRMBIER and select one pair for each RAB unit which

has the shortest distance between the units. This should generate a 5 X 2 data set.

The two columns should be RAB and RMB1ER and the 5 rows would be for the 5

RMBIERs associated with each RAB.

Step 1: The generic calling sequence is just the function

DISTRABRMBIER and the indices ul and u2 from that function.

Step 2: There seems to be no way to build a 5 X 2 data set. The only way

to do this here would be to use a compound entity; which is illegal because a

compound entity cannot call a flunction. Since we are dealing with a function the

smallest data set possible would be 5 X 3. The columns would be AB, RMBIER and

the function value.

Step 3: A key question here is what should the function value be? It is not

the distance information which is important. but rather the unit pairs of the two units

which share that minimum distance. Since a function must generate a numeric value.

how should this be done? We elected to have the function return the index value of

the RMBIER closest to the RAB.

Resulting Genus Paragraph:

MIN DIST(DIST RAB RMBIERn1u2)/f/ Select(DIST RAB RMBIER)
: i.and [imin (MIST RAB RMBIERul.), ord(u2)l This should generate a 5 X 3 data

set. The I columus Touidbe the RAB. R.MBIER and the specific index of the

RAB.
Comments: The syntax is probably incorrect in the generic rule section;

although it should be possible to do what is required. It is a minor inconvenience to

have to generate a numeric value when all that is required is the pairing of the units.

Again the index set statement lacks any significant information. All it shows is that

the resulting data set will be a subset of DIST_RAB_RMBIER. There is no

information on how this subset is chosen. It is also not clear that it is legal to use the

function entity in the index set statement. If we are required to use the genus

LARGEUNIT then this index set statement will provide even less information. This

index set statement might look like: Select {LARGEUNIT} Covering ul.
The third task in this program is to examine these five RAB, RMBIER

pairs and see which the RMBIER units are moving. This requires a test genus.

61

:, kk



Step 1: It is clear that the 5 X 3 data set from MOVINGMIN and the
MOTION attribute for LARGEUNIT are both required for this function, but it is
not clear what the indices should be. For the RAB it is obvious that the index will
remain "ul". The five RAB units have not changed throughout this process and still

have a one to one correspondence with the index. This is not the case with the

RMBIER units. The relationship between these units and the index is no longer one

to one. There is no assurance that the original five RIBIER units remain in the
MINDIST data set. All that we know is that at least one of the RMB1ER units
remains in the data set. So what should the RMBIER index be? If we use "u2" again

it will mean two different things in the three functions. The correct answer may be to

introduce a new index "u". We were unsure so we staved with the "u2" index.

Step 2: The" establishment of the elemental detail tables is easy. It will be
exactly the same size as the MINDIST table. In this case the third column will

contain a flag indicating true. if the RMBIER unit is in motion. or false if it is not.

Step 3: On the surface the function rule seems simple, and it is if the
assumptions we have made are accurate.

Resulting Genus Paragraph:
Y' " MOVING MIN(MIN DISTulu2. MOTIONu2)/t/ MIN DIST)

-'- ; i:if(MOTIONu2 =-TRUE). true, false) If the R.' 1BIER unit paired wit. the RAB
unitis moving then MOVING_MIN is true. This calculation is done tor each RIAB.

Comments: Several assumptions were made in creating this genus. First,
we assumed that "u2" was an accurate index for the RMBIER in the MIN DIST data

set. Second, we brought in the MIN-DIST data set but did not use the value in that
data. Instead. all we used was the unit pairing information which appears in the key to

the elemental detail table. This pairing information generated a index into the attribute

MOTION by taking the index to the RMBIER and extracting the motion information
on that unit. This does not seem like good modeling and we have no idea if' it would

work.

This question of the index for the RMBIER units was also complicated by
the fact that the value in the MINDIST data set was in Fact the actual index location

of the unit in the elemental detail table. There should have been some way to usc this
index value to access the motion information. This would have made the model seem

more inline with correct modeling, but we did not know how to do this.

Again the question of using the Function genus in the index set statement
comes up. lere it very nicely defines the elements required For the elemental detail
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table. However, if this is illegal, you would have to again revert to the less informative:
Select (LARGEUNIT) covering ul.

The fourth task in this program is to examine the 5 X 3 data set generated
by MOVINGMIN. This data set consists of a RAB,RMBIER pair and a flag. If the
flag was true then the RMBIER unit was in motion and the two units were paired. If
the flag was false then a new pairing must be sought. Ideally we would like a 5 X 3
data set with the first column being the RAB unit and the second column being the
pairing unit, from MOVINGMIN or the new pairing, and the third column being

another flag showing if these are good pairings. In a very high level pseudo-code this
would look like the following.

for ul = I to 5 do

if ulu2 = false (u2 is stopped)

then
u3 = most advanced Red Man Bat 1st Echelon

u4 = most advanced Red Man Bat
if u3 = u4 (unit has not been passed through)

then

u2 = u3 (change pairing)

flag= true

else (unit has been passed through)

if u3 MISSION = attack

then

u2 = u3 (change pairing)

flag = true

else

flag = false (no pairing possible)

endif

endif

endif

enddo

At this point in the modeling effort we were stopped. There do not seem to
be any tools in the generic rule syntax which would allow the index manipulation

shown in the pseudo-code. The ability to conditionally access the rows of' the
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elemental detail tables and substitute index u3 for u2 does not seem to be provided for.

So the ideal 5 X 3 data set with the overall resultant pairs and the boolean flag does

not seem achieveable.

There is probably a way around this limitation by using more functions to

build more data sets and then having another function review all of' these data sets.

Some of the logic in the pseudo-code could then be placed in the generic structure.

However, at this point we stopped our attempt at using the syntax suggested by

Geoffrion. Although we are convinced that the syntax for the generic rule section and

the index set statements can be used to construct the required model structure, we were

not having much success with it. To continue building this tenuous house of" cards

with its anemic index set statements, very questionable generic rules and doubts about

the correct indices, seemed counterproductive. To our perspective the point had been

* made. The tools are available bLit not necessarilv appropriate for modeling combat

simulation models and not very easy to use.

b. Recommended Alternatives for Logic Representation

There are two possible solutions 'or the logic programming issue: training

" or a modification to SM. The training approach might be the simplest course of action

but may not be the best. A modification to SM may have considerable impact on SM

but the resulting system might be more applicable to simulation modeling.

We have tried to point out that SM has a logic programming capacity of'

great capability and complexity. We believe that all aspects of the ONEC model could

be modeled using SM: even though we could not do so. The obvious answer is

training.

Part of the problem, as mentioned before, is the lack of' complicated

examples to mimic, tutorial texts to review and a workable SM system to experiment

with. As SM matures these things will become available. "Programmers" will be able

to learn SM and become proficient with the tools.

This answer only addresses part of the problem, programmer training. It

does not address the question of how suitable SM tools are for the logic lound in

simulation systems. The example provided showed some of the problems encountered

when trying to use these tools in this domain.

The second solution, one we feel would greatly enhance the applicability of'

SM to simulation systems, is to modify the syntax for the index set statements and

generic rules to incorporate a high order language (IIOL) capability. This solution

addresses both the traininz and the suitability problems.
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It can be assumed that the simulation modeling will be done by simulation

programmers". These programmers may or may not have a good solid math

background; however, they all should have a good solid background in HOL

programming. This does not eliminate the training problem; it just reduces its scope.

The programmers will still have to learn SM but the hardest part of this, the syntax of

the index set statements and the generic rules, will have been greatly simplified.

The syntax for the index set statements could be greatly enhanced by using

one of the predicate calculus based programing languages. We understand that this

is currently under investigation by Mr. Srikanth Chari, one of Geoffrion s doctoral

students. Mr. Chari is investigating the use of Prolog. Another option might be the

use of a database query language like SQL. Either of these two options should make

the index set statements more readable, easier to program, possibly more descriptive

and very conducive to a computer implementation.

The syntax for the generic rules requires a language such as Pascal 1o
handle the problems we've encountered. There is little question that tills could provide

most capabilities that a modeler might need. It also has the benefit of heing something
readily' tnderstood by the potential modelers. The pseudo-code example shows where

a HOL can confortablv handle something which is hard to manage using current SMI

tools.

This is not a trivial change to SM and may not even be possible. On the
surface it seems to avoid some difficult aspects of SM and to provide a capability

whici more people could understand and use. However. many questions remain to be

answered before this could be implemented.

First. is this technically feasible? Can lIOLs be integrated into the SMI
framework without destroying the very solid theoretical foundation which Geoffrion

has built? Can tle interfaces between the indexing scheme. elemental detail tables.

index set statements and the generic rules be worked out and still retain the benefits of
SM and the HOLs? In other words, it will not be of any use if the HOLs or SM must

be greatly modified.

Second, what is the impact of doing this on the SM products discussed In

Chapter IV? Would the greatly increased power in the generic rules tend to detract

from the information in the generic graph? Would this cause a migration of the logic

currently coded in the generic structure into the function genera? I low would this

scheme affect the role of' the solver: Would a second level of documentation be

required for these new powerlul logic tools?
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We do not have the answers to these questions. They will require extensive
study by persons very knowledgeable in SM and computer languages. Our experience

in attempting to model ONEC using the current SM tools suggests that it would be a

very valuable undertaking. The different presentation of the simulation program data

and the manipulations of that data available through SM are definitely worth pursuing.

C. MINOR PROBLEMS

The problems in this section are ones which provided us challenges in our
modeling effort but were eventually solved. They are indicative of problems faced by
an unsophisticated modeler dealing with complex new tools and limited documentation.

Problems of this type are those which we would expect to resolve themselves as SM

matures.

1. Problems with Attributes
" The rules 2overnini the use of attributes limit the options available to the

modeler. They sometimes force the modeler to make decisions which hide information

or make unnatural use of the SM elements in order to circumvent these restrictions.

They also seem to prevent the logical modeling or attribute inheritance. The followving
sections will deal with specific examples of problems encountered. Before discussing
these specific examples a brief' summa.ry of the attribute rules is in order.

1. An attribute cannot call a function or test element [Ref. 1: pg. 2-21.

2. A primitive entity cannot call an attribute [Ref. 1: pg. 2-31.

3. A compound entity cannot call an attribute [Ref. 1: pg. 2-21.

43. An attribute cannot call an attribute [Ref. 1: pg. 3-21.

5. Afunction cannot call an attribute tRef. I: pg. 2-,1
6. \n attribute may call a primitive or compound entity [Ref. 1: pg. 2-31.

An attribute may call several primitive and or compound entities% [ Ref. I: ps.2-'8 and 2-831.

These rules are shown graphically in Figure 5.3.

2. Using Compound Entities in Place of Attributes
:\ basic theme in this Section concerns the limitations of the attribute clement

type and ways around these restrictions. A technique whicih shows ap with great
regularity is replacing attribute elements with entities. This works because the
compound entity elements are not prohibited from calling other entity elements and
attributes are allowed to call entities. This circumvents the prin-,arv probleni of an

attribute heing unable to cail another attr:hute.
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///pe/ /ce//a

fit a a a

* UNACCEPTABLE CONFIGURATIONS

If/ti /a/ Ia/ /a/

a pe ce pe/ce pe/ce

ACCEPTABLE CONFIGURATIONS

Ficure 5.3 A\ttribute Rules.

This leads to somec conceptual pro-biems with SN!. Remember that an entity

element car, 'e rnoucht of' as a tneand an attribute is i property of' that 'Whing-.

This seemlls sta:frard an easv to inipicmerit. We can lookr- at something andIL

know it is a -thine- and becloneLs in an entity% cienment. We can look at something and
know it irs a property andl bciones i -n i:tr:ilute ke;cnicnt. lu o ntemdin

phase we tind cases wheire -e mnodel wvill not work with the simple straightforwvard

allocation of elemients to the entity and attribute genera. We are forced to szo back

into the model and recine attributes as entities to form a workable structure.

On the surl'ace thlis seems to be a, weakness in SM. InI fact his schizophrenic

behavior of attributes is discussed by Geoirrion. Ile states:

A miember attribute for a tclas can be ren,,cred in SM either as, Wi an attribute
'A11u wnoe Le;ements are 1:1 with thle elements -)I the Lcnus it calls c.

* fi ILL \()i. or is 111 J L0onrnoun6 nT)Ilt ,cnu, mahzt iink 11cT II N.ceinents -to
* ~C Cmenfs ai n er ei;y crnus that a~-mdecc (c.c. 1 P) Rl 5: pgs.

linoriniz the conceptual problems of an attribute being classified as an entity.

sonmethIng1 wXhich ee to he enldorsed h-, GeoIfion.1 thle tchniqueCs and tools seem to

Lbe available to lhui'd zhe: ret-juired niodcling structures. Somec examples f'ollow.

U0



The function SPEEDFAC CELL derives its value from a table search using
the current values of RELIEF and VEGETATION. It seems logical that there should
be a way to place this table into the model in the form of a genus and access it with

the function statement. Several different methods were tried before a workable
solution, one which followed the rules of SM. was found. The options considered md

a discussion of'why they would or would not work follows.

The function is a simple table search using the values of REI.IEl2 and
VEGETATIONg as indices to the table. Given that there are 4 possible relief t.pes

and. 11 possible vegetation levels this table would contain 44 entries, one tbr eaLh

possible RELIEF VEGETATION combination. So for a certain GRID (;ETLL the
values of RELIEFg and VEGETATIONg are used to examine the table and extract

the speed factor for that grid cell.

The first method tried was to place ?he table in an attribute ,' pe genu,. TI,

is consistent with the recommendations of Geoi'r;on. lie ,:are,. \ost )t -he
"'coeflicients" and 'data' of conentionai modeis are represented as jttriHute cie:ne:-,t

[Ret" 1: pg 2-3. This did not -eem :o .verk. I he table niut e kc-.cd n :he %.:c: and

vegetation values. This means -hat th: ,able ittnbute rnut hae 'hee -"o vfr'',uwe

in its cailing sequence hut S%1 rules rrohhit in ittribute r~nl Lai;: n t',rliue

The option of Spec~LMIg this tale .A- an attribute of :he rr:n.ite enr:r"

GRID CELL also does not work \n vttrJ-ure :s uSe. "o ,,;izn aiuel, 0. c.crct, rn

a genus. So. tor an attribute to derine a genus it mut ha%'e a aIlue tot Cah Clement :1

that genus. -Ihe C RII) _ J-.I. L : , IC :ie C:-  I 'e i'', . "

There is..'xr to, 'rx~-~ g! *rrc e -kc . x

SPELD 1\C , KL1 h_ . .:.,¢,' :C " ,. .

'" ~accompii~hed -'. an , .:: .~ -'.c'.::.e2 ' : .-- - : .,r. I:, . ; . ,.c :-

data into the mcde! :ns ad .. : ,re 'inz , i% ,a'j \i ,,h-,, h !hp. '.''.d '' '

extreniel! aw kward and ooe .,.d rn,)dein r '

Jlt. tr.C ir'7'a.: . .p, w' '7......

called I)% an atrr:hurc ,. " . .- ' : ' A ". : ,2' ' 3 L.p'' " "r , ..2 "

and adsz ns a %au; t,) ea: . rc , i .,: -.. , c,';i c ,.i'-ic .A 1 re
• " ~kex ', .l JC\. all inr a ma , n c ~ r 4,'., " ,' ". \1 I'c rc ,,:,:, c',n ,, "r~ ri v ''.,

I :,rrc i e

) l .'I



GRIDCELLg/pe/

GRID RELI EF(GRIDCELLg)/a/

CR! DVNEG(GRID-CELL.1(a/

REL IEFr/pe/
I here ,s a list of all relief'values.

There is a list of all vczctation % alues.

SPEED FAC TABLE RELI Err. VEG' 1)/a1 (RELIEF*) X (VEG)
There is a speed tactor bor cen*r coninination or rciief arid %egeation.

SPEED FAC CELUfGRID RELIEFg. GRID_ 'E(ug.SPEEDjAQkCT.%BLEni
j ;SeI~ct A SPEED F-%( r-WLE

N eeNE(;g = GRIDJ EGg and RELIEFr - GRID RELIEF,,

Ficure .- Gen.us 'a.e~.a or lahi\le

This approach tsa ood. one A1c1.:ue lit 7~e 1. "t:

instead of being mnserted into the ode cIt. a :UnCln. 11-1 IjJCr% 'C -
SM. This may :,ot be an tmuicj~ateg oc s 4prj r. Ii~' ~:~

convenient use of :hc SNM cieziclnt z,.pe%. ",Li ;t wxorks Ahrcnc

SPEEDFACCELL t'

GRIDRELIEF a/ GRIDVEG~aj PEAAL

GRIDCELL oe; RELIEF pe 13c

LI ft.'. 11



Another example can be found in Geoffrion's work on Hammer and

McLeod's Tanker Modeling Database. In this work Geoffrion models the attribute
ship type as a primitive entity TYPEOFSHIP and a compound entity TYPE, which

calls the primitive entities SHIP and TYPE -OF -SHIP. This seems to have been done

to nunu c the organization of the Semantic Data Model, rather than to model around

the restrictions posed by the use of* attributes. This example is provided just to show

that it is acceptable to model an attribute as an entity if required. [Ref' 5: pgs. S-9]
A final example of this problem stems from a situation where an attribute

- d defines another attribute. This comes about in the section of the model dealinz with

the orders. Each set of orders has a mission and a destination, each mission has a

,mssion type and one mrission t~pe has a set of' three postures. The obvious, but

incorrect approach. is to model the orders and missions as compound entities and the

mission ty-pe Lind postures as attributes (figure 5.o. T'his again is not allowed because

an Attribute may not :ail an Attribute.

One wav around this is to buildi a prim-itive entity MISSION TYPES and a

.orpound entity \IISSION TYPE which would call both MISSION and

\ll~l\ TYPES. POSTI:'RE could then remain as an attribute to MIISSION I-YPE
is shown in F:gure 5.-. '1his rmav work. It is somnewhat awkward h ut it does retain all

* ci the iniormation and shows the relationships between the rmision type and the

70rulre. However. at does require the introduction of' a seemningly urnCLCSSdr'

rnmi:.%e entit'.. ['he priman- objection to this method is that the c~OMPOUnd entit%

MISSON 1\PE .s not variable and this miodel requires that a unit lie able to Lhange

A, -slie simulation progresses. So it seems that the method of' modeling an

- r:TTY'1% r inu oniround enut%. onihination wiil not xork xien tr :nie

O ur :rini rnicie wis o I e~lne the nussicin entit% -is a variable attribut-e '.vah a

ringe An:nrlJadeJ e'.enr' o,%iie mission t'pe and posture. This approach does not

sha rJ ph;L:IN !he relationship between the nussion type and the postures but it does

S *~c :,c',.r:ri 11 iienwci C.t It x ok~ie% he prohleni )I -lhe .An,,nL!

I 2. e\.2.F' .~ ~ d.'o ken( n'r,r lie dillictiltie% a niodeler rn,1' :LC :t

- ' '' . rc q,.: !c, I It:rc '.kc h.m'.c k!ric fiil irLIe fron in .,rirhkie ' i



POSTURE/a/

MISSIONTYPE/al

DESTINATION/ce! tISO /e

ORDERS/ce!

LARGEUNIT/pe/
LARGE IN ITu /pe/

ORDERS( LNITu) /ee/ {LARGEL7NIT

DESTINATION(ORDERSu) /ce/ (LARGE UNIT)

MIISSION(ORDERSU) /ce/ {LARGEL'NIT)
MISSION TYPECMISSIONu) /v/ (LARGE UNI T (RED \IISSII)NS
attack. hoffing attack. be prepared to attack-. IBLM MISSIONS deiaN.
%ithdra%%. reserve. miose to reinforce. defend)

POvh 'REM~ISSION TN*PFtii/%a/ SelectILARG[ UNIT) Where
MlISSION TYPE = -DEFEND (fortified position.. hasfv defense. prepared

"OA position) I n'ese are the postures tar the mission tx pe LdeienJ

Figure 5.6 Improper use of .ttributes.

~.Abstract Data Types

There does not seem to be a capability , in SM. to build a data type which can

be applied to more than one genus while still addressing a single genus. This capability

would have been %,ery useful when dealine with aspect of location and the table issuec.

This :% it minor inconvenience which can be i'~oided with re-sourcceiil modelimw -The

tahle examnple was co~cred In SulLient detail in the list Section. Loi-ition Ill IdjrcNcd

rnc low.

Three of- the primitive entities in the model. GRIDCELL. L.\RG_U t\11'

arnJ S\1.\ L L NIT. require ;nformation ihout the:r uc~auon. In a! .1re c :1es hi

:nforniation can he modeled as sets of iVY) coordinate pairs %%-ill dica r ince

requirements. This suvieest% that a single data tx pe could serve for all three entities.

a- ! ~~~ *~~ P 'R~*. * * ***.%*..



POSTURE/a/

MISSIONTYPEIce/

DESTINATION/ce/ MISSION/ce/

ORDERS/ce/

LARGE_UNIT/pe! MISSIONTYPES/pe'

LARGE UNITu 'pe/

ORDERS(L'NITW7 /ce/ (ILARGE UNIT)

DESTINA riON(ORDERSu) /ce/ (LARGELUNIT)

-'MISSION iORDERSu) ice/ {LARGELU.NIT)

MISSIONTYP ESni/pel I here is a list ot all -niis, ion types.

MISSION TYPE iMISSIONu. MISSION -TYP[Sno Ice/ tLARGEL'NIT)

POSTURE(NIISSION TN*PEti)/%a/ Select ! LA RG'E- N IT) fdortified position.
* hasty delense. preparecrposition) Iiiesc are the nostures sttd or :

adetend.

Ficure 5.' M1odel=n A*ttributes as Compound Enities.

The first option considered was to have a single attribute called LOCAI ]ON

which could be used whenever location information was required. At first thi's 1%11r

rejected hecause the excess haeace in v!cneric callingz ,equence and lflde\ set srtcnemcrit

seems to deteat the intent. I he resultiniz statement looked like:

LOCATION (GRID CELL L LRGE VI'NTu. SMALL UN ITs,)
'3/selectfGRID C ELL.LA RG LN IT. SNIALL L NAT): 0 < X < - 135. 1) <

< 3



DESTINATION/va! MISSION/va!

ORDERS/ce!

LARGEUNIT/pe!

LARGE LT'I Tu /pef

I ORDERS(UNITui /ce/ (LARGEUNI[T)

DESTINATIONORDERSu) /va/f{LARGE UNITj

MISSION (ORDERStif !%:3 'LARGE UNIT) (attack. holding attack. he
prepared to attack. deda% . %%itiidra"i. reseiTe. 11105 e to reinforce. ck?end lori ified
position. defend hasty defense. delend prepared position)

Fizure -;.S Current :\proach: to %Iodcling the \Iis-ion .\trilwu.

After further thouchlt it is not clear that tis Lapproac-h woud hia'e %\orkcd

even if' we had i-mi willing to acLC pt the imipact: 01' t;IC C\LCI heIic V*!JOv-h

attributes can call more than on 'e entity element this approach \kculd not ha' e hi~d t:,c

Jcs~red :YeAt. Wen attrib)utc, cal! More -,oan ric entir% :.,,C% 1%c 1sm -a i~c

the combination of those entities. I his is e\acti% tht- arpro.ILh used in the vai.r to

the table .ss;ue -xih *lie attribute SPELE) F'AC _ 1ABL U The desired :oiXi. -as :o ta c-

:hie attribu1Lte apo to ,lic entities one at a time, but fti does, not -seeni ro-s; I'C

Tow axrk iro'aid this Prolm the -urrc,,-, lr'JLIh ;s t) *sC adicrn

attribute I'or the LOC.11\ N of' each itemn. So the model no-x has attribute,, for

LOC LARGE t-\Ir. LOC _CR1)_CLL and IOU _ -S\I.\1,[- _\ I i1Iiis te:.ds to

run contrar to thle ,O!ICepr 01 ac: rer'aticn. hioss e. r t %kork

Inheritance

(icoflrion does not c\rliLIII% state ho%% in-heritan1c ile" .1, S~a d M

We examined we~cral possliilties anid reatficd d LO'ILIL%1 Ouilo \ a MI I \% I1aL0ii 5 XI%

the bes;t solution for m~odeling inheritance it hini t he % \fI frime's rk I he v

.on'odereJ iankl j dnesir Ilc r ;:-, xid~ rc'sI J\



The First alternative w-as to show inheritance explicitly through the gcnieric

calling sequence. The underlving intent was to have the model show exactly which
attributes were inherited and which were not. This we felt would go a long way in

helping a user to understand the underIl ing element relationships in the prograni.

Three model structures were considered.
In the lfallowvinv: examples a simple scenario is used. There is a prini\e

entity called PE I. It has two attributes: AI and A2. CL IS Is acompound en~tit\L wichL

is a subset of' PI'. CEI will inherit attribute A*2 but not attribute Al. In the final

exinmrle CEI has an attribute A'\ and a compound entity CE2. which is a Subset of'
CE I. and PE I has,, an additiona-l compound entity CEU.

The first miodel struc~ture considered is Shown ii Vicure 5.9. Graphica-lly this
00ok- 'IcrI iC. It is easy to sec the exact relationlship whic h e\ sts between, Cl' I-md

.7 ~~ .\l on", A2. Blu: zhiN ,Prw0Lh ";Q&' hl,:\ a 2':;:, .:

~:~~2re i ~lA 1 ardn:1:x a% n'ot .aii ai it-r:i'U'C VO !Ia P

C E ce.,

P ie, 

.

PC' Tp! 11 lo , !wC!' t

(i t:~ 61 1p. pir

I ~c . 1 ' *C r . ;lift



For A2 to be used in this manner PEI and CEI would have to h-ivc a I to I
correspondence because A2 would have both PE I and CE I in its calling sequence.

Obviously this is not going to help, so this option was also rejected.

A2/a/

Al/al CE 1/ce,/

PElp/pe/

CE lPE lp)/ce/

A I(E lp'13 PEl /pe/

x2iP E Ip. CE I p)/i

Ih ZI ITI AI- rtp O:l LOni...crcJd If- M:C %CarLI lo r C\p1IL. .11Iht i (JI1C~i 1%

2 2 II ~ .''ro~n to~o. the rei ,r;-i-hir (T I inJ\2

~ ~ I? % .. c..: 11,1,C 'heL NUtI.C 7'7 !2C 'I "A,~~bc

J%rLe.41 -hd:')m SO," 01 JCJUt I11hCfIta2,L 1% 11 c\islent~e We asutue thi% rncin%

thait cen er , mpuund crmt\ m'unie% all of the aturihute% of ec er\ rclated entmt helow it
:fl 0 V)e .. r.r cac ~ni.. ~c- -" .'e r% eithcr .lirc, I\ 'r nu.ir *,:

,01' , : 1 '-CC h1%.' \LILh Jf) .tprr .iJi k'.oidd. \%o rk Rc?1fcli-eC iil'. thi

ecmcflIC! je i d'i tihe% %'.ere ir'ra~c III flic IJL' nthc :cnctli,.Ahui

Sk4[jCfa.C' A% 11.C kc' - The t IN'C.. 11 a Lcr!,in koniourid exiit\ haj% .1 -,etti:t %~i\'

ridc' r, - .t.~ IAC ,2 i-i1' , .%,i, I1.1<C Ai 1.. r I I h1cCIC c



A2/a/

Al/a/ A2/a/ CEl/ce!
PElpjpe/

A I(WE Ip)/a/

A2(PElp)/a/

CE IdE Ip)/ce/P lpe
A21 C E Ip)/a/

Fiiur -;.11I Inheritance Approach 3

11, thle a,-c nce ol' spL'cilic guidance or, this, issue we assume thlat thle dcF,"lilt

inhcr:tamr.- nroctJures je!ned above ire Jicceptable SN! hiodCing practic:c. F i ,re

CE2'ce/
A3,1a

PElpipe/

M(PElpi/af Al1 .'a,' A211a/ C El1/ce/ CE3,/ce,,
A2(PE I p /a/ .. ...................
CE I( PE I p)/ce/

AN C E I p)/a/

CE24CE I p)ce/l PEl /pe/

I IgUre ~.12 Itiheril1InLC ( hoCt Solution.



From Figure 5.12 we assume that CEI would inherit both Al and A2 from

PEI. CE2 would inherit Al and A2 from PEI and A3 from CEI. CE3 would inherit

AI and A2 from PEI but would not inherit A3 from CEI.
This concept of inheritance will play a major role in the discussion of

modeling hierarchies which is the topic of the next Section.

5. Hierarchy of Units

The LARGE UNIT elements in the ONEC model exist within a hierarchal

structure. To define a LARGEUNIT's position in this structure you must know its

LEVEL, (division.regiment. or battalion), its ECHELON, (1st, 2nd or reserve), and its
TYPE. ( maneuver or artillery). An example of the general structure is shown in

Figure 5.13.

1st Echelon Division
1st Echelon Regiment

1st Echelon Maneuver:,Artiller" Battalion2nd Echelon Maneuver:Artilleiv Battalion
2nd Echelon Regiment

1st Echelon'.vlaneuver-Artillerv Battalion
2nd Echelon Maneuver:Artilleiv Battalion. Reserve Reeimient"
Reserv Maneuver, Artillery Battalion2nd Echelon Division

Ist Echelon Regiment
1st Echelori Maneuver:Artillerv Battalion
2nd Echelon Maneuver, Artilleiv Battalion

2nd Echelon Regiment
1st Echelon'.vianeuver,'Artillerv Battalion
2nd Echelon NI aneu,'er;Artilrev Battalion

Reserve Reegiment
ReservE Maneuver Artillery Battalion

Figure 5.13 ff:_rarchy in ONEC.

Several different options were considered for modeling the hierarchy, yet none

of them seemed exactly right. In the end it was decided that because ONEC did not
use the hierarchy information, it was not essential to model it. In the current approach

the hierarcLy information is placed in the LARGEUNIT TYPE genus paragraph as

shown below.

LARGE UNIT TYPE(LARGE UNITu) /a/ (LARGE UNIT): (List all unit types)
Evern L.NIT ha-s a descrimtion'which tIllv defines tliat-NIT in the Army hieraf.hv.
This'will include the l.EEl- of the U-NIV (Diiion. Recircnt. B l-lion -he
LCHI ELON of the LNIT (First, Second, Reserve) and the-l"Pt t) of the Ni l
i. tArtrllery or Maneuver).

-7



-E -wonr~ - ----

This approach provides the necessary hierarchy information while avoiding the

issues of modeling the hierarchy and the related issue of attribute inheritance. Notice

how the information is hidden in the text and unavailable in the graphical presentation.

Also note that every unit must share all of the same attributes. This avoids the

problem without providing an answer.

It will be necessary to find an acceptable SM representation for this hierarchy

if SM were to be applied to a more complicated model, such as FOURCE. where the

hierarchy information plays an important role. We were unable to develop an

acceptable model on our own. However. Geofrrion has recently released an informal

note "Modeling Categorization Hierarchies" [Re.f. 13]. In this work Geoffrion describes

and comments on five different approaches to this issue. In the following sections each

of these five suggested approaches will be applied to the ONEC hierarchy and

conunents provided on the merits of each. To enhance understanding of these live

approaches each section will start with a quote from Geofrrion's work describing the

approach.

a. Approach 1

One rather obvious idea is to desien the schema so that the modular structure
'which., of" course, is always a tree) mimics exactly the categorization hierarchy.
That is. we want the niodular tree to be isorhorphic t6 the categorization
hierarchy tree. In order tbr this to he so modules should be 1:1 with ateaores
and genera 1:1 with items. [Refl 13: Pg. 31.

This is very easy to implement. The resulting schema is shown in Figure

5.14. Notice in the notation of Figure 5.14 that the primitive entities would have to he

numbered to reflect the individual units. This is shown with an N where the actual

number would go. This Figure has been simplified by removing the 2nd ELchclon

Division information. This information is essentiaily a duplicate of' the 1st FLhelon

Division information with 2nd in place of 1st.

This approach does not show any information in the generic graph. It

would just look like isolated nodes: one for each unit in the model. All of the

information would show up in the modular structures and module graphs. Geotlrion

also points out that this approach would generate a large schema for hierarchies with a

large number of items [Ref. 13: Pg. 51.

In this case this limitation seems to he fltal. It would he impossible to

treat each unit in the simulation as an individual genus. This approach would iko

p



&lED 1st Echelon Division

&IEDIER 1st Echelon Regiment of lED

&IEDIERIEB 1st Echelon Battalion of IER of lED

IEDIERIEB MANEUVER I pe

IEDIER1EB MANEUVER 2 pe

IlEDl1ERlE9_MANEUVERN, pe

IEDIERIEBARTILLERYN pe

&IEDIER2EB 2nd Echelon Battalion of IER of lED

IEDIER2EB MANEUVER N pe,

1EDIER2EBARTILLERYN PC
&IED2ER 2nd Echelon Regiment of' lED

&IED2ERIEB 1st Echelon Battalion of 2LR of lED

I 1ED2ERIEB_\[ANEUVERN\ pe

IED2ERIEBARTILLERY_-N pe

&I1ED2ER2EB 2nd Echelon Battalion of 2ER ofIlL)

IED2ER2EBM..\EIER<\ pe

IED2ER2EBARTILLERY N pe

&IEDRR Reserve Reziment of lED

&1EDRRRB Reserve Battalion of RR of ILL)
'p IEDRRRB_\t.-\NEUER\ pe

IEDRRRBARTILLERY N pe

Fuzure .1-4 I lierarch% .\rr'roaLh 1.

raise problems with attributes. There is no %%a% to have a sitngle attribute [Or all of'the

units.. 1Ihis wOuld hav.e to 'e n1laed in the 110duL1 paragraph deSL-In' IOn. Wi cii

'-it 'he niornwt~on %-L-id -wt h~ow ir, iri -ie 'ic-icn1Tai ,c'ax. %inxc. ~r In 2.

attribue 'AOIL cuid zuc o he --.cated. ;or eaLh crius

b. .4pprout h -

%OrIL'UrC 11T11,-1 or !,.Cc rather mhu1 'hC: :ii i~

- -cc "l

%L Ntea



category tree. Items and their associations with categories are to be rellected in
generic or elemental structure. In order to accomplisli this. each catewor' that is
not a leaf of the category tree should correspond to a module, and eath c'ateg cr-
that is a leaf of the category tree should correspond to a genus. I Ref. 13: Pg. 5

This is also fairlY straizhtfor-ward and is shown in Figure 5 15

LARGE [\lTu pe

&lED 1st Echelon Division

&ILDIER 1t Echelon Regiment ot' 11.1)
: &I[.DILRI[EB k," .,icion Ba-,!'17:Lr" ,,! 11 R '; ,i1[)

IEDIERIIBI \I.\\lI- VI R I \R('I _ I \I I c

ILDILRILB \R!II R') 1. \Rt11I \J.

1LDItR1 B \l \\ V R \R .
-IIR21 B \R I R ,tt l\[

x:D2'F R "'

- 1I D1) R i 1 J ,1 R c.I: .

I .[ R I 1 \ 'd \ I R 1 \. I .. '

LI D.' RtL.1 \R<I .. \k" I\tt "'

........ .................................... .

,r , ~~IF l2 [ }R![ El ' \\, " i, R ' \:{' "'N':-i
li -! ' t I

.s.[[~x [ R .>c A_'.."" '' "

I %)1RR1 \ : I , .,

* ' * . .. % "
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Attributes which apply to all units can be handled easily by developing an
' attribute which calls the primitive entity LARGEUNITS. Then all of the compound

entities will inherit these attributes as discussed in the last section. Attributes which

apply to an entire division, regiment, or battalion cannot be handled formally. These

catecories of the hierarchy are modeled using the modular structure and have the same

probiems vith attributes as the first approach. Attributes which apply to units at the

:cest :iel ift :he hierarchy. i.e. Maneuver Units of the 1st Echelon Division 1st

Echelon Regiment 1st Echelon Battalion, can be handled formally. This is easy to do

because "he no-tom of' the hierarchy is modeled using compound entities and attributes

'a:. a., ,.cmound entitles.

.. Hierarch .l Approach 3

_-. ... ,rc'ac.,i, :ike the first, except thait the generic structure rather than the
' 7-u.:., ar ,:.re s aed "o :.unuc 4he catezorization hierarchy. We desire the
-...- --: -,.rater n "he -noduiar tree. to-be isomorphic to the categorization... r. ,:. "oe Rc:h 12. Pz.

uIs arproach. -ho".n ,n Fizure 5.16 . is a simple translation of the first
" ,.-',r:.:;: ,r~c'a.n :i:Lare h1. The 1st and 2nd Echelon Divisions are represented by

, . n:.ue, mn e.er-thing eise uses compound entities to form the different

.e. \can. "nere ire problems with the size of the resulting generic
• r.., n.. .,, .1:: a t r:iutes.

-i% is Iproa,_I -e :Llres a separate compound entity for each unit in the

, ,'-s va in Lnac . ptalIe requirement in the first approach and remains

,.i.cr',e ,erc I e handhmne of attributes is better with this approach but still has

.. -:7 C " , ,r c\Amnrie. :t s -till impossible to have a single attribute which

.. '-. s oweler. ,t is possibie to have attributes which apply to all units

,Ia 'a .e. o: t herarchy. i.e. all 1st Echelon Division units.

d. Hierarchy .*pproach 4

........... '- :" -'c.' : ",v .,o I]e~ ise nin irrroach that is to the second aoproach

-, .. :.e :r,. I hat is. in arproIcI wiherein ceneric structure rather
7 ' .. .:, tLire ul ued to nimnic the category tree. Items and their

.. r~es ire to be rerresented ifT eremental structure. Thus
,v ,; p. rather than tht modular tree, to be isomorphic to the
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hi"' ED',pe,' 1st Echelon Division

IEDIER(1ED),ce, 1st Echelon Regiment of l[D

1EDlERIEB(1EDIER)i ce 1st Echelon Battalion of IER of lED

IEDIERIEBMAN'EUVER Ii lEDIERIEBi :e

IEDIERIEBMIANEUV'ER_2i IEDILRlEB) ce

IED1ER1EBM'' AN\ELV ER_\ IEDIERI[B) ce

IEDIERIEBARTILLERY \(IlEDI FRI EB ce

IEDIER2EB(IEDIER) ce 2nd Echelon Battalion of'IER of ILL)

1EDIER2-EBM[ANEUVER_*( IEDI ER2LB) cc

IED1ER2EBARTILLERYN'\(IEDIER2EB) ce

IED2ER(lED ce 2nd Echelon Regiment of- IlD

IED2ERIEBi IED2ER) ce 1st Echelon Battalion olf ER ofl'It)

IED2ERIEB_\IA\ELV'ER IlED2ERIEB) ce

IED2ERIEB_.\RTILLERYN\i ED2ERIEB) ce

IED2ER2MEB EDER) ce 2nd Echelon Battalion of 2ER ofl'ED

IED2ER2EB-\IA\NEUVERNi lED2ER2EB) ce

IED2ER2EB A-RTILLERYN'd(-ED2ER2EB) ce

IEDRR lED) cc Reserve Re~fimrent of lED

IEDRRRB(lEDRR) ce Reserve Battalion of RR of lED

IEDRRRB-\IANEL*VERNIlEDRRRB) cc

IEDRRRB_.\RTILLERYNUIEDRRRB) cc

Figzure 5.16 Hierarchy Approach .

Figure 5.17 shows the schema which supports this approach. This is a
'e I. j:rin From Geoffrion's approach in that there is piitive e ft Fr 111

he iearhvis constructed uing compound I enIis This is ~ms drr~

i c introduced primitive entities at the division level of' the hierarchy
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I.AR(ji._L\Ilu pC

I I)4 LAR(i I \l tu e Ist [Lchelon ),sion

II 1)11R II l)u, .e Ikt [-.helon Rciment of IL1)
. I :)1 I l I S 'It I 11 [ R , ' e -C ,t I L.:.x,, n .r 1jiT au r w I i R i1 I I

Ii It I RIF \1 %\ I1 I \I R IF [I1 RIF But .e

J DII RIIB \RIII I1 R II DILRIIBui .e

II I)I [R2AI.B I)I .Ru ,.e 2nd L,-helon Battalhon of I LER ol IID

if 1)11 R21 B \I \\I I VI R II IIR21 1ub .e

I 1)1 R21 13 \RII I lR'N II DII R21 Bu tC.

I I1)1 Ri 11 lu, c 2nd ILlelnr, Rcginent ol lll)

I! !)21 RIF ! , I)21 R, -e I1t Lheicn Battalin of421R f1ll)

I 1)21 RI! 1 '.I\\I I 1,R I I)21L RII Bu, -e

I I RI Ii \R IIiL R', \ , II )2- RIIBui Le

II D). R21 I A ). R , I e nd 1.0Ch11 Batiuion of 2LR )Il l)

1 1) 21 R.I 3 \.\\LI \!I R.ILI)2LIR2Bu) .e

L .D21. R2LIJ \R IILL ..R' ),I1.)2LR2LBui .e

f. )RR, 11 i.)u, e Reser'e Rcinmienrt of iED

I.DRRRB, :LDRRui .e Rkecre Battaiion it RR if ILD

1LDRRRB3\I \\LLVLRi ILDRRRJut ..e

I[I)RRRB_ \RFIl_1.1.RY ,ILDRRRBu) L e

figure 5.1- Iterarchy Approach .

Geoffrion also points out that this is the most flexible approach olfthe live

when considering possible changes to the hierarchy [Ref. 13: Pg I1. Certainly this

approach isolates the hierarchy model from the rest of the model which should simplify

.i requtred changes.

f. Summary of Hierar'hv Approaches

GeofTrion's paper proposes five different alternatives for modeling

categorization hierarchies. This is by no means an exhaustive list but it shows the

complexities facing the modeler when attempting to model a simple structure. The

decision on which modeling approach to use is not clear cut and must be evaluated on

8-I
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UNIT TYPEjce/

BATTALION/c. ,

UNIT
H-IERARCH'Y oe

LARGE-UNIT'pe, HIERARCHYp.,

LARGEL.N ITuipe/ There i. a !,1,, 01 ai units.

IlERARCHIh hjpe/ There ,s a list of all possihie 'ieels in -,he iea~v

DIVlSlO\N HIERARCHY hl/ce/ Select {HIERARCHY) There are two
a. icin eic~ons.- Ist and 2'nd.

REGl\IENTM IERARCHNII. DIVISlONhIhw/ce/ Select 1 HIERARCHN)-
Dl \ IS ION 4 here are thiree regimient eChiozl%, : 1I st. 2'nd. anu reser\ e.

BATT.A L I Ni H IE R ARCH h. D IVIS I ONhiI i li R F(;11MENsTh2hn Ice
s elect iMHIERARCH Y . ()DVSION) - R EGINIENTl)) I ncre: are i,,rec
bnittailon e'L,10onS: I st. -nd. arid reserve.

VN1T T)YP~iHIERARCH~b. DIVISIONh~fh. RFGIN1FNTh2Ui).
BATIFI-F\LlO hp) Ie/ Select (IHIER.AkRCH'}, - ()DlVISIONl -

REGINMENT) - (BTTALIO N))) I1 here ;Are. two unit types: maneuver an,-
a:rtillerN&

U NIT HIERA-RCH*( LARGE INITu. H-IERARCH'Wu)) !el
I )LARGE L NIT) Lverv large Unit can be associated wvith a specenic positin i'n

the hierafchv.-

Fiaure 5.18 llicrarchy A-pproach 5.

a case by case basis. For the ONEC hierarchy it seems Approaches 4 and 5 are the

best.

.\pproaches I and 3 were designed for systems with very few% units ii the

hierarchy. This is obviously not the case in ONEC, so these two options can be

dropped from consideration.
Approach 2 would work with ONEC. The number of genera required is

j managecable. However, this approach relies on the modular structure to represent the
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hierarchy which can cause problems ith the use of attributes. Although this would

work. there are better options.
Approach 4 must be given strong consideration. It graphically shows the

hierarchy in fine detail and provides a very versatile means for applying the attributes.

.. owever. it does generate a large generic structure.

Approach 5 does not show the hierarchical structure graphically as well as

the other four options. However. this is the result of an attempt to make :he
hierarchical structure easier to modify by placing the hierarchical structure Information

-' in the elemental detail tables [Ref 13: Pg. 101. Approach 5 handles attnbutes ;ust A%

well as Approach -4 and has a much smaller schema. - genera as compared to 3). [h,
approach also seems to be the easiest to integrate into the existing ONEC modei.

6. Indexing
Structured modeling is based on a generic graph structure. 1he general

relationships which exist between the genera in this graph structure are coded into -.he
2' generic calling sequence section of each genus. At a finer level of detail. it is not 'us;

the zenus relationships that are shown but actually the element to Cielent

relationships which exist between genera. This very fine resolution is made a~ailahie

through a complex indexing scheme- which is a very powerful tool and can be difticult

to use. An example which has caused problems in the ONEC model deals with how to

index the generic calling sequence of the function genus ROADSPEEDFAC.

The function ROAD SPEEDFAC is responsible for calculating a speed

factor for each unit based on the units direction and the availability of roads in the

grid cell which the unit occupies. It is easy to identify a single unit. index u. or a

single grid cell, index ', but it is much more difficult to identify a unit and the specific

subset of grid cells involved. Our first attempt at the ROADSPEEDFAC index

calling sequence was as follows:

ROAD SPEEDFAC( SPEEDFACAXIALg. SPEEDFACtLATERALg.

1 DIRECTIONu)/f/

* 4' This would not work because there is no link between the unit and the grd cells. .s

written every unit and every grid cell would have to be considered. Our second attempt

was closer.
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ROADSPEED_ .( SPEEDFACAXIALgIlu). SPEEDFAC'LATERALglhu).

DIRECTIONu) /f/

This is more along the correct lines. The specific grid cell I, r a specific unit has n w

been identified b' the index glui. However, is this enouch' Where lid The ".Iirin

.gIiui take piace' I here is ertaimiv not Tnough in lorniation or hogi . i wi ..

statement to establish the link. So an additional step niust he requireJ ' estdh .h "Ix

index gl(u).

We did not attempt to make this additional step. But -.t %ouid appear 1h,,o I

new compound entity is required to show the pairing of units and grid .clls aised on

thetr iocations:

UNITGRIDCELL(GRIDCELLg, LARGELNITu) Ice/

This would then 'ead to a ROAD SPELD_ F\C untion tatenient )1:

ROAD SPEEDFAC( L'N ITGRIDCELLgl(u). SPEEDFAC_AXIALgl ui.

SPEEDJFACQLATERALgl(u). DIRECTIONu)/f/

The point to be made is ttat the modeler must pay strict attention to ,the

indices. fie must define the relationships between the elements within the genera and

then build the model structure required to develop this reiationslup. It is not enoUgn

t, ,ist provide an index. The modeler must provide the logic and structure to ,upport
the index.
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VL. (O%(LUSIONS At~t) RI.(-o%I%IFM)A I IO*%S

the ;tuportarnt j'rest it !Inme .,I ille moldel 'Vi..Iu'c ol 'he ltkrs Ieir:i~

It o. our opnion thait in It% kirren, !,rin SM\ 1% .dekilte To ieprk:,enit iir'

11odeC LovCNC7. Ae Co _ ;0 !Ccl Thth n :ts .. irrent 't ie Ili% % ,Ii, ouj I ,,r 1u

2]rse a j iorl h cre ire er.iin ireti, %",i 8 i Ae Cei 711L,'-' "le i,: r ' cd r 2 '

',Struirurcd1 niode;Ing 'rou;es I % ide arie!-. ()I %er, Jieirahic £catures :or .i :iiodci

ma a em~ten trotiment l ie c tires .il!C~t tile entire niodei liiC Cie 11iLA1isjii1

Je'. eiupmnt. use -in niintrial'l e nr',tt~n icsitkre I% "hat '\ eM ~ v:

the entire :noulel and does so in a format \' iih is aeih to hoth hL1mans11 111

computLlers.

SM plays a key- ,ole in thle de~elornient phase of a model hV CnLoura ging. or at

least -rov iding for. Zgood modeling ha bits. Program dev elopnt b%- tor down nI~iular

design Using stepwise reieenrt is a natural procss With S.\. In addition. stron,- data

* definition and tvping is built into thet genlus paragraphs.

Another aspect which spans the development. use and maintenance phases. is the

abilitv to communicate information about a program at anv level of abstraction

required. Most software documentation tools deal only with specific aspects of' a

systemn and as a 'ule they do not provide any capability to tailor thle presentation oi

information in a dynamic fashion. SM is much more than just a documentation

svstem. It deals with all aspects of' a model. provides numerous dit~lerent -as to view

this information and provides a structure which will allow thle user to dynamillyI,

alter thle presentation's level of abstraction. The result is a power!*ul tool f'or mnodel

information exchange aniong, the clients, management and programmers.



two ke% rtA~ks in software maintenance deal with understanding a program and

being able to track the implications of- a change to a part onl the whole I tie S\%I

presentations of* the generic structure aid these tasks This pros ides a graphiclal means

to %it%% the interrelationship~s %vhic.h exist btsseen the component part% of a1 programl at

inlsire&Td ese:

I %en 'hough SMt pros idc-s all of these %er-% des-irahle tools, the %%nta\ for Ohl~

rerresenitaticin in S \l does. not seem to mesh \%Ctl \s Ith the sim11ulation niode;uug

enwionment There are two reasons for this

I irst. !tic tools are designed [or thle representation I mathematical model,. I hL'%

,;Celi ii11iored :or -,se H% people --%ith a s-trong math Hackground. I hie personnel :10

* do simulation modeling ma' not hase thi% Strong Math background and ma\ !Ind.I *

difficult to use these tools. Admitredi', traizning could eventual1% reduce this1 probiemi.

Second. these mathematical prograniuins: *ools do not %eern tu have aiil I i e

:eature required to comlortahl% represent thle simulation lo2ic. Onei )b,.zou% -rohillm

is that .he current I'unction statements call onkv he used to leeite a number )r

hooiean %alue. -1here are man%- cases where it IS necessry to perform a rroccdurail

!ask 'o generate -his number or value. such as lhe manipulation of' paired units in the

0 \EFC model. Inut S \ does not seem to handle this weil.

There were man%. prohlems directly attributable to the immaturity of' thle SM
concept. These include the problems with index manipulation. construction of' model

structures, inheritance and the use of attributes. While these problems were very real

during our attempt at modeling ONEC. we lei that they are thle result of' our lack of'
understanding of' the SM1v system and that they would be overcome with continued

exposure.

The bottom line is that in its current ['orm, the problems outweigh the benefits for

applying SM to discrete event modeling. Hlowever, because these benefits are so

important we strongly recommend methods be examined to alleviate these problems

and make SM more palatable to the simulation domain. Some specific

recommnendations follow.

B. RECOMIMENDATIONS

In the course of this thesis we have developed some thoughts on actions which

could be taken to improve the applicability of SMI to the discrete event simulation

domain. Should these things come to pass. It will be necessary to reassess thle
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applicabilty of the new SM to discrete event simulation. This task will be much

simpler as the SM tools will be better documented, more fanuliar and more suited to

the task.

I Recommendation I

\ tutorial uide to 'tructured modeling must be prouided it SM .,; ever to

mature. SM is tar .oo arge to he championek bv a single indi\Ldual. A base of SN

practitioners is required :o lesh out the SM framework and generate a valid SN!

enironment. This will only happen after the documentation is created which makes

the SM tools a%ailabie to Cuture users. This is provided as a note rather than a

recommendation as we understand that (eotrrion is currently working on uci a

document.

2. Recommendation 2

A repositonr ot modeling structures for common modeling requirements

-ilhouid 'ne created. Geolrion s work on hierarchies. Reference 11. and tile sections )n

rmcdehtng tables and inheritance from Chapter IV of this thesis are examples of

inlormation whiLh SIIouid 1e placed :n this repository as part of the tutorial guide.

- Recommendation 3

The issue of using hivh order languages as the syntax for the index set

statements and generic rules must be exanuned. Mr Chari is investicating the index set

statement issue but we are unaware of anyone exanuing the generic rule ,;ection.

Lsing HOLs in these situations would be a significant improvement For simulation

modeling, both by providing the modeler a language lie was more anuiliar with and one

which was more in line with the requirements of simulation models.

4. Recommendation 4

The impact on the elemental detail tables of incorporating time into the model

must be examined. Geoirrions suggested approach [Ref. 1: pg. 2-91). would generate a

model and elemental detail table structure which would work. however the size of the

resulting data sets seems to make this a questionable area. The proposed concept of

tailored data sets would require a change to SM but would also seem to eliminate some

of this size problem. The reduced size of the elemental detail tables would improve tile

run time of the solver, reduce the demand on data storage and simplif\ the analysis of

the fully evaluated model. This is an essential capability if SM is to be used In the

efficient execution of simulation models.
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APPENDIX A

ONEC GENERIC STRUCTURE

This Appendix contains the generic structure of the ONEC model in both the
genus paragraph and :orresponding graphical format. Where possible the genus

paragraphs are complete and follow the SM syntax. Areas which could not be

completed, due to a lack of information in the ONEC documentation or an inability to
correctly use the SM tools, are shown with question marks. In some cases the generic

rule sections of the function and test elements are written in a pseudo code manner.

This is not correct SM syntax. It is just intended to show the logic which should be in
the rule section. In addition, there are explanatory notes throughout the genus

paragraphs. The notes are set oft with a '"'. Again. this is not SM syntax and serves

only to highlight certain aspects of the model.

1. GENERIC STRUCTURE TEXT

IBL /pe/ I There is a line called the International Boundary Line. It separates the
triendrv side of the 1,attlefield froni the enemy side.

LOC IBL (IBL) 'a! {IBL} : 0 < = Y < = 135 There is an IBL on the map. It is
descr-oed as a straight line and can be represented by a Y Coordinate.
GRID CELLp IpeI Size GRID CELL = 1610 1610 GRID CELLS. each measurng
lkm X-3km. are placed on a S5ni X 13Skn Battlefield with their long sides parallel t6
the long side of the Battletield.

*Note how the index set statement shows the maximum number of grid cells to be
16I0.
GRID RELIEF (GRID CELLg) /a( (GRID-CELLI : "SDd. 5Dc. 5Ec. 5Fc" Each
GRID-CELL has a reiFlas indicate by four possible configurations of the NATICK
LAN'TFORM CLASSIFICATION CODE.

*Thiq is an example of an externally indexed genus where the index for the attribute
GRID RELIEF comes from thte prinutive entity (iRI) CELL. So when
GRID-RELIEF is relerenced in the future it will look like GRID-RELIEFg.

GRID VEG(GRID CELLg) /a/ (GRID CELL} : 0 < = INT < = 10 Each
GRID'CELL has 'value associated with 7 that tells the fraction of the cell covered by
vegetation.

ROADS AXIAL GRID CELLg) /a/ (GRID CELL) :"none. primary, secondary, both"
Each GIIDCELL has-a value for roads in Mihe axiai direction.
ROADS LATERAL(GRID CELLg) /a/ {GRID CELL) : Range(ROADS AXIAL)
Each GRID CELL has a value for roads in the lateral direction.

LOC GRID CELL(GRID CELLg) /a/ {GRIDCFLL} :(0 < = X < = 135. 0 < = V
< = -135) The location of" each grid cell is siuown as an ordered pair of (X.Y)
coordinate rairs. The first pair represents the NE corner of the unit. The second rair
represents the SW :orner of the unit.

RELIEFr/pe/ There is a list of all relief values.
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VEGv/pe/ There is a list of all vegetation values.

LARGE-UNITu /pe/ There are many LARGE UNITS to be considered in this model.
LOC LARGE UNIT(LARGEVNITu) /Va/ (LARGE UNIT) Range
(LOC GRID ItELL) The, location of each large unit is sho5wni as a pair of (X. n
coord~hates. -The first pair represents the NE corner of the unit. The second pair
represents the SW corner of the unit.

LARGE UNIT TYPE(LARGEUNITu) /a/ (LARGE LINITfl (List all unit t~ peso
Everv UNIT hi's a description wvhich fully defines thafrLNl [in the Armv' hierarctiv.
This 'will icuethe LEVE~L of the UNIT i Divsion. Reiziment Battalion, Barterv. 'r
the ECHELON of' the UNIT (First. Second, Reserve)-and the TYPE of' the U-NIT:
(Artillery, or MIaneuver).

*This should probably be broken down into an attribute for UNITLEVEL.
UNIT TYPE and UNITECHELON'.

CQNINIITTED(LARGE UNITu~ia I LARGE UNIT) Logical Need %ycrk here.
This will show~ If a SECON D E0H LON LNrT has been COMM\ITTEI) for the
CALC-DIRECTION Function. But where does inf'o come Ifrom?

NIOTION(LARGE UNITu) /va/ {LARGE UNIT) : Logical This will show for each
UNIT Wfit is alreadVy moving. But where do4F info come frm?

ENGAGED(LARGE UNITu) /va/ (LARGE UNIT) Logical This will show if a
L*NIT is currently en~gaged in a tire fight. IN\FO???

INFIGHT(LARGE UNITu)/ va/ (LA RGEUNflT:( Yes or No??? Portion?) Th Is will
show the part of tfie UNITE NGAGED inf a fire ight. INFO??? How should this
be done?

&PAIRED UNITS This is showvn as a module because we were unable to correct!v
model Lnis-area. The genus paragraphs developed in the attempt are shown below.

DIST RAB RNIBlER(LOC LARGE UNITuI. LOC LARGE-UNITu2)/f/
SelectTLARI'E LNIT,)X(UM- RGE UIT)f

aabs R(YluT- - Y-uI) 12 - (Y~u2 + Ylu2) /21
Thd distance between each Red Artillerv Battalion (kXB), index u I and every Reserve

yRed Mlaneuver Batallion of the 1st Echelon (RM1BIER), index u2. trhe distance is only
concerned with the north south separation and is measured from the midpoint of'each
unit.

V*Note the use of' the cartesian produict in the index set statement. Assurning. for thle
sake of' illustration, that there are 5 RAB and 5 RMIvB1ER this should ven'erate a 3
column daita field with 25 rows. The columns would b'e for the RAB. RXIBIER and
the calculated distance. The rows would be for the 25 possible conmbinations of' the
RLAB and 5 RIBIER.

The use of LOC LARGE UNIT twice in the generic calling sequence seems a little
unusual but it is The only o'bvious way to intro~ruce two Index sets for thle same zenus
in thle same function. S~e Ref'erence 4 page 8 and Ref'erence 1 page 2-94 flor si'hular
examples.

It seems to be up to the user to keep track of the indices associated with the RLAB and
RM*,BIER so that the elemental detail tables can be built.

NIIN DISTIDIST RAB RrVIBIERIIln2)/r/ SelectfDIST RAB RNIBIER)
; -nd [(amin (MST RAB RMIBIERuI.). ord(u2)L 1hi's should generate a 5~ X 3 data

set. The 3 columns Tould-be the FLAB, RMvBIER and thle pecific index of' tile
RMOBIER in the LARGEUNIT elemental detail table. The 5 rows would be for thle 5
RA B.
*This syntax is probably not right, but it should be possibic to do w~hat is described.
The ul1: 1index is Iitcnde'd to me~in process each RAB against every RM.lB I ER. 'Ihis is
s;imilar to processing A~n array-.
MIOV*ING_ MIlN( M IN DISTulIu2. NIOTIONu2)/t/ {M INDIST)



*WM(NOTIONu2 - TRUE). true, false) If the RMBIER unit paired wvith the RA%
unit is moving then \1O\I\G_\I IN is true. This calculation is done for each RA-\B

*Passipg the index for the R\IBIER I s unclear. The resulting data set should tbe thle
same 5X 3 data set from MIN DIST with a T F flag in place of the distance %alue in
the third colun.

ORDERS LARGE UNIMu) Ice/ (LARGEUNIT) Each LARGE_1\IT ha a inl
set if ORD ERS at-a in-, specific time._

DESTINATION(ORDERSu) /vaj{JARGE UNIT) : Ranpe4LOCGRID CELL) I -I-h
set of* ORDERS includes It DtSlIN'AlIION. This destination is expfressed as in
ordered pair of'X.Y' coordinates.

MISSION(ORDERSu) /va/ (LARGE UNITI :"attack. holding attack, be prepared to
attack. delav. %"ithdram., reserve, move ro reinforce, defend fort ified position. defend hasty
defense. defend prepared position" Each set of ORDERS includes a \IISSIO\.

MISSION CHANG E(NI ISSIONuI1)/t/ (LARGE UNIT):
if MISSJONut < > NIISSIONut-I then TRITE. If' LN\IT has received I new
MISSION since the last time slice then true.
*This shows the problems associated with time dependence. The index "t" stands for
tile. This would have been ased throughout ,tie model had thle niodelin2 cfiort
progressed that tar. It is just let in here as an example. It will be ingored evdr,,riaccl
else-

GIVEN ORDERSO0RDERSu /t/ LA RGE UNIT):
if ORDERSut < > ORDERSu(t-l) then TRUE.

SPEED FAQ TABLE(RELIEFr. VEGY)/ (RELIEF) X (V'EG} There is a speed
4 f'actor 13r every combination of'relief and vezztation.

SPEED FAC CELUiGRID RELIEFg. GRID VEG~ SPEED FAC TABLErv) /f/
Select TSPEED FAC TAfrE) WVhere lVE;v-= GAiD VEGF and RELIEFrNWhere VEGg *GRfD3EGg and RELIEFr = GRID-RELIEFg

SPEED FAC AXIALt ROADS AXIALg) /f/ (GRID CELL) : RULE?M? Each~
GRID CELL-has a maximum 7peed faictor in the AXIXLT direction due to the tvpes of
roads_ iresent. This Is a table look-up and generates a fraction of speed allowed'Iactor.
(Pgz. 5-9. Table 5-3)

SPEED FAC LATERAL ROADS LATERALg) t{f/{GRI D CELL).J RULE??? Each
GRID CELI.has a maximum sp~eed factor in e FEI'-RA-L direction due !o thle
types o . roads resent. This is a table look-up and generates a fraction of speLed
alfowed factor. AP. 5-9). Table 5'-3)

ROAD SPEED FAC(SPEED FAC AXIALgI(u), SPEEDJFACLATERALglu),DIRECTIONu)7f/ 'L-kRG EUNITj
ROAD SP EEIJ FACu-

{SPEED FAC AXIALo I * a abs ( iicos DIRECTIONu -

-SPEED- FAC- LATEW.ALz t .abs ' asin DIRECTIO N u)-/
[4;abs ( cops DIRECT IOtu ~+ a~ abs-i rasin DIRECTIONu

Th 'is combines the speed-factors in the AXIAL and LA6A directions and the lare
unit DIRECTION of travel into one road speed factor for each large unit.

*'This is an interestingz case because thle indices must define a set of grid cells and units
with the samne locatidoh. The 2iven index set statement shows that tlis will he done !or
each large unit but not neces~arilv for ever- grid cell. It is not clear who miust do the
calculati-ons to determ-ine which rid cells irE called upon. This looks like a case for
the functional multi-valued dependence index replacement opin [Ref. 1I: pe.2-41l This
approach wudplace the logic of choosing the correct zrdcells in the elenlental detailtbe.This isewas neverW resolved andr the approach shown here would not work.
Somewhere the logic to perf'ormi this selection of the grid cells must be documented and
available for the cbmputer implementation.

It I s not alwavs obv Ious what the resulting Index for a gzenus should be. Ini lhe
case of' ROAD SI)EED FAC it looks like it coutd he ',LI. I I6wever. it is actually just
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u In these jw the index w! t A:emnicn, :,,,, _"IC \otI~e -1.1. -*1e .oC\ C'
statemen~ft Jetines rhe st.'e , :,e e-e-e"1.11 Jclti. 7.1",,C1'
LA R6F LI NIT I hi, nicars ",.it tric inJcx %%i *%c .. >t'r . :rnun iguou% e

COM SPED FAC UELki PE[PFA( (tEfl i u. ROWD %PUED F ui f
LL,-ARUE LNIT) - CO OP[ J kA_( EL gI SPEET.((TL-gi
ROAkD SPEED FACu

* \c*,e t~he same .%s e :.re . R" \ j _S111 1 1) \

%%capons ire a .cunred ior 1%~ group, : i~ %%apon ri > riot a'1 inO1 oaa. ,.n.

~~AP\T~E1%PO " %a E APON : A list of m-eapon t~pe% toshr~
I here are :Tan% 1 P1 s '); \X 1k

NN EAPON RAN,,GEi N% EA PO\~ N EA-k~ list of all %teapon ran~esl1,
*~~~~ \\ L-U\ I as a R\,L[

WEAPON LISTiWVEAPO's%%. LARGE t NlTu)/cel
* Selict 'WE APONk X 'LARGE VNITP

%Nhere% comers ILARGE( I NIT'
Fa ch L.A\R GE L \ I[I hnas a ,ist 51 a. \%I.1P( )\ S isso,,ateU4 wvt h : hat NI

"-AVAIL WVEAPONNN~E.API)N LIST',.a,'aj ('A EAPON LIST' : ) < = nt =

IM) FThere -iS 11n lkCctTll:In or e-1 I WI \ PI,' I*) PE *n 71 I\ ['V I I i' ch'
o: :hat WEAPN\ I 'l PL.fa .'. still aC C

"nANINIO WEAPON4WNE.APO' LIST% u,/vaOV EAPON L ISP,
Ran-ef ' ,A'AIL WVEAPONiI I.ire ;s anl iLOUnTII11 or -tie \ \1 \() -r -,~
\%+,PO)\ IiPr Ill a L NITF. I his is iluwnl as a oa tile ANIM l( t C) !1-t
WE.\PON-TY PE.

IN FIGHT WE.APON (WEAPON LISTisu)/%vaiWEAPON LISP
Rangei LOU GRID CELL) tiv,7ertatti %v'euapons in ai t .vI iil be m. h'e 'Ire :et
georiierr- l17hiswil he a reiaicionship betw-ccn the geoniet: of the :ireicht ano ;he
"'eapon 'distr:bution. It IS nlot cLear ;f this %houid be d '- or a geographi al area. I o r
illustration it Is shown as anl area.

SMALL L'NITs /pe/ There are man,, Small Units to he :onsidered -.n his nmie!. A
smiall u~th is one associated with a large unit. It gets it s mission rpeed. and ieic
from that large unit. Examples are radahrs. coanniahid posts and recoil units.

LOC SMALL UNITTSMALL UNITs) 'va] )ISMALL I NIT,
Rangit LOC - (RID CELL) EFrvy SMALL_LNI_'I has a location that c~an :-)e C~presqed

Nt ~as a pair otrk\Ai &5oordinates.

SMALL UNIT TYPE(SNALL UNITs) /a/ (SMALL UNIT) : List all txpes) F~er
L NI r has a descrin tion which Tullv de ines tiat L NIT in the Arrw hierfrch-v. I ht
will include the TYPE and ECHIELON of the SMAI:LL UNIT. ICONINIANI) POS Fs.
RADARS ... )

ASS UNIT LARGE UNITa. SMALL UNITs)jce/
-Select (LARGE UNITJ X ISMALUN IT)

4 " here s covers (L.ARGE U NITJ
4 Each LARGEUN I has ill 'ita set of'SMIALLUNITS.

TARGET LIST(ASS LJNITus)/ce/ Select{ASS UNIT) Each LARGEI:NIT has, a list
ot all 1 argets associated with that L\Ni1'. I his does not account lot the case whecre
weapons dre targets also.

ALIVE TARGET(TARGET LISTqs)!va! (TARGET LISP) Logical 'There 'is anl
a,_coun~in- Cor each V.\RP(ijL-1 In a UNI AAssumie tfis is d'one onl 'Iper tar et bas'is.
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VNFIGHT TARGET TARGET LISTus)Lva/ (TA RGET LIST) :Logical Only certain
I'ARGET~in a UN IT will be if the fire light geometry.-

*Ho%;- should this be calculated? This case is different than the INFIGHT WEAPON
case because the SMALLUNITS are treated as individual units with specific
locations.

CAIC DIRECTION(LOC LARGE UNITu. LARGE-UNIT TYPEu.
DESTNATONE COMMNITTEDu. GIVEN ORDERSu. - MOTIONu,
MIISSION CHN~.NIISSIONu)/t/ tLARGEYLNIT)

If GIVEN ORDERS
and -

M LA-RGE(t NIT TYPE =BLUE ARTY UNIT any ECHELON)
or BLUE CNID PIOST > BATTALION)

and iDESTINATION < > LOCATION)J
or

11LARGE UN IT T YPE = BLUE MANEUVER UNIT any ECHELON)
and 0MISSIONCH GE
and iAISSION-< > DEFEND)]

or
[LARGE UTNIT TYPE = RED MANEUVER UNIT 2nd ECHELON
2nd DINISION3j

or (LARGE UNIT TYPE = RED COMMAND POST > BATTALION
Ind ECHTELON-2nd DIVISION)

thnand tCOIITTED)J}
then DIRECTION = true

DIRECTION(LOC LARGE UNITu. LARGE UNIT TYPEu. DESTINATIONu.
CALC-DIRECTIO t u f'~ L XKGEUNIT

: if CALC-DIRECTI 5
- T - -

then
if [LARGE 1 LNIT TYPE =RED ARTY UNIT anv ECHELON)

or ILARGE I1N-T TYPE = RED MIANEUVER UNIT bst ECHELON

thn1st DIN-TSIONY}
thDIRECTION = 270 Degrees

else
DIRECTION = (Equations 5-1, 54-2. 5-3. 5-4. 5-5. Pg".5-6b

MAX SPEED UNIT(LOC LARGE UNITii. LOC IBL),f/ ,LAxR(;E-l NIT'
If LOC LARG E L'NTu =-friendlyv ide of IBI

then
.NIAX-SPEED_.LNIT =254km/Hr

else
MAX SPEED UNIT =15_km/Hr.

MISSION REL FACTORfCONI SPEED F.\C CELIti. 10( I1 \R(.i -
LARGE U'NIT TY'PEu. \ILSSIO".iu)/f/HULXRGE t Nl

Jr MIS1SION u DELAY
then

MISSION..RELJFACTOR = 0.75
else

If (MISSIOSnU = ATTACK) and
(TYPE = 1st ECHELON DINVISION)
then

Select I'NITu *GRID ('FLI. 2
for LOC-A ri( )\u inteit7" I M ) I R4 .1 I NI I
SORT on (ONIBIN[I) SPLI D-1 1- 1F t t~'

p MISSION REL Fk(:TOR (MT"t% B\Ill 1 H0
FACTOR CELL-

else
If I NIISSIONU= A ri % I~ '1)1d

(UNIF INP~u 2nd I( IIII ()\ M IN\',~
the~n

selct I N I 1 4 -kI1) ( Ii I
S ( R I oH \ I Ih t 1 I
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MISSION REL ,FACTOR = fastest SPEEDJFAC CELL
else

MISSION RELJFACTOR = I
MISSION REL FACTORS seems to ap~ply to only the BLUE UNITS DELAYING
or the RED UNITS ATTACKING. ft requires a sorted list of: the COMBINED
SPEED FACTORS CELL or each CELL that the RED UNIT is sittin on. This
requires a link between the UNIT LOCATION and the GRID_-CELL LOCATIN.
*The index set statement shows that there will be a result for each unit. This means
that the resultinLg index for MISSION REL FACTORS will be a "u". This is because
the unit is all that is required to provide an iTnambigious key value.
REL COMIBAT RATIO FACTORCLARGE UNIT TYPEu, %AVAIL-WEAPONwu,
INFrGHT WEAPONwuT-NGAGEDji)/f/fLARGE -UNIT}

If (LARGE UNIT TVPEu = BAWALION) ancf
(L ARGE UNIT TYPEu < > RED ARTY)

then
If LARGE UNIT not ENGAGED

then
REL COMBAT RATIO FACTOR =I

else
ul = BLUE UNIT u2 = RED UNIT
Select % AVAIL WEAPONwu I * INFIGHT-WEAPONwu I
Count 1
Select % AVAIL WEAPONwu2 * IN FIGHT-WEAPONwu2
Count2
REL COMBAT RATIO FACTOR = COUNT2 / COUNT I
REL COMBAF-RATIO FACTOR = Table look up.
Page73- 12, Table75-4-

ARTYd CAS FACTO R(ENGAGEDu. %AVAILABLE-WEAPONwu,
INFIGHT WVEAPONwu)/f/ {LARGE-UNIT}

; If ENGAGED
then

ul is UNIT tinder consideration
u2 ...uwx are UNITS ENGAGED with ul
Select INFIGHT WEAPONu2

for (WEAPON = CAS) or (WEAPON ARTY)
Repeat for all ENGAGING UNITS u2..ux
Count
If Count > 0

then
ARTY/CAS FACTOR = 0.75

else
ARTY/CAS FACTOR = 1.0

ALLOWED UNIT SPEED( MAX SPEED UNITti IMISSION REL FACTORSti.
REL COMBAT RATIO F ACTORu. ARTY/CAS tACTORufLA E UNIT

ALLOWED UN~IT SPEED - MAX SPEED UN IT
MIISSION REL FACTORS'- REL-CONIBAT-RATIQFtXCTOR -*ARTY! CAS
FACTOR)-

RED UNIT INTEGRITY(LOC LARGE UNITu. %AVAIL WEAPON1%u,
LARGE UNIT TY PEu, ThFIGHTWEAPONwu,ASSUNITus)// Select
(LARGE-UNIT) . Rule?

ACT SPEED UJNIT(ALLOWEDUNIT-SPEEDu. RED UNIT INTEGRITYu)/f/
(LARGE UNTf}

If LARGEUNITYP=RE
then - TTP RE

ACT-SPEED-UNIT = RED..UNITJINTEGRITY
else-

ACT-SPEED UNIT = ALLOWEDUNIT-SPEED
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2. GENERIC STRUCTURE GRAPHICAL

ACTUAL.JINIT...UPEEM/y

AaOWO.IJ~tSPEM/RED-UNIT-INTEGRITY&I

ARTY/CAkFACTOt

MAXSPEEDUNIT/Vf MISSION RELFACTORM(PIRD

SPE-EDAC FC

CELL/I'

'A :APON/Iral

0 L.ORECTION /I TARGEIV TNIIO

LATERNV ALLVE

TARGETta

LROA/I LARGEC* ISTee

LARELIIT A SS N IT/c.

TYP~ts/ MSSION/va

IEP#4/. SMALLo UNITEDW'WEPN tS/

AELIEFFigur A.AD 1OI~~a GenericC Structure Graphical.
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APPENDIX B
ONEC MODULAR STRUCTURE

This Appendix contains a modular structure, both text and graphical, of the

ONEC model. There are numerous modular structures which could be fitted to the

generic structure. It is important to remember that this is just one.

The format of the text section is not the same as you would find in Geoffrion's

work because the genus paragraph information has been omitted. In an actual model

implementation the generic structure is always shown within a modular structure. In

this thesis the generic structure was shown in Chapter 4 and Appendix A without the

modular structure for illustration purposes. It would serve no useful purpose to repeat

the genus paragraph information here. But keep in mind that in a normal presentation

the modular structure would be shown with the entire genus paragraph and not just

the genus names.

1. MODULAR STRUCTURE TEXT

&ONEC The ONEC structured model.

&BATTLEFIELD The battlefield representation section.

&IBL The International Boundary Line section.

IBL,pe,'

LOCIBLa,,

&GRID The grid cell section.

GRIDCELL. pe'

GRID RELIEF a,'

GRIDVEG,.a,
ROADS AXIAL, a.

ROADSLATERAL/a/

LOCGRIDCELL,'a,'

-. ~ &UNIT The large unit section.

LARGEUNIT;pe,'

LOCLARGEUNITiva,

LARGEUNITTYPE, a,:

COMMITTEDva'

MOTION, va;
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ENGAGED/va/

INFIGHT/va/

PAIREDUNITS/va/

&WEAPON The weapon section.

WEAPON,pe,'

WEAPONTYPE/al

WEAPONRANGE/a/

&SMALLUNIT The small unit section.

SMALL_UNITS,'pe/

LOCSMALLUNIT/va,'

SMALLUNITTYPE/a'

&WEAPONLIST The combination of weapons and large units.

WEAPONLIST/ce,

%AVAILWEAPONiva,

%AMMOWEAPON/va,'

INFIGHTWEAPON/va,'

&TARGETS The combination of large and small units and target establishment.

ASSUNITS/ce,'

TARGET LI STce,'

ALIVETARGETS/va'

INFIGHTTARGET/va/

&MOVEMENT Speed and direction of large units.

&MISSION Orders for large units.

ORDERS, ce.i

DESTINATION,'va/

MISSION CHANGE t/

GIVENORDERS,'t/

MISSION, va,'
&DIRECTION Which way did he go.

CALCDIRECTION' tv

DIRECTIONf'

&COMSPEEDFAC Speed decrement factors.

&SPEEDTABLE Vegetation and Relief speed factor table.

RELIEF. pe,'
VEG. pe,'
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SPEEDFACTABLE/a/

COMSPEEDFACCELL/C'

SPEEDFACCELL/'

ROADSPEED_FAC/'f
SPEEDFACAXIAL,'f'

SPEEDFACLATERAL17

&MISSIONSPEED Combination of all speed factors.

REDUNIT INTEGRITY

ACTUALUNITSPEED, '

&POSSIBLEUNITSPEED Max speed possible for units.

ALLOWEDUNITSPEED,'f/

MAXSPEEDUNITTf,

MISSION RELFACTORSf/

REL_COMBAT RATIO FACTOR,f'

ARTY, CASFACTOR,' f

2. MODULAR STRUCTURE GRAPHICAL

Figures B. I through B.5 show the graphical representation of the modular

structure just presented. Figure B. I shows the first three levels of the modular tree,

Figures B.2, B.3 and B.4 show the fourth level of the tree and Figure B.5 shows the

fifth and last level.

3. MODULAR GRAPHS
This section shows the module graph representatioh of the modular structure just

presented. Chapter 4 presented a step-by-step look at how these modules fit together.

This appendix will provide a single big picture figure, Figure B.6, which shows the

entire ONEC model in a module graph form. The remaining 14 Figures (Figures B.6

through B.21) provide the detailed graphical representations of each individual module.

Keep in mind that if you were to replace all of the modules in the big picture figure

with the details from the individual module figures you would end up with the complete

generic structure.
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&IBL

&GRID

&UNIT

&BATTLE FIELD &WEAPON

&SMALLUNIT

&WEAPONLIST

&TARGETS

&ONEC

&MISSION

&DIRECTION
&MOVEMENT

&COMSPEED
FAC

* &MISSION
* SPEED

Figure B.1 First Three Levels of Module Structure Tree.
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,,ilI , IBL
_--,1-

- &IBL
<LOCIBL

GRIDCELL

GRIDRELIEF

&GRID GRID VEG

ROADSAXIAL

ROADSLATERAL

LARGEUNIT

LOGLARGEUNIT

LARGEUNITTYPE

&UNIT COMMITTED
MOTION

ENGAGED

INFIGHT

PAIREDUNITS

WEAPON

&WEAPON WEAPONTYPE

WEAPONRANGE

Figure B.2 Fourth Levcl of Module Structure Tree.
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SMALL-UNIT

&SMALLUNIT LOCSMALLUNIT

SMALLUNITTYPE

WEAPONLIST

&WEAPONLIST %AVAILWEAPON

/AMMOWEAPON •

INFIGHTWEAPON

SASSUNITS

TARGET LIST
&TARGETS

ALIVE TARGET

INFIGHTTARGET

Figure B.3 Fourth Level of Module Structure Tree Continued.
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ORDERS

DESTINATION

&MISSION MISSIONCHANGE

GIVENORDERS

MISSION

CALC_DIRECTION

&DIRECTION

< DIRECTION

COMSPEED_FAC_CELL

SPEEDFACCELL

&COMSPEEDFAC ROAD_SPEEDFAC

SPEEDFACAXIAL

SPEEDFACLATERAL

&SPEEDTABLE

REDUNITINTEGRITY

&MISSIONSPEED ACTUALUNITSPEED

I &POSSIBLEUNITSPEED

Figure B.4 Fourth Level of Module Structure Tree Continued.

104



ALLOWEDUNITSPEED

MAXSPEEDUNIT

&POSSIBLEUNIT MISSIONRELFACTORS

SPEED RELCOMBATRATIOFACTOR

ARTY_CASFACTOR

RRELIEF/pe/

&SPEEDTABLE VEG/pe/

SPEEDFACTABLE/a/

Figure B.5 Fifth Level of Module Structure Tree.
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&ONEC

&MOVEMENT&MISSIONSPEED
II

:1 &COM SPEED FAC
1I

&DIRECTION

&MiSSION

S" -__- ----------_--_ - ---- -------- _--_

&WEAP'ON &TARGET

&IBL &GRID &UNIT &WEAPON &SMALL_ UNIT:

* &BATTLEFIELD '
------------------------------------------- 2

Figure B.6 Module Graph of the ONEC Model.
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&WEAPON &TARGET
LIST

&IBL &GRID &UNIT &WEAPON &SMALLUNIT

&BATTLEFIELD

Figure B.7 Module BATTLEFIELD.

---------------------------------------------------------

ROADSAXIAL/a/

GRID_VEG/a/ ROADSLATERAL/a/

GRIDRELIEF/al9 9

LOCGRIDCELL/a/

;<OC

~~GRID_CELL/pe/&GD

Figure B.S Module GRID.

107

* 9* 9+>++
*' . "" " +" +-" " ", % " "" "" "" "" " "',

+
" + -% . % ,*% " "% ** "' *+ " " "* , e. " """* '% " "% ""- " '" .



LOCIBL/a/

Fiur B9 odIBL .

LOGLARGEUNIT/al/NIH/a
LARGEUNITTYPE/al NIH/a

COMMITTED/va/ MOTION/va/ ENGAGED/va] PAlRED
UNITS/va!

LARGEUNIT/pe! UI

Figure B.10 'Module UNIT.
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WEAPNTYE/a! WEAPONRANGE/a/

WEAPONS/pe/
&WEAPON

-------------------------------- /

Figure 1B.II 1 Module WEA PON.

-------------------------------------------- S

LOCSMALL._UNlT/va/ SMALLUNITTYPE/a!

SMALLUNITS/pe/

&SMALLUNIT

Figure B.12 M.vodule SMALLUNIT.
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- - - - - - - - - - - - - - - - - - - -

4 %AMMOWEAPON/va!

%AVAILWEAPON/va] INFIGHTWEAPON/va!

* IN-IT/e

WEAPONALIST/ce/

Fieure 1.13 Module AVEAPON LIST.

----------------------------------------------- -------

ALIVE TARGETiva/ INFIGHTTARGET/va/

TARGET LIST/ce/

-- - - - - - --* - -- - - - - -- - - - -

FiueB1 MoueARE
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&MISSIONSPEED

&COMSPEEDFAC

&DIRECTION

&MISSION

&MOVEMENT
------------------------------------ 2

Figure B. 15 Mlodule.%1OE.MENT.

MISSION GIVEN
DESTINATION/va/ CHANGE/tI ORDERS/ti MISSINv!

* 9va/

ORDRS9e

&MISIO

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Fiur B-6 NoueMSIN



DIRECTION/fl

CALCDIRECTION/ti

&DIRECT ION
*~------------------------I

Figure B.17 Module DIRECTION.

-------------------------------------------------------

CMSPEEDFACCELL/fl

SPEED FACCELL~f/ ROAD .SPEEDFAC/f/

&SPEEDTABLE

SPEEDFACAXIAL/fl SPEEDFAGLATERAL/f!

&COMSPEED FAC;
-------------------------------------------------

Figure B.13 Module COM-SPEEDFAC.
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ACTUALUNITSPEED/fl

&POSSIBLEUNITSPEED REDUNITINTEGRITY/fl

0 &MISSIONSPEED---- ------------------ ---------------------------

Figure B.19 Module MISSIONSPEED.

---------------------------------------------

ALLOWEDUNITSPEED/fl

MAX_-SPEED MISSIONREL RELCOMBAT ARTYICAS
UN IT/fl FACTOR/fl RATIOFACTOR/fl FACTO R/f/:

&POSSIBLEUNITSPEED

--- --------------------------------------------------.

Figure B.20 Module POSSIBLEUNITSPEED.
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- ~ ~ ~ ~ ~ ~ ~ r r n h -~ -, -------

SPEEDFAGTABLE/a!

RELIEF/pe/ VEG/pe!

&SPEEDTABLE

Fiwure B.21 M odule SPEED TABLE.
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APPENDIX C
ELEMENTAL DETAIL TABLES

1. STEP 1
The first step of the elemental detail table structuring process is to generate a

table structure for each genus in the model. The format for these tables is covered in

Chapter IV of this thesis and on pages 2-46 - 2-52 of Reference 1.

IBL No table required

LOCIBL
IBL !I LOCIBL

GRID CELL
GRID_CELL II Interpretation

GRID RELIEF
GRIDCELL 1 GRIDRELIEF

GRID VEG

GRIDCELL ! GRID VEG

ROADS AXIAL

GRIDCELL 1 ROADS AXIAL

ROADS LATERAL

GRIDCELL II ROADSLATERAL

LOCGRID CELL

GRID_CELL 11 LOCGRIDCELL

RELIEF

RELIEF ;I interpretation

VEG
VEG 11 interpretation

LARGE UNIT

LARGE UNIT H Interpretation

115

" 11f



LOCLARGEUNIT

LARGEUNIT II LOCLARGEUNIT

LARGEUNITTYPE

LARGEUNIT II LARGEUNITTYPE

COMMITTED

LARGEUNIT l COMMITTED

MOTION

LARGE UNIT II MOTION

ENGAGED

LARGEUNIT Ii ENGAGED

INFIGHT

LARGEUNIT II INFIGHT

DIST RAB RMB1ER

, LARGEUNIT DIST_RA-BRMBIER

~MINDIST

LARGEUNIT I MINDIST

MOVING MIN

LARGEUNIT Ij MOVING MIN

ORDERS

LARGE UNIT II ORDERS

DESTINATION

LARGEUNIT l[ DESTINATION

MISSION

LARGEUNIT I MISSION

MISSION CHANGE

LARGEUNIT 11 MISSIONCHANGE

GIVEN ORDERS

LARGEUNIT I GIVENORDERS
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SPEEDFACTABLE

RELIEF, VEG 11 SPEEDFACTABLE

SPEEDFACCELL

GRID_CELL, RELIEF, VEG J1 SPEEDFACCELL

SPEEDFACAXIAL

GRID-CELL I SPEEDFACAXIAL

SPEEDFACLATERAL

GRID-CELL 11 SPEEDFACLATERAL

ROADSPEEDFAC

GRID_CELL, LARGE_UNIT II ROADSPEEDFAC

COMSPEEDFACCELL

GRIDCELL. LARGEUNIT 1[ COMSPEEDFACCELL

WEAPON

WEAPON I Interpretation

WEAPON TYPE

WEAPON 11 WEAPONTYPE

WEAPONRANGE

WEAPON 11 WEAPON-RANGE

WEAPON LIST

WEAPON, LARGEUNIT 11

%AVAIL WEAPON

WEAPON, LARGEUNIT IIAVAILWEAPON

%AMMO WEAPON
WEAPON. LARGEUNIT %AM MO_WEAPON

INFIGHT WEAPON

WEAPON, LARGEUNIT INFIGHT WEAPON

SMALL UNIT

SMALLUNIT t1 Interpretation
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LOCSMALLUNIT

SMALL-UNIT 11 LOCSMALLUNIT

SMALLUNITTYPE

SMALL-UNIT 11 SMALLUNITTYPE

ASS UNIT

SMALLUNIT, LARGEUNIT 11

TARGET-LIST

SMALLUNIT, LARGE_UNIT I

ALIVE-TARGET

SMALLUNIT, LARGE_UNIT H ALIVETARGET

INFIGHTTARGET

SMALLUNIT. LARGEUNIT II INFIGHTTARGET

CALC DIRECTION

LARGEUNIT II CALCDIRECTION

DIRECTION

LARGE UNIT 11 DIRECTION

MAXSPEED UNIT

LARGEUNIT 11 MAXSPEEDUNIT

MISSION RELFACTOR

LARGEUNIT 1I MISSIONRELFACTOR

RELCOMBATRATIO FACTOR

LARGEUNIT, WEAPON Ii REL_COMBATRATIO_FACTOR

ARTY CAS FACTOR

LARGE-UNIT. WEAPON I ARTYCASFACTOR

ALLOWEDUNITSPEED

LARGE UNIT Il ALLOWEDUNIT SPEED

REDUNITINTEGRITY

LARGEUNIT, WEAPON. SMALLUNIT II REDUNITINTEGRITY
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ACT SPEED UNIT
LARGEUNIT 11 ACT_SPEED UNIT

2. STEP 2

The second step of the elemental detail table structuring process deals with

genera which used the functional or multi-valued dependencies in their generic calling

sequences. [Ref. 1: pg. 2-47] In the case of the ONEC model these functional and

multi-valued options were not used, so the second step of this process is not needed.

3. STEP 3
The third, and final step, in the elemental detail table structuring process is to

combine as many of the tables as possible. Tables may be joined when they have

identical stubs. The stubs must be identical for both the column headings and the

rows. The identical column headings are easy to check by looking at the table
structures from the first step. The.identical row entries are harder to check. For this

information it is necessarv to check the index set statements of the respective genera.
If they are identical then the row entries will be identical. An eaiser way to think of

this is to consider that all tables with identical keys can be joined.

LOC IBL

IBL LOCIBL

GRID CELL
GRIDCELL 11 Interp, GRIDRELIEF. GRID VEG,

ROADSAXIAL. ROADS_LATERAL. LOCGRIDCELL.

SPEEDFACAXIAL. SPEEDFACLATERAL

RELIEF

RELIEF II interpretation

VEG
VEG 11 interpretation

LARGE UNIT

LARGEUNIT I Interp. LOCLARGE UNIT. LARGE UNIT TYPE.
COMMITTED, MOTION. ENGAGED. INFIGHIT. ORDERS.

I1I9
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DESTINATION, MISSION, MISSIONCHANGE, GIVENORDERS,

CALCDIRECTION, DIRECTION, MAXSPEEDUNIT,

MISSIONRELFACTOR, ALLOWEDUNIT SPEED,
ACTSPEEDUNIT

DIST I.-kB RMBIER

LARGE UNIT II DISTRABRMBIER

MINDIST

LARGE UNIT 1 MIN DIST, MOVING-MIN

SPEED-FAC_TABLE

RELIEF. VEG 11 SPEEDFACTABLE

SPEEDFACCELL

GRIDCELL, RELIEF, VEG I SPEEDFAC CELL

ROADSPEEDFAC

GRID-CELL. LARGE UNIT I ROAD_SPEED FAC, COMSPEEDFACCELL

*The correct table name is not clear, so the first name in the genus paragraphs was

used.

WEAPON

WEAPON Interp, WEAPONTYPE. WEAPONRANGE

WEAPONLIST

WEAPON, LARGEUNIT I) %AVAILWEAPON, %oAMMO_WEAPON.

INFIGHTWEAPON

SMALLUNIT

SMALLUNIT TI Interp, LOC SMALL UNIT, SMALL UNIT TYPE

ASSUNIT

SMALL UNIT, LARGEUNIT II

TARGET LIST

SMALLUNIT, LARGEUNIT 1 ALIVETARGET. INFIGIIT_TARGET
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*These two tables, ASSUNIT and TARGETLIST are not joined because although

the generic calling sequence is the same the index set statement is not.

RELCOMBAT RATIOFACTOR

LARGEUNIT, WEAPON 11 REL_COMBATRATIOFACTOR, ARTY CASFACTOR

REDUNITINTEGRITY

LARGEUNIT, WEAPON, SMALLUNIT r REDUNITINTEGRITY

"2
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