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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
o UCLA, was designed to provide such tools in support of mathematical programming
g models. This thesis examines the effectiveness of structured modeling when applied to
E? discrete event simulation by attempting to represent an existing combat simulation
Ry

model using SM. There are three main products of this work.
First, a demonstration of the benefits which accrue from representing a
Q‘ simulation mode] using SM. Second, a review of the limitations of the structured

modeling methodology for discrete event simulation. Third, recommendations for
overcoming these problems.

=N
o

..,
2ot
¥y

- e
o

9 LAcce;:oo.: For 1
T ———
NTIS  cregy \¥ "y
. i 1.8 [] |
N Unarnno ..o i !
_ Justitic Lt L I
¥ T T
¥
h
" . By ‘
LDA;;tfibv.‘.v“-’=[ !
,l"l A . __- . -“
B “on Aoty Cddes
a = b——

! D‘:;‘ i . N LIS p .
o : T .
N A '

ad ; : ‘

A | |

. | 11 ‘
D L4 !
- L Y
L)
oo
o
?'Q

LY
)
4
3
"W

N
g
.‘$ O P . : P oo (e T T o N T T Doyt € AN CofadadoN o NEACS T AR,
DA 0 YR S R0 O T e DR R o O il ot il AT 2 a1 M



TABLE OF CONTENTS

|
L. INTROD U CTION Lottt it ettt et ettt et e iaan 10 i
A. OVERVIEW ...\ttt e e 10 <‘

B. PURPOSEOFTHE THESIS ...... ..., 11

I. Methodology ........ccoiiiiiiiiiiii i 11

2. Structureof Thesis ..........oiiieinii i, 1

3. External References ............c.cvuiiiiiinininennnennn. 12

C. SUMMARY L i e e e et 12

I - AN INTRODUCTION TO THE ONEC COMBAT

SIMULATION MODEL ... . .. . . 14
A. FOURCE...... I 14 |
B. ONEC ....... e, 14 |
. Geographical Description ........... .. ... .. 15 i
) 2.' Representation of Movement .-................c.ccvvren... 15 J‘
[II. . AN INTRODUCTION TO STRUCTURED MODELING ............ 18 |
A. BACKGROUND ..... [ 18 :

l. Transform Modeling from an Art to a Science .............. 18

2. Provide for a Computer-based Modeling Capabilitv .......... 18

3. Integrate Database Management and MS:OR Systems . ...... 19

4. Foundation for the Theory of Aggregation ................. 19

B. FUNDAMENTALS OF STRUCTURED MODELING ......... 19

1. The Five Element Types ......... ... i, 20

2. The Three Structure Formats ............................ 23

30 Indexing ........... ... .. ... ..., e 24

4. Evaluationandthe Solver ............ ... ... ..., 26

5. ElementalDetail Tables.............oiiiii .. 26

C. SUMMARY OF STRUCTURED MODELING SYNTAX ....... 28

. GNAME ... 28

2. SvmbolicGenus Index . ... 23




S 1
3. GenusType ........cooviiiiinnnn. [P 29
4. GenericCallingSequence ...............c.iiiiiiiiiia, 29
5. IndexSetStatement..............cviiiiiiiiiiiiiiiann 29
6. GenericRange ...........cociininiiiiiniinneeannenennns 29
’ 7. GenericRule .......... i 29
8. Interpretation ..............iitiiiii i 30
9. StateDiagram .......... ... i i e 30
10. \dodel Schema ........ ..o 31
IV. IMPLEMENTATION OF ONEC IN STRUCTURED

MODELING ... e e 32
A. GENERICSTRUCTURE ........... e e 32
1. Genus Paragraph Information .................. ... ... ... 33
2. Graphical Generic Structure .......... e 37
B. MODULARSTRUCTURE ........ ... 38
. 1. Modular Structure : Text and Graphical .......... e 38
2. Module Graph .... . ......... U 40

C. . DATABASE REPRESENTATION OF THE GENERIC
AND MODULAR STRUCTUPRES ... 43
D. ELEMENTAL DETAIL TABLES ......... ... ... . it 49

V. PROBLE\/IS ENCOUNTERED WITH STRUCTURED 3
MODELING ... e e 52
A. CRITICALPROBLEMS ... .. i 33
l.  Cyclical Aspects of a Simulation Model . ................... 53
B. MAJORPROBLEMS ... ... .. i 56
1. Role of Logic in Structured Modeling ..................... 56
2. Programming Logic into a Structured Model ............... 38
C. MINORPROBLEMS ... o i i 66
1. Problems with Attributes . .......... .. ... ... oL, 66
2. Using Compound Entities in Place of Attributes ............. 66
3. Abstract Data Types ..o 71
d. Inheritance ......... ..ttt i e 73
o 5. Hierarchy of Units .. ......vti ittt 77
:: 6. INAEXING .+ . vvetttee ettt e e et e et 86
.




>
)
'.J"

. V1. CONCLUSIONS AND RECOMMENDATIONS .....oovvvrennnnn.. 88
0 A. CONCLUSIONS .....tcuuteentisinieeiteanieaanneannenn. 88
" B. RECOMMENDATIONS - .t vtveteteee e eeee e, 89
. 1. Recommendation 1 ...........tiitiitenrennnnneenenens 90
;';': 2. Recommendation 2 .........oiiiiii ittt 90
::‘ 3. Recommendation 3 .............ciiiiiiiiiiiiiiia, 90
) L]

i 4. Recommendation d . ....uuvunneeme e, 90
APPENDIX A: ONEC GENERICSTRUCTURE . ..oovinineieaeaannns 91
w . GENERIC STRUCTURETEXT ........ccovviiiiiinnnnnn... 91
o 2. GENERIC STRUCTURE GRAPHICAL ......oovveevennnnn.. 97
APPENDIX B:  ONEC MODULAR STRUCTURE ......oiviiviinnn..... 98
:,! . MODULAR STRUCTURE TEXT .......oooiiiiiiiinnnnnnn.. 98
W 2. MODULAR STRUCTURE GRAPHICAL .......covvvnn.... 100
R

o 3. MODULARGRAPHS ................. e ... 100
APPENDIX C:  ELEMENTAL DETAIL TABLES .........coovvviinnn.... 115
& . STEPLl............ T 15
p o

2 STEP 2ttt 119

'_ 3o STEP 3ttt e 119
o
) LIST OF REFERENCES . ...\ttt ettt ie e LL122
o,

q
e INITIAL DISTRIBUTION LIST &\ttt et et e e e e, 123
M |
o
)

Py
::'Jt




EE
b LIST OF FIGURES
|
i 3.1 SMALL_UNIT Elemental Detail Table . .. ............ ... ... ... ..... 21
b 3.2 ASS_UNIT Elemental Detail Table ............................ .. ..., 21
E 3.3 Structured Modeling SYNTaX . ... ovvvuttinttit i 28
3.4 Element State Diagram .............covuueennn... U e 30
4.1 Graphical Representation of the Generic Structure ..................... 39
. 4.2 Modular Structure Text Presentation ............ccovvveeennnnn. .. ... 40
' 4.3 Modular Structure Graphical Presentation ............... ... .. .. ... ... 41
“ 44  Module ONEC ... . i e e 43
:{ 45 Module ONEC Detail ..... ... i 43
:; 46  &MOVEMENT EXPAnded ... ..ovnnenenee e e 34
f 4.7 &MOVEMENT and &BATTLEFIELD Expanded ......... AP 45
\ 48  &MOVEMENT, &BATTLEFIELD and &MISSION_SPEED
. : Expanded ...... ... .. .. . T 46
';' 4.9 Database Representation of Structured Modeling . ............... e 47
:3 4.10  Database Representatioh of the ONEC Structured Model . .. .. PR 48
‘ 411  Elemental Detail Table Format ............... 2 50
5 4.12  Elemental Detail Table Structure Format ............................. 51
: 4.13  Sample Elemental Detail Table Structures . ............ ... .. ... ... .... 51
: 4.14 Sample Loaded Elemental Detail Tables ........................ D 51
" 5.1 Cycles in Direction Calculations . . .. ... ... ittt 35
= 5.2 Geoffrion’s Proposed Schema .......... ... . ... .. ... 56
; 5.3 Attribute Rules ... ..o e 67
! 54 Genus Paragraphs for Table Model ............ .. ... .. .. . .. 69
: 5.5 Table Modeling . .....oiiiiii it i e et e e e 69
; 5.6 Improper use Of AttrbULES .. ...\ttt 71
j‘v 5.7 Modeling Attributes as Compound Entities ........................... 72
- 5.8 Current Approach to Modeling the Mission Attribute ................... 73
- 5.9  Inheritance Approach 1 ........ .. ... ... . ... .. . i 74
‘ 5.10 Inheritance Approach 2 ... ... . . . i e 75
y
v
0 7 |
) |
Kt i
'

Lo - o .a
o1 1,1 \\ \.-\ 1 A .1.1.’ ~' w

+ . 3 i L 3 " k. @, .
L ". ..'“ LLERE AR A § Y,,‘l“ "“5‘#-.":“1:‘; -

! 3 ' S, o
e’--wl'\.'w'-h' ’nhuhh‘n‘u Rl A D T W



(‘ 5.11 Inheritance Approach 3 ........... ... o i, 76
;i‘:j 5.12 Inheritance Chosen SOUtioN . ..ot vttt it in it iitnenienenennnenens 76
- 513 Hierarchy in ONEC ...ttt ettt et ettt e 77
. S.14 Hierarchy Approach 1 ....... ... i 79
?::r 5.15 Hierarchy Approach 2 ... ... ... e 80
X 5.16 Hierarchy Approach 3 ....... ... ittt 82
) 5.17  Hierarchy Approach d . ...ttt it eaaen, 84
i 5.18 Hierarchy Approach §........ .. .. il e 85
::EO. A.l  Generic Structure Graphical ............o0uiiiriiiiiiaiaiaaenn 97
SE:E B.I  First Three Levels of Module Structure Tree ............ e (ot
" B.2  Fourth Level of Module Structure Tree .. ........coiiiiiiieennenn... 102
o B.3  Fourth Level of Module Structure Tree Continued . . ................... 103
;" B.4  Fourth Level of Module Structure Tree Continued .. ................... 104
V’L B.5 Fifth Level of Module Structure Tree ..., 105
it . B.6  Module Graph of the ONEC Model ............coiiiiiiiiieanni. .. 106
w” B.7  Module BATTLEFIELD ... ..vriiii e 107
N B8 ModuleGRID .............. P e 107
B9 MOQUIE IBL . .eett ittt 108 -
B.10 Module UNIT .......... e e e e e 108
i B.11 Module WEAPON .............. F 109
;Eg B.12  Module SMALL UNIT ..ottt e 109
e B.13  Module WEAPON_LIST ..., e 110
o B.14  Module TARGETS - . ovnttne ettt e e 110
e B.15  Module MOVEMENT .....oooiieint it (1
e B.16  Module MISSION ... iutit ittt il
e B.{7  Module DIRECTION ...\ttt ittt 12
e B.A8  Module COM_SPEED _FAC «...vvnnrrsnee oo 2
Er B.19  Module MISSION_SPEED ..........ooitiiiiiiniiiiiiiiiaii.n 113
i B.20 Module POSSIBLE_UNIT_SPEED ... 13
B B.21  Module SPEED_TABLE .....iiiiiiiinieettiiiiii e, 114
o

il

:

o
My
g s
Y

.

LY

. i e
5 ~l'o\'&lﬂ5’v‘l' ",:l’\:l? LN ?“’0 h’ ‘.h.. ‘4‘.'5 .J‘." A ":ir' Y ‘




.
T

o

cw .

W i

a’n sl

P als a A X

PO

e afats ¢

.“b"-‘..." -

o hghith ﬁ'l‘ﬁﬁ."g.ﬂvg

ACKNOWLEDGEMENTS

[ would like to thank Prof. Geoffrion of UCLA, the founder of the Structured
Modeling concept, for his help in this thesis effort. Prof. Geoffrion was considerate
enough to review some of the problems we encountered using SM and provide some
suggestions and guidance. His suggestions were very helpful and are used in sections
of this thesis.

I would also like to take this opportunity to thank Prof. Dan Doik of the Naval
Postgraduate School, for his effort on this thesis. Without his help and guidance |
would never have encountered Structured Modeling let alone finished the thesis. '

R G St

R e,

ﬁ'.r--*,; ,-,.,k,\.

FER OOy ‘ RO f,'_:-:l.,(f:‘-.:.-‘;_.\- NN ,:~:.

» Clhoed | MY u

W

TR T e

-\ L]
~."\




B e Wy v o

AR
I.' b !
.

l & "- 3 \ ] " e "‘%q‘ ~
I ORI N AL A I Sl S R

Lo g g L el am as. saL Ad. aan Sca aba Al dAa S b

1. 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. 1], which seems to provide many of the required capabitities. This
thesis will examine the applicability of the structvred 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 resulting logical representation is capable of being represented in a
database management system.

(¥ ]

The precise svntax and rigid structure of SM should facilitate a computer
implementation.

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

5. A complete computer-based environment for SV, as described in Chapter 3 of
Geoflrion’s monograph. could provide all of these features [Ret. 1: Chapter 3.

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 featurcs of SM mentioned
above can be incorporated into the model management svstem. The focus should then

be on identifving and documenting the hnutations of SM in this environment <o
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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 byv
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 bv 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 svstem is left to the designers of that svstem.

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 bv this
thesis.

Several rimes. in the process of documenting the simulation modei, personnei
from TRASANA were requested to review intermediate results and provide conunents.
This provided a forum to clear up ambiguity in the documentation. provide education
on the Army structure inherent in the model, and generate feedback. Due to the
difference between the date of the documentation. Oct. 1978 [Ret. 2], and the current
state of the actual code eight vears iater, care was faken 10 ensure the documentaton
provided was the only source of information represented in the structured model

2. Structure of Thesis

The outline of the thesis 1s as follows. Section 2 descrtbhes the ONTC € o ys

Simuiation Model provided Dv TRAASANAD Seetien S prosides an om0




Py concepts of structured modeling. Section 4 presents the structured modeling

;L::: representation of the ONEC Combat Simulation Model. Section 5 discusses the
5 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. 1

- -
-
..'

S

3. External References

=

:
ST
-

Although this thesis deals with the concept of structured modeling in great 1

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

further information are encouraged to review Geoffrion’s and other related work

directly. Introductory tutorials [Ref. 1,3], detailed examples [Ref. 4,5,6], and
comparisons to other modeling approaches [Ref. 7], are all available.

S o

C. SUMMARY
The purpose of this thesis is to test the applicability of the SM concept in the

J"a‘n

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

W representation of the Geographical and Movement Representation Sections of the
N ONEC 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

4W ..

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

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

3 and indeed feedback from TRASANA personnel is very positive. However, testing this

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

ol . .

c:: abstraction is a useful tool to understand the model.

s . . . . .

;a} In fairness to Prof. Geoffrion and SM it should be admitted that SM was not

_ developed specifically to model discrete event simulation systems:
i
=
K The main concern of discrete event simulation is mimicking the time dependent

N behavior of some target system.

! . . . . .

Structured Modeling, by contrast. is mainly_concerned with representing |
- the pertinent essence of the svstem itself, and prefers to regard generating the ‘
,:: [llille dependent behavior as a non-modeling task best left to a solver. [Ret. 7: pg. ‘
0 ] |
o !
n |
X,

.;l

l:l |
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.- -..one might ask whether structured modeling can support discrete event
M simulation.

o One possible answer is to pre(pare a_static structured model of the system
o to_be simulated and to compose a (probably procedural) control program that
edits the elemental detail tables according fo the rules ‘governing thé svstems

dvnamic behavior. . . .N\o such solver has vet been built, and it 15 not obvious
- whether the idea is practical. [Ref. 7: pg. 17T

e 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
o models for which it was not originally intended. Results of this kind of investigation
N may either open new areas of application for SM or disclose limitations of the
.?ft_u, 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
:g:'::‘ 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
o0 to a large so‘tware program.
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,’: II. AN INTRODUCTION TO mﬁ)%EEC COMBAT SIMULATION
:EE The ONEC Combat Simulation Model is a small part of the Command, Control, 1
;: Communications, and Combat Effectiveness (FOURCE) Combat Simulation Model.
R A brief description of the FOURCE model will be provided to show the framework of 1
, the ONEC model. Then a more detailed explanation of ONEC will be given.
g 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 plaver interaction and its primaryv 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
v 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 byv
::: » weapon tvpe., within the various units. This resolution provides a good-look at the 1
effectiveness of alternative C2 and intelligence systems in térms of combat information .
3 and intelligence flow. ’ 1
& FOURCE deals with issues such as command organization, message ger\erdtign.
;' communication networks, tactical decision ruies, 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. [t deals with the battlefield environment, unit movement, target
3 acquisition and direct fire engagements. ONEC does not perform the same functions
T ‘ as FOURCE, nor does it operate at the same level of detail or resolution. [Ref. §]
0
B. ONEC
: The ONEC model was developed by extracting the "Fight the Battle” functional
E 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, !
<8 authentication, and to assist in data sensitivitv analysis. ONEC is much smaller than
«:E. FOU RCE because it lacks most of the functions in the total model. However, it is a d
4
'Q 14
2

= . L I SSPI § . .
o ) ; : RID Sy ‘ TN o OO e
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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 challenging 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 3km. 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 1 byv
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. [t 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. Finallv 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
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are grouped by weapon type. The second section deals with items like the command
posts and sensors. This section will 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 (1st, 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 will be described first.

In general, direction is a fairly 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 artillerv or Ist 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 tvpe 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 tyvpe, are required. A more
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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
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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 determine if a specific unit requires a direction calculation.
‘m-:. [Ref. 2: pg. §5-7]
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

LY
04 . . . .

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

‘.& speed for any unit is 25 km 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

G‘ i . - -

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

". . . . . .

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

.

108 roads available, the unit’s direction of travel, the combat situation, the mission of the
2 unit and the type of the unit. These factors determine the maximum allowed speed for
s the unit. This speed is then considered in terfns of the unit's location with respect to

; ~ ' . ° . . .

other units, both enemy and friendlv, and finally a speed is assigned to the unit.
ot Virtually every aspect of the units and the grid cells are taken into account to make the

“NI . . .

= direction and speed calculations.

;‘_‘:‘{ As with evervthing 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

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

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

) . : .

(N explained in detail there.
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E::' III. AN INTRODUCTION TO STRUCTURED MODELING

ISl

o 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
bt that this theory could be realized if models from different disciplines could be
WeEs 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).
3:’ SM has taken on a life of its own independent of the quest for a general theory
Cou of aggregation. Accordingly, it has its own goals and objectives, a brief discussion of
by which follows.

.' ;3:, 1. Transform Modeling from an Art to a Science

N‘:' 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
::\j 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:

row
'
S,

s >
s - : -
TS L. Prov:dmg a framework and formal syntax for models based on five element
R tvpes and acyclic, attributed graphs.
i 2. Enforcing a modular design and encouraging the use of stepwise refinement.
‘.)” 3. Easing communications between the builders and users of the models bv
-0.,;. providing for the presentation of information at various levels of detail which
.‘,; can be tailored to particular audiences.
)
:3; ‘5 2. Provide for 2 Computer-based Modeling Capability
e 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-

\) . . - . 4
&' . 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
L >, . . . .

e 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
=05 . .
::n 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 theorv of aggregation,
with the knowledge that a "common format” does indeed exist.

B. FUNDAMENTALS OF STRUCTURED MODELING

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

which must be one, and only one of five basic element tvpes: primitive entity,
compound entity, attribute. function, and test. The relationships between the elements
in the model are then represented in a framework of acvclic, 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 necessarv to comprehend the relationships ot
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 such as:
graphical representation of the structures, dJifferent 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 svstem which [ully documents the relutionships between the

elements in the various structures.

19




T TV C TR TR T RPN Lol Jaa s o a b a £ oa e s ocsy e - " W ~

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. Anyv
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.

I. 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 [irst two entities. Theyv
can be considered as attributes of the things 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 primutive 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. 2-2]. This is
somewhat confusing because, although they do not have a mathematical definition, the
primitive entities like attributes can and often Jdo have values. These values, if required,
are shown in the elemental detail tables [Ref. 1: pg. 2-45]. An example of a primitive
entity in the ONEC Model would be the SMALL_UNITS. The elemental detail table
for the primitive entity SMALL_UNITS 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 retlect the actual data
in the ONEC model.

b. Compound Entity

Compound entities alwavs reference previously defined entities, ecither

primitive entities or other compound entities. Thev are used to show relationships and
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) SMALL_UNIT
: SMALL_UNIT Interpretation
. cmd post 1 A command post.
1 radar |1 A search radar.
%}: radar 2 A height finder radar.
\)
-
'..:'
o N
0 Figure 3.1 SMALL_UNIT Elemental Detail Table.
M
Ny
:?,3 associations between these already defined entities or to define a new entity. They are
i)
:" the counterparts of intersection files in relational database theory. An example of a
compound entity in ONEC would be the ASS_UNIT. This shows the relationship that
;‘ . exists between the primitive entities SMALL_UNITS and LARGE_UNITS, reflecting
;| that each large unit may have one or more small units. The elemental detail table for
:::"v the compound entity SMALL_UNIT would show the identifier for a SMALL_UNIT
s paired with the identifier for a LARGE_UNIT. A section of this elemental detail table
b :j ' is'shown in Figure 3.2.
>
o4
i
¥y
- ASS_UNIT
S LARGE_UNIT, SMALL_UNIT
I . unit | cmd post
56 . unit | - radar |
'-nj : unit 2 radar 2
g
A
|C
%. Figure 3.2 ASS_UNIT Elemental Detail Table.
¢
1 ')
" 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 fixed ;
35 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 |
K , GRID_CELL. It should be obvious that the location of the grid cell will not change }
>, |
f.,. during the evaluation process. A variable attribute is one whose value is expected to
j'.. change in the evaluation of the model. An example would be the variable attribute
:.I.'
K
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LOC_LARGE_UNIT 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 attributess LOC_SMALL_UNIT and
SMALL_UNIT_TYPE associated with that specific small unit. The structure of this
table would look like :

SMALL_UNIT
SMALL_UNIT || LOC_SMALL_UNIT SMALL_UNIT_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 Reference 9 . Functions may call any
of the five element tvpes.

It is important to note that the function 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 underlving 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 Geoflrion states:

A structured model itself provides no means for performing evaluation by
aplplymg the rules of function _and test elements. This is a task for a problem
solvér eXternal to the model. {Ref. 1: pg. 2-7}

The problem solver mentioned by Geollrion is part of the evaluation phase and will be
described in further detail later in this section.
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e 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.
e 2. The Three Structure Formats

:.,‘l a. Elemental Structure

" All models are composed of, act on, generate and are defined in terms of
101t 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. Geolflrion
?": defines the elemental structure as “. . .a nonempty, finite, closed, acvclic collection of
oy elements” [Ref. 1: pg. 2-d]. 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 necessarv but at this level of detail not very useful. This is
!‘.f where the generic structure and elemental detail tables provide an additional level of
bt 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’
O elemental detail tables of each genera.

& b. Generic Structure

" ) In the generic structure all of the like elements from the elemental structure
"f 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 resuits
:) in a mutually exclusive and collectively exhaustive set of genus called genera.

;ﬁ' [n order for elements to be grouped in the same genus thev must satistv the
'_‘: property of generic similarity. This means each clement in a genus must be associated
“ with elements of the same genera as evgry other element in that genus. [n other words
'\“' every item in a genus acts on and is acted on by the same gencra.
~‘_ The obvious example of a genus in ONEC would be the grouping of all
""',.' grid cell elements into the genus GRID_CELL. A less obvious example would be the
S, grouping of a set of calculations resulting in a true or false answer nto a test clement
!> ) genus. This is the case for the CALC_DIRECTION test element , where information
~:: about each UNIT is considered and a decision is made as to whether a direction
”‘i calculation is required for that UNIT.
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2 c. Modular Structure

bt 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. 1
? " remains intact. In other words no forward references are allowed in the structure.
,'9 These different modular structures are called views and theyv allow the user 4
" 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
E: 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

o2 would greatly simplifv a presentation not concerned with the physical lavout of the

g battletield by suppressing the associated genera GRID_CELL. RELIEF,
' VEGETATION, ROADS_AXIAL. ROADS_LATERAL and. LOC_GRID_CELL into
{ the module &GRID.
‘ 3. Indexing
! '; Indexes are used to symbolically identifv specific elements in a genus. or )
> establish the relationship between specific elements in different genera. They are used

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

E: generic rule section. These three areas and a related topic the index set statement will J
‘,; be addressed in the following Sections.

" a. Symbolic Genus Index
N Each genus is composed of a {inite set of one or more elements. Lach of
b ) these clements can be specifically identified by its position in the elemental detail table
o of that genus. To represent a tvpical element in a specific genus a unique lower case

g 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, GRID_CELLg and LARGE_UNITu. [t is important and meaningtul to

y 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 ‘
o other genera. A good example from ONEC is the attribute RELIEF. Bv itself a value
: for RELIEF is meaningless. Only when it is combined with a specific grid cell Joes it .
o
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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 bv that genus. For example genus 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 sequénce allow the identification of specific
elements from a specific genus. This use of indices completely defines the cross-
references that exist between the elements. It can also be used to build the graphnical

presentation of the generic structure. An example from ONEC:
ROAD_SPEED_FAC(SPEED_FAC_AXIALg, SPEED_FAC_LATERALg, DIRECTIONu)/£/

This shows the genera SPEED_FAC_AXNIAL, SPEED_FAC_LATERAL uand
DIRECTION are called by the genus ROAD_SPEED _FAC directlv. It also shows,
through the use of the indexes. that it 4s the value of SPEED_FAC_AXIAL and
SPEED_FAC_LATERAL for a specific grid cell element 'g" and the DIRECTION for
a specific unit element ‘u’ which are to be used in the calculations.
¢. Generic Rule Section

The generic rule section of the function 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 clements 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_FAC_CELLgu = SPEED_FAC_CELLg + ROAD_SPEED_FACu

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 ‘g’ and the road speed factor for unit ‘u” which is located on cell ‘g’. In all of the

above cases, the indices ‘g" and 'u’ refer to a specific grid cell and unit.
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;E d. Index Set Statement
E: The index set statements do not directly use the indexes but are used to
d 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
K> involved genera. An example from ONEC: i
)
::: Select {LARGE_UNIT * SMALL_UNIT} ]
. The "*" operator stands for the natural join operation and means select only data
3 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 4. Evaluation and the Solver ‘
:: Evaluation is the process of exercising che structured model and computing
E: values for the function, test and variable attribute elements. In a true acyclic
: 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. ,
Y The actual logic which must be built into the solver is unclear and Geoflrion's iy
: work is not very informative in this area. As a minimum the solver must accomplish
' the following functions: . d
y 1. Resolve the symbolic genus indices as required to identify a specific element
! from the eleméntal detail tables. |
2. Resolve the indices in_the generic_calling_sequences in accordance with the index
. replacement options [Ref. Fz g 2- This 1s required in order to idenufv a
g specific group of elements .fIr)'Gm a genus or the intersection of two or more
i genera. In ONEC this might be tequired to find all grid cells which are
o occupied bv_ red units. Note this would require a subset of the intersection of
. the genera GRID_CELL and LARGE_L.\IqT.
f:{ 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.
N 5. Elemental Detail Tables
E A An understanding of the function performed by the elemental detail tables is
: essential to understanding the overall process of SM. So far evervthing discussed deals
K with the logical representation of a structured model. Special attention has been paid )
3 to the aggregation of all elements into the five element tvpes and how these five

element types can be placed into a structure which shows the relationships that exist -
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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 kevs 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
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 identical
tables into one table. This is accomplished by establishing a table with all the elements
found in the identical generic calling sequences of these generd and then adding a
column for each one of the unique values.

Consider the following generic structure statements:

RELIEF(GRID_CELLg) a:

VEGETATION(GRID_CELLgja:

ROADS_AXIAL(GRID_CELLg) a/

ROADS_LATERAL(GRID_CELLg)a.,

LOC_GRID_CELL(GRID_CELLgja .

Each of these attributes has the identical generic calling sequence 1.e. GRID_CELLg.
So the resulting elemental detail table would combine ail of these values into one table
which would be keved on the value f'of the grid cell. The resuiting table definition
would be as follows:

Name Columns

GRID_CELL GRID_CELL || RELIEF, VEG, ROADS_AX, ROADS_LAT, LOCATION
This table would have 6 columns. as shown above, and 1010 rows. one for each ot the

.
4 »

o~
-~

grid cells. This allows all data related to a grid cell and onlyv a grid cell to be grouped

SRRt

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 1 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 clarifv 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

i

!

i Compound GNAME<i> (Generic Calling Sequence) /ce/

[ Entity <Index Set Statement> Interpretation

E Attribute GNAME<i> (Generic Calling Sequence) /a or va/

! <Index Set Statement> <: eneric Range> Interpret.
| Function GNAME<i> (Generic Calling Sequence) /f or t/ .

i or Test <.ndex Set Statement> ;Generic Rule Interpretation
|

1

Figure 3.3 Structured Modeling Syntax.

I. GNAME
This stands for the genus name. [t is the name assigned to a class of elements
grouped into a genus. [t is a unique. upper case, mnemonically useful character string
with no imbedded blanks which always begins with a letter. An example from ONEC
1s 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. [t must start with a letter. It is generallv refered to as
just the index. Example from ONEC is LARGE_UNITu.
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:ggé:; 3. Genus Type
;:" ,, This is required for all of the element types and serves to identify which of the
i:fffz‘ element types is being used.

’ 1. pe/ Primitive entity
tal
,;;::é 2. rce Compound entity
vﬁ:v, 3. jaorva’ Fixed or variable attribute
X0 o .

"y 4. . fort, Function or test element.
i 4. Generic Calling Sequence

LN :
Z:,:‘ This is not used for the primitive entities because they do not call any other
W . . .
.',:: genera. It is mandatory for the other four element types. It is a list of genus names
ok e e e . .
R and their indicies set off with parentheses. An example from ONEC:
o < (LARGE_UNITu, SMALL_UNITs).

k
At 5. Index Set Statement
UYL R . . -
%:::E This is optional but if it is omitted then the resulting set is the set of all
f_'ﬁf' possible combinations of the genera in the generic calling sequence. If it is included
e there arz three cases. '
.0"'
SO .
G . 1. Unindexed genus - Must be a 1.
‘. . . . - M . . :
s;;:!'; 2. Self-indexed genus - A number defining the maximum size of the genus. May
o also use relational operators.

3. Externally indexed genus - This requires a complex formula- based on

) .. relational algebra. [t71s not éasy to put into simple terms so an attempt will not
;::;,: be made. Sce Reference 10 for a complete treatment of this area. |
00
':::::é 6. Generic Range |
L) |
:::::. This is used only by the attribute elements. It defines the range and type of
S the attribute values. It is always preceded by at least one space and a colon.
o . .
:.;::. Reference 11 contains the syntax for the generic range statement. An example from
‘o
j:;::" ONEC, taken from the RELIEF attribute, is: “5Dd, 3Dc, 5Ec, 5F¢”. This indicates
v .
N that only one of these four values is acceptable.
o 7. Generic Rule
; T This is used for the function and test elements only. It is always preceded by
t .
et at least one space and a semicolon. Reference 9 contains the syntax and examples for
0 the generic rule section. An example from ONEC, taken from the

- ROAD_SPEED_FAC function element, is:
hay
e ;ROAD_SPEED_FACgu =
“ x {{ SPEED_FAC_AXIALg * @abs ( ‘@cos DIRECTIONu )| +
.:"-! [ SPEED_FAC_LATERALg * @abs ( wsin DIRECTIONu )]} -
e
e 29
:ﬁ:::n
e?‘oe:
'r:,;'.‘
i
.ﬂ‘:i l
,'s.l‘.t
3 .
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[ @abs ( @cos DIRECTIONu ) + @abs ( @sin DIRECTIONu )
8. Interpretation
This is used in all five of the element tvpes. It is the English language
explanation of exactly what the element is doing. There is no svntaX and stvle is a
maztter of personal taste. 1

9. State Diagram

R

pe - ce (pe, ce)

a (ce, pe)

— it (a, pe, ce, fA)

.

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 are 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
a specific instance of a model these schema are supported by populated elemental
detail tables. [Ref. I: Pgs. 2-32 - 2-33] Examples of the ONEC model schema are in
Appendix B.
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TE‘,' IV. IMPLEMENTATION OF ONEC IN STRUCTURED MODELING

i The ONEC Structured Model will be presented in a descriptive manner that
;‘ points out interesting features of the model, while ignoring the problems [or the time
3{.‘ being. Although there were many problems encountered in modeling ONEC with SM
o it is important to view the resuitant 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 tvpes organized in
N 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. [t would seem logical to start
:%:E with the elemental structure. However, in reality the elemental structure is not used
- much in the model building stage. Rather, it appears in the ciemental detail tables
,: A which are determuned by the generic structure. The generic and modular structures are
'f where most of the model-building occurs so we will start with the generic structure

followed by the modular structure and {inish with the elemental detail tables.

SAE

A. GENERIC STRUCTURE

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

-
-y

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

‘q“‘c"b";': 4' y

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

(

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

x‘:"'
o about the general model.
&Y
L) . . . . . . . N -
‘W, Model information is necessary in varving levels of detail, tfrom specitics 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
t! is available in the genus paragraphs: however, the relationship information is diflicult
' ,_ to use and comprehend in this format. To overcome this limitation it is possible to use
R
- the relationship information in the genus paragraphs to builld a graphical
Y representation of the generic structure in a directed graph. Thus. there are two major )
i.‘ ~ .l
7y aspects of the generic structure: the genus paragraphs and the resultant graphical
4 representation. We will consider the genus paragraph information first.
b
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1. 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 4
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. Evervthing 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 identifv 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 speciﬁ;:atio'n and structured model indicate that SM does
indeed help in this regard. |

There is other information in the primiiive entity genus paragraphs as well. It
will show the numbeér of items in that genus, if known, and it provides a plain text
explanation which describes the primitive entity. Two examples follow.
friendBlide of the Baftiehieid Hom the entmy s, | oundary Line. It separates the
?leD CELLg /pe/ Slze GRID_CELL = 1610 1610 GRID CELLS. each measuring

X 3km. are F aced on a )JKm 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 clements 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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:6 LARGE_UNITu /pe/ There are many LARGE UNITS to be considered in this model.
*:: WEAPONwW/pe/ There are many Weapons in this model. This approach assumes that
e weapons are accounted for by gfoups in weapon types, not as individual units.

Y
R WEAPON_LIST&WEAPON,W LARGE_UNITu)/ce/

Seléct (WEAPON} X éLARGE UNIT)

ow Where w covers {LARGE_UNI ; ) . ~
__;- Each LARGE_UNIT has a list of all WEAPONS associated with that UNIT.

0o
f"‘ This example shows that there is a relationship between the weapons and the large
i units and tells what that relationship is, namely, that each large unit has a specific
o complement of weapons.

:": The attribute elements provide the modeler the ability to build a wide variety
Z of data types with which to define the entity elements. This capability is very much

A .

) like the feature of abstract data types which appear in new high order languages like
i Pascal and Ada. This should help to make the model easier to understand since the
,E:: modeler can build data types which resemble the real world objects being described.
b Three examples follow.

R
s LOC_GRID CELL(GRID_CELLg) (a/ {GRID_CELL} : (0 =< X < [35,0 =< Y
A < 133)_TheTocation of each grid cell is shownas an ordered pair of (X.Y) coordinate
S pairs.  The first pair represents the NE corner of the unit. The second pair represents
e . the SW corner of the unit. ‘

:' ROADS AXIALI(‘GRID_CELng /aj {GRID CEL_L} : “none, primary, secondary, both”
OA Each GRID_CELL has™a value for roads in the axial direction.

. VEGETATION(GRID_CELLg) /a/ {GRID_CELL} : 0 <= INT <= 10 Each
8 GRID_CELL has a vaTue associated with 1t that tells the fraction of the cell covered by

}. vegetafion.

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

‘ The LOC_GRID_CELL attribute is an ordered pair of X,Y coordinate pairs. This is a
‘i:! nice alternative to a Fortran implementation which would define four distinct variables
:ﬁ:: for the location information. The ROADS_AXIAL 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 stcod for. The final example,
; VEGETATION, shows that numeric values are also valid data tvpes. The abilitv 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.
.l . . . . . . .

4 First, by looking at the gencric calling sequence section, it is alwayvs clear what entity j
A0 f

|
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Y or entities, in the case of an attribute which calls a compound entity, the attribute is a
o roperty of. Second, there is an indication of how many attribute values are required.
) property )/ q
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
L/
Ly enumeration, in the case of the ROADS_AXIAL attribute, and bv an algebraic
T expression in the other two cases. This is much more flexible than being restricted to
e, . . . .
o data types of real, integer, or character string as in Fortran, for example. Finally, there
1s the plain text explanation of the attribute. This augments the mnemonically
O
“ meaningful attribute name and provides an excellent vehicle for data documentation.
R The function and test elements provide the tools necessarv to manipulate
.j entity elements and attribute values. These function elements provide a very strong
A
L% mathematical modeling capability and are one of the distinctive features of SM. The
:! test elements are identical to the function elements except that they onlv generate
2 ’ i .
o logical. true;false, values.
.,- Geotffrion’s earlv monograph did not provide a svntax for the generic rule
xf section of the function elements, and left the reader with the impression that this
s section would be implementation dependent [Ref. I: pg. 2-36]. Accordingly, many of
e the generic rule sections are done in a pseudo-code like manner. During the course of
. .
oy this thesis, we received a supplement to Geoffrion’s monograph detailing a syntax for
A ) . . - . . .
f the generic rule section [Ref. 9]. Geoffrion’s recommended syvntax leans heavilv to a
¥
o mathematical notation as opposed to a high order language approach. Because the
:"u modeling effort was mostly complete by the time that the supplement was reccived.
o verv few parts of the model reflect this syntax. Two examples of ONEC f{unction
o genera using this syvntax follow.
D)
N DIST_RAB_RMBIER O L RGE UNITul, LOC_LARGE_UNITu2)/f/
\ Select‘{LARCE UNID GE_UNIT
' : aabs {[(YIuT = Y2ui) ’ (YZuz ~ Yiud) /2
0 Thé distance between each Red ~\rtlller\ Battalion « RAB), index ul, and every Reserve
N Red Maneuver Battalion of the Ist Echelon (RMBIER), index u2. The distance is
o onlv concerned with the north south separaton and is s measured from the nudpont ot
;W each unit.
MOVING MIN(MIN_DISTulu2, MOTIOVu’)/t/ \llN DIS
. L /@ifftMOTIONu2 =" TRUE). true, false) [f_the RMBIER unit paired with the RAB
*5 unit is moving then MOVING_MIN'is true. This calculation is done tor each RAB.
z:
N,
¢
Y
\
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x;‘ The generic rule section of the function and test elements caused many
'\_:';: problems in building the model. However, if the syntax is implementation dependent
OE as Geoffrion suggests, then this could be a very powerful tool. If a high order
i language capability could be embedded in SM to perform this function, then the
'z::' function elements could accomplish virtually any task required. An example of the
U
g pseudo-code approach follows.
? »
e MISSION REL F-\CTOR&COM SPEED_FA C CELLu, LOC_LARGE_UNITuy,
. LARGE UNIT_TYPEu, MISSIONu)/f/{LARGE_UNIT};
20 th[t‘ MISSIONu = DELAY
e MISSION_REL_FACTOR = 0.75
o “If (MISSIONu = ATTACK) and
L EY PE = Ist ECHELON DIVISION)
en .
Select UNITu * GRID_CELL
! for LOCATIONu mterseut L C_LARGE_UNIT
N ORT on COMBINED SPEED FAC_CFELL asce ndm%’
aes MISSION REL_FACTOR = slowest COMBINED SPEED
M FACTOR CELL
Wy else .
0 If (MISSIONu = 8
. %ll]JN[T_TYP u= -nd ECHELON DIVISION)
: en
WS Select UNITu * GRID _CELLg fo
YoN LOCATIONu intersecf LOC T_ARGE UNIT
DY, SORT on COMBINED SPEED_FAC-CELL ascending
5 | MISSION_REL_FACTOR = fastest SPEED_ FA(_ _CELL
ey else
“\ MISSION REL_FACTOR = 1| ,
\IISQIO\ REL_FACTORS seems to a(ppl\ to onlv the BLUE UNITS DELAYING
v the RED _UXNITS ATTACKING. [t requires a sorted _hst of the COMBINED
> SPEED FACTORS CELL for each CELL that the RED LN IT is sitting on. This
N requires a link between the UNIT LOCA FIO\ and the GRID_CELL LOCATION.
)
:'.- This example is fairly complicated but would be an easy task to program in
) Pascal. It could be . and probablyv needs to be, broken down into smaller pieces. A
;:S' . compound entity could be developed which showed the units paired with the grid cells
:E:.; that they occupied. This could be a sorted list within cach unit based on the speed
'z'::.: factors for the cells. This would reduct the amount of code in this function to a much
— smaller if-then-else statement.
ff’" The appropriate syntax for the generic rule section is still open to debate. If a
O .
2 ) high order language implementation were possible, it would significantly enhance what
X
&, the modeler could build. But would this be consistent with the Structured Modeling
A
= framework? This issue will be discussed at greater length in Chapter V.
s
%
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2. Graphical Generic Structure
The elements just defined are all interconnected through the generic calling

r E—
B

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.
5 Figure 4.1 contains every genus element developed in our partial ONEC model
i} 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 to examine.
:' A user might also be interested in the impact of terrain on the direction of a
b unit’'s travel. [t is easy to see by examining the DIRECTION tunction (middle of
. _ figure) that the terrain has absolutely no impact on the direction of a units travel (i.e.
7 DIRECTION is not in the terrain’s reachability set). A huge mountain or steep drop-
:g 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
;:i 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
l:: knew all the factors which could affect 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 GRID _CELL
primitive entity (bottom left of figure). [t 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 plav a major role in determining how fast a

unit may go.

" 37

[ ]

.'lv oy ,- .Y . LT XN . TN N . - n A . B i -*-f' v .ﬁ. -y . "h"-‘_‘,.' LR SR
N ..Aﬂfq'zl,':‘-"ﬁq,t’a,l'a"?q.l'i:. Gkt AT S ahi ﬂ!’ L 3".!- P \'!'o‘J N ,M,'l..' "y 2 ,fr‘!:A"h"'u.!'o‘!'c E'O RN !‘l A '.ﬂ.'\. b -"" a. > e




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 wavs 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. I: pg. 2-3] '

By groubing 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 genera into modules and modules into larger modules
continues until the entire model is represented by a single module. This creates what
Geotlrion calls a “hierarchical conceptual structure” [Ref. 1: pg. 2-3]. for the model.
The modular structure can also be appraached from the “top down” and used as a
development tool in addition to the “bottom up” approach just shown. This is
discussed turther in Section 4 B 2.

The module information of a structured model can be viewed in three different
wavs. 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 Geoflrion’s own words.

What this means in simple terms is that all nodes of the modular structure tree
are listed verucally, one to a line, with indentations of each node proportional to
the length of its rootpath; the root node listed first, the nodes of each subtree are
contigious and begin with the root of the subtree, and siblings are always listed
in théir monotone ordering. [Ref. 1: pg. 2-9]
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Figure 4.1 Graphical Representation of the Generic Structure.
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by The translation of the modular structure text into a graphical representation is
f%:' straightforward and not very interesting. The indented list representation converts into
:‘n:; 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
?E;:' Figure 4.3. The full modular structure, both text and graphical, can be reviewed in
el Appendix B.

o &MISSION_SPEED
' RED_UNIT_INTEGRITY
;:m ACTUAL_UNIT_SPEED:/f

&POSSIBLE_UNIT_SPEED
ey ALLOWED_UNIT_SPEED:f!
: { MAX_SPEED_UNIT.f! .
;-‘;.!,_ MISSION_REL_FACTORS;f!
B REL_COMBAT_RATIO_FACTOR
b ' ARTY CAS FACTOR - |
)
A
e
“ - Figure 4.2 Modular Structure Text Presentation.
K
-j'_. [t is interesting to note that thé graphical presentation of the modular
3.‘: structure does not seem to provide any new i'nsight into the model, nor does it seem
:) much casier to use than the text. This was not the case with the textual and graphical
i 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
;:E: 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
7.’ detail required by the user. This is ¢ very useful method of presenting module
o information at varving 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.
t
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ALLOWED UNIT_SPEED
MAX_SPEED_UNIT
MISSION_REL_FACTORS
REL COMBAT RATIO
ARTY CAS_FACTOR

FACTOR

&POSSIBLE_UNIT

. SPEED

>

RED_UNIT INTEGRITY

ACTUAL UNIT SPEED
&POSSIBLE UNIT_SPLED

A=
& ~

&MISSION_SPEED

il Figure 4.3 Modular Structure Graphical Pre<entation.
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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 wayvs 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. 1: pg. 1-2]. This is handled very nicely through the module graphs. When
looking at Figures 4.4 fhrough 4.8 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 considered the very [irst step in a top-
down implemcntation 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: pgs. 3-1
to 3-15]. It should be easy to see that structured modeling can support the soltware
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 svstem overview without the clutter in the
generic graphical presentation shown in Figure 4.1. This level of detail mayv 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

4.8 shows an expansion which includes some of the actual genus elements. [t should

Y
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-
~
"
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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 displav these modules in

any combination required by the uscr.
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C. DATABASE REPRESENTATION OF THE GENERIC AND MODULAR
STRUCTURES

:?‘ The last two sections have described the tvpes of information found in the
L)

generic and modular structures. but did not address a mcthod for accessing this
information. Prof. Dolk. of the Naval Postgraduate School, has developed a wav to
place the generic and modular structure information into a rclational duatabase
i management svstem [Ref. 12]. This would allow the user to access the information
-:& using a relational query language such as SQL. Some parts of this work are presented
v here to show the cupability of such an implementation. Profl Dolk’'s proposcd svsiem
is based on the Information Resource Dictionary Syvstem under consideration by the
j:f American  National Standards Institute as a prospective Federal Information
Processing Standard [Ref. 12: pg.2|. There will not be an attempt to explain these

. examples in detail as this is covered in the referenced material.
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St : Figure 4.0 &MOVEMENT Expunded.

o) Prof. Dolk describes exactlv how the genus structure information can be piaced
- in a dawbhase by ¢reating the required ENTITY-TYPE «tatemients. ENTITY definition
ol statements and INTEGRITY CONSTRAINT statements. e also shows how the
fng‘ modular structure can be defined using the CONTAINS relationship-type statement.
s A summary of these constructs, taken from Reference 12, is shown in Tigure 4.9
A Examples of how this would look using the ONEC model information is shown in
' Figure 4.10.

" Once the information has been placed in the database the user has a great deal of
flexibility in forming queries concerning both structured modeling and the <pecific
structured model. The cxamples below, taken {rom Reference 12 pages 13 and 14,

W
;:o show the tvpes of gqueries available to the user.

SCLECT E2NAME FROM CALLS
WIIERE EINAME = 'CE" AND E2TYPE = 'ENT-TYPE
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Figure 4.7 &MOVEMENT and &BATTLEFIELD Expanded.




.............................................

ACTUAL_SPEED_uNiT/y SMISSION_SPEED .

/\

&POSSIBLE RED_UNIT
UNIT_SPEED INTEGRITY/f/

. e ® e mEe EaMm e e ®w"®Ea® %" wwwea

> - e e e e e ww®® ® %% ®aw e "

‘ar o=
" o

3 ‘b"«

&DIRECTION ;-

\ ?

&MISSION

-
- - = = - o

*> ofe r - - - - - - PR N T P

&WEAPON g TARGET

LIST / T

&IBL &GRID &UNIT &WEAI'DON &SMALL_UNIT |

-
-

D N . . T I N O N

e ™ ® ™ ® e e e ue e

&BATTLEFIELD
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r¥ Entity-Types
154
W ENT_TYPE('pe', 'primitive_entity', ....)
; ENT_TYPE('ce', 'compound_entity', ....)
X ENT_TYPE('att',6 ‘'attribute', ....)
Q. ENT_TYPE(’va', 'variable_ attr;bute P )
o ENT_TYPE('test '*es'_en ity' c e
ol ENT_TYPE('fcn', "' function_entity', )
< . ENT_TYPE( 'model', 'model', )
[
.‘ti‘
o Entities
¢
9'%
ﬁh PE(aname, dname, .... , doc_cat, IiIndex,
h index_stmt, gen_range, gen_rule!
:: : CE(aname, dname, .... , doc_cat, inde:x,
N inde:x_stmt, dgen_range, Jen_ru.e;
A '
ged ATT(aname, dname, .... , doc_cat, de:,
E | index_s\mt, sen_range, gen_rule)
QE: 7A{aname, dname, .... , doc_cat, inde:x,
s I index_stnt, gen_range, Jen_rule!
.: | TEST{aname, ,édname, .... , doc_cat, index,
index_stmt, gen_range, gen_ru.le)
fugt .
‘ﬁ. FCl(aname, dname, .... , doc_cat, index,
:;i index_stmt, gen_range, gen_rule)
B
oy MODEL{aname, dname, .... , doc_cat, index,
) index_stmt, gen_range, gen_ruie)
"
.;5
e Integrity Constraints
ALy
A5 CALLS(ce,pe) CALLS(va,pe) CALLS(test, test)
CALLS(att, pe) CALLS(va,ce) CALLS(test, fcn)
g@ CALLS(att,ce) CALLS(test,va) CALLS{fcn, fcn)
wﬁ CALLS(test,att) CALLS(fcn,va) CALLS(fcn, test)
éﬁ CALLS(fcn,att)
p2X
. CONTAINS (module,module) CONTAINS(module, test)
- CONTAINS(module, pe) CONTAINS(module, fcn)
g CONTAINS (module, ce) CONTAINS (model,module)
e
¥
ok Figure 4.9 Database Representation of Structured Modeling.
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ENTITIES
MODEL('ONEC', 'ONEC Structured Model' .)

HODULES'&BATTLEFIELD' 'The battlefield..., ...)
MODULE('&IBL', 'The International Boundary Line', ces)
PE('GRID_CELL', '1610 grid cells..., ...

PE( 'LARGE UNIT' 'There are many.

CE 'WEAPON LIST' 'Each unit has. ; ...)

ATTE RELIEF', 'Each rid cell has. ces)

FCN( 'MOVING HIN' if(MOTIONu2 = T), ’ F)

GENERIC STRUCTURE

CALLS('RELIEF','ATT', 'GRID_CELL', 'PE!')
CALLS('SPEED_ FAC AXIAL' 'FCN', 'ROADS _AXIAL', 'ATT')
CALLS('WEAPON_LIST', 'CE', '"WEAPON', 'PE')
CALLS('WEAPON_LIST','CE', 'LARGE_UNIT', 'PE')

MODULAR STRUCTURE
CONTAINS%'ONEC', 'MODEL', '&MOVEMENT', 'MODULE')

CONTAINS('&IOVEMENT', 'MODULE', '&MISSION', 'MODULE')
CONTAINS('&IOVEMENT', 'MODULE', '&DIRECTION', 'MODULE')

Figure 4.10 Database Representation of the ONEC Structured Model.
This would tell the user what SM entity tvpes a compound entity could legaily call.

SELECT EINAME, EITYPE. E2NAME, E2TYPE FROM CALLS

WHERE EITYPE != 'ENT-TYPE" AND E2TYPE != 'ENT-TYPE".
AND (EITYPE, E2TYPE) NOT IN
(SELECT EINAME. E2NAME, E2NAME FROM CALLS
WHERE EITYPE = 'ENT_TYPE" AND E2TYPE = 'ENT_TYPE"

This command would tell the user if the generic structure violated anv 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 entitv LARGE_UNIT.

SELECT E2NAME, E2TYPE
FROM CALLS WHERE EINAME = 'LOC_LARGE_UNIT’

This would tell the user everv 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

:ef‘fu information about the model structure and not the actual data which populates the

j;_ﬁ.' model. This is the subject of the next section.

&3‘( D. ELEMENTAL DETAIL TABLES

f',.!'o! The first two sections of this chapter presented information about the generic and
modular structures. These two structures deal with information about the general

::';5 model. A distinction must be made between the model schema and a speciﬁé

',:‘ o instantiation of that schema created when data elements are supplied. The generic and

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

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

A 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.

;’,i Creating the structure consists of identifving the table key, the elements required to

j' unambiguously identify a row within the table, and the genus elements which will be

E’j’, ' the value items in the table. There is a step by step process for doing this described in

:I'f "I Reference | on pages 2-46 and 2-32 and covered in Appendix C of -this thesis. The

o second phase is the actual entry of the Jata in the table structures, thus creating a

E‘g'::: - specific model instance.

:'e . The general format of the elemental detail tables is shown in Figure 4.11 . The

’_},._ bold face print shows the required items. The normal print is for explanation only.

v(}_ Some of the more important rules for the table generation are provided below to make

5""‘ 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

g:': must have an unambiguous kev. This is in the section labeled stub columns and

';5_.. includes evervthing to the left of the double lines. The genus names in the stub

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

j‘E‘ ) the genus which the table is built for. Finally, each table has a value section, which is

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

':E::~ there is an optional column which can contain an interpretation of the identifiers. For

v .
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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 different

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 shown 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 I"lvure 4.13. To see how
these tables might look when populated with data. the WEAPON and
WEAPON_LIST tables are shown loaded with hypothetical data in Figure 4.14 .

| TABLE NAME
| STUB COLUMNS VALUE COLUMNS ;
o
| COLUMN Genus Genus Genus ‘.. | Genus . :
HEADING Name Name Name Name | ‘
DATA Identifier Identifier Value «e.. | Value

- Figure 4.11 Elemental Detail Table Format.
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{c‘ TABLE NAME
GEXNUS NAME, .., GENUS NAME || GENUS NAME, .., GENUS NAME
i,"
“I)
]
o : :
o Figure 4.12 Elemental Detail Table Structure Format.
™y
3
o !
ik |
N LARGE_UNIT |
i LARGE_UNIT [} Interp, LOC_LARGE_UNIT, LARGE_UNIT_TYPE,
it COMMITTED MOTION, ENGAGED INFIGHT, ORDERS
DESTINATION MISSION MISSION CHANGc,
‘ CALC_DIRECTION, DIRECTION MAX_SPEED_UNIT,
> DIST_RAB_RMBIER, MIN_ DIST "MOVING_MIN,
:4 MISSION_REL FACTOR ALLOWED _UNIT_SPEED,
| - ACT_SPEED_UNIT, GIVEN _ORDERS
M ! WEAPON
ﬁ g WEAPON | Interp, WEAPON_TYPE, WEAPON_RANGE
e i
i i WEAPON_LIST N
i 1 WEAPON, LARGE_UNIT || %AVAIL_WEAPON, %AMMO_WEAPON, INFIGHT_WEAPON !
" L, |
» (- ;
X
Figure 4.13 Sample Elemental Detail Table Structures.
oy
-2
& 1 !
4 5 |
L : WEAPON |
R | WEAPON || WEAPON, WEAPON |
* oo : TYPE RANGE ;
:1‘ tankl ml 3000 J
“ tank2 m48 1800 |
QY aacl redeye 5000 |
L\ |
) ,
= WEAPON_LIST (
. WEAPON, LARGE_UNIT || %AVAIL, %AMMO, INFIGHT |
= | . WEAPON WEAPON WEAPON i
- i tankl unitl 90 50 true !
) I tank2 unitl 20 10 true :
v t aacl unitl 100 100 false '
¢ tankl unit2 100 100 false '
, tank2 unit2 40 10 true |
& |
:,. ~
3
o) Figure 4.14 Sample Loaded Elemental Detail Tables.
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.-,, 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
wn . - . . . . .
N categories. The first class addresses areas of discrete event simulation which are in
A \~. . 0 . ~ . - ~
“ direct violation of the basic concepts of structured modeling and are therefore
- considered serious major obstacles. The second categorv concerns areas of discrete
o event simulation which do not seem to lend themselves convenientlv to SM and where
“—:" stopgap solutions were not easily found. The third class consists of general problems
e . . .
e we were unable to model along with proposed solutions, where possible, to the
& problems. '
N ‘ One problem which appears throughout this thesis is a lack of understanding of
p the SM process and tools. This shows up in areas where SM tools are incorrectly used
a.”. . . . . . - -
e or in some cases not used at all. This lack of understanding and ability to use the SM
[# Y. N . . .
- tools has had a profound impact on this thesis.
-
P This problem of comprehension is due in part to the immaturity of the SM
".I . LS . - .
4.'.:j concept which manifests itself in several wavs:
) I.  The lack of available documentation in a useable format. .
3 ) 2. The lack of complicated exampies which could be copied and studied.
T 3. The lack of a warking SM svstem which could be experimented with to gain un
T understanding of the SM process.
, Geoflrion is certainly aware of these problems and comments on them in his
20 monograph.
e
e
Sd . . . . . . N s
o The presentation of material in_this chapter is designed more {or compieteness
L and reterence purposes than for prospective practittoners. ol  the structured
gt modeling approach. A much shorter, example-based exposition is necessary for
<L the latter group. To them structured modeling will be a new language supported
o by software: most people assimilate new languages more easily by inutation based
""t' gnl examples than by being lectured on grammar and vocabulary. [Ret. 1@ Pu.
21
3
' A\l
S Working with SM in its current state of evolution must be similar to the tasks
0 faced by programmers in the early 30s. Everv time thev came upon the need for a data
> . . . . .
j,’:._: structure, scarch routine or sorting algorithm theyv had to invent it; whereas todav these
~ are readily avatiabic in anv introductory text book. S$M is in the same state. The wools
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are available in SM to build the required model structures but may be beyond the
scope 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 alwayvs clear but we will trv 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 trving to
build just the static version of the model. this goal was never reached. We were unuble
to adequately consider the role of time, however, it seems to be characteristic of
discrete event simulation models that they are cyclical by nature with respect to time.
. 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 contlict 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 factor must aiso
be adjusted to retlect these changes as the fight continues. This cvcling is in direct
violation of SM Proposition 2 that Genus graphs alwavs be acyclic [Ref. 1 pg. 2-13].
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 tor 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 docs not equal
its DESTINATION and is not in MOTION(at time t), then a DIRECTION shouid be
calculated. After the DIRECTION is calculated the UNIT is placed in MOTION(at

E time t + 1). At the next pass through the logic the MOTION flag must be set to true
W and will not change again until the UNIT reaches it's DESTINATION, and the

MOTION flag will be reset to false. There scems to be a cyvele in these calculations

n
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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.

Geoflrion was able to remove the perceived cvcle by removing the MOTION
flag while at the same time retaining access to the motion information. He also
removed the CALC_DIRECTION flag and the DIRECTION function. His proposed

implementation to capture the direction and motion information is shown below.
DIR( LOCt, LOQH— D) /f/ Filter 2< =t < -1) {T}; LOCt+1 - LOCt
DIR_INIT( LOC2. INITLOC) /f/ : LOC2 - INITLOC

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

MOTION_INIT(DIR_INIT) /t/ ; DIR_INIT < > 0

Now that each piece of information is available without a cvcle it woﬁld also be
possible to build the CALC_DIRECTION flag, used later in the model. and the
implementations would, from a black box perspective, be {unctionally identical except
for the loop in our structure.

Geoflrion was able to remove this instance of a cvcle with an easily
understandable piece of modeling. It is possible that he could do the same with other
cvclical 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 model could be constructed

g without cycles which would “. . .hang together as a static snapshot” (Geollrion's
Y words). We still present this issue as a critical problem because, in our minds, it is the
3 key technical stumbling block which must be addressed before blessing SM as a tool
"

for discrete event simulation models.
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o Figure 5.1 Cyvcles in Direction Calculations.
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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/ {T}

p DEST(UNIT, ORDERSt) /a/ {T}

' INIT_LOC(UNIT, T< 1>) /a/

LOC (UNIT, INIT_LOC. DEST < 1:t-1>) /f/ Filter(t> = 2) {T} ;

Figure 5.2 Geoflrion’s Proposed Schema.

B. MAJOR PROBLEMS

N There are two problems discussed in this section and thev both deal with the
representation of logic in a structured model. The first question deals with the role of

s 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.

, l. Role of Logic in Structured Modeling

) At first we were confused by the apparent division of program logic between

s 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 modeling domains.

The entre 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 bv

. a topoiogical sort of the genus graph, and executes the logic in these paragraphs. The
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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 clements 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 evaluation 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
o
b important, but rather the cumulative effects of multiple time segments. So, the solver
.. would have to execute the model repeatedly, saving the results, until a preset condition
i had been reached: perhaps a specified number of passes through the model. ]
F  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 fullv 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 entitv would then be included in the

oenenc calling sequence of everv dvnamic entity in the model [Ref. I: pg. 2-91] An
Y emmple from ONEC follows.
TIMEt/pe/ There is a list of time instants.
UNITSu/pe/ There is a list of units.
LOC_UNIT (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

o e oy

S,

attribute. Only the dvnamic 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.

Pl S

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 | UNIT_TYPE

LOC_UNIT

UNIT, TIME || LOC_UNIT

The structures are interesting only in the fact that the dvnamic and static aspects of the

[ Tl I R S T R ¥

PP EL LS

program have been segregated. -\ 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 = | 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 of 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 {or analvsis
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 functions of representing the generic
structure of the model and identifving 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 generic rules are used to manipulate the values in the model to
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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. 2-41 - 2-344]. 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 bv 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 ~asy 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 artillerv battalions

and the Red maneuver battalions was chosen because it is a small easily understood

section of the model. vet 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.

g,\ RED artillery battalions are assumed to move in response to the advance of
ED maneuver units, This etlect is represented by assigning to each arullery
battalion the speed of a selected maneuver battalion. In most cases. the selected
unit is the reserve battalion of a first echelon regiment which is nearest in the v
(north-south) coordinate to the %1\'en artillerv “battalion. If this battalion s
stopped, the most advanced battalion that is either in the first-echelon or has
been passed through by another battalion but still has a mussion to attack in this
regiment 1s selected and its speed is assigned to the arullerv battalion. [f no
maneuver battalions tit the above criteria or if the RED arullerv has advanced to
within KBMAXR® (3000) meters of 2 BLUE maneuver unit,” the speed of the
artilery battalion is set to zero. [Ref. 2: pg. 3-14

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 RAB 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. RAB and RMBIER, and having the function entitv 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 LOC_LARGE_UNIT twice in the generic calling sequence: each time with a
different index. This is consistent with Geoffrion’s work in Keference 4 pg. § und
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 for
each possible combination of the five RAB and the five RMBIER.

Step 3: Build the function rule. This is straight forward because this is a
simple mathematical problem which is very easv to do with the SM svntax.

Resulting Genus Paragraph:

DIST_RAB R\lBIERtLOC LARGE_UNITul.

S%l;catb-{sl_ﬁ(RYtl;ur + T’}ul) LRRG{:Z&:N-}-T ul) /2
hé distance between each Red Artillerv Battahon AB), index ul._and every Reserve

Red Maneuver Battalion of the Ist Echelon (RMBJER), index u2. The distance s,

onl?1 concerned with the north south separation and 1s measured from the nudpoimnt of
each unit.

LOC_LARGE_UNITu2)/f/

Comments: The generic calling sequence and the generic rule section look
good. However, it is not clear who, the modelcer or the solver, must keep track of the
indices. The index set statement (onks weak. We know exactly what the resulting data

set must look like, but we cannot express it. [n particular, there is nothing explamning

the selection criteria.

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

:: set produced by DIST_RAB_RMBIER and select one pair for each RAB unit which
‘-:f.u_ has the shortest distance between the units. This should generate a 5§ X 2 data set.

.t The two columns should be RAB and RMBIER and the 5 rows would be for the 5
-I‘*\: RMBIERSs associated with each RAB.

\‘ {;.1 Step 1: The generic calling sequence is just the function

S DIST_RAB_RMBIER and the indices ul and u2 from that function.

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

:L‘zg- to do this here would be to use a compound entity; which is illegal because a

:3::":': compound entity cannot call a function. Since we are dealing with a function the

ol smallest data set possible would be 5 X 3. The columns would be RAB. RMBIER and

Wi the function value. ' ‘

;;-'Q Step 3: A kev question here is what should the function value be? It is not

-s'?.Q 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.

G how should this be done? We elected ro have the function return the index value of
= the RMBIER closest to the RAB. |
5 Resulting Genus Paragraph: )
- MIN_DIST(DIST_RAB_RMBIERutu2)/f/ Select{DIST_RAB_RMBIER} _

s : ‘adnd [(@min (DIST_RAB_RMBIERul.). ord(u2)] This sholld generate a 5 X 3 data

o set.” The 3 columns Would be the RAB, RVMBIER and the specific index of the

:_\3 Iéle.lER in the LARGE_UNIT elemental detail table. The 5 rows would be for the 5

""' Comments: The svntax is probably incorrect in the generic rule section;

‘.)r 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.

::t Again the index set statement lacks any significant information. All it shows is that

"::ﬁ,f the resulting data set will be a subset of DIST_RAB_RMBIER. There is no

T information on how this subset is chosen. It is also not clear that it is legal to use the

;‘::I; function entity in the index set statement. If we are required to use the genus

;',::: LARGE_UNIT then this index set statement will provide even less information. This
_::!'. index set statement might look like: Select {LARGE_UNIT} Covering ul.

.:’.-;‘.7‘ The third task in this program is to examune these five RAB, RMBIER
_;'::‘:: pairs and see which the RMBIER units are moving. This requires a test genus.

Wt
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‘n Step I: It is clear that the 5 X 3 data set from MOVING_MIN and the
1 N MOTION attribute for LARGE_UNIT are both required for this function, but it is
A 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
',*'9 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 i
:..' to one. There is no assurance that the original five RMBIER units remain in the

MIN_DIST data set. All that we know is that at least one of the RMBIER units
: remains in the data set. So what should the RMBIER index be? If we use “u2” again
N 3 it will mean two different things in the three functions. The correct answer mayv be to
" introduce a new index “u3”. We were unsure so we staved with the "u2” index.

Step 2: The establishment of the elemental detail tables is easy. It will be
Sl exactly the same size as the MIN_DIST table. In this case the third column will

‘.'J‘ .

;ﬁ 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

e assumptions we have made are accurate.

e Resulting Genus Paragraph:

P - MOVING MIN(MIN_DISTulu2. MOTIONu2 )/t/ MIN DIS ‘
s

g v aif(MOTIONu2 = TRUE). true. false) If the RMBIER unif paired with the RAB

unit’1s moving then MOVING_MIN is true. This calculatlon 1s done tor each RAB

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 kev to

SERRENT

-
™

the elemental detaii 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 zood modeling and we have no idea if it would

A
AR A

Yy

»
- .‘_»..

work.

‘ This question of the index for the RMBIER units was also complicated by
j: the fact that the value in the MIN_DIST data set was in fact the actual index location
:“ of the unit in the elemental detail table. There should have been some wav to use this
$in index value to access the motion information. This would have made the model scem
.;i‘: 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. lHere it very nicely defines the elements required for the elemental detail
Y 62
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table. However, if this is illegal, you would have to again revert to the less informative:
Select (LARGE_UNIT]} covering ul.

The fourth task in this program is to examine the 5 X 3 data set generated
by MOVING_MIN. 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. [f
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 MOVING_MIN 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.

forul = 1to5do
ifulu2 = false (u2 is stopped)
then
u3 = most advanced Red Man Bat Ist Echelon
u4 = most advanced Red Man Bat
ifu3 = ud  (unit hes 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 scem to
be any tools in the generic rule svntax which would allow the index manipulation

shown in the pscudo-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 svntax suggested by
Geotlrion. 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, verv questionable generic rules and doubts about
the correct indices. seemed counterproductive. To our perspective the point had been
made. The tools are available bit not necessarily appropriate for modeling combat
simulation models and not verv easy to use.

b. Recommended Alternatives for Logic Representation

There are 1wo possible solutions for 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 svstem to experiment
with. As SM matures these things will become available. “Programmers” will be able
to learn SM and become proticient with the tools.

This answer only addresses part of the problem, programmer training. [t
does not address the question of how suitable SM tools are for the logic found in
simulation svstems. The example provided showed some of the problems encountercd
when trving to use these tools in this domain.

The second solution, one we feel would greatlv enhance the applicabilitv of
SM to simulation systems, is to modifv the svntax for the index set statements and
generic rules to incorporate a high order language (I{OL) capability. This solution

addresses hoth the training and the suitability problems.
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W
E' It can be assumed that the simulation modeling will be done by simulation
5_'5 “programmers”. These programmers may or may not have a good solid math
\’.ﬁ_ background; however, they all should have a good solid background in HOL
'-N programmung. 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 svntax of
;‘s the index set statements and the generic rules, will have been greatly simpilified.
:! The syntax for the index set statements could be greatly enhanced by using
one of the predicate calculus based programming languages. We understand that this
i: is currently under investigation bv Mr. Srikanth Chari, one of Geoffrion's doctoral
:‘ students. Mr. Chari is investigating the use of Prolog. Another option might be the
s- 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

53 and very conducive to a computer implementation. ‘
) The syntax for the generic rules requires a language such as Pascai to
" handle the problems we've encountered. There is little question that tlus could provide
_‘ most capabilities that a modeler might need. [t also has the benetfit of being something
::'1 readily understood by the potential modelers. The pseudo-code example shows where
E: a HOL can comfortably handle something which is hard to manage using current SM
Ly ~ 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
.:: which more people could understand and use. However, many quustions remain to be
i answered before this could be implemented. _
:' First, is this technically feasible! Can HOLs be integrated into the SM
). -Ej framework without destroving the verv solid theoretical foundation which Geotlrion
:: has built? Can the interfaces between the indexing scheme, elemental detail tabies,
E index set statements and the generic rules be worked out and still retain the bencfits of
SM and the HOLs? In other words, it will not be of any usec if the HOLs or SM must
2N 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
:’; currentlv coded in the generic structure into the function genera? IHow would this
_;3 scheme atlect the role of the soiver? Would a sccond level off documentation be
' required for these new powertul logic tools?
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study by persons very knowledgeable in SM and computer languages. Our exberience

We do not have the answers to these questions. They will require extensive

X 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

b

and the manipulations of that data available through SM are definitelv worth pursuing.

C. MINOR PROBLENMS

The problems in this section are ones which provided us challenges in our

1}
.

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 governing 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 of attribute inheritance. The (ollowing
sections will deal with specific examples of problems encountered. Betore discussing
these specific examples a brief summary of the attribute rules is in order.
1. An attribute cannot call a function or test element {Ref. 1: pg. 2-2]|.
2. A primitive entity cannot call an attribute [Ref. 1: pg. 2-3].
A compound entity cannot call an attribute [Ref. 1: pg. 2-2].

3
4. An attribute cannot call an attribute [Ref. 1: pg. 3-2].

tn

A function cannot call an attribute {Ref. 1: pg. 2-21.
6. An attribute mav call a primitive or compound entity {Ref. 1: pg. 2-3}.

An auribute, may_ call several primutive and or compound entities
(Ref. 1@ pgs.2-78 and 2-83].

These rules are shown graphically in Figure 5.3.
2. Using Compound Entities in Place of Attributes
A\ basic theme in this Section concerns the limitations of the attribute clement
tvpe and wavs around these restrictions. .\ technique which shows up 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 primary problem of an

attribute being unable to cail another attr:bute.
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Figure 3.3 Auribute Rules.

This leads to some conceptual probiems with SM. Remember that an enuty
element can be thought ot as & "thing” and an attnbute 18 a property of that “thing”.
This scems struightionward and easy to impicment. We can ook at something and
Know 1t 1s a “thing” and belongs in an enuty cicment. We can look at something and
Know it 1s a property and bdelongs in an attribute ciement. But now in the moddceling
phase we {ind cases where the model will not work with the simple straightforward
allocation of elements to the entitv and attribute genera. We are forced to go buck
into the mode! and redefine attributes as entities 1o form a workable structure.

On the suriace this seems to be a weakness in SM. In fact this schizophrenic

behavior of attributes is discussed by Geoflrion. le states:

A member attntbute for a class can be renuered in SV either as (i) an attribute
cenus whose clements are 1l with the elements of the eenus 1t calls (e.e

l'H LL_NO) or as v compound enuity genus that unks 2Nty elements o
¢riends of some otier eniity fenus that 26 séil-indeaed te.g TYPLE)Y [Rel. 30 pgs.

Ignoring the conceptual problems of an aitribute being classified as an entity,

something which scems to be endorsed by Geollrion, the techniques and tools seem to

be available to buiid the required modeling structures. Some examples follow.
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The function SPEED_FAC_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 ind
a discussion of why theyv would or would not work follows.

The function is a simple table search using the values of RELIEFg and
VEGETATIONg as indices to the table. Given that there are 4 possible reliet types
and 11 possible vegetation levels this table would contain 44 entries, one tor cach
possible RELIEF'VEGETATION combination. So for a certain GRID _CELl ¢ 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 piace the table in an attribute (pe genus. This
1s consistent with the recommendations ot Geotlrion. e states. Most ot che
“coetfictients” and “"data’ of conventionai modeis are represented as attribute elements
[Ref. 1: pg 2-3]. Thus did not seem o work. The wable must =e acved on the rene: and
vegetation values. This means that the rabie 1ttnbute must have *hece ~wo arrrbhyres
in 1ts cailing sequence but SM ruies prohibit an attnbute from caibing 1n 1t rihure

The opuion ot specitying this table s an atinipute of the prmitne entirs
GRID_CELL also does not work. An attribute is used "o assign vaiues 7o giements n
a genus. So, tor an attribute to Jetine a genus it must hase a value tor cach clement in

that genus. The GRID_CELL zenus has leln clementss The tabie vl Sane <=

There s no war to conmider the Tame as i ARG 0T The gfd vel 10 s The Tune oon
SPEED _FANC_CLLL vhilh isvccares sheve <= nues 7 saen e el 2oy oo s

N CROrAArIc DPoT e T e T Tt e BT TRe TLndien senent i L g
accompushed SV ouNne 1o am2r o atunment vl onotens Do and oo tae

data into the model nstead of treating 0 oas Satr Nltheugh thie wenid wern 1
extremely awkward and violates good modeling practices

\neother 4rmreacn © 0 T pm L U e A e ettt genen s Ui
CORLAN TR L acals T L T r ptan LIt gt e Voere ST
called by an avrrthute genas Wil Commnes the e entites ey o catte g G
AU JSMENS @ vaue o eanh resaant tayr o T crenstes e tamie ek the o re o rod
Kev values, al i manner acceptamio ©0 SN The requered @onns mar e st are s
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- convenient use of the SM eicment types, DUt it works where vrtner anproachios fo.

GRID_CELLg/pe/
GRID_RELIEF(GRID_CELLg)/a/
GRID_VEG(GRID_CELLg)/a/

R_EL!EFr/fe/ o
| There s a Lst of all relief values.

;  YEGvjpe/ _
i Thereis a list of all vegetation values.

SPEED_FAC_TABLE(RELIEFr, VEGv)/a/ {RELIEF} X\ {VEG)
There 1sa spedd fuctor tor every combination ot reiiet and vegetation.

I SPEED_FAC _CELL(GRID RELIEFg. GRID_VEGg. SPEED_FAC_TABLEM)
' /f(;belec! SPEED_FAC_TABLE)
Vhere VEGg = GRID_VEGg and RELIEFr = GRID_RELIEFg

Fi

(]

ure 3.4 Genus Paragrapis tor Takie Mode.

This approach 1s & zood one because 0 onlows sne Jdata oy be trerel
instead ot being inserted into the code of a tunciion. 1t aiso aghieres tootne raos

SM. This mayv 40t be an :mmedidleiv ODVICUS UPProdes nor purticdaaris e’

SPEED_FAC_CELL ¥

N

- GRID_RELIEF. &/ GRID_VEG. a SPEED_FAC_TABLE a
GRID_CELL oe: RELIEF pe JES oe
Pognre HENEANTERN B
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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 pnimutive entity TYPE_OF_SHIP and a compound entity TYPE, which
calls the primitive entities SHIP and TYPE_OF_SHIP. This seems to have been done
to mumic 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 1t is acceptable to model an attribute as an entity if required. [Ret. 3: pgs. 8-9]

A final example of this problem stems from a situation where an attribute
defines another attribute. This comes about in the section of the model dealing with
the orders. Each set of orders has a mission and a desunation, each mission has a
qussion tvpe and one mussion type has a set of three postures. The obvious, but
incorrect approach. 1s to model the orders and mussions as compound entities and the
nussion (vpe and postures as attriputes (Figure 3.0). This again is not allowed because
an attribute mav not cail an attribute.

One wayv arcund this is to build a primitive enuty MISSION _TYPES and a
compound  enuty  MISSION_TYPE which would call both  MISSION  and
MISSION _TYPES. POSTURE could then remain as an attribute to MISSION_['YPE
1s shown 1in Figure 5.7, This mav work. It 1s somewhat awkward but it does retain all
ot the miormation and shows the relationships between the mussion tvpe and the
posture. However, it does require the introduction of a seemungly unnecessary
primut:ve entity.  The primary objection to this method s that the compound entty
SMISSION _TYPE (s not variable and this mode!l requires that a unit be able to change
Missicns as che simulation progresses. So 1t seems that the method of modeling an
rruTe vt g ostmutive and compound entity combination Wil not work when truing
eoact o aTtanje urbte

Our Snuc cnoee was o define the nussion enuty as a vanable aunibute with a
range Atien nddaded every possabie mission type and posture. This approach does not
shiow graphicady the relationship between the nussion type and the postures but it does
StoLrtre niarmaty nonoche zenus cent Ttodso soives the problem of the Changine
SN nlolaoes e tegairda numper 00 genert O chrees This approadi s snoun
LA BFUNY O

Iricenagmpie was chiosen to demendtrate the ditliculties a maodeler nuay Lace in

ey e rare s mnodes Here we Buve gene tuil arde from oan atrnbuate too

UL N W Taee o anoattnibate




POSTURE/&/

f

' MISSION_TYPE/a/

DESTINATION/ce/ MISSION/ce/

s Rl

ORDERS/ce/

i

LARGE_UNIT/pe/

LARGE_UNITu /pe/

ORDERS(UNITu) /ce/ {LARGE_UNIT)
DESTINATION(ORDERSu) /ce/ {LARGE_UNIT)
MISSION(ORDERSu) /cef {LARGE_UNIT)

MISSION _TYPE(MISSIONu) /va/ {LARGE_UNITY. (RED  MISSINNS
attack. holding attack. be prepared to attackT BLUE MISSIONS delay.

withdraw, reserve. move to reintorce. defend)

POSTURENISSION_TYPEmw/va/  Select{ LARGL_UNIT} Where
MISSION_TYPE = "DEFEND (fortified position. hasfv defense. prepared
position) These are the postures tor the nussion tpe detend

Figure 3.6 Improper use of Attributes.

3. Abstract Data Types

There Joes not seem to be a capability , in SM, to build a data tvpe which can
be applicd to more than one genus while still addressing a single genus. This capabihty
would have been very useful when dealing with aspect of location and the table 1ssue.
This s 1 nunor inconvenience which can be avoided with resourceful modehing. The
tuble example was covered in suflicient detail in the last Section. Location is addressed
pelow.

Three of the prinutive entities in the model, GRID_CELL, LARGE_UNIT
and SMALL_UNIT, require information ubout theirr tocation. In all three cases this
:nformation can be modeled as 2 sets of i N.Y) coordinate pairs with rdentica! range

requirements. Thus suggests that a single data type could serve for all three entities.

-1
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POSTURE/&/

T

MISSION_TYPE/ce/ | ’

/' 4

DESTINATION/ce/ MISSION/ce/

ORDERS/ce/

f

LARGE_UNIT/pe/ MISSION_TYPES/pe:

‘LARGE_UNITu /pe/

ORDERS(UNITu) /ce/ {LARGE_UNIT}

DESTINATION(ORDERSu) /ce/ (LARGE_UNIT}

MISSION (ORDERSu) /ee/ (LARGE_UNIT)

MISSION_TYPESm/pe/ There is a list of ull mussion types.

MISSION_TYPE (MISSIONu, MISSION_TYPLESm) /ee/ {LARGE_UNIT}
POSTURE(MISSION _TYPEu)/va/ Select! LARGE_UNITY (fortified position.

hasj_\' (ie&elnse. prepared position) lhese are the postdres stated 1or the nussaen
al detend.

Figure 3.7 Modeling Attnibutes as Compound Entues.

The first option considered was to have a single attribute called LOCATION
which could be used whenever location information was required. At first this was

rejected because the excess baggage in generic calling sequence and indey «ct statement

seems to defeat the intent. The resuluing statement looked hike:

LOCATION GRID L.-\RGE l?
'a :

v SMALL __UNITy)
LL UN =\ <=

0 <=\ 135, 0 < =

X \ CELLE ~ _
4' / :levl:t‘(s(:RlD_ ELL,LARGE UNIT, SM




DESTINATION/va/ MISSION/va/

ORDERS/ce/

f

LARGE_UNIT/pe/

LARGE_UNITu /pe/ |
ORDERS(UNITu) /ce/ {LARGE_UNIT} |
DESTINATION(ORDERSu) /va/ {LARGE_UNIT) _

© MISSION (ORDERSw /vaj (LARGE UNIT) (attack. holding atiack. be

prepared fo attack. delav. withdraw. reserve. move to reintorce. defend tor:ified
position. defend hasty defense. detend prepared position)

Figure 3.8 Current Approach to Modeiing the Misaon Auribute,

After turther thought it 1s not ciear that tlus approach would have worked
even if we had teen willing 0 accept the impact of the excess havsage  Athough
attributes can call more than one enuty element this approach weuld not have had tne
Jewired ¢ffect. When attriputes call more thun dre enttn Liey are DrovL.Gng dh e o
the combination ot those entities. This 1s exactiv the approach used mn the sobution to
the tabie tssue with the attribute SPEED_FAC_TABLE. The desired goai was 1o nave
the attribute appiy to the entities one at a tne, but this Joes not seem possisc.

To work 1round this problem the current approach s o ase a Jilerent
attribute for the LOCATION of each item. So the medel now has attributes for
LOC_LARGE_UNIT., LOC_GRID_CELL and LOC_SMALL_UNIT  This tends to
run contrary to the concept ef apgregation, howeser it works

<. Inhenitance

Geollrion does not exphicithy state how inhenitance 1ssues are revehed o SM

We exanuned several posabilities and reached a conduson on what we thought was

the best solution for modceling inheritance withun the SM Irameweork  The opeony

considered and o Jiscdsson of theor nerits and veahnesaes foflows
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< The first alternative was to show inheritance explicitly through the generic
o 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 underlving element relationships in the program.
" Three model structures were considered.
oS In the tollowmng cxampies a sumple scenario is used. There 1s a prinutive
L' entity called PEL. [t has two attnibutes: Al and A2, CL1 is a compound centitv which
v 1s a subset of PCI. CE! will inhenit attribute A2 but not attribute Al. In the final
exampic CEl has an attnbute A} and a compound enuty CE2, which is a subset of
e CLI. and PE! has an udditional compound entity CE3.

The first model structure considered is shown .n Figure 39, Graphicallv this
loohy very mice. Tt s easy to sce the exact relatuonship which exists between CE1 and

X the wo atmbutes A\ end A2 But this approach does have aotatan i s an dice

s structure o SNV compound entity mad not cadl an oatimbutes So this prion s
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For A2 to be used in this manner PEl and CEl would have to have a 1 to 1
correspundence because A2 would have both PEl and CEIl in its calling sequence.
Obviously this is not going to help; so this option was also rejected.

? A2/a/
l Atl/al CE1/ce!/
‘L PE1p/pe/

' CEWPEIlp)/ce/ !

AlPELp);a: PE1/pe/
A2PElp. CElpy/aj

Cigure IO Inhenitunee Approadh 2

The TLUrG and watt OpLOoN considered 1 e sedran for expact imberitance 18
sorwnn fogure S HL s upproach o snowe the reiationsiup ~enween CLEand A2
howener. it Mancs no sense 12 have the same attribute in two ditterent Jocations and it
St s s ST e e s o e thie samie croioate o e Gatlerent oaaons
WD WO dnlerens Jenene caniny sequenees and 1Mo dilerent indes et statements S,
seems there mat ot ~e o oWy o modelinnenitangee evpitatiy oo SN How then, st
Jdone’

Since oo nheniiancs seems cpposahie toomedel n SN othen it must e
assumed that some sort ol detault inhernitance 18 n exvstence We assume this means
that exern (ompound entity assumes all of the attributes of ever related entity below (t
e genenie Jror s N orehated entity oy one whndh apnears aither directhv o aared iy
R B S LA TR L U TP TU T

[t s eaen 2o cee how such an approach would work Remember how the
eremental Jetan taries were comstructed unng  the indices an the gvenenie calling
segucnces as the hess o the taibled I a certan compound eatity has aocertain enits s
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p
;
; A2/a/
: ! A1/a/ A2/a/ CEt/ce/ ;
. PElp/pe/ ﬁ
A | AX2PElp)/a ;
, | pi/al . PE1/pe/ |
i CENPEIp)/ce/ I
' AXCElpya/ |
; Figure 3.11 Inheritance Approach 3.
. [n the absence ol specttic guidance on this 1ssue we assume that the detault
inheritance nrocedures defined above are wcceptable SM modeling practice.  Figure
5,12 shows this concert. '
; CE2/ce/
A3//a/!
PE1p/pe/
ALPElpi/a/ Al’a/ A2/a/ CE1/ce/ CE3/ce’
A2(PE!p)/a/ |
CEN(PEI1p)/ce/
AMCElp)/a/
CEXCEIpi/ce/ PE1/pe/
I CEMPEIlp)/ce/
L J

Pigure 12 Inhenitance Chosen Solution.
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From Figure 5.12 we assume that CEl1 would inherit both Al and A2 from
PEl. CE2 would inherit Al and A2 from PE1 and A3 from CEl. CE3 would inherit
Al and A2 from PEI1 but would not inherit A3 from CEL.

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 LARGE_UNIT’s position in this structure you must know its
LEVEL, (division.regiment, or battalion), its ECHELON, (Ist, 2nd or reserve), and its
TYPE, { maneuver or artillerv). An example of the general structure is shown in
Figure 5.13. '

Ist Echelon Division
Ist Echelon Regiment
st Echelon Maneuver Artillerv Battalion
2nd Echelon Maneuver Aruilery Battalion
2nd Echelon Regiment
Ist Echelon"Maneuver Artillerv Battalion -

!

|

’ 2nd Echelon Maneuver Arullerv Battalion ;

| Reserve Regiment 1
Reserve Maneuver, Artillerv Battalion . |

| 2nd Echelon Division 1

Ist Echelon Regiment :
1st Echeloni Maneuver, Artillerv Battalion i

| 2nd Echelon Maneuver, Artillerv Battalion !

2nd Echelon Regiment i
lst Echelon™Maneuver’Artillerv Battalion \
2nd Echelon Maneuver; Artillerv Battalion

! Reserve Regiment ‘

' Reservé Maneuver Artillery Battalion |

Figure 5.13 H‘: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 hierarchy information is placed in the LARGE_UNIT_TYPE genus paragraph us
shown below:.

LARGE_UNIT_TYPE(LARGE_UNITu) /a/ {LARGE_UNIT): (List all unit tvpes)
Everv UUNIT has a descripuon “which fullv defines that"UNIT 1n the Armv hierar¢ W
This” will include the LEVEL of the UNIT (Division, Regiment, Bat:alion) the
ECHELON of the UNIT (First, Second, Reserve) and the” TYPE of the UNIT
tArtllerv or Mancuver).
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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 everv unit must share all of the same attributes. This avoids the
problem without providing an answer.

[t 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, Geoffrion has recently released an intormal
note “Modeling Categorization Hierarchies” [Ref. 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
comments provided on the merits of each. To enhance understanding of these five
approaches each section will start with a quote from Geoflrion’s work describing the
approach.

a. Approach 1

One rather obvious idea is to design the schema so that the modular structure
rwhich, of course, is alwavs a treey mimics exactly the categorization hrerarchyv.

hat 1s, we want the niodular tree to be isomorphic to the categorization
hurarch\ tree. In order tor this to be sg, modules should be 1:1 with Categories
and genéra 1:1 with items. [Ref. 13: Pg. 3).

This is verv. easy touimplement. The resulting schema is shown in Figure
5.14. Notice in the notation of Figure 5.14 that the primitive entities would have to be
numbered to retlect the individual units. This is shown with an "\ where the actual
number would go. This Figure has been simplified by removing the 2nd Echcelon
Division information. This information is essentiailv a duplicate of the lst Echelon
Division information with 2nd in place of Ist.

This approach does not show anyv 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. Geollrion
also points out that this approach would generate a large schema for hicrarchices with a
large number of items [Ref. 13: Pg. 3.

In this case this hmitation seems to be fatal. It would be imposable to

treat each unit in the simulation as an individual genus. This approach would also
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&I1ED 1st Echelon Division
&I1EDIER 1st Echelon Regiment of 1ED
&1EDIERIEB lst Echelon Battalion of 1ER of 1ED
IEDIERIEB_MANEUVER_! pe
IEDIERIEB_MANEUVER_2 pe

IEDIERIEB_MANEUVER_N pe’
IEDIERIEB_ARTILLERY_N pe
_ &1EDIER2EB 2nd Echelon Battalion of 1ER of 1ED
IEDIER2EB_MANEUVER_N pe.
IEDIER2EB_ARTILLERY_N pe
: &1ED2ER 2nd Echelon Regiment of 1ED
: &IED2ERIEB 1st Echelon Battalion of 2ER of 1ED
| IED2ERIEB_MANEUVER_N pe
IED2ERIEB_ARTILLERY_N pe
&IEDZERZEB 2nd Echelon Battalion of 2ER of IED
IED2ER2EB_MANEUVER N\ pe
IED2ER2EB_ARTILLERY_\ pe
&1EDRR Reserve Regiment ot IED
& IEDRRRB Reserve Battalion of RR of 1ED
© IEDRRRB_MANEUVER \ pe
‘ IEDRRRB_ARTILLERY_N pe

Figure 314 Hierarchy Approach 1.

raise problems with attrnibutes. There 1s no wav to have a single attnibute for all

unmits. This would have to »e placed in the module paragraph descrnirtion, whic

hat the npormation would not show ap i the clementan detasl tam™es, oroan
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category tree. Items and their associations with categories are to be reflected in

._f generic or elemental structure. In order to accomphish this, each category that s
§\: not a leaf of the category tree should correspond to a module, and each categon
N that is a leaf of the category tree should correspond to a genus. |[Ref. 13: Pg. 3]
Ny This ts also fairlv straightforward and 1s shown in Figure 313
S
1Y
N.;
:.,:
i LARGE_UNITu pe
o ' &IED st Echelon Division
":-:: NIEDIER Ist Echelon Regiment of 1ED
i
) NIEDILRIEB I8t Echeon Buttaiion of [ER v i D
' TEDIERIEB_ MANLUVIR LARGE U NTTar e
i FEDIERIEB ARTIITERY LARGE T N\IT.. ¢
b )
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~, TEDIERJEB_ MAND VER T ARGE U N1 e
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<7 Atutributes which apply to all units can be handled easily by developing an
\~
" attnibute which calls the primitive entity LARGE_UNITS. Then all of the compound
A entiies Wil inhenit these attributes as discussed in the last section. Attributes which
\ applv to an entire division, regiment, or battalion cannot be handled formally. These
s } _ .
T cdtegories ot the hierarchy are modeled using the modular structure and have the same
- prebiems wath attributes as the first approach. Attributes which apply to units at the
al wowest level ot the hierarchy, e, Maneuver Units of the 1st Echelon Division st
e Echelon Regiment Ist Echelon Battalion, can be handled formally. This is easy to do
';:-j because the hottom of the hierarchy 1s modeled using compound entities and attributes
Ny <an 4 omnound entties.
» «
' ¢. Hierarchy Approach 3
..
A \ -hurd arproach s ake the first, except that the generic structure rather than the
r o fructure o8 oused to munue the categonZauon hierarchy. We desire the
. Lotatner than the modular tree, to”be isomorphic to the categorization
s St P g
- iree Ret 13 Po 7
3 .. , . - . .
> T approach, shown in Figure 3.16 | is a simple translation of the first
<
e - - . o
NN aroroacn anown .n Pogure 50040 The Ist and 2nd Echelon Divisions are represented by
‘f‘ . . . ) .. ~ . ~
L STrLtee ennlies and eservthing eise uses compound entities to form the different
~emrennoenes \gaimn, there are problems with the size of the resulting generic
::: Vraclere and withovmputes.
~ - . . .
vt Thiv appreoach requires a separate compound entity for each unit in the
.\‘ . . . - .
A TS DTS vas an unaceeptable requirement in the first approach and remains
N Araeesnranie tere The handling of attnibutes 1s better with this approach but still has
AN ~ore ~remems Dor enampies st s sull impossible to have a single attribute which
A ey ol s However, it s possibie to have attributes which apply to all units
P . - . . PP .
: A5t g oworoan leve. o the hierarchy, e all Ist Echelon Division units.
» d. Hierarchy Approach 4
- eetve oW s ro Jdevise an approach that s to the second approach
<. ©oose arst lhat s an approach wheremn generic structure rather
K srricture osoused to numic the category tree.  Items and therr
i caresnes dre to be represented i efemental structure. Thus
e gends 2rapn, rather than the modular tree, to be isomorphic to the
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Lj‘, 1ED!pe/ 1Ist Echelon Division

c IEDIER(1ED).ce’ 1st Echelon Regiment of 1ED
IEDIERIEB(IEDIER) ce 1st Echelon Battalion of 1ER of lED
> IEDIERIEB_MANEUVER_IIEDIERIEB) ce

\ IEDIERIEB_MANEUVER_XNIEDIERIEB) ce

IEDIERIEB_MANEUVER_N(IEDIERIEB) ce
; IEDIERIEB_ARTILLERY_N(IEDIERIEB) ce
) _ IEDIER2EB(IEDIER) ce 2nd Echelon Battalion of ER of 1ED
IEDIER2EB_MANEUVER_N(IEDIER2EB) ce
IEDIER2EB_ARTILLERY_N(IEDIER2EB) ce

v IED2ER(IED) ce 2nd Echelon Regiment of 1ED

> IED2ERIEB(IED2ER) ce Ist Echelon Battalion of 2ER of 1£D
" | IED2ERIEB_MANEUVER_N(IED2ERIEB) ce

| ~ IED2ERIEB_ARTILLERY_N(1ED2ERIEB) ce

'f IEDZER2EB(IIED2ER) ce 2nd Echelon Battalion of 2ER of 1ED
X  IED2ER2EB_MANEUVER_N(1ED2ER2EB) ce

! | IED2ER2EB_ARTILLERY_N(1ED2ER2EB) ce

” IEDRRIIED) ce Reserve Regiment of 1ED

) IEDRRRB(IEDRR) ce Reserve Battalion of RR of IED

% IEDRRRB_VMANEUVER_N(IEDRRRB) ce

ke IEDRRRB_ARTILLERY_N(1EDRRRB) ce.

\ Figure 5.16 Hierarchy Approach 3.

bigure 5.17 shows the schema which supports this approach. This 1s a

- 2% Jewwation from Geoffrion's approach in that there i1s a prinutive enuty [or all
oo oche hierarchy is constructed using compound entities. This 1s aimost :denticud
\oproaen 2 snown in Figure 5.15. This differs from Geoflrion's suggestion which
Stee antroduced  prinutive entities at the division level of the hierarchy
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Grrapnicaay this siesns the genern hierardhacal structure »uat ot does oo

show e same eeel of detanl that was avanabie in the other tour approaches.
Specttically. you cannot examune the generic graph and tell that each division s broken
Jown nto three echelons of reguments, and ~o on. All tour of he other approaches
Aresieed iy Lntormaton cn che modular or zeneric structure. In o chus appreac thas
level ot detail 15 avaiiable onlyv 1n the elemental detai] tables, but it s available.

The attribute issue 1s handled very well.  Attributes can be assigned to all
units in generai, or to anyv level of the hierarchy, a very powerful and flexible

capabiiity.
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LARGE _UNITu pe :
IHEIXLARGE _UNITu) ce st Echelon Division !
IEDIERITEDuU ce 1st Fchelon Regiment of 1H1)

AODTERITBEDIE RS Ce st dcueoon Battanon ot TER v 1ED

IEDIFRIEB MANTUVER (EDIHERITBury e

ADIERIEB ARTILIERY (1EDILRIEBuUY e

HEDIER2EBOEDILRuUY ce 2nd Fchelon Battalion of TER of 1ED

IEDITERIEB MANEUNTIRGIEDIER2EBu) ce

ADHRIED ARTITLERY (AEDIERIEBu) e

HED2ERTE Dy ce 2nd | lhielon Regmient of 11D

TEDXERIEBAIEDIERY (e Tst Feheion Battahion of 2ER of 11D

D2ERIEDB MANEUVIER JED2ERIE Buy e '
ADITRIEB ARIILLLRY NIEDILRIEBuUr (e

PEDZERIEBUITIDIERG e Ind Fehelon Battaiion o 2ER of TED

VDITRIES MANLUNMER VTED2LRIEBU) e

LDIERZEB ARTILLERY CTUDILRILBuy e

JBORRAEDur ce Reserne Reyiment ot iED

ILORRRBOEDRRuUY ce Reserve Battabion of RR ot 1ED
IEDRRRB_MANLUVERVIEDRRRBuU) e

IEDRRRB_ARTILLERY (IEDRRRBu) ce

Figure 517 Hhierarchy Approach 4.

Geotlfrion also points out that this is the most tlexible approach of the five
when considering possible changes to the hierarchy [Ref. 13: Pg 10]. Certainly this
approach isolates the hierarchy model from the rest of the model which should simplifv
anv required changes.

fo Summary of Hicrarchy Approaches

Geoflrion’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
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{ |
UNIT_TYPE/ce/ ‘

e |

REGIMENT ce:

UNIT
HIERARCHY ce

;

LARGE-UNIT pe: HIERARCHY/pe:

DIVISION/ce

LARGE_UNITu/pe/ There 1s a hist ot ail units,
HIERARCHYh/pe/ There s a list of dil possible ievels in the tuerarchy.
DIVISIONGHIERARCHYhy/ce/  Select (HIERARCHY} There are two

division echweions: st and 2nd.

REGINIENT(HIERARCHYh, DIVISIONhithn/ce/ Select ¢ {HIERARCHY) -
{DIVISTION;) There are three regiment echeions: 15t 2nd. and reserve.

. BATTALIONHIERARCHYh.,  DIVISIONhIth),  REGIMENTh2(hy e/
Select ((HIERARCHY - ({DIVISION} — (REGIMENT))) There are three
pattziton ecielons: Ist, 2nd. und reserve.

UNIT_TYPE(HIERARCHYh, DIVISIONhIh), REGIMENTh2(h),
BATTALIONK3h))  jce/ Select ({HIERARCHY} - ¢DIVISION) -
{Rl’%(;l.\lE.\T} - {BATTALION})) There are two unit types: maneuver and
artuliery. :

UNIT HIERARCHY(LARGE_UNI[Tu. HIERARCHYhdiu)) ice/
i {}LA}?GE_%.\IT} Every lurge Gnit cun de associated with a specitic position 1n
the hierarchy.

Figure 3.18 Hicrarchy Approach 3.

a case by case basis. For the ONEC hierarchy it seems Approaches 4 and 3 are the
best.

Approaches | and 3 were designed for svstems with very few units 11 the
hierarchy. This is obviously not the casec in ONLEC, so these two options can be
dropped from consideration.

Approach 2 would work with ONEC. The number of genera required is

manageable. However, this approach relies on the modular structure to represent the




T T T - ]
AN
+
.. B . , . .
x hierarchy which can cause problems with the use of attributes. Although this would
,:: work, there are better options.
o~ Approach 4 must be given strong consideration. It graphically shows the
. PP 8 )
' hierarchy in fine detail and provides a very versatile means for appiving the attributes.
o tHowever, 1t does generate a large generic structure.
- Approach 3 does not show the hierarchical structure graphicaily as well as
b, the other four opuions. However, this s the result of an attempt to make the
. hierarchical structure easier to modifv by placing the hierarchical structure information
LY
[ . . - -
"..:\-‘ in the elemental detail tables [Ref. 13: Pg. 10]. Approach 3 handles attnbutes just as
o> - ~ .
TN well as Approach 4 and has a much smaller schema. 7 genera as compared to 3. This
>
"ot approach also seems to be the easiest to integrate into the exisung ONEC modei.
6. Indexing
&N Structured modeling 1s based on a generic graph structure. The zeneral
QU . .. . . . ,
2o relatuonships which exist between the genera in this graph structure are coded into :he
-«'. . . . ~ - . . .
> generic calling sequence sect:on of each genus. At a finer level ot detail.it 1s not ;ust
o .
v the genus relationships that are shown but actuaily the element to ciement
.:-jf relationships which exist between genera. This verv fine resolution is made availabie
_:f: through a complex indexing scheme; which is a verv powertul tool and can be ditficult
- . : : :
17% to use. An example which has caused problems in the ONEC model deals with how to
J index the generic calling sequence of the function genus ROAD_SPEED_FAC.
(e
R The function ROAD_SPEED_FAC is responsible for calculating a speed
l’ . . ' - . . . . - -
N factor for each unit based on the units direction and the availability of roads in the
s grid cell which the unit occupies. It is easv to identifv a single unit. index 'u’, or a
single grid cell, index 'g’, but it s much more difficult to identify a unit and the specific
L]
o subset of grid cells involved. Our first attempt at the ROAD_SPEED_FAC index
e calling sequence was as follows:
L "%
v h
ROAD_SPEED_FAC( SPEED_FAC_AXIALg, SPEED_FAC_LATERALg,
RPN
Gl DIRECTIONu)/f/
oo
N This would not work because there is no link between the unit and the gnid cells. As
g . . . .
Py written every unit and every grid cell would have to be considered. Our second attempt
a8 was closer.
9
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." ROAD_SPEED_FAC( SPEED_FAC_AXIALgl(u), SPEED_FAC_LATERALglu),
o DIRECTIONu) /f/
u'!' LY
This 1s more along the correct lines. The specific gnd cell tr a specitic unit has now
';" been identified by the index gliur. However, 1s this enough™ Where Jhid the ~uning
g , ,
i gliuy take place’ There s certaniy not enough information or iogic m this funce.on
K
b statement to establish the hink. So an additional step must be required ©o estabish “he
index gl(u).
134
2’:, We did not attempt to make this additional step. But :t would appear that
;‘\ new compound cntity 1s required to show the painng of units and gnid cells based on
o their iocations:
N UNIT_GRID_CELL(GRID_CELLg. LARGE_UNITu) /ce/
L A
o :
‘ ;:', Tlus would then iead to a ROAD_SPLLD_I'AC {unction statement ot
'
,‘, ROAD_SPEED_FAC( UNIT_GRID_CELLgl(u), SPEED_FAC_AXIALzlu).
"~ SPEED_FAC_LATERALgHu)., DIRECTIONu)/f/
'l:.
:::': The point to be made 1s that the modeler must payv strict attention to the
f f.'-
Ny indices. He must define the relationships between the clements within the genera und
e then butld the model structure required to develop this reiationsiup. [t 1s not enough
o t. st provide an index. The modeler must provide the logic and structure to support
’xg the index.
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VE CONCLUSIONS AND RECOMMENDA TIONS

A, CONCLUSIONS

TR AN Ieanunart et 0 S voning e PP BRI RO
maodeang to the doman o discrete event smiaation . W tere pvare 1 e naer by
SM e e designed tor discrete event Siats 1T GO G CLutel el Aore ot
surprised that the t™wo demaims Jo not abwvave snesh well We were unable @ conaler
the important aspect of imie i the model because of “he complenites o jearniny S\
and ONE O howener veteel har ve hase carned some anpertant tinygs

[tas our opmon that anate carren® fonm SM s adegriate 1o represent simuaat.on
modeic However ve do not feel that st carrent stare his stound e oqoor e
Curse Ot action There are ceram areas VR e e st Pe adaresed Berore N
G OICCUINIE A PIOUUCTIN G T 0 0r lachitating diserete svent amalation meadcis W e
reei that the benctite provided v oasang SM o nrovide o poweniul incentie o conteae
the invesvoen ot SN an shus rena

Structured modeany rosides a wide sariety ol very desirabie jeatures Jor a4 mode
management environment Taese jeatures atfect the entire modei e < cde incuding

Jeveiopment, use and maintenance.  The most signudicant teature s that SM deals vith

.

he entre model and does so in g format which is accessibie to both humans anu
computers.

SM plavs a xey role in the development phase of u model by encouraging. or at
least providing for. good modeling habits. Program development by top down modulur
design using stepwise refinement s a natural process with SM. In addition, strong data
detinition and typing is buiit into the genus paragraphs.

Another aspect which spans the development, use and maintenance phases, is the
ability to communicate information about a program at any level of abstraction

required. Most software documentation tools deal only with specific aspects of a

svstem and as a rule thev do not provide any capability to tailor the presentation ot

information in a dvnamic fashion. S$M is much more than just a documentation
svstem. [t deals with all aspects of a model, provides numerous diflerent wavs to view
this information and provides a structure which will allow the user to dvnamically
alter the presentation’s level of aopstraction. The result is a powertul tool for model

information exchange among the clients, management and programnicers.
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Two kev ta ks 1n soltware maintenance Jdeal with understanding a program and

; being abie to track the implications of a change to a part on the whole lhe SM
' presentations ol the generic structure aid these tasks  This provides a graphical means

to view the interrelationships which evist between the component parts ol a program at
' s Jgesired evel

tven though SM provides all ol these vern desirable toois, the svntax for o

) representation :n SV does not seem to mesh wetl with the amulation modehnyg

environment  There are two reasons for this
; Farst, the touls are designed tor the representation of mathematical models  Fhes
: seem "aiiored [or use by peopie with a strong math background. [he personner o
" Jo simulation modeling mav not have this strong math background and mav {ind ot
- d dithicult to use these tools. Adnuttedly, training could eventually reduce this probiem.
; Second. these mathematical programnung ools do not seem t¢ have ail ot he
:_t ‘eatures regutred to comdortably represent the simulation logic. One obvious problem
" ts that the current tunction statements can onlv be used to generate a number Hor
; hooiean value. There are many cases where it 1s necessary to pertorm a procedural
V. rask "o generate this number or value, such as the manipulation ot paired units in the
A ONEC model. hut SM Jdoes not scem to handle this weil.
b There were manv problems directlv attnibutable to the immaturity of the SM
} concept. These include the probiems with index manipulation. construction of model
:' structures, inheritance and the use of attributes. While these problems were very real
::' Jdurning our attempt at modeling ONEC, we feel that thev are the result ot our lack of
a understanding of the SM svstem and that thev would be overcome with continued
: exposure.
o The bottom line is that in its current form the problems outweigh the henetits for
’ appiving SM to discrete event modeling. However, because these benetits are <o
. important we strongly recommend methods be examined to alleviate these problems
i and make SM more palatable to the simulation domain. Some specific
':.S recommendations follow.
3

B. RECOMMENDATIONS
w In the course of this thesis we have developed some thoughts on actions which
% could be taken to improve the applicability of SM to the discrete event simulation
:. domain. Should these things come to pass. it will be necessary to reassess the
™
at
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applicabiity 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.
1. Recommendation |
A witonal guide to structured modeling must be provided if SM s oever to
mature. SN s tar 100 Large to be champroned by a single individual. A base o SM
pracutioners s required to ilesh out the SM {ramework and generate a valid SM
environment. Thus will only happen after the documentation s created which makes
the SM tools avalable to tuture users. This 1s provided as a note rather than a
recommendation as we understand that Geotfrion s currently working on such a
Jocument.
2. Recommendation 2
A repository of modeling structures tor common modeling requirements
shouid »e created. Geotlrion s work on hierarchues. Reference 135, and the sections on
modeiing tables and inheritance {rom Chapter IV of this thesis are examples ot
intormation which snouid be piaced :n this repository as part of the tutonial guide.
3. Recommendation 3
The 1ssue of using high order languages as the svntax for the index set
statements and generic rules must be exanuned. Mr Chart is investigating the index <et
statement issue but we are unaware of anvone exanuning the generic rule section.
Using HOL's in these situations would be a significant improvement for simulation
modeling. both by providing the modeler a language he was more familiar with and one
which was more in line with the requirements ot simulation models.
4. Recommendation 4
The impact on the clemental detail tables of incorporating time into the model
must be examined. Geolfrion’s suggested approach [Ref. I: 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 rcquire a change to SM but would also seem to clinunate some
of this size problem. The reduced size ot the clemental detail tables would improve the
run time of the solver, reduce the demand on data storage and simplifv the analvsis of
the fullv 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 corresponding graphical format. Where possible the genus
paragraphs are complete and follow the SM svntax. 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 off with a "*. Again, this is not SM svntax and serves

only to highlight certain aspects of the model.

1.  GENERIC STRUCTURE TEXT

IBL Ipe/, I There is a line called the International Boundarv Line. [t se'parates the
friendly side of the hattlefield trom the enemyv side.

LOC_IBL (IBL) ,’,241 {IBL} : 0 <= Y <= 135 There is an IBL on the map. It is
Jescribed as a straight line and can be represented by a Y Coordinate.

GRID_CELLg /pe/ Size GRID CELL = 1610 1610 GRID CELLS. each measuring
Ikm X" 3km., are placed on a 33Km X 138km Battletield with their long sides parallel to
the long side of the Battlerield.

T(}'lo)te how the index set statement shows the maximum number of grid cells to be
(

GRID_RELIEF (GRID_CELLg) /aé {GRID_CELL} : *5Dd. 5Dc¢c. SEc. SFc¢”_FEach
GRID”CELL has a religfas indicated bv fourpossible configurations of the NATICK
LANDFORM CLASSIFICATION CODE.

*This_is_an example of an externallv indexed genus where the index {or the_ attribute
GRID_RELIEFE ~comes from the prinutive entitv GRID CELL.  So when
GRIDZRELIEF is reterenced in the tuture it will look like GRID RELIEFg.

GRID VEG&‘GRID_CELLg) /a/ {(GRID_CELL} : 0 <= INT <= 10 Each
GRID”CELL has a value associated with i that tells the fraction of the cell covered by
vegetafion.

ROADS AXIAL}‘GRID_CELLg?‘ /a/ {GRID_CELLY} : “none. primary, secondary. hoth”
Each GRID_CELL has™ valuefor roads in the axial direction.

ROADS LATERAL(GRID_CELLg) /a/ {GRID_CELL} : Range(ROADS_AXIAL)
Each GRID_CELL has a v3lue for roads in the latéral direction.

LOC_GRID CELL(GRID_CELLg) /a/ {GRID_CFLL}:(0 <= X <= 1350 <=Y
< = "135) The location of each gnid <cell 1s”sihiown as an ordered pair of (X.Y)

coordinate pairs. The first pair represents the NE corner of the unit. The second pair
represents the SW ocorner ol the unit.

RELIEFr/pe/ There is a list of all relief values.
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1 VEGv/pe/ There is a list of all vegetation values.

k
i LARGE_UNITu /pe/ There are many LARGE UNITS to be considered in this model.
?:‘ LOC_LARGE UNIT(LARGE_UNITu [va/ {LARGE_UNIT} Range

(LOC_GRID_TELL) The location of each_large unit is shown as a pafr of (X.Y)
coordinates. ~The first pair, represents the NE corner of the unit. The second pair
represents the SW corner of the unit.

LARGE_UNIT_TYPE(LARGE_UNITu) /a/ i’_LARGE_U_NI_ : (List all unit tvpes)

Everv UNIT has a descnguon which fully defines that UNIT in the Army hierarchy.
X This will include the LEVEL of the UNIT (Division, Regiment, Battalion, Battery, 7)
b the ECHELON ot the UNIT (First, Second, Reserve) and the TYPE of the UNIT
(Arullery or Maneuver).

1 *This should probably be broken down into an attribute for UNIT_LEVEL,
e UNIT_TYPE and UNIT_ECHELON.
>, COMMITTED(LARGE UN_lTuE éva‘5 8L:_\RGE UNIT} : Logical \eed work here.
>, This will show 1ii a SECOND HELON UNIT has 'been COMMITTED for the
o] CALC-DIRECTION Function. But where does info come irom?
MOTION(LARGE_UNITu) /va/ {LARGE_UNIT} : Logical This will show for each
™ UNIT if it 1s alread¥ moving. But where do€s info come from?
"™ ENGAGED(LARGE_UNITw) /va/ {LARGE_UNIT} : Logical This will show if a
o UNIT 1s currently erigaged in a'fire fight.  INFO???
By
N INFIGHT(LARGE _UNITu évaj _{LARG_E_UNI :hYes or No??? Portion?) This will
show the part ot the UNI NGAGED in™a fire tight.  INFO??? How should this
g be done? .
: &PAIRED_UNITS This is shown as a module because we were unable to correct!v
N model uus drea. The genus paragraphs developed in the attempt are shown below.
': . DIST_RAB_RMBIER(LOC_LARGE_UNITul. LOC_LARGE_UNITul)/f/
' Select{LARGE_UNIT} X {CLARGE_UNI
ioaabs {(YluT + YZub) /2 - (YZu2 + Ylul)/ 2£ )
- The distance between .cach Red Arullery Battalion (RAB), index_ul, and everv Reserve
g Red Maneuver Batallion of the Ist Echélon (RMBIER), index u2. The distance is onlv
- contcemed with the north south separation and i1s measured from the midpoint of each
unit.
5§ *Note the use of the cartesian product in the index set statement. Assuming. for the
.\ sake of illustration, that there are 5 RAB and 3 RMBIER this should genérate a 3
column data field with 23 rows. The columns would be for the RAB. RMBIER and
v the calculated distance. The rows would be tor the 23 possible combinations ot the 3
RAB and 5 RMBIER.
2: The use of LOC_LARGE_UNIT twice in the generic calling sequence seems a little
5 unusual but 1t ts The only dbvious wayv to introduce twg indeX sets for the same genus
' in the same function. See Reference 4 page 8 and Reterence | page 2-94 for sinular
*, examples.
; It seems to be up to the user to keep track of the indices associated with the RAB and
o RMBIER so that the elemental detail tables can be built.
(H MIN_DIST(DIST_RAB_RMBIERulu)/f/ Select{DIST_RAB_RMBIER} _ !
4y :'aand {'g min (DIST_RAB_RNMBIERul,). ord(u-)é I'his should generate a 5 X 3 data '
@ set. " The 3 columns Would“he the RAB, RMBIER and the specific_index ot the
. IP{\KIBBlER in the LARGE_UNIT elemental detail table. The 5 rows would be for the 3
o, *This syntax is probably not right, but it should be possibic to do what is_described.
N The ul. index is intended to mean process each RAB against everv RMBIER. This is
- similar to processing an arrav.
::f MOVING_MIN(MIN_DISTulu2, MOTIONu2)/t/ {MIN_DIST)
[
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:/@iIftMOTIONu2 = TRUE). true, false) If the RMBIER unit paired with the RAB
unit is moving then MOVING \ll "is true. Thus calculation is done for each RAB.

‘Passm\thc index for the R) ! LER is unclear. The resulting data set should be the
same 5 X 3 data set from MIN_DIST with a T F flag in place of the distance value in
the third column.

ORDERS(LARGE_UNITu) /ce/ {LARGE_UNIT)} Each LARGE_UNIT has a single
set of ORDERS at™u anyv specttic time.

DESTl\-\TIO &ORDERSu) /va l-\R(:E UNIT} Range( LOC_GRID_CELL) Lach
set of includes a D INATION. This destination™is expressed as an
ordered paxr ot (\ Y uoordmates

MISSION(ORDERSu) /va/ {(LARGE_UNIT) : *attack, holding attack. be prepared to
attack. delav, withdraw, reserve. move To reinforce. defend fortified position, defend hasty
defense. defend prepared position” Each set ot ORDERS includes a MISSION

\llﬂSION CHA‘\GE(MISSIONUI)/t/ {LARGE LNIT}
if MISSION < > MISSIONut-1 then TRUE. UNIT has received 1 new
MISSTON smce the last tume slice then true.

*This shows the problems associated with time de{)endence The index "t stands for
tume. This would have been used throughout the model had the modehm etfort
plrozressed that tar. It 1s just lett in here as an example. It will be ingored every piace
else

GIVEN ORDERS(ORDERSu)/t/{LARGE ('NIT}
if ORDERSut < > ORDERSu(t-1) then TRU

SPEED_FAC_TABLE(RELIEFr. VEGv)/a/ {RELIEF} X {VEG} There s a speed
factor It evefV combination ot relief an veg:tation.

SPLED FAC CELL(GRID RELIEFg, GRlD VEG ﬁ PEED_FAC_TA B%En') /f]

S

Seect"’ PEED_FAC TABLE} Where VEGv™= ID VE(. and RELIEFr =
Where VEGg = RID _VEGg and RELIEFr = GRID_RELI Fg
SPEED _FAC_AXIAL(ROADS_AXIALg) /f/ {GRlD CELL) : RULE?? Each
GRID_TELL has a maximum Speed tactor in the AXISL direction due to the tvpes of
roads, % resent. This is a table look-up and generates a {raction of speed allowed factor.
(Pg. 3-9, Table 3-3)
SPEED FAC_LATERAL(ROADS LATERALyg) f/{GRlD CELL} : RULE??? Each
GRID_TELL has a maximum spéed factor in t [ERAL direction due to the
t\'Fes of roads present. This is a table look-up and generates a fraction of speed
allowed factor. (Pg. 3-9, Table 3-3)

ROAD_SPEED FAC SPEED_FAC AXIALgi(u), SPEED_FAC_LATERALgl(u),
DIRECTIONwIf/ {LARGE_UNIT}

>

ACu
PEED FAC AXIALOI * st ‘@cos DIRECTIONu )-
__F abs ( 'asin DIRECTIONu )-} {
a.co DlRE TIO + ‘a abs’ asm DIRECTIONu
actors in the AXIA and LATERAL directions and the large
vel into one road speed factor for each large unit.

w%
-
>
..4
3'
r-'
'_'h)

*This is an interesting case because the indices must define a set of gnd cells and units
with the same location. The given index set statement shows that this will be done tor
each large unit but not necessarily tor every grid cell. It is not clear who must Jdo the

calculations to determune which grid cells are called upon. This looks like a case_ for
the functional multi-valued dependence index replacement option. {Ref. 1: pg.2-d1] This
approach would place the logic of choosm0 the correct grid cells in the eleniental detail
tables. This issue was never resolved and the aﬁproacﬁ shown here would not work.
Somewhere the logic to perform this selection of the grid cells must be documented and
available for the computer implementation.

[t is not alwayvs obvious what the resulting index for a genus should be. In the
case of ROAD_SPEED_FAC it looks like 1t could be ‘gu”. [lowever, it 1s actually just
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u In these qyases the indev se? statemen! provides the ciue NoTiee Tha’ The dey ¢!
statement  Jdefines the «ive 00 the cementas Jelan Tat™e o N Tt e s
LARGE l\I} Thic means that the imndey U Wil D gL 1l s reglires 0 Do ae
an unamiguous key

2N
gl = SPELD

COM SPEED F.\(‘_(‘ELKtSP[EP FaAaC ('[kltltul. R¢

LARGE_UNITY .7 COM_SPEED_FAC_CEL _ _ *
OAD _SPEED _FACu . .

N CTmmimes The apeed caetets e ates o REDHEE OVEGE T VTN Royy s
arit DIRPOC TION i e acror o 2t et oe o

*Note the samie ssues mentioned 1inove (o ROAD SPEED P NC e wne s o 0re

WEAPONwW pe; liere are manty Weapons nns mcaes Do apps s s
WEAPONS dre decvunted [or DV groups in Wedpon 1vpes. not s aindividaa: Wi

\\'E.\P()\_T\'PE\\\'EAP()\_“_) 3 (WEAPON! - (A hst of weapon types goes here.
There are Tany [YPES o WEABON

WEAPON_RANGEMWEAPONw) 2, ) WEAPON! : (A list of all weapon ranges) [ aoo
WEAPONTIYPE nas a RANGL.

WEAPON_LISTIWEAPONW, LARGE_UNITu)/ce/
Select | WEAPON! X 'LARGE TN
. Where w covers {LARGE_UNIT) .
Each LARGE_UNIT has w ast 3T ai WEAPONS Gasocated with that UNT

Pa AVAIL WEAPON(WEAPON_LISTwmna((WEAPON_LISTY = 0 < = Int < =
100 TherdTis an tccoununy tor edch WEAPON_TYPE in T UNTT. Thns <hows he
ol that WEAPON_INYPE hat s ~uil active,

2o AMMO_WEAPONWEAPON _LISTwui/va/{WEAPON_LIST) E
Range("o AVAIL WEAPON) [.acre s an accounung Or the AMMO s cain
\\_[‘_RP(),\__I\APE moa UNIT. Thus as shown as a4 "% of the AMMO et cor nat
WEAPONTTYPL.

INFIGHT _WEAPONWEAPON_LISTwu)/va/{WEAPON _LIST) -
Ranget LOC_GRID_CELL) Onivertain weapons m & LX{T will be m the tire tient
geometry.  Tlus wotld be a reiationsinp between the geometry of the fretignt ang “he
Weupon distribution. [t 1s not ciear it this shouid be @ ”» or & geograpiucal area. | or
lustration it is shown as an area.

SMALL_UNITs /pe/ There are manv Small Units to be considered :n rhis model. A
smail unit is one assoctated with a large umit. [t gets it's nussion «peed, and airectien
from that large unit. Examples are radars. command posts and recon units.

LOC_SMALL UNIT(SMALL_UNITs) ALY ISMALL_UNIT, :
Rang& LOC_GRID_CELL) Ev&rv SMALL_UNIT has a location that Tan He expressed
as a pair ot TX,Y } cOordinates.

SMALL_UNIT_TYPE(SMALL_UNITs) /a/ ﬂSMALL UNITY @ (List all types) Every
UNIT hds a deseription whuch Tullv detines that UNIT in the Armv hierarchy.  [This
will include the TYPE and ECHELON of the SMALL UNIT. (CONMMAND POSTS.
RADARS...)
ASS_UNIT(LARGE _UNITu, SMALL_UNITs)/ce/

Select {LARGE L*Nl]'g .‘(viJSMA'LL_UN T}

where s covers {LARGE_UNITY) .
Each LARGE_UNIT has iniTa set of SMALL_UNITs.
TARGET_LIST(ASS_UNITus)/ce/ Select{ASS_UNIT} Each LARGE_UNIT has a list
ot all Targets associated with that UNIT. This does not account tof the case where
weapons are targets also.

ALIVE_TARGET(TARGET_LISTus) _va{{TARGET LIS : Logical There is an
accounting tor cach TARGET ina UNTT Assume this is Jone on a per target bass.
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INFIGHT_TARGET TARGET_LISTus)/va/ {TARGET_LIST) : Logical Only certain
TARGETTin a UNIT will be 11 the fire ight geometry.

*How should this be calculated? This case is different than the INFIGHT_WEAPON
lc:ase “because the SMALL_UNITS are treated as individual units with specific
ocations.

COMDMITTED GIVEN ORDERSu. MOTIONu,

ECTION(LOC_LARGE UNITu. LARGE_UNIT_TYPEu.
u‘
u. MISSTONu)/t/ {LARGE_UNIT}

PE = BLUE ARTY UNIT any ECHELON)
1D FOST > BATTALION)

ING)
ATION < > LOCATION)]

R’ =E$LUE MANEUVER UNIT any ECHELON)

mor.
Ny
:1-4

o]
==Q
7]
e
co
4

- A
v
o
m
"
rm
Z
)

3 YPE = RED MANEUVER UNIT 2nd ECHELON
RGE UNIT TYPE = RED COMMAND POST > BATTALION
E N ION)

C
CALC
DlRECT{

DIRECTION = true
ON(LOC LARGE UNITu.  LARGE_UNIT_TYPEu. DESTINATIONu.
CALC-D RECTlONlUgL‘{Lﬂ(GE_UNIT} - -
1 if CALC_DIRECTIO! .
if [LARGE (UNIT_TYPE = RED ARTY UN
or (LARGE UNIT_TYPE = RED MANE
Ist DIVISION}}
DIRECTION = 270 Degrees

DIRECTION = (Equations 3-1, 5-2, 5-3. 3-4, 5-5, Pg.5-6)

IT anv ECHELOY) )
UVER UNIT st ECHELON
then

else

MAX SPEED LZ\IT}LOC_LARGE_L?NITU. LOC_IBL) ,f/ {LARGE_! NIT!
lf“ll_()'(_"_LARGE_LN Tu ="friendly Side of IBL 7 -
en

MAX_SPEED_UNIT = 25km/Hr
se
\IAX_SPEED_UNIT = 15km/Hr.

AISSION REL _FACTOR(COM SPEED_FAC_CELlu. LOC TARGE 1N
LARGE (NIT_TYPEu, MISSIONW/f/ILARGE_UNIT - -
CIf MTSSIONuU = DELAY -

then
MISSION_REL_FACTOR = 0.75
n

else
If (MISSIONu = ATTACK) and
(TYPE = 1st ECHELON DIVISION

|
then o
Select UNITu * GRID_CFL
for LOCATIONU intersect
SORT on COMBINED SP
MISSION REL_FACTOR
FACTOR CELL

else . N
I OMISSIONu = ATTACK) and
(UNIT_T

el

TFae CE1L ascending

L
«lu' 1 \RGE U NI
= JowesTCONMBINED SY s

p—
Fan 4

_TIYPEu = 2nd FCHETON DIVINTOA
then
Sefect USNTTu * GRID B e
LOCATIONG nterse 7o T K|
SORT on CONIBINE DY Ni i Ty b v
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MISSION REL_FACTOR = fastest SPEED_FAC_CELL

MISS[ON REL_FACTOR = 1
\dISSIO\T REJ. FACTORS seems to alpplv to only the BLllJ
is

E G

the RED USNITS ATTACK requires a sorted st of the COMBINED

SPEED FACTORS CELL for each CELL that the RED UNIT is sitting on. This
requires a link bemeen the UNIT LOCATIO\ and the GRID_CELL LOCATION.

*The index set statement shows that there will be a result for each unit. This means
that the resulting index for MISSION REL_FACTORS will be a “u”. This 1s because
the unit is all that 1s required to provide an unamblgxous key value.

REL COMBAT_RATIO_FACTOR(LARGE UNIT TYPEu, %AVAIL_WEAPONwu,
INFIGHT W}:ﬁ‘gu N ENGAGEL _lgl)/fL{ILKR IT)

ARGE_UNIT_TYPEu < > RED AR

lf LARGE _UNIT not ENGAGED

ol REL COMBAT_RATIO_FACTOR = 1|
se

ul = BLUE UNIT u2 = RED UNIT
Select %AVAIL_WEAPONwul * INFIGHT_WEAPONwul

Countl

Selectt % AVAIL_WEAPONwu2 * INFIGHT_WEAPONwu2
REL_ OMBAT_RATIO_FACTOR = COUNT2/ COUNT 1
REL COMBAT‘RATIO FACTOR = Table look up.
Page™-12, Table™5-4

(JCAS FACTOR(ENGA GEDu. %AVAILABLE_WEAPONwu,
fl HT WEAPOqu)/f/ {LARGE_UNIT}

UNITS DELAYI

h
eul is UNIT under consideration ‘
ux are UNITS ENGAGED with ul
Select INFIGHT WEAPONu2

for ( WEAPON = CAS) or WEAPON ARTY)
gepeat l'or all ENGAGING UNIT

If Cl(;unt >0
| ARTY,CAS FACTOR = 0.75
else
ARTY/CAS FACTOR = 1.0

LOWED UNIT SPEED M

AL AX_SPEED_UN MISSION_REL_FACTORSu.
REL_COMBAT _RAT TORu, ARTY/C 3 FACT()Ru)/ S/[{LAR(,E UNIT)

: ALLOWE _SPEE = MAX SPEED_UNIT *
MISSION REL_FA RS> REL_COMBAT_RATIO FXCTOR —  ARTY/CAS
FACTOR)

RED _UNIT_INTEGRITY(LOC LARGE UNIT %AVAIL WEAPONwu,
LARGE UNIT _TYPEu, INFIGET WEAPONwu,ASS_UNITus)/T/ Select
{(LARGE_UNIT} ; Rule}
ACT_SPEED UNIT(ALLOWED_UNIT_SPEEDu,  RED_UNIT_INTEGRITYu)/f/
{LARGE U

I LARGE_ & IT_TYPE = RED

| ACT_SPEED_UNIT = RED_UNIT_INTEGRITY
else

ACT_SPEED_UNIT = ALLOWED_UNIT_SPEED

-* I’
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I 2. GENERIC STRUCTURE GRAPHICAL

ACTUAL_UNIT_SPEEDWY

f" ALLOWED_UNIT_SPEEDWV
¥ AED_UNIT_INTEGRITYAY
i ARTY/CAS_FACTORY

' |
'! MAX_SPEED_UNITH 44 13510N_REL_FACTORY PARED) |
¢, REL_COMBAT_RATIO_FACTORY

4

i LOC_IBLa/ * \\\ )
[ Koot ‘y\
.‘(j T (ENGAGED)

'BuU/pe/

o '
», ROAD_SPEED
b ‘ SPEED FAC FACI '
N CELLY
- 'Yy -
y INFIGHT .
1 - WOAPONAVL
§

SPEED_FAC

AXtALY SAVAIL
t

!
. \ DIRECTION - WEAPONwar | YAMMO .
: ! SPEED_FAC . WEAPONva/
byt ‘ LATERALA/ A
! SPEED_FAC INFIGHT
. | TABLE/M ; TARGETVA/
. N CALC.DIRECTIONY
o ‘ : i
& LOC_LARGE sssion :
D> UNIT/vas CHANGEN ALIVE
Ky LARGE UMIT TARGETHS: .
b, TYPEre/ MISSIONNVar X
$ DEST.NW
ROADS WEAPON
LAT/8/ uSTres TARGET
¥ LIST/ce/
; VEQ/pe/
3 COMMITTEDVA
‘D WEAPON
) MOTIONVY/ RANGE/s/ 3
," RELIEF/pe/ ROADS ORDERS/oW ASS_UNIT/ce/
' AXIAL/a/
l:i GRID INFIGHTAva/
et RELIEF/a/ SMALL_UNIT
GRID TYPE/as
VEQ/a/ WEAPON
‘- TYP! LOC_SMALL
) E/al UNTTrvas
p LOC_GRID
‘:' CELUW /
{%'
f,: GAID_CELLPY LARGE UNITID L APONSper  SMALL_UNITSDW/
L.
tg
i
K . |
e Figure A.l1 Generic Structure Graphical.
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o APPENDIX B
‘ ONEC MODULAR STRUCTURE
ff'. This Appendix contains a modular structure, both text and graphical, of the
;?t ONEC model. There are numerous modular structures which could be fitted to the
i generic structure. It is important to remember that this is just one.
4 The format of the text section is not the same as you would find in Geoffrion's
:E work because the genus paragraph information has been omitted. In an actual model
:" implementation the generic structure is alwavs shown within a modular structure. In
R this thesis the generic structure was shown in Chapter 4 and Appendix A without the
l 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
i{{: the modular structure would be shown with the entire genus paragraph and not just
! the genus names. '
§ L. MODUI.AR STRUCTURE TEXT
‘." &ONEC The ONEC structured model. .
o &BATTLEFIELD The bartlefield representation section. *
' &IBL The International Boundary Line section. .
2 IBL.pe! - : .
?‘ ) LOC_IBL. a/ ’
K &GRID The grid cell section.
. GRID_CELL:pe:
N GRID_RELIEF a;
E GRID_VEG:a;
) ROADS_AXIAL. a/
p ROADS_LATERAL/a/
3 LOC_GRID_CELLa;
. &UNIT The large unit section.
g LARGE_UNIT, pe,
- LOC_LARGE_UNIT;va/
: b LARGE_UNIT_TYPE a:
e COMMITTED:va:
W MOTION:va;
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B0 _ ENGAGED/va/
INFIGHT/va/
s PAIRED_UNITS/va/

&WEAPON The weapon section.
e WEAPON 'pe;
;;E;:: WEAPON_TYPE/a/
X WEAPON_RANGE/a/
;e - &SMALL_UNIT The small unit section.
SMALL_UNITS: pe/
LOC_SMALL_UNIT/va;
SMALL_UNIT_TYPE/a/
o &WEAPON_LIST The combination of weapons and large units.
iy WEAPON_LIST;ce!
R, %AVAIL_WEAPON!va;
b %AMMO_WEAPON va’
I INFIGHT_WEAPON/va/ |
A i - &TARGETS The combination of large and small units and target establishment. |
e " ASS_UNITS/ce! - |
TARGET_LIST/ce! |
5;;‘ - ALIVE_TARGETS va/ ]
P INFIGHT_TARGETva/ : . . |
:E{,g‘ &MQVEME.\'T Speed and direction of large units. |
| p &MISSION Orders for large units. ' |
e ORDERS;ce: ' | |
:='§ DESTINATION!va/ |
s MISSION_CHANGE. v
. GIVEN_ORDERS;t/

MISSION va/
&DIRECTION Which way did he go.
CALC_DIRECTION. i/
DIRECTION/f!
e &COM_SPEED_FAC Speed decrement factors.
o) &SPEED_TABLE Vegetation and Relief speed factor table.
ot RELIEF. pe
VEG: pe;
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SPEED_FAC_TABLE/a/
COM_SPEED_FAC_CELL/f/
SPEED_FAC_CELL/f
ROAD_SPEED_FAC/f!

SPEED_FAC_AXIAL/f
SPEED_FAC_LATERAL/f/

&MISSION_SPEED Combination of all speed factors.
RED_UNIT_INTEGRITY
ACTUAL_UNIT_SPEED!/f!
&POSSIBLE_UNIT_SPEED Max speed possible for units.

ALLOWED_UNIT_SPEED;f

MAX_SPEED_UNIT/F

MISSION_REL_FACTORS.f!

REL_COMBAT_RATIO_FACTOR/f!

ARTY.CAS_FACTORf!

2. MODULAR STRUCTURE GRAPHICAL

_Figures B.1 through B.5 show the graphical representation of the modular
structure just presented. Figure B.1 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 representation 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 vou would end up with the complete
generic structure.

100




&ONEC

&MISSION

&DIRECTION

&MOVEMENT

&COM_SPEED
FAC

&MISSION
SPEED

&IBL

&GRID

&UNIT
&BATTLEFIELD &WEAPON

&SMALL_UNIT

&WEAPON'_LIST

&TARGETS

Figure B.1 First Three Levels of Module Structure Tree.
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IBL
&IBL

LOC_IBL

GRID_CELL
GRID_RELIEF
GRID_VEG
ROADS_AXIAL
ROADS_LATERAL

‘ o LARGE_UNIT
4 ' - LOC_LARGE_UNIT
o : LARGE_UNIT_TYPE
~ ! ‘ . &UNIT COMMITTED .
- ' MOTION
: - ENGAGED
INFIGHT
: PAIRED_UNITS

&GRID -

FAS L

WEAPON
&WEAPON WEAPON_TYPE

WEAPON_RANGE

Figure B.2 Fourth Level of Module Structure Tree.
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SMALL_UNIT
o &SMALL_UNIT - LOC_SMALL_UNIT

e ™ SMALL_UNIT_TYPE -

WEAPON_LIST ’

| %AVAIL WEAPON
e &WEAPON_LIST - E ,O

W %AMMO_WEAPON - o

e INFIGHT_WEAPON

ASS_UNITS

. ' T
“ ‘e &TARGETS ARGET_LIST
i ALIVE_TARGET

INFIGHT_TARGET

— Figure B.3 Fourth Level of Module Structure Tree Continued.

¥ p

W

» NP5 A% . ‘,‘. :l .u!'?'"l.nh O]

. . . - -
MRRORERS AR SRR T VTS B RO R 1O )
ORI i\ 1,},?9},‘)‘:')‘ ) A f “w' ‘_rc"fs”.?ﬁ. t"(_:l'y,0'-’6';20’}0’,-}_",0!;.“j“,b.‘.'h".h‘tt.‘-, O MU YLK R B AN M N




K ORDERS
DESTINATION
MISSION_CHANGE
GIVEN_ORDERS
MISSION

o\ &MISSION

CALC_DIRECTION

“ &DIRECTION
DIRECTION

COM_SPEED_FAC_CELL
SPEED_FAC_CELL
ROAD_SPEED_FAC
SPEED_FAC_AXIAL
SPEED_FAC_LATERAL
&SPEED_TABLE

&COM_SPEED_FAC

RED_UNIT_INTEGRITY

g : &MISSION_SPEED ACTUAL_UNIT_SPEED

RRIPIER R STe

&POSSIBLE_UNIT_SPEED

A Figure B.4 Fourth Level of Module Structure Tree Continued.
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i ALLOWED_UNIT_SPEED

1%,

e . MAX_SPEED_UNIT

¢ &POSSIBLE_UNIT MISSION_REL_FACTORS

0 SPEED

: REL_COMBAT RATIO_FACTOR
B\

uh ARTY_CAS_FACTOR

e RELIEF/pe/
o | :
' &SPEED_TABLE . VEG/pe/ o %

|
I
" { SPEED_FAC_TABLE/a/

Figure B.5 Fifth Level of Module Structure Tree.
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Figure B.6 Module Graph of the ONEC Model.
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" Figure B.§ Module GRID.
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LOC_LARGE_UNIT/a/ INFIGHT/va/
LARGE_UNIT_TYPE/&/

COMMITTED/vVa/ MOTION/va/ * ENGAGED/va/ / PAIRED

UNITS/va/
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vy Figure B.10 Module UNIT.
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. WEAPON_TYPE/2/  WEAPON_RANGE/a/ f
f WEAPONS/pe/ :
; &WEAPON !

Figure B.11 Module WEAPON.
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+  LOC_SMALL _UNIT/va/ SMALL_UNIT_TYPE/a/ -
! SMALL_UNITS/pe/ ;
: &SMALL_UNIT I
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Figure B.12 Module SMALL_UNIT.
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Figure B.14 Module TARGETS.
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Figure B.16 Module MISSION.
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Figure B.20 Module POSSIBLE_UNIT_SPEED.
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APPENDIX C
ELEMENTAL DETAIL TABLES

1. STEP!

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

LOC_IBL
IBL || LOC_IBL

GRID_CELL
GRID_CELL || Interpretation

GRID_RELIEF
GRID_CELL || GRID_RELIEF

GRID_VEG
GRID_CELL || GRID_VEG

ROADS_AXIAL
GRID_CELL || ROADS_AXIAL

ROADS_LATERAL
GRID_CELL || ROADS_LATERAL

LOC_GRID_CELL
GRID_CELL || LOC_GRID_CELL

RELIEF
RELIEF || interpretation

] VEG
e VEG || interpretation
LARGE_UNIT

LARGE_UNIT || Interpretation
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LOC_LARGE_UNIT
LARGE_UNIT || LOC_LARGE_UNIT

LARGE_UNIT_TYPE
LARGE_UNIT || LARGE_UNIT_TYPE

COMMITTED
LARGE_UNIT || COMMITTED \
MOTION

LARGE_UNIT || MOTION

ENGAGED
LARGE_UNIT || ENGAGED

INFIGHT
LARGE_UNIT || INFIGHT

DIST_RAB_RMBIER
LARGE_UNIT || DIST_RAB_RMBIER

MIN_DIST 1
LARGE_UNIT || MIN_DIST

MOVING_MIN
LARGE_UNIT || MOVING_MIN

ORDERS
LARGE_UNIT || ORDERS

DESTINATION
LARGE_UNIT || DESTINATION

R MISSION

o LARGE_UNIT || MISSION

‘

o MISSION_CHANGE

Iy LARGE_UNIT || MISSION_CHANGE
B

e GIVEN_ORDERS

K¢t

LARGE_UNIT || GIVEN_ORDERS
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e B S ) ]
e
i SPEED_FAC_TABLE
";;2:?2 RELIEF, VEG || SPEED_FAC_TABLE
e SPEED_FAC_CELL
w; GRID_CELL, RELIEF, VEG || SPEED_FAC_CELL
By SPEED_FAC_AXIAL
GRID_CELL || SPEED_FAC_AXIAL
Ted SPEED_FAC_LATERAL
Em
:_’.2 GRID_CELL || SPEED_FAC_LATERAL
| ROAD_SPEED_FAC
;;':‘.E;: GRID_CELL, LARGE_UNIT || ROAD_SPEED_FAC
|.b
)
:,:u',;::. COM_SPEED_FAC_CELL
)
R GRID_CELL. LARGE_UNIT || COM_SPEED_FAC_CELL
; ' WEAPON |
3? WEAPON || Interpretation
i“'a:
i WEAPON_TYPE
i WEAPON || WEAPON_TYPE
A0
AT
"::1,9 WEAPON_RANGE
':»%g WEAPON || WEAPON_RANGE
3
i WEAPON_LIST
;:%33: WEAPON, LARGE_UNIT ||
§|.l'.
0 %AVAIL_WEAPON
- WEAPON, LARGE_UNIT || %AVAIL_WEAPON
x; .
’; 2 AMMO_WEAPON
32. - WEAPON. LARGE_UNIT || %AMMO_WEAPON
- INFIGHT_WEAPON
Agd
,:;';§2 WEAPON, LARGE_UNIT || INFIGHT_WEAPON
P20t
tfg:é : SMALL_UNIT
. SMALL_UNIT || Interpretation
o
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LOC_SMALL_UNIT
SMALL_UNIT || LOC_SMALL_UNIT

SMALL_UNIT_TYPE
SMALL_UNIT || SMALL_UNIT_TYPE

ASS_UNIT
SMALL_UNIT, LARGE_UNIT ||

TARGET_LIST
SMALL_UNIT, LARGE_UNIT |

ALIVE_TARGET
SMALL_UNIT, LARGE_UNIT || ALIVE_TARGET

INFIGHT_TARGET
SMALL_UNIT, LARGE_UNIT || INFIGHT_TARGET

CALC_DIRECTION
LARGE_UNIT || CALC_DIRECTION

DIRECTION
LARGE_UNIT || DIRECTION

MAX_SPEED_UNIT
LARGE_UNIT || MAX_SPEED_UNIT

MISSION_REL_FACTOR
LARGE_UNIT || MISSION_REL_FACTOR

gz

- -
-
-

REL_COMBAT_RATIO_FACTOR
LARGE_UNIT, WEAPON || REL_COMBAT_RATIO_FACTOR

N
PR

ARTY CAS_FACTOR
LARGE_UNIT, WEAPON || ARTY_CAS_FACTOR

ALLOWED_UNIT_SPEED
LARGE_UNIT || ALLOWED_UNIT_SPEED

RED_UNIT_INTEGRITY
LARGE_UNIT, WEAPON, SMALL_UNIT || RED_UNIT_INTEGRITY
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ACT_SPEED_UNIT
LARGE_UNIT || ACT_SPEED_UNIT

2. STEP2

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. STEP3

The third. and final step, in the elemental detail table structuring process is to
combine as many of the tables as possible. Tables mayv be joined when thev have
identical stubs. The stubs must be identical for both the column headings and the
rows. The identical column headings are easv to check bv looking at the table
- structures from the first step. The identical row entries are harder to check. For this
information it is necessary to check the index set statements of the respective gene-a.
_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 | LOC_IBL

GRID_CELL

GRID_CELL || Interp, GRID_RELIEF. GRID_VEG,
ROADS_AXIAL, ROADS_LATERAL, LOC_GRID_CELL.
SPEED_FAC_AXIAL. SPEED_FAC_LATERAL

RELIEF
RELIEF || interpretation

VEG
VEG || interpretation

LARGE_UNIT

LARGE_UNIT || Interp, LOC_LARGE_UNIT. LARGE_UNIT_TYPE.
COMMITTED, MOTION, ENGAGED. INFIGHT. ORDERS,
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I R ]
e
o ' DESTINATION, MISSION, MISSION_CHANGE, GIVEN_ORDERS,
o . ~
;‘:"' CALC_DIRECTION, DIRECTION, MAX_SPEED_UNIT,
‘:?' MISSION_REL_FACTOR, ALLOWED_UNIT_SPEED,
i ACT_SPEED_UNIT
v
.
o DIST_RAB_RMBIER
K LARGE_UNIT || DIST_RAB_RMBIER
R MIN_DIST
"
o LARGE_UNIT || MIN_DIST, MOVING_MIN
:'.0:
. SPEED_FAC_TABLE
o RELIEF. VEG || SPEED_FAC_TABLE
% |
LX)
0 SPEED_FAC_CELL
B+
At GRID_CELL, RELIEF, VEG || SPEED_FAC_CELL
}3 ROAD_SPEED_FAC
w
e GRID_CELL. LARGE_UNIT || ROAD_SPEED_FAC, COM_SPEED_FAC_CELL F
‘ -
"' *The correct table name is not clear, so the first name in the genus paragraphs was
o used.
;: 7
{‘5 WEAPON .
- WEAPON || Interp, WEAPON_TYPE, WEAPON_RANGE r
v WEAPON_LIST
Ry WEAPON, LARGE_UNIT || %AVAIL_WEAPON, % AMMO_WEAPON,
Lo INFIGHT_WEAPON
D
B SMALL_UNIT
[ ¢ SMALL_UNIT || Interp, LOC_SMALL_UNIT, SMALL_UNIT_TYPE
a8 ASS_UNIT
. SMALL_UNIT, LARGE_UNIT ||
o TARGET_LIST
AN
E:i:f; SMALL_UNIT, LARGE_UNIT || ALIVE_TARGET. INFIGHT_TARGET
t',f‘l’
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F Cud o Dinhibbitahhiuibiatinal
e

E X *These two tables, ASS_UNIT and TARGET_LIST are not joined because although
b the generic calling sequence is the same the index set statement is not.

REL_COMBAT_RATIO_FACTOR
LARGE_UNIT, WEAPON || REL_COMBAT_RATIO_FACTOR, ARTY CAS_FACTOR

e
‘._f*g RED_UNIT_INTEGRITY
" LARGE_UNIT, WEAPON, SMALL_UNIT || RED_UNIT_INTEGRITY
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