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i . . . . . .
.o “In the current circumstances of the Korean Army, the engineer units perform two
ol . - , . , _
: major missions - river crossing and obstacle denial operations - to support the
Y] . .
combined arms team. To accomplish these missions, engineer units need various kinds
I ot data and information during the planning phase of operations. This kind of data
A%} . . . . . . .
5y and information can be provided by the information processing system that is to be
1] . .
o developed in this thesis.
AN
This thesis is to apply a computer based information processing svstem to the
v Y, . N g . - . DY
," planning phase of the military operations. The author presents an intelligent decision
N, . . . . .
Esos support svstem for the Armyv Engineer Operations, specifically the river crossing and
SN , . 4 . : L
oy obstacle denial operations. The purpose of this system is to maintain and analyze the
it . . . . S .
g reiated information stored in the computer and to provide the resulting information to
[ the commanders and their staifs to help them make their decisions more effectively.
L
::.:- To accompiish this task, the author has used the structured system analysis and design
EN methodology through the svstem development process, and has implemented the river
7RG . . . . . -
crossing operation in a microcomputer with dBASE {11 Plus as an example.
o,
? ’
a %{’
ol
"
*"/'1
b K
J
Ny
'1
o
L
s
Dt
Lo
L
$’:'
4--

.‘;T:J'-‘d‘{-‘- '
& d f
Lo ALy

¢ )
'.n'n’u't"

'-..WN\\

A

" SARERENE TR ok Lt e e N i iy
2GR 2 A N B P GG G N e ) n

Q



\J

it

g
r:"
K

Qo

o TABLE OF CONTENTS
(N
.
3'::' , L INTRODUCTION ... oot e 9
ol I1. BACKGROUND .. 11
B - A, ARMY OPERATION CONCEPTS ... ... 11
I Introduction ... i 11
&f 2. Offensive Operations ... ......c.turvrnunnunneennen.. 1
. 3. Defensive Operations . ... 12
'."' 4. Sequence of Commander and Staff Actions ................. 12
N B. ENGINEER SYSTEMS IN THE ARMY ..................... 14
::!‘ 1. Organization of Engineer Systems ........................ 14
. 2. Objectives of Engineer Systems . ... 17
: ! 3. Engineer Operations ...........iuiitiniin i 18
i ) [1 SYSTEM ANALYSIS AND REQUIREMENTS ... ... L. 24
« A. INTRODUCTION .. .ountii it 24
</ B. PROBLEM DEFINITION ... ..ottt 24
F‘ C. DESCRIPTION OF EXISTING SYSTEM .................... 25
L:." D. REQUIREMENTS SPECIFICATION ... ... .o o028
"t I. Applied Environment of Required System .................. 25
‘:.‘ 2. Description of ReqUirements . . .. .vvvuveennreenneenneenn., 26
;;:' E. ANALYSIS ottt 27
:.:.i. 1. River Crossing Environment . ..., 27
- 2. Obstacle'Denial Environment .............c..............33
LN Iv. SYSTEM DESIGN AND IMPLEMENTATION ......... ... ..., 39
a A OVERVIEW ..ot 39
" B. DEVELOP THE SYSTEM FLOWCHART .................... 39
- 1. Physical Components of the System . ................... ... 40
:' T 2. Svstem Flowchart .. oooo i 40
oy C. DATABASE DESIGN ... o 42
::{:

Q

& :

o

%

(>

......

POy

ERTRAR TP
\J‘

RS P - n-.-.-- -t " - .,
PP ATL SR ST IR ' -




* Rt Lol 2k 0 A Sl B a4k s s oo aod el Aok el ik g 2 . Sad mae el ol ek Aol ek Aod Job das

1.  Overview

247 2. Logical Database Design .. ... ... 42
' 3. Physical Database Design ......... .. .. ... ... .. .. ..., 44

. D. PROGRAM DESIGN ... .. ., 46

o 1. Subsvstem | : River Crossing Operation ................... 49

:' ' 2. Subsystem 2 : Obstacle Denial Operation 52

O E.  SYSTEM IMPLEMENTATION ... ... . ... i, 34

L \¢ CONCLUSIONS AND RECOMMENDATIONS ................... 56
I\ A, CONCLUSIONS ... . 56
W B. RECOMMENDATIONS ...............cooiiiiiiiiiii... 57

APPENDIX A:  ALGORITHMS

X APPENDIX B:  PROGRAM LISTING OF THE RIVER CROSSING
e OPERATION .. . 63
h,

P LIST OF REFERENCES

2 6

O TP T S P R S SRR

T A O T O T TN
bt AN IR Y, b

T Ty A

KA WO IO M0 K M3 MO0 X0)
4 f"2'°":9".e"’-"ee"'.w"?s"‘.i' v '!0"‘.@".!"‘0"‘

A%,




[T I B R

(o da

Ne

LIST OF TABLES

SAMPLE DATA DICTIONARY ... 33
SAMPLE DATA FOR SELECTING TARGET PROCESS ................ 37
PHYSICAL COMPONENTS OF THE SYSTEM ... ... ... ... ... 40
LOGICAL DATABASE RECORDS ... ... . 44
CONTENTS OF RECORD ... 47
FIELD FORMAT AND DOMAIN .. .. 48
INTERRECORD CONSTRAINTS .o 48




-

I T

e e s x s ATX]

aLw P A T e S NP
\ A ."'f .,“" ,(‘.‘-"4" I..‘-l_‘;;‘,-’_ . »

LIST OF FIGURES

2.1 Sequence of Commander and Staff Actions .. ....... ... .. ... L 13
2.2 Orgarnization of Division Engineer ... ... . .o o i 13
23 Organization of Corps Engineer . ........... . . 1o
3.1 High Level DFD for River Crossing Operation ........................ 28
3.2 Decomposed DFD of Estimate Necessity Process .. ... ...... ..........30
R Decomposed DFD of Estimate Possibility Process .......... ... ... .. .. 3
34 wecomposed DFD of Examine Supporting Units .. ..................... 32
3.5 Decomposed DFD of Generate Crossing Capacity ... ................... 232
3.0 AnIPO ChartasanExample . ... .. .o 34
KA High Level DED for Obstacle, Denial Operation........................ 35
3.8 Decomposed DED of Estimate Necessity Process . ...................... 36
39 Decomposed DFD of Select Target Process ... ... . ... ... ... ... 37
3.10  Decomposed DFD of Extend Segment Process . ........................ 38
4.1 Svstem Flowchart ... . . . 41
4.2 Data Structure DIagram ... ..ot vn i 43
4.3 High-level Hierarchy Chart of Subsystem 1 .......... ... ... ... ........ 49
4.4 Decomposed Necessity Module ........... ... ... . ... . ... .. .... 5%
4.5 Decomposed Possibility Module . ........... o oo oo St
4.6 Decomposed River Crossing Operation Subsystem . ..................... 53
4.7 High Level Hierarchy Chart of Subsystem 2 ........... . ... .. ......... 54
4.8 Decomposed Obstacle:Denial Subsystemy ... ... oo .. .. 38
§

SRR P Ny l"-’:"." ol Ly '."-\"" "-. ‘; WY e * N )
4 , DG e SN CAIITIATEAY .. 1SN LRI DN

(% 0 B e A B i N . 0 A f 4

¥

"

LR



LA A i A R B A &

. I. INTRODUCTION

4 1]
Sl : . o , L
ao' In modern society, a great deal of information is disseminated in our dailv life
e : . . .
‘:, through the news media such as newspaper, magazine, and television or radio
‘e : . . .. . . ..
e broadcasting. We need information for various purposes. However, it is hard to get
DX - the desired information, particularlv at the time when we need it. Morcover, it is
A
[l . . L . .
ihiy impossible to remember all of the information that we have ever received. Fortunately.
".f: .. . .
~ the advance of the computer technology has facilitated much this particular problem.

The computer can store and retrieve vast amounts of information, that can be used to
" an advantage

__.:5 Information processing is a major activity in today’s societv. A significant part
ﬁ_.p: of an individual’s working and personal time is spent recording, searching for, and
"‘; absorbing information. Thus, computers have become an essential part of the
. individual or organizational information processing. The current challenge is how to
gain the maximum bencfits with the use of the computers in different activities.
_, ) mnciuding managerial tasks and decision making.

ol The ancient Chinese strategist Sonja said in war, “HWe can win 100 rimes in 100
A batiles {f we have all the information about our enemy and ourselves.” This exemplifies
4 El) the importance of information for mulitary operations. For example, during World
'.t_ War [I, the combined forces made the turning point in the European front with the
e Normandy Landing Operations. At that time. Hitler and his stafl’ had not enough
. information about the combined allied forces. Theyv believed that the allied forces
_4-:.:: would iand at the coast of Pas De Calais in France because Pas De Calais is the
f .{:::: nearest coastal area from England and thev thought that the combined allied forces
" have nct enough troops, fleets and aircrafts. But the combined forces had enough
troops. fleets and aircrafts for the landing operations. Thev also had enough
‘*-': mformation about the terrain of the alternative landing area and the enemv’s course of
e

2
a
*
.

action.  Theyv succeeded because they conducted the ianding operatien at the

Nornmandyv coast while Hitler prepared strong defense along the coast of Pas De Calais.

Ky and a weuk defense along the coast of Normandy.

i In the modern mulitary situations. we need various kinds of information when we
o _

~- prepare an cperation. Information about the capability of the enemyv and the friendiv
A
N -,
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forces, about the terrain and weather of the operation area, and about the enemy’s
course of action is extremely valuable. Most of the times, commanders have to do
analvsis and evaluation of the information quickly. This is necessary because in the
modern battle fields, both the friendly and the enemy forces are highly modernized and
their combat powers are devastating and their movements are rapid.

The basic idea of this thesis is to apply computer based information processing
svstem to the army engineer operation in a military operation. Two major engineer
cperations, river crossing operation and obstacle denial operation. are analyzed in
detail. During the engineer operations. a commander and his staft have to analyze a
large amount of information related to the operations within a very limited amount of
time. In the proposed svstem of this thesis, information and data wiil be stored in the
computer for consistency, accuracy and ease of access. Furthermore, to neip the users
make decisions fast, some of the processes in which decisions are derived will be done
by the computer with the results fed back to its users. In other words, the goal of myv
thesis is to develop a microcomputer-based intelligence decision support svstem to
increase the operational capabilitv of the commanders and staffs.

A decision support system(DSS) is a coherent system of computer based
technologyv used by managers as an aid to their decision making in semi-structured
decision tasks. Decision support systems allow the decision maker to retrieve data and
test alternative solutions during the process of problem solving. The decision support
svstem should provide ease of access to the database containing relevant data and
interactive testing of solution. Expert svstems arc a tvpe of decision support svstem
thut incorporate the knowledge base and heuristics of an expert with a flexible interface
<0 that even a novice can use the system to solve problems. The primary requirements
of decision support for intelligence is the ability to search the database for
opnoriunities and problems. In order to design a DSS, the designer must understand
the process of decision making for each situation.

Chapter 11 discusses the background which relates to the nulitary operation,
evmeciant the armv engineer operation concepts in various situations. In Chapter 111,
w0 Uiret discuss the svstem anaivsis and requirements.  Problem definition, description

~oat caastny svstem, and requirements specification are done in this chapter. In
wlen el develop the high level data flow diagram and functional decomposition

L2 loveesl madel In Chapter 1V, we discuss the system design process and the

carernentatien of the propesed svstem. Finally, in Chapter V. conclusions and

soocninendatons dare presented.
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II. BACKGROUND

A.  ARMY OPERATION CONCEPTS
1. Introduction

The goal of all operations is to destroy or hold off the opposing force. At the
foundation of the Army’s operations are the principles of war and their application to
classical and modern wariare. An army unit will conduct all tvpes of operations to
preserve its status and to exploit the enemy’s weaknesses. It will attempt to achieve its
goal through the use of fire power or by out-maneuvering its enemy. [t will maintain
the agility necessary to shift forces and fires to be directed to the enemy’s weak sides.
To achieve its goal, an armyv’s operations must be rapid, unpredictable, devastating,
and disorienting to the enemy. The pace must be fast enough to prevent him from
taking effective counter actions. Operational planning must be precise so that the
combined arms operation in a battle is well-coordinated. It must also be sufficientiv
flexible to respond to changes or to capitalize on fleeting opportunities 1o exert
maximum damage to tiie enemy.

2. Offensive Operations

The mulitary operation is divided mto two large groups: offensive operations
and defensive operations.  Offensive operations are characterized by aggressive
nitiatives on the part of the subordinate commanders, by rapid shifts in emphases to
take advantage of opportunities, and by the use of the destructive power to bring
destruction to the enemy’s defenses as rapidly and as extensively as possible.

The offensive operations are undertaken to achieve several purposes. As
Jestroving the enemy's fighting force is the only sure way of winning, offensive
operations are primarily intended to destrov the enemy’s forces. However, it is not
necessary to defeat every enemyv combat formation to win. Attacks that avoid the
enemy’s main strength but shatter the will of the opposing army or to reduce its
fighting capability are the fastest and the cheapest wayv of winning. Offensive
operations also have secondary purposes. ail of which contribute to destroving the
enemv.  Elements of large attacking forces may undertake oflensive operations

specifically to secure key or decisive terrain because it has a serious effect to a combat

siruation, and as we know, the situation of resources has in the past determined the




"
_ cutcomes ot manv wars. Therefore to deprive the enemy of resources is one of the
: purpose of oflensive operations. In addition we can gain information about the
‘ enemy’s current sicuation through offensive cperations. And we can deceive and divert
conad the cnemy s attentions to irrelevant or unimportant matters. Also we can hold the
"“l enemy in position during the preparation of un offensive operation to ailow us to
‘:: attack the enemy from other directions. All of these, plus others, serve as ohjectives of
:‘ offensive cperations. [Refl 1: p. 8-d]
: 3. Defernsive Operations
:::. Whether an offensive operation is a success or a failure, we have to prepare
'. defensive operations afterward because theyv are important to retain the gain of the
s+ offensive operations and to prepare the next phase of an offensive operation. Some
e military theorists think defense is the stronger form of war because denving the
'!" 2nemy’s success goes before achieving our own success. Indeed, the defenders have
E significant advantages over the attackers. In most cases they not onlv know the
s ground better, but having occupied it first, have strengthened their position. Therefore
we conduct defensive overations to achieve several purposes. Throughout a defensive
.'_5', operation. a defender can block an enemy’s attack and concentrate forces elsewhere to
._f‘_'. attack enemyv’s weak points while holding up the enemy torces in front of his defense
_ff- position. Further he can control the Keyv terrain to the advantage of the defensive or
‘ ctlensive cperations on his side . Besides, 1t also take mcre otfensive power to )
7:_':; cvercome a defense: thus his defensive operation generally can tie down more of the
* cpemy’'s manpower. [Ref. 1@ p. 10-3]
. - <. Sequence of Commander and Staff Actions
- The sequence of actions in making and exccuting a decision involves a series
f-'_‘ of scparate actions or steps. As shown in Figure 2.1, a higher headquarters normally
:E: assigns the mission to the subordinate units, but the commander of a unit usually
-?5 cevelops or expands the mission. The commander may initiate ntis mission analvsis at
; this point.  After that his staff provides the commander the available relevant
'::: informuation. Based on this informaticon. the commander completes his mission analvsis
<~
N;:; and issues his planning guidance to his stafl. The purpose of the nussion analvas is to
,‘;5 isure that the commander {ully understands his nission and to allow him to develop
<npl those tusgs that are essential to the accomplishment of the mission. At this time, the |
.“.E; commander nermally includes in his initial guidance the mussion restated appropriately
::j; as deternuned by his miussion anaivsis (Refl 2-30po 3-131L '
o
- 12
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STAFF ACTIONS COMMANDER ACTIONS

| 1

Mission Received

2

Information to
commander and
staff actions 3

Mission analysis
and commander'’s
4 planning guidance

Staff estimate

5

Commander estimate
including decision

i
% 6 ommander ‘s concept
|
: Preparation
I of plans/orders ,
Approval

of plans/orders

Issuance of
plans/orders

Supervision

Figure 2.1 Sequence of Commander and Staff Actions.

Based on the restated mission and planning guidance received, the
coordinating staff officers who may also prepare their own estimates when required,
prepare their staff estimates with the assistance of the special officers. In turn, the
coordinating staff officers present their final estimates to the commander,

recoramending the actions that the commander should take to accomplish the mission.

After presenting the recommendation, the commander considers the recommendations




)
o
' of his stafl, ccmpletes his own estimate, and announces his final decision. Foliowing
J:" the dJdecision statement, the commander may provide the stafl his overall concept of
' how the operation will be conducted, which is generally an amplification of his decision
along with some necessary explanation.
Based on a complete uncerstanding of the commander’'s decision and the
“E concept of the cperation. the staff members determine the actions, including the
) preparation of plans or orders required by the command to carry the operation to a
o successtul completion. Normally the stafl submits plans and orders to the commander
o for approva!l opeifore thev are published as pians or orders. After publishing and
: gistributing plans or orders to the surbodinate units, the command’s and s:afl’s
;:_' supervision of the execution of orders is a continuous action. Therefore. whenever a
commander rcceives the mission from his higher headquarters, a plan or order is
generated by a sequence of commander and staff actions.
"
o B. ENGINEER SYSTEMS IN THE ARMY
t Today more than ever before, the engineer units play a critical role as a member
,} of the combined arms team and theyv fight as an integral part of it. As movement and
> intensity on the battle {ield increase, the requirement to reinforce a position
3 compiement:ng the natural terrain increases. The engineer brings to the combined
k& arms team a terrain-oriented syvstem that enhances the capability of our weapon
.\ svstems while decreasing the eflectiveness of the enemy’s weapons. The idea is to
"{ empioy the engineer unit as far forward as possible with the fighting units.
: : Organization of Engineer Systems
u [n the Republic of Korea Armv(ROKA), the engineer svstems are organized
under the Division, Corps and Field Army Commands. But each level of command has
'5 v Jifferent type of engineer units and their missions, capabilities, and equipments are a
S little o1t different {rom each other. An engineer unit divides into division engineer.
L3¢
)

corps engineer, and field army engineer.

a. Division Engineer

Each infantry and mechanized infantry division has an original engincer

9 hattalion. A division engineer batalion consists of a Headquarters and a Ieadquarter
<y Company(HHC, three combat engineer companies, and a bridge company as shown in
& . . . ~ . . -
. Figure 2.2. The HHC 1s crganized into the normal staff sections and an equipment
- ™ .
o platocen. Genrerallr each combat engineer company has 3 oflicers and 144 cnlisted men
L]
»
o orzanized into a Company HeadquarterstHQ) and three platoons. The bridge -
7"
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company has 5 officers and 146 enlisted men organized into two heavy raft sections,
one armored launch bridge(AVLB) section and a company HQ. The heavy raft

sections have a Md4T6 float bridge which is a river crossing equipment to move across
the heavy combat equipments such as tanks and armored vehicles by bridging or
rafting. The mission of the division engineer battalion is to increase the combat
effectiveness of the division, and to carry out an infantry mission when required by the
division commander [Ref. 3: p. B-8].

‘ [ I Engineer

Battalion

. | S———
| hue T 11
f Bridge
f Company
' Engineer

Company

Figure 2.2 Organization of Division Engineer.

The mission capability of a division engineer battalion is to emplace and
remove obstacles like mines and boobytrap, to make possible either carefully or hastily
planned river crossings with boats, rafts, and temporary bridges, and to construct,
repair, and maintain roads, bridges, landing strips and helipads. Further, the duties of
a Jivision engineer battalion is to assist in the assault of fortified positions, to install
and operate portable water supply facilities, and to provide reconnaissance to gather
engineer intelligence.,

b. Corps Engineer
Engineer brigades are organized under each corps command that consists of

three or more divisions. An engineer brigade consists of three to five engineer
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battalions and a heavy equipment company, a panel bridge company, a dump truck
company, and a floating bridge company as shown in Figure 2.3.

Engineer
‘ | l 8rigade

1 | 1 1
HHC HVY EQP 11 (a
Parel Floatang
8ridge Bridge
Engincer
Battalion

Figure 2.3 Organization of Corps Engineer.

A battalion consists of HHC and four line companies. The HHC consists
of the normal staff and company sections plus an equipment platoon, and a combat
construction section(plumbers, carpenters, and other skilled construction trades). Each
linc company consists of 5 officers and 139 enlisted men organized into a company HQ
anJ three platoons. Each battalion has the same organization as a dJivision engineer
battalion but the mission of corps engineer battalions that are organized under an
engineer brigade, is to increase the combat effectiveness of the corps by means of
engineering combat support and general engineering work, to reinforce the divisional
engineer units when required, and to perform infantry combats as necessary. The
responsibilities of corps engineer battalion, like those of the division engineer, is to
construct, and repair. A commander of corps can operate any engineer battalion or

envineer company organized under an engineer brigade or corps command [Ref. 3: p.
B-15].
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B Each Field Armv Command in the ROKA has two to four corps
¢ . . .

: commands. and thev also have engineer units, called field engineer groups. An
0 engineer group is similar to an engincer brigade but it’s a little bit smaller.

N An engineer group censists of three to four engineer battalions and a light
e . . .

V equipment company, a panel bridge company, a dump truck company, and a floating
t bridge companyv. [Lach battalion is organized into an HHC and three engineer
§ companies. Each engineer company consists of 6 officers and 186 cnlisted men
Y . . . .
l organized into a company HQ, a horizontal construction platoon, and two general
& construction platoons. [Ref. 3: p. B-16]
" The mission of an engineer group 1s to construct and rehabilitate roads,
» airfields. pipeline svstem, structures, and utilities for the Army and Air force, to assist
[ ]

in emergency recovery operations, to increase the combat effectiveness of the division,

3.

corps. and army group forces by means of engineering combat support and general

o

engineering work, and to perform infantry combat mission, when required.

The capability of an engineer group includes the construction or

: rehabilization of routes of communications, bridges, forward tactical and forward cargo
: airfields and heliports, and to provide limited reconstruction of railroads. railroad
o bridges, and perts of the corps rear area.
1 - 2. Objectives of Engineer Systems
'{ In any Kind of armyv operations. an army must contain its the engineer svstem
$ the skills and equipment to provide mobility and survivability to friendly forces,
counter mobility to the enemy, and to accomplish general engincering work to friendiv
;.’: forces. [Refl 30 p. 2-2 - 2-6)
E:: a. Mobility
In modern battle fields. to be more effective than our enemy, we must
h move into and out of battle positions faster than our enemy. Mobility 15 achieved
thrcugh reducing or negating the effects of existing obstacles to facilitate the
mevement of maneuver fire units and critical supplies.  Thus, the engineers’ work
‘\- noiude breaching the obstacles created by the enemy’s counter actions such as
.",- minelicids, road craters, and ditches, by using their organized equipments to make
, ] Juick b pass around them wiren 1t's not possible to breach the obstacles, and bridging
':.‘ the eaps with thelr equipment or with timber that can be obtained around the battle
g- tieid.
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b. Counter Mobility
The enemv will trv to improve the advance of fire power and maneuver
units to destroy the friendly forces or to secure a keyv terrain for the next operation.
Therefore, friendly forces have to reduce the cnemy’s advance effectively. In order to
limit the enemv’s movement, we do various kinds of counter actions like emplacing
obstacles such as munefields, road craters, abatis, and road block etc., as dictated by
the battle field with whatever avaiiable resources. Also engineer units demolish road
structures such as bridges, tunnels etc. that can seriously hamper the enemy’s advance.
c. Survivability
Survivability is the development of protective positions. Normally,
positions are expedient in nature, providing only side and frontal protection aganst
direct and indirect fire weapon systems. The greatest number of protective positions
are constructed in the defensive because the fire power of modern battle fields is very
destructive. The engineer units provide the specialized equipment and expertise to
assist maneuver units to increase their survivability in battle field.
d. General Engineering
General engineering is the support of units and activities in the brigade and
division rear areas. The division engineer battaiion is staffed and equiped to work [(or
the committed mancuver brigades. Corps engineers, who are supporting the division,
provide the primary capability to accomplish general engineering tasks in the division
area. General engineering missions are improving and maintaining essential combat
and main supply routes, replacing assault or blown bnidges with tactical bridying.
clearing minefields, providing potable water. and providing terrain studies etc.
(Ref. 3: p. 3-32]

(ad

3. Engineer Operations
As alreadv mentioned before, the engineer svstem provides mobility, counter
mobility, survivability, and general engineering as a member of the combined arms
team during the Army operations (Ref. 3: p. 2-2]. To accomplish their own missions,
enigineer operations are divided into three large groups such as river crossing
perations, obstacle creation and denial operations, and recovery operations.

a. River Crossing Operations
Rivers, lakes. and canals arc critical natural obstacles hindering manecuvers
during offensive and defensive operations.  We plan and conduct river crossiig

operations in order to move combat power across these obstacles. The objective of
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river crossing operations is to project combat power across a water obstacie while
retaining the integrity and momentum of the force.

Engineer units conduct river crossing operations as a member of the
combined arms team. In the planning phase of a river crossing operation, engineer
units have to provide information to their commander about available crossing sites
and their characteristics and available river crossing equipments to support the
combined arms team. In the executing phase of the river crossing operation, the
engincer units use river crossing equipments to build floating bridges eor rafts, and
operate these equipments.

A river crossing is a special operation in that it requires substantial amount
of planning and support. Two types of crossing are conducted, the hasty and the
deliverate crossing. Which type of crossing is to be selected depends on the mobility of
the Tiendly and enemy forces, the river conditions, and the required crossing speed.
[Refl 4 p. 1-2]

Hasty river crossings are hurriedly planned, decentralized operations using
existing or expedient means. Such is the case, for example, when a crossing is
conducted as a continuation of an attack with little or no loss of momentum by the
attacking force. In this case a hasty crossing is preferred over a deliberate crossing.
Hasty crossings are feasible when enemy defenses are weak or can be overcome by our
own fires, and when the maneuver forces are equipped to rapidly advance, cross, and
continuc the attack.

Deliberate river crossings are done when a hasty crossing is not feas.ble,
when an earlier one has failed, or when the offensive operations commence at the r-
ine. Plans for a deliberate crossing generally include more centralized contrc

crossing means, fire suprort, crossing time and other supporting clements than thc

tor a hasty crossing. A deliberate crossing 1s required when prevailing conditions
preclude the execution of a hasty crossing. This generally means that the enemy

Jefenses are very strong or that the river obstacle is verv severe and cannot be crossed

by expedient means.

When a division commander has received a warning order of a river
crossing operation from the higher command headquarters. he first announces to hus
stafl avout their own mission. After that the commander and his staff will work to
prepare the river crossing plan by a sequence of commander and stall actions as

rientioned tefore. In order 1o preparc a river crossing operation plan, the cngineer
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battalion commander, who is a special staff of the division commander for the engincer
svstem, survevs the river crossing area to estimate the various elements of the river
crossing operation. To accomplish his mussion, he cooperates with the operation
statliG-3) and the logistic staff{G-4d) to get some kKind of information about the combat
organization of the division for this operation and logistic data about the division.

Based on the information obtained, he first examin.- to sce if bridges exist
in the division's operation boundary. This is done because he needs to estimate the
required number of crossing sites based on the information about the combat
organization, and logistic data. For example, usually each division needs 6 raft sites
and 2 oridge sites of class! 45 or more. However, if there is already one bridge of class
43, then he needs onlv 1 more bridge site and 6 raft sites to accomplish the river
crossing operation.

After examining the existence of bridges in the specified area and estimating
the required number of additional crossing sites, he selects the crossing site by using
anv available information about the river at each crossing site such as width, depth.
velocity, bottom condition etc. If he has no information about the river at the crossing
sites, estimation would be very difficult because it’s hard to get this kind of information
in the battle field. Thercfore the engineers need to keep this Kind of information with
them through the terrain studies before conducting a river crossing operation.

Once the crossing sites, have been selected, the engineer battalion
cemmander can estimate the requirement of the equipments. However if there is not

¢nou

m
oy

equipment to support a division’s river crossing operation, then he
recenunends to the higher command headquarters to get support from other engincer
unis, Through a sequence of this kind of action, the battalion commander and
G- operation stafl) make a river crossing plan and finally recommend the course of
acticn to the division commander. River crossing operations are generallv very
JifVicult, hecause we must estimate accuratly and rapidly what is to be done {or this
xind of operation.

b. Obstacle and Denial Operation

The primary purpose of obstacle use is to enhance the cffectiveness of
Ctendly fires. The use of reinforcing obstacles coordinated with existing obstacles

mickes it possible for a c¢ommander to delay and disrupt enemy formations. A

[ AN . B - . . . oy

‘Class is a gross weight of wheeled vehicles or tracked vehicles in ton. The
cridge class number which will perrait cither wheeled or tracked vehicles to cross it the
vehicle class number is equal to or less than the bridge class number.
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commander can also use obstacles to allow him to distribute his forces advantageously,
strengthening one area with defensive obstacles so that it can be lightly defended to
free the forces to be used elsewhere. He can also use obstacles in conjunction with
mohile forces to pretzct his {lanks and other lightly defended areas. In addition to
these empiovment ol obstacles, the destruction of a transportation network also delavs
the enemy’s progress [Ref. 5: p. 3-41

[n the modern battle field, if the enemy has a stronger combat power than
ke friendlv (Jorces. then cur defense position can be destroved and we mayv have to
ccnduct retrograde operation to establish new defense positions.  As a result, a enemy
mav occupy certain area once occupied by friendly forces. During a retrograde
operation. we try to gain more time in order to retreat safelv and to prepare new
defense positions. Also if we don’t destrov targets such as bridges, tunnels, dams.
airileids, etc., then our enemyv can use these facilities to advance expeditiously. And if
we don't destrov facilities of the Key industries, then our enemy can use these facilities
after occupving them. Thus we make denial operation plans and conduct denial
operations tc destrov certain targets.

But the object of a retrograde operation is to occupy a new defense
position and to conduct counterattack after destroving the enemy forces at tie new

deiense position. If we destrey all of the deny targets and emplace all the designated

)

bstacles during a retrograde operation, there will be obstacles for our counter attack.
[t will then require enormous efforts and resources to overcome the destroved turgets
and breaching the installed obstacles. And time is a very critical factor to conduct
cenial operations.

In other words when do we have to destroy some or all of the designated
targets? If we have destroved a certzin bridge before our forces have crossed this
bridge, or it we {ail to destroy this bridge before enemy forces arrives, then a verv
critical prehiemy for the next operations will occur. Therefore u commander has to
make a verv careful decision which target and at what time do we have to destrov a
paritcular target.

Also obstacle and denial operation plans can be developed under
circunistances of offensive operations. When we tryv to attack the enemy, we need to
concentrate major combat power in the frontal arca of a battle field. As a result of the
corcentration of combat power, the franks of the combat boundary might be weak

cgainst the encnv's counter attack during an offensive operation. Ior this reason, we
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have to use obstacles to reinforce the {ranks, thus reducing the threat of an enemy’s
counter attack. Consequently, we have to develop the obstacle and denial plan not
onlv for retrograde and defensive operation but also for offensive cperations.

Consider the case that a commander needs certain amount of time to
prepare a new defense position. Then he first gives a planning guidance to his staff for
preparing a barrier and denial operation plan. After receiving the commander’s
planning guidance, his staff will survey the designated obstacles and denial targets
within certain segments of the roads. Based on these information, they cstimate the
delav time of alreadv emplaced obstacles and denial targets. But if the estimated delay
time is not enough for preparing a new defense position, then additional targets must
be selected from the previously planned iargets and obstacles such as minelields, road
craters, abatises, and bridges, and tunnels. At this point, his stafl’ has to consider
which tvpes of target will be selected, because it’s a very important factor for the
follcwing operation after finishing an offensive or retrograde operation. Therefore, a
commander’s planning guide has to contain criteria for choosing additional targets and
nreparing obstacle and denial plans.

However, if the total available delay time, when all types of designated
cbstacles arc emplaced and all tvpes of targets are denied, is not cnough for the
preparation of a new defense position, the commander will have to change his planning
guidance. And his staff can proceed to complete a plan in accordance to the
commander’s new planning guidance.

¢. Recovery Operation

Maintaining mobility is one of the responsibilities of the engineer units that
are members of the combined arms team. A recovery operation is to recover destroved
structures or facilities by frieadly or enemy forces. As mentioned in the denial
operations, we will destroy certain facilities to deny their use by the enemy and also the
eremv will destrov their facilities to deny being used by our friendly forces. All of
these destroved facilities will be obstacles to the movement of friendly forces when we
conduct counter attack or offensive operations. Therefore, engineers have to recover
these factlities,

Recovery can be divided into two categories: permanent rccovery and
temperary recoverv. In recovery operations, the time factor is the most important one
hecause thev will be used in the next operation. So we have to maintain detail
recovery plans and enough resources and cquipments to complete a task within the

reguaired time.
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K When we make a recovery plan, we have to consider how to recover and
0 what material will be used for. In war time. we usually do temporary recoveries

because we have not enough time to perform permanent recovery completely and also

oy . we have not enough material for that.
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[« A.  INTRODUCTION
e
N As desenbed i Chapter II, there are many problems in order to plan and ;
conduct any kind of military operations, and the planning process of an operation plan
; : is complicated. In this chapter, [ will describe what are the problems, what is the
‘,’ , existing svstem being used in the ROKA operation planning process, what are the
‘ requirements of a desired system, what are the functional aspects of a computer based
"N . .
; operation planning support svstem. what must be done to solve the problem at each
| . : . o
X level of an operation, and what is the logical application of a system.
) ;
] B. PROBLEM DEFINITION
. In the ROKA. each level of command has different field movement exercises such
. as Team Spirit, which is the world's largest annual field movement exercise conducted
[« by the combined forces of the Republic oif Korea and the United States of America.
3 division {ield movement exercise, command post exercise(CPX), which is an exercise for
" the commander and stafls in the ficld, and so on.
Cach command has to make an operation plan for an exercise every time. Staffs -
: at each level of the command spend a lot of time to prepare it because thev need
]
" information about the area where they conduct the exercise and the area changes from
‘ exercise to exercise. As a consequence, various problems arise.
. e Waste of time and effort because they repeat the same work manually.
.'
X ¢ Data redundancy and inaccuracy because each command gets data and
o information separately about the same objects. As a result, the information and
K\ . . . . .
o data are a little bit different each time for the same thing. For example.
tN) . ~ . . . . . . .
b coordinates of certain point, width, depth. or velocity of river ctc. are invariably
, daifferent when specified by different persons. Also it 1s difficult to get data
2 outside a unit’s own boundary, if the operation is conducted outside its arca.
~ . . . . -
¢ e [uck of data integration and security problem because thev are kept in the [ile
A bcok. Also it occupies a large space.
&
e Dificulty to update plan or data in the file book because they have to rewrite
: the different part of the operation plan and distribute 1t to the higher .
R commands, adjacent units, and surbodinate units,
)
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C. DESCRIPTION OF EXISTING SYSTEM

All militarv units need to get varicus kinds of data and information in order to
make their own cperation plan and estimate surrounding situations to preparce counter
action against the enemy. As mentioned before, in current circumstances in the

Koreun Army, the engineer units perform two imporiant engineer mussions - river

rossing operation and obstacle emplacement operation - to support the combrned

(2]

ream.  To accomplisn these nussions, engineer units need various relevant data and
information. which thev coilect through terrain studies or the use of other methods. In
iddition. enginaer units alwa_\'s keep data and information abour terrain, roads. rivers.
denv targets such as bridges, dams, airfields etc.. and obstacles that are classified or
designazed as targets.

Once the engineers of a unit gets information about certain things or makes a
plan, they keep one or more copies with them and send several copies to their higher
ievel commands. Therefore all higher level commands such as the Army Headquarters,
the Field Army command and the Corps Command keep a lot of file books for this
kind of data and information. I a certain unit gets a specific nussion. the working
officers participating in the operation have to search first the file books to get the
appropriate information, then examine the relative situations, and {inally make a plan

accordingly.

D. REQUIREMENTS SPECIFICATION

The analvsis phase of the svstem development involves project planning and
N requirement definition. Reguirements specifv the capabilities that the svstem
must proridc. These include functional requirements, performance requirements, and
user interfaces, as well as development standards and quality assurance standards.

Re qm.m ent specification based on the System Definition is a technical
specification for the syvstem. The goal of requirement definition 1s to completeiy and
consistently specifv the technical requirements for the desired svstem in a concise and

ambiguous manner, using formal notations when appropriate.  Requirement
speciiication states the “what” of the software product without implving ‘how’
Swstem design is on the other hand concerned with specifving how the svstem wili
rrovide the required features [Ref. ¢ p. 8§).
Applied Environment of Required System
As described in the Chapter I, the engineer syvstem conducts various

engincering operations to support the army operation as a member of the combined
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forces. [n order to conduct uny kind of operation, each unit needs un operauon plan
nrepared thirough a sequence of commander and stail actions. Our svstem 1s capected
te ke used 1o supprort the planning process for these actions.

17 & commander receives a warning order, whether a river crossing or an

obstecie denial operation, from higher headquarters, the commander and his stall will

VL0 get reievant information to make a suitabie plan. At this point, this svstem cun
be used 10 support their decision making process to complete a plan more ranidly.
Description uf Requirements

We can divide the desired computer svstem in two different parts according te

-

a0 two mugor operations, river crossing and obstacle denial operation, because these
wo operational tunciions are quite different from each other.
a. River Crossing Environment
[a the river crossing operation environment, the comptter svstem has to
perform the tollowing functions to support the planning:

o [simare Necessipn I certain unit tries to attack the enemy across a river, the
cormmander and his statt have to decide whether a river crossing operation i<
needed or not. A river crossing operation may not be nceded. 1 there are
avaclabie bridges in the operational boundary. Therefore, our svstem nas 1o

Have funciien estimating the necessity of river crossing operation in a

o [evnare Posschilic: 1f a river crossing operation is required, the commander
and his staff will estimate the possibility of an operation based c¢n the
availarnity of thelr own engmeer unit and equipment. Theretore. our sysiem

wust Jo this xind of tunction.

*  Soleer Crossing Sitest The svstem is required to perform the selection of the
required number of crossing sites and to provide the information about cuch
crossing sites inciuding width, depth, velocity, and bottom condition of the rver
because these are needed te make a river crossing plan.

2 Culcwlare Equirments and Assemple Time: After selecting the crossing sites, the
woetern must caleulate what Kind of and how many equipments are necded to
cry oout the operation. Iow much time is necded to ussemtle these
cquipments should also be provided.

o lmaie Availehle Supporting Unir: 10 avallable equipnienis are not erough ior
a specified operation. then additional equipment must be sougnt.  Therciore,
wr osvstem has 1o have a function to scarch which units have equipments
woathable and how many equipments can be used to support this operation.

o [ Crossing Rarer Finally, o svstem must generate the final output tiet
contamns e numser of vehidies or equipments that can cross the rver every

yur from the viart of the eperaticacl i-houry and an estimate of the ume when
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All vehicles and equipments have crossed the river completelv. The commander
and staff can mate a decrsion and a detailed pian pased on this {inal outrut.
b. Obstacle| Denial Envivonment
In obstacie dental operation environment. a desired svstem has to periorm
the foliowing furnctions to support planning:

o [spmare Necessint During retrograde operation, o conunander establiches
obstacles to gain certain amount of time mn order to withdraw safelv and ro
prepare new defense positiens. For exampl of the commuander needs 5 hours
for this purpose. and <ome obstacies are already emplaced. then he has 0
esumate at this time cititer he needs more obstucles to secure S heours, or Le
doesn t need any more if he already has secured more than S hours threcugh the
already emplaced obstacies. Our svstem mwust aove this kind of funciien to
support the decision making.

o Sciecr Targers: In case the aiready secured time is less than 5 hours, the
commander will emplace additional obstacles to secure the needed S hours. He
must survey and select some or ail the designated but unemplaced obstacles and
enable them. So our system has to perform this function. too.

o Ixtend Segmens: 1F ali obstacles are emplaced in a certain segment of a road.

and the available delay time 1s sti!l less than 5 hours, the commander has to

extend the segment further to secure 3 hours. Our svstem must perform this
operation as well.

e Characeeristics of Targets: Frequently we need to know the characteristics of

certaiin type of targets. Our svstem must provide us this information as necded.

E. ANALYSIS

The objecuve of analvsis is to determine what must be done to solve a specitic
proidlem. The basic function of any data processing application is to convert the input
Jotwanto the desired output information.

In tius secuon, I shall atterept to develop a compiete functional understanding of
the proposed svstem. The intent s not to determine how the svstem will work, but
what it must do to solve the problem. As mentioned before, this thesis, we shall
congentrate on the two different operational aspects, river cressing and obstacle denial
operazions. [Refl 7 p. 491

. River Crossing Environment

River crossing 1s a special operation, requiring detail planning  and
mrormation. To solve this probiem, first T wili use the high lever data flow
dragramie DDy 1o define logically the proposed system, and iater expand the high level

DD to develop the {urctional level DFD to define the functional application of our

prorosed sastem. [Refl 7opy 83
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A DFD shows data sources and destinations, data flows, data stores, and
processes. A DFD uses five basic symbols to form a picture of a logical system in this
thesis. A square defines a source or destination of data. An ellipse represents a
process that transforms data. An open-ended rectangle is a data store. A rectangle
represents a database. And an arrow is used to identify a data flow.

a. Define the Logical Model

In order to solve the previous mentioned problem and satisfy the
requirement specification, we need to know who will cross the river and which area of
the river will be used for this operation. Based on this initial information, the problem
definition, and a sequence of commander and staff actions, a high level DFD can be
developed as a logical model of our system for river crossing operation as shown in
Figure 3.1,

D1 | INITIAL DATA D2 | MRBER OF

CROSS SITES

Command | Gat
General

D3 | LACK OF EQP.

Figure 3.1 High Level DFD for River Crossing Operation.




In the first step of this DFD, our syvstem determines whether a river

crossing operation is necessary. [If the output of this process is that the river crossing

operztion is necessary, then the system estimates whether is it possible to conduct tie
operation by using the command’s engineer units and their equipments. [f possible.

hen the svstem calculates the the vehicle crossing rate. If either insutficient manpower

~t

or equipment is found, the svstem estimates which units are available to support tins
B operation and what equipments are available. After completing the migh iever DED.
we have to exanune if the deveioped DI'D can solve the probiems or not. 1! pevitive,
then we expand the DFD to the next level of details; otherwise redefine the DED 1oy
again.
, b. Develop the functional level DFD

[xpanding the data flow dizgram through functicnal decomposir. s
+ S < & !

{I

1

breaking down functions into its subtunctions. These fow level funcuons rthen hecne

4y A M

Lol

processes on a new data flow diagram, complete with their own Jata stores i da’ .

LI

¥

fJows. [Refl 7 p. 56]

: (1Y Functional decompasition of Level 2o Estimate Necessite. [ncrder 1o
estimate the necessitv of river crossing operatton in this level, the sustem, oy sand
earlier, examines it there exist available bridges within the operational beundur. The
svsiem can also estimate the capacities of these bridges based on the <tored date. lhe
result of the caiculated number of crossing sites is stored for other processes fo use
later. Thus the functional decomposition at this level is as shown in Figure 2.2,

(2y Functional decompaosition of Level 30 Estimare Possibidiry. At this level,
the svstem has to estimate the possibility of a river crossing operation, using the
commarnd’s engineer units and their equipments. In order to accomplish tais function,
first the svstem needs to examine the organized engineer units and their ecuipmenss as
an output of this process. Also the system has to seiect the required crossing sites
hased on the previous process. After selecting the crossing sites, the required number
of equipment sets have to be calculated as in the process 3-5. At this point, the
required tloating bridges can be calculated, but the equipments of cach raft «ite can not
he calculated because system does not know how many rafts are needed at cach ratt
site, as the width 1s not vet known. For example, we need one raft per site up to [00m

of river width, two rafts per site up to 200m, and three rafts per site up to 300m at

cach crossing site. Therefore we need one more subfunction to determine the number
of raft for each raft site before calculating the required amount of equipments {or raft

SILUs.
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. Figure 3.2 Decomposed DFD of Estimate Necessity Process.
..
Finally, the system can estimate the possibility in process 3-6 of Figure
= 3.3 bv comparing the required equipment sets in process 3-5 and the available
‘O equipment in process 3-2. At this time, if the available equipment is enough to satisfy
< the required amount of equipment calculated by process 3-5, it means that 1t is possible
N to conduct the river crossing operation without additional support coming from other
\: engincer units at higher headquarters. But if it is not enough, then the commander has
P to make a final decision of what to do. The entire process is functionally decomposed
Y N
> as shown in Figure 3.3.
. (3) Functional decomposition of Level 4: Examine supporting Units. If the
b \ . . ~ . .
h;- commander decides that he needs support from higher headquarters for his operation,
’ 3 the system proceeds to find available engineer units and their equipments. It then
" reestimates the feasibility of accomplishing the operation under the new circumstances.
. With the new result from process 4-3 of Figure 3.4 the commander can then make a _J
o recomunendation to his higher headquarters where a final decision is to be made. The
- furictionai decomposition of this process is shown in Figure 3.4.
o
o 30
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Figure 3.3 Decomposed DFD of Estimate Possibility Process.

2 . . N
(4) Functional decomposition of Level 5: Generate Crossing Capacity. [rom
R, . . .
% the result of the above 4 functional levels, the final feasible plan of the river crossing
‘ operation is generated. The system next begins to estimate the number of trips
D . .

"t necessary at each raft site (process 5-2 of Figure 3.5). It also calculates the assembly
-{_- time for cach crossing site, the transportation capacity for vehicles and combat
?Q'_:' equipment such as tanks, armored vehicles etc. and the time, called the H-hour, when
',i', evervthing has crossed the river, Figure 3.5 shows the functionally decomposed DFD

) g g

X cf this level.

)y c. Develop the Data Dictionary and Algorithms

R Given a complete data flow diagram, we have a reference document
g specifyving the entire decision support system, we can now begin to consider the detatls
2 such as the data elements and the algorithms.
b To allow us to have a better understanding about data, we make use of a
N data dictionary. A data dictionary is a collection of data about data. The basic 1dea is
..".
e 31
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Figure 3.4 Decomposed DFD of Examine Supporting Units.
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Figure 3.5 Decomposed DFD of Generate Crossing Capacity.

to provide information on the definition, structure, and use of each data element in a

¢ -stemn. A data element is a unit of data that can not be decomposed. For each data y
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element, such information as the clement name, description. format, source and use 15
recorded. The data dictionary helps the analyst to organize information about data,
and s an excellens ool for communicaung with the user. Additionaliy, the data
Jictonary serves as a memory aid. Kev information must be recorded for each data
clement [Refl 7 p. 202]

A simulated data dictionary, introduced by Davis” book {Ref. 7: p. 297) 18
-0 be used in this thesis. To maintain 2 semblunce of direct access, information related
0 each data clement will be recorded on a separate 3x$ filing card and a minimum

amount of intormaction will be recorded tor each Jdata clement as Table 1.

TABLE I
SAMPLE DATA DICTIONARY

NAME : BRGSITE

CESCRIPTION : The required nurber of bridge sites
in the operational boundary.

FORMAT : Numeric ; 1 digit

LOCATICN : Cutput to display and printer

In very general term, every computer svstem converts input Jdata into
outrut Information, and the aigorithms define the rules for these conversions. Without
a general sense of the algorithms for cach process or function. we can't have a goeed
1 do r\"l"""""'ud > h | }'\Q'~) Il sI' Ty -.lg ;i
idea of what is being done in the processes in the svstem. The preliminary algorithm

Jeseriptiens recorded on a IPO(Input Process Output) chart us shown i Figure 3.0

[§}e}

ive us a general structure that can be refined later during the detailed design pnase.

"

2. Obstacle/Denial Environment

An obstacle Denial operation 18 also a major nussion of engineer svsiem. It
we conauct an ohstucle denial operation during a retrograde or Jdefensive operatien. the
commander has to consider the whole operation carefullv. Ineffective planmmye of this
cperition can cause severe problems b a counter attack s to be o conducted
cubseguently, To solve this problem, we tirst deveiop a high fevel data flow dagram to
define the jogica, medel of the propeosed svstem. Alter that, we Jevelep the tunctondd
wesel DED to Jefine the functional appiication of the proposed system by evpandmny
‘e hogh level DED into more detawds, Fiadin, we develop the data dictionary and

dyorithmes or tus svsten (Retl 7op. 85
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IPO CHART !

' SYSTEM : River Crossing Operation Support System |
PREPARED RY : Jang, Chang Ki

MODULE : CALCSITE ALGORITHM DATE : APR/S7
|
CALLED OR INVOKED BY: CALLS OR INVOKES:
| EXISTBRG i
|
o |
.j INPUTS: Outputs:
2 . A_BRG, A_RAFT
)] AREA (coordinate)
| B_BRG, B_RAFT
§ BRGSITE,RAFTSITE

1

B_RAFT - 1 |

L
A_RAFT = A_RAFT - 1, B_RAFT
A B _BRG - 1 '

BRG = A_BRG ~ 1, B_BRG

A ERGSITE = A_BRG + B_BRG
o ; rRAFTSITE = A_RAFT + B_RAFT

- . LOCAL DATA ELEMENTS: ! MOTES:
- ANEZD, BNEED

) . :
¥ bFigire 3.0 An PO Chart as an Dxample.
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a. Define the Logical Medel

As previously mentioned in the system requirement speccification section,

the svstem can be defined logically as shown in Figure 3.7. On the first level of this
diagram, the system gets its initial data from a user about the scgment of a road
represented by the coordinates indicating the start and end points, the road number

that we want to conduct the operation, and the required delay time to the enemy.

| D1 | INITIAL DATA

; 1 6

! Cormand Gat Genar-

i General ate ¢
data repor

| /

i a

5 Gat

‘ crit- DATA Comman

' eria General

! D2 | CRITERIA

Figure 3.7 High Level DFD for Obstacle’Denial Operation.

At the second level of the DFD, the system estimates what obstacle denial
opcrations are required to get the required amount of delay time. [f more obstacles are
recessary, the svstem selects the additional targets to satisfy the commander’s

reqiirement. In order to select additional targets in this process, the systern needs

<onle aaditional data and the selection criteria as contained in the commander’s !
plimning pwdance. More detail about this sclection criteria will be described in the

nevt phase of developing the functional level DFD.  Atter selecting the additional

rarset, the svstem evaluates again the whole process. However, it mayv not be enough
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when all the designated targets in this segment have been selected. In this case, we go
to process 5 to extend the road segment to find a solution.
b. Develop the functional level DFD
At this point, the high level data flow diagram is expanded as done in the
river crossing operation through functional decomposition.

D1 | INITIAL DATA 02 | ADDITICHAL

DELAYTIME

Figure 3.8 Decomposed DFD of Estimate Necessity Process.

(1) Functional decomposition of Level 2: Estimate Necessity. In order to
estimate the necessity of an obstacle/denial operation, we first need to get data from
the user and the database. After getting the data, the system proceeds to search the
desiynated targets in this segment, As seen in Figure 3.8, in process 2-2, the system
ver:‘ies the intended targets and calculate the delay time.

In the final process at this level, the system evaluates the whole
operation based on the calculated delay time and the commander’s required delay time.
If the calculated delay time is not enough for satisfy the requirement, we have to
nrepare additional operation to satisfy it. Thus, the high level DI can be
furctiona!ly decomposed as shown in Figure 3.8.

{2) Functional decomposition of Level 3. Select Targer. As mentioned

hefore, at this stage, the system selects obstacle targets that will be denied or emplaced

36
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based on the commander’s selection criteria. Generally the criteria can be divided into
two parts: major criterion and minor criterion. Major criterion can be either minimum
number of targets or maximum number of targets, and minor criterion can be either

manimum recover time or minimum recover time.

—~
‘ TABLE 2
SAMPLE DATA FOR SELECTING TARGET PROCESS
| TNUM TYPE DELAY TIME RECOVER TIME
A BRG 1.5 H 10 H
B BRG 1.5 H 9 H
C BRG 0.6 H 4 H
| D BRG 0.5 H 5 H
|
l
v
|
D3 | CRITERIA D2 | ADOITIONAL
, DELAY TIME
|
!
!
|

Figure 3.9 Decomposed DFD of Select Target Process.

For example, when the commander has selected minimum number of

targets for the major criterion and minimum recover time for the minor criterion, the

37
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targets’ delay ana recover times are as shown in Table 2, and the commander’s required
delav time is 2 hours, the system will select the target B and C in process 3-2 of Figure
3.9. It can easily be verified that this combination indeed satisfies all the stated
conditions. Functions for other processes are as shown in Figure 3.9.

(3) Functional decomposition of Level 4. Extend Segment. If it's not
possible to satisfy the commander’s requirement when all designated targets in this
scement have been selected, we have to extend the segment bevond the end points to
find other targets. The result of this, if based on minimum possible extension of the
scyment will be recommended to the commander. In order to do this kind of
processing, data is needed from the initialization process to determine the direction of
the road that allows an extention since the other direction is presumably occupied by
the enemy forces. After determining the direction of road, the system can then search

for targets to satisty the requirement. Figure 3.10 shows this process and others as

il
Wil

D1 | INITIAL DATA D2 | ADDITIONAL
DELAY TIME

TTTT T T TN

direction

~

04 | CRITERIA DATA BASE

Figure 3.10 Decomposed DFD of Extend Segment Process.
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IV. SYSTEM DESIGN AND IMPLEMENTATION

A. OVERVIEW

The proposed svstem that [ trv to develop in this thesis is a Deciston Dupport
Dvstem(DSS). "The term decision support svstem refers to a class of svstems which
support the process of making decisions. Decision support svstem allows the decision
maker to retrieve data and test alternative solutions during the process of problem
solving” [Ref. 8: p. 368]. How are decisions made? The answer aflects the design of
computer based information systems to support the decision making process.

In the previous chapter. analvsis has just been completed. The functional
requirements of the desired svstem have been documented with a data flow diagram. a
Jata dictionary, and a set of algorithm descriptions. The time has come to consider
how to Jo it. and thus the system design process begins.

“The objective of svstem design is to produce an appropriate phvsical model of
the svstem, cailed svstem flowchart, within the context of a complete svstem and to
Jetermine how the svstem will be implemented. In the structured approach to systems
anaivsis and design, we begin by constructing the logical model. often using data flow
cdiagram as a tool. During svstem design. this logical model must be converted to

physical form” [Ref. 70 p. 326]. At first. we develop an appropriate svstem flowchart

that represents the overall svstem, and the database, which 1s one component of the
overall svstem, 1s designed. Finally, we will develop a set of specification for those
nrograms using Hierarchy plus Input Process Output{ HIPO) technique.

During the program design process, if we can determune what our minds do at a
given stage of any decision making process, we can easilv find in this program design a
scction that corresponds to an equivalent aspect of human intelligence. All the
clements that comprise the human decision making process - goals, facts. ruies,

inrerence mechanism., and pruning - must be collected in a computer program for it to

ce proper]y deseribed as possessing Artficial Intelligencet Al). {Ref. 10: p. 10]

B. DEVELOP THE SYSTEM FLOWCHART
[ this Section, T will wdentifv the individual phvsical components of the svstem,
Contents cf these black bex will be planned in the next section--database design and

rovraim design phase,
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1. Physical Components of the Svstem
In order to develop the system flowcehart, we first need to identify the phvsicai
components ¢f the svstem as shown in Table 3. The proposed svstem will access the
Jatabase through the Data Base Management SvstemyDBMS) and also wiil need initd
datx te process cach operatien. It il write a vanety of reports phase by phase of

. .
cach operation.

TABLE 3
PHYSICAL COMPONENTS OF THE SYSTEM |

Programs Manual procedures
Data entry Data collection
Initialization Making plan

ntelligent System
River crossing operation
Obstacle/Denial operation

Scftware Files Forms
D2MS Data Base Reports

A data enty program will maintain the database: to add data to the database,
te update data which is in the database, and to delete data from the database. A data
mitiailzation program will initialize the operation environment for each operation. and
wiil store 1t in the on-iine storage for later use. River crossing program and
obstacle denial program are the intelligent part of the proposed svstem that will
zenerate the report hased on the avatlable data in the system. Al techniques aliow the
construction of a pregram in which cach piece of the program represents a high!y
aadependent and 1dentiflable step toward the sotution of a problem or set of probiems,

2. System Flowchart

Asestern {iowehart 1s a traditicnal tooil for describing a phyvsical svstem. The

Dusic ided iy to provide a symbol to represent. at a black box level, each discrete

component

wentn the svstem - programs. files, forms, procedures, and <o on.
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A data flow diagram presents a rather abstract picture of the system. In
contrast, the svstem flowchart is more concrete. Specific programs or procedures
repiice the generalized process, and specific files or databases replace the data stores.
Givern the flowchart, it is possible to visualize how the system will be implemented.
The svstem flow diagram identifies each of the discrete components of the system. [or
rlanning purpose, these components can be attacked one at a time - the divide and
conquer approach. [Refl 12: p. 87]

The svstem flowchart of the proposed system graphicallv illustrates the
physical svstem. As shown in Figure 4.1, each symbol defines at the hlack box level
one of the discrete components thar make up this system, and the flowlines define the
lorical path through the system. Thus the svstem flowchart as shown in Figure 4.1 1s
generated, based on the physical components of the system and data flow diagram

Jevelaped in the previous chapter.

Data
| entry
: program
!
{
i
: Initiali- Initial
. zation DemMs
: programn data

{ —

| Intelligent Systenm

; River Cbstacle
| crossing Donial
} pProTman program
i

i

I

|

5

! Reports

Figure 4.1 System [Flowchart.
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C. DATABASE DESIGN
1. Overview

A< | measioned before, the proposed svstem nas a database as a part of the
physical components of the svstent  [n the proposed svstem. the Jdatabase is
mantained with data to sausiv the applcations for cach operationul environmient,
ramely river crossing operation and obstacle denial operation.

In order to accomplish our goal, two major tasks are accomplished during the
design of a database-oriented svstem. One task is to define the database structure, and

¢ other is to design the anplication programs. Designing the application programs
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he next section, program design.

Database design is an inwiuve process. Tvpically, 1t is an iterative precess.
During each iteration. the goal is 1o get closer to an acceptable design. Thus a design
is developed and then reviewed. Furthermore, the design process is divided into two
phaces.  [irst, the logicai structure of the database that is a DBMS-iniependent
dazabase Jdesign is develeped. Once the logical structure has been defined. 1t i«
transizrmed into phvsical form that conforms to the features of the DBMS to be used.
in this wav the logical structure is mapped into the data descripuion factlities provided
by the DBMS product.

Logical Database Design

a. Procedures for Logical Database Design )

The major steps in the logical design process are divided into [ive phases.

Fir<t. the data dictionarv is processed and the data to be stered is identified and
cgated. Next, the terms used for the data are to be clarified because there may be
hundreds or thousands of data items in the logical schema which is deveioped in the
next phase. The third step in the design process is to develop the logical schema by
Jdefining records and relationships. Records are delined by deternuning the data items
thev will contain. And the relationships between these records is to be determined in
this phase. The next step in iogical database design is to define the processing of the
Jatabuse. But this has alreadv been defined in the system analvsis phase. Here,

ot

Fowever, it will be defined in more detail for the program design phase. I mally, the
ogival s¢hiema and user views are examined in light of the requirements and program

escripticns. Te be edective, the design review must follow stringent guachines.
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From the result of these processes. the logical database records and
relationships amonyg them are generated as an output of the logical database design
process as oxpressed in the form of data flow diagrams and policy statements, and the
data dictonary wil become the input to the logieul databuse design.

b. Develop the Logical Dutabuse Records and Relutionships

A logical database design specifies the logical tormat of the database. The
records to ne identiled and maintained, their contents, and their relationshins are
specified.

{1y Logical database records.  1n this section, logical database records are
identified to satisfv the required operation and the contents of these records are
deiined.  The proposed system has 11 data records to accomplish the required
functions, as shown in Table 4. The contents cof these records, names ol [telds, and
their formats are specified. For example, River Object(RIV_OBIJ) record contains data
abeut all objects such as bridges and river crossing sites of a certain river. So
RIV_OBJ record should centain the name of river, location of the objects and tvpe of
object ete. Also, available equipment of each umiyUNITEQP) record represents how
many river crossing equipments are being equiped in each engineer unit. So it contains

the infermation about the unit name, the amount of equipments that are avaiiable {or

—

the operation, and so cn.
. (2) Relacionship kerween records. As stated several times already. the

essence of a Jdatabase is the representation of record relationships. These relatienships

are specified during logical design. Figure 4.2 shows relationships hetween previouasiv

detinz2d Jdata records.

As shown in Figure 4.2, several river crossing means can be opcrated

hY

e at the same crossing site and also different river crossing means can be operated at the

o ‘
WS averal oo ; i ; e herefar olat Wi e CTACC) Sreg

PN several ¢rossing sites simultaneousiv. Therefore the relationship between crossing sites

Cd

ML . . . . - r ~ -

'S and river crossing means is manv-te-many relationship (Refl 13:p. 1211 Morcover,

there mav not be any relationship between BRIDGLS and TARGETS because some
bridges can not be a target to deny, if there exist by-passes around the bridge or itits
easy 1o overcome, even when a bridge 1s blown up. Since a bridge can be on enlv one
road c¢r one river, there exists a one-to-one reictionship hetween BRIDGES and
RIV_OBJ or RD_OBI.
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TABLE 4
LOGICAL DATABASE RECORDS

RECORDS NAME . DESCRIPTION OF RECORDS

RIV_OBJS All ob3ec+s on the river such as bridges
and river crossing sites.

RD_03J All objects on the road such as tunnels, :
: bridges, minefields, and road craters.
TARGETS | Targets that are planned to deny or
emplace, |
3RIDGES . Characteristics of bridges.
TUNNELS g Characteristics of tunnels. ;
MINEFLDS ' Mine fields that are that are planned. ?
RDCRATER . Planned road crater on the road. !
CROSSITE Characteristics of the river. |
CRCSS=ZQr '~ Characteristics of the river crossing
egquipments.
UNITZQP | Available eguipment of engineer units.
ASSIGN 1 Status of unit assignment. ,

3. Physical Database Design 1
a. Physical Database Design Process
The second stage of database design, called physical design, is a stage of
transiormaticn.  The logicul schema is transtormed into the particular data constructs
that are avaiieble for the DBMS to use. Whereas the logical design is DBMS-

independent, the physical design is very much DBMS-dependent.

44

v AR Ty X IR
L] ., ‘F " ~ », T - w - ‘\’u‘
LY 'm"'::'\._-\'.n .A".A \ :'A .r Aﬂ:‘d\.& ﬁ‘} "..'.Mﬂn I xCn, M&hﬂ“um



t
RDCRATER BRIDGES CROSSITE (. i

RD_C8J TARGETS RIV_C8Y CRCSSEGP !

| b 4s

|

[

I 3

]

‘I TUNMELS MINEFLOS ASSIGN ] WHITEQP
I

i

|

L

Figure 4.2 Data Structure Diagram.

A database management system is a group or collection of programs that
gives the user access to a collection of information stored as data. In some type of
datubase svstems, a user writes the application programs in BASIC, C, Puscal,
FORTRANXN, or another high-level language. In other database systems such as
dBASE TIT Plus, the languages are part of the database management systems, and no
add:tional programming language is needed [Ref. 11: p. 3).

The proposed system is designed to be used in the division commands or
corps commands. During any kind of army operation, divisicn and the corps
corimands frequently move their command posts according to the operational situation
of cuch phase. Currently each division and corps commands of the Republic of Korea
Army already are equipped with micro-computers for the limited use of personnel
managenient and logistic management.

From this the proposed system can conveniently be implemented as a
micre-computer based system. Therefore, I think that dBASE III Plus is a good
selnotion for this system and [ so select it.

During the physical database design, two major specifications are produced
as un cutput of the physical database design process. First, the phvsical specilication
ct the logical schema «called physical schema is defined. This schema is a
trunsformation of the logical schema into the data modeling constructs available with a

partcular DBMS. Next, user views are defined. Since most users will need to view
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oniv a peruon of the database, the logical design must specifv what user groups will
view which pertions of the dutabase,
b. Develop the Physical Schema
(b Define the Fields and Kev. In this process, 1 will define the contents of
each record, the name and forma: of cach record field, the demains and the
constramnss, and also the xevs of the database records.

Let us look at database records RIV_OBJ and RD_OBJ that are
£ready Jdelined in the logical database design phuse. These records represent bridges
ard river-crossing-sites on the river or obstacles such as bridges, and tunnels on the
reau thut have been designated as targets. In the record TARGEIS, TNUM( Target
Number) or LOC are kevs for this record, because TNUM will identify a target. LOC
1s ¢ Kev when we find targets within certain segment of a road. Therefore records,
contenss of recerds can be defined as shewn in Table 3.

(2v Detine the Ficld Format and Domain.  Next, we define the format and
domuin of field value as shown in Table 6. In this table, LOC is represented by 2
alphabetc characters at the begining of the field value followed by 6 numeric digits.
Two alphabenc characters represent the name of a coordinate block. For example,
FO-NXXN-TD of TNUM represents the 1lth target of the 10th Corps. So "NXX©
represents the corps command and XX represents the diviston command.  The
ARMY, CORPS, DIV, BRGD. EBN, BCO, I'BCO of UNIT represent lield army,
corpe, division, brigade. engineer battalion, bridge company, and floaune bhridge
comnpany respectively, Furthermore, 1:2:2 of munetield density represents the denvny of
«nulanx mine fragment antuperson mine, and blast antiperson mine respectively.

i3y Detine the Constraines.  As the requirements are evaluated and the
CeNign process progresses. constraints on data mtems wili be identulied. These
constraints are imditations on the values that the duta in the dutabase can have. Three
wwpe of constraints are commen.  Tield constraints limit the vaiue that
iemr can have.  Iatrarecerd constraints imut values between felds within o given
record. And interrecord constraints himiut values between Selds o diflerent records
Rel 13 p o 179]0 Tuble 7 shows an example for interrecord construnts
D.  PROGRAM DESIGN

At this time the svetem Loweharss have Ust been completed and the phvsicd

COMPORenIy Maxing up e svsiem - programs, foes, forms, mnual procedures, and

entaiied How, speaficalivg shoud the svsem be apiemented

=t
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LA . ey . .
' CONTENTS OF RECORD
AN
N
N
\.-‘ — =~y rry=ey
Ny RECCRDS FIELDS FEY
b,
L
Y RIV_ORBJ LCC: Locaticn RNAME: River name Lcc
e OTYPE: Coject type
-.‘:'
- RD_CBJ LOC: Location RNUM: Road number Loc
.- © OTYPE: Okject tyre
o
1Ty
» TNUM: Target number LOC: Location ™UA
> . TARGETS TIYPE: Target type DTIME: Delay time LOC
v STATZ: Target state
&
;;5 LCC: location BNAME: Bridge name
Al BRICGES LENGTH: 3Brg. length WIDTH: Brg. width LZC
{7 . CLASS: Brg. capacity STATE: Brg. state
Y
S TUNNELS LCC: TLocation LENGTH: Tunn. length LCC
o WIDTH: Tunn. width HEIGHT: Tunn. height
.‘l( i
TNUM: Target number DENSITY: Density of |
MINEFLDS: FRONT: Front length mine field TNUM
© DPEPTH: Length from front to rear
fﬁ XDCRATZR TNUM: Target number WIDTH: Crater width TNUM
N, ' DEPTH: front to rear
. LOC: Locaticn WIDTH: River width |
J CROSSITE. DEZTH: River depth VELC: Watexr velocity LOC
o © CEST: Water cbstacles :
T
T
=0 MEANS: Type cf EQP. LENGTH: 1 set length
SO CROSSEQ? CLASS: Cabacity ATIVE: Assemble time | MEANS
- , NRAFT: Rafts/set
R n"r :
&
AN CWITEQP UNIT: Name of unit AFB: Foot bridge UNIT
iy LTR: Light raft M4T6: Float bridge .
W
-.',\
N 33SICN UNIT: Name of unit BELONG: Belong unit ;UNIT
"i\ CATE: Attached date
:;: hased on the syvstem fowchart, physical components of the svstem. and Juta flow
\'-:'
. -
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TABLE o
FIELD FORNMAT AND DOMAIN

TIZLD NAME TORMAT DOMAIN
RIV_ORBJ.LCC CT123456 . 2 characters + 6 digits
TARGET. TNUM 10-XXX-11 XXX or XX or X
ASSIGN.UNIT 22 DIV . ARMY, CCRPS, DIV, ERGD

EBN, BCC, FBCO
RIV_CBJ.0TYPE CHAR( 4) ‘ ERGE, SITE
VINZFLDS.DENSITY 1:2:3 Positive integer
RD_03J. OTYPE ; CHAR( 4) : BRGE, TUNN, OBST
TARGET. TTYPE | CHAR( 4) BRGE, MIMNE, TUNN, RDCR

TABLLE T
INTERRECORD CONSTRAINTS

RIV_OBJ. LOC subset of BRIDGES. LOC
CROSSITE. LOC
TARGETS. LCC
RD_0CBJ. LOC subset of TARGETS. LOC
SRIDGES. LCC
TUNNELS. LCC
TARGETS. TNUM subset of MINEFLDS. TNUM
RDCRATER. TNUM
UNITEQP. UNIT subset of ASSIGN.UNIT

dragrams?  Inthis section. specific phvsical components are idenutied. and ther
interrelationsiipe delined using the HiPO techniyue.

The first step in Jesigming the program is to draw a high-level hierarchy chart.
Avwe aready discussed i Chaprer 1L the propesed svstem has two operationa

ervisonInenis - river crossanyg and ohstacle demia! operations - and also needs database

T
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muanagement functions to add, delete, and update the data in the database. Thus this

svatem can be divided into two subsystems, river crossing and obstacle denial, and the
Jatubase management svstem will support these two subsvstems.
1. Subsystem 1 : River Crossing Operation
Based on the data flow diagram in Figure 3.1, a high-level hierarchy chart
showing the primary functions of the system for the river crossing operation is Jefined

as shown in Figure 4.3,

RIVER CROSSING
OPERATION

Gut Examine Examine Survey Gaenerato
Supporting Crossing
Data Necessity Possibility Units Capacity

Figure 4.3 High-level Hierarchy Chart of Subsystem 1.

This subsystem has five modules, Get Data, Examine Necessity, Examine
Posspiity, Survev the Supporting Units and Generate the Vehicle Crossing Capacity.
Ti.¢ River Crossing Operation subsystem begins with Process Get Data. By executing
this process, the system gets the initial data about the name of the nver crossing
cemniand, the name of the river to cross, and the river crossing area as represented by
the enerdinates. After executing this process, it returns the control to the main control
module, river crossing svstem. Next, the main control module transfers the control to
the Dxamine Necessity module which estimates the necessitv of the nver crossing
operatton. Then 1t is back to the main module, which invokes the next lower level
i duie and so on.

Bv itself, the initial hierarchy chart is not very useful because 1t is very general.
Therefore, we need to break down each function to a lower level of Jetail.  As

m.nt.oned before, the process is “nown as functional decomposition. [Ref. 7: p. 329]
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a. Module | : Examine Necessity

This module determines whether the river crossing operation is necessarv or
not. To perform this function, it invokes the Search Bridge function. First this
function performs a “join” operation with RIV_OBJ and BRIDGES relations and finds
the available bridges in this area with the given initial data. In order to {ind existing
bridoes in this area, the module determines the direction of the river. The coordinates
are two Jimensional value, but in the system we need only X-axis or Y-axis vaiue to
find the bnidges or crossing sites. Atter finding the available bridges, the module
myoxes the Venifv Bridge function to check the class of bridge and to estimate the
cupability of that bridge. It then calculates the required number of crossing sites based
cn this result. If there i1s no bridge available in this arca, then we nced to make one
bridee site and three raft sites in each area. But if there exist usable bridges and the
cliuss ol the bridges is over 45, then we don't have to make a bridge because heavy
eqopment such as tank can cross through this bridge. But if the class is between 20
and 43, then the system assumes that the capability of each bridge in this class is two
ures that of the rafts. Therefore, the required number of raft site will be reduced by
orne for each bridge in this class. Finally, the module estimates tie necessity of the
eperation based on the calculated crossing sites. Therefore we can decompose this

m-.Juie as shown in Figure 4.4,

Examine
Necessity
Saarch verify Calculatg
Bridges Bridges Crossing Sites

Join

Oparation

Figure 4.4 Decomposed Necessity Module.
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b. Module 2 : Examine Possibility
When the River Crossing Operation Subsystem gets control back from the
\Module 1 Examine Necessity, it invokes the next module, Examine Possibility, to see if
river Cressing operation is necessary from the result of Module !. This module

estinates the possibility of the river crossing operation, using the command’s engineer

a5 Seeet Crossing Sites, Unit EQPs, and Calculate Required Equipments are necded.
[ :r-7, tire module has to select the crossing sites of the database. To select crossing
<tes, the module first surveys all the crossing sites in this area, then sort them by width
of the niver, and finally selects the crossing sites that have minimum widths and also
wizh water velocity not over 2 mps(meter per second). The system has to consider the
amount of equipments available for this operation. To do this, it examines the
~arucipating engineer units from the database file called ASSIGN. After examining
these engineer units, the system surveys the available equipments of these unit from the
Jdarebhase file called UNITEQP. Next, the module calculates the equipments
regutrement for these sites. Before calculating equipments, the module has to estimate
the number of rafts per each raft site, which depends on the width of the river. Finally,
the module estimates the possibility by comparing the required equipments to the

avoneble equipments. Therefore we can decomposed this module as in Figure 4.8,

Examine |
Possibility |

Select Survey Calculate
Crossing Sites Units/EQPs Required EQPs i

Calculate
Rafts/site

Figure 4.5 Decomposed Possibility Module.
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c. Module 3 : Search Supporting Units
From the resuit of Module 2. the svstem searches avatlable supporting

s, 1 the niver crossing operation s impossible without cther engineer units’ support
and therr equpments. The svstem invokes this moduie to [ind the avaleble ergineer
untts and equipments. irst, the medule deternines the name of high-level commind
of the rver crossing command trom the Jdatabase file catled ASSIGN. Near the
meduaie Jetermunes which umts are assigned to the high-leve! command. and alter that,
1tdeternunas which engineer units are assigned to these units. Finailv it determines the
assigned engineer units and their equipments.

d. Module 4 : Generate Crossing Capacity

The svstem invoges this module to gererate the output to show how many
vehicles can cross the river every hour and when the comunand and its vehicles and
cquipments finish crossingrH-houry, In order to do this. the module cualculates how
manv trips are possihic per hour at cach crossing sites by raft and also calculizes the
assembiv ume for the ratts and floating bridzes. Based on these calculations, the
module generates the crossing capacity. Figure 4.6 shows the decompesed river
crossing operation subsistem. The detailed algorithmes are given in Appendiv A\,
which shows the Pseude Programming of the proposed svstem.
2. Subsystem 2 : Obhstacle/Denial Operation

We have already develeped the logical model of this svstem in Chaprer [H. In
This section, we cenvert the logical model of this svsrem to physical model. Thereicre
weocan develop a high-level hierurchy chart for this svstem based on the duta (low
diagrana and svstem tlowcenart as in Figure 4.7

This subdsystem has four functions, Get Data. Examine Necessitv, Seiect

Lirgsts, and Extend Segment of operational boundary. Further. this subsvstem begins

with ininal data about road number, segment of road and required amount of defav

Tme to prepare the next operation. This kind of data will be given to the subswvaem
tarcuch the Get Data module. After receiving the data, the subsvstem invekes the
[yunne Necessity module 1o estumate the necessitv of operation under the curren:
wtuanion. Inoerder to esumuate it, this module needs several furctions such as 8

S
Farzens tunction that finds the desvignated targets in the operational boundurv, Surves

[arget tuncuon winch survevs the unemplaced or undenied targets among the turgets
that are ddreads teund by the previous function. and Calcuiate Delav Tiane function,

Alterogetting che nning data, the obstucle dental operation invekes the Favaimine

I
to
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! River Crossing
‘ Operation
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]
Gat Examine Examine Survey Generate
| Supporting Crossing
Data Necessity Possibility Units/EQPs Capacity
!
~:':' Search Verify Calculate Trips Assemble Calculate
{-‘ . Crossing par Crossing
W I Bridge Bridge Sites Hour Time Capacity
: Join
| Cperation
j:", I Select Survey Calaulate
,).:1 Crossing Enginger Required '
y : Sites Units EQPs
i
-.:-. ? Calculate
o ; Rafts/Site
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N Figure 4.6 Decomposed River Crossing Operation Subsystem.
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Necessity module to estimate the necessity of the obstacle/denial operation in the
carrent situation.  Because if the delay time of the alreadv emplaced obstacles is
enotigh to satisfy the commander's required delay time, then we don't need to conduct
this operation ia this area. Therefore this module needs several functions such as
Sc:rch Target that searches the targets in the operational segment, Survey Target that
evamures the state of the targets, and Calculate Delay Time that calculates the time

and gencerares the output of this module.
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Figure 4.7 High Level Hierarchy Chart of Subsystem 2.

When the calculated delay time is not enough to satisfv the commander's
requirement, the system call to the next module Select Target becomes neces<arv. This
maodule selects the additional targets that will be emplaced as obstacles. At this time,
the commander’s selecting criteria to select the target as already discussed in the svstem
anitivsis phase 1s required when the available delay time in this segment is not enough
for the commander’s requirement, the system finally calls the Extend Segment module
in crder to extend the operational boundary for this operation. This module is also
functionally decomposed into several functions such as Determine Road Direction and
Scarch Target. The Determine Road Direction Function examines the direction of
road to extend the road segment. Although the coordinates are two dimensional value,
N-axis and Y-axis, we need only one dimensional value to extend the road segment and
scarch target. But sometimes we need both of X and Y value. From the result of
those medules, the system can be functionally decomposed as in Figure 4.8. Appendix
A ~hows a detailed algorithm of this system.

E.  SYSTEM IMPLEMENTATION

The structured system analysis and design for the proposed system have been
discuseed in the previous sections. Specifications for the programs have been written,
The tine has come to discuss the implementation of the proposed svstem, as the final
sten o the structured svstem analysis and design methodology.

[mplementation is simply the process of carrving out the specified design. It is

concerned with coding, documenting, and debugging the programs. In addition, during
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Figure 4.8 Decomposed Obstacle/Dcnial Subsystem.

implementation operating procedures are written. The need for training is an often

overlooked aspect of system implementation. Further, system test is conducted in this
step. [Refl 7ip. 100]

The object of structured programming is to generate programs that are easy to
understand, and hence easy to debug and maintain. The basic principie of structured
rregramming is akin to the mulitary strategy of divide and conquer. A program is
Aroken into small, independent single functional modules which are clear and easy to
tolws These modules are themselves composed of even smaller blocks, such as the
ceuence, decision, and repetition structures.

The niver crossing operation subsystem of the proposed svstem has been
anclemented inoa microcomputer using dBASE 11T Plus, as shown in Appendix B.
Ea b mocule of this svstem is coded by top-down implementation technique using the

frerarcnical chart that has been developed in the svstem design phase.
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N V. CONCLUSIONS AND RECOMNDMIENDATIONS
X A, CONCLUSIONS
;: The goals o this thesis were to maintain and analvze information related to the
4 Armiy Enginesr Operation, and to provide information teo the commander and his stails
. :nerder to support their Jdecision making process during the planning phase of an
(- engincer operauon
:j To develop this svetem, the author first described the operational concepts of the
v engineer <vstern under the combined arms team as the background of this svstem.
After that, the auther anaivzed the current svstem of the Korean Army Engineer
:: Operation o Jdefine the prebioms and defined the operational environments in order o
l: deternune e tunctons o this svstem to soive the problems. During the analvas and
; design rrocess of this svstem. the structured svstem analvsis and design methodole2v
and artsicnal antenigence technique were used. A more general ruic-bused svstem
\ ¢ has not oeen used tecause of the restricted time to do the thesis, the desire
N te sev and learn what apprepriate informatior and svstem may be needed, und the
r belier thut an operationul svstem necessarilv requires a complete re-de from cius
" carning C\:cr;cnco Finailv, the svstem was implemented as a prototvpe with the ’
- watent JBASE 11T Pius.
;{' Ihe (:‘g;nccr Upcru:ion Suppert SyvstemiEOSS) deternmunes the necessity and
= DessITHI of the engmneer operatons, river crossing and obstacie dental operations,
: durnng the pennang pha\‘c of an operation. The commander and stafl can save ther
-:E ceamien miukins e using the result of this svstem as an cutput. I addition, thn
_: ain ity of Jata and information related with engineer operation by using tiis
vwiem. To accomplish these objects, refevant data and information miust e
P auentuined accurateiv in the database file.
iarough the study of this syetem, the author achieved the primury godls o) this
:'.j stuey Pyocombining the knowledge ¢f armyv operations, speciticaily amv eronoer
. cperations, structured svstem analvsas and design methodology, and progcramiminy
; cronmigues, This svstem is the most useful (or the operations in the divicon and corps
:: conunands, but it can te wsed for the Neld Armyv Command or Armv Headooorers o
’ Che operiormianee of e svstem can be impreved and the amount of duta to pe s red s
- NeTTdased
- 2
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B.  RECOMDMENDATIONS

[ thus thesis, the author implemented the river crossing operation with dBASEH
I Plus as an example. But <BASE T Plus programs are stower than complied
srogzrams using C or Pascal. To improve the performance of this system, the svstem
~¢ rewritten in C or Puscal or somie other more power!ul logicai programnung

ke DProlog, and also the obstacie denial operation purt hus o be

annlementad in the futare. Furthermore, tactical situations such as the stuauons of

"l i

the riendiv and the enemv {orees, fire support plan, movement plan. cte., have to be

nciuded o othe tuture swudv oof this svsteny here in this svstemr only the engineer

environment of the comoined arms team has been considered.
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P APPENDIX A
_ ALGORITHMS
- 1. River Crossing Cperation Subsystem
- .
o a. Get Data Module
Input Cata
: MUNIT River crossing command
1 MRMNAME Name of river
& LEFT Coordinate of leftmost of the crossing site
3 MIDDLE Ccordinate of the center of the crossing s¢te
:_ RIGHT Coordinate of rightmost of the crossing sit
%! b. Examine Necessitv Module
**% Search available bridge in area A and B **%
. AREA = 'A', LOCL = LEfT, LOC2 = MIDDLE
K join witnh RIV 08J and BRIDGES to TEMP
.ﬁ for RIV_OBJ.OTYPE = 'BRGE', RIV_OBJ.RNAME = MRNAME
o i RIV_0BJ.LOC = 3RIDGES.LCC
¢ while .7T. do
>9 select 10C, BNAME, CLASS
"¢ frcw TEMP
I wnhere LOCl <= TEMP.LOC <= LOC2, TEMP.STATE = 'AVAIL'
L insert to TEMPL
St if AREA = ‘B' then exit loo
W else AREA = 'B', LOC1 = MIDDLE, LOC2 = RIGHT
N endif -
\4 end while
2 **% Calculate Crossing Site ***
- BRG =1 Brlag° site
. FAFT = 3 : Raft site -
o, AREA = 'A!
' while nect eof(TEl P)
e £ TEMP.CLASS >= 45 then BRG = BRG - 1
T 'se i TEMP.CLASS >= 23 then RAFT = RAFT - 2
I3 else RAFT = RAFT - 1
. endif
‘ °ndlf
end while
. if BRS <= 0 then BRG = 0
! endif
Y if RAFT <= 0 then RAFT = 0
]
‘}; *k* Es-imate Necessity ***
ol 2£ BRG > 9 or RAFT > C then
. “R ver Crossing Operation is Necessary"
) else "River C*0351ng Cperation is not necessary"
N endif
:: < Select Crossing Sites
Al *R* Celae tl“g Crossing Sites***
AN AREA = 'A', LOCl = LcFT, _0C2 = MIDDLE
- coin with RIV_OEJ and CROSSITE TC TEMP
for RIV_ ”5J OTYPE = 'SITE', RIV_CBJ.RNAME = MENAME
- RI7T_CB8J.L0C = CF2SSITE.LOC “
"_' Wil e N do
S hile not eof(TEMP)
- salact L7Z, WIDTH, VELC, OBST
- from TENP
-~ where LCCl «= TEMF.L2I <= LOCZ )
’ insert to TEMPL
erd wihile
2 3\
A

[ 4
-
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B sort TEMP1 with TEMPl.WIDTH(ascending order)

jc while not ecf(TEMPLl) or ( BRG <> Qand RAFT <> 0 )

QO select LOC, WILTH

e from  TEMPL

oo where mznimum WIDTH

3 VELO <= 2.0, OBST = ‘none'

insert to SELECTED

AN ERG = BRG - 1, RAFT = RAFT - 1

ARG end while

Roes 1f AREZ = '8' then exit loo

s else AREA = 'B', LOC1 = MIDDLE, LOC2 = RIGHT

' endif

AR end while
: ***% Survey Crganized Engineer Units and Equipments *#4*

v, join with AS3IGN AND UNITEQP to TEZMP

X se_ect UNIT, arB, LTR, M4To

T frem TEMP

|$< wnere TEMP.UNIT = MUNIT
- insert to TEMPL

K- wiiils nct eof (TEMP)

Y MAF3 = MAFB + AfB

MLIR = MLIR + LTR
. eI = MMaT6+ M4TO
\3 ené while
S **x Calculate Required Equipment *** _
T2, RAFB, RLIR, RM4T6 : Required amount of equipments
SR while not eof(SELECTED)
ol 1f MEANS = "BRGE" then
pape RM4T6 = Ri14T6 + SELECTED.WIDTH / 43.2

3 alse 1f ME&NS = “H.RaFT" then
i case WIDTH <= 100
. RM4Te = RM4T6 + 0.5
case 1C9 < WIDTH <= 200

T EM4T6 = RM4AT6 + 1.0

- - case 200 < WIDTH <= 300

e RM4T6 = RM4T6 + 1.5

¥ case 300 < WIDTH

RI147o6 = R!N4T6 + 2.0

G else (* MEANS = L.RAFT *)

. -, case WILDTIH <= 120

s RLTR = RLIR + 1

SN case 100 < WIDTH <= 200

A RLTR = RLTR + 2

v case 2C0 < WIDTH <= 300
A RLTR = RLTR + 3

) case 300 < WIDTH

Fad RLTR = RLIR + 4

X endif

Sty endif

o erd wille
- *%* Estimate Possibility #***

] if HMAFB < RAFB or MLTR < RLTR or MM4T6 < RM4Té then
P "Meed support frcm other engineer unit"
< else "River Crossing Operatior 1s possible”

S endif

o d. Surwvey Supporting Unit Module

o ~%% search MUNIT from ASSIGN ***

c: if found then HIGHER = aSSIGH.BELONG

*.;i seiect UNIT

srom AS5IGH

- where ASSIGH.EELAONG = HIGHER

Sl insert to TENP

[+ whille net eof(TEMP)

b7~ select UUIT

) from A55IGH

> wihiere TWHPLUNIT = ASSIGHN.BELONG
7 ins2rt to SUPPLRT
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end while

select UNIT, AFB, LTR, M4Te

from UNITEQP

where SUPPORT.UNIT = UNITEQP.UNIT
else "Tihare does not exist MUNIT"
end1f

Generate Crossing Capacity Module

HY.HRAFT : Number of heawvy wvehicle that can be crossed by
HV,3RGEI : llumber of heavy vehicle that can be crossed by
L7 LT : HNumber of ligihit velicle that can be crossed ty
LV.HRAFT : Number of light vehicle that can be crossed by
LV.BRGE : Number of licht vehicle that can be crossed by
H.TCTAL : Totai number oI heavy vehicle that are already
L.TOTAL : Total number of ligh{.vehicle that are alreacy
aT.HERAFT : Heavy rait assemble time

AaTl.BRGE : Bridge assemble time

AT.LTR : LTIR assemble time

L.HJOUR : Hours to cross light vehicle

HOUR : Heours to cross heavy vehicle

HOUR = 0, L.HOUR = O, LV.LTR = 0,

ZV.HRAFT 0, HV.BRGE 0, H.TCTAL
LV HRAFT 0, LV.BRGz 0, L.TOTRL
whilg HOUR <= AT.HRAFT or HOUR < AT.BRGE
if HOUR > AT.HRAFT then
HV.HRAFT = HV.ERAFT + (TRIPS * NUM.KRAFT )
H.TOTAL = H.TOTAL + HV.ERAFT
HAOUR = HOUR + 1
endif
end while
while H.TOTAL < H.VEH do
HY.HRAFT = HV.HRAFT + ( TRIPS * NUM.HRAFT )
EV.BRGE = HV.BRGE + ( 200 * NUM.BRGE )

0
0

H.TOT&AL H.TOTAL + HV.HRAFT + HV.BRGE
HOUR = HOUR + 1
end while

while AT.LTR >= L.HOUR do
L.TCTAL = LV.LIR
L.HOUR = L.HOUR + 1
end wnila

while L.TOTAL < L.VEH do
L{.ETB = LV.LTR + ( TRIPS * NUM.LIR )

LI HOUR <= L.HCUR then

LV.HERAFT = LV.HRAFT + § TRIPS * NUM.HRAFT * 2 )
LV.BRGE = L_V.BRGE + 200 * NUM.BRGE )
endif
Z.TOTAL = L.TOTAL + LV.LTR + LV.HRAFT + LV.BRGE
_L.HOUR = L.HCUR + 1
arnd while
1f L.HJUR >= Hour then FINISHING TIME = L.HCUR
alse FINISHING TIME = HOUR

(AN

h.raft
pridge
LTR
h.raft
bridge
crossed
crossed
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. Get Data Mcdul
Input Da:za
HRNTM @ Ro
FROM : Co

o4 : CO
R2OTIMNE : Re

TICON SUBSYSTEM

ad number

ordinate of starting point of road segment
ordinate ¢f ending point of road secgment
guired delay time

Z. Examine Necessitv Mcdule

**= Search planned targets in this segment of road ***

gt
soin W

®D_C
select TNUM, LO
from TEMT
where LCCL <=

- - oD
aszrt o IoviPL

1 RD_03J and TARGETS <o TEMP

for MENQM = RZ_OBJ.RNUM, RD_C2J.0T7PE = 'OBST'

8J.L3T = TARGETS.LOC

W
C. TTYPz, DTIME, STATE

TEMP.LOC <= LOC

~** Calculate Delay Time **%

SUM = 0

wnlie not eof(TEMP1)

if TEMPL.STATE = 'd

SUM = sU
end while

ne’ then
1

M + TEMPL.DTIME endif

**% Terimate Necessity ***

15 SUM >= RTINZ

else ADCTIME = R

then "Lon't need Additional Operation’
TIME - SUM, "Need Additioral Operat:icn!

¢. Select Tzrgets Xodule

e
C
P

ec :
sort TEMP1 witn
£ IYPc = 'ALL"

1 CRITEZRIA

while SUM < ADDTIME ¢cr no%t bof(TEMP)

select THLUM, LCC, TYPE, DTIME
from TEMPL

wnere STATE = ’Plan‘

s =

end while
else (f CRITERIA = MIN *)
while SUM < ADDTIME or not ecof (TEMP1)

se.ecC
from
where
s =
end wrile

else
while MORE = true
if CRITERIAZ = MAX then goto bottom
woile SUM < ADTTIME ¢cr net bof
s2.ect TNUM, L3C, TYPE, DTIME
Lran TEMPL
where STATE = 'plan', TYPE = Input target :type
SUil = §UM + DTIME
end while
else (< CRITERIA = IN *)
wiirle 5UM - ADDTIME cor not eof(TEMPL)
salect TIUM, L2Z TYPE, CTIME
frem TENPL
where STATL = ‘clan', TYPE = Input “arget type
SCM = 3UM o+ TTIME
encd whiie
endif
15 3UM -

: Zarget that you want to be denied
riteria : MaX. and MIN. number of targets
roper Target *7=

Delay Time(ascending order)
then

= MAX then go to the end of TEMP1

SUM + DTINE

t TNUM, LCC, TYPE, TTIIME
TEMPL
STATE = 'plan’

SuM + DTIME

a bt
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MCRE = true
else MCRE = folse
endif

end whlle

else DISFLAY OU JT

Extand Segment Mcdule

**x Datermins the [Cirection
aks é X¥.LO0C1 - ¥.LOC2

3 Road **~
abs v.LoCL - 7.LQC2 )

o)

o

A

.
a4l

0o

if &X > AY then ”Direction £ road : East to West®
else “"Direction of road : South to North" endif
~x Sear Ch 'rarg.:n—s K XK
if 23X » AY then
2f X.1L0Cl1 > X.LOCZ then
while SUM < ADDTIME or bof(TEMP)
select TNUM, LOC, TYPE, DTIME, STATE
from INDEXED TEMP
where Y LOC < X.LCcC2
SUM = SUM + DTIM
end while
else
hile SU11 < ADDTIME or eof(TEMP)
select TNUM, LOC, TYPE, DTIME, STATE
from INDEXED TEMP
where ®W.LOC > X.LOC2
SUN = SJM + DTIME

endif
eise 1if T.LC Cl > 7 LCC2 then
while SUM < ADDTIME or bof(TEMP)
select THUM, LOC, TYPE, DTIME, STATE
from INDEYED TEMP

nere  Y.,LOC < Y.LOC2
SI{E’I = SUM + DTIME

e while SUM < ADDTIME or eof(TEMP)
select THUM, LOC, TYPE, DTIME, STATE
from INDEXED TEMP
where Y.LOC > Y.LOC2
SUM = SUM + DTIME
end while

- endif
endif

PR A R T S ., - ,' "..‘_.
R R WY *"_*-",,«"_n"‘,,- ,,-",-"'" ..\. .J. ._*.J } '\. .
;
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APPENDIX B
PROGRANM LISTING OF THE RIVER CROSSING OPERATION

1. Main FProgranm

FEAS ENGINEEZR.PRG s
R T RN A A AR A AR AR T AR KR AR A A AR A AR A AR ARAAK AR RKARA XA RN AKRKARARNRARRRRA KRR A7 o
~ Module name : ENGINEER.PRG g
T Auth : Jang,_:hang Ki -
T Purpose : This 1s a Engineer Operation System tC support

= “he decision making during the Arrmy Engineer Cg- <
= eraticn. This module calls tne submodules of this™
= system to execute the whcle system. -
¥ Called by : Svstem start up (d33ASE III Plus) x
~ Calls : (IENUSCR, RIVER, CDEMNIAL, FMODIFY *
~ Variables =
= Glcrpal : OPIION : Holds the user's input option <
~ TCDATYT : Date of today *
B Local : nene *
AR AR R AR R T IR AR KA N RARNKARAAARARRARAAAARRAAARRARARRRAAA R ARR AR AR AR RNRR X
ittt il bh bt bbbl Close all open files
clear ali

B L L mmmemmmeaa --- Set working environmernt*
set talk off

set heading cff

sat safecy off

$23 status cff

R b L LR L P LR LR DRt it Define public wvariable
cublic TOCDAY, OPTION

storea sgace(l) to OFTICN

stcra datal; to I0DAY

TR i e e e e . e SN A . e o o e R e W T A WP = . m e S e e e S e e = e e >
Te-== This set:z up the CRASH.TXT file which reccords all actions so
T-=--- tnat 1f the system crashes the data base can be recreated.
T=--- This files 13 celeted 1f the system terminates normaily.

Temmmemeeme o --- Clear the screen and display the main menu

LUSCR

ier

sy ENGINEER OPERATION"
53

Y ioN®

ior G

say "R : RIVIR CROSSING OPERATIONY

say "2 ENZAL (C2S5TACZLE) QPERATION!

sy .

+
TA FILz I12C2
T

FROM RUNNINGY

CHE Y PO RGBT O Loty () i'l'&

COMOD HOTIVONINMNO LWLV
s

ctien (R, D, M, or ¥ to Exit ) : "

‘l<\(] b




T oA A

LoV e G b A i A () b e ) b o

o

SR ETIEY )
WO b ot £

scdule name

wl'sCs3e

clear all
guit
cise QFTICN = 'R
cd> RIVER
exit
case OPTION = 'D! .
do DENIAL
exit
case CZTICH = 'M!
do TMODIFY
exit o :
N L L L L L L LR DLl Error condition of user's option
c-herwise
320, 8 say space$18)
327,60 sav space(5:
221, 5 say spa:e262)
set color to R+
@21,2C say "ERROR MESSAGE---ILLEGAL OPTICN :"+OPTICHN
set color to W

endcase

--------------------- m=-rme-msscsccscsccece-------- End of loop
--------------------------- =s--=-------------- End of main loop
_________________ TND OF MAIN PROGRAM Z=====zz==sszs=s===xX

Called Dy

»

R
CIATY
Z
1
1Z.3

RN RS R P PO RN IR e U I R VRS A R RN s W)

G =30 st

RSPV Vol 1|

LN ¥y X

ol oot Ol ot i taMNIrOC IO

r{L
w

- 3,693
<2 24,77 double
zo 17,75
te 7, 4 dog?le
say spacze(ls)
2575577
to 20,45
€3y space{ld)
say replicate(chr(l7¢),28)
szy chr.17<)
say chr(l75)
3y cnrilio)
7 Chrilds)
v otrrll75)
©ozhrl75) .
car’l73)
coryl7a)
car(lisg)
chr 1755
chr(i73; .
crril74,
renlrlate(chrel72,,23}

-

w2

CPTION = 'X!

2?7 chr(7)

923,61 say "" get OPTION
©23,62 say space(l)

read

stcre upper(OPTION) to OPTION

MENUSCR , PR

MENUSCR.?RG *
Thls is a MENUSCR module of Engineer Operation *
system to format the screen. *
: ENGIIIEER *

)

34
—

L




m- U e aa a4 oA 4 ai. man aad sas ae he atd ead- it aaecabt it -uth it o eadinh diak Aaldiah it dak A TwawyTs® "W"—"W"‘ﬂ
L)

-
S 319, I sav chril7o)
R @ 2o, 2 say caryl’sy
O D020, 2 say car TR
O 3 22 2 say chr. 179
23 2 say r2zlilcateichr(l78}),7%)
@ 22 72 say cor il
221 75 say chr .03
322 7S eav oghrilic:
313 72 savocnoalT5
2 13 47 sav replizaze(chri{l7e),30)
2 L7, 73 = crhr i7e)
3 12,72 say chry T
& 1578 537 chroile)
3 14.76 siy carilis)
3 13,78 szy ocar(iich
1 C 33y chril75;
ER 33 chr(l7s)
ERB say chry178)
3 2, say chryi7s)
2 3,75 say chryl7s)
2 7 sav car(.75)
a5 say chri{l7s)
a 5 say replicate(chr(176),30)
319, say PINFORMATION!
327, zay ' DATE!
@ 22, cay UTIMEY
CZL, say tcday
220, say wimel(
rerur

v-:.—.::.::zz::::::::::::-_- END CF MENUSCR z=====z===z==c====zz==*

2. River Crossing Cperation Subsystem

~ Medules name : RIVER,PRG . *
* purgose : This is a River Crossin? Operation Support S{ - T
~ tem, this system controls the overall subsystem =
* cf this system. *
~ Called by : ENGINEER *
~ Calls : ME!NUSCR, GZTDATA, NECESSRC, POSSIBLE, SUPPCRT =
= GENERATE i
~ Jariables *
= Global : MUNIT, MRNAME, LEFT, RIGHT, MIDDLE, A_BRG, *
* 3_BRG, A_RAFT, B_RAFT, MAFB, MLTR, MM4T6, x
= RAFS, RLTR, RM47Th =
* TODAY : Date of today *

~ocal : ncne
A R AT R T AR A AN AR KA A IR R RARKAARA R RAFTRAARRAARAKRAAAARARRRAAKRARARARAKRA AKX

P

AL EEEE S m—emeoo-- Clear all open file

e L e R e e h Define the global wvariables
: Name of the river crossing command

Ylame ¢f tha river to cross

Ceordinate of left boundary of area

Cosrdinate of right boundary of area

MR IIDILE : Cocrdinate of center of crossing area
Tee--- a_BRCG, B_BRG : liumcer oI bridge sites in area A and

Te---- A_PAFT, 3_RAFT : llumfter of raft sites i1n area A and B

Te-am- MAEFTSMLTR,M4T6 @ Avallabkle amount of equipments

Teen-- R:ZFE RLTR,RM4TH : =megulred amount of equipments

T----- czcrsioy : User's dacisicn

cublic MOUIT, MRMAME, LEFT, RIGHT, MIDDLE, DECISICN, OPTION,;

63
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%; A_BRG, B_BRG, A_RAFT, B_RAFT, MAFB, MLIR, MM4T6, RAFB,;
L RITR, RM4T¢
- )  to MUNIT
?) to MRNAME
!
)

store spac to LEFT
stor2 spacs(8 to RIGHT
- store space(l) to NDPTICON, DECISION .
7o, store O to A_BRG, B5_BRG, A_RAFT, B_RAFT
£es sters 0 to MAFB, MLTR, MM4T6, RAFB, RLTR, RM4T6
) do while .T.
s Tmemomoeoo=- - Call GETDATA to define operational environment
b do GETDAT .
») if CFTION = 'X!
clear all
| recurn
- Nemma- smmeme—emmomme ---- Return to main menu of ENGINEER
S erdif .
b, Femoee memmmemamaa- ---- Call NECESSRS to estimate necessity
3% do NECESSRC
™ if OPTICQI = 'X!
2. clear all
exXit
e Fommemeeen- R L L L L memmme- -----=--- Back to the RIVER
oy endif . RUPR
[~ Reeececesmm o m oo Call POSSIBLE to estimate possibility
¥, do POSSIBLE
- 12 CPTICON = 'Y
o, do SUPPORT
o endif
< 1£ OPTION = '¥!
= clear all
L ex1t
o Frmemme e mee oo~ mesmee== semscsmemmomo— Back to the RIVER
s end:=f <
- Tes-oo-- bt Call GENERATE to estimate finishing time
o9 if CPTION = X!
. clear all
exXit 4
. Tee--- mmmmemeeooe- m-e--c----e-n------- Back to the RIVER
TN endif
. A kbbbt R ety end of loop
. n

o 3. 3e7 Tats Mcdule
N

!

\-' EE RS "v"*?frx‘(*i‘kx*k**************************************X***
ol e SETDATA .PRG FAXK
o [ '1."~-rvxer?.w*tw*r.xx**:«'-:'«*x*x******'kk**k*********k*****x**

© Mzdule name 3ZTDATALPRG _ . *
Unp T oFluirise 1s 15 a GETDATA module to define cperational 7

" N onments such as name of river crossing co- %
N - o -4, rame of r.ver, and river crossing area. *
- T Ta..el DY LUEE x
RS R et AR R A 'x;‘vvx-»’*i—x*xz*k#*'ﬁxk**xx***k*k***t‘:*kk*x***‘tk*,*':
"

'.-

N Tessessssssssmsesocococos- e------ Call MENUSCR to formating the screen )

«t
a'.‘o
-‘ .

:':" 2+
N 'x IV E®® CROS3SIUHG DPERATIONY" i
N . T s o
.c_"' P T R

ettt -
UTORNATION

(XA
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=

or ¢ G

I sav "RIVER CROSSING CCMMAND . ¢

say "MNAME COF RIVER TO CRCSs . *

say '"CI~-CRDINATZS OF RIVER CROSSING AREA"

11}
[ad
(9]

pep a s
VO UL B 2D

o)
2l
<l
21
’13 Say Ny ':‘:T:I
L3 say M
13,52 say I
< color to
21,33 sav tim2()
t cclor o R
23,18 say " 2ress anvy key tc RUN or Press 'X' to EXIT : "
23,52 say "' get OPTION
ad
or
C

Back to main menu of ENGINEER

3 3,43 say "' get MUNIT
read ,
s-cre upper{MUNIT) to MUNIT
2 11,43 say "' ge< MRNAME
read
store upper(MRNAME) to MRNAME
@ 15,27 say "' get LEFT
read )
store upper{(LZIFT) to LEFT
2 15,29 say ' get MIDDLE
r23d
store upper(MIDDLEZ) to MIDDLE
2 15,57 say "' get RIGHT
r2ad
store upper{RICGHT) to RIGHT
set cslor to P+
@ 1£,.3 say "Press 'C' change data or Press any key : "
s22 coler to W
2 15,82 say "' get OPTION
st>re Uppner(OPTION) to OPTION
1E 0PTIZHN < 0 C
exis

encéis

dca

23,82 say "' get OPTICN

cre up?er(O?TION) to CPTION
SFTIC = R

Back to main menu of ENGINEER

B L T
AN, *.’_".'r'\.l-.' 4" U
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. 4, Necessity Module
M
'\':
:‘:— e ~c W T T K Tk R MO T R R ok e T e 7R R o kSR e gk e R R R R ok KRR TR R R R R R R R AR R R e e e
- ke NECESSRC.PRG A
- e RO S R ¢ e e R RS K T R R R R R R TR 0 R TR R R ROR R R R OROR R R R R R e
* Module azame MEZCESSRCLERG ~
~ Purgos: Thls is a NUECESSRC module to estimate the nece- ~
< sci1ty of river crossing operaticn. *
~ Called by : RIVER -
= Zalls : ZAISTERG, CALCSITE -
~ Varisbles =
= _ccal ARE2X, LOCI. LCC2, ANEED, BMNEED, MX, MLINE, =
~ BRGESITE, RAFTEITE <
e R TR e e e g RR R R R R e K T R WD R o T RO SRk R TR ST R R R R R R R K Rk e e e e o e
Se--me-csccoos-ooooo -=s=---=------ Define <the local variables
: aPea of river crossing ogeration
LocC2 : Jcordinates of river Crossing area
‘ ED, EBIEED : Nacessity of operation for area A anc B
Sme-mee-- BRGESITE : Regulved number of bridge sites
Teeemm-o- RAFISITE : Rejuired number of raft sites
Feemme-w- NLINEZ : Zine control varilable for output
REEE LT T et : Pointer variable for data base files
store spac2(il) to ARZA
store sgaceid) to LICI, LOC2
store 1 o A_BEGI, B_3RGE !X
cTore 3 T A_RAFT. B_RAFT
stora T, to AMNEZD, ENZED
store £ %o BRIESITE, RAFISITE
sTore Al to ARIA
=7sre 7 to MLIUE
store LT to LOC:
stor2 MIZOLI to LoCe
Tesmmmso-- R R R e h bt -~---- L[efine the working area
seleCct A
w32 ZIV_03J index RIV_CBJ
select B
use 3RIDGES index BRIDGES
R e TEMP contains the all bridges in this river
Soin Wi IV _C2J to TENP for B-» LCC = A-> LOC .and.;
Y UAME = MRHAMEZ Iilelds 1CC, BNAMEZ, CLASS, STATE
ooy structure to TEHMPL
iz while .
------------ mw--------=-- Ca3ll existing bridge mcdule EXISTERG
TBRG wITH AREA, ANEED, BMEED, MLINE, MX
= 'g:
3 8
= A_BRC + B_BRG
= A_PATT = B_RAFT
72 = 2 .and. PAFISITE = 3
2 to &,52
_or t> R+
.7 "THERE I3 NO AVAILAELE EBRIDZZ IN THIS AREA"
; CLOr to W
er, 2
if .nco.  ANZED) .and. .not. (BLEEZ)
317,00 %2 23,3% doukie
2% cilor ts R-
% 13,15 sav URIVER CEOSSING OPERATION IS NCT HECESSARY'
$20 CLlOY T
else
A Z,17 me 13,87

S
L .
Bk gy

- = . - - .

R AR
A S

P R A P LA N P .
e a2 Bt i A i s s 2 B B B 2




set colcr to R+
3 14,20 say "REQUIRED NUMBER OF CROSSING SITES"
set color to W
3 .o.1%6 say “SITE"
& 16,31 say "A"
2 15.42 say "B"
= 15,%3 say "TOTALH
317,13 say rapiicate(=", §)
T 17.37 say replicate("=", 3)
2 17,41 =3y raplicata =t 3)
217,33 gar raplicate(t=", )
3 13,02 s3y 'RAFTH
212,321 say ltrim{str{(A_RAFT))
3 19,42 say ltrim(str(B_RAFI))
313755 53% 18rinletr(REFTSITE))
& 21,1¢ say "BRIDGE"
-~ -~ - - hl - - S
@ 21,31 say Llirim(str{i_ERG))
321,62 say _trim{str(B_3BRG))
@ 21,55 sav ltrimustr(ZRGESITE))
end:?
s2t Color te R+
& 23,14 say "Press any key to ccntinue or Press "X" to EXIT : *
3 22,84 sz " cet CETION
read
set color te W
store upperilrTICN) to CPTION

T Modulae name : EXISTERG.FRG ~
Y Furgeose : This 1s a sub-mocdule of NECESSRC *to examine the *

existing availaple pridges in tnhis area. *
: NECES3SRC -

-
R Y X N KA AR AN TR A A TN AT AR RAA R A A AR R AR TITXRARXNAXRRRARRARRAAARRTART A kX

: 0, P, Q, R, S, T, U V, W, %, Y, 2, A%, AY :

variables to represent location

Sheke) r{substr(L0OCl,1,2))
IEIRED bs:r(LCCl,3,322
> % vau’zunstr(LCCZ,3,3)
T = valfsubetr(lCCl,5,3)
U= ~isuzstryl0C2,5,3)
W= wral suzetr(LEFT,3,3) |
o= ovalosIi3triRIGHT,3,3))
T = va. sunstr LEIFT,6,3))

= "3l 'subsIr . RIGHT,5,3))

= abs W o- W

= z223.7 - 20

Pefine the working area

Py
Teee-e---- “s-=---=---=---~ Searchlng the available existing bridgs
M ——————-- TEMPL centains the availacle bridges

to P
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<

[4

L

g

i
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B .
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e e

S
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£d
L

Ay e S WY e, e e e e
'-.‘f ¢\f_-.‘--f'.{ \‘.("‘J'l_- 0
A R A

((T <= U .and. U <= V) .or.
select TEMPL

append blanx

repiace LCOC with TEMP->LOC,

CLASS with TWMP->CLASS,

(V <

U .and. U <= T))

BNAME with TEMP->BNAME, ;
STATE with TEMP->STATE

endif
case axX = AY
1f P =0 .and. STATE = ‘'AvaIl' .and.;
((T <= U .and. U <= V) .or. (V <=U .and. U <= T})
select TEMPL
append blank
replace LOC with TEMP->TCC, BMNAME with TEMP->BMNAME, :
1 CLASS with TWMP->CLASS, STATE with TEMP->STATE
else
if P =0 .and. STATE = 'A73IL' .and.;
<= R .ard. R <= S; .or. (S <= R .and. R <= Q))
seiect TEMPI
append zlanx '
replace LOC with TEMP->10C, BNAME with TEMP->BHNAME, ;
4if CLASS with TWMP->CLASS, STATE with TEMP->STATE
endi
endir
case AX > AY
if P = 0 .and. STATE = 'AVAIL' .and.; \
((% <= R .and. K <= S} r. (5 <= R .and., R <= 3;)
select TEMPL
append blank
replace 1L3C with TEMP->LOC, BNAME with TEMP->BNAME, ;
) CLASS with TWMP->CLASS, STATE with TEMP->STATE
endif
endzase
selact TEIMP
SKip
anddo
clcse zll
veTurn

[

Vo eab vipd G U ) L

W
O 73
eN
B oo
[

[SIEW

[

Ot 15 ofa D o

END

CaLCSITE.PRG

This 1s a sub-module of NEC
required number of crossing
NEZESSRC

= 7 .and. reccount() > 0
.24 to 3,%
zolor to R+

,28 sav "sVAILABLE BIDGES"
zoLlor to W

.16 say VAREA"

25 say "LOCATION"

.38 say "BRILGE NAME"
.34 say "CLaS3"

15 say repiicate('=" &)

.23 say replilcate("=", 3}

13 zay replicate(V=" 11

24 say replicace!'=", &,

0

R T S L

CF EXISTBRG.PRG

%
ESSRC to ca.culate the~
sites. 4
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. Possibility Molule

~ ¥odula name : PISSIBLE.PRG *

o

P Tnls 1s a POSSIBLE module to estimate the poss- ~
v ibility of river crossing cperation with organ- ~
- 1z=2d engineer units and their equipments. g
~ ZTalled by SIVER b
T Zlalls : SZLSITE, UNITEQPS, CALCEZPS *
= Varlzbles =
- Zocal : MCREATS, MORELTR, MOREN4TS _ =
RN XMARRNERAR AT R R RN QRN RN TR R R A TR XN ROK R TR R AR R R W KR KW N e e w

cas L. ~CF
327 ta.k oIt
T.gar

------- Sssmsssssecsse--co-----c--------- Define the local variables

D ------- --- MCREAFB . Lacx of AFB

Attatelataie ettty == MCRILTE Lack of LIR

EEEREREE T ----- MJREMaT6 : _ack of M4T5

Homommmmoem e --- MEED : 8colean variable

store 7.0 to MOREArF3, MTRELTR, MOREHM4TE

store LT, o NEED

Te-------- -——---- Cails SELSITE to select the river cressing sites
So fEZlSITE

S ADTTAY = o

Tmmese- s=--=-- Return to RIVER.PEG

---=--------- Calls UNITEQPS to examine the organized engineer

s -=------ units and their river crossing eguipments.
3o UNITEIIFS
& (.:fvatz = e

retfuln

R Return to RIVER.PRG

Temmm=m-- ----- Calls CALCEJPS %o calculate the required eguipmen®s

Trommmmomseoes Return %o RIVER.PRG

MLT:

ands

R

3.7 EQUIFPHENTS”
: %5

:f 4

-

ERE N 5)
1 5,43 i ;5
TO2L3S Y
R E’

T 2.3Z savost 2

T3 44 =z3v gt r.3,
32,33 sav st PECIRCIAY
317,24 sac ' EE EZ"
210,00 say sty RAaFBL L L)

il Y U OO G A W




S a1l ank otk 2k aou AUh o 4 o o o d e i e il A dh el el 2 Ah nad el G BB A 8 Bl Sal Bl lad Bl tal ANl
.

o

A

g @ 10,44 say str(RLTIR,3,1)
T @ 17,56 say str(RM4T6,3,1)
v @ 14,12 say "LACK!
N & 14,32 savy str(MOREAFB.3.1)
‘ 2 14,44 say str(MCRILIR,3,1)
3 14,59 say str(MOREIM4TS,3Z.1)
38T co.or to R+
1f NIED
, 3 13,17 say “NEED ADDITIONAL EQUIPMENT TO SUCCESS !'!'™
- 3 2.,1.4 say "Do ycu want to search supporting unit? (Y/N) ¢
w? 3 21,33 szy " ge: CPTICHN
7 read
store upper (CPTION) o JPTION
o CPTISH = vy
return
Te----- ----e+--------wa.--- Return to RIVER.PRG
, end:f
> else
317,13 say "WE HAVE ENOUGH EZUIFMEINTS 7O CONDUCT OPERATION"
endif
2 I3, ress anv xey %o continue or Fress X" to ZXIT "
set ¢
g8 I3,
read
stcre OPTION
recur
Xz=—T=====SS=E==sS==T= =D OF PCSSIBLE.PRG Z=======z=======x%*
R K A R AR K R A KKK R ARAR A AARKKRAARCRAAARAAARAARRARAKR KA RAAR AR R X TR N
TR SELSITE.PRG bl
. e R T R T AN AN AR AR AN A T XA XA TR ARAR ALK T KAXTRARKARKAARARRARA AR KA x> F
* Mocdule name : SELSITE.FRG ~ h
T Furgpose : This 1s a sub-module of POSSIBLE to select the =
- rier Crossing sites in each area A and B. =
T Tallad by : PCSSIBLE -
T lalls : IMNARZA, CHOOSING =
. T T A AR AR AR AR AT AR T AR A ARK R AN R AN AR AR AR RRARKRRARARF T RIN R R I TF ™
o sat talg off
- Jl2ar
» _se JR2I3ITE
- Copy structure to TEMP
Zooy osuruziuve to TIMP_A
kel cIyuIIure tc TIMP_B
ccoy ostracture to TEMP_C
use RIV_TEJ
: - |

------------ - TZMPl contalns the all crossing sites in this river
ey IMPl fcr OTYPE = '3ITE' .and. RIAIE = MRNAME

>

mesemssss--- R e ey Define the wcrking area

incex TEMPL

ITE :ndex CORSSITE
ton tz LOC into TEMPL

memeecs----~- Ccin with TENMPL and CROSSITE to TEMP
R R R L AR EEE RS TEIM? rcontains the characteristics of all
---------------- river Crossing sites 1n tiils river.
.nct. e
T oTero.
Lo, et
Leczw T
oend Dla
=l3ce L7 width with CROSSITE-~WIZTH
T CEEFTH °TH, VELS with CRCSSITE-VILD,:
CE5TAL BSTAC

' AR Y
P <
R . P

WS VWA PRI

I WY V)




v~
G-

~eeeee-a------- (Cglls CHOOSING to select the crossing sites
SING

(o]

n endis
select CROSSITE
SKLD
enddo
d clase all
: <-=--e-=--------- Calls INAREA to search the crossing sites
- fem-----=-------- 1n the river Crossing area.
N
P & 3,21 tc 5,%5¢
- ces co_.or to R+
- X 4,2% say “SELECTED TRCSSING SITES"
1% s2% celor o W
¥ 3@ 7,13 say "AREA"
3 7,22 say "L2CATION
@ 7,35 sav ““E‘"S”
¥ 3 7.4% say 'WIDAT!
X 2 7,55 say JVILOCITY"
X Z 3,12 say rep-_cau ("=, 4
1\ T 3,22 say *@pxlcﬂ- w8
P & 3,35 say replicate( =", 3)
‘o 2 3,45 say replicate("=", %)
2 3,55 say replicate(v=", 3)
close 13ll
L) ) -
co CHOO
3 22,14
223 56
a

- Z say ''Fress key to continue or Press '"X" to IXIT : "
) 22, say "' get CF
v o
3 szcra upper(OPTICH) to COFTION
, recv
A *ozrmZoISTz===Z===== =MD OF SELSITE.PRG SES==Tz=z=======™
“
’? AR T AN AR T R AR AR T AT AARRAARAAAT AR RRAARK AR AR AARRRARARRRRAAAA AR AR A AT ek x ™ x
- ok INAREZA.PRG TR
- R R T AR R R KA AT A AR AR AN AR ARA A RAR KA R AR AR AXTRARARARARARRK T A kv hoxxr
. * Mocdule name : INAREA.PRG N
T Purgos? : This 1s 2 sub-module of SELSITE to search the all~ .
K- = . river <rossing sites 1in river Crossing area. ¥
.. » Zalied by : SZL.-IE v
- T "lariac’les ~
~ = Zccal ¢ AREA, LOCL, locC2 -

D v-v'vV*fv—r*rr*xxx*rww#kr*rrt&xxx*xwkx***Kxx**xﬂﬂx*xxwxwxwwvxxxvwr
'\ clesr
J ) ¥ s
Teesmmmme - R D —-—--- - Define the local ~rariaties
. Temmeemmeo-- ------ aREA River crossing area, a cr B
b, me-c-mce--------- 10Cl, LOC2 : Coordinates oI the crcssing area
s :Zore space(l) to AREA
S ttcra goace{3) to L2C1, LCC2
¥ Efatel _IFT to LoCl
>~ store IDDLE Tz LOC2
. ITYCT D
" :tore A ts ARZA )
Temseemee—-- ---=-- TEMP contains all crossing sltes 1n the river
e TEMP_A contains all <rossing sites in are=a =~
; TEMPTB ccntains all Srossing sltes in area B
~ e
:4 TEXMP
\J
\4
, o
‘--
‘. znivre uzperisubstr(loCl, l,2)) te T
o D= valtsuzstreLoCi I3,
. 5% vaoosuDsty(LiTz, i 3
W I 0= rallsubstr ZIT1,5, 500
Vo= ralisunstrilCIZoe, 2
R - <
.
-
.I.
D
e
7
4 . .. « -l L .'.' .‘.'.- LN, .'."'."." " g
N A 'm":"f“ - B e e I e .r" »
! '\'.1-_. "\nr.’h.n‘.’h.‘r-\i-.-- L..‘hr.‘hl'_‘ .;--...h-._-xkx._\.'\-n. .l-nf
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--- G0 to the top of data file TZM?P

[

for ( T<=U .and. U«<=V

copy te TzNPL next =
¢ V<=U .and.

Cl—
A
" -
[
~

case &M = Al . L .
ccpy to TEMPL next 1 for ((I<sU .and. U=V ) r.:
o ( v<=U .and. Us=D50.and.;
<R .and. K ;o.or.
( S<=R .,ana. R« D)
case AX > AY .
copv o ITIMPL next 1 for ( Q<=R .and. R<=5 ) .or
- ( S<=R .and. R«<=7 "
te RIVEIR.ERG

)]
Ex¥a
-

- e =<
- : CHOCSING.PRG ] _ \ .
- . 1-1is s a sup-module cf SELSITZ to select the :
- IV crossing sites 1n area A and B.

- o3 TE ) A
" ° :‘-: kel
. sz21 ¢ ARIA, FBRGE, MRAFT, MLIIUE | o o :
- o T AT AR AR AT A R AR AT TH AN T T AR T A A XRRKAKRRKRARKA T CHY

the local wariables
wg ar=2a & ard B
si1.es
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MY

Memeemes-esececoccccere-c--me~o--------- Define the woriing area
s2l2zt L

.se SZlZCTED

s2_ec% 2

S--ss---se-c-se-a--c------- Select the bridce sites
b 2., .and, WIDTH »>= 1.0
1% s
s 2 <
s 3
c 2
i D
49 <
3 s
30 g
STLEC
sl3ank
Lo with TEMP_C->LCC, MEANS WITH YERGE'
WITH TEMI_C-7VELZ . WIDTH WITH TEMP_O- WIDTH
(EX .

ite can be heavy raft site

—-ah b
end1rf
= a " -
z=_ect TEMP_C
SKLp

alse
¢o wnzle ) .and. MRAFT > 0

e e meeeeececseeaemeeeeoeceoa-- Selact the raft sives

1f UE and. WIIZTHE »= 1.9
2 5 v AREA
2 > o- ey
P z L TV TS e
9 5 v UL.3ATT
3 4 v WIZTH
2 3 v
:3 i 5 .
2 ULINE 2D b
selact ZELECTE
appard tian
vesiace 07 with TIMP C-LCC, MEANS WITH "BRGE:

VILD WITH TENME _T-VEILCT, WIDTH WiTh TEMI _T-0WICZTH

.
~ s o
= MRAFT - 1

.
= = T Tar
E o= NLIVE +

_C->LCC, MERNS WITH "BRZE -
VEZLS, WIDTH WITH TE¥F_I- Wl

< TEN?_C

3 12 53y BREA

2 z2 sayv L2CA

3 16 say CHLRAFTY

32 4% sa7 WIDTH

3 49 33 e

3 35 say VELD

EI ¢ sa HESY

Celerts

TaTH

rAT = MRAF -~ 1

;




i AR AR A &

ik 3 s o N oA
DA Ex: oo 2oor. A_RAFT o> D
LoreT v A . . Y. ;o 1 -~
2 ULINE I3 sav replizatel -0 37
oS
ends’
SHITE L e L s
oo R S S A
z M — B3N

DIy
oIy,
f

.. ~ N
.. J = :_.‘:‘z.:‘u
. - PN
= = ST

sl S _noaol

)
N
[1 2]
[
13
'

carm o, ALAAC TS - .
ENT CE CHICSING.PRS
LSS AR A AR REE R R AL AE RS RS RS S ARl TR AR EE R R R R R e R R
oyt T T o= S < jalie .-
v o L Lz S . P2 23
R N A T Rk T ™ " N T KT AT T " mw s AR T T TN T rH T T KRR N AKX RRRCR Y A how A w €y * o
o ams L mtmemepe ama .
2uLe nane o JUITEDES.PRS
o~ . g s TP I 3 o Tor - - - .
irpose ¢ 18 15 A sub-mcdule of PUSSIELE to examine the
vy a 3 -y v e - e [P . I, >
SrTanlied engjinesr unlT oand hnelr eguiziments.
. p~fzro-co >
. R e
-
: MIINT . Iine control tvarlac.e -
: JMLINE 2 Line control variatile
R R T T T S e T SN S Ul U T P O U P

PR - . , - . 2 PR - . -
TIP centainc the all organozed enginesy units
B R tev - —— -y -~ very e -
o £e.1ds UNIT fpr sETlIN HUNIT
‘-'Y.
-~ - . -t a
- e e m s m e e E e, e e e, — e, = .- ——- - ..Efln‘.‘ *he WCrKLing area
~- M -
<t oA
TIE
- o
SR
g ; m~m Ty T
mLra AL index EQraVAIL
- .r - - } - -~ - LYY - N -
Smemmmese-ss--e-- TENFL contalns the craanized engineer units
3 s 2
Teoo-soos-oo------ ARG LRALY eNUIDmEnIS,
s T T Bt v
ror Z-. UNIT = oa- UNIT
TIL Tl
—aln S X
- -~ [
Ie Tz TRt
e
Loyt
: LT Ver e mce mprerarmpe v s CAtrr o
c2ogav RTTAZHED ZNGINEZEs UHITS EQUIEMENTS
T ‘
M
e
- 7
St s




oy q “aas mbe abe mae A P -

PR

) 212,85 say
h 3105 say v
n SO while .nect.
X ERY
0y 3

E

-
\J
\.
-~.
R
.
- -
'c,, 2
-~ o~ [P
2 2.3 say "I2TAL
B P : z o -
. 3 5.3% say sItriMar3, 3, 1)
: 3 T 43 ]
D E 3,45 say str 3,1)
- 3 3 24 Yo 3
. R 3,22 S3y st J300)
-~ e < R+
B ST ', - rw— ;
<. E 1y 'Tress any K2y to continue or Press X! te EXIT ¢
/:. 39 oW
» 3 toget COPTICH
e
- - N T -
i 2r (CFTIONY teo CPTICOH
.4 -
- -
H o - ——— . — - ———— — - = IIDTTCATEC T e am e e o - - - ——— — -
>  r~==z==szz==zs=s===s=== ENZ OF UBITEQPS.PRG ~  ======== ==z=z==== -
N
\_.
-t ST . . . T . L . . . .
{. T T AR TR TR AR XL AR RT A ARTAACHANRRAACXAAAAARARARAATRARAR R KRR TR YRR >N R ™R
. . ; .-
: T CALZTE PS . PRG hl
T T T A RN R T N AT K TR TN AR T AT AT R AR AN AT AN AXNCR R AFARXAN A A RAXNA KRR ARR TR « v v
y T Mcdule narme o CTALCIUPS.ERG >
L wTT - Pt Tl T - . .
ru¥gpose : This 1s 3 sub-module of PUSSIBLE to calculate the
) ragulred amcuni oI eguipnmentis.elr s2gulgments. =
- ed v : rC351I3LE ) 9
- &z le ~
- Zzcal : RAFTS <
A W KT T R AT AR AN T AR AT AT KRR AA X AT AR TAARARKKAAKARARRA T AR A KR CRAR R >

vl

4 Uy

: Mumber of rafts 3t each raft sites

3%
as
ool
/ 42.2
1
RAFTIS = 1
case 1020 0 WIDTH .and, WICTH <= 279
RAFTS = 2
c3ase 270 - WIZTH .and, WIDTH -= 2720
. RAFTS = 2
- case ZJ. < WIZTH
- RAFT = 4
o enicase
Wb Lf MEANS = H.RAFTH
" rMaTZ = EMeT:Z + RATTS /
ot RLTR = ZLTR + RAFTS -
-, 1
: o oF c LCEQ?S_?RG ——z====zxzz======="%*

{

Js)‘._'". '\




T W TT g e e

g L . aan 0 aa aae aae. ohe sk st oibh-add-a bl ARV olias i o dad

0z
O
0.
s
o
17

TR AR TR L TR R KRR T RR XA TR KR RAR T TCH XX W RN R ROK R R * 2 dr o v
RL] ~ o - " = - - o
SUPPORT.PFPRG l

A A R AKX XXM RA TN LR T AN TXHIAL > P X F AR RCH TN IR AR IR ™™ e -

122 name : SUFPIRTLERG ~
z! 2 - : . .
cs2 : This 1< a 3SUPPORT module to examine avallable
suggorting engineer units and their egulpments.,  ”
S L R abs . -
el HE NP -
aoles -
L5Tal @ 3SATE, SLTR, sSM4Té, HIGHEER, MLINE =
M SFAFR, SELTR, S5MATE "
N e e R R R R & e R R T e ke KRR R K e e e o e e e
clear
527 taln of: ‘
Teeseemo-t--me-emee-e---acc--e-a-------- Tefine the local var.akles
Ye---------------- 31F3.35ATB : Lack of AF3
Ye-ee--m--me------ S1TR 3SLTR 2 of LTR
Te-oso-me-mee----- SN15T5.53M4T6 £ Me75
Teeemme-csmmee---- HIGHER 1 £ igher command
S---mmsss-------- MITHE centrcl varzacle

SSLTR, SSM4T6

ct ot gt
(DS NS)
oW
[SARVI AN}

A LU

Smmmmmseemee—eeeeememeeece-c-e---------- Define the working area
2207 1
N .$2 LSSIGH inZex A3SIGH
v sel=2ct 2
3 - TR
w 32 ILTAVALL
o ::-'c.—} L35I
il N TEIe
" o . .-
Pt -
b -

*

Ay 4, &

{
LSS

[

1

1

[

[

]

1

[}

[

'

1

[

1

TEM? ccntains the all unlts that assigned

Whlder

nizher ccmmand,

z
<. S T m L e e~y R ISR
tlelas UULT foy BRELOUSG = .anc., UUHIT O MUNLT

.
e .o e .
~----=------= AILZNG ccontains the all engireer units
§ [, ~ v 3
1s_2assicred nighar ommand.
2RI AT UTECIL ATV
CEMP-UNIT = ASSIGH-»BELTNG:
.
“x
o
—
[ N T
= PR TR e o - RN A - - +
ENZONIT contains the all enginser unit
----- S o - - " Aa v - - -~
ni egulnrents under higher command.
o - pe e - <~ ST TMIm L CMTT 2 AT oaUTNTT o rmryre
T bl Leswidlai ZCr0 ALLZUD CIIT = EZravall- UHIT;
z A o
- fo R Y e
PO
Pl
LT - - e s <
Lole z = SNITs AND
T4
LTS
3o
$.z3
. et 41’
S

o2 L7 zater =" 7

T Lt Tate =

LT as zate’ >

o ~ - o .

2 csl=2 =, %
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U VT VR T R R P Oy g T W T T s s e me e e e

Ry
fas
L .-_'
N0 . Gernarate Mcdule
b
o
) T T o X AR KT T ART T IR AR A AXRAARARARAARAXRARIAAARRRRHARR TR A K E R &Rk *
Tres GENERATE.PRG i
I\.“- B T T T e R R T X AT A R AR A A XA AR KA T KARITRANARAARKAXNRATRRAKRRRRARN AR KRR AR =K
W name @ GENERATEILPRG ‘ o *
Y : Thls 1s a GENERATE module to estimate the fini-
. st.ing time oI river crossing operaticn.

[oXS ConLien

TXIPRAFT, CALCATHM

oczl @ HV_HRAFT, EV_ERGE, LV_LTR, LV_HRAFT, LV_3RGE,
- HV_TOTAL, LV_TOTAL, AT HRAFT, AT_2RGE, aT_LIR,
- HV_HOUR, LV_ACUR, HOUR, NOHRAFT, NOBRGE, NOLTR,
< TRIPS, Y_VEX, L_VEl

R R e R R R oA Rk R R YRR KRR YRR R OR A R R R OR R R sk R R R ok R R R R R R R R R e R R R o e ke R R e

A4k Ak 4 A A

4

-------------- ss-=-=s---w---w---w----- Define the local wvariables
AZT : Number of heavy wehilicles crossed HV.ract
: Numpber of heavy veiicles crossed b ridge
lumber of light vehicles crossad by LTRZg2
HRAT Number of light wvehicles crossed HV.raZt
Hurber of 1ight wvehizles crossad by bricdge

[N

<

v
&

oo

_ignt vehicle crossing tinme

Heavy cr light wehicle crossing time
: dumber of heavy rarts

: Number c¢f bridges

: umber of LTR

v
- IOTAL @ Total number c¢f crossed heavy vehicles
< T2TAL Iotal number of cross=d light wvahicles
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