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ABSTRACT

-In the current circumstances of the Korean Army. the engineer units perform two

major missions - river crossing and obstacle denial operations - to support the

combined arms team. To accomplish these missions, engineer units need various kinds

of data and information during the planning phase of operations. This kind of data

and information can be provided by the information processing system that is to be

developed in this thesis.

This thesis is to apply a computer based information processing system to the

planning phase of the military operations. The author presents an intelligent decision

support system for the Arm Engineer Operations, specifically the river crossing and
P ,obstacle denial operations. The purpose of this system is to maintain and analyze the

related information stored in the computer and to provide the resulting information to

-the cormnanders and their staffs to help them make their decisions more effectively.

To accomplish this task, the author has used the structured svstem analysis and design

methodology through the system development process, and has implemented the river

crossing operation in a microcomputer with dBASE III Plus as an example.
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I. INTRODUCTION

In modern society, a great deal of information is disseminated in our daily life

through t-e news media such as newspaper, magazine, and television or radio

broadcastine. We need information for various purposes. However, it is hard to get

the desired information. particularly at the time when we need it. Moreover, it is

impossible to remember all of the information that we have ever received. Fortunately.

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 advantace.

Information processing is a major activity in today's society. A significant part

of an individuai's working and personal time is spent recording, searching for, and

absorbine information. Thus, computers have become an essential part of the

individual or organizational information processing, The current challenge is how to

-ain the maximum benefits with the use of the computers in different activities.

including managerial tasks and decision making.

The ancient Chinese strategist Sonja said in war, 'We can win 100 times in 100
!'d bttIeS if we hav'e all the in formation about our enemy and ourselves." This exemplifies

the importance of information for military operations. For example, during World
War II, the combined forces made the turning point in the European front with the

Normandy Landing Operations. At that time. Hitler and his staff had not enough

information about the combined allied forces. They believed that the allied forces
would land at the coast of Pas De Calais in France because Pas De Calais is the

nearest coastal area from England and they thought that the combined allied forces

have not enough troops, fleets and aircrafts. But the combined forces had enough

zroop. ileets and aircrafts for the landing operations. They also had enough

inforrnation about the terrain of the alternative landing area and the enemvs course of

action. They succeeded because they conducted the ianding operation at the

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

and a weak de~ene along the coast of Normandy.

In the modern military situations. we need various kinds of information when we

prepare an operation. Information about the capability of the enemy and the friendly

.11
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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

analysis 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

system to the army engineer operation in a militare operation. Two major engineer

cpera:ions, river crossing operation and obstacle denial operation, are analyzed in

detail. During the engineer operations. a commander and his staff have to analyze a

lar.e amount of information related to the operations within a very limited amount of

time. In the proposed system of this thesis, in!ormation and data wiil be stored in the

corputer for consistency, accuracy and ease of access. Furthermore. to nelp 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 my

thesis is to develop a microcomputer-based intelligence decision support system to

increase the operational capability of the commanders and staffs.

A decision support systern(DSS) is a coherent system of computer based

technology 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 systems are a type of decision support system

th.it inkorporate the knowledge base and heuristics of an expert with a flexible interface

o that even a novice can use the system to solve problems. The primary requirements

of decson support for intelligence is the ability to search the database for

opprzur.it:es and problems. In order to design a DSS, the designer must understand

the .- e's af decision making for each situation.

(i.,1ter II discusses the background which relates to the military operation.

": ,"c ,i., :he army engineer operation concepts in various situations. In Chapter III,

. t dius the system analysis and requirements. Problem definition, description

.. - c\,t-., v,,em. and reouirements specification are done in this chapter. In

Q.c ',v.ll de%,cp the high level data flow diagram and functional decomposition

S.cc. . :n:del. In Chapter IV. we discuss the system design process and the

. " the propowd sstem. Finally, in Chapter V. conclusions and
:c :.:r. . ... J',., ar presenited.
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II. BACKGROUND

A. ARMY OPERATION CONCEPTS

I. Introduction

The goal of all operations is to destroy or hold off the opposing force. At the

:oundation of the Army's operations are the principles of war and their application to

classical and modern wariare. An army unit will conduct all types 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. It will maintain

the agility necessary to shift forces and fires to be directed to the enemvs weak sides.

To achieve its goal. an armv'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 suflicientiv

flexible to respond to changes or to capitalize on fleeting opportunities to exert

maximum damage to the enemy.

2. Offensive Operations

The nfiilitarv operation is divided into two large groups: offensive operations

and defensive operations. Offensive operations are characterized by ageressive

:niiiatives 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

de-troying the enemy's figh:ing force is the only sure way of winning, offensive

operations are primarily intended to destroy the enemy's forces. However. it is not

ncce,,sarv to defeat ever.' enemy combat formation to win. Attacks that avoid the

enemv"s main strength but shatter the will of the opposing army or to reduce its

fghting capability are the fastest and the cheapest way of winning. Offensive

operations also have secondary purposes. ail of which contribute to destroying the

-,m v. Elerrents of large attacking forces may undertake offensive operations

&'cc!ia' to secure key or decisive terrain because it has a serious effect to a combat

N.IUAI)n. and as we know, the situation of resources has in the past determined the

* 11

4



outcomes of many wars. Therefore to deprive the enemy of' resources is one of the

purpose of offensive operations. In addition we can gain information about the

enemys current sizuation through offensive operations. And we can deceive and divert

the enem s attentions to irrelevant or unimportant matters. Also we can hold the
eneny in position during the preparation of an offensive operation to aow us to

a.ttack the enemy from other directions. All of these. plus others, serve as objectives of

oftlensive operations. [Ref. 1: p. S-41

S. Defensive Operations

Whether an offInsive operation is a success or a failure, we have to prepare

defensive operations afterward because they are important to retain the 2ain of the

offensive operations and to prepare the next phase of an offensive operation. Some

niilitary theorists think defense is the stronger form of war because denving the

enemv's success goes before achieving our own success. Indeed, the defenders have

sionificant advantages over the attackers. In most cases they not only know the

ground better, but having occupied it first, have strengthened their position. Therefore

* we conduct defensive onerations to achieve several purposes. Throughout a defensiVe

oeration,. a defender can block an enemy's attack and concentrate forces elsewhere to

attack enemys weak points while holding up the enemy forces in front of his defense

position. F-urther he can control the key terrain to the advantage of the defensive or

cffensi',e operations on his side . Besides, it also take more offensive power to

- overcome a defense: thus his defensive operation generally can tie down more o! the

." ,ene..v's manpower. [Ref. 1: p. 10-3]

Sequence of Commander and Staff Actions

The sequence of actions in making and executing a decision involves a series

of scparate actions or steps. As shown in Figure 2.1. a higher headquarters normally

assigns t!he ndssion to the subordinate units, but the conmander of a uniz usual!,-N-

develops or expands the mission. The conmmander may initiate iis mission analysis at

this point. AFter that his staff provides the connander the available rclevant
i.f'orm:ition. Based on this information, the commander completos his mission analv is

:ind issues his planning guidance to hi- staff The purpose of the mission anal\sis is to

insure that the commander fbll understands his mission and to allow him to develop

those ta,N-s that are essential to the accomplishment of the mission. At this time, the

comma1,ndcr nor.-mali includes in his initial guidance the mission restated appropriatclv
ceter-Lined bv his mission anaI.sis Ref' 2-5: p. 5-13'.

12
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STFACTI COMER T ]

1

Mtission Received

Z3
Information +to

commander and
staff actions 3

Mission analys is

4 planning guidance

prcp"rthi staff esmatei

f t
caf eoersstimate

rccar;'~~~~~~ mending~~~ thnci nct a h om a d r s o l d n ta e occo pishhesi n

At~cr rentnthreomnaintec omman osder's teco mmedaton

7

of plans/orders

p fans/orders

SSupervision

~Figure 2.1 Sequence of'Commander and Staff Actions.

Based on the restated mission and planning guidance received, the

coordinating staff officers who may alo prepare their own estimates when required,

~prepare their staff estimates with the assistance of the special officers. in, turn, tie

con~rdinaing staff offcers present their final estimates to the commander,
%' reCor~iniending the actions that the commander should take to accomplish the mission.

\lter presenting the recommendation, the commander considers the recommendations

13
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of his stanf, conpletes his own estimate. and announces his final decision. Following

the decision statement, the commander may provide the staff 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 understanding of the commander's decision and the

concept of the operation. the staff members determine the actions, including the

preparation of' plans or orders required by the command to carry the operation to a

success',al completion. Normally the stafr submits plans and orders to the commander

for approva! before they are published as pians or orders. After publishing and

distributing plans or orders to the surbodinate units, the command's and sta's

s:pervision of the execution of orders is a continuous action. Therefore. whenever a

conmander receives the mission from his higher headquarters, a plan or order is

generated by a sequence of"comnander and staff actions.

B. ENGINEER SYSTEMS IN THE ARMY

Today more than ever before, the engineer units play a critical role as a member

o! the combined arms team and they fight as an integral part of it. As movement and

inte:sitv on the battle fi:,d increase, the requirement to reinforce a position

comn pementing the natural terrain increases, The engineer brings to the combined

arms team a terrainr-oriented system that enhances the capability of' our wveaponi

systems while decreasing the effectiveness of the enemy's weapons. The idea is to

empiov the engineer unit as far forward as possible with the fighting units.

1. Organization of Engineer Systems

In the Republic of Korea Army(ROKA), the engineer systems are organized

under the Division, Corps and Field Army Commands. But each level of'comnand has

a dfferent type of engineer units and their missions, capabilities, and equipments are a

littie bit different from each other. An engineer unit divides into division engineer.

corps engineer, and field army engineer.

a. Division Engineer

Each inf',ntry and mechanized infantrn division has an original engineer
hatta,on. A division engineer batalion consists of a Headquarters and a I leadquarter

CompanI(HC,. three combat engineer companies, and a bridge company as shown in

* Figzure 2.2. The I1lIC is crganized into the normal staff sections and an equipment

platocn. Generally: each conbat engineer company has 5 ollicers and 14-4 enlisted men

organized into a Compan:: Ileadquarters(lHQ) and three platoons. The bridge

14
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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 IIQ. The heavy raft

sections have a M4T6 float bridge which is a river crossing equipment to move across

the heavy combat equipments such as tanks and armored vehicles by bridging or

ral'ting. The mission of the division engineer battalion is to increase the combat

efTectiveness of the division, and to carry out an infantry mission when required by the

division commander [Ref. 3: p. B-8].

Engineer
Battalion

-Tr-1

Bridge
Ercorwany

En~gineer
Cowpany

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

end 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

15
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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.

xm Engineer
Brigade

LI I" [Zi
Parel Floating
Brioge Bridge

Engineor
Battalion

Figure 2.3 Organization of Corps Engineer.

A battalion consists of HHC and four line companies. The [IHC 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

line company consists of 5 officers and 139 enlisted men organized into a company IIQ

anJ three platoons. Each battalion has the same organization as a division 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

enineer 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

enineer company organized under an engineer brigade or corps command [Ref. 3: p.

B -1S.
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c. Field Army Engineer

Each Field Army Command in the ROKA has two to four corps

conmmands. and they also have engineer units, called field engineer groups. An

engineer group is similar to an engineer brigade but it's a little bit smaller.

An engineer group consists of three to four engineer battalions and a light

eCquipment company, a panel bridge company, a dump truck company, and a floating

bidge company. Each battalion is organized into an HI-IC and three engineer

ccirpanies. Each engineer company consists of 6 offlicers and 186 enlisted men

organized into a company HQ, a horizontal construction platoon, and two general

construction platoons. [Ref. 3: p. B-161

The mission of an engineer group is to construct and rehabilitate roads,

airfields, pipeline system, structures, and utilities for the Army and Air force, to assist

in ernergency re,:overv operations, to increase the combat effectiveness of the division,

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

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

The capability of an engineer group includes the construction or

rehabiliation of routes of communications, bridges, forward tactical and forward cargo

airfields and heliports. and to provide limited reconstruction of railroads. railroad

bridges, and ports of the corps rear area.

2. Objectives of Engineer Systems

In any kind of army operations. an army must contain its the engineer system

the skills and equipment to provide mobility and survivability to friendly forces,

counter moblity to the enemy, and to accomplish general engineering work to friendiv

iorces. [Ref. 3" p. 2-2 - 2-61

a. Mobility

In modern battle fields, to be more effective than our enemy, we must

mo',e into and out of battle positions faster than our enemy. Mobility is achieved

tfircu.h reducing or negating the effects of existing obstacles to facilitate the

e-i;cnent of maneuver fire units and critical supplies. Thus, the eneineers work

:k,ue breachin the obstacles created by the enemys counter actions such as

';, :nne:id..&, road craters. nd ditches, 1y usng their organized equipments to make

.iuick bk as around them when its not po.,sile to breach the obstacles, and bridging

tre sa's wvith their equipmet or with tinber that can be obtained around the battle
i tild
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b. Counter Mobility

The enemy will try to improve the advance of fire power and maneuver

units to destroy the friendly forces or to secure a key terrain for the next operation.

Therefore. friendly forces have to reduce the enemy's advance effectively. In order to

limit the enemy's movement, we do various kinds of counter actions like emplacing

obstacles such as minefields, road craters. abatis, and road block etc., as dictated by

the battle field with whatever available 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 against

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

Jivision rear areas. The division engineer battalion is staffed and equiped to work for

*he committed maneuver 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 bridges with tactical bridging.

clearing minefields, providing potable water, and providing terrain studies etc.

[Ref. 3: p. 3-32]

3. Engineer Operations

As already mentioned before, the engineer system provides mobility, counter

mobility. survivability, and general engineering as a member of the combined arms

team during the Army operations 'Ref. 3: p. 2-21. To accomplish their own missions.

engin eer operations are divided into three large groups such as river cro ,siig

operations, obstacle creation and denial operations., and recovery operations.

a. River Crossing Operations

Rivers, lakes, and canals arc critical natural obstacles hindering maneuver,

during offensive and defensive operations. We plan and conduct river cro ,i;X

II
; , crations in order to move conib-at Power across thecse obistacles. The o l'ct eo
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river crossing operations is to project combat power across a water obstacle 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 crossine sites

and their characteristics and available river crossing equipments to support the

combined arms team. In the executing phase of the river crossing operation, tile

enineer units use river crossing equipments to build floating bridges or 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

deliberate crossing. Which type of crossing is to be selected depends on the mobility of

the friendly and enemy forces, the river conditions, and the required crossing speed.

[Ref. 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

continue the attack.

Deliberate river crossings are done when a hasty crossing is not feas. Oe.

when an earlier one has failed, or when the offensive operations commence at the r-

line. Plans for a deliberate crossing generally include more centralized contrc

crossing means, fire support. crossing time and other supporting elements than thc

-or a hazv crossing. A deliberate crossing is required when prevailing conditions

preclud: the execution of a hasty crossing. This generally means that the enemy

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

by expedient means.

When a division commander has received a warning order of a r:er

crossing operation from the higher command headquarters. he first announces to hIs

stafl about their own mission. After that the commander and his staff will work to
prepare the river crossing plan by a sequence of commander and staff" actions as

.'4

mentioned hefore. In order -o prenare a river crossing operation plan, the engineer
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battalion conmander, who is a special stall of the division commandcr for the engineer

system, surveys the river crossing area to estimate the various elements of the river

crossing operation. To accomplish his mission, he cooperates with the operation

staf'IG-S and the logistic staflG-J) to get some kind of information about the combat

.,ganization of the division for this operation and logistic data about the division.

Based on the information obtained, he first examin., to see if brid-es exist

in the divisions 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 class1 45 or more. However, if there is already one bridge of' class

-45, then he needs only I 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

any available information about the river at each crossing site such as width, depth.

velocitv, bottom condition etc. If he has no information about the river at the crossing

4 siteS, estimation would be very difficult because it's hard to get this kind of information

in the battle Cield. Therefore the engineers need to keep this kind of information with

them throtUh the terrain studies before conducting a river crossing operation.

Once thc crossing sites, have been selected, the engineer battalion

ccr:mander car, estimate the requirement of the equipments. However if there is not

enough equipment to support a division's river crossing operation, then he

rccc'm.endts to the higher command headquarters to get support from other engineer

an:-s. T,rouu-h a sequence of this kind of action, the battalion commander and

(-S.,pcra.ion staM, make a river crossing plan and finally recommend the course of'

a"tCicn to the division commander. River crossing operations are generally very

icull. because we must estimate accuratly and rapidly what is to be done for this

k:rd of operation.

b. Ob.stacle and Denial Operation

'The primary purpose of obstacle use is to enhance the effectivence s of
,mner. fires. The use of reinforcing obstacles coordinated with existin2 obstacles

... e i possible for a conmiander to delay and disrupt enemy formations. A

'Class is a gross weight of wheeled vehicles or tracked vehicles in ton. Ihe

e las iriumber which \0ll perr:'it either wheeled or tracked vehicles to cross if the
L ,2 n;amber i equa! to or less than the bridge class number.

I.
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conunanu'der 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

mobile forces to protct his flanks and other lightly defended areas. In addition to

these empioyment of obstacles, the destruction of a transportation network also delays

the enenw's progress [Ref. 5: p. 3-4].

In the modern battle field, if the enemy has a stronger combat power than

the friendly ,.rces. then our defense position can be destroyed and we may have to

ccnduct retrograde operation to establish new defense positions. As a result, a enemy

may occupy certain area once occupied by friendly forces. During a retrograde

operation. we try to gain more time in order to retreat safely and to prepare nev:

defense positions. Also if we don't destroy targets such as bridges, tunnels, darns.

airfields. etc.. -hen our enemy can use these facilities to advance expeditiously. And if

we don't destroy facilities of the key industries, then our enemy can use these facilities

after occupying them. Thus we make denial operation plans and conduct denial

operations to destroy certain targets.

But the object of a retrograde operation is to occupy a new defense

. ,position and to conduct counterattack after destroying the enemy forces at the new

defense position. If we destroy all of the deny targets and emplace all the designated

cb...c'_,s during a retrograde operation. there will be obstacles for our counter attack.

It will then require enormous efforts and resources to overcome the destroyed targets

and breaching the installed obstacles. And time is a very critical fctor to concuct

dcnial operations.

In other words when do we have to destroy some or all of the designated

:irc-ts.' If we have destroyed a certain bridge before our forces have crossed this

•rize. or it we fail to destroy this bridge before enemy forces arrives, then a very
c.-tic-l pcbiern for the next operations will occur. Therefore a commander has to

:;,ake a ver careful decision which target and at what time do wve have to destroy a

Sparz:cuar target.

,\Iso obstacle and denial operation plans can be developed under

c:rcruntance, of of!'ensive operations. When we try to attack the enemy, we need to

concen-tratc rnaor combat power in the frontal area of a battle field. As a result of the

concentration of combat power, the franks of the combat boundary night he weak

S ~,:gaint th" enc:ncmvs counter attack during an offensive operation. For this reason, we
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have to use obstacles to reinforce the franks, thus reducing the threat of an enemy's

counter attack. Consequently. we have to develop the obstacle and denial plan not

on!y for retrograde and defensive operation but also for offensive operations.

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 segn-ents of the roads. Based on these information, they estimate the

delay time of already 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 argets and obstacles such as minefields, road

craters, abatises, and bridges, and tunnels. At this point, his staff has to consider

which types of target will be selected, because it's a very important factor for the

t'0follcwig operation after nishing an of[ensive or retrograde operation. Theref'ore, a

conruander's planning guide has to contain criteria for choosing additional targets and

cpreparing obstacle and denial plans.

However, if the total available delay time, when all types of designated

4 obstacles are emplaced and all types of targets are denied, is not enough for the

preparation of a new defense position, the commander will have to change his planning

.uidance. And his staff can proceed to complete a plan in accordance to the

conmmanders new planning guidance.

c'. Recovery Operation

Maintaining mobility is one of the responsibilities of the engineer units that

are nmembers of the combined arms team. A recovery operation is to recover destroyed

, ruczures or facilities by friendly or enemy forces. As mentioned in the denial

operations, we will destroy certain facilities to deny their use by the enemy and also the

enemy will destroy their facilities to deny being used by our friendly Forces. All of

these destroyed Facilities will be obstacles to the movement of friendly forces when we

conduct counter attack or offensive operations. Therefore, engineers have to recover

Recovery can be divided into two categories: permanent recovery and

temnporar recovery. In recovery operations, the time factor is the most important one

hccause they wil be used in the next operation. So we have to maintain detaii

recover: pianS and enough resources and equipments to complete a task within the

rejaired time.

V



When we make a recovery plan, we have to consider how to recover and
what material will be used for. In war time. we usually do temporary recoveries
because we have not enough time to perform permanent recover - completely and also
we have not enough material for that.
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II1. SYSTEM ANALYSIS AND REQUIREMENTS

A. INTRODUCTION

As described in 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, I will describe what are the problems, what is the

existing system 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

operation planning support system, what must be done to solve the problem at each

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 of Korea and the United States of America.

division field movement exercise, cormnand post exercise(CPX), which is an exercise fbr

the cormnander and staffs in the field, and so on.
Each command has to make an operation plan for an exercise every time. Staffs

at each level of the comrnmand spend a lot of time to prepare it because they need

information about the area where they conduct the exercise and the area changcs from

exercise to exercise. As a consequence, various problems arise.

* Waste of time and effort because they repeat the same work manually.

" Data redundancy and inaccuracy because each command gets data and
information separately about the same objects. As a result, the information and
data are a little bit different each time for the same thing. For example.
coordinates of certain point, width, depth, or velocity of river etc. are invariably
different when specified by different persons. Also it is difficult to get data
outside a unit's own boundary, if the operation is conducted outside its area.

. Lack of data integration and security problem because they are kept in the file
bcok. Also it occupies a large space.

" Dimficulty to update plan or data in the file book because they have to rewrite
,he different part of the operation plan and distribute it to the higher
commands, adjacent units, and surbodinate units.
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C. DESCRIPTION OF EXISTING SYSTEM
AUl mlhar. units need to get various kinds of data and information in order to

make their own operation plan and estimate surrounding situations to prepare counter

actior -ainst the enemy. As mentioned before, in current circumstances in the

Korean Army, the engineer units perform two icnporant engineer nissions - river

crossing operation and obstacle emplacement operation - to support the comblned

:ean. To accomplish these nissions, engineer units need various relevant data and

infornation. which they collect through terrain studies or the use of other methods. In

addition. engineer units always keep data and information about terrain, roads, rivers,

deny targets such as bridges, dams. airfields etc.. and obstacles that are classified or

desinated as targets.

Once the engineers of' a unit gets information about certain things or makes a

-!an, they keep one or more copies with them and send several copies to their higher

level commands. Therefore all hieher level commands such as the Army Headquarters,

the Field Army command and the Corps Command keep a lot of file books for tis

kind of data and information. I a certain unit gets a specific mission, the wvorking

offlicers participating in the operation have to search first the file books to get the

appropriate information, then examine the relative situations, and finally make a plan
' accordingly.

D. REQUIREMENTS SPECIFICATION

The anal,.-sis phase of the system development in'olves project planning and

sy ste m rcluirement definition. Recjuirements specify the capabilities that tile system

must provide. These include functional requirements, performance requirements, and

user interface, as well as development standards and quality assurance standards.

Requirement specification based on the System Definition is a technical

specificaton for the system. The goal of requirement definition is to completeiy and

cons1ste::thl sOecify the technical requirements for the desired system in a concise and

unamnbicuous manner, using formal notations when appropriate. Requirenent

,peci:,aton states the "what" of the software product without implying how.

- S_ enp (esTn is on the other hand concerned with specifying how the system wili

rovide the required !eatures [Ref. 6: p. SS].

1. Applied Environment of Required System

As described in the Chapter II. the engineer system conducts various

ne:n'eerine oncrations to support the army operation as a member of the combined
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forces. In orde'r to conduct any kind of' operation, each unit needs an operation plan

!l:eCpalreotuo at Scoeaae. oCioniniander and staiffactions. Our svstern is exi-ecred

to 1-c usd o suprort the plannilng process For these actions.

a commnand er rcceves a warning order, whether a river crossing, or an

* o ode enial ope ration, fromi higher headquarters. the conirnander and hi, stall' will

* :':o -,C: rceann Co rnatioll to make a suitable plan. At this point, this Vstecni
ec u-;ed to srrttheir d1ec~slcn making p rocess to complete a plan miore racilx~y

2. Description of Requirements

We can diideth desired computer systemn in two diffecrent parts a ccording! tc

tnc tw.o mlajor operations, river crossiniz anci obstacle denial operation, becau, e, these

two orcrari;onal f;.nrctions aire quite diflferent fromi each other.

a. River Crossing, Envi;ronment

Inl the river crossing operation env ironment, thle comnputer systeri has to

perfor-m the f,61ovoing Cunctions to support thle pla~nning;.

* z.s:~~c~r .~wc~s~v:Ifcertain unit tries to attack the eneny across a river, the
oenrnrandcr andu his .talf have to decide whether a river crossing operation is,

nc-ede'd or not. A river crossing operation may not be needed, if- tere aire
a\ a~able Inridees in the operational boundary. Therefore, otir system rtas 'o

naeafunicion cst'ma,,in2 the necessitv of river crossing operation in a

* /1xwoc PssJ:i:: Ifa river crossing operation is required, the corinaxr:Jer
aind h1,is 'sa"Iff wihi estimnate the possibility of' an operation basedJ cn the

.I-ilt\ o;: thcir own enineer u-nit and equipment. Therefore, our s\ -tem
mastdo tis ind of function.

* S',Cc: S>:.ites: i1he system is required to perform the selection () thei
required uJ e of' crossing sites and to provide the information about c:h
cr Jsin rl2sit.> incldin2 Width, depth. veclocity, and bottoml conditin of' the -ivCer
rbc au se th;ese are needed to make a river crossing pian.

* ~ ~ ~ ~ C~~ ( Lifeh Ailssenz/'e 1inie: After selecting, the crossineL sites, the
y.stm ust calculate what Kind of' and how many ecluinaments aire needecd to
-r u prain o much time is needed to atsemb'le Ilie e

Cc .npn"'Ients Should also he Provided.

* :. .n .ievib Supp~orting L #iil: I f'I aalable eq u~pnrcn-; i rc riot en o'n C)L n r
a ie oneration. then adtional eq ciinent miust bc \oUenlt. Ihr~oe

)Lr,' sst:lm ha11s to h-ave a func~tion to ,earch '.vhich units, ha,. cw a prnts
.. i hcand how mn- equipinents c:an be used to, suqpert t):, operation)j.

* -~.~:a:(osii~ Ratc: Final'%, a SysteM must Ceni'erate the 611n1i out[put t.,

cottIn rae namber o3f vehifc ,s or eiuipmntns that canli cros the r-1e C .- c rv
1u1*from the :tart of' tLhe Ccrattioni I l-arand an csr:;mate of' the rlime lhca

I2
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all vehicles and equipments have crossedJ the river comprletely. " he conl1mer
and staff can m-a'-.e a decision and aitai pian based on this Flna outr at.

b. Obstaclel Denial Enzvironent

In obstacle denial oper.ation environment, a desired s% stemn has ta eon

-2the foliowing functions to sup!-ort plaining:_1
* s0 ~ :' V'siv DUring, retrograde operation. a comninaker estaiblishes

obstacles to a0 certain anount o," time in order to withdraw safely and to
prepa~re new d~efense positicns. [ or exanmpr f thec a ,mnandler needz 5 hours
for this purpose. an-d ;o.,e obs-,aclcs are alreadly emplaced'. ten he haist
es,1jmate1 at thi,'s timie cinrhe neecs more ohstacles to secure hcars. or Le

p.doesn t need anyv more if' he alreadV has securedj more-1 thAn 5 hours throt:chl the
alreadyv emplaced obstacles. Our sstem miust, .'i-e tiw Kind of' function1 to
support thie decision mnakinIe.I

* S,.ect Targets: In case the already scure1-d time is less than 5 hours. the
comrmander %vill emnplace ad~ditional obstacles to secure the needed 5 hour-s. HeI

~~imust survev and select some or ail the designated but unemplaced obstacles and
enable them. So our svster has to performi this function, too.

* Ejxi'nd Sc.-,-w',: If all obstacles are emplaced in a certain seizment of a road.
and. the available delay time is still less than 5 h1ours, the conminander has to
extend the se ent further to secure 5 hours. Our sse mus promtis

ofloration as %%ell.

* 0/rcc~~is' flrgcris: Frequently we need to know the charactecrlstkcs of'
c.ertoa te f targets. Our system must provide us this informiatLion as ineeed.

E. ANALYSIS

T1h-e obJective of analysis is to determ'ie what must be done to solve a specilic

rroo lem. 7The basic func-tion of any data processing application is to convert thie input

daaInto the desired output information1.

n is sctcion. I shall atempt to develop a complete functional understanding of'

tcproposed system. [he intent isnot to determine how the sse vl ok u

vhtir :nust do to solve the problemn. As mentioned before, this thesis, we shiall

conentateon the two different operational aspects, river crossini2 and obstacle denal
one~~ rins [Rf. 7: p. -4Q1

1. River Crossina Environment

RiUer crossina is a special operation. requiring detail planine: andi

inf~nnti n.To sol\ c ths problem, First I wIl use the C il leve! data flow,

cOaran;', I) [I) to dfie loLicallv the propo sod svxstern. and later expand thle hihlo\ci

DI1D t a develop the 1furctionl lvc el 1)11) to def'ine the fuinctional application of our

0r oc ca stem1. 1ReF . 5,



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 b. 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

I igU re 3. 1.
'p.

'

D1 INITIAL DATA 02 tMRBER OF" -i CROSS SITES

' [

Command GtEaine Eamn

General ss

D3 LACK OF EQP.

,

Figure 3.1 High Level DFD for River Crossing Operation.
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In the first step of this DF), our system determines whether a river

cross ifng operation is necessary. If the output Of tis process is that the river crossil-y
oper,":tion is necessary, then the system estimates whether is it possible to conduct the

operation by using the command's engineer units and their equipments. If possible.

the the system calculates the the vehicle crossing rate. If either insulicient manpower

or equipment is found, the system estimates which units are available to uipprt ,,:s

operation and what eoiuipments are available. After completing the high , DI,' 1)1 1).

we have to exanune if the dcveioped DUD can solve the problems or not. 1! po't:.e.

then we expand the DFD to the next level of details; otherwise redefine thie I 1 ) !o ir.
, ' a _ain.

b. Develop the functional level DFD

Expanding the data flow diagram through functional docompi,:.

o.akiM. down functions into its subfunctionq. These low level :LUnctio',, ,n h'ci "..c

.roesses on a new data flow diagram, complete with their own data trc, , .

,fows. [Ref. - p. 561

(1) Functional decomposition ,?" Level 2: L.suin(Ze \t'c'S I'tv. I' rer

est:iaate the necessity of river crossing operation in this level, the ,,,to:n. t¢ ,ii'

earlier, examines il there exist available bridges within the operational bcIn:av. 1,.e

system can also estimate the capacities of these bridges based on the stored data. 1 he

result of the caculated number of crossing sites is stored for other proesc, :o LIuC

later. Thus the functional decomposition at this level is as shown in Figure 3.2.

(2) t'unction d ecomposition of Level 3: Estimaite Possi'i,'it'. .. At thI, lexei.

the svstem has to estimate the possibility of a river crossing operation, using the

commanrds engineer units and their equipments. In order to accomplish this function.

first the system needs to examine the organized engineer units and their equipmens as

an output of this process. Also the system has to select the required crossing sites

.1ased 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 floating bridges can be calculated, but the equipments of each raft site can not

be calculated because system does not know how many rafts are needed at each raft

site, as the width is not vet known. [For example, we need one raft per site up tO IflOm

of river width. tv,.o rafts per site up to 200 m, and three rafts per site up to 300n-, it

e.ih crosing site. Therefore we need one more subfunction to determine the numIber

of raf for each raft site before calculating the required amount of equipments for raft
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D1 INITIAL DATA 02 "MIBR OP
CROSS SITES

Got Search Verify Calcu-

Data bridge bridgecrs

DATA BASE

Figure 3.2 Decomposed DFD of Estimate Necessity Process.

Finally, the system can estimate the possibility in process 3-6 of Figure

3.3 by comparing the required equipment sets in process 3-5 and the available

eqaflment 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 it is possible

to conduct the river crossing operation without additional support coming from other
A en.-lncer units at higher headquarters. But if it is not enough, then the commander has

to make a final decision of what to do. The entire process is functionally decomposed

.

as shown in Figzure 3.3.
(3) Functional decomposition of Level 4: Examine supportine Units. If the

comnmander decides that he needs support from higher headquarters for his operation,
the system proceeds to find available engineer units and their equipments. It then

rccstlmFtas 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

. ecominendat ion to his higher headquarters where a final decision is to be made. The

firutional decomposition of this process is shown in Figure 3.4.
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Figure 3.3 Decomposed DFD of Estimate Possibility Process.

(4) Functional decomposition of Level 5: Generate Crossing Capacity. From
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

necessary at each raft site (process 5-2 of Figure 3.5). It also calculates the assembly

time for each crossing site, the transportation capacity for vehicles and combat

equipment such as tanks, armored vehicles etc. and the time, called the 11-hour, when

evcr.xthing has crossed the river, Figure 3.5 shows the functionally decomposed DF'D

of this level.

c. Develop the Data Dictionary and Alorithms

Given a complete data flow diagram, we have a reference document

secit ne the entire decision support system, we can now hein to consider the details

such as the data elements and the algorithms.

To allow us to have a better understanding about data, we make use of a

data dictionary. A data dictionary is a collection of data about data. The basic idea is
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D11 INITIAL DATA

Fiur 34Deomed FDo Examine Suportmginets

5-1 5-2 5-3 5-4

Got Trips Assem- Cross-

data hu iert

IDATA BASE7

Ficure 3.5 Decomposed DFD of Generate Crossing Capacity.

*to pro'vide information on the definition, structure, and use of each data element in a
A tm . data element is a unit of data that can not be decomnposed. For cach data

12



elemenC1t, such inf-ormiation as the element name, description. format. source and Use is

recorded. rhe data dictionary helps the analy1st to organize information about data.

and is an excellen- tool for conimnica*tinz with the user . Additioiafllv. the data

,ict~onLrv serves is a miemory, aid Ke\- n brnauon must he recorded For each dat

* elerent [Ref. -: p. 2021.

.A Simulated data dictionary, introduced by D)a~.is' hook RJef'l7 p. 2971. is

:o lie used In this thesis. To miaintain a semhLance of'direct access, informiation related

Co ech dlata -lement will Ie recorded on a separate ',x5 '.ilng clard and a rmmmliUml

am11ount1 CC inb~On Will be reco-ded for each Jata clement as, 'Fahle 1.

TA\BLE 1

SAMPLE DAkTA D)ICTIONARY

NAME BR'-S:T7E
LESCRIPT:ON :The required number of bridge sites

in the operational boundary.
7ORMAT Numeric d4 1dgit
1-zCAT7CN :Output to display and printer

In ,or. ceneral term. ever, computer system converts input datta Into

aUtou t aratn !rnd the z;2oriLthmns define the rules for these conversions. ithoati

aecrmSense ol thet algorithms for each rcs rfncin ec- hav acd

ie whaz is 're nmy done in the processes in the system. The rreliminar% algorithin

descript~cnis recorded on a 11PO( Input Process Output) chart as Shown 1 licure 1.6~

21"ve us11 a -erMl. structure that can he refined later during the detailed desie p hase

2. Obstacle/Denial Environment

An obsacle Denial opera, on is also a major mil'ssion of- erneineer sse.If-

we condact an obstracle denial operation durnne a rctro,,rade or de!fensive orerxtn,,n. the.

co-mma-ndeu~r has to considcr the h eoperation careflll\ Ineflfective plannmne- )!'t hip

ooc~t~vcan cause severe pronlems if a couinter attack IS to b odce

TO E solve this prohilem. we 1!irst dvopa h,,igh level data 11w A i r Tot

aefine jO' :a. , e of' the propos ed S.% ster. . \Ker t*hatI, we de\ clop tite .nCton

!C%'! DI D to debethex fanctLiona appl:Ccatio1 ('I' tile proposeCd sN'tei ~al.

hne 1171 'c D 1) 11, 111D ino n redtil1s Vin-ad> we develo p ,.he data mm e

L: Iu sys, m Ref.j 7: n

orU



IPO CHART

SYSTEM : River Crossing Operation Support System
PREPARED BY : Jang, Chang Ki
MODULE : CALCSITE ALGORITHM DATE : APR/97

CALLED OR INVOKED BY: CALLS OR INVOKES:

EXISTBRG

:NPUTS: Outputs:

A_BRG, A-RAFT
AREA (coordinate) ERG, BRAFT

BRGSITE, RAFTSITE

PROCESS:

WHILE NOT EOF DO

ARAFT = ARAFT- 1, BRAFT = BRAFT- I

A-BRI = ABRG- 1, BBRG = BBRG- 1

END WHILE

ERGSITE = ABRG + BBRG

RAFTS:TE = A RAFT + BRAFT

' LOCAL DATA ELEMENTS: NOTES:

S. EEED, BNEED

I i >e I., . i IP() (lhirt i a IAxtrfplc.

I



a. Define the Logical Model

As previously mentioned in the system requirement specification section,

the system 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 segment of a road

rcpreented by the coordinates indicating the start and end points, the road number

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

01 INITIAL DATA

5i 0,1

CO h end Got Examine Select Extesd Goner-
9General ncs- mrtrt

data ity targt sagtien teport

Gat
crit- DATA BASE Coffman

0-2 CRITERIA __________________ _____

,m.

Figure 3.7 Hfigh Level DFD for Obstacle'Denial Operation.

A\t the second level of the DFD, the system estimates what obstacle denial

o'ncr1-*ic1ns are required to get the required amount of delay time. If more obstacles are

r~ccs.ivthe sx-stem selects the additional targets to satisfy the commander's

r. i;, crnent. In order to select additional targets in this process, the system needs

,_!,.c iit;onal data and the selection criteria as contained in the commander's

r j: guidance. More detail about this selection criteia will be described in the

, :-,c,: p:.ase of developing the functional level DFD. After selecting the additional

',:r-: 'he s%stern evaluates acain the whole process. However, it may 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.

011 INTA DAA0 DDTCA

i

,'- Figure 3.8 Decomposed DFD of Estimate Necessity Process.

* (I) Functional decomposition of Level 2: Estimate Necessity. In order to

cstimaite the necessity of an obstacle/denial operation, we first need to get data from

% ., the -ser and the database. After getting the data, the system proceeds to search the
de,:pnated targets in this segment. As seen in Figure 3.8, in process 2-2, the system

ver:fie the intended targets and calculate the delay time.

iiIn the final poesat this level, the s~tmevaluates the whole

.. npcration based on the calculated delay time and the commander's requlired delay time.

-p-

If the calculated delav time is not enough for satisfy the requirement, we have to

,, ?re~are additional operation to satisfy it. Thus, the high level 1)11) can be
Figutre2.8 decomposed as shown in Figure 3.8.

(2) Functional decomposition of Level 3: Select Target. ts mentioned

o* he!,gre, at this stage, the system selects obstacle targets that will e denied or emplaced

P
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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

nuiber of targets or maximum number of targets, and minor criterion can be either

max!mum 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 I0 H
B BRG 1.5 H 9 H
C BRG 0.6 H 4 H
D BRG 0.5 H 5 H

03 0RTRI2 ADDITIONAL

3-2 3-33-4

data target time lt

DATA BS -

'S".

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 ano recover times are as shown in Table 2, and the commander's required

delay time is 2 hours, the system will select the target B and C in process 3-2 of Figure

3.'. It can easily be verified that this combination indeed satisfies all the stated

condi:ions. Functions for other processes are as shown in Figure 3.9.

(3) Functional decomposition of Level 4: Extend Segment. If it's not

po';sible to satisfy the commander's requirement when all designated targets in this

scement have been selected, we have to extend the segment beyond the end points to

find other targets. The result of this, if based on minimum possible extension of the

scgment will be recorrmended 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 tarets to satisfv the requirement. Figure 3.10 shows this process and others as
~'&c~i.

D1 INITIAL DATA 021 ADDITIONAL

J

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

A. OVERVIEW

The proposed system that I try to develop in this thesis is a Decision Dupport

Dystemn(DSS). "The term decision support system refers to a class of systems which

support the process of making decisions. Decision support system allows the decision

maker to retrieve data and test alternative solutions during the process of problem

' olvwng" [Ref. S: p. 3681. Flow are decisions made? The answer affects the design of

con-puter based information systems to support the decision making process.

In the previous chapter. analysis has just been completed. The functional

requirements of the desired system have been documented with a data flow diagram. a

data diczionary, and a set of algorithm descriptions. The time has come to consider

how to "o it, and thus the system design process begins.

'The objective of system design is to produce an appropriate physical model of

the system, called system flowchart, within the context of a complete system and to

determine how the system wvill be implemented. In the structured approach to sx stems

anaiysis and design. we begin by constructing the logical model, often using data flow

:iacrm as a tool. During system design, this logical model must be converted to

pY.ical form" jRef. 7: p. 3261. At first. we develop an appropriate system flowchart
l. :iat represents the overall system, and the database, which is one component of the

overal system, is designed. Finally. we will develop a set of specification for those

rrnams using Hierarchy plus Input Process Output(I-PO) technique.

During the program design process, if we can determine what our minds do at a

.,ive stage of any decision making process, we can easily find in this program design a

section that corresponds to an equivalent aspect of human intelligence. All the

,,iements that comprise the human decision making process goals. facts. ruies.

".:L;':Ce mnechanism and prUnin2 -must be collected in a computer program for it to

-'', nroerlx escribed as possessing Artificial Intelligence(AI). [Ref. 1(0: p. 10]

B. DEVELOP THE SYSTEM FLOWCHART

In tis Section. I will identif the individual physical components of the s-stem.

4, . (:onten:r of *hee black bcx will be planned in the next section--database design and

-:'o ,r :n cs:gn phase.

.-P
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1. Physical Components of the System

In order to develop -he svste:n "owchar-, we Iirst need to identify the physical

co.:oneuts c" the system as shown In Table ". The proposed system will access the

database throu,2 the Data Base Nianagement Svstemi DBMS) and also wiil need initial
data to pro,;ess each operation. It 'wII write a ,aret of reports phase b% phave o!,

eaca operaticn.

.5 TA B LI 3
PHYSICAL COMPONENTS OF TIlE SYSTEM

Programs Manual procedures

Data entry Data collection
Initia-ization Making plan
:ntelligent System
Ri-er crossing operation
Obstacle!Denial operation

Software Files Forms

D-3MS Data Base Reports

A data en:-v program will maintain the database: to add data to the database.

tooaa.. data which is in the database, and to delete data from the database. A data

n: !tn:zatcn program will initialize the operation environment for each operation. an,]

*.,il tore it in the on-line storage for later use. River crossing program and

obsta,:c denial program are the intelligent part of the proposed system that will

enera te the report based on the available data in the system. Al techniques aiow the

co.u:rat:ton or a program in which each piece of the program represcits ahielv

n.dze:nie and identifiable step toward 'he solution of a problem or set of pro'en.s.

2 Systen Flochart

....ter :; is a tradit'onal tool for describing a physical s. stcn. Ehe

* .oasc:_e ia i\ to pr,ide a symbol to represent, at a black box level, each discrete

i-* .n the s'sten- programs, iles. orms, procedures. and ;o on.
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A data flow diagram presents a rather abstract picture of the svstcm. In

cor.ra.:, the system flowchart is more concrete. Specific programs or procedures

rep: Ice :he generalized process, and specific files or databases replace the data stores.

(W.cr, the flowchart, it is possible to visualize how the system will be implemented.

' Ihc ;% s:cm flow diacram identifies each of the discrete components of' the system. For

p..,nng purpose, these components can be attacked one at a time - the divide and

C0!..L!ler approach. [Ref. 12: p. 871

The system flowchart of the proposed system graphically illustrates the

physical system. As shown in Figure -4.1, each symbol defines at the black box level

on. cf he discrete components that make up this system, and the flowlines define the

!ccal path through the system. Thus the system flowchart as shown in li-ure 4.! is

ge:irated, based on the physical components of the system and data flow diagram

J e,. el. d in the previous chapter.

'.#-.OaD ata Dat

c.lc program

UaaInitiali- I1nitiaI
cn-r" -, z t ion DN

,.j-;i-'a progra-m d a

Intolligent System
SRiver O bstoclo

"-% ~crossing Dna
'"'% r o.-a. progrim

Making
Roports

p lan

Figure 4. 1 System Flowchart.
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C. DATABASE DESIGN

1. O~ervie"

V i nrtioned Inefore, the proposed s';stemn has a database as a part of the

nhs: onlponlents of' tile svstem. In thle proposed systemn, the datiba~e Is

main"a.n"ed %v- .t ja to satisfy% tao applications for each operational eironml-ent.

namoi nver " -r l operation and obstatcle denial operation.

1:n o~der to accomprlsh our1 goal. two major tasks are accomnlished durinu the

desiL-ri c," a dariitbase-.ented svsteni. One task is to define the datab)ase structure, and

the *ther is to de;1ign the a-ilc toprgrams. Designing the applicatio programis

will be dsssdinl the nlext Section.. program design.
Databtase desig is anitiiepoes pcallv, it is an Iterative process.

Durinz each itrtothe zoal :s to get closer to an acceptable design. Thus a dlesign
.is ue veloned and then reviewed. Furthermnore, the design process is divided into two

riiszs. First, the logictu s'tructure Of' the database that is a DMS-inlonendent

Ila:aba e Jcsign is developed. Once thle logical structure has been defineod, it is

tra\ raedino phv.;ical Form that c.-nf'orms to thle features of the DBMS to be used.

In this wa, the logical structiure Is miapped into the data description f' cili!ie, provided

bx tile DBMS productI.

I Looical Database Design

it. Procedures for Logical Databas~e Design

The rnall'or steps in the logical design process are divided into five nhases.

First,, the data dictionfary is processed and the data to be stored is identified and

,se regated Next, the terms used For the data are to be clarified because there may bo

ndrn1-eds or thousandls of data itemns inthe lop-icai schema which isdeveioped in the

next phase. Thle third step In the design process is to develop the logical schemia by

detininu records anrd relationships. Records are defined by determining thle data itemls

-IiC 1eV wiU contain. And the relationishlips between these records Is to be deternoinedI in
tipa.1 Th nex ste ioIa database design is to define the proccsing of' the

daa ' zi . But this has airead':- been def'ined Ai the systerm analysis phase.I lere.

........eeit will be defined in more detail f'or the program design phase. I ilv.the

logcalschmaand user vIews are examined in light of' the reqJuiremlents andprra

dsrit'Is Co be e.1kctive. the,, de~iuni rev~ew must "ollow stringent ezuidelilel .
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From the result of these processes. the logical database records and

relationships among them are generated as an output of the logical datahase design

rIocess a 2xpressed in the onrm of data flow diagrams and policy statements, and the

data d:ctionar-v will become the input to the logical dat.tbJsIe desien.

b. Develop the Logical Database Records and Relationships
-- k loticai database design specifies the logical !Orn.t of" the database. Ilhe

records to be identified and maintained, thei: contents, and their relationhios aIre~speciflied.

(F) Logical database records. In this section. lo""; ical databe records are

' identified to satisfy the required operation and the contents of these records are

" ined. The proposed system has 11 data records to accomplish the required

fu1ctions, as shown inTable 4 The contents of these records, names old and

r"eir formats are specified. For example, River Objec:(RIV_OB.1) record contains data

about all objects such as bridges and river crossing sites of a certain river. So

RIV_OBJ record should contain the name of river, location of the objects and type of

object e-c. Also. available equipment of each unit(UNITEQP) record represents how
rvan river crossing equipments are being equiped in each engineer ,nit. So it contains

Sthe information about the unit name, the amount of equipments that are available for

the operation, and so on.

(2) RelarIonship etween records. As stated several times already, the
".

essence of a database is the representation of record relationships. These relaticnhiprs

are specified during logical design. Figure 4.2 shows relationships between previoacl%

definec data records.

As shown in Figure 4.2, several river crossing means can lie operated

at the same crossing site and also diff'erent river crossing means can be operated at the

several crossing sites simultaneously. Therefore the relationship between crosIn- sires

,.nd ri.er crossine means is many-to-manv relationship [Ref. 13: p. 1211,. Moreover.

there ma:: not be any relationship between BRIDGLS and TARGITS because some

bridges can not be a tar,.et to deny, if there exist by-passes around the bric" or if it i

Seay to overcome, even when a bridge is blo ,sn up. Since a bridge can be on cn.v one

road. or one river. Zl-ere exists a one-to-one reilationship between BRI I)(isI and

(RIV_()BJ or RI) OBJ.

..,"
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TAB\!LE 4

LOGICAL DA I.ABSF. RECORI)S

RECORDS NAME DESCRIPTION OF RECORDS

R:V_OBJ All objects on the river such as bridges
and river crossing sites.

\RD_OBJ All objects on the road such as tunnels,:
bridges, minefieids, and road craters.

TARGETS Targets that are planned to deny or
emp l ace.

3R:DGES Characteristics of bridges.

TUNNELS Characteristics of tunnels.

MINEFLDS Mine fields that are that are planned.

* RDCRATER Planned road crater on the road,

CROSSITE Characteristics of the river.

CRCSSEQP Characteristics of the river crossing
equipments.

lTIIT EQP Available equipment of engineer units.

* ASS-GN Status of unit assignment.

S. Phy sical Database Design

a. Phsical Database Desi ,n Process
J~p'., The second staze o database design, called physical design, is a stagc of

tranforniation. The logical schema is transforrned into the particular data construc:s
th.at a>e iaiaiblc Dr the DB, S to use. Whereas the logical design is )BNS-
inj~endent. :ic plhysical 1csgn is very much DBMS-dependent.
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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
database systems, a user writes the application programs in BASIC, C, Pascal,

FORTRAN, or another high-level language. In other database sstems such as

dB.\SE III Plus, the languages are part of the database management systems, and no

adJ:tional programming language is needed [Ref. It: p. 31.

The proposed system is designed to be used in the division commands or

cores commands. During any kind of army operation, division and the corps

cOr.lrflnds frequently move their command posts according to the operational situation

of' cuc!, phase. Currently each division and corps commands of the Republic of Korea

.;- .\r: already are equipped with micro-computers for the limited use of personnel

mzia,ement and logistic management.

From this the proposed system can conveniently be implemented as a

micrC-computer based system. Therefore, I think that dBASE III Plus is a good

sc.: i !'o ibr this system and I so select it.

- During the physical database design, two major specifications are produced

as Jn out:put of the physical database design process. First, the physical speciflication
c~ of the logical schema called physical schema is defined. This schema is

tranr'orrnation of the logical schema into the data modeling constructs available with a
.part ,u!ar DBMS. Next, user views are defined. Since most users will need to view

-p: 45
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-onlv a~ct of' the database, the logical desig u:sei~ a ~rgop i
v.w )ct~rt on 1t the dattabase.a irgrup wl

b. Develop the Phi'sicul Schema

1 I) Define the Ftelds Wda Ke.- In this process, I will define the contents of'

eaIlCh record, thle name andl format- of- each record field, the domains and th~e

consra~ns. nd also the 'evs of- the database records.

Letc Ls look a: database records RIV_ OBJ and RI) OBJ that are
aiav defined in the logical datab-ase desig n phase. These records, repre, en- bridgecs

anad r~ver-crossing-sies on the river or ob~tac~cs such as bri1d(_es. and tunnels on the

rcau thnat have been dlesisgnated ais tarets. In the record TARGL I S. TLhFarcet

NuLm'ber or LOC are keys for this record. because TNUMN will Identify a target. LOC

is a kev when we find targets within certain seurnent of' a road. Theref'ore records.

contents o!' recrds can be defined as shown in Table 5.

21 Detllne the Tie.'di Format and DOMain. NexN-t, we defne the f'ormat and

domnain of' field value as shownvr in Table 6. In this table, LOC is represented by2

alphabet-,Ic ch-aracters; at the beginirng of the field value Followed by 6 numeric dicits.

Two alphabetic Characters represent the namec of a coordinate block. Eor example.

l-XX-I I oTNMrepresents the 11th target of the 1oth Corps. So 'XXV

:rc--ecen~s tac Corps commuand and -XX' represents the division coni"na.1-i Fhe

ARMY.' CORPS, DIV. BR( 1) LBN, BCO. fLBCO of UNIT re.N elet "'Cld trnl.

:orrps. divisilon. bricade. eneineer battalion, bridge conipany. and flti-ac !Ir 'ge
I-Qz-CLrv; rcpCIVe. Furthermore. 1:2:3' of' minefield' denisity re presents th ien: of'

r.aRmine . fraigment a ntiperson inine, and blast antip-ers;on mi1ne re-pect:veiv.

SD,,t7nr the Consrrainis. As the rca uiremncnt, are evait ci and the

ccsign process, progresses, constraints on data itcnw %ill beidtfc. es

constraints, are 11'lza::ions on the values that the- data in the da.tabase can ha':e. Ilhrce

:V-C 10, Lons~railits arle cornmnon. ?_ield constraints lirmt the . ieu :hat i cr. en aitn

:tMca have. Intrarecord cons;truints I mit vAlues bectween ic2'" withl en

rcr.And interrecord constraints imt vaiues be tween ed In II ra eoo

13: p. 1-91. Ta ble shows an exannple !Or nt1*,M'L!LGI rint

D. PROGRAM DESIGN'

A. t . t me thei s:,stemloca a eunienc oltan ce

no- u~ be KenAJ cx, pc:F..r'.. hmlthe ' ttbe:ee ntJ
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T..\B L 1 5

(COT.NIS O RL(ORI)

ECCRD S FIELDS KEY

iV QEJ L(-: Location RNAME: River name LCC
OTYPE: Object type

Z'- RDOB LOC: Location RNUM: Road number LOC
OTYPE: Object type

TNUM: Target number LOC: Location T 7U:
TARGETS TTY-E: Target t/pe DTIME: Delay time LOC

STATE: Target sIate

LOC: location BNAME: Bridge name
BRIDGES L ENG0TH: Brg. length WIDTH: Brg. width LO-C

CLASS: Brg. capacity STATE: Brg. state

""U11NELS LOC: Location LENGTH: Tunn. length LC
WIDTH: Tunn. width HEIGHT: Tunn. ne_ght

TNUM: Target number DENSITY: Density of
,2-.M:NEFLDS FRONT: Front length mine field TNUM

DEPTH: Length from front to rear

"DCRA:ER TNUX: Target number WIDTH: Crater width TNUX
DEPTi: Front to rear

LOC: Location WIDTH: River width
CROSSITE DETH: River depth VELO: Water velocity LOC

C-ST: Water obstacles<-

MEANS: Type of EQP. LENGTH: 1 set length
-ROSSEc CLASS: Caacity ATIME: Assemble tmeNMEANS

NRAFT: Ra-fts/set

-' .";TEQP UNIT: Name of unit AFB: Foot bridge UNIT
LTR: Light raft N4T6: Fioa-t bridge

C T.I-.SS UNIT: Name of unit BELONG: Belong unit I T
DATE: Attached date

n hc ,tern !iowchart, physial components of the svs;cm. an Jmd le ,
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-1.ABLE

HIELD f OR\1I \I) D(JM.\I\

ILZ NA-E FOR.MAT DO-A I N

R'V_OBj. LC OTi. 23456 2 characters + 6 dicgits

TAR!ET. TNUYI 10-Xxx - XXX o r XX o r X

AS T,j N: T 2 0 D)IV ARMY, CORPS D',EROID
EBN, BCO, FtCO

R :%1 E_. 0 TY O CHAR( 4) ERGE, SITE

X :INE F :DS. DEN SI TY 1:2:3 Positive int1-eger

RD_-OBJ.OTYPE OHAR(4) BRGE, TUNN, OBST

ARG'PET.TTYPE CHAR(4) BRGE, MINE, TUNN, RDCr%

TABILE -

INT F R R FCOR D CO0N SYRA NTS

Rl:VOBJ. LOC subset of BRIDGES. CC
OROSS:TE. LOC
TARGETS. LOC

-RDGBJ. LOC subset of TARGETS. LOC
BRIDGES. LC
TUNN1ELS. LCC

TARGETS.TNJM subset of MINEFLDS.TNUM
RDCRATER. TN1,UM

U-NITEQP.UNIT subset of ASSILGN.UNIT

Ji eins? In this reto.secilic niisica I components are ei d. n t'e

:ntrrc~t~n~n~sdefined uisinL the I Ii P0 tech-ni(.lue.

Ihle -rr\* s'cp in esenn the~rer is to drawx a hlivi-level heacxca:

.\Cw a, .rCau ricsc i ap-c.r III, tlie pronosed s%,stemi has two ocai~

-i.lo-.inetis rver (cros, ig ar.J oh edenal& olera~ions -and als o necul \ CiZ C



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

svtein can be divided into two subsystems, river crossing and obstacle denial, and the

datmba~e management system will support these two subsystems.

1. Subsystem I : 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 defined

a% shown in Figure 4.3.

Gu xaie xmieSurvey Ganerato
Supporting Crossing

Data Necessity Possibility Units Capacity

'Sj

Figure 4.3 H{igh-level Hierarchy Chart of Subs'stem 1.

Vrhis subs~stem has five modules, Get Data, Examine Necessity. Examine

P."e i~iity. Survey the Supporting Units and Generate the Vehicle Crossing Capacity.

1 .k. R'. er Crossing Operation subsystem begins with Process Get Data. By executing

process, the system gets the initial data about the name of the river crossing

ccm nd, the name of the river to cross, and the river crossing area as represented bv

,hc c ,erJ:nates. After executing this process, it returns the control to the main control

md ., rver crossing system. Next, the main control module transf'rs the control to

thc l\.anine Necessity module which estimates the necessity of the rier crossing

.op ?cran. Then it is back to the main module, which invokes the next lower level

I',C and so on.

11, itself, the initial hierarchy chart is not very useful because it is very general.

Vh.rcfarc, we need to break down each function to a lower level of detail. As

rn,:t~oned before, the process is '.:nown as functional decomposition. [Ref. p. 1291
-m
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a. Mlodule 1 : Examine Necessity

This module determines whether the river crossing operation is necessary or

no:. To perform this function, it invokes the Search Bridge function. First this

u:ction performs a join" operation with RIV_OBJ and BRIDGES relations and finds

h av,:,ble bridges in this area with the given initial data. In order to find existing

,r:,:cs in th.is area, the module determnes the direction of the river. The coordinates

arc two dimensional value, but in the system we need only X-axis or Y-axis value to

fint the bridges or crossing sites. Atter finding the available bridges, the module

in ok:s the Verify Bridge function to check the class of bridge and to estimate the

cap.t-ity of that bridge. It then calculates the required number of crossing sites based

oi lhis result. If there is no bridge available in this area, then we need to make one

bri'c site and three raft sites in each area. But if there exist usable bridges and the

Cij, o:' the bridges is over 45, then we don't have to make a bridge because heavy
ecv.::?ment such as tank can cross through this bridge. But if the class is between 20

a -4,,'. then the system assumes that the capability of each bridge in this class is two

:r :hat of the rafts. Therefore, the required number of raft site will be reduced by

ore no r each bridge in this class. Finally, the module estimates the necessity of the

op:r.-:ion based on the calculated crossing sites. Therefore we can decompose this

M'.As shown in Figure 4.4.

Figre4. DcopedNecessity Moue

. . .

"£"Search Veiy Calculate

Join

i 'T' igure 4.4 Decomposed Necessity Module.

."0



b. Module 2: Examine Possibility

When the River Crossing Operation Subsystem gets control back from the

\1,,!e 1, Examine Necessity, it invokes the next module. Examine Possibility, to see if

ri crcsing operation is necessary from the result of Module l. 1 his module
e~::m, 'eche possibility of the river crossing operation, using the commnd's eneineer

a. d their equipments. In order to estimate the possibility, several functions such
-clk c'lct Crossing Sites, Unit EQPs, and Calculate Required Equipments are needed.

I :r,:. '>e module has to select the crossing sites of the database. To select crossing

.:.C...e mod..ule first surveys all the crossing sites in this area, then sort them by width

, r ,.c river, and finally selects the crossing sites that have ninimum widths and also
%ki:li w, ter velocity not over 2 mps(meter per second). The system has to consider the

2,rwoun: of equipments available for this operation. To do this, it examines the

--....... ati engineer units from the database file called ASSIGN. After examining

:~.. .encneer units, the system surveys the available equipments of these unit from the

Jr' s,' e file called UNITEQP. Next, the module calculates the equipments

r ,, mirement for these sites. Before calculating equipments, the module has to estimate

•umer of rafts per each raft site, which depends on the width of the river. Finally,

thc ni,,,,kle estimates the possibility by comparing the required equipments to the

", equipments. Therefore we can decomposed this module as in Figure 4.5.

-.- Possibility

Seec Suve Ca cla 1
Crossing Sites Units/EQPs Required EQPs

,".'.' ] Ca culate

Figure 4.5 Decomposed Possibility Module.
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5 c. Module 3 :Search Supportingq Units

Fromi the result of Modul 2,IL- the ;stern searches available surpori1n,

unitS. 11: the river crossin,- opeIration Is Impossible w ithout other engtlnecr units' su11ppor:

and h~ pi-unemets. The s'- stem inv~okes this module to f~ind thle ava~la-ble erei-1.,eer

u-nIts anld euullinent-s. Fi~rst, tne modull detcrnd-,nes the name of' hiorev l m IIad

-f the rt-e coosinL, coninanai from the database f-ile called .\SS I G' \Ne:5 the

I'luL~ deeUnswtnirn are assie-ned to thc hi,-h-level cornmund. and a!Lter that.

:1- aetenun>whih enIneeICr Ulits are as~ienedl to thesce units. I inailv it deem sthle

assinedeneieerunits and -heir equipments.

i1. .'slule 4 :(enerale Crossinig Capacity1

The Sssteml 11nvkes tis mdule to -'enerate the output to show. ho0w" manIly
veh'i1es :ar, cross tnle river every hour and whenm the commiand and its vehiclecsan

e.qulpirets finish crossinel 11-houri. In order to do this, the module calculates how

man t~n ar 111cbl per hour at each crosst*ng sites hK' rafIt and also c,11cU!tS thle

ass111 :1 "vtMie lor the rafCts and f'oatinu, brido-es. Based on these cala:laions. -1he

nnodule Lenerates the crovsing- caIpicit,\. Ficure -4.6 shows the decompcosed ri% or

cros":ng onera:ion subsystem. The d~etailed aig-orithmnes are given in Appendix A.
Wich ha.sthe Pseudo Prograrruing of the proposed system.

2. Subs.Nstemn 2 :Obstacle/Denial Operation

Wc n.e alrea~dy1 developed the lovical model of this sxstem in Charter 111. In

ec;c- sxe*'~v ccnv~ert the logica' model of this svsr't' m to phSical mlodel. Tre'oreC

wAe Cu," ec ..0P a hich -level irrh cha-rt for this sy-stem based on the data t flu':

ira ilm system tlowchIart asinlur .'.

T his su' Sx Stemn has four functions. Get Data. Examine \Necessitv, Seect

Lrct nI FXTend Segment of operational boundary'. Further. this subsystem hecqins

* wth~. lata about roadl number, segmnent of road and required amount of- delay

::meto pep re te net oeraton.This kind of- data will be given to thlesuyte

ta -~h t OcGt Data mo,,du1le. After receiviniz the daita, thle subsyvstem ivksth

i \ a~eN esit mou~oto estimate the necessit% of- operation under the curren
V s:: I'll' ::aenaa. In rJ rdr toC estIMAte :t, rhis mo~dule nee'ds several functionIS suIch aIS SeaChI1

[ ~re: :n~ nn tat f nds the des~,,Mnated tareets, in the operationial bonay Srx c

an x : h arvvsthe uncirlaced or undenied tarcets amone, ,h- act

:ur-d Kthe, revin s fUnctlin aind Calculate Dela% Tim-e a1n,.ti on.

tar ct ta. thein ta dt I. tie oks"tIcie denial Operation invokes h '11 a tnin

S..



Got Examine Examine Survey [GancrateI

Data Nocsst Possibility Units/EQPs Capacity

-Searc Veiy calculate Trips .

I rigBridge Sites Hour Tie capacity

Select Survey Calaulate
Crossing Enginoer Required

Sites UisEQPs

Figure 4.6 Decomposed River Crossing Operation Subsystem.

Nc :e sIry module to estimate the necessity of the obstacleidenial operation in thle

J 2; Ituation. Because if the delay time of the already emprlaced obstacles is

ern.: to satisfy the commander's required delay time, then wve don't need to conduct

*rl,.: (ipkration i ithis area. Therefore this module needs several functions such as

SL~ :rch f ar!zt that searches the targets in the operational segment, Survey Vret that

eK ::nii.cs zlv.c state of the targets, and Calculate Delay Time that calculates the ti'

* ~i.J ~ncrares thc output of this module.
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Cast$aclo/Denial
~~Opera tion

W r, I I -r~Ur Examine Select E Art-o-

CaaNecessity Targets ent

Figure 4.7 High Level Hierarchy Chart of Subsystem 2.

When the calculated delay time is not enough to satisfy the commander's

recquirement, the system call to the next module Select Target becomes necessary. This

,c,.UIC 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 system

an., ss phase is required when the available delay time in this segment is not enough

-or the commander's requirement, the system finally calls the Extend Segment module

in order to extend the operational boundary for this operation. This module is also

-" focenallv decomposed into several functions such as Determine Road Direction and

,Sc.vch " arget. The Determine Road Direction Function examines the direction of

road to extend the road segment. Although the coordinates are two dimensional value,

\-ai5s and Y-axis, we need only one dimensional value to extend the road segment and

serch target. But sometimes we need both of X and Y value. From the result of

t:,c~e mcdules, the system can be functionally decomposed as in Figure 4.8. Appendix

A .hows a detailed algorithm of this system.

F. SYSTEM IMPLEMENTATION

e structured system analysis and design for the proposed system have been

... ',-e,, in the previous sections. Specifications for the programs have been written.

J -;,,c :i:.e ',nas come to discuss the implementation of the proposed system, as the final

s'ec c-, th e structured system analysis and design methodology.

I mplementation is simply the process of carrying out the specified design. It is

c-ricerned with coding, documenting, and debugging the programs In addition, during
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Operation

G t Exsmine Etn
0 aNecessity TresSgin

. I CalIcula te
O~~Dlay Tim

-.

.. Delay time

.5g.

Figure 4.8 Decomposed Obstacle Denial Subsystem.

.- i,,,:? eme taton operating procedures are NN-ritten. The need for training is an often

o o% :-Ioookd aspct of systemn implementation. Further, system test is coniducted in this
,,,rep. Re. 7: p. 1001

The obiect of structured programming is to generate programs that are eay to

un,!erst.,jnd, and hence easy to debug and maintain. The basic principle of structured
pr~' r:m, in is akin to the military strategy of divide and conquer. A program is

into small, independent single functional modules which are clear and easy to

These modules are themselves composed of even smaller blocks, such as the

,.2ii~cICce, decision, and repetition structures.

! e river crossing operation subsystem of the proposed system has been

, i:;<ietc::ted in a microcomputer using dBASE lI Plus, as shown in Appendix B.

-i. l ' odulc of this system is coded by top-down implementation technique using the

,i::c:il chart that has been developed in the system design phase.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

[he coY o: tl tesiS were to maintain and analvze Information related to the

Ar.,rwL;gn Oper ton\. and to provide infbrmlation to the commander anld his saY

:I 0lder to sop caor, tnei cii 'clon making process during thie planning phase of- an

TO .:,\clip ths ';teM, thle author first described thle operational concept,; of thle

cenvlneer ~:tmunder tLhe combined arms ream as the backezround of' this SxStemi.

:Vtrer that, the author ama:%/ed thie current svstemn of the Korean Armyv Eneineer

(inocrati:on t0 dtfine the rcbes and defined the operational environments in order to

P ,nl:01S yter tosolve the problems. D~uring the lraI n
.e 0 rrces'. a:ths ve .te structurco svszen an alvsis and, desiean mcth~odolocz%

and rtiic~. irte~ncetechn.1ique were used. A* more general rLe-baSed s~e

-rl~tCtr hs nIt CIOen uIed JJbecause of the restricted time to do the thesi, thc d esirc

toLc :t2 %%1rn 1 Lhpt aproriate information and systemn may be needed., atnd t'.e

.:I' t an111I operait :oal- ;,,stem necessarily requires a complete re-dc fromin'

C~tCn~cC.Finl>,the s; stemi was implemented as a protctx pe with theC

AA SF III b.

-I Oer )eration Surrort Svstemi FOSS) determines thle necc-l.'. tan

OC''r ci t ,e egneroperations. river c.rossineg and obstacle denia. : rta..

aar~~~n1 ran p"ns of ani operation. The commnander anld staff can \etar

uec~cn r tn usin thereult of this o,-;tem as an output. I:additi:on. th
cain , o ,I ta and ifraonrelated with engineer operaio bI ua a:

C.:: . 1-o accoml-plish these objects. relevant data andinomtn nt"'

* n:nta~eaacclurate>% in the da"tabaseC f"Ie.
lhroueh tw study ofthsst th the auho aheved the prin-.arx - o ~a -,ii

stn~.; combining the knweg f arm% o'peraItins, Speci icf ; r",o c:e

at an, stuctued sstemanalvsis and des ien inet'hodolou"v. andcr rm:..
:enr ac.li Lsxsi. the mo1st useful1 fo)r tl-e operaitions in the dix ision md )rc.

oao d'.,bt :t C11:1 1- 'eased !',) r t he Fied rmn% (omandw o r .\rmx lie mdlc ;tc:

toe ~ TW cc:: v,"C2 ine tI'xten a he ilnmpr Ved an the 1111OUt1L at to 'e '.



B. RECOMM\ENDATIONS

1:1 :iI LIICSI', the Wuthor01 i-r nemented the rier crossin- operation xith dBA.\M
III . IS Inell4pe 13','t ui B\SE III Plus rrograms are -;loxer than cc mriieJ

~r~asusing C or PaScal. To Improve the perflOrniancc of' this stcm,, th-e sse

L,, 1-c rer itn C or Pa sca: or Sonic other more powerhuLl loc--icai proelrammr'. le

Ca~c k Prolce-, ardl aisc the obs tacle 2enlal operation pztrt h"," to he

I.......I.......1 'In -m te Chare. Furtherm.ore. tactic l itions such" as the., so.tuatlonls J!,

theYe dl anithe eneim Corces, fire: support plan, miovement plan1. etc.. have to 1e
ncI 11uiedI :n the liur Itud% of' this Sy-steml: hereC in this svsteml onflv the conteer

envro~mn:o" the camnend arms team has beecn considered.



APPENDIX A

ALGORITHMS

1. River Crossing Operation Subsystem
-p

a. Get Data Module

Input Data
MUNIT River crossing command
MRNAME Name of river
LEFT : Coordinate of leftmost of the crossing site
M-DDLE Coordinate of the center of the crossing site
RIGHT Coordinate of rightmost of the cross:ng site

b. Examine Necessity Module
Search available bridge in area A and B *

AREA = 'A', LOCI = LEFT, LOC2 = MIDDLE
join wit'. RIV_05J and BRIDGES to TEMP

for RIVOBJ.OTYPE = 'BRGE' , RIVOBJ.RNAME = MRNAME
RIVyOBJ.LOC = BRIDGES.LCC

while .-. do
select LOC, BNAME, CLASS
frcm TEMP
where LOCI <= TEMP.LOC <= LOC2, TEMP.STATE = 'AVAIL'
.insert to TEMPI
if AREA = B' then exit loop
else AREA = 'B', LOCI = MIDDLE, LOC2 = RIGHT
endif

end :hile
*** Calculate Crossing Site *
BRG = 1 Bridge site
RAFT = 3 Raft site
AREA 'A'

'!Le not eof(TEMP)
if TEMP.CLASS >= 45 then BRG = BRG - 1
else if TEHP.CLASS >= 20 then RAFT RAFT - 2

else RAFT = RAFT - 1
endif

endif
end while
if BR3 <= 0 then BRG = 0
endif
if RAFT <= 0 then RAFT = 0

•** Estimate Necessity *
.f RG > 0 or RAFT > C then

'River Crossing Operation is Necessary"
else 'River Crossing Operation is not necessary"
endif

c. Select Crossing Sites
_Selecting Crossing Sites*

AREA = A', LOCI = LEFT, LOC2 = MIDDLE
:oin with PIV_OEJ and CROSSIE TC TEMP

-or R!7';_BJ.OTYE= 'SITE' RI. OBJ.RNAME = MRNANERI-;_OBJ.LOC = C> CSSIT_.LOC

,'ile not eof(TEMP
select L.C, WIDTH, VELO, OEST... from TE_,MP
,.here LCCI = TE"=F. < LOC2
:nsert to TEMPI

end "...le

aa.2

be
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sort TEMPI with TEMPl.WIDTH(ascending order)
while not ecf(TENP!) or ( ERG <> Cand RAFT <> 0

select LOC, WIETHfrom TE
where minimu, WIDTH

VELO -= 2.0, QEST = 'none'
insert to SELECTED
ERG = ERG - 1, RAFT = RAFT - 1

end while
if AREA = 'B' then exit loop
else AREA = 'B', 'OCi = MIDDLE, LOC2 = RIGHT
endif

end whle
*** Survey Oraanized Engineer Units and Equipments *
join with ASSIGN AND UNITEOP to TEMP
select UNIT, AFB, LTR, M4TO
frcm TEMP
Snere TEM?.UNIT = MUNIT
insert to :EMPI
-ei_ not eof(TEMP)
SAFS = .ALFB + AFB
1,L7R = NLTR + LR

= M4:;,_76+ M476
end while

**, Calculate Required Equipment ***
RAFB, RLTR, RM4T6 : Required amount of equipments

W1,,' "n;h-e no: eof(SELECTED)
if NEANS = "BRJE then

R-14T6 = RM4T6 + SELECTED.WIDTH / 43.2
else if MEANS = 'i".RAFT"' then

case WIDTH e= .00
RM4TE = RM4T6 + 0.5

case 1.0 < WIDTH <= 200
" RN4T6 = R1i4T6 + 1.0

case 200 < WIDTH <= 300
R.'4T6 = R4T6 + 1.5

case 300 < WIDTH
R1-476 = RI4T6 + 2.0

else (* MEANS = L.RAFT *)
case WIETH <= 100

RLTR = RLTR + 1
case 100 < WIDTH <= 200

RL-R = RLTR + 2
case 2C0 < WIDTH <= 300

RLTR = RLTR + 3
case 300 < WIDTH

RLTR = RLTR + 4
endif

endif
end while

* Estimate Possibility **
if MAFE < RAFE or NLR< RLTR or MI-4T6 < RM4T6 then

"Need support frcm other engineer unit"
else "River Crossing Operation is possible"

d. Survey Supporting Unit Module
-* search MUNT from ASSIGN *

-f found then HIGHER ASSIGN.SELONG
select UNIT
from ASSIGN
wrhere ASSiGi.EELONG = HIGHER
insert to :E:P
-. ,'iie not eoft'TEP)

select UNiIT
from ASSIGN
,.; ..-r e --'0* 1P. UNIT i A S S 1 1.B3ELO0N1G
in3ertl to 5"UPCIRT

---- --- ---- --- -- -- ,-- ------ ----- ----- ---.
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end whi le
select UJNIT, AFB, LTR, Y4T6
from U:Q
wherte SUP?;ORT. UNIT = U!ITTP .UNIT

else Th-.-ere does not exist '-'JIT'

e. Generate Crossingi Capacity Module
' -RA .T Number of heav.y vehicle that can be crossed by h.raft

3 G umbe- of heavy .vehicle that can be crosser] by bridge
-,R Nu-mber of ligh-t .-el-ic-e that can be crossed by LTR

--AT Number of light vehicle that can be crossed by h.raft
"'ERGE T.Imer of licht vehicle that can be crossed by brid,7e

~ :: TzZnumber-of: heavy vehicle that are airead crossed
l.OT7AL Total numrbe- of li-ght vehicle that are alreaa-y crossed
T R'FAFT Heavy raft asserble time

".T BRGE Bridge assemble time
:R LTR assemble time

.H3UR Hours to cross light vehicle
HC -* :Hours to cross heavy vehicle
HOUR = 0, L.HO0UR 0, LV.LTR =0,
"V..HRAFT = 0, HV.BRGE =0, H.TCTAL =0
LV,.HRAFT = 0, LV.BRGE = 0, L.TOTAL 0
while HOUR <= AT.HRAFT or HOUR < AT.BRGE

if HOU 'R > AT.HRAFT then
HT.HRAFT =HV.HRAFT + (TRIPS * NUM.HRAFT
H.TOTAL =H.TOTAL + HV.HRiFT
HOUR = HOUR + I

endif
end while
while H.TOTAL < H.VEH do

.i.HRAFT = H%7.HRAFT + (TRIPS * NUM.HRAFT
h'I. RGE = HV. BRGE + (200 * NUM.SRGE
H.TO:AL = H.TOTAL, + HV.HRAFT + HV.BRGE
HOUR = HOUR + 1

end while
,v,,iie AT.LTR >= L.HOUR do

.T3TAL =LV.LTR
.L.HOUR =L.HOUR + I

end uh iIe
v.4ile L-TOTAL < L.VEH do

LV.LTR = LV.LTR + ( TRIPS *NUM.LTR
I HOU'TR <= L.HCUR then

LV.HRAPT = LV.HRAFT + (TRIPS * NUM.HRAFT *2
LV.BRGE = L'J.BROE + (200 * NJUY.SRGE

endif
L.TO:AL L.TOTAL + LV.LTR +LV.HRA!-FT + LV.BRGE
L,.HUI'R =L.HOUJR + 1

-t .H3UR > Hour then FINISHING TIME L.HCUR
e-se F:aNISHING TIME =HDUR



.. CESTACLE/DEN:AL OPERATION SUBSYST.I

a Get Data Mcdule
Inout Data

"RNU,1I: Road number
FRO, Coordinate of starting point of road segment
ENDED Coordlnae of ending point of road se-grent
RDTI:.E Requred delay time

b. Examine Necessity Module
SSearch nlanned targets in this segment of road *

.oin S,;h aD d and TARGETS to TEMP
for R:NUMB R0J.R.4UM, RD _CJ.OTUPE = 'OBSTI

RD_CBJ.LOC = TARGETS.L,-C
select :NUM, LOC, TTYPE, 1T:ME, STATE
from TEP
wh:ere LOCI <= TEMP.LOC <= LOC2in ser t zo TE7D.!PI

Calculate Delay Time *
5"M =0
wi.Le not eof(TEMP1)

if TEMPi.STATE = 'done! then
SUM = SUM + TEMPI.DTIME endif

end while
"* ti.ate Necessity *

if SUM > RTI.E :hen '"Zon't need Additional Operation'
else ADTIME = RTIME - SUM, "Need Additional Operation"

c. Select T7argets :.odule

incut ption
Tarcet Type : arget that you want to be denied
Selectng Criteria : 'A*:. and MIN. number of targets

SSelect Proper Target
sort TEMPI w:tn Delay Time(ascending order)
if TYPE = 'AL then

if CRITERIA = MAX then go to the end of TEMPI
;whi-e SU. < ADDT!ME or not bof(TEMP)

select 7r:UM, LCC, TYPE, DTME
from TE!Tl
where STATE - ' TaE'SUM S U.! : DTI.E "Su T$ ".E

end w:hile
else (C CRITERIA = MIN *)

while SUM < ADDTIME or not eof(TEMP)
select TNINU.M, LOC, TYPE, DTIME
from TEI 1PI
where STATE = 'olan'
SUM11 = SUM " DlIX[

end.,::: e .o:
el
whle MORE = true

af CO:TERIA = MAX then goto bottom
*",:::ile SUM < ADCTI- cr not bof

s,-lect TNU!M, L3C TPE, DT':ME

Where ST A , olan' , TYPE = Input target type
e S S

' " else C'!-_R_' =~ :N *)
,,T .... or not eof(TEMPl)

se ,,'. t LD:! , T 'fPE, D: ME

ee A C-:,-7 :'- an' , TYPE = Input tarcet tvpe
end whi r

-'"'.SL':I : .:I -1%! 'r

endi f
i f S " T:",-!E tren 1 other type of targets

%(

.4,
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MOIRE = true
else !:CR-- = folse
endif

end w;hile
endif
if SUM <ADDTIYE then ''Impossible within this segment"

call EXTEIN2 37EGMENT
e.lse D::FLAY OU;TPUT

d. Extend Segment Module
D etermine the Direction of,1 Road *

-abs X .L 0,1 - Y,.LZOC2)
=abs r.O~ - Y.LOC2)

I f X ,AY tbnen "Direcr-ion of road :East to West"
eise D'irezion of road :South to North" endif

S - eirch Targets *~
,f AX AY then

if X.LOC1 >X.LOc2 then
SU ,e!SU ADDTIME or bof(TEMP)

select T.NUM, LOC, TYPE, DTIE, STATE
fro NDEXED T71MP

,,:here X.LOC <X.LOCC2
SUM =SUM + DT:ME

en.a
e.se

,,.hile SM< ADDTIME or eof(TEMP)
select TNUM, LOC, TYPE, DTIME, STATE
from INDEXED TEMP
T4here X.LOC > X.LOC2

S"! SUM + DTIME
end .hl

endif
el~se if Y.LCC1 >Y LCC2 then

while SUM < ADDTIME or bof(TEM4P)
select TMLOC, TYPE, DTIME, STATE
from INDEXE-r TEMP
"I...ere Y.7OC <~ Y.LOC2
SCUM = SUJM + :TIME

e nd while
else while SUM < ADDTIME or eof(TEMP)

select T!.IILC TPDME TT
from INDEXED TEMP
,,.here Y.LOC > Y.LOC2
SUM = SUM! + DTIME

end while
endi.f

endif

(> %
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s _ ,APPENDIX B

PROGRAM LISTING OF THE RIVER CROSSING OPERATION

.. Main Program

E N N E E R . P R G

0Module na.e ENGINEER.PRG
A':-.hor :Jang, han AI
SPrpose This is a Fncineer Ooeration System to support* -hne decision-makinq d.;ring the Arm.y Enaineer cz-

eraticn. Th~s modu'e calls the simoules of

"Clled by system to execute the whcle system.
-Called by System start up 'dBASE II Plus)

.ais :-USCR, RIVER, DENIAL, F!ODIFY *
Variables

G- I Gliba : OPTON. Holds the user's input option
"o~ca- T - Date of todiay-'7- Local :none*

------------------------------------------------ --- lose all open files
c'ea, al.
------------------------------------------ Set working env:ronment

, set talk off
set heading off
set safety o::
set sta tus off

------------------------------------------ Define public variable
Cu-llc TODAY, OPTION
store szace(l) to OFTCN
store to 7ODA;

-hs sets um the CRASH.TXT file which records all actions so
..tat if the" system crashes the data base can be recreated.

fllis flies is deleted if the system terminates normai v.

set alte to crasn
set a.te cr.

------------------- Clear the screen and display the main menu
v.-." do MENUS R

S e!: zoor to R.
1 s : R M Y E 1 G I N E E R 0 P E R A T I 0 N

" ,1 s '.. ...0 N U':
_ ' .":,z ,s I-' ' N ORMATION"

coior too
-2 say F R:VER CROSSIN OPERATIO:r'.. 1,2 saj " &: E:;:AL (5SITADLE) OPERATION"

-- :,DATA FILE :5DE '  T
et --:ior to R.+

F 22 a RU..::NG

..s .a~' tr.e()

7. 9r-] ter selection ( R, D, N, or X to Exit

s-iy aet OPTION
{<-=0 'oer(OTSh to OPTION

J.

.42
* c- *- ,- -<...sj.- -. . . .....



Kase ZPTION = 1XI
clear all
oUt:

case OICN = 'RI
do RIVER
exit

case OPTION = D,
do DENIAL
exit

case CP:T:Co t
-o -MODIFY
exit

--------------------------- Error condition of user's option
c:herwise

20, 3 say space 18)
S@2C,60sav space 5\

2 say space(62)
set color to R+
@21,20 say IERROR MESSAGE---ILLEGAL OPTION :'+OPTICN
set coLor to W
?? chr(7)
@23,61 say "l get OPTION
@23,62 say space(l)
read
store upper(OPTION) to OPTION

endcase
*--------------------------------------------------- End of loop
enddo

--------------------------------------------- End of main loop
enddo
set alte off
c.ear a .iclose slte
erase CRASH.TXT

END OF MAIN PROGRAM

.N U S C R . P R G

."::dule name ME .. SCR.PRG
"- ,rose This is a IIENUSCR module of Engineer Operation *

s'ystem to format the screen. *
* ta!le! by :EfGINEER *

TIlAY = date()
"9 to 3,69
4. 4 -o 24,77 double

t 0 !- 4 double
-a say spaze i5)

. 3 22,T5
13 -o 20,46

S C3 spsce25)
2 say rep!tca:e(chr(176),2S)

. sy j chr-176
t say ch'76,z, 5~ 2 s~ c.n(16

.',4 - S-ay C:.r. 176)
Sav rh'' 7.6)

S 37)

. . c... 1 6)

.. : l:, is '; eo."1 6~Icnr"',"_- 16I s- c ,.- 175

a," reitecb.... 6 ,,23

Sh

• --..-..-.,-.......... ....... .,..,...... .. ... ....-- ..:.,.--,* . . *, *-.... --i: -.... :- ' -..'--.-, =' .. q,



:: sa," zhr., ,3)
s SS' c---r

2; 2 s a., i: gU P s3-* 4a echr !76) T5)

s a
C-., t:

4 4 76 s 'y c:,, 1 7

_ 4 , 17 3

-5 6 '"-. 176
sayc76

a y .n - 7 6
- 7 S'sa/ cnr 17a)

S76 say chr ....
@ say reolicae(chr(176)3O)

19 3 IF: OR.:ATION• a 2' 14 sa, 'DATE"
r cD sa, TIME

s a s tsdav
" M 5 S = mek)

- END CF MENIUSCR =-_

2. River Crossing Operation Subsystem

R I V E R P R G 7k
... ,c *P RG******* ********* ***

"[:Iod'e name :,VER.PRG
* ?ur.zose This is a River Crossing Operation Support S ys-
S"tem, this system controls the overall subsystem

.f this system.
Called by ENGINEER *

* cals :NEUSCR, GETDATA, NECESSRC, POSSIBLE, SUPPORT *
GENE RATE *

Varabes *
Global MUNIT, MRNAME, LEFT, RIGHT, MIDDLE, ABRG, *

BBRG, A RAFT, SRAFT, VAFB, MLTR, M1,4T6, *
RAF3, RLTR, RM4T6

Loca TODAY : Date of today
Local none

---------------------------------------------- Clear all open file
Cl.ear all
set oalk off
cc ':hie .T.

---------------------------------- Define the global variables
.*--- MU:- 11 T Name of the river crossing command
-. ,, -- ' lame of the river to cross
- LEFT : Coordinate of left boundary of area
.. 11 . Coro rdnate of right boundary of area-D--7

- .. D D . Coordinate of center of crossing area
--- ER, B BRG cumber of bridge sites in area t and B
----- A-RAFT, 3_RAFT .'umer of raft sites in area A and B
S-3, :L. ,::I:4-6 r ailale amount of equ;pments
S- A -R,R :' 46 ured amount of equipments-- --- E E S : : : U: s e r s cd e c i s i o n

,,~- ,,r ~IRN APE, LEFT R'OIMTDDLE DECISICN, OPTION;

.- I ' -,

.. ... .. .- - < *. *'-. - . -.. - ,. ..



A BRG, B BRG, A.RAFT, B-RAFT, MAFB, MLTR, MM4T6, RAFB,;
R-LR, R!6 -

store space (6) to MUNIT
store space (1) to MRANE
store soace () to LEFT
store sbace\s) to RIGHT
store space~i) to OPTCON, DECISION
store 0 to ABRG, B_BRG, A_RAFT, B_RAFT
store 0 to MAFB, NL-R, MM4T6, RAFB, RLTR, RM4T6. do while T.
do -.. -... Call GETDATA to define operational environment

do GETDATA
if OPTION = '

clear all
return
---------------------------- Return to main menu of ENGINEER

endif
--------------------------- Call NECESSRS to estimate necessity

do NECESSRC
if OPTION = 1XI

clear all
exit
-.---------------------------------- Back to the RIVER

endifei --------------------- Call POSSIBLE to estimate possibility

do POSSIBLE
Pf OPTICN = IY
do SUPPORT

endif
if OPTION = "X'

clear all~exit
S.--------------------------------------- Back to the RIVER

------------------- Call GENERATE to estimate finishing time

if CTION = ,
clear all
ex-t
--------------------------------------- Back to the RIVER

e nd If-
------------------------------------------------- end of loop

• re t.:rr.
END OF RIUER.PRG

'., i~*. ,- :. ta :!cd'ae

3ET D AT A. PROG
n : ATA.PPG *

i:.s is a ETDATA module to define operational
e'-.': rznents such% as name of river crossing co-

--,nand, nane of o-:ver, and river crossing area.

,''. :e" ta..-: off

-----------------------------. Call ME USCR to formating the screen

2 "E F C R O S G OPERATION"

5 , 3r "

.1* -

.4



set color to G
9 , 21 sa,. "RIVER CROSSING COM-MAND

sayNAM-.E OF RIVER TO CRCSS
1 321 say "C3-CRDINATES OF RIVER CROSSING AREA"
15,3 say LEFT1

Si2 say R ; ,T E"

- -21 sav lime(T

set c'Cor to R-
3 ',. sav" Press any key to RUN or Press X' to EXIT

~ S/ ''get oP::TN

Eet color to W
szore "'PeOTION) to OPTIN

,etuirn
----------------------------- Back to main menu of ENGINEER

dznile .T.
-_ 9,45 say .. get MUNIT
read

stre uozer,1UNIT) to NUNIT
11,4- say" I get 1ERNAME

read
sto-eupper(R-,.) to 1M1RNAME
S1:2C say . et LEFT

.ead
st.. upper(LEF.) to LEFT

9,-say " get MIDDLE

store ,ioer(MIDDLE) to MIDDLE
-57'say .' get RIGHT

-aa
store uper(RI'HT) to RIGHT
et er to P+
i 1E,15 sav "Press 'C' change data or Press any key

set color o W
,62 say get OPTION

st~re uzer(OPTION) to OPTION

ex:"'," end-:

9 23,:2 say .... aet OPTION

stcze upper(CTOMN) to OPTION
f 7

---------------------------- Back to main menu of ENGINEER
else

ex t

retr

:-END OF GETDATA.PRG

%
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4. Necesst'' Module

N E C E SSRC. PR G

Mozdule name NCSR.R
T' s is a 11ECESSRC module to esti'mate the nece-

V*.-Ssttv of riv:er crossin~g ope.-ation.
P', ~~ Caled ys::E;

-.cca± AR:EA LOC> L'-C, ANEED, B.NEED, MX, ML:NE,

se: talk! Off

-------------------------------------------Define the local variables
-------------------AREA :nea of river crossz-ng operation
-------------------LO-1, LOC2 -cr-d-nates of river crozsing area

71 ------ - -E-D X':cessity of coeration for area A and B
---- R-2ou-ia.ed rnurne'r of bridge sizes
------ RTS= Re Z-utred numb:er of raft sizes

-------- ine control variable for output
------ i Pointer vari-ab-e for data base files
store zoa(-e to ARE.;
szore szce 3)o !-,C L0 2
st e --o A-oR, B- BRGEMX
S7core -o B R RAE:F

S 1r * . to -T77[),

stoe A to ,R-EA
5- 7 to -7P:

s e % to LOC'
--------------------------------------------------- Define the working area
selec: A

, I e 7 23 index R17 _CBJ

_use ER-:7(3ES index BRIDGE3
--------------------------------- TEM? contagins the all bridges in this riv-.er

- ... '-:h RP'_023 to :E-P for 3->, LOC = A-> LOC .and.;
A-> R:ANE= >RII!*: felds :LOC, BNAME, CLASS, STATE

.~st:u.re 'to TEM?.P-

-------------------------------------- call existing bridge module EXISTEERG
o EX'T EL:R G T TH AR EA;, AN FE D, .5EM~Nr

-t

R 3 T BR *i -BRG
F E A FAF BRAFT

E ~ and. PRaF7S:TE = 2
2 to -,3

S"C- o' t 3
7"3 113 AVA:LAELE SRILTE7 :N THIS AREA"

r t Crt

- .!-E) and. .not. (SE?-E-)
7 -o 2D,'- doublze

'4.7

~I3.l7 o I57-



set color to R+
All @ 14,20 say "REQUIRED NUMBER OF CROSSING SITES"

e ,color to W
% 6.16 say "SITE"

%e% 16 S' say "A'
S'642 say "B"

say "TOTAL'
3 say repiicate - , 4)

.,say reicate", 3)
4" sa'," rccate ":" 3

o... c , * sa lrebzate -:
.... say 'RAFTR"T)

. , sav ltr'imstA-RA:7
4t ss a trm st,,B RAFT))--= -i 5- ca'; I'mtr'AESITE')

: ,'.osaj EBRIDGE"say sr

42 s ay , m str (B BRG))
-, sav Itr-im,,str( BGESITE )endjf

Set zolor tc R+
,14 say "Press any key to ccnt'_nue or Press "X" to EXIT€.,.3,6- sa". '' ce: cr:oir[

set color to 4
: store ',cper':PTICN) to OPT:CN

END OF NECESSRC.PRG

E V i S 7 B R G . P R G

J,-:' e n ame EXISTER .FRG
cse e iis is a sib-module of NECESSRC to examine the *

existing available bridges in this area.
ca- led b,, : ESSR

o P, Q, R S T, U V W , Y Z A ; AY

, ets AREA, LC!, LCC2
---------------- Define the local variables to represent location

:, '-(subs:r LOC1 1,2)) to 0
str(LCC!,3,3)

Ts = . ,6,3))
1.:: -.-: si stri~iSHT3, 3\

[ -,~~~~ , 3 ",'ubt RGT63

SW
Z

---. ---------------------------- Define the workina area

- ------------------- Searchina the available existing bridgs
-- - ------------- EI contains tihe a-.ailacle bridges

-:or:substr(od.i ,2)) to P
23',1: e ..

,.: .a7. STATE = 'AVA ' .ar.d.

.4,.
I!

* :
-' "" " - " Z - ' ---, ,..'. "*,' .. .' .. .". ---2'J '. L;. , - -. " " ' -'-4 ,..S " -.



((T <= U ,and. U <= V) ,or. (V <= U ,and. U <= T))
select TEN!"
append blank
replace LOC with TEMP->LOC, BNAME with TEMP->BNAME,;

CLASS with TWN?->CLASS, STATE with TEMP->STATE
endif

case AX AY
if P = 0 .and. STATE = 1AVAIL' .and.;

((T <= U .and. U <= V) .or. (V <= U .and. U <= 7))
select TEMPI
append blank
re )lace LOC with TEMP->LCC, SNAME with TEMP->BNAME,

CLASS with T'.IP->CLASS, STATE with TEMP->STATE
else

if P = 0 .and. STATE = 'A'.AIL' .and.;
sele<= R .and. R <= S .or. ,S <= R .and. R <= Q)-" se ect TEMP!
append blank
replace LOC with TEMP->LOC, BNAME with TE.P->BJA.E,

CLASS with TWNP->CLASS, STATE w1th TEMP->STATE
endif

endif
case AX > AY

if P 0 .and. STATE = 'AVAIL' .and.;
<= R .and. R <= S; .or. (S <= R .and. R <=

select TEMPI
append blank
repiace LOC with TE?->LOC, BNAME with TEMP->BNAME,;

CLASS with -'P->CLASS, STATE with TEMP->.STATE
endif

endcase
select TEMP

clcse all
re:rn

END OF EXISTBRG.PRG

C A L C S I T E P R G

Xiu-e nate CALCSITE.PRG
This is a sub-module of NECESSRC to calculate the,
recuired num.ber of crossing sites.

CaILe a v NE-ESSRC

,ar27-eters AREA, ANEED, BNEED, 'LINE, MX

S". 7 and. reccount() > 0
J 1,24 to 3,70

:D aior to R-
2,28 say ''AAILABLE BIDGES'

3e'- zoior "o
3 4,16 say AREAI

say - ATION
4,B say 'Ri:CE G A!E

4 sa- 'A33

sav repLcate('

"4 s a" replicate''=',

- :s ;':-. _e :.:< reccount )

'cc --c

' . - ,-, - .



...... 'F S say AREA
-::F,25 sayi LOCA

.!L7'jE jo sa;iB' INA MF
N 4EL::E % a' CL.ASS

= MLIN + 1

= F.
else

if CLASS >= 20
ARAFT = A-RAFT- 2

el.se
A _RAFT = ARAFT - I

endi.
else

if CLASS >= 45
A_ERG = 0

else
ifCLASS >= 20

Ae RAFT = ARAFT - 2

A RAFT = ARAF: - 1

e-se
if BBRG 0

Ef B_RAFT =0
a NED 7 D F.

e'se
ifCLASS >=20

BRA'-FT = BRAFT - 2
e 7se

3 RAFT = BRAFT -1I

end:
else

CqS>= 45

e se
ifCLASS >= 20

B RAFT = B_RAFT -2
e -se

B RAFT = B_RAFT - 1
end-

en di:

AF

nn
- --..- --- -'I ) O A4P S F -

0-



F Loss b:s't Yodule

''" P 0 S S i B L E . P R S 3*

..&&" name P,,SSISLE.?RG
e : .- s :s a POSSIBLE module to estimate the poss-

-, !iity of river crossing operation with organ-
Azze englo.eer units ana tneir equipments.

aIe" by E R
" is SLSTE, UNITEOPS, CALCEQPS *" " " a r : b l e s

Local . OR .... S, .REU.R, ORE.N4T.
I - - ' T-... - ..t . . .

cear
--------------------------------------- Define the local var:ables. REAFB Lack of AFB----------- TR Lack of LTR

- ---.:E--i4:6 Lack of M4T
EED Boolean variable

stoze .C to :!'REAYB, ',CRELTR, 7:R:6
store .F. to ,--EE
------- Calls SELSTE to select the river crossing sites

r e tur,- n
-------------- Return to RIVER.PRG~end::

--------- Calls UN-QPS to examine the organized engineer
------------------ -units and tneir river crossing equipments.

-' retur-n
--------------- -Return to RIVER.PRG

------------------ Calls CLCE.S to calculate the requored equipments

"-- "5 t..u.& .

--- ------ Return to RIVER.FRG

"::-!:FB RAB - *,!AFB

f > 'ILTR

7

to 4, ;4
sav STA7WE C CIMYS
s ay; AFB"

] ::$F.E -1 R --7RL

*sav replicate('=',

"sa .. '¢--_ > , aX4-

AA E E

, , s A'' -F S, I
"44 s 3111

d F,3 a" ezz e -:,)

, -a e

'IV

" . wS~ 3.32 .. ' ".st.2 V -,3,.,- %X "......t 44' SN 's. .... ! ,:t..T2;,3, 1-



@ 10,44 say str(RLTR,3,1)
210,56 say st:- RMT,3,1)
1 4116 say ;LACK'

* 14,32 say/ str(MYZREAFB,3,l)
4 ,444 s ay* s t r \CRELTR,3, 1
2 , say s tr (!:oREM4 T 6,3 ,I

set co.or o R

13 :517 sav 'NEED ADr.ITIONAL E UI?!-!E!NT TO SU CCESS
-' 221: sa' 'Do You. ."ant to searchI supporting 17t?(/N)

: 1,3 s ay '' get OPTION

store uooer',PTICN) to) OPTION'

'-eturn
---------------------------------------- Return to RI-VER.PRG

enI2.t
-, e-se

- ,.5 say W',E HAVE ENOUGH ECUIPN'ENTS TO CONDUCT OPERATICON
en 31

3 2314 say 'Press any k-ev to continue or Press K''to EXIT
stcolor to R
3 23,4 ' et OPTION*,

stt epper,(CPTIONI, to OPTIDN

END OF PCSSIBLE.PRG-u

S E L S 1 E - P RG

..o u..e name SELSIEH. PRO
,rz: se _-i is a sub-moul~e of POSSIBLE to select the

ra-.er crossin;g sites in each area A and B.
- .. 1> d by PCSSIBLE

INAEA. )HSIMG1

se-_ t3. off

z oructr e to3 TEMN?
artre to TEc _A '!

1 .r'e to .C.:l? ,

-------- ------- TEXP:I contains the all crossing sites in this river
co- 7M v1 f-cr 071PE = 137TE .and. RNANIE = RNA MI

nLe~ . C to -EMPI
---------------------------------------------------- Define the working area

:E:3::nex TEMF'1

cFCSSITE i'ndex :CFSST
se't-o to ZOTD into TEyPI

---------------- o -n with TE:IPI and3 CROSSITE to TE'i
-------------------- THEN? contains the character stics of all

------------------------------ ---. ver cs:.n:: sites in t-'s rt-.'er.

3c ,:t' -f)I 7
~CRttS:TE

a.1e:t .v 7E

_4. p h E?1-O,' dt ihCOSIE W2H



endf

select CROSSITE~skip
enddo~~c!,se -
cl-se Calls INAREA to search the crossing sites

-----------.. - in the river crossing area.

V C , - 5 ,;c

set color to R+
425 say "SELECTED CRCSSING S:TES"Set Ccoor Zo '.
' ' 3 say "AREA"

2 s a LCATIN
, 3 5 s 'M EC!EA:: S

8 sai replicate("=" 4)

3,43 say reblicate("=' 5)
S ,55 say replicate .=.: 3)

close 1l _
I, ...---------- -------- Calls CHOOSING to select the crossing sites
do CH-3.CNG

22.14 say 'Fress any key to continue or Press IX" to EXIT
Z ,4 say ' get OF T!C'

Store ppet'(OPTTlC) to OPTION

END OF SELSITE.PRG

c""e name :.NAR7A. PRG
pr::oZ_ : This is a sub-module of SELSITE to searc, the all,

" river crossing sites in river crossing area.
called by SELF7TE
arc az eLcal AREA, LOCI, LOC2

, clear

--------------------------------------- Define the local .ariables
------------------ AREA River crossing area, A or B
- ---------------------- ------ LOCI. LOC2 : oordinates or the crcssin: area

- tore szace(!) to AREA
stcre soace' to LO2C, LCC2
stcr 7 _ .T to LOC
-s-e M:C:LE -,c LOC2store A. to AREA

.----------------- TEMP contains all crossino sites in the river
------------------ TEMP_A contains all crossing sites in area A
------ - T B ccntar.s asl rossc:;o sites -n area S

L3C to TE:.P

n exTE
a.. --... . . .-

. .. .... " ... .. .. .. . .. .. .. . .. .. .. .

- : "'l =b t - -- '~ 6 -

"5 : "-' ' sutst ('Lt-2 ,, 3

.. t
°U



p. .< a s - - -- w-g

abs

-cto ".o
------- :o to the top of data file TEMP

n cot. eof)
stare uomer 1str L 'C1 ,2)) to?

3)

ac case
case A' < A Y

copy' to TEX.i next ! for T<=U .and. U<V .orSV,. =U .and. U<=-,)

case n:: = AY
zcz-" to :-MFl next I for (T<=U .and. U=1 ) or.

-V<U . and. --/ .and.;
4'

-  <9 =rR and R, S or.
S<=R .Ir.

case AX > AY
cop' to TEMPI next 1 for (<=R .and. R<=S or

S<=R and. P°-
endcase
.1 AREA : A

select TE:'!PA
elsese-ect ZU1?i_B

atcend from TEMPI

---------------------------------------- Ex.t to R:VER.FR3

END OF INARE. PRG . . . .

.... C F ,0 0 S I Nf G .P R , '

_'-&u na e CHOOSIX.PRG
.!-is is . suc-module of SELSITE to select the

r- crossing z ates in area A and B. *

i .... * .c° - . . . . .

,.AA MBRGE MRAF , NL2oE

----------------------------------- Define the local v-ariales
----------------------------. REA Rer crossn area A and B
------------------ :-5R.3E : Nunber cf bra-ite sites

', --. . . .. . . . . RATI : .mb;,her C: r.aft sites
-------------------------- - ---- .....- 1.H L: re contrc ;'ariabled . - e .-. c .- -E

- ..e 11 - t.oL : .... -. ns

------------------. =_7,_7._z contans the selected crossing sites

S .-

:re 'N"

'- ".,pe .



---------------------------------- --- Define the working area

. : se _<ELECTED

...... --:!F C contains the sorted crcssi.rg sites -_n area A or S

-- - :o

-- e " no.e eof(o

, is ' ,-e .not. eof(o
e,-.- ---- Select the bricdce s:tes

, EfEV LO n 2. d. ',I'-D TH 1= ! ,

,E sri AREA
S 2 v --A

- .. . .. a H...
H : --49 S av€"

sa

c. :~ate t cEMPC-LOC, .EA',S WITH "ERG-E,-VE T WITH 'e!TH T-E r F-7T

-- --- - - - site ca '--es:X-E : .:cz*S'de site can. be :a.y :-aft site

- cae C. th TE:-IF C- LCC, C -AN :S ;:TH "B?-EE
...... _C-',,L wI::H .IL-:T .EM.

S : .: E 22 s a,, .-a
-. 7 17R-:1 22 sav L .-i

a :.I : -
; :TLI:/E, -) s y. -: .

:7 A 1-

" exit

S -S

endd 4

e se

cdo . .not. eof( and. --:--AF7 C
---------------------------- Select the raft ste3f iO = .9 an d. '-; "": -=

- ' .'- ;;.H lI:
.-15 sav ARA

N LE 22 sa C A
' ." -1 E 35 s3A,T'
W :E..4 say ,,2H

L : '4 sa V7LH
I . 5

rep! ace 0 O' with TE.P C- LCC , MEAS ....- H "EPIe-
" -": IH Tl : - 7-".,'L W::CH ;';C-T -EMI 7 ' ..."

EL W i- TV::FAFT : ,L-"

"0 " " -;

,U:



q= C

t se lec TEMPC

e Exn ah an>C

;.. -,sr..!-

[% . .en.d d

u

- ....................................- Exit the main loco

,-,-"- - 1- A. RAF

-,,V .. :-' - .". - ._ RAFT a: ter q'ce3s

E '.': end .. , ... 13 sa'i re-:l:.ate( ' .

-3 4-~

of onffr. c

-- S a-T~ otozteal race n:;e nt

•f %, :LN :e~tds f -

--------- ~~~~--------------ne he orrq3:t

7
------------

!-,P c o e S f P -S :B E t) x m n

-a' led p *. *-

* . . --t".. *

. . ~ -. - -rrz i T . -r c t . ...... '

-3l : .!L-::7 Line ccntrol . r l

-------------------. -7 ,:p C c n t 3 i n s tile a l' o r g a no z e d -;.. . itu s

- lT: - C -i : f-id - --- --- .-- - ~ --. 7; 5:.,;I
is.-: ~ ~ ~ ~ ,i c AVILenn te i-nn se

,-:4 Ar EIPAVAIi:ndex PAVA!
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1 , s-=l," repli.cat:e , 3,

ic S *-, y e o-,_. te , -  4'c '.,' = ' . * .e 53

M. 1-,7 ,4 say AFE
L L:

7. .. . L7 R£,

4 ,T

L F.. 3 say TOTAL'

'L E-.33say s:r AB,3 i)

L 13-! 45 s ' s r '-4LT6,3 ,. ~ ~ ~ ~ ~ ~ :1! 7 "r:-1, s' r" 46 1 '

5 3%, ess any key to cont:n.ue or Press X to EX!T

5.e'=zr-r<FTiN , to CTI

- £; CF" UBI:-Os.PRG

'E - F S .PRG-

.... C AIL C E ' P S P P R ...

" :c&'Ie :.arne : AZCE' PS.FRG
7u "rzse : hs .s a sub-module of POSSIBLE to ca.lcu.ate tl-e

reo-ire4 amcunt c: eq'ueprens . elr e pupments.

Lzcal RAFTS

_:e-~ -a- f

- RAFTS :>"nber of rafts at e3ch raft s-tes
cstore to RAFTS

ED

-]_4~s R,. 1,3 + WIDTH 4 3.2

c.o case
case W:-TH <= i--2", RA75 = I
case WIDTH and. . -- 20

RAFTS = 2
case 2:u .. WITH .and. WIDTH 3>,D

RAFTS
case W_ . RAFT:4

V ~en.case :.!.-A.S = 'H.PAFT'

F4Ta = .. 4T. RAFTS

RLT7R L 7 lR RAFTS

2

' : . .. ." :F TALCEqS . FG -

.

.4

Al



:,. Sp~rt n'.ts mcdule

$ '2 P R . - R G

; : .s s a EUPPORT module to examine available
- -ng:::.crtin engineer units an their ei:ornments.

0-. SA7-, SLTR, 5:-!4T6, HIGHER, MINE
£SFB SSLTR 3SM,4,

,- . set tar fs a :
-- -Define the local var-ablesI',-" . ... ... .. ... >.--,SSAFS Lack of AFB------------------- -SLRL. Lack of UT

----------------------------------- -:4 SSS4T6 Lack of :-4T6
------------------. SEaeHiH ome .- gher command

----------------------------LIE :mLine control vara..le
stre D t zA-s, 3A -R, S:4:-, SSAFB, SSL:R, SS:4T6[.,].stc-e scace$2 ) co HIGHER

---------------------------------------------- Define the working area

use :" -" idex< A -"] seec -

---------------------- contains the all un-ts that ass' oned
---- -----------------.. r.der i:c:ker ccm.and.

. .. ? ." e>!: ":1: fo,. SiLO. = ?. HER .and. 77 ,

--------------------------LL::S ccntains the all engineer units
-" - - ---------------------- -----.. . 's assuoned kic-er mirana.-............................... ~ _- for.. :EP "u;:: ASSIGK;-"B:-5,22<Le L : 3GN-

--------------------- EN- contains tine all ena ..eer unuts
--- an-- -- -- -- -- - un der. .c e c..and.• . - - .. ......... ............ ... ,nd : b~~e :cn~n alUIT

r~ rr a0

_e :-:; LA 3F L TR 3 A,: E

':-q .44 : s av 6

a . -, 9

IL

_r'% s , A L :3-, L -. .. .. . .



@ ,T:E,44 sav L-,R

CLNE = ZEB = SAFB + F53

SLTR SLTR-i- L:TR
S"- :.14:6 + :1416&

-E ML INE + I
~ :L::E7I say "SUBTOTAL'

44 sa- S -

-!71-4 say s S '4L .

1 7say i -W

- -FB I SAFr;
7-4T + SLT

s Sai st> .'7,3,2

43 o2 sa1 s:'r''RAF E 2

-~ t 44 7- 5t. .~
7- s s:r :4r3

- ~ r: a'-' 44)

-- A - abs'FB

S-3= a~s, R)

T .0

e-se
SS1-c bs (5'-4T6)

'~-1' say ''LACK"
2 say str(SSA-B,3,1H

- - sav str' SSLT,3 1)
73 s a' st r\(SSM4T6 , 3 ,

s ay str(MUUT) T 'OES NOT EX-:ST '

-e C: to R+
arnd STIR a rn. S":4: T 0

13 say Cperaticn :.s pcss:.ble, if you get. support.

2 so. a :7.,-iprer.ts are nct enough f or oper-it :n .

.- y Press any key to continue or Pies X"t

e ..cer C?:2:)to

ED J: F F.7 F2 R -3=-- -



- Generate Module

. .... 7 P R G

-" .i e mae :GENERATE.PRG
.:.is is a GENERATE module to estimate the fini- *

or.''s.tmn time o: river crossin ooeraticn.

' PRAFT, CALCATM

Local HV HRAFT, HV ERGE, LVLTR, LVHRAFT, LVBP.GE, 4
HV-OTAL, LV-TOTAL, AT_HRAFT, AI_RGEt AT_LTR,

%' - H HOUR, LV HOUR, HOUR, NOHRAFT, NOERGE, $OLTR,
TRIPS, ., V7, L ,EH

ear all
'et :a of
--------------------------------------- Define the local variables
---------- H HRA : Number of heavy vehicles crossed by HV.raft
--------- H7- N'mber of heavy vehicles crossed by bridce

L - R umber of light vehicles crossed b', LTRdce
LHRAT Number of light vehicles crossed bHV. r aft

------ G- :JLuxber of licht vehicles crossed by brid~e
-------- ....... TAL Total number or crossed heav; veh_,_es

--------- - iota! number of crosseda n hl
TH - iAFT :Hea.-v raft assembly ttme
_--- -Brde assembly tIme

------- ... -- .. 7R •LTR assembly time
--------- H_ :Heavy, vehicle crossing time

'"R Lrchz vehicle crossing time---------- F HR Heav or liht veh-,cle crossing tin.e
---- --- FT . Rumber of heavv rafts

---------- - -E : umber of bridges
--------- .-umber of LTR

e r o trips per hour
--------- ,t- r nur.-ber of ,e a v v v hehicles

----- I --otaI number of Iiclhr :eicles
o ',_A FT, H,_BRGE, LVLTR, LV_HRAFT, LVBRGE,

L OTAL
t AFT, RGE AT LTR, HV HOUR LV HOUR

'o NC RE, :OLTR, TRIPS, H VEH, L VEH
------------------- -- alls TRIPRAFT to calculate t.-e trips per :,our
- - - - nd number of rafts.

RPS, NIFRAFT, "NOL R
Calls .LC , tocal.ulate the assembly t-me

- '_ sZ A ,AT ERE, AT R NDRGE
" -7. A =AT_H,,AET .or. H':HOUR ATSRGE

HRAFT .and. NOHRA7 <'> 0
HVHRAFT + TRIPS NOHRAFT

"= ........ H' 73TAL +H7_HRAFT
UR + 1 - R7

---------------------------------- Caculae crossed heavy vehicles
-._ -- _ AFT + T .. " HRAF

"< L .- - H - :T'--" -"

j.... . . . .. . . . .

"..'

..''-%,..v.2;-.'-v.-..'- .".. '-.,'-.-. *...-,:. ,. < '," . -".



..

-.------- - - - Calculate crossed light vehicles by LT!R
r+i '-' :,_7GR 4CJHOR + i

-he LV :CTAL < L VEH
---- C.culae crossed light vehi:les by LTR, BRGE and HV.raftLV LR =LV TR (:RIPS :JOL:R7 ' 1-'H' HOU 7: RV +H 2I ZUN'RO

H P U, RI

r -j t' 7 A HRAFT + IDS * N HRAFT * 2
% 3_7S + 220 * NOBRGE

I ." ".end,:

L lALLVLTR + LVHRA + LVBRGE

en a
................... = _..R

e s t,

M H L

se 0- H+

l7 ,a H E' AVU Y jErj -7-OUR

s --. y t,2 ro -3, Ist54,_ , 7

4t sav 1 -Im. s tr ( LH
set ccior to R

~S~D'C T'7E H +

7,~~ tiilz, D

* o . n rig. Press an-' key to back input mode

:SO0 ,2cer' CeXPE to OPTION

--------- END OF GENERATE.PRG

:R TP R A T.PR G

e :.s a sUb-module of GEERA to calculat 'he-,
~valaletritps cf rafts ar.c number of ra:f,

S. y . ... RA Z

"cca.:RATS, TRIP

n er y r: TR PS, NOlHrFT:T, NULTR
-------------------------------------------------- Define the local vrae--------------------------- R AFTS "nuber of bakfts
--------------------------------- TRp >ial ~xbro rp

I to RAFTS, TRIP

.r.ot. f EGN A .

2
7 -

. . . . . . . . . . . . .. . . . . - - . - .. . . ... . . . . . . . . . --

-Se s a b l . DT "a

.- _ ,- ,4

a< _a. , r ps cf0 7 at anH nub ro0a
,,..,.., - i led hv3 E AI



S---TRIP- = 2
• " ' -"e n d c a s e

:HANS = _RAFT"
HRAFT iRAF: + RAFTS

1_ .: .A.S = :LRA--T,
u..0 .R RAFTS

- -= RAFT" .or. :,_RAFT.. -.. :S + TR:P
TR!-S =TR!P / A RAFT+ B RF

close

---------- END OF TRIPRAFT PR G

Sz -pe 1:his Is a sub-module of GENERATE to calculate the*s.l.. , assin:V time og bridge and rafts.

.Local 5 E S SsE-Tr 5m

• "" a - t-e-s AHRA, AT _BRA , A:_LTR, NOERGE

-------------------------------------- Define the local variables----------------- SES Sets of eqiipments
---------- Sets cf eoultments

: Finish.ing ti:Je
store ) to SETS, ss=- 7T!17
---------------------------------------- 

Define the working areasezct i

AT L -R = "--GE

endif

_HRAGE = AT:E / s~s ORAFT

.-.5,s lc S L CE

,: ,'dc ".i~ l .n teof( t)

"'SZ -7 = Wi:,TH / 43.2
SES = SETS + SSETITO=- - = [BROE 7

SS.,
- endif

, -'.enddo
' ' A T B R -E : - , * S E T S / jO B R G E

It'

i'e or

,::.. :..-..-. ,,- ,.,,.e,,-Z: ,";"k ":', < -,','-,: :' ' %--."/"' -, :, " ' '* .i ':';"':,", F" CA-L " .'.-. " .AT ° .",lM.

I -i,,=, , i Mia i - i, m ,h | %



LIST OF REIFRFNCES

I Iie.: u~r~c DC:1 artinent ol the Arniv. ')r'crarion( T! '0'- Was hingto. D)C..

2. Iec ortes.Denartnment of the Arniv StarY Otf7cers Fi.V"d lfwnu"AF 1101.5 /

\V~:ncon.DC.. 10-2

f cJ;nrcr.Dnrmn of' the Army, 1-i'/rcer Cfwmb u Operai:. ,N 1.1/ i- u

. Ii 1-J2 , :ar-ers. Dep'artment of the ;\rln. Rit-er Crossing 01 'rc-ii(F I! '-113

W'.>ictn DC.,I'~

~. IoicunrerN Ieportment of' the Army, 01bstacies(F.A! 91)-l ), Wa-i Lsor. DJ.

R. E.. S 1K'--,r E.'!:gitncer'ng C'~acerrs. MIcC raw-1 I j1, Inc.. I') S

-. a~s. Vil~ni S. S srcnz ln i sis a.':d Ve nritz A dcdisonl \ esiev. Inc.. 19 s

I>'. s, Gl onr Bi3:ter. Aianagemeznt In ra~n. Stcins, NIc~raw- -fill, Inc.. I ' 3

W:or-nwn, Donai Arthur, A Guiac, to Expert SIysites. AJIdion-Wesie. .

I I- ; a P Thr:I., A ope~'sv Guide Al an wd Experi SN.vcam.s. NI cCjM

11.Y >n~eJ.Car>, Akt,,stering dBA SE III Pius, SYI3EX Inc., Berkeley (CA.. I19S6

12 Afnnl( aan.[k . /Lzo I/,,, Stuctior(d chncu Yourdon Press I11C.. Nt'':

1 ae )aiJi)cwP'e.n. Science Researc h A\:scicatcos In Pc,



'16

INITIAL I)ISTRIBILTIOX LI1ST

No. C[opies
I. De.n Fcchin~caI I : fornIitt~ol Ceniter

.\b ~ 1i. VA 2 14 i.~

N&.ji m Pcz iadae School
Ni on~ercv. CA- )394315i )02

.'. ~ ~of aa oron
l),rcczor. IniforMation Svst ernpqOP-_45)

P2  NavyDepartment

I~nr-re Chiman, Code 52)
Dcp1arznmciit of Computer Science
Nava: Po- turaduate SChool1

.. :Roi Prol-,esscr C. Thomas Wu. Code 52%%q
lDcpar~i:,-ent of Compute.r Scieoce

PaiIosteradu ate Sclhoci
NI oniereV:. CA q9~5)I

( L;hrarv' Korea Nlilitr A211e
Gong Noe-Doniw. D~o Bong-ku. Seoul

G"u~co Korea
-~ '. i~rar, Kr-a Army Engineer School

K Imhac-Si. IBukboo-Dong, K-vung- Nam
Repuab'jc of" Korea

S. Dcpartment of Combat DevelopmentI
Korca Army Engineer School
K'lmhae-Si, Bid-boo-Dong, Kvunig Nam

Rp icof' Korea

Derartrnent of PanninLe. P.O.Box 11)
Yoniosall-Ku. Yong'_an-Domi. Seoul

R2u~cof Korea

I (. LTIC J1unLg. Yuan Su
SN IC = 2 '4 1

'.1v Posteraduate School
I,) i ~re,.. CA 93943

Az_



1i. L-C I 12.Soon Hae

PON" zruaualc School

12. V Lee, Yong, Moon
SNMC =1 111)

PO\:rIuace School
NI :iere CA 011,43

13 MLi ark Tae Ya
SNIC z=229-

N ~al Po:ea~uteSchool
NIoraerev, CA 919-43

12. p:.Yee, Seunig I lee
S\I(7 =26.4;)

N' iPOS-2raduate School
NMontcrcv. CA: 93943

V. r~nKuim. Tae WVoo

Naval iPo~tgrol .uaci School
NI~nerv.CA 34

I. JA:r, .Ch, ~ Ktun
I he NaTicnai :VsNenlh[V Library

Seo-ul, Renublic of' Korea

17, ane (:inz Ki7
K~eSea)-Ku. Mock 4-Dongi TSO-Io
Senj. epulicof' Korea

86



.-. A.. - - . - -

"I,

p

F

F
'F

4..

4.

4..

a.

f)
-i

F.:

F
.4.

a.-,
-4..,

~4~

-VF,

4,..

F

-I

F..
*J~
A

V *~W *~ U *~ 'V U i~ ~M' .*W
~S ~ %4.. ,~. ~ **.****J.. ~*S*4~~**4* ** -

-- *~
4

4. '%f~4 W~%V'.,.V'. ?,,~4.,$. 4- ~ ~ ~
4. -4


