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Abstract

The Public Schools Regrouping project is a project initiated by the Ministry of
Education. It involves managing and planning (such as regrouping) of schools
distribution in Lebanon with the aim of satisfying educational, economical and
national criteria. In this work, we have developed a software tool referred to as the
Schools Regrouping Decision Support System (SRDSS), that consists of four
components: {a) Schools database that contains information about students, teachers,
and schools, (b) Towns Database that contains information about the town’s
population and geographical location, (c) Schools Regrouping Algorithm, and (d)
Geographical Information System that help in visualizing data and the algorithm’s

results.

The original contributions of this work are: (a) the formulation of the schools
regrouping problem as a weighted graph problem, and (b) the applicationofthe p-
centers schools regrouping algorithm to determinehow the current schools, in a user-
defined region, can be regrouped to a smaller user-defined number, p, of schools such

that user-defined criteria are satisfied.

The experimental application of the algorithm to the Aley Caza shows the
flexibility of the  algorithm in supporting regrouping decisions and gives good results

that are clearly consistent with the stated criteria.
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Chapter 1

Introduction

In 1975, the Mnistty of Education initiated the Public Schools Regrouping
Project(SRP) [Ministry of Education 1983]. The goals of this project were:

1. Enhance the level of education available for the Lebanese students which

was deteriorating due to the increase in number of public schools.

7 Enhance the distribution of schools so that the number of students with

respect to the number of instructors increases.
3. Reduce the amount of money spent on school buildings rental
4. Tncrease occupancy in the public schools with competitive tution fees
5. Compete with private and semi-private schools

6. Study the class timing to ensure better student coverage(AMshift - PM
shift)

In 1995, CDR performed a manual study aiming at delivering a new public
schools distribution plan satisfying the SRP objectives. These ojectives are satisfied
by grouping small schools (low number of students); thus, leading to enhancement of
the number of students per school, an increase in training sessions, a reduction in the
number of instructors, and finally building new, and healthier schools to cover all the

levels of education.

As vyears are passing, the CDR study is losing its value due to a lot of changes
occured and consequently, criteria upon which the regrouping was based is no longer

satisfying its intended objectives.
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Tn this work, we are going to present a developed tool refered to as Public

Schools Regrouping Decision Support System(SRDSS). The objective of this tool is

to provide the Ministry of Education with a flexible planning utility. This utility

consists of®

L.

A database of the available schools with their associated parameter
information. Thus, when a new school is added or deleted, it can be traced
through the database (name, place, type, number of students, and number

of instructors)

A towns database to manipulate the parameters related to towns, in addition

to distances between consecutive towns.

A reporting module to produce statistics and reports about the towns and

schools database. This module is part of both databases.

A Public Schools Regrouping(SR) algorithm. This algorithm is based on a

graph problem formulation and a number of realistic paraméters.

A geographical information system to visualize the information about the
schools and their geographical location. In addition, the GIS gives the users
the ability to query the geographical data and plot the corresponding

produced maps.

This organization of the SRDSS enables the decision makers and planners at

the Ministry of Education to take a decision for regrouping a set of schools in a user-

defined casa or region and under user-defined criteria; thus, overcoming the limitation

of the CDR manual study.

Experitmental work shows good results and that although the application of

the SDRSS is restricted to Mount Lebanon district and casa Aley, the components of

this system are applicable to any other Lebanese area.

The rest of this project report is organized as follows. Chapter 2 defines the

project objectives. Chapter 3 describes the organization of SRDSS. Chapter 4
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describes the public school database in details, in addition to database design. Chapter
5 describes the towns database. Chapter 6 presents the public schools regrouping
problem formulation and algorithm. Chapter 7 discusses the GIS design and
implementaion. Chapter 8 states the experimental results. Finally, conclusion and

remarks are presented in Chapter 9.
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Chapter 2

Project Objectives

The objective of the Public Schools Regrouping Decision Support System (SRDSS) is to

provide a flexible software tool to automate, monitor, and plan the public schools

regrouping process. This tool is composed of two parts:

Part 1. Public schools and Towns databases containing all needed data about

schools, geography, human resources available in the schools, etc. ...

Part 2. Regrouping algorithm that regroups schools once given necessary schools

data and parameters.

2.1. Public Schools and Towns databases

The objectives for the public schools and towns databases are:

e Provide the Ministry of Education a flexible platform to manipulate the data

affecting the schools regrouping process

s Associate with every school a set of parameters whose values are defined by the

Ministry of Education administrators

e Determine whether a town should contain a school or rely on schools in nearby

towns based on a mathematically generated factor(weight)
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o Creatc statistical reports about the current distribution of schools, students, and

instructors. This gives the administrators at the Ministry of Education the ability

to evaluate and foresee future trends.
¢ Favor multi-sectarian schools
» Favor well-equipped schools
The reports that might be generated from the public schools database are:

¢ Schools with no contracted instructors (st 3iLuT)

o Schools with contracted instructors (s sistf)

¢ French vs. English schools distribution

o Ratios of contracted vs. non-contracted Instructors.
o Ratio of instructors to students:

¢ French vs. English Schools

¢ Secondary vs. Intermediate Schools

e Ratio of population to students (Secondary, Intermediate, and Elementary): Pie

chart, and report

» Ratio of students in Private-free schools ( i~ o) to Public schools students

¢ Finding locations for possible new schools



2.2, Public Schools Regrouping

The objectives of the auntomated public schools regrouping algorithm are defined as

follows:

» Optimize the number of public schools that are rented

¢ Optimize the number of public schools near towns with a large number of

population

¢ Optimize the number of instructors in public schools where the ratio of instructors

to students is deemed illogical

The regrouping algorithm takes into account the following factors:

e Population

School distance to main road

Instructors to students ratio in a school

Building condition of a school

Building legal status of a school building

Sectarian distribution in a school



Chapter 3

SRDSS Organization

The Public Schools Regrouping Decision Support System is organized in four

subsystems. These subsystems are:
Subsystem 1. Public Schools Database
Subsystem 2. Towns Database
Subsystem 3. Schools Regrouping

Subsystem 4. Geographical Information System

3.1. SRDSS General Organization

Each of these subsystems has several functions available for its users. The general
organization of these subsystems and their respective functions is shown in Figure 3.1.
A user of the SRDSS can access all of these subsystems and consequently their
functions from the Main Menu which is shown as the root of the SRDSS organization
chart. Each horizontal level in the SRDSS organization chart constitutes a new level

of functions that can be reached from the level above it.
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Each entity in the chart of Figure 3.1, is translated to a button on the actual
screens of the system. For example, the Main Menu entity has five entities under it each

of which is represented as a button in Figure 3.2.

Figure 3.2. SRDSS Main Menu

Consequently, as one of the buttons in the Main Menu screen of the SRDSS is
pressed the next level of functions available under the function representing the pressed

button are made available to the user.

This logical grouping of related fanctions limits the number of choices the user
has to do at a time and thus, helps him concentrate on specific functions he wants to

perform.

In the next four chapters, we are going to discuss each of the four subsystems in

details.
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3.2. SRDSS Workflow

The normal scenario of the workflow in the SRDSS is divided into seven stages (See

Figure 3.3):

Stage 1. Gather schools and maps data sheets available in manual files (such as

documents or maps)

Stage 2. End users enter data available in the gathered data sheets into the schools and

towns database
Stage 3. Choose the region in which the schools regrouping has to be performed
Stage 4. Determine the towns weight determinants
Stage 5. Run the Schools Regrouping (SR) algorithm
Stage 6. View the results in the GIS
Stage 7. Generate statistical and listing reports

The results of the seven stages is provided to the user for decision making or

predicting future trends.
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Chapter 4

Schools Database Design and Implementation

The Public Schools Database is a relational database management system. It has
predefined data structures and relationships. The data structures are designed to store
entered data and relationships for ensuring and enforcing proper relationship between
them. In addition, the Public Schools Database management system has a graphical user

interface allowing user friendly interaction.

4.1. Schools PDatabase

The information about schools is kept in four tables and handled through one screen. The
four tables are structured in such a way to logically group related data. For example, the
information about students in a school are placed in one table, information about

instructors is placed in another table, and so on.
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4.2. Schools Database Design

As mentioned in Section 4.1, the schools database is composed of four permanent tables
with One-to-One relationships. These relations are in 3NF[]. The schemes of these
relationships are divided as such in order to facilitate querying and optimize data access

time. The Entity Relationship diagram of the schools database is represented in Figure

4.1.
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Figure 4.1. ER Diagram for the Schools Database
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The charts describing the schools data processing are included in Appendix A.

4.3. Schools Database Manipulation Screens

The data manipulation of schools is handled through one screen while the reporting is

handled through another. See Figures 4. 2, 4. 3 and 4.4.




Figure 4.2. Main Menu For Schools Database

Figure 4.2 shows the Schools Database main menu that allows its users to do one

of the following four functions:

{a) Manipulate schools data (See Figure 4.3): this function allows its users to add,

update or delete information about a school
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Figure 4.3. Schools Data Manipulation Screen

(b) Generate reports about the schools data (See Figure 4.4): this function gives
its users the facility to view data available about schools in the form of

statistical reports(pie, or bar charts) or as listings

Figure 4.4. Schools Report Menu

{c) Know more about the Schools Database
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(d)Return to the SRDSS Main Menu screen discussed in Section 3.1. This

function allows its users to go one level up the SRDSS chart.




Chapter 5

Towns Database Design and Implementation

This database is wused to process information about distances between towns. The
measured distances are between one town and all the adjacent towns. For example,
distances between town A and B and town A and C, in Figure 5.1, are measured;
however, distance between town A and D is not measured but calculated by summing up

the intermediate distances. (See Figure 5.1)

Figure 5.1. A,B,C and D are town whereas d1, d2, d3 and d4 are distances

Based on the graph in Figure 5.1, the following distances should be entered:

A B dl
A C d4
B C d3
B D d2

Table 5.1. Distances that should be entered

The information currently available in the database is entered manually after
calculating the distances from a road map of Lebanon [Geoprojects; 1993]. This
information is utilized in the SR algorithm which will be discussed in Chapter 5.



5.1. Towns Database Design

The towns database is composed of one permanent tables related to the geographical data
about towns through two One-to-Many relationships, The schemes representing these
relations are in BCNF[Korth, 1991]. The Entity Relationship diagram of the Towns

database is represented in Figure 5-2.

- o
L S~
| KA_population® 4-—%\1 Distances |
; ityl > ﬁf
-~ - . \\v//
Pop100 id, townname, | T
| kada name, moh_name, ' t Distance
I pop2000 I ;
Figure 5.2. ER Diagram for the Towngs Database

The charts describing the distances data processing are included in Appendix B.

3.2. Towns Database Manipulation Screens

The data manipulation of distances between adjacent towns is handled through one screen

while the reporting is handled through another. See Figures 5.3, 5.4, and 5.5.

Figure 5.2 shows the Towns Database main menu that allows its users to do one of the

following four functions:

(a) Manipulate schools data (See Figure 5.3): this function allows its users to add,

update or delete information about a distances between towns,




Figure 5.4. Distances Between Towns Manipulation Screen



(b) Generate reports about the towns data (See Figure 5.5): this function gives its
users the facility to view data available about towns in the form of statistical

reports(pie, or bar charts) or as listings

Figure 5.5. Towns Database Reports Screen

{c) Know more about the Towns Database

(d)Return to the SRDSS Main Menu screen discussed in Section 3.1. This

function allows its users to go one level up the SRDSS chart.
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Chapter 6

Public Schools Regrouping

This chapter presents a weighted-graph formulation of the public schools regrouping
problem and a p-centers algorithm that regroups schools in a user-defined region into

a smaller number of schools such that a number of criteria are satisfied.

6.1. Problem Definition

Given n towns with m schools. Let p (p <n) be the maximum number of towns (i.e.
centers) to be selected from the given »# towns where schools will be regrouped and
kept, and let C be a set of user-defined constraints, The Public Schools Regrouping

Problem can be stated as follows:

Find the “best” number of towns/centers, which is less than or equal to p, where
schools should be placed such that the distance from the location of a school to a
“maximum” number of nearby towns is minimized, subject to C. Such a problem is

usually called minimax location problems. [Christofides, 1975]

6.2. Weighted Graph Problem Formulation

Let G =<V,E> be a regions graph, where v; € V represents a town with m (m >=())
schools, [V|=n, and (v;,v;} € E is an edge with weight e;; representing the length of

the road between v; and v;(in kilometers).

Let W be a set of weights such that w; is the weight associated with vertex v; .

These weights are computed as explained in Subsection 6.2.1. below.
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The Public Schools Regrouping problem would be solved by finding a set of

vertices ¥/ — V, that satisfy the set of constraints C and the condition that the furthest
vertex on the graph reaches at least one vertex v; , v; € V. V"’ is called the set of

“centers” whose cardinality, [V’|, should be less than or equal to p.

6.2.1. Town/Vertex Weight Calculation

The weights of each town/vertex depends on two variables: the population weight and
the schools weights. These weights are determined by the factors listed in Table 6.1,

which also shows the acronyms are some user-defined default percentages.

Population Component POC 30
Instructors to Students ratio ISR 20
Distance to Main Road DMR 15
Building Condition BC 15
Building Status BS 10
Sectarian Component SEC 10

Table 6.1. Table of factors used to determine town/vertex weight

These percentages reflect the importance of each factor relative to the others,

such that POC - ISR + DMR + BC + BS + SEC = 100.




The town/vertex weight is given by

a1 * POC+ X (03 * ISR + o3 * DMR + oy * BC + s * BS + 06 * SEC) ... (6.1)
schools
in a town

where o - o are user-defined coefficients. The value of a coefficient a; is meant to
give a higher weight to the better values of the determining factors listed in Table 6.1.

An example of these user-defined values are shown in Tables 6.2 - 6.7. Note that

0<=ag;<=100fori= 1,2, ..., 6.

10000 - 12000 50
> 12000 100

Table 6.2. Weight distribution for the “population” factor

Instructors to Students ratio (20 %)

== S

0-10% 100
11-50 % 50
S50 % 75

Table 6.3. Weight distribution for the “Instructors to Students™ factor

;cellent Condition lbO
Good Condition 50
Bad Condition 25

Table 6.5. Weight distribution for the “building condition” factor
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Building Status (10 %

Rented 25

Owned 100
Table 6.6. Weight distribution for the “building status” factor

Sectarian Component (10 %)

One Religion and same sect 25

One Religion but different Sects 50
Different Religions and different sects 100

Table 6.7. Weight distribution for the “sectarian” factor

6.3. Algorithm

Consider each pair <v;, w;> e <V,W> separately, and “penetrate” along all possible
routes leading from v; up to a distance & ;; where &; =A/w; and A is a number

which is called the “penetration”.

Let Qa(v;) be the set of all vertices v € V from which v; is reachable within a
distance ¢ ; and let the region ¢, be the set of vertices v; € ¥ all of which can reach the

same set of vertices of G within the distance & for a given value of A.

In general, O, can be calculated from a matrix of minimum distances between
vertices. This matrix can be calculated using Floyd’s algorithm [Brassard and Bratly,
1988].

¢, can be calculated from the reachable sets J; as follows:

#(0)= {3ly on G} - U 043
1
where ¢, (0) is the set of vertices that can reach no vertex other than itself. The

regions that can reach the 7 vertices v; p Vip Vig s Vi, (forany 7=1,2, ...,n) and

no other vertex are given by:



iy ¥y Vg v = 0T 0 QODINL Y, Qi)

=1+

where the second term excludes the regions that can reach other vertices in

addition to v; p Vig Vig oo Vi,

Example:

Consider the following graph shown in Figure 6.1.

V4 V3

Figure 6.1. Example Graph

Let 2 = 2 and the weights for every v;is 1. This implies that §; =2 for all i.

The regions are:

Region I: point g is the only point that can reach v; and v, in a distance of 2

units.

Region 2: The section of (v ,v3) lying between points b and ¢
Region 3. Composed of the edges (a, v)) and (v}, a)

Region 4. Composed of the edges (a, v2) and (v, €)

Region 5. Composed of the edges (c, v3) and (v3, d)

Region 6: The section of (v2,v3) lying between points e and d (This region

can’t reach any vertex)
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6.3.1. Outline of the SR p-center Algorithm

Given p, where p is the maximum number of centers requested, an outline of the

algorithm to find the p-centers of a graph G = (V,E) is shown in Figure 6.2.

Stepl. Form Graph G distances matrix

Step2. Calculate the minimum distances matrix of G using Floyd’s algorithm

Step3. Calculate the weight of each vertex v; €

Stepd.Set A = 0.

Step5.Set AL =0.5

Stepé.Increase A by AA.

Step7.Find the sets Q;(v;) for all v; € V,and calculate the vertices ¢;.

Step8.Form the bipirate graph G’ = (V' W V, E") where V' is a set of vertices each
representing a potential center, and E' is a set of edges so that an edge between a

potential center and vertex v, exists if and only if v; can be reached from that center.
Step9.Find the minimum dominating set of G*

If the number of vertices in the above minimum dominating set of G’is greater than p
return to step 6; otherwise stop. The vertices in this set then form the p-center of the
original graph G. The vertices that can be served by each center found by the algorithm
can be determined from the matrix representing ¢. '

Figure 6.2. SR p-center algorithm

The SR p-center algorithm has a time complexity of O(n3 ).
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6.3.2. Determining Minimum Dominating Sets

For a given value of A, the distances & = A/w; are calculated for every v;. V. Then,
each vertex is either reachable or not within a distance &; from a vertex v; . This
makes the graph divided into sections, each defined by a vertex. Consequently, each
vertex v ;. can be represented by a binary vector (j;, j2, ..., /J») ©flength n (the
number of vertices), where j, = 1 if the vertex v, is reachable within & from v;. and j;

={( otherwise,.

The vertices with the same binary vector form a region and hence the regions
¢, can be determined. Since a region can be reached from a set of vertices for which j
=] and from no other vertex, these binary vectors will hereforth be referred to as

strict intersection{SI).

THEOREM 1: [Christofides; 1975] For a given A, a minimal dominating set of G’ can
be found by excluding from the set of vertices X’ those vertices which correspond to

SI’s dominated by other SI's in X’. We say that (SI}; dominates (SI), if

(8I); @ (S1);_(SI}); where ® signifies a Boolean product.

6.3.3. Algorithm Adaptation and Implementation

The p-centers algorithm discussed in Section 6.3.1. is adapted to fit the problem of

grouping public schools. The adaptations are listed in Table 6.8.



aon, District

G | Caza

ourt
v {vertices) Towns in District Aley
e (edges) Roads {Distances) between towns
w (weights) Weight of each town
Center A town that is chosen by the algorithm to be the location

of a group schools that will replace schools in nearby non-
chosen towns

Table 6.8. Adapting the p-center algorithm to fit the public schools
regrouping problem

Originally, the p-centers algorithm uses Dijksta’s algorithm to find Q;(vy) for
every v; . After adapting this algorithm to form the SR p-center algorithm, the 0, are
found for all v; using Floyd’s algorithm [Brassard and Brately; 1988].

6.3.4. Numerical Example

Consider the graph shown in Figure 6.3 .

Pop= 12500 Pop = 11000

A 12 kin @

S km

Pop = 5000
Figure 6.3. Numerical Example Graph

Let POC =100, and ISR = DMR = BC =BS = SEC = 0.
Let p=1.

Step 1. Form distances matrix

0 12 g
12 0
8 - 12

0 12 8
12 0 20
8 20 12




Step 3. Calculate the weight of each vertex using Table 6.2 and Equation 6.1.

Al 1l
B| 0.5
| 025

Step 4. Set A = 0. and increment it by AA = 0.5

Step 3.
1 0 0
Q =
0 0 1

¢'0.5 = { A,B,C } 3>p
Step 6. Iterate until A =8

— 1
Q= 1 1

0 1 1

1 0 1

dos={A} 1<=p

Step 7. Report “A” as a center

6.4. SR algorithm Execution

Before viewing centers of towns on a map, there are three main steps that need to be

executed, namely:
1. Chooge the area for which the centers need to be determined for

2. Enter corresponding parameters needed to calculate the weights for the

chosen area

3. Execute the SR algorithm
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Each of the above steps can be executed from the “Choose place main menu”.

(See Figure 6.3).

Figure 6.3. Choose Place Main Menu

6.4.1. SR Region Seclection

The region for SR execution can be chosen to be “All Lebanon”, a single “Mohafaza”,

a single “Caza”, or a group of selected “Towns”.

Each of these selection is determined on a separate screen except “All

Lebanon”. These screens are shown in Figures 6.4 - 6.6.
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Figure 6.5. Selecting a Caza

=4
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Figure 6.1. Choose a Group of Towns
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6.4.2. Parameters Manipulation

As stated in Section 2.2, there are six parameters existing in the SRDSS. These

parameters are manipulated through two screens (See Figures 6.7 and 6.8).

Figure 6.7 shows the screen that enables its users to enter the global
percentages associated with each parameter whereas the screen shown in Figure 6.9

gives the user the utility to determine the distribution of the global parameter

percentage over several values(i.e.c; ).
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Figure 6.8. Parameters global percentage distribution screen

6.4.3. Executing the SR Algorithm

Before executing the SR Algorithm, required information is exported to be used by the

algorithm. These information are:
1. Basic Schools Information
2. Distances Between Towns

3. Town Weights

6-14




Fach of these entities require the execution of a piece of code to calculate it

and exiract it the database.
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Chapter 7

Schools Regrouping GIS

The Public Schools Regrouping Geographic Information System(SRGIS) consists of two

main divisions:
(a) Coverages Digitizing
(b) Programs

There exist two coverages that are utilized in the SRGIS, namely the Lebanese

Cazas coverage and the Lebanese Towns coverage. (See Figures 7.1(a) and 7.1(b))

Figure 7.1. (a) Coverage 1 - Caza Aley (b) Coverage 2 - Towns in Caza Aley

These coverages were digitized using a specialized software from ESRI called

ARC/INFO[ESRI 1990].

7.1 Coverages Attributes
Each coverage digitized using ARC/INFO can be associated with a set of attributes.

These attributes may vary between a coverage and another. For example, the Caza

coverage has three main attributes: Case id, Caza name, and Caza perimeter; while the




Lebanese Towns Coverage has five main attributes, namely Town id, Town Mohafaza,

Town Caza, Town name, Expected Town Population in 2000.

7.2 SRGIS Utilities

To utilize and analyze the digitized coverages, we developed a small application using
two powerful software products from ESRI. These products are Arcview and Avenue.

[Razavi A. 1995].

7.2.1. Arcview Utilities

Arcview comprises a set of utilities that gives the user the facility to create customized

queries that can collect data from several related geographical coverages.

For instance, SRGIS users can build their custom queries to retrieve, analyze and
view data from the Lebanese Cazas and the Lebanese Towns coverages that are related by
the Caza name. For example, the user can view towns in Aley Caza having an expected

population greater than 1000,

Figure 7.3 shows the screen through which the SRGIS user can build his
customized queries. This screen is built in Arcview and it can be activated from a toolbar

button. (See Figure 7.2)



Show Schools in a selected Show Centers ]
Find a specific value

town
Show Query screen
Measure direct distances between
selected points
[dentify a town on the map

Zoom in and out  Move map on the screen

Select a town or group of towns on the
map

Figure 7.2 SRGIS Toolbar

Yalues

44083

53853

B2415

[Pop_93] 71120

[Pop_growth] 90204

[Median income - 1 182052
[Per_capinc) - Update Values

(1] ey

Figure 7. 3 Arcview built-in querying screen

7.2.2. Avenue Utilities

SRGIS contains data about schools and centers. This data is retrieved from the Public
Schools Database and from the Schools Regrouping algorithm (See Appendix D). The
schools and centers data are not digitized. Thus no geographical coverage can be

generated. To be able to process the data or plot it, some coding has to be added. This
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code will be written in an Object-oriented language from ESRI called Avenue[Razavi A.

1995].

The SRGIS contains two examples for such queries. The first query list schools in
a town selected from the Lebanese Towns Coverage. The second query shows the centers

generated from the last execution of the SR algorithm.
7.3 SRGIS Objectives
The SRGIS has two objectives:

(a) View the results of the SR algorithm

(b) Give the Ministry of Education a powerful tool to plan and monitor Lebanese

schools regrouping.
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Chapter 8

Experimental Results

This chapter presents experimental results for five test cases used to demonstrate the

operation of the SRDSS. Table 8.1 summarizes the five test.

Test Case A B C D E
No. of towns 3 7 14 81 81
No. of requested centers 1 2 6 15 20
No. of produced centers 1 2 6 12 16
Towns and Weights 82 | 84 8.6 8.8 8.9
Table
Towns/Centers 83 | 85 8.7 N/A N/A
distribution table
Map Figure Number 8.1 | 82 8.3 8.4 8.5

Figure 8. 1. Test cases summary table

8.1 Test Case A

Table 8.2 shows towns with their corresponding weights calculated using Equation 6.1

and the default factors and coefficient values stated in Tables 6.1 - 6.7.

Towns Town Weight
1. Chouifete 72
2, Aley 53
3. Bchamoun 45

Table 8. 2. the list of considered towns with their corresponding weights
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The SR algorithm yields the distribution shown in Figure 8.1.

Figure 8. 1. Centers distribution for Test Case A. Centers are
identified by circles

Table 8.3 shows which towns can be served by which center.

Chouifete

Aley
Bchamoun
Chouifete

Table 8. 3. Table of towns served by each center



8.2 Test Case B

Table 8.4 shows towns with their corresponding weights calculated using Equation 6.1

and the default factors and coefficient values stated in Tables 6.1 - 6.7.

Towns Town Weight
1. Chouifete 72
2. Aley 53
3. Bhamdoun 7.5
4, Ain Anoub 7.5
5. Bchamoun 45
6. Aaramoun 49
7. Aabey 7.5

Table 8. 4. the list of considered towns in Test Case B with their
corresponding weights

The resulting centers distribution is shown in Figure 8.2.

& hamdoun

Figure 8. 2. Centers map distribution for Case B



Table 8.5 shows which towns can be served by which center.

Bhamdoun

Aley

Aramoun

Aramoun

Chouifete

Bchamoun

Ain Anoub

Aabay

Table 8. 5. Table of towns served by each center




8.3 Test Case C

Table 8.6 shows towns with their corresponding weights calculated using Equation 6.1

and the default factors and coefficient values stated in Tables 6.1 - 6.7,

Town Town Weight
1. Kahale 125
2. Bsous 125
3. Chouifete 100
4. Aley 62.5
5. Sofar 125
6. Chanay 12.5
7. Ain Anoub 12.5
8. Bchamoun 62.5
9. Kaifoun 2.5
10. Aaramoun 37.5
11. Mechrefe 125
12. Maasraiti 12.5
13. Aabey 125
14. Bnaiye 125

Table 8.6. ihe list of considered towns in Test Case C

The resulting centers distribution is shown in Figure 8.3.

5 sahale

hduifete “Aley,
cﬂki‘ﬂ Anoub hEIFI;IdEILII‘I Sofar

Chanay
sWechrafe

Bchamoun® .
Kaifoun
=Aaramoun

abey ™ Bnaiye

Figure 8. 3. Centers map distribution for Case C
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Table 8.7 shows which towns can be served by which center.

Bnaiye

Aabay

Ain Anoub

Aramoun

Chouifete

Bchamoun

Ain Anoub

Kaifoun

| Kaifoun

Kahale

Aley

Bsous

Kahale

Chanay

Sofar

Chanay

Mecherfe

Maasraiti

| Maasraiti

Table 8. 7. Table of towns served by each center
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8.4 Test Case D

Table 8.8 shows towns with their corresponding weights calculated using Equation 6.1
and the default coefficient values stated in Tables 6.1 - 6.7. However, for this case the

population factor (PR) percentage is set to 100 and the rest of the factors percentages are

set to zero.

Kahaie ' 12.5 Aazzouie 12.5 Mreijat

12.5
Bsous 12.5 Sarahmoul 12.5 Remhala 125
Houmal 12.5 Ouata 12,5 Baaouerta 12.5
Bdedoun 12.5 Ain el Halzoun 12,5 Rechmaiya 12.5
Chauifete 100 Ainab 12.5 Silfaya 125
Blaibel 125 Btater 12.5 Aabey 12.5
Aley 62.5 Bedaghane 12.5 Bnaiye 125
Qmatiye 12.5 Kfar Aamaiy 2.5 Ain Trez 12.5
Ainer 12.5 Homset Hama 12.5 Daggoun 12,5
Ain Jouaiqg 12.5 Ighmid 12.5 Kfar Matta 12.5
Ain gj Jdide 12.5 Aaramoun 375 Kiailiye 12.5
Mhattet 12.5 Sibaal 12.5
Rouissat Sofar | 12.5 Baissour 50
Mdairej 12.5 Habramoun 12.5
Bkhechtay 12.5 Bserrine 12.5
Deir Qoubil 125 Mechakhti 125
Sofar 125 Mechrefe 12.5
Bmekkine 12.5 Bmahray 12.5
Souqg el Gharh | 2.5 Fsagine 12.5
Bhamdoun 125 Majdalaya 12.5
Bhouara 12.5 Qabr 12.5
Rejme 12.5 Doueir er 12.5
Btalloun 12.5 Rouisset en 12.5
Chanay 12.5 Mazraat en 12.5
Ain Anoub 12.5 Nabaa es 12.5
Aitat 12.5 Ain Drafil 12,5
Behamoun 62.5 Aadaisse 125
Mansouriye 12.5 Rmaile 12.5
Chamlane 125 Ain Ksour 12.5
Kaifoun 12.5 Bou Zraide 125
Ain Dara 375 Maasraiti 12.5
Ghboun 12.56 Dfoun 12.5
Taazniye 12.5 Ramliye 12.5
Mejdel Baana 50 Chartoun 125
Ain el Fraidis 12.5 Charoun 125

Table 8. 8. The weights corresponding to each considered town in Test Case D
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The resulting centers distribution is shown in Figure 8.4,

Chduifetee 0Bmg
. R 0UG el Bhagh® * o« w
@ ; E- .?wﬂh-amduun .
. {ln Anouh -‘Ms‘nhﬂnﬁﬁiﬁﬁaﬁa in Dara
®grameyn” s =
 AM Ksoyrm= Bou
- oom Ry

Figure 8. 4. Centers map distribution for Test Case D




8.5 Test Case E

Table 8.9 shows towns with their corresponding weights calculated using Equation 6.1
and the default factors and coefficient values stated in Tables 6.1 - 6.7

In this case, all the towns in Mount Lebanon, Caza Aley. The number of these towns is

cight one towns.

hale ~75 Aazzouniye 7.5 Mreijat

Bsous 7.5 Sarahmoul 7.5 Rembhala 7.5
Houmal 7.5 Ouata Charoun 7.5 Baacguerta 7.5
Bdedoun 7.5 Ain el Halzoun 7.5 Rechmaiya 7.5
Chouifete 72 Ainal 7.5 Silfaya 7.5
Blaibel 7.5 Btater 7.5 Aabey 7.5
Aley 51.5625 Bedghane 7.5 Bnaiye 7.5
Qmatiye 7.5 Kfar Aamaiy 7.5 Ain Trez 7.5
Ain er Remmane 7.5 Homset Hama 7.5 Daggoun 75
Ain Jouaig 7.5 Ighmid 7.5 Kfar Matta 7.5
Ain g Jdide 7.5 Aaramoun 48.75 Klailiye 7.5
Mhattet Bhamdoun 7.5 Sibaal 7.5

Rouissat Sofar 7.5 Baissour 43,125

Mdairej 7.5 Habramoun 7.5

Bkhechtay 7.5 Bserrine 7.5

Deir Qouhil 7.5 Mechakhti 7.5

Sofar 7.5 Mechrefe 7.5

Bmekkine 7.5 Bmahray 7.5

Souq el Gharb 7.5 Fsagine 7.5

Bharndoun 7.5 Majdalaya 7.5

Bhouara 7.5 Qabr Chamoun 7.5

Rejme 7.5 Dougir er Remmane 7.5

Btalloun 7.5 Rouisset en Naamane 7.5

Chanay 7.5 Mazraat en Nahr 7.5

Ain Anoub 7.5 Nabaa es Safa 7.5

Aitat 7.5 Ain Drafil 7.5

Bchamoun 45 Aadaisse 7.5

Mansouriye 7.5 Rmaile 7.5

Chemlane 7.5 Ain Ksour 7.5

Kaifoun 7.5 Bou Zraide 7.5

Ain Dara 45 Maasraiti 7.5

Ghboun 7.5 Dfoun 7.5

Taazniye 7.5 Ramliye 7.5

Mejdel Baana 43125 Chartoun 7.5

Ain el Fraidis 7.5 Charoun 7.5

Table 8. 9. The weights corresponding to each considered town in Test Case E




The resulting centers distribution is shown in Figure 8.5.

Bdedomn

Ain AnouB-e _fReJmé' « "Bhampdoun

JKaifou s, = *Aarzouniye
Aaramour’i. . E%emssefan Naamau%

', = Mazrag

Figure 8. 5, Centers map distribution for Test Case E
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Chapter 9

Conclusion

In this report, we present a developed tool refered to as Public Schools Regrouping
Decision Support System(SRDSS). The objective of this tool is to provide the Ministry of
Education with a flexible planning utility. This utility consists of: a schools database, a
towns database, a reporting module, a Public Schools Regrouping(SR} algorithm, and a

geographical information system.

The organization of the SRDSS enables the decision makers and planners at the
Ministry of Education to take a decision for regrouping a set of schools in a user-defined
casa or region and under user-defined criteria; thus, overcoming the limitation of the

CDR manual study.

The Schools Regrouping algorithm is based on a p-centers algorithm. The p-

centers algorithm was adapted and modified to fit the schools regrouping problem.

Further work can be applied to find better or more optimistic algorithms that
distribute schools over Lebanese towns, develop the tool interface using AVENUE and

enhancing the algorithm to find the exact number of requested centers.




Appendix A

Schools Database Flowchart

The following flowchart for the Schools database was drawn using ABC Flowcharter 3.0

to show how the options available in the Schools Database Main Screen are related. (See

Figure A.1.)
Schools Database Main Menu
: 1. Enter or modify school data
2. Produce Reports
*3. Learn more about the Schools database
14, Leave the schols database
~ User Choice.
i y
1: 2 ; 3]
v v v v
Open form Entry ! ' Open form Print | ‘ Open form About Open formMain |
| Form o Reports Dialog ; } Schools Daiabase | Menu
i
| | |
RS 2N T v .
/1. Open form Entry /1. When the user ! /1. Show information \ /1. Show Main Screen:
 Form allowing - |choose areport about the 'of the SDRSS i
| Updates and addition | | "Preview" or "Print" construction of the ‘
‘of new records inthe | :according to his database i

four tables in the

1,_Schools Database ) :

i
! 1 |

! ;
i request ' i j i

Figure A.1. Schools Database Flowchart



Appendix B

Towns Database Flowchart

The following flowchart for the Towns database was drawn using ABC Flowcharter 3.0

to show how the options available in the Towns Database Main Screen are related. (See

Figure B.1)

Towns Database Main Menu

'

| 1. Enter or modify towns data

2. Produce Reports |
| 3, Learn more about the towns database |
+4. Leave the towns database

—I)_ser Choice,

y g I

Open form Distarces i Open form Print Reports ﬁ Open form About ‘ \ Open form Main
' Dialog Towns . Towns Database ‘ Menu !
] ! I
| v oy

/1. Open form v /1. Whentheuser % /1. Show information * /1. Show Main Screen’
‘Distances allowing . choose a report . J about the ' |of the SDRSS :
- Updates and addition I "Preview" or "Print" | lconstruction ofthe | | .
‘of new records inthe | | according to his ‘ ; database :
‘ Distances table in the | i request ;! Do
\Towns Database | | o I

Figure B.1. Schools Database Flowchart

B-1



Appendix C

Implementation Issues

C.1. Software Implementation Tools

The software tools used to develop the project are listed in Table C.1.

Schools Database Microsoft Arabic Access version 2.0

Geographical Information System Arcview 2.1

Public Schools Regrouping Algorithm | Turbo Pascal 7.0

Table C.1. Tools used to develop SRDSS

C.2. Turbo Pascal Limitation

The Turbo Pascal version 7.0 for PCs has a limitation, This limitation is that Turbo
Pascal can allow only 65520 bytes of memory to be allocated by static data whereas
45860 bytes of memory to be allocated for dynamic data. This limitation meant that the
maximum number of towns that can be considered by the SR algorithm is one hundred

and eleven.



C.3. Dominating Sets and Set Covering

When finding minimum dominating sets, the algorithm is actually finding the
minimum number of rows to cover all columns. This is in quiet resemblance of the

set covering problem.
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Appendix D

Interfaces Between the Public Schools Database, Grouping
Algorithm, and GIS System

This appendix discusses how the components of the Public Schools Regrouping Decision

System interact in order to deliver the required decision system functionality.

D.1. Interface with the Public Schools Grouping Algorithm

As the above discussion reveals, to determine the centers, the algorithm needs:
1. Towns available in Mount Lebanon
2. Distances between towns
3. Weight of each town

How are these pieces of data provided to the algorithm? (See Table D.1)

From the la o

provided by K&A Database

Towns in Mount Leanon

oult in chools

Distances between towns | By data entry through a | Dist.txt
screen in the SCHOOLS
DATABASE

Weight of each town Running of an algorithm | Weights.txt
in SCHOOLS
DATABASE

Table D.1. Data provided to the Schools Regrouping Algorithm



D.1.1. Table Population

KA _population from the
ARCINFO coverage: pop100

h 4

Attach it to the PSDB

Popl00_id from tablg KA_population

v

Table Population: Each Popl00_id is
a given a serial number from 1 to n

(number of towns)

D.1.2. File Dist.txt

Data entry of direct distances
between every two town that
have no town in between

entered values

¥

| Table Distances in PSDB |

|Output table Distances to dist.txt |

Format dist.txt using a Turbo
Pascal Algorithm to form the
mairix of distances Distance.txi

D.1.3. File Weights.txt

Data entry of schools information and
weight parameters percentages and values

entered yalues

School tables and parameter tables
in PSDB

Run aigorithm in PSDB for
calculating weights

l

Qutput weights information to
weights.{xt

D2

done to facilitate calculations since
towns in KA_population are given
random non-serial numbers

done in PSDB data entry
form

done in PSDB data entry
forms



D.2. Interface with the Public Schools GIS System

.. List of Centers T Fom teubISchols ..

Centers.txt

Grouping Algorithm
Schools Information SCHOOLS DATABASE | Schools.ixt
Towns Code Matching SCHOOLS DATABASE | Param.txt

Table D.2, Data files available for the public schools GIS
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Appendix E

Choosing Place Flowchart

The following flowchart for the Towns database was drawn using ABC Flowcharter

3.0 to show how the options available in the Choose Place Main Screen are related.

(See Figure E.1)

Choose Place Main Menu
|

“1. Choose area of SR algorithm applicatio
i 2, Learn more about Choose place
I 3. Leave Choose Place

‘ o
User Choice.

1+ 2¢

‘i Open form Abowut |
. Choose Place

I

‘1. Open form to ‘ 1 Show information
choose the area of SR | about the Choose
| Execution, Execute ‘ | Place

|

i

Open form Places

! SR algorithim, and
| View corresponding
‘Map

| /

5

Figure E.1. Choosing Places Flowchart

3
Open formMain
Menu ,

S
/1. Show Main Screen:
of the SDRSS

|
\ J

\‘.‘ S /




Select Area Main Menu

1
. S
1. Select Area |

~User Choice
Specific i’lohafaza Specific Caza Speciﬁcfowns
I r 1 F v
All Lebanc?n ‘ Open form Select | Open form Select ‘ | Open formTowns

! J Mohafaza ‘ | Caza | ‘ List

, 1 ‘ . | |

| |
; ! |
v

Determine Parameters Total
Percentage: Open form Param
List

T

]
|
1
i

Determine Parameters values:
QOpen form Parameters

l

Run algorithm SR

L 4

Show maps

i

Run algorithm SR

Figure E.2. Selecting area of SR Execution
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