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PREFACE

The present dissertation consists of eight chapters,
Chapter I outlines a general introduction and explaing the

purpose and gcope of the pregent work,

Chepter II contains a brief review of the concepts of
goal programming including different goal programming models
and solution algorithm for these models with an {1lustrative

punerical example,

Chapter III concentrates on a general goal programming
model formulation for preparing bus time-tgbles, The trip
~ @uration, bus arrival time, bus stop crossing by trips, irip
start time., simultaneous arrival of buses, ratio of passen~
gers travelling in the buses of the corporation to the total
travelling passengers, and bus operation time gaving , are
considered as objectives in the model formlation. The model

is demonstrated with the help of a numerical example,

Chapter IV presents an intggpr goal programming model
formmlation for the bus tranerpovrtation erew plannir_tg-to find
an optimel schedule in which each crew is assigned two days |
off (consecutive or non-consecutive) per week considering
gseveral goals, such as, limit on the total number of crew-
having days off on each day, lower bound on the number of
crew: having consecutive days off for the pairs of days, and

upper bounds on the number of crew having non-consecutive
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days off. For model demonstration purpose, a numerical example

is presgented,

Chapter V deals with 'integer gosal programming modsl
formlation for the problem of bus trips planning, The objec-
tives which are included in the model formulation are number of
trips on each route, frequency of call, total duration of all
trips, duration of each trip, profit and total number of trips,
A numerical exemple is presgented to demonstrate the. model,

Chapter VI is concerned with the preparation of bus
schedule by combining several short trips. For this purposé,
a8 zero-ona goal programming modal is formulated by considering

several goals, such as, number of buses hesdout from the depot,

required number of linked trips in a schedule, and the opera-
tion cost, This model is fllustrated with a numerical example,

Chepter VII presents a mixed zero-one goal programming
model formlation for the planning of setting ‘up express bus

——rhimar. ————

stops on the _regular routes, The goals considered in the mdel :
forml;tic;n are necessary express bus stops, maximum gccommoda-
tion capacities of the bus stops, and upper limit on the total

walking distance walked by all passengers., The model operation

is discussed by a numericsal example,
- Chapter VIII summarigzes the dissertation slongwith sugges-
tionsg for further research in the field,

4 list of bibliography is included at the end of the
digsertation,



CHAPTER 1
GENERAL INTRODUCIION

1,1, INIEODUCTION

Public transport elther in the form of railway or tus
plays an important role in the every day life of majority of
the people due to high expemditure of personslized transport.
The econony necessitates railways for long distance transpor-
tation where as, for daily commtation and short distance
transporiation such as transportation in metropolitan cities,
bus transport plays a vital role either in conjunction with
the railweys or independently., The future of the bus .transport
appears to remein bright even though absolete facilitises,
growing demands, sharp increase in oil price and cost of spare
parts, different restrictions/requirements of several agencies
like, the poliee, politiclans, community and the transportation
department l1tgelf are creating seemingly insoluble difficulties,
Therefore, transportation planning i1s the most urgent need of
our metropollitan cities,

Whether government, privete business, or mon-profit
institutions, the planning was being done marmaglly by experi-
enced planners, ITwo developments in the management science,
coincidental in their occurence, contributed to its rapid
growth during and after World War 1I, The flrst was the elec-
_tron:i.-e-' computer and the second, perhapa more important the



application of scientific approaches to organisationsl prob-
lems, The infusion of these ideas led to several changes in
the planning processes. The most apparent among these changes
has been the use of speclalized quantitative _techniques.

The most appreciated quantitative technique which is
used for the plénn:l.ng of variety of problemsg 1s linear progra-
mming technique, The nature of linear programming model 1s
such that all the objectives/goals of the decision maker must
be integrated into one objective ﬁmction in terms of single
megsurable criterion [-15_-/'. This unidimensional property
creates an obvious limitation for linear programming technique
in handliing mxlt:i-oh;}ective problems which ususlly occur in
real world,

There are two procedures by which multiple objective
problems magy be solved with the help of linear programming
technigque, In the first procedure, one required goal is
selected as an objective function and the remaining goals as
the constraints of the mdel /427, From the set of solu- |
tions which satisfy all the constraints including gosls which
are treated as constreints, the .computational slgorithm will
salect a solution that optimizes the objective function,
Becsuse of the requirement that the optimal solution must =
sa.tisfy all constraints and geals which are written as consg-
traints will have a higher priority than the goal serving as .
the objective funefion, Moreover, all goals which are treated;'
as constraints will have a.n- equal importance to the decision
maker, |



The second procedure by which the miltiple objective
problems may be solved by linear programming technique is the
transformation of myltiple objectives into a single objective,
Usually, the transformation is performed by using the utility
theory concept, provided that intangible entitles can be trans-
formed intc a single measursbie quantity, But in most cases,
an accurate utility function for transforming goals which are
incommensurable into a single goal is rarely availagble, For
these reasons, the decislon makers are switching from single
dimensional objective function to multi-dimensionsl objective
function techniques to solve the problems involving multiple
objectives Z 43_/.

One of the techniques which consider milti-dimensionsal
objective function is goal the programming technique, In this
technique, all of the decision makers' goals may be incorporated
into the oﬁjective function., The objective function of goal
programming 1s not reducible to a gingle dimension, The environ-
mental conditions of the problem are satisfied before considering
any goal. A set of Peasible soclutions vwhich satisfies the .
environmental constraints is established, The optimal solution
is then selected from the feasible solutions which best fulfils
the decision makerst stated gosels.

As mentioned before, the first and second method of solu-
tion have some problems concerning an accurate transformation
of multiple objectives into a single preference or utility funce
tion, Hence, gosl programming technique which does not require




The transformation of multiple objectives to a single prefer-
ence or utility function is being used in the recent works by
operationg researchers and management scientists in solving the
mlti-objective problens,

Apart from overcoming the above stated difficulties, the
goal programming technigge deals very efflciently with the
problems having conflicting objectives which generally exist
in all real world problems, Therefors, goal programming tech-

nique is used in the present'f research work,

The main purpose of this research is to develop effec-
tive goal programming models for transportation planning of
metropolitan cities and to demonstrate their application poten~
tial in managerisl decision~mgking. '

The transportation planning of metropolitan cities being
'very conplex is divided into several pleanning phases, such as,
planning of bus time~table, bus transgportation crew. ., bus trips,
bus schedule, and express bus stop location., The model formu-
lations for these phases are explored geparately in detail,
The cholce of goals in thege models are hased on the require-
'ment of transport management, ciﬁy councils, police and soclety
etc. For illustration purposes of the models, numerical examp-
les are considersed, The computer results of these numerical
examples are discussed in detail by changing the preépreties of
the gomls,
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| The factors which have been carefully considered in the
formilation of goal programming models for resemblence with
real world problems to the maximum extent, are: (a) The hier-
archical structure of the goals because the succegs or failure
of the modsel 1is dependent on the careful selection of goals and
their relative positions in the priority hierarchy; (b) The
interrelation and the interaction among the decision variables
in order to obtain a workable model; (¢) The number of deci-
gion varigbles and the length of the planning horizon because
the model containing too small decision variables will not
reflect a sharp image of the real sgituation, On the other hand,
too many variables and long plamming periods magke the problem
too complex and diffused. |

In the present work, no attempt is made for detailed
studies of bus transportation planning of metropolitan cities,
The model structures are limited to deterministic models, Thse
constraints and cbjective functions of these models are linear,
The main sttempt here is to investigate the wey in which the
new concept of mathematical programming such as goal progra-
mming can be used as a tool to solve the transportation plamning
problems of metropolitan cities. The results obtained, thus,
can be used as a guideline for the bus transport managemént of
metropolitan cities in checking, modifying and controlling
the bus operation for approaching the target as closely as
possible,





