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Abstract

In recently, urban traffic became more worse in Taipei city. The solution approach has to depend on
universalization .of public transportation. However, we need first a perfomance method for evaluating
transportation systems. This paper focus on establishing a complete, objective and easier evaluating process.
The selection of performance evaluation indices, the weight of indices by using AHP method and the
priority rankings of all bus systems-according to the concept of fuzzy MADM are included to describe.

In this paper the hierarchical structure of bus performance evaluation indices was constructed by
considering three aspects of supply side(bus firms), demand side(passengers) and supervise side(policy);
then sixteen evaluation indices were selected in this hierarchical structure. The weights of all evaluation
indices was obtained by using the hierarchy concepts of AHP and its eigenvector from decision-groups of
bus operators,passengers, government authorities and scholar experts. Then the priority rankings of all bus
systems-TOPSIS were ranked by applying the outranking of fuzzy MADM.

Finally, ten bus firms in Taipei city were illustrated and ranked by using this evaluation process. It is show
that simplify the complexity of fuzzy application to the bus system evaluation. The tesults also be more
suited to the characteristics of this problems.

Keywords:Bus system performance, performance evaluation indices, analytic hierarchy process(AHP),

fuzzy multiple attribute decision making.

I. Introduction

In recent years, air pollution that is
accompanied by increasing urban traffic congestion
has*only gone for the worse. And the solution to the
problem depends very much on the prevalent public
transportation, while public bus plays a rather
significant role in it. Of course, it is a matter of the
highest urgency as how the performance of public
bus system can be increased so as to attract more
passenger. Initially, how can the performance index
selecting and evaluating public system be derived?
The task can be conducted by evaluating the
managment and operation objectives of the
public-owned enterprises - their efficiency and
performance (Tally, and Anderson, 1981; Fielding
and Anderson, 1984; Field et al., 1985a; Tantoriboon
et al., 1993). Different manners of evaluation and
selection have been conducted, and some have been
evaluated and selected from the hardware equipment
and passenger service standard (Transportation
Department of the Taipet Municipal Administration,
1991); some bave been evaluated and selected from
the five major objectives in pursuit by the public bus
system (Chang and Tsai, 1993); some have been
evaluated and selected first by separating bus into
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peer groups, then the performance of various
transportation systems in the same peer group is
compared (Fielding et al., 1985b); others would first
break up transportation zones into different services
areas, next the performance of the transportation
system within the area is evaluated and selected
(Lan , 1983). This study considers that transportation
industry is within the domain of regulation economy,
and bias is most likely to be brought forth should the
enterprise be viewed from any particular perspective,
lacking in its panorama. Therefore, three individual
perspectives as the supply aspect of bus operator, the
demand aspect of passenger, and the ‘aspect of
supervision policy being the most important and
special part of regulation economy are employed as
foundation for selecting performance index.

Though a wide selection of literatures have been
done evaluating the performance of transportation
system, only countable few have worked on the
weight size of performance index and these few
were, unfortunately, conducted from unrefined, and
average expert viewpoint, which merely renders the
derived weight size being subjective and
unreasonable, Thus, this study will employ hierarchy
concept and eigenvector method of analytic hierarchy
process (AHP) to analyze and obtain the weight size
of each of the performance indices.




Then in the process evaluating the performance
of transportation system, there are always such fuzzy
expressions as "high", "medium"”, and "low" seen in
the measurement of qualitative indices, so the
generally binary logic concept is inapplicable in this
situation. This study utilizes the administration and
alternative ranking methods endowed in the fuzzy-
expressions of fuzzy multiple atribute decision
making (FMCDM), then takes operators of bus
companies as altematives and evaluation index as
attribute or criterion, and the ranking among bus
system is performed among each of the derived.index
weights. As for the method of ranking, this study
suggested using TOPSIS to handle the issue as the
two premises of TOPSIS - known attribute weight
and monotonically increasing or monotonically
decreasing features - conform to the characteristics of
performance evaluation problem of public bus
system. At the end, this paper will illustrate with
examples with the ten bus companies in Taipei, and
employ such evaluation procedures to conduct the
task of priority ranking atnong these systems.

II. Sclection of Performance Evaluation Index of
the Bus System
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In the past, there are various manners choosing
performance evaluation tndices, such as the one by
Fielding et al. (1978), which put forward the strucrure
of performance concept model: cost efficiency, cost
effectiveness, and service effectiveness as bases for
selection; the transportation department of Taipei
municipal  administration  (1993)  separated
performance indices into four categories as vehicle
and station, quantified passenger service standard,
qualitative passenger service: standard, and other
major policy that goes hand in hand with
transportation department; Chang Yu- Hem (1993)
exploited five primary objectives as safety, comfort,
economy, convenience, and social responsibility for
his selection.Using  these operator-sided,
passenger-sided, or the more idealistic transportation
objective to select performance evaluation indices
could ultimately render results that would make
passengers still displeased afier improvement if the
measures employed are operator-sided, ‘or the
operators are being displeased and lowered of their
willingness to improve as the suggested. measures are
passenger-sided.

This study believes that transportation industry
1s within the domain of regulation economy, and it
is better that the view of economics be taken so as to
provide a more objective and unbiased perspective,
So. the supply aspect of economics is selected to
evaluate the managment and operation performance
of the operators, the demand aspect to satisfy the
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service standard, and the inevitable supervision
aspect -- the fimess of policy -- of regulation
ecopomics as a whole to cope with the consideration
of the three perspectives. The evaluation structure is
as indicated in Figure !

‘ ——‘){ Bus System Performance I(———
' v v

SUPPLY SUPERVISE DEMAND
l Bus firm I r Policy I l Passcngch
[ Cost/Revenue I r Fitness ] LOS

3 v v

Figure 1. The Performance Evaluation Model of
Bus System

For the evaluation of supply aspect, it is mainly
that the viewpoint of operator is taken into account
for selecting the performance evaluation index, and
the project done by Allen et al. (1976) and Fielding
et al. (1985a) are based upon as references. As a
matter of fact, what concems operators is nothing but
four components -- employee, vehicle, operation
situation, and the final net income. {n view of it, this
study will present four supply aspects of the
evaluation indices, which are indicated in Table 1

As for the evaluation of demand aspect, it is
primarily that the viewpoint of passenger is taken
into deliberation for selecting performance evaluation
index, while the service standard encountered by
passenger is of the most representative. Various
rclgvanf studies have already been done on service
standard, such as in Bakker (1976) which exploited
In-vehicle congestion as its evaluation index; Alter
(1976) utilized availability, traveling time, frequency
reliability, directness of service, bus.frequency. and
passenger density to measure; Allen et al. (1976}
divided the characteristics of transpontation systems
into quantifiable indices as frequency, capacity. and
degree of road congestion, and into qualitative
indices as driving speed of bus, feasibility, comfort,
convenience, safety, special service, pollution. and
bus fee aspects to-describe the system performance
and service standard. This study, based upon the
literature review as well as on the availability and
measurability of data, will put forward eight
evaluation indices of the demand aspect, and the
evaluation indices are as shown in Table 2.
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Table 1. The Establishment of Performance Evaluation Indicies of the Supply Aspect

Quardrant Performance Index Measurement
Staff Total Revenue/Total staff number
Supply Vehicle Total Revenue/Total vehicle-km
Side Maintenace Total vehicle-km/Total maintenace cost
Revenue/cost Total revenue/Total cost

For the evalnation of supervision, it is mainly
that the viewpoint of government is taken into
thought for selecting performance index. Since the
government plays supervisory role, the performance
evaluation of bus system will be based upon the
fitness of relevant policy to the system. As a result,
the consideration of supervision executed in this
study is based on 'the policy fimess for its
measurement, however, due to the timing constraint
of policy formulation and implementation it is,
therefore, those important policies highly regarded by

Table 2. The Establishment of Performance Evaluation Indices of the Demand Aspect

After Table 1, Table 2, and Table 3 have been
integrated, this study bas altogether selected sixteen
performance  evaluation indices, and ten are
quantitative indices and six are qualitative indices.
Quantitative indices can be derived from objective
information, while qualitative indices must be
obtained through questionnaire investigation. Except
those qualitative indices of supervision aspect such as
the information on management indices of bus-stop
and station that must be obtained from the. routine

Quadrant- Performance Index Measurement
b Accident rate Accident on duty/Total operation mileage
Safty Average [Zvehicle number xi of age i year/total vehicle number
vehicle age
In-vehicle *
congestion
Demand Comfort proportion of | Number of air condition vehicle/Total operation vehicle
Side air condition .
vehicle
Driving *
Stable
Frequence *
Convenience Reljability
Chang bus *
Convenience
Service Attitude *

Remark: Asterisk indicates that such index is of qualitative index, enshrined with fuzzy existence, and the method of

managment will be elaborated in the fourth part.

the transportation department of Taipei municipal
adminiswration that are founded on for selecting
performance indices. Four indices have been selected
and are as shown in Table 3.
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supervision results of transportation department,
others can only be obtained from the questionnaire

investigation of customer satisfaction. .

II1. The Establishment of Performance Evaluation
Index Weight




Generally speaking, once when the performance
evaluation indices have been selected, the weights of
these indices are mostly taken as consistent. So, when

weight. Initially, the hierarchical smucture of the
performance evaluation of bus system is to be
established, which is as shown in Figure 2.

Table 3 The Establishment of Performance Evaluation Indices of the Supervision Aspect

Quadrant Performance Index Measurement
Environment Pollution Punishment number on pollution (fiscal
year)/Total vehical number
Supervision Management of Driving Safe Accident number on duty(fiscal year)/The
Side number inform municipal administration

Management of Bus-stop Station

*

Advertisement on bus index

Advertisement number on bus of each bus
co/The number apply to municipal
administration

bus company operators with inferior system
performance try to improve, the order is to begin
from the index that performs the worst, rather than
from the indices that either the operator or passenger
urgently desires for improvement, because if .such
being the case the efforts will only be halved with
incommensurable outcome, Also, the system
performance derived will be of average level rather
than of more meaningful weighted average level, and
that will fender the evaluation result meaningless. In
view of the case, we are going to investigate the
establishment method of performance evaluation
index weight.

There are methods to éstablish weight (Hwang
and Lin, 1987), such as eigenvector methed,
weighted minimal square method, entropy method
and so on, Nevertheless, the selection of methods
depends on the nature of problem, since the
performance evaluation of bus system is both
complicated and involve extensive aspects of
problems it requires such a method that can consider
from multiple hierarchies as well as systemize
problems. In such a way, the characteristics of all
problems can then be comprehensively embraced by
it. Therefore, this study has selected AHP as the basis
to establish weight, and the method was put forward
by Saaty in 1971. It is hoped that complex problem
can be systemized into various areas for hierarchical
analysis so as to be devised of hierarchical structure
(Hwang and Lin, 1981; Saaty, 1980; Sugiyama,
1981), furthermore, 1-9 rate scale will be executed to
the comparative weights among each of the
evaluation critera for pairwise comparison. After
then, comparative matrix can be established, and
eigenvector as well as eigenvalue can be calculated.
At the end, once the greatest eigenvector has been
verified of its consistency, the size of relative weight
among each of the evaluation criteria then be
obtained.

Based on the hierarchical nature of AHP, this
study has founded itself on such feature to establish
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In Figure 2, the pairwise matrixes among these
three objectives are to be contrived by operators of
the bus companies, scholars, and experts; of the four
indices of the supply aspect, their pairwise
comparison matixes are to be determined by
operators of the bus companies; the four indices of
the
supervision aspect and the eight indices of the
demand aspect are to be jointly contrived of their
pairwise matrixes by scholars and experts, authorities
in charge of, and consumer group. Then, they are
respectively calculated of their comparative weights,
and the details of the procedures are as following:

1. To establish hierarchical structure, and the results
are as shown in Figure 2.

2. To establish pairwise comparison matrix. The
elements of a centain hierarchy would base on a
certain element of the preceding hierarchy as its
evaluation criterion so as to conduct its pairwise
comparison among its elements. For instance, take
cost/benefit as element, and conduct such pairwise
comparison among staff performance, vehicle
performance, maintenance  performance  and
benefivcost ratio, And its elements of pairwise
matrixes are as indicated:

Staff Veh Maintenace B/C
1 apn ay aia
W=l Vay, 1 an az
Va3 Vax 1 azs
Vas /a3 Vass i

For same reason, the pairwise comparison matrixes
of fitness and service standard can be respectively
established.
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Figure 2. The Hierarchical Structure of the Performance Evaluation of Bus System

3. Calculation of eigenvalue and eigenvector. Uss the
solution-finding method for eigenvalue seen often in
the pumerical value analysis to socate either
eigenvector or priority vector. If A be the eigenvalue
for pairwise comparison matrix, then,

A X=X

(A-AD-X=0
X is the eigenvector of A.
4. Verification of consistency and the establishment
of relarive weight among performance indices. This

study has started from the three objectives to conduct
their pairwise comparison, and has obtained their
relative weights. Then, the pairwise comparisons are
performed among the perfonmance evaluation indices
of the supply aspect, demand aspect, and supervision
aspect, so their relative weights are subsequently
derived. Moreover, due to the fact that there are as
many as eight evaluation indices occurred in regard
to the demand aspect and it is hoped that the
inconvenience of filling-in can be avoided, therefore,




the relative weights are to be first derived from the
four integral indices as safety, comfort, convenieace
and service standard before pairwise comparative
matrixes are contrived. Afterwards, the pairwise
comparisons under each of the evaluation indices as
safety, comfort, convenience and service standard are
administered, as a result of jt, the study resuit can
become more representative as of the higher accuracy
obtained than filling-in,

However, consistency verification has to be
performed before the derived weight is being
utilized. The so-called consistency verification is 10
measure the degree of reasonableness in regard to the
judgment done during the evaluation process. Saaty
suggested that the value of consistency index (C.I.)
should be around 0.1, and the consistency ratio (C.R.)
should be smaller thag 0.1.

CJ-=(lnm"r)/(r" 1)

CR.=CIJ/RL
A . is the largest eigenvalue; m indicates the
number of operators of bus companies that await to
be evaluated; R.I. is the C.I. value occurred under
different orders of pairwise comparison matrixes, and
it is called random index (R.L). Its values are as
shown in Table 4,

Table 4. Random Index Table

Level 1l o2l 3 4 51 6 7
number -

R.IL 0 0| 0.58] 09| 1.12} 1.24} 1.32
Level s| o 1ol ] 2] 3] 4] s
number

R.1. 141 1.45{ 1.49]) 1517 1.48] 1.56} 1.57[ 1.58

Once the consistency verification has been through,
the weights of each of the performance indices can be
obtained afier the eigenvector X is standardized, 7 =
( 71+ 724.-.,7 ) and is as shown in Table § after
classification.

Table 5 The Weight of Performance Evaluation

Indices

Peformance petfornance

weight weight

Index Index
Driving

St asc,r, i a8, 7y
Stable

Vehxle a’”,7, e a"8,7,7,
Loaviniemnce

Mantenace 1@ ,*,7, Fraquence ar8 3T
Teladuluy

ievenuewcost | Q%Y Servace 8.
amituds

ronment

Acadentrate | @0 8,7, 7, Bavupnmen a7,

polhston

n-venicle Mansgement
a,'ﬂ",'rl ofdnving ai.zTg
congesuon
safe
Aveige Mansgement
a,=8,*\7, ofbusasap | 1737 s
vehicle age
tanuon
proportica of Advestisenen
it condition | $2° 8127175 a,” .7,
tom bus
vehute

Remark 1:the weight values obtained from the
pairwise comparison matrixes conirived for demand,
supply, and supervision aspects are respectively as
a, .a,, a,.

Remark 2: the weight values obtained from the
pairwise comparison matrixes contrived for elements
of safety, coziness, convenience, and service attitude.
Remark 3. , 7, indicates the weight value of p criteria

obtained from g comparison matrixes.

IV. The Application of Fuzzy Multiple Attribute
Decision Making (FMADM)

Once the selection of evaluation index and the
establishment of index weight have been completed,
the final stage -- bus system performance evaluation
-- can be conducted. In the past, population is
presumed to be of normal distribution pertaining to
the performance evaluation of bus system, and its
results can then be enshrined with comparatively
subjective yardstick. Chang Yau Hong and Tsai Chin
Tung (1993) introduced fuzzy theory into the
performance evaluation of operation service of bus
system, and they respectively established the
membership function for quantified indices as weli as
qualitative indices. Then, fuzzy synthetic decision
and fuzzy multicriteria decision are employed to
conduct the evaluation. However, such method when
applied oftentimes requires massive amount of and
complex computation, and even if it is of crisp set
(such as quantified index) it is has to be rendered
fuzzy beforehand (1o establish membership function).
As a matter of fact, administration in such manner
does not conform to the design of fuzzy theory -- to
reduce human subjective judgment, and it only
enhances interruption during calculation. Thus, as
this study is to proceed to the performance evaluation
of the system, it will merely establish membership

function for qualitative index.

In traditiopal muitiple attribute decision making
(MCDM), both attribute (evaluation criterion) weight
and perfonmance value are of crisp sets, however,
when fuzzy expressions (such as “high”, medium",
“low") are encountered traditional method would be
rendered obsolete. Moreover, the performance
evaluation problem of bus system happens to be
enshrined with fuzziness, and so this study has
brought in fuzzy multiple attribute decision making
(FMADM) to evaluate the performance of bus
system. Though FMADM embraces a wide selection
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of methods (Chen and Hwang, 1992), some are
handicapped by two defects. First, its calculation is
too complex and the number of alternative that can
really work will not exceed ten. Second, even crisp
data have to be rendered fuzzy in advance, as a
result, it only adds more subjective flavor to the
alternatives. With such a picture in mind, this study
has cited a new approach forwarded by Chen and
Hwang, in addition to each of the index weights
obtained in the last section, to conduct the priority
ranking of performance of bus system,

The primary characteristic of the concept is to
focus on clarifying (being unfuzzed) those fuzzy sets
of the materials, then traditional MADM, being aided
by hose crisp sets of the original decision making
matrix, is utilized to conduct ranking and the
aftermath is of simipler calculation as well as of more
intelligible concept. Details of the procedures are as
following:

First: to render fuzzy data into fuzzy number.
During the process of transformation, eight types of
scales have been employed in accordance to the
difference of expression levels, which are as
indicated from part ] to part VIII of the Figure 3.
Take "frequency reliability index" as an instance,
should only "high", "medium”, and "low" three
levels be resorted, then scale II (part II of figure
three) can be employed to display its membership
degree. The selection of scale is handled as indicated
in Table 6, and the selection principle is, at best, to
select the smallest scale from the satisfaction
expression levels,

Table 6§ The Integrated Tuble of Level Utilization and
Scale of Selection

Scale 1121314516718
Expression level =R E IRt A +
None v
Very jow v v |v [v |v
Low-very low v

Low v v v v [v {v |V
Medium jow v |v v | v
Lintle fow v v
Medium v [v {v {v v [v |v
Littte high v v
Medium high v v v |wv
High v v v kv [v v |v |~
High-very high v

VCTY h;sh ., v v v v v

Bosteoce [ ] ] || ] ]

Second: to render fuzzy number into crisp score.
Use the membership score g (M ) at the right of the
fuzzy pumber M and the membership score u
(M )at the left of the fuzzy number M to calculate its
total membership score u , (M ), which are as

indicated in the following:

Hr(M) = SUp[m() N Pax ()]
Hi(M) = SUp[asia (x) N im(x)]
= p = [AM) + 1 -y (M))/2

Bam(x): ot
Hmax (X) = {;.,OUI(MC
1-x,0€x51

Main(X) = { O,otherwise

The practice is as shown in Figure 4.

2(x) M1 M2

1 H max(x)
0.8 2 x(M2)

0.6 2x(M1)

0.4

0.2

0 0 02 04 06 08 1.0 x

Figure 4.Calculation Chart of the Membership Score

Once the total membership score of each of the
calculated fuzzy numerals M, is evened out after
being weighted, the exact score (performance value)

can be achieved. As the following:

Vv, = z "w:;ﬂ-(Mi)

V,, i indicates the performance value of m bus
company towards j quatitative index.

N : indicates the number of the interviewee.

n,,; : considers that the j qualitative index of m
bus company is of the M; level number of
prsons.
Zu,..,-.- =N

£, (M, ): indicates the total membership score

of M; level

Take "frequency reliability” as instance, should
its expressions and levels be "high”, "medium", and
"low" and scale II is employed, then the calculation
of the membership score would be as following;
Wohigh)=1.0 "
pi(high) =273
Rehighy=(1+1-2/3}/12=2/3




For same reason,l,(medium) = 8/13, . (low) = 1/6.
In regard to the frequency reliability index of m bus

persons found in correspondence to responses as
"high", "medium", and "low", and its performance

company, there are respectively b,n,n, number of valueis, )
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Third: any traditional MADM method can be
employed to conduct the evaluation vtanking
pentaining to system performaace. Till this stage, all
of the performance values in the decision making
matrixes are clarified and ranking can be performed
by any MADM method, such as TOPSIS,
PROMETHEE, ELECTRE, and so forth. This study
has employed TOPSIS to administer and the details
of which are to be elaborated in the fifth part.

V. Illustration by example — illustrated with the
bus system of Taipei City

This study takes the ten bus companies of
Taipei City (municipal bus company, Ta Yo, Hsin
Hsin, Taipei, San Chung, Metropolitan, Kwong Hwa,
Ta Nan, Chi Nan, and Chung Hsin) as its objects of
evaluation, while AHP and FMADM are being
utilized to evaluate the performance of bus system.
At the end, ranking is done by TOPSIS method. This
part is divided into three sectioms: first, AHP is
exploited to obtain the relative weights among each
of the hierarchies of performance evaluation of the
bus system; then the performance value of each of
the evaluation indices is to be calculated, including
the crisp quantified indices and the qualitative
indices derived from using the membership concept
of FMADM,; at last, TOPSIS of traditional MCDM
methods is being utilized to conduct ranking, analyze
and review the results derived pertaining to the ten
bus companies.
(1) The calculation of euch of the evaluation index
welghts.

With the utilization of AHP, the relative weights
are to be figured out among the three objectives
(operators’ cost/benefit - supply aspect, policy fitness
of the authorities in charge -- supervision aspect,
service standard to passenger -- demand aspect) as
the operator of bus company, scholar and expert,
authorities in charge of transportation affairs and
consumer group, then the relative weights among
these three objectives are acquired as shown in Table
7 after the computation procedures is elucidated in
the third part.

Table 7 The Relative Weight Values Among

Objectives
. - L]
Objective | Supply Side | Supervision {Demand
Side Side
Weight 0.38 0.19 0.44

Afterwards, it is the operators of bus companies
who are 10 contrive the'weight value of performance
evaluation index of the supply aspect ; the ‘weight
values of performance evaluation indices of the

demand and supervision aspects are to be jointly
determined by scholar and expert, consumer group,
and authorities in charge of transportation affairs .
And the weight values of performance evaluation
indices of the three hierarchies are respectively
indicated in Table 8, Table 9, and Table 10.

Table 8 The Relative Weight Values Among the
Evaluation Indices of Supply Aspect

Evaluation |gufr  vehicle |Maintenace jRevenue/Cast
Index

Weight 0.05] 0.08 0.07 0.18

Table 9 The Relative Weight Values Among the
Evaluation Indices of Supervision Aspect

Evaluation ;;Wm ;"’W'“"v A
i n d ex pohsution aty sanon on bus
Weight 0.05 0.09 0.03|.  0.01

Table 10 The Relative Weight Values Among the
Evaluation Indices of Demand Aspect

Evaluation |index Weight
Safty Accident rate 0.15
(0.2141) |Average vehicle 0.07
age
In-vehicle 0.03
congestion
Comfort  |Proportion of air 0.01
(0.0727) {condition
vehicle
Driving stable 0.03
Change bus 0.02
Convenience |convenience
(0.0632) |Frequence 0.04
reliability
Service Attitude 0.08

within () is the weight

(2} The calcuiation of each of the performance values

of the evaluation indices.

The calculation is separated into two pans as
quantified index and qualitative index. For quantified
index, the values of its primary materials have 1o be
traced back to the joint- managment center of bus
companies, transportation department of Taipe:
municipal administration, traffic squad of the police
department, environmental protection department,
and each of the bus companies, while the informauon
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was garnered during the period of November 1992 to
April 1993. Among these items of information, since
only insufficient information can be collected on the
item "average vehicle age index", it was later
replaced by another item "tbe ratio index of power
weighted new vehicle” as in reference to the
transportation  department  of  Taipei  City
Administration (1993).

For qualitative index, the one as "bus-stop and
station management index" has been continuousiy
made used of as the transportation department owns
information‘about it, while the performance values of
the other five qualitative indices will be reckoned of
their performance values by using the fuzzy ideas
mentioped in the fourth part. This study has selected
the largest transfer station -- the bus-stops in the
periphery of Taipei Railway Station -- to conduct
random sample investigation of passenger , and valid

questionnaire retrieved totals 250 copies. After
which, the work of clarification procedures
elucidated in the fourth part is proceeded.

There are five fuzrzy expression levels being
employed in the questionnaire of this study, which
are very high, high, fair, Jow, very low and they are
the ones in scale HI (III of figure three). And the
degree of membership of each of the fuzzy
expressions after calculation are:u,(very
high)=0.91;u,(hig)=0.72;u,(fair)=0.5;u,(low)=0.28
i (very 1ow)=0.09, then these fuzzy sets can be
rendered with such depree of membership to become
the orginal performance value for qualitative
indices.

Once the original performance value of each of
the evaluation indices has been attained, the outcome
will have to go through the process of wvector
standardization 50 as to achieve the consistency and
comparability among each of the index units,
Equations of vector standardization is as following;

u

V== N
IZx;ps
~l
v { operator of bus company
j: j evaluation index
1,. the perfonnance value of evaluation index after
vector standardization
X, the original performance value of the evaluation
mdex

13) Use TOPSIS method to conduct priority ranking
and its results

This study has utilized TOPSIS method 1o
conduct the final priority ranking because this
method is easy to be understood, also the two basic
premises of TOPSIS -- known attribute weight and its
attribute  being of monotonically increasing or
monatonicaily decreasing -- happen to be shared by
the performance evaluation index of bus. Then, when
the decision making matrix has been obtained after
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vector standardization seen in the above-mentioned
procedure, the third step of TOPSIS -- to resolve for
ideal solution and negative ideal solution -- can be
rightly proceeded.

The basic notion of TOPSIS methad is to
consider the distance of each altemative (here refers
to the operator of bus company) to the ideal solution
and the negative ideal solution so that the selected
alternative can be nearest to the ideal solution and
farthest to the negative ideal solution. As a matter of
course, the first thing is to jocate the ideal solution
(Vy")and the negative ideal solution (V") of each of
the evaluation indices, then the distance of each bus
company to the ( §7) ideal solution and the ( S
negative ideal solution is to be reckoned; at last, once
the relative degree of neamess (C” )} of each bus
company to the ideal solution is located, such value
can then be based on to perform ranking. Of them,

5 =150y Ve
=1

57 =1Ewy- v
Al

.5
C=gg

And the order of ranking of the ten bus companies
obtained through TOPSIS method is:

Metropolitam>Taipei>HsinHsin>SanChung>TaNan>
(0.7481) (0.7355) (0.6801) (0.6695) (0.6390)

Ta Yo>Municipal bus company>Kwong Hwa >
(0.5707) (0.5648) (0.4727)

Chi Nan>Chung Hsin

(0.4719) (0.3787)

Within () is the degree of neamess revealing distance
away from the ideal solution, and higher the numeral
it tells shorter the distance. As can be learned from
the result, the three bus companies as Metropolitan,
Taipei, and Hsin Hsin perform the best and their
degree of performance are respectively (100% being
the best) 78.41%, 73.55%, and 68.01%;. On the
contrary, Chung Hsin, Chin Nan, and Kwong Hwa
perform the worst, and their degree of performance
are respectively 37.87%, 47.19%, and 47.27%.

And as can be informed from the analysis
results, Chung Hsin in accident rate (10), Chi Nan in
cost/benefit ratio (9), and Kwong Hwa n ihe
management of driving safety (10) perform the worst
({ ) the number inside being the ranking), yet the
weight values of these three indices rank in the
foremost three, as a resuit, it tums out that the
ranking of these three bus companies cannot move
forward.

Should it be simply analyzed from the
measurement results of the supply aspect, the four
indices of the supply aspect would represent
individually the most concerned parts to operators of
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bus companies as employee, vehicle, operation
situation, and final eamings. Thus, the performance
of management and operation of bus companies can
be grasped and compared, and the order of ranking is
as following:

It can be leamed from the forgoing information that
the management and operation performance of the
municipal bus company does not only rank the last,
its performance value is as well 0 in comparison to
other nine bus companies. That would then be the
spot of area which requires improvement, and it is as
well the

primdry reason why the integral ranking of the
municipal bus company lists only the eighth.

If it is to be analyzed simply from the
measurement result of the supply aspect, the eight
indices of the demand aspect would then represent
the degree of passenger satisfaction. Thus, the service
quality of bus companies can be grasped and
compared, and the order of the ranking is: From the
preceding perspective of service quality, these ten
bus companies can be grouped into four clusters: the
municipal bus company performs the best, while
Taipei, Metropolitan, San Chung and Hsin Hsin are
of the next cluster, and Ta Nan, Chi Nan, T2 Yo rank
the third, whereas Chung Hsin performs the worst.

Vi. Cenclusions

For those past studies done on the performance
evaluation of bus system, either their stress is focused
on the measurement of demand aspect (the service
standard to passenger) or on the measurement of
supply aspect- (the management and operation
performance of bus company operator), and the
outcome obtained from either of the perspectives can
hardly be fair and objective for both the passenger
and bus company operator. So, this study would
approach the issue from the viewpoint of controlied
economy, divide the performance evaluation problem
of bus system into three approach dominions -
supply, demand, and supervision, and establish
respectively performance evaluation indices. Such
practice can be more comprehensive and
representative.

In view of the decision in regard to index.
weight, the relative weights among each of the
hierarchies can be separately located through the
concept of AHP hierarchical structure as well as the
computation of eigenvector method, and this novel
practice of resolution has become much more
objective than any previous measure which considers
all indices as consistent or locates its weight value
throungh unrefined expert average point method.
Furthermore, since consistency verification will be
brought in during the calculation process in AHP, the
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derived weight would become more concise and
reasonable.

On the administration of qualitative index,
though more and more scholars have tried to bring in
the idea of fuzziness, the fundamental spirit of fuzzy
theory has oftentimes been ignored -- to reduce
human subjective judgment. In this study, the focus is
placed on clarifying those inherently fuzzy
qualitative indices, while those quantified indices
with objective measurement values are handled
separately, and double advantages is rendered by
such employment as the problem becomes easier to
handle and its natwre is well accommeodated. In
addition, this study uses TOPSIS method to rank bus
company operators because the fundamental
principle of this procedure conforms to the
prerequisite needed for ranking -- compatibility. And
such particular feature of the method would fumnish
the ranking outcome with more faimess.

At the end, two notions of ideas are put forward
in accordance to the results derived from the applied
examples:

1. As can be leamed from the ranking result of the
supply aspect, the order of the municipal bus
company ranks the last and its comparative
performance is 0, lagging behind other civilian bus
companies a great deal of distance. Such a resuit tells
that the management and operation of the municipal
bus company is far from average and it also indicates
the situation that, however strong the municipal bus
company pushes for the privatisation policy, the
reality seems to contrast its effort. Besides, there is
oot, at the meantime, enough legal enactments to
protect the minority consumer groups and prevent the
strike of bus company, therefore, efforts should be
geared to improve the managment performance of
bus company operators before a health system has
been brought forth.

2. As can be learned from the ranking result of the
demand aspect, the order of the municipal bus
company ranks the first, and leads relatively a great
deal ahead of other bus companies, such a result
indicates the difference of salary system between
civilian and municipal* bus companies. Since the
driver salary in civilian bus companies is -usually
calculated by bonus, phenomena as driver fighting
for more passenger, speeding, and striving for more
mileage are turmed out that inevitably lowers service
quality. Thus, how should the salary system of the
municipal and civilian bus companies be improved is
as well the other important task.
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