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Abstract

The logistics has now been an important path to create customer value. In the global competition
of trend, to solve the problem of cost down and profit advance of business through the efficient and
systematic operation of logistics system. Beside, there are many researches have proposed on the
efficient of the distribution center, which the influence of situation can induce to several factors,
including storage design, storage planning, route planning...etc. The objective of this project is to show
how to combine and plan each factor for cost down of the order picking and promotion of performance
of the distribution center.

This research will consider two strategies of storage planning (i.e the zoning storage and
non-zoning storage), then to improve the storage assignment by association rule. In addition, single
order, First Fit-Envelope Based Batching (FF-EBB), and association based batching are compared for
order batching. The Particle Swarm Optimization algorithm(PSO) are implemented in order picking
system to find optimal route. In order to speed up the solving process, a heuristic algorithm is
developed to generate an initial solution for the PSO algorithm, and the effect is also verified by
comparing with the Ant System and MTLI algorithm. According to the concept of viewing the situation
as a whole, all combinations of different storage assignment strategies, other batching policies and
order picking routing are compared by simulation. The simulation result are analysed by SPSS 10.0 to
find the optimal combination for order picking system. Consequently, the result of this project will
enhance the whole performance of order picking systems in distribution centers and provide the
industry as a reference in the warehouse design.

Keywords: Distribution center, Order picking systems, Maximum Loop Insertion, Particle Swarm Optimization, Ant
System
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AN EFFICIENCY AND EFFECTIVENESS MODEL FOR INTERNATIONAL
TOURIST HOTELS IN TAIWAN

‘Ling-Feng Hsieh  Yi-Chen Huang Angel Chen
Department of Technology Management Chung Hua University
No.707 Wu Fu Road Sec. 2 Hsinchu, Taiwan ROC
‘Ifhsieh@chu.edu.tw

ABSTRUCT

According to the social change and industry transfer, the tourism industry can be the important
strategy industry for the government in Taiwan. The tourism industry is not only maintaining local
economic but also offering the chance of employment. Therefore, this paper evaluates how
international tourist hotels operate, using Data Envelopment Analysis (DEA) to measure the
operational efficiency and effectiveness, and then adopted VIKOR method, to rank the hotels which is
either efficiency or effectiveness, out of the 14 international tourist hotel in Taiwan. Based on the
evaluating criteria, the tourism industry has more emphasis in customer’s loyalty and interactions. It is
expected to attract, keep loyalty, and get the visible and invisible feedbacks from customers. This paper
proposes an evaluation model to evaluate international tourist hotels in two aspects: efficiency and
effectiveness. Proprietor can discover the problems either do not have efficiency value at input internal
resources or the output operation revenue does not reach operation effectiveness for the tourism
industry. Furthermore, the DEA model can give the directions and suggestions for hotel improvement
by slack variable analysis, and last adopted VIKOR method, to rank the hotels which are either
efficiency or effectiveness to come up with our last result.

Keywords: Efficiency, Effectiveness, Data Envelope Analysis, VIKOR
1. INTRODUCTION

The development of Taiwan’s economy, increased qualities of people’s living and
internationalization trend, etc. cause Taiwan’s tourism industry, the star industry in the 21st century, to
grow vigorously. “Tourism” is not only an industry that can link Taiwan with the world but also an
indicator that shows a country, city or district’s image. According to statistics collected by the Tourism
Bureau, R.O.C, revenues in foreign exchange from tourism reached 4.977 billion US dollars in 2005,
showing an increase of 22.80% compared with 2004. The average duration of tourists’ each stay
reached 7.1 nights and 85% of tourists would choose international tourist hotels, showing the important
role that the hotel industry plays in the tourism industry. Considering the importance of the hotel
industry, we decided to make an assessment of international tourist hotels in Taiwan with the aim of
improving their operation performance.

Efficiency and effectiveness are two common assessment points in management. According to
Hit(1986)et al., efficiency refers to the ability of an organization to make full use of resources in the
short run, and effectiveness means whether the organization’s objectives have been achieved over a
period of time. According to Gronroos and Ojasafo (2004), efficiency means whether resources are
fully utilized within the organization under the influences of costs, and effectiveness refers to actual
operating receipts, namely performance of its businesses with the outside world. Documents exploring
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relative efficiency by means of DEA method have been widely applied in all fields. In addition, view
points exploring inputs and outputs with DEA have been used to analyze relative efficiency. For
example, Rousseau(1998)analyzed whether R&D of European countries was effective and
Kavlaftis(2004)studied public transportation means. According to literature, the difference between
effectiveness and efficiency lies in that efficiency is the standard hour of internal operation and
effectiveness is related to external customer services. Hean(2006) et al. once adopted DEA method to
develop a triangular model (effectiveness, efficiency and production power) so as to assess the
operation performance of 49 hotels in pacific rim countries. In this study, on the basis of international
tourist hotels’ internal and external objectives, we established models for relative efficiency and
effectiveness so as to assess the efficiency of international tourist hotels. Then, we substituted cases in
the two models and next used DEA Solver to work out values for each hotel’s efficiency and
effectiveness, and provide hotels having no efficiency and effectiveness with corrective directions.
Finally, we adopted VIKOR method to rank hotels by it’s efficiency and effectiveness.

2. MODEL CONSTRUCTION

2.1 Data envelopment analysis (DEA)

The estimation of production functions plays an important role in efficiency assessment. It
generates from the view point of Farrell(1957) that production frontier is the basis of assessing
production efficiency. In other words, the ratio of actual output to production function output is the
efficiency value. And therefore, as long as a point falls to production function, it will be regarded as
“having efficiency”. In the process of establishing production functions, all data are enveloped in
production functions. And therefore, scholars named this method as “data envelopment analysis
(DEA)(1984)”. This term was first proposed by Charnes, Cooper and Rhodes, when they adopted Plato
Best Situation to assess the relative efficiency of a decision making unit (DMU). And therefore, it is
called as CCR. This is constant returns to scale. Later, Banker, Charnes and Cooper(1978)developed
the method for calculating efficiency when returns to scale are variable, which is called as BBC(1984).
DEA method can deal with not only quantitative factors such as satisfaction but also inputs and outputs
of several different units. The weight given by DEA method to the unit assessed is best for efficiency.
In addition, analysis of slack and surplus variables in DEA method can demonstrate whether the unit
assessed has invested too much or gained too little, which is shown by Equations (1) and (2). Xik
represents DMU 1 input value of DMU k that is assessed. Xik* represents the best DMU 1 input value
of DMU k that is assessed. 8* is the efficiency value. And therefore, 6*Xik minus excess input ((Si-) is
the optimum input value (Xik*). In the respect of output, Yrk represents the original DMU r actual
output of DMU k that is assessed. Yrk* represents the optimum DMU r output of DMU k that is
assessed. And therefore, the original Yrk plus output differential (Sr+) is the optimum output (Yrk*).
Depending on the two equations, we can know how inefficient international tourist hotels improve their
efficiency and effectiveness.

X =0"X —s;,i=L.m M
Yo=Y, +s7,r=1..5s ()
2.2 VIKOR

VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) was proposed by
Opricovic(1998)and is a compromise to multi-criteria sequencing method. When the decision maker
cannot achieve several goals at the same time, he may make a compromise and choose a plan that is
closest to the ideal solution. For example from Fig.l1, F1* (the ideal value of the first assessment
criterion) and F2*(the ideal value of the second criterion) cannot reach F*(ideal solution) at the same
time. And the compromised solution is a point on the curve. Fc is closest to the ideal solution (F*)
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among all non-inferior solutions. And therefore, the optimum compromised solution is: Fc=F1c,F2c.
The steps of applying VIKOR are shown as follows:

A
F b — — = = e o F (ideal sofution)

l
(compromised solutiorn)

P |
) I I
(Feasible solution set) :
I I
|
F\ N F‘-

Fig.1: Ideal solution and compromised solution

Step one: Determine the ideal solution (f') and the negative ideal solution (f') for all assessment criteria.

I, in equations (3) and (4) is the benefit criteria set. The larger it value is, the better. I is the
cost criteria set. The smaller the value is, the better.

fi" =[(max; fiie 1), (min; f;[iel)],V, 3)
f=[(min; ffiel),(max, fifiel,)].V, )

Step two: Calculation of S; and R;

(fj*'fij)/(fi*-fi-) in Equations (5) and (6) is the distance ratio of the i criterion of j to the
ideal solution. w; is the weight obtained by using the i criterion. By adding all criteria in j
together, we can get the maximum “collective” benefit (S;). R; is the ratio criterion selected
from j and is farthest from the ideal solution. The smaller S; and R; are, the better j will be.

szzwi(fi*_fij)/(fi*_fii) (%)
R, = max|w,(f," - f,)/(f, - £, j=1,2,...J (6)

Step three: Calculation of Q value

Q; is the benefit value of j combining collective (S;) and individual (R;). Its calculation is
shown in Equation (7). The parameter v is the coefficient for decision-making mechanism.
When it is larger than 0.5, v will represent the decision of the majority of the people. When

it is equal to 0.5, v represents the decision that is passed reluctantly. When it is smaller than
0.5, v means that the decision is not approved.

Q,=V(S;-S)HAS —S)+(1-V)R,-R)HAR -R") 7)

* . * . —
where S :mijj, S” =max;S;, R :mlanj, R maij-

]

Step four: On the basis of S, R and Q, we can sort projects by efficiency.

Step five: Check whether the optimum compromised solution (Q (a")) meets the following
5



requirements:

1. Acceptable advantage: “Q(a")-Q(a") =DQ”. The alternative a" is the second optimum
one in Q order and a’ is the optimum solution. “DQ = 1/ n-1". DMU n is the number of
cases. The difference between the optimum and the second optimum cases shall not be
smaller than the ratio between cases. DMU (n-1) in DQ is the distance between cases.

2. Acceptable decision reliability: S or R value of the optimum case a’ must be an optimum
value.

If either one of the above two requirements fails to be satisfied, we can work out a
compromised solution by the following means: (1) If the first requirement fails to be satisfied,
a’ and a'’ shall be taken as the compromised solution. (2) If the second requirement fails to be
satisfied, a’, a"’, ...,a(M) shall be taken as the compromised solution.

2.3 Establishment of models

To adopt DEA method to assess efficiency, we must screen input and output items. Input
items refer to factors that are helpful to output items. Output items refer to detailed
demonstration of the organization’s operating objectives. On the basis of this DEA
characteristic and definitions of efficiency and effectiveness in relevant literature, we will
establish models of relative efficiency and effectiveness. The establishment of standards is
based on the hotel evaluation standards issued by the Tourism Bureau of the Ministry of
Transportation and Communications, which include seven standards for the evaluation of
hotels’ buildings and facilities and twelve standards for the evaluation of services.

2.3.1 Relative efficiency

Standards for the efficiency model are established on the basis of internal objectives of
international tourist hotels. International tourist hotels input various resources with the aim of
reaching a better customer satisfaction, building up a good reputation and attracting more
customers. And therefore, customer satisfaction is taken as the internal objective. Input
resources that are helpful to achieving this objective (output) are number of employees,
management costs and objects (including number of guest rooms and costs of facilities). So,
we can conclude the relative efficiency model (8).

Max E, = u,-CS,
v,-NR, +Vv,NE, + v,FE, + v,ME,
Subject to: ul Csk

<1 for k=1
v,NR, +Vv,NE, +Vv,FE, +V,ME,

u,2e>0 v,,v,,v;,v, 2e>0

,...l ®)

The parameter ul is the weight of the first output. vl ~ v2 ~ v3 ~ v4 are weighted values of
items one to four. ¢ is a minimum value. CSk is the customer satisfaction of hotel k. NRk
represents the number of rooms of hotel k. NEk represents the number of employees of hotel
k. FEk represents facilities expense of hotel k, including costs of decoration, maintenance,
cleaning and purchasing facilities. MEk is the management expense of hotel k, including
expenses of personnel training, salaries and wages and advertising. From this equation, we
can obtain the optimum weight of hotel k and the optimum solution to the objective function
Ek. In addition, constraints show that efficiency values of units assessed shall be less than or
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equal to one. When the efficiency value is equal to one, the international tourist hotel is
relatively efficient. And when the efficiency value is smaller than one, the international
tourist hotel is relatively inefficient.

2.3.2 Relative effectiveness

According to Gronroos and Ojasafo (2004), effectiveness refers to the actual production
revenues of an organization. And therefore, we used actual operating revenues of hotels to
study relative effectiveness. In other words, we took the total operating revenue as the output
and set inputs contributing to outputs as the customer satisfaction. In other words, the larger
the customer satisfaction (input) is, the larger the occupied room rate (output 1) and the total
operating revenue (output 2) will be. We get model (9), as shown in the following:

u,ORR, +U,TR,

Max F, =
v,CS,

Subject to: UIORRk + UZTRk <1 for k= 1,.__1'1 (9)
v,CS,

u,u,2e>0 v,2¢>0

The parameter ul and u2 are weights of output 1 and 2. v1 is the weight of input 1. e is a
minimum value. ORRk represents the occupied room rate of hotel k. TRk represents the total
revenue of hotel k. CRk represents the customer satisfaction of hotel k. From this model, we
can obtain the weighing of inputs and outputs. On the basis of objective function Ek, we can
obtain the best solution. When the efficiency value is equal to one, the international tourist
hotel is relatively efficient. And when the efficiency value is smaller than one, the
international tourist hotel is relatively inefficient. Table 1 shows definitions of input and
output indicators. Their relationship is shown in Fig.2.

Intermediate Output/Input
Customers Satisfaction

Relativ elative
effici cy affertiwenecc

Input Output
1. Number of rooms
2. Number of Employee
3. Facilities Expense
4. Management Expense

1. Occupied Room Rate
2. Total Revenue

Fig.2 : Indicator relationship

2.4 Data source

We obtained data on number of rooms and employees, occupied room rate and total
revenues, etc from statistics concerning the hotel industry in 2005 that were collected by the
Tourism Bureau of the Ministry of Transportation and Communications. Values of

management and equipments costs were determined according to the number of managing
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departments and room rates. As for the customer satisfaction, we conducted a questionnaire
survey. The questionnaire included 16 survey items. Each item included six choices, namely
vary satisfactory, satisfactory, fair, unsatisfactory, very unsatisfactory, which were scored on
the scale of 8, 6, 4, 2, and 0, with 128 as full marks. Finally, total marks were averaged and
the result was the final customer satisfaction. Input and output data are shown in Table 1. Our
questionnaires were sent to seniors majoring in tourism that once worked at hotels as interns.
We asked them to complete questionnaires by taking the side of customers. The recovery rate
was 55%. Fourteen international tourist hotels were included in returned questionnaires. And
therefore, we took the fourteen hotels as objects, which were numbered from A to N.

Table 1: Input and output of relative efficiency and relative effectiveness

Relative Efficiency Relative Effectiveness
input output ||| input output
Hotel NR, | NE FE MEx CSe Il CSk ORR; TRy
(rooms) | (persons) (NT (NT (marks)[l|(marks)|(percentage) (NTS)
$100,000) | $100,000)
A 5832 8163 3,390 1,915 79.5 79.5 70.56 1,184,858,098
B 4536 3088 2,950 266 104 104 80.21 631,135,679
C 2508 3628 3,790 651 92 92 76.14 538,397,733
D 2916 1882 2,810 85 68 68 62.91 229,700,295
E 6162 9837 3,980 143 84 84 67.25 1,513,991,224
F 10272 | 11038 4,300 934 96.5 96.5 77.84  |2,729,950,426
G 6460 8495 2,570 460 90 93 83.94  |2,423,298,061
H 3456 5222 4,500 1,030 86.4 86.4 79.57 1,234,060,706
I 3582 2869 1,820 223 72 72 81.63 433,445,762
J 4248 3249 2,710 702 923 923 84.73 710,543,609
K 3084 3943 3,200 467 85 85 71.58 796,631,413
L 2496 2788 3,310 366 85.6 85.6 66.54 334,745,104
M 7272 | 10186 3,630 1,583 80 80 75.88 1,678,509,000(
N 2664 5532 2,640 1,004 76 76 80.13 690,786,728

3. PERFORMANCE ASSESSMENT

We used DEA Solver to process the data in Table 1 and obtained values of relative
efficiency, relative effectiveness, slack and surplus variables, which are shown in Table 2. We
can find that hotels whose efficiency values (0) are equal to one include B, C, D, I, and L.
Efficiency values of other nine hotels are smaller than one, and therefore, they are regarded
as relatively inefficient. We can conduct a slack variables analysis so as to offer data on
improvement measures to hotels with improper inputs and outputs. Take hotel A for example.
In order to improve its efficiency, its number of employees shall reduce by 2436.3249 and its
management costs shall reduce by 9.8832172 million NT dollars. And there is no need to
change its number of rooms, facilities costs, and output items. Assessment of relative
effectiveness shows that hotels F, G and I are relatively efficient and other 11 hotels are
relatively inefficient. Slack variable analysis shows that if revenues of hotel D and L increase
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by 104,344,454 and 18,574,521 NT dollars respectively, the two hotels will become relatively
efficient. For hotels A, B, C, E, H, J, K, M and N, we cannot make judgments on how much
inputs shall reduce and how much outputs shall increase from Table 2. It is because their
slack variables are equal to zero. In order to make these hotels become effective, we shall
analyze the value of relative effectiveness (0). Take hotel A for example. Both its S+
(occupied room rate and total revenue) and S- (customer satisfaction) are zero. According to
the formula Xik*=0*Xik-Si-*, optimum input value (Xik*) is equal to the value of relative
effectiveness(6*=0.865) times customer satisfaction (79.5). The optimum value obtained is
68.7675. Through comparison with the original customer satisfaction (79.5), we can see that
hotel A shall reduce inputs by 10.73%.

Table 2: Values of relative efficiency and effectiveness and variable analysis

Relative Efficiency Relative Effectiveness
Hotel Slack and Surplus Slack and Surplus
0 |rank input Outputff 6 |rank | input output
NRg NEy |FEy| MEy CSy CSi RRy TRy
A ]0.632| 12 0 2436.32| 0 |988.32( O [0.865] 7 0 0 0
B 1 1 0 0 0 0 0 [Jo.696] 13 0 0 0
C 1 1 0 0 0 0 0 [j0.742 12 0 0 0
D 1 1 0 0 0 0 0 Jjo.816[ 10 0 0 1104344454
E |0.835] 10 | 1540.86 [5876.01| 0 0 0 fjo.817; 9 0 0 0
F ]0.567| 13 [1026.22|12416.38| 0 {230.95| 0 1 1 0 0 0
G [0.885| 9 |1240.98 |3933.64| 0 |128.44| O 1 1 0 0 0
H [0.737| 11 0 1044.03| 0 |393.95| 0 [0.888] 6 0 0 0
I 1 1 0 0 0 0 0 1 1 0 0 0
J 10957 7 0 299.40 | 0 [432.57| 0O [f0.832| 8 0 0 0
K [0.936]| 8 0 1004.05| 0 |122.29| 0 [Jj0.782| 11 0 0 0
L 1 1 0 0 0 0 0 Jjo.686] 14 0 0 18574521
M [0.557| 14 | 71.12 |2486.70| 0 [634.08| O [[0.965| 4 0 0 0
N [0.995| 6 0 3118.53| 0 [726.33| 0O [[0.958| 5 0 0 0

From Table 2, we can find that although DEA method can demonstrate directions of
improving efficiency and effectiveness, it cannot sort hotels with efficiency and effectiveness
by their performance. And therefore, we adopted VIKOR method. Through DEA analysis, we
know that hotels with internal efficiency are B, C, D, I and L and hotels with external
effectiveness are F, G and I. So we take a step further to sort these hotels. First, classify
various input and output items into cost and benefit criteria. NR, CS, TR and ORR fall into
the category of benefit criterion, and NE, FE and ME fall into the category of cost criterion.
Then, select out the ideal solution fi* and the negative ideal solution fi- from each hotel’s
individual criteria. Detailed results are shown in Table 3.



Table3: Ideal solution and negative ideal solution of various criteria under relative
efficiency and effectiveness

Relative Efficiency T Relative Effectiveness

NR NE FE ME CS CS ORR TR
f'=1{ 4536 1882 1820 85 104 }[[f =1{ 965 0.8394 2,729,950,426 |
f={ 2496 3628 3790 651 68 )[f =172 07784 433445762 }

On the basis of Table 3, we can work out Sj, Rj and Qj, which are shown in Table 4. In the
respect of relative efficiency, we applied the two VIKOR test conditions. From acceptable
advantage, we can work out the threshold value is 0.25 (DQ=1 / 5-1). The difference between
the Q value of hotel B ranking last and that of hotels ranking second, third, fourth, and fifth
is larger than 0.25. And therefore, B can be regarded as the best tourist hotel. In addition,
hotel B has the smallest R or S value and conforms to decision-making reliability.
Undoubtedly, hotel B ranks first in the respect of relative efficiency. As the first condition is
concerned, the difference between hotel C ranking second and hotels I, L and D that rank
third, fourth and fifth respectively is smaller than 0.25. As the second condition is concerned,
Q and R values of hotel C are superior to those of hotels L, I and D. And therefore, C just
meets the second condition (decision-making reliability). And therefore, the order of hotels in
the respect of relative efficiency is: B=C~=I ~L~D.

Table 4: Values of Sj, Rj and Qj of efficiency and effectiveness

Relative Efficiency Relative Effectiveness
Hotel Sj Rj Qj Hotel Sj Rj Qj
B 0.21872 | 0.18085 0 F 0.117915 0.117915 0.554234
C 0.664613 | 0.34707 | 0.711516 G 0.085939 0.071429 0
D 0.673315 0.5 0.959901 1 0.70444 0.5 10.17144
I 0.539208 | 0.44444 | 0.737192
L 0.712951 | 0.37343 | 0.801717

From Table 4, we can find that the value of QG is the smallest one. By applying the two
test conditions of VIKOR method, we can find that the threshold value for acceptable
advantage is 0. 5(DQ =1/ 3-1). The difference of the Q value of hotel G and that of hotels F
and G that rank second and third is larger than 0.5. And therefore, both the 1st and the 2nd
conditions (Q, S or R value is the optimum one) are satisfied. The difference between hotel F
ranking second and hotel I ranking third is 9.617, much larger than the threshold value. In
addition, Q, S or R value of hotel F is superior to that of hotel I. So both conditions are
satisfied. In the respect of relative effectiveness, the right order is G>F>1. On the basis of
the above-mentioned sequences and values of DEA relative efficiency and effectiveness, we
can sort the fourteen international tourist hotels by relative efficiency and effectiveness, as
shown in Table 5.

10



Table 5: Ranking of relative efficiency and effectiveness of international tourist hotels

Rank of Relative Efficiency Rank of Relative Effectiveness
Hotel | Rank 0 Hotel | Rank 0 Hotel | Rank 0 Hotel | Rank 0
B 1 1 K 8 0.936 G 1 1 J 8 0.832
C 2 1 G 9 0.885 F 2 1 E 9 0.817
I 2 1 E 10 | 0.835 I 3 1 D 10 | 0.816
L 2 1 H 11 0.737 M 4 0.965 K 11 0.782
D 2 1 A 12 | 0.632 N 5 0.958 C 12 | 0.742
N 6 0.995 F 13 0.567 H 6 0.888 B 13 0.696
J 7 0.957 M 14 | 0.557 A 7 0.865 L 14 | 0.686

In this study, integrated performance of efficiency and effectiveness is also analyzed, and
the results are shown in Fig.3. We can find that the hotel with the best performance is I,
which is located at the point where relative effectiveness and relative efficiency axes cross
each other. It demonstrates that hotel I performs best in the management and control of inputs
and outputs. As relative efficiency is concerned, we can find that hotels B, C, L and D have
internal efficiency but no external effectiveness, demonstrating that the four hotels have
achieved relatively high customer satisfaction, but their operating revenues or occupied room
rates fail to increase significantly. The possible reason may be that their prices are too low or
they have to reduce prices in response to external competitions. Hotels G and F have no
internal efficiency and have external effectiveness, demonstrating that the amounts of their
inputs are too small to achieve customer satisfaction or are not helpful in improving customer
satisfaction. The other seven hotels have neither internal efficiency nor external effectiveness.
We can conduct the above-mentioned slack variable analysis to find improvement measures.

F G I

L Y T R N
B Am HEEg -T.'ED
) Ko o
E 2
i L

SSAUBAIIAJJH 3AIIe[aX]

O

1 1 1 L I L 1 L 1

Relative Efficiency

Fig.3: Correlation between relative efficiency and relative effectiveness

4. CONCLUSION

Case analysis shows that by adopting DEA method, we can judge whether international
tourist hotels have relative efficiency and effectiveness, and provide hotels having no relative
efficiency or effectiveness with improving suggestions by means of slack variable analysis.
And therefore, our division of DEA into internal efficiency and external effectiveness is
feasible and our setting of efficiency and effectiveness is reasonable. Efficiency refers to
various inputs and costs (the number of rooms, the number of employees and management
costs, etc), which are aimed at making customers feel satisfied. Effectiveness refers to total
revenues and occupied room rate of international tourist hotels under a high or low customer
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satisfaction. By adopting VIKOR method, we sorted international tourist hotels with relative
efficiency and effectiveness (@ =1) by performance. After testing against two conditions, the
final sequence is more acceptable and reliable. From Fig.3, we can see which hotel has both
efficiency and effectiveness, which hotel has either efficiency or effectiveness, and which
hotel both has no efficiency and effectiveness. Fig.3 clearly demonstrates the overall
operating status of hotels and whether there is difference between relative efficiency and
relative effectiveness of a hotel. In addition, depending on models of relative efficiency and
effectiveness, we can find out reasons why some hotels have no relative efficiency and
effectiveness. We can also conduct slack variable analysis to find suggestions on making
improvements.
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