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Abstract

The main purpose of this paper is to develop an algorithm of fuzzy multiple criteria
decision making (FMCDM) to evaluate key capabilities for port of Kaohsiung. In a
FMCDM problem, with a hierarchical structure of more than two levels and involving
multiple decision-makers (DMs) problem, to find the exact membership function of the
final aggregation ratings of all feasible alternatives is almost impossible. Thus, ranking
methods based on exact membership functions cannot be utilized to rank the feasible
alternatives and complete the optimal selection. To resolve the above-mentioned
complexity and to incorporate assessments of all DMs’ viewpoints, in this paper a
FMCDM method with multiple DMs, based on the concepts of fuzzy set theory and a-cut,
is developed. At first, according to historical literature, a hierarchical structure with
seventeen sub-criteria and nine key capabilities as alternatives is constructed. Then, a
FMCDM based upon the concept of a cut is developed. Finally, we used a survey by
questionnaire to illustrate this FMCDM method.
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%, }u]’[air%g%j: JIi B e g F' =g e (R gﬁﬂ ,’ﬁpa; E RO
A A A A As
Cy (4,5.1942,6) | (4,5.1388,6) | (4,5.6731,6) | (4,5.9120,7) | (5,5.9360, 6)
Cp (4,5.7343,6) | (5,5.810,6) | (5 6.0346,7) | (4,5.9559,7) | (5,5.7481,6)
Cis (5,6.3250,7) | (5,6.0246,7) | (6,6.4514,7) | (5,6.2471,7) | (5,6.1349,7)
C, (5,62113,7) | (5,62679,7) | (6,62216,7) | (5,6.1553,7) | (5,6.0147,7)
Cy (5,6.1805,7) | (6,6.3932,7) | (6,6.1655,7) | (5,6.1451,7) | (5,6.0346,7)
[ (5,62113,7) | (5,62679,7) | (5,63615,7) | (5,6.1805,7) | (5,6.2010,7)
Cas (5,5.9505,7) | (5,5.8339,7) | (5,6201,7) | (5,62679,7) | (6,6.3355,7)
Cos (5,62113,7) | (5,6.1553,7) | (5,6.0997,.7) | (6,6.3932,7) | (5,6.0147,7)
Cas (5,6.1553,7) | (5,6.1451,7) | (6,64514,7) | (5,6.0246,7) | (6,6.2783,7)
Cy (5,5.9505,7) | (5.6.1553,7) | (5.5.8630,7) | (5,5.9802,7) | (5,5.3898,6)
Cs (5,59702,7) | (5.6.1451,7) | (5,5.8436,7) | (5,6.0346,7) | (5,5.7481, 6)
Ci (4,5.8295,7) | (5.5.9702,7) | (5,5.9702,7) | (5,5.8968,7) | (5,6.1349,7)
[ (5,5.9066,7) | (5,5.9066,7) | (5,6.2679.7) | (5,6.1451,7) | (5,6.2575,7)
Css (4,6.0549,7) | (5,6.2010,7) | (5,5.8870,7) | (5,62113,7) | (5,6.0997,7)
Cuy (5,6.1451,7) | (5,6.0246,7) | (5,5.2754,6) | (5,6.0346,7) | (5,62113,7)
Cu (4,6.0102,7) | (559702,7) | (5,5.5568,7) | (5,6.2575,7) | (5,6.0896,7)
Cus (5,63720,7) | (5,5.8968,7) | (5, 6.0346,7) | (5,6.0246,7) | (5,6.1451,7)

Tu il 10 5 b LD RS = FIASRAR (R
As Ay Ag A
(5, 5.7481, 6) (5, 5.6867, 6) (5,5.9901, 7) (5, 5.4389, 7)
Ci (5,5.9901, 7) (5,6.0997,7) (5,6.1553,7) (5, 5.8630, 7)
Cis (5, 6.3826, 7) (5,5.7812,7) (5, 5.9406, 7) (5,5.9901, 7)
(5, 6.0246, 7) (6,6.1655,7) (5,5.9901, 7) (5,6.2679,7)
Cr (5,5.9802, 7) (5,5.4479, 6) (5,6.2113,7) (5, 6.0896, 7)
C (5,6.2113,7) (5,5.7481, 6) (6, 6.5695, 7) (5,6.0147,7)
Cas (6,6.3932,7) (5,6.1553,7) (5,6.2679, 7) (5, 6.0896, 7)
Cos (5,6.2575,7) (5, 6.0795, 7) (5,6.1451,7) (5,6.2679, 7)
Cas (5,6.1451,7) (5,6.1451,7) (5, 6.0896, 7) (5, 5.8630, 7)
(5,5.9702, 7) (5, 6.2010, 7) (5,6.2113,7) (6, 6.1098, 7)
Cs (5, 6.0446, 7) (6,6.2783,7) (5, 6.0896, 7) (5, 5.9802, 7)
Css (5, 6.2679, 7) (6,6.5102,7) (5, 6.0694, 7) (5, 5.9604, 7)
Csy (5, 6.2679, 7) (5, 6.3250, 7) (5,6.1553,7) (5, 6.0246, 7)
Cis (5, 5.9066, 7) (5,5.9802, 7) (5, 6.0896, 7) (5,6.2010, 7)
(5,6.2113,7) (6,6.2216,7) (5, 6.0896, 7) (5,6.2010, 7)
[ (5, 6.0246, 7) (5,6.2472,7) (5,5.9702,7) (6,6.2216, 7)
Cus (5,6.1451,7) (5,5.9262,7) (5,6.1451,7) (5, 6.3250, 7)

ARSI AR ST AR AR () T a I

L R O PR Y

33



i (R gk ae

e J“l’[ﬁ'%%%ji I PHfEE r SEEENIY T fﬁJaf’J?fHEU%viﬁﬁzﬁ i

o F“ F F

0=0 [109.1667, 334.8333] [115.750, 334.8333] [92.9167, 253.1667]
0=0.2 [127.0161, 308.9362] [132.7571, 308.6082] [105.8206, 234.7250]
0=0.4 [146.7681, 284.3822] [151.3558, 283.7935] [119.8848, 217.1627]
0=0.5 [157.3884, 272.5980] [161.2745, 271.9028] [127.3681, 208.7051]
0=0.6 [168.5215, 261.1364] [171.6181, 260.350] [135.1609, 200.4601]
0=0.8 [192.3754, 239.1636] [193.6155, 238.2386] [151.7010, 184.5980]

o=1 218.4287 217.4201 169.5570

o F F& F&

0=0 [114.0833, 343] [118.0833, 329.9333] [117.0833, 338.9167]
0=0.2 [131.8252, 315.7231] [135.1018, 305.4744] [134.5674, 312.8653]
0=0.4 [151.3333, 289.9587] [153.6530, 282.1920] [153.6985, 288.1518]
0=0.5 [161.7759, 277.6298] [163.5237, 270.9842] [163.9046, 276.2863]
0=0.6 [172.6915, 265.6623] [173.8021, 260.0611] [174.5499, 264.7429]
0=0.8 [195.9840, 242.7892] [195.6140, 239.0566] [197.1947, 242.6054]

o=1 221.2948 219.1537 221.7061

o o FS Fe

0=0 [121.4167, 334.8333] [117.0833, 343] [118.50, 343]
0=0.2 [138.0418, 309.1689] [134.5392, 315.8189] [135.5785,315.2161 ]
0=0.4 [156.1144, 284.8487] [153.6554, 290.1445] [154.1614, 289.0283]
0=0.5 [165.7121, 273.1820] [163.8597, 277.8587] [164.0359, 276.5172]
0=0.6 [175.6939, 261.8385] [174.5075, 265.9330] [174.3090, 264.3864]
0=0.8 [196.8395, 240.1039] [197.1712, 243.1403] [196.0816, 241.2402]

o=1 219.6107 221.7224 219.5395
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1°(F) 1*(F) R(F)

159.6701 274.0338 221.2549

163.1651 273.4065 222.5301

128.7454 209.6509 172.3130

163.8810 279.2381 226.0008

165.3375 272.2513 222.9106

165.8591 277.7192 226.0958

167.4214 274.6203 225.1480

165.8331 279.4616 227.0220

N[—N|W|IN R [O[Q]|©

165.8101 278.2091 226.3370

e o Al fﬁ’;ﬂﬁ Al Td%r VRN IM £L riﬁtﬁ*%ﬂ*fﬁ'
EHR g rﬁwﬁﬁ, ﬁg*—hﬁf rﬁJﬁ@é’ﬁ[ElE F%FHJ’E‘&“ e
TR rﬁfﬂ%nﬁﬁ?’? r%“'éﬁh‘%iﬁkﬂ@ VE‘*%' IS
RN r%ﬁ%ﬂﬁﬁﬁﬁ'ﬁ& (=T VEFJ“E kTS 4 AR

YTITPF@S?E [14];%%& eg(ai;fq/@g’!# HE [f/[lﬁi_-}&q_»m.;mif-)rl/ﬁ%
_@’l@@,ﬁxl‘fﬁ#ﬁ: o [ ]ﬁﬂ1ﬁj{ﬁguﬁr @gg,;c"[;fﬂﬁIEf i ,FIEIHIEJFTJ%

A IHETE’H',E'"E | R TEpE =11 o A R H #Fﬂ ﬁE j@g{”ﬂﬁ%F
PR P B2 R R EW%ﬁ‘#WH Y A 2 -
V*lﬁﬁﬂ I P IPAS S e e PR TR LY 4 PR S
= pﬁl[‘%\jﬁgﬂj [/clsr? J”Fﬂ‘

I HE |[4ﬁ' %FIJFTHJ%F Jfl = [ IR Ag% iz I/FT B S
oS ﬁ%ﬁf%%ﬁlfwﬁ#w mﬁfr%i%ﬂﬁﬁﬁﬁw
@%Jf%@?%aﬂfﬁf ﬁ SV RIS 1 T 5 AR
LEREE S rFﬂ%wwﬁ* r%ﬁﬁiﬂ@VﬁﬁﬁwJ”%ﬁﬁm
iz r%ﬁ%ﬁﬁ$ﬁﬁﬁﬁﬁiftéﬁ*:ﬁJJ‘ rﬂﬂ?J%ﬁTﬂﬁiﬁiLVftéﬁﬁiﬁJJ°
1V SRR I%('I‘Y%J'?Fm[uij [F[J $
El L@gr‘gﬁwl%@ D{FAYEJ%F
N '/F%EJ%T JEELF@ [ H—};Kjkgg\tﬁl, VAL 3 ﬁ;hp [E;S«I[i};?‘?
'iﬂ} “’ﬁﬁ” R IR 1 ’Eipeﬁ"“m N CININ I/FIE*{H:EI“
1IEI[— )1 I/ TJ%F wu[ ~ F 4[ IES [/_T[’AIFVJT’TI& , F' g SEFD
W@W%wﬁﬁ%yﬁﬁg

35



10.

11.

12.

13.

14.

15.

“ " 2005
54-64

14 3 21-36

29-39
Buckley, J. J., “Ranking alternatives using fuzzy numbers”, Fuzzy Sets and Systems,
15(1), 1985, pp. 21-31.
Chang, P. L. and Chen, Y. C., “A fuzzy multi-criteria decision making method for
technology transfer strategy selection in biotechnology”, Fuzzy Sets and Systems,
63(2), 1994, pp. 131-139.
Chen, C. H. and Hwang, C. L., Fuzzy Multiple Attribute Decision Making Methods
and Application, Berline: Spring, 1992.
Chen, S. H., “Ranking fuzzy numbers with maximizing and minimizing set”, Fuzzy
Sets and Systems, 17(2), 1985, pp. 113-129.
Chen, S. H. and Hsieh, C. H., “Representation, ranking, distance, and similarity of
L-R type fuzzy number and application”, Australian Journal of Intelligent
Processing Systems, 6(4), 2000, pp. 217-229.
Ding, J. F. and Liang, G. S., “Using fuzzy MCDM to select partners of strategic
alliances for liner shipping”, I nformation Sciences, 173, 2005, pp. 197-225.
Dong, W. and Shah, H. C., “Vertex methods for computing functions of fuzzy
variable”, Fuzzy sets and Systems, 24(1), 1987, pp. 65-78.
Dubois, D. and Prade, H., “Operation on fuzzy numbers”, The International
Journal of Systems Sciences, 9(6), 1978, pp. 613-626.
Gerald, C. F. and Wheatley, P. O., Applied Numerical Analysis, New York:
Addison-Wesley Publishing Company, 1990.
Hafeez, K., Zhang, Y. B. and Malak, N., “Core competence for sustainable
competitive advantage: a structured methodology for identifying core competence”,
| EEE Transactions on Engineering Management, 49(1), 2002a, pp. 28-35.
Hafeez, K., Zhang, Y. B. and Malak, N., “Determining key capabilities of a firm
using analytic hierarchy process”, I nternational Journal of Production Economics,
76(1), 2002b, pp. 39-51.

36



16.

17.

18.

19.

20.

21.

22.

23.

Javidan, M., “Core competence: what does it mean in practice?”, Long Range
Planning, 31(1), 1998, pp. 60-71.

Kaplan, R. S. and Norton, D. P., The Balanced Scorecard: Trandlating Strategy
I nto Action, Boston: Harvard Business School Press, 1996.

Kim, K. and Park, K. S., “Ranking fuzzy numbers with index of optimism”, Fuzzy
Sets and Systems, 35(2), 1990, pp. 143-150.

Liou, T. S. and Wang, M. J. J. “Ranking fuzzy numbers with integral value”, Fuzzy
Sets and Systems, 50(3), 1992, pp. 247-255.

Prahalad, C. K. and Hamel, G., “The core competence of the corporation”, Harvard
Business Review, 68(3), 1990, pp. 79-91.

Saaty, T. L., The Analytic Hierarchy Process, New York: McGraw-Hill Companies,
Inc, 1980.

Yager, R. R., “A procedure for ordering fuzzy subsets of the unit interval”,
Information Sciences, 24(1), 1981, pp. 143-161.

Zadeh, L. A., “Fuzzy set”, Information and Control, 8(3), 1965, pp. 338-353.

37



