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An Evaluation of Business Performance for Water Transportation Company Groups
Using the Integrated Fuzzy AHP-PROMETHEE Method
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Abstract - The Korean government has been pursuing many supporting programs to enhance the competition of water transportation
companies In recent years. 10 implement the policies eflectively, which needs its monitering and evaluates about their business
performance. The purpose of this study was to evaluate the business performance ofwater transportation company groups and determine
the outranking between the groups using the Integrated Fuzzy AHP-PROMETHEE. 1o achieve this purpose, first, the companies were
classified into seven alternative company groups and the criteria or their evaluation was extracted Second, the weights of the criteria,
by maritime and port expert survey, were calculated using the Fuzzy AHP. This paper, finally, determined the total priority orders oi
their company groups as the link Fuzzy PROMETHEE II with weights of the criteria and the local priority orders between them using
the Fuzzy PROMETHEE I. In the proposal for this model, thus was collected four criteria such as growth ability, beneficial ability,
technical ability, and productive ability. Through the result of this evaluation, the other marine transportation services group was
determined as the highest outranking but the inland passenger & cargo transportation services group was lowest. Thus, the developing
plan of the productive ability or the other marine transportation services group should be reviewed to continue its good periformance,
and all off the criteria or the inland passenger & cargo transportation services group to raise the periformance should be reviewed.

Key Words - water transportation company groups, business performance, Fuzzy AHP (Analyvtic Hierarchy Process), weights, Fuzzy
PROMETHEE (preference ranking organization method for enrichment evaluation).
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2.1 Geometric Fuzzy AHP
HA JFolEe HrigEe &
gk AR EA o Hol o] &¥ I 9l o]
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Table 1 The linguistic variables and fuzzy numbers for
weights (Chan and Kumar, 2007).

Definition Membership function
Just equal 1,1, 1)
Between equal and moderate 1, 2, 3)
Moderate importance (2, 3, 4)
Between moderate and fairly strong (3, 4, 5)
Fairly strong importance (4, 5, 6)
Between fairly and very strong 5, 6, 7)
Very strong importance (6, 7, 8)
Between very strong and absolute (7, 8,9
Absolute importance (8,9, 9)
Reciprocal M7 = (1/uy,1/m,1/1)

Fuzzy AHP= &3¢ AHPEA Ax&E W2dA AAFE
o] &3t glom, o] % Changol A9+ Extent analysis
method®} Buckley”} #l¢t8F Geometric mean of fuzzy
comparison values”} 7+ ‘?:_1‘3 Hog ALgHEI Yy £
T-ol A= BuckleyZ}F AlQtgh WhH ol Alitol A Bl golakir
A@A o olsfsr] #Fuz o] WS o|&3th Buckley

9] Fuzzy AHP+ oFl¢} #Z2 oAle] A= FAddu
(Ayhan, 2013).
1wl R Qo BES AR W
Eln dyg - illn Ekj:if,
~_ d21 . d2" J’_ k=1 (1)
T = N
&nl anQ NmL

- 2 @A HrFeHEe] $A] B4 Geometric means AHE
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2.2 Fuzzy PROMETHEEH

Fuzzy PROMETHEE(preference ranking organization
method for enrichment evaluation)'H- 5742 PROMETHEE
W AAE 2 HAeR ste] dAbE AAskE Ao
= ofef 7TeAe] AApe] sl =3 ¥ th(Eric et al, 2015).
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- 7 Fuzzy PROMETHEE [Ho® 937 1e)=s}

a, boll ti3l] 4dAle] &3S o]
3} (Brans, 1986).

g3te] 4
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Choice of all evaluation Factors

Determine the goal, Criteria

—)

Calculate weights of all factors by Fuzzy AHP

.VCheck CI & CR. of all level factors -

Calculate weights of all level factors

—

Determine outrank and draw graph by fuzzy PROMETHEE

Data Normalization, Calculation of preference —
The fuzzy PROMETHEE II complete the rahki'_ﬁg s

The Fuzzy PROMETHEE I draw a grapH

Fig. 1 The evaluation model of Business Performance of
Water Transportation Company Groups
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Table 2 Recent studies on Business Performance in
shipping and Port

Author Adoption factors
Shin&Lee. Labour(employer ~ numbers), Fund(amount  of
(2017) funds), Variable Expenses(navigation costs)
Ko&Kil(2011) Subject, Environment, Resource, Mechanism
Choné& Ha Demand Condition, Production Condition, Related
(2019) and Support Industry, Industrial Strategy and
Policy while the corresponding
Concerning Growth, Relationship Ratios of Income
Bank of Korea ¢ P
(2019) and Expenses, concerning Productivity, Gross
Value Added
Han & Relationship Ratios of Income and Expenses,
Lee(2018) Concerning Productivity, Gross Value Added
Concerning Growth, Relationship Ratios of Income
Ha et al(2015) and Expenses, Stabile/Technical ability

o] 9] sl AFAToNA = FrhES A3, 7
3, B, F7WVHA, b88/7164, B ddt T o T3
39tk 53] a7 YAEs F oA5Evsdel diE
A28 Ve AT B8t AAEES Aslate] 2t
A& EoloF stBE Ve dS EFst] dAATANA F2E A
T8 A3, F94, B 2= Table 33 #Zo| H7HE&
T4 4 Ut FJrtd o] & ARE E AFoA= SAA
o A ZAIHIAE o] &3 tH(Statistics  Korea,
2018). 474
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Table 3 Evaluative criteria for Business Performance of
Water Transportation Company Groups

Criteria Definition

Growth Subtracting Summation of the past total revenue value
Ability(GA) | from the current its value
lflirlﬁ?(céﬁ) Business profit devide by summation of total revenue
Technical Research & Development costs devide by summation
Ability(TA) | of total revenue
Productive Summation of total revenue subtract Depreciation cost,
Ability(PA) | then devide by total employer numbers

3.2 7T

4719+ Table 4%} 2Zo] FAH S &FUA £AR L
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Table 4 Details in alternative Water Transportation
Company Groups

A

AiretE ¥R SAHRS Ve ¥
A4 06022 7 =7
o)A 0150, 71=4 0.066 =02 e

4.2 Fuzzy PROMETHEEE o|&¢t

A714el et A E= Table 73 2o,

Catesor Company Ship Table 7 Determined initial data for analysis
gory Numbers % Numbers % (Unit : %)
oP 14 2.21 21 0.73
oC 153 24.68 1,447 50.49 Growth Beneficial Technical Productive
Ability(GA) Ability(BA) Ability(TA) Ability(PA)
CP 68 11.01 205 7.16
T 239 38.66 748 2612 OP| 0.70| 098 1.26| 7.18| 853| 9.88 0 0 0 371| 421| 471
. - Od 081| 093] 1.05| -1.63] 0.60| 2.83| 0.001| 0.001 0.001 1654 1914| 2174
OM 74 11.92 268 9.35
CP| 070| 1.09| 148| -151] 6.68| 14.87 0 0 0 159| 199| 238
IPC 10 1.67 57 1.97
CT| 087 098] 1.10| 228 359 4.91| 0.018 0.022 0.027 241 251 260
PT 61 9.85 120 418
OM 095 1.18| 141| 8.11| 10.87 13.64 0.089| 0.111 0.132 165| 195| 224
Sum 618 100 2,865 100
" " IPQ 018 0.70| 1.22| -4.21] 3.02| 10.25 0 0 0 64 128| 192
* Overseas passenger transportation services(OP), Overseas cargo
tran;portation services(OC), Coastal passenger transportation PT| 048 082] 116] 294] 841 138 0 0 0 95 mni] 127
ser\(lces(CP), Coastal cargo transportation services(CT), Other * Overseas passenger transportation services(OP), Overseas cargo
marine transportation services(OM), Inland passenger&cargo transportation  services(OC), Coastal passenger transportation
transportation _services(IPC), Passenger transportation = services services(CP), Coastal cargo transportation services(CT), Other
within port(PT) marine transportation services(OM), Inland passenger&cargo
transportation  services(IPC), Passenger transportation services

4. $arRavIlE AUMT BY|
4.1 Fuzzy AHPE 0|88t "Wolets 5% 23

21(1)S o] &3] AEIIe] HEZAIS FHEsHH Table 59+
2}, vE A gkt A HANE
CRS 00852 E5F 0.10]8t2 FaAdo] A=)

Table 5 Fuzzy number in every criteria

Growth Beneficial Technical Productive
Ability(GA) Ability(BA) Ability(TA) Ability (PA)
GA | 1.000 1.000 1.000 3.230 4.370 5.160 6.140 7.380 8.42(0 2.650 3.420 4.17(
BA | 0194 0.229 0.31Q 1.000 1.000 1.000 2120 3.070 4.38q0 0.184 0.249 0.304
TA | 0119 0.134 0.163 0.22§ 0.324 0.472 1.000 1.000 1.00q 0.119 0.140 0.164
PA | 0240 0.292 0.377 3.270 4.020 5.380 6.090 7.140 8.420 1.000 1.000 1.00

* MaxA=4.231, C.L=0.077, C.R.=0.085
Table 59 AAFE A& o §3te] HrHFEe] ¥4 F

T 3L, A@d)E olgste] AatstE ¥

= AFE3H Table 63 2t}

—_— %
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Table 6 Criteria factors to calculate weights

within port(PT)

S ) GRS Hatgholdt. Bt
Fe Ve WriREd P 2 ddVIdEe A,
o, ZleAeA ZlEteldeEdel 247 1.18%, 10.87%,
0.111%= 7F¢ =1, AL f@dstaesdol 1914%= 7}
FEth ST B9 Bkl A, oA, Ve
g, AR T EE HUMEES gl 255 At =71 o
ol 43t $e Maxl 2= 24 gl

2) A+ts}

A@E ol&ate] AarstdES g8k Table 83 2t

Table 8 Normalized fuzzy numbers for alternatives

JI* Normalized 1;1
Growth Ability 0.560 0.778 1.061 | 0472 | 0.692 | 1.000
Beneficial Ability 0.109 0.155 0.232 | 0102 | 0.150 | 0.230
Technical Ability 0.050 0.067 0.097 | 0.048 | 0.066 | 0.097
Productive Ability | 0.308 0.408 0.588 | 0.281 | 0.400 | 0.595

Growth Beneficial Technical Productive

Ability(GA) Ability(BA) Ability(TA) Ability(PA)
QP | 0119 0472 0826 | -0.110 | 0.040] 0.190, 0.000f 0.001] 0001 0.044f 0051 0.058]
QC| 0325 0556 0787 | -0283 | 0203 0.690| 0.001] 0.002] 0.002( 0030 0.059] 0.089
CP| 0547 0627 0707 | 0153 | 0242 0330 0002 0.002 0002 0076 0.090 0.103|
CT| 0472| 0661] 0850 | -0.101| 0449 1.000[ 0.002 0.003] 0.004/ 0073 0.091 0.110|
OM| 0586 0664 0742 | 0198 | 0566 0934 0007 0.009 0011 0111 0115 0.119
IPC| 0475 0738 1.000 | 0483 | 0.574| 0.665 0136 0.169] 0202 0170, 0.194]| 0.217]
PT | 0643 0796 0950 | 0545 | 0.731] 0917| 0674/ 0.837] 1.000 0.761] 0.880] 1.000
* Qverseas passenger transportation services(OP), Overseas cargo
transportation  services(OC),  Coastal passenger transportation

services(CP), Coastal cargo transportation services(CT), Other marine
transportation services(OM), Inland passenger&cargo transportation
services(IPC), Passenger transportation services within port(PT)

AHO)~H(6) ol&ste] ToEE aud tdiEel HEk
Mz g5 ZArtstd Table 99 2t
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Table 9 Calculate the aggregated preference function

or ocC CP CT oM IPC PT
or 0.00 4.33 4.33 4.33 6.49 0.00 0.00
OoC 4.33 0.00 4.33 6.49 6.49 2.16 2.16
CcpP 4.33 4.33 0.00 4.33 6.49 0.00 2.16
CT 4.33 2.16 4.33 0.00 6.49 0.00 2.16
oM 2.16 2.16 2.16 2.16 0.00 0.00 0.00
IPC 6.49 6.49 8.66 8.66 8.66 0.00 4.33
PT 6.49 6.49 6.49 6.49 8.66 2.16 0.00

# Overseas passenger transportation services(OP), Overseas cargo
transportation services(OC), Coastal passenger transportation
services(CP), Coastal cargo transportation services(CT), Other
marine transportation services(OM), Inland passenger&cargo
transportation services(IPC), Passenger transportation services
within port(PT)

3) 2%

Table 10 Determine the leaving and entering outranking

flows
r+ I- T rank

or 4.69 3.25 1.44 3

OoC 433 433 0.00 5

CP 5.05 3.61 1.44 3

CT 541 3.25 2.16 2

OM 7.21 1.44 5.77 1

IPC 0.72 7.21 -6.49 7

PT 1.80 6.13 -4.33 6
« QOverseas passenger transportation services(OP), Overseas cargo
transportation  services(OC), Coastal passenger transportation

services(CP), Coastal cargo transportation services(CT), Other
marine transportation services(OM), Inland passenger&cargo
transportation services(IPC), Passenger transportation services
within port(PT)

coddss gew Wdase] eds 24sd Ve
adeEol 577, Wa&stErEd 216, WA TE] 144,
A TEY 1.4, AFsETEY 000, FRMHAAES

119} 2,

Table 11 Preferable relation in every alternative

OP OC CP CT OM IPC PT
or 1 R R R P R R
OC P 1 P P P R R
CP R R 1 P P R R
CT R R R 1 P R R
OM R R R R 1 R R
IPC P P P P P I P
PT P P P P P R I

* Overseas passenger transportation services(OP), Overseas cargo

transportation  services(OC), Coastal passenger transportation
services(CP), Coastal cargo transportation services(CT), Other
marine  transportation  services(OM), Inland passenger&cargo
transportation  services(IPC), Passenger transportation services
within port(PT)

Table 112 thA257 A& A6 tsle] Table 102 2

=}

i
Il
S,
o
s
of\
i
2
1o,
I
o)
1=
il
[
ik
o
T
(i3

N}
1o
iy
T\‘L

passenger
~7itransportation .
services

ther
marine

| transportation
services

Oasta
€argo

passenger

transportation
Services

within port

nland cargo &
passenger

transportation

services

services services

Overseas
3| passenger

transportation
services

Fig. 2 Preference relative graph
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