The fuzzy-pair wise comparison matrix of the relative importance of performances is presented
(according to Step 1 of the proposed Algorithm):
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Application of FOWA is illustrated by the following example. The aggregated relative importance of
quality performance (k=1) over environmental protection performance (k=2) can be calculated as:

Wy =0.4-(23.4)+0.3-(34,5)+02-(LL1)+0.1-(1,2.3) = (2,2.8.3.6)

The fuzzy pair-wise comparison matrix of the aggregated relative importance of performances is:

(1,L,1) (2,2.83.6) (0.45,0.7.1)
(0.28,0.36,0.5) (1,L1) (041,051058)| , C.1.=0.048
(1,1.43,2.22)  (1.721.96,2.44) (LL1) i3

The procedure for calculating quality weight is presented as follows (Step 2 of the proposed
Algorithm):

3 1/3 3 1
a = {Hrz-o.z»s] =0.89, S, = {Hl : 2.8-0.7}
k=1 k=1

/3 3 1/3
=125, and g, :{H1-3.6-1} =1.53
k=1

and
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a=Y 0, =265, f=) f,=3.22,and y= y,,=395
k=1 k=1 k=1

Then the weight of quality performance (k=1) is calculated in compliance with Eq. (2) and Eq. (3):

wi = (0.89-3.95“,1.25-3.22“,1.53-2.65“): (0.24,0.39,0.58)

Similarily, weights of the rest of the performances are calculated:

w2 =(0.12,0.17,0.25), and ws = (0.30,0.44,0.66).

The fuzzy pair wise comparison matrix of the KPIs under quality performance is:

(LL1) (0.780.951)  (1.25,2,2.70) (0.85,1,1)
(1,1.05,1.28) (LL1) (1.4,2.10,2.90) (0.5,1,1) C1=01
, C.1=0.
(0.37,050,0.80) (0.34,0.48,0.71) (LL1) (0.34,0.55,0.87)

(LL1.18) 1L,L,2) (1.15,1.82,2.94) (LL1) d



By using the procedure developed in (Wu et al., 2004), the weights of sub criteria under quality
performance are:

-l 1 1 1
vi =(0.19,0.28,0.38), v2 =(0.19,0.29,0.41), v3 =(0.09,0.14,0.25), and v4 =(0.21,0.28,0.41).

The fuzzy pair wise comparison matrix of the KPIs under environmental protection performance is:

Ly (0.22,0.25,0.40) (0.31,0.48,0.80) (1,1,1.30)
(2.50.3.57,4.55) (LL1) (1.40,2.10.2.90)  (0.50,L,1) ,C.1=0.91
(1.252.083.23) (0.34,0.48,0.71) Ly (0.34,0.55,0.85)

(0.87,1,1) (1,1,2) (1.181.82,2.94) (LL1) s

The weights of KPIs under environmental protection performance are:

2 2 2 2
vi =(0.09,0.14,0.25), v> =(0.21,0.39,0.59), v3 =(0.11,0.20,0.36), and v4 =(0.18,0.27,0.48)

The fuzzy pair wise comparison matrix of the KPIs under safety criterion is:

(L,L1) (0.67,090,1)  (2.303.30,4.30)  (3.50,4.50,5)
(1,1.11,1.49) (1L,L,1) (2.303.30,4.30) (3.80,4.80,4.90) _
, C.1.=0.016
(0.23,0.3,0.43)  (0.23,0.3,0.43) (LL1) (1.50,2.50,3.50)
(0.20,0.22,0.29) (0.20,0.21,0.26) (0.29,040,0.67) (1,1,1) ™
The weights of KPIs under safety performance are:
3 3 3 2

vi =(0.26,0.38,0.52), v = (0.29,0.41,0.58), Vs = (0.09,0.14,0.22), and v4 =(0.06,0.07,0.11).

Similarly, the fuzzy pair-wise comparison matrices of the business processes’ preference are
presented.

Quality performance

(O1) Quality of the seaport services

L) L L H 1M

v (LL) M M 1L

v um (1) ve vve| ,CL=0.058
VH UM L (LL1) UVH

M L vHE vH (L1 515

- 1 _1 1
P11 =(0.12,022,041) py, =(0.11,0.19,038), ps, =(0.050.07,0.14), p,, =(0.050.08,0.14) and
1

ps1=(0.250.43,0.68).



(02) Average number of customers

L) v# H M H

vve (L) vL VL 1/H

vH vve (1) vHE yvA| o, CL=0.085
UM 1/vL H (11) 1/L

VH H vH L (L)

Jl ! 1 1
Py, =(0.28,0.43,0.62), p,, =(0.14,0.19,0.29), p,, =(0.04,0.06,0.09), p,, = (0.07,0.10,0.16) and
1

Ps2 =(0.14,0.23,0.34)

(03) Average number of vessels in the queue
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1 ! 1 1 !
P13 =(0.25,0.44,0.72), py3 = (0.1,0.17,0.3), p35 = (0.08,0.13,0.26), p4; = (0.06,0.09,0.2) and p<; =(0.12,0.17,0.27) .

(O4) Pilotage operation of the vessel

Ly L L VL 1M

Ve (L) M L UM

ve um () M  veH | ,CL=0.1
vve L UM (L) 1/VH

M M H VvH (L)

-l 1 1 1 1
P14 =(0.15,029,0.58), p,, =(0.14,0.28,0.54), p5, =(0.09,0.21,0.34), p,, = (0.06,0.1,0.14) and ps, = (0.07,0.13,0.26)

Environmental protection

(E1) Quality of air

L) e VL Mo VL

L (L) ve M oovL
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UM UM UL (LL1) L
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22 2 2 2
P11 =(0.11,0.180.32), p,, =(0.17,0.27,0.40), p,, = (0.15,0.25,0.44), p,, = (0.07,0.12,0.23) and

2

ps; =(0.10,0.17,0.25).



(E2) Water quality and (E3) Noise

(L) VM 1M H VL

M (L) vL H H

M uvL (1) H H , C.1=0.77
VH VH 1/H (111) L

Vv VH 1L UL (L)

2 2 2 2 2 2 2 2

Pis = P13 =(009.013.024), pay = pyy = (022,034,0.59), ps, = pys = (0.19,034,0.51), pyy = pas = (0.05.0.08,0.14)
2 2
and ps, = ps; =(0.06,0.11,0.18).

(E4) Hazardous substances

(LLY) vve yvL VH M

v (L) ve  H M

vL 1UvL (L) VH L ,C.1=0.016
UVvH VH UVH (LL1) /M

UM UM 1L M (1,1,1)5x5

2 2 2 2

P14 =(0.15,0.26,0.4), p,, =(0.18,0.33,0.53), ;93 . =(0.14,023,0.43), p,, =(0.05,0.07,0.12) and
2

ps4=(0.07,0.1,0.22).

Seaport safe
(S1) Vessel safety
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) 3 3 3
211=(0.12,0.19,0.35), p,, =(0.14,0.31,0.54), py, =(0.11,0.19,0.43), p,, =(0.06,0.12,0.23) and
3

P51 =(0.09,0.19,0.38).

(S2) Traffic volume
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3 3 3 3
P12 =(0.14,0.18,036), p,, =(0.2,0.37,0.56), p;, =(0.12,0.21,0.35), p,, =(0.06,0.11,0.16) and
3

s, =(0.08,0.13,0.24).

(S3) Weather sea condition and channel condition

Ly) ve VL VL 1/VH

yve (L) v L 1/H

L yve (L) UM vH| ,CIL=0.084
L 1L M (L) /M

vH H H M (L)

.3 3 3 3
P53 =(0.06,0.09,0.16), p,;=1(0.09,0.14,0.24), py;=(0.06,0.11,0.18), p,;=(0.09,0.16,0.30) and
3

Ps3=(031,0.49,0.74).

(S4) Other safety factors

(LL) ve 1L UVL 1/VH

vve (1) L 1M 1/H

L vL () uym ym| ,CL=0.088
v M M (L11) 1/L
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3 3 3 3
P14 =(0.07,0.12,0.19), p,,=(0.06,0.12,0.20), p,,=(0.06,0.11,025), p,, =(0.13,0.23,0.45) and
3

Psq=(0.24,0.44,0.71).



