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Table 1
Various Decision Variables.

Stage

Decision variable

Scale

Variable notation

Experience of the navigation crew
Experience of the maintenance workforce
Effectiveness of the maintenance programs
Overall past operational history of the vessel
Unforeseen events

Congestion at the source harbor

Congestion at the sea

Congestion at the destination harbor
Weather or environmental conditions
Delivery date of vessel

Technological up-gradation of the vessel
Region, place or yard where the vessel was built

0-30 years

0-30 years

0-10

0-10

0-10

0-1 (congestion factor)
0-1 (traffic intensity factor)
0-1 (congestion factor)
0-10

Year 1970-2009

0-10

0-10
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Table 2
Expert input estimates for the Scenario 1.

Decision variable Expert number
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Table 3
Expert input lower variation estimates for the Scenario 2.

Decision variable Expert number
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Table 4
Expert input upper variation estimates for the Scenario 2.

Decision variable Expert number

1
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Table 5
Resulting parameters of the Gaussian membership functions.

Decision variable Scenario 1 Scenario 2

Qiower Stower

05746 0.0247
06781 0.0247
04869 0.0580
07139  0.0466
06636 0.0580
04243 00717
04216 0.0594
05978 0.0518
05963 0.0580
05941 0.0150
05767 0.0528
06238 0.0671
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Fig. 2 Membership functions of decision variables, outputs of three stages and reliability for the Scenario 1.
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Table 6
Reliability estimates for the Scenarios 1 and 2.

Scenario Defuzzifiers

Centroid MOM

0.7671 0.7600
0.6941 0.7000
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Table 7

Membership function parameters.

Cugae @b oyl -7 Jsor

Xi X;

Ox Membership function

Parameters

Z-type

Gaussian

Gaussian

Gaussian

¢1=0.05
c2=02
Qiower=02
Srower="0.06
a 03
Supper 0.06
Qyower=0.45
Srower=0075
OQupper=0.55
Supper=0.075
Qower=0.7
Sower=0.06
Qupper=08
Supper="0.06
d,=08
d,=095
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Table 8
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Linguistic variables notations.

Decision variable

For variables X5, X5, X,q

Use T\, 15, 15, T T5

For all other variables

Use S, S5, S3. 54 S5

5

52

S5

Sa

Ss

T

L5

I3

s

Ts

Very low

Very low

Very low effectiveness
Worst

Very high possibility
Densely congested
Very high traffic density
Densely congested
Very rough

Too old

Insignifiant

Bad

Low

Low

Low effectiveness
Bad

High possibility
High crowd
High traffic
High crowd
Bad

Old

Minor

Average

Average

Average

Average effectiveness
Average

Average possibility
Average crowd
Average traffic
Average crowd
Middle or okay
Middle age
Medium level
Good

High

High

Highly effective
Good

Low possibility
Low crowd
Low traffic
Low crowd
Good

Recent

Major

Very good

Very high

Very high

Very much effective
Excellent

Very low possibility
No aowd at all
Very low traffic

No aowd at all
Excellent

Brand new

Very high level
Excellent




ol mbs s b sleaslig-9 oo

Table 9
Fuzzy antecedents and consequents.

X X; or Oy

T,

Table 10
Expert input estimates and resulting combined estimates.

Decision variable Expert number Resulting combined
estimate

a

¥

08309
08574
08149
0.8316
08101

0.8360
08091
0.7906
08355
0.8458
08093
08084
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Fig. 4. Surface views: (a) clipping and centroid, (b) clipping and MOM, (¢) scaling and centroid, (d) scaling and MOM.
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Table 11
Reliability estimates of the model-2.

Stage Dedsion  Pair Defuzzified output
pair output

Clipping Clipping Scaling Scaling
and and and and
centroid MOM centrod MOM

Ou 0773 0.750 0.794 0.700
Oz 0.745 0.750 0.750 0.700
O3 0.739 0750 0751 0.700
0.4 0.733 0750 0742 0.700
0., 0.755 0750 0758 0.700
0,5 0.739 0.750 0.742 0.700
01, 0.762 0750 0783 0.700
03, 0.742 0.750 0.748 0.700
s T 0734 0750 0741 0.700

Intermediate Oranan Q73 0.750 0.730 0.700

Final Reliability 0.728 0.750 0725 0.700
value
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