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ABSTRACT

During the end of the last century, marine accidaniggered the maritime community to apply andedigy the
international regulations for safety and environrt@mprotection. Consequently, Port State ControB( regulations
were introduced as a new mechanism to enforce rigementation of such regulations, which aim toliede the
substandard ships from the seaborne fleet and enships safety and reliability in clean seas. Have®SC of a port
cannot inspect every ship calling at the port ag éime; and a selecting ship for inspection sysstimuld be adopted due

to time and resource limitations.

Two Multi-Criteria Decision Making (MCDM)approachesere first used to rank the alternatives; these
approaches are the Weighted Sum Model (WSM) and@eabknique for Order Preference by Similarity ted Solution
(TOPSIS).In this endeavor, ships to be inspectpdesent the alternatives and targeting factors esgant the attributes;

initial results are in favor of TOPSIS.

To further enhance the effectiveness of the safpships-for-inspection system, the Analytic Hielsr Process
(AHP) was used to weigh the attributes through \pee comparisons. Thus, a hybrid decision-makinthatmlogy that
employs AHP and TOPSIS is recourse to. As such, tattihique can be very useful in involving sevdedision-makers
with multiple different factors to calculate theigft for each factor. On the other hand, TOPSI®ibégue is employed to

rank the alternatives, based on their overall parfance. An example is given to illustrate the psgubmethodology.

KEYWORDS: Port State Control (PSC), Weighted Sum Model (WSKghnique for Order Preference by Similarity to
Ideal Solution (TOPSIS), Analytic Hierarchy ProcéasiP)

INTRODUCTION

United Nations Convention on the Law of the Sea QURS) Article 25 provides that the coastal state tiee
right, in the case of ships proceeding to intemwaters or a call at a port facility outside intdrmaters, to take the
necessary measures to prevent any breach of tlitioms to which admissions to internal water ibjsat. Furthermore,

Article 211 provides the basis for the establishitgna group of states of particular requirementsthe prevention,
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reduction, and control of pollution of the marineveonment as a condition for the entry of foregdps into their ports or
internal waters. Articles 218 and 226 enable a giate to enforce international anti-dumping anit@ollution measures.
Moreover, states are required by Article 219 tcetakiministrative measures to prevent misbehaviigs stom sailing.
Legality for PSC inspections may be found in théstcles of UNCLOS, because it is possible for ¢h¢o be an oll
pollution threat, even if only bunkers, from anysaaworthy ship. The only limitation is that thepstéaken be reasonable,
public, and fair (Articles 25, 211, 218, 219 an® 22 the UNCLOS, 1982).

In March 1978, the grounding of the supertanker &&m Cadiz” off the coast of Brittany (France) résdlin a
massive oil spill, causing a strong political andlic outcry in Europe, calling for more stringeegulations with regard
to the safety of shipping. This pressure resulted more comprehensive Memorandum of Understarglgred in Paris
in 1982 and known as Paris MOU. Resolution A.682) (doncerning regional cooperation in the contrbklips and
discharges, which was adopted by the IMO Assembly1991, acknowledged the performance of the Pa@JMn
combating substandard ships and called on theegaiti the IMO to consider concluding more regicexahngements
(IMO Resolution A.687 (17), 1991). The MOUs coverarly all the regions of the world, e.g. Tokyo MQLR93),
Caribbean MOU (1996), Mediterranean MOU (1997),jdndOcean MOU (1998), Black Sea MOU (2000), andaRiy
MOU (2004).

The Memorandum of Understanding on PSC in the Medihean region (Med MOU) was the main focus of the
current research. The Med MOU was establishedidtig a declaration by the European Community (@} it would
finance a cooperation project supported by the IM@ ILO in an effort to increase the maritime safeft shipping and
pollution prevention. The Med MOU was concluded Mualta; eight-member authorities signed it in Jul997T:
Algeria, Cyprus, Egypt, Israel, Malta, Morocco, Tsia, and Turkey. Lebanon and Jordan have subs#yieined.
Cyprus and Malta have also joined the Paris MOUJ #aly and Spain (Paris MOU members) are observers
Med MOU secretariat has been set up in Alexandiigypt and its information center in Casablanca, ddoo
(Med MOU, memou.org).

LITERATURE REVIEW

This review covers two important inter-related tpiPort State Control (PSC) and Multi-Criteria [Bam
Making (MCDM) models.

Port State Control (PSC)

Hare (1997) offers one of the first contributionstbe effectiveness of PSC in showing how the fen@tion of
regional MOUs has significantly diminished the pui&ls for substandard ships to participate inrim¢ional commerce.
Attempts were made to analyze the effect of PS@eictions on the probability of casualty by Knappl dranses.
Knapp and Franses (2007) analyzed the effect of inS@ctions on the probability of casualty accogdio targeting
ships, ship types, flag states, classificationettes, and detained ships. Furthermore, Knapp asasEs (2008) used data
on detentions from different MOUs, split into siikferent ship types (general cargo, dry bulk, cordg tanker, passenger,
and other ship types) and eight categories of @efites. Authors conclude that the ship profiles given by age,
type, classification society and ship owner woubd vary significantly across various PSC regimed tose differences
would come from the use of deficiencies in deterngrdetention. Knapp and Velden (2009) recommenlacating the

harmonization process by putting more emphasisiemarmonization of inspection procedures, combireding of PSC
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officers and the use of combined datasets acrganes.

Cariou, et al, (2009) investigated the determinasftshe number of deficiencies and of the probgabibf
detention. The results show that the main contoitsuto detention are the age of the ship at ingpecthe recognized
organization and the place where the inspectiorurscdMejia, et al (2010) investigated the newly liempented PSC
system in Taiwan. The major contents include theoduction of the system and the analysis of thp’shnspection
results over the past four years. The researclhdurtliscusses some in-depth issues about the systduding the
difficulties of the implementation and the inadecjea of the system. Rodrigo and Steliana (201@&béished a common
criterion for PSC of ships, harmonizing procedurasinspection and detention and taking into accelimtcommitment
made by the maritime authority of Romania. Morep¥dwakeel (2010) studied the role of classificatancieties in the
PSC system to ensure ships safety and reliabilitgléan seas. This research recommended that roesperation and
exchange of data is required. Also, it concludeat tihe PSC system must be more efficient, and tetexof-ship
statistics should not be regarded as an effici&G€ Bystem, in order to get an enhanced and bettgeted PSC and

reduction of the number of inspection of ships @bd ship operators.

Sam and Jong (2012) examined the regional MOUs avithcus on their operational strengths and weaases
Also, they discussed the regional PSC MOU regimstematically in order to show a degree of comparisetween them
and to evaluate which MOUs may need more assist&Bm@e of the regional MOUSs, e.g., the Caribbedn,j& and
Riyadh MOUs have not fully participated in PSC thah be perceived as important programs to dedl svibstandard
ships. Elwakeel (2012) examined the achievementEgyptian PSC for the years 2002-2010, accordingthi
requirements of the Med MOU, and found that the @tinspection up to 53% (more than required &yNMOU 15%),
a positive sign indicates that the Egyptian PSQasng its job efficiently with regard to foreighips visiting ports. But,

the research concluded that the higher inspectiomber does not ensure the elimination of the suldsta ships.
Multi-Criteria Decision Making (MCDM)

MCDM problems are common in everyday life and aeally of large scale. The rapid development in goter
science has led to the development of rigorous aguhres for solving MCDM problems. A MCDM approacha
procedure that specifies how indicator informati®o be processed in order to choose the beshattees where many

criteria have come into existence. The procesdwegoanalyzing the different criteria and findimgir weights.

MCDM approaches have been applied to different$iéhcluding economics, health, industry, compstience
and risk management. MCDM approaches are numerautha last decades have intensified the intenetstel application
of formalized decision-analytical tools, due to tbemplexity of problems as well as the higher aldlity of data.
Comparative studies of such approaches have bewhucted in order to show their salient featuresemiial capabilities
and limitations, e.g. Martin, et al (2013); Schifa®14); El Sayed, et al (2014); Pangsri (2015)lid& et al. (2016) and
Gratl, et al (2017).

The current research endeavors to address theiedieess of the PSC programmes and to assess tthedae
which are used to select ships for inspection. Besso further develop the PSC programmes and weaysprove the
effectiveness of the selection system are addreSgedhe first research aspect puts emphasisskavel determination
approach to identify ships with high-risk level bef conducting on-board inspection, and therebyaedhip delays due

to unnecessary inspections. The second aspectpsotade a risk-based model capable of catchingstaumulard ships.
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The Weighted Sum Model (WSM) approach, which isrentty used by the Med MOU, is one of the Multit€ria
Decision Making (MCDM) approaches, which has itaifations and shortcomings. Therefore, other MCDdraaches

are reviewed, focusing on their salient featuresemtial capabilities and fields they have beeriagpn.

In the next section, more light is shed on the ehapproaches. Possible integration of such appesam order
to come up with a hybrid approach which combinesativantages of such approaches and diminishedithigation, will

be investigated.
METHODS AND PROCEDURES

The Weighted Sum Model (WSM), Technique for Ordexf&ence by Similarity to Ideal Solution (TOPSI&)d
Analytic Hierarchy Process (AHP) approaches arspafcial interest in this endeavor. In the followseggtions, WSM,

TOPSIS and AHP approaches are described, goveeningtions presented and procedures of applicatitimed.
Weighted Sum Model (WSM)

The WSM is a simple approach, probably the simpbgsplicable to single-dimensional cases, dueeddht that
it follows an intuitive process. For the casenohlternatives anch factors, the total value of the th alternative A, is

given by the following equation (Fishburn, 1967):
A = 711':1 aij wj 1)

wherei =1,...m, j=1,...n g is the value of theth alternative with respect to tiith factor andy; is the
weight of thej-th factor. Each alternative is compared to thé oéshe alternatives; the optimal alternativehis tlosest

one to the best value.

In the Med MOU, however, each factor is assignetifferent range of points in accordance with ittatige

weight in respect to the other factors. As suchydign (1) reduces to the simpler form:
A = Yo (2)
Thus, the WSM approach involves the following senésuccessive steps:
Step 1:Define the problem.
Step 2:Assign points to each factor.
Step 3:Add up all the points for each alternative (Eq. 2).
Step 4:Rank alternatives as endingly according to the sbtained.
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

The TOPSIS approach was developed by Hwang and Yi281) and further developed by Hwang, et al9g)9
This approach assumes that each factor has a ndémonotonically increasing or decreasing wtikithich leads to
easily define the positive and the negative idehlt®ns. To evaluate the relative closeness oftternatives to the ideal
solution Euclidean distance approach is proposederes of comparisons of these relative distamdgésprovide the

preference order of the alternatives (Triantaphylkt al. 1998).
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The TOPSIS approach first converts the variousofaalimensions into non-dimensional factors. Thecept of
TOPSIS is that the chosen alternative should hhgeshortest distance from the Positive Ideal Smu{PIS) and the
farthest distance from the Negative Ideal Solu(idiS). This approach is used for ranking purposeé tnget the best

performance in MCDM. The TOPSIS approach involvesfollowing series of successive steps:
Step 1:Define the problem and specify the solution desire
Step 2:Construct the normalized decision matrix

The purpose of this step is to facilitate intratémcomparisons by eradicating the effect of theatisions so all
factors are measured in dimensionless unit. Afteniifyingm alternatives and factors, the normalized decision matrix is
established. The normalized valyés calculated from Equation (3), wheagis thei-th factor value for alternativigi = 1,

...handj=1,...m
aij
1 = Tl (3)
Z}‘:l a?]
Step 3:Construct the weighted normalized decision matrix

The weighted normalized valuggsis calculated from Equation (4), whesgis the weight of-th factor,i =1, . . .

,nhandj=1,...m
vij = w1 W= {w;  Eiowy = 1) 4)
Step 4:Determine the Positive Ideal Solution (PIS) andiive Ideal Solution (NIS)
The PIS A) and NIS A7) are derived as shown below,
A" =f ... V) = {Max; v;;} (5)
A =(vg . yUp) = {Min; v;;} (6)
Step 5:Calculate the distance from the PIS and NIS

The n-dimensional Euclidean Distanc®);"} is calculated from Equation (7), as the sepamatid every

alternative from the PIS. The separation from th®,XD;”) is given by Equation (8).

D = |3, (v — i) (7)

2

D = [Zii(vy —vi) )(8
Step 6:Calculate the relative closeness to the ideal mwiut

The relative closeness to the ideal solution ohedternative is calculated by Equation (9).

G =~ )

="
D]- +D]-

Step 7:Rank the alternatives
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Finally, after sorting th€; values, all alternatives will be ranked basedhengreference order.

Analytic Hierarchy Process (AHP)

AHP is a structured technique to organize and aeaMCDM problems, which was first proposed in 1%%0
Saaty. The basic idea of the AHP is to capture kgpknowledge of phenomena under study, by mednsaw-wise
comparisons. The weight of each item (alternati@efor) is evaluated, but the results of pair-wisenparisons are not O,
1, but rather the degree is given by a numerichlevfSaaty and Vargas 2001; Saaty2008). AHP aphrabased on
building the hierarchy for the problem in which theal, factors, and alternatives are clearly idexati More on these

hierarchies can be found in (Saaty, 1990; 1994;2&@8).AHP approach involves the following seriésuccessive steps:
Step 1:Define the problem and specify the solution desire

Step 2:Organize the problem as a hierarchy, as showngur®& 1. The goal is at the top of the hierarchg; next

level includes the factors affecting the decision.

Selection of a ship for inspection ]

Criteria
(Factors)

Alternatives
(Ships)

Figure 1: Hierarchy Structure

Step 3: Construct a pair-wise comparison matrix of theveht contribution or impact of each factor on each
governing factor in the next higher level. In titrix, pairs of factors are compared with resgeca factor in the
superior level. In comparing two factors, it isfereed to give a judgment that indicates the domieaas a whole number,
shown as Table 1. The matrix has one position terg¢hat number and another to enter its recipradalis, if one factor
does not contribute more than another, the othest montribute more than it. This number is enterethe appropriate

position in the matrix and its reciprocal is entenre the other position.

Table 1: The Fundamental Scale of Importance

Intensity of o .
Importance Definition Explanation
1 Equal importance Two factors contribute equallyhie objective
2 Weak or slight Between 1 and 3
3 Moderate importance Experience and judgmenttjig@vor one factor over another
4 Moderate plus Between 3 and 5
5 Strong importance Experience and judgment styofaglor one factor over another
6 Strong plus Between 5 and 7
. A factor is favored very strongly over another;dteminance is
7 Very strong importance . ;
demonstrated in practice
8 Very very strong Between 7 and 9
. Evidence favoring one factor over another withhighest possible
9 Extreme importance . .
order of affirmation

Source:Saaty, 2008

| NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




[ Enhancement of Effectiveness of Port State Control | nspection using a Hybrid Ahp-Topsis Model 45 |

Step 4: Obtain all judgments required to develop the dematrices in step 3. If there are many experts
participating, the task for each expert can be nsihple by appropriate allocation of effort. Mulggudgments can be
synthesized by using their geometric mean. The gédermean is calculated from Equation (10), wregie the factor in

the expert's decision matrix and p is the numbexgiertsp=1, 2,...,k.

a]-i = f/n(aﬁ )k (10)

Step 5: Verify the consistency of judgments across thedixtaency Index (Cl) and the Consistency Ratio (CR).

Equations (11), (12) and (13) are used to checkdinsistency of the pair-wise comparisons:
>L‘max = Z?:l a;jwj (11)

Wherenax is the maximum Eigenvalug; represents how much more important fagtes than factorj with

respect to the goal and is the weight of importance of tlieh factor. The Cl is defined as:

Cl = mext (12)

n-1
wheren is the number of factors.

The CR is obtained by dividing the Cl value by Rendom Consistency Index (RCI), as given in Tablka&t is:

CI
CR= = (13)

If CR < 0.1, the degree of consistency is considered faetisy, whereas CR > 0.1 means that serious

inconsistencies may exist.

Table 2: Random Consistency Index (RCI) values fodifferent values ofn

n 12 3 4 5 6 7 8 9 10
RCI | 0| O] 058 09 112 124 132 141 145 1449
Sourc&aaty, 2008

Step 6:Perform steps 3, 4, and 5 for all levels and elssin the hierarchy.

Step 7:Calculate the weight of each factor by using eiguatl4), whereg; is the entry of row and columrj in

a comparison matrix of orderand\Wis the weight of a specific fact@rin the pairwise comparison matrik= 1, 2,...,n.
1
Wie= - (X (@ / 2isiay) (14)

Step 8: Use hierarchical composition to weigh the priestby the weights of the factors, and take the cuen
all weighted priority entries corresponding to thas the next lower level and so on. The resultrisoverall priority for

the lowest level of the hierarchy. If there areesal’outcomes, their geometric average may be taken
Step 9:Finally, all alternatives will be ranked based ba bverall weight of each alternative.

CASE STUDY

In the case study considered herein, it is assuhmden ships are calling at a hypothetical ponisit; for ease
of discussion, the ships will be coded S; ' S;,..., Sio. The PSC office has only four officers taking deof on-board

inspections. Each officer can check one ship pgr 8a, four ships are to be inspected, and PSCiaifineed to choose
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four ships out of the ten to be inspected, and dhellenge here is how to choose these four shifectafely.

To do so, ranking the ten ships was conducted utireg WSM, TOPSIS and hybrid AHP-TOPSIS approaches,
respectively. The analysis is conducted using oaigdata consisting of results from PSC inspecticarsied out by the
Memorandum of Understanding on PSC in the Mediteraa region (Med MOU) from January 1, 2017, to Ma3d,
2017.

At first, the WSM approach is applied; accordinglite Med MOU targeting system, the ranking of th&lsips is
carried out in respect to eight factors. Every R®@rding generates a detailed inspection repoitagung the following
particulars on the foreign ship calling port: shige (f), ship type (), ship flag (£), number of deficienciesf number of
detentions @), classification society {f, number of outstanding deficiencies) (&nd the time since last inspectiog).(f
The targeting system used by the Med MOU and thrgekd-actors Value (TFV) and ship targeting priogte listed in
Appendix APSC inspection records kept by the Med MOU dufiigj7 were used to select 10 ships, and theirqoatis
recorded by the PSC are representedppendix B The particulars were assigned to the assumed §hil%, S,..., So.
The system gives a higher priority to ships hawrggher TFV. The rank of each ship is calculatgdising Equation (2).
Table 3 lists the results obtained and is called RISC decision matrix. Figure 2 shows the evalnatégsults and the

ranking of the ten ships according to the WSM.

Ships classified by the targeting system as Pyidri{ivery high) and Priority Il (high) are subjeit extremely
onerous sanctions such as port entry denial andrebiiction of cargo operations. Moreover, theb@ps must be
supervised by a priority in the process of ascensioconduct checks to comply with the rules amlinig international
conventions. On the other hand, ships classifiedheytargeting system as Priority 1l (medium) isot targeted for
inspections and can be allowed to the port and &stmphe cargo operations. The reason behind teetsm of ships §
S, § and §,, for inspection, is due to the increase in someesof targeting factors. For instance,lfas two bigger
values: ship age (47 points) and the number oftigfties (48 points), thus resulting in a very higigeting priority.
Ships $, S and S have similar situations.

Table 3: PSC Decision Matrix (TFVSs)

Ractor| | ¢ | | 6 | ke | e | | fe ?‘l’:‘f}' Rank
Ship
S, 271 00| 00| 09| 00| 00 02 o3 41 6
S, 47 04| 08| 48| 00| 10 14 04 133 1
S, 00| 04| 00| 08| 00| 00 02 o034 16 9
S, 14 04| 11| 23| 15| 10 00 03 80 5
S a1 04| 17| 20| 15| 10 02 o8 116 2
S 05 04| 00| 03] 00| 00 02 o 15 10
S, 13| 04 00] 05| 15| 00| 00 of 38 7
S, 10| 04] 00| 08| 00| 00 00 02 24 8
S 23| 04| 00| 42| 15| 10| 06 068 106 3
St 25 04| 02| 27| 30| 00| 10 08 104 4
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OO N YU W N =

Ship targting priority

-
o

Jury
[

S1 52 53 5S4 S5 56 57 S8 59 510

Ship

Figure 2: Ship Targeting Priorities Based on WSM Aproach

The TOPSIS approach was used to rank the ten shigspect to the same eight factors considered. Eitcel
software tool was used for applying the TOPSIS aagh according to the procedure outlined in Secién At first, the
PSC decision matrix was constructed by using thd M®U targeting system, as shown on the left-hsidd of Table 3.
The normalized decision matrix was obtained by gidiguation (3), as shown in Table 4.The weightednadized
decision matrix was obtained by using Equation &suming that the factors are of equal weighgsyj= (0.125). The
results obtained are shown in Table 5. Both Pasitdeal Solution PIS (A and Negative Ideal Solution NIS [Aare
obtained by using Equations (5) and (6), respegtivithen, the distance from PIS {and the distance from NIS {Pare
calculated by using Equations (7) and (8), respelsti The relative closeness to the ideal solufidn) was calculated

using Equation (9). The results obtained are shiovirable 6.

Table 4: Normalized Decision Matrix

actor
fa f, f3 f4 fs fe f; fg

Ship
S 0.3412 | 0.0000| 0.0004 0.1161 0.0000 0.0000 0.1072.2538
S 0.5939 | 0.3333] 0.3659 0.6192 0.0000 0.5000 0.7505.1690
S 0.0000 | 0.3333] 0.0004 0.1032 0.0000 0.0000 0.1072.1690
S 0.1769 | 0.3333] 0.5031% 0.2967 0.3536 0.5000 0.0000.2538
S 0.5181 | 0.3333] 0.7774 0.2709 0.3536 0.5000 0.1072.5070
S 0.0632 | 0.3333] 0.0004 0.0387 0.0000 0.0000 0.1072.0848
S 0.1643 | 0.3333] 0.0004 0.0644 0.3536 0.0000 0.0000.0848
S 0.1264 | 0.3333] 0.0004 0.1032 0.0000 0.0000 0.0000.1690
S 0.2906 | 0.3333] 0.0004 0.541¢ 0.3536 0.5000 0.3216.5070
Sio 0.3159 | 0.3333] 0.091§ 0.3483 0.7071 0.0000 0.5361.5070Q
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Table 5: Weighted Normalized Decision Matrix

actor
f, f, iz iz e i f, fg
Ship
S 0.0426 | 0.0000| 0.0000 0.0144 0.0000 0.0000 0.0134.0310
S, 0.0742 | 0.0417| 0.0457 0.0774 0.0000 0.0625 0.0938.0210
S 0.0000 | 0.0417| 0.0000 0.0129 0.0000 0.0000 0.0134.0210
S, 0.0221 | 0.0417| 0.0629 0.0371 0.0442 0.0625 0.0000.031@
S 0.0648 | 0.0417| 0.0972 0.0339 0.0442 0.0625 0.0134.063a@
S 0.0079 | 0.0417| 0.0000 0.0044 0.0000 0.0000 0.0134.0106
S 0.0205 | 0.0417| 0.0000 0.0081 0.0442 0.0000 0.0000.0106
S 0.0158 | 0.0417| 0.0000 0.0129 0.0000 0.0000 0.0000.0210
S 0.0363 | 0.0417| 0.0000 0.0677 0.0442 0.0625 0.0402.063@
Sie 0.0395 | 0.0417| 0.0114 0.0434 0.0884 0.0000 0.0670.063@
Table 6: Positive Ideal Solution (&) and Negative Ideal Solution (A) Results
actor
f, i T 7 i s f, i
Ship
S 0.0426 | 0.0000| 0.0000 | 0.0145 0.0000 | 0.0000 | 0.0134 | 0.0317
S, 0.0742 | 0.0417 | 0.0457 | 0.0774 | 0.0000 0.0625 0.0938| 0.0211
S 0.0000 | 0.0417 | 0.0000| 0.0129 0.000( 0.0000 0.0184  0.0211
S, 0.0221 | 0.0417| 0.0629 0.0371 0.0442 0.0625 0.0000 | 0.0317
S 0.0648 | 0.0417| 0.0972] 0.0339 0.0442 0.0625 0.0134 0.0634
S 0.0079 | 0.0417| 0.0000 0.0048 0.0000 0.0000 0.0134| 0.0106
S 0.0205 | 0.0417| 0.0000 0.0081 0.0442 0.0000 0.0000.0106
S 0.0158 | 0.0417| 0.0000 0.0129 0.0000 0.0000 0.0000.0210
S 0.0363 | 0.0417| 0.0000 0.0677 0.0442 0.0625 0.0402.063a@
Sk 0.0395 | 0.0417| 0.0114 0.0431 0.0884 0.0000 0.0670| 0.0634
A* 0.0742 | 0.0417| 0.0972 0.0774 0.0884 0.0625 0.0938.063@
A~ 0.0000 | 0.0000] 0.0000 0.0044 0.0000 0.0000 0.0000.0106

According to these values, the ten ships were @née listed in Table 7 and depicted in Figure [ Tesults of

Table 7: Distance from PIS (D), Distance from NIS (D), Relative
Closeness to the Ideal Solution (I, and Rank

Ship D* D~ D’ Rank
S, 0.1879 | 0.0504] 0.2114 7
S, 0.1107 | 0.1656] 0.5994 2
S 0.1977 | 0.0457] 0.1879 9
S, 0.1314 | 0.1163] 0.4694 5
S 0.1020 | 0.1583] 0.608] 1
S 0.2002 | 0.0445] 0.181¢ 10
S, 0.1860 | 0.0642] 0.256¢ 6
S 0.1983 | 0.0465] 0.1899 8
S 0.1257 | 0.1314] 0.511] 4
Sic 0.1197 | 0.1415] 0.541€ 3

the TOPSIS approach show that ship8ks first, while ship $anks second. Ship;Sand shipgank third and fourth,

respectively.
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Figure 3: Ship Targeting Priorities Based on TOPSISApproach

The third approach applied for ranking the sampssts the proposed hybrid approach, which combiid8 and

TOPSIS approaches. Three main phases to rankitieate involved as follows:
Phase 1:Construct a hierarchy structure for the problem éesign the expert judgment form,
Phase 2:.Use AHP approach to weigh factors, and
Phase 3:.Use TOPSIS to rank the alternative ships to beecictsul.

In Figure 1, the hierarchy structure has alreadyndazuilt. More specifically, the goal was to caldelthe weight
for each targeting factor, the factors were idedifand the alternative ships specified. Then,phie-wise comparisons
were carried out by each expert. A group of twadxperts with individual minimum experience of 1Gasein different
positions in PSC field participated in the evaloatprocess. The consistency check was carried yuising Equations
(11) to (13). The results obtained are listed ibl&a3.

All decision matrices were aggregated using Equnafit0) and weight of each factor was calculatedgisi
Equation (14). The results obtained are listedabl&é 9 and depicted in Figure 4.

Finally, the TOPSIS approach was applied in oraderank the ships. The weights of factors which were
calculated by the AHP approach were used as imptitet TOPSIS approach. According to these valbesten ships were

ranked, as depicted in Figure 5.

Table 8: Consistency Check of Judgments

Expert | Consistency Index (Cl)| Consistency Ratio (CR)
D, 0.0262 0.0186
D, 0.0089 0.0063
Ds 0.0033 0.0024
D, 0.0000 0.0000
Ds 0.0751 0.0533
Ds 0.0336 0.0238
D, 0.0248 0.0176
Dg 0.0203 0.0144
Dg 0.0088 0.0062
Dyc 0.1194 0.0847
Dy 0.0000 0.0000
Dy, 0.0027 0.0019

Note: Random Consistency Index (RCI) =1.41,forn=8
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Table 9: Factor Weights
Factor | f, f fs fa fo fo f, fo | SOMeC | weight
f1 1.0000 | 1.4628| 0.3337 2567l 1.3807 0.6674 2.71982178 1.3353 0.1322
f, 0.6836 | 1.0000, 0.243( 1.7994 1.1225 0.4306 1.9p643222 0.9457 0.093¢
f3 2.9966 | 4.1153| 1.000d 54381l 35794 1.7994 5.5f009012 3.3039 0.327(
f, 0.3895| 0.5557| 0.1839 1.0000 0.5000 0.2476 1.05953348 0.5375 0.053
fs 0.7243 | 0.8909] 0.2794 2.0000 1.0000 0.3536 1.9p64345P 0.9321 0.0923
fe 1.4983 | 2.3221] 0.5557 4.0395 2.8284 1.0000 3.88432096 2.0880 0.2067
f; 0.3677 | 0.5246| 0.1791 0.943p 0.5246 0.2574 1.00002599 0.5226 0.0517
fg 0.3108 | 0.4306| 0.1691 0.749p 0.4264 0.2376 0.7937.000D 0.4385 0.0434
® Expert judgement = Equal weights (W=1.125)
0.3500 03270
0.3000
0.2500
0.2067
x 0.2000
%° 01322
z OB . 009%E . 00823 .
0.1000 - 4 7 ] 2 i 3 -
0.0500 - ; 3 : a b
0.0000 - ACE. S G S . | . ' L
fl f2 £3 fa fs fo f7 f8
Factor
Figure 4: Weight of Factors using AHP approach
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Figure 5: Ship Targeting Priorities Based on the Hiprid Approach

The results of the hybrid approach show that ship8ks first, while ship Sranks second. Ship, &nd ship$

rank third and fourth, respectively. The resultsaoted from the hybrid approach reflect the impactaof weights of the

factors and its impact on selecting the four shifzs. instance, ships2omes on top of all ships, due to its high TF\4s: f

(ship flag), § (classification society) and(5hip age); so were the cases of shipSsand S.

Results obtained from the different approachesiegphamely: WSM, TOPSIS and the hybrid approashes

compared and ranks of the ten ships using the #ppeaches are illustrated in Figure 6.
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Figure 6: Comparison of WSM, TOPSIS and Hybrid Approaches Results
The Results Obtained from the Three Approaches Werfresented and it was Found that:

« Ship § was targeted, as first ship to be inspected acogrdd the hybrid and TOPSIS approaches, in
disagreement with the WSM approach, which ranks Shsecond to ship,S

* Relatively large variations were found among thprapches results. Especially, for the case of Shipvhere it

ranks second according to the hybrid approachfitthdaccording to both the WSM and TOPSIS appreach

» Likewise, ship $ranks third according to the hybrid approach, isagreement with the WSM and TOPSIS

approaches, which rank ship f8st and second, respectively.

e Ship Sranksfourth according to the hybrid approach ineagrent with the TOPSIS approach and disagreement
with WSM approach, which ranks shigtt8rd.

* Ships § S, S, Sy and §p rank in the hybrid approach up or down by onelléwe¢heir ranking in the WSM and
TOPSIS approaches, whereas shjpasks eighth in the three approaches.

CONCLUSIONS AND SUGGESTIONS

To improve the effectiveness of the PSC prograntheeTOPSIS approach was introduced. Comparisondegtw
the TOPSIS and WSM approaches, lead to two maiclgsions. Firstly, the TOPSIS approach can acconateochore
information among factors than the WSM approacte Fddues and the potential relations among facesconsidered in
TOPSIS, while WSM considers the values only. So,MMS easily affected by some bigger values andddbke right
direction, which, in turn, causes uncertainty griésults. Secondly, TOPSIS is more efficient king advantage of the
given information than WSM. Under the same limdatiof information, TOPSIS is more powerful in findi the
substandard ships than WSM.

In spite of the aforementioned advantage of TOPBIas its own shortcomings. One of these shorilegsnis
the method weight of individual factors is deteredn AHP provides a suitable technique to solve the of
shortcoming, where weights can be obtained usiag#ir-wise comparison of factors. The expertsasted to use their
experience to compare the factors in pairs subgeti but the consistency of judgments providedhiscked. Data which

are highly inconsistent are either waived or reddrto the expert for reconsideration, thus reduaimgertainties in results

| I mpact Factor(JCC): 3.9074- This article can be downloaded from www.impactjournals.us |




[ 52 Mohamed El-Wakee, Said Abdelkader & Ahmed Kassar |

to the minimum level possible. The main criticisihAHP approach is that it requires many time-canisig calculations,
depending upon the number of the factors. As thehau of factors increases, the dimension of thélpro expands. This
could lead to a great number of mathematical ofmersit Under such circumstances, it is preferablase the TOPSIS

approach, for ranking the alternatives, where wouese to pair-wise comparisons of alternativesiked upon.

The AHP-TOPSIS hybrid approach overcomes the diiies found when applying the TOPSIS and AHP
approaches individuality. The AHP approach is fiseéd to determine the weight of individual factdreen TOPSIS is
used to complete the analysis until alternativepsiare ranked. It can be concluded that the prapbgbrid approach,
which is the main contribution of this endeavoryvee the selection problem associated with theetlagproaches used

herein, and has a direct impact on the effectivené®SC inspections.
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APPENDIX A

United Nations (1982), “United Nations Conventiamthe Law of the Sea”, 1982, New York.

Table Al: Targeting System used by the MediterraneaMOU

Target Factor

Target Factor Value (TFV)

0 Point: 0-5 years; 5 Points: 6-10 years; 10 Poirisl5 years; 10+1 points for each year exceed

Ship age 15 years;
16-20 years; 15+2 points for each year exceedingeafs.
Ship type 4 Points: A ship with code 13, 30, 40,85 61, 70, or 71; 0 Point: All others.
Ship flag 1 Point for each percentage point in excess (ddciomraber rounded up) based upon 3 year rollin
average detention figure.
Number of 0.6 Point for each deficiency found in last 4 mliihspections or follow ups with new deficiency
deficiencies (decimal number rounded up).
Depending on number of detentions in last 4 ingpest 15 Points: 1 detention; 30 Points: 2
Number of e N S
detentions detentions; 60 Points: 3 detentions;

100 Points: 4 detentions.

Classification

10 Points: Non IACS* (The members of IACS are ABY,, CCS, DNV, GL, KR, LR, NK, RS, and

society RINA); 0 Point: IACS.

Number of 2 Points for each outstanding deficiency: A deficierecorded in the Med targeting system in the
outstanding last initial inspection or

deficiencies associated follow ups and not marked as rectified.

Time since last | 3 Points: 6-12 months; 6 Points: 12-24 months; &@tB: Over 24 months or never inspected in th
inspection region (including new ships).

;I'/erggt(_llz_[a:(\:/t)o " | sumof points corresponding to each target factor.

Source: Med MOU Manual, 2017IACS: International Association of Classification Soasti

Table A.2: Ship Targeting Priority used by the MedMOU

Priority level Total TFV
Priority |  (very high) points> 100
Priority Il (high) 41 - 100 points
Priority lIl  (medium) 11 - 40 points
Priority [ (low) 0 - 10 points
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APPENDIX B
Table B.1: Ship Particulars Recorded by PSC
S 26 Container China 15 0 IACS 1 06
S 36 Oil tanker Malta 79 0 Non IACS 7 04
S 05 Chemical tanker Cyprus 12 0 IACS 1 04
S 19 Oil tanker Algeria 37 1 Non IACS 0 06
S 33 General cargo Ecuado 35 1 Non IACS 1 12
S 08 Refrigerated cargo Turkey 05 0 IACS 1 02
S 18 Ro/Ro ship Lebanon| 07 1 IACS 0 02
S 11 Gas carrier Cyprus 12 0 IACS 0 04
S 24 Multi-purpose Togo 69 1 Non IACS 3 12
Sic 25 Bulk carrier Kenya 44 2 IACS 5 12

Source: Med MOU, Annual reports on PSC inspections, 2017









