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Abstract: As an ETO industry of shipbuilding, supply chain management is very important in a shipyard. Based on the 

analysis of shipbuilding production mode, the characteristics of shipbuilding supply chain management, the real problems, and 

the operation requirement of supply chain in a shipyard, this paper generally introduces the performance measurement driven 

lean supply chain management system and its mechanism of circulating for perfection of the same team’s previous study. This 

study carries out further research on the methodology of the performance measurement of supply chain in shipbuilding and 

proposes a novel method to evaluate the performance of supply chain in shipbuilding by the model combined the Analytic 

Hierarchy Process (AHP) and Fuzzy Comprehensive Evaluation (FCE) based on the operation of lean supply chain 

management system. The AHP-FCE model for the supply chain performance measurement (SCPM) in shipbuilding is achieved 

by the steps of the indexes analysis, deciding the relative weights by the AHP method, and then evaluating the effectiveness of 

these indexes with the input of experts’ opinion and calculation accordingly. The calculation results show that these 

performance indexes and their weight work functionally and properly, and the performance measurement driven lean supply 

chain management system can be self-improved based on functionally operation and circulation for perfection. 
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1. Introduction 

As the nature of that shipbuilding is an Engineer-to-Order 

(ETO) industry in which a new ship is designed and built after a 

contract signed and enforced between a shipyard and a ship 

owner [1], the supply chain management (SCM) in shipbuilding 

is a very important and fundamental activity to enable the 

shipbuilding contract realizing effectively and efficiently [2]. 

However, SCM of shipbuilding is a real challenge because of its 

intrinsic and essential characteristics of short chain, low 

standardization ratio (LSR), complexity, and uncertainty caused 

by the nature of shipbuilding as the same author earlier studied 

[3]. Therefore, the performance and supply chain performance 

measurement (SCPM) in shipbuilding becomes critical for the 

productivity of a shipyard. 

In order to measure the effectiveness and efficiency of 

supply chain, researchers and practitioners take varies 

methods to evaluate SCM performance based on frameworks, 

models, approaches, and techniques [4]. According to 

literature review carried out by Jagan Mohan Reddy K et al’s 

[4], the majorities of researchers have used Balanced 

Scorecard (BSC) approach and Supply chain operations 

reference model (SCOR) to assess SCM performance. There 

are also some researchers to combine the features of the SCOR 

and BSC models to develop a performance measurement 

system for the cases of small and medium enterprises of 

different industries [5-7]. However, both BSC and SCOR are 

not suitable for the performance measurement in the industries 

with high complexity [8]. 

The analytic hierarchy process (AHP) is designed to 

quantitatively determine the weight of each different 

evaluation factor inherent in the multi-objective and 

multi-standard sets [9]. This technique may be useful for 

analyzing and organizing complex decisions by considering 

mathematics and psychology [4]. It also can be used to 

decide the indexes of the SCPM combined with other 

techniques for example SCOR as Ikhsan Bani Bukhoria did 
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in a slaughter house [10]. 

The fuzzy comprehensive evaluation (FCE) method is one 

of the most basic fuzzy mathematics methods, which is used 

for multiple indicators of under the level of comprehensive 

evaluation. In manufacturing industries, engineers always 

confront decision-making issues, in which the object being 

judged is influenced by various factors and contains fuzzy 

characteristics. Fuzzy refers to these concepts whose 

boundaries are unclear and ambiguous, e.g., the relative 

goodness or badness of the building material [11]. 

The AHP–FCE model combines AHP's capabilities of 

multi-object and multi-rule decision with FCE's advantages 

in uncertainty processing and analysis of complex problems 

[12]. Some researchers and experts use this model to deal 

with complex and uncertain problems in industry such as risk 

assessment and achieve good results [13, 14]. The SCPM in 

shipbuilding also comes with the characteristics of high 

complexity and uncertainty [3, 15]. This study tries to build 

an AHP-FCE model to measure the performance of supply 

chain in a shipyard based on the unique nature of 

shipbuilding to solve the problem of low efficiency. 

The following sections of this paper presents a 

background analysis of SCPM in a shipyard, represents the 

status quo in main shipyards of this industry, lists the crux 

problems of shipbuilding supply chain. Based on these, an 

AHP-FCE model is built and calculated accordingly. Finally, 

the key points and important problems of this study are 

discussed, and its contributions are summarized. 

2. Research Background of SCPM in 

Shipbuilding 

2.1. The Main Processes of Shipbuilding 

As an ETO industry, the essential and unique nature of 

shipbuilding is that a ship or an offshore product is designed, 

fabricated, and built together with the project development 

instead of being ready before the shipbuilding contract signing. 

In other mature manufacturing industries, the raw materials, 

technical specifications, suppliers, components, and 

machinery models are decided during the design stage; thus, 

the new product is trial-manufactured and tested before the 

real product being produced [16]. There are not such 

trial-manufacture processes in shipbuilding; therefore, the 

shipbuilding is characterized by the application of 

project-based approaches [17]. 

The shipbuilding plan is to be carried out in a shipyard 

based on work breakdown of the ship or offshore product to 

coordinate the main hull fabrication processes together with 

the paint and outfitting work. As shown in the figure 1, the 

ship is built on the path of initiated from the shop premier of 

steel profile bars and steel plates, cutting in the workshop, 

assembled into sections or small assembly, transported to 

block fabrication, erected blocks into meg-blocks, and then 

erected in the dock of the shipyard [18], launched into water; 

finally, the ship is delivered after outings installation on the 

wharf, tested and trialed according to the requirement of 

technical specifications. 

 
Figure 1. Main Processes of Shipbuilding. 

The outfittings including pipes, pipe supports, cable fittings, 

and steel fittings are to be installed during sections, blocks, 

meg-blocks, and dock erection stage. These outfittings are 

organized, fabricated, and transported on the basis of pallets 

respectively [3]. In shipbuilding, the sections, blocks, 

meg-blocks and relevant outfitting pallets become the basic 

units of intermediate product. The shipyard manages a 

shipbuilding project through handling these intermediate 

products. 

Similar in other ETO industry, the SCM of shipbuilding 

becomes very complex as almost all raw materials, 

components, interim products, key machinery are produced 

and purchased based on the detail and specific production 

design [3, 19]. The work scope of SCM in shipbuilding is in 

accordance with the structure as shown in figure 2, on the 

requested time specified by the lean production plan. 
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Figure 2. SCM structure in Shipbuilding. 

2.2. Requirement of Shipbuilding Supply Chain 

As an ETO industry, the SCM of shipbuilding has a very 

LSR at approximate 25% in quantity and only occupied the 5% 

weight of shipbuilding material [20]. The common practice to 

take a higher level of inventory to compensate for unforeseen 

greater uncertainty and complexity [2] would not work in 

supply chain of a shipyard. The task of SCM shall enable all 

related raw materials, components, interim products, and 

machinery arrive aligned with the lean plan of shipbuilding in 

the shipyard otherwise would cause a failure of supply chain 

and then insufficient production in the shipyard [3, 21]. 

The LSR results that there is no real inventory in 

shipbuilding. The stuff in the warehouse of a shipyard is just 

waiting for production instead of common inventory. So the 

main purpose of quality control is to ensure that no defective 

product enters the production line and the production flows 

without mistakes or defects. A defective product in the 

production will cause a delay and increase the cost owing to 

the LSR and complexity [3]. 

The cost of supply chain is more than 50% of total 

production cost in most manufacturing industries, part of them 

would reach 70-80%, supply chain cost in shipbuilding varies 

more or less than 60% depends on different ship types [3]. The 

optimal supply chain cost plays very important role in the 

business performance of a shipyard. 

Most experts and professionals in shipbuilding industry 

would like to consider the production of ships and offshore 

products as a project due to its nature of ETO and SCM are 

just an amount of activities in the project. The same author 

insisted the applicative of SCM theory in shipbuilding and 

carried out a systematic way called lean supply chain 

management (LSCM) in shipyard as shown in figure 3 and 

circulating as shown in figure 4 [3]. In the LSCM process, the 

operational data of SCM and suppliers in the shipyard are 

timely collected, monitored, and analyzed, and then the 

weaknesses in the supply chain are identified through 

performance measurement and eliminated by improvement. 

With this approach the entire shipbuilding supply chain can be 

continuously optimized and controlled. 

 
Figure 3. Frame of LSCM for Shipbuilding. 
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Figure 4. Execution of LSCM in Shipbuilding. 

2.3. The Key Problems of SCPM in Shipbuilding 

The common knowledge consensus on definition, 

systematic method, and performance measurement of SCM in 

shipbuilding is not reached yet [3]; the experts and managers 

in shipbuilding industry prefer to use the methodologies and 

tools of project management to manage the processes and 

activities of shipbuilding [1]. Some scholars did local and 

fragmentary study of SCM improvement in shipbuilding, but 

it is seldom to use the professional knowledge of SCM to 

manage the supply chain in a systematic way [3, 22]. 

Supply chain in a shipyard focuses on the aspects of 

production ensuring and cost saving instead of a systematic 

and holistic way; the indexes used for performance 

measurement of supply chain in a shipyard derive from these 

two aspects. It is a basic and fundamental way to combine 

proper method, procedure, and data analysis into a 

performance measurement system [23], but there is no 

evidence and literature shown shipyard to execute SCPM in 

such a way. However, performance measurement shall 

operate and execute to dig out root causes for poor 

performance and improve accordingly [3]. 

3. Build SCPM Methodology by 

AHP-FCE Model in Shipbuilding 

3.1. Establishment of the Weight Value for the Performance 

Indexes by AHP 

3.1.1. AHP Model of SCPM in Shipbuilding 

Such as in most measurement and evaluation solution for 

SCPM in other industries, the performance measurements of 

SCM in shipbuilding still fall into two broad categories: 

effectiveness and efficiency [2]. The effectiveness of SCM in 

shipbuilding is to make sure the shipbuilding production 

effectively, namely all the raw material, component, interim 

products, and key machinery being ready at the specific time and 

with good quality; the efficiency of SCM in shipbuilding 

represents how fewer cost of the shipbuilding supply chain, thus 

less inventory, less waiting time, and less waste of production 

risks the supply chain caused; therefore, the performance of 

shipbuilding supply chain is the highest efficiency based on the 

effectiveness [3]. Therefore, the performance measurement AHP 

model of shipbuilding supply chain is as shown as figure 5 based 

on the shipbuilding experts’ survey and previous study [3]. 

 
Figure 5. AHP Model Performance Measurement of Shipbuilding Supply Chain. 

3.1.2. Construction of the Judgment Matrix 

The AHP method is used to justify the relative importance 

of each factor at the same level [14]; however, it will be some 

diverse judges in experts’ mind when confront complex 

industry environment; in this paper, the judgement matrices 

are obtained by the survey of selected 12 shipbuilding experts’ 

opinion on the relative importance of these supply chain 

factors. 

On the criterion layer, there are only two factors: 

production ensuring C1 and cost saving C2; the experts reach 

a consensus that C1 is much more important than C2 and 

decided the relative score as 2, the weight calculation shown 

in table 1. 

Table 1. Judge matrix and weight calculation for the criterion layer. 

Factor C1 C2 Weight, W 

C1 1 2 0.67 

C2 0.5 1 0.33 

(Consistency check: λmax=2; CI=0; RI=0.58; CR<0.1, acceptable) 

On the index layer, we set five different grades to indicate 
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the importance of the performance indexes for each two 

factors in the same group, normal, slight important, important, 

very important, and extremely important, which are scored as 

1, 3, 5, 7, and 9 in sequence as shown in table 2. The average 

scores are calculated and used to give the priority order of the 

indexes and calculate the index weight. The survey results are 

shown in table 3. 

Table 2. Judgment matrix scales and explanation. 

Importance level The value of Cij 

Ci, Cj are equally important 1 

Ci is slightly more important than Cj 3 

Ci is significantly more important than Cj 5 

Ci is strongly more important than Cj 7 

Ci is extremely more important than Cj 9 

The intermediate level of adjFCEnt judgement 2, 4, 6, 8 

 

Table 3. Survey result for importance level of indexes. 

Survey result for importance level of indexes C1 Survey result for importance level of indexes C2 

 C11 C12 C13 C14 C15  C21 C22 C23 C24 C25 

C11 1.00 2.02 7.58 6.05 4.12 C21 1.00 2.85 3.84 7.25 8.75 

C12 0.50 1.00 3.86 3.23 2.04 C22 0.35 1.00 2.08 3.96 5.84 

C13 0.13 0.26 1.00 0.47 0.32 C23 0.26 0.48 1.00 2.06 3.75 

C14 0.17 0.31 2.15 1.00 0.60 C24 0.14 0.25 0.49 1.00 1.82 

C15 0.24 0.49 3.08 1.89 1.00 C25 0.11 0.17 0.27 0.55 1.00 

Sum 2.03 4.08 17.67 12.64 8.08 Sum 1.86 4.75 7.67 14.82 21.16 

3.1.3. Determination of Evaluation Weight 

By normalization method as Eq. (1), the relative weights of the factors are calculated based on survey result as shown in table 

4. 

W = ���	∑���                                             (1) 

Table 4. Determination of judgment matrix C. 

Determination of judgment matrix C1 Determination of judgment matrix C2 

 C11 C12 C13 C14 C15 weight W AW  C21 C22 C23 C24 C25 weight W AW 

C11 0.49 0.50 0.43 0.48 0.51 0.48 2.46 C21 0.54 0.60 0.50 0.49 0.41 0.51 2.60 

C12 0.24 0.25 0.22 0.26 0.25 0.24 1.24 C22 0.19 0.21 0.27 0.27 0.28 0.24 1.23 

C13 0.06 0.06 0.06 0.04 0.04 0.05 0.26 C23 0.14 0.10 0.13 0.14 0.18 0.14 0.69 

C14 0.08 0.08 0.12 0.08 0.07 0.09 0.44 C24 0.07 0.05 0.06 0.07 0.09 0.07 0.35 

C15 0.12 0.12 0.17 0.15 0.12 0.14 0.70 C25 0.06 0.04 0.03 0.04 0.05 0.04 0.22 

 

Combining the table 1 and table 4, the relative measurement 

weight for per index is shown in table 5. 

Table 5. Combined Relative Weight for Factors. 

factor 
Weight for 

criterion layer 
Index 

Weight for 

index layer 

Combined 

weight 

C1 0.67 

C11 0.48 0.32 

C12 0.24 0.16 

C13 0.05 0.03 

C14 0.09 0.06 

C15 0.14 0.09 

C2 0.33 

C21 0.51 0.17 

C22 0.24 0.08 

C23 0.14 0.05 

C24 0.07 0.02 

C25 0.04 0.01 

3.1.4. Consistency Check of the Judgment Matrix 

The consistency implies the rational judgement on the 

regard of the decision maker. The consistency measure, 

known as the consistency ratio (CR), is used to judge whether 

the judgment matrix is available and consistent (Eq. (2)), 

where λmax is the maximum eigenvalue (Eq. (3)) and RI is the 

random index based on table 6. The maximum characteristics 

root (CI) is used as indicator for measuring the deviation from 

the consistency of judgment matrix in Eq. (4) [14]. 

CR = 
���                  (2) 

λmax = ���������                (3) 

CI = ���������                 (4) 

When CR<0.1, the judgment matrix has the acceptable 

consistency. 

Table 6. RI of the judgment matrix. 

n 1 2 3 4 5 6 7 8 9 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

The calculation results for C1 and C2 respectively in this 

paper are all positive as shown in table 7. 

Table 7. The calculation results. 

Consistency check 
 

C1 group C2 group 

λmax=Σ[Aω]i/nωi = 5.07672 5.054734 

CI=(λ-n)/(n-1) = 0.01918 0.013683 

RI = 1.12 1.12 

CR=CI/RI = 0.0171 0.0122 

Result pass 
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3.2. The AHP-FCE Model of SCPM in Shipbuilding 

The comprehensive evaluation result obtained is expressed 

as B=W.R (Eq. (5)), where is generalized fuzzy operation; W 

is the matrix based on the AHP method, and R is the fuzzy 

evaluation matrix based on the FCE method [14]. In this paper, 

as calculation above, W1= (0.48, 0.24, 0.05, 0.09, 0.14), W2= 

(0.51, 0.24, 0.14, 0.07, 0.04), and W= (0.67, 0.33) as shown in 

table 4. 

B = W. R =  W1,W2,…Wn& '(11 (12 … (1)(21 (22 … (2)… … … …()1 ()1 … ())*  (5) 

S = B ∗ V.                    (6) 

3.2.1. Questionnaire Survey Process and Results 

In order to collect the information of effectiveness for these 

index factors, we invite 14 experts in shipbuilding and 

shipbuilding supply chain to fill the questionnaire; they are all 

experienced shipbuilding experts in which 5 from production 

departments, 4 working in the area of plan management, 3 

supply chain managers, and 2 for cost management. The 

effectiveness level is set as very poor, poor, normal, good, and 

very good (V= 1, 2, 3, 4, 5), calculation results as shown in 

table 8. 

Table 8. Evaluation Results of Effectiveness of Indexes. 

Index Very poor Poor Normal Good Very good 

C11 0.0000 0.0000 0.1429 0.5000 0.3571 

C12 0.0000 0.0714 0.2143 0.4286 0.2857 

C13 0.0000 0.2143 0.3571 0.4286 0.0000 

C14 0.2143 0.2857 0.5000 0.0000 0.0000 

C15 0.1429 0.2857 0.4286 0.1429 0.0000 

C21 0.0000 0.0000 0.1429 0.4286 0.4286 

C22 0.0000 0.0000 0.2857 0.4286 0.2857 

C23 0.0000 0.0714 0.2143 0.4286 0.2857 

C24 0.1429 0.4286 0.2857 0.1429 0.0000 

C25 0.0000 0.5000 0.3571 0.1429 0.0000 

3.2.2. FCE-Based Effectiveness Evaluation 

Based on the results shown in Table 8, a secondary specific 

evaluation matrix is developed as below, 

Evaluation matrix for the indexes of production ensuring, 

(� =
/00
010.0000 0.0000 0.1429 0.5000 0.35710.0000	 0.0714 0.2143 0.4286 0.28570.0000	 0.2143 0.3571 0.4286 	0.00000.0000	 0.2143 0.3571 	0.4286 0.00000.2143	 0.2857 0.5000 0.0000 0.0000:;;

;<
 

Evaluation matrix for the indexes of cost saving, 

(= =
/00
01 0.0000 0.0000 0.1429 0.4286 0.42860.0000	 0.0000 0.2857 0.5000 0.21430.0000	 0.0714 0.2857 0.3571 	0.28570.14290	 0.4286 0.2857 	0.1429 0.00000.0000	 0.5000 0.3571 0.1429 0.0000:;;

;<
 

3.2.3. Fuzzy Evaluation of Index Layer 

Based on Eq. 5, calculation is shown as below, 

B1=W1*R1= (0.0382, 0.0925, 0.2416, 0.3866, 0.2411) 

B2=W2*R2= (0.0098, 0.0609, 0.2163, 0.4041, 0.3089) 

Based on the maximum membership degree principle, the 

two aspects of measurement effectiveness for the supply chain 

management in shipbuilding are evaluated. 

Of production ensuing aspect in criterion layer, the best 

effectiveness is the value of 0.3866 which in the field of 

“good”. As S= B*V
T 

=3.7001, the fuzzy evaluation result 

belongs to the area between “normal and good” and close to 

good. 

Of cost saving aspect in criterion layer, the best 

effectiveness is the value of 0.4041 which in the field of 

“good”. As S= B*V
T 

=3.9413, the fuzzy evaluation result 

belongs to the area between “normal and good” and close to 

good. 

3.2.4. Fuzzy Evaluation to the Overall Performance of the 

System 

Based on the fuzzy evaluation results on the criterion layer, 

the target layer fuzzy evaluation can be carried out 

accordingly. The fuzzy evaluation matrix comes from the 

results of B1 and B2 as below, 

R = >0.0382 0.0925 0.2416 0.3866 0.24110.0098 0.0609 0.2163 0.4041 0.3089? B = W ∗ R = (0.0287, 0.0820, 0.2331, 0.3924, 0.2637) 

Based on the maximum membership degree principle, the 

comprehensive measurement effectiveness for the supply 

chain management in shipbuilding is evaluated. The best 

effectiveness is the value of 0.3924 which in the field of 

“good”. As S= B*V
T 

=3.7805, the fuzzy evaluation result 

belongs to the area between “normal and good” and close to 

good. 

Therefore the final result of FCE evaluation for 

performance measurement of shipbuilding supply chain is 

achieved in the field of “good” as shown in table 9. 

Table 9. The results of FCE. 

Dimension Effectiveness Efficiency Total 

Scores 3.7001 3.9413 3.7805 

4. Discussion 

The steps of performance measurement analysis for 

shipbuilding supply chain includes identification of 

performance factors, questionnaire surveys, data collection, 

and calculation of the weight coefficient of evaluation indexes 

based on AHP, evaluation of effectiveness of these indexes 

based on FCE. Therefore, the joint model of AHP-FCE is 

achieved based on these two processes if the FCE results are 

positive. 

The demand of SCM in a shipyard is to ensure the 

shipbuilding production operation going smoothly and 

continuously based on the lean plan system and then try to 

save the total cost of supply chain at the minimum. Detail 
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factors for these two dimensions of production ensuring and 

cost saving are analyzed based on the real shipbuilding 

processes and their characteristics as shown in figure 5. 

Among these factors of SCM performance in shipbuilding, 

the plan match ratio of arrival (C11, 0.48) and inventory cycle 

of steel plate (C21, 0.51) achieved the highest relative weight 

respectively, and then passing rate of first inspection (C12, 

0.24) and monthly turnover of fitting pallet (C22, 0.24) 

followed. It is because all the stuff for shipbuilding should 

arrive at the shipyard on time otherwise will interrupt or 

harm the shipbuilding processes as the LSR of shipbuilding 

[3] and steel plate occupied the biggest part of the total 

supply chain cost; then defects of supply also harmed the 

production and fitting pallets played very important role in 

shipbuilding as analysis in the back ground part. Therefore, 

managers of SCM in shipyard shall pay much more attention 

and carry out detail management policies and principles on 

these factors. 

The evaluation results of AHP-FCE model can be varied 

with some fluctuation in different shipyards due to their lean 

level of comprehensive production management and facilities 

resource [24]. The lean level of production management is key 

capacity of operation in a shipyard; it can also influence these 

indexes of SCM. For the shipyards with poor lean production 

management, the delay of design drawings can cause the 

postpone of supply and then impede the fabrication of ship 

component as well, thus, the poor plan match ratio of arrival 

(C11); The poor plan match of production will cause poor 

performance of inventory cycle of steel plate (C21) and 

monthly turnover of fitting pallet (C22) accordingly [15]. For 

the shipyards with good facility resources, the inventory cycle 

of steel plate (C21) and monthly turnover of fitting pallet may 

be not the same importance as the shipyards with not so good 

facilities. 

5. Conclusion 

With the AHP-FCE model and detail analysis of the nature 

of shipbuilding and shipbuilding supply chain, this paper 

establishes a performance measurement method for SCM in a 

shipyard based on the LSCM system operation. Then the 

results of performance measurement drive the system 

circulating for perfection when the root causes were 

eliminated. 

This method is also applicable to performance 

measurement in other kind of complex industries, especially 

the ETO types; the detail assessment indexes shall be replaced 

based on the actual situation. 

The final result of FCE assessment in this study as “good” 

means the performance measurement for shipbuilding SCM 

still can be further studied and improved especially with 

development of digital transition and lean production. 
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