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Abstract 

There have been various approaches to the supply chain such as lean, agile, 

robustness, sustainability, resilient, and green that each one focuses on supply 

chain from specific aspect. One of the new approaches to the supply chain is an 

integration of Lean, Agile, Resilient, and Green (LARG) that benefiting from 

the advantages of different approaches and avoiding their disadvantages. The 

present study proposes a model to design and evaluate LARG-based supply 

chain in Iran automotive industry using the concept of Axiomatic Design (AD) 

in a Hesitant Fuzzy (HF) environment. The study process consisted of two 

stages: designing stage and evaluating stage. In the first stage, the Functional 

Requirements (FR) and chain Design Parameters (DP) identified in the LARG 

supply chain based on the Delphi technique and literature review. Based on 

independence axiom, it should be considered that whether the satisfaction of one 

FR by the related DPs affects the quality of the other FR or not, which is 

examined based on the design matrix. In the second stage an integration of 

information axiom, the Best-Worst Method (BWM), and hesitant fuzzy logic 

was used to evaluate four supply chains in Iran automotive industry. The weight 

of supply chain criteria, the utility rate of desired supply chain criteria, and the 

current status for each supply chain criteria identified in this stage. The results 

indicated that the excellent LARG supply chain was consisted of 13 indicators. 

The model also revealed that the excellent supply chain was contained less 

information axiom and complexity.  

Keywords: Axiomatic Design, Best-Worst Method, Hesitant Fuzzy, LARG 

Supply Chain. 
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Introductıon 

The philosophy of supply chain management is to increase the cooperation and 

improve the communication between the internal sections of organizations, as well as the 

companies and organizations as the chain loops. Horvath (2001) argues the inconsistency 

and lack of integration are considered as one of the main reasons for the decreased supply 

chain performance, especially for the core supply chain companies. Supply chain contains 

different approaches, each of which has its own advantages and disadvantages. A supply 

chain needs to design, the lack of which increases the cost of supply chain due to the lack 

of considering the stakeholders’ interests and environmental conditions, leading to the 

loss of coordination along the chain, and reduction of the competitiveness of the supply 

chain against the other chains. On the other hand, the level of relationship in the supply 

chain and its components is increasing and becoming more complex. Also, According to 

Daneshvar Kakhki and Hosseini (2014) the adaptation of the ability of organizations 

existing in the supply chain to the environment plays a key role in their survival. 

Espadinha-Cruz et al. (2011) believe there are several approaches to the supply chain 

design. The current supply chain strategies include Lean, Agile, Resilient, and Green 

(LARG) contributing supply chain to improve its performance and increase its efficiency 

and effectiveness based on the existing methods. Each strategy takes the different 

approach and method for better supply chain. For example, the lean concerns on the 

product design and production to minimize waste and maximize the profits by reducing 

the costs. Further, the proponents of the agile strategy generally consider more and faster 

responsiveness to the customers and profit maximization by providing the desired product 

accurately. The resilient strategy, referring to the impact of external factors on the chain, 

considers the chain stability in the critical situations. Finally, the main concern in the 

green supply chain is to reduce the impact of the environmental activities of chain on the 

environment. Accordingly, Ghasemiyeh et al. (2015) studies showed a supply chain with 

an integrated approach should be designed to avoid the disadvantages of each approach 

and help companies in this regard. The principled and systematic design of the supply 

chain and the simultaneous combination of the available methods and activities in these 

four strategies are known as the LARG supply chain, which generally integrates the 

objectives and increases the competitiveness of the supply chain. 

According to Carvalho et al. (2011) a LARG supply chain is a complex and 

multidimensional system in which lean, agile, resilient, and green strategies are integrated 

and multiple entities and stakeholders are involved. It should be designed very carefully 

and delicately since ineffective design imposes a lot of costs to the supply chain. 

Therefore, there should be a systematic view in the design. Accordingly, the present study 

used the Axiomatic Design (AD) technique for the LARG supply chain design. Sheikh 

(2007) argues that axiomatic design technique is suitable for multidimensional and 

complex systems and the design in this technique is based on the requirements of the 

stakeholders. Another important issue in the present study is the existence of uncertainty 

in the LARG supply chain. Torra (2010) developed a fuzzy approach named Hesitant 

Fuzzy (HF), trying to model doubt and uncertainty at the same time. The present study 

aimed to design LARG supply chain based on the hesitant fuzzy algorithm and axiomatic 

design technique. 
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Literature Review  

A large number of studies have been conducted on the LARG supply chain. Carvalho 

and Cruz-Machado (2011) examined the integration of the LARG paradigms in the supply 

chain management (LARG-SCM). They found that the lean, agile, resilient, and green 

patterns have a general and unit objective of achieving customer satisfaction by the lowest 

cost each approach of the supply chain has its own advantages and disadvantages. 

Benefiting from the advantages of these approaches and planning to eliminate their 

disadvantages increase the value creation potential in the supply chain (Carvalho and 

Cruz-Machado 2011). 

Stavrulaki et al. (2010) reported optimizing organizational processes regardless of the 

external companies, especially suppliers and customers, seems futile and the 

organizations working together to achieve common objectives perform better. 

Accordingly, the concept of supply chain was created. The LARG supply chain 

management tries to integrate the lean, agile, resilient, and green approaches in the supply 

chain management space to benefit from their advantages and cover their shortcomings 

simultaneously. 

Azevedo et al. (2011a) proposed a conceptual model for improving the operational, 

economic, and environmental performance of supply chains based on the methods and 

activities of lean, agile, resilient, and green, leading to the understanding of the integrated 

LARG supply chain deeply. Carvalho et al. (2012) stated that the supply chain design 

mainly aimed to minimize the cost or optimize the services in the past and emphasized 

the characteristics of resilient in the supply chain. They introduced the combination of the 

agile and resilient to improve the market share and strengthen the market leadership 

capacity since the characteristics of the agile and resilient influence the chain performance 

and contribute to the supply chain to be more competitive in terms of time, quality, and 

the level of customer service. Further, they suggested that the LARG combined approach 

should be considered experimentally as an appropriate strategy for improving the supply 

chain performance.  

Maleki and Cruz-Machado (2013) proposed a generic integration of lean, agile, 

resilient, and green practices with respect to the customer values in the automotive 

industry, using the analysis of business networks. They classified the LARG methods 

based on the production/assembly/logistics methods and then, generalized to the customer 

values, including quality, cost, and paying attention to the environment, knowledge, 

customization, and time.  

Mohammad Nejad and Safaei Qadikani (2016) identified the criteria for selecting 

suppliers in the LARG supply chain in the food and dairy industries and ranked them 

using fuzzy network analysis. Further, Cabrita et al. (2016) presented an integrated 

approach of lean, agile, resilient, and green approaches, called LARG, in response to the 

increasing external changes in organizations and specified why and how we should 

communicate between these paradigms in this model of businesses and identified the 

factors. Ruiz-Benitez et al. (2018) examined the relationship between the supply chain 

management of lean, agile, resilient, and green and performance evaluation in the 
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aerospace sector by combining the Importance-Performance Analysis (IPA) technique 

and Interpretive Structural Modeling (ISM) approach. 

Jamali and Karimi Asl (2018a) determined the competitive positioning for LARG 

supply chain using SWOT technique and importance-performance analysis and examined 

their strategic requirements in the cement industry. Jamali and Karimi Asl (2018b) 

identified the criteria of each LARG supply chain strategy and evaluated LARG supply 

chain strategies in the cement industry using multi-criteria decision-making technique 

and gap analysis. Lopez and Ruiz-Benitez (2020) proposed a combination of lean, 

resilient, and green strategies in the supply chain decisions of the success key in moving 

towards sustainability. They reported that the structural-interpretive model is an 

appropriate tool for the chain management in the sustainability programs at every level 

of the supply chain. 

Udokporo et al. (2020) indicated the impact of lean, agile, and green strategies on 

business competitiveness, entitled LAG, and evaluated the relationship between LAG and 

the competition between the businesses. The delay, cost, and sustainability in the business 

improve by considering this relationship. Mohammed (2020) raised the issue of selecting 

supplier by combining the resilient and green strategies, entitled green resilient, and 

introduced the indicators, which the green resilient suppliers should have in the supply 

chain.  

However, a large number of studies have been conducted on using axiomatic technique 

in designing organizational issues. Heo and Lee (2007) used the principle of the 

independence of axiomatic design technique in designing cooling systems in the nuclear 

power plant. Further, Sheikh (2007) set his strategy and planning to attract and retain 

customers using the axiomatic design technique of car manufacturers and recognized the 

most important factors influencing the customers’ decision to choose a car and compare 

their situation with competitors.  

Ferreira et al. (2013) used axiomatic design technique to design a high-precision mold 

in a casting project to produce mostly plastic parts. Espadinha-Cruz et al. (2019) used a 

combination of axiomatic design technique and benchmarking to fully understand what 

the customer wants in order to design the customer’s needs. 

Güler et al. (2019) designed the digital transformation strategies to develop new 

businesses by combining the axiomatic design technique and fuzzy hierarchical analysis. 

Goo et al. (2019) designed the reliability criteria in the maintenance of the gas 

company using the independence axiom of axiomatic design technique and FMECA. In 

addition, Padala and Maheswari (2019) presented an axiomatic design framework for 

changeability in designing for metro and hotel executive projects and identified necessary 

and unnecessary changes. Xingli and Liao (2020) used fuzzy axiomatic design technique 

for financing in the supply chain by considering credit risk management. 
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Table 1. Summary of the studies conducted in the field of LARG supply chain 

Result Method Objective Author(s) 

Increase  customer 

satisfaction with the 

lowest cost 

Interpretive-

analytical 

Integrating supply 

chain approaches 

(Carvalho et 

al., 2011) 

Understanding of the 

LARG supply chain 

deeply 

Presenting a 

conceptual model 

Presenting a 

conceptual model 

with an emphasis 

on lean, resilient, 

and green 

strategies 

(Azevedo et 

al. 2011b) 

Identifying and 

focusing on the 

features of resilient 

Quantitative 

technique 

Resilient supply 

chain design 

(Carvalho et 

al., 2012) 

Identifying customer 

values based on the 

LARG strategies 

Interpretive-

analytical 

Presenting a 

general approach 

for integrating 

LARG strategies 

(Maleki and 

Cruz-

Machado, 

2013) 

Increasing the 

efficiency and 

performance of the 

supply chain 

Quantitative 

models of score 

and VSM 

Supply chain 

design 

(Shoushtari, 

2013) 

Ranking supplier in 

the LARG supply 

chain 

Fuzzy network 

analysis 

Identifying the 

criteria and 

selecting a supplier 

in the LARG 

supply chain 

(Mohammad 

Nejad and 

Safaei 

Qadikani, 

2016) 

Identifying the 

factors and the 

relationship between 

LARG paradigms 

Presenting an 

approach 

Providing LARG 

approach in 

response to the 

external changes of 

the organization 

 

(Cabrita et al., 

2016) 

Improving the 

performance of the 

organization 

Integrating the 

Importance-

Performance 

Analysis (IPA) 

and Interpretive 

Structural 

Modeling (ISM) 

techniques 

The relationship 

among lean, 

resilient, and green 

supply chain 

management and 

performance 

evaluation 

(Lopez and 

Ruiz-Benitez, 

2020) 

Determining the 

position of each 

LARG strategy in 

the SWOT table and 

the importance-

SWOT technique 

Determining the 

competitive 

position of the 

LARG supply 

chain 

(Jamali and 

Karimi Asl, 

2018a) 
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Result Method Objective Author(s) 

performance 

analysis of each 

strategy 

Identifying the 

criteria of each 

strategy and 

prioritizing 

Gap analysis 

technique 

Evaluating LARG 

supply chain 

strategies 

(Jamali and 

Karimi Asl, 

2018b) 

Creating resilient 

organizations if 

lean, green, and 

resilient strategies 

are integrated 

Interpretive-

analytical 

Creating 

organizational 

sustainability with 

a combination of 

lean, resilient, and 

green 

(Lopez and 

Ruiz-Benitez, 

2020) 

Improving the status 

of delay, cost, and 

sustainability in the 

business 

Interpretive-

analytical 

The effect of lean, 

agile, and green on 

the competition of 

businesses, entitled 

LAG 

(Udokporo et 

al., 2020) 

Selecting the green 

resilient suppliers in 

the supply chain 

Presenting an 

approach 

Proposing an 

approach, entitled 

Gresilient 

(Amjad et al., 

2020) 

Based on the above literature, the following conclusions are made. 

- Combining different approaches leads to the creation of an integrated approach such 

as LARG approach, which is accepted and pursued by some researchers. 

- In LARG approach, the supply chain design is considered less, and the main focus 

has been on the advantages and development of LARG supply chain strategies. Further, 

quantitative and mathematical modeling approach is examined in a few studies conducted 

on the LARG supply chain design. 

- The appropriate methods for designing a concept such as the axiomatic design 

technique, which indicated its capabilities in designing many subjects, are not used in 

supply chain design, especially LARG supply chain. 

- Despite many advances in the field of modeling in the conditions of uncertainty, the 

capabilities of modeling in fuzzy spaces such as hesitant fuzzy are evaluated in a few 

studies conducted on the LARG supply chain design. 

Thus, by identifying the existing research gaps, the present study sought a method to 

design the LARG supply chain qualitatively and conceptually by using the axiomatic 

design technique in the hesitant fuzzy space. 

 

 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 8, No. 8, August, 2021 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 

567 

Research Methodology 

The present study consisted of two general stages. In the first stage, the LARG supply 

chain was designed qualitatively and in the second stage, the supply chain was evaluated 

quantitatively. Therefore, this research is placed in the category of the consecutive hybrid 

research (qualitative-quantitative). Fig.1 displays general process of the research. 

 

Figure 1: Research process 

LARG supply chain design (First stage) 

In the first stage we used the axiomatic design technique to design the LARG supply 

chain. Suh (1999) introduced this technique for the first time (Espadinha-Cruz et al., 

2019). He argues in axiom-oriented design, the problem is defined in the form of 

Functional Requirements (FR), originating from the needs of the customer (user or 

beneficiary). Then, the tools and mechanisms are specified to meet the functional 

requirements, called Design Parameters (DP). In this technique, two axioms conclude 

independence axiom and information axiom should be considered.  

In the present study, the independence axiom was considered in the design stage and 

information axiom in the evaluation stage. 

In order to observe the independence axiom in designing, it should be considered that 

whether the satisfaction of one FR by the related DPs affects the quality of the other FR 

or not, which is examined based on the design matrix. Accordingly, the following steps 

are taken: 
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Identifying the expected features of the LARG supply chain (FR) 

IN this step, the related requirements of a LARG supply chain were determined. For 

this purpose, the opinions of academic experts, managers of the different sectors of the 

supply chain, background of the study, and Delphi technique were used.  

Identifying the design parameters (DP) of the LARG supply chain 

The requirements for meeting the related needs of a LARG supply chain in the 

automotive industry were identified using Delphi technique. The functional requirements 

(FR) and the design parameters (DP) were hierarchically broken and interconnected as 

zigzags. 

Independence axiom test 

Based on what was mentioned about the independence axiom, the independence status 

of DP and FR was examined in this step to ensure their independency. 

Evaluating of supply chains (Second stage) 

This stage is created based on the combination of the information axiom of the 

axiomatic design, the Best-Worst Method, and hesitant fuzzy logic. The information 

axiom is based on the principle that the success of a project is directly related to the 

probability of achieving FRs. The probability of achieving FRs reduces by increasing the 

amount of information required to meet FRs. Accordingly, the appropriate plan contains 

the minimal information content. The system area, design area, and common area were 

calculated to compute the amount of information load. Fig. 2 displays system area, design 

area, and common area. 

 

Figure 2: System area, design area, and common area 

The design area refers to the expected ability, the system area indicates the current 

ability of the system, and the common area represents the amount of commonality 

between the system area and design area. 

Moaddi and Sheikh (2015) explained if a system is chosen in such a way that its design 

area (expected ability) covers the system area (current ability), the system area is a subset 

of the design area and the design meets all expected demands to achieve FRs. In such a 

case, the probability of the project success in achieving its objective is equal to one, and 
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if it does not cover the design area, this probability is equal to zero. The less effort is 

required to carry out activities and achieve objectives when the common area is higher. 

Simply the probability of success in FR satisfaction is expressed as the reverse 

logarithm of the probability of success. 

)
1

(log
2

P
I =                                                  (1) 

P= (System area / common area)                   (2) 

I= log2 (Common area / system area)            (3) 

Where P indicates the probability of success and I represent the system information 

load rate. 

The Best-Worst Method is an alternative to the AHP method, proposed by Rezaei 

(2016) which is used to determine the weight of supply chain criteria. Therefore, the steps 

of the second stage are as follows (Celik et al. 2009): 

Determining weight of the supply chain criteria 

Mi and Liao (2019) proposed an integration of Hesitant Fuzzy and Best-Worst Method 

(HFBWM) that was used to determine the weight of the LARG supply chain criteria due 

to the uncertainty in the decision-making space. The steps of this method are as follows: 

- Determining the most and least important criterion 

- Identifying the preference of the most important criterion over the rest of the criteria 

and the preference of the rest of the criteria over the least important one. 

- Specifying the amount of score  

The score of each answer is determined through Eq. 4. 




=
h

h
h

hs
#

1
)(                                (4) 

Where s (h) indicates the amount of score h# represents the number of elements of the 

hesitant fuzzy set, and h displays the degree of memberships of the hesitant fuzzy set. It 

should be noted that  5.0==
WWBB

hh . 

Therefore, the preference rate of the most important criterion compared to the other 

criteria and the preference of other criteria compared to the least important one are as 

follows: 

T

nWjWWW

BnBjBB

hshshshsHFOWs

hshshshsHFBOs
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=

=
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Calculating of the weights 

 The weight of the indicators is calculated using the optimization Eq. 6.  

 =
=

+−

+−

n

j jj

SjWWjj

SBjjBB

S

hs

hsts

1
0,1

)()(

)()(:..

min









                   (6) 

Measuring the utility rate of desired supply chain criteria (DR) 

The utility rate of each of the LARG supply chain criteria should be specified in this 

step. These utility rates are considered as DRs. For this purpose, Table 2 is used in the 

hesitant fuzzy space. 

Table 2. Conversion of linguistic terms 

Triangular fuzzy numbers (TFNs) Linguistic variables 

(0%, 0%, 20%) Very Poor 

(0%, 20%, 40%) Poor 

(20%, 40%, 60%) Fair 

(40%, 60%, 80%) Good 

(60%, 80%, 100%) Very Good 

(80%, 100%, 100%) Excellent 

Measuring the current status of supply chains criteria (SR) 

At this step, the current status of the supply chains is determined based on the 

criteria. The current status is the same SR. 

The aggregation operator (GHFWA) is used to combine the respondents’ 

opinions. 

(7)          
nn

t

hh

n

j

w

jjj

n

j hwhhGHFWA
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=

























−−==  
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1

121
11
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Where displays the elements of the hesitant fuzzy set and wj indicates the weight 

of each expert. 

Information axiom test    

Based on the information axiom concept, the common area is first determined and 

then, the amount of information axiom (I) is calculated with respect to the utility rate 

of the LARG supply chain criteria (DR) and the current status of LARG supply chain 

criteria (SR). 
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I= log2 (System area / Common area)                      (8) 

Given the the information content of each dimension and the weight of the 

indicators, the information content of each supply chain is obtained using Eq. 9. 
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                     (9) 

After the final calculation of Ii using the Eq.9,  iI
should be calculated in each 

option. 

Supply chains evaluation and ranking 

The supply chains are ranked based on the lower information load or less complexity 

in this step. 

Results 

The research results are presented based on the research stages, respectively. 

LARG supply chain design (First stage) 

Identifying the expected features of the LARG supply chain (FR) 

The related requirements from the LARG supply chain in the automotive industry 

create a powerful supply chain as a general objective, which is considered as FR0, which 

is possible when the LARG supply chains strategies such as green strategy (FR1G), lean 

strategy (FR1L), agile strategy (FR1A), and resilient strategy (FR1R) in the lower levels 

of empowerment are considered as more detailed objectives in the automotive supply 

chain. Each of the FRs is decomposed into lower levels using the Delphi technique and 

experts’ opinions (Fig. 3). 

Identifying the design parameters (DP) of the LARG supply chain  

All DPs are identified based on the Delphi technique and background review. The 

LARG supply chain design is considered as DP0 to create a powerful supply chain at zero 

level (FR0). Further, the lower levels of DPs are considered the same as in Fig. 3. The 

important point is the zigzag structure of the relationship between DPs and FRs (Fig. 3).
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Fig.3. LARG supply chain design with the independence axiom
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The independence axiom test 

In this step, it should be examined and analyzed that each of the DPs in the lower level 

is only related to its functional requirements (FRs) without any effect on the other 

objectives. The design matrix is used for this purpose (Fig. 4), which is formed based on 

the analysis of the expert’s opinions. 
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Fig.4. design matrix 

In Fig. 4, O indicates the lack of influence and X demonstrates the relationship. The 

design matrix is independent when the only main diameter is X, namely each DP is only 

related to one FR. The design matrix is semi-independent in the present study. Some DPs 

affect more than one FR and an example of them is analyzed in the following. 

FR2G1 = XDP2G1 

In fact, the definition of green processes (FR2G1) is only achieved through the creation 

of green processes (DP2G1), indicating the complete independence of FR2G1 from other 

DPs. 

FR3R4= (XDP3L1) + (XDP2A2) + (XDP2A3) + (XDP2A4) + (XDP3R3) + 

(XDP3R4) 

In other words, customer assurance (FR3R4) is not achieved only through the demand-

based management (DP3R4). However, the criteria such as the use of strong 

transportation logistics (DP3L1), appropriate technology (DP2A2), control and 

supervision (DP2A3), communication with the customer and supplier (DP2A4), and 

inventory and strategic surplus storage (DP3R3) affect the quality of achieving the 

customer assurance. 
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As the matrix indicated, the proposed design is semi-independent. The first axiom, the 

independence axiom, is accepted and the design parameters of the supply chain at the 

lowest level are introduced as the LARG supply chain criteria in the automotive industry 

(Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. LARG (desired) supply chain criteria in the automotive industry 

Evaluating the supply chains (Second stage) 

Determining the weight of the supply chain criteria 

At this step, the dimensions and criteria were separately weighted based on the 

hesitant fuzzy Best-Worst Method. For example, Tables 3 and 4 indicate the weight 

determination of the dimensions based on the opinions of the first expert. 

Table 3. Selecting dimension with the most importance 

 

 

 

Dimension Lean/DP1L Agile/DP1A Resilient/DP1R Green/DP1G 

Agile/DP1A FI,WI EI FI,VI VI 

Hesitant Numbers 0.6, 07 0.5 0.7, 0.8 0.8 

S(HFBO) 0.65 0.5 0.75 0.8 

DP1G: 

Planning for green production 

DP2G2: 

Purchasing green raw 

materials 

 

DP3R1: 

Flexible sourcing            

 

DP1R1: 

Supply chain 
Sustainability 

 

DP3R2: 

Collaborating and 

integrating with the 

upstream chain 

 
DP3R3: 

Having inventory storage 

DP3R4: 

Demand-based management 

DP2A1: 

Customer requirements 
 

DP1A: 

Faster and more 

responsiveness 

DP2A2: 

 

Applying appropriate 

technology 

 
DP2A3: 

Controlling and 

supervising suppliers 

DP2A4: 

Communication with 

customer and supplier 

DP3L2: 

Using the TPM productive 

net 

 

DP1L: 

Eliminating the activities 

with no value added  

 

DP3L1: 

Using strong logistics in 

transportation 

DP2L2: 

Applying multi-skill 

workforce 

DP2G1: 

Creating green processes 
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Table 4. Selecting dimension with the least importance 

Dimension Green/DP1G Hesitant Numbers S(HFOW) 

lean/DP1L FI,VI 0.7, 0.8 0.75 

Agile/DP1A VI 0.8 0.8 

Resilient/DP1R WI 0.6 0.6 

Green/DP1G EI 0.5 0.5 

The linguistic terms were converted into the fuzzy numbers (Table 5). 

Table 5. Membership degree of the linguistic terms 

Linguistic terms Symbol Membership Degree 

Equal importance EI 0.5 

A little excellent WI 0.6 

Excellent FI 0.7 

Very excellent VI 0.8 

Very excellent EI 0.9 

Now, the following optimization model should be solved to calculate the weights. 

0,,,
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75.0)(

8.0)(
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65.0)(

:min

4321

4321
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+−
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           (10) 

For example Table 6 indicates the result of solving the model to obtain the weights 

based on the opinion of the first expert.  

Table 6. The weights based on the opinion of the first expert 

Wlean(DP1L) WAgile(DP1A) WResilient(DP1R) WGreen(DP1G) MIN FI 

0.27 0.46 0.17 0.10 0.01 

Table 7 shows the same procedure that was performed for five experts. It is clear that 

final weight of dimensions depends on the average of experts’ opinions. 
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Table 7. Final weight based on the experts’ opinions 

Expert Wlean (DP1L) Wagile (DP1A) Wresilient (DP1R) Wgreen (DP1G) MIN FI 

1 0.27 0.46 0.17 0.10 0.01 

2 0.22 0.27 0.39 0.11 0.04 

3 0.14 0.38 0.30 0.18 0.10 

4 0.23 0.23 0.46 0.09 0.02 

5 0.08 0.43 0.39 0.10 0.02 

Final 0.19 0.35 0.34 0.12 0.04 

The same procedure was performed to determine the weight of the criteria of each 

dimension. Fig. 5 displays desired supply chain (LARG) criteria and Table 8 displays 

final results. 

Table 8. Final weight of the criteria in each dimension 

Final weight Weight of each dimension Dimension 

 0.12 Green/DP1G 

0.04 0.37 DP2G1  

0.07 0.63 DP2G2 

 0.34 Lean/DP1L 

0.07 0.20 DP2L2  

0.15 0.44 DP3L1  

0.12 0.36 DP3L2  

 0.35 Agile/DP1A 

0.09 0.26 DP2A1  

0.15 0.43 DP2A2  

0.08 0.19 DP2A3  

0.05 0.12 DP2A4  

 0.19 Resilient/DP1R 

0.05 0.21 DP3R1  

0.06 0.22 DP3R2  

0.04 0.18 DP3R3  

0.07 0.40 DP3R4  

Measuring the utility rate of desired supply chain criteria (DR) 

The opinions of decision makers on the required minimum utility of 13 criteria in the 

automotive industry were collected (Table 9). 
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Table 9. Utility rate of desired supply chain criteria (DR) 

DP3R4 DP3R3 DP3R2 DP3R1 DP2A4 DP2A3 DP2A2 DP2A1 DP2L2 DP3L1 DP3L2 DP2G2 
DP2 

G1 

At 

Least 

Poor 

At 

Least 

Good 

At 

Least 

Very 
Good 

At 

Least 

Good 

At 

Least 

Poor 

At 

Least 

Very 
Good 

At 

Least 

Good 

At 

Least 

Good 

At 

Least 

Fair 

At 

Least 

Very 
Good 

At 

Least 

Very 
Fair 

At 

Least 

very 
Good 

At 

Least 

Good 

Measuring the current status of the supply chain criteria (SR) 

Four supply chains in the automotive industry were evaluated in this step. For this 

purpose, the opinions of seven decision makers on the current status of the criteria in four 

supply chains were collected. Table10 demonstrates the first expert’s opinion as an 

example. 

Table 10. Opinion of the first expert as an example 

Exp1 
DP2 

G1 

DP2 

G2 

DP3 

L2 

DP3 

L1 

DP2 

L2 

DP2 

A1 

DP2 

A2 

DP2 

A3 

DP2 

A4 

DP3 

R1 

DP3 

R2 

DP3 

R3 

DP3 

R4 

SC1 VP,P F,G F,G P,F F,G F,G P,F F,G F,G F,G F,G P,F F,G 

SC2 P,F F,G P,F G,VG P,F VP,P F,G F,G F,G P,F VG,EX P,F P,F 

SC3 F,G F,G P,F VP,P F,G F,G F,G G,VG F,G F,G G,VG G,VG F,G 

SC4 P,F F,G F,G F,G VG,EX G,VG P,F VP,P F,G P,F F,G G,VG G,VG 

Then the opinions of the experts were collected and the System Range (SR) was 

obtained using the aggregation operator (Eq. 7).  

Information axiom test 

The score of the information axiom was computed by calculating the common area 

between the system area and design area (Fig. 6.).  

For example, DP2G2 criterion in the SC1 chain is calculated as follows: 

 

 

 

 

 

 

 

Fair-Good System Range for 

DP2G2 

Very Good – Excellent Design Range for 

DP2G2 
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Fig.6. system range and design range for DP2G2 

Therefore, the area level of the system area, common area, system area/common area, 

and the amount of the information axiom of each dimension were calculated for all criteria 

and for four supply chains based on the Eq. 3 

The amount of information axiom obtained for each dimension was combined with the 

weight of that dimension (Table 8) and the amount of information axiom for each supply 

chain was calculated according to the Table 11. 

Table 11. The amount of information axiom for each supply chain 

SC4 SC3 SC2 SC1 

1.590 1.651 1.663 1.663 

Supply chains evaluation and ranking  

The excellent supply chain contained less information axiom and less complexity. The 

supply chains were ranked from less to more bases on the amount of the information 

axiom. As indicated in Table 11, supply chain No.4 with an amount of 1,590 information 

axiom was introduced as the optimal supply chain. 

Discussion and Conclusion 

The present study aimed to design a LARG supply chain model in the automotive 

industry. The LARG supply chain is a new approach to the subject of the supply chain, 

which seeks to benefit from the advantages of the different approaches and avoid their 

disadvantages by integrating lean, agile, resilient, and green approaches. This research 

was conducted in two stages. In the first stage, a conceptual design was proposed for the 

LARG supply chain in the automotive industry using the independence axiom of 
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axiomatic design. In the second stage, a method was suggested using the information 

axiom of this technique and its integration with the best -worst method in the hesitant 

fuzzy sets in order to evaluate the LARG supply chain. Accordingly, four automotive 

supply chains were evaluated. 

Based on the results, the LARG supply chain consisted of 13 indicators. In this regard, 

the green raw materials should be purchased in the automotive industry and the nature-

friendly processes should be used for the production in order to empower the green 

paradigm in the supply chain. For empowering the lean paradigm in the supply chain, 

productive maintenance in production should be on the agenda and strong transportation 

and multi-skill workforce should be used. Further, the agile supply chain is empowered 

through considering the customer requirements in the production, updating the 

technology, and transferring the customer’s requirement to the producer by suppliers and 

agents, communicating with the customer and supplier to increase customer 

responsiveness. Some criteria such as the flexible sourcing, cooperation and integration 

with the upstream supply chain, availability of appropriate precautionary reserve, 

demand-based management, lack of deficit, and excess inventory along the chain are 

necessary to achieve a sustainable supply chain.  

The use of productive maintenance and repair is considered as a tool to empower the 

lean supply chain, which is consistent with the finding of Bortolotti et al. (2015), Jamali 

et al. (2017), and Espadinha-Cruz et al. (2011). The lean supply chain seeks to eliminate 

the activities with no value-added, which is in line with the study result of Benmousa et 

al. (2017) and Carvalho et al. (2011). Additionally, the responsiveness speed is known as 

a tool for the lean supply chain empowerment, which is consistent with the finding of et 

al. (2011a) and Jamali et al. (2017).The communication with customer is considered as 

another tool for the supply chain agility, which is in line with the result of Bortolotti et al. 

(2015). Furthermore, the demand-based management is known as a tool for supply chain 

resilient, which is in line with the findings of Carvalho et al. (2012). The purchase of 

green raw materials and the creation of green processes are recognized as important 

criteria to empower the green supply chain, while Benmousa et al. (2017) and Zhu, et al. 

(2008) identified the energy consumption and pollution control as the important tools to 

achieve the green supply chain. 

Further, the results indicated that the most important criteria of the LARG supply chain 

include the use of strong logistics in transportation, appropriate technology, and multi-

skill workforce and the least important criteria encompasses the use of inventory storage 

and the green process creation. In addition, among the main approaches of lean, agile, 

green and resilient, the agile approach is considered as the most important one and the 

green approach is known as the least important one, which is in line with the findings of  

Mohammad Nejad and Safaei Qadikani (2016). 

The application of the hesitant fuzzy axiomatic design in the supply chain design and 

its integration with the hesitant fuzzy BWM are considered as the theoretical contribution 

of the present study. This integration makes the designed model have many capabilities 

compared to the existing models.  
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Evaluating the supply chain of other industries based on the proposed model and using 

other fuzzy sets such as type-2 fuzzy and intuitionistic fuzzy in the LARG supply chain 

design are recommended for further research. 

Research Contribution 

-In LARG approach, the supply chain design is considered less, and the main focus 

has been on the advantages and development of LARG supply chain strategies. Further, 

quantitative and mathematical modeling approach is examined in a few studies conducted 

on the LARG supply chain design. 

-The appropriate methods for designing a concept such as the axiomatic design 

technique, which indicated its capabilities in designing many subjects, are not used in 

supply chain design, especially LARG supply chain. 

-Used the independence axiom for LARG-Based Supply Chain Conceptual Design and 

an integration of the information axiom and the Best-Worst Method (BWM) was used to 

evaluation in a Hesitant Fuzzy (HF) environment due to the existing uncertainties. 

- Combining different approaches leads to the creation of an integrated approach such 

as LARG approach, which is accepted and pursued by some researchers. 

-Despite many advances in the field of modeling in the conditions of uncertainty, the 

capabilities of modeling in fuzzy spaces such as hesitant fuzzy are evaluated in a few 

studies conducted on the LARG supply chain design. 

Thus, by identifying the existing research gaps, the present study sought a method to 

design the LARG supply chain qualitatively and conceptually by using the axiomatic 

design technique in the hesitant fuzzy space. 

References 

Amjad, M. S., Rafique, M. Z., Hussain, S., & Khan, M. A. (2020). A new vision of 

LARG Manufacturing — A trail towards Industry 4.0. CIRP Journal of 

Manufacturing Science and Technology, 31, 377–393. doi: 

10.1016/j.cirpj.2020.06.012 

Azevedo, S. G., Carvalho, H., & Cruz-Machado, V. (2011a). A proposal of LARG 

Supply Chain Management Practices and a Performance Measurement System. 

International Journal of E-Education, e-Business, e-Management and e-Learning, 

1(1), 7–14. doi: 10.7763/ijeeee.2011.v1.2 

Azevedo, S. G., Carvalho, H., & Cruz-Machado, V. (2011b). The Influence of LARG 

Supply Chain Management Practices on Manufacturing Supply Chain 

Performance. International Conference on Economics, Business and Marketing 

Management - EBMM 2011, 1–6. 

Benmousa, R., Deguio, R., Dubois, S., & Rasovska, I. (2017). Risk Management 

Approach for Lean , Agile , Resilient and Green Supply Chain. Internatiional 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 8, No. 8, August, 2021 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 

581 

Journal of Social ,Behavioral,Educational,Business and Industrial Engineering, 

11(4), 693–701. 

Bortolotti, T., Boscari, S., & Danese, P. (2015). Successful lean implementation: 

Organizational culture and soft lean practices. International Journal of Production 

Economics, 160, 182–201. doi: 10.1016/J.IJPE.2014.10.013 

Cabrita, M.R., Duarte, S., Carvalho, H., & Cruz-Machado, V. (2016). Integration of 

Lean, Agile, Resilient and Green Paradigms in a Business Model Perspective: 

Theoretical Foundations. IFAC-PapersOnLine, 49(12), 1306–1311. doi: 

10.1016/j.ifacol.2016.07.704 

Carvalho, H., Azevedo, S. G., & Cruz-Machado, V. (2012). Agile and resilient 

approaches to supply chain management: influence on performance and 

competitiveness. Logistics Research 2012 4:1, 4(1), 49–62. doi: 10.1007/S12159-

012-0064-2 

Carvalho, H., & Cruz-Machado, V. (2011). Integrating Lean, Agile, Resilience and 

Green Paradigms in Supply Chain Management (LARG_SCM). Supply Chain 

Management, Pengzhong Li, IntechOpen, DOI: 10.5772/14592. Available from: 

https://www.intechopen.com/chapters/15530 

Carvalho, H., Duarte, S., & Cruz-Machado, V. (2011). Lean, agile, resilient and green: 

Divergencies and synergies. International Journal of Lean Six Sigma, 2(2), 151–

179. doi: 10.1108/20401461111135037 

Celik, M., Kahraman, C., Cebi, S., & Er, I. D. (2009). Fuzzy axiomatic design-based 

performance evaluation model for docking facilities in shipbuilding industry: The 

case of Turkish shipyards. Expert Systems with Applications, 36(1), 599–615. doi: 

10.1016/J.ESWA.2007.09.055 

Daneshvar Kakahki, M., & Hosseini, S.A. (2014). Providing a framework for the pure 

logistics by axiomatic-oriented design. Second Logistics and Supply Chain 

Conference, Tehran. Tehran University. 

Espadinha-Cruz, P., Grilo, A., Puga-Leal, R., & Cruz-Machado, V. (2011). A model for 

evaluating Lean, Agile, Resilient and Green practices interoperability in supply 

chains. IEEE International Conference on Industrial Engineering and 

Engineering Management, 1209–1213. doi: 10.1109/IEEM.2011.6118107 

Espadinha-Cruz, P., Grilo, A., Gonçalves-Coelho, A., & Mourão, A. (2019). An 

axiomatic design framework to design interoperable buyer–supplier dyads. 

Enterprise Information Systems, 13(10), 1392-1426.  

Ferreira, I., Cabral, J.A., & Saraiva, P. S. (2013). Axiomatic design as a creative 

innovation tool applied to mold design. The Seventh International Conference on 

Axiomatic Design. Worcester. 

Ghasemiyeh, R., Jamali, G., & Karimi Asl, E. (2015). Analysis of LARG Supply Chain 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 8, No. 8, August, 2021 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 

582 

Management Dimensions in Cement Industry (An Integrated multi-Criteria 

Decision Making Approach). Industrial Management Journal, 7(4), 813–836. doi: 

10.22059/IMJ.2015.57427 

Goo, B., Lee, J., Seo, S., Chang, D., & Chung, H. (2019). Design of reliability critical 

system using axiomatic design with FMECA. International Journal of Naval 

Architecture and Ocean Engineering, 11(1), 11–21. doi: 

10.1016/J.IJNAOE.2017.11.004 

Güler, M., & Büyüközkan, G. (2019). Analysis of Digital Transformation Strategies 

with an Integrated Fuzzy AHP-Axiomatic Design Methodology. IFAC-

PapersOnLine, 52(13), 1186–1191. doi: 10.1016/J.IFACOL.2019.11.359 

Heo, G., & Lee, S. K. (2007). Design evaluation of emergency core cooling systems 

using Axiomatic Design. Nuclear Engineering and Design, 237(1), 38–46. doi: 

10.1016/J.NUCENGDES.2006.06.001 

Horvath, L. (2001). Collaboration: the key to value creation in supply chain 

management. Supply Chain Management: An International Journal, 6(5), 205–

207. doi: 10.1108/EUM0000000006039 

Jamali, G. & Karimi Asl, E. (2018a). Competitive Positioning For LARG Supply Chain 

in Cement Industry and Its Strategic Requirements Importance-Performance 

Analysis. Journal of industrial management studies, 16(50), 53-77. 

Jamali, G., & Karimi Asl, E. (2018b). Evaluation of LARG Supply Chain Competitive 

Strategies based on Gap Analysis in Cement Industries. Journal of Production 

and Operations Management, 9(1), 29–54. doi: 10.22108/JPOM.2018.92479.0 

Jamali, G., Karimi Asl, E., Hashemkhani Zolfani, S., & Šaparauskas, J. (2017). 

Analysing LARG Supply Chain Management Competitive Strategies in Iranian 

Cement Industries. E a M: Ekonomie a Management, 20(3), 70–83. 

Lopez, C., & Ruiz-Benitez, R. (2020). Multilayer analysis of supply chain strategies’ 

impact on sustainability. Journal of Purchasing and Supply Management, 26(2), 

100535. doi: 10.1016/J.PURSUP.2019.04.003 

Maleki, M., & Cruz-Machado, V. (2013). Generic Integration of Lean, Agile, Resilient, 

and Green Practices in Automotive Supply Chain. Revista de Management 

Comparat Internațional, 14(2), 237–248. 

Mi, X., & Liao, H. (2019). An integrated approach to multiple criteria decision making 

based on the average solution and normalized weights of criteria deduced by the 

hesitant fuzzy best worst method. Computers & Industrial Engineering, 133, 83–

94. doi: 10.1016/J.CIE.2019.05.004 

Moaddi, N., & Sheikh, R. (2015). Using macbeth approach for evaluating utility of desi

gn, based on axiomatic design technique. Industrial Engineering & Management 

Sharif, 30(2), 133–138. 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 8, No. 8, August, 2021 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 

583 

Mohammad Nejad, F., & Safaei Qadikani, M. (2016). Identifying and ranking the 

criteria for selecting suppliers in the LARG supply chain. Journal of Operations 

Research in Its Applications, 13th editi(4, 51), 95–103. 

Mohammed, A. (2020). Towards ‘gresilient’ supply chain management: A quantitative 

study. Resources, Conservation and Recycling, 155(December 2019), 104641. 

doi: 10.1016/j.resconrec.2019.104641 

Padala, S.P.S., & Maheswari, J. U. (2019). Axiomatic design framework for 

changeability in design for construction projects. Asian Journal of Civil 

Engineering 2019 21:2, 21(2), 201–215. doi: 10.1007/S42107-019-00187-1 

Rezaei, J. (2016). Best-worst multi-criteria decision-making method: Some properties 

and a linear model. Omega, 64, 126–130. doi: 10.1016/J.OMEGA.2015.12.001 

Ruiz-Benitez, R., Lopez, C., & Real, J. C. (2018). The lean and resilient management of 

the supply chain and its impact on performance. International Journal of 

Production Economics, 203, 190–202. doi: 10.1016/j.ijpe.2018.06.009 

Sheikh, R. (2007). Identifying the influential factors in selecting car using the axiomatic 

design principles. Shahroud University of Technology. 

Shoushtari, D. (2013). Redesigning a LARG Supply Chain Management to Reduce the 

Government Administration: A Sociofunctional System Approch. Springer, 195–

216. 

Stavrulaki, E., & Davis, M. (2010). Aligning products with supply chain processes and 

strategy. The International Journal of Logistics Management, 21(1), 127–151. 

doi: 10.1108/09574091011042214 

Torra, V. (2010). Hesitant Fuzzy Sets. International Journal of Intelligent Systems, 

25(6), 529–39. https://onlinelibrary.wiley.com/doi/full/10.1002/int.20418 (June 

25, 2021). 

Udokporo, C. K., Anosike, A., Lim, M., Nadeem, S. P., Garza-Reyes, J. A., & Ogbuka, 

C. P. (2020). Impact of Lean, Agile and Green (LAG) on business 

competitiveness: An empirical study of fast moving consumer goods businesses. 

Resources, Conservation and Recycling, 156, 104714. doi: 

10.1016/J.RESCONREC.2020.104714 

Xingli, W., & Liao, H. (2020). Utility-based hybrid fuzzy axiomatic design and its 

application in supply chain finance decision making with credit risk assessments. 

Computers in Industry, 114, 103144. doi: 10.1016/J.COMPIND.2019.103144 

Zhu, Q., Sarkis, J., & Lai, K. H. (2008). Green supply chain management implications 

for “closing the loop.” Transportation Research Part E: Logistics and 

Transportation Review, 44(1), 1–18. doi: 10.1016/J.TRE.2006.06.003 

 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 8, No. 8, August, 2021 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 

584 

 

COPYRIGHTS 

©2021 The author(s). This is an open access article distributed under the terms of the Creative 

Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction 

in any medium, as long as the original authors and source are cited. No permission is required 

from the authors or the publishers. 
 

 

HOW TO CITE THIS ARTICLE 

Eftekhari, A., Jamali, G., Mosleh Shirazi, A. (2021). A Model for Designing and Evaluating 

LARG-Based Supply Chain Using Axiomatic Design and the Best-Worst Method in a Hesitant 

Fuzzy Environment. International Journal of Management, Accounting and Economics, 8(8), 

561-584. doi: 10.5281/zenodo.5750767 

DOI: 10.5281/zenodo.5750767 

URL: https://www.ijmae.com/article_139541.html 
 

 

 

http://www.ijmae.com/
https://creativecommons.org/licenses/by/4.0/

