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ABSTRACT 
The aim of this research was to develop a methodology for test whether an existing strategies can perform as 

lean, agile, or leagile manufacturing strategies. The research the available factors  and characteristics should 

be defines from the literature to build the model based on was sent to company to a quire their responses, the 

AHP was developed to aid decision maker or sort information based on a number of criteria . More after, 

questionnaires was built to distribute it to internal and external experts in clothing industry according to their 

qualifications. We identifying the manufacturing feature that where particularly by independent variable. By 

preparing based on the conditions and characteristics that improved solutions to manufacturing strategies in 

the clothing manufacturing company in Mosul and examines the three strategies of  lean ,agile,  leagile by 

considering certain features The paper provide evidence that  the choice of manufacturing strategies should be 

based upon a careful analysis and characteristics The case study and empirical research reported in this paper 

are specific to the clothing manufacturing and fashion industries, ,and there would be benefit  in extending the 

research into other sector given the increasing trend to the  global sourcing and high level of price  and high 

level competition in clothing manufacturing has market characteristic ,such as short product life cycle ,high 

volatility ,low predictability and high level of impulse purchase, highly diverse and heterogeneous making such 

issues as  quick response of paramount  importance  whilst there is a growing recognition of the need to match 

the competitive advantage to the market ,there is still limited research into what criteria should be aid the 

choice of manufacturing strategies ,this paper attempt to extend our understanding of issues  .                                                                                                                                    

KEY WORDS: lean, agile, leagile, analytical hierarchy process, fuzzy logic  

I. INTRODUCTION  

The changes occurring in the nature and level of international competition, many companies have 

been resorting to new ways of manufacturing. This phenomenon has been called as „new wave 

manufacturing strategies‟ [74]. During the development of these various strategies, many kinds were 

given to these strategies by the companies which started the development of these strategies and 

began implementing them. Some of these strategies were Lean Manufacturing, Agile manufacturing 

and leagile manufacturing [6]. 

1.1. Lean manufacturing conceptual ideology 

The term Lean was first used by Krafick[45] in 1988, a principle researcher in the International Motor 

Vehicle Program (IMVP) at Massachusetts Institute of Technology (MIT), to describe what today is 

known as the Lean Manufacturing or Lean Production paradigm [66]. A major output of the IMVP 

research efforts was the publication    of the book, The Machine that Changed the World: The story of 

lean production [82]. The book chronicled the operations found in the automotive industry, capturing 

the dramatic differences in approach and ensuing performance found among the world's leading 
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automakers. In particular, the book examined how the techniques employed by Japanese automakers, 

namely Toyota, outpaced the performance achieved by U.S. and European competitors. Much has 

been written in the academic and popular business press about Toyota's much envied competitive 

weapon, the Toyota Production System (TPS)[27]. 

Every industrialized country has now fully recognized the importance and benefits  of  lean ideology 

[52]. Lean manufacturing (LM) is it uses half of everything human effort in the factory, 

manufacturing space, investment in tools, engineering hours to develop a new product [30] . It makes 

use of its tools to strive for zero inventories, zero downtimes, zero defects, and zero delays in the 

production process. 

The implementation of  lean principles in any organization begins by identification of the value 

stream, Value is all the aspects of a product that a customer is willing to spend his/her money on it 

[27]. i.e., all those activities, required to manufacture a product(goods, services) to a customer. The 

numerous activities performed in any organization can be categorized into the following three types 

[19] 

(i) Value adding Activities (VAA)—which include all of the activities that the customer 

acknowledges as valuable. 

(ii) Non Value Adding Activities (NVAA–Type II Muda) -These include all the activities that the 

customer considers as non-valuable, either in a manufacturing system or in the service system. , 

Waste can be described as the opposite side of value on a Lean coin.    These are pure wastes and 

involve unnecessary actions that should be eliminated completely.  

 (iii) Necessary but Non Value Adding Activities (NNVAA - Type I Muda) 

These include the activities that are necessary under the current operating conditions but are 

considered as non-valuable by the customer[30]. 

 Lean  manufacturing focuses on  elimination of waste (or "muda" in Japan) Taiichi Ohno believed 

that fundamental for any company's success was the elimination of waste. Ohno (1988) developed a 

list of seven basic forms of muda 

(i) Overproduction (production ahead of demand). 

(ii) Transportation (unnecessary transport of products). 

(iii) Waiting (waiting for the next production step). 

(iv) Inventory (all components, work-in-progress and finished product not being processed). 

(v) Motion (unnecessary movement of operator equipment). 

(vi) Over processing (unnecessary processing). 

(vii) Defects in production (the effort involved in inspecting for and fixing defects) 

(viii) Unused creativity[30] . 

Womack and Jones (1996) added to this list with the muda of goods and services that fail to meet the 

needs of customers. 

Lean protest the need for an organization to develop a culture of continuous improvement in quality, 

cost, delivery and design  [6] Production is agile if it efficiently changes operating states in response 

to uncertain and changing demands placed upon it. Production is lean if it is accomplished with 

minimal waste due to unneeded operations, inefficient operations, or excessive buffering in 

operations. So it is concluded that while agility presumes leanness, leanness might not presume 

agility[30]. Lean production can be effectively utilized to remove wastes to improve business 

performance. Emphasis on the elimination of loss and the waste of resource factors is largely 

associated with lower inventory which is very clearly shown by analyzing the "rock and ship" 

analysis. In this analysis, as the stock (water level) is reduced, sources of waste (rocks) appear in the 

form of latency, poor quality conformity, prolonged preparations, unreliable processes etc. the 

removal of these losses is caused to lower inventory without a negative effect on the flow of materials 

(ships). [30][67]. Womack, Jones, and Roos add that in comparison to a mass production approach, a 

lean company calls for far less inventory and incurs fewer defects while providing greater variety in 

products [27][82[49]. 

1.2. Agile manufacturing conceptual ideology 

The term ‘agile manufacturing’ refers specifically to the operational aspects of a manufacturing 

company which accordingly, try to translate into the ability to produce customized products at mass 

production prices and with short lead times.[63,72]. 
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There are a number of research reports available in the literature that discuss the concept of agile 

manufacturing [27],[19],[7][8],[22],[54], [83],[15], [66],[9],[27] 

Agile manufacturing is a new idiom that is used to represent the ability of a producer of goods and 

services to survive and flourish in the face of continuous change. These changes can occur in markets, 

technologies, business relationships and all other facets of the business enterprise [13]. 

Agile manufacturing can be defined as the capability of surviving and prospering in a competitive 

environment of continuous and random change by reacting quickly and effectively to changing 

markets, driven by customer-designed products and services. [42] 

According to Naylor et al. (1999), “agility means applying market knowledge and a vital corporation 

to exploit profitable opportunities in a rapidly changing market place”. The relation between agility 

and flexibility is extensively discussed in the literature [13].      It has been proposed that the origins 

of agility lie in flexible manufacturing systems [21] 

Agility can be obtained by systematically developing and gaining capabilities that can make the 

supply chain reflect rapidly and diversely to environmental and competitive changes [41]. 

Consequently, these firms need a number of distinguishing attributes to promptly deal with the 

changes inside their environment. Such attributes include four main elements [70]: responsiveness, 

competency, flexibility/adaptability and quickness/ speed. The base for agility is the amalgamation of 

information technologies, staff, business process organization, innovation and facilities into main 

competitive attributes. The main points of the definition of various authors may be summarized as 

follow: 

-High quality and highly customized products. 

- Products and services with high information and value-adding content. 

- Recruitment of core competencies. 

- Responsiveness to social and environmental issues. 

- Combination of diverse technologies. 

- Response to change and ambiguity demand. 

- Intra-enterprise and inter-enterprise integration [18][16]. 

The implementation of agile strategies has some benefits for firms, including quick and efficient 

reaction to changing market demands; the ability to customize products and services delivered to 

customers, the capability to manufacture and deliver new products in a cost-efficient mode [76], 

decreased producing costs, enhanced customer satisfaction, elimination of non-value-added activities 

and increased competitiveness. 

 The most publications on agility strategies can classified into four categories: 

1. Conceptual models and framework for achieving agility, this mainly includes, dimension [19] 

, enablers[23], aspects[85],theoretical model[70] . As well as methodology to support the 

implementation agility through identifying drivers and providers[87]. 

2. Paths to agility , which considered the flexibility practices in terms of "volume flexibility 

,modification flexibility and delivery flexibility " and responsiveness from three facets, 

volume , product, process are vital paths to agility.[69][35][55][81]. 

3. Measuring and assessing the performance of agility these include the exploration of rules for 

assessment ,the identification of criteria and the establishment of agility index, which was 

proposed as a way of measuring the intensity level of agility attributes was 

developed.[85][46][84] 

4. The development of agility in a supply chain context.[64][34][71][5][86] 

Therefore, agility has been advocated as the commerce paradigm of the    century and in addition 

agility is considered the winning strategy for becoming a general leader in an increasingly competitive 

market of quickly changing customers’ requirements [1][38][17]. 

Agile manufacturing aims to meet the changing market requirements by suitable alliances based on 

core-competencies, by organizing to manage change and uncertainty, and by leveraging people and 

information. 

[22],[54]. 

 agile manufacturing does not represent a series of techniques much as it represents a elementary 

change in management philosophy [48] It is not about small-scale improvements, but an completely 

different way of doing business [42] with a primary emphasis on flexibility and quick response to the 

changing markets and customer needs.  
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1.3. LEAGILE manufacturing conceptual ideology 

Agility in concept comprises; responding to change (predictable or unexpected) in the appropriate 

ways and due time, and exploiting and taking advantage of changes, as opportunities. Harrison and 

Van Hoek (2005)argue that “where demand is volatile, and customer requirements for variety is high, 

the elimination of waste becomes a lower priority than responding rapidly to the turbulent 

marketplace” A similar view is shared by Desai et al., [12]that the lean production philosophy with its 

current set of tools will not be able to tackle the increasing demand for customer specific products, 

favoring , organizations to move towards more agile production philosophies, considered to be better 

suitable to handle customer specific requirements with flexibility and responsiveness. According to 

Desai et al , Sharifi and Zhang, [63] [12] 

With increasingly customized products, the ‘mass markets’ will be split into multiple niche markets in 

which the most significant requirements will tend to move towards service level. [43]Recognized cost 

as the market winner for systems operating on the lean manufacturing philosophy. While Mason Jones 

et al. in Kim et al [13]identified service level as the market winner for agile manufacturing 

philosophies. In all cases named above costs, quality, and lead time are  market qualifiers where they 

are not market winners. Rapid changes in the business environment and uncertainty have been part of 

management studies and research for a long time, so managing uncertainties still remains one of the 

most important tasks for organizations. 

Production is agile if it efficiently changes operating states in response to uncertain and changing 

demands placed upon it. Production is lean if it is accomplished with minimal waste due to unneeded 

operations, inefficient operations, or excessive buffering in operations. So it is concluded that while 

agility presumes leanness, leanness might not presume agility. 

Lean production is a broad concept and encompasses terms such as flexible manufacturing, mass 

customization and even agile manufacturing” When lean tools are effectively applied taking into 

consideration agility, one can increase flexibility by further introducing safety stocks, or operating 

with some free capacity This will ensure that the supply chain is robust to changes in end consumers 

requirements [57]. However, Naylor et al [57]warns that leanness and agility are mutually exclusive 

and cannot be simultaneously applied at the same point in a supply chain. While leanness operates 

best when planning horizons are long and products variants few, agility requires reactivity to customer 

orders in short uncertain planning horizons and highly customized product variants. This has resulted 

to the coining of a new production philosophy; leagile. [57]. 

According to Agarwal et al [1], leagility, is a philosophy best suited for an entire supply chain and not 

for a single point in the supply chain. Leagile blends the lean and agile. Christopher and Towill 

expanded the discussion in Naylor et al. (1999) and Mason-Jones et al. (2000a, 2000b). supported the 

concept of hybrid manufacturing strategies and identified three practical ways of combing the lean 

and agile paradigms: (Christopher, 2000; [10]. 

The first is via the Pareto curve approach; adopting lean for the 20% class high volume products 

having 80% of the demand and agile for the 80% having 20 % of the demand.  

The second is the use of a decoupling point or postponement principle. A de coupling point is a 

position in the supply chain where one production paradigm takes over from another [57][40][1]. 

Since the lean philosophy focuses on cost efficiency along the whole value chain its tools can because 

to run operations up to the decoupling point [31], [1]in a cost efficient way. While the agile 

production principles are applied on the other side of the decoupling point. But then, there are still 

some challenges like determining the position of a decoupling point such that the burden is rightfully 

divided across the participants in the supply chain. At the same time it is important to have the 

decoupling point closer to the customer so that lean practices can be applied to a greater portion of the 

value chain. Since its position depends on end user, lead time sensitivity, and further, on where the 

variability is greatest in the supply [57]. 

The third approach is to separating demand into base and surge demand, using lean for base demand 

and agile for surge demand .the term Agile or leagile should remind us that we must be responsive to 

change and uncertainties. We may need to come up with a number of other metrics required of our 

management systems and processes, all of which may exist within the companies already working at 

the level of best practice and based on the same basic good manufacturing practices, but the lean tools 

still remain the foundation[11] 
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These three strategies were complementary rather than mutually exclusive, and yet it was likely that 

each would work better than others in certain contexts. In addition to decoupling point identification, 

there are other approaches to achieve a leagile supply chain. One such method is transshipment, 

naturally led to coordinated replenishment policies across locations. 

Another approach was proposed by Stratton and Warburton (2003). They argued that leanness and 

agility were in practice caught in a trade-off conflict. However, if it were possible to define explicitly 

the trade-offs, then a solution to resolve this contradiction was possible. In this way, they interpreted 

the conflict nature in terms of dependency, fluctuation, inventory and capacity, and then 

systematically linked such trade-offs to develop another approach. This approach was combined with 

other approaches: the theory of inventive problem solving (TRIZ for short) and the theory of 

constraints (TOC for short). TRIZ of a number of principle-based solution systems was applied to 

solve the physical contradictions between leanness and agility while TOC was resolving trade-offs for 

highly complementing to TRIZ. However, although there may exist various ways to combine them, it 

is significantly important that lean production is a necessary but not a sufficient condition for 

achieving agility (Kidd, 1994; Robertson and Jones, 1999; Mason-Jones et al., 2000b;[10] 

Furthermore, agility cannot be achieved without experiencing relevant stages of leanness. Mason-

Jones et.al.,  (2000a) presented two reasons for this fact. 

First, lean and agile supply chains share many common features that help speed up the achievement of 

leagility. Hence, agility may be initiated by building on the relevant features of leanness.  

Second, agility requires control of all processes in the supply chain. It is difficult, if not impossible, to 

see how agility can be acquired without having first gone through the process enhancement stage of 

lean production.[36]. 

1.4. Analytical hierarchy process ideology 

The Analytic Hierarchy Process method (AHP) was developed by Thomas Saaty in the beginning of 

1870s and it represents a tool in the decision making analysis [12]. 

The author of AHP Thomas L. Saaty called   a process, and not a method probably because of the 

process character of its elements [38]. 

Analytic Hierarchy Process (AHP) is originally introduced by Saaty in [4] as a excellent    MCDM 

(multi criteria decision making) tool which tries to satisfy several conflicting criteria[59] 

 The AHP technique can evaluate qualitative, quantitative and intuitive criteria comprehensively, and 

it is possible to raise the level of confidence of it through carrying out consistency testing. The AHP 

technique resembles the structure of human brain, and obtains quantitative results by transforming the 

comparative weight between elements to ratio scale. The AHP technique is based on three principles; 

hierarchical structuring, weighting, logical consistency.[43] 

Analytic hierarchy process (AHP) is a methodological approach which implies structuring criteria of 

multiple options into a system hierarchy, including relative values of all criteria, comparing 

alternatives for each particular criterion and defining average importance of alternatives. 

1.5. FUZZY LOGIC conceptual ideology 

The philosophy of Fuzzy Logic (FL) may be traced back to the diagram of Taiji created by Chinese 

people before 4600 B.C. But the study of Fuzzy Logic Systems (FLS) began as early as the 1960s. In 

the 1970s, FL was combined with expert systems to become a FLS, which imprecise information 

mimics a human-like reasoning process. FLS make it possible to cope with uncertain and complex 

agile manufacturing systems that are difficult to model mathematically [23]. By opinion of [2], in 

managerial practice, there are often situations when it is not enough for managers to rely on their own 

instincts. With specific fuzzy programs it is even possible to choose suppliers, service providers or to 

buy necessary goods.   

II. RESEARCH METHODOLOGY 

2.1. Modeling the Manufacturing Strategies Using AHP 

Since several strategies can structure a particular manufacturing system which in turn provides certain 

strategies (lean, agile, or leagile manufacturing), a value should be obtained based on measuring 
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factors and characteristics factors for this particular manufacturing system in order to identify the 

strategies. Therefore for a proper decision to be made, these factors modeling using AHP as shown in 

figure (1) 
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The main measuring factors for lean, agile and leagile strategies are depended on five measures (lead 

time, cost, quality, productivity, service level) and  A characteristic can be defined as the feature of 

the property which is obtained by considering several parameters(Elimination Of waste(Over-

production , Inventory transportation waiting , Knowledge Misconnects)  , Flexibility (Manufacturing 

flexibility, Delivery flexibility , Source flexibility), Information Technology(Electronic data 

interchange, Means of information and data accuracy , Data and knowledge bases   ) Market 

Sensitivity(Delivery speed , New product introduction, Customer responsiveness). Hence  the 

manufacturing system in a described state performs under closely specified conditions that produce a 

metric value. [41] 

2.2.Data collection  

We was chosen General Company for Readymade Wear Manufacturing in Mosul, Iraq, a field of 

study, were selected by A committee composed of three directors of departments productivity in the 

General Company for the manufacture ready-made clothes in city Mosul in Iraq are the Director of 

the Section productive first (line productive - dishdasha) and Director of the Section productive 

second (line productive Aalghemsalh) and Director of the Section productive third line productive 

(Altruakh) "They evaluates certified manufacturing methods in the company through the scaling 

factors of (Lead time, Cost, Quality, Productivity, Service )Where the questionnaire was designs to 

seek expert opinion about the requires rating for implementing lean, agile and leagile manufacturing 

strategies in industries. The opinions provide the necessary data which are captured from internal and 

external experts according to their qualifications. For this purpose to indicate the relative importance 

of each criterion according to standard corresponding giving weight relative (1-9) was unloading The 

composed data is adjusted using Expert Choice software which is a multi-objective decision support 

tool based on the Analytic Hierarchy Process (AHP). and use CGI program ,the feedback data input of 

the five measuring factors that were filled out in the questionnaire is shown in table(1) 

Table(1):feedback data input of the five measuring factors 

metric Production line 

1 

Production 

line2 

Production 

line3 

           mean 

Lead time 5,7,9 3,5,7 5,7,9 .833 .633 .433 

cost 3,5,7 1,3,5 3,5,7 .633 .43 .233 

Quality  1,3,5 3,5,7 1,3,5 .566 .366 .166 

productivity 5,7,9 3,5,7 5,7,9 .633 .43 .233 

Service level 3,5,7 1,3,5 3,5,7 .833 .633 .43 

Then , the feedback data input of characteristics factors as shown in tab(2),(3),(4),(5),(6) which  

demonstrates the manufacturing performance for the( lead time, cost, quality ,productivity, service 

level) with respect to (lean, agile and leagile) manufacturing strategy. a consistency ratio was 

calculated by the software to check the applicability of the paired comparisons The value consistency 

ratio should be 10 percent or less. 

Therefore, all the consistency ratio of the below table is less than 10 %. 

III. ANALYSIS AND DISCUSSION 

They assess the manufacturing methods adopted in the company through the measurement criteria of ( 

lead time, cost, quality, productivity, level service) according to the logic FUZZThe linguistic terms 

are used to assess the performance rating and importance weights of the integration values since it is 

difficult for experts to determine the score of vague values such as training level of personnel [80]. 

Most of the time linguistic scales include 2 scales [46]. The linguistic variables {Excellent [E], Very 

Good [VG], Good [G], Fair [F], Poor [P], Very Poor [VP], Worst [W]} were selected to assess the 

performance rating of the integration capability (these are the examined coefficients). Then the 

linguistic variables {Very High [VH], High [H], Fairly High [FH], Medium [M], Fairly Low [FL], 

Low [L], Very Low [VL]} were selected to assess the importance weights of the integration 

capabilities. Using the previous studies [80, 46], the table of fuzzy numbers for the linguistic variable 

values was created .                               
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The results were obtained as shown in the table (1) which represents the input data feedback, it is 

worth noting here that he has been using the program ready minitab v23. For the year 2013 in getting 

the results of multiplying matrices while the program is used gci to get the values of functions 

belonging according to the logic FUZZY and calculate the eigine value, as well as index consistency, 

as shown in Tables (2), (3), (4), (5), (6), (7) 

2.2.1. lead time 

Tab(2) demonstrates the characteristics factor for the measuring factor of lead time 

Tab.(2) Evaluation model to lead time 

Measuring 

factors 

Characteristics 

Factors 

Sub 

characteristics 

D1 D2 D3 LEAN AGILE LEAGILE 

Lead time Elimination 

waste 

      

 Over-production 1,3,5 3,5,7 1,3,5 .566 .366 .166 

 Inventory 

transportation 

waiting 

1,3,5 1,3,5 1,3,5 .5 .3 .1 

 Knowledge 

Misconnects 

1,3,5, 3,5,7 5,7,9 .7 .5 .3 

 Flexibility       

 Manufacturing 

flexibility, 

1,3,5 3,5,7 1,3,5 .566 .366 .166 

 Delivery 

flexibility 

1,3,5 1,3,5 3,5,7 .566 .366 .166 

 Source 

flexibility 

3,5,7 1,3,5 3,5,7 .633 .433 .433 

 Information 

technology 

      

 Electronic data 

interchange 

5,7,9 3,5,7 5,7,9 .566 .633 .233 

 Means of 

information and 

data accuracy 

3,5,7 1,3,5 3,5,7 .633 .366 .166 

 Data and 

knowledge bases 

1,3,5 3,5,7 1,3,5 .633 .366 .166 

 Market 

sensitivity 

      

 Delivery speed 1,3,5 3,5,7 3,5,7 .633 .166 .233 

 New product 

introduction 

1,3,5 1,3,5 1,3,5 .166 .3 .1 

 Customer 

responsiveness 

1,3,5 1,3,5 1,3,5 .5 .3 .1 

  2.33,4.33,6.33 2,4,6 1.58,3.41.5.25 

2.2.2. COST 

Moreover, tab(3) demonstrates the characteristics factor for the measuring factor of cost 

Tab.(3) Evaluation model of the cost 

Measuring 

factors 

Characteristics 

Factors 

Sub 

characteristics 

D1 D2 D3 LEAN AGILE LEAGILE 

cost Elimination 

waste 

      

 Over-production 5,7,9 1,3,5 5,7,9 .766 .566 .366 

 Inventory 

transportation 

5,7,9 3,5,7 5,7,9 .833 .633 .433 
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waiting 

 Knowledge 

Misconnects 

5,7,9 3,5,7 5,7,9 .833 .633 .566 

 Flexibility       

 Manufacturing 

flexibility, 

5,7,9 3,5,7 3,5,7 .766 .566 .366 

 Delivery 

flexibility 

3,5,7 1,3,5 3,5,7 .633 .433 .233 

 Source 

flexibility 

3,5,7 1,3,5 1,3,5 .566 .366 .166 

 Information 

technology 

      

 Electronic data 

interchange 

3,5,7 3,5,7 1,3,5 .566 .433 .233 

 Means of 

information and 

data accuracy 

3,5,7 1,3,5 3,5,7 .566 .433 .233 

 Data and 

knowledge bases 

3,5,7 1,3,5 1,3,5 .566 .366 .166 

 Market 

sensitivity 

      

 Delivery speed 3,5,7 1,3,5 1,3,5 .566 .366 .166 

 New product 

introduction 

5,7,9 3,5,7 3,5,7 .766 .566 .366 

 Customer 

responsiveness 

3,5,7 1,3,5 1,3,5 .566 .366 .166 

  3.83,5.83,7.83 4.08,3.83,5.83 2.66,4.66,6.66 

2.2.3. quality  

Furthermore, tab(4) shows the characteristics factor for the measuring factor of quality. 

Tab.(4) Evaluation model of the quality 

Measuring 

factors 

Characteristics 

Factors 

Sub 

characteristics 

D1 D2 D3 LEAN AGILE LEAGILE 

Quality  Elimination 

waste 

      

 Over-production 3,5,7 1,3,5 3,5,7 .633 .433 .233 

 Inventory 

transportation 

waiting 

1,3,5 1,3,5 1,3,5 .5 .3 .1 

 Knowledge 

Misconnects 

3,5,7 3,5,7 1,3,5 .633 .433 .233 

 Flexibility       

 Manufacturing 

flexibility, 

1,3,5 5,7,9 3,5,7 .7 .5 .3 

 Delivery 

flexibility 

3,5,7 5,7,9 1,3,5 .7 .5 .366 

 Source 

flexibility 

1,3,5 3,5,7 3,5,7 .633 .433 .3 

 Information 

technology 

      

 Electronic data 

interchange 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Means of 

information and 

data accuracy 

3,5,7 5,7,9 1,3,5 .7 .5 .3 

 Data and 1,3,5 1,3,5 5,7,9 .633 .433 .233 
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knowledge bases 

 Market 

sensitivity 

      

 Delivery speed 5,7,9 3,5,7 5,7,9 .833 .633 .433 

 New product 

introduction 

5,7,9 5,7,9 3,5,7 .823 .633 .433 

 Customer 

responsiveness 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

  2.66,4.66,6.66 3.5,5.5,7.5 2.66,4.66,6.66 

 
2.2.4. Productivity 

In addition ,tab(5) demonstrates the characteristics factor for the measuring factor of productivity. 

Tab.(5) Evaluation model of the productivity 

Measuring 

factors 

Characteristics 

Factors 

Sub 

characteristics 

D1 D2 D3 LEAN AGILE LEAGILE 

Productivity  Elimination 

waste 

      

 Over-production 3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Inventory 

transportation 

waiting 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Knowledge 

Misconnects 

3,5,7 3,5,7 3,5,7 .7 .5 .3 

 Flexibility       

 Manufacturing 

flexibility, 

1,3,5 5,7,9 5,7,9 .766 .566 .366 

 Delivery 

flexibility 

5,7,9 3,5,7 5,7,9 .833 .633 .433 

 Source 

flexibility 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Information 

technology 

      

 Electronic data 

interchange 

5,7,9 3,5,7 5,7,9 .833 .633 .433 

 Means of 

information and 

data accuracy 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Data and 

knowledge bases 

5,7,9 1,3,5 5,7,9 .766 .566 .366 

 Market 

sensitivity 

      

 Delivery speed 3,5,7 5,7,9 3,5,7 .766 .566 .366 

 New product 

introduction 

5,7,9 3,5,7 3,5,7 .266 .566 .366 

 Customer 

responsiveness 

1,3,5 1,3,5 3,5,7 .566 .366 .166 

  3.66,5.66,7.66 3.66,5.66,7.33 3.33,5.33,7.33 

2.2.5. Service level 

In addition, tab(6) demonstrates the characteristics factor for the measuring factor of service level 

Tab.(6) Evaluation model of the service level 

Measuring 

factors 

Characteristics 

Factors 

Sub 

characteristics 

D1 D2 D3 LEAN  AGILE LEAGILE 
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Service 

level 

Elimination 

waste 

      

 Over-production 1,3,5 3,5,7 1,3,5 .566 .366 .166 

 Inventory 

transportation 

waiting 

1,3,5 1,3,5 3,5,7 .566 .366 .166 

 Knowledge 

Misconnects 

3,5,7 5,7,9 3,5,7 .766 .566 .366 

 Flexibility       

 Manufacturing 

flexibility, 

5,7,9 5,7,9 3,5,7 .833 .633 .433 

 Delivery 

flexibility 

3,5,7 1,3,5 3,5,7 .633 .433 .233 

 Source 

flexibility 

3,5,7 1,3,5 3,5,7 .633 .433 .233 

 Information 

technology 

      

 Electronic data 

interchange 

5,7,9 3,5,7 5,7,9 .833 .633 .433 

 Means of 

information and 

data accuracy 

5,7,9 5,7,9 3,5,7 .766 .633 .433 

 Data and 

knowledge bases 

1,3,5 1,3,5 3,5,7 .566 .366 .166 

 Market 

sensitivity 

      

 Delivery speed 3,5,7 1,3,5 3,5,7 .633 .433 .233 

 New product 

introduction 

5,7,9 3,5,7 1,3,5 .7 .5 . 3 

 Customer 

responsiveness 

1,3,5 3,5,7 1,3,5 .566 .366 .166 

  2.66,4.66,6.66 2.66,4.66,6.66 3,5,7 

 
After entering the input ,the data output of the minitab program is shown in table(7) normalization all 

the above means of characteristics factors by dividing by 10.(saaty,t.l.,1980) After  data processing 

methods adopted in the analytical hierarchy  analysis, the outputs appear in the table (7) where the 

data is converted to a standard format as shown in the table(7). 

Tab(7)normalized of the measure factors means of the three decision maker 

Service level              productivity               quality 

 

.366 .566 .766 .266  .466  .666      .266   .466   .666      

.366 .566 .733 .35  .55   .75      .2      .4        .6  

.333 .533 .733 .266 .466 .666     .158   .341   .525 

 

  

Cost                                              lead  time  

 

.233    .433     .633     .266     .466     .666  

.200       . 4      . 6 .266     .466     .666  

.158     .341     .525 .383     . 583    .783  
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The proportion of consistency 10% between the vertebrae variables was found accurate comparisons 

of marital and described in tables (8) (9) (10) Matrix comparisons that show the importance of marital 

reliability of lean, agile, leagile manufacturing between each of the criteria. 

Tab (8) Pairwise Comparison Matrix which appear  lean manufacturing  between index factor 

 Lead 

time  

cost quality productivity Service level 

Lead time 1 0.142857 0.25 0.2 3 

Cost  7 1 1 9 7 

Quality  
     

 4  1 1 3 5 

Productivity  
     

 5 0.111111 0.333333 1 5 

Service level  0.333333 0.142857 0.2 0.2 1 

Tab (9)Pairwise Comparison Matrix  which appear agile manufacturing  between  index factor 

 
Lead 

time  
Cost  Quality  Productivity  Service level  

Lead time  1 9 9 7 7 

Cost  0.111111 1 7 5 3 

Quality  0.111111 0.142857 1 5 5 

Productivity  0.142857 0.2 0.2 1 0.142857 

Service 

level 
0.142857 0.333333 0.2 7 1 

  

 

Tab (10) Pairwise Comparison Matrix which appear reliability for leagile manufacturing  between index 

factor 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

      

 Lead 

time 

Cost  Quality    productivity  

Servic

e level 

Lead time  1 5  7 5 3 

Cost  
0.2 1  9 7 5 

Quality 
0.142857 0.111111  1 5 7 

Productivity 
  

 
   

 
0.2 0.142857  0.2 1 0.142857 

Service level 
  

 
   

 0.333333 0.2  0.142857 7 1 
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Then, we calculate standard pair wise comparison matrix for lean, agile, leagile manufacturing, which 

appear in tables (11),(12),(13)  

Tab(11) Synthesized matrix for lean manufacturing 

 Lead 

time  

Cost  Quality  Productivity 

 

Service 

level  

Priority weight 

Eigen value 

Lead time .o57 0.058 .089 .014 .142 .072 

Cost  .403 .418 .359 .671 .333 .436 

Quality  .230 .418 .359 .223 .238 .293 

productivity .288 .046 .118 .074 .238 .152 

Service level .019 .058 .071 .014 .047 0.041 

The principal eigenvector is necessary for representing the priorities associated with that matrix, 

providing that the inconsistency is less than or equal to a desired value [62].The value which appear in 

the last Colum represent relative weight to lean manufacturing to each criteria's (lead time ,cost 

,quality, productivity, service level),now estimating the consistency  ratio, is as follow:  

Tab(12)Synthesized matrix for agile manufacturing 

 Lead time  Cost  Quality  Productivity 

 

Service 

level  

Priority 

weight 

Eigen value 

Lead time .666 0.843 .517 .28 .433 .547 

Cost  .073 .093 .402 .2 .185 .190 

Quality  .073 .013 .057 .28 .309 .146 

productivity .093 .018 .011 .04 .008 .034 

Service level .093 .030 .011 .28 .061 0.095 

Tab(13) Synthesized matrix for leagile manufacturing 

 Lead 

time  

Cost  Quality  Productivity 

 

Service 

level  

Priority weight 

Eigen value 

Lead time .534 0.775 .403 .2 .185 .419 

Cost  .106 .155 .519 .28 .309 .273 

Quality  .074 .017 .057 .2 .433 .156 

productivity .106 .021 .011 .04 .008 .037 

Service level .176 .031 .008 .028 .061 0.111 

 
The result in the tab(14 ) summarize the relative weights of different types of manufacturing strategies 

according to each criterion factor measurements (lead time, cost, quality, productivity, service), 

according to lean , agile, leagile manufacturing strategies. 

Tab (14) Relative weight of different type of manufacturing strategies 

Measurement factor Lean  Agile  Leagile 

Lead time .072 .547 .419 

Cost  .436 .190 .273 

Quality  .293 .146 .156 

Productivity  .152 .034 .037 

Service level .041 .095 .111 

sum .994 1.012 .996 

Mean  .1988 .2024 .1992 

The normalized means of Tab (7) is multiplied by the means of feedback data input of the five 

measuring factor Tab(1) to obtain the following: the result of multiplication is tab(15) 
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Tab(15) Result of multiplication Tab(1) and Tab(1) 

 average    

lean 2.539 1.786 1.156 .376 .593 1.284 

 agile 2.492 1.753 1.135 .369 .582 1.266 

leagile 2.391 1.682 1.089 .354 .558 1.210 

 

 

then applying the equation : 

𝛂=
1.253−0.18

3.52−0.18
= 0.321 

 
Where 1.253 is the result of multiplication and .18 ,3.52are constant . The resulting (.321) is 

multiplied by the certainty constant(.70) to get (.224) 

Fig (2) is consulted to conclude that readymade ware in Mosul is below (.2-.10) which 

represents the lean and bellow (.2924-.1124) agile and bellow(.293-.109) leagile baseline the 

readymade ware in Mosul is traditional manufacturing. In order to facilitate its evolution to 

lean manufacturing a should implement the following tools (cellular manufacturing, TQM, 

value stream mapping ,5s, kaizen )  

 

 

 

1      

 

 

.818  

 

 

 

 1.818 3.106 7.332 

  α- cut 

 2.67 4.159 

             Triangular fuzzy number 

Fig(2) fuzzy number  to conclude manufacturing strategy 

The results above summarizes measurements factors (lead time, cost, quality, productivity, service 

level) in addition to convert all values to the standard according to expert opinion .for the experts 

opinion appear in the tab (16). 

Tab (16) mean fuzzy number of opinions experts 

Expert opinion  Lean agile leagile traditional 

Total mean .2888-.1088 .1124-.2924 .1092-.293 0 

we can calculate the consistency ratio which may  be  less 10% for comparison the fuzzy expert 

opinion number the tab(16)appear the mean fuzzy number of the opinion experts 

IV. CONCLUSIONS 

1- Enhanced manufacturing strategy performance implies that a manufacturing is quickly 

responding to the market volatile the customer demand with effective cost reduction. 
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Leanness in a manufacturing maximizes profits through cost reduction while agility 

maximizes profit through providing exactly what the customer requires. The leagile strategy 

enables the upstream part of the chain to be cost-effective and the downstream part to 

achieve high service levels in a volatile marketplace. 

2- The AHP methodology adopted here arrives at a synthetic score, which may be quite useful 

for the decision-makers. The purpose of the present work is to analyze the relative impact of 

different enablers on three strategic paradigms considered for manufacturing. 

3- It integrates various criteria, enablers and alternatives in decision        model. The approach 

also captures their relationships and interdependencies across and along the hierarchies. It is 

effective as both quantitative and qualitative characteristics can be considered 

simultaneously without sacrificing their relationships. 

4- The manufacturing system strategy of readymade ware company is traditional 

manufacturing. 

5- To resolve the manufacturing system in order to become lean, agile or leagile; a lot of tools 

will help in becoming lean like Cellular Manufacturing, Total Quality Management ,Poka 

yoke, Kaizen , Value Stream Mapping, 5 S, increase its focus on customer service and 

improve the quality of its. Also, some tools will help in becoming agile like Customer Value 

Focus, IT. 

6- The paper provide evidence that the choice of manufacturing   strategies should be based 

upon a careful analysis and characteristics. 
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