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Abstract. The aim of this paper is to provide a survey related to the criteria that 

affect the effectiveness of a facility layout. The design criteria can be classified 

according to the previous research into two categories which are qualitative and 

quantitative indicators. Then, this paper presents a review of different Multi-

Criteria Decision Making (MCDM) techniques that have been proposed in the lit-

erature to pick the most suitable layout design. These methods are particularly 

suitable to deal with complex situations, including various criteria and conflicting 

goals which need to be optimized simultaneously. The review serves as a guide to 

those interested in how to evaluate and select the most appropriate layout which 

can handle an expanded range of manufacturing companies. Finally, we present a 

discussion followed by a conclusion. 

Keywords: Multi-criteria decision making, facility layout evaluation, facility lay-

out design selection, Survey. 

 1 Introduction 

The layout problem is concerned with finding the most efficient arrangement of 

the facilities with the available floor area, evaluating the layout design alternatives 

and selecting the most appropriate design as illustrated in fig.1. The layout design 

problem can have a significant impact on the overall effectiveness of the manufac-

turing systems. Hence, it has been an active research area for several decades. A 

lot of research has been dedicated to present the different approaches for the gen-

eration of layout. Detailed review is provided by (Kusiak and Heragu 1987), 
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(Meller and Gau 1996), (Singh and Sharma 2006), (Drira et al 2007), and (Nordin 

and Lee 2016). However, no research has been found to survey the multi-criteria 

layout evaluation and selection approaches through a literature review since ex-

cept (Lin and Sharp 1999). The aim of this proposed study is to present a survey 

about the criteria and the techniques considered by the decision makers for evalu-

ating and selecting the most appropriate layout. Hence, we will study the part B as 

shown in Fig.1. This paper is organized as follows: Section 2 describes the evalu-

ating criteria. Section 3 provides an overview of the multi-criteria decision ap-

proaches. An analysis of the current and future trends is discussed in section 4 fol-

lowed by a conclusion. 

 

 
 

Fig. 1 Conceptual framework of facility layout problem 

2 Overview of the evaluating criteria 

In this section, we summarize the principal criteria found in the collected pa-

pers for the evaluation and selection of a new configuration among a set of availa-

ble alternatives. These criteria can be classified into two categories: quantitative 

and qualitative.  

2.1 Quantitative criteria 

Distance is the most popular criterion considered by the designer for the evalu-

ation of configurations. It was determined by the sum of the products of flow vol-

ume and rectilinear distance between the centroids of two facilities as shown in 

equation 1. There is two ways for measuring the distances: distance between In-

put/ Output (I/O) points or centroid to centroid. The main objective function for 

facility layout problem is to minimise the material handling cost according to  the 

travelled distance because handling work adds to cost but does not increase value 

to products; consequently any unnecessary  movements should be avoided. 
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Cost=∑ ∑ 𝑓𝑖𝑗𝑗𝑖 *𝑑𝑖𝑗                                                                                                (1)                

Note that: 𝑓𝑖𝑗 is the material flow between the facilities i and j. 

               𝑑𝑖𝑗  is the distance between facilities. 

Adjacency of facilities is highly suggested due to some factors such as noise, 

vibration, luminosity, sharing of operators or tools and Flow exchange density or 

frequency. It was determined by the sum of all positive relationships between ad-

jacent facilities as shown in equation (2).  

 

*
ij ij

i j

Adjacency lr                                                                                (2) 

Note that 𝑟𝑖𝑗  is the closeness rating and 𝑙𝑖𝑗  is the contact perimeter length be-

tween facilities i and j. 

Shape ratio is defined as the maximum of the depth-to width and width-to-

depth ratio of the smallest rectangle that completely encloses the facilitate (Aiello 

et al. 2006; Aiello et al.2012) 

Space consists of five types (Lin and Sharp 1999): space for production ma-

chinery and material handling equipment, space for storage, space for personal 

needs aisle space for material and personal movement and free space. Hence, the 

production area include value added area and non value added area (Raman et 

al.2009). It can be overused when there is not enough space for future activity or 

underused when the shop floor are not fully used. To examine the effectiveness of 

layout design, we should calculate the space utilisation rate as follows (Suo 2012): 
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i j
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R

A B






 

                                                                                      (3) 

Note that  𝐴𝑖 is the area of department i where equipment i is sitting and 𝐵𝑗  is 

the unusable space. 

Products indicators are associated to throughput time, product earliness, prod-

uct lateness, and product blocked time. (Ben cheikh 2015) and (Ben cheikh 2016) 

defined the throughput time as the period required for a single product to be pro-

duced. The product earliness is calculated when the product is finished before its 

due date. However, the product lateness is computed when the product is finished 

after its due date. These indicators are evaluated using event simulation software 

like Arena, Witness, ProModel. Product blocked time is the waiting time for the 

product in the queue until loaded on the machine to be processed.  

Resources indicators are related to machine utilization, the number of machine, 

and the number of operators that are used in a configuration.  

Work in process is the set of unfinished items waiting for further processing in 

a queue or buffer storage. Optimal configuration aims to minimize work in pro-

cess. In fact, it requires storage space and cost. It affects the production rates by 

slowing at bottlenecks. 
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2.2 Qualitative criteria 

Flexibility is defined as the ability of the company to adapt to changes in its en-

vironment. In fact, flexibility is the ability to achieve a variety of tasks under a 

wide range of operating conditions .We find several type of flexibility:  

Volume flexibility is defined as the ability to function profitably at different 

production volumes. This can be done by changing the number of facilities for ex-

ample. 

Routing flexibility is described as the ability of a product to change path during 

the production process. 

Expansion flexibility is defined as the ease of increasing the production capaci-

ty of a production system. It can be quantified by the number of free space loca-

tions with good shape factors or usable area (Raman et al. 2009). 

Accessibility has been defined by (Yang and Hung 2007) as the material han-

dling and operators paths. While designing the layout, we should save enough 

space within or along the contours of the departments to allow the movement of 

materials and personnel. Moreover, all servicing and maintenance points should be 

readily accessible. For example, equipment should not be placed against a wall in 

such a manner that necessary maintenance cannot easily be carried out. 

Human issues cluster involves several aspects. First, it is related to the ease of 

supervision control and communication between workers by the elimination for 

example of hidden corners. Second, other criteria that are related to environment, 

safety, security of operators should be taken into account. 

Layout reconfigurability presents a facilitating level of rearrangement and/or 

alteration of facilities to respond to new situations (Abdi 2009). The five main cri-

teria of layout reconfigurability are convertibility, modularity, mobility, reconfigu-

ration speed, and scalability. 

All of the criteria are not explained in the text. However, a survey of different 

criteria that are used in the literature to evaluate different layouts is provided in 

Table1 wherein twenty three criteria are tabulated in columns A to w in order to 

give a background for the designers. 
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Table 1. A summary of evaluating criteria and techniques for facility layout evaluation and 

selection. 
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 Legend  

A Distance I Reconfiguration 

time 
Q Number of machines and number of 

operators 

B Adjacency score J Productive area uti-

lization 
R Material handling vehicle utilization 

and handling cost 

C Shape ratio K Quality S Productivity 

D Flexibility L Human issues clus-

ter 
T Layout reconfigurability 

E Accessibility M Throughput time U Cost 

F Maintenance N Products indicators      V  Reliability  

G Closeness gap value cluster O Work in Process W Flow 

H Process capacity P Machine utilization  
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3 Multi-criteria analysis techniques 

While the multi-objective optimization techniques search for new solutions in 

solution space, multi-criteria analysis techniques consider limited number of pre-

determined alternatives and discrete preference ratings (Tzeng and Huang 2011). 

In this section, we present the most frequently used techniques such Analytic Hi-

erarchy Process (AHP), Analytic Network Process (ANP) and Technique for Or-

der of Preference by Similarity to Ideal Solution (TOPSIS) and others.  

3.1 Analytic Hierarchy Process  

The Analytical Hierarchy Process (AHP) is a multi-criteria decision making 

tool developed by (Saaty 1980). It can be used for both qualitative and quantitative 

MCDM problems. The decision problem is structured hierarchically with different 

levels. AHP method uses a simple paired comparison of criteria, to measure the 

weights of the components of the hierarchical structure, and finally to rank the al-

ternatives in the decision. In the case of facility layout problem, (Abdi 2005) ap-

plied AHP to evaluate and select the most appropriate layout. The alternative lay-

outs are defined based on serial, parallel, and hybrid configurations of three 

machines. The AHP hierarchy consists of four evaluating criteria and eleven sub-

criteria of which the relative importance ratings were calculated based on decision 

makers requirements. (Ben cheikh et al.2016) developed an AHP-based decision 

making approach to select one configuration among a set of available alternatives. 

Configurations were evaluated based on operational and strategic indicators. AHP 

is used in (Abdul-Hamid et al.1999) for the layout selection problem with respect 

to three criteria and ten sub-criteria in order to evaluate transfer line, group tech-

nology and functional layout against these criteria. In order to overcome the inher-

ent uncertainty in the judgements of experts at the pair-wise comparison of selec-

tion attributes, (Abdi 2009) uses fuzzy AHP to solve facility layout problem. 

 Some research applied integrated AHP approaches to evaluate the performance 

of layout and select the most suitable one. Among these articles, we find (Yang 

and Kuo 2003) and (Ertay et al.2006) which integrate AHP and Data Envelopment 

Analysis (DEA). DEA is used to evaluate Decision Making Units (DMU) (Cooper 

et al.2011). Each DMU convert m inputs to produce n outputs. The approach pro-

posed by (Vencheh et al.2013) combines AHP and Non Linear Programming 

(NLP) to deal with the layout selection and evaluation problem. In (Shokri et 

al.2013), an integrated AHP-VIKOR methodology is developed to solve facility 

layout design problem. A computer-aided layout-planning tool is used to generate 

a number of alternatives layouts as well as their quantitative data. 
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3.2 Analytical Network Process  

Analytical network process (ANP), which was developed by (Saaty 1996), is a 

more general form of the AHP used in multi-criteria decision analysis. AHP struc-

tures a decision problem into a hierarchy with objective, criteria, sub-criteria and 

alternatives, while the ANP structures it as a network. ANP is used for the first 

time in (Al-Hawari et al.2014) to select the best layout based on dependent and 

independent criteria. 

3.3 Technique for Order of Preference by Similarity to Ideal Solution  

Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), 

which was developed by (Hwang and Yoon 1981), is a powerful technique in 

dealing with multi-criteria decision making problems. It is based on choosing the 

best alternative having the shortest distance from the positive-ideal solution and 

the farthest distance from the negative-ideal solution. (Yang et al.2007) applied 

TOPSIS and fuzzy TOPSIS to solve facility layout problem. The proposed meth-

odology is applied to an IC packaging company. (Wang.P et al.2016) developed 

an integrated Simple Additive Weighing (SAW), TOPSIS and Grey Relational 

Analysis (GRA) for solving optimal facility layout design selection problem. 

3.4  Other techniques 

Many other approaches were presented to solve facility layout problem such as 

PROMETHEE (Lateef-UR and Ateekh-UR 2013), ELECTRE (Ateekh-Ur and 

Babu 2009), Grey Relational Analysis (GRA) (Yang and Hung 2007), and Prefer-

ence Selection Index (PSI) (Maniya and Bhatt 2011). (Maniya and Bhatt 2011) 

use PSI for the selection of optimal facility layout design alternative among given 

alternative. The main advantage of the PSI method is that there is no relative im-

portance between facility layout design selection attributes. (Yang and Hung 

2007) evaluate the layout with respect to three quantitative and three qualitative 

criteria by developing Grey Relational Analysis. 

4 Discussion and conclusion 

In this paper, we presented a literature review about evaluating criteria and multi-

criteria decision making techniques for facility layout problem. First of all, it was 

found that distance is the most widely adopted criterion to examine the effective-

ness of layouts followed by adjacency. There are other several criteria for evaluat-

ing configurations such as space, work flow and material handling cost. We can-

not find a general model for all companies. Indeed, the criteria and configuration 

https://en.wikipedia.org/wiki/Multi-criteria_decision_analysis
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alternatives can distinct from a firm to another because of differences in product 

types, process flow, available technologies, economical conditions and decision-

makers requirements. Besides, the feasible layouts may differ from a planning pe-

riod to another.  

To overcome the difficulties in selection of alternatives among a set of predeter-

mined alternatives, researchers use a multi-criteria decision making such as AHP, 

TOPSIS. These approaches share common characteristics of conflict among objec-

tives, criteria and sub-criteria and incomparable units. Based on literature review, 

it was observed that AHP is the most prevalent approach for selection of the best 

layout due to its mathematical simplicity and flexibility. However, the main draw-

back is the subjectivity of judgments of experts. As a final remark, this survey can 

be used as a background for designers for the evaluation of layout.  

Futures research may be interested in the problem of generating configurations. In 

fact, the commercial software available to reinforce the facility layout problems 

are currently restricted.  
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