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Abstract 

The purpose of this paper is to apply Multiple Attribute 

Decision Making (MADM) approach & Analytic Hierarchy 

Process (AHP) for ranking the procedural approaches 

available for solving the facility layout design problems 

(FLP). Analytic hierarchy process is applied to rank the 

approaches, whereas the weight to a factor is assigned using 

Modified Digital Logic (MDL) method. Based on assigned 

weight the matrix is generated, and the factors selected for 

analysis are as:  Initial Data Required (IDR), Use of Charts 

(UC), Use of Graphs and Diagrams (UG), Future Expansion 

Considered (FE), Constraints Considered (CC), Procedure 

Implementation (PI), Material Handling Equipment Selection 

Considered (MH). The approaches which have been compared 

are as: Nadler’s Procedure (NP), Immer’s Procedure (IP), 

Muther’s Procedure (MP), Apple’s Procedure (AP), and 

Reed’s Procedure (RP). The result of the present study 

predicts that MP gets higher rank among the compared 

procedures.  The output ranks along with their overall priority 

from the present study is as: MP (0.355) > AP (0.232) > RP 

(0.228) > NP (0.098) > IP (0.088). The factors which are used 

in this study are weighted in the order as: UC (0.22) > UG 

(0.195) > MH (0.171) > PI (0.146) > CC (0.098) = IDR 

(0.098) > FE (0.073). 
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hierarchy process; procedural approaches; facility layout 
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1. Introduction 

Facility layout on the shop floor is the most significant and 

crucial part of the design while establishing an industry. It is 

about arranging the facilities on the shop floor like machines, 

equipments, departments, etc., in a proper way to get the 

maximum output from them.  Due to poor facility 

management it is possible that either one or more of higher 

work-in-process inventory, longer queues, overloading of 

material handling equipments, etc. (Jajodia et al. 1992; Şahin 

and Turkbey 2009) may be reflected whereas a good facility 

management of shop floor reflects fast movement of 

equipments on shop floor, less work-in-process inventory, 

better utilization of resources, etc.  

Computerized, procedural and algorithmic approaches have 

gained more attention since past few decades for handling 

layout design problems. From a practical point of view 

procedural approaches are best suitable for designing the 

layouts. According to Vencheh and Mohamad ghasemi (2013) 

facility layout design problem can be divided into several 

steps for solving it with procedural approaches. However, in 

these approaches the final solution depends upon the 

designer’s ability (Azadeh and Izadbakhsh 2008; Yang and 

Kuo 2003).  The algorithmic approaches generally do not 

consider all the design criteria (like qualitative criteria 

mislaid) while facing the layout design problems (Vencheh 

and Mohamad ghasemi 2013; Yang and Hung 2007; Ertay et 

al. 2006), but in the procedural approaches it is possible to 

consider all criteria (qualitative and quantitative) at the same 

time (Azadeh and Izadbakhsh 2008; Muther 1973).  

In the available literatures, all these approaches are discussed, 

but none of the research carried out any sort of comparison 

amongst them. This research paper fulfils this gap in a very 

effective way. The available procedural approaches are briefly 

discussed here and a comparison with some selected factors 

has been also made. Selection of best alternatives amongst the 

available, on the basis of two or more factors comes under 

multiple attribute decision making (MADM) problem (Sen 

and Yang 1998; Vats and Vaish 2014; Rathi et al. 2015 a). 

These approaches have been successfully applied to various 

fields like manufacturing process, social science decisions, 

financial decisions and engineering problems, etc. There are 

variety of methods/technologies which comes under MADM 

category like Analytic Hierarchy Process (AHP), Simple 

Additive Weighting (SAW), Graph Theory and Matrix 

Approach (GTMA), Vlsekriterijumska Optimisacija I 

Kompromisno Resenje (VIKOR), and Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS) (Saaty 

1990; Rao 2006; Opricovic and Tzeng 2007; Deng et al. 2000; 

Rathi et al. 2015 b). AHP is one of the best MADM 

techniques which have been used in a wide diversity of 

research area (Vats and Vaish 2014; Saaty 1990; Hambali et 

al. 2009; Bayazit 2005; Al-Harbi 2001). It is a decision 

making approach developed by Saaty (1990). The advantage 

of AHP lies in its ability to rank the alternatives on the basis 

of qualitative judgements of experts (Kapoor and Tak 2015; 

Bahadir and Bahadir 2015). The objective of the present 

research paper is to provide the ranking for the procedural 
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approaches with selected factors using AHP approach. MDL 

method has been implemented for providing relative weights 

to the factors. The present paper is organized as: introduction 

in the first section, brief discussion on procedural approaches 

in section 2. Adopted methodologies for the present case 

conversed in section 3, results and discussion demonstrated in 

section 4, followed by conclusions and future scopes in 

section 5.      

 

2. Procedural approaches 

The layout of a facility can be developed with a variety of 

procedural approaches. Some of them are as follows: 

 Immer’s procedure (IP): Immer gives his three steps for 

planning the layout, according to Immer, “this analysis 

should be composed of three simple steps, which can be 

applied to any type of layout planning”. These steps are as 

follows: Step 1: Put the problem on paper. Step 2: Shows 

lines of flow. Step 3: Convert flow lines to machine lines. 

This approach given by Immer is best suited when we have 

an existing layout and there are needed to adjust the 

facilities to meet the new objectives.  

 Nadler’s procedure (NP): This approach was developed 

by Nadler for designing the workstation, but it can be 

applied to layout of facilities. This approach follows the 

following steps: Step 1: Aim for the “theoretical ideal 

system.” Step 2: Conceptualize the “ultimate ideal 

system.” Step 3: Design the “technologically workable 

ideal system.” Step 4: Install the “recommended system.” 

In this approach one should start from the top with the 

theoretical best system and go down to the recommended 

practical design 

 Muther’s procedure (MP): This technique was developed 

in 1973 by Muther.  In systematic layout planning (SLP), it 

is required to develop some charts and diagrams, and due 

to these charts and diagrams, this process becomes very 

effective. Step 1: Collect the Input Data and Activities. 

Step 2: Collect the Flow of Material Analysis. Step 3: 

Generate the Activity Relationship Diagram. Step 4: 

Generate the Relationship Diagram. Step 5: Collect the 

Space Requirements. Step 6: Calculate the Space 

Available. Step 7: Generate the Space Relationship 

Diagram. Step 8: Modify the Constraints and Practical 

Limitations. Step 9: Develop Layout Alternatives. Step 10: 

Evaluation 

 Apple’s procedure (AP): Apple have proposed twenty 

steps for his procedure. These steps should be followed for 

designing the layout of the facility. The procedure is  as 

follows: Step 1: Procure the basic data. Step 2: Analyze 

the basic data. Step 3: Design the productive process. Step 

4: Plan the material flow pattern. Step 5: Consider the 

general material handling plan. Step 6: Calculate 

equipment requirements. Step 7: Plan individual 

workstations. Step 8: Select specific material handling 

equipment. Step 9: Coordinate groups of related 

operations. Step 10: Design activity interrelationships. 

Step 11: Determine storage requirements. Step 12: Plan 

service and auxiliary activities. Step 13: Determine space 

requirements. Step 14: Allocate activities to total space. 

Step 15: Consider building types. Step 16: Construct 

master layout. Step 17: Evaluate, adjust and check the 

layout with the appropriate persons. Step 18: Obtain 

approvals. Step 19: Install the layout. Step 20: Follow up 

on implementation of the layout. 

 Reed’s procedure (RP): Reed developed his ten steps for 

solving the layout problem. Systematic plan of attack is the 

name given by Reed to his developed technique. The list 

of ten steps is given below: Step 1: Analyze the product or 

products to be produced. Step 2: Determine the process 

required to manufacture the product. Step 3: Prepare 

layout planning charts. Step 4: Determine workstations. 

Step 5: Analyze storage area requirements. Step 6: 

Establish minimum aisle widths. Step 7: Establish office 

requirements. Step 8: Consider personnel facilities and 

services. Step 9: Survey plant services. Step 10: Provide 

for future expansion. 

 

3. Adopted methodologies : 

All the procedural approach has their merits and demerits, 

Reed’s systematic plan of attack consists ten steps in this 

approach, and he also considered aisle widths and future 

expansion. Apple developed a lengthy process with twenty 

steps, therefore it become more time consuming process. 

Nadler and Immer completed their methods in three and four 

steps respectively. Systematic layout planning by Muther, 

1973 has eleven steps, more number of graphs and charts are 

generated during process implementation. Graphs and charts 

are the easy way to analyze and understand the data so this 

procedure gained more attention of designers. Table 1 

demonstrates a theoretical comparison among these 

approaches. The qualitative data in the above said table is 

generated from the literature study and also from the 

discussion with a panel of expert from the similar field. In this 

comparative table more, medium and less are represented by 

M, Me and L, respectively. No and yes are used for factor’s 

absence or presence respectively. The selected factors for 

comparison are as: initial data required (IDR), use of charts 

(UC), use of graphs and diagrams (UG), future expansion 

considered (FE), constraints considered (CC), procedure 

implementation (PI), material handling equipment selection 

considered (MH).    

Initial data for designing the layout is more in all the process 

except Muther’s procedure. Graphs and charts also used more 

in this approach as compared to others. This is the most 
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effective step of this procedure which makes it superior as 

compare to others. If we compare on the basis of future 

expansion consideration, Reed’s procedure is good with this. 

Reed considered this factor in developed procedure. 

Constraints also considered by only Muther, none of the other 

covers it. Practical implementation of Muther’s procedure is 

much higher as compared to other approaches. Different 

factors have different weight-age for comparison. Modified 

digital logic (MDL) is applied for finding out the weights of 

each factor. Analytic hierarchy process (AHP) is applied after 

then for ranking the alternatives.   

 

Table 1: Procedural approaches comparison 

 Immer’s 

procedure 

(IP) 

Nadler’s 

procedure 

(NP) 

Muther’s 

procedure 

(MP) 

Apple’s 

procedure 

(AP) 

Reed’s 

procedure 

(RP) 

Initial data 

required (IDR) 
M M L Me M 

Use of charts 

(UC) 
L L M Me Me 

Use of graphs 

and diagrams 

(UG) 

L L M L L 

Future 

expansion 

considered (FE) 

No No No No Yes 

Constraints 

considered (CC) 
No No Yes No No 

Procedure  

implementation 

(PI) 

L L M Me Me 

Material 

handling 

equipment 

selection 

considered (MH) 

No No No Yes No 

 

3.1 Modified digital logic (MDL) 

It is difficult that all the factors or properties do have equal 

impact for selection of appropriate technology for the design 

of facility layout. Thus, it is very important to find out the 

priority of each factor. Modified digital logic isone of the well 

known method to estimate the weights for every part of the 

factors in such condition (Vats and Vaish 2014; Manshadi 

2007). Initial priority as 1, 2 and 3 for less, equally and more 

important properties respectively, are assigned according to 

the expert opinion. Table 2 shows the weight assign by MDL. 

After assigning the priorities, a decision matrix is developed 

by pair wise comparison. Prior to the formation of the matrix, 

In order to estimate the number of possible positive decisions 

as N = n(n - 1) / n, where ‘n’ is the number of 

attributes/technological parameters. The further summation of 

all positive decisions (P) for a particular parameter on 

normalization leads to final weight (Wj) as: 

 


n

j j

j

j

P

P
W

1

     (1) 

Table 2: Weights using MDL 

Factors IDR UC UGD FEC CC PI MHC 
Positive 

decision 
Weight 

IDR 2 1 1 3 1 1 1 8 0.098 

UC 3 2 3 3 3 3 3 18 0.220 

UG 3 1 2 3 3 3 3 16 0.195 

FE 1 1 1 2 1 1 1 6 0.073 

CC 1 1 1 3 2 1 1 8 0.098 

PI 3 1 1 3 3 2 1 12 0.146 

MH 3 1 1 3 3 3 2 14 0.171 

Sum        82  

 

3.2 Analytic hierarchy process (AHP) 

AHP, A multiple attribute decision making (MADM) 

technique developed by Saaty (1990). It is a very valuable 

technique for complex decision making problems. Following 

are the steps of AHP developed by Saaty: Step 1: Define the 

problem and determine its goal. Step 2: Construct the 

hierarchy from the top (objective) through the intermediate 

levels (factors) to the lowest level (alternatives). Step 3: 

Construct a matrix of pairwise comparison for each factor and 

alternatives. Pairwise comparison scale is shown in table 3. 

Step 4: Made pairwise comparisons, the consistency is 

determined by using the eigenvalue ( max ), to calculate the 

consistency index, CI as in equation (2):  















1

max

n

n
CI


    (2) 

Where n is the matrix size, after that consistency is checked 

by consistency ratio (CR) as: 











RI

CI
CR      (3) 

Where, RI is average random consistency (table 4), CR is 

acceptable if it is less than 0.1, if it is more than the judgement 

should be reviewed and improved. 
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Table 3: Pairwise comparison scale 

Numerical rating Verbal judgments of preferences 

9 Extremely preferred 

8 Very strongly to extremely 

7 Very strongly preferred 

6 Strongly to very strongly 

5 Strongly preferred 

4 Moderately to strongly 

3 Moderately preferred 

2 Equally to moderately 

1 Equally preferred 

 

 Table 4: Average random consistency (RI) 

Size of  matrix 1 2 3 4 5 6 7 8 9 10 

Random 

consistency 
0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

 

4. Results and discussion  

In this research paper MDL & AHP  is  implemented in 

facility layout design problem. The weights of the factors are 

calculated using MDL approach. Figure 1 demonstrates the 

output of the applied MDL. From this figure we can easily 

analyze that UC got highest weight of 0.22 followed by UG 

(0.195). FE got least weight 0.073. The assigned weight in 

decreasing order are as: UC (0.22) > UG (0.195) > MH 

(0.171) > PI (0.146) > CC (0.098) = IDR (0.098) > FE 

(0.073).  

After assigning weight to the factors next AHP is 

implemented for providing the final ranking to the alternatives 

(procedural approaches). The systematic hierarchy of the said 

research problem is demonstrated in figure 2. Our objective is 

indicated by level 0 (best procedural approach for FLP), it has 

to be selected from the available alternatives shown at level 2. 

Different factors which affect the selection are given at level 

1. The priority vector for each alternative has to find out by 

the decision maker. And also the consistency of the priority 

must be checked.  Table 5 shows the priority vector for IDR 

based on pairwise comparison. The consistency ratio is 

calculated and we found it acceptable ( max = 5.106, CI = 

0.026, RI = 1.12, CR = 0.024 < 0.1). Priority vector for MH is 

calculated in table 6 and the calculated values are acceptable (

max = 5.258, CI = 0.064, RI = 1.12, CR = 0.058 < 0.1). In the 

similar way pairwise comparison for all the factors is carried 

out and priority vectors calculated. Table 7 demonstrates 

priority vectors for each alternative with respect to factor and 

also overall priority developed in this table for ranking the 

alternatives. The calculation for overall priority vector for 

each alternative is given below: 

Overall Priority of IP: 0.098(0.314) + 0.220(0.074) + 

0.195(0.074) + 0.073(0.072) + 0.098(0.042) + 0.146(0.048) + 

0.171(0.063) = 0.088 

Overall Priority of NP: 0.098(0.314) + 0.220(0.074) + 

0.195(0.074) + 0.073(0.072) + 0.098(0.088) + 0.146(0.048) + 

0.171(0.090) = 0.098 

Overall Priority of MP: 0.098(0.061) + 0.220(0.462) + 

0.195(0.462) + 0.073(0.128) + 0.098(0.471) + 0.146(0.487) + 

0.171(0.176) = 0.355 

Overall Priority of AP: 0.098(0.120) + 0.220(0.195) + 

0.195(0.195) + 0.073(0.072) + 0.098(0.200) + 0.146(0.209) + 

0.171(0.494) = 0.232 

Overall Priority of RP: 0.098(0.193) + 0.220(0.195) + 

0.195(0.195) + 0.073(0.655) + 0.098(0.200) + 0.146(0.209) + 

0.171(0.176) = 0.228   

 

 

 

Figure 1 Weights assigned to the factors 
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Figure 2 A Schematic hierarchy for selection of procedural approach 

 

Table 5: Priority vector for IDR 

 IP NP MP AP RP Priority 

vector 

IP 1.000 1.000 4.000 3.000 2.000 0.314 

NP 1.000 1.000 4.000 3.000 2.000 0.314 

MP 0.250 0.250 1.000 0.333 0.250 0.061 

AP 0.333 0.333 3.000 1.000 0.500 0.120 

RP 0.500 0.500 4.000 2.000 1.000 0.193 

 

Table 6: Priority vector for MH 

 IP NP MP AP RP Priority 

vector 

IP 1.000 0.500 0.333 0.200 0.333 0.063 

NP 2.000 1.000 0.500 0.200 0.333 0.090 

MP 3.000 3.000 1.000 0.250 1.000 0.176 

AP 5.000 5.000 4.000 1.000 4.000 0.494 

RP 3.000 3.000 1.000 0.250 1.000 0.176 

 

Table 7 Overall priority vectors 

 IDR 

(0.098) 

UC 

(0.220) 

UG 

(0.195) 

FE 

(0.073 

CC(0.098) PI 

(0.146) 

MH 

(0.171) 

Overall 

Priority 

vector 

Rank 

IP 0.314 0.074 0.074 0.072 0.042 0.048 0.063 0.088 5th 

NP 0.314 0.074 0.074 0.072 0.088 0.048 0.090 0.098 4th 

MP 0.061 0.462 0.462 0.128 0.471 0.487 0.176 0.355 1st 

AP 0.120 0.195 0.195 0.072 0.200 0.209 0.494 0.232 2nd 

RP 0.193 0.195 0.195 0.655 0.200 0.209 0.176 0.228 3rd 

 

The alternatives are ranked according to the overall priority 

vectors as: MP (0.355) > AP (0.232) > RP (0.228) > NP 

(0.098) > IP (0.088). The obtained ranking indicates that MP 

is best suitable alternative for handling the layout design 

problem with selected factors. The strength of the applied 

approach is that it organizes tangible and intangible factors in 
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a systematic way, and provides a simple structured solution of 

the layout design problem. The output of the present work will 

help the designers in the selection of appropriate methodology 

for handling the layout design problem. 

 

5. Conclusions and future scope  

Layout planning is an arrangement of the facilities on the shop 

floor in a proper way to get the enhanced production both in 

terms of quality and quantity. For handling the layout design 

problem, procedural approaches are available and are 

discussed by various researchers in the literature. In the 

present research paper an attempt made to compare them and 

prepare for obtaining a rank on the basis of some selected 

factors. MDL is applied for assigning weights to the factors. 

The factors are weighted as: UC>UG>MH>PI>CC=IDR>FE. 

AHP is adopted for the final ranking of the available 

alternatives. Overall priority vectors are calculated and 

ranking is provided to each alternative. The obtained ranking 

order is as: MP > AP > RP > NP > IP. The ranking indicates 

that MP is the most suitable alternative for solving facility 

layout design problem. The output of the present work will 

help the decision maker to select the appropriate approach for 

handling the layout design problem. None of the past research 

demonstrated such a comparison between these procedural 

approaches. In future the comparison can be made with 

different factors rating, and also with differ factors. For 

ranking alternatives, some other approach can be implemented 

and a comparison of the final ranking with present work is 

also possible in future.   

 


