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Abstract 

Systematic Layout Planning which is developed by Rechard Muther (1973) uses 
closeness rating as a measure to gauge the relationship between departments. Basically the 
closeness ratings are categorized as six levels based upon the principles of material flow, 
personnel and service etc. The supervisors of the departments are usually the ones who are 
in charge of the assessment of the ratings. However, the rating process is often done based 
on the supervisors’ previous experiences or subjective judgment. This process is not 
scientific. Therefore this study uses a more scientific approach to find out the closeness 
information between departments by using the fuzzy inference technique. After the 
information is obtained, it is incorporated in a quadratic assignment problem for providing a 
systematic layout planning scheme. Through a numerical study, we investigate the solution 
qualities compared with the lower-bound values considering three objective function 
scenarios. Results show the performance is satisfactory. 
 
 
Keywords: Systematic Layout Planning, closed rating, fuzzy, quadratic assignment 

problem. 
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A-B 9 4 6 2 
A-C 7 3 6 1 
A-D 2 1 1 2 
A-E 2 1 2 2 
A-F 5 4 4 1 
A-G 4 3 3 3 
B-C 7 4 5 2 
B-D 1 1 2 4 
B-E 1 2 2 3 
B-F 2 1 2 4 
B-G 3 2 2 4 
C-D 2 2 1 3 
C-E 1 2 2 1 
C-F 3 2 2 1 
C-G 4 3 3 3 
D-E 7 7 5 2 
D-F 4 2 1 4 
D-G 3 3 2 3 
E-F 5 2 3 2 
E-G 4 3 2 3 
F-G 8 3 6 1 
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A-B 1.67 C-D 2.97 

A-C 1.87 C-E 2.96 

A-D 3.36 C-F 2.77 

A-E 3.28 C-G 2.42 

A-F 2.30 D-E 1.89 

A-G 2.42 D-F 2.73 

B-C 1.90 D-G 2.67 

B-D 3.35 E-F 2.36 

B-E 2.97 E-G 2.60 

B-F 3.27 F-G 1.74 

B-G 2.77   
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1 2 3 
4 5 6 
7 

 1 2 3 4 5 6 7 
1 0 1 2 1 2 3 2 
2 1 0 1 2 1 2 3 
3 2 1 0 3 2 1 4 
4 1 2 3 0 1 2 1 
5 2 1 2 1 0 1 2 
6 3 2 1 2 1 0 3 
7 2 3 4 1 2 3 0 
 

 A B C D E F G
A 0 100 100 0 0 150 0 
B 100 0 200 0 0 100 0 
C 100 200 0 100 0 200 0 
D 0 0 100 0 150 100 0 
E 0 0 0 150 0 0 150
F 150 100 200 100 0 0 550
G 0 0 0 0 150 550 0 
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 1 2 3 4 5 6 7 
1 0 1 0 1 0 0 0 
2 1 0 1 0 1 0 0 
3 0 1 0 0 0 1 0 
4 1 0 0 0 1 0 1 
5 0 1 0 1 0 1 0 
6 0 0 1 0 1 0 0 
7 0 0 0 1 0 0 0 
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(3)CRD 
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Lingo (FD)  

MODEL: 
 ! Quadratic machine assignment 

Problem(QAP); 
 ! Solution time (3s); 
 ! 4|1|2; 
 ! 6|3|5; 
 SETS: 
    MACHINES / M1, M2, M3, M4, M5, 

M6, M7/; 
    FACILITIES / F1, F2, F3, F4, F5, F6, 

F7/; 
    ARCS1( FACILITIES, 

FACILITIES)  : DISTANCE; 
    ARCS2( MACHINES, 

MACHINES)  : FLOW; 

    ARCS3( MACHINES, 
FACILITIES) : ASSIGN; 

 ENDSETS 
DATA: 
DISTANCE =0, 1, 2, 1, 2, 3, 2, 
           1, 0, 1, 2, 1, 2, 3, 
           2, 1, 0, 3, 2, 1, 4, 
           1, 2, 3, 0, 1, 2, 1, 
           2, 1, 2, 1, 0, 1, 2, 
           3, 2, 1, 2, 1, 0, 3, 
           2, 3, 4, 1, 2, 3, 0; 
FLOW =0, 100, 100, 0, 0, 150, 0, 
       100, 0, 200, 0, 0, 100, 0, 
       100, 200, 0, 100, 0, 200, 0, 
       0, 0, 100, 0, 150, 100, 0, 
       0, 0, 0,150, 0, 0, 150, 
       150, 100, 200, 100, 0, 0, 550, 
       0, 0, 0, 0, 150, 550, 0; 
ENDDATA 
 ! The objective; 
   MIN = @SUM( ARCS3(I,J):  
       
@SUM( ARCS3(K,L):0.5*FLOW(I,K)*DI
STANCE(J,L)*ASSIGN(I,J)*ASSIGN(K,
L)));              
 ! The FACILITIES assign constraints; 
    @FOR( FACILITIES( J):  
     @SUM( MACHINES( I): 
ASSIGN( I, J)) = 1 
    ); 
 ! The machines assign constraints; 
    @FOR( MACHINES( I):  
     @SUM( FACILITIES( J): 
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ASSIGN( I, J)) = 1 
    ); 
 ! Make OPEN binary(0/1); 
    @FOR( ARCS3: @BIN( ASSIGN)); 
 END 
 
Lingo (TCR) 

MODEL: 
 ! Machine assignment Problem using 
Total closeness ratio(TCR); 
 ! Solution time (1s); 
 ! 6|3|5; 
 ! 4|1|2; 
 SETS: 
    MACHINES / M1, M2, M3, M4, M5, 

M6, M7/; 
    FACILITIES / F1, F2, F3, F4, F5, F6, 

F7/; 
    ARCS1( FACILITIES, 

FACILITIES)  : DISTANCE; 
    ARCS2( MACHINES, 

MACHINES)  : RATIO; 
    ARCS3( MACHINES, FACILITIES) : 

ASSIGN; 
 ENDSETS 
DATA: 
DISTANCE = 0, 1, 0, 1, 0, 0, 0, 
            1, 0, 1, 0, 1, 0, 0, 
            0, 1, 0, 0, 0, 1, 0, 
            1, 0, 0, 0, 1, 0, 1, 
            0, 1, 0, 1, 0, 1, 0, 
            0, 0, 1, 0, 1, 0, 0, 
            0, 0, 0, 1, 0, 0, 0; 

 
RATIO=0, 1.67, 1.87, 3.36, 3.28, 2.3, 2.42, 
1.67, 0, 1.9, 3.35, 2.97, 3.27, 2.77, 
1.87, 1.9,0, 2.97, 2.96, 2.77, 2.42, 
3.36, 3.35, 2.97, 0, 1.89, 2.73, 2.67, 
3.28, 2.97, 2.96, 1.89, 0, 2.36, 2.6, 
2.3, 3.27, 2.77, 2.73, 2.36,0, 1.74, 
2.42, 2.77, 2.42, 2.67, 2.6, 1.74, 0; 
 
ENDDATA 
 
 ! The objective; 
   MAX = @SUM( ARCS3(I,J):  
       
@SUM( ARCS3(K,L):0.5*RATIO(I,K)*D
ISTANCE(J,L)*ASSIGN(I,J)*ASSIGN(K,
L)));              
 ! The FACILITIES assign constraints; 
    @FOR( FACILITIES( J):  
     @SUM( MACHINES( I): 
ASSIGN( I, J)) = 1 
    ); 
 ! The machines assign constraints; 
    @FOR( MACHINES( I):  
     @SUM( FACILITIES( J): 
ASSIGN( I, J)) = 1 
    ); 
 ! Make OPEN binary(0/1); 
    @FOR( ARCS3: @BIN( ASSIGN)); 
 END 
 
Lingo (CRD) 

MODEL: 



 

 

 ! Hybrid machine assignment Problem 
using QAP and TCR; 
SETS: 
    MACHINES / M1, M2, M3, M4, M5, 

M6, M7/; 
    FACILITIES / F1, F2, F3, F4, F5, F6, 

F7/; 
    ARCS1( FACILITIES, 

FACILITIES)  : DISTANCE; 
    ARCS2( MACHINES, 

MACHINES)  : FLOW, RATIO; 
    ARCS3( MACHINES, FACILITIES) : 

ASSIGN; 
 ENDSETS 
DATA: 
! The distance matrix; 
DISTANCE = 0, 1, 2, 1, 2, 3, 2, 

1, 0, 1, 2, 1, 2, 3, 
2, 1, 0, 3, 2, 1, 4, 
1, 2, 3, 0, 1, 2, 1, 
2, 1, 2, 1, 0, 1, 2, 
3, 2, 1, 2, 1, 0, 3, 
2, 3, 4, 1, 2, 3, 0; 

 
FLOW = 0, 100, 100, 0, 0, 150, 0, 

100, 0, 200, 0, 0, 100, 0, 
100, 200, 0, 100, 0, 200, 0, 
0, 0, 100, 0, 150, 100, 0, 
0, 0, 0, 150, 0, 0, 150, 
150, 100, 200, 100, 0, 0, 550, 
0, 0, 0, 0, 150, 550, 0; 

 
RATIO = 0, 1.67, 1.87, 3.36, 3.28, 2.3,  

2.42, 
1.67, 0, 1.9, 3.35, 2.97, 3.27, 2.77, 
1.87, 1.9,0, 2.97, 2.96, 2.77, 2.42, 
3.36, 3.35, 2.97, 0, 1.89, 2.73, 2.67, 
3.28, 2.97, 2.96, 1.89, 0, 2.36, 2.6, 
2.3, 3.27, 2.77, 2.73, 2.36,0, 1.74, 
2.42, 2.77, 2.42, 2.67, 2.6, 1.74, 0; 

W1 = 1; W2=1; 
ENDDATA 
! The objective; 
   MIN = @SUM( ARCS3(I,J):  
       
@SUM( ARCS3(K,L):Wc*(0.5*FLOW(I,
K)*DISTANCE(J,L)*ASSIGN(I,J)*ASSIG
N(K,L))+ 
                   
Wr*(0.5*RATIO(I,K)*DISTANCE(J,L)*A
SSIGN(I,J)*ASSIGN(K,L))));              
 ! The FACILITIES assign constraints; 
    @FOR( FACILITIES( J):  
     @SUM( MACHINES( I): 
ASSIGN( I, J)) = 1 
    ); 
 ! The machines assign constraints; 
    @FOR( MACHINES( I):  
     @SUM( FACILITIES( J): 
ASSIGN( I, J)) = 1 
    ); 
 ! Make OPEN binary(0/1); 
    @FOR( ARCS3: @BIN( ASSIGN)); 
END 
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