Supplemental material A: A Typical LINGO code for data set of Figure 4
DATA:
  TOTAL_NUMBER_OF_MACHINES = 8;
  P = 3;
  UPPER_CELL_SIZE = 3;
  DUPLICATED_MACHINE_3 = 3;
  NUM_DUPLICATED_MACHINE_3 = 3;
ENDDATA
SETS:
  MACHINE /1..TOTAL_NUMBER_OF_MACHINES/;
  LINK( MACHINE, MACHINE ) : SIM_CO, X;
ENDSETS
DATA:
SIM_CO =
!    1       2       3        4       5       6       7       8;
!    1       2     3(1)      3(2)     3(3)      4       5       6;
!=====  =====   =====   =====   =====  =====   =====  =====;
0.000     0.111    0.545    0.545     0.545   0.000   0.250   0.111
0.111     0.000    0.250    0.250     0.250   0.000   0.600   0.000 
0.545     0.250    0.000    -99.0     -99.0   0.273    0.250   0.364
0.545     0.250    -99.0    0.000     -99.0   0.273    0.250   0.364
0.545     0.250    -99.0    -99.0     0.000   0.273    0.250   0.364
0.000     0.000    0.273    0.273    0.273   0.000    0.000   0.750
[bookmark: _GoBack]0.250     0.600    0.250    0.250    0.250   0.000    0.000   0.143
0.111     0.000    0.364    0.364    0.364   0.750    0.143   0.000;
ENDDATA
!========================================================;
MAX = @SUM( LINK( I, J ) : SIM_CO( I, J ) * X( I, J ) );
@FOR( MACHINE( I ) : @SUM( MACHINE( J ) : X( I, J) ) = 1.0 );
@SUM( MACHINE( I ) : X( I, I ) ) = P;
@FOR(MACHINE(J) : @SUM( MACHINE(I) | (I #GE# DUPLICATED_MACHINE_3) #AND# (I #LE# DUPLICATED_MACHINE_3 + NUM_DUPLICATED_MACHINE_3 - 1 ) : X( I, J ) ) <= 1.0 );
@FOR( MACHINE( J ) : @SUM( MACHINE( I ) : X( I, J ) ) <= UPPER_CELL_SIZE * X( J, J ) );
@FOR( LINK( I, J ) : @BIN( X( I, J ) ) );
END


Supplemental material B: Binary block diagonal solution matrices for data set 1 of Table 5

	
	
	Machines

	
	
	1
	
	
	
	
	
	
	
	
	
	1
	1
	1
	1
	2
	2
	2
	2
	2
	1
	1
	1
	1
	1
	2
	2
	2
	2
	
	
	
	
	
	1
	1
	2

	
	
	1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	2
	5
	6
	8
	0
	2
	3
	4
	5
	0
	3
	4
	7
	9
	1
	6
	7
	8
	1
	3
	6
	8
	9
	6
	8
	0

	Parts
	1
	1
	
	
	1
	
	
	
	
	
	
	
	
	1
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	2
	1
	
	
	
	
	1
	1
	1
	1
	1
	1
	
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	4
	1
	
	
	
	
	
	
	
	1
	
	1
	
	
	1
	1
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	6
	1
	1
	
	1
	
	
	1
	
	1
	1
	1
	
	1
	1
	1
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	8
	1
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	1
	
	
	1
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	

	
	9
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	

	
	11
	1
	1
	
	1
	
	
	
	1
	1
	
	1
	
	1
	1
	1
	
	
	1
	1
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	

	
	12
	1
	
	
	1
	1
	
	
	
	1
	
	
	
	1
	1
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	13
	1
	
	1
	
	
	1
	
	
	1
	
	1
	
	1
	1
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	19
	1
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	20
	1
	
	
	1
	
	
	
	1
	1
	
	
	
	1
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	22
	1
	
	1
	1
	
	
	
	
	1
	
	
	
	1
	1
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	25
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	26
	1
	1
	
	1
	
	1
	
	1
	1
	1
	
	
	1
	1
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	27
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	39
	1
	
	1
	
	
	1
	
	
	1
	1
	1
	
	1
	1
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	42
	
	
	
	
	
	
	
	
	1
	1
	1
	
	
	1
	1
	
	
	
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	48
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	1
	1

	
	7
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	1
	1
	
	
	
	
	
	
	
	1
	
	1
	
	1
	
	

	
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	1
	1

	
	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	
	
	
	

	
	15
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	1
	
	
	
	

	
	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	1
	
	1
	
	
	
	1
	
	1
	
	
	1
	1

	
	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	1

	
	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	1
	
	
	1
	
	1
	
	
	1
	1

	
	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1

	
	23
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1
	1

	
	24
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	1
	
	
	1
	
	
	1
	1

	
	28
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	

	
	29
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	1
	
	
	
	1
	
	
	
	
	
	
	1
	
	
	
	

	
	31
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	32
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	

	
	33
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1
	
	1
	
	
	
	1

	
	34
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	
	
	
	1

	
	35
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	1
	1

	
	36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	37
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	
	

	
	38
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	1
	
	
	
	1

	
	40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	
	
	
	

	
	41
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	

	
	43
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	1

	
	44
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	1

	
	45
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	
	
	
	

	
	46
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	1

	
	47
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	1

	
	49
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	
	
	1
	
	
	1

	
	50
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	1
	
	1
	1
	
	1
	1

	
	51
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	1
	
	1
	
	
	
	1



Figure 12.  Binary solution matrix to scenario I of data set 1 by our model using Jaccard coefficient
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Figure 13.  Binary solution matrix to scenario I of data set 1 by our model using Hemming metric
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Figure 14.  Binary solution matrix to scenario II of data set 1 by our model using Jaccard coefficient
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Figure 15.  Binary solution matrix to scenario II of data set 1 by our model using Hemming metric
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Figure 16. Binary solution matrix to scenario III of data set 1 by our model using Jaccard coefficient
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Figure 17. Binary solution matrix to scenario III of data set 1 by our model using Hemming metric
