List of Tables
Table 1. Parameter settings of the hDMVO	2
Table 2. Data for the 63 activity time-cost trade-off problem	3
Table 3. Analysis results of problem 63a	5
Table 4. Analysis results of problem 63b	6
Table 5. Average percent deviation from the optimal for problem 63a and 63b	7
Table 6. Analysis results of problem 630a	8
Table 7. Analysis results of problem 630b	9
Table 8. Average percent deviation from the optimal for problem 630a and 630b	10



















[bookmark: _Toc122978130]Table 1. Parameter settings of the hDMVO
	[bookmark: _Ref326691901][bookmark: _Toc335832137]Parameter
	Description
	Value

	N
	Number of iterations
	250

	i
	Number of solutions
	200

	min
	Minimum value
	0.2

	max
	Minimum value
	3

	p
	Exploitation rate
	10

	v
	Constant value
	3
























[bookmark: _Toc122978131]Table 2. Data for the 63 activity time-cost trade-off problem
	Action
	Pred
	Dur1
	Cost1
	Dur2
	Cost2
	Dur3
	Cost3
	Dur4
	Cost4
	Dur5
	Cost5

	1
	-
	14
	3750
	12
	4250
	10
	5400
	9
	6250
	-
	-

	2
	-
	21
	11250
	18
	14800
	17
	16200
	15
	19650
	-
	-

	3
	-
	24
	22450
	22
	24900
	19
	27950
	17
	31650
	-
	-

	4
	-
	19
	17800
	17
	19400
	15
	21600
	-
	-
	-
	-

	5
	-
	28
	31180
	26
	34200
	23
	38250
	21
	41400
	-
	-

	6
	1
	44
	54260
	42
	58450
	38
	63225
	35
	68150
	-
	-

	7
	1
	39
	47600
	36
	50750
	33
	54800
	30
	59750
	-
	-

	8
	2
	52
	62140
	47
	69700
	44
	72600
	39
	81750
	-
	-

	9
	3
	63
	72750
	59
	79450
	55
	86250
	51
	91500
	49
	99500

	10
	4
	57
	66500
	53
	70250
	50
	75800
	46
	80750
	41
	86450

	11
	5
	63
	83100
	59
	89450
	55
	97800
	50
	104250
	45
	112400

	12
	6
	68
	75500
	62
	82000
	58
	87500
	53
	91800
	49
	96550

	13
	7
	40
	34250
	37
	38500
	33
	43950
	31
	48750
	-
	-

	14
	8
	33
	52750
	30
	58450
	27
	63400
	25
	66250
	-
	-

	15
	9
	47
	38140
	40
	41500
	35
	47650
	32
	54100
	-
	-

	16
	9,10
	75
	94,600
	70
	101,250
	66
	112,750
	61
	124,500
	57
	132,850

	17
	10
	60
	78450
	55
	84500
	49
	91250
	47
	94640
	-
	-

	18
	10,11
	81
	127,150
	73
	143,250
	66
	154,600
	61
	161,900
	-
	-

	19
	11
	36
	82500
	34
	94800
	30
	101700
	-
	-
	-
	-

	20
	12
	41
	48350
	37
	53250
	34
	59450
	32
	66800
	-
	-

	21
	13
	64
	85250
	60
	92600
	57
	99800
	53
	107500
	49
	113750

	22
	14
	58
	74250
	53
	79100
	50
	86700
	47
	91500
	42
	97400

	23
	15
	43
	66450
	41
	69800
	37
	75800
	33
	81400
	30
	88450

	24
	16
	66
	72500
	62
	78500
	58
	83700
	53
	89350
	49
	96400

	25
	17
	54
	66650
	50
	70100
	47
	74800
	43
	79500
	40
	86800

	26
	18
	84
	93500
	79
	102500
	73
	111250
	68
	119750
	62
	128500

	27
	20
	67
	78500
	60
	86450
	57
	89100
	56
	91500
	53
	94750

	28
	21
	66
	85000
	63
	89750
	60
	92500
	58
	96800
	54
	100500

	29
	22
	76
	92700
	71
	98500
	67
	104600
	64
	109900
	60
	115600

	30
	23
	34
	27500
	32
	29800
	29
	31750
	27
	33800
	26
	36200

	31
	19,25
	96
	145,000
	89
	154,800
	83
	168,650
	77
	179,500
	72
	189,100

	32
	26
	43
	43150
	40
	48300
	37
	51450
	35
	54600
	33
	61450

	33
	26
	52
	61250
	49
	64350
	44
	68750
	41
	74500
	38
	79500

	34
	28,30
	74
	89,250
	71
	93,800
	66
	99,750
	62
	105,100
	57
	114,250

	35
	24,27,29
	138
	183000
	126
	201500
	115
	238000
	103
	283750
	98
	297,500

	36
	24
	54
	47500
	49
	50750
	42
	56800
	38
	62750
	33
	68250

	37
	31
	34
	22500
	32
	24100
	29
	26750
	27
	29800
	24
	31600

	38
	32
	51
	61250
	47
	65800
	44
	71250
	41
	76500
	38
	80400

	39
	33
	67
	81150
	61
	87600
	57
	92100
	52
	97450
	49
	102800

	40
	34
	41
	45250
	39
	48400
	36
	51200
	33
	54700
	31
	58200

	41
	35
	37
	17500
	31
	21200
	27
	26850
	23
	32300
	-
	-

	42
	36
	44
	36400
	41
	39750
	38
	42800
	32
	48300
	30
	50250

	43
	36
	75
	66800
	69
	71200
	63
	76400
	59
	81300
	54
	86200

	44
	37
	82
	102750
	76
	109500
	70
	127000
	66
	136800
	63
	146000

	45
	39
	59
	84750
	55
	91400
	51
	101300
	47
	126500
	43
	142750

	46
	39
	66
	94250
	63
	99500
	59
	108250
	55
	118500
	50
	136000

	47
	40
	54
	73500
	51
	78500
	47
	83600
	44
	88700
	41
	93400

	48
	42
	41
	36750
	39
	39800
	37
	43800
	34
	48500
	31
	53950

	49
	38,41,44
	173
	267500
	159
	289700
	147
	312000
	138
	352500
	121
	397,750

	50
	45
	101
	47800
	74
	61300
	63
	76800
	49
	91500
	-
	-

	51
	46
	83
	84600
	77
	93650
	72
	98500
	65
	104600
	61
	113200

	52
	47
	31
	23150
	28
	27600
	26
	29800
	24
	32750
	21
	35200

	53
	43,48
	39
	31,500
	36
	34,250
	33
	37,800
	29
	41,250
	26
	44,600

	54
	49
	23
	16500
	22
	17800
	21
	19750
	20
	21200
	18
	24300

	55
	52,53
	29
	23,400
	27
	25,250
	26
	26,900
	24
	29,400
	22
	32,500

	56
	50,53
	38
	41,250
	35
	44,650
	33
	47,800
	31
	51,400
	29
	55,450

	57
	51,54
	41
	37,800
	38
	41,250
	35
	45,600
	32
	49,750
	30
	53,400

	58
	52
	24
	12500
	22
	13600
	20
	15250
	18
	16800
	16
	19450

	59
	55
	27
	34600
	24
	37500
	22
	41250
	19
	46750
	17
	50750

	60
	56
	31
	28500
	29
	30500
	27
	33250
	25
	38000
	21
	43800

	61
	56,57
	29
	22,500
	27
	24,750
	25
	27,250
	22
	29,800
	20
	33,500

	62
	60
	25
	38750
	23
	41200
	21
	44750
	19
	49800
	17
	51100

	63
	61
	27
	9500
	26
	9700
	25
	10100
	24
	10800
	22
	12700















[bookmark: _Toc327463071][bookmark: _Toc122978132]Table 3. Analysis results of problem 63a
	No
	SCA
	MVO
	hDMVO

	
	Dur
	Cost
	Dur
	Cost
	Dur
	Cost

	1
	656
	 5,747,490 
	635
	5,475,030
	632
	 5,444,670 

	2
	631
	 5,748,170 
	629
	5,475,980
	638
	 5,445,380 

	3
	626
	 5,761,900 
	637
	5,476,980
	635
	 5,453,820 

	4
	638
	 5,772,130 
	631
	5,477,170
	626
	 5,455,050 

	5
	638
	 5,772,330 
	612
	5,478,790
	635
	 5,455,620 

	6
	650
	 5,775,665 
	636
	5,478,930
	629
	 5,456,190 

	7
	632
	 5,783,255 
	636
	5,479,820
	636
	 5,457,050 

	8
	652
	 5,788,430 
	633
	5,480,820
	630
	 5,457,270 

	9
	628
	 5,798,400 
	632
	5,481,190
	632
	 5,458,260 

	10
	629
	 5,820,580 
	630
	5,481,280
	651
	 5,459,130 

	Pop. size
	200
	200
	200

	Num. of iterations
	250
	250
	250

	Num. of function
evaluation
	50000
	50000
	50000


















[bookmark: _Toc122978133]Table 4. Analysis results of problem 63b
	No
	SCA
	MVO
	hDMVO

	
	Dur
	Cost
	Dur
	Cost
	Dur
	Cost

	1
	628
	6,524,960
	596
	6,252,550
	626
	6,211,720

	2
	623
	6,515,560
	621
	6,252,790
	592
	6,213,340

	3
	607
	6,507,315
	602
	6,253,410
	613
	6,214,290

	4
	601
	6,534,900
	595
	6,254,850
	613
	6,216,270

	5
	602
	6,525,940
	626
	6,255,250
	618
	6,219,720

	6
	588
	6,510,775
	623
	6,255,420
	614
	6,219,780

	7
	618
	6,532,965
	586
	6,256,265
	623
	6,223,840

	8
	614
	6,567,555
	598
	6,256,440
	621
	6,224,580

	9
	617
	6,503,725
	602
	6,256,790
	590
	6,225,290

	10
	571
	6,575,900
	627
	6,257,390
	619
	6,229,130

	Pop. size
	200
	200
	200

	Num. of iterations
	250
	250
	250

	Num. of function
evaluation
	50000
	50000
	50000



















[bookmark: _Toc122978134]Table 5. Average percent deviation from the optimal for problem 63a and 63b
	Algorithm
	63a
	63b

	
	No. of runs
	APD (%)
	No. of runs
	APD (%)

	ACO [18]
	10
	1.30
	10
	0.80

	EMS [18]
	10
	2.13
	10
	2.40

	GA [18]
	10
	5.19
	10
	4.27

	GA [22]
	10
	5.86
	10
	5.16

	HA [22]
	10
	2.61
	10
	2.50

	MAWA-GA [44]
	10
	7.01
	10
	4.07

	MAWA-PSO [44]
	10
	8.38
	10
	7.72

	MAWA-TLBO [44]
	10
	3.62
	10
	1.63

	SCA (This study)
	10
	6.56
	10
	5.73

	MVO (This study)
	10
	1.06
	10
	1.28

	hDMVO (This study)
	10
	0.61
	10
	0.71





















[bookmark: _Toc122978135]Table 6. Analysis results of problem 630a
	No
	SCA
	MVO
	hDMVO

	
	Dur
	Cost
	Dur
	Cost
	Dur
	Cost

	1
	5654
	59,911,250
	6323
	55,080,630
	6317
	54,816,950

	2
	5628
	59,980,560
	6291
	55,082,810
	6306
	54,820,585

	3
	5615
	60,000,610
	6322
	55,099,890
	6330
	54,849,050

	4
	5612
	60,019,530
	6296
	55,110,705
	6300
	54,883,485

	5
	5641
	60,082,860
	6295
	55,111,040
	6324
	54,897,700

	6
	5613
	60,141,055
	6270
	55,122,000
	6311
	54,924,330

	7
	5632
	60,165,040
	6273
	55,122,360
	6322
	54,937,240

	8
	5631
	60,196,945
	6281
	55,135,870
	6339
	54,949,000

	9
	5612
	60,197,985
	6313
	55,190,530
	6355
	54,951,200

	10
	5586
	60,240,730
	6334
	55,199,825
	6291
	54,993,930

	Pop. size
	200
	200
	200

	Num. of iterations
	250
	250
	250

	Num. of function evaluation
	50000
	50000
	50000



















[bookmark: _Toc122978136]Table 7. Analysis results of problem 630b
	No
	SCA
	MVO
	hDMVO

	
	Dur
	Cost
	Dur
	Cost
	Dur
	Cost

	1
	5604
	66,647,315
	6052
	62,742,405
	6097
	62,505,580

	2
	5592
	66,676,865
	6088
	62,759,350
	5991
	62,526,385

	3
	5587
	66,712,740
	5997
	62,763,350
	6020
	62,537,900

	4
	5597
	66,924,805
	6027
	62,783,920
	6117
	62,538,830

	5
	5583
	66,961,860
	6064
	62,798,565
	6042
	62,544,040

	6
	5632
	66,975,580
	6027
	62,815,320
	6056
	62,544,470

	7
	5642
	66,985,310
	6016
	62,827,245
	6105
	62,561,260

	8
	5604
	67,006,655
	6036
	62,839,590
	6015
	62,570,390

	9
	5599
	67,026,155
	5985
	62,843,840
	5998
	62,588,460

	10
	5609
	67,092,830
	6097
	62,863,315
	6060
	62,591,215

	Pop. size
	200
	200
	200

	Num. of iterations
	250
	250
	250

	Num. of function
evaluation
	50000
	50000
	50000



















[bookmark: _Toc122978137]Table 8. Average percent deviation from the optimal for problem 630a and 630b
	Algorithm
	630a
	630b

	
	No. of runs
	APD (%)
	No. of runs
	APD (%)

	GA [18]
	10
	8.83
	10
	7.50

	GASA [18]
	10
	8.84
	10
	7.59

	HGAQSA [18]
	10
	2.41
	10
	2.47

	GMASA [18]
	10
	8.02
	10
	7.56

	GASAVNS [18]
	10
	7.97
	10
	7.38

	PSO [18]
	10
	1.12
	10
	2.20

	ACO [18]
	10
	4.95
	10
	4.56

	ESS [18]
	10
	8.86
	10
	7.70

	GA [22]
	10
	8.83
	10
	7.50

	HA [22]
	10
	2.41
	10
	2.47

	NDS-TLBO [37]
	10
	1.1
	10
	1.51

	SCA (This study)
	10
	10.85
	10
	8.32

	MVO (This study)
	10
	1.69
	10
	1.69

	hDMVO (This study)
	10
	1.27
	10
	1.28
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