Table 3-1 Complete results of Classical set
	[bookmark: _Hlk158364220]Algorithm*
	Greater than zero in all iterations
	Sum of all iterations
	Strictly 
monotonically increasing
	Strictly 
monotonically decreasing
	Monotonically unchanged
	Efficient iteration

	
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	

	CHIO
	√
	√
	√
	√
	52
	49
	56
	64
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	ESDA
	√
	√
	√
	√
	36
	34
	45
	31
	
	
	
	
	
	
	
	
	√
	
	
	
	500

	BES
	√
	√
	√
	√
	36
	35
	43
	28
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	MRFO
	√
	√
	√
	√
	30
	29
	30
	38
	√
	√
	√
	
	
	
	
	
	
	
	
	
	300

	FBI
	√
	√
	√
	√
	28
	26
	34
	29
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SFS
	√
	√
	√
	√
	28
	27
	36
	27
	
	
	
	
	
	
	
	
	
	
	
	
	800

	CAPSA
	√
	√
	√
	√
	28
	26
	30
	13
	
	√
	
	√
	
	
	
	
	
	
	
	
	500

	RSO
	√
	√
	√
	√
	26
	26
	31
	24
	
	
	
	
	
	
	
	
	
	
	
	
	800

	GTO
	√
	√
	√
	√
	26
	24
	27
	19
	
	
	
	√
	
	
	
	
	
	
	
	
	300

	POA
	√
	√
	√
	
	25
	21
	29
	12
	√
	
	
	
	
	
	
	
	
	
	
	
	300

	BWOA
	√
	√
	√
	√
	24
	23
	32
	24
	
	
	
	
	
	
	
	
	
	
	
	
	500

	DOA
	√
	√
	√
	√
	24
	23
	29
	18
	
	
	
	
	
	
	
	
	
	
	
	
	50

	SCSO
	√
	√
	√
	√
	24
	23
	23
	13
	
	
	
	
	
	
	
	
	
	
	
	
	500

	MPA
	√
	√
	√
	
	24
	22
	25
	5
	√
	
	
	
	
	
	
	
	
	
	
	
	800

	TSO
	√
	√
	√
	√
	23
	22
	23
	23
	
	
	
	
	
	
	
	
	
	
	
	
	800

	HBA
	√
	√
	√
	√
	23
	22
	24
	16
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SOS
	√
	√
	√
	√
	23
	22
	30
	13
	
	
	
	√
	
	
	
	
	
	
	
	
	800

	HHO
	√
	√
	√
	√
	23
	21
	29
	11
	
	
	
	
	
	
	
	
	
	
	
	
	500

	CSAB
	√
	√
	√
	√
	22
	21
	29
	22
	
	
	
	√
	
	
	
	
	
	
	
	
	500

	SDO
	√
	√
	√
	√
	22
	20
	30
	18
	
	
	
	√
	
	
	
	
	
	√
	
	
	800

	AHA
	√
	√
	√
	√
	22
	23
	30
	15
	
	
	
	√
	
	
	
	
	
	
	
	
	800

	NGO
	√
	√
	√
	√
	22
	20
	31
	12
	
	
	
	
	
	
	
	
	
	
	
	
	800

	ABC
	√
	√
	√
	
	22
	18
	21
	0
	
	√
	
	
	
	
	
	
	
	
	
	√
	30

	COOT
	√
	√
	√
	√
	21
	20
	21
	26
	
	
	
	
	
	
	
	
	
	
	
	
	500

	HPO
	√
	√
	√
	√
	21
	20
	28
	17
	
	
	
	√
	
	
	
	
	
	√
	
	
	500

	HGS
	√
	√
	√
	
	21
	19
	45
	13
	√
	
	
	
	
	
	
	
	
	
	
	
	800

	CGO
	√
	√
	√
	√
	21
	20
	40
	12
	
	
	√
	
	
	
	
	
	
	
	
	
	500

	TSOO
	√
	√
	√
	√
	21
	17
	26
	11
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SNS
	√
	√
	√
	
	21
	18
	26
	9
	√
	
	
	
	
	
	
	
	
	
	
	
	800

	DMOA
	√
	√
	√
	√
	21
	20
	21
	7
	
	
	
	
	
	
	
	
	
	√
	
	
	30

	AJSO
	√
	√
	√
	√
	20
	19
	20
	23
	
	
	
	
	
	
	
	
	
	
	
	
	800

	WOA
	√
	√
	√
	√
	20
	19
	20
	22
	
	
	
	
	
	
	
	
	
	
	
	
	800

	BSA
	√
	√
	√
	√
	20
	21
	24
	21
	
	
	
	√
	
	
	
	
	
	
	
	
	500

	BAS
	√
	√
	√
	
	20
	20
	20
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	JSOA
	√
	√
	√
	√
	19
	17
	44
	18
	
	
	√
	√
	
	
	
	
	
	
	
	
	30

	GBO
	√
	√
	√
	
	19
	18
	28
	12
	
	
	
	
	
	
	
	
	
	
	
	
	800

	ARO
	√
	√
	√
	
	19
	18
	23
	11
	
	
	
	√
	
	
	
	
	
	
	
	
	800

	BWO
	√
	√
	√
	√
	18
	18
	26
	18
	
	
	
	
	
	
	
	
	
	
	
	
	500

	GOLDSA
	√
	√
	√
	√
	18
	15
	30
	17
	√
	
	
	√
	
	
	
	
	
	
	
	
	500

	INFO
	√
	√
	√
	√
	18
	18
	29
	13
	
	
	
	
	
	
	
	
	
	
	
	
	500

	GJO
	√
	√
	√
	
	18
	15
	23
	6
	
	
	
	
	
	
	
	
	
	
	
	
	300

	GWO
	√
	√
	√
	
	18
	17
	18
	5
	
	
	
	
	
	
	
	
	
	
	
	
	300

	YSGA
	√
	√
	√
	
	18
	17
	27
	3
	
	
	
	
	
	
	
	
	
	
	
	
	800

	MSA
	√
	√
	√
	√
	17
	16
	31
	13
	
	
	
	
	
	
	
	
	
	
	
	
	300

	TSA
	√
	√
	√
	√
	17
	16
	18
	7
	
	
	
	
	
	
	
	
	
	√
	
	
	800

	POAA
	√
	√
	√
	√
	17
	15
	18
	6
	
	
	√
	
	
	
	
	
	
	
	
	
	500

	SALPSA
	√
	√
	√
	√
	16
	15
	16
	17
	
	
	
	
	
	
	
	
	
	
	
	
	300

	TSOA
	√
	√
	√
	√
	16
	16
	16
	17
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	HBO
	√
	√
	√
	
	16
	13
	19
	5
	
	
	
	
	
	
	
	
	√
	
	
	
	800

	ICA
	√
	√
	√
	
	16
	13
	22
	3
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SA
	√
	√
	√
	
	16
	14
	19
	2
	
	
	
	
	
	
	
	
	
	
	
	
	300

	BSO
	√
	√
	√
	√
	15
	13
	21
	13
	
	
	
	
	
	
	
	
	
	
	
	
	800

	AO
	√
	√
	√
	√
	15
	10
	25
	10
	
	
	
	
	
	
	
	
	
	
	
	
	800

	AMO
	√
	√
	√
	
	15
	12
	20
	6
	
	
	
	
	
	
	
	
	
	√
	
	
	300

	WHO
	√
	√
	√
	
	15
	15
	26
	6
	
	
	
	
	
	
	
	
	
	
	
	
	500

	CRYSTAL
	√
	√
	√
	
	15
	15
	22
	3
	√
	
	
	
	
	
	
	
	
	
	
	
	800

	CSA
	√
	√
	√
	
	15
	14
	20
	2
	
	
	
	
	
	
	
	
	
	
	
	
	800

	CSOA
	√
	√
	√
	
	15
	14
	17
	1
	
	
	
	
	
	
	
	
	
	
	
	
	800

	KHA
	√
	√
	√
	√
	14
	14
	14
	18
	
	
	
	
	
	
	
	
	
	
	
	
	300

	GOA
	√
	√
	√
	√
	14
	13
	14
	17
	
	
	
	
	
	
	
	
	
	
	
	
	800

	PFA
	√
	√
	√
	√
	14
	12
	21
	4
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	SEHO
	√
	√
	√
	√
	14
	12
	17
	4
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	TEO
	√
	√
	√
	
	14
	10
	21
	4
	
	
	
	
	
	
	
	
	
	
	
	
	800

	TLBO
	√
	√
	√
	
	14
	13
	24
	3
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SSO
	√
	√
	√
	√
	13
	13
	13
	14
	
	
	
	
	
	
	
	
	
	
	
	
	500

	BDO
	√
	√
	√
	
	13
	13
	26
	9
	
	
	
	
	
	
	
	
	
	
	
	
	800

	MA
	√
	√
	√
	
	13
	12
	21
	4
	
	
	
	
	
	
	
	
	
	
	
	
	800

	FA
	√
	√
	√
	
	13
	13
	20
	1
	
	
	
	
	
	
	
	
	
	
	
	
	300

	TFWO
	√
	√
	√
	
	13
	10
	20
	1
	
	
	
	
	
	
	
	
	
	
	
	
	800

	CSO
	√
	√
	√
	
	13
	11
	21
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	FPA
	√
	√
	√
	
	13
	12
	16
	0
	√
	
	
	
	
	
	
	
	
	
	
	√
	800

	GPC
	√
	√
	√
	
	13
	13
	14
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	AOAA
	√
	√
	√
	√
	12
	12
	17
	10
	
	
	
	
	
	
	
	
	
	
	
	
	500

	AEFA
	
	
	√
	
	12
	9
	17
	4
	√
	
	
	
	
	
	
	
	
	
	
	
	800

	SFLA
	√
	√
	√
	√
	12
	12
	24
	4
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	SO
	√
	√
	√
	
	12
	12
	29
	4
	
	
	√
	
	
	
	
	
	√
	√
	
	
	800

	CSAE
	√
	√
	√
	
	12
	12
	22
	3
	
	
	√
	
	
	
	
	
	√
	√
	
	
	800

	MFO
	√
	√
	√
	
	12
	11
	16
	3
	
	
	
	
	
	
	
	
	√
	
	
	
	300

	AOS
	√
	√
	√
	
	12
	10
	27
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	IWO
	√
	√
	√
	
	12
	12
	12
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	CPA
	√
	√
	√
	√
	11
	11
	21
	4
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	CSAC
	√
	√
	√
	
	11
	11
	15
	2
	
	
	
	
	
	
	
	
	
	
	
	
	800

	COA
	
	
	√
	
	11
	11
	13
	1
	√
	
	√
	
	
	
	
	
	
	
	
	
	800

	WDO
	√
	√
	√
	
	11
	9
	23
	1
	
	
	
	
	
	
	
	
	
	
	
	
	500

	BBO
	√
	√
	√
	
	11
	10
	17
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	DA
	√
	√
	√
	
	11
	11
	17
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	GSA
	√
	√
	√
	√
	10
	9
	14
	4
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	CHOA
	√
	√
	√
	
	10
	9
	11
	1
	
	
	
	
	
	
	
	
	
	
	
	
	800

	PSO
	√
	
	√
	
	10
	3
	18
	0
	√
	
	
	
	
	
	
	
	
	
	
	√
	500

	SOA
	√
	√
	√
	
	10
	8
	16
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	LAPO
	√
	√
	√
	
	9
	5
	15
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	PPA
	√
	√
	√
	
	9
	8
	19
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	STOA
	√
	√
	√
	
	9
	8
	13
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	WSO
	√
	√
	√
	√
	8
	6
	22
	5
	
	
	
	
	
	
	
	
	
	
	
	
	80

	JAYA
	√
	√
	√
	
	8
	4
	14
	0
	
	
	√
	
	
	
	
	
	
	√
	
	√
	800

	MGA
	
	
	√
	
	8
	5
	15
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	RUN
	
	
	√
	
	8
	7
	13
	0
	√
	
	
	
	
	
	
	
	
	
	
	√
	800

	SCA
	√
	√
	√
	
	8
	7
	13
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	SPBO
	√
	
	√
	
	8
	6
	16
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	ALO
	√
	√
	√
	√
	7
	7
	7
	12
	
	
	
	
	
	
	
	
	
	
	
	
	80

	BA
	
	
	√
	
	7
	7
	17
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	AOA
	√
	
	√
	
	6
	5
	22
	2
	
	
	
	
	
	
	
	
	
	
	
	
	500

	RSA
	
	
	
	√
	5
	5
	5
	14
	
	
	
	
	
	
	
	
	
	
	
	
	800

	ASO
	√
	√
	√
	
	5
	5
	19
	2
	
	
	
	
	
	
	
	
	
	
	
	
	100

	AVOA
	
	
	√
	
	5
	3
	15
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	MVO
	
	
	√
	
	5
	1
	14
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	SSA
	
	
	√
	
	5
	5
	34
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	100

	FSA
	
	
	√
	
	4
	3
	39
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	10

	TSAA
	
	
	√
	
	2
	2
	17
	3
	
	
	
	
	
	
	
	
	
	
	
	
	300

	DE
	
	
	√
	
	2
	1
	11
	0
	
	
	√
	
	
	
	
	
	
	
	
	√
	800

	GEO
	
	
	√
	
	2
	0
	10
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	FDO
	
	
	√
	
	1
	1
	13
	1
	
	
	
	
	
	
	
	
	
	
	
	
	800

	EPO
	
	
	√
	
	1
	0
	11
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	LSO
	
	
	√
	
	1
	1
	16
	0
	
	
	√
	
	
	
	
	
	
	
	
	√
	800

	SMA
	
	
	√
	
	1
	0
	26
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	CSAF
	
	
	
	√
	0
	0
	0
	23
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	LSA
	
	
	
	√
	0
	0
	0
	23
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	SBO
	
	
	
	√
	0
	0
	0
	23
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	SHO
	
	
	
	√
	0
	0
	0
	23
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	SQLSA
	
	
	
	√
	0
	0
	0
	23
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	FOAA
	
	
	
	
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	EHO
	
	
	
	
	0
	0
	2
	1
	
	
	
	
	
	
	
	
	√
	√
	
	
	800

	GA
	
	
	
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	Total
	98
	95
	114
	56
	[bookmark: OLE_LINK52]8#
	11#
	6#
	30#
	12
	3
	10
	11
	0
	0
	0
	0
	19
	25
	9
	37
	


[bookmark: OLE_LINK61][bookmark: OLE_LINK14][bookmark: _Hlk158364554]*The listed orders of the algorithms are the orders of their quantitative performance obtained by sorting MS and SS in "Sum of all iterations" as the first and second keywords in descending; underline means the quantitative performance of the algorithms at the top 15% of all the types; and bold-italics indicates the algorithms with both quantitative and numerical performance reaching the top 15% of hybrid type. #These counts are the numbers of MS, WS, BS and SS for all iterations being zero, respectively.


Table S1 The details of hybrid dimensionality in Classical set
	Algorithm
	100
	300
	500
	800
	Monotonically increasing
	Monotonically decreasing

	[bookmark: _Hlk157069165]
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS

	ABC
	5
	3
	5
	0
	6
	4
	5
	0
	5
	5
	5
	0
	6
	6
	6
	0
	
	√
	√
	
	
	
	
	

	AEFA
	0
	0
	4
	0
	3
	3
	4
	1
	4
	3
	4
	1
	5
	3
	5
	2
	√
	√
	√
	√
	
	
	
	

	AHA
	5
	5
	7
	2
	5
	5
	7
	3
	6
	7
	7
	4
	6
	6
	9
	6
	√
	
	√
	√
	
	
	
	

	AJSO
	4
	4
	4
	6
	4
	4
	4
	6
	5
	5
	5
	5
	7
	6
	7
	6
	√
	√
	√
	
	
	
	
	

	ALO
	1
	1
	1
	3
	2
	2
	2
	1
	2
	2
	2
	4
	2
	2
	2
	4
	√
	√
	√
	
	
	
	
	

	AMO
	3
	3
	4
	0
	3
	3
	4
	2
	4
	3
	5
	2
	5
	3
	7
	2
	√
	
	√
	√
	
	
	
	

	AO
	4
	2
	5
	2
	4
	3
	6
	3
	4
	3
	6
	2
	3
	2
	8
	3
	
	
	√
	
	√
	
	
	

	AOA
	1
	0
	5
	0
	1
	1
	5
	0
	2
	2
	5
	1
	2
	2
	7
	1
	√
	√
	√
	√
	
	
	
	

	AOAA
	3
	3
	4
	1
	2
	2
	4
	3
	4
	4
	5
	3
	3
	3
	4
	3
	
	
	
	√
	
	
	
	

	AOS
	3
	2
	5
	0
	3
	2
	7
	0
	3
	3
	7
	0
	3
	3
	8
	0
	
	√
	√
	
	
	
	
	

	ARO
	3
	3
	3
	0
	5
	5
	6
	2
	5
	5
	6
	4
	6
	5
	8
	5
	√
	√
	√
	√
	
	
	
	

	ASO
	1
	1
	4
	0
	1
	1
	4
	0
	2
	2
	5
	1
	1
	1
	6
	1
	
	
	√
	√
	
	
	
	

	AVOA
	0
	0
	4
	0
	1
	1
	3
	0
	2
	1
	3
	0
	2
	1
	5
	0
	√
	√
	
	
	
	
	
	

	BA
	1
	1
	3
	0
	0
	0
	3
	0
	3
	3
	5
	0
	3
	3
	6
	0
	
	
	√
	
	
	
	
	

	BAS
	5
	5
	5
	0
	5
	5
	5
	0
	5
	5
	5
	0
	5
	5
	5
	0
	
	
	
	
	
	
	
	

	BBO
	3
	3
	4
	0
	2
	2
	4
	0
	3
	3
	4
	0
	3
	2
	5
	0
	
	
	√
	
	
	
	
	

	BDO
	3
	3
	6
	0
	4
	4
	5
	4
	3
	3
	7
	1
	3
	3
	8
	4
	
	
	
	
	
	
	
	

	BES
	7
	6
	9
	7
	9
	9
	11
	7
	9
	9
	10
	7
	11
	11
	13
	7
	√
	√
	
	
	
	
	
	

	BSA
	5
	5
	5
	3
	4
	4
	5
	4
	5
	5
	5
	6
	6
	7
	9
	8
	
	
	√
	√
	
	
	
	

	BSO
	2
	1
	4
	3
	4
	4
	5
	3
	5
	4
	5
	3
	4
	4
	7
	4
	
	√
	√
	√
	
	
	
	

	BWO
	3
	2
	5
	3
	4
	6
	6
	3
	4
	4
	5
	5
	7
	6
	10
	7
	√
	
	
	√
	
	
	
	

	BWOA
	5
	4
	5
	3
	4
	4
	8
	5
	7
	7
	8
	8
	8
	8
	11
	8
	
	√
	√
	√
	
	
	
	

	CAPSA
	6
	5
	7
	1
	6
	6
	7
	3
	7
	7
	7
	4
	9
	8
	9
	5
	√
	√
	√
	√
	
	
	
	

	CGO
	4
	4
	7
	2
	5
	5
	9
	3
	5
	5
	11
	3
	7
	6
	13
	4
	√
	√
	√
	√
	
	
	
	

	CHIO
	12
	12
	12
	16
	12
	12
	16
	16
	13
	12
	14
	16
	15
	13
	14
	16
	√
	√
	
	
	
	
	
	

	CHOA
	2
	2
	3
	0
	2
	2
	2
	1
	2
	2
	2
	0
	4
	3
	4
	0
	√
	√
	
	
	
	
	
	

	COA
	0
	0
	1
	0
	2
	2
	3
	1
	4
	5
	4
	0
	5
	4
	5
	0
	√
	
	√
	
	
	
	
	

	COOT
	4
	4
	4
	6
	5
	5
	5
	7
	5
	5
	5
	4
	7
	6
	7
	9
	√
	√
	√
	
	
	
	
	

	CPA
	3
	3
	5
	1
	3
	3
	5
	1
	3
	3
	5
	1
	2
	2
	6
	1
	
	
	√
	
	√
	√
	
	

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

	CSA
	3
	3
	4
	0
	3
	4
	5
	0
	4
	4
	5
	1
	5
	3
	6
	1
	√
	
	√
	√
	
	
	
	

	CSAB
	5
	4
	6
	3
	5
	5
	6
	5
	5
	5
	7
	6
	7
	7
	10
	8
	√
	√
	√
	√
	
	
	
	

	CSAC
	3
	3
	3
	1
	2
	2
	3
	0
	3
	3
	4
	1
	3
	3
	5
	0
	
	
	√
	
	
	
	
	

	CSAE
	3
	3
	4
	0
	3
	3
	5
	1
	3
	3
	6
	1
	3
	3
	7
	1
	
	
	√
	√
	
	
	
	

	CSAF
	0
	0
	0
	5
	0
	0
	0
	3
	0
	0
	0
	7
	0
	0
	0
	8
	
	
	
	
	
	
	
	

	CSO
	3
	3
	4
	0
	3
	3
	4
	0
	3
	3
	6
	0
	4
	2
	7
	0
	√
	
	√
	
	
	√
	
	

	CSOA
	3
	3
	4
	0
	3
	3
	4
	0
	4
	4
	4
	0
	5
	4
	5
	1
	√
	√
	√
	√
	
	
	
	

	DA
	2
	2
	4
	0
	3
	3
	4
	0
	3
	3
	4
	0
	3
	3
	5
	0
	√
	√
	√
	
	
	
	
	

	DE
	0
	0
	1
	0
	0
	0
	2
	0
	1
	0
	3
	0
	1
	1
	5
	0
	√
	√
	√
	
	
	
	
	

	DMOA
	5
	5
	5
	1
	5
	5
	5
	2
	5
	5
	5
	2
	6
	5
	6
	2
	√
	
	√
	√
	
	
	
	

	DOA
	6
	6
	6
	2
	6
	5
	7
	4
	5
	5
	7
	7
	7
	7
	9
	5
	
	
	√
	
	
	
	
	

	EHO
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	2
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	EPO
	0
	0
	3
	0
	0
	0
	2
	0
	0
	0
	2
	0
	1
	0
	4
	0
	√
	
	
	
	
	
	
	

	ESDA
	9
	8
	11
	7
	9
	8
	11
	8
	9
	9
	11
	8
	9
	9
	12
	8
	
	√
	√
	√
	
	
	
	

	FA
	3
	3
	5
	0
	3
	3
	4
	0
	3
	3
	5
	0
	4
	4
	6
	1
	√
	√
	
	√
	
	
	
	

	FBI
	5
	5
	7
	4
	5
	5
	7
	7
	7
	7
	9
	9
	11
	9
	11
	9
	√
	√
	√
	√
	
	
	
	

	FDO
	0
	0
	3
	0
	1
	1
	4
	0
	0
	0
	3
	0
	0
	0
	3
	1
	
	
	
	√
	
	
	
	

	FOAA
	0
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	FPA
	1
	1
	3
	0
	3
	4
	4
	0
	4
	4
	4
	0
	5
	3
	5
	0
	√
	
	√
	
	
	
	
	

	FSA
	0
	0
	8
	0
	1
	1
	8
	0
	2
	1
	10
	0
	1
	1
	13
	0
	
	√
	√
	
	
	
	
	

	GA
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	3
	0
	
	
	
	
	
	
	
	

	GBO
	3
	3
	6
	0
	5
	5
	7
	4
	5
	5
	7
	4
	6
	5
	8
	4
	√
	√
	√
	√
	
	
	
	

	GEO
	0
	0
	2
	0
	0
	0
	1
	0
	1
	0
	3
	0
	1
	0
	4
	0
	√
	
	
	
	
	
	
	

	GJO
	3
	2
	4
	0
	5
	4
	6
	2
	5
	4
	7
	2
	5
	5
	6
	2
	√
	√
	
	√
	
	
	
	

	GOA
	3
	3
	3
	6
	3
	3
	3
	3
	3
	3
	3
	4
	5
	4
	5
	4
	√
	√
	√
	
	
	
	
	

	GOLDSA
	2
	3
	6
	2
	4
	3
	6
	3
	5
	3
	9
	5
	7
	6
	9
	7
	√
	√
	√
	√
	
	
	
	

	GPC
	3
	3
	4
	0
	3
	3
	3
	0
	3
	3
	3
	0
	4
	4
	4
	0
	√
	√
	
	
	
	
	
	

	GSA
	2
	1
	4
	1
	2
	2
	3
	1
	3
	3
	3
	1
	3
	3
	4
	1
	√
	√
	
	
	
	
	
	

	GTO
	5
	4
	6
	3
	6
	6
	6
	4
	6
	6
	6
	5
	9
	8
	9
	7
	√
	√
	√
	√
	
	
	
	

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

	HBA
	5
	5
	5
	4
	5
	5
	5
	3
	6
	6
	6
	3
	7
	6
	8
	6
	√
	√
	√
	
	
	
	
	

	HBO
	4
	3
	4
	0
	4
	3
	4
	1
	4
	4
	4
	2
	4
	3
	7
	2
	
	
	√
	√
	
	
	
	

	HGS
	3
	3
	10
	0
	5
	5
	11
	4
	6
	5
	11
	4
	7
	6
	13
	5
	√
	√
	√
	√
	
	
	
	

	HHO
	6
	5
	7
	2
	6
	5
	7
	3
	6
	6
	7
	3
	5
	5
	8
	3
	
	
	√
	√
	√
	
	
	

	HPO
	5
	5
	6
	2
	5
	5
	7
	4
	6
	5
	7
	5
	5
	5
	8
	6
	
	
	√
	√
	
	
	
	

	ICA
	4
	3
	5
	0
	2
	2
	5
	1
	5
	4
	5
	1
	5
	4
	7
	1
	
	
	√
	√
	
	
	
	

	INFO
	3
	3
	7
	1
	5
	5
	7
	4
	5
	5
	7
	4
	5
	5
	8
	4
	√
	√
	√
	√
	
	
	
	

	IWO
	3
	3
	3
	0
	3
	3
	3
	0
	3
	3
	3
	0
	3
	3
	3
	0
	
	
	
	
	
	
	
	

	JAYA
	1
	1
	2
	0
	3
	1
	3
	0
	2
	1
	4
	0
	2
	1
	5
	0
	
	
	√
	
	
	
	
	

	JSOA
	4
	4
	9
	3
	6
	4
	10
	4
	5
	5
	11
	5
	4
	4
	14
	6
	
	
	√
	√
	
	
	
	

	KHA
	3
	3
	3
	4
	3
	3
	3
	5
	4
	4
	4
	4
	4
	4
	4
	5
	√
	√
	√
	
	
	
	
	

	LAPO
	1
	1
	3
	0
	2
	2
	3
	0
	2
	1
	4
	0
	4
	1
	5
	0
	√
	
	√
	
	
	
	
	

	LSA
	0
	0
	0
	5
	0
	0
	0
	3
	0
	0
	0
	7
	0
	0
	0
	8
	
	
	
	
	
	
	
	

	LSO
	0
	0
	1
	0
	0
	0
	3
	0
	0
	0
	5
	0
	1
	1
	7
	0
	√
	√
	√
	
	
	
	
	

	MA
	2
	2
	5
	0
	3
	3
	5
	1
	4
	4
	5
	1
	4
	3
	6
	2
	√
	
	√
	√
	
	
	
	

	MFO
	3
	3
	4
	0
	3
	3
	3
	1
	3
	3
	4
	1
	3
	2
	5
	1
	
	
	
	√
	
	√
	
	

	MGA
	0
	0
	2
	0
	1
	0
	4
	0
	4
	2
	4
	0
	3
	3
	5
	0
	
	√
	√
	
	
	
	
	

	MPA
	4
	3
	5
	0
	5
	5
	5
	0
	7
	7
	7
	2
	8
	7
	8
	3
	√
	√
	√
	√
	
	
	
	

	MRFO
	5
	5
	5
	6
	6
	6
	6
	12
	8
	8
	8
	11
	11
	10
	11
	9
	√
	√
	√
	
	
	
	
	

	MSA
	4
	4
	7
	2
	3
	3
	7
	3
	5
	5
	8
	3
	5
	4
	9
	5
	
	
	√
	√
	
	
	
	

	MVO
	1
	0
	4
	0
	0
	0
	3
	0
	2
	0
	3
	0
	2
	1
	4
	0
	
	√
	
	
	
	
	
	

	NGO
	4
	4
	7
	2
	6
	5
	7
	3
	6
	5
	8
	3
	6
	6
	9
	4
	√
	√
	√
	√
	
	
	
	

	PFA
	3
	3
	4
	1
	3
	3
	5
	1
	4
	3
	5
	1
	4
	3
	7
	1
	√
	
	√
	
	
	
	
	

	POA
	4
	3
	7
	0
	6
	5
	7
	3
	7
	7
	7
	3
	8
	6
	8
	6
	√
	
	√
	√
	
	
	
	

	POAA
	3
	3
	3
	1
	3
	3
	4
	1
	5
	4
	5
	2
	6
	5
	6
	2
	√
	√
	√
	√
	
	
	
	

	PPA
	2
	2
	4
	0
	1
	1
	4
	0
	3
	2
	5
	0
	3
	3
	6
	0
	
	
	√
	
	
	
	
	

	PSO
	1
	0
	3
	0
	2
	1
	5
	0
	3
	1
	5
	0
	4
	1
	5
	0
	√
	√
	√
	
	
	
	
	

	RSA
	0
	0
	0
	3
	3
	3
	3
	3
	0
	0
	0
	5
	2
	2
	2
	3
	
	
	
	
	
	
	
	

	RSO
	7
	7
	8
	5
	8
	8
	8
	7
	5
	5
	8
	5
	6
	6
	7
	7
	
	
	
	
	
	
	√
	

	RUN
	0
	0
	2
	0
	1
	1
	3
	0
	3
	3
	3
	0
	4
	3
	5
	0
	√
	√
	√
	
	
	
	
	

	SA
	3
	3
	4
	0
	4
	4
	4
	0
	4
	4
	5
	0
	5
	3
	6
	2
	√
	
	√
	√
	
	
	
	

	SALPSA
	3
	3
	3
	2
	4
	4
	4
	4
	4
	4
	4
	7
	5
	4
	5
	4
	√
	√
	√
	
	
	
	
	

	SBO
	0
	0
	0
	5
	0
	0
	0
	3
	0
	0
	0
	7
	0
	0
	0
	8
	
	
	
	
	
	
	
	

	SCA
	2
	1
	3
	0
	2
	2
	3
	0
	2
	2
	3
	0
	2
	2
	4
	0
	
	√
	√
	
	
	
	
	

	SCSO
	5
	5
	5
	2
	5
	5
	5
	4
	7
	6
	6
	3
	7
	7
	7
	4
	√
	√
	√
	
	
	
	
	

	SDO
	5
	5
	6
	2
	5
	5
	7
	3
	6
	5
	7
	6
	6
	5
	10
	7
	√
	
	√
	√
	
	
	
	

	SEHO
	3
	3
	4
	1
	4
	3
	4
	1
	4
	3
	4
	1
	3
	3
	5
	1
	
	
	√
	
	
	
	
	

	SFLA
	3
	3
	5
	1
	3
	3
	5
	1
	3
	3
	6
	1
	3
	3
	8
	1
	
	
	√
	
	
	
	
	

	SFS
	5
	5
	7
	3
	5
	5
	7
	6
	7
	7
	10
	9
	11
	10
	12
	9
	√
	√
	√
	√
	
	
	
	

	SHO
	0
	0
	0
	5
	0
	0
	0
	3
	0
	0
	0
	7
	0
	0
	0
	8
	
	
	
	
	
	
	
	

	SMA
	0
	0
	2
	0
	1
	0
	10
	0
	0
	0
	6
	0
	0
	0
	8
	0
	
	
	
	
	
	
	
	

	SNS
	3
	3
	4
	0
	5
	5
	7
	3
	6
	5
	7
	3
	7
	5
	8
	3
	√
	√
	√
	√
	
	
	
	

	SO
	3
	3
	5
	0
	3
	3
	7
	2
	3
	3
	8
	1
	3
	3
	9
	1
	
	
	√
	
	
	
	
	

	SOA
	2
	1
	4
	0
	2
	2
	3
	0
	3
	2
	3
	0
	3
	3
	6
	0
	√
	√
	
	
	
	
	
	

	SOS
	4
	4
	7
	1
	6
	6
	7
	3
	6
	6
	7
	4
	7
	6
	9
	5
	√
	√
	√
	√
	
	
	
	

	SPBO
	1
	0
	3
	0
	2
	2
	4
	0
	2
	2
	4
	0
	3
	2
	5
	0
	√
	√
	√
	
	
	
	
	

	SQLSA
	0
	0
	0
	5
	0
	0
	0
	3
	0
	0
	0
	7
	0
	0
	0
	8
	
	
	
	
	
	
	
	

	SSA
	0
	0
	8
	0
	2
	1
	8
	0
	1
	2
	7
	0
	2
	2
	11
	0
	
	√
	
	
	
	
	
	

	SSO
	3
	3
	3
	4
	3
	3
	3
	2
	3
	3
	3
	4
	4
	4
	4
	4
	√
	√
	√
	
	
	
	
	

	STOA
	1
	1
	3
	0
	2
	2
	3
	0
	3
	2
	3
	0
	3
	3
	4
	0
	√
	√
	√
	
	
	
	
	

	TEO
	4
	2
	4
	0
	3
	3
	5
	2
	3
	3
	5
	1
	4
	2
	7
	1
	
	
	√
	
	
	
	
	

	TFWO
	3
	3
	4
	0
	3
	2
	5
	0
	3
	3
	5
	1
	4
	2
	6
	0
	√
	
	√
	
	
	
	
	

	TLBO
	3
	3
	4
	0
	3
	3
	6
	0
	3
	3
	6
	1
	5
	4
	8
	2
	√
	√
	√
	√
	
	
	
	

	TSA
	4
	4
	4
	1
	4
	4
	4
	2
	4
	4
	4
	2
	5
	4
	6
	2
	√
	
	√
	√
	
	
	
	

	TSAA
	1
	1
	2
	1
	1
	1
	5
	0
	0
	0
	4
	1
	0
	0
	6
	1
	
	
	
	
	√
	√
	
	

	TSO
	3
	3
	3
	5
	6
	6
	6
	6
	6
	6
	6
	5
	8
	7
	8
	7
	√
	√
	√
	
	
	
	
	

	TSOA
	4
	4
	4
	4
	4
	4
	4
	3
	4
	4
	4
	6
	4
	4
	4
	4
	
	
	
	
	
	
	
	

	TSOO
	5
	3
	7
	2
	5
	4
	6
	3
	6
	5
	6
	3
	5
	5
	7
	3
	
	√
	
	√
	
	
	
	

	WDO
	2
	1
	5
	0
	3
	3
	5
	0
	3
	3
	6
	0
	3
	2
	7
	1
	√
	
	√
	√
	
	
	
	

	WHO
	3
	3
	4
	0
	4
	4
	7
	2
	4
	4
	7
	2
	4
	4
	8
	2
	√
	√
	√
	√
	
	
	
	

	WOA
	3
	3
	3
	5
	5
	5
	5
	6
	5
	5
	5
	6
	7
	6
	7
	5
	√
	√
	√
	
	
	
	
	

	WSO
	1
	1
	5
	1
	2
	2
	5
	1
	2
	1
	5
	1
	3
	2
	7
	2
	√
	
	√
	√
	
	
	
	

	YSGA
	4
	4
	5
	0
	4
	4
	7
	1
	6
	5
	7
	1
	4
	4
	8
	1
	
	
	√
	√
	
	
	
	




Table S2* The experiment results on low- and medium-dimensionality of Classical set
	Algorithm
	All greater than 0
	Statistics
	Efficient iteration

	
	M
	W
	B
	S
	M
	W
	B
	S
	

	
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo
	Me
	Lo

	ABC
	
	√
	
	√
	
	√
	
	
	0
	22
	0
	18
	0
	21
	0
	0
	30
	500

	AEFA
	
	
	
	
	
	√
	
	
	0
	12
	0
	9
	0
	17
	1
	3
	800
	800

	AHA
	√
	√
	√
	√
	√
	√
	√
	
	8
	14
	8
	15
	9
	21
	13
	2
	800
	800

	AJSO
	
	√
	
	√
	
	√
	√
	√
	2
	18
	2
	17
	2
	18
	14
	9
	800
	80

	ALO
	
	√
	
	√
	
	√
	√
	
	0
	7
	0
	7
	0
	7
	9
	3
	80
	80

	AMO
	
	√
	
	√
	
	√
	
	
	0
	15
	0
	12
	1
	19
	0
	6
	300
	300

	AO
	√
	√
	√
	
	√
	√
	√
	
	7
	8
	7
	3
	11
	14
	10
	0
	800
	500

	AOA
	
	√
	
	
	√
	√
	
	
	2
	4
	2
	3
	8
	14
	2
	0
	500
	500

	AOAA
	√
	√
	√
	√
	√
	√
	√
	
	6
	6
	6
	6
	7
	10
	10
	0
	500
	80

	AOS
	
	√
	
	√
	
	√
	
	
	0
	12
	0
	10
	6
	21
	0
	0
	800
	800

	ARO
	
	√
	
	√
	
	√
	
	
	6
	13
	6
	12
	6
	17
	8
	3
	800
	300

	ASO
	
	√
	
	√
	
	√
	
	
	0
	5
	0
	5
	2
	17
	1
	1
	100
	500

	AVOA
	
	
	
	
	
	√
	
	
	0
	5
	0
	3
	0
	15
	0
	0
	500
	800

	BA
	
	
	
	
	
	√
	
	
	0
	7
	0
	7
	0
	17
	0
	0
	800
	80

	BAS
	
	√
	
	√
	
	√
	
	
	0
	20
	0
	20
	0
	20
	0
	0
	300
	50

	BBO
	
	√
	
	√
	
	√
	
	
	0
	11
	0
	10
	0
	17
	0
	0
	500
	80

	BDO
	
	√
	
	√
	√
	√
	
	
	3
	10
	3
	10
	8
	18
	7
	2
	800
	500

	BES
	√
	√
	√
	√
	√
	√
	√
	
	22
	14
	22
	13
	23
	20
	28
	0
	800
	300

	BSA
	√
	√
	√
	√
	√
	√
	√
	
	10
	10
	10
	11
	10
	14
	18
	3
	500
	500

	BSO
	
	√
	
	√
	
	√
	√
	
	0
	15
	0
	13
	0
	21
	12
	1
	800
	800

	BWO
	√
	√
	√
	
	√
	√
	√
	
	13
	5
	13
	5
	14
	12
	18
	0
	300
	500

	BWOA
	√
	√
	√
	√
	√
	√
	√
	
	14
	10
	14
	9
	16
	16
	22
	2
	500
	50

	CAPSA
	√
	√
	√
	√
	√
	√
	√
	
	9
	19
	9
	17
	12
	18
	6
	7
	500
	80

	CGO
	√
	√
	√
	√
	√
	√
	√
	√
	7
	14
	7
	13
	19
	21
	8
	4
	500
	800

	CHIO
	√
	
	√
	
	√
	
	√
	√
	48
	4
	48
	1
	48
	8
	48
	16
	800
	500

	CHOA
	
	√
	
	√
	
	√
	
	
	0
	10
	0
	9
	0
	11
	0
	1
	800
	80

	COA
	
	
	
	
	
	√
	
	
	0
	11
	0
	11
	0
	13
	0
	1
	800
	500

	COOT
	
	√
	
	√
	
	√
	√
	√
	5
	16
	5
	15
	5
	16
	17
	9
	500
	300

	CPA
	
	√
	
	√
	
	√
	
	√
	0
	11
	0
	11
	0
	21
	0
	4
	800
	80

	CRYSTAL
	
	√
	
	√
	
	√
	
	
	3
	12
	3
	12
	6
	16
	3
	0
	800
	300

	CSA
	
	√
	
	√
	
	√
	
	
	0
	15
	0
	14
	0
	20
	0
	2
	800
	500

	CSAB
	√
	√
	√
	√
	√
	√
	√
	
	10
	12
	10
	11
	10
	19
	19
	3
	500
	300

	CSAC
	
	√
	
	√
	
	√
	
	
	0
	11
	0
	11
	0
	15
	0
	2
	800
	800

	CSAE
	
	√
	
	√
	
	√
	
	
	0
	12
	0
	12
	2
	20
	0
	3
	800
	800

	CSAF
	
	
	
	
	
	
	√
	√
	0
	0
	0
	0
	0
	0
	12
	11
	80
	80

	CSO
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	11
	5
	16
	0
	0
	500
	800

	CSOA
	
	√
	
	√
	
	√
	
	
	0
	15
	0
	14
	0
	17
	0
	1
	800
	500

	DA
	
	√
	
	√
	
	√
	
	
	0
	11
	0
	11
	0
	17
	0
	0
	800
	100

	DE
	
	
	
	
	
	√
	
	
	0
	2
	0
	1
	0
	11
	0
	0
	800
	800

	DMOA
	
	√
	
	√
	
	√
	
	√
	0
	21
	0
	20
	0
	21
	0
	7
	30
	80

	DOA
	√
	√
	√
	√
	√
	√
	√
	
	9
	15
	9
	14
	10
	19
	14
	4
	50
	800

	EHO
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	2
	0
	1
	800
	300

	EPO
	
	
	
	
	
	√
	
	
	0
	1
	0
	0
	0
	11
	0
	0
	800
	500

	ESDA
	√
	√
	√
	√
	√
	√
	√
	
	24
	12
	24
	10
	24
	21
	29
	2
	500
	500

	FA
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	13
	0
	20
	0
	1
	300
	10

	FBI
	√
	√
	√
	√
	√
	√
	√
	√
	13
	15
	13
	13
	13
	21
	22
	7
	800
	100

	FDO
	
	
	
	
	
	√
	
	
	0
	1
	0
	1
	0
	13
	1
	0
	800
	300

	FOAA
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	5
	30
	50

	FPA
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	12
	0
	16
	0
	0
	800
	300

	FSA
	
	
	
	
	√
	√
	
	
	0
	4
	2
	1
	24
	15
	0
	0
	10
	80

	GA
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	4
	0
	0
	800
	500

	GBO
	
	√
	
	√
	√
	√
	
	
	6
	13
	6
	12
	8
	20
	9
	3
	800
	800

	GEO
	
	
	
	
	
	√
	
	
	0
	2
	0
	0
	0
	10
	0
	0
	800
	800

	GJO
	
	√
	
	√
	
	√
	
	
	6
	12
	6
	9
	6
	17
	6
	0
	300
	300

	GOA
	
	√
	
	√
	
	√
	√
	√
	0
	14
	0
	13
	0
	14
	8
	9
	800
	80

	GOLDSA
	√
	
	√
	
	√
	√
	√
	
	13
	5
	13
	2
	16
	14
	17
	0
	500
	80

	GPC
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	13
	0
	14
	0
	0
	800
	800

	GSA
	
	√
	
	√
	
	√
	
	√
	0
	10
	0
	9
	0
	14
	0
	4
	800
	800

	GTO
	√
	√
	√
	√
	√
	√
	√
	
	14
	12
	14
	10
	14
	13
	18
	1
	300
	300

	GWO
	
	√
	
	√
	
	√
	
	
	3
	15
	3
	14
	3
	15
	4
	1
	300
	300

	HBA
	√
	√
	√
	√
	√
	√
	√
	√
	8
	15
	8
	14
	8
	16
	10
	6
	800
	500

	HBO
	
	√
	
	√
	
	√
	
	
	0
	16
	0
	13
	1
	18
	0
	5
	800
	500

	HGS
	
	√
	
	√
	√
	√
	
	
	7
	14
	7
	12
	28
	17
	10
	3
	800
	300

	HHO
	√
	√
	√
	√
	√
	√
	√
	
	11
	12
	9
	12
	12
	17
	11
	0
	500
	800

	HPO
	√
	√
	√
	√
	√
	√
	√
	
	8
	13
	8
	12
	8
	20
	14
	3
	500
	500

	ICA
	
	√
	
	√
	
	√
	
	
	0
	16
	0
	13
	0
	22
	0
	3
	800
	500

	INFO
	
	√
	
	√
	√
	√
	
	√
	6
	12
	6
	12
	8
	21
	9
	4
	500
	800

	IWO
	
	√
	
	√
	
	√
	
	
	0
	12
	0
	12
	0
	12
	0
	0
	800
	800

	JAYA
	
	√
	
	√
	
	√
	
	
	0
	8
	0
	4
	0
	14
	0
	0
	800
	800

	JSOA
	√
	√
	√
	√
	√
	√
	√
	
	8
	11
	8
	9
	26
	18
	15
	3
	30
	80

	KHA
	
	√
	
	√
	
	√
	√
	√
	0
	14
	0
	14
	0
	14
	9
	9
	800
	300

	LAPO
	
	√
	
	√
	
	√
	
	
	0
	9
	0
	5
	0
	15
	0
	0
	800
	800

	LSA
	
	
	
	
	
	
	√
	√
	0
	0
	0
	0
	0
	0
	12
	11
	80
	80

	LSO
	
	
	
	
	
	√
	
	
	0
	1
	0
	1
	6
	10
	0
	0
	800
	800

	MA
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	12
	0
	21
	0
	4
	800
	50

	MFO
	
	√
	
	√
	
	√
	
	
	0
	12
	0
	11
	0
	16
	0
	3
	300
	500

	MGA
	
	
	
	
	
	√
	
	
	0
	8
	0
	5
	1
	14
	0
	0
	800
	800

	MPA
	
	√
	
	√
	
	√
	
	
	4
	20
	4
	18
	4
	21
	4
	1
	800
	300

	MRFO
	√
	√
	√
	√
	√
	√
	√
	√
	13
	17
	13
	16
	13
	17
	29
	9
	300
	300

	MSA
	√
	√
	√
	√
	√
	√
	√
	
	8
	9
	8
	8
	12
	19
	11
	2
	300
	500

	MVO
	
	
	
	
	
	√
	
	
	0
	5
	0
	1
	0
	14
	0
	0
	800
	800

	NGO
	√
	√
	√
	√
	√
	√
	√
	
	8
	14
	8
	12
	10
	21
	12
	0
	800
	100

	PFA
	
	√
	
	√
	
	√
	
	√
	0
	14
	0
	12
	3
	18
	0
	4
	800
	800

	POA
	
	√
	
	√
	√
	√
	
	
	6
	19
	6
	15
	8
	21
	8
	4
	300
	100

	POAA
	
	√
	
	√
	
	√
	
	√
	0
	17
	0
	15
	0
	18
	0
	6
	500
	500

	PPA
	
	√
	
	√
	
	√
	
	
	0
	9
	0
	8
	0
	19
	0
	0
	800
	80

	PSO
	
	√
	
	
	
	√
	
	
	0
	10
	0
	3
	0
	18
	0
	0
	500
	800

	RSA
	
	
	
	
	
	
	√
	√
	2
	3
	2
	3
	2
	3
	6
	8
	800
	300

	RSO
	√
	√
	√
	√
	√
	√
	√
	
	18
	8
	18
	8
	23
	8
	24
	0
	800
	100

	RUN
	
	
	
	
	
	√
	
	
	0
	8
	0
	7
	0
	13
	0
	0
	800
	800

	SA
	
	√
	
	√
	
	√
	
	
	0
	16
	0
	14
	0
	19
	0
	2
	500
	10

	SALPSA
	
	√
	
	√
	
	√
	
	√
	0
	16
	0
	15
	0
	16
	6
	11
	300
	300

	SBO
	
	
	
	
	
	
	√
	√
	0
	0
	0
	0
	0
	0
	12
	11
	80
	80

	SCA
	
	√
	
	√
	
	√
	
	
	0
	8
	0
	7
	0
	13
	0
	0
	800
	300

	SCSO
	√
	√
	√
	√
	√
	√
	√
	
	8
	16
	8
	15
	8
	15
	12
	1
	500
	800

	SDO
	√
	√
	√
	√
	√
	√
	√
	
	8
	14
	8
	12
	10
	20
	14
	4
	800
	80

	SEHO
	
	√
	
	√
	
	√
	
	√
	0
	14
	0
	12
	0
	17
	0
	4
	800
	80

	SFLA
	
	√
	
	√
	
	√
	
	√
	0
	12
	0
	12
	3
	21
	0
	4
	800
	80

	SFS
	√
	√
	√
	√
	√
	√
	√
	
	14
	14
	14
	13
	15
	21
	22
	5
	800
	50

	SHO
	
	
	
	
	
	
	√
	√
	0
	0
	0
	0
	0
	0
	12
	11
	80
	80

	SMA
	
	
	
	
	
	√
	
	
	0
	1
	0
	0
	13
	13
	0
	0
	800
	800

	SNS
	
	√
	
	√
	
	√
	
	
	6
	15
	6
	12
	6
	20
	6
	3
	800
	50

	SO
	
	√
	
	√
	√
	√
	
	
	1
	11
	1
	11
	10
	19
	2
	2
	800
	500

	SOA
	
	√
	
	√
	
	√
	
	
	0
	10
	0
	8
	2
	14
	0
	0
	800
	500

	SOS
	√
	√
	√
	√
	√
	√
	√
	
	7
	16
	7
	15
	9
	21
	8
	5
	800
	50

	SPBO
	
	√
	
	
	
	√
	
	
	0
	8
	0
	6
	1
	15
	0
	0
	800
	50

	SQLSA
	
	
	
	
	
	
	√
	√
	0
	0
	0
	0
	0
	0
	12
	11
	80
	80

	SSA
	
	
	
	
	√
	√
	
	
	0
	5
	0
	5
	20
	14
	0
	0
	100
	80

	SSO
	
	√
	
	√
	
	√
	√
	√
	0
	13
	0
	13
	0
	13
	8
	6
	500
	300

	STOA
	
	√
	
	√
	
	√
	
	
	0
	9
	0
	8
	0
	13
	0
	0
	800
	500

	TEO
	
	√
	
	√
	
	√
	
	
	1
	13
	1
	9
	3
	18
	4
	0
	800
	50

	TFWO
	
	√
	
	√
	
	√
	
	
	0
	13
	0
	10
	0
	20
	0
	1
	800
	500

	TLBO
	
	√
	
	√
	
	√
	
	
	0
	14
	0
	13
	4
	20
	0
	3
	800
	300

	TSA
	
	√
	
	√
	
	√
	
	√
	0
	17
	0
	16
	0
	18
	0
	7
	800
	50

	TSAA
	
	
	
	
	
	√
	
	
	0
	2
	0
	2
	3
	14
	3
	0
	300
	50

	TSO
	√
	√
	√
	√
	√
	√
	√
	√
	9
	14
	9
	13
	9
	14
	16
	7
	800
	100

	TSOA
	√
	√
	√
	√
	√
	√
	√
	√
	8
	8
	8
	8
	8
	8
	11
	6
	30
	80

	TSOO
	√
	√
	√
	√
	√
	√
	√
	
	11
	10
	11
	6
	12
	14
	11
	0
	500
	800

	WDO
	
	√
	
	√
	
	√
	
	
	0
	11
	0
	9
	3
	20
	1
	0
	500
	300

	WHO
	
	√
	
	√
	
	√
	
	
	3
	12
	3
	12
	6
	20
	3
	3
	500
	80

	WOA
	
	√
	
	√
	
	√
	√
	√
	6
	14
	6
	13
	6
	14
	16
	6
	800
	800

	WSO
	
	
	
	
	√
	√
	√
	
	2
	6
	2
	4
	9
	13
	5
	0
	80
	800

	YSGA
	
	√
	
	√
	
	√
	
	
	3
	15
	3
	14
	6
	21
	3
	0
	800
	100

	Total
	31
	95
	31
	90
	41
	113
	46
	29
	71
	8
	70
	11
	53
	6
	54
	48
	30
	500

	Percentage
	25.2%
	77.2%
	25.2%
	73.2%
	33.3%
	91.9%
	37.4%
	23.6%
	57.7%
	6.5%
	56.9%
	8.9%
	43.1%
	4.9%
	43.9%
	39.0%
	
	


*Me and Lo in the head represent medium and low dimensionalities respectively.


Table S3 The 75% algorithm quantiles of Classical set
	　Func.　
	MD
	WD
	BD
	Std.
	Runtime

	
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800

	F1
	2710
	128
	9.62
	0.999
	4930
	344
	37.8
	2.47
	845
	8.28
	0.593
	0.0133
	190
	5.24
	0.237
	0.00261
	0.102325
	0.2413
	0.39795
	0.68985

	F2
	24.5
	8.67
	3.97
	2.48
	46.8
	20.5
	6.99
	3.19
	10.1
	3.38
	1.67
	0.232
	3.41
	0.965
	0.169
	0.0312
	0.09625
	0.2423
	0.4061
	0.7064

	F3
	20000
	8310
	4630
	2630
	37700
	18100
	10000
	6580
	9840
	1940
	980
	580
	2790
	1400
	734
	411
	0.12765
	0.3886
	0.584125
	0.95865

	F4
	45.2
	25.6
	23.4
	16.1
	58.7
	40.9
	33.5
	25.9
	28
	14.5
	8.37
	8.82
	3.77
	2.44
	2
	1.47
	0.081175
	0.272725
	0.3724
	0.642125

	F5
	711000
	6580
	3330
	844
	2190000
	32400
	7970
	2890
	82600
	927
	150
	36.4
	198000
	857
	244
	107
	0.080525
	0.293025
	0.390075
	0.7097

	F6
	2850
	203
	13.3
	6.71
	6870
	672
	24.6
	7.5
	751
	18.6
	5.02
	3.15
	186
	17.9
	0.955
	0.571
	0.07385
	0.260975
	0.35495
	0.65645

	F7
	1.4
	0.346
	0.226
	0.141
	3.91
	0.812
	0.476
	0.27
	0.281
	0.0846
	0.0609
	0.0408
	0.215
	0.0366
	0.0224
	0.0176
	0.086525
	0.27525
	0.471275
	0.81205

	F8
	8699.5
	7669.5
	7249.5
	7359.5
	9789.5
	9089.5
	9019.5
	8769.5
	7579.5
	7009.5
	6849.5
	6599.5
	715
	679
	680
	801
	0.07885
	0.238575
	0.470575
	0.723025

	F9
	174
	102
	78.2
	72.5
	260
	183
	175
	136
	106
	51.7
	43.1
	38.7
	23.4
	18
	16.6
	15.3
	0.077425
	0.2312
	0.4452
	0.749325

	F10
	14.7
	10.7
	7.21
	5.04
	19.3
	16.3
	15.3
	10.3
	8.45
	3.71
	2.37
	2.32
	0.612
	0.59
	0.681
	0.364
	0.077625
	0.238625
	0.43055
	0.749675

	F11
	32.8
	2.88
	1.08
	0.797
	58.7
	6.33
	1.41
	1.04
	8.99
	1.39
	0.94
	0.151
	2
	0.198
	0.148
	0.0773
	0.083025
	0.268575
	0.509075
	0.762225

	F12
	47500
	22.3
	7.26
	4.29
	365000
	56.6
	12.8
	12.5
	16.8
	3.66
	1.54
	0.823
	691
	2.64
	1.41
	0.746
	0.133525
	0.4354
	0.7792
	1.16515

	F13
	1000000
	187
	57.1
	7.11
	5570000
	3750
	93.2
	26
	5920
	9.7
	2.99
	2.81
	91500
	9.34
	2.57
	0.75
	0.133175
	0.44015
	0.76585
	1.192025

	F14
	4.93
	2.43
	3.38
	2.8
	11.7
	2.97
	10.7
	11.7
	0.002
	0.002
	0.002
	0.002
	3.42
	0.81
	2.18
	1.71
	0.144175
	0.4981
	0.896825
	1.452875

	F15
	0.0078525
	0.0037325
	0.0021825
	0.0032925
	0.0214925
	0.0200925
	0.0200925
	0.0200925
	0.0007725
	0.0003895
	0.0003855
	0.0003075
	0.006
	0.00443
	0.00221
	0.00324
	0.0449
	0.146725
	0.263325
	0.348675

	F16
	0.0016285
	0.0016285
	0.0016285
	0.0016285
	0.0116285
	0.0016285
	0.0016285
	0.0016285
	0.0016285
	0.0016285
	0.0016285
	0.0016285
	0.000591
	0.0000107
	0.00000198
	0.000000453
	0.059825
	0.153525
	0.281375
	0.408375

	F17
	0.01
	0.002
	0
	0
	0.07
	0.014
	0.002
	0.004
	0
	0
	0
	0
	0.00404
	0.000512
	0.000053
	0.0000415
	0.054975
	0.1493
	0.2722
	0.364475

	F18
	0.23
	1.42
	0.01
	1.35
	1.02
	27
	0.05
	27
	0
	0
	0
	0
	0.0126
	0.0618
	0.000133
	0.104
	0.0522
	0.1475
	0.2505
	0.3508

	F19
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	3.56
	2.81E-16
	2.81E-16
	2.81E-16
	2.81E-16
	0.0535
	0.16265
	0.273375
	0.389

	F20
	0.39
	0.28
	0.25
	0.18
	1.08
	0.62
	0.43
	0.49
	0.19
	0.13
	0.12
	0.01
	0.15
	0.0817
	0.06
	0.0708
	0.0589
	0.174475
	0.2601
	0.4149

	F21
	6.15
	5.22
	3.68
	4.94
	7.87
	7.53
	7.32
	7.37
	4.31
	0.21
	0.2
	0.2
	2.2
	2.58
	1.83
	2.12
	0.0578
	0.17165
	0.227125
	0.4126

	F22
	7.04
	3.3
	3.54
	2.15
	8.16
	7.47
	7.25
	7.25
	4.91
	0.4
	0.4
	0.4
	2.68
	2.42
	2.57
	2.04
	0.058475
	0.1762
	0.2421
	0.3945

	F23
	4.15
	4.33
	3.77
	1.81
	7.49
	7.58
	7.57
	7.58
	0.5
	0.5
	0.5
	0.5
	1.34
	2.51
	2.57
	2.04
	0.06205
	0.1894
	0.3248
	0.426575




Table 5-1 Complete results of CEC 2019 set
	Algorithm*
	Greater than zero in all iterations
	[bookmark: OLE_LINK41]Sum of all iterations
	Strictly 
monotonically increasing
	Strictly 
monotonically decreasing
	Monotonically unchanged
	Efficient iteration

	
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	

	CHIO
	√
	√
	√
	√
	20
	22
	7
	40
	
	
	
	
	
	
	
	
	√
	
	
	√
	10

	SA
	√
	√
	
	
	6
	5
	15
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	SFS
	√
	√
	√
	√
	5
	5
	15
	4
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	ARO
	√
	√
	√
	
	4
	4
	5
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	300

	CAPSA
	√
	√
	√
	
	4
	6
	4
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	500

	CSAB
	√
	√
	√
	
	4
	5
	5
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	500

	FBI
	√
	√
	√
	
	4
	4
	12
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	GBO
	√
	√
	√
	
	4
	4
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	NGO
	√
	√
	√
	
	4
	4
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	HBA
	√
	√
	√
	
	4
	4
	4
	1
	
	
	
	
	
	
	
	
	√
	√
	√
	
	500

	MSA
	√
	
	√
	
	4
	3
	4
	1
	
	
	
	
	
	
	
	
	√
	
	√
	
	300

	FOAA
	√
	√
	√
	
	4
	4
	4
	2
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	SCSO
	√
	√
	√
	
	4
	4
	4
	2
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	TSOO
	√
	√
	√
	
	4
	4
	4
	2
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	AHA
	√
	√
	√
	
	4
	4
	4
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	AO
	√
	√
	√
	
	4
	4
	4
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	HGS
	√
	√
	√
	
	4
	4
	5
	3
	
	
	
	
	
	
	
	
	√
	√
	
	
	500

	HPO
	√
	√
	√
	
	4
	4
	5
	3
	
	
	
	
	
	
	
	
	√
	√
	
	
	500

	INFO
	√
	
	√
	
	4
	3
	6
	3
	
	
	
	
	
	
	
	
	√
	
	
	
	500

	SDO
	√
	√
	√
	
	4
	4
	7
	3
	
	
	
	
	
	
	
	
	√
	√
	
	
	500

	SSA
	√
	√
	√
	
	4
	4
	4
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	BWO
	√
	√
	√
	√
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	DOA
	√
	√
	√
	√
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	POA
	√
	√
	√
	√
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	RSO
	√
	√
	√
	√
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	BES
	√
	√
	√
	√
	4
	4
	10
	5
	
	
	
	
	
	
	
	
	√
	√
	
	
	500

	BSA
	√
	√
	√
	√
	4
	4
	4
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	BWOA
	√
	√
	√
	√
	4
	4
	4
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	GTO
	√
	√
	√
	√
	4
	4
	4
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	500

	HHO
	√
	√
	√
	√
	4
	4
	4
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	WSO
	√
	√
	√
	√
	4
	4
	4
	6
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	TSO
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	ESDA
	√
	√
	√
	√
	4
	4
	4
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	GOLDSA
	√
	√
	√
	√
	4
	4
	4
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	JSOA
	√
	√
	√
	√
	4
	4
	4
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	MRFO
	√
	√
	√
	√
	4
	7
	4
	17
	
	
	
	
	
	
	
	
	√
	
	√
	
	500

	AOA
	
	
	√
	
	3
	3
	4
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	300

	CRYSTAL
	
	
	√
	
	3
	3
	4
	2
	
	
	
	
	
	
	
	
	
	
	√
	
	800

	CGO
	
	
	√
	
	3
	5
	9
	3
	
	
	
	
	
	
	
	
	
	
	
	
	300

	RSA
	
	
	
	
	3
	3
	3
	4
	
	
	
	
	
	
	
	
	
	
	
	
	300

	AEFA
	
	
	
	
	2
	2
	8
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	GWO
	
	
	
	
	2
	1
	2
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	MPA
	
	
	
	
	2
	2
	9
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	TSA
	
	
	
	
	2
	0
	4
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	CSO
	
	
	√
	
	2
	2
	4
	2
	
	
	
	
	
	
	
	
	
	
	√
	
	500

	CPA
	
	
	√
	
	1
	0
	10
	0
	
	
	√
	
	
	
	
	
	
	√
	
	√
	800

	EHO
	
	
	
	
	1
	0
	2
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	500

	POAA
	
	
	
	
	1
	3
	0
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	500

	SOS
	
	
	√
	
	1
	0
	12
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	500

	COOT
	
	
	
	
	1
	1
	1
	7
	
	
	
	
	
	
	
	
	
	
	
	
	300

	AMO
	
	
	
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	AOAA
	
	
	
	
	0
	0
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	AOS
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	ASO
	
	
	
	
	0
	0
	5
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	80

	BDO
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	CSA
	
	
	
	
	0
	0
	1
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	CSOA
	
	
	
	
	0
	0
	5
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	FA
	
	
	√
	
	0
	0
	8
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	FSA
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	80

	GJO
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	GSA
	
	
	
	
	0
	0
	2
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	30

	HBO
	
	
	
	
	0
	0
	5
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	MA
	
	
	
	
	0
	1
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	300

	MFO
	
	
	
	
	0
	0
	1
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	80

	SFLA
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	SMA
	
	
	
	
	0
	0
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	SNS
	
	
	
	
	0
	0
	6
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	SO
	
	
	√
	
	0
	0
	6
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	SOA
	
	
	
	
	0
	0
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	STOA
	
	
	
	
	0
	0
	2
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	TEO
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	TLBO
	
	
	
	
	0
	0
	1
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	WDO
	
	
	
	
	0
	0
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	500

	WHO
	
	
	
	
	0
	0
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	IWO
	
	
	
	
	0
	0
	1
	3
	
	
	
	
	
	
	
	
	√
	√
	
	
	30

	SALPSA
	
	
	
	
	0
	0
	0
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	BSO
	
	
	
	√
	0
	0
	0
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	GOA
	
	
	
	
	0
	0
	0
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	AJSO
	
	
	
	√
	0
	3
	0
	5
	
	
	
	
	
	
	
	
	√
	
	√
	
	800

	ALO
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	CSAF
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	LSA
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	SBO
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	SHO
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	SQLSA
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	TSOA
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	30

	WOA
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	SSO
	
	
	
	
	0
	0
	0
	6
	
	
	
	
	
	
	
	
	√
	√
	√
	
	500

	KHA
	
	
	
	
	0
	1
	0
	8
	
	
	
	
	
	
	
	
	√
	
	√
	
	800

	Total
	36
	34
	49
	19
	39#
	40#
	16#
	40#
	0
	0
	1
	0
	0
	0
	0
	0
	73
	68
	50
	50
	


[bookmark: OLE_LINK15]*The listed orders of the algorithms are the orders of their quantitative performance obtained by sorting MS and SS in "Sum of all iterations" as the first and second keywords in descending; underline means the quantitative performance of the algorithms at the top 15% of all the types; and bold-italics indicates the algorithms with both quantitative and numerical performance reaching the top 15% of hybrid type. And, 34 algorithms with all statistics of zero are not listed here (see Table S6 for details). #These counts are the numbers of MS, WS, BS and SS for all iterations being zero, respectively.



Table S4 The details of hybrid space for CEC2019
	Algorithm
	100
	300
	500
	800
	Monotonically increasing
	Monotonically decreasing

	
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS

	AEFA
	0
	0
	0
	0
	0
	0
	2
	0
	1
	1
	3
	0
	1
	1
	3
	0
	√
	√
	√
	
	
	
	
	

	AHA
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	√
	
	
	
	

	AJSO
	0
	0
	0
	1
	0
	2
	0
	2
	0
	0
	0
	1
	0
	1
	0
	1
	
	
	
	
	
	
	
	

	ALO
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	AMO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	2
	0
	
	
	√
	
	
	
	
	

	AO
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	√
	
	
	
	

	AOA
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	√
	√
	
	
	
	
	
	

	AOAA
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	AOS
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	ARO
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	2
	0
	
	
	√
	
	
	
	
	

	ASO
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	1
	0
	0
	0
	2
	0
	
	
	
	
	
	
	
	

	BDO
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	BES
	1
	1
	1
	1
	1
	1
	3
	2
	1
	1
	3
	1
	1
	1
	3
	1
	
	
	√
	
	
	
	
	

	BSA
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	BSO
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	BWO
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	BWOA
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	CAPSA
	1
	1
	1
	0
	1
	1
	1
	0
	1
	2
	1
	0
	1
	2
	1
	0
	
	√
	
	
	
	
	
	

	CGO
	0
	0
	2
	0
	1
	1
	2
	1
	1
	2
	2
	1
	1
	2
	3
	1
	√
	√
	√
	√
	
	
	
	

	CHIO
	5
	7
	3
	10
	5
	5
	2
	10
	5
	5
	1
	10
	5
	5
	1
	10
	
	
	
	
	
	√
	√
	

	COOT
	0
	0
	0
	2
	1
	1
	1
	4
	0
	0
	0
	1
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	CPA
	0
	0
	1
	0
	1
	0
	2
	0
	0
	0
	3
	0
	0
	0
	4
	0
	
	
	√
	
	
	
	
	

	CRYSTAL
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	√
	√
	
	√
	
	
	
	

	CSA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	CSAB
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	2
	0
	1
	2
	1
	0
	
	√
	
	
	
	
	
	

	CSAF
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	CSO
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	CSOA
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	
	
	√
	
	
	
	
	

	DOA
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	EHO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	√
	
	√
	
	
	
	
	

	ESDA
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	
	
	
	
	
	
	
	

	FA
	0
	0
	2
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	3
	0
	
	
	
	
	
	
	
	

	FBI
	1
	1
	2
	0
	1
	1
	3
	0
	1
	1
	3
	0
	1
	1
	4
	0
	
	
	√
	
	
	
	
	

	FOAA
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	FSA
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	GBO
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	GJO
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	GOA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	GOLDSA
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	
	
	
	
	
	
	
	

	GSA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	GTO
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	GWO
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	
	√
	√
	
	
	
	
	

	HBA
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	HBO
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	
	
	√
	
	
	
	
	

	HGS
	1
	1
	2
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	√
	
	
	√
	

	HHO
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	HPO
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	
	
	√
	√
	
	
	
	

	INFO
	1
	0
	1
	0
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	2
	1
	
	√
	
	√
	
	
	
	

	IWO
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	
	
	
	
	
	
	
	√

	JSOA
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	
	
	
	
	
	
	
	

	KHA
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	4
	0
	0
	0
	3
	
	
	
	
	
	
	
	

	LSA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	MA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	MFO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	MPA
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	2
	0
	2
	2
	5
	0
	√
	√
	√
	
	
	
	
	

	MRFO
	1
	1
	1
	2
	1
	2
	1
	4
	1
	2
	1
	6
	1
	2
	1
	5
	
	√
	
	
	
	
	
	

	MSA
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	
	√
	
	√
	
	
	
	

	NGO
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	POA
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	POAA
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	
	
	
	
	√
	
	
	

	RSA
	0
	0
	0
	0
	1
	1
	1
	2
	1
	1
	1
	0
	1
	1
	1
	2
	√
	√
	√
	
	
	
	
	

	RSO
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	SA
	2
	1
	0
	0
	1
	1
	3
	0
	2
	2
	6
	0
	1
	1
	6
	0
	
	
	√
	
	
	
	
	

	SALPSA
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	
	
	
	
	
	
	
	√

	SBO
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	SCSO
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	2
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	SDO
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	4
	1
	
	
	√
	√
	
	
	
	

	SFLA
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	SFS
	1
	1
	1
	1
	2
	1
	4
	1
	1
	1
	5
	1
	1
	2
	5
	1
	
	√
	√
	
	
	
	
	

	SHO
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	SMA
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	SNS
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	3
	0
	0
	0
	2
	0
	
	
	
	
	
	
	
	

	SO
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	
	
	√
	
	
	
	
	

	SOA
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	SOS
	1
	0
	1
	0
	0
	0
	3
	0
	0
	0
	4
	0
	0
	0
	4
	0
	
	
	√
	
	√
	
	
	

	SQLSA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	SSA
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	SSO
	0
	0
	0
	3
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	STOA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	TEO
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	TLBO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	TSA
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	2
	0
	1
	0
	1
	0
	√
	
	
	
	
	
	
	

	TSO
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	3
	1
	1
	1
	1
	
	
	
	
	
	
	
	

	TSOA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	TSOO
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	√
	
	
	
	

	WDO
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	WHO
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	WOA
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	WSO
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	




	
Table S5* The results of wide, narrow and modest search spaces in CEC2019
	Algorithm
	All greater than 0
	Statistics
	Efficient iteration

	
	M
	W
	B
	S
	M
	W
	B
	S
	

	
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO
	WI
	NA
	MO

	AEFA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	2
	0
	0
	2
	0
	0
	8
	0
	0
	0
	800
	10
	500

	AHA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	0
	0
	500
	500
	800

	AJSO
	
	
	
	
	
	
	
	
	
	
	
	√
	0
	0
	0
	0
	0
	3
	0
	0
	0
	1
	0
	4
	800
	800
	500

	ALO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	AMO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	800
	800
	800

	AO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	0
	0
	30
	800
	800

	AOA
	
	
	
	
	
	
	√
	
	
	
	
	
	3
	0
	0
	3
	0
	0
	4
	0
	0
	0
	0
	0
	500
	800
	300

	AOAA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	800
	800
	500

	AOS
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	0
	0
	500
	300
	800

	ARO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	1
	0
	0
	0
	0
	800
	800
	300

	ASO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	1
	0
	4
	0
	0
	0
	80
	800
	300

	BDO
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	0
	0
	500
	800
	300

	BES
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	3
	3
	5
	0
	0
	10
	500
	500

	BSA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	5
	0
	0
	50
	800
	300

	BSO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4
	0
	0
	800
	800
	500

	BWO
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	4
	0
	0
	30
	800
	800

	BWOA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	5
	0
	0
	30
	500
	300

	CAPSA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	2
	0
	4
	0
	0
	0
	0
	0
	500
	500
	500

	CGO
	
	
	
	
	
	
	√
	√
	
	
	
	
	3
	0
	0
	3
	2
	0
	4
	4
	1
	3
	0
	0
	300
	300
	300

	CHIO
	√
	
	√
	√
	
	√
	
	
	
	√
	√
	√
	4
	0
	16
	4
	1
	17
	3
	0
	4
	8
	4
	28
	10
	10
	10

	COOT
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	1
	0
	0
	1
	0
	0
	2
	0
	5
	300
	800
	300

	CPA
	
	
	
	
	
	
	
	
	√
	
	
	
	0
	0
	1
	0
	0
	0
	0
	1
	9
	0
	0
	0
	800
	800
	500

	CRYSTAL
	
	
	
	
	
	
	√
	
	
	
	
	
	3
	0
	0
	3
	0
	0
	4
	0
	0
	2
	0
	0
	800
	800
	800

	CSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	500
	800
	300

	CSAB
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	1
	0
	4
	1
	0
	0
	0
	0
	300
	800
	500

	CSAF
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	CSO
	
	
	
	
	
	
	√
	
	
	
	
	
	2
	0
	0
	2
	0
	0
	4
	0
	0
	2
	0
	0
	100
	800
	500

	CSOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	0
	800
	800
	800

	DOA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	4
	0
	0
	300
	800
	500

	EHO
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	500
	800
	500

	ESDA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	8
	0
	0
	30
	500
	300

	FA
	
	
	
	
	
	
	
	
	√
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	7
	0
	0
	0
	800
	300
	500

	FBI
	√
	
	
	√
	
	
	√
	
	√
	
	
	
	4
	0
	0
	4
	0
	0
	4
	1
	7
	0
	0
	0
	300
	800
	500

	FOAA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	0
	1
	1
	10
	30
	300

	FSA
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	0
	0
	80
	100
	300

	GBO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	0
	0
	0
	500
	800
	300

	GJO
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	0
	0
	800
	800
	800

	GOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	3
	800
	100
	500

	GOLDSA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	8
	0
	0
	30
	800
	300

	GSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	30
	10
	300

	GTO
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	5
	0
	0
	300
	500
	500

	GWO
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	0
	1
	0
	0
	2
	0
	0
	0
	0
	0
	800
	300
	500

	HBA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	1
	0
	0
	500
	800
	500

	HBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	0
	800
	800
	800

	HGS
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	1
	3
	0
	0
	500
	300
	300

	HHO
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	5
	0
	0
	50
	800
	300

	HPO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	1
	0
	3
	0
	0
	500
	800
	500

	INFO
	√
	
	
	
	
	
	√
	
	
	
	
	
	4
	0
	0
	3
	0
	0
	4
	2
	0
	3
	0
	0
	500
	800
	500

	IWO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	0
	3
	0
	0
	30
	500
	300

	JSOA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	8
	0
	0
	30
	500
	300

	KHA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	0
	2
	1
	5
	800
	800
	500

	LSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	MA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	300
	800
	500

	MFO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	80
	500
	300

	MPA
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	0
	1
	1
	0
	4
	3
	2
	0
	0
	0
	800
	800
	800

	MRFO
	√
	
	
	√
	
	
	√
	
	
	√
	
	√
	4
	0
	0
	4
	3
	0
	4
	0
	0
	7
	0
	10
	100
	300
	500

	MSA
	√
	
	
	
	
	
	√
	
	
	
	
	
	4
	0
	0
	3
	0
	0
	4
	0
	0
	1
	0
	0
	100
	500
	300

	NGO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	0
	0
	0
	300
	800
	300

	POA
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	4
	0
	0
	300
	800
	500

	POAA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	2
	1
	0
	0
	0
	0
	0
	0
	500
	500
	500

	RSA
	
	
	
	
	
	
	
	
	
	
	
	
	3
	0
	0
	3
	0
	0
	3
	0
	0
	2
	1
	1
	800
	800
	300

	RSO
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	4
	0
	0
	500
	300
	500

	SA
	
	
	√
	
	
	√
	
	
	
	
	
	
	0
	2
	4
	0
	1
	4
	0
	3
	12
	0
	0
	0
	800
	100
	500

	SALPSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	2
	300
	500
	100

	SBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	SCSO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	2
	0
	0
	300
	500
	300

	SDO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	1
	2
	3
	0
	0
	800
	800
	500

	SFLA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	3
	0
	0
	0
	500
	100
	300

	SFS
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	1
	4
	1
	0
	4
	3
	8
	4
	0
	0
	100
	500
	500

	SHO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	SMA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	500
	800
	800

	SNS
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	2
	1
	0
	0
	0
	800
	800
	500

	SO
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	1
	1
	0
	0
	0
	800
	800
	500

	SOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	800
	500
	800

	SOS
	
	
	
	
	
	
	
	
	√
	
	
	
	0
	0
	1
	0
	0
	0
	2
	3
	7
	0
	0
	0
	500
	800
	800

	SQLSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	SSA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	0
	0
	10
	500
	300

	SSO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0
	4
	500
	800
	800

	STOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	500
	500
	800

	TEO
	
	
	
	
	
	
	√
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	4
	0
	0
	0
	0
	0
	80
	100
	300

	TLBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	500
	800
	500

	TSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	2
	0
	0
	0
	0
	0
	4
	0
	0
	0
	800
	800
	800

	TSO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	4
	1
	2
	50
	500
	800

	TSOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	1
	1
	30
	30
	300

	TSOO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	2
	0
	0
	100
	800
	300

	WDO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	500
	800
	300

	WHO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	1
	0
	2
	0
	0
	0
	800
	800
	500

	WOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	1
	2
	80
	500
	300

	WSO
	√
	
	
	√
	
	
	√
	
	
	√
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	6
	0
	0
	50
	100
	300

	 Total
	35
	0
	2
	33
	0
	2
	44
	1
	4
	17
	1
	3
	45
	86
	81
	46
	79
	83
	30
	69
	65
	41
	76
	70
	800
	10
	500

	Percent
	39.3%
	0.0%
	2.2%
	37.1%
	0.0%
	2.2%
	49.4%
	1.1%
	4.5%
	19.1%
	1.1%
	3.4%
	50.6%
	96.6%
	91.0%
	51.7%
	88.8%
	93.3%
	33.7%
	77.5%
	73.0%
	46.1%
	85.4%
	78.7%
	
	
	


*WI, NA and MO in the head represent Wide, Narrow and Modest respectively.   



Table S6 Algorithms with all statisticses of zero in CEC2019
	Algorithm
	Efficient iteration

	
	Wide
	Narrow
	Modest
	Hybrid

	ABC
	800
	300
	800
	800

	AVOA
	300
	800
	300
	300

	BA
	80
	500
	300
	80

	BAS
	30
	300
	300
	30

	BBO
	800
	800
	500
	800

	CHOA
	800
	100
	500
	800

	COA
	800
	800
	500
	800

	CSAC
	500
	500
	300
	500

	CSAE
	500
	800
	500
	500

	DA
	80
	30
	300
	80

	DE
	800
	500
	800
	800

	DMOA
	500
	300
	500
	500

	EPO
	30
	800
	300
	30

	FDO
	800
	500
	300
	800

	FPA
	800
	800
	800
	800

	GA
	800
	800
	800
	800

	GEO
	500
	800
	800
	500

	GPC
	800
	500
	300
	800

	ICA
	800
	300
	300
	800

	JAYA
	800
	800
	500
	800

	LAPO
	800
	800
	500
	800

	LSO
	800
	800
	300
	800

	MGA
	800
	800
	800
	800

	MVO
	800
	800
	500
	800

	PFA
	800
	800
	300
	800

	PPA
	800
	800
	300
	800

	PSO
	30
	800
	300
	30

	RUN
	800
	800
	300
	800

	SCA
	800
	800
	800
	800

	SEHO
	800
	30
	500
	800

	SPBO
	800
	50
	50
	800

	TFWO
	800
	500
	500
	800

	TSAA
	800
	500
	300
	800

	YSGA
	500
	800
	300
	500



	
Table S7 The 75% algorithm quantiles of CEC2019
	Func.　
	MD
	WD
	BD
	Std.
	Runtime

	
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800

	F1
	37199999
	10899999
	4809999
	3089999
	118999999
	25699999
	24899999
	16799999
	5399999
	1029999
	746999
	587999
	7720000
	1800000
	998000
	571000
	0.0893
	0.2722
	0.45
	0.608375

	F2
	6229
	4309
	4269
	3129
	9999
	6249
	9429
	7059
	3249
	2119
	1469
	1279
	934
	799
	918
	594
	0.0901
	0.264525
	0.443725
	0.626825

	F3
	9.5
	8.7
	8.07
	8.33
	10.7
	10.7
	10.2
	10
	7.41
	6.13
	5.89
	5.01
	1.35
	1.63
	1.51
	1.57
	0.092975
	0.2953
	0.483975
	0.662125

	F4
	80.4
	64
	62.8
	44.6
	106
	85.8
	91.6
	67.6
	50.8
	40.8
	43.4
	26.4
	12.7
	10.7
	11.4
	8.59
	0.078775
	0.256725
	0.39055
	0.603425

	F5
	40
	23.5
	31.2
	15.9
	68.9
	49.1
	54.2
	42.6
	16.2
	8.55
	9.2
	3.7
	5.85
	3.62
	3.75
	2.78
	0.08125
	0.2401
	0.38605
	0.60665

	F6
	10.1
	8.58
	8.63
	8.66
	11.8
	11.2
	10.9
	11.2
	7.98
	6.2
	6.63
	6.4
	1.3
	1.37
	1.32
	1.44
	0.158025
	0.506075
	0.787225
	1.222525

	F7
	2069
	1589
	1609
	1699
	2499
	1959
	2009
	2109
	1589
	1249
	1149
	1279
	318
	211
	285
	292
	0.084775
	0.251325
	0.4127
	0.587675

	F8
	3.91
	4.01
	3.9
	3.93
	4.02
	4.4
	4.23
	4.31
	3.72
	3.64
	3.41
	3.4
	0.249
	0.319
	0.352
	0.366
	0.07945
	0.230075
	0.379175
	0.534

	F9
	2.46
	1.04
	1
	0.85
	3.7
	2.45
	2.06
	1.45
	0.92
	0.43
	0.44
	0.3
	0.316
	0.178
	0.147
	0.151
	0.078725
	0.226125
	0.3664
	0.543575

	F10
	20.6
	20.5
	20.5
	20.5
	20.8
	20.7
	20.7
	20.6
	20.4
	20.3
	20.3
	20.2
	0.14
	0.18
	0.181
	0.209
	0.080125
	0.2248
	0.379275
	0.5323



Table 7-1 Complete results of CEC 2022 set
	Algorithm*
	Greater than zero in all iterations
	Sum of all iterations
	Strictly 
monotonically increasing
	Strictly 
monotonically decreasing
	Monotonically unchanged
	Efficient iteration

	
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	

	SA
	√
	√
	√
	
	13
	13
	15
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	300

	FA
	√
	√
	√
	
	12
	12
	17
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	500

	AMO
	√
	
	√
	
	10
	8
	7
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	MPA
	√
	
	√
	
	9
	7
	11
	1
	
	
	
	
	
	
	
	
	
	
	
	
	800

	MRFO
	√
	√
	
	√
	8
	12
	2
	13
	
	
	
	
	
	
	
	
	
	
	
	
	800

	DMOA
	√
	√
	
	
	8
	9
	4
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	300

	POAA
	
	√
	√
	
	7
	14
	4
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	800

	SFS
	√
	
	√
	√
	6
	7
	11
	7
	
	
	
	
	
	
	
	
	
	
	
	
	800

	BES
	√
	√
	√
	√
	6
	8
	11
	6
	
	
	
	
	
	
	
	
	
	
	
	
	800

	CGO
	√
	√
	√
	
	6
	6
	13
	4
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SOS
	√
	√
	√
	
	6
	6
	12
	3
	
	
	
	
	
	
	
	
	
	
	
	
	500

	ABC
	√
	√
	
	
	5
	4
	3
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	500

	SPBO
	
	
	√
	
	5
	1
	10
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	TSA
	√
	√
	√
	
	5
	7
	4
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	800

	ALO
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	CSAF
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	HBA
	
	
	
	√
	4
	6
	2
	7
	
	
	
	
	
	
	
	
	
	
	
	
	500

	LSA
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	SBO
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	SHO
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	SQLSA
	√
	√
	√
	√
	4
	4
	4
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	BA
	√
	√
	
	
	4
	4
	3
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	50

	SFLA
	
	
	√
	
	4
	3
	12
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	500

	CSAB
	
	
	√
	√
	3
	2
	7
	8
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	SSO
	
	√
	
	
	3
	6
	1
	8
	
	
	
	
	
	
	
	
	
	
	
	
	800

	HPO
	
	
	√
	√
	3
	3
	6
	5
	
	
	
	
	
	
	
	
	
	
	
	
	500

	SDO
	
	
	
	
	3
	2
	3
	5
	
	
	
	
	
	
	
	
	
	
	
	
	800

	CPA
	
	
	√
	
	3
	3
	12
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	CSOA
	
	
	
	
	3
	2
	3
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	HBO
	
	
	
	
	3
	4
	3
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	ICA
	
	
	√
	
	3
	1
	12
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	ARO
	
	
	
	
	2
	1
	3
	6
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SEHO
	
	
	
	
	2
	4
	1
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	TFWO
	
	
	√
	
	2
	2
	4
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	800

	KHA
	
	
	
	
	1
	5
	0
	9
	
	
	
	
	
	
	
	
	
	
	√
	
	800

	CAPSA
	
	
	
	√
	1
	4
	0
	6
	
	
	
	
	
	
	
	
	
	
	√
	
	800

	SALPSA
	
	
	
	
	1
	3
	0
	6
	
	
	
	
	
	
	
	
	
	
	√
	
	500

	FBI
	
	
	
	√
	1
	5
	2
	4
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	INFO
	
	
	√
	
	1
	3
	8
	3
	
	
	
	
	
	
	
	
	
	
	
	
	800

	SNS
	
	
	
	
	1
	2
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	800

	AJSO
	
	
	
	
	1
	6
	0
	2
	
	
	
	
	
	
	
	
	
	
	√
	
	500

	WHO
	
	
	√
	
	1
	1
	4
	1
	
	
	
	
	
	
	
	
	
	
	√
	
	800

	BBO
	
	
	
	
	1
	2
	5
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	CSAC
	
	
	
	
	1
	0
	0
	0
	
	
	
	
	
	
	
	
	
	√
	√
	√
	800

	DA
	
	
	
	
	1
	0
	0
	0
	
	
	
	
	
	
	
	
	
	√
	√
	√
	300

	FPA
	
	
	
	
	1
	0
	1
	0
	
	
	
	
	
	
	
	
	
	√
	
	√
	800

	LAPO
	
	
	
	
	1
	0
	0
	0
	
	
	
	
	
	
	
	
	
	√
	√
	√
	800

	PSO
	
	
	
	
	1
	3
	0
	0
	
	
	
	
	
	
	
	
	
	
	√
	√
	800

	SO
	
	
	
	
	1
	1
	2
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	TLBO
	
	
	
	
	1
	4
	3
	0
	
	
	
	
	
	
	
	
	
	
	
	√
	800

	CHIO
	
	
	
	√
	0
	1
	0
	48
	
	
	
	
	
	
	
	
	√
	
	√
	√
	10

	TSO
	
	
	
	√
	0
	3
	0
	15
	
	
	
	
	
	
	
	
	√
	
	√
	
	500

	TSOA
	
	
	
	√
	0
	0
	0
	14
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	RSA
	
	
	
	√
	0
	0
	0
	11
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	WOA
	
	
	
	√
	0
	1
	0
	11
	
	
	
	
	
	
	
	
	√
	
	√
	
	500

	AHA
	
	
	
	√
	0
	1
	4
	8
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	BWO
	
	
	
	√
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	800

	BWOA
	
	
	
	√
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	50

	COOT
	
	
	
	√
	0
	4
	0
	8
	
	
	
	
	
	
	
	
	√
	
	√
	
	800

	ESDA
	
	
	
	√
	0
	0
	2
	8
	
	
	
	
	
	
	
	
	√
	√
	
	√
	300

	GOLDSA
	
	
	
	√
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	50

	GTO
	
	
	
	√
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	500

	HHO
	
	
	
	√
	0
	1
	0
	8
	
	
	
	
	
	
	
	
	√
	
	√
	√
	800

	JSOA
	
	
	
	√
	0
	0
	0
	8
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	50

	SCSO
	
	
	
	√
	0
	2
	0
	8
	
	
	
	
	
	
	
	
	√
	
	√
	√
	500

	BSA
	
	
	
	√
	0
	0
	0
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	300

	HGS
	
	
	√
	√
	0
	1
	5
	7
	
	
	
	
	
	
	
	
	√
	
	
	
	800

	MSA
	
	
	
	√
	0
	1
	1
	7
	
	
	
	
	
	
	
	
	√
	
	
	
	800

	RSO
	
	
	
	√
	0
	0
	0
	7
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	AO
	
	
	
	√
	0
	0
	0
	6
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	DOA
	
	
	
	
	0
	0
	0
	6
	
	
	
	
	
	
	
	
	√
	√
	√
	
	80

	TSOO
	
	
	
	
	0
	0
	0
	6
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	AOAA
	
	
	
	
	0
	0
	0
	5
	
	
	
	
	
	
	
	
	√
	√
	√
	
	500

	GBO
	
	
	
	
	0
	1
	0
	5
	
	
	
	
	
	
	
	
	√
	
	√
	
	800

	POA
	
	
	
	
	0
	0
	1
	5
	
	
	
	
	
	
	
	
	√
	√
	
	
	300

	BSO
	
	
	
	√
	0
	0
	1
	4
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	FOAA
	
	
	
	√
	0
	0
	0
	4
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	50

	GOA
	
	
	
	
	0
	3
	0
	4
	
	
	
	
	
	
	
	
	√
	
	√
	
	800

	AOA
	
	
	
	
	0
	0
	0
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	50

	GJO
	
	
	
	
	0
	0
	0
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	NGO
	
	
	
	
	0
	0
	0
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	TSAA
	
	
	
	
	0
	0
	0
	3
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	AEFA
	
	
	
	
	0
	0
	2
	1
	
	
	
	
	
	
	
	
	√
	√
	
	
	800

	BDO
	
	
	
	
	0
	1
	1
	1
	
	
	
	
	
	
	
	
	√
	
	
	
	800

	CRYSTAL
	
	
	
	
	0
	0
	0
	1
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	GWO
	
	
	
	
	0
	1
	0
	1
	
	
	
	
	
	
	
	
	√
	
	√
	
	500

	SMA
	
	
	
	
	0
	0
	0
	1
	
	
	
	
	
	
	
	
	√
	√
	√
	
	800

	COA
	
	
	
	
	0
	3
	1
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	500

	CSA
	
	
	
	
	0
	2
	1
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	500

	CSAE
	
	
	
	
	0
	2
	2
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	FDO
	
	
	
	
	0
	1
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	800

	FSA
	
	
	
	
	0
	1
	3
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	100

	GPC
	
	
	
	
	0
	2
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	800

	GSA
	
	
	
	
	0
	0
	1
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	MA
	
	
	√
	
	0
	1
	6
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	MFO
	
	
	√
	
	0
	0
	4
	0
	
	
	
	
	
	
	
	
	√
	√
	√
	√
	300

	MGA
	
	
	
	
	0
	1
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	800

	MVO
	
	
	
	
	0
	0
	2
	0
	
	
	
	
	
	
	
	
	√
	√
	
	√
	800

	PFA
	
	
	
	
	0
	1
	1
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	PPA
	
	
	
	
	0
	2
	3
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	TEO
	
	
	
	
	0
	1
	1
	0
	
	
	
	
	
	
	
	
	√
	
	
	√
	800

	WDO
	
	
	
	
	0
	2
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	800

	WSO
	
	
	
	
	0
	1
	0
	0
	
	
	
	
	
	
	
	
	√
	
	√
	√
	100

	Total
	19
	18
	28
	36
	[bookmark: OLE_LINK62]53#
	31#
	42#
	40#
	0
	0
	0
	0
	0
	0
	0
	0
	60
	40
	53
	54
	


* The listed orders of the algorithms are the orders of their quantitative performance obtained by sorting MS and SS in "Sum of all iterations" as the first and second keywords in descending; underline means the quantitative performance of the algorithms at the top 15% of all the types; and bold-italics indicates the algorithms with both quantitative and numerical performance reaching the top 15% of hybrid type. And, 20 algorithms with all statistics of zero are not listed here (see Table S10 for details). #These counts are the numbers of MS, WS, BS and SS for all iterations being zero, respectively.




Table S8 The detailed results of hybrid complexity in CEC2022
	Algorithm
	100
	300
	500
	800
	Monotonically increasing
	Monotonically decreasing

	
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS
	MS
	WS
	BS
	SS

	ABC
	1
	1
	1
	0
	1
	1
	1
	0
	2
	1
	1
	0
	1
	1
	0
	0
	
	
	
	
	
	
	√
	

	AEFA
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0
	
	
	√
	
	
	
	
	√

	AHA
	0
	0
	0
	2
	0
	0
	1
	2
	0
	0
	1
	2
	0
	1
	2
	2
	
	√
	√
	
	
	
	
	

	AJSO
	0
	0
	0
	1
	0
	2
	0
	0
	0
	2
	0
	1
	1
	2
	0
	0
	√
	√
	
	
	
	
	
	

	ALO
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	AMO
	2
	0
	2
	0
	3
	3
	2
	0
	2
	1
	2
	0
	3
	4
	1
	0
	
	
	
	
	
	
	√
	

	AO
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	1
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	AOA
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	
	
	
	√
	
	
	
	

	AOAA
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	1
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	ARO
	0
	0
	0
	0
	1
	0
	1
	2
	0
	0
	1
	2
	1
	1
	1
	2
	
	√
	√
	√
	
	
	
	

	BA
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	
	
	
	
	
	
	√
	

	BBO
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	3
	0
	
	√
	√
	
	
	
	
	

	BDO
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	BES
	1
	1
	1
	2
	2
	2
	3
	1
	1
	2
	3
	1
	2
	3
	4
	2
	
	√
	√
	
	
	
	
	

	BSA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	√
	
	
	
	

	BSO
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	
	
	√
	
	
	
	
	

	BWO
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	BWOA
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	CAPSA
	0
	0
	0
	1
	1
	1
	0
	2
	0
	2
	0
	2
	0
	1
	0
	1
	
	
	
	
	
	
	
	

	CGO
	1
	1
	3
	0
	1
	1
	3
	1
	1
	2
	3
	1
	3
	2
	4
	2
	√
	√
	√
	√
	
	
	
	

	CHIO
	0
	1
	0
	12
	0
	0
	0
	12
	0
	0
	0
	12
	0
	0
	0
	12
	
	
	
	
	
	√
	
	

	COA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	1
	0
	0
	1
	0
	0
	
	
	
	
	
	
	
	

	COOT
	0
	0
	0
	1
	0
	1
	0
	3
	0
	2
	0
	2
	0
	1
	0
	2
	
	
	
	
	
	
	
	

	CPA
	0
	0
	1
	0
	2
	1
	5
	0
	1
	1
	4
	0
	0
	1
	2
	0
	
	√
	
	
	
	
	
	

	CRYSTAL
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	
	
	
	√
	
	
	
	

	CSA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	
	√
	√
	
	
	
	
	

	CSAB
	1
	0
	3
	2
	1
	1
	2
	2
	0
	1
	1
	2
	1
	0
	1
	2
	
	
	
	
	
	
	√
	

	CSAC
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	CSAE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	2
	0
	
	√
	√
	
	
	
	
	

	CSAF
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	CSOA
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	0
	√
	
	√
	
	
	
	
	

	DA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	√
	
	
	
	
	
	
	

	DMOA
	1
	1
	2
	0
	2
	2
	1
	0
	2
	3
	1
	0
	3
	3
	0
	0
	√
	√
	
	
	
	
	√
	

	DOA
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	√
	
	
	
	

	ESDA
	0
	0
	0
	2
	0
	0
	1
	2
	0
	0
	0
	2
	0
	0
	1
	2
	
	
	
	
	
	
	
	

	FA
	3
	3
	4
	0
	4
	3
	5
	0
	3
	3
	5
	0
	2
	3
	3
	0
	
	
	
	
	
	
	
	

	FBI
	0
	0
	0
	1
	1
	2
	0
	1
	0
	2
	0
	1
	0
	1
	2
	1
	
	
	√
	
	
	
	
	

	FDO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	FOAA
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	FPA
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	FSA
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	
	
	
	
	
	√
	√
	

	GBO
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	2
	0
	1
	0
	2
	
	√
	
	√
	
	
	
	

	GJO
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	
	
	
	√
	
	
	
	

	GOA
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	4
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	GOLDSA
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	GPC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	GSA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	GTO
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	GWO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	
	√
	
	√
	
	
	
	

	HBA
	0
	0
	1
	1
	1
	2
	0
	2
	1
	2
	0
	2
	2
	2
	1
	2
	√
	√
	
	√
	
	
	
	

	HBO
	1
	0
	1
	0
	1
	2
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	
	
	
	
	
	
	
	

	HGS
	0
	0
	2
	1
	0
	0
	1
	2
	0
	0
	1
	2
	0
	1
	1
	2
	
	√
	
	√
	
	
	√
	

	HHO
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	1
	0
	2
	
	√
	
	
	
	
	
	

	HPO
	1
	0
	1
	1
	1
	1
	1
	1
	0
	1
	2
	1
	1
	1
	2
	2
	
	√
	√
	√
	
	
	
	

	ICA
	0
	0
	1
	0
	1
	0
	4
	0
	1
	0
	4
	0
	1
	1
	3
	0
	√
	√
	
	
	
	
	
	

	INFO
	0
	0
	2
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	4
	1
	
	√
	
	√
	
	
	
	

	JSOA
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	KHA
	0
	0
	0
	4
	0
	1
	0
	2
	0
	2
	0
	3
	1
	2
	0
	0
	√
	√
	
	
	
	
	
	

	LAPO
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	√
	
	
	

	LSA
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	MA
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	3
	0
	
	
	√
	
	
	
	
	

	MFO
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	
	
	
	
	
	

	MGA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	MPA
	1
	0
	2
	0
	2
	1
	2
	0
	3
	3
	2
	0
	3
	3
	5
	1
	√
	√
	√
	√
	
	
	
	

	MRFO
	3
	4
	0
	3
	1
	1
	0
	3
	2
	4
	1
	4
	2
	3
	1
	3
	
	
	√
	
	
	
	
	

	MSA
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	0
	1
	1
	2
	
	√
	√
	√
	
	
	
	

	MVO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	NGO
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	PFA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	
	√
	√
	
	
	
	
	

	POA
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	1
	2
	
	
	√
	√
	
	
	
	

	POAA
	2
	4
	1
	0
	2
	4
	1
	0
	0
	2
	1
	0
	3
	4
	1
	0
	
	
	
	
	
	
	
	

	PPA
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	
	
	√
	
	
	
	
	

	PSO
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	RSA
	0
	0
	0
	2
	0
	0
	0
	3
	0
	0
	0
	2
	0
	0
	0
	4
	
	
	
	
	
	
	
	

	RSO
	0
	0
	0
	2
	0
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	
	
	
	
	

	SA
	3
	2
	2
	0
	4
	4
	5
	0
	3
	4
	4
	0
	3
	3
	4
	0
	
	
	
	
	
	
	
	

	SALPSA
	0
	0
	0
	2
	0
	0
	0
	0
	0
	1
	0
	4
	1
	2
	0
	0
	√
	√
	
	
	
	
	
	

	SBO
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	SCSO
	0
	0
	0
	2
	0
	0
	0
	2
	0
	1
	0
	2
	0
	1
	0
	2
	
	√
	
	
	
	
	
	

	SDO
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	2
	1
	1
	2
	2
	√
	√
	√
	√
	
	
	
	

	SEHO
	0
	0
	0
	0
	1
	0
	0
	0
	0
	2
	0
	0
	1
	2
	1
	0
	
	√
	√
	
	
	
	
	

	SFLA
	2
	0
	3
	0
	2
	1
	2
	0
	0
	1
	3
	0
	0
	1
	4
	0
	
	√
	
	
	√
	
	
	

	SFS
	1
	0
	1
	1
	2
	2
	2
	2
	1
	2
	4
	2
	2
	3
	4
	2
	
	√
	√
	√
	
	
	
	

	SHO
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	SMA
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	√

	SNS
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	2
	1
	1
	
	√
	√
	√
	
	
	
	

	SO
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	
	
	√
	
	
	
	
	

	SOS
	1
	1
	1
	0
	1
	1
	3
	1
	1
	2
	3
	1
	3
	2
	5
	1
	√
	√
	√
	√
	
	
	
	

	SPBO
	0
	0
	2
	0
	1
	0
	2
	0
	2
	0
	3
	0
	2
	1
	3
	0
	√
	√
	√
	
	
	
	
	

	SQLSA
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	2
	1
	1
	1
	1
	
	
	
	
	
	
	
	√

	SSO
	1
	1
	0
	2
	1
	1
	1
	2
	0
	2
	0
	0
	1
	2
	0
	4
	
	√
	
	
	
	
	
	

	TEO
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	TFWO
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	1
	0
	
	√
	
	
	
	
	
	

	TLBO
	0
	0
	1
	0
	1
	1
	0
	0
	0
	2
	1
	0
	0
	1
	1
	0
	
	
	
	
	
	
	
	

	TSA
	1
	1
	1
	0
	1
	2
	1
	0
	1
	2
	1
	0
	2
	2
	1
	0
	√
	√
	
	
	
	
	
	

	TSAA
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	
	
	
	
	
	
	
	

	TSO
	0
	0
	0
	3
	0
	1
	0
	4
	0
	1
	0
	5
	0
	1
	0
	3
	
	√
	
	
	
	
	
	

	TSOA
	0
	0
	0
	4
	0
	0
	0
	4
	0
	0
	0
	3
	0
	0
	0
	3
	
	
	
	
	
	
	
	√

	TSOO
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	2
	0
	0
	0
	2
	
	
	
	√
	
	
	
	

	WDO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	
	√
	
	
	
	
	
	

	WHO
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	
	√
	
	√
	
	
	
	

	WOA
	0
	0
	0
	3
	0
	0
	0
	4
	0
	0
	0
	2
	0
	1
	0
	2
	
	√
	
	
	
	
	
	

	WSO
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	






Table S9* The results of different complexities of CEC2022
	Algorithm
	All greater than 0
	Statistics
	Efficient iteration

	
	M
	W
	B
	S
	M
	W
	B
	S
	

	
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI
	SI
	ME
	HI

	ABC
	
	
	√
	
	
	√
	
	
	
	
	
	
	1
	0
	4
	0
	0
	4
	0
	0
	3
	0
	0
	0
	800
	500
	800

	AEFA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	800
	500
	800

	AHA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	1
	0
	3
	1
	8
	0
	0
	800
	500
	800

	AJSO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	1
	5
	0
	0
	0
	1
	0
	1
	800
	500
	800

	ALO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	AMO
	
	
	√
	
	
	
	
	
	
	
	
	
	3
	0
	7
	1
	1
	6
	3
	0
	4
	0
	0
	0
	800
	800
	800

	AO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6
	0
	0
	300
	800
	800

	AOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	500
	50
	800

	AOAA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	800
	500
	800

	ARO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	2
	0
	0
	1
	0
	3
	0
	6
	0
	0
	800
	800
	800

	BA
	
	
	√
	
	
	√
	
	
	
	
	
	
	0
	0
	4
	0
	0
	4
	0
	0
	3
	0
	0
	0
	800
	50
	800

	BBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	2
	2
	3
	0
	0
	0
	0
	800
	500
	800

	BDO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	800
	800
	800

	BES
	
	
	
	
	
	√
	
	
	
	√
	
	
	3
	0
	3
	1
	0
	7
	5
	4
	2
	6
	0
	0
	800
	50
	800

	BSA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7
	0
	0
	80
	300
	500

	BSO
	
	
	
	
	
	
	
	
	
	
	√
	
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	4
	0
	800
	300
	800

	BWO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	800
	800
	800

	BWOA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	100
	50
	500

	CAPSA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	1
	0
	0
	4
	0
	0
	0
	6
	0
	0
	800
	800
	800

	CGO
	
	
	
	
	
	√
	√
	√
	
	
	
	
	2
	1
	3
	2
	0
	4
	7
	4
	2
	4
	0
	0
	800
	800
	800

	CHIO
	
	
	
	
	
	
	
	
	
	√
	√
	√
	0
	0
	0
	1
	0
	0
	0
	0
	0
	20
	12
	16
	10
	10
	10

	COA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	3
	0
	1
	0
	0
	0
	0
	800
	500
	800

	COOT
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	4
	0
	0
	0
	7
	1
	0
	800
	500
	800

	CPA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	2
	1
	0
	0
	3
	3
	7
	2
	0
	0
	0
	800
	500
	800

	CRYSTAL
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	800
	800
	500

	CSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	2
	0
	1
	0
	0
	0
	0
	800
	500
	800

	CSAB
	
	
	
	
	
	
	
	√
	
	√
	
	
	0
	0
	3
	0
	0
	2
	0
	6
	1
	8
	0
	0
	800
	80
	800

	CSAC
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	800
	800
	800

	CSAE
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	2
	0
	1
	1
	0
	0
	0
	800
	500
	800

	CSAF
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	CSOA
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	2
	0
	0
	2
	3
	0
	0
	0
	0
	0
	800
	800
	800

	DA
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	500
	300
	800

	DMOA
	
	
	√
	
	
	√
	
	
	
	
	
	
	2
	0
	6
	2
	0
	7
	1
	0
	3
	0
	0
	0
	100
	300
	800

	DOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6
	0
	0
	800
	80
	500

	ESDA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	2
	0
	8
	0
	0
	800
	300
	500

	FA
	√
	
	
	√
	
	√
	√
	√
	
	
	
	
	7
	3
	2
	6
	1
	5
	8
	7
	2
	0
	0
	0
	300
	500
	800

	FBI
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	1
	0
	0
	5
	1
	0
	1
	4
	0
	0
	800
	500
	800

	FDO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	800
	800
	800

	FOAA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	3
	50
	50
	800

	FPA
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	800
	800
	800

	FSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	1
	0
	0
	0
	0
	3
	0
	0
	0
	80
	100
	500

	GBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	0
	5
	0
	0
	800
	800
	800

	GJO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	300
	800
	800

	GOA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	1
	2
	0
	0
	0
	3
	0
	1
	800
	300
	800

	GOLDSA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	800
	50
	800

	GPC
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	800
	500
	800

	GSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	800
	500
	800

	GTO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	800
	500
	800

	GWO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	800
	500
	800

	HBA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	2
	2
	0
	1
	5
	0
	1
	1
	7
	0
	0
	800
	300
	800

	HBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	3
	0
	0
	4
	2
	0
	1
	0
	0
	0
	800
	800
	800

	HGS
	
	
	
	
	
	
	
	√
	
	√
	
	
	0
	0
	0
	0
	0
	1
	0
	4
	1
	7
	0
	0
	800
	300
	800

	HHO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	0
	8
	0
	0
	800
	800
	800

	HPO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	3
	0
	0
	3
	1
	3
	2
	5
	0
	0
	800
	300
	800

	ICA
	
	
	
	
	
	
	
	
	√
	
	
	
	0
	0
	3
	0
	0
	1
	0
	3
	9
	0
	0
	0
	800
	500
	800

	INFO
	
	
	
	
	
	
	
	√
	
	
	
	
	0
	0
	1
	0
	0
	3
	2
	4
	2
	3
	0
	0
	800
	800
	800

	JSOA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	800
	50
	800

	KHA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	5
	0
	0
	0
	3
	2
	4
	800
	500
	800

	LAPO
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	50
	800
	500

	LSA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	MA
	
	
	
	
	
	
	
	√
	
	
	
	
	0
	0
	0
	0
	0
	1
	1
	4
	1
	0
	0
	0
	800
	500
	800

	MFO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	3
	1
	0
	0
	0
	800
	300
	500

	MGA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	800
	800
	800

	MPA
	
	√
	
	
	
	
	
	√
	
	
	
	
	0
	8
	1
	0
	3
	4
	2
	7
	2
	1
	0
	0
	800
	800
	800

	MRFO
	
	
	
	
	
	√
	
	
	
	√
	
	
	0
	5
	3
	0
	5
	7
	0
	2
	0
	9
	3
	1
	800
	100
	800

	MSA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	1
	7
	0
	0
	800
	500
	800

	MVO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	800
	800
	800

	NGO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	800
	800
	800

	PFA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	800
	300
	800

	POA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	1
	0
	5
	0
	0
	800
	300
	500

	POAA
	
	
	
	
	
	√
	
	
	
	
	
	
	1
	3
	3
	1
	4
	9
	0
	3
	1
	0
	0
	0
	800
	800
	300

	PPA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	1
	0
	1
	0
	3
	0
	0
	0
	0
	800
	500
	800

	PSO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	3
	0
	0
	0
	0
	0
	0
	800
	800
	800

	RSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6
	1
	4
	80
	800
	800

	RSO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7
	0
	0
	500
	800
	800

	SA
	√
	
	
	√
	
	√
	√
	
	
	
	
	
	8
	3
	2
	7
	1
	5
	7
	6
	2
	0
	0
	0
	300
	300
	800

	SALPSA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	3
	0
	0
	0
	1
	3
	2
	800
	80
	800

	SBO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	SCSO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	2
	0
	0
	0
	8
	0
	0
	300
	500
	500

	SDO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	2
	1
	0
	0
	2
	0
	2
	1
	5
	0
	0
	800
	800
	800

	SEHO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	2
	0
	0
	4
	0
	1
	0
	0
	0
	0
	800
	100
	800

	SFLA
	
	
	
	
	
	
	
	√
	√
	
	
	
	0
	0
	4
	0
	0
	3
	3
	4
	5
	0
	0
	0
	500
	500
	800

	SFS
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	3
	3
	0
	2
	5
	6
	4
	1
	7
	0
	0
	800
	800
	800

	SHO
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	SMA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	50
	800
	800

	SNS
	
	
	
	
	
	
	
	
	
	
	
	
	0
	1
	0
	0
	1
	1
	0
	2
	0
	3
	0
	0
	800
	500
	800

	SO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	1
	0
	2
	0
	0
	0
	0
	800
	500
	800

	SOS
	
	
	
	
	
	√
	
	
	
	
	
	
	1
	3
	2
	1
	0
	5
	5
	4
	3
	3
	0
	0
	800
	500
	800

	SPBO
	
	
	
	
	
	
	
	√
	√
	
	
	
	0
	0
	5
	0
	0
	1
	0
	4
	6
	0
	0
	0
	500
	800
	300

	SQLSA
	√
	
	
	√
	
	
	√
	
	
	
	
	
	4
	0
	0
	4
	0
	0
	4
	0
	0
	3
	1
	3
	50
	50
	800

	SSO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	1
	2
	0
	1
	5
	0
	1
	0
	2
	3
	3
	800
	500
	800

	TEO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	80
	800
	800

	TFWO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	2
	0
	0
	2
	0
	3
	1
	0
	0
	0
	800
	500
	800

	TLBO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	4
	1
	1
	1
	0
	0
	0
	800
	800
	800

	TSA
	
	
	
	
	
	√
	
	
	
	
	
	
	2
	0
	3
	2
	0
	5
	3
	0
	1
	0
	0
	0
	800
	800
	800

	TSAA
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	2
	50
	800
	800

	TSO
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	3
	0
	0
	0
	11
	2
	2
	800
	500
	800

	TSOA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	10
	1
	3
	50
	50
	800

	TSOO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6
	0
	0
	800
	50
	800

	WDO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	800
	800
	800

	WHO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	1
	0
	0
	1
	0
	3
	1
	1
	0
	0
	800
	800
	800

	WOA
	
	
	
	
	
	
	
	
	
	√
	
	
	0
	0
	0
	0
	0
	1
	0
	0
	0
	8
	2
	1
	800
	500
	800

	WSO
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	800
	100
	800

	 Total
	8
	1
	4
	8
	0
	11
	9
	9
	3
	27
	2
	1
	82
	90
	64
	82
	91
	42
	74
	61
	68
	43
	86
	82
	800
	500
	800

	Percent
	7.8%
	1.0%
	3.9%
	7.8%
	0.0%
	10.7%
	8.7%
	8.7%
	2.9%
	26.2%
	1.9%
	1.0%
	79.6%
	87.4%
	62.1%
	79.6%
	88.3%
	40.8%
	71.8%
	59.2%
	66.0%
	41.7%
	83.5%
	79.6%
	
	
	


*SI, ME and HI in the head represent Simple, Medium and High respectively.
Table S10 Algorithms with all statisticses of zero in CEC2022 
	Algorithm
	Efficient iteration

	
	Simple
	Medium
	High
	Hybird

	AOS
	800
	800
	800
	800

	ASO
	800
	50
	500
	50

	AVOA
	800
	300
	500
	300

	BAS
	80
	50
	800
	50

	CHOA
	800
	800
	800
	800

	CSO
	800
	300
	500
	300

	DE
	800
	800
	800
	800

	EHO
	500
	800
	800
	800

	EPO
	800
	50
	800
	50

	GA
	800
	800
	800
	800

	GEO
	800
	500
	500
	500

	IWO
	800
	800
	800
	800

	JAYA
	800
	800
	800
	800

	LSO
	800
	800
	800
	800

	RUN
	800
	800
	800
	800

	SCA
	800
	800
	800
	800

	SOA
	500
	800
	800
	800

	SSA
	800
	50
	800
	50

	STOA
	800
	500
	800
	500

	YSGA
	800
	800
	800
	800






Table S11 The 75% algorithm quantiles of CEC2022
	Func.
	MD
	WD
	BD
	Std.
	Runtime

	
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800
	100
	300
	500
	800

	F1
	67700
	71200
	65600
	42300
	83700
	94900
	116700
	65300
	41200
	31900
	30100
	27100
	10200
	10700
	10400
	6890
	0.122375
	0.380175
	0.6451
	0.88265

	F2
	2440
	1160
	880
	760
	4640
	1870
	1600
	1300
	1320
	680
	552
	397
	269
	109
	97.4
	89.2
	0.110325
	0.357175
	0.619675
	0.864475

	F3
	598.27
	599.99352
	600
	600
	600
	600
	600
	600
	595.79
	599.99352
	599.9999987
	600
	0.754
	0.79
	0.754
	0.832
	0.075625
	0.2261
	0.3826
	0.58375

	F4
	800
	800
	800
	800
	1020
	800
	800
	800
	800
	800
	800
	800
	138
	42.5
	21.9
	18
	0.077875
	0.193
	0.41015
	0.5861

	F5
	3690
	2870
	2570
	2380
	5620
	4680
	3940
	3910
	2570
	1750
	1560
	1260
	735
	550
	472
	450
	0.1226
	0.3201
	0.67995
	0.92995

	F6
	881998200
	696998200
	428998200
	155998200
	2309998200
	1189998200
	765998200
	677998200
	199998200
	38398200
	21998200
	28398200
	131000000
	45000000
	15200000
	13900000
	0.125375
	0.302125
	0.6278
	0.903

	F7
	290
	260
	250
	240
	460
	390
	390
	380
	180
	180
	170
	160
	67.9
	56.1
	52.2
	46.1
	0.16065
	0.36995
	0.79015
	1.076475

	F8
	290
	250
	260
	200
	590
	500
	520
	450
	160
	50
	70
	50
	90.2
	86.2
	84.3
	81.7
	0.17825
	0.412975
	0.813225
	1.13575

	F9
	890
	630
	520
	470
	1280
	910
	770
	690
	520
	410
	340
	310
	89.3
	51.9
	44.2
	36.9
	0.170275
	0.372475
	0.733425
	1.0498

	F10
	4130
	3570
	2210
	380
	5070
	4780
	4130
	1050
	2510
	1710
	170
	140
	1080
	1040
	900
	41.4
	0.1586
	0.391925
	0.657675
	0.99095

	F11
	5110
	4760
	3290
	3400
	6710
	6220
	5530
	4590
	3760
	3340
	2180
	2420
	505
	552
	415
	362
	0.1765
	0.51875
	0.771575
	1.12735

	F12
	800
	700
	680
	620
	1040
	1000
	1030
	850
	590
	460
	490
	390
	83.4
	79.9
	104
	64.1
	0.170475
	0.5083
	0.849
	1.2796



