Appendix

	1:   Input: host list ,Output:the migration list
2:   calculate the average of host cpu usage
3:   host_higher_than_average  select the hosts that their CPU usage are hiegher than the calculated average cpu
4:   vm_in_higher_than_avergae_cpu  listing the VMs that are located in the selected hosts
5:   upper_vm_weight  the migration weight of VM and used disk size of listed VMs in the last step are multiplied
6:   sort_upper_vm_weight  sortAscending(upper_vm_weight)
7:   host_lower_than_average  select the hosts that their CPU usage are lower than the calculated average
8:   vm_in_lower_than_avergae_cpu  listing the VMs that are in the selected server in the last step
9:   lower_vm_weight  the migration weight of VM and used disk size of listed VMs in the last step are multiplied
10: sort_lower_vm_weight  sortAscending(upper_vm_weight)
11: maximum_vm_replacement  minimum [ length (vm_in_higher_than_avergae_cpu) , length(vm_in_lower_than_avergae_cpu) ]
12: IF maximum_vm_replacement == length (vm_in_higher_than_avergae_cpu): 
13: 	FOR vm IN vm_in_higher_than_avergae_cpu:
14:    		replace two selected VM from the sort_higher_vm_weight and sort_lower_vm_weight
15:    		add the two vm in to the migration list
16:		add a value to the weight of both selected VMs 
17: 		IF with the migration_list covers all the constraint in the model:
18:			calculate the objective function
19:			optimal_solution_list  the migration list and the objective function
20:      			break the FOR LOOP
21:		END    
22:	END
23: END
24: ELSE: 
25: 	For vm IN vm_in_lower_than_avergae_cpu:
26:		replace two selected VM from the sort_higher_vm_weight and sort_lower_vm_weight
27:    		add the two vm in to the migration list
28:		add a value to the weight of both selected VMs
29:    		IF with the new replacement covers all the constraint in the model:
30:			calculate the objective function
31:			optimal_solution_list  the migration list and the objective function
32:			break the for loop
33:		END    
34:	END
35: END
36: IF with the migration_list covers all the constraint in the model:
37: 	return the migration list and 
38: END
39: ELSE:
38:	request some new host name for rebalancing   
39: End




























Algorithm 1 (proposed algorithm)





















1: Input: host list,iteration,intial_mutation_value,intial_crossover_value
2: Output:solution as the migration list
3: get the the location of VMs in Host
4: IF the current location cover all the replacement model constraint
5: 	save current location as initial_solution
6: END
7: ELSE
8: 	intial_value_is_selected=False
9: 	WHILE intial_value_is_selected:
10:		Generate the pool
11:		FOR chromosome IN pool_list:
12:			IF chormosome cover all the replacement model constraint
13:				save choromosome as initial_solution
14:				intial_value_is_selected=True
15:			END
16:		END
17:	END
18: END
18: FOR i IN iteration:
19:	Generate the pool
20:	FOR j in range(length(pool))
21:		IF the chromosome cover all the replacement model constraint
22:			calculate the objective function
23:			IF objective function < initial_objective_FUNction
24:				replace the chromosomoe as best_solution
25:			END
26:		END
27:		crossover: Generate a value between o and 1
28:		mutation : Generate a value between o and 1
29:		IF crossover <= intial_cross_over_value
30:			IF mutation <= intial_mutation_value:
31:				DO the crossover and mutation
32:				consider the answer
33:			END
34:		END
35:		ELSE:
36:			DO the crossover
37:			calculate the objective function
38:			IF objective function < initial_objective_FUNction
39:				replace the chromosomoe as best_solution
40:			END
41:		END
42: END
43: return best_solution






























Algorithm 2 (genetic algorithm)

Table (4) - solving the proposed model with resource balancer algorithm
	
	proposed model with proposed resource balancer algorithm

	
	model
	algorithm
	
lower bound
	
upper bound
	
time
	
Objective function
	
number of replacements
	power consumption before migration
	power consumption after migration
	percent of power saving

	
1
	

Proposed
	Resource
Balancer
Algorithm
	0.9
	1.1
	0:00:12
	3913525.594061165
	44
	[bookmark: _30j0zll]666649
	663077
	0.538 %

	
	
	
	0.8
	1.2
	0:00:07
	3913519.594061165
	38
	666649
	663304
	0.501 %

	
	
	
	0.6
	1.4
	0:00:05
	3913501.594061165
	20
	[bookmark: _1fob9te]666649
	663349
	0.495 %

	
	
	GA
	0.60
	1.4
	0:00:44
	3913572.594061166
	93
	[bookmark: _3znysh7]666649
	663790
	0.428 %

	
	Compared
	GA
	-
	-
	0:00:26
	1169351490.995658
	94
	[bookmark: _2et92p0]666649
	664581
	0.310 %

	
2
	

Proposed
	Resource
Balancer
Algorithm
	0.9
	1.1
	0:00:10
	3869293.074130547
	40
	725679
	721882
	0.523 %

	
	
	
	0.8
	1.2
	0:00:07
	3869279.074130547
	26
	725679
	722149
	0.486 %

	
	
	
	0.6
	1.4
	0:00:02
	3869256.074130547
	3
	725679
	722184
	0.481 %

	
	
	GA
	0.60
	1.4
	0:00:56
	3869345.074130547
	92
	725679
	723615
	0.284 %

	
	Compared
	GA
	-
	-
	0:00:37
	1075534398.044806
	92
	725679
	 723066
	0.360 %

	
3
	

Proposed
	Resource
Balancer
Algorithm
	0.87
	1.1
	0:00:12
	3979623.572043969
	46
	578246
	 574515
	0.645 %

	
	
	
	0.8
	1.2
	0:00:10
	3979617.572043969
	40
	[bookmark: _tyjcwt]578246
	574744
	0.605 %

	
	
	
	0.6
	1.4
	0:00:06
	3979600.572043969
	23
	578246
	[bookmark: _3dy6vkm]574791
	0.597 %

	
	
	GA
	0.60
	1.4
	0:00:66
	3979669.572043968
	93
	578246
	575246
	0.518 %

	
	Compared
	GA
	-
	-
	0:00:36
	894756662.4379632
	93
	578246
	576013
	0.386 %

	
4
	

Proposed
	Resource
Balancer
Algorithm
	0.9
	1.1
	0:00:10
	3875319.339068676
	39
	717898
	714056
	0.535 %

	
	
	
	0.8
	1.2
	0:00:06
	3875304.339068677
	24
	717898
	714148
	0.522 %

	
	
	
	0.6
	1.4
	0:00:03
	3875290.339068676
	10
	717898
	714347
	0.494 %

	
	
	GA
	0.60
	1.4
	0:00:49
	3875374.339068677
	95
	717898
	714770
	0.435 %

	
	Compared
	GA
	-
	-
	0:00:33
	[bookmark: _1t3h5sf]1087640437.848659
	95
	717898
	715518
	0.331%

	
5
	

Proposed
	Resource
Balancer
Algorithm
	0.9
	1.1
	0:00:07
	3818006.041638436
	27
	[bookmark: _4d34og8]794691
	790650
	0.508 %

	
	
	
	0.8
	1.2
	0:00:05
	3818002.041638436
	23
	794691
	790735
	0.497 %

	
	
	
	0.6
	1.4
	0:00:01
	3817983.041638436
	4
	794691
	790737
	0.497 %

	
	
	GA
	0.60
	1.4
	0:00:51
	3818070.041638436
	91
	[bookmark: _2s8eyo1]794691
	791290
	0.427 %

	
	Compared
	GA
	-
	-
	0:00:30
	1374137571.547460
	98
	[bookmark: _17dp8vu]794691
	 791526
	0.398 %

	
6
	

Proposed
	Resource
Balancer
Algorithm
	0.8
	1.1
	0:00:06
	3756062.76782602
	22
	877285
	873017
	0.486 %

	
	
	
	0.7
	1.2
	0:00:03
	3756051.767826019
	11
	877285
	873034
	0.484 %

	
	
	
	0.6
	1.25
	0:00:01
	3756044.76782602
	4
	[bookmark: _3rdcrjn]877285
	[bookmark: _26in1rg]873193
	0.466 %

	
	
	GA
	0.60
	1.25
	0:00:48
	3756136.76782602
	97
	877285
	873514
	0.429 %

	
	Compared
	GA
	-
	-
	0:00:29
	1311221761.551389
	96
	877285
	873480
	0.434 %



Table (5) -percentage difference of the saved power between the solved proposed model with GA and the solved compared model with GA
	
	Experiment #1
	Experiment #2
	Experiment #3
	Experiment #4
	Experiment #5
	Experiment #6

	saved power
	31.98 %
	23.6 %
	29.2 %
	27.15 %
	7.03 %
	1.16 %



Table (6) – The percentage difference between the proposed algorithm and GA for solving the proposed model (lower bound=0.9 , upper bound=1.1)
	
	Percentage Difference

	
	objective function
	saved power
	run time
	number of replacements

	Experiment # 1
	0.00120096%
	22.77%
	114.29%
	71.53%

	Experiment # 2
	0.00134391%
	59.23%
	139.39%
	78.79%

	Experiment # 3
	0.00115588%
	21.8401%
	138.46%
	67.63%

	Experiment # 4
	0.00141923%
	20.62%
	132.2%
	86.13%

	Experiment # 5
	0.00167625%
	17.33%
	151.72%
	108.48%

	Experiment # 6
	0.00197013%
	12.46%
	155.56%
	108.48%

	mean
	0.0012609%
	22.07%
	138.6%
	86.84%



Table (7) – The percentage difference between the proposed algorithm and GA for solving the proposed model (lower bound=0.8, upper bound=1.2)
	
	Percentage Difference

	
	objective function
	saved power
	run time
	number of replacements

	Experiment # 1
	0.00135427%
	15.7158%
	145.098%
	83.9695%

	Experiment # 2
	0.00170573%
	52.4675%
	155.556%
	111.864%

	Experiment # 3
	0.00130665%
	15.4942%
	147.368%
	79.6992%

	Experiment # 4
	0.00180629%
	18.1818%
	156.364%
	119.328%

	Experiment # 5
	0.00178102%
	15.1515%
	164.286%
	119.298%

	Experiment # 6
	0.00226299%
	12.0482%
	176.471%
	159.259%

	mean
	0.001702825%
	21.5098%
	157.5238%
	112.2362%



Table (8) – The percentage difference between the proposed algorithm and GA for solving the proposed model (lower bound=0.6, upper bound=1.4)
	
	Percentage Difference

	
	objective function
	saved power
	run time
	number of replacements

	Experiment # 1
	0.00181422%
	14.5179%
	159.184%
	129.204%

	Experiment # 2
	0.00230016%
	51.5033%
	186.207%
	187.368%

	Experiment # 3
	0.00173383%
	14.1704%
	166.667%
	120.69%

	Experiment # 4
	0.00216756%
	12.7018%
	176.923%
	161.905%

	Experiment # 5
	0.00227866%
	15.1515%
	192.308%
	183.158%

	Experiment # 6
	0.00244936%
	8.26816%
	191.837%
	184.158%

	mean
	0.002123965%
	19.38551%
	178.8543333%
	161.0805%



Table (9) - The average of CPU usage (%) before and after applying the algorithm (Experiment 1)
	
	before migration
	Balancing [footnoteRef:1] [1:  proposed model with proposed resource balancer algorithm (lower_bound=0.9 upper_bound=1.1)] 

	Balancing [footnoteRef:2] [2:  proposed model with proposed resource balancer algorithm (lower_bound=0.8 upper_bound=1.2)] 

	Balancing [footnoteRef:3] [3:  proposed model with proposed resource balancer algorithm (lower_bound=0.6 upper_bound=1.4)] 

	Balancing [footnoteRef:4] [4:  proposed model with genetic algorithm] 

	Balancing [footnoteRef:5] [5:  compared model with genetic algorithm.] 


	1
	63
	65
	65
	53
	65
	84

	2
	61
	62
	74
	63
	14
	87

	3
	64
	64
	74
	48
	55
	87

	4
	61
	61
	74
	61
	45
	74

	5
	61
	61
	74
	74
	42
	87

	6
	61
	62
	74
	53
	86
	85

	7
	63
	63
	74
	75
	68
	87

	8
	62
	62
	74
	56
	52
	86

	9
	56
	64
	73
	47
	74
	86

	10
	53
	65
	74
	50
	74
	85

	11
	61
	61
	48
	86
	64
	36

	12
	54
	52
	52
	57
	64
	27

	13
	61
	61
	48
	64
	61
	35

	14
	61
	61
	48
	43
	56
	35

	15
	63
	62
	49
	63
	77
	36

	16
	64
	64
	52
	68
	55
	40

	17
	54
	54
	54
	52
	46
	44

	18
	57
	57
	57
	40
	56
	44

	19
	52
	52
	52
	63
	61
	57

	20
	64
	52
	52
	76
	63
	40

	21
	56
	56
	45
	52
	44
	44

	22
	58
	58
	49
	61
	69
	49

	23
	57
	57
	47
	67
	61
	49

	24
	57
	57
	46
	60
	64
	44

	25
	48
	40
	40
	42
	33
	53



