SUPPLEMENTAL MATERIAL
PART: A

 

 
Lemma A.1 The following Equations are always confirmed 


Proof:
The Parameters  Are independent of each other. As a result, we have the independence of customers of this model
	=
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Lemma A.2 The following Equations are always confirmed (Altınel et al., 2009).
 
 
Lemma A.3 The following Equations are always confirmed 
=
=
Proof:
 
The Parameters  Are independent of each other. As a result, we have the independence of customers of this model.

  
 
 
    On the other hand, the following statements are always valid

 

                       
Lemma A.4 The following Equations are always confirmed.

 
Proof:
 
MAX







	Lemma A.5: the following Equations always confirmed (Drezner et al., 2010).
=Max E =
 







Lemma A.6: the following Equations always confirmed (Drezner et al., 2010).
= Max E=
 
	




 
















Lemma A.7: the following Equations always confirmed


Proof:

 


PART B:
B.1: Proposed chromosome
The structure of the chromosome is defined to be consisting of several components, in which the variable related to location and survivors are considered as one part. The variables in this part are defined as is shows figure B.1.
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FigureB.1. Proposed chromosome

Figure B.2 shows the intersection of the proposed chromosome. As can be seen, a single point intersection has been used. In this form, a point is randomly selected and the corresponding genes are moved
B.2: Cross over operation

	1Parent 1

	0
	1
	0
	0
	1

	1
	1
	0
	1
	0
	1

	1
	0
	0
	1
	1
	1




	0Parent 2


	0
	1
	0
	0
	1

	0
	0
	1
	1
	1
	1

	1
	1
	0
	0
	1
	0





	1Children 1

	0
	1
	0
	0
	1

	1
	1
	0
	1
	1
	1

	1
	0
	0
	0
	1
	0





	0Children 2


	0
	1
	0
	0
	1

	0
	0
	1
	1
	0
	1

	1
	1
	0
	1
	1
	1


	
[bookmark: _gjdgxs]Figure B.2.Cross over operation
B.3: mutation operation
Figure B.3 shows the mutation operator. For this purpose, a row is selected as desired and the selected row is reversed.

	0Parent 

	1
	0
	1
	1
	1

	1
	1
	0
	1
	0
	1




	0Children 

	1
	0
	1
	1
	1

	1
	0
	1
	0
	1
	1


	
Figure B.3.mutation operation
To estimate the algorithm parameters, the result of 100 experiments designed for this problem shows that in each experiment, the algorithm parameters change and the results change accordingly. Figure B.4 shows the results of the Taguchi approach for estimating parameters.

[image: ]
Figure B.4: Taguchi parameter adjustment

Table B.1 shows proposed values for NSGA II algorithm parameters
Table B.1: Proposed values for NSGA II algorithm parameters
	mutation
	Cross over
	Pop number
	Max number

	0.2
	0.4
	80
	200








PART C:
Table C.1. Number facility center and every production capacity
	 
	Production centers
	Retailer centers
	Collection centers
	Disposing
 center

	unit numbers
	4
	3
	3
	2

	Capacity of each product type
	r1
	400
	236
	33
	16

	
	r2
	400
	153
	31
	15

	Total Capacity
	800
	389
	64
	31













	

Table C.2. Fixed cost and maximum capacity of each facility center
	 
	Production
centers
	Retailer
centers
	Probability
Customer
	Collection
centers
	Disposing
center

	Facilities
	p=1
	p=2
	p=3
	p=4
	j=1
	j=2
	j=3
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8
	cc=1
	cc=2
	cc=3
	dis=1
	dis=2

	Maximum capacity
	200
	200
	200
	200
	300
	300
	300
	41
	44
	53
	58
	58
	26
	50
	59
	25
	27
	12
	13
	18

	Fixed cost
	91
	90
	105
	93
	100
	99
	92
	-
	-
	-
	-
	-
	-
	-
	-
	85
	91
	86
	55
	60









	
Table C.3. Retailer’s coordinate and Standard distance coverage radius.
	Retailer number
	Retailer's coordinates
	Standard distance coverage radius(meter)
	Upper and lower limit values (meter)

	1
	[3200,5000]
	3000
	1200

	2
	[5500,6000]
	3500
	1500

	3
	[7000,5000]
	2800
	1500



Table C.4. Goods shipped from retailers to probabilistic customer.
	
	demand

	
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8

	j=1
	r=1
	10
	8
	13
	11
	11
	7
	12
	11

	
	r=2
	6
	8
	4
	8
	6
	0
	10
	8

	j=2
	r=1
	8
	10
	11
	8
	10
	9
	10
	11

	
	r=2
	9
	0
	7
	8
	9
	0
	10
	9

	j=3
	r=1
	8
	10
	12
	13
	12
	10
	0
	11

	
	r=2
	0
	8
	6
	10
	10
	0
	8
	9



Table C.5. Moving from Retailer to probabilistic customer
	
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8

	j=1
	
	
	
	
	
	
	
	

	j=2
	
	
	
	
	
	
	
	

	j=3
	
	
	
	
	
	
	
	







Table C.6. Customer demand and distance cost.
	
	demand
	distance cost(cent)

	
	j=1
	j=2
	j=3
	j=1
	j=2
	j=3

	i=1
	r=1
	10
	8
	8
	4
	2
	4

	
	r=2
	6
	9
	0
	
	
	

	i=2
	r=1
	8
	10
	10
	4
	4
	5

	
	r=2
	8
	0
	8
	
	
	

	i=3
	r=1
	13
	11
	12
	1
	5
	2

	
	r=2
	4
	7
	6
	
	
	

	i=4
	r=1
	11
	8
	13
	3
	2
	3

	
	r=2
	8
	8
	10
	
	
	

	i=5
	r=1
	11
	10
	12
	4
	2
	4

	
	r=2
	6
	9
	10
	
	
	

	i=6
	r=1
	7
	9
	10
	1
	5
	1

	
	r=2
	0
	0
	0
	
	
	

	i=7
	r=1
	12
	10
	0
	3
	4
	2

	
	r=2
	10
	10
	8
	
	
	

	i=8
	r=1
	11
	11
	11
	3
	2
	3

	
	r=2
	8
	9
	9
	
	
	








Table C.7. Moving from probabilistic customer to Retailer
	
	j=1
	j=2
	j=3

	i=1
	
	
	

	i=2
	
	
	

	i=3
	
	
	

	i=4
	
	
	

	i=5
	
	
	

	i=6
	
	
	

	i=7
	
	
	

	i=8
	
	
	








Table C.8. Probabilistic customer coordinates and time coverage radius and tolerance
	probabilistic customer  number
	probabilistic customer coordinates
	Standard time coverage radius (Second)
	Upper and lower limit values (Second)

	1
	[4361,4254]
	3100
	500

	2
	[4294,6191]
	3200
	1000

	3
	[6793,8863]
	3000
	1000

	4
	[5232,5483]
	3100
	1000

	5
	[6867,6340]
	3200
	1000

	6
	[5247,5683]
	2300
	1000

	7
	[4145,4788]
	2500
	1100

	8
	[5409,6065]
	2500
	1200







Table C.9. The amount of goods and the distance and cost between production and retailer centers.
	
	production
	dic(km)
	cost(dollar)

	
	r=1
	r=2
	r=3
	r=1
	r=2
	 r=3
	r=1
	r=2
	 r=3

	p=1
	v=1
	30
	34
	30
	1            3          3
	2          3          3

	
	v=2
	25
	30
	28
	
	

	p=2
	v=1
	18
	26
	30
	2           4           3
	2           5          4

	
	v=2
	22
	25
	32
	
	

	p=3
	v=1
	18
	30
	15
	4            2          4
	4           2          2

	
	v=2
	21
	22
	24
	
	

	p=4
	v=1
	17
	30
	20
	3            3         4
	3           4          4

	
	v=2
	22
	18
	20
	
	




	 
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8

	j=1
	3
	4
	4
	1
	3
	4
	1
	13

	j=2
	3
	2
	4
	5
	1
	2
	5
	4

	j=3
	2
	4
	5
	2
	3
	4
	1
	2


 Table C.10. Transportation costs (cent) between retailer centers and probabilistic customer
Table C.11. The slack cost between retailers centers and probabilistic customer
	
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8

	j=1
	r=1
	3
	4
	4
	1
	3
	4
	1
	2

	
	r=2
	2
	2
	1
	2
	2
	4
	1
	3

	j=2
	r=1
	3
	1
	1
	5
	4
	2
	5
	3

	
	r=2
	1
	2
	4
	2
	1
	2
	1
	4

	j=3
	r=1
	2
	3
	1
	2
	3
	3
	5
	4

	
	r=2
	1
	4
	5
	2
	4
	4
	1
	1












Table C.12.The Percentage of goods returned and distance and cost between probabilistic customer and collection centers

	 
	Percentage of goods returned
	dic (km)
	cost (dollar)

	
	cc=1
	cc=2
	cc=3
	cc=1
	cc=2
	cc=3
	cc=1
	cc=2
	cc=3

	i=1
	r=1
	0.1
	0
	0.1
	1
	3
	3
	2
	5
	4

	
	r=2
	.15
	0.3
	0.2
	
	
	
	
	
	

	i=2
	r=1
	0
	0
	0
	2
	4
	5
	2
	1
	3

	
	r=2
	0
	0.1
	0
	
	
	
	
	
	

	i=3
	r=1
	0.2
	0.3
	0.4
	4
	2
	2
	2
	3
	4

	
	r=2
	0.2
	0.2
	0
	
	
	
	
	
	

	i=4
	r=1
	0.2
	0
	0.2
	3
	4
	4
	1
	3
	4

	
	r=2
	0.1
	0
	0.2
	
	
	
	
	
	

	i=5
	r=1
	0
	0
	0
	3
	2
	4
	2
	2
	5

	
	r=2
	0.2
	0.2
	0
	
	
	
	
	
	

	i=6
	r=1
	0.2
	0
	0
	5
	2
	3
	4
	2
	4

	
	r=2
	0.3
	0.1
	0.4
	
	
	
	
	
	

	i=7
	r=1
	0.4
	0.1
	0
	3
	4
	2
	5
	3
	2

	
	r=2
	0.2
	0
	0
	
	
	
	
	
	

	i=8
	r=1
	0.2
	0
	0.4
	3
	4
	3
	4
	1
	2

	
	r=2
	0
	0
	0
	
	
	
	
	
	


















Table C.13. The Percentage of goods returned and distance and between collection centers and disposal centers.
	
	Percentage of goods returned
	dic (km)
	cost (dollar)

	
	dis1
	dis2
	dis2
	dis1
	dis2
	dis1

	cc=1
	r=1
	0
	0
	3
	4
	5
	3

	
	r=2
	0.1
	0.2
	
	
	
	

	cc=2
	r=1
	0
	0.2
	6
	5
	2
	5

	
	r=2
	0
	0
	
	
	
	

	`cc=3
	r=1
	0
	0
	4
	5
	6
	5

	
	r=2
	0
	0.3
	
	
	
	



Table C.14. The Percentage of goods returned and distance and cost between collection centers and production centers.
	
	Percentage of goods returned
	dic (km)
	cost (dollar)

	
	p=1
	p=2
	p=3
	p=4
	p=1
	p=2
	p=3
	p=4
	p=1
	p=2
	p=3
	p=4

	cc=1
	r=1
	0
	0.3
	0.1
	0
	4        2           5       5
	6         2           9        4

	
	r=2
	0
	0
	0
	0
	
	

	cc=2
	r=1
	0
	0
	0.2
	0
	6        5           4        7
	7         5          4         7

	
	r=2
	0
	0.3
	0
	0.2
	
	

	`cc=3
	r=1
	0
	0
	0.2
	0
	5        7          6        5
	6         5           7         6

	
	r=2
	0
	0
	0.1
	0
	
	









Table C.15. Variance of the probabilistic costumers
	
	j=1
	j=2
	j=3

	i=1
	0.7195
	0.3020
	0.0860

	i=2
	0.5003
	0.1604
	0.6629

	i=3
	0.5271
	0.8269
	0.4002

	i=4
	0.4717
	0.3054
	0.6324

	i=5
	0.5632
	0.0610
	0.7476

	i=6
	0.3680
	0.5619
	0.3076

	i=7
	0.3289
	0.4198
	0.1270

	i=8
	0.2158
	0.8125
	0.2429
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