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sets

i Temporary Shelters /il*i5/

j Distribution Centers /jl1*35/

k RDC's Size /k1*k3/

1 Suppliers /11*13/

c Relief Commodities /cl,c2/

cl Eco friendly Commodities /cll, cl2/

c2 non-Eco friendly Commodities /c21, c22/

s Scenarios /sl*s4/ ;

parameters

table F(j,k) fixed cost of estabilishing RDC with size k at location J

jl j2 33 j4 35

k1 50000 50000 50000 50000 50000
k2 80000 80000 80000 80000 80000
k3 120000 120000 120000 120000 120000

table h(j,c) holding cost for a unit c at RDC J

cl c2

jl 0.6 2.4

j2 0.6 2.4

j3 0.6 2.4

j4 0.6 2.4

j5 0.6 2.4 ;

table b(l,cl) purchasing cost of a unit with ecofriendly packaging cl from 1

table b(l,c2) purchasing cost of a unit with non-ecofriendly packaging c2 from 1

cll cl2
11 0.7 2.8
12 0.7 2.8
13 0.7 2.8 ;
c21l c22
11 0.5 2
12 0.5 2
13 0.5 2 ;
table phi(j,1,c) transportation cost of a unit c¢ from supplier 1 to RDC j

11l.cl 12.cl 13.cl 11.c2 12.c2
jl 1.2 4.2 7.2 0.3 1.05
j2 3.6 3 7.8 0.9 0.75
33 3.6 4.2 6 0.9 1.05
j4 7.2 7.2 3.6 1.8 1.8
35 6 4.2 9 1.5 1.05
parameter p(s) probability of scenario s

/sl 0.412,

13.c2

0.
1.95
1.5

0.
2.25 ;

s2 0.352,

s3 0.158,

s4 0.070/ ;

parameter b (l,cl,s) purchasing cost of a unit with

1l in scenario s ;
b(l,cl,s)= Db(l,cl)*p(s) ;

parameter b (l,c2,s) purchasing cost of a unit with

1l in scenario s ;
b(l,c2,s)= b(l,c2)*p(s) ;

8

9

ecofriendly packaging cl from»

ecofriendly packaging c2 from»

parameter phi(j,1l,c,s) transportation cost of a unit c¢ from supplier 1 to RDC j »

in scenario s ;
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phi(jrl/cr S):phi(j/llc)*p(s);
transportation cost of a unit ¢ from RDC j to shelter i

table phi (i, j,c)

Jjl.cl
35.c2
il 4.2
1.05
i2 3.6
1.2
i3 3
1.35
i4 1.8
1.5
i5 2.4
1.5 ;
table phi (i, 1,c)
11.cl
il 5.4
i2 4.8
i3 4.2
i4 3
i5 3.6

Jj2.cl

2.4

transportation cost of a unit c

12.cl
4.

(G2 TS SN OV]
o N oY N

.4

parameter phi(i,1l,c,s)

r j in scenario s

’

Jj3.cl

0.6

13.cl
8.4
9.6

phi(i,1,c,s)=phi(i,1,c)*p(s);

table d(i,c,s)

il.cl
i5.c2
sl 270000
29129
s2 270000
0
s3 270000
0
s4 270000
36670 ;
parameter teta (c)
/cl 0.0045,
c2 0.002/
table v (1,cl)
cl
11 324000
12 162000
13 324000
table v (1,c2)
c2
11 216000
12 108000
13 216000

parameter v (1l,cl,

scenario s ;
v(l,cl,s)=v(l,cl)

parameter v (1l,c2,

scenario s ;

v(l,c2,s)=v(1l,c2)

parameter V (k)
48000/ ;

table lambda(j,cl, s)

i2.cl

472500

472500

12807

472500

i3.cl

40500

40500

40500

Jjd.cl

11.c2
1.35
1.2
1.05
0.75
0.9

transportation cost

id.cl

162000

2072

162000

j5.cl

12.c2
.05
.9
.05
.2
.35

R PP o

i5.cl

43693

0

55006

Jjl.c2

1.05

§2.c2  j3.c2
0.6 0.15
0.45 0.225
0.6 0.15
0.75 0.15
0.9 0.225

Page 2
j4.c2  »
1.35 »
1.65 »
1.5 »
1.65 »
1.5 »

from RDC j to shelter i

13.c2
2.1
2.4
2.25
2.4
2.25

demand for relief item ¢ at shelter i in

il.c2

180000

180000

180000

180000

of a unit ¢ from supplier 1

scenario s

i2.c2 i3.c2
315000 27000
315000 27000
8538 0

315000 27000

required unit space for relief item c(m"3)

’

’

’

amount of relief item cl

amount of relief item c2

s) amount of relief

*p(s);

s) amount of relief

*p(s);

that

that

item

item

type of capacity for RDC /kl

20000,

k2

could be supplied form 1

could be supplied form 1

32000,

’

to shelte»

id.c2 »

108000 »

1382 »

108000 »

cl that could be supplied form 1 in »

c2 that could be supplied form 1 in »

k3 »

fraction of stored relief item cl at RDC j that remains us»
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able in scenario s

cll clz
J1 1 0.67
32 1 0.67
33 1 0.67
34 1 0.67
35 1 0.67 ;
table lambda(j,c2,s) fraction of stored relief item c2 at RDC j that remains us»

able in scenario s

czl c22
1 0.33 0.67
32 0.33 0.67
33 0.33 0.67
34 0.33 0.67
35 0.33 0.67 ;

table beta(i,c,s) critically degree of relief item c¢ at shelter i in scenario s
sl s2 s3 s4

o
o
o

il.cl
iz2.cl
i3.cl
id.cl
i5.cl
il.c2
i2.c2
i3.c2
id4.c2
i5.c2 0.4 ;

parameter bhat (l1,cl) environmental effects of cl procured from 1;

bhat (1,cl)=0.1*b(1,cl);

parameter bhat (1,c2) environmental effects of c¢2 procured from 1;

bhat (1,c2)=0.1*b(1,c2);

parameter phihat (i, j,c,s) amount of carbon emission due to transportation of an »
item ¢ from RDC j to shelter i1 in scenario s;

phihat (i,3,¢c,s)=0.1*phi(i,j,c,s);

parameter phihat(i,1l,c,s) amount of carbon emission due to transportation of an »
item ¢ from supplier 1 to shelter i in scenario s;

phihat(i,1,c,s)= 0.1*phi(i,1,c,s);

parameter phihat(j,1l,c) amount of carbon emission due to transportation of an i»
tem ¢ from supplier 1 to RDC j;

phihat (j,1,c)=0.1*phi(j,1,c);
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variables

I(3,c) amount of relief item c stored in RDC j (Inventory level)

I(j,c,s) amount of relief item c stored in RDC j in scenario s (Inventory leve»
1)

X(3,k) 1 if RDC with capacity category k is opened at location j otherwise 0

y(i,j,c,s) amount of relief item c¢ transfered from RDC j to shelter i in scenari»
o s

y(i,1l,c,s) amount of relief item c¢ transfered from supplier 1 to shelter i in sc»
enario s

y(i,1l,cl,s) amount of relief item cl transfered from supplier 1 to shelter i in »
scenario s

y(i,1l,c2,s) amount of relief item c2 transfered from supplier 1 to shelter i in »
scenario s

Q(j,1,cl) order quantity of cl from supplier 1 to RDC j

Q(j,1,c2) order quantity of c2 from supplier 1 to RDC j

Q(j,1l,cl,s) order quantity of cl from supplier 1 to RDC j in scenario s
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144 Q(j,1,c2,s) order quantity of c2 from supplier 1 to RDC j in scenario s

145 Q(j.1l.c) amount of relief item c purchansed from supplier 1 by RDC j

146 Q(j.l.c,s) amount of relief item c purchansed from supplier 1 by RDC j scenario »
s

147 alpha(i,c,s) satisfaction rate of shelter i for relief item ¢ in scenario s

148 alpha(s) minimum satisfaction rate among all shelters for all kind of goods in s»
cenario s

149 z total logistics cost;

150 binary variable X;

151 positive integer variables I,vy,Q;

152 positive variable alpha ;

153

154

155

156 equations

157 Objectivel minimization logistics cost

158 Objective?2 maximization of minimum satisfaction rate

159 Objective3 minimization of enviromental effects

160 constraintl(j,1l,c,cl,c2) order quantity balance

161 constraint2(j,1l,c,cl,c2,s) order quantity balance in scenarios

162 constraint3(j,c) inventory balance

163 constraint4d4 (j,c,cl,c2,s) inventory balance of each relief package in scenario

164 constraint5(j, s) inventory level

165 constraint6(j) RDC capacity

166 constraint7(j,s) RDC capacity in scenarios

167 constraint8(j) RDC location

168 constraint9(1l,cl) Supplier Capacity

169 constraintl0(1l,c2) Supplier Capacity

170 constraintll(l,cl,s) Supplier Capacity in scenario

171 constraintl2(l,c2,s) Supplier Capacity in scenario

172 constraintl3(i,l,c,cl,c2,s) shipped items ballance

173 constraintld (i, c,s) Post disaster demand management

174 constraintl5(i,c,s) Post disaster demand management

175 constraintl6e (i, s ) linearization of objective2 ;

176

177 objectivel .. z =e= sum((J,k),F(j,k)*X(j,k))+ sum((j,c),h(j,c)*I(j,c))+sum((j,1»
,cl),b(l,cl)*Q(j,1,cl))+sum((j,1,c2), (l c2)*Q(J,1, 02))

178 +sum((j,1,c),phi(3,1,c)*Q(j,1,c))+sum(s,p(s)* (sum((j,c),h(J,c))*(I(J,c,s)-sum(i,»
y(i,j,c,s>>>+sum(<j,l,cl),b(l,cl,s)*Q(j,l cl,s>>+sum(<j, ,C2),b(l,c2,s)*Q(j,1,c2»
/S))

179 +sum((j,1,c),phi(3,1,c,s)*Q(j,1,c,s))+sum(i,j,c),phi(i,j,c,s)*y(i,],c,s))+tsum((»
illlc)Iphi(illlcls)*y(illlcls>));

180 Objective2 .. sum(s,p(s)*alpha(s)) ;

181 Objective3 .. sum((j,1,cl),bhat(l.cl)*Q(j,1,cl))+sum((j,1,c2),bhat(l.c2)*Q(j,1,»
c2))+sum((j,1,c),phihat(j,1,c)*Q(3,1,c))+sum(s,p(s)*(sum((j,1,cl),bhat(l,cl)*Q(»
jIlIC]-IS))

182 +sum((j,1,c2),bhat(l,c2)*Q(j,1,c2,s))+sum((j,1,c),phihat(j,1l,c)*Q(j,1,c,s))+sum»
((i,j,c),phihat(i,j,c,s)*y(i,J,c,s))+sum((i,1,c),phihat(i,1,c,s)*y(i,1,¢c,s)))

183
184 constraintl(j,1l,c,cl,c2) .. Q(j,1l,c)=e=Q(j,1,cl)+Q(j,1,c2);
185 constraint2(j,1,c,cl,c2,s) .. Q(J,1,c,s)=e=Q(3j,1,cl,s)+Q(3,1,c2,s);
186 constraint3(j,c) .. I(j,c)=e=sum(1l,Q(j,1,c));
187 constraint4(j,c,cl,02,s) .. I(j,c,s)=e=sum(1,Q(j,1l,c,s))+lambda(j,cl,s)*sum(1l»
,Q(j,l,cl))++lambda(j,c2,s)*sum(l Q(j,l,CZ)) ;
188 constraint5(j,c,s) .. sum(i,y(i,j,c,s))=1=I(j,c,s);
189 constraint6(j) .. sum(c,teta(c)*I(j,c))=l=sum(k,V(k)*X(j,k));
(

)
190 constraint7(j,s).. sum(c, teta(c)*I(j,c,s))=1l=sum(k,V(k)*X(J,k));
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191 constraint8(j) .. sum(k,X(j,k))=1=1;

192 constraint9(l,cl) .. sum(j,0Q(j,1,cl))=1=v(1l,cl) ;

193 constraintl0(1l,c2) .. sum(j,Q(j,1,c2))=1=v(1l,c2) ;

194 constraintll(l,cl,s) .. sum(j,Q(j,1l,cl,s))+sum(i,y(i,1,cl,s))=1=v(1l,cl,s);

195 constraintl2(l,c2,s) .. sum(j,Q(j,1l,c2,s))+sum(i,y(i,1,c2,s))=1=v(1l,c2,s);

196 constraintl3(i,1l,c,cl,c2,s).. y(i,1l,c,s)=y(i,1,cl,s)+y(i,1,c2,s);

197 constraintl4(i,c,s).. alpha(i,c,s)=e=((sum(Jj,y(i,J,c,s))+sum(l,y(i,1,c,s)))/d(i,»

c,8));

198 constraintl5(i,c,s)..alpha(i,c,s)=1=

199 constraintl6(i,s).. alpha(s)=1=((sum
rS)))

200 model cost/all/;

201 solve cost using MILP minimizing objectivel;

202 display objectivel, I ,y , Q, X, alpha;

203

204

205

206

207

208

209

210

211

1;
(c,alpha(i,c,s)*beta(i,c,s)))/sum(c,beta (i, c»



