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Parameters:

J€J ={1,2,...,m}.mdex of potential location sites for both producers and remanufacturing centers.
ke K ={1,2,...,mn}. index of potential location sites for intermediate centers,
(el =[1,2,...,n}. index of customers.

fi  =fixed cost of sefting up a producer at sife ]

fr; =fixed cost of sefting up a remanufacturing center at site .

for  =fixed cost of setting up an intermediate center at site k.

h;  =product demand at customer sife .

hr;  =available quantities of return-products ready for recovery at customer 1.
cp; =it production cost at producer .

cfy  =unif reprocessing cost at infermediate center k.
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= it remanufacturing cost at remanufacturing center .

= cost of shipping unit product (including remanufactured product) from producer j ot remant-
facturing center j to customer .

= cost of sending unit refurn-product from customer 7 to tntermediate center k.

= cost of sending unit checked refurn-product from tntermediate center o remanufacturing
center .

= it disposal cost at mtermediate centers (this cost1s assumed to be the same for all infermediate
centers)

=unit disposal cost af remanufacturing centers (this cost i3 assumed fo be the same for all
remanufacturing centers).
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f = percentage at which the return-products will be disposed of at intermediate centers (this per-
centage 1s assumed to be the same for all intermediate centers).

= percentage at which the checked return-products will be disposed of at remanufacturing centers
(this percentage is assumed to be the same for all remanufacturing centers).

Decision variables:

f = 1. if a producer 1s located and set up at potential site J, 0. otherwise.
YR;  =1.if aremanufacturing center is located and set up at potential site ;.
0, otherwise,
YC;  =1.1if an intermediate center is located and set up at potential site k.
0, otherwise,
X;  =fraction of product demand at customer 7 which is met by producer j or remanufacturing center

j or a combination of them located at J.
XR;yj =fraction of quantity of return-products at customer 7 that is taken back through intermediate

center k to remanufacturing center J.
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