2.1 Problem description

The structure of the logistics system under consideration i shown in Fig. 1. The products
produced by suppliers will be shipped to customers via Tacllitles 1o meet cusiomers’ de-
mands. Each supplier can supply a wide variety of producis 1o several facilities, and the

supply capacity for each product is knesvn. Our problem is o determine whether the exist-
ing lacilities should be open or nol, whal the expansion size of coch open facility should
be, which new facilities should be established, and which customers should be served by an
open facility so that the sum of the expansion costs, the savings from closing the existing
facilities, the Mixed setup costs, the facility operating costs and the transportation costs is
minimized.

2.2 The model

Our problem is formulated as o mixed integer linear programming model (MILP), and the
following parameters ane used:
Paramelers

I Setof suppliers, i € [

4 5ot of customers, j € J

K Set of all facilities, k € K. Note that K C K and K C K are the sets of the existing
facilitics and potential [acilities, respectively

L  Seof products, [ € L

|-] Theiotal number of elements in set -

_Sii__ Capacity of supplier i for product!

Dy Dewand of customer § Tor product |

Ji  Fixed setep cost of facility &

w Operating cosd per unit of product al facility &

Ry Maximuom allowed expassion (additional) amounl af [acility &

A Savings lrom closing Facility

M} Minimum required throughput a1 open facility &

Hi’ Maximum allowed capacily before being expandod of facility &

ciag Unit cost of shipping product | from sapplier i via facility k Lo caslomer §

& Unil expansion cost of facility &

We define the following binary and continoous decision variables (o determine whether
facility & will be open or nol, which customers will be served by facility &. the tolal through-
pul of facility & and the expansion size of cach open facility. Here quadruply subscripied
conlinuous variable x;; . is used to represent the logistics volume of a product from a sup-
plier 1o a customer via a [acilily, which can casily rack the origin of a product afler it has
arrived af a facility or a cusiomer and can also pive an advaniape when Benders decomposi-
liom method is spplied.



Decizicm variables

1 if facility k is open
%=10 otherwise

= |I if customer J is served by facility &
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Xz Continuous variable which corresponds to the amount of product [ shipped from sup-

plier i via facility & to cuslomer j

5 Conlinuous variable which corresponds 1o the amount of capacity expansion of facil-

ity k

According to the above notations, the logistics facility Jocation problem with capacity

expansions of the existing facilitics can be formmilated as lollows:
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Fig. 1 The stmctuse of the sysiom undey comsidoration



To facilitme describing and undersianding, let D be the iotal demands for product |,
and I be the 1otul demands for sll products. All psrasmctens generated randomly obey the
following uniform disributions. Transportation cost (cy4) is selected from ses (1, ..., 1.
Demand (£3;) is generated from interval [20, 100], and facility operating cost of unit prod-
uct (v, ) is chosen from set {5, ..., 10]. In order to guaraniee that u feasible soletion can be

gencruted from the foflowing Ches || 1Kl .11 Ff |

uniform destribubions
Cl 125 12.5] 12,51 15. 10 1.5
2 2.5 12.51 12,51 110, M) [3.5]
3 [2.5] [2.5] I5. 10] |30, 50) 12.5)
C4 15, 10| 12.51 IS, 10] 130, 50 13.5]
Cs 12.5] I5.10] [50] [10. 30] IS, 10)
Cé IS, 0] 12.51 15, 10 130, 501 15. 10)
7 IS, 104 5.10] [5.10] [30. 50) [5, 1]
(= 1015 150 1510 130, 50) [10. 20)
& 10,15] |50 (15200 |50.30) {10, 20

£
]

5,200 5.0 |5 10 130.100)  [30.50)

oblaimed from the randomly gencraied data, the supply amount of cach product (5 is gen-
erated from [ Sy, 5y ). where 5y = Dy/|i|, 5y = 2Dy/11|. Bascd on the rule that the total ca-
pacitics of all the cxisting facilitics ane kess than the Wial demands, the sum of e maximum
allowed capacity before being expanded for all the existing facilities (defined as Wy ) is gen-
erated randomly from [2/5D, 2/3 )], the maximum allowed capacity before being expanded
for each existing facility (M{ (Vk € Kq)) is generated from [4Wy /S| Kol 6Wy /5| Kel]. the
minimam required throeghput for each existing facility (MY (VE € Ka)) is generated from
[M]' /3, 2M] /5L Let Ny = D — Wr, and the maximuem allowed capacity before being
expamded for cach polential facility (M]' (Vi € K,)) and the minimum required through-
put for cach potential facility (M (Vk & K,)) anc generated from [Nr /1K)l Nr /2] and
MY 73, 2M] /5], respectively. The fined setup cost for cach potential Facility { f; (Vk € X))
is gencrated from (2M), SMY |. Unit expansion cost (¢ ) and the maximum allowed cxpan-
sion amount (R;) arc geacrated from [25/M] .4/ M| and [2M] /5, M{ /2], respec-
tively. The savings from closing each existing facilty (py (Vk € Kg)) iz genersted from
[4/5. /i)



