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~ of one decision caﬂo. be assessed until we know how others are resolved. Such
circumstancas of ten lead to quadratzc 'ass:unment mode!s

Notice that each objective function term
Ct,;,k ¢ xl.} Xk, £

involves two assignment decisions. Cost ¢, ¢ is realized only 1f both X j = 1 and
Xee == 1. That is, ¢, 7 applies only if { is a331gned to f and k is asmgncd to £.

EXAMPLE FL5: MALL LayouUT QUADRATIC ASSIGNMENT

Some of the most common cases producing quadratic assignment models arise in
facility layout. We are given a collection of machines, offices, departments, stores,
and so on, (o arrange within a facility, and a set of locations within whach they must
fit. The problem is to decide which unit to assign to each location.

Figure 11.3 illustrates with 4 possible locations for’ stores in a shopping maIl'
Walking distances (m feet) between the shop locations are d]splayed in the adjacent
table. The 4 prospeciive tenants for the shop locations are listed in Table 11.5. The
table also shows the number of customers each week (in rhousands) who might wish
to visit various paits of shops. For example, a projected 5 thousand customers per
week will visit both 1 (Clothes Are) and 2 (Computers Aye) '

" Distince (faet)

1 ! 3 N1 2 3 a
; 1| — .8 150 170
2480 —. .130 100
31150 130 “— 120
‘g5 100 20—
o . _ —

2 |

FIGURE 113 Mall Layout Exampie Locations

Mall managers want to arrange the stores in the 4 Iocatlons to minirize cus-
tomer inconvenience. One very common measure is flow-distance, the product of
How wolumes between facilities and the distanoes between their assigned locations,
For example, if shop 1' (Clothes Are) is Tocated in space 1, and shop 4 (Book Bazaar)
is located in space 2, their 7 thousand common customers will have to walk. the 80
" {eet between the locauons This adds 780 = 56(_) thousand custormer- -feet to the
flow-distance. - :

14 Assianmént and Matchmz Models
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TABLE 113 Mall Ldyoat E.(ample
: Tenants

o - : S+ CommonCustomers l ) :
o CwEE (005 .

Siore, |

1: Clothes Are

2: Computers'Ays
3 ‘Toy Parade

4 Book Bazaar

Ma!l Layout Example Model e ,

-Notice that the flow- dlstance for any pair of shop% cannot be computed until we

know where both are as ssigned. This is the 3351gnmcnt combmatmns characteristic

that yields quadratic assignment models; :
Using the decision variables

1 it shop iis as‘ngned 1o Iocatmn i

x4
M 0. otherwise , i

-tl;e required quadratic assignment model fs S _

. min  5{80xi,1x22 + 150x 1y, 3+ 170, 1%2, 4 “;- ‘ (shops 1 and 2)
+ 80x;, gxz 1+ 130x 3%5 4 + 100&1 2»2 4 -
+ 150& 3%2,1 + 130x1,3%2,2 +120%1,332.4

o 170x1,4%2,1 +100x1 422 + 120x1.4x2,3) .

2(80x;, 132+ 150%, 10033 + 17001 13034 § , {shops 1 and 3)

+ 80y p003.1 + 130, 23,3 + 1001 2%5,4. o

+ 150x1 ¥y + 130‘C1 31,‘3 2+ 120x1 323, 4

b 170w 451+ 100, X3+ 1201;1 453 3) e

?(8{))4 1x4 2+ 150x2 1345 + 170%;, 1X44 '(shops 1 and 4)
+ 8031 2% 1 + 130% 2743 + 100%3 2% 4 o
+150x; 5541 + 130%1 3%d0 + 120)51 'gx4;‘{
+ 170%x1,4704,1 + 10014 4.14 7 4 120.1:1 4X4, 3)

3{B0n5,173,2 + 150x, 1033 n 170):2 1%3,4
+ 80xz2,2¥%3.1 + 130x2.9%3 4 '+ 1003:2,2363.4-;’
+ 150wz, 33,1 + 130wz,3%5.2 + 12023054
+ 17005 45031 + 1002z, 4x32 + 120\?2 4)63 3)

B(80xy, 1042 + 15023 3343 + 17Ox2 1% -~ (shops 2 and 4)
+ B0xy 24,1 + 130322543 + 1001:2 2x4 4
+ 150x2,3%4 3 + 1302234 2 + 120xz 3X4 4
F 17002 424 1 + 10019 442 + 120962,_4-’%3)

(11.12)

(shops 2 and 3)




:d until we
aracteristic

(11.12)

11.4 Assignment and Matching Models

3(80x31%4,2 + 150%3,1%4,3 + 170%3,1%4,4 {(shops 3 and 4)
+ 80%3.2x4,1 + 130232204 3 -+ 100x3,2%4 4
+ 150x3 34,1 + 130x3,3%4,2 + 120x3,3%4.4
+ 1703 4%4,1 + 100x3 4%4,2 + 120%3,4%4,3)

st X tx2tratxe= 1 (1, Clothes Are)
X1 +x22+xa3+xza=1 (2, Computers Aye)
x50 +x32+ X3 +x3a=1 (3, Toy Parade)
X41 +Xa2+xs3+xqa=1 (4, Book Bazaar)
X114 X1t X3 X =1 ~ acation 1)
X2+ X2+ X32 +Xa2 = i chétion 2)
x13+x23+x3+xg3=1 (location 3)
X144+ X2,4 + X34+ K44 = 1 (location 4)

xj=Oorli=1,... 4j=1...4

The objective function computes total flow distance for all pairs of shops and all
possible assigned locations. Assignment constraints assure that one shop goes to
each location and each locations gets one shop. An optimal assignment places shop
1 in location 1, shop 2 in location 4, shop 3 in Jocation 3, and shop 4 in location 2, for
a total flow distance of 3260 thousand customer-feet.

JEg R 2 2 SR ; :
An industrial engineer has divided a proposed machine shop’s floor area into 12 grid
squares, g, each of which will be the location of a single machine m. He has also es-
timated the distance, d, ¢, between all pairs of grid squares and the number of units,
fonme» that will have to travel between machines m and # (in both directions) during
cach week of operation. Formulate a quadratic assignment model to layout the shop
in a way that will minimize material handling cost (i.e., minimize the product of be-
tween machine flows and the distance between their locations). Assume dg g = dg g

Modeling: Using the decision variables

1 if machine m is located at grid square g

Xme = .
e 0 otherwise

the required model is

1z 12 12 12

rmin Z E Z‘ Z Fon e g, g Xem g X g7 (flow distance)

m=1 g=1 m'>m g'=1
g'#e

12
st Z tmg=1 m=1...,12 (square per machine)
g=1
12 _
Z Xmg=1 g=1,...,12 (machine per square)
m=L

x,;},-:Oorl m=1,...,1% g—_—l,,lz

579



MoDEL :

MAX = 20* X| A2 +30+# X2A2;
X1+ X2 <=2 ;

CEND

WHEELTERER ok ENDi#)
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