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a set of demand points (%;,Yj), j=1.2,...n
with volume of dermand Wi

a set of m facility locations, and

an allocation of the demand points to
these facilities, so as to minimize
the sum of the transportation costs
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I W0 aspects of decisions (o He made:

Location |

(%1 1Y = 1ocation of facility # i

Allocation

Ji = set of demand points to be served
by facility #

where

Joudru.cudn=1{1.2,..n}

Elenniz Bricker, . of lowa, 1997

Chjective 1s & runclion or both the .
location and allocation, 7.e., or (¥ ],"‘r’ D& Ji

Total Transportation Cost

S S wid (T =) (T '=y))

1=1 jeJ;
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Optimizing simultaneously with respect to

the facility locations

the allocation of demand points to facilities
is quite difficult.

One heuristic approach is to alternate between
a location problem & allocation problem:

Given demand pt. N Given facility
allocation, find locations, allocate
facility locations €| the demand points

Elenniz Bricker, . of lowa, 1997

Heuristic Algorithm |

1. Partition the set of n demand points into
m subsets Ji, i=1,.m, Jiu.. U dn={1,2,..n}

2. ltocation: For each subset Ji, solve
optimally a single—source facility location

problem, to obtain facjlit*}f locations

1100
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5. Re-4flocafion: Allocate each demand point
to the nearest facility location. That 1s,

Fjede but di(X 7 <X 7
then  Ji=Jirw {j}, Jir=Ji/ {j}

4. If no demand point was re-allocated in step
3, then STOP. Otherwise, return to step 2.

Elenniz Bricker, . of lowa, 1997

Cost of operating facility = $75/day
Find the optimal number & locations

100 - o2 of facilities to satisfy the daily
90 ol demand: _
a0 -4 of ] W HinDs ¢
0 - 08 oS B R
= 2 u.o Wi Limes
a0 4 3 075 the d
40 o’ 4 06 | he 1ﬁéar‘|ce
z0 = 12 1 Shippe
20 ot £ 05
10 P Y-S 7 0.4
10 20 320 40 30 &0 7O 20 90 100 E’ DS
e 1.05
10 0.6
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Single-Source
Weber Problem

The optimal single source serving the demand points is

located at:
£ = B0.2611, ¥ = 51.711

'—II

Cril Total daily
L4479 cost:

964
064 276.765+75

LB137 =

T 221,765
.064
09857
. 4506
L7037
774

L i m e ey B O S )
[ o [y o R S R
WL SN0

|

Total cost = 2760765
(Sheig costd

Elenniz Bricker, . of lowa, 1997

Optimal Single Facility Location |

100
90 -
g0 -
-
60 -
S0
A0 ¢
30 4
20 -
10
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Locating Two Facilities

Let's begin by partitioning the set of demand
points into two subsets:
Jy=11,2,3,4,5]
Jo=16,7,8,9,10]

we then find the optimal Tocation of a facility
to serve the demand points Jy , and another
facility to serve the dermand points J;.

Elenniz Bricker, . of lowa, 1997

Iteration 1 |

oerving
Facility Location Demand PLs
100 - 2 #13  50.3213 AG.670R 123465

#2144 . 5305 27,3630 B Y 8 9 10

an

g

70 =

G101 Facility locations: §
50 #1.( 50,32, 66.68) |

#2.( 4451, 27.33) |

40
20
20
10 | | T 1
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Allocation of Demand Points

1 ohipping Cost 1ld Gource Louros
1 36.28l17 27,5775 1 —= 2
2 19,993 43,7083 1 1
d 24.8386 43.5539 1 1
4 28.8036 10,2796 1 —= 2
5 47,7808 74,7991 1 1
B 28.3404 B.10228 2 2
7 11.3525 7.983987 2 2
a8 2.97841 24.8323 2 —= 1
B B3.2233 23.7733 2 2
10 15,3013 37.6801 4 —== 1

Total shipping oost after re-allocating demand: 196.615
Total shipping cost before re-allocation: 2e0.8h°6

cImnprovensnt from re-allocation: 64,2409

Iteration 2

oerving
Facility Locatlion Demand PLs
100 _ 2 #1a A 1673 g2 .6647 2 3B 8 10
#Z0 a6 .4130 1h.7024 1 46 7 9
90 10
an -
70 =
50 - Facility locations: §
20 4 i
A0 1 7 #*#1:{56.10, 32.69; §
#2.( 36.38, 15.78) |
30 4 )
20 4
10 | - | "EII ! | ! |
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Allocation of Demand Polints

i ohipping Cost 0ld Lource Lource

1 47.1363 26,8711 2 2

2 11.0435 h1.1748 1 1

3 27.191 49,7041 1 1

4 37.6634 14,3706 2 2

5 43,3575 21 .4683 1 1

b 36.4576A F.38h1z2 2 2

717,131 13.5195 2 2

a 2.37765  31.8848 1 1

2 81.0808 B.07374 2 2

10 10,8491 44 H7RE 1 1
Total shipping cost after re-allocating demand: 172.844
Total shippling cost hefore re-allocaticon: 172.844

CImprovensnt from re-allocatlon: 02

Converged!

100
Q0 4
a0
FLV
B0
20 4
40
30 4

10

Elenniz Bricker, . of lowa, 1997

SERG oSt
ey ZENTG CosE
Folsl sl cosl 32284

172.84

27D
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Starting from another initial (random/affocalion.

Iteration 1

Serving
100 4 oL Facility Location Demand Fte

10 57 .85449 29.6230 246780
wZ 49,1617 B3 . 05585 125910

a0
g0
Vo
60
a0
40
30
20
10

Facility locations:

#1.{ 37.865, 39.62)
#2:( 49,16, 63.006)

| | | | | | |
10 20 30 40 50 &0 V0 80 90 100

Elenniz Bricker, . of lowa, 1997

Allocation of Demand Pointz :

i Shipping Cost 014 Source Source
1 36,9923 [ 34.0346 2 2
2 26,5315 | 22.1704 2 2
c 41,5103 | 25.2041 1 2
4 [11.2430] 26.8412 1 1
5 53.073 [49.700% ] 2 2
B 15.3233 | 26.5327 1 1
7 0.87121 | 10.1946 1 1
& _16.3575 | 10.952 | 1 2
o [42.5953 | 59,2336 z 1
10 22,0625 [ 17.073%2 | 2 2

Total shipping cost after re-allocating demand: 230,047
Total shipping cost before re-allocation: Z65.177
CImprovement from re-allocation? 28,1299

@0ennis Bricker, U. of lowa, 1997
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Iteration 2

Serving
FTacility Location Demand Ptz
i 47 . 0367 13.7634 4 6 7 9
¥z 43 5206 S0.2241 1235810

Facility locations:

#1.0 47.04, 13.76)
#2.( 45352, B0.22)

page 10

Elenniz Bricker, . of lowa, 1997

Allocation of Demand Pointz

Shipping Cozt  0ld Source Source

1 [24.041] 41.7704 2 1
2 B1.7725 [11.89587 2 2
2 B3.656% | 21.3011 2 2
4 26 .785 1 1
5 S54.024 z z
= TI 35.1198 1 1
7 |11.7088 | 16.732 1 1
g 30.3721 2 2
= 76 . 2565 1 1
10 45.9364 2 2

Total shipping cost after re-allocating demand! 179,323
Total shipping cost before re-allocation: 187.052
CImprovement from re-allocation? T.729372

@0ennis Bricker, U. of lowa, 1997
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[ 8

7 T T T T T 1
10 20 30 40 50 &0 Y0 30 20

Serving
Tacility Location Demand Ptz

w1 26.4430 15.7924 14679
B2 O .15T2  82.6547 2323858310

Facility locations:

#1:(36.41, 15.79)
#2.(06.16, 32.63)

Elenniz Bricker, . of lowa, 1997

Allocation of Demand Points

Shipping Cost 0ld Source Source

=T n B B ) B T O

'_‘l.

Z26.8711
51.173

49,7041
14 .37V56
91 . 4553
T.38012
12.5195
21.8248
9. 0737
44 5765

47 . 13263 1 1
11.0435 2 2
27.191 2 2
37 653 1 1
4:3.3575 2 2
26 .457E 1 1
17.121 1 1
937 TR 2 2
21.0208 1 1
10.6491 2 2

Total shipping cost after re-allocating demand: 172.844
Total shipping cost before re-allocation: 172.544

L Improvement from re-allocation: 02

Converged!

{same a5 eariier

sofutiont}
@0ennis Bricker, U. of lowa, 1997
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Next we wilf find a sofution
factfity focations.

100 —
0 S
280 S
TO
&l —
a0 S
40 ! of
30 S

20 4 o4

| T | T | | | | |
10 20 30 40 50 &0 7O =20 =20 100

page 12

wrr) THREE

Random inifiaf
FHfocaltion.

Demand PLs b
389 |
167
2 4 5

10

Elenniz Bricker, . of lowa, 1997

Iteration 1

merving
Facility Locatlion Demand PLs
100 a #17 33.8389 38.56607 38 9
#27 32.3768 31.4363 1 6 7
#37 72,9591 F0.9838 2 4 5 10
a]
Facility locations
*#1.( 33.84, 38.56) §
#2: 03238, 31.44) p
#3.(79.96, 70.98) j
! |
100

@0ennis Bricker, U. of lowa, 1997
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alloecation of Demand Polnts

1 ahipping Cost i21d Source  Louroe
1 17.9118 17.9692 RY.3849 g — ]
2 38.1181 42 .4781 25,0243 3 3
3 32.787h 37.58768 45,4749 1 1
4 19,2458 17.9385 J2.8508 3 —>» 2
RO7T7.2363 83.2088 12.1068 3 3
h  1a.4076 13.8752 33.9727 2 2
7 10,4803 11.5686 14,7424 2 —> 1
g 23.9589 20,9389 5.0O0379 1 j 3
B 30,2574 22 .0449 B2.7786 1 2
10 31.0848 35 .4353 20,5519 3 3

Total shipplng cost after re-allocating demand: 184.3050
Total shipping ¢ost before re-allocation: 226.931
CImprovensnt from re-allocation: 42.6256)

Elenniz Bricker, . of lowa, 1997

Iteration 2 |

aerying
Facility Location Demand PLs
100 2 #12 18.8634 F3.4466 1 37
#2 41 .8018 11.6884 4 1 9
#3 72,2591 74,2234 2 5 8 10
]
Facility locations: §
#1. ( 18.86, 53.45) |
#2:041.80,11.69;
#3.(72.26, 74.22) |
! | ! |
a0 100
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Allocation of Demand Polnts

ahipping Cost

21d Source  Lource

|
OO0 -] O N e I DI

12
a3
19
al

a7,

2h

17.

2h

47 .

25

L0787
L6038
LP333
L8107
G446
7259
2114
.8745
Q937
3347

== iy Rk R

[ LT N L I Tk
WO T L0 s ] ] T D
WO OO0 O 00 00 T ] L

ab h3.284
48 20,4544
QY7 39 .4353
a8 33.35562
a1 21.8841
512  33.9857
a4 14.5411
50 2.39481
81 B0, 7236
94 21.5462

[ERE R R Rl ol TR | o
ERE R R ARl ) TR o | o

Total shipping cost after re-allocating demand: 140,441
Total shipping cost hefore re-allocation: 144,209
CImprovensnt from re-allocation: 3.849030

100
Q0
a0
70
G0
50
40
a0
all
10

Elenniz Bricker, . of lowa, 1997

Iteration 2

oerving
Facility Locatlion Demand PLs
| 2 F1y 15,0000 BO, 0000 1 3
21 470367 13.7634 46 79

_ 10 #3)  72.2891  74.2234 2 5 8 10
i 3
i al
i Facility Tocations: g
41 7 *1:(150D,EUDG}%

#2: 04704, 13.76) |
) 4 *#I30 7226, 7422) §

= 2 T T T 1
20 40 a1 a0 100

@0ennis Bricker, U. of lowa, 1997



Multi-Weber 11/3/97 page 15

Allocation of Demand Polnts

i chipping Cost 01d Gource SoUuroe
1 15.4616 J4.041 F3.284 1 1
2 31.8904 A1.7725 20,4344 3 3
3 15.4616 F3.60505 39,433 1 1
4 3d6.1248 g.A3128 33.38652 2 2
A 90,7965 g4.924 21.8841 3 3
h  30.5164 2.396802 33.9857 2 2
719, 8977 11.70588 14.5411 2 2
g8 27.9508 30,3721 2.39481 3 3
2 54,8116 18.3198 B0.7236 2 2
10 23.4307 45 .93604 21.54/2 3 3

Total shipplng cost after re-allocating demand: 138.2350
Total shipplng cost bhefore re-allocation: 138,236

CImprovensnt from re-allocation: 02

Converged!

Elenniz Bricker, . of lowa, 1997

Starting from a different frandom/s alfocation
af the demand points:

Demand Pts

Bl the algoritim converge to the same
lactlity focations?”

@0ennis Bricker, U. of lowa, 1997
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Iteration 1

0 2

Facility Location

nerving
Demand Pts

#17
#20
#30

J2.3572 h3.0902 5 9 10
59,9751 20,0028 4 6 7
2bh.1492 77,1085 1 2 3 8

Facility locations:

#1.0 7236, 63.09)
#2:(59.95, 20.00)
#3.02515,77.11)

Elenniz Bricker, . of lowa, 1997

alloecation of Demand Polnts

1 ahipping Cost i21d Source  Louroe
1 49.8712 40,3727 J0.0612 3 3
2 25.89118 48,3702 20,2724 3 3
3 41.2651 Fd,0724 4.,42914 3 3
4 Z26.8963 0.01323506 40,1416 2 2
Ro22.7372 AR, 982 78.2871 1 1
b 28.8028 J.06a434 35.781 2 2
7 10,4756 J.99387 20,3632 2 2
g 3.65039 25,4959 22,7063 3 — 1
g ¥1.3127 33.1831 F0.6478 ] ———a 2
10 25,2508 43.6754 11.7994 ] ———a» 3

Total shipping cost after re-allocating demand: 1412009
Total shipping cost hefore re-allocation: 211.846

CInprovensnt from re-allocatlon: Y0.6362

@0ennis Bricker, U. of lowa, 1997
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Iteration 2

oy Ing
_ Facility Location Demand PLs
#12 89,9924 F0 0000 H a
#2147 .0367 13.7634 4 6 7 9
#31 23.6396 F9.8604 1 2 3 10

oo oo

Facility locations: j
#1:(89.99, 70.00) |
#2:(47.04, 13.76) B
*#3:( 23.64, 79.86) B

page 17

Elenniz Bricker, . of lowa, 1997

Allocation of Demand Polnts |

1 Lhipping Cost i21ld Source  Lource
1 64,0747 J4 ., 041 31.5971 3 3
2 29,9954 H1.7725 19,904 3 3
3 h3.0274 H3.65a5 2.7317 3 3
4 34.9334 g.03128 42,0229 2 2
] 0.00908125  84.924 a0.5068 1 1
b 36.0534 2.39502 37,3341 2 2
7 16.9084 11.7068 21.5812 2 2
g B.99a22 30,3721 23.6987 1 1
g 89.0893 18.3198 73.0508 2 2
10 32.3068 45,9364 11.5486 3 3

Total shipping cost after re-allocating demand:

116.839

Total shipping cost before re-allocation: 116,839

CImprovensnt from re-allocation: o)

Converged!

@0ennis Bricker, U. of lowa, 1997
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"
oY Ing
Facility Locatlion Demand Pts

T T P S A
b . . -
#7337 72,2501 74,2234 205 8 10 two dilferent
Total Shipping Cost: 138.235 nitial alfoca-

'FIII -

tions of the
. demand poinis,
oerving :
Facility Location Demand Pts ﬁf‘? ﬂﬁf&fﬂ ffﬁ?

B ogum fewm 3y, o e
Hd . . )
#3) 23.6396  79.8604 1 2 3 10 solutions!
Total Shipping Cost: 11683249

-

Elenniz Bricker, . of lowa, 1997
Lsing J raciiilies.
SRin0ing CosE 116.84

Cperating cosds 3% 7000
Folal aaidle cost 241.64

[ anpears thal the oplimal salvtion
5 fo use 2 racifities.

EAROR G oSt 17284
ey ZEiG cost XD
folal dEdle cosls 32284
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