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with volume of demand W |

a set of m facility locations, and

an allocation of the dermand points Lo
these facilities, so as to minimize
the sum of the transportation costs
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8/20/00

[ Wo aspects of decisions (o be made:

Location |

(%1 5"y =1ocation of facility # i

Allocation|

Ji = set of demand points to be served
by facility #1

where

Judru.oudn=1{1,2,.nj}
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Chjective 1s @ tunclion or both the .
location and allocation, 7.e., or (¥ ]]‘f N & J

Total Transportation Cost
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Optimizing simultaneously with respect to

the facility locations

the allocation of demand points to facilities
1s quite difficult.

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

Given dermand pt. 3 Given facility
allocation, find locations, allocate
facility locations €| the demand points
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Heuristic Algorithm |

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

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

problem, to obtain facility locations

SANARRY

:||||
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He-4A4lfocalfron: Allocate each demand point
to the nearest facility location. That 15,

i jede but (X ¥ (X7
then  Ji-=Jdi-u {J}, Jir=Ji /{j]

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

@D0enniz Bricker , U. of lowa, 1997



Multi-Weber

8/20/00

100 - o2

20
a0
o
&0
=0
40
Z0
20
10

Example |

| o 10 dermand:

o4

- -]
| T | T | | | | |

10 20 20 40 S0 &0 70 230 90 100

page 8

Cost of operating facility = $75/day

Find the optimal number & locations
of facilities Lo satisfy the daily

—_—

—

P s N B R I SR ) Ly

. shipping cost
s

. Wi times

. the distance
. shipped

105 |
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The optimnal single source serving the demand points 1s

located at:
£ = 80,2611, ¥ = R1.711

CL11]

L4479
P64
058
LR137
L4807
.264
L098e7
L4506
03T
774

=

S O 00 ] O T s 0 L
[ SO L TR AT
L 00 G O T B0 D = 00

=

Total cost = 276,765
(s costd

Total daily
cost;

2B 705+75

= 351.765
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Optimal Single Facility Location |

100 o<
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Locating Two Facilities |

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

Wwe then find the optimal location of a facility
Lo serve the dermmand points J, , and another
facility to serve the demand points Js.
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merving
Facility Location Demand PLs
100 - z #1) B0.3213  BA.6T0E 123465
g0 21 44,5305 27 .3636 B 7 8 9 10
g0
7O _ 2
S Facility locations:
=L #1.0 5032, 66.68)
40 g #20 4451, 27.33)
30 4
200 4
10 | - | - | ! | ! |
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Allocation of Demand Points B

1 chipping Cost 01ld Source SoUrce
1  36.2617 27,6775 1 —= 2
2 19,993 43,7083 1 1
3 24.8386 43 .656039 1 1
4 28.60036 10,2796 1 —= 2
5 47.7808 74,7991 1 1
b 28.3404 B.10228 2 2
7 11.35245 F.98987 2 2
a ?.97841 24.83:23 2 —== 1
B R3I.Z233 23.7733 2 2
10 15,3013 37 .6801 2 —= 1

Total shipplng cost after re-allocating demand: 196.616
Total shipping cost bhefore re-allocatlion: 260,806

CImprovensnt from re-allocation: 64d.24009)
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Iteration 2

aerving
Facility Location Demand PLs
100 4 2 #12 FB.1673 22 .6547 2 36 8 10
A2 36 .4130 15.7924 1 46 709
=Ty 1a
g0 -
70 =
50+ Facility locations:
o 4
A0 i 7 #1: (56,10, 52.69)
#2000 3638, 15.78)
0 4
20 - <
10 | v | "Ell ! | ! |
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Allocation of Demand Points %

1 ahipping Cost

01d Source

el nydel=)

SO0 ] O O W L
W
8]

10  10.

L1363
L0435
191

.BA5d
.3575
L4576

.8711
178
L7041
.3756
L4683
.385612
L5195
.8848
L07E74
44,

765

[l R el S S el SR el el

[l R el S S el SR el el

Total shipping cost after re-allocating demand: 172.344

Total shipping cost before re-allocation:

172.5844

¢ Improvemnsnt from re-allocation: O

converged!
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LAl cosi 17284
Limar ZE g cost 2X D
folsl derlle cosls 32284

100 4
Ty
50 -
70
60 -
50 -
40 41 7
30 4

10 | i | ""El | ! | ! |
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Starting from anolher initial (randoem/aflocation.

100

a0
g0
0
60
a0
40
30
20
10

Iteration 1 f

| Tg | TEI T T 1
10 20 30 40 50 o0 YO 80 20 100

Facility Location

Serving
Demand Ptz

#10 B7.50549  39.8230
w2 401617  63.0532

Facility locations:

*#1:({ 57.65, 39.62)
#2:0 4916, 63.06)

24678
1250910
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Allocation of Demand Pointe :

i Shipping Cost 014 Source Source

25.89023 | 34.0245
26.5315 | 22,1704
41 .5103 | Z25.2941

|ii.8439| 266412

1
2
3
4
] g53.073 [[49.705% |
i}
T
3
9
0

18,5253 | 26.5327
| 0.57121 | 10.1916
16,3575 | 10.952 |
[42.6062 | 59.2335

3Z.0685 [ A7.0738 |

[ o i el e R
[ el T el el AN N S 8

Total shipping cogt after re-allocating demand: 230,047
Total shipping cost before re-allocation: 268.177
CImprovement from re-allocation? 28.129973
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Iteration 2 §

Serring
Facility Location Demand Ptz

w1 47 . 0367 13.7634 4 67T 9

100 = 2D 42 .. 5206 20.2241 12325810

ag 4 10

850 o
20 5 Facility locations: |

60 *1:{ 47.04, 13.76) |
50 #2 (4552, 80.22) k
40 4 b :
30
20 4
10

I — ‘rE'| T 1
10 20 30 40 50 &0 70 80 20 -
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Allocation of Demand Points

i Shipping Coszt  0ld Source Source

1 [24.041] 41.7704 2 1
2 5i.7725 [41.8957 2 2
2 G2.6565 | 21.3011 2 2
E 36 . 785 1 1
5 24.024 2 2
& [ 2.3950Z| 35.1195 1 1
T o|d1.7088 | 16.732 1 1
g 30,3721 2 2
= 76 . 2565 1 1
10 45.9364 2 2

Total ghippiag cost after re-allocatiag demand: 179,323
Total shipping cost before re-allocation: 187.0532
CImprovement from re-allocation: 7729372

@D0enniz Bricker , U. of lowa, 1997
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Iteration 3

Serving
Facility Location Demand Ptz

w10 36 .4130 15.7924 146749

100 o 2o BE.1573 22.6547 2325810

a0 4 10

a0 -
70 g =

B0 — Facility locations:

a0 - #1.{ 36.41, 15.79)
ET 7 #2.({ 5616, 82.65)

10 | T | ‘I"E | | | |
10 20 30 40 50 &0 70 80 90
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Allocation of Demand Fointe

i Shipping Cost 014 Source Source
1 26.8711 47 .1363 1 1
2 Bi.1va 11 . 0435 2 2
3 49,7041 27.191 2 2
4 14 .375A 37 .6634 1 1
) Q1 4533 43,3575 2 2
G T.38512 326.457TE 1 1
T 12.5195 17.131 1 1
2 21 .8848 Q.377EE 2 2
9 Q07374 51.0208 1 1
in 44 5765 10.6491 2 2

Total shipping cost after re-allocating demand: 172,544
Total shipping cost before re-allocation: 172.544

CImprovrement. from re-allocation: 02 {EFE????E? 25 {?ﬁ?f”fkk?fu
aroedg s :
Lonverged. salutiont)
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SNext we wirili find a sofutron with THREE
lacility focations.

FRandom fnifiaf
100 oZ Fitocation.
a0 — 10
g0 - of

Demand PLs b
380 :
167
245 10 |

70 - of -

&0
50
40 ol
0
20 o

| il | il | | | | |
10 20 20 40 50 &0 7O 20 =20 100

@D0enniz Bricker , U. of lowa, 1997
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Iteration 1 |
Soniindioviafat ottt E Serving
Facility Location Demand PLs
100 #11 33.8389 38.5697 389
221 32.37688 31.4363 16 7
Q0 #31 70,9601 J0.9338 2 4 5 10
a0
70 =
60 Facility locations:
A0 1
40 *1:{33.84, 35.56) §
#2000 3238, 31.44) p
30 *3.( 79.96, 70.95) ||
20 b
10 —
100

@D0enniz Bricker , U. of lowa, 1997
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Allocation of Demnand Polnts

1 chipping Cost 01d fource  Source

17.9118 17.9692 57.3849
ag8.1181 42,4761 2h.0243
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Total shipping cost after re-allocating demand: 184,305
Total shipping cost before re-allocation: 226.931
CInprovensnt from re-allocatlion: 42.62560
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Iteration 2 |

oerying
Facility Location Demand Pts
100 _ o #1r  18.8634  53.4466 1 3 7
#21  41.8018  11.6884 4 /5 9
90 10 #3r  72.2891 T4.2234 2 5 8 10
a0 4 g
7O 4 5
o0 Facility locations:
50
#1.{ 15.86, 53.45)
40 7 ’
b #2.( 41,80, 11.69)
30 4 #3.{ 72.26, 74.22)
20 4 4
10 Gl . :
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allocatlion of Demand Polints

1 chipping Cost 01d fource  Source
1 12.0787 31.9336 F3.284 1 1
2 33.6A038 F3.2148 20,4344 3 3
a3 19,9333 R3I.7TT7 39.433 1 1
4  31.8107 12.0038 33.30852 2 2
F  B7.60d4A F0.7831 21.8841 3 3
b 26.7269 4.,18012 33.9857 2 2
717.3114 13.4624 14.5411 ] —
8 26.8745 J2.3859 2.39481 3 3
9 47,0937 12.5181 g0.7236 2 2
10 25.3347 4p ,.9994 21.5402 3 3

Total shipping cost after re-allocating demand: 140,441
Total shipping cost before re-allocation: 144,29
¢ Improvensnt from re-allocation: 3.84903)

@D0enniz Bricker , U. of lowa, 1997
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Iteration 2

aerving
Facility Location Demand PLs
100 2 #1)  15.0000 60,0000 13
#2y 47,0367 13.7634 4 5 7 9
10 £33 T2.2591 74,2234 2 5 8 10
5

Facility locations:

. #1:( 15.00, 60.00) |
#2:{ 47.04, 13.76) |
*3.( 7226, 7422) B

@D0enniz Bricker , U. of lowa, 1997
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Allocation of Demnand Polints

1 ohipping Cost 0ld Source Louroe
1 15.4616 d4.041 F3.284 1 1
2 31.8904 R1.7725 20,4344 3 3
3 1b.4616 F3.6566 39,433 1 1
4 36.12448 2.63128 33.355Z 2 2
90,7964 gd.924 21.8841 3 3
b 30.5164 2.39602  33.9887 2 2
7 19.6977 11.7068 14.5411 2 2
8  27.95048 30,3721 2.39481 3 3
o h4.8116 18.3198 g0.7236 2 2
10 23,4307 45,9364 21.5462 3 3

Total shipping cost after re-allocating demand: 1383.236
Total shipping cost before re-allocation: 138.235

cInprovensnt from re-allocatlon: 02
converged!

@D0enniz Bricker , U. of lowa, 1997
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Starting from a different frandom/ allocation
af the demand poinis:

Demand Pts

5 9 10
4 6 7
1 2 3 8

Bl the algoritinn converge to the same
Facifity focations?”

@D0enniz Bricker , U. of lowa, 1997
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Tteration 1 %

aerying
Facility Location Demand PLts
5 #172 72,3572 h3.0902 5 9 1
100+ #20 59,9781  20.0028 46 7
90 0 #37 25,1492 77,1085 1 2 3 8
a0
70 g
60 Facility locations
B0 i
40 #1. (7236, 63.09) |
30 #*2:(59.98, 20.00;

#3:.( 2515, 77.11) |

2l
10

@D0enniz Bricker , U. of lowa, 1997
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Allocation of Demand Polnts |

i ohipping Cost D1d Gource LSource
1 49.8712 40,3727 J0.0612 a3 a3
2 25.8918 48,3702 20,2724 a3 a3
3 41.2/51 Fd4.,0724 4.42914 a3 a3
4 Z26.8963 0.013235806 40,1416 2 2
R 22.7372 AR .98 78,2871 1 1
h  Z8.8028 7.06434 a5.781 2 2
7 10,4756 7.99887 20,3632 2 2
a 3.65039 25,4950 22,7083 3 — ]
g T1.3127 33.1831 T0.6478 ] ——a 2
10 25.2508 43.6754 11.7994 ] ——a= 3

Total shipplng cost after re-allocating demand: 1412009
Total shipping cost bhefore re-allocation: 211.845

CImprovensnt from re-allocatlion: YO.6362

@D0enniz Bricker , U. of lowa, 1997
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Iteration 2

................................................................................................ Serving

_ Facility Locatlion Demand Pts
y #13 89,9924 F0.0000 5 3

1004 #27 47,0367  13.7634 46 79

ag 0 #£33 23,6396  FU.BR04 1 2 3 10

an

70 ol gnl

B0 S Facility locations:

50 - *#1.( §9.99, 70.00) §

40 g1 7 #2:( 47.04, 13.76) |

10 #3:( 23.64, 79.86)

20 4 i

10 A El| N
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Allocation of Demand Polnts |

i ohipping Cost 0ld Gource  Lource
1 64,0747 a4, 041 31.5971 3 3
2 29.9954 R1.7725 19,904 3 3
a3 B3 0274 R3.6565 2.7317 3 3
4 34.9834 8.a3128 42,0229 2 2
a] D.00908125  84.924 80,5068 1 1
h  36.0534 2.39502 A7.3341 2 2
7 16.9684 11.7058 21.5812 2 2
a Q.O0R22 a0.3721 23.6987 1 1
g 89.08398 18.3198 73.6568 2 2
10 32.3088 45,9364 11.5486 3 3

Total shipping cost after re-allocating demand: 116.339
Total shipping cost bhefore re-allocation: 116.839

CImprovenent from re-allocation: O

converged!
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8/20/00

oerwing
Demand Pts

-,

#1y 15.0000 GO 0000 1 3
A2 47 . 0367 13.7634 4 6 7 9
#3311 T2.2591 74,2234 2 5 8 10
Total Shipping Cost: 138235

aerving

Facility Location Demand PLs

#1y 89.9024 F0. 0000 H B
21 470367 13.7634 4 6 79
#31 223.6396 79,8604 1 2 3 10

Total Shipping Cost: 1168329

page 35

Starting from
two dilferent
mnitial affoca-
trons of the
demand poinis,
e gRiain Iwo
dillerent final
solutions!
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tsing F facriiiies.
Saianing cost 116.64
Cperaiing cosd 3% 7200
Falsl gl cost 341.64

ft gappears hal the oplimal sofuiion
is fo use 2 facifilies.

SRR oS 1 72.84
Limar @G cost 2H D
Ffolz! deillr cosl 32254
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