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Supnose et we wish fo sefect the focalion of 5
single racifily, anywihiere in the plane, (o serve
Z sel of demand poifts.
Given, for each of demand points j=1,2, .n:

Eij yi)  coordinates of the point
B cost per unmt volume per unit distance
W5 volume of shipments per unit time

IFind coordinates of the source facility, (x,y), which will
minimize the total shipping cost per unit time:
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Minimize Clx,y) = % ijj’\/(}{—}{jjg + (y -y
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Tie together in a knot ("X") n strings of equal length L

Attach a bucket with
welght Wi at the end of
N string 1.
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The function:
n 2 2
Cla,y) = _21 BJWJ’\/(H—ﬁj) +{y - yy)
_]:

is convex in (x,v)
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A pecessary condition for (X™ Y™ ) to minimize

Clx,y) = % BJWJ’\/(H—HJJE + (y - *;.fjllg
j=1

15 -
d e =0
] ax
9 c Y=o
3y

That is, (X™,¥™) should be a "stationary point” of
the function C.
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This condition vields the equations

B]W(}i %) _
Z«/x -

— ¥ e —*;.f]J
1 Z B]W(V "}-"J:' -0
Lo (X k) (Y - )

which, unfortunately, we cannot solve analytically
for the values of X™ and ¥~
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We will use a i Zn: BJTHJ’*
‘successive o o Y )
substitution” N Byw
method using ; 4.0 Y™
these equations : J=UERA
tofind X* & Y* noBiw Y
oo o deY D)
% B
_ =1 di(X7Y7)
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Suppose, at iteration ¥k, we have an
approximate solution (XX Yk)
We obtain an improved approximate solution

(':{ k+1,1fk+l } by

S Ptk & By,
et _ F OV e A YE)

| By L B ;
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Weiszfeld Algorithm |

Starting with an initial "guess” (X" YY),
we will generate a sequence of approximate
solutions, (X' Y'), (X4Y?), (X3Y?), ...
which converge to the optimal facility
location (X*,Y*).

We terminate the method when two successive
approximate solutions are "close enough”,
i.e.,

‘}:kﬂ _Kk‘ . ‘qu vkl . s~ 0
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, Customer ] 2 2 4
Example Location (03 (2
Fgmt. (Ton/wk)
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Starting Point | < 900 starting point is the
e T .-'f.-"’"{-" ; d?i - sz ,.-'5? TRy g, ,-'3? f e {?z
FUEFEGE OF LG CUSIamer
COTIIFLES,
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Customer| 1 2 3z 4 &
Location |(0,3) (24) (43) (1,0]

K0 = Iz T IXO+2%2+3x442% 1 _ 5 o5,
2 By [ +2+ 3+ 72

1 [ X3+2x4+ 3 3+2K1 _
i B]W] ] + 2 + 3 + 2

2.0
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Now compule distance 1rom (X Y E) to each
CUSTomer:

oo -2

o= E 2]2 (% 4]2 1521
d-- E 4] % 3] ~ 1.820
d - E 1]+€ c}] ~ 2795
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Shipping Cost.!
................... gy, 1 02.300) + 201,521
+ 301.82)+ 2(2.795)
= 16.397
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App iV our SUccessive substrivtion methiod
ta (we hopell ohiain a betier approximale
salition.
Wik Ix0 2x2 3x4d 2x]

+ + +
dj _dy dp ds da 10373 _ 5599
W5 | . 2,3 .2 4113
JZ,j—j d, dy ds da

AN 1x3 2x4 3x3_ 2x0

d _.dy dp ds ds _11.506 -5 g5
Zm | 4 2,3, 2 4113
7 d; dy dp d3z  da

dretance fo b

cUstomer J % =*/[2-522_:‘{j]2+ 2.798-Yf
d,=2.530

d,= 1.310

d.= 1.492
d,= 3.185

Shipging cost |

.......................................................................................

___________________ 1(2 53)+2(1.31)+3(1.492)
+ 2(3.185)

= 15.996 < 16.397

regquclion of 245
AT L IR, o o Wl 1997

2.185




Webers 11/3/97 page 11

Listance helween
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Iteration # 1 |

Facility location at X= 2.25, T= 2.5

Diztances to demand pte:

i 1 2 3 4
Dlil 2.30439 1.52009 1.32003 2.79502
WIlil=<D[i] 2.30439 3.04135 5.46005 5.59017

Total cost iz 16.3965

Hew location iz at K= Z.41859, Y= 2.7aT2hH
Eectilinear diztance moved iz 0.464426
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Iteration # 2

Facility location at X= Z.41659, ¥= 2.79785

Diztances to demand prat

i 1 b pE] 4
Iril 2.42503 1.27229 1.59626 3.13603
WILil=Dli] 2.42503 2.54457 4.72873 6.27206

Total cogt iz 16.03205

Hew location ieg at X= Z.51012, Y= Z.92419

Eectilinear diztance moved iz 0.21927

Elenniz Bricker, . of lowa, 1997

Iteration # 3

Facility location at ¥= 2.51012, Y= 2.92419
Digtances to demand ptai
i il 2 3 4
DIlil 2.51126 1.1906= 1.49121 2.29141
WTIil=DI[i] 2.51126 2.381265 4.47542 /.5222
Total cozt iz 15.9501

Hew location iz at ¥= 2.66732, Y= 2.96949

BEectilinear distance moved is 0.0925647
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Iteration #

Facility location at ¥= 2.565732, Y= 2.95949

Diztances to demand ptai

i 1 2 3 4
Ilil 2.557067 1.1716  1.44294 3,353
WILil=Dli]l 2.55757 2.234319 4.,32831 6.7062

Total cozt iz 15.9353

Hew location iz at ¥= 2.58331, Y= Z.98276

Eectilinear disztance moved iz 0.03281954

page 13
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Facility location at X¥= 2.58231, Y= 2.98276

Disztances to demand pte:

i 1 ) 3 d
Iril 2.98237T 1.17212 1.4178  3.37V04T
WILilxD[i] 2.58237 2.34424 4,25339 6.75294

Total cozt iz 15.93Z29

Hew location iz at ¥= 2.5966T, Y= 2.93528

Eectilinear dizgtance moved iz 0.0162726
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Iteration # 6 [

Facility location at X¥= 2Z.59667T, Y= 2.98528
Digtances to demand ptal
i 1 2 3 4
nril 2.99671 1.17715 1.40341 3.38544
WILil=Dli] 2.59671 2.35429 4.,21023 6.77059
Total cost iz 15.9321

Hew location iz at X= Z.60557, Y= Z.92473
Fectilinear distance moved iz 0.0094046 < 0.01 (stopping criterion)

Elenniz Bricker, . of lowa, 1997

The Optimal Location for the Supply Facility

5 _
4 2
3 g1 E
5 j;x= Z.60857, Y= Z.95478
1 -
U 4 | | T |

o 1 2 3 4 2
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Fath Followed by the Successive Substitution Method

7z ]
2.9 1 f _
FHE! SOT T

2.8 = Z2.60557, ¥= Z2.92473
2.7 -
2.6 -
25 2 | | | |

2?} 2.3 2.4 25 2.6

Ka Ciwitist quess feantroial
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