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Example

Consider a tranapmrtatmﬂ problerm in which sorme
of the demands are random variables:

DESTINATIONS

I 2 3 4 supply
2112 3 11 7 A
211 1 6 1
demand | / 5
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The demands at destinations #3 & 4 are ra@ndom
with known probability distributions:

Shipments Xj;
must be selected
berore the
values of Dz and
Dy are known!
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If, after making the shiprments, the demand is

different from the quantity shipped, we must

act so as Lo compensate for the difference:

¢ if demand exceeds amount shipped, the amount
short must be obtained at high cost (e.g., by
purchasing locally, or shipment by air, etc.)

¢ if dermand is less than amount shipped, the excess
must be stored, sold at a loss, or otherwise
disposed of .

@Dennis Bricker, L. of [owa, 1932
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In this case, assume penalties of $9 and $3 per
unit short at destinations #3 and 4, respectively,
but no cost incurred by excess supplies.

We wish fo minimize the sum of the

® S5HIppIng cosis

o expecled shoriage penglires
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Six possible outcomes:

k 12 3 4 o 6

13 o 1 3 o2
Dy o 0o 0 4 4 4
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Hefine.

"First-stage variables" |

Aij = quantity shipped from source i to destination |

"Second-stage variables” |

ot
-
I

surplus at destination J if outcome k occurs

e Sl Fo be aisnosed of

”T’Jk = shortage at destination J 1f outcome k occurs

LS, ST T b plarchissed focsl)
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Equivalent Ceterministic LIF Model

- 6 4 -
Minimize 3 Cijhig + 2 2 PPESYS

subject to penalty/unit ¢

shortage

j=1
3
S Xy 2Dy, j=1 &2
i=1
& = _ ke - pk
i=1

K”z&??z&?TED
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Size of the LP |

Yariables: 12 X's
24 Y's
A6 total

Constraints: 17

@Dennis Bricker, L. of [owa, 1932
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1+ 2+ It <+ 5+ =F
K1 8 W W ) : ) . Y]
. ] Z] A 4=z 14 g3 T 44314 =5 T4 42514 j=3 14
J:123412341234]—+ —+J—+ —+J—+ —+J—+ —+J—+ —+J—+ -+
111111 w]
2 1111 1
z 1111 10
4 [1 1 1 7
5| 1 1 1 a
1
& 1 1 1 1-1
7 1 ] ] 1 -1 0
2 1 1 1 -1 3
a 1 ] ] 1 -1 0]
10 1 1 1 1-1 ]
11 ] ] ] 1-1 8]
12 1 1 1 1-1 1
13 ] ] 1 1 -1 g
14 1 1 1 1-1 3
15 ] ] 1-1 |
16 1 1 1 1-1 2
17 1 1 1-114
Constraint Coefficient Matrix
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The Coefficient Matrix of the constraints is
not a node-arc incidence matrix, but does
contain only +£1 & O,

(G W SR FE e The raw's 10 afiFin F no0e—
S0 TETTENCE SIELIK, WL BFCH SO CORESIING
F 7 pEie
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Ferform the following row operations in the

sequence indicated:

Rz <« Rz - Ris , re, supiract row 15 ftrom row 77

Rie < Ris = Rig . fe, subiract row F< 5om row 76,

Ris < Ris - Rz, 7e, subiract row I3 fHom row 75,
=T

Ri <Ry —Rijz 1

Mext, negate all but Rows 1, 2, & 3.

@Dennis Bricker, L. of [owa, 1932
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1+ £+ 3t 4+ G+ F-
W W W ) % W Y '3 !
l Z] A 4=z 14 g3 T 44314 =5 T4 42514 j=3 14

J:123412341234 -+ -4+ -+ —+ -+ —+ -+ —+ -+ -+ -+ -+
111111 £l 6
z 1111 £ 1
z 1111 10
4 |-1 -1 -1 =77
s - -1 -1 =|-5
=| -1
= -1 -1 -1 -1 +1
7 1 -1 -1 -1 +1 = 0
: -1 |-+ =72
2 +] -1 -1 +1 =0
10 +1-1 1+ =|-2
11 + - -1+1 =0
12 +1-1 -1 +1 =| <
13 H-AL -1+ =|-4
14 +] -1 -1 +1 =|-Z
15 +1 -1 -1 +1 = 0
16 +1-1 -1+ =2
17 +] -1 -1+1=| 0
L LFTOSE F ROGe =50 FCTaenee maieind
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Wwe next change rows 1, 2, & 3 to equations by
adding slack wvariables.

Each column now contains one 1 pair except for

the last seven (the three slack variables added to

rows 1 Lo 3, together with the ¥ wariables for the
last (sixth) outcome). These seven columns each

contain either a+1 ora-1only.

@Dennis Bricker, L. of [owa, 1932
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The transformation Lo a node-arc incidence matrix
may now be completed by appending a new
(redundant) row, obtained by negating the sum of
Rows #1 through #17.

COHTINE FeSTN BEVIG F T pE Wil Agve 8 S
QF ZEra, Walle colimng naaving onde g Lo g =7
Wil BEve Bhe nEie comnieied
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1+

-+ -+
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It

-+
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314]314]314131413

-+ -+

-+ -+

-+

TJ

—+

1111

1111

1111

-1 +1

R B B L | N

+] -1

10
11

12
13

-1 +1
-1 +1

14
13

+1 -1
+ -1

16
17
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=3
o J'_=3+ J_4+ S1 Sz S
k-
1 | &
z ] 1
3 1| 10 ,
4 =7 =Ty T N /N

_5 7

2 — Fhe nelwark, Wilh
7 0 F e For S8R0 ok
i 1 K -2 R T
5 0 T ST TP 8FCH Tl
10 -2
11 [l
17 4
13 —.-:}
14 -2
15 [l
16 -1+1 -
17 -1 +1 0
18 +1-1+1-1|-1-1-1] 4
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Modes 1,2,83 <= sources 1,2,83
_, Nodes 4&o <— destinations 1&2
() MNodes 6,8,...16 <= B possible demand
' outcomes at dstn. #3
=2 MNodes 7.9,...17 <= 6 possible demand
outcomes at dstn. #4

@Dennis Bricker, L. of [owa, 1932
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Flow 1narc §->6 = ‘f“; strpius st detn TIF
ot oo #F

! - 1= sharisos st asin TiF
— } et = -
(¢ Flow inarc 6->8 = ¥; it o
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‘ Cptimal Solution I

7 Ship to satisfy
7 minimum demand (1) at dstn. 3
maximum demand (4) at dstn 4
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