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Example

Consider a transportation problem in which some
of the demands are random variables:
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Dept. of Industrial Engineering,
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The demands at destinations #3 & 4 are random |fj after making the shiprl*nentsl, the demand is
with known probability distributions: different from the quantity shipped, we must
act so as to compensate for the difference:
- # if demand exceeds amount shipped, the amount
d | PiDz=d] i | PD.=a1} Shipments X; short must be obtained at high cost (e.q., by
1 Iy 4 must be selected purchasing locally, or shipment by air, etc.)
] 0 1/4 hefore the # if demand is less than amount shipped, the excess
3 % 3, values of Dz and must be stored, sold at a loss, or otherwise
Ly 4 Dy are known! disposed of .
@Dennis Bricker, U of lowa, 1998 @Dennis Bricker, U, of lowa, 1998
d | PiDz=d} . .
In this case, assume penalties of $9 and $3 per ] Six possible outcomes:
unit short alt destinations #3 and 4, rl“especti\fely, 1 3 K 1 2 3 4 5 F§
but no cost incurred by excess supplies. 3 1/3 K
Dz 13 5 1 3 5
= Y K
e wish to minimize the sum of the Dy 0O 0 0 4 4 4
s shipping costs d | P{D, =d} pk Vo Yo o o 4 14
s expecled shoriage penalliies 0 1,
4 SOIRE Probshififias s5sime
3/4 eSS Sre Indanendent
FEIGONT Wariahias!
@Dennis Bricker, UL of lowa, 1998 @Dennis Bricker, U, of lowa, 1938
Define Equivalent Deterministic LP Model |
"Eirgt— i " 3 4
| First-stage variables E Minimize Z Z E,Y
X:: = quantity shipped from source i to destination j . i=1 J=1 k=1 j=3
b Y ! subjectto ’Cpenaltyfumt
| "Second-stage variables” | _Z] A= 5i,1=1,2, 3 [shortage
j=
ij+= surplus at destination j if outcome k occurs 23 Xz Dy, j=1 &2
L&, SITE Lo e Jishosed of i=1
z - + f
ij_= shortage at destination j if outcome k occurs > At YIj< - YIj< = Dlj< =3 & 4, k=1,..6

re, et Lo be purchased focsli -

Xijz 0, Y520, ¥ 20

@Dennis Bricker, U of lowa, 1998 @Dennis Bricker, U, of lowa, 1998
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1 2% LT 4z St :F
W . W ! % ; 1 : ;
1i ><:21 3] j=3YJ 4 j=5 14 j=3YJ 4 j=3YJ 4 j=3YJ 4 j=3YJ 4

Size of the LP JE1234 12341234775 J0 0% Sy Sw s Swow Swow o
1t [a]
2 1111 A 1
Variables: 12 ¥'s : 1 1 1 10
24 Y's 5|1 1 1 =
_ - 1
A6 total : ]1 ]1 ]1 ] ]1—1 o]
H R R T ;
Constraints: 17 N 7 7 T 5
11 1 1 1 1-1 Q
12 1 1 1 1-1 1
13 1 1 1 1-1 4
14 1 1 1 1-1 3
15 1 1 1 1-1 &
16 1 1 1 1-1 5
17 1 1 1 1-11{a
Constraint Coefficient Matrix
@Dennis Bricker, UL of lowa, 1998 @Derinis £, T ol iuwa, | oas
The Coefficient Matrix of the constraints is Perform the following row operations in the
not a node-arc incidence matrix, but does sequence indicated:
contain only +1 & O. Riz < Rz -Rys . ie, subiract row 15 trom row 17
Rig < Rig— Ry, 7o, sublract row 14 fram row 15,
CE WE mapUEle e rows fo abigin g node- Ris < Ris = Ry3 , 7., subtract row 1.5 from row 15,
G IRCTIENCE ALK, WL SFCH CONTN COnLaining obe
g+l pair? .
~ Ry, «R; -Ry, .i=17,16,15,14, .8
Mext, negate all but Rows 1, 2, & 3.
@Dennis Bricker, U of lowa, 1998 @Dennis Bricker, U, of lowa, 1998
1+ 2k I 44 Sx 53
B Mo Hai Wi : ; Yy VE ¢
] ] ji=3 1 ji=3 J i=3 1 ji=3 1 j=3 ] i=3 1 .
J=123a02341234 0% I AT AT T AT We next change rows 1, 2, & 3 to equations by
1t 6 ] ]
! - HE: adding slack variables,
3 1111 10
4 [ A -1 -7 : :
5| 4 - - =|-5 Each column now contains one +1 pair except for
- - ERNE =1 :
L ) L L -|o| thelast seven (the three slack variables added to
5 T 22| rows 1to 3, together with the Y variables for the
10 SR K 2|2 last (sixth] outcomel). These sewven columns each
+] - -1+ - . :
12 aa | =l4| contain either a+1 ora-1only.
13 4 -l -1+ =|-4
14 +1 -1 -1 +1 =[-2
15 +1 -1 -1+ =0
16 +1-1 -1 +1 =2
17 + -l -l+1=[ 0
admast # node—are incidence gty
@Derinis £, 0 oo, 1998 @Dennis Bricker, U, of lowa, 1938
. ) 1+ 2x 3x dx St
i o i . A1 Hej A3 j=3YJ 4 j=3YJ 4 j=3YJ 4 j=3YJ 4 j=3YJ 4
The transformation to a node-arc incidence matrix J=12341234 123474 -4 -4 -4 -4 4 -% -+
. tfrrt
may now be completed by appending a new 2 1111
. . S 1111
(redundant) row, obtained by negating the sum of .5 3 -
Rows #1 through #17, sf A i i
6 -1 -1 -1 -1+1
7 -1 -1 -1 -1 +1
Celumns alreadls having & £ 7 pair will have g sum : A eee
el zera, while columng having onfy g+ or g =7 10 A
wild fgve fhe pair comoleled 12 A
13z +] - -1+
14 +1 -1 [+
15 -] -1+
16 +1-1
17 +1 -1
15

@Dennis Bricker, U of lowa, 1998 @Dennis Bricker, U, of lowa, 1998
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@Dennis Bricker, UL of lowa, 1998

@Dennis Brcker, U. of

Flow in arc 8->6 = Y31+ sl 58 dein Tif
oLtcome *7

shortage af asin J i
oufcare £7

Flow in arc 6->8 = Y3

|, 1992
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Modes 1,2,83 ¢ sources 1,2,&3
_, Nodes 4&5 «— destinations 1&2
O] Modes 6,8,...16 < 6 possible demand
' outcomes at dstn. #3
“3 MNodes 7.,9,...17 <= 6 possible demand
outcomes at dstn. #4

@Dennis Bricker, U, of lowa, 1938

Optimal Solution

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



