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DP Model

Stage n = ¥ of periods remaining in planning
period (n=4, 3,2, 1, 0)
State S, = inventory position
(positive if stock on hand,

negative if there are backorders)
S,€(-3,-2,-1,0,1,2,3,4,5, 6)

Decision X, = quantity to be produced
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Optimal Value Function

f,(Sy) = minimum expected cost for the next
n periods, given current inventory
position is S

(Sy,>0 ==> stock on hand,

Sn<0 ==> backorder position)

©Dennis Bricker, U. of lowa, 1997

VYALUE«F_prodn N;t;C;stock_cost
A

2] Optimal Value Function of DP model

2] of the Stochastic Production Planning Problem
2] (with Backordering)
+LAST IF N=0

Compute Monthly Cost
stock costeSHORTACOSTI1+0M-s1+GL1+0Is] A cost of stock
Cec(stock_coste  +H)+BIGx0>ge . +x) o, +0xd

Compute Transition Hatrix
(LésHfclisyl s oo+ X °.-

Evaluate Optimal Value Function
VéLUE*P MINAE C + (F_prodn N-1)[t]

A
t«TRANSITION

LAST: A Include salvage value as negative cost,
2] and include cost of production to fill
2] any remaining backorders

YALUE« (SHORTACOSTL1+0M-51+(-SALVAGE) [1+07s1+HI1+0(-5)1
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Inventory Cost
K1 esch

i 1 2 3 6
hrtilz 1 2 3 6
A 1 1 1 1 1
Production Cost
setup FE5 plus §5 esch

4 5
4 5
1

X 1 2 3
Crx1 30 35 40
A 30 5

Shortage Cost
K3 asch

marginal values w

o h

Recursive Definition
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Salvage values

i
51
A

&ng af periad o
1 2 3 4 5 6
3 6 9 12 15 18
3 3 3 3 3 3

Demand Distribution §

4 Pid:
0 0.1 jngenendent
% 8 : g igenticsliy-
3 0.3 distrituted
4 0.1
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minimum Z pa{ hiS) +c(X) +s(d-8, - X))

(Sn) =¥, €3 d=0

- v(Sy)

backorders must
be filled in next

period = (—Sn)+ <X,<3

Salvage value = $3 each
Setup cost = §25
unit prod'n cost = §5

+ fn—l(sn+xn' d) } if n>1
if n=0
h($) = storage cost
c(X) = production cost |
s(S) = shortage cost |
v(S) = salvage value
z T 7
d| o1 2 4
Pg 1 .2.3 1

Example: Lels compute the expected cost tor §=7, ¥=2 —)
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DP.

salvage valie

S| fi(S)
-3 | 87.50
-2 | 72.80
X: -1 | 55.80
: 0 : 2 s ||
-3 | 999999.95 999999.99 99999999 2| 13.50
-2 | 999999.99 900009 99 112.85 il -3:38
-1 | 99999999 104.85 95.81 5 e
0 71.85 §7.81 77.61 2 2.
1 58.81 73.61 64.76
2 44.61 60.76 54.12
3 31.76 50.12 45.50
4 21.12 41.50 39.65
5 12.50 35.65 37.00
6 6.65 33.00 36.30
Example Lels compule value for §=-2 ¥=F
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X:
s 0 1 2 3
-3 | 999999.99 999999.99 999999.99 120.85 -S‘Cage 2
-2 | 999999.99 999999 .99 112.85 103.81
-1 | 999999 .99 104.85 95.81  85.61
0 71.85 §7.81 77.61  68.76
1 58.81 73.61 64.76  58.12
2 44 .61 60.76 54.12  49.50
3 31.76 50.12 45.50  43.65 £(5.)
4 21.12 41.50 39.65  41.00 2895
2 s 3% 363
. . Optimal Optimal
State yalues Decisions
£(5.) 3 iesei 3
Lampz...'icj' A= /f‘FI rinding -1 85 61 3
LA FrIIITIETE VIS 1T 88CH Fow (1J gg . Zg %
2 44.61 0
3 31.76 0
4 21.12 0
5 12.50 0
6 6.65 0
NG 0 1 2 3
-3 | 999999.99 999999.99 999999.99 152.48 Stage 3
-2 | 999999.99 999999 .99 144.48 134.47
-1 | 99999999 136.48 126.47 115.78
0 103.48 118.48 107.78  98.72
1 §9.48 103.78 94.72  87.16
2 74.78 90.72 83.16  76.20
3 61.72 79.16 72.20  66.49 £.05)
4 50.16 68.20 62.49  59.26 zLO3
5 39.20 5§.49 55.26  54.85 f—
6 29.49 51.26 50.85 —&2 23 L
Optimal Optinmal
State Values Decisions
i 152.48 3
-2 134.47 3
-1 115.78 3
0 98.72 3
1 87.16 3
2 74.78 0
3 61.72 0
4 50.16 0
5 39.20 0
6 29.49 0

shoriage + prodi costs
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Prodn 7/15/98
(Example computation: S=1, X=2] _2
-2
d | pid) Cost pidix %
storage prodn shortage future(Total | Cost %
0] 0.1 1 35 0 -9 27 2.7 S
1102 1 35 0 -6 |30 6.0 ¢
2103 1 35 0 -3 33 9.9
3|03 1 35 0 0 36 | 10.8
41 0.1 1 35 0 69

page 2
x: 0 1 2 3
Stage 1
909000 .99 000909 90 000000 90 87.50
9090090 .99 000909 90 79.50 72.80
909090 ,99 71.50 64.80 55.80
38.50 56.80 47 .80 40.30
27.80 43.80 36.30 35.30
14.80 32.30 31.30 33.30
3.30 27.30 29.30 31.30 f- (S )
-1.70 25.30 27.30 29.60 1 1
-3.70 23.30 25.60 28.50
“5.70 21.60 24.5 S S By
Optimnal Optinal
State yilyes Decisions
RN A
f1(Sy) is found by computing 1 55.80 3
the minimum in each row 1 27.80 0
2 14.80 o}
3 3.30 o}
4 “1.70 o}
5 -3.70 o}
6 “5.70 0

(Example computation: S=2, ><=3)

d | pld) Cost pldlx
storage prodn shortage future| Total | Cost
0] 0.1 0 40 6 27.8 | 73.8| 7.38
1102 0 40 6 385 | 845|169
21 0.3 0 40 6 55.8 [101.8|30.54
3] 0.3 0 40 6 72.8 |1118.8|35.64
41 0.1 0 40 6 875 [133.5[13.35
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5, [ ,(S,)
“3 | 120.85
“2 | 103.81
-1 85.61
0 68.76
1 58.12
2 44.61
3 31.76
4 21.12
5 12.50
6 6.65
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X
s 0 1 2 3
-3 | 999999.99 999999.99 999999 99 152,48
-2 | 999999.99 999999 99 144.48 134.47
-1 | 999999.99 136.48 126.47 115.78
0 103.48 118.48 107.78  98.72
1 §9.48 103.78 94.72  87.16
2 74.78 90.72 83.16  76.20
3 61.72 79.16 72.20  66.49
4 50.16 68.20 62.49  59.26
5 39.20 58.49 55.26  54.85
6 29.49 51.26 50.86  53.23
4]
s 0 1 2 3
-3 | 999999.99 999999.99 999999.99 183.36
-2 | 999999.99 999999, 09 175.36 164.78
-1 | 99999999 167.36 156.78 145.71
0 134.36 148.78 137.71 12§.47
1 119.78 133.71 124.47 116.81
2 104.71 120.47 112.81 105.62
3 91.47 108.81 101.62  94.83
4 79.81 97 .62 90.83 85.83
5 68.62 86.83 81.83 79.47
6 57.83 77.83 75.47  76.46

CULARWN O
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DP.Prodn
e
s 0 1 2 3
-3 | 999999.99 999999.99 0999999.99 183.36 Stage 4
-2 | 999999.99 999999.99 175.36 164.78 :
-1 | 99999999 167.36 156.78 145.71
0 134.36 148.78 137.71  128.47
1 119.78 133.71 124.47 116.81
2 104.71 120.47 112.81 105.62
3 91.47 108.81 101.62  94.83
4 79.81 97.62 90.83  85.83 f,(S,)
5 63.62 86.83 g1.83  79.47
6 57.83 77.83 75.47  76.46
Optimal Optimal
State Values Decisions
-3 220.96 3
-2 208.98 3
-1 197.60 3
0 188.38 3
1 184.38 2
2 180.38 1
3 176.38 0
4 172.93 0
5 170.18 0
6 167.80 0
R B T R oo

Optimal

State Values

Optimal

Decisions

-3
"2
1

CUBWNEREO

152.48

3

OCOOOOWwWwWwW
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State

Optinal

Optimal

Values Decisions

[=l=teYalalaYal Nl
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tinal

Returns and Decisions

Optimal Optimal
State Values Decisions

“3 220.96 3
"2 208.98

"1 197.60 3
0 188.38 3
1 184.38 2
2 180.38 1
3 176.38 0
4 172.93 0
5 170.18 0
6 167.80 0

Optimal Optimal

State yalues Decisions
-3 120.85 3
-2 103.81 3
-1 85.61 3

0 68.76 3
1 58.12 3
2 44.61 0
3 31.76 o}
4 21.12 o}
5 12.50 o}
6 6.65 0
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