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TABLE 13.1 Monthly (January through December) Consumption of Natural Gas

Natural-Gas Consumption in Cubic Feet

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oa Nov Dec
1990 100 110 90 70 65 50 40 42 56 68 88 95
1991 110 125 98 80 60 53 = 45 63 77 92 99
1992 90 100 88 79 . 56 57 38 39 60 70 82 90
1993 121 130 95 90 70 58 41 44 70 80 95 100
1994 109 119 99 75 68 55 43 41 65 79 88 94
1995 130 122 100 85 T3 58 42 43 64 75 80 101
1996 115 100 103 90 76 55 45 40 67 78 98 97
1997 130 115 100 95 80 60 49 48 64 85 9% 105
1998 125 100 94 86 79 59 46 39 69 90 100 110
1999 87 80 78 75 69 48 39 41 50 70 88 93
Mean 111.7 110 95 82.5 69.6 553 427 422 628 7712 97T 98

StdDev 1554 152 75 799 782 395 34 28 609 691 667 6
V(%) 1391 138 70 968 1124 713 796 678 969 895 735 6.1
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Inventory cost function with price breaks Ym Q
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TABLE 13.2 Solution of Example 13.4-1

1 2 3 B Surplus
o o] & [&] L[°
R, % : | | %0
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Peﬁodl:D,=3.0*_=_:x252+4=6,21=x2+D]-x1=x2+2

Ci(z1) + hxy

7 =2 3 4 5 6 7

8 Optimal solution

X hx; Ciz;))=23 33 53 73 93 113 133 fi(xy) 7
0 0 23 23 2
1 1 34 34 3
2 2 55 35 4
3 3 76 76 5
4 4 97 97 6
5 5 118 118 7
6 6 139 139 8

Note that because x; = 1, the smallest value of z;is Dy ~ x; =3 — 1 = 2.

Period2: D, =20=x;=40=g5sDy+x3=1x3+2

Ca(z) + haxs + fi(xs + Dy = 25)

Optimal
z3=0 1 2 3 B 5 6 solution
X3 hxy Cyz) =0 17 27 37 57 77 7 ) 3
0 0 0+355 17+34 27+ 23 50 2
=355 =51 -
13 3+76 20+55 30+34 40+23 63 3
=79 =75 = =63
2 6 6+97 22+76 33+55 43+34 63+23 73
=103 =99 = 88 =7 = 86
3 9 9 + 118 26+97 36+76 46+55 66+34 86+ 23 100 4
=127 =123 =112 =101 = 100 =109
4 12 12+139 29+118 39+97 49+76 69+55 89 +34 109+23 123 5
=151 = 147 = 136 =125 =124 =123 =132

Period3: Dy = 4,x,=0,0<z; = Dy + x, =4

Ci(z3) + h3xy + fo (x4 + Ds — z3)

z3=0 1 2 3 4 Optimal solution
x5 hyxs  Ci(z3) =0 16 26 36 56 filxs) 2
0 0 0+123 16 + 100 26+ 77 36 + 63 56 + 50 99 3
=123 =116 =103 =99 = 106

The optimum solution is read in the following manner:

(u=0)=[z=3]>(m=0+4-3=1)~[z=3]
—(n=1+2-3=0)>[z=2]

Thus, the optimum solution is z; = 2,z; = 3,and z3 = 3, with a total cost of $99.




Silver-Meal heuristic. This heuristic is valid only when the unit production cost is
constant and identical for all the periods. For this reason, it balances only the setup and

holding costs.
The heuristic identifies the successive future periods whose demand can be filled

from the production of the current period. The objective is to minimize the associated
setup and holding costs per period.

Suppose that we produce in period i for periods i,i + 1,...,and t,i <1, and
define TC(i, 1) as the associated setup and holding costs for the same periods. Using
the same notation of the DP models, we have

K,', t=1i

TCy, 1) = iy

K;' + hi'DHl + (h, + h,‘+1)D,'+2 + s (Ehk)DH S
k=i

Next, define TCU(i,r) as the associated cost per period—that is,
'TCU . TC(i,r)

! —_——

(e) t =i41

Given a current period i, the heuristic determines ¢* that minimizes TCU(i, 1).
The function TC(i, r) can be computed recursively as

TC(i, i) = K;

TC(i,t) = TC(i,r — 1) + ( hk)D,.t =i+ 1i+2,...,n
k=i

oy

Step0. Seti = 1.

Step 1. Determine the local minimum ¢” that satisfies the following two conditions:
TCU(i,t* — 1) = TCU(i, ")
TCU(i,r* + 1) = TCU(i, ")

The heuristic calls for ordering the amount (D; + D,y + ... + Dy) in periodi
for periods i,i + 1,...,and". ;

Step2. Seti=1"+ 1.If i > n, stop; the entire planning horizon has been covered.
Otherwise, go to step 1.

Example 13.4-4
Find the optimal inventory policy for the following 6-period inventory situation:

Periodi D (units)  K,(5) K ($)

1 10 20 1
2 15 17 1
3 7 10 1
4 20 18 3
5 13 5 1
6 25 50 1

The unit production cost is $2 for all the periods.

Iteration 1 (/ = 1, K; = $20) The function TC(1, 7) is computed recursively in z. Fo
. ) . For example,
given TC(1,1) = $20, TC(1,2) = TC(1,1) + AyDy = 20 + 1 X 15 = $35, : e

Period « D, TC(1,1) TCU(1,r)
1 10 $20 -
2 15 it
20 +1 X 15 = $35 ¥ =3$17.50
3 7 354+ (1+1)x7=5% £ =[§16.33
4 20 9+A+1+1)x20=8109 12 =g3775

_ The local minimum occurs at t* = 3, which calls for ordering 10 + 15 + 7 = 32units in
period 1 forperiods 1to3.Seti ="+ 1=3 + 1 = 4,




Iteration 2 (i = 4, K, = $18).

Periodt D TC(4,1) TCU(4.1)
4 20 518 1B -[§18.00]
5 137 18+3x13 =857 T =$2850

The calculations show that t* = 4, which calls for ordering 20 units in period 4 for period 4.
Seti=4+1=3.

Iteration 3 (i = 5, K = $5)

Periodr D, TC(5, 1) TCU(S, 1)
5 13 $5 i =
6 25 5+1x25=330 ¥ =815

i

The minimum occurs at t* = 5, which requires ordering 13 units in period 5 for period 5, ;
Next, we seti = 5 + 1 = 6. However, because i = 6 is the last period of the planning horizo,
we must order 25 unit in period 6 for period 6. -

o G

Remarks. The following table compares the heuristic and the exact DP solution. We have |

deleted the unit production cost in the dynamic programming model because it is not includedin z
the heuristic computations.

Heuristic Dynamic programming

Period Units produced Cost ($) Units produced Cost ($)

1 32 49 10 20

2 : 0 0 22 24

3 0 0 0 0

<+ 20 18 20 18

5 13 5 38 30

6 25 50 0 0
Total 90 122 90 2

The heuristic production schedule costs about 32% more than that of the DP solutios
($122 vs. $92). The “inadequate” performance of the heuristic may be attributed to the natus
of the data, as the problem may lie in the extreme setup cost values for periods 5 and
Nevertheless, the example shows that the heuristic does not have the capability to “l
ahead” for better scheduling opportunities. For example, ordering in period 5 for periods 5 an,
6 (instead of ordering for each period separately) can save $25, which will bring the tota
heuristic cost down to $97.




