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Abstract

This paper analyzes the multi-item order-evel system with shortages allowance and storage limitation.

Up to now, we have used the classical optimization theory to analyze this system. But the theory is
generally not suitable for computational purposes. Therefore, this paper designes a new method to be
able to apply the quadratic programming to the multi-item order-level system with storage limitation.

A numerical example is also presented.
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.<§2> Data o Hfe) ey SRS 09, 09, 19 o

shef
i i i 1 2 3 S1
228270 aw W0 10 0 Minimize Z =(—50, —40, ~20) | S,
EEEREFR C, 2.0 1.0 40 s,
bR Cau 50,0 40,0 20.0
TREE ) b 50 3.0 9.0 0.13, 0 0775,
: : . : ; +(5..5.,.8;) 0,0.205, 0]]s,
0, 00024)Ls,
(¥ 3) Initial Simplex Tableau
(Iteration 0)
XD 1 2 3 4 5 6 7 8
10 183 12 13 14 15 16
17 :
Cc Cc(y 0.00 0.06 0.00 2000.06 200,00 100.00 500.00 0.00
400 0.00 0.00 0,00 0.00 000  9999.00 9$999.00
9999.00
0.00 2000.00 5.00 3.60 9.00 0.00 .00 0.00 0.00 0.00
0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
0.00
0.00 200.00 1.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00
0.00 100.00 0.00 1.90 0.00 0.00 0.00 0.00 0.0 0.00
0.00 0.00 0.00 .00 1.00 0.00 0.00 0.00
0.00
0.60 500.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
8.00
9999.00 50.00 0.26 0.00 0.00 5.00 1.00 .00 0.00 -1.00
0.00 0.06 0.00 0.00 0.00 0.00 1.00 0.00
0.00
9999 00 40.00 0.00 0.41 0.00 3.00 0.00 1.00 0.00 0.00
-1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.00
9999 00 20.00 0.00 0.00 0.05 9.00 0.00 0.00 1.00 0.00
0.00 -1.00 . 0.00 0.00 0.00 0.00 . 0.00 0.00
1.00
Z{hH FEEEREE 509,74 4099.59 479.95  wEmmkEE 9999.00 9999.00 9999.00 -9999.00
~9999.00 -9999.00 0.00 0.00 0.00 0.00 999900 9999.00
9999.00
Cily - Z(D) —2599.74 409959 -—47595 *¥¥Ix¥x _09709 (0 -0899.00 -9499.00 9999.00
9999.00 9999.00 0.00 0.00 0.00 0.00 Q.00 0.00
0.00
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Subject to [ 5, 3, 9 S, 2000 o| vt
1, 0, 0 S, |<| 200 JElw $ef 4fiE weld =z 1s1({BASIC
¢, 1, 0 S, 100 Program)oi| {&igste] vlo] 2z 71 F&] (Micro
¢, 0, 1 500 Computer) & FTE R (£3), (L4},
= = = L ZL
$,20, i=1.2.3 (&S5), (6,34 2t
(& 4)
(Iteration 0)
X 1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16
17
cm o 0.00 0.00 0.00 200000 20000  100.00  500.00 0.00
0.00 0.00 2.22 0.00 0.00 0.00 9999.00 9999.00
9999.00
2.22 2000.00 5.60 3.00 9.00 (.00 0.00 0.00 0.00 0.00
0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
0.00
0.00 200.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0-00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00
0.00  100.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
.00 0.00 0.00 0.00 1.00 0.00 Q.00 0.00
0.00
0.00  500.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
0.00
9999.00 38.89 0.26 000  -0.03 0.00 1.00 000  -056  —1.00
0.00 0.56 0.00 0.00 0.00 0.00 1.00 0.00
—0.56
9999.00 33.33 0.00 041 —0.02 0.60 0.00 1.00  -0.33 0.00
~1.00 0.33 0.00 0.00 0.00 0.00 0.00 1.00
—-0.33
2000.00 2.22 0.00 0.00 0.01 1.00 0-00 0.00 0.11 0.00
0.00 —0.11 0.00 0.00 0.00 0.00 0.00 0.00
0.1t
vA8)) *eexerx 961085  4106.26  395.96  2000.00 9999.00 9999.00 -8665.78 —9999.00
—9999.00  8665.78 2.22 0.00 0.00 0.00 9999.00  9999.00
—-8665.78
o - Z3) —2610.85 —4106.26 395.96 000 -9799.00 -9899.00 9165.78 9999.00
9999.00 —8665.78 0.00 0.00 0.00 0.00 0.00 0.00

LR Ty ]

(lterations 2 through 5 are omitted.)
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

Z

(Iteration 6)

X

C{I)

¥
0.00
85.39

9999.00

104.70
39.69
14,61

395.30

16d.31
85.39

1.66

0.00

CH - ZM

0.00
0:76
1.36
0.00
~.08
2.00
0.00
241
0.76
0.00
~0.76
-1.36
1.00
0.08
-—2.00
(.00
-2.41
-0.76
0.00
-0.60
0.10
0.00
0.00
0.00
0.00
85.39

9999.00

(¥ 6) Program Output

The # of iteration : 6

0.00
104.70

0.00
-1.36

0.00
-2.00

0.00
~0.76

0.00
1.36

0.00
2.00

1.00
0.76

0.00
—0.10

0.00
0.00

0.00
104.70

THE MINIMUM VALUE Z : —8426.32
Constant ; 12000
Total cost : 3573.68

Numbers 1 through 3 are ordinary variables.
Numbers 4 through 7 are Lagrangians 1 (Lambda j).
Numbers 8 through 10 are Lagrangians 2 (Wj).
Numbers 11 through 14 are slacks.

Numbers 15 through 17 are artificials.

11

0.00
1.66

1.00
0.10

0.00
—0.01

0.00

-0.00

0.00
-0.10

0.00
0.01

(.00
0.00

0.00
—0.00

0.00
0.00

0.00
L.66
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0.00
0.00

0.00
0.00

0.00
1.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1.60
0.00

0.00
0.00

0.00
0.00

6 7

13 14 15
39.69 14.61 395.30
0.00 0.00  9999.00
-2.00 —~0.76 1.36
0.00 0.00 ~2.00
-3.64 0.08 2.00
6.00 0.00 -3.64
0.08 -2.41 6.76
1.00 0.00 6.08
2.00 0.76 -1.36
0.00 1.00 2.00
3.64 -0.08 -2.00
0.00 0.00 3.64
~0.08 241 -0.76
0.00 0.00 -0.08
0.01 0.00 0.10
0.00 0.00 0.01
0.00 0.00 0.00
0.00 0.60 0.00
39.69 14.61 395.30
0.00 6.00  9999.00

The optimum points are printed below,

X(3) = 105
X (12) = 40
X (13)=15
X (14) = 395
X (1)=160
X (2)=85

X(@)=2

8
16

160.31
9959.00

2,00
—0.78

3.64
0.08

—0.08
-2.41

-2.00
0.76

~3.64
—0.08

0.08
241

—0.01
6.60

0.00
0.00

160.31
9999.00

The rest of the variables are equal to zero.



4. & =B

ZihE RER EEEE B (Multi-TItem De-
termmistic Model}-§ 4347 sh=ul 2ol A =27
Al —R o2 7RIS RBEEE (Classical
Optinvization Theory) < FIf st e}, ]t of
2 7R Rl o] Sl BBl o] m o B
Aol Al B b ohz) FEke] =AY
2

a2, Bkl HEHE 258 HH
A HEEE ol SRS Do @l 2 KEE
B dkel A2 + god ole BEAAE
EF st L BEE ol 2A @\ k=) 2lebs Al7tol
o},

F WEolde MEEE S SRS W 58

%] FEHE £56 EXLERE A0S
SHTSA e, EaEs o fImRe w A,
2 oled HRE B0l N g 2 g
AHE FIROBEH TS $REEEREREA A0 {Mu-
lti-Item Production-evel System) o[z o) 5
ol HAE 4 Yok

2, BAEK 2kR ol okl gmval
SR A oiz] B $IEL] s i
Bolle o & BEIHEREEI: (Advanced Tec-
hnigues of Nonlinear Programming) o] f#
EO2 ol hsetelet Adsnl o sl
PR =8 & el ddoz A4 s}
shalet

References

1. Taha, H., Operations Research, 3nd 3d., pp. 504-507, Macmillan Publishing Co., Inc., New

York, 1982,

2. Naddor, Eliezer, Inventory Systems, Ch.4, John Wiley & Sons, Inc., New York, 1966,
3. Wolf, P.,*The Simplex Method for Quadratic Programming” Econometrica, Vol. 27, pp. 382-389,

1959,

4. Beale, EM.L.;'On Quadratic Programming,’; Nevel Research Logistics Quarterly, Vol. 6, pp.

227- 243,1959.

S. Theil, H., and C. Van der Panne,“Quadratic Programming as an Extension of Classicai Maximiza-

tion” Management Science, Vol. 7, pp. 1-20, 1960.
6. Lemke, C.E., “A Method of Solution for Quadratic Programmings] Management Science, Vol. 8,

pp442453,1962.

7. Braitsch, R.J. Jr., "A Computer Comparison of Four Quadratic Programming Algorithms” Menage-

ment Science, Vol. 18, pp. 632-643,1972.

8. Wagner, HM., Principles Operations Research, 2nd ed., pp. 612621, Preatice-Hall, Inc.,

Englewood Cliffs, 1975.

9. Simmons, D.M., Nonlinear Programming for Operations Research, Ch. 7, Prentice-Hall,

New York, 1975.

_lg..



