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In many manufacturing companies, the need of an efficient inventory has become important. Our research is

done in collaboration with an actual manufacturing company to improve the strategy for controlling inventory of

the company. We focus on the production schedule used in the actual manufacturing company since it controls the

inventory. The production schedule is formulated as an optimization problem. Based on the formulation, Genetic

Algorithm (GA) is applied to generate a production schedule which satisfies an efficient inventory. The production

schedules derived by GA are compared with the production schedules described by an expert. The effectiveness of

GA is shown in the results and the discussions.
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A: An annal plan for

B: Factory - Manufacturing

EHES - BEme - = KE#

C: Store management

productions
Oct. 1st 2003: M1 P1 qty=25000 ]
Oct. 1st 2003: M1 P6 qty=20000 2 ‘-—
Oct. 15t 2003: M2 P2 qty=6000 | Input ﬁ‘\
Oct. 1st 2003: M2 P4 qty=19000 " Machine 1
Oct. 1st 2003: M4 P7 qty=5000 e
A
i N i
Oct. 2nd 2003: M1 P1 qty=16000 Machine 2
Oct. 2nd 2003: M3 P4 qty=5500
Oct. 2nd 2003: M3 P8 gty=3500
. i ~
Sep. 30th 2003: M1 P5 qty=15000 Machine 3
Sep. 30th 2003: M1 P6 qty=25000
Sep. 30th 2003: M4 P6 qty=5000
: M Machines
production orders

Output Product 1
Product 2 -
. Product 5
storin -
E Product 3 | records History of each product
Product 4 g:gg'ysctnon delivery orders

N Products

Accumulation of inventories

Oct. 1st 2003: P1 gty=12 cases
Oct. 1st 2003: P2 qty=15 cases
Oct. 1st 2003: P6 gty=20 cases

Oct. 2nd 2003: P1 qty=16 cases
Oct. 2nd 2003: P2 qty= 5 cases
Oct. 2nd 2003: P3 qty=40 cases

Sep. 30th 2003: P4 qty=20 cases
Sep. 30th 2003: P7 qty=18 cases

1

Scheduling

to generate an optimal plan

|

Simulatin
to proceed order of

production

Fig. 1.

of inventories.
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Evaluating
to be optimized

Modelling of the factory: The input is a set of production orders and output is a history of the number
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Table 1. Elements and the types of parameters in

the investigated system.
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Production order :
[ Oct. 1st 2003 | Machine 1 | Product 1 | qty=25000 |

Product 1

qty(1package) = 500
- T T Ts
i /| T T
" —\d | Ry
Machine 1 qty = 25000

=50 cases

}

Warehousing

capacity = 200
time = 25000/200 = 125 minutes

Fig. 2. An example of the production order.
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R, sk, HVa 7 —21E 2003 4 10 H~2004
FE9HAD1IEMOIET—XTH D, 29 Kb, 800 %
CDWT, A — X —HUIH 8000 1, HiEEA—
2 —13H7 40000 HF{FHET 5.

Machine ID| Date #Rot Production ID | Quantity | #Qty per 1 case
020031028 2277111 5406020] 91,000 4,500
020031118 2414671 5406030] 36,000 3,500

[ 17[20040210] 2805871] 6017060 7.400 | 260]

| 18]20040210] 2574871] 6017180] 2,970 | 90|

| 28]20040927| 3558671 6012065] 8,200 | 400

7713 production orders

Fig. 3. Actual data of production orders.

Date | Production ID| Production name | Quantity| #cases
20031001 9700290| 36,000 90
20031001 0640100 | I 300 1
20040309 6024070 | NG 7 500| 52|
20040309 6024110 I 360 6|

| 20040927 9700152/ N 7,000| 134

39542 shipping orders

Fig. 4. Actual data of shippment orders.
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ICHW3
Machine 8 : Setup Setup
v v
Order of Order of Order of Order of
Jul. 19th Aug. 9th Aug. 9th Aug. 10th
#rot =18 #rot = 25 #rot = 29 #rot = 45
Produc B Produc A Produc B Produc C
L | | |
Jul. 20th Aug. 9th Aug. 10th Aug.11th

Fig. 5. Aspect of process on a machine.
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Fig. 6. History of production.
5
2. shipment = 340 cases
3 4
()
S |
O 34+
° L 1]
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o
g
= 1
0
0 30 60 120 150 90 180 210 240 270 300 330 360
Date
Fig. 7. History of shipping.
16
12 maximum number of inventories: Imax |
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Date

Fig. 8. History of accumulation of inventories.
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Product [Machine| Targeted quantity Producion Orders Tor BT

P1 4 5
P2
P3

200000 - = | Oct. 21st 2003: M4 P1 qty=25000

150000 Dec. 6th 2003: M5 P1 qty=25000

190000 Jan. 20th 2004: M5 P1 qty=18000
: Jan. 21th 2004: M4 P1 qty=7000
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N products given by
sales officer Production Orders for P2
Product|on Orders for P3

Schedules

Fig. 9. Outline of scheduling system using GA.
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Chromosome: | Frequency | Phase |Frequency|[ Phase [ ...

Product P1
productlon qty
Base day per 1 day
Oct. 1st 2003

Phase The first day
for production

Period=365/Frequency

Product P2

il AP N P S O N S 0
= )

Fig. 10. Representation of solution.
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Fig. 11. History of accumulation of inventories.

Fig. 11, Table 2 &0, {EEOLHIE (Fy) Z&/)
b2 2ic&>T, EET—2DERLITICHA S
CEMWAEETH A T ehbhd. —F, BRERET 2
NI WL TEHD, HBICTHTERET I, B
B EER L CAT Y a—)IVRERT 200805 %



BIEA TV T AL LD IH0LEEAT Y 22— Vo HEAER

247

Table 2. Comparison in three methods.
THFAS— | TEEE (Fy) jME | BEFRIEL (Fy) ME
TE [ 21 9.2 22
DG 27 33 28

TeWbnd. —7, BRI (F) Z2&ME LTy
A, TFAN—- b EREFRFOMRMIONS T &N
bhd. ch&kb, TFZ3—ME, BEREOR
RICEME BN TR YV a—)VERETT> TR EE
Zbhs.

REITIE, TEEOLHE (Fy) &EBAEEE (Fy) O
R b Zida 5. 58, LEdOMENSINE XS
IZ, GAICE-T, B OiwMbid Fy &R U TR
ThHo, EENZERB LGS, X0 BIicCESZE
WL 21T BN D B L EZ BNS.

5.2 TEEOEEHE - REEHOERR/IVME

B O HESZ —EICEE(L T 5 GA DfifEE L
T, SHNREEICEAZMNT, 1 DORMEE LTS
frik b, HWIBIEEIC b L— R4 T OBGRZRETE
A, ZHIGEEN T VI XL 3) ZHWT
(21T FEEENEZ S5ND. AR TIEfEH
i<, EH W, W ZHWVT, K (3)ITRT XIS, Fy,
Fy 2[R i b2 il %

F3 W1 *F1+W2*F2 (3)

Table 3, Fig. 121c, (Wy, Wa)=(1, 1), (1, 5),
(1, 10), (1, 20), (1, 50), (1, 100), (1, 200), (1,
500), (1, 1000) D 9@ 2T Fs ZHvIMELUTHS
R2RT. TNHOERMITMIERNSE LOHTED
Ths. X, RENIEEOZEIRE (F), WS
[E5% (Fy) ZRL, EFRCWSIEERWAT Y a—)b
TH5T LxRT.

Table 3 XD, (Wi, We) &5 £HKET ST LT,
IF 2= bDRT Y a—)LLIZIEASE, TabbHE
BIFREG BRI L &, TEHIEZRESHETES
ATV a—)VIVERATRETH S T Ehbhd. 758,
Fig. 12 S {ElE & BEE R b L— R4 7 OBIfR
ZRLTED, 5%, ZHNREILOT To—FIck
ATV a— ) VT RABBTETDHS.

(27)

IN&Y, RGO EEAEZREST 72T, GA
THEWICERNREEA T Y 2 —)b (2EFHO 1 4[]
DAL= —Ly M) DERTE ST EDHRTE
fo. BIfEIZ, TTTHELNEART Y a—)VOERNZ
Bl CIHGET 2 TH 5.

Table 3. Comparison in (W, Wa).

(W, Wa) | {EREE (Fy) | BRI (Fy)
(1, 1) 9.2 29
(1, 5) 9.2 29
(1, 10) 9.2 29
(1, 20) 9.2 28
(1, 50) 9.3 28
(1, 100) 11 28
(1, 200) 13 28
(1, 500) 16 28
(1, 1000) 21 28
expert 21 27
Fy DH 9.2 33
Fy DH 22 28
35
34 FI
~ 33—°
L 3
L 3
8 30
..% 29_‘ L ° fz
$ 28— o °
®* 27 expert
26
25610 12 14 16 18 20 22 24
Variation in inventories (F1)
Fig. 12. Simultaneous optimization with F; and F5.
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