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Abstract— In this paper we develop a model of an integrated production and distribution system comprised of multisite

batch plants and several warehouses. An integration of production and distribution system may generate significant savings
by trading off the costs associated with the whole, rather than minimizing production and distribution costs separately. The
mathematical approach is presented in this research. The problem consists of two or more multiproduct batch plants pro-

ducing several products to supply several warehouses. The demands of each product at warehouses are treated as uncertain
parameters described by normal distribution functions. A mixed integer nonlinear programming(MINLP) formulation is pro-
posed. The effectiveness of the application of the suggested approach for the production and distribution of multisite batch
plants will be illustrated with an example problem. The problem is solved with GAMS/DICOPT++.

Key words : Multisite Batch Plants, Warchouse, Uncertain Demand Distribution, MINLP

1L M B2

25, aMAEe] thokgl 4w] 879} Ao @ 4w] Rl
& 8] SlsiA shat 34 Aele oAlE age) mwot
712 AE Aatell Gk 324 FH o2 A% Aehe Bl
ek ol2le S wimke 2 i) T Y B A7) 2
Sjollx o] Fo1F 2 w[2,4-7] AF FAlE B} AAHe] 1 2 uxﬂ
ol 44317] 1% Fog we A7y} AW e8] shi Eo
T 70 o)ake] Ak Ehalg FHal ohAlE AR 3 32A] TRy ohEa
LS B Tl A A, AY, 283 AA1SY S9] Al
At ATe B S Holw F83 A gD = A oAb
7Hl obA| o (multisite) 3]2-A] ko] AL g o)

'E-mail: iblee@postech.ac.kr

472

Aze) o) EAE BA R FAlE A2 did oz e
QPAEY 38 B 2ok 0595 2 2A] A4 Aol
= 2] ate] Fae] Sa8ek ohfel medo] gt 3 A
A& weisol sbr) ol AEE Aakshs Bl Fujat of
Hek Flel 14 Sl £ogns) £ao) de FEAY Bt o

=0 g 25 % A ek 2 Fo17F Ak o1%d o) ol
%‘41 % F9)0) BTN $2F VEA7)] AT A 58
A 3R] H AN U Bl w12 0 3T w2 AdTw
ofizt FelA ® 28 AT HAlolck. o] AT ZHE F ) of
A 284 F4 A1 kel Fulslel ol Eolgae) g0
IHSHE ALY FA A, 44 AR, 2217 37 el o)
Sk A wehe of| Aol RE Eojue] 428 2]
7] 18040 o B o AEL Auh} Aok o Fapol
A ol Eol bz srbiat e 2l 2 k8] ol olelo] 4



R R

7} & Ao|ukE AAske EAlolch

3 5A A e SR BEAAY Adxt EAdet. 24 2
7} 28T ] BgaA e i 5 oled ] B84
= gAY $4, 25 59 HES E 4 sk AF AF9
49, 98 B39 %, a=l3 TF 7 52 A7) B4
23k A5t ofr|xe 74 ErjAadsel EgAAE JHA A
Zo] 488 44 A EE(normal distribution)2 Jehd 4= 9lch
3 7183 o2l gt AFEEE o4t E-E (discrete distribution)E 1}
7 5 Avele Aawe s BAE 7l 8 EAE ohEd

E Q7 E Qi 2 Bl S SA6] weisle 2T T3]
A9 Al Ee] BHAAS 7P $R2E 4o zshe Zo] ol
AFET} ohE 32olch A 2 Eul 2] dFH-E 7F FAA
o] AArekz) 7t o) d oA 9] 80 B AF 5 Aol £
2] A] (balance equation)S o]-g-3le] HIdhc}. ¥4 FA o] B
e F oA ATFE(3,9- 12l e F2 9 3] AF
48 9 A o] Lol I BHAA FAE FUAR 7= =
o] AE 80 BAUAE zeigit) o] =S o
7ro] FAE A ik, HA, QFe] F7-A 2l (supply-chain) FA
QA AE 352 FAd] el Ko} ARG el g Wiela 234
& 7R F2F oEA Al g FEPEAE Aggr). 33
£ olzlgk Ao A E 73] S5 B A u]AdY Al
&) zpAE] AFgek. o2 ¥ A upde] 8-S S Si4
A1 A EAllol Hgska 7 Aot dsfiA] =28t

2. 2H 9

21 OXISY B1A B3

o QS S AEL) G Y B o HAT b
e AR TN AFS B AA 201AAA 2717
A QAR A o3 St BAE ARE A2 U
A gich. A4 Selold] A HE AT THIA vz 7 A
o) A 528 el BTS2 20 SE AT Y
29) 79 Al Sl F7olA WA 71F HF2E glo] At
AHolch. A% AFLRL ozt F7 AFE olF YA sk ohE
FAo B S 9lek. o]} o] A BEolA AFL =
9, 713, A, 1w 3T SO 2 Sue T A ek, T
Aol Al B3, 7 Ae] mehga, w49, doh Al v
oz AseAe] A7 v B A sk oot
oleidt BAE Yd o2 FF- AT FART 3o oleld R}
9] AT A A ZRA Asgich. & AT E BA
e N HMEL RS R ER R D R
A AFL AT T 2 A9 AF 528 FIshe =)
Az FHstnt

ool Erhel e shesleldal A Fae vl 9l
A% o 54 Aol e 1 AFL 525 ovlPet AF Sl
A ole] 7H $24E QAshe ofd S14delA H71E Hebds
o 8 T4¢ /M7 Urkz S o 4 29 £8 $28 shi
o) =T Ago R Adshe AL leldh. Fig 1& A
U EAE 1Yo Austa qlek. Fig 14 2hel 349 A%
AHIAE Gk vl e Eegme FYHA AT A
A FANAE ADE B b AT FFAARE olE &
MM AFHTe] & Aol Bde] BAYE Hsbr] SAalA
AEE e T Bolgae T BALE SER HFo]
A8 dAE TS Rkt thAld H84 T A4 Y 2ol
BAE E7) AN FoAE kot BAE F3 3 Fol ok @

TR A%k 2 B 473

| /I
135350, 530005, 3330, 355380,

& AP chgwh Ak,

Fo1A = dlolE]

- Ao} ks AlEe]

- =7) QAAHEE AF ] AR f8] o g AA =)

- 7Z+ A=A\ ] 2+ AF2 A AT

—9] AE Al A, Az wlE, a5uls, FEE TSR
< v} HF

- 7zte] Qg sy 8 D adh AA

-4 222 BHEHE $£8F o4 FEx3iedlo] Wizt AR

ZAA = W

—Z} ZA A 2] A=) =7](unit capacities), U 3] A

~-38e] &, d3] A A7k

- o)A} Z4] (out-of-phase mode)S 722¥} H 33} A9 4= AA

-z} ZAY AFE A T, F ol AlFe] o= TR o
whbg AJabs] mutel] gk ZAA

-3 oAz o] 5 A

2-2. 225t AIE 9 EH

dubd oz B3AS 7l 34 dlolEls A% 228 B
EPHE A7 gk AAAQ BACA A4 BEE m2s] 9
A HE3e] Eortng Al vl gAdS AF 4 oly] dE
ol o]3l WAL nekslr] g8 o4t EER A Y S upEch A
F 589 E8AAE of = o8] AgdAY] AR 489 B
AL Yehilz] 9siA oAl BXEE Alg3he -9 gl 11].

Probablhty (a)

Demaund

Probability (b)
0.5

Demand

Fig. 2. Discrete representation of a continuous distribution.
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Product A Product B
05 05
0.3 0.2 0.2 03
Product A Product B
0.5 05
T 02 T 03
55000 60000 65000 35000 40000 45000
scenario  demand of A  demand of B probability
1 55,000 35,000 0.06
2 55,000 40,000 0.15
3 55,000 45,000 0.09
4 60,000 35,000 0.10
5 60,000 40,000 0.25
6 60,000 45,000 0.15
7 65,000 35,000 0.04
8 65,000 40,000 0.10
9 65,000 45,000 0.06
total 1.00

Fig. 3. Scenario generation from a discrete distribution.
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Table 1. Demand of each product at each warehouse with scenario s at time period t

(a) time period 1

Demand at each scenario

Product.
warehouse 1 2 3 4 5 6 7 8 9
Al 110000 110000 110000 130000 130000 130000 150000 150000 150000
B.1 145000 155000 165000 145000 155000 165000 145000 155000 165000
A2 155000 155000 155000 165000 165000 165000 175000 175000 175000
B.2 135000 140000 145000 135000 140000 145000 135000 140000 145000
A3 80000 80000 80000 85000 85000 85000 90000 90000 90000
B3 90000 94000 98000 90000 94000 98000 90000 94000 98000
A4 75000 75000 75000 77500 77500 77500 78000 78000 78000
B.4 83000 84000 85000 83000 84000 85000 83000 84000 85000
(b) time period 2
Product. Demand at each scenario
warehouse 1 2 3 4 5 6 7 8 9
Al 110000 110000 110000 120000 120000 120000 130000 130000 130000
B.1 145000 150000 155000 145000 150000 155000 145000 150000 155000
A2 155000 155000 155000 160000 160000 160000 165000 165000 165000
B.2 135000 140000 145000 135000 140000 145000 135000 140000 145000
A3 70000 70000 70000 75000 75000 75000 85000 85000 85000
B3 90000 94000 98000 90000 94000 98000 90000 94000 98000
A4 85000 85000 85000 87500 87500 87500 88000 88000 88000
B4 83000 84000 85000 83000 84000 85000 83000 84000 85000
Table 2. Probabilities of each scenario at time period t Table 3. Continued
Time period (d) selling price per unit product
Scenario
1 2 I t 1 2
1 0.06 0.06 A 1.0 1.0
2 0.1 0.1 B 1.2 1.2
3 0.04 0.04 () penalty cost per unit product in case of unfilled order
4 0.15 0.15 ] ; 1 5
5 0.25 0.25
6 01 01 A 0.5 0.5
7 0.09 0.09 B 0.6 0.6
8 0.15 0.15 (f) cost data of units
9 0.06 0.06 Cost coefficient Cost exponent
Stage
I I I It
Table 3. Data for application example 1 300 300 0.6 0.6
(a) size factor 2 350 350 0.6 0.6
3 400 400 0.6 0.6
Plant I Plant II
Product
! 2 3 2 Table 4. Result of applicati )
A 23 32 26 23 32 26 able 9. Tesut of application example
B 33 41 28 33 41 28 (2) unit capacity of each plant
(b) processing time Plant
Stage
Plant I Plant I I I
Product
2 3 1 2 1 2415 1653
A 3 4 6 3 4 2 3000 2053
B 4 4 8 4 4 3 2131 1402
(c) shipping cost of unit product from plant to warehouse (b) cycle time at each plant
Plant Time period 1 Time period 2 Product Plant
2 3 3 1 3 4 I I
I 005 006 007 009 005 006 007 009 A
1 008 0.06 005 0.04 008 006 005 0.04 B 4 4

28T a A36A H|3= 19981 6H
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Table 4. Continued
(c) batch size at each plant

Plant
Product
1 I
A 824 539
B 732 501

(d) number of units in parallel at each plant

Plant

Stage
& 1I

1
2
3

N = |
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AE71Z
B : batch size of product i at plant k
C. : capacity limit of warehouse w at time period t
Diw : demand of product i at warehouse w with scenario s at time
period t
H. : time horizon at plant k at time period t

ICP,, :inventory carrying cost of product i at plant k at time period t

Nie : number of batches of product i at plant k with scenario s at
time period t

NOPU;, : number of parallel units in stage j at plant k

ko] Ak 2 ol 477

PC, :penalty cost of product i in case of unfilled order at time
period t

PP, : probability of scenario s at time period t

Qs : production quantities of product i at plant k with scenario s
at time period t

SC,.. :shipping cost from plant k to warehouse w at time period t

Si : size factor of product i in stage j at plant k

SP, : selling price of product i at time period t

STy : set up time between product i and product i+1 in stage j at
plant k

Tas : production time of product i at plant k with scenario s at
period t

TL; :limiting cycle time of product i at plant k

Pl : processing time of product i in stage j at plant k

X  :shipments of product i from plant k to warehouse w with

scenario s at period t
Vi : volume capacity in stage j at plant k
Yo : 1 if there are p paralle]l units in stage j at plant k or O otherwise

1

o

AEE

1. Birewar, D.B. and Grossmann, L. E.. Computers and Chemical
Engineering, 13, 141(1993).

2. Byun, S.H, Lee, H.P., Kim, K.S. and Yoo, K.O.: HWAHAK
KONGHAK, 35, 877(1997).

3. Ierapetritou, M. G. and Pistikopoulos, E.N.: Ind. Eng. Chem. Res.,
35, 772(1996).

4. 1ee, H., Lee, I. and Chang, K.S.: HWAHAK KONGHAK, 30,
237(1992).

5. Lee, H., Jung, J.H., Moon, L. and Lee, .. HWAHAK KONGHAK,
33, 89(1995).

6. Moon, S., Bok, J. and Park, S.: HWAHAK KONGHAK, 35, 599
(1997).

7. Reklaitis, G. V.: FOCAPO Proceedings; Elsevier, New York, 241
(1990).

8. Rippin, D.W.T.: Computers and Chemical Engineering, 17, S1
(1993).

9. Shah, N. and Pantelides, C.C.: Ind. Eng. Chem. Res., 31, 1325
(1992).

10. Straub, D. A. and Grossmann, 1. E.: Computers and Chemical En-
gineering, 16, 69(1992).

11. Subrahmanyam, S., Pekny, J.F. and Reklaitis, G.V.: Ind. Eng.
Chem. Res., 33, 2688(1994).

12. Wellons, H. S. and Reklaitis, G. V.: Computers and Chemical En-
gineering, 13, 115(1989).

HWAHAK KONGHAK Vol. 36, No. 3, June, 1998



