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A Production Planning Algorithm for a Supply Chain Network
Considering Back-Order and Resource Capacity Using GRASP Method

Hyun Joon Shin’ - Young Sup Lee
Department of Management Engineering, Sangmyung University

In an environment of global competition, the success of a manufacturing corporation is directly related to how it plans
and executes production in particular as well as to the optimization level of its process in general. This paper proposes a
production planning algorithm for the Multi-Level, multi-item Capacitated Lot Sizing Problem (MLCLSP) in supply chain
network considering back-order. MLCLSP corresponds to a mixed integer programming (MIP) problem and is NP-hard.
Therefore, this paper proposes an effective algorithm, GRHS (GRASP-based Rolling Horizon Search) that solves this prob-
lem within reasonable computational time and evaluates its performance under a variety of problem scenarios.

Keywords : Production Planning Algorithm, Back-Order, Resource Capacity, Multi-Level Multi-Item Capacitated Lot Sizing,
Supply Chain Network
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based Rolling Horizon Search) &312]&F2 GRASP (Greedy
Randomized Adaptive Search Procedures) B¢} & el A,
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procedure GRASP(maxitr, seed)
Read Input();
fork=1,2, -,
Solution <~ Greedy Randomized Construction(seed),
Solution < Local Search(Solution),
Update_Solution(Solution, Best_Solution),

endfor,

return Best_Solution,

end GRASP,

maxitr do

<32l 1> GRASP procedures

GRHS ¢x&&
H A4 9 g, #E 2AYH o)A
9|5 MLCLSPE LP EAZ &3iA 7t thA] ZafA
2 3l g, MTFES] gho] FolAH, F A A9
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evaluate (S, prressM) fLingo’ Vv, improved H)

S is the current setup pattern

Fxpressup is the returned objective function value from Xpress-MP for the current solution S

T_/ is the best objective function value found yet

improved s returned as true if S improves V, else returned as false

H is all the improved solutions found during the course of the aigorithm

begin

improved . = false

fxpressMP; = Xpress-MP(S') /* solve LP by Xpress-MP */

if /xpressup = infeasible then retum {* infeasible */

if fxpressMP <V then /* improved solution */
improved . = true [* set improved */
V.= prressMP [* update 14 */
H=HUS /* add StoH */

end if

end

<% 2> Evaluation procedures

Construction (S, firessir, Seed )
S is the setup pattern and consists of:

Vit binary integer variable about whether or not to produce for all £ J and t

begin _
forall £, J and ¢ do /* convert a MIP intoa LP */
if rand( Seed ) > 0.5then /* randomly decide the binary integer variable Yigt %/
ylg't: =1
else
Yo =0
end for

fc)lfpressMP = Xpress-MP(S)  /* solve the reduced LP by Xpress-MP and return objective function value */
en

<% 2> Construction procedures

2 3= A L8] E(hybrid algorlthm)olﬁ‘r g 4 AE GRASPE T2 <Y 1>9 AFE = (pseudo-code) 2}

go € £
itk gt me Rl A e g Ak 22 Py 182 F vk
3.1 GRASP 3.2 GRHS ¥112|&

=

GRASP= At e E, AEHIEE ofdy & GRHS €18 &L maxirrd) 9] tF AA R multi-start) S

FEAD A 2FHH3 EANAM 2H HAAsE 2 5 55 1Y 27188 SFAHLE GAE Axde g
oH AYSES dAd we FePagez & @uA F(global search)d] BAS Zenh <7 2>& v 39
ATHL, 9, 21]. GRASPE 71& EdA # 7]&Fo] . WHEA 2718E AASHE construction A}, o] A3}
ong B =Fdae 712AQ AEdEE FAoE  oAE deE 2AEY 9z AdHES A ¢
sy s} ¥ LPE H sot 484 7tk 12k MLCLSP
GRASPE= U5 Al Al ZH(multi-start) =& FEHAE §  FA49 2717F A we} ghte] 272 FE AAH
& FAe Fdste, 2 BEe ) 1471]3 %L*é Atk A W & olxde T4 FUIEIEE, ofF e LPEAE
A GAE FARARA stue JhsdlE At 7 2 A el E0a st whEE<d E““W*PJ 123
WA dAls A WA DA A xﬂ*EJ TFEHEREH o] £ olxdAE HIH<IH 3> FA)sprlde dndFE
ZHES At 2 TN AG HAslE 2= dA P& Be FIE FA drh
olty, 43t FAl &l H maxird] WHEIFEZ A ey B dfdde 284 BaE Y8 YA
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GRHS (maxitr | TBase, TFence, Seed )

s is the current setup pattern and consists of:
Vit binary integer variable about whether or not to produce for all k, / and ¢
S is the best neighbor of S~
14 the objective function value for S
begin
TBase: = TBase /* initialize STBase and STFence *|
STFence: = TFence
foritr : =1 to maxitr do [* iteratefor maxitr */
Constructon (s, ﬁprgssm,,, Seed) /* construction phase*/
while 7Base < T do /* local search phase - iterate until 7Base reaches T */
V' i= o /¥ initialize V' ¥/
for all ,/ and TBase < t < TFence do [* search only for period between TBase and TFence */
if Vit = 0 then [*switch setup pattern Ykt ; 0—1 or 10 for particular &,/ and ¢ */
Vit = 1and flag:=1
else
Yiit 1 = Oand flag:=0
end if , .
evaluate (S, fpresomp,, V', improved, H ) /* evaluate the changed setup pattern */
if improved then /* if improved */
V™ = Stpressup /* update V™" with Sxpressup */
s* =8 /* update S™ with 8" */
else [* else if does not get improved */
if flag = 1 then /* then restore the changed setup pattern to the previous value*/
Vit = 0
else
Vit : =1
end if
end if
end for
§:=18 /* change the current setup pattern S with S */
TBase : = TBase + STBase [* increase TBase by TBase *|
TFence : = TFence + STFence /* increase TFence by TFence */
end while
TBase : = STBase /* reset the increased TBase to the initial 7Basevalue */
glgnce : = STFence [* reset the increased TFence to the initial TFence value */
end for
end

<38 3> GRHS algorithm procedures

A7 ZHtime window)& T ©] AlFZHE 0% (rolling <a¥ 3> A9WEo] o] GRHS €18 FY o)
horizon)8FA A Z 73+ el &at= AQWR(y,, )T & A4 Bte 9 ”’/P Foi7l el A Ay W
olxs A} o HEg vk 7 APHE GRHS  F AF y, T Y BFE 094 1 Ex 194 02
du2|Fe RS TBaseSt TFencegkol 23] ZAED 2 wgazich Yo MLCLSP 23olE AA K x J x T
g 771 A& AJHL TBaseolT £8 ADE TFencelt 719 Y T % Eo] EA3IY, TBaseSt TFence®
Aolt}. o2 g A|FZHL rolling horizon AL wel A8 AAHE § AT el FAHEEE A K xJ

Al ghllA FR2 o]Fet=d], A (current solution)?]  x (TFence—TBase)7H«] o] 37t BAE I BFrtHH, o

EE oz &8 A4 2 Hrlste s 2do] 98 @ o] 23s = 1Y 2L A2 o] E(move)o] YolHo
2 writk AA R TBasesd TFencedt THEH o 24 U3le] whalo] gadt} o] ol AR TBaseSh
Z AP GRHS ¢ FAM AMEHE 2 AHRSE  TFencegto] 2zt 03} T2 FolxW GRHS LduydSe

So] ¢augF A "X FFE A 4FoA AF g x 7 x 7749 AA Yy BTFES o2 A

& 58 243712 gk L2 3hH= GRASPY 7|2FEj7} drh
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AzBEe] EFe uAd w B =g At
dugEe] 45 AAH oz Frisly] Y4, 3714 3

B o] 2287 (small, medium and large size)S ZHEE &

aekstAtt 18w 2 A 3ol el
ZF 10709 A deoleE doz BASET <E 1>&
A HeolHE AYsted AHEH BrES Aesta 9l
ot 37HA] FA ) F small size 3L 6719), medium
R large sizeT 1871¢] AE7|2H& ZH2F 2=t Small size
¥ ZAE 7H-°4 AZA A4, B, C, D)T} 8709 A/
F08 FAHY Ql3, medium 2 large sizet3 EAE
O le AZEAAE, B, C, D, E)3 Ztzt 11719} 2070
o] AjF-EFoz FAH gt E3 smalltt medium =
A 209 HFAFE, large FANME 4709 HEA
=& AdEt 74 FAREA s AES BOMTE9
Zt AZAAAA AAEE AEL BAZE <Y 459
A Aelsta gt # dEZ, <2y 49 <2 59 (o)
= 16708 FFFEGAA 2003 4709 HAEAEEQ
oA 4yo] 539 AZAAM4, B, C, D, E)ydl A AAT
s BAFEY F, (1,2,3, 4,7}, {56, 11, 12}, {8,
9, 10, 17}, {13, 14, 15} 18] {16, 18, 19, 20} A/BE
T2 44 AZAA 4, B, ¢, D 2 EdlA BArETh
AL B} gestal WsdA 87 94, 2
E} 13t BOM #&t¢] 87% 248 12 4459
71708 Z AzAA 9] A s e ten e
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-E

t
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i
o
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C;’t = Avg(dkjt) X (Avg(vkit) + AUQ(Ukjt)) (8)

(a)

<3 5> Facility structures for each problem type : (a)
Small, {b) Medium and (c) Large size

, 2 AEAAE AATELE <F >3 Zo] Foixl

‘% AxXAAEEY 7108 a8 HE THEAT &
Bt Az 3 Fke] AAEEY.

o 2

b
rsL'

411 YTa|ZE H|m hot

GRHS ¢1eF9] A%5E v Hr8l7] f8td, 2
=T e A 23 2g3ls MLCLSP 22 (MIP &
A<l 3| E small, medium, large FHHZ T3} o 7] A,
MIP ZA]¢] & Xpress- MP(Optimizer WA 18.1) AZEY
o2 o)gate] TaH, small L mediumE A thaix =

HAHZ, large TA M e 24X7k0] BAFHE W]
7VsE ;]-C% gt} AF H7le Xpress-MP AT E
o7} A Agter & R FAIZE o] GRHSS] 2

i
Al
ek H]F-:G}E% gt}

412 GRHSYLD2|E A8 @
GRHS ¢x18E9 AFd Fa3 432 nx&=
EE 1) AX HEIFE AAHSdEm

AR
axitr, 7+ A F32+<]
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2 AgAE o5 ZHES7F GREHS €] Eo

<# 1> Experimental design

Parameters Values
Ag712ke] 4XT) 6/18

o - 4A, B, C, D) /
AZA () 5(A, B, C, D, E)
JEH :
BOM 4391 8.7 % ay,) !

DAAET 7HEAIRH ()
AR A (uy)
A H]E(s,)

Uniform[0.5, 2.0]

Uniform[5, 12]

Uniform[10, 20]

AIAAE] & (hy,) Uniform[1, 10]
FEOIHHE(by,) Uniform[20, 30]
71 T2 7H(d, ) Uniform([5, 30]
FAE K) 8, 11, 20
A+ 10
<H# 2> Decision parameter design
Parameters .
maxitr TBase TFence
Types
Small 1, 3,5 2, 4 3,6
Medium 1,35 2,4, 6 3,6, 12, 18
Large 1, 3,5 2,4, 6 3, 6, 12, 18
42 UN2|1F HI Y M

2AA7) % BFES) 2L 7 BAS] SHF] Fol
A Qe 4 doleel Wet H9HBE, B =Re 4y
Bt AEEA U} 22 A A3 REO(relative error
on objective value)$} RET(relative error on time)S Z-Zh A}

&3

S, -8
REO = 2GRS MZP,

S, MIP

©)
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