Journal of the Society of Korea Industrial and Systems Engineering
Vol, 31, No. 4, pp.134—139, December 2008,

olite] Aol Y& thEd A5A Mz T EAIA
o] BT L G A Lhk . o] Bgmrkr

SL=%

o
i SR P e
e e

An Approximation Approach for A Multi-Product Continuous
Review Inventory Problem with Budget Constraint

. +
Dongju Lee* - Jaewook Yoo** : Moonsu Lee***

*Dept. of Industrial Systems Engineering Kongju National University
**R&D Innovation Team, Technology Strategy Office, Corporate Technology Operations,
Samsung Electronics, Senior Engineer
***School of Industrial Management Korea University of Technology and Education

Most approaches for continuous review inventory problem need tables for loss function and cumulative standard normal
distribution. Furthermore, it is time-consuming to calculate order quantity (Q) and reorder point (r) iteratively until required
values are converged. The purpose of this paper is to develop a direct method to get the solution without any tables. We
used approximation approaches for loss function and cumulative standard normal distribution. The proposed method can get
the solution directly without any iterative procedure for Q, r and without any tables. The performance of the proposed ap-
proach is tested by using numerical examples. The budget constraint of this paper assumes that purchasing costs are paid

at the time an order is arrived. This constraint can be easily replaced by capacity constraint or budget constraint in which -

purchasing costs are paid at the time an order is placed.

Keywords : Continuous Review Inventory Model, Nonlinear Optimization, Supply Chain Management

1. M B & 53 g 4t dazion yde 9ES
g 2E BAG UE A7 FFL olRT AT,
71dEe v8-7E B8 AAE F4E 93 AF d4H A BPEL AF o0t BT o Qs
S B3 Qv AREYL 2AAA EFAYA A @ & ASHoR sty At AFEH rolslE
AAA B AFE0] AYHD gk o] F AEH A AW, gUEF FEIE AoZ HEL HaFEDR
31 2 ¥(Continuous Review Inventory Model, (0, r) system) Q% r& AA 3 of g} o] wf g9} r& F317] YA

Mo 20089 088 218 =23 20089 08 059 AM &R 2008 09€ 07Y
AR} djlee@kongju.ac ke

R



SfAte) Xjiefo]

UE UET IaX

Fojzl Ho| $uY WA WEHoR F

= 7 79
o} opgtth{s).

A%4 A =Y A7 Jz7h He ARNLgad

A dg d7et 444 An ZYo g AdFES
s ¥ Ed g7 2} Moon and Silver[9 ]1_ o}
F%9 *1-5'*339}&‘3%3‘!1 A dabel A nHPFE

t

H7L Sle EAE sHAEHcz A48E T
Bt a—la}—r(Lagrange)%V“ £ o]&3% 27tX9 FPx
g A3 Abdel-Malek and Areeratchakul[1] o
43 A Aol e dEF ARughd EA9
EANE FEHQ)O NF 23402 2433 234
Y4(Quadratic Programming) 2.2 F& ¥ Ak

Ghalebsaz—]eddx et al[6]2 ¥ =) EAE A5t

E} g_)sa o]_Q_?s]- 'c-a/\ < Xﬂ°l‘o}9§lﬂr 3
?4_’:@‘1% F71%e) 7IES5a9 A3 A% &4
“’F(Loss Function)$} A ATEEZ, %: H?"H o}

& Feg vya zb Fzhel] s :cm\_ & %9
l #& FAHAEY FHE AT gL Ao
838 ghEo] ol Fh &3 &r] s A3
¥7F 983 RAe] @Helth

Wang and Hu[ll]E F3E3 FRE 23 ‘EJ‘»:—
TFREE] A3 dite] Alofe] )l“ 73%«1
22Y EAE Sa85FE5Y Newton-Raphson
o] 4% Y& AT
B =% A3 Ghalebsaz-Jeddi et al[6]0] 2l i
Z7) 98 71Ed 48 £4 59 FHRFER
FAse 7IHES ol &3l ¥t dagim 09

FEE YA HEAHo R F Havt g s
(Algorithm) & AL Abgo] A3 FAE U
g dudEYoE Eysa L HE Fide AS
AqAE T3 AFAt oo A 2B E £ =
TAM ALEEHE 7128 dEstn £A4E At
A 3FeAe 48y FAATEREY FAHEH
258 AR s Lol Al 4FME A 3%

o 2

2
=
g
O

o FAPHES o] &Y YIFE AUsAL A 57
Ae dAE F3 Atd %}3131—64 Bee GorEst

o vt gog A 6FME AEH
< AAEA

nEe] A7

2. Jj=e} BNy

2 AXE AHEHE 713
g

9 FERYPS ARV

AHEEE 715 e 2

W M2 SHOIM EFS B+ Of 135

T )
ot

H oo ol ol o

B A

G AE o @74
AE 9 @lzedEete] Foo g ¥
X~ )
Z BEATEXESY FEHF NO 1)
W RE AES g 7Fest Ho il maximum budget)
y & FAge] dqitojurt He sbg &L et
T &
0, r; AF jY FEFTH AFEHE. JAEAR
AFE jA AFERC] nd | F71E /ltH‘:‘

&

FARYFENS T 2k

Min 2——&/1 +h; (Q + 7= i)

=
QpJL (r;)
s.t. P{)Z Ci(ri— X;+ @) <

V& 20V Q@ r,=20

& yun 3A = Aol
9rg o veg ABae
9% W 0L AR AFTYHE

slth, &, B =89 He ol A4S
=3 -] (3)= 0, 714 IR L}E}

E (ri+ @) < Whuy+z_ oy



136 G ES

3. L(2)2t G(2)2] =¥

L@E G@)ol Wg 13 43 22 Hog F4E F
olth. Herron[7}7 Byrket3}& tha3} Zo] 3ARFO
2 290

L(z)=ae™®

Byrkett> 2}v] E(parameter) a®} b2} & A A
At Gz)9] Aoz vehlr] A8 <ad >3 o] 3
AAE o] &8 1hE FASACH

Gz)2f 1Xtal & of

B (22 =F
¥ = 0.882x

.45 P o= 0.974

o4
0.35
03
az25 f
a0z

o

¢.05

Glzy

CIE D HHZY (D =G(A/b

Das[4, 51& ©H&3} 2ol Gol g 23 o=z &
A3ttt

L(z) =a (G +bG(2) +¢ 4)

Gz)of 2X1A12 0|28 L

el =3

* L2
s om=E
Wn— 5= 4

0 0.2 0.4 0.6
Glz)

A 1€ a = 079838, b = 0.39694, ¢ = -0.0000044¢] 7-g-olm

A 2E = 098265, b = 7 %ot
I8 2> G2 2k Mg 0|83t L(22] 3

0.37377, ¢ = 0.0000055%}

Das[4]E 0 <z <2579 W& 4=0.79838, b=0.39694,
c=-0.00000442 FA3}A I, Dasf5]= 1 <z <3¢ W+
a=098265, b=037377, ¢=0.00000552 F4sHr} <2
g »ole 0<z<39 9 Gy 22 AL o] &3 L(z)
9] F4& YeR gl

- Q%4 - oj=4

<28 294 ih uio} 7ol A 19 FAH L)

o] THLE A Keotoz AWEy] Y5 AR X3}
z gtk 4 1& L(z)%: Ao &¥stA FAsn A7
o 4 1§ 283712 @

G)=1-F()°]1 4714 Fo)& FARERZTEZIHY
EERATEEE BE B8 A g3 FAs] A
2o A7E0] AUYT2, 10, 12l B =M E o8 F
H 3 7143 FHEEHTEEF(E)S F434= U
2% o] §3l7|1 2 3ti12).

* 0<z<229 1 0.5+044z-0.12

e 22<z<26Y o 0.99

e z>264Y 1 1.00

0<z<214Yd WE 8 Zo] zo] g 234424 & o]
3 e, 2.14 <z <229 o] ol Tl gl7]
o 22 tialel 2,145 AME3IATE z>2.14Y W z=
2.14, z=26, z=3.0¥ W Gz Z7Z 00162, 0.0047,
0.001491 AL o] &3t RIPYPO R FAI|R dth Gr)
g Tile e A9sE g 2o
o 0<z<214Y 1 0.5-0442+0.12°
* 214<2<269 © G(2.14)=0.162, G(2.6)=0.0047%&
o]&3t HIPHoE T
° 26<z<3.09 W G2.6)=00047, G(3.0)=0.0014Z
o]t Hibgor 4
e z>3.0Y 9 G(z)=0.00142 Ft}

0<z<2149 W G@)9 FH44E <a¥ 3> Y
Uded F IS ¢og PRI 8 AR A
o) ¢hgtA FAEHE Aoz B

0 <z<214018 G(z)=0.5-044z40.17 ©|BE 7z 2]
(5)%h #th

044+ V0442 —4x0.1% (05— G(2)) )
- 2x0.1

z

I8 3> G =0.12-0.44, + 058 0|83 G(A2 £



K
(Pt

4. Mok ehaeiE

FoEy (Y Bag5Es
Jr, QN =

it %)
J;( QjAJ--l-hj( ij]-L(rj)

+A(E C;-(rj-l-Qj)—— W—-/zy—zl_way)
j=1

9
7+rj—uj)+

A JagFEFE Q, 1, A 3 24 HujEstu
—022 F1 29 08 2L A4S 7% 4 ot
_ [2D;(A;+p L ()
Q= \/ h;+2XC; ()
ki ACG

G(r;) = —WQ]- (M

z:: r -+ Q] W—py—2_0y=0 (8)
kA, B EA9 A= 4 (6)~4 82 FA

WESE O, 1 AR T "o

2 (6)F A (Nl Yt AE)sa
V2R 4G
Gr;) = 5,V D/ F2AC, VA;+ L)

e= =L B9 L) = 0L(2) ol G()= GE)elTh 2

HEZ 4 ()2

Cle) = V2{h;+ AC))

\/A—i— Li )
7 0DV +2XC, b

©)

A 99 FAE AEst 4 @ 2ol L)E 3
3to] AL Gz)ol hE 23 Aoz A

(Ya—1)(G(2))* + Y;pG(z;) + (KA, + Yi)

=0
2
o714, Kj=(p'\/‘/%_§’\‘/‘h_fi_%J o)X Y, = Kpp;°lth.

=9 4 tigste] EH

Glz) = oy (- ¥

2(Ya
+ /¥ —4(Ya—1

KA+ V) )

(10)

Wi &2 BHM FFE T ol 137

Le)E Gz)e) 13 Aoz 2743z
Hog Relan
(Glz))

G(z)ol o 2%

YbG(z) - KA, = 0.

=9 T4 dYste] £

Y22 - AK A,

Yb+ f
J .12 7 (11)

G(z) =

A (1003 A (1)l E 7 7 gtol At
o &€ Gz)9 #o= Hsd drh

2 (10) L A (1) o439 Gz)9 e ?Q
AL A 3FNA 2e FHATEERY F
Z/a :TLZ?-_J_' T Al‘il'

A @) g(@, ) =Y, Cilr;+ @) —

o 2 74 0% e /Loﬂ s gNE & F
ATk A7IA g >001H 4 ()F AR g(h) < 09]
H 2 ()8 WS

ol/del AH}E o83 B
< oS 2

Wﬂ:uy_zl’y_

vroma

t‘.——-'—-—

=EAA Adse g7

Aotd daE
A 1 g(A)g(A) <09 Ay, A = 08 3l
%74] 2: /l=/l1°é U‘H @p 7:1, /{=/12?—~_] HH éz: ;2% ?—‘?{_]—E}-
21 4 (10) T2 4 (1D)E 0§39 Gz)E +
Eis=s
22 @A 2914 T GE)7F 0 <z <2.140]9
A()E ol&dtd ZZ T z>2.1409
B o g it

23 z,:ﬁf—;_—’ﬂ%— olgstd g T 4 (6)
7 .
olg3te] g7 Ttk
@A 3 (At )25 @ A Gy 7B TETE

gEeE g (M) > 001 A 1= duew, le

Fl = ;newo]\:]-' Eﬂ-g'k

Qnewl
g()‘new) < OO]E& Azz/l

news Q2= @neuﬂ 7:'2=;Tz(all)cﬂ]:]-'
A 4 o2 YYE AT F FHa F 4, (g()),
—g(A)) <eolH FEIUTE ofUE WA 30
2 Fopit.
5.01

ol AellMe ¢ DT dAE o] &3t B =&



138 O|FF -

A Aotst duE S o]HE Tgrd w3
A B AFS Loty As 10749 dolEHE %

Ak

o1S - o2

<(E 3> Ghalebsaz-Jeddi &02I52| dut

H = A f; Q (A1) =X
ANA e dzeEn vzath : P R =
0.0 - . 35605.0 13829.7
o s o ol nls 2 884.5 1146.7
51 Oﬂx'"E E I?J'EL_I E__L'-E-|E——I OIOH 1 38.3 103
1.0 -6936.9 23392.4
, oo - ) - 2 874.1 350.0
Ghalebsaz-Jeddi[6]2] =F-2] A& o] &3} & =i 1 06 04
A Aotd sfEo g S8 F3la ol Husr|R gk 5 0.5 8752 471‘3 -224.9 19004.5
<E 1> o{HIo] Zi2AEE
1] TEHIES @ 4> HolE Ynalso| Ha}
H 2 D V7 o A
= ’ ! ! ’ HE | 2 i aQ g(A) SHu
1 120 30 10 40 " Y 71
5 1600 750 50 2000 ; 0.0 LS oy 35846.6 | 13669.2
H = h o) G 1 382 103
1.0 67584 | 23795.6
1 20 50 100 2 875.5 3522
] 40.6 124
2 10 2000 30 05 645 | 189506
2 878.9 4737

2% A Fo] Y W=36,000, y=0.903, z..,=-1.3°]1L
ol9l9] @=L <F >3 ok FEEUL £= Wx0.01
= 36008 3t}

Hadley-Whitin €8] EH-W)2 Z+ Aol A3l 4] (6)7} 2]
(& £33 w7z HEHoz Fof 99 g st

o2 FEZYo| W& w7tx] A9 & WE iy
HHER o7 ¥ GuFEoR Aol ofF Bk

Ghalebsaz-Jeddid] ¢nEL & A2 F7He g =J|
a1 Zb 7 & SYHSR s G LE 3
AA o2 FAZ o] dAdAs 179 TP &
AATh E3, 29 gho] o= b &R ATs|
A& BE o] &3toof gt

<¥ 2>~<¥ 4= H-W 41d%E, Ghalebsaz-Jeddi2]
gz Ee Axel B =R Agdd sy 4
#E Ve

370 S Ee 2A7 BT HlRSA vERhd AL
2 Ho}l Aotd dugEL 7ydd gduEddr &

743 £L AT AT

A

<E 2> H-W 12|59 du}

HE | 4 I7i a a(A) 2Xgt

1 42.1 23.6
0.0 35129.7 13819.3

2 884.5 1146.8

1 38.0 99
1.0 -7009.6 234127

2 874.0 350.1

1 40.0 12.1
05 -320.4 19011.5

2 878.3 4712

5.2 HIE St MIQKE Y
st

2lEa H-w Y252

=EAAM AL dneE
el AFFFTEH 1074 AF
do]HE <E 5> Zo] dYEXE
A

W= E/Li X O, X factor 2 SFAEH] factor= U[0.6, 0.9]

oA TAFIALE Ymr] 24L& oA dA|¢t Fddith

of Aes gotry] 935 1
287} 9= & 10719
o] g3t LAY}

<E 5> Mol AFRE 2 m2io|Ee| EHe

2o g Y ¢ mj2in| g H
U U[100,1000] h U[1,30]
G U[10,100] i U[30,100]
4 U[100,1000] G U[50-100]

dAe A= <F 6>} 2 Aghd dlolH 29

lne ZE dolgd dis] ZA v KH“I‘
AZrE ZA Q, ro] EERRE H-W A1y
B Agtd d1neEY g(/l)% 2AgL 24 Je
woh 28u, B30 A9 F du s Aole &
A vepgth Ed, xﬂ%bﬂ eﬂﬁaluow opz e g&
AAZEAZE veded Ay dmgods T
0, e o1 &3t L& T3t o]& o|&st AN
ZHgelth. FA49 5AHgA AAEARY Aol= &
o} ®glt}

A2
7

Mo
lo
O _lo ol

|



= UET 223 I M3 SXoIM FHE B o

<E 6> lOJEIY H-W YT2AST RIQHE wialsel At
qory | B H-W 92iS Aol wzels
ol 1 o | sEu 2 o) | ®3e sxzt | UM szt

1 1 1.000 233 25006 1.000 203 25018 25042
2 2 0.031 477 20843 0.039 -413 21008 20874
3 3 0.203 169 28718 0.203 174 28746 28737
4 4 0.563 49 88226 0.563 -318 88276 88465
5 5 0.313 881 83493 0.313 399 83570 83736
6 6 0.219 -1170 76720 0.219 -629 77007 76642
7 7 0.203 911 99458 0.203 973 99651 99567
8 8 0.500 775 122289 0.500 572 122359 122548
9 9 0.234 373 110886 0.234 1744 111414 110701
10 10 0.188 -379 148057 0.188 -1317 148027 148352

139

6. ZE 3 Dj2lie] At

Inventory Model,” Naval Research Logistics Quarterly,
28 1 169-180, 1981.

B =dAe 9454 Aadey A AFS 74 [4] Das C.; “Some Adis for Lot-Size Inventory Control
o o v8E NEITT & o FAEG] JAS % under Normal Lead Time Demand,” AIEE Transactions,
HEA] FEE = ANE e B9y FEzgd 7:71-79, 1975.

e dotr gttt o 7‘1] °"N% AE FEFA LS A [5] Das C.; “On the Solution of Some Approximate Con-
Bite B9 AFEEFS AR e By B tinuous Review Inventory Models,” Naval Research Logi-

T A84d 4 gt

Atd EnEE FHE 0, 9 HEAHY AL
o] 0, & T3 &4 (Loss Function) L(z)g} +3
EEFAFEEE 194 #] & &9 Go)F FA43d &
& FxsA €1 HE FAde Hxd gudgsol
ot gty Aatgre] B2 gowA J|Ee B3l
dugEgd A HE 7Y 5 Utk G 4A
%‘rAF“lﬂﬁ'ﬂ%~144ﬂ1@p}G@e 74
AT 22 SASH QAR A AF s Aol st
YA ¢ ot B dngEs F o $AANA £ o
ZABHA L%t G)E FAsE Wid dg a7t

gase o2 ol FAE BE FASA 483
£ A9 ug 97 Bast,
BuF

[1] Abdel-Malek, L. L., and Areeratchakul N.; “A quad-
ratic programming approach to the multi-product new-
svendor problem with side constraint,” Ewropean Journal
of Operational Research, 176 : 1607-1619, 2007.

{2] Bagby, R. J.; “Calculating Normal Probabilities,” Amer.
Math. Monthly, 102 : 46-49, 1995.

(3] Byrkett, D. L.;
Approximations to An Approximate Continuous Review

“An Empirical Evaluation of Further

stics Quarterly, 32 : 301-313, 1985.
Ghalebsaz-Jeddi, B., Shultes B. C., Haji R.; “A mul-
ti-product continuous review inventory system with

[6

—_

stochastic demand, backorders, and a budget constra-
int,” European Journal of Operational Research, 15
8 1 456-469, 2004,

[7] Hetron, D. P.; “Inventory Management for Minimum
Cost,” Management Science, 14 : B219-235, 1967.

[8] Johnson, A. and Montgomery D. C.; “Operations Re-
search in Production Planning, Scheduling, and In-
ventory Control,” Wiley, New York. 1974.

[9] Moon, 1. and Silver E. A.;

problem with a budget constraint and fixed ordering

“The multi-item newsvendor

costs,” Journal of the Operational Research Society,
1 602-608, 2000.

[10] Patel, J. K. and Read, C. B.; “Handbook of the Normal
Distribution,” Dekker, New York, 1982.

[11] Wang, T-Y and Hu J-M; “An inventory control system
for products with optional components under service
level and budget constraints,” European Journal of
Operational Research, 189 : 41-58, 2008,

[12] Weisstein, E. W.; “Normal Distribution Function,” From
MathWorld-A Wolfram Web Resource, http:/mathwo
rld.wolfram.com/NormalDistributionFunction. htm],



