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Stock Efficiency Algorithm for Lot Sizing Problem
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Abstract The lot sizing problem(LSP) is a hard problem that classified as non-deterministic(NP)-complete
because of the polynomial-time optimal solution algorithm is unknown yet. The well-known W-W
algorithm can be obtain the solution within polynomial-time, but this algorithm is a very complex,
therefore the heuristic approximated S-M algorithm is suggested. This paper suggests O(n) linear-time
complexity algorithm that can be find not the approximated but optimal solution. This algorithm
determines the lot size X,* in period ¢ to the sum of the demands of interval [t,t+] , the period t+k&
is determined by the holding cost will not exceed setup cost of t+k period. As a result of various

experimental data, this algorithm finds the optimal solution about whole data.
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cost), LPC(Least period cost), Wagner-Whitin(W-W),
Silver-Meal(S-M)"”' So] Qlc}.
Wagner-Whitin(W-w)"  gug]&e  Z2434
(dynamic programming)s Z-8slo] Ax|e} H|=
HE Has7|=g A 7|3 +9] JArS 276k
Hpo® ufQ Basto] Silver-Meal(S-M)7'9] Fa]A
7ol AjkE|om, B3, Sadjadi et al.®'e W-W
ol'ﬂﬂzo R} 7hds] 35t A" dagEs Al

orslom,  Wagelmans®t Hoesel”:=  W-W&
Olnlogn)58 BEHERE Aklol= APAITE a2ES

Aotstgiet. olLJo% Gaafar®t Choueiki'® thaHA]
2 argjgo] EA kA gtk ZHYska, HekrE A

719 9] ¥l AlAY(neural network, NN)= &
sto] A SiE FoblE Skeich

2 =2oAME 7P dA 713 19 Al RE A
718 AAFCR At TAS AR 23 olA=
LSPo] oje} oA HloJelE B3l LSPe] RE AV|E
Aok S olsdith. 3ol HE aed €L
Y& Ajbetar, 440A= AF tloleE e s &
oA Aok AAA A 2 &Y AdAEE S
sto] Hri

II. 2RE 37| 2H

A Zolx a8 0 i FFS 55| Ysto]
5% H AE, FE Ee J Nz So] sz E3tg
A& ZE(loy)e 519, 2E F7|(lot size)e T &
E9 £%g X3t 2EE 37] Aot sizing
problem, LSP)9] Ztj $91& A7) 3t F41L 4] (1)
2, A4 29418 TAL A Q7 HEctN = mix
- (A + A +E| 2 E 2 djSHoA] FAREY]
o} mpRaof] AQEE 7HgHE, Aol A8 EE FY

H-83 JoEE AFHEE W oz Foyd
o} (11112
* T:% 7)7Hperiod) &

o 5,717k 1o AL AJAEH=
2o AQ 5= u|-gol WA E
7R

o 7IZE oA S7KES )

o ¢ 717t tolA Y AFAHA)BE (B H])
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= o) e 8(a
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o X, 7|7t tol|A] APAHFL) Sk
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oy 7IZE oA AN 5] AA] WS

le(styt +¢X, +ht1t) 1

T
maX.H:Ept(dt—L,)—

T T
E Z s T 6 X, + 0, +p,L)
t=1 =
T
min. I’ = E(styt-‘rctX +n, L +p,L,) )
t=1
st L +X—-(d—-L)=L:i=12-T
l, <d :i=1,2,-T
1if X, >0
= t=1,2,-, T
Y {0 otherwise
5=0

X =07 =20, 20:t=1,2,---,T
Y IMeft0,1}: t =1,2,---, T

E 19 A glold (a)= 54 Al X4 48715
71E2 2 AAE glolEoltt. ojof thek A4, vl
ol thet 27 s (b)ofl A=} Aok = 1/487]
o= ikt e sHA] ¢fow, 2/4271°0 2/42719F
4/427) TiFe Aidste], 2/4&7]0] BHistal g2
FFE 3/4E71E AA 4/42717HA] BIESATTT 4/4
w2710 Tishs A9 &2 $112,2500 & €

Ak,

E 1. Isp~1 OIH| Hlo[E

Table 1. Example data of Isp—1
(a) Problem
Period t 2 G h, ER Demand d,
1(Spring) 15 10 3| 25,000 3,000
2(Summer) 21 10 3 25,000 11,750
3(Fall) 12 10 3 25,000 2,000
4(Winter) 18 10 3 25,000 4,000
(b) Optimal solution
Period t [t*fl X;* d, L,* [1>K
1(Spring) 0 0 3,000 3,000 0
2(Summer) 0 15,750 | 11,750 0 4,000
3(Fall) 4,000 0 2,000 | 2,000 4,000
4(Winter) 4,000 0 4,000 0 0
Net profit $112,250
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LSPE £7] 93] o3} Zo] thokst =
=3 ek
e I4L:

o] Aok

o 717kl A 878k SRk AL
+ EOQ : 344 %% S
+ POQ : EOQ/7I7t & B 87
+ LUC : ©9% %&Hl%@— Fae} A7l ©
n' 71 87%E 5o A 2.
* LTC : 2353 480l 7P 77k o1$9] '’
717t 8FFE S5k A 24,
* LPC: @] AIXF & BetH8-& 43} A7l o]
=9 n' 7Rt 87FE S5 AT 2%,
s W-W: SEALY A 2xher sig Foke
9.
* S-M: BHAGHOE |5 ok H.
I 29 Isp-2 A Hlojelo] W-W €18ES
sto] 82 F5hE X, =200, X, =172, X, =196 At
sto] 1" =$3445 A=

H 2. Isp-2 GIH| Gi|oJE]
Table 2. Example data of Isp—2

t M1 M2 M3 M4 M5 M6
d, 120 80 94 78 86 110
Sy 70 70 70 70 70 70
hy 0.5 0.5 0.5 0.5 0.5 0.5
n=6(M6)
Q, =110
f(110) =70
n=5(M5/Mo6)
Q. =86,(86+110)=196
f5(86) =70+70=140
f:(196) =70+0.5(110)=125

n=4(M4/M5/M6)
=78, (78+86)=164, (78+86+110)=274

1,(78) =70+125=195

f,(164) =70+0.5(86)+70=183

f,(274) =70+0.5(86)+1.00(110)=223
n=3(M3/M4/M5/M6)

Q, =94, (94+78)=172, (94+78+86)=278,

(94+78+86+110)=368

=70+183=253

f5(94)

£,(172) =70+0.5(78)+125=234

£, (278) =70+0.5(78)+1.00(86)+70=265
£,(368) =70+0.5(78)+1.00(86)+1.5(110)=360
n=2(M2/M3/M4/M5/M6)

=80, (80+94)=174, (80+94+78)=252,

(80+94+78+86)=338,

(80+94+78+86+110)=448

(80) =70+234=304

£,(174) =70+0.5(94)+183=300

1,(252) =70+0.5(94)+1.00(78)+125=320
£,(338) =70+0.5(94)+1.00(78)+1.5(86)+70=394

f,(448) =

70+0.5(94)+1.00(78)+1.5(86)+2.0(110)=544
n=1(M1/M2/M3/M4/M5/M6)

@ =120, (120+80)=200, (120+80+94)=294,
(120+80+94+78)=372,
(120+80+94+78+86)=458,

(120+80+94+78+86+110)=568

=70+300=370

70+0.5(80)+234=344
70+0.5(80)+1.00(94)+183=387
70+0.5(80)+1.00(94)+1.5(78)+125=446

f2(80)

f,(120)
£, (200)
f1(294)
1, (372)
1, (458) =
70+0.5(80)+1.00(94)+1.5(78)+2.0(86)+70=563
f,(568) =
70+0.5(80)+1.00(94)+1.5(78)+2.0(86)+2.5(110)=76

,(200) =70+0.5(80)+234=344
£, (172) =70+0.5(78)+125=234
f5(196) =70+0.5(110)=125

@ =200,Q, =172,Q, =196, 11" = 344

. Hi 24 gaF

H
ol

& oAM= 5.0, 6.0 F ISk A, DA s, by
9 2sk= EAO] s Ha BA-H $29& A= H]
Z 884 ¢18E(stock efficiency algorithm, SEA)
< AQkeitt.

IOH
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(1) 51600y A - T2 37HA] B V]SS A8 spPp ¢ by A Isp-10 L4LF A|QHE SEAE 28
sto] Ak, di, Blsse 29 o A O™ 19 A0 Sl 4L X, =d,
o RA7IE D (p—q)d, s, >hy t=1,2,3,45 AAEIS] ZF 7|7t m% mgt Fo=
o T AF () >y —a.,—h)| 1 =80,2509] 9|5 Y=t "ol SEAE X, =0,
o BE7E hd,, <(o,d, ) +s X, =15,750, X, =0, X, =05 AJAkoto] t:2vt:4°ﬂ A

(2) s h, =BEED) BA ¢ 1014 A AISPo] ¢k o= HOH] IT=11225031 3 1of Al 5 o

IRVA EEE AT ] aase A e = FE S A

k
S e Z5HA] A= it+k2h1+i75z+k>07]'
i=1

S kS AL, [Lt+k-1]712F BIO] 2T V. ¢02E HE X 24t 24
& F32 oA Al 2E T7] X2 AF
sieh E o AE s, h, AR I 39 57 dlofEfo] thsf
t=1 E =54 AtE SEAE -85t duElE AgS
until t>n do 7&‘;6}0?] Hr},
for k=1 ton_t 3 29} % 39 67 HlolEjo] s SEAS H83te] &
if /+k2hl+: 5,0, <O0then ke k+1 o )(;9]— 'L # 49 AT
else if d,+k2hmfs,+k>0 then k& 2%,
i=1
exit E 3. &4 o
dendif Table 3. Experimental data
erx
@ w1 w2| w3| w4 ws| we| w7| ws| wolw1o
Z tet+k Isp-3
s d, | 42]42]32|12] 26|112 45| 14| 76| 38
end s, |132132(132) 132|132 132 132]132]132] 132
h, |0.6]0.6]0.6]0.6]0.6] 0.6]0.6] 0.6 0.6] 0.6
s,, h,=H=(A}o]) EA h >07
3 AL saeiad q - t+k2 t+i St+k t ot (b M| M2 | M3 | M4 | M5 | vs
He k2 AAslal, s, s, i<kt 2ASHH d, | 20|30 |23 193228
. oy s s. |90 |90 |90 ]90] 909
et +i% Z7P7|TL, o] TS Balslo] 23] Al h, |12|12|12]12]12]|12
Akgtct, o
| | wa| w3| w4| ws| we| w7| ws| wolw10
t=1 =5
il = do d, |20]50]10|50]50]10]20]40]20]30
for F—1 to n—t s, |100| 100] 100/ 100] 100] 100 100] 100] 100] 100
X k—1 h
if i Dheei— spop <Othen he—k+1 : LIt
i=0
k (d)
dlse if . Sh i— s >0 then k B8 e | V1| W2 W3| Wd| W| Wl W7| w8l Wo| W10|W11|w12
it d, | 10]62] 12]130/154/129] 88| 52|124] 160 | 238 41
endif s | 54| 54| 54| 54| 54| 54| 54|54 54| 54 | 54 | 54
end h, |0.4]0.4]0.4]0.4]04]0.4]0.4]04]0.4] 040404
o 7
tttk dHEhm Spar > 00tk TE o7 @) wi| w2| w3| wa| ws| we| w7| ws| wo|wio|wi1[wiz
?ﬁ o d, | 69| 29]36]61]61]26]34] 67] 45] 67 [ 79 | 56
1 3(9> 9f+7’< )t n lek bkt s, | 85]102/102/101| 98|114]105 86]119 110 | 98 | 114
Z s Edm by |1l ] il ] ui2)2]12]12

1—[

else X" = E dy

endif
t<—t+k
end
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A | et | guet | set | an e | ey | Anw | wes | eam | vew | wsw | 2

t (p) ¢) (hy) (s4) (d) | (1) | (X)) (L) (1) (1)
1(Spring) 15 10 3 25,000 3,000 0 3,000 3,000 0 0 -10,000
2(Summer) 21 10 3 25,000 | 11,750 0 11,750 11,750 0 0 104,250
3(Fall) 12 10 3 25,000 2,000 0 2,000 2,000 0 0 -21,000
4(Winter) 18 10 3 25,000 4,000 0 4,000 4,000 0 0 7,000
20,750 20,750 20,750 80,250

(@) B A-wL4L)
o B TIE: (p—¢)d, —s, > D,

- Sprmg(t =1) : (15-10)x 3,000-25,000=-10,000 < Ox 3,000= 0 = AF A3HO)
- Summer(t =2) : (21-10)x11,750-25,000=104,250 » 3x11,750=35,250 = A3*K1)
- Fall(t=3) : (12-10)x 2,000-25,000=-21,000 < 3x 2,000= 6,000 = *&}& QKO

- Winter(t =4) : (18-10)x 4,000-25,000= 7,000 { 3x 4,000= 12,000 = AJAt 2H0)
° T__H“?L]."a'7]_é (pf,i(:t)>|(pt+licf,+1iht)|
- Spring(t=1) : (15-10)= 5 < |(21-10-3)|=8 = ¥} 2KHO)
- Summer(t =2) : Q1-10=11 ) [(12-10-3)[=1 = (1)
- Fall(t=3) : (12-1o)= 2 < 1(18-10-3)|=5 = Tf 2KHO)
- Winter(t =4) : (18-10= 8 ) [( 0- 0-3)|=3 = T(1)
s HEWRIIE: R df+1 < dysq)ts4y
- Spring(t=1) :-
- Summer(t =2) : 3x2,000= 6,000<10x2,000+25,000=45,000 = H}&(1)
- Fall(t=3) © 3x4,000=12,000<10x2,000+25,000=45,000 = H}&(1)
- Winter(t =4) : -

71zt A3AE s HZ
1(Spring) 0 0 0
2(Summer) 1 1 1
3(Fall) 0 0 1
4(Winter) 0 1 -
77 |t | AR | BIEETE| daE ]| a7 | AuRF | AARE | mosr | 2SR | REE | 29
(t) (py) (¢,) (hy) (s,) (d,) (£,-,) (X,) (L) (1,) ()
1(Spring) 15 10 3 25,000 3,000 0 0 0 3,000 0 0
2(Summer)| 21 10 3 25,000 | 11,750 0 15,750 | 11,750 0 4,000 52,250
3(Fall) 12 10 3 25,000 2,000 | 4,000 0 0 2,000 4,000 |-12,000
4(Winter) 18 10 3 25,000 | 4,000 | 4,000 0| 4,000 0 0 72,000
20,750 15,750 | 15,750 112,250
(b) W% 884 L2E(SEA)
a3 1. Isp-1 HO|ES] 2E F7| X, &Y
Fig. 1. Lot size X, decision for Isp—1
H 501 A tolg s F8E drYEEY W-W 237 43 Isp-2, Isp-5, Isp-63} Isp-7°]
X9} 'S vlsto] AAstEL W-W 23E & 5 ¢ fsll, Isp-2, Isp-5, Isp-7> SEAS} W-W7t &5L3t 2|
= Isp-37} Isp-4°]l HisiHE SEAZE HF g 7 5 A SHE LUA, Isp-69] dsiA= SEAZF W-W Hot
VS HYP} Isp-4oIA S-ME W-W= Mg 5r4  JHAE 2HH SiE ddeS & 5 Stk

ol Erokal HA S Pk Rokdledl wl,
SEAE Tett 340 24 sig 78 & A9l
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B 4. M8 Oo|Eof st SEAS &
Table 4. Solution of SEA for experimental data

24 u%a84 X 1]
=1:t=2(—30),t =3(24) X, =d, (120) +d, (80) = 200
Isp-2 [t =3:t=4(—31),t =5(16) X, =d;(94) +d, (78) = 172 344.0
5:t=6(—15),— )g:ds( 86) +d;; (110) = 196
t=1:t=5(—69.6),t =6(204) X, =d, (4 )+d (42)+d3(32)+d4(12)+d5(26):154
lsp-3 |t=6:t=8(—115.2),t =9(4.8) |X; =d;(112)+d,(45) +d(14) =171 610.2
t=9:¢t=10(-109.2),— X, =dy(76) +d,, (38) =114
og =1t =4(=216).t =5(63.6) X, =d, (20) +d, (30) +d; (23) +d, (19) = 92 32
P |t =5:1=6(—56.4),— X, = d,(32) +d, (28) =60 '
t=1:1=3(—80),t = 4(50) X, =d, (20) +d, (50) +d;(10) = 80
Isp-5 |t =4:t="7(—40),t =8(60) X, =d, (50) +d; (50) +d; (10) +d, (20) = 130 580.0
t=8:t=10(—40),— X, = dg(40) +d, (20) +d,,(30) = 90
=1t =3(—a44).¢ = 4(102) X, =d,(10)+4d,(62) +d;(12) =84
t=4:—1=5(7.6) X, =d,(150) = 150
t=5:t=6(—24),t =7(16.4) X5 =d;(154) +d, (129) = 283
Isp-6 [t=T7:t=8(—33.2),t =9(45.2) =d,(88)+d,(52) =140 501.2
t=9:—,t=10(10) XD =d,(124) =124
t=10:—,t=11(41.2) X, = dy, (160) = 160
t=11:1=12(=37.6).— | =dy, (238) +d,, (41) = 279
t=1:t=3(-264),t=4(88.1) |X, =d,(69)+d,(29) =98, X, =d,(36)+d, (61) =97
s, =101,5, =98
oy [=BE=T 7(=3),t =8(182) X, =d;(51)+d;(26) +d, (34) =121 6826
Bl =8:1=9(— 690)75:10(44.1) X, = dg (67) +d, (45) =112, X,, =d,, (67) =67 '
5,0 =110,5,, =98
t=11:¢=12(—46.8),— X, =d—11(79) +d,, (56) = 135
M@ ClojE{0] st LuElE Ms Hlu
Table 5. Compare with algorithm performance for experimental data
24 qnEE X m
1 2 3 4 5 6 7 [ 8 [T 9 Ti10] 1 12
SEA 200 172 196 | 344.0
Isp-2 L4L 120 | 80 | 94 | 78 | 86 | 110 420.0
W-W 200 172 196 344.0
SEA 154 171 114 610.2
L4L 42 42 32 12 26 112 45 14 76 38 1320.0
EOQ 139 139 139 139 849.6
Isp-3 m=2 FPD | 84 44 138 59 114 790.8
P m=5 FPD_| 154 285 683.8
m=n FPD 439 1406.4
POQ 116 150 135 38 841.2
PPB 154 247 38 724.2
SEA 92 60 373.2
spod L4L 20 [ 30 [ 25| 19 [ 32 [ 28 540.0
P SM 73 51 28 399.6
PPB 73 79 376.8
SEA 80 130 90 580.0
L4L 20 50 10 50 50 10 20 40 20 30 1000.0
Isp-5 FOQ 100 100 100 700.0
FOP 70 60 60 60 50 680.0
W-W 80 130 90 580.0
SEA 84 130 | 283 140 124 | 160 | 279 501.2
Isp-6 L4L 10 62 12 130 154 129 88 52 124 160 238 41 648.0
W-W 84 130 154 129 140 124 160 279 503.6
SEA 98 97 121 112 67 | 135 882.6
Isp-7 L4L 69 | 29 | 36 | 61 | 61 | 26 | 34| 67 | 45 | 67 | 79 | 56 1234.0
W-W 98 97 121 112 67 | 135 882.6
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B =RoME t=12n717F ZZolA Bi(Es
F 4,5 FZA77] A8l §F AA oA 45 =
Toto] AYAketal, Joikg 247] 717kl Hafsks B2
A Qe H|E U7} S71 A4 20 A28 At |

of ula] Hokek & ot B4 A 9 WARF X, >4,
2 AAske BE 77| EA(LSPE tHEAh

LSPE F= thefeh o] AFE AT 11 FollA
T 7P gkt Hido] W-W grelEo® A Qlck
Jd2y o] ¥ AL o] Extsto] osfisty] dE
o] Zgof ojzgo] glo] K} 7t S-M garE|Eo]
ARM=7 1= SFct.

E =BoAE EX AF 12 7|1F20F t+k AFE9
87 d,, 5 H|EcRet] £9FE H|8o] AE KAt
ot £8F= AA ] s, B 26 Y S &
A& AXtste] ¢ Aol A9 Atk 2E 7] X
E [t,t+k] 7749 877F FOo= Wes] AAske g1
=2 Aottt

ARk LarEE2 W-Wuk S-Mofl H] H gt 34
o= Eslar chefet AF oo H&3t Ayt 2
£ dlojgo] sl 4 FA-HA oS I 7P AA
ARl WARHEE 7)) 2T 4 U2 HIth

References

[11 C. H. Glock, E. H. Grosse, and J. M. Ries, “The Lot
Sizing Problem: A Tertiary Study”, International
Journal of Production Economics, Vol. 155, pp. 39-51,
Sep. 2014, https://doi.org/10.1016/j.ijpe. 2013.12.009

[2] A. Akbalik and C. Rapine, “The Single Item Uncapacitated
Lot-Sizing Problem with Time-Dependent Batch Sizes:
NP-hard and Polynomial Cases”, European Journal of
Operational Research, Vol. 229, No. 2, pp. 353-363,
Sep. 2013, https://doi.org/ 10.1016/ j.ejor.2013.02. 052

[3] B. Karimi, S. M. T. F. Gihomi, and J. M. Wilson, “The
Capacitated Lot Sizing Problem: A Review of Models
and Algorithms”, Omega, Vol. 31, No. 5, pp. 365-378,
Oct. 2003,
https://doi.org/ 10.1016/s0305-0483(03)00059-8

[4] R. Jans and Z. Degraeve, “Modeling Industrial Lot
Sizing Problems: A Review”, International Journal of
Production Research, Vol. 46, No. 6, pp. 1619-1643,
Nov. 2007, https://doi.org/10.1080/ 002075406009 02262

[5]1 N. Brahimi, N. Absi, S. Dauzére-Pérés, and A. Nordli,
“Single-Item Dynamic Lot-Sizing Problems: An

Updated Survey’, European Journal of Operational
Research, Vol. 263, No. 3, pp. 838-863, Dec. 2017,
https://doi.org/10.1016/j.ejor.2017.05.008

[6] H. M. Wagner and T. M. Whitin, “Dynamic Version of
the Economic Lot Size Model”, Management Science,
Vol. 5, No. 1, pp. 89-96, Oct. 1958,
https://doi.org/10.1287/ mnsc. 5.1.89

[71 E. A. Silver and H. C. Meal, “A Heuristic for Selecting
Lot Size Quantities for the Case of a Deterministic
Time-Varying Demand Rate and  Discrete
Opportunities for Replenishment”, Production and
Inventory Management: Journal of the American
Production and Inventory Control Society, Vol. 14,
No. 1, pp. 64-74, Feb. 1973.

[8] S.]. Sadjadi, M. B. G. Aryanczhad, and H. A. Sadeghi,
“An  Improved Wagner-Whitin Algorithm’, International
Journal of Industrial Engineering & Production
Research, Vol. 20, No. 3, pp. 117-123, Dec. 2009.

[9] A. Wagelmans and S. V. Hoesel, “Economic Lot Sizing:
An O(n log n) Algorithm that Runs in Linear Time in
the Wagner-Whitin Case”, Oprtations Research, Vol.
40, No. 1, pp. S145-S156, Feb. 1992,
https://doi.org/10.1287/ opre.40.1.5145

[10] L. K. Gaafar and M. H. Choueiki, “A Neural Network
Model for Solving the Lot-Sizing Problem”, Omega,
Vol. 28, No. 2, pp. 175-184, Apr. 2000,
https://doi.org/10.1016/S0305-0483(99) 00035-3

[111 J. C. Lang and W. Domschke, “Efficient
Reformulations for Dynamic Lot-Sizing Problems with
Product Substitution”, OR Spectrum, Vol. 32, No. 2,
pp. 263-291, Apr. 2010, https://doi.org/ 10.1007/
s00291-008-0148-1

[12] N. Brahimi, N. Absi, S. Dauzére-Pérés, N. M. Najid,
and A. Nordli, “Single-Item Lot-Sizing Problems”,
European Journal of Operational Research, Vol. 168,
No. 1, pp. 1-16, Jan. 2006, https:// doi.org/10.1016/
j.ejor.2004.01.054

XN XA

- 19874 STt FEA
st (shAp

+ 1997k il BFEslat (4D
2001 : Z9ehekaL FrelslT (24D
« 20034 : A=} HHE-S-8}
AUZAL

20049 ~ 2007.2 : =HQPFs of
/\3‘703:_“]. Z‘—VA
* 2007.3 ~ 20153 :

>
ofi

Aol Ue)
nltjoig sl Fage
* 20154 ~ @A ASdFsta FEjw|Holgskt
- BARo}: ANE o] IRAE T, A PYE, B3
A HPHE, A9 L BYEE, AnEg] A=, Hast
daEE

* e-mail . sulee@gwnu.ac.kr

-175-



