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A Forecast-based Inventory Control Policy for an Item with
Non-stationary Demand

Sung Il Park! - Jong Soo Kim?

"Department of Industrial Engineering, Graduate School, Hanyang University, Seoul, South Korea
2Department of Industrial and Management Engineering, Hanyang University, Ansan, South Korea

A logistics system involving a supplier who produces and delivers a single product and a buyer who receives and
sells the product to the final customers is analyzed. In this system, the supplier and the buyer establish a contract
which specifies that the supplier will deliver necessary amount of the product to raise inventory up to a specified
position at the beginning of each period. A new periodic order-up-to-level inventory control policy specifically
designed for nonstationary end customer’s demand is proposed for the system. Simulations are used to test the
efficiency of the proposed policy. An analysis of the test results reveals that the proposed policy performs much
better than does the existing order-up-to-level policy, especially when the demand is nonstationary.
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1. A= © e AsA ¥ FHL /A1 Yok gebA & AT e
ol9} & BAHE 9143k v AA 4 2Z ZHE non-perish-
EAFAAE DS SU-F 2L 5 A2 oA AHE ahle AFS ELHCE AT £ YENEL F714 A
non-perishable Al &< Btk A&H 02 #e2|d 4 e A1 g AL A AR d),
2 S Alkst izt gt o] 2 Al 2’ o)l A Fuf = non- B A7 A4 A old TS NN £8E Ze
perishable A|F9] 8+ AMQRIF F71H 29 & 23dte Oy FRS GO R = 7714 AT o B3 A7
H| 44 4 2.7 (non-stationary demand process)dll £3h= 45 & 4 9tk o] & o]d ATES R A B8 BH T A E
7FED T2 IR oA Al A FEE UE 4 At I AAE 3718 BEBdA AA 2537
T EAS A 28 1 AAE £8Y SEREIN AT U aFFS AAsE Ao, T HAE nAY £25 2t
A ke Aolth oje Y £ GELEE dF3 & A F g A ude] A Aol
e og s 7/ "tk 7 WA AL T B2t ¢ AR £l &5t A& Karlin(1960)S B3k Morton
A EERE7} obd 97 grhe Aot (1978), Zipkin(1989), Lovejoy(1990), Morton and Pentico(1995),
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AT 7HEE AA 2 st otk webAd 7|2 AHE2 B ATES AN AN2EE F Ao 3 dFgE HlA
oA AF3 v} £ 9E ZE= non-perishable Al F2 #Elst B A3 Wk Ayt Yok & 4 9k
T AgAA  AF 2, 425791 3715 QA FFista A4 S5k, Tel 1 031-400-5263, Fax : 031-409-2423,
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T A E7Y AFES HIARY FoAA TR B
A el g2 ol BgE Aol T}, Sethi and Cheng(1997) & &4
7} #7198 AR E THA A A vpan|qF & w ek 7HA
33, FAA Y S o] &3td(s, §) A HA AFEA 9}
HEZ4F S8 ZAAss #AE A8 Song et al.(2010)
< 9 FE5Y F a7t B okE A (compound Poisson pro-
cess)= W w(r, Q) A HA AFETH A} HEFQE 2
Aohe ¢agES AAs AT AT o] F dFe d&
A Ay AAE WO E G AcJBE F7]4 A udeg
HAL Yo 2 3= H A} ZFo] 7} Tt Baek et al.(2005)
& o] FFAS b 2oz FAH 29 A FFA
& BdoA 1457} NZEe] 5o wet o & E7Fs(un-
predictable)stA| Wstsl= v FEHE W2y 7Pyt
-5 (adaptive) A 2] ZRES AABAT o] AFE T8
7} & E7bs A Mslele A4S ”LU}L TH el A = 7
AT GAFE Ho) Qo it A 2"o] FFAE B olg
Aol A o] M Kol 1 9t

o) ATES THHoE BN By Y £ O
SEEEY FEI} ZdOUﬂ EASA e uAY FLE 2
+ non-perishable Al F< t/d o2 & Al 1 #e] A& A8}
A GeEte 282 WY A geiA B 979 7} 2
o= FoEE lfHU“ﬂ HA Q1 7H o )9k FA oW
A HARY FRE e AEFY A1RE v &S 29 7 UE
TS AN ST Aol Altete FeE WS A

FEANA EFFe v SRR FFAL A
o] & T A AS oA SR ES
AAE A= 5%]5 7HA AL e,
= A7 A 28 AM = ZAS Aol Al 3P H= A
FA B84 & St NEdolde SR Al 4%
ANA= A a7t obd FEj o Al ol thste] AL A 9
A84& W7k, Al 5 M 28 g GO0 AFHAE A
Alge.

>~I

2. EAA

B A7t g og s A 2" gy 1oy wshy 3}
2L oy &n Al 2E(wholesale or retail system)©]t}. o] &
A" A Zel & A F2 IA Y perishable A &3} non-
perishable 71 & .2 #5738 4 itk £ 79 t)/dAl EF-2 non-
perishable ¥ 5 5 = 24, g AIA, SAHAA 53 2o 1
7} A olg 7710 GEFE wobA] vt SEA < Y
§ HolE A FE 7hed @3& ghte] F5olth

) Al 2o A A F FejAs A F LS Bt A
HF LA A A E o}fﬁ ool w2 Aol Zaef o
St F71H 08 B3 WEE FTEAERE FE HolA
AE #estA dt. o] W Fuj A= g5 AHsupplier) 5-H

AL Flshe 98L& FER o] =FAAE Tl A (buyer)
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2 5t #2723

AAo 4 oot & BRI AE] FAo] LA
po) aAEe AFel AYD & WA AdeA ga o
2 402 7HY o % oA Ak whebd B = RAAE 7
W7ol Boh el FAol Hyse FEe ARt 71
@,

FEAE TR FHhFE ARt £ Aol F
Ftolo 3w, Ba A WBAGOIA Bad FRHIL F
Az Folste] 33 4 UL Bt 293 FFA B
AFol FAAA =257 AA e AR FEAE A

Qg 7P
5’0‘1 9} ZE A 2"l A FujA7t 32 AMStE Al
7R, S) A olth. ol YA A nith 7HEA)
Fol HEE B3dte deolt. 2hER,
Q7 B4 gEF $EXE gEte /M ofy 9
whebA], Ao #AGe] YASA 1 iw
S-S AHESHA E o Qlth mekA AlF9] 87} |
F71% 789 Ftoly WFo] Azt we} W3l
]E HotA ok S 7HA 2 QT
= E}E ‘-’P‘* & Fa AT Hl 717 Dol H oA
S 4T Ate Holtk. F5
%TSL% A Zato] of stE & 7Ha)
AH o f71 G Et ol 2
1E Bl of 3t Ak
of 3k HA Ett O A FaA
o Aakd]g-o] Z718HA 1 o) Fulu] g2 Qo oo
AA FuiAAAE FEFE PIAA "ok H EolA FujA
7t FEAANA AN R F A RE A FotE WHOE o
o2& TARE A L skl glov, o]l A E Ax
S AIAY Y S THAH A H e S 7HA 2 QT
teba] B AT A= oA dad 71EY(R, S) B
T A FHES B ML F714 B Ao Ans
g A& AN o R E AASHE A E FBR, ) B4
(forecast-based(R, S) policy)ol 2t F27] 2 gtk & Aol A A}
&3t 7159 Ao v 2
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3. FB(R, S) A

A 713k Z

2 A7olH ANGE 44 2 FBR, ) AU
0-12. Cl}:ii‘_:]‘—"‘ 0)

FB(R,
ol (1)AA B)7HA S A4S Fdste Ao
th A2 st AN S 7] 2 7R,
1) 7+17] £2E o =3}
(2) A 71 T F, 77] ] B A 1 (on-hand inventory) 55
= @1%3&\4.

@) () ~@)2 BB o] 3o BFFL F T}
5) $FE ¢ F @ /108 /1A 08 /] &) 2e A
92 wadn

o & E0f <Figure 1> A A AA-& 7] Z(AAN A2
P4, o] A- A Fu A= r+17]9 25 d S35, 7
7] HBAIA) o B4R 7S &3t aga o] HRE
o] &3}o] 7] o WF3le] r417] 2o &S HFLS A
Asta o] & A AN AAA o] A Al T H3HA AT

o] Ao AL WFFS oA AA3E=T) S A0
o Fuj o] 7710 &8 r+17] Lo 3 g2 S o
AA Ao 7|5 & o] &3t ., oletal dtA o] o o=
Q9] A ofof whe} ok Al o] g stA Hot

_f7'.7'+1 ' (1)
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Itk wheF Fuj A7k QPAA 1S BAratA] ¢l o $A]
§318 AT 871 E A4RTE sone SE=
T T AT Aot} o= o F9 e27}
o A (1) A & ko] F-o] TAsHA H
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Zéol WA 852 <Figure 2>9 2
sidste ftol 2 Aol %%@EE
Loy W X]oHOlr 3k Mul 2 29 ER7E Y
ol oal A e AAF o At ofoll mhet F7]F AH] 2
(cycle service level) &, 7] T F40] TAYA] F& 8
SO ArE fAsF T AAARE ve] AAHEHEE,
04—?011*1 = 7719 AHl 2 ¢Es AR5 BeHF &,
e e Fo At /M

AAA AAZE (1) ~G)7HA S A AR FHst= T
< WA E Aoty et 2ok

N
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FB(R,S) A3
GEE g2 2o By 0o AgErs gz BA LAY ANIE 7] 22 @t
DR q7ME Eéﬂ] 7H4 8712 Eth(Montgomery et al., A 2: DA AF7A Y JSARE o] &5t | FA] oA}
1990). o] o} 1% 2h9] TEREFSE <Figure 254 % L} ol EEUAE AR,
A B
T2 1 T T+1 T+2 T+3 period

Figure 1. Time frame of the FB(R, S) policy

<

< Pdf of forecast error,
Normal (0, (¢7)?)

Figure 2. Forecast error distribution
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4. FA2H

MM“ A& fﬂl °o]d

E3lo] AoH3HFB(R, S) B A &8
o] A& AE|Y 4(3.2GHz) PColl A 43 &)
27432 Microsoft Excel 2007% ©] &3+
k) o}‘ﬁﬂr AEHolM Dol 719 dol7t 154
o% °F 10 9] 3 B3k 5007170 & A3t Al & o)A
o Azg e 72t 7IZPEE B3 7| Y A1TE FAE,
B39 FA0EE A& 5 9loH AA7Ib tiste] =
%4 e des F Ut AP BN EFY gFS LS T
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9lon g olo] #3t Y-S H48e FHgES 75t7] Yt
Y Ao gt A Ed oS 10U 4 HHESI T
A5 kA g (general test), ol &% 22} A9 (forecast er-

ror test), Y15 £4] @U‘(sensmwty analysis test) &2 H&3}
of TG It 52 P FARE 2 A
FB x Aot}

H| W 8l

&2 A A F9 A ZA 2449 27|71 FB(R, S) B A
o F&A nA = YL LolR= Ao, iAoz 1l
7245 B Ay AR gy Wyt ofd &S vA &
7VE dotr 7] 95t At

Ago »d £84E

£ Montgomery et al.(1990)¢l 1}
A

P
o
WA A 28 (multiplicative seasonal model)S o] &3] A A3 3}
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Table 1. Input parameters for the general purpose test

R k k. hy h, b b p A B

s s s

0.01 165 254 10 5 5 10 400,000 80 100

At AR A= Al 7HA FEl 2 3 WA= <Figure 3>l U
< AAY AH 7714 QA0S Bo|HA F7hske FAE
Holz F7tA ROt 7 MA = <Figure 4>l U AAH 7
AdhE FAE 7R et g o1 Al A S & <Figure
5>AF Ao WEo] Mgsle SHART A A AR
5 257 ARl E}E} B3 Wso] GetA s HF A
AR AALY EAS Boln Y& ¢ it A3 F8

unit
4000
3500
3000
2500
2000
1500
1000

500

L

T

<Table 1>3} Zo] 4

4.1 Yuk A3 (General test)

dAsA

m.ﬂ

1 51 101 151 201

Figure 3. Demand data with growing trend

unit
3500

3000

2500

2000

1500

1000

500

251

301

351

401

451

period

1 51 101 151 201

251

301

351

Figure 4. Demand data with decreasing trend

401

451

period



unit
2500

2000

1500

1000

500

1 51 101 151 201

251 301 351 401

Figure 5. Demand data with changing trend

(B, 5) B#2] Z H|-&—FB(R ) B3| Z Hl&

Qs
L (IGEEEESES

(10)

duta d o] A E <Table 2> ~<Table 4>9] HES 4 S
AT <Table 2>5 A3 R W FB(R, S) B Mo A Fuj =2

Qo =

o T

=

o

A

N

H] 7ML R M = 83.92%, AR E A A= 63.22%, B
AZ oA = 71.14% Z43H S & AUtk mEkA Foujake
F 088 H 72.76% Tadhe Ao HHE Y. <Table 3>
o et 357 FH 82 F7HA s A 91.13%, A E
ol A 86.35%, Z7HAL B ol A& 90.820% 7+ Adtg om, whebA H
T 89.43% 7} 243t

TFojakel FFAY F uEE T F S A 2E H g F
A 50| <Table 4> R} Itk FB(R, S) B A& AHEE f Al
g on g ez FREE 77 85.86%, 71.29%, 76.63%
ZaAE s & F Ut webA B A7 A FBR, S) A
YWY FRE 7 F5E Ak o oA Fulate}
TEA BToA A4 AAYE AT & ATt of&

Table 2. Buyer’s cost

A" a4 s Yehlle A2

~

421 0744

ool

o] B4 0

2 9ZX] 2.2} 4 (Forecast error test)
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FB(R,S) A& B&4o &9

EREC
FE E 5 Ae A0E AF/HE A ATt o= A
T 884 WIE HHLEvHE s 9% i=g
ol H4 o} & 2ak9 F A AgETg T
i o} A wiol 2z 109} 158 A A e AFS A sttt

1 ARE QoS <Table 5> 7} 49
BFA o & o2yt AdFE A8 w7} Pol A
TEFB(R,S) B3 a4 g =gl 3}
Ak A4 At o dnE < A% Al
=, Al 7HA 85 FHE FEAA 5 LAY £F

Y kL il R S) 34 FBR, ) 44 A8 (%)

ZAdn & 18,169.04 371.70 97.95

37t B & 19,522.11 5,690.31 70.85

FH| & 37,691.15 6,061.91 83.92

F4H & 3,650.48 397.20 89.12

KAZ HAn & 17,179.29 7,265.11 57.71
& 20,829.77 7,662.11 63.22

F4H & 6,176.44 418.20 93.23

e B & 11,238.02 4,608.10 59.00

FH| & 17,414.46 5,026.30 71.14
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Table 3. Supplier’s cost

Sung Il Park -

Jong Soo Kim

FazAs gy H] & (R, S) A FB(R, S) A3 G- 74 (%)
FAM & 0.00 0.00 0.00
=7t Bgn g 13,886.91 1,231.52 91.13
o1& 13,886.91 1,231.52 91.13
FH4H & 0.00 0.00 0.00
e HAH & 11,168.77 152424 86.35
ZHl & 11,168.77 1,524.24 86.35
F4n & 0.00 0.00 0.00
e Ban g 6,744.73 618.99 90.82
ZHl & 6,744.73 618.99 90.82
Table 4. Sum of the supplier and buyer total costs
Fozs (R, S) BANA A2l ZF WL FBR, S) AAolA Al2Ee] Z & 1] &-7+2(%)
=7} 51,578.06 7,293.43 85.86
s 31,998.54 9,186.35 71.29
7 24,159.19 5,645.29 76.63

Table 5. System costs for various forecast error sizes

FoAE I oy (R, S) AAA A F H& FB(R, S) AA A & Hl& H] 87+ 4(%)
5 51,578.06 7,293.43 85.86
=7} 10 51,578.06 7,836.82 84.81
15 51,578.06 8,342.05 83.83
5 31,998.54 9,186.35 71.29
PAZS 10 31,998.54 9,648.74 69.85
15 31,998.54 10,185.74 68.17
5 24,159.19 5,645.29 76.63
4 10 24,159.19 6,121.58 74.66
15 24,159.19 6,701.38 72.26
A3} 3 2718 BEAS) A 2 WE Bese AU A ekon] 27hg Bad Bl Hed 22 By
A37% ASE S D50l 1A o STk WA METAE ATk o] BEAS HANES Sl A 152 Z7A7H A
o T 14U YA A o] A T AGE 2 9T LY B0l A9 0700 1A FoAT RS <ot
9% AT Y S glone AU A AEAL A T>e HAET YT 1 2 Waks 2AAROA e
23] 979l 7o) T BL 9L MAE =TT B v 42 BS Wss Zl4zdA B2 Q29 B
w9l 28 94 TulAe] navlgo] AR AARA 584
o) AaHE) 7 o= B Ao WeH] o] 271 AR
| o B30} O A LERdTHE Holth o] Ak Ho] B3
48 WA 4 (Senstivity analysi) o] A 1S A Fol= AAo2hE Mol A Wl
B AR 2He Qs Wl T4 FEAY 2 g Hude,
Bgo] ofua JFE FEA b AoTh MAND | <Table 8>& TS EHU L 2N W Zoheh 27
Arsse FulAe naH L TR HEuE TulAe  AROIAL 389 714 T&A0 2710 R danE
E40 8, 2340 ALEROIT A A Belo] FAAE AL 198% 71 A AL BT 9Tk o] AAL
B2 b A5 23 <Table 65 —<Table 9551 T} FB(R, 5) Aol A] AISHE EAN g0 4rjHoz Honz
<Table >0 A % 2= 915 0] FolApe] wail gol Aole 3k 4aAme S4o) te EAu o] Yo AREE Bao
o 1004 2002 29 Z71aE AR A BeAe] Ay 2 olalHlTh
55006 714 stk EAC) ASE ZAABIN VT BOE Table 90| N AA Y ML 27} B8
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Table 6. Sensitivity analysis results for buyer’s holding cost

FoAE e HE R (R, §) BAA F W&  FB(R, S) AA F Hl& H] &7 2 (%)
10 51,578.06 8,269.53 83.97
%7 15 61,339.03 11,186.72 81.76
20 71,100.01 14,100.16 80.17
10 31,998.54 10,536.45 67.07
e 15 40,583.18 14,247.12 64.89
20 49,177.83 17,959.51 63.48
10 24,159.19 6,217.46 74.26
37 15 29,250.92 8,563.04 7073
20 34,869.89 10,907.59 66.72

Table 7. Sensitivity analysis results for supplier’s holding cost

TaAE G HH 2T (R, S) BAA F HE&  FBR, S) AN F vl& H] 824 22(%)
5 51,578.06 8,269.53 83.97
%71 10 65,464.97 9,501.30 85.49
15 79,351.87 10,733.27 86.47
5 31,998.54 10,536.45 67.07
A 10 44,064.26 12,060.20 72.63
15 56,130.03 13,583.95 75.80
5 24,159.19 6,217.46 74.26
= 10 30,903.92 6,836.89 77.88
15 37,648.64 7,456.40 80.19

Table 8. Sensitivity analysis results for buyer’s shortage cost

FaAE Y dERF (R, S) AAA ZF Hl&  FBR, S) AHdA F Hl& H] 8- 7+ 2~(%)
5 51,578.06 8,269.53 83.97
=7} 10 69,747.24 9,472.88 86.42
15 87,916.43 10,676.34 87.86
5 31,998.54 10,536.45 67.07
ZAN 10 35,649.02 12,128.46 65.98
15 39,299.51 13,720.86 65.09
5 24,159.19 6,217.46 74.26
e 10 30,335.22 7,105.61 76.58
15 36,511.25 7,994.73 78.10

Table 9. Sensitivity analysis results for supplier’s production capacity

=948 gE RS (R, S) AAAM & W&  FBR, S) AHoIA & u& H) &7+ 4 (%)
400,000 51,578.06 8,269.53 83.97
=7} 450,000 51,427.81 8,132.73 84.19
500,000 51,307.61 8,022.88 84.36
400,000 31,998.54 10,536.45 67.07
A 450,000 31,857.70 10,367.17 67.48
500,000 31,745.03 10,231.60 67.77
400,000 24,159.19 6,217.46 74.27
7 450,000 24,085.60 6,149.18 74.47

500,000 24,026.73 6,092.57 74.64
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