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In supply chain, there are a variety of different uncertainties including demand, service time, lead time, and so forth. The

uncertainty of demand has been commonly studied by researchers or practitioners in the field of supply chain. However, the

uncertainty of upstream supply chain has also increased. A problem of uncertainty in the upstream supply chain is the fluctuation

of the lead time. The stochastic lead time sometimes causes to happen so called the order crossover which is not the same

sequences of the order placed and the order arrived. When the order crossover happens, ordinary inventory policies have difficult

to find the optimal inventory solutions. In this research, we investigate the lead time distribution in case of the order crossover

and explore the resolutions of the inventory solution with the order crossover.
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1 3.6 4.6 3.1 21
2 6.6 8.6 4.6 26
3 0.1 31 7.1 4.1
4 5.4 94 8.6 4.6
5 6.8 118 9.4 4.4
6 113 17.3 95 35
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11 6.7 17.7 17.5 6.5
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<Table 1> Lead Time Distribution (Exponential)
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<Table 3> Lead Time Distribution (Normal)

Normal Mean Variance
NG, L.5) 3 2.3
N(3, 2.0) 3 4
N3, 2.5) 3 6.3
N@G, 3.0) 3 9
N@3, 3.5) 3 123
N(3, 4.0) 3 16
NG, 4.5) 3 203
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Gamma Mean Variance
G4, 0.5) 2 1
G(4, 0.75) 3 2.25
G4, 1.0) 4 4
G4, 1.25) 5 6.25
G4, 1.5) 6 9
G(4, 1.75) 7 12.25
G(4, 2.0) 8 16
G(4, 2.25) 9 2025
G4, 2.5) 10 25
<Table 2>+ #vlEX 9] =gy E¥xo} 7 E¥X 59
He) Bitah B4 wolFa gk
<Table 3>& ATFLF ] =g 239} 7} 2R 5
He) Bitah B4 wolFa gk

L
/
-~

0 —@=

2000

1000

No. of order crossovers

01 02 04 06 08 1 12 14 16 18 2 22 24

A

3> Number of Order Crossovers for Exponential
Distribution

<Figure

i

%)

7}
o

e g

o] Ws)

rir
lﬂ

el ol o3
HEE Ho

<Figure 3>& A|FHE
ol

WE A ol whet wAF

Sl
rlr
il
MN

Number of order crossovers (Gamma)

5000

e p—————*

/
=

4000

3000

2000

1000

No. of order crossovers

G(4, 0.5) G(4,0.75) G(4, 1.0) G(4, 1.25) G(4, 1.5) G(4, 1.75) G(4, 2.0) G(4, 2.25) G(4, 2.5)

Gamma

<Figure 4> Number of Order Crossovers for Gamma
Distribution

<Figure 4> B EElo] At x s w2 7hy st



224

Number of order crossovers (Normal)

5000
4000
3000
2000
1000

No. of order crossovers

N3, 1.5 N3, 20) N3, 25) NG3,3.0) NGB, 35 N@3 40) NG, 45)

Normal distribution
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Distribution
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<Table 4> Lead Time Distribution with and Without
Order Crossover (Exponential)

. o Order crossover lead time
Lead time distribution distribution
Exp(0.1) LOGN(0.114, 0.133)
Exp(0.2) GAMM(0.173, 1.23)
Exp(0.4) GAMM(0.328, 1.24)
Exp(0.6) 3 * BETA(1.14, 4.39)
Exp(0.8) 4 * BETA(1.44, 5.66)
Exp(1) WEIB(1.14, 1.5)
Exp(1.2) WEIB(1.45, 1.79)
Exp(1.4) NORM(1.41, 0.781)
Exp(1.6) NORM(1.62, 0.844)
Exp(1.8) NORM(1.82, 0.894)
Exp(2) NORM(2.02, 0.956)
Exp(2.2) NORM(2.23, 1)
Exp(2.4) NORM(2.42, 1.07)
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<Table 5> Lead Time Distribution with and Without Order
Crossover (Gamma)

Lead time distribution Order Cg?sstsr?gﬁofad time
G(4, 0.5) 7 * BETA(5.73, 14.3)
G(4, 0.75) 7 * BETA(6.57, 8.73)
G4, 1.0) 0.24 + 8.76 * BETA(7.7, 10.3)
G(4, 1.25) NORM(4.99, 1.1)
G4, 1.5) NORM(6, 1.26)
G4, 1.75) NORM(6.94, 1.35)
G(4, 2.0 NORM(7.93, 1.44)
G(4, 2.25) NORM(8.93, 1.48)
G(4, 2.5) NORM(9.94, 1.62)
<Table 5>+ @ =EtY EX7} vl ¥ s s w uxf
F% gEeele] oful BYE t2i=xE Vet g}
e W wep 27 e s & Ak
<Table 6> B ZEY) BX7F X E 2 44
of WAFE B EER 9] 2T oG A vHF=AE Ko

=t



225

Analysis of Lead Time Distribution with Order Crossover

Lead time distribution

o TH W T o M H R O~ alid
CrETIaEEILILL : :
oo RN W X e o = . E
S M E g W e X e 5 = "
NN BT e % g s - :
T e I A B S W &, 3 g 3 1 N
HEE%E%EEM PRT R E % - . 2 g = =
RS L R P % T E : &8
B AR 50 = éa&ﬂc_ o_lﬂ;ll__/lle 2 \P.v m m ot 3 > =
atm__uﬁom%mmuwim ﬂuﬁoﬂzow X % 5 m.m G a a 5 -
ST ITEET R & 5 6 2 93 8 35 5. % 2
zﬂﬂﬂryﬂﬁ%ﬂﬂéﬁ@ ) % § © % v a T 5 S E
sTrol eI EreTa % : 58 £ ¥ cE i
T . . NG s (e = o £ o = —~
Moo T e N P T - ¢ ST g 7
mmuumma%%ﬂﬁmwﬂﬁnmum.g% S &avm SE O s g 22 s
~ cslg X il g = ] - g ) =
SEPHARTRGEERE % pg & s Sg ¢
TSR E B Mg e o i sg 3 e EE 8
S S N= BN = P g A [ c u o S T 6 o] @
ok oF o dﬂﬂrm.o@To@viutEA o % S 5 5 3 c 5 2
B S IR U BN I ety &, ZIE =R - &5 g
R R R A e N ST AL T DO
TR A g wwmjg%ﬂﬂm & %, o % L B e
o X e BT A avsgsye 3 “a g 5 N
P Pl J)
_mo m__/OI EJ _%1% :ﬂ % I E“c MW Wr_o% W % UOIJRIADP PJEPUB)S JOAOSSOID < UOIRINSP PIBPUE)S JOAOSSOI) v HEREEE 2
) oM HEHE E M E R TN nl oo oo =% rE o) o) o M| o Th M o T
= o nm%ﬂm.ﬁn%ﬂﬁﬂﬂ%w ﬂa‘ﬁ%ﬁoﬁn% ﬁomqﬁmuﬂw ﬁ - I
£ ~ = o o N K — = = — gl A e i e <
2 | |zlglzlelalals %@WEHH%H%HW; CulEete WEeon A < o
£ S22z 2| 22 ﬂ:%%”arﬂwzroﬂz KT HEBLYT N mRHTE 7 B R
= =T o Dt Do 0% ot Bt IR S WR o S EX g Ry ™ U R I T
- 552|242 E|3] Ry, TEE oo xE L m " o v Wozo p B Mo o
c slldlalc|s|T izl Py B = B, LA A BRNCA. G
© 25|25 |2|2|2 o oh TN ENH WP s o oo bodr o M - R T
o= O.BRMRRRRR o~ 9 J.EE‘ij]_ — o e 9 e — X HT_
@ |5°|3|g|5|3|2|a|S Dl N ﬂ_ﬂ\ﬂvu;omﬂ%m o X TE NN oE gy = 2 oA R ook
= E 5 NWNNNNN i S S ﬂmw,‘MH_L " HEJI__/IAT A ATﬁo‘qﬂoﬁ_]XFdVlE ®e Lt,mvlﬂﬁo o b ®
§2 |2 ?ﬂ%mnﬂlﬁwwﬂlqzou,ﬁaflﬂﬂmﬂlﬂmﬂcﬁﬂw = ook Mw m o
235 |0 g MM E e Bgo oy a® i T™ gy wT e w o 1
o o© o) ~ o N i — of- il =
—~ B OO o J o 3 | .
Z 2 E%%%l%?A,:_.mfﬁnmmaﬁmmmﬂﬁrwr oﬂmwdr%mﬂﬁo%mndrﬂﬂrmm%
k%) ~ O‘I\LU Tk 0T LU_ MW R = 3 i o —~y ©
288 %Wwmmaw_w;wvuaﬂ#a%ﬂnw%W%ﬁ«.ﬂ?%Wﬂ%%#%%?%
E E TR EF T T2y R g o S TR L A R
S - R U R U P e B2 S e b S N SR R PR T 0l -
ge] D |22 ‘:LU,WEZ,_ .OtHT_ LEMﬂ fat N ,ﬂ,mA_l OJH EMU_IH_AIXO
P S| T ﬂ]l.,m@rflwﬂﬂH%AEuﬁpm%frfr&nﬂﬂw%i%?ﬁé% c D=
- e |ZISIggIg|glS EoﬂfﬂﬂlaLﬂﬂﬁﬂw%%_x7muﬂid|d|.%aﬂnm17ﬂong%%xﬂAﬂwﬂﬂE
N E|Z|Z|Z|Z|Z|Z|Z ﬂﬁomzo%“/m .moﬂnﬁimﬂzoﬂuatélﬂw%u%mﬁﬂxr E&L%Eaiﬁa@m
o) pe e 5._ 9o —%vn B T 5 Ul RN LI]_/LOE‘LIZC‘LIEE - B
2 © X 25 o X ot WX o o & o ™ o To X = T o U iy o
S @ o) B = X Woor ul B R W oR HobNT WV RPRNT T
c N2 < HBAEATH TR TR WwHE e N T N B

<Figure 8> Standard Deviation of Crossover Lead Time
for Normal Distribution
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