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Adaptive Inventory Control Models in a Supply Chain
with Nonstationary Customer Demand
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Uncertainties inherent in customer demand patterns make it difficult for supply chains to achieve just-in-time
inventory replenishment, resulting in loosing sales opportunity or keeping excessive chain wide inventories. In
this paper, we propose two intelligent adaptive inventory control models for a supply chain consisting of one
supplier and multiple retailers, with the assumption of information sharing. The inventory control parameters of
the supplier and retailers are order placement time to an outside source and reorder points in terms of inventory
position, respectively. Unlike most extant inventory control approaches, modeling the uncertainty of customer
demand as a stationary statistical distribution is not necessary in these models. Instead, using a reinforcement
learning technique, the control parameters are designed to adaptively change as customer demand patterns
change. A simulation based experiment was performed to compare the performance of the inventory control
models.
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Figure 1. Illustration of the JIT delivery of supplier.
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Figure 2. Illustration of the safety lead time of supplier.
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) e E’_% 2ol A 9] M| 2 4=F(service level)
S A I Ao} 3l= 9 F-E XA Waller ez al., 1999).

B A X'ﬂ?_]_'o}'t‘ %9 Au#e) P (Centralized
inventory control Model) CM- $]oll A 7|38 VMI9} frAFSH
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(1yel

Cost()=[Z(H]"

2 AN AXeE oMol &g A TR ARE gL}
2ol 4elE % Ak

Supplier

Step 0. The supplier selects safety factor s, initially for each

retailer  (7=1, ..., N).
Step 1. At the current time ¢_,
IF({(the time that the time series model predicts the inventory
position of retailer ; reaches its reorder point R,) - ¢, }
< Lo+ L+ sty)
THEN the supplier issues an order of @, to the outside source.
Step 2.
IF(the ordered quantity ¢, is arrived from the outside source)
THEN immediately deliver @, to retailer ;.
Step 3. After retailer ; receives the ordered quantity ¢, the
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supplier updates the value of C,,,(s;;) according to the

learning formula in (1).
Select the next safety factor according to the probabilistic
rule in (2).

Set s,; as the next safety factor, and go to Step 1.

Retailer
Do nothing.
342 B /\]—6:] XH_TV_JJ_{J/] Uté

ko] 33280 A 743} upe} o] B AT M= TFAe
obd Y =Etde} A kA e H3H o2 Ao}
7] 98l Aaleksr|He AFeElgt: B Adas 23R
oHd Bl=E ke Aolah] A1g 48 W v
OFAA TS Ao5t7] Y3t 288 WS E5ks BALE Al
1 #2] 29 (Distributed inventory control Model) DM < | A] &}
w4} g

B Ao A Askele DMS T34k Ao 47 &9
202 A ) obA B ZEh T} QPAA TS 24 s W
O 2 AAE A nH@E AR T o] A E 5k

Supplier
Step 0. The supplier selects safety factor s initially for each
retailer ; (;=1,...,N).
Step 1. At the current time ¢,
IF({(the time that the time series model predicts the inventory
position of retailer 7 reaches its reorder point R, + ss7) -
t.} < Lo+st)
THEN the supplier issues an order of ¢, to the outside source.
Step 2.
IF(the ordered quantity ¢, is arrived from the outside source
and retailer ; places an order on time)
THEN deliver @, to retailer ;.
Step 3. After retailer ; receives the ordered quantity ¢,, the

supplier updates the value of C,,,(s%;) according to the

learning formula in (1).
Select the next safety factor according to the probabilistic
rule in (2).

Set s} as the next safety factor, and go to Step 1.

Retailer
Step 0. Retailer ; selects safety factor 7, initially.
Step 1. Set reorder point as R, + ss%

Step 2. Retailer ; places an order if its inventory position reaches
the reorder point.
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Step 3. After retailer ; receives the ordered quantity ¢,, updates

the value of C,,,(s;) according to the learning

formula in (3).

Select the next safety factor according to the probabilistic
rule in (2).

Set s7; as the next safety factor, and go to Step 1.
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Short lead time (SL) : L, =0.3 x cycle;

Normal lead time (NL) : L,=0.6 x cycle;

Long lead time (LL) : ;= 0.9 x cycle;

T WA ARl AL JHEi(demand pattern)- ¢4
2 Fa% H]"Vé TAE Yol Fod 4 Aok A 5

.4 7399l A 7 F(normal distribution) 7} AFE-E 1, o] uj

A —dcoefﬁment of variance) cv e 37HA 59 kol AF
SEt &, A S8 E VWO e 1458 HHS 2
Asle cv B 142 W8] A7) (magnitude) S LERY

= HOZA, W A (variability) S YERNE 3 cv=0.1,
7}1&‘3 YeE cv=0.5, 181 52 XS e
oV = 1,091 AT

l‘l

el WA AT Sas AsdE ARELY BT
(mean)o] 212} 717 ¢ vh} WBkaHE EAL AT o,

=4
=
Hgtohs Hi e et 22 S Adn

mean; = mean;_, + slope

o 9 AolA sippet = 5 E E(uniform distribution) ]
U(—sm,sm)ﬂ' Utu/2, )= g, o] uf ARgEH oA =
smﬂr = H]O]';q A uA+g 9] HHs 2A O]'l: Hoe=z
AHE Qi) weha B AR AE QoA AFE T
] S T B2 37 Y o' Aot
Low nonstationary (LN): sm=1.0, tz= 30
Medium nonstationary (MN) : sm=2.0, # = 15
High nonstationary (HN) : sy =4.0,, tu=28

Al A AEARI L/H ratio= 2ol A e 7] 3
2} 28] Blost sale cost) T A 1-f-A H]-&(inventory holding cost)
9] H]E(ratio) & YERY & Z o2 YukH o 2 Fuj) 7] 344
Hl-g-o] A LFAHGRT 2 7] wjiFof e 22374 4
T oz Hojgink

Small difference : L/H ratio=15



RS ERELERE PR S RER PEEES PEESEL) 11s
Medium difference : L/H ratio = 10 43 A B o)A A7EA
Large difference : 0=
g L/H ratio= 20 <Figure 3>} <Figure 4> QH4 A2 uA5FQE Juto g

L
.

R o 2 U] WA AAIAR] S/R ratioT THANA
WHASH= B S(supplier’s cost)Z v ol A WAYsH= H|E
(retailer’s cost)®] H] &S YEpd ghozA dubdog /\u]] bl
o A @AY S}z H]-8-o] 7] Wl g3 222714 4
HOZ At} o & £, S/R ratio® rol /3% 73"?‘
A, o HNA BASE 1§l FFANA B3 M
o Hlaj 387} Athe AL oH| gk

Normal difference : S/R ratio = 1/3

No difference : S/R ratio=1

2 Ao AN AFH 471 4R ) A2
DE 579 2 o) 45 G 23E W) W, 242t
o) 23l U3 2099) AEHBS FUR F =28 2}
9 RS oG 3he] & AT ANFVIA Ane =
91 CMH DM S| 43S Mlstet

3 & @l AT A2 Al mad ovs

DM A5S AAF o7 AZE7] Y8 a5 LE 7
SO AFERE ANE T o E WFOT AU &
ste 7]E9] WH(QR Edol gt By dhae] viuAdP =
3hch

L g

FYE Mg ol Aaks vehd T Zojt <Figure 3>
3} <Figure 4>% 530 & 4 9l0] £ AT AAE 439

2T MX
An#e] 221 CMY} DM A8t 31 Hl-8{normalized
average cost)-= WHE A9 cv) 2 2| 2Bl o] ARFE F718t

£ ARS HATE AL L5 3 o W5
49 Pl=EIl0) 7842 20 e) Azszol AFEH ol
atZ "olx = AIHES A st oS3k 2] ol HAA 7] W
ol Az FFAEoIN BAFE vgol Z71a €

= A et T ARAHE T & Axol 2 4
TFAA AAS A& A e 2d9 CMI DM «1 Xqﬁﬁ}
491 89] 712) A8l 2A20Re) 47
B &R Ao g849 Auge] rdde
= 7189 A 1 QRo] D}TOI
Moz AFEHES ANE T
3}7] wiol] A4 Q.9 mﬁ}‘”ﬂ UZ}—E‘ 2
o7l o2 A 4 gtk

gz <Figure 4-c>& 3 &9

2 2m ol e) Bl s o] 24
O|3L L/H ratio = 203! 7%, CM 9] E“’]’ I AX
4 Sl o] & CMAME 347} 2ne] BFAoze

fu

o]‘— /Kltﬂo }

=g

1

—&=—CM —&— DM —*— QR

0.8

0.6

04

02

Normalized average cost / Perioc

0.0

(0.1,SL) (0.1,NL)

(0.1, LL) (0.5, SL)

(0.5,NL) (0.5,LL) (1.0,SL) (1.0,NL) (1.0,LL)

(Coefficient of variance, Lead time)

3-a. L/H ratio=5

—&— CM —&— DM —*— QR

08 |

0.6

04 |

02 |

Normalized average cost / Perioc

0.0

(0.1,SL) (0.L,NL) (0.1, LL) (05,SL) (05,NL) (0.5,LL) (L0,SL) (L.O,NL) (1.0,LL)

(Coefficient of variance, Lead time)

3-b. L/H ratio= 10

Normalized average cost / Perioc

—8— CM —— DM —*— QR

08

0.6

0.4

02

0.0
(0.1,SL) (0.,NL) (0.1, LL) (05,SL) (05,NL) (05,LL) (1.0,SL) (1.O,NL) (1.0,LL)

(Coefficient of variance, Lead time)

3-¢. L/H ratio= 20

Figure 3. Simulation results in the case of stationary demand and S/R yatio = 1/3.
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Figure 4. Simulation results in the case of stationary demand and S/R ratio=1-
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Figure 5. Simulation results in the case of nonstationary demand and S/R ratio = 1/3-
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Figure 6. Simulation results in the case of nonstationary demand and S/R ratio=1.
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