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D& s=4,k=32 A5 AxE oy
oy, & ) 2 7HF HAAAE 28Y Al
AR S AR, 29 GARE AExE3
A A AFEY, g dAZ 44E 2
FE oMM E E4d, sixgeg HE
A EAE AA & F7 Jel f55 AIIA
CAEHold AN 7|24 dolHe Ads)
A9 Purchasing Stage:
AB). Fabrication Stage:
AB), Integration Stage: Semi-product (AB)
Y AF Hed, 2 F 5% A< Ship-
ping Stage: Semi-product (A), Shipping Stage:
Semi-product (B), Distribution Stage: Finished

oL 9 oe u&i gt o O oo

Raw Material
Work-In-Process

o~ —~

AN (s,k) 2F Mdo] we} Zu]lg 727} Goods (A), Distribution: Finished Goods
Delayed Product Differentiation Stock-Flow Diagram
Time Delay Time Delay Time Delay to
Puise for No. of (Lead-time) S{A) {Lead-time) D(A) Country A
Demand Time Delay Time Delay
(Lead-time) F(AB) (Lead-time) 1(AB} Shipging _ | ofstritution
Safety Factor (2) :
shipping A | S29% SPA) [0 oritmating A | 51285 FOWA [ g At—
Purchasing Fabrication Integration \—/‘
Purchasing AB Stage: RM (AB) Fabricating AB Stage: WIP(AB] Integrating AB Stage: SP(AB)
\/ v Shipping Distritution
snipping B | 8% P8 [ o stributing B | 202%% FOB [ ¢\ iomising B
Order Decision g Inventory
A \\ Adjustment Time \\-/‘T
Time Delay Time Delay Time Dela
y o
Inventary Position <6—— Total Inventory Level (Lead-time) 5(B) (Lead-time) D(B) Comtey B
<Order Backiog> Demand Change Avg.D{A) Dev.D{A) <Customising A>  <Customising B>
Adjstment Time
Order-up-lo-level <¢——Total Lead Time PR
E:q)med
Expected Demand g Demand (B >
| \JICM\R ® Net Change
Avg.D(B)”  Dev.D{B)

(38 1) 224 BFoMe HZApHst XA Algefold 28 (S=4. K=32 &2 oA
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B)Y A ¥z 2T 7 U 7} golAl =, o] A Zzte] dA oA

Z710) 7 AMAEY £2F AFEEE /PP Az fAuS Az Ay 5O BYE v gof LA
TN =7k fed dig Han 24te 4F @ AZEel A49 ¥ dAE A 4
Aag ERZ 7|0 2% (expected demand)o]l ¥, n(9)9 Y= EYL Delay Fixed ETE ©l
Axdd. 13 g Fago] ZAHR, (s, 9F L3 GAY AT AAe TIAMFEeH, 2pE
Aol & Az FEol AFEHeU 2 ojdR E 3 o|Fde EF R 5% TAE AA AE 7
old ZAfdle ( -JEH FE 508 - 8 Axnr "‘ﬂﬂ*% E(order) TEH Hujrl He FH

2) /AL 24 AWM FRE $Fsa, 1 & FHHGY. 79 M5 AxY Tl
gl AgelE 2B = 022 97 2 ATl L}% g ARA L theel (E )% Bk
A #A87t5 FEF(order-up-to-level) B E@ 7 3 DAY 2o Ax #4 2 /B
e AE BEohe A0 AgsE W, A2d o B2d S8 WETE (2 DN B

gojela ByoMe AWAEY 7 Fo%F  die} Zo] g W& FRES o] &t £t
(expected demand)d FEJ} F714o2 s Ao 7 23 DA 713H](total processing
= AAD A 47t FEFE ASHez o cost)d AFE Al FAH(WIP holding cost)
HolE HEE 2¥& At % 5 A3 2 AF A Ad A% 9
FRo e}t AFo it o A 7 @ A& (stock) MFES ol &3l 7 TAE
ARE HE 21 TANA 74 9AE ATE A FZo g2 sh3He fANE Adstdt &

o e
_(
BN

k:l

(B 2) MEAs} X84 A0l 2Fo| FR Hy ALY

A4 (Equation)

» Order Decision = max (((Order-up-to-level - Inventory Position) /
Inventory Adjustment Time) + Expected Demand, 0)

» Inventory Position = Total Inventory Level - Order Backlog

* Order-up-to-level = (Total Lead Time + Constant) * Expected Demand

FE &4
« Expected Demand Net Change = ({Demand{(A) + Demand(B)) -
Z9 Expected Demand) / Demand Change Adjustment Time
A % (Stock) » Demand (A) = RANDOM NORMAL (min, max. Avg. D(A), Dev. D(A),
F#(Flow) Constant)
Ea « Purchasing AB = (Order Decision * Pulse for No. of Demand * Safety
Factor (Z))
At T ) . . ;
T2 + Fabricating AB = Delay Fixed (Purchasing AB, Time Delay (Lead-time)
—meﬂ-_ F(AB), Constant)

+ Integrating AB = Delay Fixed (Fabricating AB. Time Delay (Lead-time)
I(AB), Constant)
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«Total Investment

Unit Processing
Cost

Total Processing
Cost

(After. Diff)>

Additional
Processing Cost
(Beta)

Total WIP Level
(Before. DIff)

<Purchasing Stage:
RM (A)>

SP(AB)>

Total WIP Level <Shipping Stage:
{Afer. Diff) SP(A)>

t <Shipping Stage:
sP(e)>
<Distribution
Stage: FG(A)>

<Distribution
Stage: FG(B)>

{ «Fabrication Stage:
WIP(AB)>
<Integration Stage:

Delayed Product Differentiation Total Relevant Cost
<Buffer Stock Holding
Coi \ / Cost (After Diff)»
«Ti Process|
oual Prockssing =g <Butfer Stock Holding

Cost> Total COST -—

<WIP Holding Cost> 7 \
«Total Tax Cost>

Cost (Before. Diff)>

<Total
Transportation Cost>

Unit Holding Cost

« fon
difference (a)>
<Production

\ . difference (b)> /
«Total WIP Level <Total WIP Level

— - WIP Holding Cost

(Before. Diff)>

Average
Lead Time

Total WIP Flow
(Before, Diff)

~a— <Purchasing AB>
<Fabricating AB>
<Integrating AB>

Total WIP Flow
(After. Diff) ¥ <Shipping A>

*—cslﬂwﬁu B>

<Distributing A>

«Distributing B>

Production

Internal Investment <— . (a)

Total Investment

Cont
Foreign Investment <— d:“"‘m":‘m
Tax Rate
Total Tax o Accumulated Total
Cost Cost (Before. Ship)
Kronecker Delta
Total
Accumulated Total
T"m&,,‘ x ‘m”" * Volume (Before. Ship)
Unit
Trarsportation
Cost
Covariance <Total WIP Fiow <Production
Demand AGB  (Before. Diff)> difference (a)>
Buffer Stock Holding
Cost (Before. Diff)
Average Unit Holding
Cost(before. diff) <Safety Factor (Z)>
Covariance  Average Unit Holding  Covariance
Demand A Cost{after. diff) Demand B
Buffer Stock Holding
Cost (After Diff)
T |
<Total WIP Flow g5ty Factor (2)> <Production
(After. Diff)>

difference (b)>

(2 2) 224 BHolMe| HMFApds XHYL Alg2old 23(

3 f5 9AY ATE
stock holding cost)

ow)
3

of o}n}lv oy

-fr’:
EF AnFg Ve

U, o3 A2 Ay Sxe) 4
A9 % A
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Delayed Product Differentiation (01_Expected Demand)

8,000 i
7,000 , ‘
o LA I
3 vt LA ' 172 Lkd )
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0 6 12 18 24 30 36 42 48 54 60
Time (Month)
Expected Demand : current +——t ——t—t +— Unit

Delayed Product Differentiation (02_Befeore Diff.)
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0 Umt

0 Unit
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0 6 12 18 24 0 36 42 48 54 60
Time (Month)

"Purchasing Stage: RM (A)": cuirent  ~m—cegmsergenmmngmong——t—————  Unft
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Delayed Product Differentiation (03_After. Diff)
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Delayed Product Differentiation (03_After. Diff)
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ki
HEAS S| Aneshug = 01, BAE =15% | ANY NS = 15 IAE =12%
1 | 3 1|2 3
2 193,298 954,776
WEAS=02 | 3 174,450 | 299472 1,244,391 | 997,302
4 | 362784 | 340179 | 442.886 | 1.176,354 | 1,082,790 | 1,436,457
2 377,822 1,448,339
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(£ 1) AIAH ClojLfala AJE20/Md 28| BE

B<=(parameter)

HZ WE M A (24
Additional Processing Cost (Beta) 7} 7+% 97K Beta) 40 (%)
Ave. D(A) A= H F8 3,300 (unit)
Ave. D(B) B=9 H& 8 3,000 (unit)
Dev. D(A) AT 8 F4 150
Dev. D(B) B3 8 ¥4 80
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Delayed Product Differentiation in Global Supply Chain
Using Dynamic Simulation

Kanghwa Choi* - Changyong Jung** - Soo Wook Kim***

Abstract

The diversity of customer's needs and extension of globalization have given rise to the
complexity of supply chain network and the increase of production cost. To solve such
problems, delayed product differentiation began to stand out as a main topic of supply chain
management (SCM). This is the research topic that gives a lot of suggestion in production and
inventory control management by system redesign of SCM. Therefore, this paper observes
various existing researches connected with delayed product differentiation production, and will
design the mathematical model about extended supply chain under global competition.

The research of Lee and Tang (1997) offers the basic framework that compare trade-off
relationship between cost factors connected with delayed product differentiation and give
optimal differentiation stage among many manufacturing steps. But, the research has been
overlooking various possible conditions that can appear in global supply chain.

For example, a multinational and global manufacturer exports or imports the various
products by CBU (completely built-up), CKD (completely knocked-down) and SKD (semi
knocked-down). CKD/SKD refers to types of manufacturing in which products are sold in kit
form, for later reassembly. CKD/SKD was pioneered in the automotive and electronics
industry, and is usually done internationally, to exploit low labor rates and save on
import/export tariffs.

In general, the development stages and current state of automotive/electronics industries in

developing countries show the following path. The first stage is the limited importing/exporting

*

BK Contracting Professor, Seoul National University
** Manager, AT Kearney Korea
*** Professor, Seoul National University

AU Rz 22 20074 49 593



et WY UrS

of completely built-up (CBU) products aimed at serving the local market. At the second stage,
the industry shifts to SKD form. The third stage is CKD importing/exporting. After
assembly-related technology has been accumulated through this process, the industry can
finally advance to the fourth stage, at which domestic souring of part can begin in earnest. In
cases of complete and integrated manufacturing, a firm wants to locate production as well as
supply in the country in which it is investing. Therefore, shipping point is not fixed in the
whole manufacturing process such as "Purchasing — Fabricating — Integrating — (Export)
Shipping — Distribution” in processing trade, and it is an important strategic decision-making
that the order can be inverted before or after processing.

Based on the existing theory of delayed product differentiation and processing trade, this
research seeks to introduce an expanded mathematical model for the optimal delayed
differentiation and export shipping point on the global supply chain management. The model
suggests the addition of several key variables such as the export shipping points, tax and
production difference index in traditional processing trade to the existent delayed product
differentiation model.

According to simulation result, cost difference of delayed differentiation appeared more than
3 times depending on the change of variation coefficient in developing country, but in case of
developed country, smaller cost difference is shown. This means that cost reduction effects of
delayed differentiation of developing country is greater than developed country.

The results of the system dynamics simulation confirm that the consideration of the
additional decision making variables such as shipping point and tax and production cost index
between the countries enhances current research on delayed product differentiation under
production localization strategy. In addition, the simulation results show that global optimum
is achievable on global supply chain when shipping point in processing trade and delayed
product differentiation are considered simultaneously, which would provide practical
implications for the field managers.

Key words: Global Supply Chain, Delayed Product Differentiation, Dynamic Simulation,
CKD, SKD, Risk-Pooling Effect.
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