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Abstract - Many Japanese manufacturing companies
have moved their production facilities partially or
completely to China and other Asian countries, and the
products produced at such oversea production bases are
reversely imported into Japan. While this hollowing out
production bases outside Japan enables them to reduce the
labor and other operation costs, it incurs the extra logistics
costs. In addition, the market lead time becomes inevitably
longer, resulting in the increased inventory costs. In order to
compensate these negative effects, certain Japanese
companies have been implementing the SI (Skeleton
Imports) strategy, where a variety of products in small
quantity would be designed in such a way that a common
frame (called Skeleton) can be used for all the products and
various product specifications can be mounted onto the
common frame to produce a variety of products in small
quantity efficiently. The purpose of this paper is to analyze
the positive effects of the SI strategy via simulation.

Keywords — Hollowing out, logistics losses, skeleton
imports

I. INTRODUCTION

During the past decade, the Internet has impacted the
way businesses are conducted across all industries. In
manufacturing of consumer products, because of the
Internet, the industry has been shifting rapidly from
“production based on demand estimates” to “production
based on confirmed orders.” In light of a variety of
products in small quantity demanded by the consumer
market, this change enables one to reduce the inventory
costs significantly, and is now one of the key factors to be
competitive in manufacturing.

In order to facilitate the order-based production, an
efficient information infrastructure is absolutely necessary,
synchronizing all business activities throughout the value
chain from sales and services in the downstream to
procurement of parts and materials in the upstream. The
necessary information infrastructure has become readily
available by creating an intranet on the Internet. In printer
business, for example, the confirmed orders of a day
would be sent to a manufacturing plant from the sales
offices across Japan through the company’s intranet.
During the night, the production plan of the next day
would be established based on these confirmed orders. A
typical production lead time for printers is one day, and
the ordered products would be produced by the end of the
next day, and packaged and shipped out on the following
day. Accordingly, the market lead time from the

generation of an order to the delivery of the products
would be within three days.

Many Japanese manufacturing companies have moved
their production facilities partially or completely to China
and other Asian countries. In the literature, many different
factors are discussed for motivating outward FDI (Foreign
Direct Investment), including heterogeneity in
productivity among domestic firms [1] [2], networks to
sell products to buyers from the same country [3], rapid
demand growth in the FDI host country [4], and cheaper
costs for labor and others [5] [6]. For the case of Japan,
the last two factors seem to be most important. Other
references concerning FDI and the hollowing out effects
include [7], [8] and [9].

While moving the production facilities abroad may
reduce the production costs significantly, it also inevitably
incurs additional logistics costs at the same time.
Furthermore, the market lead time would be prolonged
and the order-based production becomes impossible
because of the transportation time over several days. In
order to compensate these negative effects, certain
Japanese companies have been implementing the SI
(Skeleton Imports) strategy, where a variety of products in
small quantity would be designed in such a way that a
common frame (called Skeleton) can be used for all the
products and various product specifications can be
mounted onto the common frame to produce a variety of
products in small quantity efficiently. While Skeletons are
produced abroad and imported to Japan, manufacturing
operations to meet a variety of product specifications are
done at logistics centers in Japan. Such a combination of
production of Skeletons abroad and value-added logistics
within Japan enables one to take advantage of cost
reduction by producing abroad and to maintain the
almost-order-based production at the same time. The
purpose of this paper is to examine the impact of this new
phenomenon through Monte Carlo simulation.

II. MODEL DESCRIPTION

In this section, a production system is considered
where one type of products with K different variations
would be produced. These variations are written as
product i, =1,2, .-+ K. With time unit taken to be a day,
the demand of product i during day ¢ is denoted by D;(¢),
t=1,2,--- T. Three different models are introduced in order
to evaluate the effects of the SI strategy for compensating



logistics loses and other negative effects caused by
moving production bases outside Japan.

A. Model I: Domestic Production

Model I corresponds to a case where the products are
produced based on confirmed orders at a centralized
manufacturing plant within Japan, where the production
lead time of any product is assumed to be one day. Let

X ,(¢) be the production quantity of product i during day ¢.

Because of the order-based production with the
production lead time of one day, one has

X, (t+1)=D.(). m

A set of parts necessary for producing one unit of
product 7, however, would require the procurement lead
time of k. days. In other words, an order placed at the

beginning of day ¢-k;;+1 would be delivered to the

manufacturing plant (M.P.) at the end of day ¢. Assuming
that the safety stock is set to cover the production of next
m; days, one has to estimate the demands until day

t+m;in order to determine the order quantity at the
beginning of day/—k,;+1. More specifically, let D;(z,z)
and X,,(r,/) be the estimates of D;(r) and Xx,,()
respectively estimated at the beginning of day v , and
define @,,(r) to be the order quantity of the parts for

product i placed at the beginning of day ¢. Furthermore,
let 7,,(s)be the inventory level of product i at the end of

day t. One then sees that

Op (t=tpy+1)= Dy (t =k + 1t +my —1)
:)?”(t—k”Jrl,HmI) (2)

and
I (1) :[il:[(t):r g ()= 11 (=04 Oy (1 =k +1)= X1 (1), ()

where [x]" = max{x,0} . Let f,(7;,7,) be the overall profit

generated from the products delivered to the market
between day 7, and day 7,. Assuming that the delivery

lead time is one day, one has

11T T) =27 KDy (e =1+ 8 {13 (7) <0} 1y (1)} -(B ~TC, ~e1; ~ORy)

+Zfi}12_22£15{fu (7)< 0} Iy (7)-CLy ()]

where s{p}=1 if statement P holds true, and s{P}=0
otherwise. Here, P and 7C; are the price and the

transportation cost respectively of one unit of product i,
¢;; and op,; are the parts cost and the operation cost

respectively for producing one unit of product i, and r is
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the inventory holding cost. In addition, CI; is the cost per

unit of product i for losing confidence by failing to meet
the demand.

B. Model II: Hollowing-Out Production Bases

In Model II, the oversea M.P. would produce all the
final products, which would be received at the distribution
center (D.C.) inside Japan and then delivered to the
market. It is assumed that the transportation lead time
between M.P. and D.C. would be / days. Despite this
transportation delay, the supply chain is managed in such
a way that the market lead time is reduced from three days
to two days, enhancing the service in the eyes of the
customers at the expense of the increased inventory cost.
In other words, the confirmed orders of day r— 1 would be
sent to D.C. from the sales offices across Japan through
the company’s intranet. During day ¢, the ordered
products would be packaged and shipped out, resulting in
the market lead time of two days, provided that the
inventory stock is large enough.

At D.C., the safety stock of the final products would
be to cover y,,., . days worth of the estimated demands.
Let sp,., () be the quantity of product i to be shipped
from M.P. to D.C. at the beginning of day ¢ The
inventory level of product i at D.C. at the end of day ¢ is
denoted by 7,.5.(t). We also define x,,,(s) to be the
production quantity during day ¢ at M.P. One then sees
that

SPyp.ci(t=1+1)= Xy (t=1) =Dy (t= Lt + my.p ¢ 1), (%)

and

Ipcilt)= [L[:D.C:i(f)r :
Typ.cilt)=Tp.cilt =1)+ SPy.p ot =1 +1)= Dyt -1). (6)

Here, the products shipped from M.P. to D.C. at the
beginning of day ¢ — /+1 would be produced at M.P.
during day ¢—/. This delivered quantity, to reach D.C. at
the end of day ¢, would be to cover the processing at D.C.
for day ¢ +my., .~ -1, explaining (5). Equation (6) states
that the inventory level at the end of day ¢ would be the
sum of the inventory level at the end of day #—1 and the
delivered quantity at the end of day # minus the demand of
day t— 1 processed during day .

At M.P., the procurement lead time is assumed to be
k,;;days, and the safety stock for the parts would be to
cover my.,, p days worth of manufacturing operation at
M.P. Let 9., () and X, (zr) be defined similarly to
0p.(c) and %,,(r,7) respectively. As for Model I, one then
sees that

)A(”j(r,t)=bi(f,t+l+m11:D.C. -1). ™



Accordingly, it follows that

On-ym.pi (f —kp + 1) = )A([[:i (f —kypi +Lt+my . p, )

=D, (1=K + Lt +myppy p +1+mype ~1). @®

The inventory level of the parts for producing product i at
M.P. at the end of day ¢, denoted by 1,.,, p,(¢), is then

given by

Iragpi ()= [iII:M.P:i (’)T

Tranpi (8) = Tpar pi (0=1)+ Oppaag i (¢ =eyp +1) = X (¢).- )

Let f,@.1,) be the overall profit of Model II

generated from the products delivered to the market
between day T, and day 7. It can be seen that

Su(B.5)= Z,Ti}:,lifil{D, (=) +‘S{I~II:D.CJ (7)< 0} Inpei (T)} (B=TG—cppci —Ofrpci)

etk Lmaapi (7=0)iagpi(7)
Z,':[ - L

Xy 2 CMpit
Iypeilt=)+1ppeilT
Bk lpe e
_Zz;lefil 1 )27'( )'CII:D.C.,"V
B-1 (5 =
+X 2N ‘5{111:0.0.,' (7) <0} Types(7)-CLy, (10
where one has
cipci =cum i+ OFry pi + M- an

We first note that ¢, -, in (11) is the unit cost for the

final product inventory at D.C. where and

CII:M .P:i
0Py p ar€ the procurement cost and the operation cost at
M.P. per one unit of product 7 respectively, and M ;.; is
the import cost per one unit of product i. The first term on
the right hand side of (10) gives the profit, excluding the
inventory costs at M.P. represented by the second term,
the inventory costs at D.C. expressed by the third term
and the confidence loss costs given in the last term.

C. Model III: Skeleton Imports

In Model III, M.P. abroad would produce only
Skeletons which are common for all K products. The
Skeletons would then be shipped to D.C. in Japan where
the final processing for meeting the specifications of the
individual products would take place. As before, the
confirmed orders of day £—1 would be sent to D.C. from
the sales offices across Japan through the company’s
intranet. During day ¢, the ordered products would be
processed by incorporating necessary specifications onto
Skeletons. By the end of day #+1, they would be packaged
and shipped out, resulting in the market lead time of three
days, provided that the inventory stock is large enough.

In contrast to Model II, Model III requires to estimate
only the total demand of the K different products at M.P.,
which is the major advantage of the SI strategy. More
specifically, let
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D(1)=xK,D;(1). 12)
It can be seen that
VarD(0)|= 2K var|D, (0)+ 25 ;Cor D0, D, 0)) (13)

Since the K different products are variations of one
product type, they are substitutable in that the demand
increase of product i would be likely to result in the
demand decrease of other products. Accordingly, one has
ColBy(0).5, (1)< 0 S0 that var|D(e)|< X var|D,(r)]- This means
that estimating the total demand can be more accurate
than summing the individually estimated demands.
Because of this possibility of reducing the estimation
error, the safety stock of the Skeletons at D.C. in Model
IIT may be reduced in comparison with that of the final
products in Model II. Namely, let the safety stock of the
Skeletons at D.C. be to cover my;., . days worth of the

estimated demands. Then, one expects that
myr.pc. <M:pc.» 14)

resulting in significant reduction of the inventory cost.
Let sp,pc() be the quantity of Skeletons to be

shipped from M.P. to D.C. at the beginning of day¢ . The
inventory level of Skeletons at D.C. at the end of day ¢ is
denoted by Ipe (1) - We also define Xy (1) tO be the

production quantity of Skeletons during day ¢ at M.P. As
for Model II, one then sees that

SPyrpc (t=1+1)= Xy (t=1)=D(t =L+ mpypp c ~1), 1s)

and

Iyppe.(t)= [iHI:D.C. (lﬂ+ ;

Tnrpe () =Tnrpe (t=1)+SPypp.c. (t=1+1)-D(t-1). (16)

Let ky;.pc,; be the procurement lead time in days for

the parts needed to meet the individual specifications. Let
Our.n.c:(¢) be the order quantity of such parts for product i

placed at the beginning of day . It can be seen that
Onrp.ci(t=kirpci+1) =Dy (t=kyrp.ci+Li+myrpc;=1). 17)

The associated inventory levels, denoted by 7 H,:ch(t),
are then given by

Impci(t)= [iIII:D.C.i (1)]+ ;

I (1) = Lurpci (1=1)+ Qurag p (1 =k +1)=D; (1-1). 13)

At M.P., the procurement lead time is assumed to be

k;y days, and the safety stock for the parts for producing

Skeletons would be to cover my,,, , days worth of
manufacturing operation at M.P. For Skeletons, let



O p(t) and %,,(z ;) be defined similarly to g,.() and

X, (z.t) respectively. As before, one then sees that
X (e,8)=D(e,t+ 14 myppe ~1). 19)

Accordingly, it follows that

O\t =k +1)= Xy (6= kg + 1t + mpag p,)

=D(t—kpyy + 1Lt +mygagp,+1+mpypc —1). (20)

The inventory level of the parts for producing Skeletons at
M.P. at the end of day #, denoted by 71,,.,, » (), is then

given by

Inrarp (1) = [iHI:M.P. (l)]+ ;

T p.(8) = Trragp (t=1)+ Oprar p (¢ =heyy +1) = Xy (£) . 21

Let f,,(1;,7,) be the overall profit of Model III

generated from the products delivered to the market
between day 7; and day 7. The involved costs can be
categorized into five classes: the costs directly associated
with production and transportation of Skeletons; the
inventory cost for keeping the safety stock of Skeletons at
D.C.; the inventory costs for keeping the safety stock of
parts necessary for product i at D.C.; the inventory cost
for keeping the safety stock of parts for producing
Skeletons at M.P.; and the cost for losing confidence by
failing to meet the demand. It can be seen that

Sur(5.13)

~ (7 - D(r-1
= 2?:7\2722,!; Dy(z-1) +b{1111:0.c (7)< 0} Inpe (7): D’((r—l)) (BTG =cpppei=cnrpe. ~OPupei)

-2 Lmpe(t=)+mpc.(7)

- 2 eurpe.
Lypes (t=0)+Lypes
SE2, zﬁlw st
L, —1)+1y,
'ZZT(:/{] arp (7 l* III.M.P.(T)_L‘[”M‘R*
_ (= - D(r-1
+2:2:T\2—] zfi]b{llllzo.(‘.(f) < 0} Tipe. (7) D((r—l)) -CL, (22)
where one has
cur.pc. = Curm.p.+ Oy p.+ 1My (23)

Cost parameters are similar to those for Model II except

curpc; Which describes the cost of parts necessary for

producing one unit of product i at D.C.

III. SIMULATION MODEL

In year 2005, approximately 1 million laser printers
were sold in Japan. The market share of the top maker
was about 30%. This means that, on the average, the
maker sold 1154 products per day assuming 260 working
days a year. Based on this, the daily demands of the total
products p(r) r=1,2,--,120 are generated randomly from

the distribution of N(1200,50), where N(ux , 0 ) is a
normal variate with mean u and standard deviation o .
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These total demands are then allocated into K different
products over time using a randomly generated transition
probability matrix with the uniform distribution over
[O,K ] as the initial probability vector. More specifically,

let P be the randomly generated transition probability
matrix and define p” (0) =[1, --, 1]/ K . One then has

DT (0y=D@)x p" (1 p" ()= p" (1-1)P, £=1,2, 120, (24)

where p’()=[p,¢),-- Dr@]- In order to avoid ,7( to
approach the ergodic probability vector, the transition
probability matrix P is regenerated every 10 days.

Given p’(f) r=1,2,-,120, we next turn our attention to
produce the demand estimates 5" (;) /=1,2,..120 . For this
purpose, we employ the classical exponential smoothing
approach, see e.g. [10]. We recall that p(;,) is the total
demand of day ¢ estimated at the beginning of day t . Let
L and B be the number of terms to be used and the

underlying geometric parameter for the exponential
smoothing. In order to emphasize the dependence of

D(z.yon L and B, we write D(z,|p,1). We begin with

= t so that one has

_ Byt
olip.)=LU D 2s)

Dle.e|.L)=x%,6018.L (- )+ &(p.L) C1-(-p)f

Then, the optimal value g* is determined so as to

minimize ¢(g,1)?, i.e.
B* = argmin [£(B,L)’]. (26)
0<p<1
Using this optimal g*, one then generates
Blee)=Bee | L) D(eels’ L) =xhi0(s]8" L )p(e-) @
In general, with = t +m, one has for m=1,---,M,

ﬁ(r,r+nz):ﬁ(r,r+m‘ﬁ*,L);
ﬁ(r,r+nz‘ﬂ*,L)

= '}’:lg(j‘ﬂ*,[,)ﬁ(r,r+mfj)JrZ‘jlvimﬂg(j‘ﬂ*,[,)D(rer—j)A (28)

Simulation for Model III can be carried out through
the above procedures. For Model II, Equations (27) and
(28) are applied separately to the K individual products.
The number of simulation runs is determined in such a
way that the relative errors of the cumulative averages of
the profit functions in (4), (10) and (22) fall below 0.005
three times consecutively. Parameter values employed for
the numerical experiments conducted in this paper are
summarized in Table 3.1 on the next page.



TABLE 3.1
PARAMETER VALUES (:$; ™" days)
Common Model I Model IT Model IIT
p | 1500 [k, ] 2 ko P 2
7C; | 5o m; i 3 MM P, i kippci i 2
" 0.05 Cri " | 600 Mmypc. i MM P i 2
CL; "] 100 OPy; "] 700 CIIM . Pi ) 600 | e i 2
K 7 OPy.y pii " | 300 myrpci HEE
T " 50 OPy1.p ci i 50 CIII:M P. i 300
7, " 100 M ) 100 Curp.Ci ) 300
L 5 OPpru.p, 200
I 3 OPyr.p.ci " | 200
My ) 50

IV. DISCUSSION: NUMERICAL RESULTS

One of the major advantages of the SI strategy in
Model III can be found in that estimating the total demand
can be more accurate than summing the individually
estimated demands in Model II. Because of this, the safety
stock at D.C. for Model III can be set smaller than that for
Model II as in (14). For the numerical experiments
reported in this section, these values are set to be ;- =2

and s, =3. Let the demand estimate error for Model 11
be defined as Z?:lej'{: {D,(0)- Dj(f)ﬂ, and for Model III, as

i

b (D)~ D) - These values are summarized in Table

4.1. It can be seen that the demand estimate error for
Model III is approximately three times smaller than that
for Model II at D.C. This ratio exceeds four at M.P.,
demonstrating the validity of the SI strategy.

In Fig. 4.1, the overall profit functions are exhibited as
a function of the oversea operation costs at M.P. while the
domestic operation costs at D.C. are fixed. One can see
that when the cost difference between D.C. and M.P. is
small, the complete oversea production in Model II
exceeds the SI strategy in Model III. As the difference
becomes larger, however, Model III supersedes Model II.
In light of the trend that the labor costs in developing
countries have been steadily increasing, this fact justifies
the adoption of the SI strategy by Japanese manufacturing
corporations.

V. CONCLUSION

This paper develops simulation models for analyzing the
positive effects of the SI strategy, which is a new
phenomenon recently practiced by certain Japanese
manufacturing corporations. Numerical results reveal that
the SI strategy is justifiable when the oversea operation
costs exceed a certain level in comparison with the
domestic operation costs.
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TABLE 4.1
DEMAND ESTIMATE ERROR
At D.C.[ At M.P.
Model I | 1,087 | 1518
Model III 367 374

S 10000000
& \\ \ —e—Model |
5000000

—m Model 11

— —
—a— Model 11l
o
20 90 160 230 300 370 510 580
15,000,000 \\
10,000,000}

15,000,000
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Oversea Operation Cost (§)

Fig. 4.1. Performance comparison of three models.
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