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Business decision makers have come to realize that
outsourcing can effectively enhance

market competitiveness, and sustain the firm s
development. This study considers the

trade-off between in-house production and outsourcing
in a two-echelon supply chain. The

objective 1s to optimize the total profit per unit
time of the system. The deterministic model is
developed. Numerical examples and sensitivity
analysis are provided for illustration.
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Abstract
Business decision makers have come to realize that outsourcing can effectively enhance
market competitiveness, and sustain the firm’s development. This study considers the
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1. Introduction

Business decision makers have come to realize that outsourcing can effectively enhance
market competitiveness, and sustain the firm’s development. In doing so, the firm expands
outsourcing to products that are near-core but are not in their economic size. In recent years,
many firms have undergone a series of transformation such as downsizing and reorganizing,
and outsourcing has become one of the most dominant fashions. By outsourcing products, the
firm’s service value is ameliorated, service speed is elevated, but service cost is reduced. By
the same token, the firm can distribute the resources mostly to its core task which reduce its
total operating costs and generate greater value. Outsourcing plays acritical role in improving
afirm’s overall competitiveness. Therefore, it is a critical subject for every firm to trade off
between in-house production and outsourcing.

Alvarez and Stenbacka (2007) applied a real options approach to develop a general
characterization of a firm's optimal organizationa mode. Bengtsson and Berggren (2008)
explored the dynamics of outsourcing and production strategies in the telecom equipment
industry. Kuo, et a. (2010) considered a three-tier supply chain consisting of an origina
equipment manufacturer, a contract manufacturer and a supplier to analyze and compare
three outsourcing structures. Kaya (2011) considered an outsourcing model in which the
supplier makes the effort decison and an in-house production model in which the
manufacturer decides on the effort level and compared these two models with each other. Liu
and Nagurney (2011) studied the impacts of foreign exchange risk and competition intensity
on supply chain companies who were involved in offshore-outsourcing activities. This study
considers the trade-off between in-house production and outsourcing in a two-echelon supply
chain. The objective is to determine the decision variables and to optimize the total profit per
unit time of the system.

2. Assumptions and Notation

The following notations are used throughout this paper:

A set-up cost a Stagei (i=1, 2,3)

h; holding cost per unit per unit time at Stagei (i =1, 2, 3)

d; original demand of in-house production per unit time

d, original demand of outsourcing per unit time, d;> d,; This means that the
products from outsourcer sometimes give a harmful impression to customers;
In real world, the products are usually marked in the location of manufacturing
factory for the customers to distinguish in-house production or outsourcing
such as clothes, tennis ball.

r outsourced fraction of demand per unit time (0 < r < 1); decision variable

Q order quantity at Stage 1; decision variable

n number of cycles at stage 1, integer; decision variable



Cm  in-house production cost per unit( $/ unit)
C,  outsourcing cost per unit ($/ unit)
Cp,  origina opportunity cost; including the equipment cost and the management
cost for in-house production
p selling price per unit
TR  tota revenue per unit time
TC  total cost per unit time
Tr  totd profit per unit time
The model is devel oped with the following assumptions:
1. Theorigina demand rates of in-house production, d;, and the original demand rates of
outsourcing, d, are deterministic.
2. The sdlling price of all items are the same regardless which is from in-house production or
outsourcing.
3. Customer’s demand follows a function, d(r) , of outsourced fraction of demand, r,
such that:

d(r)=@Q-r)d;+rd, .

Since d;> d,, it means that more outsourced fraction leads to less customer’s demand.
4. Thein-house producing units are as new as the outsourcing units.
5. Thelead time between Stage 1 and Stage 2 of Figure 1 is assumed to be zero.

3. Model development

In this section, the mathematical model for the problem is developed. The inventory
system is referred to Figure 1. A two-echelon inventory system contains a distributor (Stage
1), a warehouse (Stage 2) consisting both an in-house production part shifted from Stage 3
and an outsourcing part, and an in-house production part (Stage 3). The distributor places
orders in response to the customer’s demand. For each cycle at Stage 1, Q units are ordered
from Stage 2. Each cycle at Stage 2 satisfies nQ units of demand from Stage 1. Stage 2
obtains these nQ units from two sources — in-house production and an outsourcing supplier.
The cycle length of Stage 2 isnQ/d(r) . In each cycle, Stage 2 can receive rnQ units of
outsourcing inventory. The remaining (1 — r)nQ units have to be manufactured from the
in-house production.

If the inventory level stays positive, the inventory plot at Stage 1 would be shifted by the
same amount, and there would be pipeline stock between Stage 1 and Stage 2. Since the
pipeline stock cost is not relevant to the model, it would not affect this analysis. From the
statement above, one has
Thetotal revenue per unit time

TR = In-house production revenue per unit time+ Outsourcing revenue per unit time
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Figure 1. Inventory system at Stage 1, 2, and 3 under n=2.(Pleasereferred to Teng et d., 2011)

TR(r,Q) = (pP—Ccm)(A—r)dy +(p—Cp)rdy . D

Thetotal cost per unit time TC = the setup cost per unit time (TC,) + the holding cost per unit
time (TC,+ TC3) + the opportunity cost per unit time (TC,).

(a) For the three stages, the setup cost per unit time can be written as follows:

TGQr,n) = Al r§1+ rda] | Ald rn)gﬁ rda] | Al rn)glﬂdz] 0
(b) Holding cost:
(i) For Stages 2 and 3, the holding cost per unit timeis:
TCo(@Qur.m =2y + L= ©
(i) For Stage 1, the holding cost per unit timeis:
TC3(Q) = 2h. @

(c) Opportunity cost:
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p
5
1+kr > ()
where k>0, is a constant. This means the more outsourced fraction of demand, r, leads to less
opportunity cost.

From (@), (b), and (c), the total cost per unit timeis

_ Cc
TC@rm=(2 2 I nd e, Sy 029, LDy, T

Thetotal profit per unit timeis
Tz (Q,r,n) =TR(r)-TC(Q,r,n) . (7)
The objectiveisto maximize Tz (Q,r,n).

4. Optimal solution

Due to the complexity of T7(Q,r,Nn) | itishard to prove the concavity. Accordingly, a
solution procedure is devel oped.

Solution Procedure 1
Step 1. Start with j=1.
Step 2. Set n = j, verify the concavity of Tz (Q,r,n) with respect to (Q, r) to get the

optimal valueof (Q,,r,).
Step 3. Use the result in Step 2 to calculate Tz(Q,,r,,,n) by (7).
Step4.j = +1,if ATz(Q.,r,,n—1)>0>ATz(Q,,r,,n), where
ATz(Q;,r, ,n+1) —ATz(Q,,r,,n), then go to Step 5. Otherwise go to Step 2.

Step 5. Tz(Q;,r,,n) istheoptimal solution. Stop.

Example 1:

Assuming d; =140, d,=100, p=60, c,~=30, ¢, =35, A; = 25, A, = 100, A3 =50, h; = 2,
h, =1, h3 = 0.3, ¢, =3000, k=9.

For n=2 (n=1refer to Table 1), one has
100(140-40r) 3Q 3000

>~ 03(1-NQ- .

Tr(Q,r,n)=4200-1700r —



100(140— 40r)
2

0Tm/00 = ~1.8+03.

oTr/or =—1700+@ +0.3Q+ 270002 .
Q (1+9r)

If 0O<r<1, then

97200000(140—40r) _ —4000
2

2
Q*(+9r)® +09

Hessian matrix value =

_ 97200000(100)

-4000 N
Q*(10°

7 0.3)

(

~0.09Q* + 2400Q? + 9720000Q — 16000000

Q4 .

Since the denominator of Hessian matrix value, Q* is positive, we only need to estimate

the positive interval of numerator (-0.09 Q*+2400 Q%*+9720000Q-16000000). From Figure 2,
the positive interval is 2<Q<500. Therefore, the positive-definite Hessian matrix resultsin
optimal (Qz, r2 ) values as 2<Q<500 and 0<r<1. By settingdTz/dQ =0 and dTx/or =0,
one has Q.*=86.3, r,*=0.34, and Tz =$2590. For n=1, 3, 4, and 5, the solution islisted as
followsin Tablel:

Table 1. The solution procedure of maximizingTr .

dl =140, d2:100, p=60, c=30, ¢, =35, A; =25, A, =
100, Az =50, hy = 2, h, = 1, h3 = 0.3, ¢, =3000, k=9.

n Q r Tr

1 141.9 0.341 2571
2 86.3 0.341 2590
3 64.2 0.342 2588
4 52.2 0.342 2581
5 44.6 0.343 2571

From Table 1, the optimum is n*=2, Q*=86.3, r*=0.34, and Tz *=$2590.
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Figure 2. Graph of  y = -0.09 Q*+2400 Q*+9720000Q-16000000.

5. Conclusion

Most of the papers available in literature address the problem for outsourcing with
empirical research. The literature on model development is very limited. This paper applies
the past empirical resultsto develop a profit model.

In the recent years, due to limited resources, outsourcing plays a critica role in
improving a firm’s overall competitiveness. The firm can distribute the resources mostly to
its core task, reduce its total operating costs and generate greater value. However, there exist
both the proposed advantages and the suspected disadvantages of outsourcing. This paper
considers the trade-off between in-house producing and outsourcing in a two-echelon supply
chain to develop a deterministic model for the system. Solution procedure is developed.
Numerical examples and sensitivity analysis are provided for illustration. From sensitivity
analysis, we can see the trend of outsourced fraction, r. The results obtained in this paper will



provide managerial insights to administrative personnel in decision making. Further research
can be done to consider the stochastic demand.
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Abstract
Business decision makers have come to realize that outsourcing can effectively enhance
market competitiveness, and sustain the firm’s development. This study considers the
trade-off between in-house production and outsourcing in a two-echelon supply chain. The
objective is to optimize the total profit per unit time of the system. The deterministic model is

developed. Numerical examples and sensitivity analysis are provided for illustration.
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1. Introduction

Business decision makers have come to realize that outsourcing can effectively enhance
market competitiveness, and sustain the firm’s development. In doing so, the firm expands
outsourcing to products that are near-core but are not in their economic size. In recent years,
many firms have undergone a series of transformation such as downsizing and reorganizing,
and outsourcing has become one of the most dominant fashions. By outsourcing products, the
firm’s service value is ameliorated, service speed is elevated, but service cost is reduced. By
the same token, the firm can distribute the resources mostly to its core task which reduce its
total operating costs and generate greater value. Outsourcing plays a critical role in improving
a firm’s overall competitiveness. Therefore, it is a critical subject for every firm to trade-off
between in-house production and outsourcing.

Alvarez and Stenbacka (2007) applied a real options approach to develop a general
characterization of a firm's optimal organizational mode. Bengtsson and Berggren (2008)
explored the dynamics of outsourcing and production strategies in the telecom equipment
industry. Kuo et al. (2010) considered a three-tier supply chain consisting of an original
equipment manufacturer, a contract manufacturer and a supplier to analyze and compare three
outsourcing structures. Kaya (2011) considered an outsourcing model in which the supplier
makes the effort decision and an in-house production model in which the manufacturer
decides on the effort level and compared these two models with each other. Liu and Nagurney
(2011) studied the impacts of foreign exchange risk and competition intensity on supply chain
companies who were involved in offshore-outsourcing activities. This study considers the
trade-off between in-house production and outsourcing in a two-echelon supply chain. The
objective is to determine the decision variables and to optimize the total profit per unit time

of the system.

2. Assumptions and Notation

The following notations are used throughout this paper:

A set-up cost at Stage i (i=1, 2, 3)

hi holding cost per unit per unit time at Stage i (i=1, 2, 3)

d, original demand of in-house production per unit time

d, original demand of outsourcing per unit time, d;> d,; This means that the
products from outsourcer sometimes give a harmful impression to customers;
In real world, the products are usually marked in the location of manufacturing
factory for the customers to distinguish in-house production or outsourcing

such as clothes, tennis ball.

r outsourced fraction of demand per unit time (0 < r < 1); decision variable
Q order quantity at Stage 1; decision variable
n number of cycles at stage 1, integer; decision variable

International Conference on Innovation and Management, Republic of Palau, July 15-18, 2012.
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Cn  in-house production cost per unit ($ / unit )
Co outsourcing cost per unit ($ / unit )
Cp original opportunity cost; including the equipment cost and the management
cost for in-house production
p selling price per unit
TR total revenue per unit time
TC  total cost per unit time

Tz total profit per unit time

The model is developed with the following assumptions:

1. The original demand rates of in-house production, d;, and the original demand rates of
outsourcing, d are deterministic.

2. The selling price of all items is the same regardless which is from in-house production
or outsourcing.

3. Customer’s demand follows a function, d(I) , of outsourced fraction of demand, r, such
that:
d(r)=(1-r)d, +rd,
Since d;> d,, it means that more outsourced fraction leads to less customer’s demand.
The in-house producing units are as new as the outsourcing units.

5. The lead time between Stage 1 and Stage 2 of Figure 1 is assumed to be zero.

3. Model Development

In this section, the mathematical model for the problem is developed. The inventory
system is referred to Figure 1. A two-echelon inventory system contains a distributor (Stage
1), a warehouse (Stage 2) consisting both an in-house production part shifted from Stage 3
and an outsourcing part, and an in-house production part (Stage 3). The distributor places
orders in response to the customer’s demand. For each cycle at Stage 1, Q units are ordered
from Stage 2. Each cycle at Stage 2 satisfies nQ units of demand from Stage 1. Stage 2
obtains these NQ units from two sources — in-house production and an outsourcing supplier.
The cycle length of Stage 2 isNQ/d(r) . In each cycle, Stage 2 can receive nQ units of
outsourcing inventory. The remaining (I — r)nQ units have to be manufactured from the
in-house production.

If the inventory level stays positive, the inventory plot at Stage 1 would be shifted by the
same amount, and there would be pipeline stock between Stage 1 and Stage 2. Since the
pipeline stock cost is not relevant to the model, it would not affect this analysis. From the
statement above, one has

The total revenue per unit time

TR = In-house production revenue per unit time + Outsourcing revenue per unit time

International Conference on Innovation and Management, Republic of Palau, July 15-18, 2012.
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On-hand stock at stage 1
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Q Time
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*
)
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ZrQ ............................
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Time

Figure 1: Inventory System at Stage 1, 2, and 3 under n=2.
(Please Referred to Teng et al., 2011)

TR(1,Q) = (=)= N)d; + (p—Co)rdy

The total cost per unit time TC = the setup cost per unit time (TC)) + the holding cost per

unit time (TC,+ TC;) + the opportunity cost per unit time (TCy).

(a) For the three stages, the setup cost per unit time can be written as follows:

Al(1-r)dy +rd;] N A[(1-1)d; +rd,] L Ali=n)d; +rdy]

TC(Q,r,n)=
1(Q,r,n) 9 "0 0

(b) Holding cost:
(1) For Stages 2 and 3, the holding cost per unit time is:

-1 1-
009, 0-nQ,,

TCH(Q,r,n)=

(i1) For Stage 1, the holding cost per unit time is:

International Conference on Innovation and Management, Republic of Palau, July 15-18, 2012.
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TC3(Q) = %hl L (4)
(c) Opportunity cost:
“p
1 N kr R R R R (5)

where k>0, is a constant. This means the more outsourced fraction of demand, r, leads to less
opportunity cost.
From (a), (b), and (c), the total cost per unit time is
Ao

A
TCQ,r,n) = (2 + 2
(Q,r,n) (Q+nQ

A -1 1— c
A= srdy) Ly Oy, G B

The total profit per unit time is

Ta(Q,r,n) =TR(F) —=TC(Q,F,N) cneeeittiti e (7)

The objective is to maximize T 7(Q, T, Nn).

4. Optimal Solution
Due to the complexity of Tz(Q,r,n), it is hard to prove the concavity. Accordingly, a

solution procedure is developed.

Solution Procedure 1

Step 1. Start with j=1.

Step 2. Set n = j, verify the concavity of T7(Q,F,N) with respect to (Q, r) to get the optimal
value of (Q,,r,).

Step 3. Use the result in Step 2 to calculate Tn(Q:, r: ,N) by (7).

Step 4. j =j +1, if ATz(Q,.r,,n—1)>0>ATz(Q,,r,,n), where
AT;z(Q:, rn*,n +1)— AT?Z'(Q:, r:,n) , then go to Step 5. Otherwise go to Step 2.

Step 5. Tﬂ'(Q: , r: ,N) 1is the optimal solution. Stop.

Example 1:

Assuming d; =140, d,=100, p=60, c=30, ¢, =35, A; =25, A, =100, A3 =50, h; =2,
h,=1, h3=0.3, ¢, =3000, k=9.

For n=2 (n=1 refer to Table 1), one has

T2(Q,r,m) = 4200 — 1700r — 1000402400 _ 3Q 34 1y 3000
Q 2 1+9r
OTz[oQ = 100(1402_ 00 1 8+03

International Conference on Innovation and Management, Republic of Palau, July 15-18, 2012.
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oTr/or :—1700+M+0.3Q +&OOZ.
Q (1+9r)

If 0<r<1, then

97200000(140 — 40r)

3 : —4000
Q3(1+9r)

Q 2
—4000
Q@

Hessian matrix value = 0.3)*

(

_ 97200000(100)

0.3)?
Q’(10y° :

(

~ —0.09Q* +2400Q? +9720000Q — 16000000
Q4

Since the denominator of Hessian matrix value, Q* is positive, we only need to estimate
the positive interval of numerator (-0.09 Q*+2400 Q*+9720000Q-16000000). From Figure 2,
the positive interval is 2<Q<500. Therefore, the positive-definite Hessian matrix results in
optimal (Q’, r,") values as 2<Q<500 and 0<r<1. By setting0Tz/0Q =0 and 6Tz/or =0,
one has Q,*=86.3, r,*=0.34, and Tz =$2590. For n=1, 3, 4, and 5, the solution is listed as
follows in Tablel:

Table 1: The Solution Procedure of Maximizing T7 .

dl =140, d2:100, p:60, Cm:30, Co =35, A= 25, A, = 100, Az = 50, hl =2, hz =1, h3 =0.3, Cp =3000, k=9.

n Q r Trx
1 141.9 0.341 2571
2 86.3 0.341 2590
3 64.2 0.342 2588
4 522 0.342 2581
5 44.6 0.343 2571

From Table 1, the optimum is n*=2, Q*=86.3, r*=0.34, and T7 %=$2590.

International Conference on Innovation and Management, Republic of Palau, July 15-18, 2012.



Hui-Ming Teng and Ping-Hui Hsu

y =-0.08 0 +2400 042 +97 20000 02- 16000000

Ze+H154

1e+H19 1

0 _ 100 200 o0 400 =00

-1 e+H154

-Ze+H15 1

Figure 2: Graph of y = -0.09 Q*+2400 Q*+9720000Q-16000000.

5. Conclusion

Most of the papers available in literature address the problem for outsourcing with
empirical research. The literature on model development is very limited. This paper applies
the past empirical results to develop a profit model.

In the recent years, due to limited resources, outsourcing plays a critical role in
improving a firm’s overall competitiveness. The firm can distribute the resources mostly to its
core task, reduce its total operating costs and generate greater value. However, there exist
both the proposed advantages and the suspected disadvantages of outsourcing. This paper
considers the trade-off between in-house producing and outsourcing in a two-echelon supply
chain to develop a deterministic model for the system. Solution procedure is developed.
Numerical examples and sensitivity analysis are provided for illustration. From sensitivity

analysis, we can see the trend of outsourced fraction, r. The results obtained in this paper will
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provide managerial insights to administrative personnel in decision making. Further research

can be done to consider the stochastic demand.
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