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% <~ 4 & : This study considers an inventory problem consisting
of uncertain demand and uncertain supply (imperfect
items with random defective percentage) in a two-
echelon supply chain. The analytic algorithm is
presented to derive the optimal order quantity such
that the expected profit is maximized. Numerical
example and sensitivity analysis are provided to
11lustrate the theory.
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This study considers an inventory problem consisting of uncertain demand and uncertain supply (imperfect items with
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1. Introduction

An era of globalization and the corresponding intense competition, consumers nowadays hold a
wide range of expectation and a wide variety of products. Facing such production environment,
industries need to adjust the inventory to react to customers’ demand in a timely manner. Strategies
to effectively control inventory and minimize operating costs thus become a critical issue.

Majority of the relevant literatures assume that suppliers provide good quality items. In practice,
suppliers sometimes provide defective items due to imperfect production process and/or negligence

*ADDRESS FOR CORRESPONDENCE: Hui-Ming Teng, Department of Business Administration, Chihlee Institute of Technology, New
Taipei, 22050, Taiwan
E-mail address: tenghuim@mail.chihlee.edu.tw / Tel.: +886-2-22537100
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by the personnel. The kinds of incident negatively affect the suppliers’ inventory quantity and
ordering frequency, and further damage the company’ reputation. Therefore, dealing with defective
items in order to maximize profit becomes an important topic.

On the issues of single-period problem with uncertain demand, most of previous studies use the
well-known newsboy model. Lin and Kroll (1997) developed the single-item newsboy problem with
quantity discount and a dual performance measure. Huang (2001) found out the optimal ordering
quantity and pricing policy to maximize the total expected profit for perishable goods. Haji et al. (2007)
considered a newsboy problem in which the suppliers offer quantity discount and the initial inventory
at the beginning of the period is a random variable. Tiwari et al. (2011) derived an optimal ordering
policy for an unreliable newsboy who can place two sequential orders before the start of a single
selling season by using a demand forecast update. However, the single-period problem with uncertain
demand and imperfect items supply has received little attention in past years.

This study, particularly, addresses a newsboy problem consisting of uncertain demand and
imperfect items supply with random imperfect percentage in a two-echelon supply chain. An
algorithm is presented below to derive the optimal order quantity such that the expected profit is
maximized.

2. Assumptions and notations

retail price per unit

wholesale price per unit; p>c

retailer’s salvage value per unit; p>s

retailer’s shortage cost per unit; represents costs of lost goodwill
random demand faced by the retailer

the probability density function of x

random defective percentage in Q, 0<A<1
retailer’s order quantity.

Qan\hﬁ"ﬁ
L—

I)E((QV’) retailer’s expected profit with respect to random demand x

3. Modeling and analysis

In this section, we formulate expected profit model for the retailer and supplier. Before the
selling period, the retailer purchases products from the supplier and sells them to its customers.
Due to the imperfect production processes from the supplier, each lot produced contains random

percentage,l , of defectives. Responding to this situation and facing to customers’ random
demand, x, the retailer needs to place an order that yields the optimal profit.

The retailer’s expected profit is as follows:

1-1
EE(Q|A)=§{L§ (b x—(c- (@)1 ()

0 (1)
+I [(p-c)d-2)Q-r(x—(1-2)Q)—(c—s)AQ] f (x)dx}.
(1-2)Q
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1-1
:j:{j; )Q[(p—c)x—(c—s)(Q—x)]f(x)dx

+ j [(p—c)(1-2)Q-r(Xx—(1-2)Q)—(c—5s)AQ] f () dx} g(2)d .
1-)Q

0

— EE(Q|A -
Q) X(Q| ) B

B (1-1)Q

IO [((p—pA-rA+si+r—-c)+(p- pl—rl+si+r—s)jo f (x)dx]g(A)dA. (2)
aQZEE((M) j 1-2)2(p+1 -9 (- HQIA)dA 3)

2
0
Since p>s, therefore — 5 EE(QJ4) <0, which leads to the function EE(Q|2)
0Q- A X A X

being strictly concave with respect to Q

An illustrative case study

In this section, a practical probability distribution is used to explain the results of section 3.2.
The random demand x is uniformly distributed over the range 0 and K, where K is constant. That
is,

1
f(x)=—
() = )

The random defective percentageldis uniformly distributed over the range 0 and {3, where B is
constant. That is,

1
1) =—
g(4) 5 (5)

0
By setting % E E(QM) =(0, the optimal order quantity

Q* _3K[2(p+r—c)—p(p+r—9)

23-36+B%)(p+r—-9 (6)
Example 1. p =700, c=500, s =50, r =25, K=15000, 3=0.1,
f(x) = 1 , and
15000
g(1) = —= = 10.
0.1

From Eq.(10), one has Q" = 4705, E E(QW =$262396.



Teng & Hsu / Procedia Information Technology & Computer Science (2013) 000-000

4. Sensitivity analysis

Sensitivity analysis (of section 3.2) is carried out when the parameters p, s and f§ are changed.
Table 1, Table 2, and Table 3 illustrates the effect of retail price per unit p and salvage value per
unit s on the order quantity and expected profit. Three Figures show the retail price per unit (p)
at 600,650, 700, 750, 800; the retailer’s salvage value per unit (s) at 40, 50, 60 and § at 0.05, 0.1,
0.15 with other variables unchanged. It is shown that as p and s increase, the retailer’s order

quantity and expected profit E I)E((QM) increase, while asfincreases, E I)E((QM) decreases.

Table 1. Sen is for parameters p, s with $=0.05sitivity analys

Figure 1 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with f=0.05

S

1
¢=500, r =25, K=15000, f (X) = ,9(4) =10
15000
EE(Q|A EE(Q|A

p|s| @ | EEQD || oo | EEQD | (| o | EEQ]
600| 40| 2976 -23| 50| 3035 20| 60| 3096 -16
650| 40| 3953 127028| 50| 4023 133066/ 60| 4095 139301
700| 40| 4787 310089 50| 4864 318676| 60| 4943 327523
750| 40| 5508 519253| 50| 5589 530398 60| 5673 541856
800| 40| 6137 749531| 50| 6221 763177| 60| 6308 777180
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Table 2. Sensitivity analysis for parameters p, s with 5=0.1

=500, r =25, K=15000, f (X) = 1 ,9(4) =10
15000

EE(Q|1 E E(Q|A EE(Q|1
p |s| o lx@|) s 0* Ax@|) s 0* léq)
600| 40| 2718 -57| 50| 2780 -54| 60| 2843 -50
650| 40| 3746 80805/ 50| 3819 87004 60| 3895 93412
700| 40| 4624| 253513| 50/ 4705 262396 60| 4788 271552
750| 40| 5383| 453697 50/ 5468 465273| 60| 5556 477178
800| 40| 6044| 676107| 50| 6133 690314| 60| 6224 704898
800000
£ 700000 — ——— —x
£ 600000 —*—p-600
B 500000 —=— =650
2 400000 p=700
£ 300000 e
B B —— p=800
T 100000 = - _ . D
~ 0 > > *
-100000
40 50 60
S

Figure 2 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with $=0.1

Table 3. Sensitivity analysis for parameters p, s with £=0.15

=500, r =25, K=15000, f (X) = 1 ,9(4)=10
15000

o |s] o [EE@D[ | o | EEQD | | o [ EE@H

600| 40| 2426 -89 50 2491 -86| 60 2558 -82
650/ 40| 3509 35971] 50 3586 42228 60 3666 48705
700) 40| 4434| 197412] 50 4519 206496| 60 4607 215868
750 40| 5233 387796/ 50 5323 399717 60 5416 411985
800( 40| 5930, 601594/ 50 6024 616287 60 6120 631378
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Figure 3 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with £=0.15

5. Conclusion

Supply chain risk management is mainly rooted in supply risk and demand risk. This study
demonstrates a newsboy problem consisting of both random demand with uniform distribution
and uncertain supply with random defective percentage in a two-echelon supply chain. An
algorithm is developed to derive the optimal order quantity. Numerical example and sensitivity
analysis are provided to illustrate the problem.
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This study considers an inventory problem consisting of uncertain demand and uncertain supply (imperfect items with
random defective percentage) in a two-echelon supply chain. The analytic algorithm is presented to derive the optimal order
quantity such that the expected profit is maximized. Numerical example and sensitivity analysis are provided to illustrate the
theory.
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1. Introduction

An era of globalization and the corresponding intense competition, consumers nowadays hold a
wide range of expectation and a wide variety of products. Facing such production environment,
industries need to adjust the inventory to react to customers’ demand in a timely manner. Strategies
to effectively control inventory and minimize operating costs thus become a critical issue.

Majority of the relevant literatures assume that suppliers provide good quality items. In practice,
suppliers sometimes provide defective items due to imperfect production process and/or negligence

*ADDRESS FOR CORRESPONDENCE: Hui-Ming Teng, Department of Business Administration, Chihlee Institute of Technology, New
Taipei, 22050,Taiwan
E-mail address: tenghuim@mail.chihlee.edu.tw / Tel.: +886-2-22537100
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by the personnel. The kinds of incident negatively affect the suppliers’ inventory quantity and
ordering frequency, and further damage the company’ reputation. Therefore, dealing with defective
items in order to maximize profit becomes an important topic.

On the issues of single-period problem with uncertain demand, most of previous studies use the
well-known newsboy model. Lin and Kroll (1997) developed the single-item newsboy problem with
quantity discount and a dual performance measure. Huang (2001) found out the optimal ordering
quantity and pricing policy to maximize the total expected profit for perishable goods. Haji et al. (2007)
considered a newsboy problem in which the suppliers offer quantity discount and the initial inventory
at the beginning of the period is a random variable. Tiwari et al. (2011) derived an optimal ordering
policy for an unreliable newsboy who can place two sequential orders before the start of a single
selling season by using a demand forecast update. However, the single-period problem with uncertain
demand and imperfect items supply has received little attention in past years.

This study, particularly, addresses a newsboy problem consisting of uncertain demand and
imperfect items supply with random imperfect percentage in a two-echelon supply chain. An
algorithm is presented below to derive the optimal order quantity such that the expected profit is
maximized.

2. Assumptions and notations

retail price per unit

wholesale price per unit; p>c

retailer’s salvage value per unit; p>s

retailer’s shortage cost per unit; represents costs of lost goodwill
random demand faced by the retailer

the probability density function of x

random defective percentage in Q, 0<a<1
retailer’s order quantity.

meNEX\Mﬁ"ﬁ
f—

@ |/1) retailer’s expected profit with respect to random demand x

3. Modeling and analysis

In this section, we formulate expected profit model for the retailer and supplier. Before the
selling period, the retailer purchases products from the supplier and sells them to its customers.
Due to the imperfect production processes from the supplier, each lot produced contains random

percentage,/l , of defectives. Responding to this situation and facing to customers’ random
demand, x, the retailer needs to place an order that yields the optimal profit.

The retailer’s expected profit is as follows:

1-1
55<Q|z>=5{j; (o o= (c-5)(Qx)1f oo

0 (1)
+I [(p-c)A-A)Q-r(x—(1-2)Q)—(c—s)AQ] f (x)dx}.
1-2)Q
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1-4
- Ij{ﬁ )Q[( p—c)x—(c—s)(Q—x)If (x)dx

+.[ [(p-c)1-2)Q-r(x-(1-2)Q)—(c—s)AQ]f (x)dx}g(4)dA.
-2)Q

d
“EE@QJ
aQ“(Q| )

g 1-2)Q
-[O [(p—pA-rA+si+r—-c)+(p— pﬂ—ri+sﬂ+r—s)fo f (x)dx]g(1)d 4.

2
0 B
~FEEQW _-[ " a-2%(p+r- 91 (- HQa(2)d2
Q- A x 0
82
Since p>s, therefore —5E E(Q|2) <0, which leads to the function EE(Q|2)
0Q° A X A X
being strictly concave with respect to Q

An illustrative case study

(2)

(3)

In this section, a practical probability distribution is used to explain the results of section 3.2.
The random demand x is uniformly distributed over the range 0 and K, where K is constant. That

is,

f(x):%

(4)

The random defective percentageldis uniformly distributed over the range 0 and {3, where B is

constant. That is,

1
A) ==
g()ﬁ

0 ¢

By setting %/1 E(QM) =0, the optimal order quantity
Q* _3K[2(p+r—c)-p(p+r—s)]

23-38+ B2)(p+r—3)
Example 1. p =700, c=500, s =50, r =25, K=15000, $=0.1,

1

f = , and
9 15000
1
A)=——=10.
g(4) 01

From Eq.(10), one has Q" = 4705, E I)E((QM) =$262396.

(5)

(6)
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4. Sensitivity analysis

Sensitivity analysis (of section 3.2) is carried out when the parameters p, s and f§ are changed.
Table 1, Table 2, and Table 3 illustrates the effect of retail price per unit p and salvage value per
unit s on the order quantity and expected profit. Three Figures show the retail price per unit (p)
at 600,650, 700, 750, 800; the retailer’s salvage value per unit (s) at 40, 50, 60 and g at 0.05, 0.1,
0.15 with other variables unchanged. It is shown that as p and s increase, the retailer’s order

quantity and expected profit E I)E((QM) increase, while asfincreases, E I)E((Q |/1) decreases.

Table 1. Sen is for parameters p, s with $=0.05sitivity analys

1
¢=500, r =25, K=15000, f (X) = ,9(1) =10
15000

pls| o | EE@D || g EEQ) | 5 | ¢ EEQI)
600| 40| 2976 -23/ 50| 3035 20| 60| 3096 -16
650| 40| 3953 127028| 50| 4023 133066 60| 4095 139301
700| 40| 4787|  310089| 50| 4864 318676| 60| 4943 327523
750 40| 5508  519253| 50| 5589 530398/ 60| 5673 541856
800/ 40| 6137| 74953150/ 6221 763177| 60| 6308 777180

.. 1000000

Lg —— p=600

= 800000 ——————%—— —8— p=650

g 600000 - - ~ p=700

= g ¥ =750

2 400000 b

s —%— p=800

E 200000 — - —

[

0
40 50 60
S

Figure 1 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with £=0.05
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Table 2. Sensitivity analysis for parameters p, s with 5=0.1

¢=500, r =25, K=15000, f (X) = 1 ,9(4) =10
15000

EE(Q|4 EE(Q|4 EE(Q|4
p |s| o M(QI) s 0* “(QI) s 0* AX(QI)
600| 40| 2718 -57| 50| 2780 -54| 60| 2843 -50
650| 40| 3746 80805/ 50| 3819 87004 60/ 3895 93412
700| 40| 4624| 253513| 50/ 4705 262396 60| 4788 271552
750| 40| 5383| 453697| 50| 5468 465273| 60| 5556 477178
800/ 40| 6044/ 676107| 50| 6133 690314| 60| 6224 704898
800000
2 700000 = * —x
£ 600000 —*—p-600
B 500000 —=—p=0650
3 400000 p=700
S 300000 p=750
% 200000 e
E 100000 - S - p=800
()
~ 0 * *> *>
-100000
40 50 60
S

Figure 2 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with 5=0.1

Table 3. Sensitivity analysis for parameters p, s with 5=0.15

¢=500, r =25, K=15000, f (X) = 1 ,9(4) =10
15000

p|s| o |EEQ O A EEQ 2O I EEQ 4)

600| 40| 2426 -89 50 2491 -86| 60 2558 -82
650] 40, 3509 35971] 50 3586 42228| 60 3666 48705
700| 40| 4434 197412 50 4519 206496/ 60 4607 215868
750] 40| 5233 387796/ 50 5323 399717 60 5416 411985
800| 40{ 5930, 601594 50 6024 616287 60 6120 631378
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700000
£ 600000 * a——"
o
& 500000 650
2400000
3 =700
= 300000 o
= 200000 b=
O _
= 100000 —*—p=800
= . -— .
v 0 . . .

-100000

40 50 60
S

Figure 3 The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with £=0.15

5. Conclusion

Supply chain risk management is mainly rooted in supply risk and demand risk. This study
demonstrates a newsboy problem consisting of both random demand with uniform distribution
and uncertain supply with random defective percentage in a two-echelon supply chain. An
algorithm is developed to derive the optimal order quantity. Numerical example and sensitivity
analysis are provided to illustrate the problem.

Acknowledgement: This work was supported by NSC 101-2221-E-263-001. They wish to
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1. Consumers hold a wide range of expectation and a
wide variety of products

2. Industries need to adjust the inventory to react to
customers’ demand in a timely manner

3. Strategies to effectively control inventory and
minimize operating costs become a critical issue
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4. Majority of the relevant literatures assume that
suppliers provide good quality items. In practice,
suppliers sometimes provide defective items due to
iImperfect production process and/or negligence
by the personnel

5. Dealing with defective items in order to maximize
profit becomes an important topic

6. Single-period problem with uncertain demand, most
of previous studies use the newsboy model
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 This study, addresses a newsboy problem
consisting of uncertain demand and imperfect items
supply with random imperfect percentage in a two-
echelon supply chain.

 An algorithm is presented below to derive the

optimal order quantity such that the expected profit
IS maximized.
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p
c
S
,

X
f(x)

A

Q
E(Q|4)
X

\ 20

Assumptions and notations
retail price per unit

‘'wholesale price per unit; p>c

retailer’s salvage value per unit; p>s
retailer’s shortage cost per unit; represents
costs of lost goodwill

random demand faced by the retailer

the probability density function of x

random defective percentage in Q,0SA<1

‘retailer’s order quantity.

retailer's expected profit with respect to
random demand x

Optimal ordering strategy for items with imperfec 6
quality under uncertain demand
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« We formulate expected profit model for the retailer
and supplier.

« Before the selling period, the retailer purchases
products from the supplier and sells them to its
customers.

« Dueto the imperfect production processes from the
supplier, each lot produced contains random
percentage,, of defectives.

 Responding to this situation and facing to
customers’ random demand, X, the retailer needs to
place an order that yields the optimal profit.
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The retailer’s expected profit is as follows:

1-1)0
EE(QIFLFE{I [(p-€)x- (¢ -5)( Q- 2] e
Ax A

+I [(p-c)1-A0-r[x-(1- Q) ~[c-5) A0] f(x)dx}. |
-4

B (-0
{j (p-cha-(e=s)(Q-x]I700dke

I

| [o-eXi- A0 (x- (- H0)-(-5) AL fir)d g (R
-1
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i
— EE{C|A)
o Ax | -
i _ (2
j [(p—p,?,—r,?,+3;?,+r—r:)+(p—p;%—rﬁ+3;1+r—3)j Fx)e
0 0

&

6
z zch_~ [ A-22p+r-9f (- DO (A
o ax = Jo

(3)

@2

Since p>s, therefore 552 M(Q\i)

<0, which leads to the function

EE(QW being strictly concave with respect to Q
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The random demand x is uniformly distributed over the
range 0 and K, where K is constant. That is,

1
f(x):E (4)

The random defective percentage A is uniformly distributed
over the range 0 and £, where S is constant. That is,

1
Ay= —

By setting 6Q X(Q‘ =0, the optimal order quantity

o 3K[2Ap+r—c)— Blp+r—5)]
23-38+ B N p+r—s) (6)
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Example 1. p =700, ¢=500, s =50, r =25, K=15000, 5=0.1

1
S = 15000,  and
= 10.

g(d) = 01"

one has Q"= 4705,
EE(Q|A)
A x ‘ =$262396.

2013/04/27 Optimal ordering strategy for items with imperfec
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Example 1. p =700, ¢=300, s =30, r =25, K=15000, =0.1,
1

T = 15000~ and
g(2) = 1—1 10,
one has |
Q= 4705,
%(Q 2 =$262396.
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Table 1. 5en is for parameters p, 5 with p=0.05sitivity analys

1
c=500, r=25, K=15000, f (x) = ,g(d)y=10
12000
| EE EE . E
p s g | EEEP || o | EFE@W | 5| o | EREW
a00{ 40y 2976
650 40y 3953 o
‘5
700{ 40 4787 g
750( 40{ 5508 G
800| 40| 6137 E
s
5
+
Figure 1 The effect of retail price per unit p and salvage value per unit s on the order quanti
and expected profit with §=0.05+
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Table 2. Sensitivity analysis for parameters p, s with 5=0.1

c=500, =25, K=15000, 7 (x) = —— g (A) = 10

15000
o sy o |ZECR o | o | EE@D | 5| o | ZEGEW
600 200000
650 % FO0000
& 50a0ad
700 E SO0
o 40000
750 5300000
200 1200000
£ 100000
v |
=100
+
Figure 2 The effect of retail price per unit p and salvage value per unit 5 on the order quantity
and expected profit with 5=0.1+
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Table 3. Sensitivity analysis for parameters p, s with 5=0.15

=500, r=25, K=15000, / (x) = " ,gid)y =10

E |5 ! 700000

£ 600000

600) 40 2 500000
]

650{ 40 £ 400000

700] 40 = 300000

750} 40 o 200000

300! 40 % 100000

(¥, 0

-100000

40 S0 B0
g
Figure }_ The effect of retail price per unit p and salvage value per unit s on the order quantity
and expected profit with §=0.15+
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Supply chain risk management is mainly rooted in
supply risk and demand risk.

This study demonstrates a newsboy problem
consisting of both random demand with
uniform distribution and uncertain supply

with random defective percentage in a two-
echelon supply chain.

An algorithm is developed to derive the optimal
order quantity.

Numerical example and sensitivity analysis are
provided to illustrate the problem.
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