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: The trading-off between quality requirements and quality

costs are an important issue. This study derives an
optimal order quantity and the optimal number of screening
equipment such that the total profit per

manufactured batch is maximized. Illustrative case studies,
numerical examples, and sensitivity analysis are

presented to demonstrate the proposed model.

: Screening equipment, Imperfect production process, Quality

costs
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ABSTRACT

The trading-off between quality requirements and quality costs are an important issue. This study
derives an optimal order quantity and the optimal number of screening equipment such that the total
profit per manufactured batch is maximized. Illustrative case studies, numerical examples, and

sensitivity analysis are presented to demonstrate the proposed model.

Keywords: Screening equipment, Imperfect production process, Quality costs
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ABSTRACT

The trading-off between quality requirements and quality costs are an important issue. This study
derives an optimal order quantity and the optimal number of screening equipment such that the total
profit per manufactured batch is maximized. Illustrative case studies, numerical examples, and
sensitivity analysis are presented to demonstrate the proposed model.
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1 INTRODUCTION

In striving to manufacture quality products, manufacturers not only have to consider manufacturing
costs, but also must maintain the quality requirements to remain competitive. However, to improve
upon the product’s quality it is necessary to reduce defective items within the design, production and
screening process.

The manufacturing process of Hi-tech products usually requires the need for many workstations.
Each semi-finished product in the workstation is the raw material of the next workstation - If the
semi-finished product is defective and is not repaired on the workstation, then it is rendered a
defective item after moving to the next station. - As a result, the screening process of workstations
plays an important role in maintaining quality control. However, the screening process requires
relevant equipment and trained professionals. For the sake of maintaining good quality, the related
cost is needed. Therefore, the trade-off between the quality and cost is an important factor for
managers.

In practice, managers must first count the percentage of defective products in each workstation and
subsequently determines the necessity for investing in screening equipment. The objective of the
trade-off between gains from good items and losses from defective items to maximize profit.

Rosenblatt and Lee (1986) were early researchers who considered defective items and imperfect
quality production processes. Salameh and Jaber (2000) displayed an inventory model which
accounted for imperfect items using the EPQ/EOQ formulae. Eroglu and Ozdemir (2007) developed
an economic order quantity model with defective items and shortages. Sana (2011) presented an



integrated production-inventory model for supplier, manufacturer and retailer supply chain,
considering perfect and imperfect quality items. Hsu and Hsu (2013) developed an integrated
inventory model for vendor-buyer coordination under an imperfect production process.

Many companies promote quality as the central customer value and consider it to be a critical
success factor for achieving competitiveness. Any serious attempt to improve quality must take into
account the costs associated with achieving quality since the objective is to meet customer
requirements at the lowest cost (Schiffauerova and Thomson, 2006). Quality costs are the costs
incurred in the design, implementation, operation and maintenance of a quality management system,
the cost of resources committed to continuous improvement, the costs of system, product and service
failures, and all other necessary costs and non-value added activities required to achieve a quality
product or service (Dale and Plunkett, 1995). Chiu and Su (2010) considered the quality cost, the
time-value of money, and the exponential process quality improvement function in constructing a
new total cost model to optimize the production period, and initial investment in process
improvement so as to minimize total cost.

Most of the past research have discussed the inventory problems of imperfect items. However, to
the best of our knowledge, little research had been found on improving the imperfect rate of items.
This study considers an inventory model of ordering raw material one-time for the production to
meet the quantity and quality of the orders. An algorithm is presented to derive an optimal order
quantity for the raw material and the number of screening equipment required such that the total
profit per manufactured batch is maximized.

2 ASSUMPTIONS AND NOTATION
(1). Defective units are directly returned for re-manufacturing in the same workstation as the
screening equipment is set.
(2). Shortage is not allowed.
(3). Single manufacturer and single retailer are considered.
(4). The capacity of the warehouse is unlimited.

The following notations are used:
p defective percentage in per manufactured workstation
) unit manufacture’s compensation cost for less achieve percentage of retailer’s
order quantity

N total number of workstation, integer

s salvage per imperfect manufactured unit

r revenue per perfect manufactured unit (0 < r <1)

b manufacturer ‘s delivery percentage

O  manufacture’s order quantity for the raw material

k number of workstation with the screening equipment, integer, variable
C;  screening cost containing the equipment, ('$ / screening equipment )



C,  manufacturing cost per unit containing material ( $ / unit)

C,  ordering cost ($/ order)

Q, retailer’s ordering quantity for the manufactured unit

TP  total profit per manufacturing batch
3 Model MODEL DEVELOPMENT
In this study, a supply chain with a manufacturer and a retailer is assumed. The retailer obtains the
products from the manufacturer for sale to the customers.
Assume that the manufacturer producing the items from raw material into a finished product needs »
workstations, and the semi-finished products outputs from each workstation with defective
percentage of p. Assume that every screened imperfect item can be served as a good item after being
repaired in the same workstation, and passed through to the next workstation. If the workstation is
not set up with the screening equipment, the imperfect items in the workstation are still regarded as
defective after passing out of the next station, and cannot be returned for repair. The imperfect items
can be let out for recovery with salvage value s. Assume that the manufacturing cost per unit
containing material is C,,. Assume that the total number of workstation is N, while there are only k& of
the screening equipment are set in the workstation for the sake of reducing the screening costs
(K<n-1). Although, less screening equipments can lead to lowered costs, more defective products are
produced. Based on maximizing the total profit per manufacturing batch, 7P, how to decide the order
quantity for the raw material, Q, by the manufacturer when the retailer’s ordering quantity for the
manufactured unit is Qo?
From the statement above, one has

The total profit per manufacturing batch, 7P is as follows:
TP =Revenue of perfect items from per manufactured batch
+ Salvage of imperfect items from per manufactured batch
— Total manufacturing cost -Ordering cost—Total screening cost

The constraint is that the quantity of the perfect items from per manufactured batch is the retailer’s
ordering quantity, Q,. One has

TP(k,0)=rO(1— p)" " +s0[1-(1- p)"*1-QOc,, —c, —ke,.
(1)

The following two cases consider the systems with the constant defective percentage and variable
defective percentage.

Case 1: When the achieve percentage of the retailer’s ordering quantity is 100%.
Our problem can be formulated as:



Maximize: TP(k, Q)

Subjectto:Q(1-p)"* =Q,,k<N.

)
From (2),
_ Qo .
T
©)

Substitute Eqg. (3) into (1), TP(k, Q) can be transformed as

sQ,[1-A-p)"™"]  ¢,0,

TPx(k)=rQ, + —c, —c,k.

@-p)* @-p)*
(4)

That is, our problem can be formulated as:

Maximize: TPx(k) k< N.
(%)
Since

- 0,[1-(-p)"*1Int- p) n%o IN(L— p)
TPx (k) = (1_pp)N_k P +50, In(l—p)—c(l_p)N_kp — ¢
(6)

: 0,[1-(1-p)"*1In*A- p) nQ, IN* (1~ p)
TR (1) =SS S 0, Int e p) = S S
()

Simplify (7), one has
TPx (k)=Q, In*L- p)L-p) " (s -c,) <0.

(8)

(Note: s< ¢,,) Therefore, which leads to the function 7Px(k) being strictly concave.

Set TPx (k) =0, one has

N p)— In(ZME=P)s =cn),

k= Cs
In(L- p)

(9)



Since the number of screening equipment, &, is an integer variable, the necessary condition of
optimal solution for 7P at k =k, 0=0"is

ATP(K",0")>0> ATP(K -1,07)

(10)
where
ATP(K",0")=ATP(k +1,0 ) - ATP(k ,0") |

(11)

Example 1.

Assuming N=30, p =0.01, =25, s=5, ¢,=10, ¢,=300, ¢,=550, and Q,= 10000.

Then from (9 and 10), k=21.016,because7P(21,0)=133416 and TP(22,0)=133414, therefore k" =21,
with 0*=10947, and TP(k™,0*)=133416.

Case 2: When the achieve percentage of the retailer’s ordering quantity is less than 100%.

In practice, short delivery always happen. Compensation mechanism came into being. In this case, the
manufacturer can only set the delivery % in the last resort. Then the retailer needs to make
compensation 0.0156 for the manufacturer. When the achieve percentage of the retailer’s ordering
quantity is %o, the total profit per manufacturing batch is

TP, (k,0) = rO(L— p)"™ + 50— 1~ p)"*1-Qc,, —c, — ke, ~0.01100 - S)5.

(12)

Our problem can be formulated as:

Maximize: TP, (k,Q)

Subjectto: Q(L- p)¥* =0.0180,,k < N. (13)

From (3), TP, (k,Q) can be transformed as

50.0180,[1- (- p)* ] ¢,0.0180,
a-p)V* @-p)*

That is, our problem can be formulated as:

TPx(k) = r0.0180, + ¢, —c,k—0.01(100- B)5.  (14)

Maximize: TRx(k), k<N.
(15)



50.0180,[1- (1- p)V*]In@- p)

_€,00140,In0—p) __
(1-p)¥+*

Since TBx (k) =
@-p)¥*

+50.0180, In(L- p)

N

(16)

50.0180,[1- (1— p)"*1In*(1- p)

¢, 0.0180 In?(1-p)
— o . (@17
@-p)"*

Thx (k) = (- p) N—k

+50.0150, In*(1- p)

Simplify (17), one has

TPx (k) =0.0180, In*(1- p)A- p) ¥ (s-¢,) <0,
(18)
(Note: s< ¢,,) Therefore, which leads to the function 7P1x(k) being strictly concave.
Set TPx (k) =0, one has

NiIn@l-p)- |n(0'01ﬂQo Ind-p)(s—c,,)

k= L
In(L-p)

)

(19)

Since the number of screening equipment, %, is an integer variable, the necessary condition of
optimal solution for 7Py x at k =k*, 0=0" is
ATP(k™,0") > 0> ATP, (k" -1,0")
(20)

Example 2.

Assuming N=30, p =0.01, r=25, s=5, ¢,=10, ¢,=300, ¢,=550, Q,= 10000, 5=2000, and /3 =98.
Then from (19 and 20),

k*=19, with 0*=10946, and TP(k~,0™)=$128562.

4 CONSLUSION
Nowadays, quality requirement is the core competition in business. For the sake of maintaining good
quality, the related cost is needed. However, it is important for managers to determine the trade-off



between quality and cost. In this study, we derive an optimal order quantity for the raw material and
number of screening equipment such that the total profit per manufactured batch is maximized. In
analyzing the system, we provide managerial insights to decision makers for planning the optimal
number of screening equipment for reducing the quality cost. Illustrative case studies, numerical
examples, and sensitivity analysis are presented to demonstrate the proposed model.
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1 INTRODUCTION
* In striving to manufacture quality products, manufacturers
have to consider:
(1) manufacturing costs
(2) maintain the quality requirements

* To improve upon the product’s quality it is necessary to
reduce defective items within the design, production and
screening process.

* The screening process of workstations plays an important
role in maintaining quality control

e The screening process requires relevant equipment and
trained professionals.

* For the sake of maintaining good quality, the related cost is
needed
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1 INTRODUCTION

* In practice, managers must first count the
percentage of defective products in each
workstation and subsequently determines the
necessity for investing in screening equipment

* The objective of the trade-off between gains
from good items and losses from defective
items to maximize profit.
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ik S5t

Most of the past research have discussed the inventory
problems of imperfect items. However, to the best of
our knowledge, little research had been found on
improving the imperfect rate of items.

This study considers an inventory model of ordering
raw material one-time for the production to meet the
quantity and quality of the orders.

An algorithm is presented to derive an optimal order
quantity for the raw material and the number of
screening equipment required such that the total profit
per manufactured batch is maximized.
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2. Assumptions and Notation

2-1. Assumptions

» Defective units are directly returned for re-manufacturing
in the same workstation as the screening equipment is
set.

« Shortage is not allowed.
» Single manufacturer and single retailer are considered.
» The capacity of the warehouse is unlimited.
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2. Assumptions and Notation

defective percentage in per manufactured workstation
unit manufacture’s compensation cost for less achieve
percentage of retailer’s order quantity

total number of workstation, integer

salvage per imperfect manufactured unit

revenue per perfect manufactured unit (0 <r <1)
manufacturer ‘s delivery percentage

manufacture’s order quantity for the raw material
number of workstation with the screening equipment, integer,
variable-

screening cost containing the equipment, ( $ / screening
equipment)-

manufacturing cost per unit containing material ( $ / unit)
ordering cost ( S/ order)

retailer’s ordering quantity for the manufactured unit

TP  total profit per manufacturingbatch

2017
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3 MODEL DEVELOPMENT
* In this study, a supply chain with a manufacturer and a
retailer is assumed. The retailer obtains the products
from the manufacturer for sale to the customers.

* Assume that the manufacturer producing the items from
raw material into a finished product needs n
workstations, and the semi-finished products outputs
from each workstation with defective percentage of p.

* Assume that every screened imperfect item can be
served as a good item after being repaired in the same
workstation, and passed through to the next workstation

* If the workstation is not set up with the screening
equipment, the imperfect items in the workstation are
still regarded as defective after passing out of the next
station, and cannot be returned for repair.
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* The imperfect items can be let out for recovery with
salvage value s.
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» Assume that the manufacturing cost per unit containing

material is C,

* Assume that the total number of workstation is N, while

there are only k of the screening equipment are set in
the workstation for the sake of reducing the screening
costs (K<n-1).

» Although, less screening equipments can lead to
lowered costs, more defective products are produced.

» Based on maximizing the total profit per manufacturing
batch, TP, how to decide the order quantity for the raw
material, Q, by the manufacturer when the retailer’s
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‘3 MODEL DEVELOPMENT

* The total profit per manufacturing batch, TP is as follows:
TP =Revenue of perfect items from per manufactured batch

+ Salvage of imperfect items from per manufactured batch

— Total manufacturing cost

— Ordering cost

—Total screening cost

» The constraint is that the quantity of the perfect items from per
manufactured batch is the retailer’s ordering quantity, Q..

* One has

ordering quantity for the manufactured unit is Qo? TP(EO)=rO(— p) " +50[1-(1-p)" " 1-0c,, —c, — ke, (1)
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Case1: When the achi fth il d 100% since
ase 1: When the achieve percentage of the retailer’s ordering quantity is 0. V-t
_ sQ [1-(1-p)" ™ ]In(1- ¢, 0 In(l-
Our problem can be formulated as:+ TPx (k)= ~0[ P) \__}] P) +50, ln(l—p)— m o \__L_p) -c, (6)
1-p" (1-p)

Maximize: TP(k. ) Nt 3

. V-t v 5O [1-(1- (1- ) ¢ 0 In“(1-
Subject t0:0(1- p)* =0, k< N @ 1oy ()= 22 D) 12y 0D
From (2), 1-p (1-p)

' 0 Simplify (7). one has+
T 2 TPx (K)=0,ln*(1- p)1- ) (s —c,) <0. ®):
Substitute Eq. (3) into (1). TP(k. Q) can be transformed as- {Note: s< ¢m) Therefore, which leads to the function TPx(k) being strictly concave.«
50 [1-(1- ;¥ c O Set TPx (k)=0, one has¢
IPx(k)=1Q, + L1 \p) L SRy e @ 0, 01— p)(s —c,y)
(1-p) (1-p) Nia(l- p)-In(=———2)
That is, our problem can be formulated as:+ k= s ©
In1-p) '
Maximize: TPx(k) k=N. )]
2017/10/26 OPTIMAL MANUFACTURING QUANTITY FOR SCREENING 1 2017/10/26 OPTIMAL MANUFACTURING QUANTITY FOR SCREENING 12
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Since the number of screening equipment, k, is an integer variable, the necessary condition

of optimal solution for TP at £=k", 0=0"is

ATP(k",0")> 0> ATPG -1,01). (10)
Where
ATPG Q1) =ATP(K +1,0)-ATP(E Q). (11)
Example 1.

Assuming N=30. p =0.01, »=25. 5=3, ew=10. £,=300, £=550. and 0,=10000.
Then from (9 and 10), k=21.016 becauseTP(21,0)=133416 and TP(22,0)=133414,
therefore K"=21, with 0"=10947, and TP(k".0™)=133416.

- OPTIMAL MANUFACTURING QUANTITY FOR SCREENING
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Case 2: When the achieve percentage of the retailer’s ordering quantity is less than
100%..

In practice, short delivery always happen. Compensation mechanism came into being. In this

case, the manufacturer can only set the delivery % in the last resort. Then the retailer needs

to make compensation 0.01/3 for the manufacturer. When the achieve percentage of the
retailer’s ordering quantity is 7 %, the total profit per manufacturing batch is.

TP, (k.0) = r0 - )" +501 (1~ 2)"1-Qe, ¢, ~ ke, ~0.01100 - 3. (12)
Our problem can be formulated as:.

Maximize: TR (k. Q)+
Subject to:Q(1 - p)"™" =0.0180,. k< N. (13).

OPTIMAL MANUFACTURING QUANTITY FOR SCREENING
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From (3). TF,(k.Q) can be transformed as¢

N-k
1R = 0010, + DAL 6001, L 01a00- 8 14

-2 -

That s, our problem can be formulated as:+

Maximize; TR(k), k<. (15)
Since
N—kqp g _
1Ry = XL -0oD) I1=D) 10 - p)- 200D
(1-py"™ (1-p)""
N-k 2
TPx (k):somﬂg"[l_ﬂ_p\):_t "2, 500180, 1020 p)- M mn
-py" 1-p"
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0.0180,[1-(1- )" Iln*(1- ) 0010, ln*(1-
TRy (=" B0,[1-(1-p) " Tl ( p)+50_01ﬁgohr(l—p}—c'” A, \( 12 an

-p" (-»)
Simplify (17), one has.

TPx (k) =00180,ln *(1- p)1-p) (s -c,) <0 (18)
(Note: s< cm) Therefore, which leadsto the function TP1x(k) being strictly concave.+
Set TP x (k) =0. one has

f!.rhl(l_p}_hl( UOlmehl(i—p}(s _Cm)}

k= : 19
In(1-p) w

OPTIMAL MANUFACTURING QUANTITY FOR SCREENING
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Since the number of screening equipment, &, is an integer variable, the necessary condition
of optimal solution for TP x at k=k", 0=0"is

ATP(K.07) > 0> ATR(K -1.0° 20)-
1 1

Example 2.

Assuming N=30, p =0.01, =23, 5=3, =10, ¢,=300, ¢=330, 0,= 10000, 5=2000, and 5=98.
Then from (19 and 20),

=19, with 0*=10946. and TP(",0")=5128562.
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4 CONSLUSION

e Quality requirement is the core competition in business.
For the sake of maintaining good quality, the related cost
is needed.

* In this study, we derive an optimal order quantity for the
raw material and number of screening equipment such
that the total profit per manufactured batch is maximized.

* In analyzing the system, we provide managerial insights to
decision makers for planning the optimal number of
screening equipment for reducing the quality cost.

e lllustrative case studies, numerical examples, and
sensitivity analysis are presented to demonstrate the
proposed model.
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ABSTRACT

The trading-off between quality requirements and quality costs are an important issue. This study derives an

optimal order quantity and the optimal number of screening equipment such that the total profit per

manufactured batch is maximized. Illustrative case studies, numerical examples, and sensitivity analysis are

presented to demonstrate the proposed model.

Keywords: Screening equipment, Imperfect production process, Quality costs

1 INTRODUCTION

In striving to manufacture quality products, manufacturers not only have to consider manufacturing costs, but
also must maintain the quality requirements to remain competitive. However, to improve upon the product’s
quality it is necessary to reduce defective items within the design, production and screening process.

The manufacturing process of Hi-tech products usually requires the need for many workstations. Each
semi-finished product in the workstation is the raw material of the next workstation o If the semi-finished
product is defective and is not repaired on the workstation, then it is rendered a defective item after moving to
the next station. ° As a result, the screening process of workstations plays an important role in maintaining
quality control. However, the screening process requires relevant equipment and trained professionals. For the
sake of maintaining good quality, the related cost is needed. Therefore, the trade-off between the quality and
cost is an important factor for managers.

In practice, managers must first count the percentage of defective products in each workstation and
subsequently determines the necessity for investing in screening equipment. The objective of the trade-off
between gains from good items and losses from defective items to maximize profit.

Rosenblatt and Lee (1986) were early researchers who considered defective items and imperfect quality
production processes. Salameh and Jaber (2000) displayed an inventory model which accounted for imperfect
items using the EPQ/EOQ formulae. Eroglu and Ozdemir (2007) developed an economic order quantity
model with defective items and shortages. Sana (2011) presented an integrated production-inventory model
for supplier, manufacturer and retailer supply chain, considering perfect and imperfect quality items. Hsu and
Hsu (2013) developed an integrated inventory model for vendor-buyer coordination under an imperfect
production process.

Many companies promote quality as the central customer value and consider it to be a critical success factor
for achieving competitiveness. Any serious attempt to improve quality must take into account the costs
associated with achieving quality since the objective is to meet customer requirements at the lowest cost

(Schiffauerova and Thomson, 2006). Quality costs are the costs incurred in the design, implementation,
2



operation and maintenance of a quality management system, the cost of resources committed to continuous
improvement, the costs of system, product and service failures, and all other necessary costs and non-value
added activities required to achieve a quality product or service (Dale and Plunkett, 1995). Chiu and Su (2010)
considered the quality cost, the time-value of money, and the exponential process quality improvement
function in constructing a new total cost model to optimize the production period, and initial investment in
process improvement so as to minimize total cost.

Most of the past research have discussed the inventory problems of imperfect items. However, to the best of
our knowledge, little research had been found on improving the imperfect rate of items. This study considers
an inventory model of ordering raw material one-time for the production to meet the quantity and quality of
the orders. An algorithm is presented to derive an optimal order quantity for the raw material and the number
of screening equipment required such that the total profit per manufactured batch is maximized.

2 ASSUMPTIONS AND NOTATION
(1). Defective units are directly returned for re-manufacturing in the same workstation as the screening
equipment is set.
(2). Shortage is not allowed.
(3). Single manufacturer and single retailer are considered.

(4). The capacity of the warehouse is unlimited.

The following notations are used:
p defective percentage in per manufactured workstation
0 unit manufacture’s compensation cost for less achieve percentage of retailer’s
order quantity
total number of workstation, integer
salvage per imperfect manufactured unit
revenue per perfect manufactured unit (0 < r <I)
manufacturer ‘s delivery percentage
manufacture’s order quantity for the raw material
number of workstation with the screening equipment, integer, variable
screening cost containing the equipment, ( $ / screening equipment )

manufacturing cost per unit containing material ( $ / unit )

@9@»&%\:@2

ordering cost ( $ / order)

O, retailer’s ordering quantity for the manufactured unit

P total profit per manufacturing batch
3 Model MODEL DEVELOPMENT
In this study, a supply chain with a manufacturer and a retailer is assumed. The retailer obtains the products
from the manufacturer for sale to the customers.
Assume that the manufacturer producing the items from raw material into a finished product needs »
workstations, and the semi-finished products outputs from each workstation with defective percentage of p.
Assume that every screened imperfect item can be served as a good item after being repaired in the same
workstation, and passed through to the next workstation. If the workstation is not set up with the screening
equipment, the imperfect items in the workstation are still regarded as defective after passing out of the next
station, and cannot be returned for repair. The imperfect items can be let out for recovery with salvage value s.
3



Assume that the manufacturing cost per unit containing material is C,, . Assume that the total number of
workstation is N, while there are only k£ of the screening equipment are set in the workstation for the sake of
reducing the screening costs (K<n-1). Although, less screening equipments can lead to lowered costs, more
defective products are produced. Based on maximizing the total profit per manufacturing batch, 7P, how to
decide the order quantity for the raw material, O, by the manufacturer when the retailer’s ordering quantity for
the manufactured unit is Qo?

From the statement above, one has

The total profit per manufacturing batch, 7P is as follows:
TP =Revenue of perfect items from per manufactured batch
+ Salvage of imperfect items from per manufactured batch

— Total manufacturing cost -Ordering cost—Total screening cost

The constraint is that the quantity of the perfect items from per manufactured batch is the retailer’s ordering

quantity, O,. One has

TP(k,Q)=rQ(1- p)" " +s0[1-(1- p)"*1-0c,, — ¢, — ke, . (1)

The following two cases consider the systems with the constant defective percentage and variable

defective percentage.

Case 1: When the achieve percentage of the retailer’s ordering quantity is 100%.

Our problem can be formulated as:

Maximize: TP(k, Q)

Subject to: O(1- p)"™* =0, ,k < N. (2)
From (2),
0,
=— 3
Q (1 _ p) N-k ( )

Substitute Eq. (3) into (1), TP(k, Q) can be transformed as

L 50,0-0-p)" "] ¢,0,

TPx(k)=rQ, (- ) - (- )7 —c, —c,k. 4)

That is, our problem can be formulated as:

Maximize: TPx(k) ,k< N. &)

Since

rh ey < 22l =0=p) in=p) | o 6,0 0-p) ©

(1-p)M* (1-p)"*
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sQ,[1-(1-p)"*1In* (- p)

¢,Q,In"(1- p)

TPx' (k) = 1 +s0, In*(1-p)— o) (7)
Simplify (7), one has
TPx (k)=Q,In*(1- p)1-p) " (s—c,)<0. (®)

(Note: s< ¢,,) Therefore, which leads to the function 7Px(k) being strictly concave.

Set TPx (k) =0, one has

Nln(l—p)—ln(Qo ln(l_p)(s_cm))

CS
k= In(l— p) : ©)

Since the number of screening equipment, k, is an integer variable, the necessary condition of optimal
solution for 7P at k =k , QZQ* is

ATP(k",07)> 0> ATP(K" -1,0") (10)
where

ATP(k",0") = ATP(K" +1,0") - ATP(K",0") | (11)

Example 1.

Assuming N=30, p =0.01, =25, s=5, ¢,~10, ¢,=300, ¢,=550, and Q,= 10000.

Then from (9 and 10), /=21.016,becauseTP(21,0)=133416 and TP(22,0)=133414, therefore kK*=21, with
0%=10947, and TP(k*,0™)=133416.

Case 2: When the achieve percentage of the retailer’s ordering quantity is less than 100%.

In practice, short delivery always happen. Compensation mechanism came into being. In this case, the
manufacturer can only set the delivery % in the last resort. Then the retailer needs to make compensation
0.0186 for the manufacturer. When the achieve percentage of the retailer’s ordering quantity is %, the total

profit per manufacturing batch is
TP (k,0) = rQ(1- p)"* + 5001~ (1= p)"*1-Qc, —c, —ke, —0.01(100 - j)3. (12)

Our problem can be formulated as:

Maximize: TP,(k,Q)

Subject to: Q(1- p)" ™ =0.0180,,k < N. (13)

From (3), TP, (k,Q) can be transformed as



50.0180,[1-(1- p"™*] ¢,0.0180,
A-p)N* (1-p"*

TPx(k) = r0.0180, + —¢, —c,k—0.01(100- B)5.  (14)

That is, our problem can be formulated as:
Maximize: TP x(k), k<N. (15)

50.0180,[1-(1- p)"*In( - p) ¢,00180,In(1- p)

Since TP x (k) = T +50.0180, In(1- p) T c,. (16)
" 0.0180 [1-(1-p)" *]In*(1-p) ¢, 0.0180 In*(1- p)

k :S N ] 1 21 _ _“m 0 . 17
TRx (k) L +50.0180, In"(1- p) S (17)
Simplify (17), one has

TPx (k) =0.0180, In*(1- p)(1-p) ¥ (s-c,) <0. (18)

(Note: s< ¢,,) Therefore, which leads to the function 7P;x(k) being strictly concave.

Set TP,x (k)=0, one has

Nin(l— p) - in 0180, (1= p)(s ¢,

c
k= s (19)
In(1 - p)
Since the number of screening equipment, &, is an integer variable, the necessary condition of optimal
solution for TP, x at k =k, QZQ* is

ATP(k*,0")> 0> ATP (k" =1,0") (20)
Example 2.

Assuming N=30, p =0.01, r=25, s=5, ¢,~10, ¢,=300, ¢~=550, Q,= 10000, 6=2000, and [ =98.
Then from (19 and 20),

k*=19, with 0*=10946, and TP(k*,0™)=$128562.

4 CONSLUSION

Nowadays, quality requirement is the core competition in business. For the sake of maintaining good quality,
the related cost is needed. However, it is important for managers to determine the trade-off between quality
and cost. In this study, we derive an optimal order quantity for the raw material and number of screening
equipment such that the total profit per manufactured batch is maximized. In analyzing the system, we
provide managerial insights to decision makers for planning the optimal number of screening equipment for
reducing the quality cost. Illustrative case studies, numerical examples, and sensitivity analysis are presented
to demonstrate the proposed model.
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