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An important strategy for dealing with scarcity and
customer response 1s to produce limited

quantity of certain products. Due to limited
production quantity, consumers would

feel the value or uniqueness of the products and have
a stronger urgency to purchase them.

Some distribution outlet would raise prices to cover
promotion expenses and to increase

profit margin. In this study, we consider a
newsvendor problem for products with limited
production quantity: both the unit selling price and
customers’ demand are influenced by

the limited production quantity. An algorithm is
developed to obtain a production policy

such that the expected profit is maximized. Numerical
examples and sensitivity analysis

are presented to illustrate the model.

Limited production quantity ; Newsvendor ; Scarcity
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An important strategy for dealing with scarcity and customer response is to produce limited
quantity of certain products. Due to limited production quantity, consumers would
feel the value or uniqueness of the products and have a stronger urgency to purchase them.
Some distribution outlet would raise prices to cover promotion expenses and to increase
profit margin.

In this study, we consider a newsvendor problem for products with limited
production quantity: both the unit selling price and customers’ demand are influenced by
the limited production quantity. An algorithm is developed to obtain a production policy
such that the expected profit is maximized. Numerical examples and sensitivity analysis
are presented to illustrate the model.
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1. Introduction

Scarcity of matter is a pervasive aspect of human life and is the fundamental precondition of economic behavior [1]. Con-
sumers often consider possessing scarce products to show their uniqueness, and it triggers them to desire these products.
Consequently, some manufacturers may design their marketing strategies by producing a limited quantity of their products.
This type of marketing strategy is very common among innovative products. For example, department stores announce lim-
ited products on their promotional flyers during their anniversary sales. Customers are required to book in advance or wait in
line in order to buy the limited products. Besides, it is very common for some famous product brands to offer limited prod-
ucts during their seasonal sales to attract attention and sales. For another example, Motorola V3i cooperated with D&G to
launch a limited version of luxury cellphone called Color Gold; they only produce 1000 pieces of such version worldwide,
and its selling price is much higher than other unlimited production quantity version [2].

Commodity theory [1,2] deals with the psychological effects of scarcity. The theory claims that “any commodity will be
valued if it is unavailable”. According to the theory, scarcity enhances the value (or desirability), and it gives to its possessor a
sense of pride in possessing the limited product [1]. The feeling of uniqueness may vary for different situations and persons;
as such, it may be related to: (a) forces in a given situation that promote an extreme sense of high similarity, and (b) dispo-
sitional factors that influence the high need for uniqueness across a variety of situations [3]. Sirgy [4]| addressed the impor-
tance of scarcity in marketing strategy. Salespersons should apply such strategy while merchandising products or services; it
will increase the motivation of the targeted customers to approach the promotional information. There are two strategies for

* Corresponding author.
E-mail addresses: tenghuim@mail.chihlee.edu.tw (H.-M. Teng), pinghuihsu@gmail.com (P.-H. Hsu), weehm@cycu.edu.tw (H.-M. Wee).

http://dx.doi.org/10.1016/j.apm.2014.10.013
0307-904X/© 2014 Elsevier Inc. All rights reserved.
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price raise through scarcity: (1) direct result from the quality and symbolic interest, and (2) indirect result on quality and
symbolic interest through the price. As a result, raising the prices of scarce products can make a positive impact, but also
may backfire if it is not launch properly [5]. Therefore, if we combine the commodity theory and the need for uniqueness
theory, we can demonstrate that customers prefer possessing scarce product to show their uniqueness, compared to possess-
ing common and easily-available products.

Recently, many industries apply the strategy of limited production through single production schedule. In inventory man-
agement, this problem is known as the “newsboy problem” or the “newsvendor problem”. The newsboy problem is a single
period stochastic inventory problem [6,7] which deals with stocking issues in today’s supply chains [8-10]. Weng [11] ana-
lyzed the coordinated quantity decisions between the manufacturer and the buyer in a newsvendor model. Dominey and Hill
[12] explored the effectiveness of approximating a compound Poisson distribution in a newsboy model. Wang and Webster
[13] used loss aversion to model manager’s decision-making behavior in the single-period newsvendor problem. Shi et al.
[14] extended the multi-product newsvendor problem by incorporating the retailer’s pricing decision considering supplier
quantity discount. From our literature search, no researches have been done on the newsvendor problem to consider the lim-
ited production quantity issues.

In this study, the supplier has to consider the uncertainty in customer demand. Having a good manufacturing and mar-
keting strategy of the limited-edition products before the selling period of the product is vital to the supplier. We present an
algorithm to derive an optimal production quantity and selling price such that the expected profit is maximized.

2. Notations

The following notations are used in our analysis:

En  the expected profit for the supplier

Q the production quantity for the supplier; decision variable

Q the optimal production quantity for the supplier considering limited production quantity

Q. the production quantity for the supplier without considering limited production quantity

Q,, the optimal production quantity for the supplier without considering limited production quantity

D1 the selling price per unit without considering limited production quantity; constant

D2 the upper bound of selling price per unit when the production quantity is limited; constant

p(Q) the selling price per unit with considering limited production quantity; which is a function of production quantity

G the production price per unit; ¢, < p(Q)

s the salvage value per unit s <,

r the shortage cost per unit; represents costs of lost goodwill
the random demand with the PDF (Probability Density Function), f{x), and CDF (Cumulative Distribution
Function), F(x)

3. Modeling and assumptions

Throughout this study, single production of the limited product is assumed. The supplier manufactures a batch of the
products, Q, and sells to the retailer or directly to the customers. The unit production price of the product is c,. For simplicity,
the unit production cost is assumed to be constant. The unit selling price is p(Q). When the sale quantity is less than the
batch Q, the leftover is sold with a unit salvage value s. When the demand is more than the batch, Q, shortage occurs. All
shortages will be lost sale and the unit lost sale shortage cost is r. For the selling price p(Q) = p1, the supplier will manufacture
an optimal batch of Q* . This is identical to the newsboy problem. The suppliers’ expected profit function E7 is:

En(Q,,) = ; {[ —cp)x = (cp = 5)( x)}f(x dx+/ {[p1 = cp]Qw — (x — Q)1 }f (x)dx. (1)

Similar to Hadley and Whitin [15], the suppliers’ optimal production batch is:
FQ;) =P —c+1)/(p1 —s+71), )

where F(x) is the CDF of x. If the supplier manages the limited production batch, then the consumers’ perceived value and
purchase decisions are usually influenced by the law of scarcity [1]. The unit selling price p(Q) of the limited quantity prod-
ucts is a decreasing function of Q. However, the customer demand will decrease due to a higher selling price. That is, the
random demand of the products depends on production batch, Q, because the higher production batch will decrease the sell-
ing price, while the lower selling price will increase demand. That means the PDF, f{x), of the random demand x is a function
of Q. The suppliers’ expected profit function E7 is given as follows:

/{ Q) — )X — (cp —$)(Q —x) }f (x dx+/ {[P(Q) = cp]Q — (x — Q)r}f(x)dx. (3)
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Our problem can be formulated as:
Max : Em(Q). (4)

We illustrate the model by a case study.

4. An illustrative case study

In this section, a practical selling price and probability distribution are applied to explain the results of the previous sec-
tion. Since the selling price is always influenced by the limited production quantity (Wu and Hsing [5]), the selling price per
unit p(Q) can therefore be assumed as:

p(Q)=p2\;Qp]+p1, p,>p; >0, Q=1 5)

which means p; < p(Q) < p and is a decreasing function of Q. For the supplier, the random demand is assumed to be uni-
formly distributed over the range 0 and B(Q), where

B(Q) - pb(’g) 7 (6)

is a function of Q with positive constant b (b is the upper bound of the selling quantity). This means that a higher selling price
would decrease demand. Thus, the PDF of the supplier’s demand is
1
X)=——. 7
f0=5q ()

Two cases are discussed as follows.

4.1. General case

In this case, B(Q) = 1%‘ one has (calculated by mathematical software Maple 8)

, ¢ LERPR L L
En(Q):/O P(@x—c 5] gy X+/Q PQQ+p(Q) =6+ Mgy
+B(Qf(BQ){[p(Q) - ¢]Q — [B(Q) - QJr}. (8)

2 p—
EV'(Q) ~ V' (@5 + @0+ 20 @1 X3 - p(@) -+ (@

+{[P(Q - 6]Q - [BQ) - QIr}B'(QIf (BQ)
+{2B(Q[P(QQ+pQ) - ¢ +1] +B'(Q[PQ)Q - Q - 1BQ) + Q] ~ r[B'(Q)]* }f(B(Q)). (9)

From (9), it is hard to prove the concavity of En(Q). Two numerical examples are provided to illustrate the model.

Example 1. Given p, =250, p; =130, ¢, = 100, b= 1500, s = 50, and r = 5, then (Please refer to Fig. 1)
En(Q) = (369018000Q% — 15440544Q — 3539064Q? + 9360Q> + 2873Q%) / [7800(12 n 13Q%)] .
En'(Q) = (13284648000Q% +43175106000Q — 1424324736Q7 — 517035168Q7 — 4836780Q}

~3539367Q% — 971074Q%) / [7800(22(12 n 13@)1 .

240
270
200
180
1609
1409

200 BD'UQ' 1000 1400

Fig. 1. The shape of p(Q) in Example 1.
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For the above equation of Et”(Q), the first and third term, (13284648000 — 1424324736Q) Q%, and the second and fourth
term, (43175106000 — 517035168Q)Q are negative since Q > 84. That means that En”(Q) < 0, therefore En(Q) is concave.
The concavity of Em(Q) is also illustrated in Figs. 2-4. Fig. 2 presents the curve for En(Q); it reaches a maximum in the inter-
val [500,1000]. Fig. 4 presents the curve for En”(Q) showing its negative value. It shows Ezt(Q) is concave. Fig. 3 presents the
curve for En'(Q); it shows the root of En’(Q) = 0, and it is located in the interval [500,1000]. Setting Em’'(Q) equals to zero,
Q* =614 is derived using Maple 8, the selling price per unit is p(Q*) = $134.8, and the optimal expected profit for the supplier
is Em(Q") = $9137. When limited production quantity is not considered, Q;, = 618 (using Eq. (2)), En(Q,,) = $7059 (using Eq.

(1)), and the percentage profit increase is nggw)) —1=129.4%.

Example 2. A company manufactures a new brand of basketball shoes with limited production lot size of 50,000 units.
Given that the upper bound of selling price per unit is p, = $360, the selling price per unit without considering limited
production quantity is p; =$60, the production price per unit is c¢,=$40, the upper bound of selling quantity is
b =$50,000, the salvage value per unit is s=$35, and the shortage cost per unit is r=$2.

From the above data, the expected profit is:
En(Q) = (740992500(2 —2196325Q% + 570Q? +27Q} + 4850000000Q%) / [100000(5 + Q%)] :

and
En'(Q) = — (450163125Q% +30124875Q% + 35775Q} + 4545Q° + 216Q?

3
—72750000000Q — 121250000000Q%> / (400000Q2 (5 + Q%> > .

Both the first and seventh term, (450163125Q —121250000000)Q"?, and the second and sixth term,
(30124875Q — 72750000000)Q are positive since Q>2416. This means that En”(Q) < O, resulting in the concavity of
En(Q). By setting Em’'(Q) equal to zero, the optimal production quantity, Q* = 39,673 is derived using Maple 8. The selling
price per unit is p(Q*) = $61.5, and the optimal expected profit for the supplier is En(Q") = $423,850. When the limited pro-
duction quantity is not considered, Q;, = 40,741 (using Eq. (2)), En(Q;,) = $398,148 (using Eq. (1)), the percentage profit

increased is then EE;((&V)) —1=6.5%.

4.2. Special case

In this case, without considering a variable selling price, if Q — oo, then p(Q) =p;, B(Q) = b, and f(x) = }. One has

Q b _ _
Ev(@ - | [—Cp+s]%dx+/Q Pty =" g i) (10)

ETE”(Q_):_(pl ;S""r). (11)

Since, p; — s > 0, therefore, En”(Q) < 0. This means that En(Q) is concave. The optimal solution Q" of Ex(Q) is derived by
setting Em’'(Q) = 0. Thus,
«_bpi—c+1)
=1 P 7 12
¢ Py—S+T (12)

This result conforms to the solution of the traditional newsboy problem.

- -
e .
soond
» Q “\_
/200 400 600 B001000%, 1400
017 \
\
-5000 19
)
\
\I
10000 \

Fig. 2. The shape of En(Q) in Example 1.
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Fig. 3. The shape of En’(Q) in Example 1.
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5. Sensitivity analysis

Fig. 4. The shape of En”(Q) in Example 1.
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In order to analyze the effect of the limited production quantity, different parameters values in Example 1 are assumed.
Tables 1-6 show the changes in Q*, p(Q*), En(Q"), and the % profit increase for variables p,, p1, ¢,, b, s, and r, respectively.
Table 1 shows the upper bound of the selling price (p,) at 210,220,...,290, while the other variables remain unchanged.
It is shown that as p, increases, the unit selling price, p(Q*), the expected profit, En(Q"), and % profit increase all increases.
However, in the real world, the price p, is usually regulated. Table 2 shows the upper bound of selling price (p;) at
115,120,...,155, with the other variables remain unchanged. It is shown that as p, increases, the optimal production quan-
tity, both Q*, p(Q*), and Em(Q") increases, but the % profit increase decreases.

Table 3 shows the unit production price (c,) at 70,75,. . .,110, with the other variables remain unchanged. It is shown that
as ¢, increases, both the optimal production quantity, Q*, p(Q") and En(Q") increase, but the % profit increase decreases.
Table 4 shows the unit production price (b) at 300,600,. . .,2700, with the other variables remain unchanged. It is shown that

Table 1

Sensitivity analysis for the upper bound of unit selling price p,.

p1=130, ¢, =100, b=1500, s =50, and r=5

P2 Q p(Q) Em(Q*) % profit increase
210 616 133.2 8451 19.7
220 615 133.6 8623 22.2
230 615 134.0 8795 24.6
240 615 1344 8966 27.0
250 614 134.8 9137 29.4
260 614 135.2 9308 31.9
270 614 135.7 9479 343
280 614 136.1 9649 36.7
290 613 136.5 9818 39.1
Note: % profit increase = (EE;[[((ngJ - 1) * 100%.
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Table 2
Sensitivity analysis for the unit selling price p;.

p2 =250, ¢, =100, b=1500, s=50,r=5

P1 Q p(Q) Em(Q") % profit increase
115 443 121.4 2872 436.1
120 506 125.8 4770 90.8
125 563 130.3 6869 46.5
130 614 134.8 9137 294
135 661 139.5 11,552 20.5
140 703 144.1 14,092 15.2
145 741 148.9 16,741 11.6
150 776 153.6 19,485 9.1
155 809 158.3 22,312 7.3
Table 3

Sensitivity analysis for the unit production price c,.

p2 =250, p; =130, b=1500, s=50,r=5

Cp Q* p(Q") Em(Q") % profit increase
70 1119 133.6 35,104 4.7
75 1034 133.7 29,723 6.1
80 949 133.9 24,765 7.9
85 865 134.1 20,229 10.5
90 781 134.3 16,114 14.1
95 698 1345 12,417 19.8

100 614 134.8 9137 29.4

105 532 135.2 6272 49.6

110 450 135.7 3816 116.3

Table 4

Sensitivity analysis for the parameter b.

p2 =250, p; =130, ¢, =100, s=50,r=5

b Q* p(Q") En(Q") % profit increase
300 122 140.9 2327 64.8
600 245 137.7 4128 46.2
900 368 136.3 5839 37.9

1200 491 135.4 7503 329

1500 614 134.8 9137 29.4

1800 738 1344 10,750 26.9

2100 861 1341 12,347 24.9

2400 984 133.8 13,931 233

2700 1108 133.6 15,504 22.0

Table 5

Sensitivity analysis for the unit salvage value s.

p2 =250, p; =130, ¢, =100, b=1500,r=5

s Q* p(Q*) Em(Q") % profit increase
10 423 135.8 5531 53.6
20 459 135.6 6206 46.4
30 501 1354 7005 40.1
40 552 135.1 7964 34.5
50 614 134.8 9137 29.4
60 693 134.6 10,609 24.8
70 796 134.2 12,509 20.5
80 934 1339 15,065 16.3
90 1133 133.6 18,694 12.2

as b increases, both Q" and Em(Q") increase, but p(Q*) and the % profit increase decreases. Table 5 shows the unit production
price (s) at 10,20,...,90, with the other variables remain unchanged. It is shown that as s increases, both Q* and En(Q")
increase, but p(Q*) and the % profit increase decreases. Table 6 shows the unit production price (r) at 1,2,...,9, with the other
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Table 6
Sensitivity analysis for the unit shortage cost r.

p2 =250, p; =130, ¢, =100, b= 1500, s = 50

r Q p(Q) En(Q") % profit increase
1 576 135 10,137 244
2 586 135 9879 25.6
3 596 1349 9626 26.8
4 605 1349 9379 28.1
5 614 134.8 9137 29.4
6 624 134.8 8901 309
7 633 134.8 8669 323
8 641 134.7 8443 33.9
9 650 134.7 8220 35.5
140.00%

(o}

% 120.00% >

£ 100.00% b

Q

£ 80.00% .

= 60.00%

S —r

a  40.00%

o X —pl

& 20.00%

0.00% —

1 2 3 4 5 6 7 8 9
cp:70—110,b:300-2700,5:10-90,r:1-9,p1:115-155

Fig. 5. The graphic presentation of sensitivity analysis in Example 1.

variables remain unchanged. It is shown that as r increases, both Q" and the % profit increase, but p(Q*) and Em(Q") decrease.
The graphic presentation of the sensitivity analysis is illustrated in Fig. 5.

6. Conclusion

In this study, we derive a newsvendor problem model with limited production quantity. Limited production strategy
allows the firm to manipulate the scarcity effect [2] of the products with limited production quantity. This enables the firm
to increase the product selling prices due to exclusive distribution outlets. In analyzing the system, we provide managerial
insights to decision makers in planning production quantity and selling price in order to derive the optimal profit.

[llustrative case studies, numerical examples, and sensitivity analysis are presented to demonstrate the proposed model.
The two numerical examples show that the percentage profit increase is fairly significant. Most of past researches focused on
launch timing [16] and reciprocal effects [17]. The production and ordering quantities in this study directly influence the
profit. For simplicity, the unit production cost is assumed to be constant. Future researches are suggested to consider variable
unit production cost, selling price and varying distribution of customer demand.
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Decisions for Products with Limited Production

Hui-Ming Teng', Ping-Hui Hsu™" and Hui-Ming Wee™

Abstract: Producing limited quantity of certain products is an important strategy for dealing with scarcity
and customer response. Some distribution outlet would raise prices to cover promotion expenses and to
increase profit margin. In this study, we consider a newsvendor problem for products with limited
production quantity: the unit selling price, the unit production cost and customers’ demand are influenced by
the limited production quantity. An algorithm is developed to obtain a production policy such that the

expected profit is maximized.

Key words: Limited production quantity; Newsvendor; Scarcity

1. INTRODUCTION

Scarcity of matter is a pervasive aspect of human life and
is the fundamental precondition of economic behavior [1].
Consumers often consider scarce products as possessing
higher values, and it triggers them to desire these products.
Consequently, some manufacturers may design their mar-
keting strategies by producing a limited quantity of their
products. This type of marketing strategy is very common
among innovative products. For example, department
stores announce limited products on their promotional
flyers during their anniversary sales. Customers are re-
quired to book in advance or wait in line in order to buy
the limited products.

Commodity theory [2, 7] claims that “any commodi-
ty will be valued if it is unavailable”. According to the
theory, scarcity enhances the value (or desirability), and
it gives to its possessor a sense of pride in possessing
the limited product [1]. Sirgy [3] addressed the im-
portance of scarcity in marketing strategy. Salespersons
should apply such strategy while merchandising prod-
ucts or services; it will increase the motivation of the
targeted customers to approach the promotional infor-
mation. There are two strategies for price raise through
scarcity: (1) direct result from the quality and symbolic
interest, and (2) indirect result on quality and symbolic
interest through the price. As a result, raising the prices
of scarce products can make a positive impact, but also
may backfire if it is not launch properly [4]. Therefore,
if we combine the commodity theory and the need for
uniqueness theory, we can demonstrate that customers
prefer possessing scarce product to show their unique-
ness, compared to possessing common and easily-
available products.

Recently, many industries apply the strategy of lim-
ited production through single production schedule.
From our literature search, no researches have been
done on the newsvendor problem to consider the limited
production quantity issues. In this study, the supplier

! Chihlee Institute of Technology
2 De Lin Institute of Technology
¥ Chung Yuan Christian University

P

P

has to consider the uncertainty in customer demand. Hav-
ing a good manufacturing and marketing strategy of the
limited-edition products before the selling period of the
product is vital to the supplier. We present an algorithm to
derive an optimal production quantity and selling price
such that the expected profit is maximized.

2. NOTATIONS

The following notations are used in our analysis:

the expected profit for the supplier

the production quantity for the supplier; decision vari-
able

the optimal production quantity for the supplier con-
sidering limited production quantity

the production quantity for the supplier without con-
sidering limited production quantity

the optimal production quantity for the supplier with-
out considering limited production quantity

the selling price per unit without considering limited
production quantity ; constant

the upper bound of selling price per unit when the pro-

duction quantity is limited; constant

p(Q) the selling price per unit with considering limited pro-

duction quantity ; which is a function of production

quantity

C,(Q) the production cost per unit; which is a function of

~

Ca

production quantity, c,(Q) < p(Q).
the salvage value per unit s <c,

the shortage cost per unit; represents costs of lost
goodwill

the marketing cost

the random demand with the PDF (Probability Density
Function), f{(x), and CDF (Cumulative Distribution
Function), F(x)
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3. MODELING AND ASSUMPTIONS

Throughout this study, single production of the limited
product is assumed. The supplier manufactures a batch of
the products, O, and sells to the retailer or directly to the
customers. The unit production price of the product is c,.
For simplicity, the unit production cost is assumed to be
constant. The unit selling price is p(Q). When the sale
quantity is less than the batch Q, the leftover is sold with a
unit salvage value s. When the demand is more than the
batch, Q, shortage occurs. All shortages will be lost sale

and the unit lost sale shortage cost is . For the selling
price p(Q)= P\ , the supplier will manufacture an optimal
batch of @, . This is identical to the newsboy problem.

The suppliers’ expected profit function £7 is:

Ex @)= [ {[p—e, (e, ~9)X0, -} ()
[ Ao, o0 - (-0 (s, (1)

W

Similar to Hadley and Whitin (1963), the suppliers’ opti-

mal production batch is:
F(Q,) =(pr-c,+ N/ (pr-s+7), )

where F(x) is the CDF of x. If the supplier manages the
limited production batch, then the consumers’ perceived
value and purchase decisions are usually influenced by the
law of scarcity [17]. The unit selling price p(Q) of the lim-
ited quantity products is a decreasing function of Q. How-
ever, the customer demand will decrease due to a higher
selling price. That is, the random demand of the products
depends on production batch, O, because the higher pro-
duction batch will decrease the selling price, while the
lower selling price will increase demand. That means the
PDF, f(x), of the random demand x is a function of Q. The
suppliers’ expected profit function Em is given as fol-

lows:

En(Q)=IQ{[p(Q>—cp@}x—[c,,@—s}(Q—x)}f(x)dx
0

+I:{[p(Q)_CP(Q)JQ_(X—Q)F}f(x)dx—cu, A3)

Our problem can be formulated as:
Max : En(Q). “4)
We illustrate the model by a case study.

4. AN ILLUSTRATIVE CASE STUDY

In this section, a practical selling price and probabil-
ity distribution are applied to explain the results of the
previous section. Since the selling price is always influ-
enced by the limited production quantity (Wu & Hsing,
[5]), the selling price per unit p(Q) can therefore be as-

sumed as:

p(Q)=p2\/_§p‘+Pl,pz>P1>0,Q21, (5)

which means p;<p(Q)< p, and is a decreasing function of
O (Please refer to Figure 1a). For the supplier, the random
demand is assumed to be uniformly distributed over the
range 0 and B(Q), where

bp
B(Q)=——= 6
7(0) ©
is a function of Q with positive constant b (b is the upper
bound of the selling quantity). This means that a higher
selling price would decrease demand. Thus, the PDF of the
supplier’s demand is

1
f(x)—@. (7)

In the same time, the production cost is always influenced
by the limited production quantity, the production cost per

unit

c,,—¢C
Cp(Q):p—

pl
Q +Cp1.’

which means €p1 <C,(Q)<€p2 and is a decreasing func-

CP2>CP1 >0 5 QZ la (8)

tion of O (Please refer to Figure 1b). Obviously,
CAQ<p(O).
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Fig. 1a. The shape of p(Q), 0<Q<1500
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Fig. 1b. The shape of Cp(Q), 0<Q<1500
in example 1
bp,

From, B(Q) = ) * e has (Calculated by mathemati-

cal software Maple 8)

1
B(Q)

dx

) o
Ex'(0) = jo [ (Q)x—c, +s]
1
3(0)

+B©@ /BN p@)-c, |0-[B@-0]r}.

2
Ex (Q)=p (Q) o, P (@) +2p(Q)
2B(Q)

~[p(@~s+r]f(Q)

dx

B(Q)
+ + —Cc, 47
jQ [7'(0)0+ p(Q)-c, +r]

B(Q)-90
B(Q)

H[r@-c,]o-[5@)-0]|[5@] r'5y

+

25(0) F(010+pO)—cp +7 |

" , 2
+5 (0 H010-c,0-rBO) +10]-1| E©O)| }f(B(Q))-
(10)

From (9), it is hard to prove the concavity of En(Q) . A

numerical example is provided to illustrate the model.

Example 1. Given p,=250, p;=130, ¢,=100, c,=100,
¢,»=200, b=1500, s=50, =5 and
¢, =1000, then

1 3

Ex(Q)=—(48055800002 — 154405440 — 35390640 2 + 93600 2

+287302 +102960000)/[7800(12 + 130 2)]
1 3

Ex'(Q)=-(110705400002 — 926432640 — 8203334402 — 2289159602

+13435502 +3734903)/[39000(12 +1302)?]
1

Ex"(Q)= (1328464800002 + 431751960000 — 14243247360

~51703516802% — 48367800 2
7 1

~3539367 Q3 - 971074 02)/[7800 02 (12 +1302)*]-

For the above equation of £7 " (Q), the first and third term,

1
(13284648000-1424324736Q) 0? , and the second and

fourth term, (43175106000-517035168Q)Q are negative
since 0>84. That means that Ex (Q) <0, there-

fore Em(Q) is concave. The concavity of Ex(Q) is also
illustrated in Figures 2, 3, and 4. Figure 2 presents the

curve for En(Q) ; it reaches a maximum in the interval
[500, 800]. Figure 4 presents the curve for Ez (Q) showing
its negative value. It shows En(Q) is concave on
[50,1500]. Figure 3 presents the curve for Ex (Q) ; it

shows the root of Eﬂ'(Q) =0, and it is located in the interval

[500, 1000]. Setting Ex (Q) equals to zero, Q=614 is
derived using Maple 8, the selling price per unit is

p(0*)=$134.8, and the optimal expected profit for the sup-
plier is E7 (Q) =$8037. When limited production quanti-
ty is not considered, Q:/ =618 (using Eq.(2)),
En (Q:;) =$7059 (using Eq.(1)), and the percentage profit

*
E
increase is LQ*)—l =13.9%.
Ex(Qy)

3
2
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Fig. 4. The shape of E7 (Q) , 50<Q<1500
in example 1

5. CONCLUSION

Limited production strategy allows the firm to manipu-
late the scarcity effect [2] of the products with limited
production quantity. This enables the firm to increase the
product selling prices due to exclusive distribution outlets.
In analyzing the system, we provide managerial insights to

decision makers in planning production quantity and sell-
ing price in order to derive the optimal profit.

Ilustrative case study and numerical example are pre-
sented to demonstrate the proposed model. The numerical
example show that the percentage profit increase is fairly
significant. Most of past researches focused on launch
timing [5] and reciprocal effects [6]. The production and
ordering quantities in this study directly influence the
profit. Future researches are suggested to consider varying

distribution of customer demand.
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1~~ABSTRACT

Producing limited quantity of certain products is
an important strategy for dealing with scarcity
and customer response.

Some distribution outlet would raise prices to
cover promotion expenses and to increase profit
margin.

In this study, we consider a newsvendor
problem for products with limited production

guantity: the unit selling price, the unit

production cost and customers’ demand are
Influenced by the limited production quantity.

An algorithm is developed to obtain a production
policy such that the expected profit is maximized.

Decisions for products with limited production
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2. INTRODUCTION(1)

eScarcity of matter is a pervasive aspect of human life
and is the fundamental precondition of economic
behavior(Lynn, M. 1991)

® Commodity theory claims that “any commodity will
be valued If it Is unavailable”.

e [ here are two strategies for price raise through
scarcity:
(1) direct result from the quality and symbolic interest,
(2) indirect result on quality and symbolic interest

through the price.

=
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2. INTRODUCTION(2)

> N O

@ If we combine the commodity theory and the need for
uniqueness theory, we can demonstrate that customers
prefer possessing scarce product to show their
uniqgueness, compared to possessing common and
easily-available products.

@ In this study, the supplier has to consider the uncertainty
in customer demand. Having a good manufacturing and
marketing strategy of the limited-edition products before

the selling period of the product is vital to the supplier.

2014/11/21 Decisions for products with limited production



=

3.NOTATIONS(I)

the expected profit for the supplier

the production quantity for the supplier; decision variable

the optimal production quantity for the supplier considering limited

production quantity

the production quantity for the supplier without considering limited

production quantity

the optimal production quantity for the supplier without considering

limited production quantity

P

the selling price per unit without considering limited production

quantity ; constant-

P

the upper bound of selling price per unit when the production

quantity is limited; constant

2014/11/21

Decisions for products with limited production
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3.NOTATIONS(II)

p(O)ithe selling price per unit with considering limited production

quantity ; which 1s a function of production quantity

C(Q)4the production cost per unit; which is a function of production

quantity, cp(Q) < p(Q).
s |the salvage value per unit s <c¢p
r- |the shortage cost per unit; represents costs of lost goodwill
¢, [the marketing cost
x  |the random demand with the PDF (Probability Density Function),

f(x), and CDF (Cumulative Distribution Function), F(x)

2014/11/21 Decisions for products with limited production
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=
4 - MODELING AND ASSUMPTIONS

| .Single production of the limited product is assumed.

2.The supplier manufactures a batch of the products, Q,
and sells to the retailer or directly to the customers.

3. The unit production price of the product is c,. the unit
production cost is assumed to be constant.

4.The unit selling price is p(Q).When the sale quantity is
less than the batch Q, the lefrover is sold with a unit
salvage value s.

5.When the demand is more than the batch, Q, shortage
occurs.All shortages will be lost sale and the unit lost
sale shortage cost is r. For the selling price p(Q)=P, ,
the supplier will manufacture an optimal batch of . Q:;

2014/11/21 Decisions for products with limited production
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Demand < Production quantity

|

En(Q):F{[p@—cp@}x—[cp@—s](Q—x)}ﬂx)cac

+r{[p<Q)cp%g]g(x@r}ﬂx)ama- o)

Demand > Production quantity

Our problem can be formulated as:

Max : Ex(Q). (4)

2014/11/21 Decisions for products with limited production
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Since the selling price 1s always influenced by the limited

production quantitv (Wu & Hsing. [51). the selling price

per unit p(Q) car

p(Q) =L

+

which means py-

O - the s
O |For the supp 200 BGDQ 1000 1400

uniformly distrib

| Fig. la. The shape of p(Q). 0=Q<1500.
5(Q) = ;j in example 1.
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This means that a higher selling price would decrease de-

mand| T
200
180- (7).
the p: 15[1-: e limited
produ :
140
C : S
20: L (®)
ot 1004 +
whiel 200 BOD 1000 14pn ng func-
tion G - Ibviously,

Cp(O]  Fig. 1b. The shape of Cp(O), 0<Q<1500
mn example 1
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|\ ¥

] Q "
E = X — d:
7 @)= 12 ©@rep sl ds
j O 00+ p@) —L 4
+ + —c, +7 x
o 7 i B0

+ B F B[ P©@)-cp j0-[B©@)-0]r|. ©)

B(Q)-0Q
B(Q)

0>
2B(Q)
—[p(@)—s+7]f(Q)

Ex'(0)=1"(0) +[p"(Q)Q +zp'(9)]

{r@-cpJo-[B@-0T}[B@] s B@y-

28 @[ P @0+ p@)-cp ]
+B'<Q)[p(Q)Q—ch—rB<Q>+rQ]—{B’(Q)]E}f(B(Q)).

(10)
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From (9), 1t 1s hard to prove the concavity of En(Q) . A numerical example is
provided to illustrate the model.

Example 1. Given p»=250, p1=130, ¢,=100, =100, ¢=200, b=1500, s=50,
=5 and

¢, =1000, then
1 3

Ex(Q)=-(48055800002 ~154405440 — 353906402 +93600°

+ 287302 +102960000)/[7800(12 +13Q 2)]
1 3
Ex (Q)=-(11070550000 2 -926432640 ~ 820333440 2 - 228915960

+13435502 +373490°)/[39000(12+130 2)°]

1

Ez (Q)= (1328464800002 + 431751960000 - 14243247360 2

~5170351680% - 48367800 2

! I

— 3539367 0° - 971074 02)/[7800 0% (12 +130%)°]-

[y
b2

L
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For E7 (Q) . the first and third term.
(13284648000-1424324736Q) Q%,,
and the second and fourth term.

(43175106000-5170351680)0

are negative since ()>84.
That means that £7 Q) <0, therefore £7(Q) 1s concave.
The concavity of £7(9) 1s illustrated in Figures 2. 3. and 4.

Figure 2 presents the curve for £7(Q)

2014/11/21 Decisions for products with limited production
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) ¢ 4
Setting E7 (Q) equals to zero, O*=614 is derived using Maple 8,
the selling price per unit 1s p(O")=$134.8,.

the optimal expected profit for the supplier is Ex(Q) =$8037.
When limited production quantity 1s not considered. Q*: =018
(using Eq.(2)).

Ex(Qy) =$7059 (using Eq.(1)).

*
L , . Ex (@)
and the percentage profit increase 1s o) “1=13.9%.
w
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6.CONCLUSION(1)

O

|. Limited production strategy allows the firm to manipulate the
scarcity effect [2] of the products with limited production
quantity.

2. This enables the firm to mcrease the product selling prices due to
exclusive distribution outlets.

3. In analyzing the system, we provide managerial msights to
decision makers 1n planning production quantity and selling price
1 order to dertve the optimal profit.

4. Mlustrative case study and numerical example are presented to
demonstrate the proposed model.

2014/11/21 Decisions for products with limited production
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| =5
6.CONCLUSION(2)

O

5. The numerical example show that the percentage
profit increase 1s fairly significant.

6. Most of past researches focused on launch timing [5] and
reciprocal etfects [6].

7. The production and ordering quantities in this study directly
influence the profit. Future researches are suggested to consider
varying distribution of customer demand.

2014/11/21 Decisions for products with limited production
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Producing limited quantity of certain products is an important strategy for dealing with scarcity and customer response.
Consumers often consider scarce products as possessing higher values, and it triggers them to desire these products.
Some distribution outlet would raise prices to cover promotion expenses and to increase profit margin. In this study, we
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cost and customers’ demand are influenced by the limited production quantity. An algorithm is developed to obtain a
production policy such that the expected profit is maximized. Numerical example is presented to demonstrate the model.
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Decisions for Products with Limited Production

Hui-Ming Teng', Ping-Hui Hsu™" and Hui-Ming Wee™

Abstract: Producing limited quantity of certain products is an important strategy for dealing with scarcity
and customer response. Some distribution outlet would raise prices to cover promotion expenses and to
increase profit margin. In this study, we consider a newsvendor problem for products with limited
production quantity: the unit selling price, the unit production cost and customers’ demand are influenced by
the limited production quantity. An algorithm is developed to obtain a production policy such that the

expected profit is maximized.

Key words: Limited production quantity; Newsvendor; Scarcity

1. INTRODUCTION

Scarcity of matter is a pervasive aspect of human life and
is the fundamental precondition of economic behavior [1].
Consumers often consider scarce products as possessing
higher values, and it triggers them to desire these products.
Consequently, some manufacturers may design their mar-
keting strategies by producing a limited quantity of their
products. This type of marketing strategy is very common
among innovative products. For example, department
stores announce limited products on their promotional
flyers during their anniversary sales. Customers are re-
quired to book in advance or wait in line in order to buy
the limited products.

Commodity theory [2, 7] claims that “any commodi-
ty will be valued if it is unavailable”. According to the
theory, scarcity enhances the value (or desirability), and
it gives to its possessor a sense of pride in possessing
the limited product [1]. Sirgy [3] addressed the im-
portance of scarcity in marketing strategy. Salespersons
should apply such strategy while merchandising prod-
ucts or services; it will increase the motivation of the
targeted customers to approach the promotional infor-
mation. There are two strategies for price raise through
scarcity: (1) direct result from the quality and symbolic
interest, and (2) indirect result on quality and symbolic
interest through the price. As a result, raising the prices
of scarce products can make a positive impact, but also
may backfire if it is not launch properly [4]. Therefore,
if we combine the commodity theory and the need for
uniqueness theory, we can demonstrate that customers
prefer possessing scarce product to show their unique-
ness, compared to possessing common and easily-
available products.

Recently, many industries apply the strategy of lim-
ited production through single production schedule.
From our literature search, no researches have been
done on the newsvendor problem to consider the limited
production quantity issues. In this study, the supplier

! Chihlee Institute of Technology
2 De Lin Institute of Technology
¥ Chung Yuan Christian University

P

P

has to consider the uncertainty in customer demand. Hav-
ing a good manufacturing and marketing strategy of the
limited-edition products before the selling period of the
product is vital to the supplier. We present an algorithm to
derive an optimal production quantity and selling price
such that the expected profit is maximized.

2. NOTATIONS

The following notations are used in our analysis:

the expected profit for the supplier

the production quantity for the supplier; decision vari-
able

the optimal production quantity for the supplier con-
sidering limited production quantity

the production quantity for the supplier without con-
sidering limited production quantity

the optimal production quantity for the supplier with-
out considering limited production quantity

the selling price per unit without considering limited
production quantity ; constant

the upper bound of selling price per unit when the pro-

duction quantity is limited; constant

p(Q) the selling price per unit with considering limited pro-

duction quantity ; which is a function of production

quantity

C,(Q) the production cost per unit; which is a function of

~

Ca

production quantity, c,(Q) < p(Q).
the salvage value per unit s <c,

the shortage cost per unit; represents costs of lost
goodwill

the marketing cost

the random demand with the PDF (Probability Density
Function), f{(x), and CDF (Cumulative Distribution
Function), F(x)
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3. MODELING AND ASSUMPTIONS

Throughout this study, single production of the limited
product is assumed. The supplier manufactures a batch of
the products, O, and sells to the retailer or directly to the
customers. The unit production price of the product is c,.
For simplicity, the unit production cost is assumed to be
constant. The unit selling price is p(Q). When the sale
quantity is less than the batch Q, the leftover is sold with a
unit salvage value s. When the demand is more than the
batch, Q, shortage occurs. All shortages will be lost sale

and the unit lost sale shortage cost is . For the selling
price p(Q)= P\ , the supplier will manufacture an optimal
batch of @, . This is identical to the newsboy problem.

The suppliers’ expected profit function £7 is:

Ex @)= [ {[p—e, (e, ~9)X0, -} ()
[ Ao, o0 - (-0 (s, (1)

W

Similar to Hadley and Whitin (1963), the suppliers’ opti-

mal production batch is:
F(Q,) =(pr-c,+ N/ (pr-s+7), )

where F(x) is the CDF of x. If the supplier manages the
limited production batch, then the consumers’ perceived
value and purchase decisions are usually influenced by the
law of scarcity [17]. The unit selling price p(Q) of the lim-
ited quantity products is a decreasing function of Q. How-
ever, the customer demand will decrease due to a higher
selling price. That is, the random demand of the products
depends on production batch, O, because the higher pro-
duction batch will decrease the selling price, while the
lower selling price will increase demand. That means the
PDF, f(x), of the random demand x is a function of Q. The
suppliers’ expected profit function Em is given as fol-

lows:

En(Q)=IQ{[p(Q>—cp@}x—[c,,@—s}(Q—x)}f(x)dx
0

+I:{[p(Q)_CP(Q)JQ_(X—Q)F}f(x)dx—cu, A3)

Our problem can be formulated as:
Max : En(Q). “4)
We illustrate the model by a case study.

4. AN ILLUSTRATIVE CASE STUDY

In this section, a practical selling price and probabil-
ity distribution are applied to explain the results of the
previous section. Since the selling price is always influ-
enced by the limited production quantity (Wu & Hsing,
[5]), the selling price per unit p(Q) can therefore be as-

sumed as:

p(Q)=p2\/_§p‘+Pl,pz>P1>0,Q21, (5)

which means p;<p(Q)< p, and is a decreasing function of
O (Please refer to Figure 1a). For the supplier, the random
demand is assumed to be uniformly distributed over the
range 0 and B(Q), where

bp
B(Q)=——= 6
7(0) ©
is a function of Q with positive constant b (b is the upper
bound of the selling quantity). This means that a higher
selling price would decrease demand. Thus, the PDF of the
supplier’s demand is

1
f(x)—@. (7)

In the same time, the production cost is always influenced
by the limited production quantity, the production cost per

unit

c,,—¢C
Cp(Q):p—

pl
Q +Cp1.’

which means €p1 <C,(Q)<€p2 and is a decreasing func-

CP2>CP1 >0 5 QZ la (8)

tion of O (Please refer to Figure 1b). Obviously,
CAQ<p(O).
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Fig. 1b. The shape of Cp(Q), 0<Q<1500
in example 1
bp,

From, B(Q) = ) * e has (Calculated by mathemati-

cal software Maple 8)

1
B(Q)

dx

) o
Ex'(0) = jo [ (Q)x—c, +s]
1
3(0)

+B©@ /BN p@)-c, |0-[B@-0]r}.

2
Ex (Q)=p (Q) o, P (@) +2p(Q)
2B(Q)

~[p(@~s+r]f(Q)

dx

B(Q)
+ + —Cc, 47
jQ [7'(0)0+ p(Q)-c, +r]

B(Q)-90
B(Q)

H[r@-c,]o-[5@)-0]|[5@] r'5y

+

25(0) F(010+pO)—cp +7 |

" , 2
+5 (0 H010-c,0-rBO) +10]-1| E©O)| }f(B(Q))-
(10)

From (9), it is hard to prove the concavity of En(Q) . A

numerical example is provided to illustrate the model.

Example 1. Given p,=250, p;=130, ¢,=100, c,=100,
¢,»=200, b=1500, s=50, =5 and
¢, =1000, then

1 3

Ex(Q)=—(48055800002 — 154405440 — 35390640 2 + 93600 2

+287302 +102960000)/[7800(12 + 130 2)]
1 3

Ex'(Q)=-(110705400002 — 926432640 — 8203334402 — 2289159602

+13435502 +3734903)/[39000(12 +1302)?]
1

Ex"(Q)= (1328464800002 + 431751960000 — 14243247360

~51703516802% — 48367800 2
7 1

~3539367 Q3 - 971074 02)/[7800 02 (12 +1302)*]-

For the above equation of £7 " (Q), the first and third term,

1
(13284648000-1424324736Q) 0? , and the second and

fourth term, (43175106000-517035168Q)Q are negative
since 0>84. That means that Ex (Q) <0, there-

fore Em(Q) is concave. The concavity of Ex(Q) is also
illustrated in Figures 2, 3, and 4. Figure 2 presents the

curve for En(Q) ; it reaches a maximum in the interval
[500, 800]. Figure 4 presents the curve for Ez (Q) showing
its negative value. It shows En(Q) is concave on
[50,1500]. Figure 3 presents the curve for Ex (Q) ; it

shows the root of Eﬂ'(Q) =0, and it is located in the interval

[500, 1000]. Setting Ex (Q) equals to zero, Q=614 is
derived using Maple 8, the selling price per unit is

p(0*)=$134.8, and the optimal expected profit for the sup-
plier is E7 (Q) =$8037. When limited production quanti-
ty is not considered, Q:/ =618 (using Eq.(2)),
En (Q:;) =$7059 (using Eq.(1)), and the percentage profit

*
E
increase is LQ*)—l =13.9%.
Ex(Qy)

3
2
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5. CONCLUSION

Limited production strategy allows the firm to manipu-
late the scarcity effect [2] of the products with limited
production quantity. This enables the firm to increase the
product selling prices due to exclusive distribution outlets.
In analyzing the system, we provide managerial insights to

decision makers in planning production quantity and sell-
ing price in order to derive the optimal profit.

Ilustrative case study and numerical example are pre-
sented to demonstrate the proposed model. The numerical
example show that the percentage profit increase is fairly
significant. Most of past researches focused on launch
timing [5] and reciprocal effects [6]. The production and
ordering quantities in this study directly influence the
profit. Future researches are suggested to consider varying

distribution of customer demand.
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1~~ABSTRACT

Producing limited quantity of certain products is
an important strategy for dealing with scarcity
and customer response.

Some distribution outlet would raise prices to
cover promotion expenses and to increase profit
margin.

In this study, we consider a newsvendor
problem for products with limited production

guantity: the unit selling price, the unit

production cost and customers’ demand are
Influenced by the limited production quantity.

An algorithm is developed to obtain a production
policy such that the expected profit is maximized.
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2. INTRODUCTION(1)

eScarcity of matter is a pervasive aspect of human life
and is the fundamental precondition of economic
behavior(Lynn, M. 1991)

® Commodity theory claims that “any commodity will
be valued If it Is unavailable”.

e [ here are two strategies for price raise through
scarcity:
(1) direct result from the quality and symbolic interest,
(2) indirect result on quality and symbolic interest

through the price.

=
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2. INTRODUCTION(2)

> N O

@ If we combine the commodity theory and the need for
uniqueness theory, we can demonstrate that customers
prefer possessing scarce product to show their
uniqgueness, compared to possessing common and
easily-available products.

@ In this study, the supplier has to consider the uncertainty
in customer demand. Having a good manufacturing and
marketing strategy of the limited-edition products before

the selling period of the product is vital to the supplier.

2014/11/21 Decisions for products with limited production
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3.NOTATIONS(I)

the expected profit for the supplier

the production quantity for the supplier; decision variable

the optimal production quantity for the supplier considering limited

production quantity

the production quantity for the supplier without considering limited

production quantity

the optimal production quantity for the supplier without considering

limited production quantity

P

the selling price per unit without considering limited production

quantity ; constant-

P

the upper bound of selling price per unit when the production

quantity is limited; constant

2014/11/21
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3.NOTATIONS(II)

p(O)ithe selling price per unit with considering limited production

quantity ; which 1s a function of production quantity

C(Q)4the production cost per unit; which is a function of production

quantity, cp(Q) < p(Q).
s |the salvage value per unit s <c¢p
r- |the shortage cost per unit; represents costs of lost goodwill
¢, [the marketing cost
x  |the random demand with the PDF (Probability Density Function),

f(x), and CDF (Cumulative Distribution Function), F(x)
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4 - MODELING AND ASSUMPTIONS

| .Single production of the limited product is assumed.

2.The supplier manufactures a batch of the products, Q,
and sells to the retailer or directly to the customers.

3. The unit production price of the product is c,. the unit
production cost is assumed to be constant.

4.The unit selling price is p(Q).When the sale quantity is
less than the batch Q, the lefrover is sold with a unit
salvage value s.

5.When the demand is more than the batch, Q, shortage
occurs.All shortages will be lost sale and the unit lost
sale shortage cost is r. For the selling price p(Q)=P, ,
the supplier will manufacture an optimal batch of . Q:;

2014/11/21 Decisions for products with limited production
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Demand < Production quantity

|

En(Q):F{[p@—cp@}x—[cp@—s](Q—x)}ﬂx)cac

+r{[p<Q)cp%g]g(x@r}ﬂx)ama- o)

Demand > Production quantity

Our problem can be formulated as:

Max : Ex(Q). (4)
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Since the selling price 1s always influenced by the limited

production quantitv (Wu & Hsing. [51). the selling price

per unit p(Q) car

p(Q) =L

+

which means py-

O - the s
O |For the supp 200 BGDQ 1000 1400

uniformly distrib

| Fig. la. The shape of p(Q). 0=Q<1500.
5(Q) = ;j in example 1.
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This means that a higher selling price would decrease de-

mand| T
200
180- (7).
the p: 15[1-: e limited
produ :
140
C : S
20: L (®)
ot 1004 +
whiel 200 BOD 1000 14pn ng func-
tion G - Ibviously,

Cp(O]  Fig. 1b. The shape of Cp(O), 0<Q<1500
mn example 1
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|\ ¥

] Q "
E = X — d:
7 @)= 12 ©@rep sl ds
j O 00+ p@) —L 4
+ + —c, +7 x
o 7 i B0

+ B F B[ P©@)-cp j0-[B©@)-0]r|. ©)

B(Q)-0Q
B(Q)

0>
2B(Q)
—[p(@)—s+7]f(Q)

Ex'(0)=1"(0) +[p"(Q)Q +zp'(9)]

{r@-cpJo-[B@-0T}[B@] s B@y-

28 @[ P @0+ p@)-cp ]
+B'<Q)[p(Q)Q—ch—rB<Q>+rQ]—{B’(Q)]E}f(B(Q)).

(10)
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From (9), 1t 1s hard to prove the concavity of En(Q) . A numerical example is
provided to illustrate the model.

Example 1. Given p»=250, p1=130, ¢,=100, =100, ¢=200, b=1500, s=50,
=5 and

¢, =1000, then
1 3

Ex(Q)=-(48055800002 ~154405440 — 353906402 +93600°

+ 287302 +102960000)/[7800(12 +13Q 2)]
1 3
Ex (Q)=-(11070550000 2 -926432640 ~ 820333440 2 - 228915960

+13435502 +373490°)/[39000(12+130 2)°]

1

Ez (Q)= (1328464800002 + 431751960000 - 14243247360 2

~5170351680% - 48367800 2

! I

— 3539367 0° - 971074 02)/[7800 0% (12 +130%)°]-

[y
b2

L
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For E7 (Q) . the first and third term.
(13284648000-1424324736Q) Q%,,
and the second and fourth term.

(43175106000-5170351680)0

are negative since ()>84.
That means that £7 Q) <0, therefore £7(Q) 1s concave.
The concavity of £7(9) 1s illustrated in Figures 2. 3. and 4.

Figure 2 presents the curve for £7(Q)

2014/11/21 Decisions for products with limited production
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Q
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'Fig. 3. The shape ofE?fl(Q) . 0<Q<1500.
m example 1
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) ¢ 4
Setting E7 (Q) equals to zero, O*=614 is derived using Maple 8,
the selling price per unit 1s p(O")=$134.8,.

the optimal expected profit for the supplier is Ex(Q) =$8037.
When limited production quantity 1s not considered. Q*: =018
(using Eq.(2)).

Ex(Qy) =$7059 (using Eq.(1)).

*
L , . Ex (@)
and the percentage profit increase 1s o) “1=13.9%.
w
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6.CONCLUSION(1)

O

|. Limited production strategy allows the firm to manipulate the
scarcity effect [2] of the products with limited production
quantity.

2. This enables the firm to mcrease the product selling prices due to
exclusive distribution outlets.

3. In analyzing the system, we provide managerial msights to
decision makers 1n planning production quantity and selling price
1 order to dertve the optimal profit.

4. Mlustrative case study and numerical example are presented to
demonstrate the proposed model.
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| =5
6.CONCLUSION(2)

O

5. The numerical example show that the percentage
profit increase 1s fairly significant.

6. Most of past researches focused on launch timing [5] and
reciprocal etfects [6].

7. The production and ordering quantities in this study directly
influence the profit. Future researches are suggested to consider
varying distribution of customer demand.
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In this study, we derive a newsvendor problem model with limited production
quantity. Limited production strategy allows the firm to manipulate the scarcity
effect of the products with limited production quantity. This enables the firm to
increase the product selling prices due to exclusive distribution outlets. In
analyzing the system, we provide managerial insights to decision makers in
planning production quantity and selling price in order to derive the optimal
profit.

Illustrative case studies, numerical examples, and sensitivity analysis are
presented to demonstrate the proposed model.
The two numerical examples show that the percentage profit increase is fairly
significant. Most of past researches focused on
launch timing [16] and reciprocal effects [17]. The production and ordering
quantities in this study directly influence the
profit. For simplicity, the unit production cost is assumed to be constant. Future
researches are suggested to consider variable
unit production cost, selling price and varying distribution of customer demand.







