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Abstract—In order to improve the service provider profit,
the pricing strategies in service network have been studied,
but primarily in static pricing setting without considering
different quality of service (QoS) levels. However, in real
situation, providers usually dynamically adjust their prices
and offer multiple class services to meet different customers.
Moreover, because service provider will satisfy demands of
customers on a specific future date, customers may cancel
order. In this paper, we establish a new dynamic pricing
model to consider order cancellation ration and different
QoS levels for maximizing provider revenue. The analytical
results from this new model reveal that the optimal capacity
and prices are derived via closed-form solutions. Finally, a
numerical example is presented to illustrate that the
proposed method is effective for determining the optimal
capacity and prices. In addition, sensitivity analysis of the
optimal capacity and profit with respect to some important
parameters are also conducted to illustrate the optimal
decision characteristics.

Index Terms—pricing strategy, quality of service (QoS),
cancellation ratio, web service

. INTRODUCTION

During recent years, web service has gained
tremendous development in modern business. In the e-
business domain, one of the most challenging issues is
pricing strategy of web service. The service is a special
produce that is simultaneously produced and consumed.
For example, when a people who makes a reservation for
traveling by air can enjoy this service only when the
customer arrives and a schedule is prepared for a
particular day and time. If the service has not been sold
before the scheduled departures, its economic value is
lost. As such, services are considered non-storable
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products [1].

In the existing related models concentrating on pricing,
many researchers have observed the phenomenon that
demands for an item may be affected by price. Polatoglu
[2] examined an inventory model for developing pricing
and procurement decisions simultaneously. Khouja [3]
investigated a newsboy problem in which discount prices
are decision variables and discount strategies are used to
sell excess inventory. Pan et al. [4] constructed a
mathematical model in which the demand is price-
dependent to analyze pricing and order size for a service
product when customers are segmented into two types.

Meanwhile, some researchers have also studied the
pricing when the demand simultaneously depends on
price and time. Gupta et al. [5] considered an inventory
model when the demand intensity and reservation prices
are time dependent. Rakesh and Steinberg [6]
simultaneously determined the pricing and ordering
decisions for an inventory system in which the demand is
assumed to be time and price dependent.

Urban and Baker [7] addressed a deterministic
inventory model in which the demand is a multivariate
function of price, time and inventory level, and extended
the model to a case with a single price markdown. Chun
[8] developed inventory models for determining the
optimal list price and order quantity for a
seasonal/perishable product which is sold for a limited
period of time.

When consumers make purchased decision, they
consider not only costs but also quality of service (QoS).
Under this demand structure, a provider has been
proposed to offer different service versions to meet
multiple customer demand in web service domain. This is
becoming a common practice that is based on the demand
of different QoS levels.

QoS is the collective summation of service measures,
which determines the degree of user satisfaction of the
service [9]. Common measures of QoS are delay,
reliability and missing data probability in data
communication networks. Delay specifies how long it
takes for data to travel across the network from source to
destination [10].
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Reliability represents the variance in data transmission.
Audio and video applications are quite sensitive to delay
and reliability, whereas common data services are
insensitive to either [11]. Missing data represents
information dropped or irrecoverably damaged by the
network. It typically stems from data collision and buffer
overflows. Sudden changes in transmission may also
cause data loss [12].

Thus, without an appropriate pricing strategy, any
prioritization is useless; if there were no price difference
between the priority classes, all users would select the
high priority class. In other words, the prices of the
priority classes should give users an incentive to join the
“right” priority class. This is a common practice done by
imposing a higher charge on the high-priority class.

Some relative literatures can be reviewed. For example,
Guan et al. [13] presented a decentralized auction-based
scheme for bandwidth allocation and pricing in a
differentiated service-based network. Mandjes [14]
constructed the new model that analyzed pricing
strategies on different services. Zhang et al. [15]
proposed a general framework in which service providers
offering multi-class services to meet different demands.

To boost revenue, provider may dynamically adjust
their prices to sell more services than before. For example,
airlines can use computer reservation systems to
dynamically change ticket prices according to actual sales
status. Some literatures have also studied dynamic pricing
problems. Gallego and Ryzin [16] proposed a dynamic
pricing model for selling a fixed number of items by a
deadline. They found the optimal pricing policy in closed
form under exponential demand. You [17] dealt with a
dynamic pricing and lot sizing problem for seasonal
products.

However, this advantage is accompanied by numerous
costs and problems. Costs associated with the dynamic
pricing approach include costs on computer equipment,
data update, and information technology. With the
advancement of information technology, costs and
problems are decreasing. The pricing or promotion
strategy can be easily applied to many practical problems.
Due to this advantage of dynamic pricing, this paper
considers dynamic pricing according to the actual ratio
between capacity and demand.

At the same time, customers usually purchase service
through a reservation system and will consume the
product on a certain future date. Lee and Ng [18]
provided service organizations generally used an advance
sale system to monitor demand besides pricing strategy.
You [19] investigated a service inventory model in which
the firm sells the product through an advance booking
system.

It is noted that customers with reservation may
withdraw their orders before receiving them. A decision
maker, without considering this phenomenon, thus may
over-estimate the actual demand. From an economic
point of view, the phenomenon of order cancellation can
not be disregarded when making capacity size and pricing
decisions.

© 2009 ACADEMY PUBLISHER

229

But, in web service domain, there is limited research in
revenue management that concerns dynamic pricing
strategy of web service with different QoS levels.
However, in real situation, providers usually can
dynamically adjust their prices and offer multiple class
services to meet different customer requirements.

In order to offer more practical and meaningful model
to dynamic pricing strategy of provider, we present a new
model in this paper, which differs from past studies in
that it includes four features, as follows:

(1) Demand depends on price and time.

(2) Provider offers multiple class services to meet
different requirements of customers.

(3) Customers with reservation can cancel order,
penalty depends on sale price and time.

(4) The time point of price adjustment is random, when
provider only has a price-change.

The purpose of this paper is to maximize the profit by
making the following decisions:

(1) Capacity decision specifying how capacity is
constructed.

(2) Pricing decision specifying how much price of
every class service is during every selling stage.

Il. ADYNAMIC PRICING MODEL WITH
DIFFERENT QOS LEVELS
In this section, we construct a new dynamic pricing
model to maximize provider profit. The following content
discusses our model in detail.

A. Notation and assumptions

In this subsection, we assume that a provider plans to
offer a certain service to customers who will consume or
use it on a certain future date, purchasing through a
reservation system. We also assume that the provider
must determine the capacity and the selling prices at the
start of the selling period. The selling price scheme is
assumed to include both an initial and a secondary unit
selling price. The provider is postulated to have
previously specified a price-change time at the start of the
selling period. This arrangement is intended to maximize
the total expected profit by simultaneously determining
the capacity of the provider, initial unit selling price, and
secondary unit selling price. We first make the following
assumptions:

(1) Provider only has a price-change in selling period,
namely dividing the selling period into 2 selling stages at
random time point T;.

(2) Multiple class services can meet different
requirements of customers.

(3) Demand rate of different QoS levels is used as a
function of selling price and time.

(4) Capacity of provider is not surplus.

(5) Customers with reservation can cancel order,
penalty depends on sale price and time.

(6) Customers can always be satisfied.

Before describing our model, the following notations
are defined. We will use the following notations and
decision variables throughout this paper.



230

m: Number of QoS levels

T: Advance selling period

T Random time point of price-change, 0 < Ty <
T

p1;+ Initial unit selling price of the jth QoS level
during time [0,T4]. y =1.2,....m

p2;-  Secondary unit selling price of the jth QoS level
during time [T1.,7], j =1,2,..,m

P+ Unit selling price of the jth QoS level which is
set during the ith selling stage, ¢ = 1,2, § =
1,2,...,m

Di;: Demand of the jth class service over the tth
selling stage

a;.  Scale parameter of demand of the jth class
service, 1 = 1,2,...,m

b;:  Shape parameter of demand of the jth class
service, 7 = 1,2, ..., m

#;: A coefficient for reflecting relationship of price
and demand of the jth class service, ;7 =
1,2,....m

o4l Unit service cost of the jth QoS level, 7 =
1,2,...,m

rii The proportion of cancellations of the jth QoS

level, where is a positive variable with the value
of [0, 1), 7=1,2,...,m
I;;(t): Reservation level of the jth QoS level during the
ith stage at time point £, = 1,2, 5 =1.2,....m
Ji;:  Reservation level of the jth QoS level during
the ith selling stage, : = 1,2, j =1.2,....m
J;: Total reservation level of the jth QoS level
during advance sale period, j =1.2,...,m

1.2,...,m
Total profit function when the number of price
adjustments is the same in different QoS levels

) Total capacity level

Ri;: Profit function of the jth QoS level during the
ith stage, 1 = 1,2, 5 =12, ...m

R;: Profit function of the jth QoS level, 7 =

R

According to the real situation, we will develop a new
model presented in this section for dynamic pricing
strategy problem of the provider in web service with
considering one price-change in random time poin,
cancellation and different Qos levels. The following
subsection discusses this model in detail.

B.Mathematical model

To have a new dynamic pricing model on web service,
the demand for the service depends on the selling price
and time, demand function is nonlinear and given by

-D‘.‘-_;i = ('i'_iitf_b‘ft - _i'p?-_i' []}
where t indicates the passed time in selling period; a;,
ﬁj and bj are non-negative parameter; Dijj is the demand

rate at the jth QoS level over the ith selling stage.

Since customers usually purchase service in advance,
this work makes the realistic assumption that customers
with reservations may cancel their order before receiving
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their orders. Customers who withdraw their orders are
postulated to be charged the penalty. Meanwhile, the
penalty is assumed to be linearly dependent with the
passed time during a selling period. Then, we have

) t

0, = —= (2)

T
where 6, denote the ratio of penalty to sales price when a

customer cancels his/her reservation at time t of selling
period. Meanwhile, the assumption that the ratio
increases with time is restrictive, such a phenomenon is
not uncommon because the fee of cancellation often
increases as the consumption day draws nearer. For
instance, data transmission which will be held three days
later is likely to charge higher penalty than another task
which will be held a couple of weeks later. Aside from
this, it is likely that hosts will spend more money for
canceling a shortterm notice dinner party because there is
not enough time to another schedule. However, Thus, it is
not uncommon that a long-term schedule has a lower
penalty of being canceled instead of one in the near future.
Taking this situation into account, this paper investigates
the case where the portion of penalty increases with time.
Moreover, we assume that services remaining at the
end of the sales season are disposed of zero. Then, the

reservation level changes at a rate of Dy, —r;l;(t)
during period [0, T1]. Accordingly, the reservation level

of the system during time period [0, T1] can be given by
the following differential equation:

oI ;(t) .

T = DJ_} — '."_,-IUIZEL}.

At time, t = T1, the price is changed to p2j. During the
period from time T1to T, the reservation level changes at
a rate of D,;—r;l,;(t) owing to demand and

0<t<Ty. (3)

cancellations. Consequently, the system reservation level
during period [T1, T] can be described by the following
differential equation:
Als;(t)
it
Clearly, the initial reservation level is 0 in selling
period. Additionally, based on the assumption that the
firm can predict how price and time influence demand,
the reservation level of j class service is expected to reach

the level Qj at the end of the selling period. Thus, the
boundary conditions for the reservation level are

Il_j':;l:l_:] =10, IQ_;;I:;I_II ZQJ (3

The differential equations in Egs. (3) and (4) can be
solved using Eq. (1) and the above boundary conditions
Eq. (5). The solutions to the differential equations are
given by Egs. (6) and (7), respectively:

agleTht —emTE ) FipyleTTt — 1) .
I;(8) = p—" -+ - . (6)
—byt (\r-J.;]"_t;—b:T’-J . (:'}j ors (T—t)

=Do; —rilai(t). Ty =t=T. (4

Iy (1) = 21

r; —b;
Bipaj (et (T—t — 1
J‘j ’
Thus, the system reservation level is developed. Now,

(7
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we will develop the profit function of this problem. Profit
of the jth QoS level is composed of sales revenues sta'e ,

cancellation revenues chance' and cost choSt . The profit
function can be derived according to Egs. (6) and (7).

(1) Sales revenues
Ry = I;(Th)py;

13
—b,T —r, T
o (e — e
=py; ¥ [ J

I‘_i; - I!i'_i,

. M4 r._'rle -1
+! i ) ‘ (8)
i
Rygte = [I;(T) — Io;(T1)] = po;
I T 1 —r3T1
. argle —e I
=pg; ¥ |Q; — /
P2 [-\.j s _bj
[ —13 T -
 Bipyle T 1) o
I'j
2
Rja!e ZZ R:-?.[e
i=1
— RT?I& 4+ R;-?!e
—b,T —r; T}
cei(e™ "5 — g7 Ts01)
=py; % &l - 7
Ij — i'j
j‘ " .E'E—r_;]-'i —1
+ P15l ) + pa;
T
-5, T —ry T
(e 5 — 7T
Q-ule e
I_ii - F_ii
Aipps e T 1)
Hipile ) (10)
T3

where R;a'e is sale revenue of the jth QoS level during
theith stage,i=1,2,j=1,2, ..., m.

(2) Cancellation revenues

T
R.i-?nce! — '/: E'tpljl‘jfl_jf;”df

le Elpl_;-"_;- -:'“r_;;l:;f‘_b-‘t _ E\—."jfjl
= =
o T rj —b;
B.py.(e=Tst — 1)
+ P15\ 2 dt
r
—e=bT —Tyhe=T 41

2
Eaj
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—e~TT _ Tl-.l'jc_"'u‘ri +1
- 2
"3

=

x [ —=+

a2
.-:i'_;il_;;?l_,
'."_iiT

—e— T T, rjp—T'.‘Ti + 1]

QP15 T

Il:;?‘_ii — Ei_ii)

2

5 (11)

r2
T

R = [ Bupojridas(t)dt

FA

T tpair; ¥ l:t“._b-'t — er[‘]"—r}—bﬂ")

= x

T I-

Q. ) J_;LT—EJ] 1 ) )

.'jl}f:'ﬁ_i' (e l,:l + thﬂ'r". |LT—#,|‘| dt

+
5 —bj

?'j

B {c;—l — Thy)e 4T + (Tyb, + 1)ebTs

I:-f
I (e e o e
a
"

Tyr; + 1)es T
[ 1I_i'+ 'Jf. ]‘| w

P70

]

5

p%j..l'}-_;f}- y [TF T2

T—.'J S

2 2
(=1 =Try) + (Tirs + 1)¢~.-*:LT—T1J] N

.
"

(=1 —Trj)e T 4 (Tyry + 1)e— ™
2

a

_P207i%5 (12)
TI:.'_;.—E)_;-:' ST

2
cancel __ cancel
Rt = S Rg:
i=1

— Re.]:-?nce.! + RE?“MJ (1 3)

where Rij?ance' is cancellation revenue of the jth QoS level
during the ith stage, i =1, 2,j=1, 2, ..., m.
(3) Cost

coat _
R =

Qjc;
where RJ-COSt is cost of the jth QoS level,j=1, 2, ..., m.

Thus, our problem can be formulated as follows:
— i el
Rj — Rja = —+ Rjanc . Rjost‘

— byt

(14

(15)
t"tjt’

."i_;i
The provider aims to maximize expected profit by
simultaneously determining 1) the capacity of service
provider, and 2)unit selling price of service in every stage
with different QoS levels. The following section, we
show the optimal capacity and prices of different class
services are derived from closed-form solutions.

Pig = (16

I11. SYSTEM ANALYSIS
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In this section, we will develop a solution procedure in
deal with the mathematic programming model proposed
in the previous section. It is observed that

Iy M) = |2j(r1) , namely

aj(e=tTt — g=maTh) 4 Biprilem T — 1) .

5 — E?_?' Ty
."j‘ij_;i(E’-Tl-’l‘T_TU o J.) Ctjl::E’-_bJTl o EI'JI‘T—TIJI—{'UT:]
- + . b
T Ty — Oy
_|_th1er?—?1}_ (17}

Thus, we can used Eq. (17) to obtain Qj.

(_‘tjl:rE’._bJT o t.!—T'JTJ e—r‘,T o e—rjl:]"—]"l:l
Q_?' = - N =+ - >
e g T
. Gipoi(1 — e~ malT=T1l _
B5p1; — = . (18)
'T'_-Ii

According to Eq. (18), (J; can be expressed in terms
of py; and py;, thus allowing us to reduce the unknown
variables in objective function R;. Substituting Eq. (18)
into Eq. (15), this work aims to maximize the expected
profit, subject to the constraint Eq. (16), namely [);; = 0
for:=1,2.

Theorem 2.3.1. For any given parameters, f;(p;;) is a
concave Tunction of py;.
Proof. First, we have

8°R, &R,
Ip3, Apy;0pa; |
H=| 2§ or, |7
Ay ;0P L"]pf}.

as well as the following inequalities, namely Egs.(19) and
(20):

9°R;
— 3 =0, (19)
dp%j
PR,
- (20)
Ip3;

Thus, we see that inequalities H, Egs.(19) and (20)
satisfy the sufficient condition. Hence, we have completed
the proof. A

Setting
R,
— =10, (21)
Opi !
OR; _ o, (22)
aPEj

Let p;j be the solutions to Eqs. (21) and (22), and pg;
be the optimal selling price of the jth QoS level during the
ith selling stage fori = 1,2, j = 1.2,....,m. Combinigg

Zb, T —b
e i e

Egs.(19) and (20), pj, = % and pj. = JT,

i, 1
we can obtain the following theorem.

—byT1

N — . . e .
I'heorem 2.3.2. py; = Py for Py = 5 py; =

=1
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' . -.—\5_;]"1 . -.—\5_,1T1

L'l_i,t. f(}]' L'l_i,t. = v . _ ?r fo[' ?r -
3. 3. - plj* pg_—,i - ;2_-; ;gj i
=3 s

n-je._bJT Aot — -:uje._bJT Ct_-liE'-_bJT -

—5 and p3; = 3 3 = Pyj-

Ac?cording to Theorem 5.3.1. and T'héorem 2.3.2., the
optimal initial unit selling price is pj;. the optimal
secondary selling price is pj, and the optimal rent-
ing/fordering quantity of j service class is

o _ QY (e=2T — =Ty Fipl(e™" — e N
Q5= o — b + .
Ty ' L]
..'5'-3_;' |:]_ — g_rJ':T_le‘j
_ 25\ J [2
T

In the next subsection, we present a numerical example
to illustrate the preceding new method presented in this
section and make sensitive analysis about some important
parameters.

IV. A NUMERICAL EXAMPLE

The previous theory can be illustrated by the following
example. Suppose the service provider offers this service
at a unit cost ¢; = 5, cancellation ratio r; = 0.05, sells

it through reservation on 7' = 200 and T} = 7 Then,
demand function 1s

D..

L)

. L
= aye P3P

= 150e "9 — 4p;;.

Using these theorems developed in the previous sub-
section, Table 1 reveals that the optimal capacity and
expected profit of the jth QoS level.

This work refers to the data set used in the above
example as a basic data set. That is, w = {a; = 150,
g; =4, ¢; =5 T = 40, r; = 0.05, b; = 0.005}.
Specifically, the changes in the optimal decision values
(2; and R; are investigated when only one parameter in
set w changes while the others remain the same. Tables 1-
V1illustrate the sensitivity analysis for the above example.
The numerical analysis demonstrates that

(1y ©2; and p2;(p(279)) are decreasing in T" while R; is
concave and py;(p(1)) is increasing in T (Table I,
Figure 1 and Fig. 7).

(2) Ry p1(p(15)) and po;(p(24)) is increasing in r;
while (2; is decreasing in r; (Table II, Figure 2 and
Fig. 8).

(3) €. R; and po;(p(27)) are decreasing in b; while
p1i(p(17)) is increasing in b; (Table III, Figure 3
and Fig. 9).

4y Q. By, p1i(p(17)) and po;(p(27)) are increasing
in o; (Table IV, Figure 4 and Fig. 10).

(5) Q4. By, p1;(p(215)) and pa; (p(24)) are decreasing
in 4; (Table V, Figure 5 and Fig. 11).

(6) ¢); and K; are decreasing in o; while py;(p(17))
and p2;(p(27)) are increasing in c; (Table VI,
Figure 6 and Fig. 12).

Notably, the above results show that variations in some

important parameters can cause change in capacity and
profit of provider. This method enables the purchasing
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TABLE L
SENSITIVITY FOR T

T 100 150 200 250 300
R; 31711 41043 43688 43818 40319
=] 2048 2416 1900 1479 1146
P1j T4 849 8.98 9.09 8.07
P2 871 .37 T.53 6.57 5.66

TABLE 1L

SENSITIVITY FOR .

[P 0.03 0.04 0.05 0.06 0.07
Ry 38751 42220 43688 44285 44485
=P 3574 2526 1900 1501 1230
Py 1.37 829 5.98 9.51 9.92
P2 6.78 7.24 1.53 773 T.87

managers to calculate the optimal capacity and price
decision to each class service in data communication
service.

V. CONCLUSION

Pricing strategy of provider with different QoS levels
in web network is one of the most important activities
of e-commerce. Providers usually offer multiple price ad-
justments and different QoS levels to different customers.
Numerous researchers in the past had studied the pricing
problem. However, few considered a situation in which
customers were required to make reservations and were
allowed cancellations when demand depended on price
and time. Then, a new model was developed for pricing
policy with different Qos levels.

The proposed model simultaneously determines the
renting/ordering quantity, initial unit selling price and
secondary unit selling price at the beginning of the
planning period. The analytical results reveal that the
profit function is concave. The analytical outcomes also
have led to the development of closed form solutions.
These characteristics can be applied to directly calculate
the order quantity, the optimal initial unit, and secondary
unit selling price when the time point Tj is random.

Meanwhile, from a numerical example, we prove the
proposed model in this paper can effectively help the
decision makers to calculate the optimal number of price
settings, the optimal capacity and prices.

TABLE IIL
SENSITIVITY FOR by,

b 0.003 0.004 0.005 0.006 0.007

R, 63194 54304 43688 35518 29184

0y 2519 2187 1900 1653 1439

P1g 0.8 9.37 8.98 8.6 8.25

Py2 0.83 8.6 1.53 6.61 5.82
TABLE IV.

SENSITIVITY FOR .

oy 130 140 150 160 170
R, 32074 37657 43688 S0169 ST0498
0y 1628 1764 1900 2036 2172
Py 193 .46 8.98 9.5 10,02
P2 .61 7.07 7.53 7.99 8.45
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TABLE V.
SENSITIVITY FOR 5;.

7 i) 3 I 3 3

R, 04015 60435 43688 33605 T7029

7, 970 1935 900 1866 1831

P1 16.8 11.58 508 T 37

Pz 1446 T.E] 753 614 533
TABLE VI,

SENSITIVITY FOR ¢y,

2 3 T 5 6 7
B, 46330 40995 43688 43410 41150
Q; 193 1028 1900 1872 1845
pi; 842 815 808 0.51 0H
Pz 120 T4 753 ERE 7T

The following directions can be considered as futur
works.

In real situation, markets usually have many providers
When providers make the pricing decision, they must con
sider competitor policy. If the model can be re-constructe:
on free market, it would be more realistic.

In this case. customer can always be satisfied. But, i
practice, customers with reservations are not guarantee:
to receive or enjoy services because provider usuall
has limited capacity. In this situation, it does not mea
that all unfulfilled customers are lost sales. In som
cases, some customers may be willing to accept dela
or postpenement. Further research could developed th
situation where limited capacity is considered.

Finally, it is also worth further investigating whel
demand is stochastic. For solving this problem, we mus
re-establish our model as a dynamic pricing model am
develop another effective method to deal with this nev
problem. These are not easy directions to pursue and w.
will look into those issue in the future.

P

]

g

T

3

3 1 1 1

100 150 200 250 am T
Bl13) PL2i)
Figure 1. Price with respect to T.
P
3
L
[
13 1 1 1
0. 03 004 0o e 007 )
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Figure 2. Price with respect to () (r;).
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