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Abstract: This paper proposes an adaptive pricing
system with scheduling to balance the demand for con-
tents and to realize an effective use of resources in con-
tents delivery networks. In the proposed adaptive pric-
ing system, the table of the service levels and prices
(tariff) is shown to each user at the start of service
and each user chooses one of the service classes. These
prices are decided adaptively reflecting the congestion
state of the networks. Then, by the proposed schedul-
ing algorithm, these requests are scheduled so as to keep
the service level agreements completely.
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1 Introduction

Contents delivery will be popular in the near future,
and its traffic will be dominant in the network. There
can be many kind of contents to be delivered in the
service, such as, HTML documents, pictures, software,
movies and so on.

In contents delivery networks, users often make some
requests for large-size contents to be delivered. Traffic
of these large-size contents causes a heavy congestion
especially at peak usage hours. Therefore, there is a
necessity for carriers to accommodate extra capacity to
meet peak usage demands; even if many resources are
not used in off-peak hours. To avoid building additional
capacity to meet peak usage demands, price incentives
are provided as an effort to shift some of the demands
from peak to nonpeak periods in an efficient manner

(1]-

This paper proposes an adaptive pricing system with
scheduling to balance the demand for contents and to
realize an effective use of resources in contents deliv-
ery networks. In the proposed adaptive pricing system,
the table of service levels and prices (tariff) is shown
to each user at the start of each service and each user
chooses one of the service classes. These prices are de-
cided adaptively reflecting the congestion state of the
networks. Then, by the proposed scheduling algorithm,
these requests are scheduled so as to keep the service
level agreements completely.

2 Market-based Scheduling System in
Contents Delivery Networks

2.1 Framework

Market-based scheduling system that is shown in Figure
1 is considered in this paper. First, a request of each
user is sent to the server. Then, the server set up a tariff
according to the congestion state of the networks and
shows the tariff to each user. Each user chooses one of
the service classes shown in the tariff. These requests
are scheduled so as to keep the service level agreements
(waiting time, in this paper) shown in the tariff. In the
tariff, for example, a price of the class where contents
will be transmitted right now, after 1 hour or after 2
hour is shown. Hereafter, we consider the case of two
service classes to make the problem simple.

By setting prices adaptively reflecting the congestion
state of the networks, requests are admitted based on
the current valuation (willingness to pay) for contents
delivery services. The charge is close to the low price
end when the networks are not congested. On the other
hand, the charge is close to the high price end when the
networks are congested.

set a tariff

(2) tariff

(1) request

(4) content

SERVER

(3) selected class
select a service class

Figure 1: System model.
2.2 Spot Pricing Without Scheduling

First, the spot pricing without scheduling is discussed.
This pricing method is often usced suceessfully in tele-
phone services by telecommunication common carri-
ers. The network resources will be used more efficiently
compared with the fixed pricing.

Let i = {1,2} and Cy; denote the ID of cach service
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class and the minimum price, the price when the net-
work is not congested. Let ¢ denote the arrival time of
the request. Then, the price C; is decided as:

Coy; 0<t<18,
Ci=1¢ Cy;+a;(t—18) 18 < ¢t < 21, (1)
Co,: — a;(t — 24) 21 <t <24,

where a; is a constant value set up for each service class
individually. Example of the tariff is shown in Table 1,
where W; denotes the waiting time. In this method,
the price is predetermined. Then it is impossible to
deal with traffic variation. Therefore, sometimes, it is
difficult to guarantee the service level agreement shown
at the starting point of the service.

Table 1: Tariff.
Service Class i | Price | Waiting Time
1 C, Wy
2 Cy W,

2.3 Dynamic Pricing with Scheduling

Secondly, the dynamic pricing with scheduling is dis-
cussed. In this method, the price is set up reflecting
the congestion state of the network. By this pricing
method, the service level agreement can be guaran-
teed. Transmission of contents is controlled accord-
ing to the delivery schedule shown in Table 2, where
i ={L2,---,N} and S; denote the number of each
requests and the data size of each content. The deliv-
ery schedule includes data of requests ID, size of each
content and delivery time requested.

These requests are sorted by decreasing the delivery
time t + W; at the any time a request occurs, where
t and W; denote a current time and the waiting time
shown in the tariff. In the case of 2 service classes,
a requested data of Service Class 1 preempts into the
queue according to t; < t+ W; < t;,,, where [ € j.
Then the queue length of Service Class 1 data is given
as:

l
Q=3 5y/B, @)
i=1

where B denotes the bandwidth of a bottleneck link in
the contents delivery network. On the other hand, any
data of Service Class 2 request will be added to the
end of the queue, the queue length of Service Class 2

requests is given as:

Q2= ZSj/B‘ (3
=1 .

Prices are set by substituting the queue length of each
service given by Egs. (2) and (3) for the function shown
in Figure 2.

Table 2: Delivery schedule.

Request No. j | Data Size (MB) | Delivery Time
1 S t
2 Sy ty
N Sy 3%
1.2

1.0
0.8 /
od—

Price
=)
£

s — Class 1
0.2 g ----Class 2
0
W2

Wi
Queue length Inside the Buffer (Waiting Time)

Figure 2: Price setting function.

3 Simulation Models

3.1 Network Model

To make the problem simple, a single link that has a
total capacity of B as shown in Figure 3 is considered
in the simulation.

Figure 3: Network model.

3.2 Traffic Model

To simplify the calculation, it is assumed that arriving
packets follow a Poisson distribution. Let us assume

that the arrival rate of requests for contents is given as

shown in Figure 4, where )\ is arrival rate during the

period from 0:00 to 18:00 [2]. The pattern of call arrival

rate shown in Figure 4 was given by two test services

of VoD (3], [4]. Then, )y is decided as:

do[L/sed] = R[1/day]/(36 x 3600),  (4)

where R is number of average demands with one day.
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Figure 4: Distribution of standardized mean arrival
rate.
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3.3 User’s Utility

Utility functions are widely used in pricing theory; some
common assumptions about the function include con-
cavity and strict monotonicity. Let W and T denote
the waiting time shown in the tariff and the time until
the user need the content, respectively.

Let us define the user’s utility function as [5]:

y DW=k W>T

The parameter D is a scale factor which satisfies
U(T) = DT~% = 1 in this paper. The parameter k is
cxpressing the scnsitivity of cach uscr against the wait-
ing time. When the value of k is larger, the user’s utility
will be decreased rapidly when the delivering time is ex-
tended over the time required. On the other hand, if
the value of k is close to 0, a user’s utility will hardly
be influenced by waiting time. At the time of &k = 0,
a user’s utility is not influenced at all by waiting time.
The parameter k > 0 may be statistically estimated by
opinion tests (k = 0.5 in this paper) [6].

3.4 User’s Behaviour
Let us suppose each user behaves as followings in cor-

responding to prices. Let us define a payoff H, to user
s as

H, =U(W;) - C,, (6)

where W; and C; denote the waiting time and asking
price of Service Class i which were shown in the tariff.
Each user maximizes the payoff to him as shown in Eqn.
(7) when he determines to choose the service class [7].

max uvw;) -G, (7

where H, > 0. If H, <0, user s will cancel his request.

3.5 Parameters

Individual parameters used in the simulation are shown
in Table 3.

Table 3: Parameters used in the simulation.

Parameter Value
k 0.5
T random
R 800
number of service classes 2
waiting time of Service Class 1 1 hour
waiting time of Service Class 2 | 2 hours
sizc of cach contents 650 MB
capacity of bottlencck link 50 Mbps

4 Simulation Studies

4.1 Effectiveness of Spot Pricing Without
Scheduling

Initial tariff settings in the case of spot pricing are
shown in Table 4, The paramcter a; is set for C; = 0.9
when ¢ = 21 in the case of Service Class 1. The param-
eter ag is set for C3 = 0.5 when ¢ = 21 in the case of
Service Class 2. Simulation results are shown in Figure
5.

Figure 5 shows the relationship between the waiting
time and a time. Comparing with the case of a fixed
price service, we can reduce the waiting time effectively.
In the case of the fixed pricing, the price is fixed not re-
garding on the changes of request rates. This is because
we can balance the demands by using spot pricing sys-
tem. By setting the price adaptively, the demands were
shifted from peak to nonpeak periods or some requests
are canceled in an efficient manner. However, the spot
pricing scrvice is not satisfying the scrvice level agree-
ments shown in the tariff at the start of the service
to each user. To address this, we proposed a dynamic
pricing system with scheduling, where all requests are
scheduled so as to keep the service level agreements
completely.

Table 4: Initial tariff settings in the case of spot pricing
without scheduling.

Service Class | Price | Waiting Time (hour)
1 0.5 1
2 0.3 2
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Figure 5: Waiting time in the case of spot pricing with-
out scheduling.

4.2 Effectiveness of Dynamic Pricing with
Scheduling

Simulation results are shown in Figure 6.

Figurc 6 shows the rclationship between the wait-
ing time and a time. As all requests are scheduled in
the system, the service level agreements are kept com-
pletely.
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Figure 6: Waiting time in the case of dynamic pricing
with scheduling.

0 10 20 50 60 70

5 Conclusion

This paper proposed an adaptive pricing system to bal-
ance the demand for contents. First, we compared the
case of a fixed pricing and the case of spot pricing with-
out scheduling. By using spot pricing system, the de-
mands were shifted from peak to nonpeak periods in
an cfficicnt manncr. As a result, waiting time can be
reduced drastically. However, the spot pricing system
sometimes does not keep the service level agreements.
Therefore, we proposed dynamic pricing with schedul-
ing system. In this system, prices were set up based on
the qucuc length in a buffer. The service level agree-
ments are kept completely by the proposed system.

In this examination, the easy model was uséd to sim-
plify the calculation. It is left for further study to use
the more realistic model. We have to take account of
background traffic, however, it is difficult to kecp the

service level agreements completely or we have to pre-
dict the background traffic exactly. The assumptions of
uscrs bchaviours in corrcsponding to prices should be
verified statistically. This point should be clarified by
the opinion test, etc.
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