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Abstract.  With the rapid growth of broadband computer networks, us-
ers are inclined to use delivery services that can handle large-size con-
tent.  When offering download service of popular contents, it is more 
useful to use a multicast system and deliver content to all users who re-
quest the content than using unicast system.  Using a multicast system, 
the content server can increase the number of users and decrease user’s 
waiting time.  As a result, increasing user’s WTP (Willingness To Pay) 
and the provider’s revenue can be expected.  In this paper, we suggest 
two content delivery methods which can be employed in the multicast 
content download services.  We also discuss the provider’s revenue of 
each delivery method.  Using user’s behaviour model in which a user 
participates in the service and leaves it, we show the relation between 
price for the service and user’s participation rate of the service through 
simulation.  The relation between price and the provider’s revenue is 
also demonstrated in the simulation.  In addition, in each delivery 
method, we show an optimal price which maximizes the provider’s 
revenue. 
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1 Introduction 
With the rapid growth of broadband computer networks, users are inclined to use de-
livery services that can handle large-size content.  In the case of unicasting, the con-
tent server has to send the same data to many receivers repeatedly.  With multicast-
ing, on the other hand, the content server has to send the data only once.  At the split 
node of the routing tree, the node copies the data and then sends them.  Thus, a multi-
cast system can reduce the network traffic. 

When offering download services for popular contents, a multicast system is more 
beneficial compared to a unicast system for content delivery.  If a network bandwidth 
can be used effectively, we can increase the maximum number of users who can par-
ticipate in the service.  And because of the increase in bandwidth during delivery, 
user's waiting time decreases, which results in an increase in user's WTP (Willingness 
To Pay) for the service, thereby increasing the provider’s revenue. 

However, during multicast deliveries, the content server ignores available band-
width of current users in the multicast tree, therefore, narrowband users, i.e. users 
with low available bandwidth, may experience packet loss.  In content download ser-
vices, packet loss can cause serious problems.  When the delivery speed is greater 
than the available bandwidth of the user, packet loss occurs and the buffer will over-
flow at an intermediate router along the path. 

In order to avoid packet loss, the content server has to set the delivery speed to the 
smallest available bandwidth of the user in the multicast group in a multicast 
download service.  In other words, as long as a link with low available bandwidth ex-
ists, every user in the multicast tree will experience degrade in performance. 

In a content download service, user's utility corresponds to user's feeling with re-
gards to the service and is determined by waiting time.  If the user’s utility increases, 
user's WTP for the service will increase accordingly.  When user’s WTP is high, the 
service provider can set a high price for the service and thereby increasing revenue.  
Therefore, in a multicast content download service, it is necessary to increase user’s 
utility and WTP by using some solutions for narrowband users for maximizing the 
provider’s revenue. 

As a solution for narrowband users, this paper proposes using multiple speed sce-
nario, which divides narrowband users and broadband users into separate groups and 
performs separate multicast deliveries for each group. 

This paper assumes two delivery methods for narrowband users, and discusses the 
provider’s revenue in the multicast content download service. 

2 Multicast Content Delivery Services 
2.1 Service Overview 

In this paper, we assume a multicast download-type content delivery service. An ex-
ample is a service which sells software and delivers it with a multicast system on the 
network.  Conventionally, a unicast system was the mainstream method for 
download-type content delivery services.  However, on the start of the delivery of 
popular contents, it is expected that requests from many users converges for a short 
time at the server. 

In the case of unicasting, the link bandwidth is shared by all registered users, and if 
many users send their request to the content server within a short time, the delivery 
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speed for all users will be too slow and network traffic congestion will occur.  For this 
case, it is necessary to refuse the user's request in order to reduce the server load and 
network congestion.  However, when a user's request is rejected by the service, the 
user's WTP will decrease accordingly [1].  Thus the provider will face a loss of reve-
nue.  When the provider’s revenue is taken into consideration, the service provider 
should not refuse too many incoming requests. 

On the other hand, in the case of multicasting, if many users send their request to 
the content server within a short time, the content server can collect their requests for 
one multicast flow and send the data set to all the registered users at once.  Thus, a 
multicast system can reduce network traffic congestion and send the content to many 
users.  Taking all this into consideration, it is more effective to use a multicast system 
to deliver popular contents.  As a result, an increase in the provider’s revenue can be 
expected.  Therefore, in this paper, we assume a multicast download-type content de-
livery service. 

In a multicast content download service, it is more reasonable to collect user re-
quests over a period of time for later delivery over a multicast tree.  This paper uses a 
service that performs multicast delivery to users within a given time interval, referred 
to as delivery interval. 

In order to avoid packet loss, the content server sets the delivery speed to the 
smallest available bandwidth in the tree in a multicast download service.  Therefore, 
user's waiting time increases greatly by the influence of narrowband users.  In this 
paper, we suggest two delivery methods as solutions to the problem of narrowband 
users.  And we compare the provider's revenue in each delivery method and examine 
the effectiveness. 

 
The process of content delivery is shown in Fig. 1. 
 
(i) Delivery requests originate from users and are sent to the content server. 
(ii) The content server delivers content to all users using a multicast system. 
(iii) Users pay for the service to the service provider. 
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Fig. 1. The process of content delivery 
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In this paper, we assume a service which sells software, with content-based pricing 
scheme for the service pricing.  Users who want to get content send requests to the 
content server.  The content server collects their requests for one multicast flow and 
sends the data set to all the registered users at once.  Users pay the content provider 
after receiving the contents.  Because we assume that the pricing scheme for the ser-
vice is content-based, it is necessary for the user to pay for the service whenever the 
user downloads contents.  We assume pay per view. 

 
2.2 Simple Scenario and Multiple Speed Scenario 

We suggest two delivery methods as solutions to the problem of narrowband users 
which are exemplified in Fig. 2 and Fig. 3.  The delivery method shown in Fig. 2 is 
called simple scenario in this paper.  The simple scenario is a basic delivery method.  
In the simple scenario, the content server sets the delivery speed to the smallest avail-
able bandwidth in the multicast tree.  If the simple scenario is adopted, the packet loss 
problem can alleviated considerably.  However, the simple scenario has a problem -- 
if only a single user in the whole tree experiences the bandwidth bottleneck, the de-
crease in delivery speed will also cause the drop in user’s WTP.  On the other hand, 
the delivery method shown in Fig. 3 is called multiple speed scenario in this paper.  
The multiple speed scenario divides narrowband users and broadband users into sepa-
rate groups and performs separate multicast deliveries for each group as a solution for 
narrowband users.  This method enables delivery to broadband users with a high de-
livery speed, while not blocking requests from narrowband users. 

Because in those delivery methods, delivery speed is adjusted to the slowest user’s 
available bandwidth in the multicast group, even in the situation where packet loss 
occurs, it is expected that the amount of packet loss is minimal.  Therefore, we can re-
send the lost data by using reliable multicast technology [2]. 

High speed link
Low speed link

Multicast delivery
High speed link
Low speed link

Multicast delivery
High speed link
Low speed link

Multicast delivery

 
Fig. 2. Simple scenario 
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Fig. 3. Multiple speed scenario 

3 User’s Behaviour Model 
3.1 User’s Joining Model 

In order to evaluate the services, we have to determine the user's behaviour model 
which in turn determines user participation.  In this paper, we assume the user's be-
haviour model using user's WTP.  WTP stands for the maximum amount of money 
that a user is willing to pay.  WTP is often used for evaluation of services. 

The following steps determine user participation:  The user compares the price for 
the service and one’s WTP.  The result of this comparison determines whether the 
user joins in the service.  If the user’s WTP is higher than price for the service, the 
user joins in the service. 

The WTP of user i is defined by Eq.(3.1). 

ii vU ×= α                                                   (3.1) 

where Ui is WTP of user i.  vi is the evaluation value of the service to waiting time of 
user i.  α is the random parameter in the range of 0 to 1. 

In this paper, vi which is the evaluation value of the service to waiting time is 
given by: 

x
tvi ×−= 5.01                                              (3.2) 

where t is the waiting time of user i.  x is the mean waiting time in the simple sce-
nario.  Relation between user’s waiting time and the evaluation value of the service is 
shown in Fig. 4.  As shown in Fig. 4, vi is 1 when the user’s waiting time is 0.  And vi 
will decrease linearly with increase in waiting time. 

We use the mean waiting time of the simple scenario as a standard in this paper.  
When the waiting time of user i is the same as the mean waiting time of the simple 
scenario, vi becomes 0.5.  Moreover, vi has a variance within the range of -0.05 to 
0.05. 
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Before user i joins in the service, user i does not know its own waiting time.  In 
this case, user i uses the mean waiting time of users who joined in the service before 
user i tries to join in the service. 

If the content has not been delivered to the user, the user will not know the mean 
time of the service.  Therefore, in this case, WTP of users are decided randomly 
within the range of 0 to 1. 

In this experiment, the evaluation value of the user is decided based on the mean 
waiting time of the simple scenario.  It is necessary for this evaluation value to be 
more precisely determined via a questionnaire survey. 

When the user’s request arrivals, the user decide one’s WTP using Eq.(3.1).  How-
ever, because the waiting time cannot determine at this point, the user decides the 
evaluation value with the mean waiting time of the current service. 

The user i compares the price p for the service and one’s WTP.  Where Ui>p, the 
user joins in the service.  Where Ui<p, the user does not join in the service.  Because 
we assume that the pricing scheme for the service is content-based, p is a price of one 
download per content.  It is necessary for users to pay for the service whenever con-
tents are downloaded.  The condition of the decision and the probability of joining in 
the service are given by: 

Pi=Prob(Ui >p)                                               (3.3) 

Pi is the probability that user i joins in the service. 
The user who participates in the service joins the multicast group of the requested 

content, and receives content with multicast content delivery. 
 

0
0.2
0.4
0.6
0.8

1
1.2

0 2000 4000 6000 8000 10000

Waiting time [sec]

Th
e 

ev
al

ua
tio

n 
va

lu
e

0
0.2
0.4
0.6
0.8

1
1.2

0 2000 4000 6000 8000 10000

Waiting time [sec]

Th
e 

ev
al

ua
tio

n 
va

lu
e

 
Fig. 4. The evaluation value versus waiting time 

3.2 User’s Leaving Model 
Users pay the price p for the service after the content delivery.  And then, users recal-
culate the evaluation value vi’ by using the user's waiting time of this content delivery 
using Eq.(3.2).  New WTP Ui’ of user i is decided by using this vi’. 
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Where Ui’<p, the user might not be satisfied in spite of having paid for the price 
for the service.  Subsequently, the user leaves service in time of one delivery interval 
and will not send any more requests to the service during that time. 

In this paper, the arrival of user requests follows Poisson distribution.  Arrival rate 
is set to λ= 0.5 [1/sec].  Basically, the number of users on the network is set to 5000.  
Arrival interval of a request from one user is set to 10000[sec].  The value of λ is cal-

culated as 
10000
5000

=λ . 

During the time when some users leave the service, arrival rate λ’ is calculated as 

10000
)5000(' d−

=λ . 

where d is the number of leaving users. 
 

4 Evaluation Model 
4.1 Network Model 

This paper estimates the provider’s revenue by performing a simulation.  To generate 
network topology for the simulation, a random network of N= 50 nodes was created 
using the method proposed by Waxman et al [3]. 

Since Dijkstra shortest path search algorithm is used to define a path, there is a 
tendency for uneven utilization of network links due to concentration of traffic in a 
small portion of the network while the rest of the network is underutilized [4-6]. 

In our simulation, H-links with small background traffic, i.e. high available band-
width, constitute the majority of all links in the network.  L-links with big background 
traffic, i.e. low available bandwidth exist locally.  Narrowband users are located on 
paths with at least one L-link, and in the case of broadband users, all links along the 
path are H-links. 

In this paper, it is assumed that position of L-links changes with time.  According 
to traffic measurement results in [7], the shortest interval between large changes in 
network traffic is about 1 hour.  Therefore, in the simulated network the interval be-
tween changes in the link state is randomly selected each time from the range be-
tween 1800 and 5400 seconds.  Links can become L-links as the results of the state 
change with the probability of β.  Duly, the probability of change into an H-link is 1-
β.  The probability β, therefore, directly controls the ratio of narrowband users within 
the network.  For the sake of simplicity, locations for bottleneck links are selected 
randomly.  This paper does not consider the self-similarity of traffic. 

In this paper, we set the bandwidth of H-link to 100Mbps and the bandwidth of L-
link to 10Mbps.  The probability of β which decides the ratio of L-link is set to 2%.  
Even if the probability β is low, there are cases where L-links can not be avoided.  
Therefore, in this paper, we do not consider methods which ignore L-links when mul-
ticast trees are constructed. 

 
4.2 System Model 

In this paper, we assume that ten kinds of content exist in the content server and users 
send requests to the server to get content.  The size of the content in total constitutes 
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C= 450 Mbytes.  The content is not rated by popularity, and each user is assumed to 
request all contents without partiality. 

In this paper, arrival rate is set to λ= 0.5 [1/sec].  λ is used for all 10 contents.  
Therefore, the arrival rate λi of request for content i is easily calculated as λi= λ/10.  
Additionally, arrival rate λ is the arrival rate for the whole network and is constant 
throughout the whole simulation. 

The server uses a fixed delivery interval.  The server begins the content delivery, 
and starts a new delivery interval for the next delivery at the completion of each de-
livery interval.  In the multiple speed scenario, because the server performs low-speed 
delivery for narrowband users and high-speed delivery for broadband users simulta-
neously, the server uses a fixed delivery interval for a high-speed delivery (H-
Interval) and a fixed delivery interval for a low-speed delivery (L-interval) respec-
tively. 

When a user makes a request to the server, it decides which group this user be-
longs to according to the available bandwidth of the user, and adds this user to an ap-
propriate multicast group.  Narrowband users who are located on paths with at least 
one L-link are added to low-speed delivery group.  And in the case of broadband us-
ers, since all links along the path are H-links, they are added to the high-speed deliv-
ery group. 

In the multiple speed scenario, at the completion of H-Interval, the server begins to 
deliver ten different contents at the request of broadband users.  Similarly for narrow-
band users, ten different contents are delivered upon request at the completion of L-
Interval. 

Assuming best effort network delivery, in order to deliver 10 distinct contents 
separately, the speed for each delivery should be 1/10 of link capacity or available 
bandwidth at the time. 

In the multiple speed scenario, when a low-speed delivery uses too much band-
width, there will be a negative effect on high-speed delivery.  In order to avoid this 
negative influence on high-speed delivery, the server sets the upper limit speed of the 
low-speed delivery.  In this paper, the speed limit is set to 1Mbps.  And the L-Interval 
for low-speed delivery is set at double the value necessary to deliver content within 
the speed limit. 

In the following examination, only the high-speed delivery interval is uses as a pa-
rameter in order to find the optimal delivery interval which would maximize the pro-
vider’s revenue.  An optimal delivery interval has been already discussed by [8]; 
therefore, this paper assumes an optimal delivery interval being set without the need 
to evaluate the argument for an optimal delivery interval. 

5 Numerical Results 
5.1 Relation between Price for the Service and User’s Participation Rate 

Relation between price for the service and user’s participation rate of the service is 
shown in Fig. 5.  User’s participation rate is calculated using the number of users who 
actually participated in the service and the maximum number of users participating in 
the service theoretically. 

As per the results in Fig. 5, user’s participation rate in each delivery method de-
creases with the growth in the price for the service.  However, the user’s participation 
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rate of the multiple speed scenario almost exceeds it in comparison with the user’s 
participation rate of the simple scenario. 

In the multiple speed scenario, if the user can join in the high-speed delivery 
group, the user can get content with a short waiting time.  As a result, the user’s 
evaluation value of the service becomes higher, and the probability that the user 
leaves the service becomes lower.  Moreover, the evaluation value during user par-
ticipation becomes higher because the mean waiting time of the multiple speed sce-
nario is shorter than mean waiting time of the simple speed scenario.  As a result, an 
improvement of the participation rate is seen compared with the simple scenario. 
In this paper, the value which multiplies the evaluation value of the service and the 
random value of 0 to 1 is set to user's WTP.  Therefore, even if there is a big differ-
ence in the evaluation value of the simple scenario and the multiple speed scenario, 
the difference of WTP becomes small.  When it becomes clear that the value of pa-
rameter α is close to 1 through a questionnaire survey, it is expected  
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Fig. 5. Relation between price for the service and participation rate of the service 

that the difference of the participation rate of the simple scenario and the multiple 
speed scenario becomes bigger. 
 

5.2 Relation between Price for the Service and the Provider’s Revenue 
Relation between price for the service and the provider’s revenue in one day is shown 
in Fig. 6.  As per the results in Fig. 6, the optimal price which maximizes the pro-
vider’s revenue is 0.4 in the multiple speed scenario.  On the other hand, the optimal 
price which maximizes the provider’s revenue is 0.3 in the simple scenario. 

Because user's participation rate rises in the multiple speed scenario compared to 
the simple scenario, the price in the multiple speed scenario can be set higher.  As a 
result, high provider's revenue can be obtained compared with the simple scenario as 
shown in Fig. 6. 

In addition, when the server performs the delivery of popular content using unicast 
system, it is necessary to block user's request to reduce network congestion.  How-
ever, when a user's request is rejected by the service, the user's WTP will decrease.  
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And because the link bandwidth is shared by all registered users in the case of uni-
casting, user’s waiting time is longer than waiting time of the simple scenario and the 
multiple speed scenario.  Therefore, the evaluation value of the service is lower than 
the simple scenario.  Along with it, the provider’s revenue is lower than the pro-
vider’s revenue of the simple scenario. 

As a result, using a multicast system for content download services effectively in-
creases the provider’s revenue.  And we show that if the server uses the multiple 
speed scenario, the provider’s revenue is maximized. 
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Fig. 6. Relation between price for the service and the provider’s revenue 

 

6 Conclusion 
In this paper, we assumed the content download service with multicasting.  And we 
assumed two multicast content delivery methods for narrowband users.  This paper 
discussed the relation between price for the service and user's participation rate and 
provider's revenue in each delivery method. 

As a result, this paper showed that if the server uses the multiple speed scenario, 
user's participation rate can be improved compared with the simple scenario.  And the 
provider's revenue can be maximized by using multiple speed scenario.  We also 
showed the optimal price for the service is 0.4. 

In this paper, we used random parameter α to decide the evaluation value of the 
service.  In future work, we plan to do a questionnaire survey to decide parameter α.  
Based on this, our result will be more reliable. 
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