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User Customized Classification and Selection for Broadcast Data
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Abstruct: Recently, many broadcast satellites have been launched to provide data broadcasting services for
public users. Although the provided services can cover many kinds of data and a wide range of user interest, it
is considered that, in general, a user is interested in only some specific genres of data. Consequently, storing all
received data is considered to be inefficient and only wasting a large amount of niemory. In this paper, we propose
a filtering method that uses a tree structure to represent user preferences. The use of this filtering method enable
the receiving system to select only data that match user’s interest and classify the stored data in the way that
suits the user’s access pattern. We also describe the design and implementation of our broadcast data receiving
system that makes use of the proposed filtering method. Further, we evaluate the performance of our method by
showing some simulation results.

a large volume of data which cover an extensive
area of interest. To manage and reuse these large

1 Motivation

In recent years, several broadcast satellites have
been launched. Using these satellites, various
types of broadcast services can be provided. The
contents of these services vary from conventional
stream information such as DIRECTV([10] to dig-
"ital data. One advantage of broadcast service is
that it can simultanecusly provide services to a
large number of users without any quality degra-

dation. On the other hand, it is difficult to cus-,

tomize the contents of services to match the need of
each user. Moreover, using the broad bandwidth of
downlink channel, broadcast services can provide

volume of data efficiently, it is general for data
providers to use some taxonomy trees to classify
their broadcast data.

On the other hand, a user of broadcast services
is generally interested only in some specific genres
of broadcast data. Considering the service charge,
the capacity of memory in case of storing broad-
cast data for reutilization, and the time needed for
finding interesting data, it is not efficient to store
all of the data that the system receives. There-
fore, a broadcast receiving system must have some
methods of selecting only the data that its users
are interested in.



In this paper, we propose a method that makes
use of the taxonomy trees used by data providers
to filter the broadcast data. We call this taxonomy
tree a global tree. Data providers are assumed to
periodically broadcast their global trees in addi-
tion to data. At the receiving side, another user-
customized taxonomy tree, which we call it a cus-
tom tree, is constructed using the information of
global trees. Each piece of broadcast data is added
with the information of its position at the global
tree. Filtering is performed by using this attached
classificational information. The receiving system
also has the ability to automatically modify the
structure of custom tree to fit user’s interest and
the statistical change of broadcast data.

The remainder of the paper is organized as fol-
lows: In the next section, we explain our filtering
method in detail. In section 3, the design and im-
plementation of a prototype system are explained.
In section 4, we describe the evaluation of our
method by showing some simulation results. Fi-
nally, we summarize our work and discuss about
the future work.

2 Filtering Method
2.1 Conventional Filtering Method

Several researches concerning methods of select-
ing data that fit the interest of users have been
done in the field of information filtering and var-
ious filtering methods have been proposed so far
[1, 3, 4, 5, 6, 8, 9]. However, most of them do
not take into account the classification of received
data. In case of broadcast services using satellite,
the number of data that match user’s interest is
still expected to be very large due to the large vol-
ume of broadcast data that are provided. There-
fore, categorizing selected data is necessary to aid
the user to select data of his/her interest. This is
more helpful when the user does not have enough
time to access all data. Categorizing data can help
the user to efficiently access only data of most in-
terest.

Among the proposed filtering methods, the
method proposed by Stevens[9] fills up the gap be-
tween the classification of data at the sender side
and that at the receiver side, but the users have
to define their categorization manually. Therefore,
the users have to maintain their ways of categoriza-
tion over time not only when their interests and
access patterns change, but also when the catego-
rization of broadcast data changes.
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Figure 1: Global tree and custom tree.

In the field of categorization, there is also an al-
gorithm of learning to create rules from a training
sample and using the created rules to classify in-
coming electronic mails{2]. However, like Stevens’
method[9], the modification and maintenance of
the rules is a troublesome task.

2.2 Custom Tree and Global Tree

In this paper, we propose another filtering method
which uses taxonomy trees to filter and categorize
broadcast data. Using a tree structure to filter
broadcast data enable the system to extract the
detailed interest of the user or add a new node that
is taxonomically near to the interest of the user.
Using global tree at the receiving side is not appro-
priate since the size of the global tree is considered
to be so large that finding out the interesting data
is difficult. Moreover, the way that a global tree
classifies broadcast data is based on the viewpoint
of the data provider and it may not suit that of
each user.

The receiving system uses a custom tree to filter
and categorize broadcast data. The custom tree is
built from the nodes of the global tree where each
node represents a category of data that the user is
interested in. Note that although the nodes of a

~ custom tree are a subset of the nodes of the global

tree, the structure of the custom tree is not re-
stricted by that of the global tree. Its structure
is customized to match the access pattern of each
user. The receiving system can also use the cus-
tom tree as a user interface. In this case, the user
can access any data by simply traversing his/her
custom tree. Figure 1 shows examples of a global
tree and a custom tree.



2.3 Filtering Broadcast Data

Each node in the custom tree has an allotment of
the number of data it can store. The allotment de-
pends on the profile matching degree, a real number
varies from 0 to 1 that is attached to each node to
represent the degree of user’s interest. The receiv-
ing system stores a broadcast data if there is at
least a leaf node to which the data can be catego-
rized and the number of data at the point of time
is less than the allotment of that node, i.e., it has
a space to store the data.

2.4 Reconstruction of custom tree

Generally, user’s interest and the state of custom
tree change as time passes. For example, the user
may be interested in a new category of data or
lose his/her interest in some categories. The de-
gree of interest in a specific category may change.
The number of data classified in some nodes may
become large or very small. '

Due to these changes, a custom tree that fits
user’s interest at a certain period probably be-
comes unsuitable later. To keep the structure of
the custom tree to fit user’s interest and access
pattern, the receiving system constantly observes
its custom tree and adjust the structure of the cus-
tom tree if necessary. The adjustment of the cus-
tom tree is done through the following fundamen-
tal operations:

e level up: move a specific node to the upper
level.

e level down:
lower level.

move a specific node to the

o delete: delete a specific node.
¢ add: add a new node.

The receiving system combines these fundamen-
tal operations to reconstruct the custom tree as
follows:

split: When the number of data categorized to a
node becomes large, the user may need longer
time to decide which data to access. Splitting
into detailed categories can decrease the av-
erage number of data per category and there-
fore shortens the selection time. Another case
is when a specific node has a low access ra-
tio with a low profile matching degree, which
means that the user is actually interested in
specific detailed categories of data. Splitting

that node into detailed categories can extract
the actual interest of the user, i.e., the nodes
that the user is not interested is somehow
deleted later. An example of the operation
is shown in Figure 2.

reduce: When the number of data categorized to
each child of a specific node decreased, the
detailed categorization of data increases the
traversal time while slightly decreases the se-
lection time. Therefore, the operation of sum-
marizing several categories into a more ab-
stract category is needed. An example of the
operation is shown in Figure 3.

level up: A node that is frequently accessed is
moved to the upper level in order to shorten
the the traversal time to that node. An ex-
ample of the operation is shown in Figure 4.

delete & add: Nodes that have low profile
matching degrees are deleted. A “misc” node
is added to a node that is frequently accessed
to gather other interesting data that may not
match the current custom tree.

Note that since all of the fundamental opera-
tions are reversible, the above operation are also
reversible. However, in the practical system, not
all of the pair operation are needed. Proving the
sufficiency of the provided operations is one of our
future work. :

3 Design and Implementa-
tion

We have designed and implemented an application
system of broadcast service using satellite broad-
cast called the active information store(AIS). The
structure of AIS is shown in Figure 5.

AIS uses a super active database(SADB)[7], an
active database that is extended for broadcast ser-
vice, to receive and store broadcast data. When
SADB receives a data, the taxonomy information
about the data is sent to the information filtering
module. The information filtering module selects
only data that match user’s interest and store it
at SADB.

AIS uses custom tree as the user interface.
When the user selects a specific data, the user in-
terface sends the data id to SADB and displays
the data content taken from SADB on a browser.
The information of the access pattern is sent to the
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Figure 2: An example of the split operation.
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Figure 4: An example of the level up operation.
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Figure 5: Structure of AIS.

Figure 6: An example of AIS.

custom tree management module, which uses this
information to reconstruct the custom tree later.

The implemented system uses a server on be-
half of the satellite to broadcast data through net-
work. We implemented AIS on a notebook com-
puter with Window95 using the Visual C++ 4.0.
The Netscape Communicator 4.03 browser is used
as the system interface. Figure 6 shows an example
of AIS.

4 Evaluation

In this section, we describe the simulation we have
done to evaluate the performance of the proposed
algorithm. First, we modulate the global tree to
simulate a broadcast station. Each node of the
global tree periodically creates a number of new
data at a specified time intervals. Each data has
its lifetime to exist in the broadcast program.

We represent user’s interest by using a tree,
where the structure is the same as that of global
tree and each node has a real number representing
the degree of user’s interest. Note that user’s inter-
est is independent of tree structure. The number
of nodes that match user's interest is about 20%
of the number of nodes in the global tree.

Moreover, we classify the access pattern into the
following 4 types.

e select the node in order of the degree of inter-
est and access all the unaccessed data classi-
fied to that node.

o select the node in order of the degree of inter-
est and access a number of data in proportion
to the degree of interest.



e select the node sequentially from top to bot-
tom and access all the unaccessed data classi-
fied to that node.

e select the node from top to bottom and access
a number of data in proportion to the degree
of interest.

We also take into account the changes of user’s
interest. In our simulation, the degree of interest
of about 20% of the number of nodes that users
are interested in changes at specific cycles. The
change of interest is limited to the node that is se-
mantically near to nodes that users are interested
in.

To compare with our method, we also perform
a simulation using two naive methods. The first
method simply uses the global tree to categorize
the incoming data without any filtering performed.
The other method is more robust in the point that
it removes nodes of which the access ratio is 0,
i.e., users do not access any data categorized to
that node.

We evaluate the performance of the algorithm by
simulating 60 broadcast cycles using 5 randomly
created patterns of user’s interest, each performs
the above 4 access patterns. We use the following
factors to evaluate the performance of the algo-
rithm:

e Precision. Here, we define a precision as a
percentage of nodes in the custom tree that
match user’s interest.

® Recall. Here, we define a recall as a percent-
age of nodes that are included in the custom
tree of all nodes that the each user is inter-
ested in.

o The number of data accessed compared with
the number of data stored.

e The number of operations done to access data
compared with the number of data accessed.

The simulation results are shown in Figures 7 to
10. Each result shows the average value taken from
the simulations. In every graph, “ctree” is the re-
sult of our method using custom tree, “gtree” is the
result of the method simply using global tree, and
“ztree” is the result of the method that removes
nodes of which its data are not accessed. The suf-
fix “-c” means that user’s interest is constant, “-t”
means that user’s interest changes.
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Figure 7 and 8 show that our method, as well as
the of naive method that removes the unaccessed
nodes, contain almost all of the node that the user
is interested in while include only few data that
is out of interest. On the other hand, the naive
method contains all the data that the user is in-
terested in, and also a considerable number of data
that is out of interest.

The precision of our method is not effected so
much when the user’s interst changes. As for the
recall, it is obviously effected by the change. How-
ever, tree reconstruction recovers the recall in some
degree.

Figure 9 shows that our method successfully se-
lects only data that match user’s interest. On the
other hand, the naive method using global tree has
a very low access ratio while the method which re-
moves non-access nodes performs a little bit better
than our method.

Figure 10 shows the average number of opera-
tions that is needed to access a broadcast data.
The result is smoothed by averaging over every
three broadcast cycles. As shown in the figure,
our method is obviously better than the other two
naive methods. This means that the reconstruc-
tion of custom tree is effective to modify the cate-
gorization to fit to the access pattern of user.

5 Conclusion

In this paper, we have introduced a method of se-
lecting and categorizing broadcast data for the re-
ceiving system of broadcast service. Our method
constructs a user-oriented category tree named a
custom tree based on the taxonomy tree named
a global tree that is used to manage broadcast
data at the server side. Broadcast data that match
user’s interest are selected using the custom tree.
The structure of the custom tree is constantly ob-
served and modified as necessary to fit to user’s in-
terest and access pattern. We have also mentioned
the design and implementation of a prototype ap-

plication system using SADB to store broadcast -

data called active information store(AIS). Finally,
we have described the simulation we have done to
evaluate the performance of our method.
Although the evaluation done here is a bit lack-
ing of substantiation, it is enough to discover some
weak points of our method. For example, the aver-
age number of operation is still high. The perfor-
mance of our method still drops when the user’s in-
terest changes. Further improvement will be made.
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