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Summary

Ubiquitous computing offers various kinds of dynamic services
to the mobile users with versatile devices at anytime and
anywhere. In ubiquitous environment intelligent mobile agents
are mandated to communicate with users and it is enabled by
capturing interesting user’s behavior patterns. Existing mining
methods have proposed frequent mobile user's behavior patterns

statistically based on requested services and location information.

In this case some problems are caused because it was not
considered that the mobile user's dynamic behavior patterns are
usually associated with temporal access patterns. Therefore,
ubiquitous computing provides the dynamic services with timely
manner when user wants to get useful services information on
time. In this paper, we propose a novel data mining method,
namely temporal mobile access patterns that can efficiently
discover mobile user's temporal behavior patterns associated
with location and requested services. Furthermore, we present a
novel data structure T-Map to store the temporal mobile access
patterns. The advantage of our data structure compactly stores
the user's behavior pattern according to location and service
information in memory. Even though the information data sets
require large shared memory when they are stored, our approach
still provides fast access and consume less memory than other
methods. The proposed technique in this paper works especially
well for context-awareness data sets in mobile agent systems.
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1. Introduction

The rapid expansion of ubiquitous mobile computing [2]
technology has created an unprecedented opportunity to
gather and extract information from mobile agent systems.
Further, how services and access methods can be provided
to users in ubiquitous mobile computing environment is
critical problems recently. Therefore, effective modeling
the behavior patterns of users in mobile agent systems is
becoming very important. Effective modeling the behavior
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patterns of users in mobile agent systems benefits not only
the users in smart access by caching or prefetching [1][5]
but also the mobile service providers in financial profit
like advertising [6].

In the ubiquitous mobile computing environments, the
mobile users may request diverse kinds of services and
applications by mobile devices from arbitrary locations at
any time via on networks. Obviously, the behavior pattern,
in which the location and the service are inherently
coexistent with temporal associated, of mobile users
becomes more complex than that of the traditional mobile
agent systems. To assist the user get interested information
on time is one of the promising applications, especially in
mobile agent systems.

This paper is aimed at modeling how to build mobile
user's behavior pattern with a temporal association rule [3]
[11] In mobile agent systems. The mobile agent system
consists of semi-structure data like XML data. Temporal
association rules can be used to decide the next likely
user's request services based on significant dynamic
correlations. In the past, sequential association rule [9]
[12] have been used to capture the co-occurrence of user's
sequential movement pattern in mobile web systems
domains. Episodes were designed to capture significant
patterns form sequence of events. However, these models
were not designed for the user's temporal movement
patterns in mobile agent systems. And the deficiency of
existed studies is that they considered only one of the
characteristics, i.e. location associated with requested
services. Obviously, both movement and location or
service requested with the temporal association rule
should be considered simultaneously in order to discover
complete information of user behavior patterns when the
user request services. As a result, it remains an open
guestion how to discover the mobile user's interesting
movement behavior patterns by temporal mobile access
patterns based on temporal association rule for user and
services provider.
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In the ubiquitous mobile computing environment, a
novel data structures and methods have been needed in
order to achieve communication, transmission and
interchange of information and for mobile user, the mobile
user wish to get interesting services at real time with the
current location by the mobile devices. To this end, we
propose a novel data structure, namely Temporal Mobile
Access Patterns (T-Map), and a novel mining method
based on a given the novel data structure which is
temporal mobile access patterns for discovering the
behavior patterns such that suitable services can be
predicted and recommended to users. The novel data
mining method is proposed for efficiently discovering the
user's behavior patterns with temporal association rule
which are composed of the user's movement access pattern
with requested services and temporal data sets. In this
work, we consider the following scenario as a motivating.
Assume that we analyze log files at some special server
that considerable number of people in Seoul exhibit
following behaviors: If some person arrives at university
area (suppose there are a lot of university) then we
recommend her useful information, such as currently
opened library information at the university based on most
people being used the service information at current time.
She would move to nearby opened library for studying or
research books. It is mandatory that the recommended of
the service information for opened library has to be based
on strong confidence.

The main contribution of our approach is to extract
efficiently user's behavior patterns at real time. In
additional, the contributions of the novel data mining
method, T-Map, is useful for decision support system and
match-making of web service as well as service discovery
in intelligent ubiquitous middleware for user's request
information and context-awareness information.

The remainder of this paper is organized as follows. In
Section 2, we briefly review some related research.
Section 3 describes the system architecture in details.
Section 4 explores a novel algorithm Temporal Mobile
Access Pattern, namely T-Map and a novel data structure
in order to the mobile access patterns with time-related.
Section 5 concludes this paper and discusses the future
direction of our research.

2. Related work

Efficient algorithms for finding frequent itemsets or
sequences in very large itemset or sequence databases
have been one of the key success stories of data mining
research. One of the early computationally efficient
algorithms was Apriori (Agrawal and Srikan, 1994),
which finds frequent itemsets of length | based on
previously generated (I-1)-length frequent itemsets. The
Mining sequential patterns (Agrawal and Srikan, 1995;

Agrawal et al., 1996) proposed to find frequent pattern.
The Frequent Patterns without candidate generation
algorithm (Han and Pei et al. 2000) extended the Apriori
method to find frequent patterns with a novel data
structure, called Frequent Pattern tree (FP-tree). The FP-
growth algorithm (Han et al., 2000) that combines
projection with the use of the FP-tree data structure to
compactly store in memory the itemsets of the original
database. the basic ideas in this algorithm were recently
used to develop a similar algorithm for finding sequential
patterns (Pei et al., 2001). An entirely different approach
for finding frequent itemsets and sequences are the
equivalence class-based algorithms Eclat (Zaki, 2006) and
SPADE (Zaki, 2001) that break the large search space of
frequent patterns into small and independent chunks and
use a vertical database format that allows them to
determine the frequency by computing set intersect-
tions. However, these methods did not consider temporal
data set so that they cannot be applied directly for
providing efficient service to user in ubiquitous mobile
computing environment.

In recent years, the temporal data mining method has
been studied for extracting useful knowledge from
temporal data sets. The research of temporal data mining
has been proposed the Generalized Sequential Pattern,
named GSP (Srikan and Agrawal, 1996) and the SPIRIT
method. The GSP algorithm extended the Apriori-like
level-wise mining method with time constraint to find
frequent patterns in sequential databases. And the SPIRIT
method proposed frequent sequence patterns by regular
expression constraint. More recently, the research of
related temporal association rule has been studied for
cyclic association (B. Ozden, S. Ramaswamy, and A.
Silberschatz. 1998) and temporal pattern with association
rule by calendric association methods (X. chen, I.
petrounias and H. Heathfield. 1998). The problem of
finding frequent patterns in mobile agent systems has been
extended to that of finding frequent user behavior patterns
in mobile web systems (Vincet S. Tseng, and Kawuu W.
Lin. 2005). However they did not consider temporal
association rule in mobile agent systems. As a result, it
remains an open question how to construct the best
association rule based on sequential and temporal
association rules for mobile user.

3. System Architecture

In this Section, we propose the system architecture for the
proposed data mining mechanisms. Before going into the
details, the intelligent middleware system architecture
associated with mining mechanisms and the data mining
mechanisms are recapped briefly.
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3.1 Intelligent middleware platform with mining
module.

In [7] J. Paik et al. improved intelligent middleware
platform, CALM with the actual usage of mining
algorithm, esp. XML mining. To the purpose, they
developed the auxiliary albeit import module, context data
mining module, whose goal is to find important but
implicit context information for accurate decision-making.
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Fig. 1. Bird’s eyes view of middleware platform and its mining
module.

In this paper, we adopt their module for extraction user’s
behavior patterns and modify the algorithm to ... our
method. Fig. 1 presents how the original module for
decision making has been altered. The left side of the
figure depicts a simplified ubiquitous middleware
structure in functional blocks for context-awareness. From
the figure we can see that context factors are monitored,
aggregated, interpreted, and finally both stored into
storages and provided for the learning and inference
module. The learning and inference module plays an
absolutely key role in the middleware by deducing new
and relevant information to application and user from
various sources of context data. The aim of the module is
to support the process of decision making for the
adaptation at the middleware. However, the accuracy of
learning and inference module can be degraded by the
flood of useless and most of all, hidden context
information. Therefore, the context data mining module is
added an auxiliary module. This module is used to extract
the mobile user’s access pattern with time-related.
Moreover, the auxiliary module is provided request
information to wuser at real time associated with
middleware.

3.2 System architecture for temporal mobile access
pattern

In this subsection, we represent the system architecture
associated with the context data mining module in details
for mining temporal mobile access pattern. It is conducted
to extract mobile user’s useful access patterns with time-
related. Fig. 2 describes the data mining system
architecture for temporal mobile access pattern mining
mechanisms. The work-flow of the system is divided two
phases. This systems form that the logs for users'
movement and users' service requests associated with
temporal association can be stored in different databases.
The first phase of system architecture, Data integration
phase, is to collect and integrate users' logs into one
dataset for efficient access and the temporary user
information like current location to manage requests from
subscribers. For this phase, the attributes related to user's
temporary service requests will be extracted from the
dispersed log files and joined to from an integrated log file
by using the user's service identifier as the key. Mining
phase is deployed novel data mining method to discover
the frequently temporal mobile access patterns (T-Map)
from the integrated log dataset. Consequently, the best
recommended results are returned associated with
temporally user's access pattern to the mobile agent. The
mobile agent system is supported by both movement and
service requests pattern of users with proper time
information, which makes the system powerful and
accurate.
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Fig. 2. System architecture for temporal mobile access pattern
mining mechanisms
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4. Mining of Temporal Mobile Access
Patterns

In this section, we first give the formal definition to
extract user’s mobile access pattern with temporal
association rule and propose a novel algorithm named T-
Map that can discover the user’s temporal movement
behavior patterns related to location and service requests.
Then, we explore a novel data structure. Describing that
T-Map is combined user’s temporal mobile access patterns
to compactly store in memory.

4.1 Problem statement

A temporal database typically stores relational data with
include time-related attributes. These attributes include (a)
timestamp(s) of access patterns which one of the attributes
has different semantics [10]. In this subsection, we
consider two sets L and S with timestamps T, namely
location set, service set, respectively. With each element |
in L and s in S, we form an ordered pair f=(1, s). Let F be
the set of all ordered pairs and it is denoted as

F =LxS ={all pairsof (I:s)|leLand s e S}

Let Mp = <(Ty (fy, tp1) (f2, tpy) (3, t3) ... (Fm, tPm)), (T2 (f1,
tp1) (f2, tp2) (3, tps) ... (fm, tom)) ... (Tm (1, tp1) (F2, tp2)
(fs, tp3) ... (fm, tpm))>, where T; is a timestamp during
certain time interval, f; is the ordered pair, and tpy indicates
the order of each fj (tp is implicit information). Mp
describes mobile access pattern with time-series [8]
(sequences of ordered access pattern with time-related).
The predefined timestamps for the paper is illustrated in
Table 1.

Table 1. An example of predefined timestamps T;

Timestamps Time Interval
T1 06:01 ~ 10:00
T2 10:01 ~ 14:00
T3 14:01 ~ 18:00
T4 18:01 ~ 22:00
T5 22:01 ~02:00

For the simplicity, we set the time interval every four
hours. The timestamps T1 is gathered user’s occurrence
access patterns from 06:01 to 10:00. T2, T3, T4 and T5
are also collected user’s occurrence access patterns from
10:01 to 14:00, 14:01 to 18:00, 18:01 to 22:00, and from
22:01 to 02:00, respectively. Based on the set F and Table
1, the table of mobile access pattern, Mp, is generated. We

construct the Mp, mobile access pattern, as shown in
Table 2. To insert the first access patterns of user ID 100
into the table, the following process is constructing mobile
access pattern (MP): i) Mobile user’s current location
with time-related into the integrated log to record the
location and temporal information. Then, the user’s
location with time-related information is compared
another user’s location log data to find the same as current
location information which occurred the same time in
history movement log data set. The same as currently
location information is extracted in history movement log
data set. ii) The service request log is stored mobile user’s
current request service information. And then, the request
service is also compared anther user’s requested service
information to find the same as requested service which
occurred the same time in history service request log data
set. Then, the same as request service information is
extracted in history movement log data set. iii) Finally,
The extracted location and request service information is
integrated as shown Table 2, and the integrated
information, location and request service, is stored in the
integrated database. Therefore, we can discover the
location based service with time-related at the same time.
Table 2 shows the completed Mp table (mobile access
pattern table).

Table 2. An integrated log data sets

User ID | Timestamps Access Pattern

T1 < (0:1) (B:2) (P:5) (L:8) >
T2 < (A1) (D1) (E:2) >

100 T3 <(0:2) (B:2) (E:1) >
T4 <(C:4) (F2) >
T5 <(C:2)(B:2) >
T1 <(0:1) (B:3) (P:5) (L:8) >
T2 <(B:1)(D:1) >

101 T3 <(C:1) (E:3) (G:7) >
T4 < (C:4) (E:3) (F:2) (G:6) >
T5 <(B:2) (D:1) >
T1 <(0:3) (B:6) (P:8) (L:7) >
T2 < (B:2) (C:6) (D:7) >

102 T3 <(0:2) (B:3) (E:2) >
T4 <(E:3) (G:7) >
T5 <(D:1) (E:2) >
T1 <(0:3) (B:2) (L:7) >
T2 <(B:4)>

103 T3 <(C:3) (E:4) >
T4 <(C:3) (E:5) >
T5 <(C:2) (B:2) >
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4.2 Efficient mining method: T-Map.

In this subsection, we describe the data mining method,
namely T-Map. The input data into the T-Map is the log of
mobile access patterns, which is obtained by integrating
both of movement log and requested service log with
time-related.

The T-Map is consisted of a header table and
aggregating the access patterns into the memory in a
compact form. Therefore we can mine frequent and
interesting pattern efficiently. The head table are stored
the frequently occurrence of mobile access patterns in the
order of descending sequence access patterns. Compared
with breadth-first algorithms such as Apriori [4] and its
variants, which may need as many database scan as the
length of the longest pattern. However, the T-Map method
only needs one physical database scan when the
constructing of header table. The database scan is to find
all frequent mobile access patterns. Then, the frequent
mobile access pattern is inserted into the header table in
decreasing order of their sequence access pattern. Fig. 3
shows an example of the constructing header table. Let the
minimum support count be 2. We gain the location
information O, B, P and L for timestamp T1. Note that, E
and F are omitted in the header table from timestamps T1.
Due to the counting of E and F is infrequent. The header
table is connected T-Map.

Table 3. The header table of T-Map-tree

Location support Link
Infomation
o] 4
B 6
P 5
L 5

After the scan of the database, the set of frequent access
patterns is sorted in the order of descending sequence data.
The T-Map structure is then constructed as follows: A
node tale in T-Map is maintained to record the first-
occurrence address and total count for distinct labels. First,
create the root of the tree, labeled with “null or {}”. The
access patterns in each integration log data sets are
processed in header table order and a branch is created for
each integration log data sets. For example, the scan of the
first integration log data set, “UID 100: O, B, P, L”, which
contains 1, 3, 5, 9 such as requested services, leads to the
construction of the first branch of the tree with four nodes:
<(0:1) (B:2) (P:5) (L:8)>, where (O:1) is linked as a child
of the root, (B:2) is linked to (O:1), (P:5) is linked to (B:2)
and (L:8) is linked to (P:5). The second T1’s access

patterns in integration log data sets, UID 101, contains the
access patterns <(0:1) (B:3) (P:5) (L:8)>, which would
result in a branch where (O:1) is linked to the root and
(B:3) is linked to (O:1). However, this branch would share
a common prefix, (O:1), with the existing path for UID
100. Thus create a new nod, (B:3), which linked as a child
of (O:1). To facilitate tree traversal, an access pattern
header table is built so that each item points to its
occurrences in the tree via a chain of node-links. The tree
obtained after scanning all of the integration according to
timestamps is shown in Fig. 3 with the associated
transformed to that of mining the T-Map.

Header Table
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pattarn nodes—links
a: 4 f: ----------- \-\-\-\-\
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Fig. 3. T-Map for the integrated log data sets.

The T-Map can be mining frequent access pattern with
time-related. The (L:8) is linked to (P:5) frequently,
minimum support count is 2, and (B:2) is also frequent.
However, the (B:3) is infrequent. Even if the (P:5) and
(L:8) are frequent, since the occurrence of the ancestor of
the (P:5) and (L:8) label is less than 2.
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Fig. 4. Mining frequent access pattern

Therefore, the T-Map outputs the prefix access pattern
<(0:1) (B:2) (P:5) (L:8)> with timestamp T1 of current T-
Map and returns. Fig. 4 shows frequent use’s mobile
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access pattern with timestamp T1 between 06:01 and
10:00.

5. Conclusion

In this paper, we proposed a novel data mining method,
namely temporal mobile access patterns that could
efficiently discover mobile user's temporal behavior
patterns associated with location and requested services.
Furthermore, we presented a novel data structure with
temporal mobile access patterns. The advantage of a novel
data structure has been compactly stored the use's behavior
pattern according to location and service information in
memory. Even though the information data sets consume
much memory when the information data sets are storing,
they are still the fastest method and consume less memory
than other methods due to using the compact data structure
form, T-Map, into the memory. Our technique works
especially well for context-awareness data sets in mobile
agent systems. Moreover, our technique may apply the
health care system, mobile web system, match-making and
decision support system, etc.

For the future work, we will apply T-Map more real
datasets and evaluate its performance. Furthermore, we
will consider that constructing of T-Map with temporal
interval.
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