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Abstract. Applications of ubiquitous computing are increasingly leveraging 
contextual information from several sources to provide users with behavior ap-
propriate to their environment. The method of information retrieval is one of the 
most fundamental research issues in ubiquitous computing. Applications where 
user�s contexts change continuously over time require prompt retrieval of rele-
vant information. This paper proposes a new ubiquitous retrieval method that 
enables users to obtain relevant information efficiently using the multi level 
characteristics of the contexts. This paper describes the ubiquitous information 
retrieval process. Several experiments are performed and the results verify that 
proposed method has better retrieval performance. 

1   Introduction 
Weiser introduced the area of ubiquitous computing, and put forth a vision of people 
and environments augmented with computational resources that provide information 
and services whenever and wherever desired [1]. One of the most critical technologies 
in a variety of application services of ubiquitous computing is to supply adequate 
information or services depending on each context through context-awareness. The 
context is characterized by being continuously changed and defined as all information 
related to the entities such as users, space and objects [2, 3]. Ubiquitous computing 
applications need to be context-aware, adapting behavior based on information sensed 
from the physical and computational environment.  

According to recent analysis on applications using context-aware ubiquitous com-
puting, one of the most challenging research areas in the future is considered to be 
information retrieval methods in ubiquitous computing environment [4, 6]. The main 
consideration in information retrieval methods is how accurately it retrieves informa-
tion required by the users and how rapidly it retrieves information even with the bulk 
of information to retrieve [4, 7]. Since existing ubiquitous computing retrieval meth-
ods get all detailed information for the target context in accordance with the continu-
ous changes of contexts, the retrieval time takes longer. Moreover, since the retrieval 
results could lead to unwanted information for users, there is the problem in retrieving 
accurate information. Thus, new retrieval methods are required for rapid and accurate 
information retrieval. 

We suggest a new ubiquitous retrieval method using multi level characteristics of 
contexts for rapid and accurate information retrieval. We adopt a multi level charac-
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teristic of contexts based on the observation that all information does not need to be 
retrieved at a time according to each context value. By using the multi level character-
istics of contexts, we get more detailed information progressively as we get nearer to 
the context of interest. This enables more rapid and accurate information retrieval 
because of no access to the most detail information in the context values at a time.  

Our discussion will proceed as follows. Section 2 will give an overview of related 
works. Section 3 will discuss the ubiquitous information retrieval process and section 
4 will discuss the experimental results. Finally section 5 will conclude this paper. 

2   Related Works 
Most approaches to context-aware retrieval methods simply match user profiles to 
context values [6]. Because the mechanisms use only explicit information, there are 
limitations to retrieve useful information. Moreover, the method does not consider 
retrieving information rapidly. 

An advanced approach to context-aware retrieval method in ubiquitous computing 
is proposed in [4]. It proposes a context-aware cache based on the context-aware di-
ary. Based on the contents, the context-aware cache tries to capture the information 
the user is more likely to need in future contexts. It makes more immediate retrieval 
and reduces the cost of retrieving information by doing most of the work automati-
cally. The context-aware diary stores past and future data that are explicitly informed. 
This approach, however, simply matches data from the context-aware diary to the 
current context, when the context-aware cache tries to capture future data. 

The most recent approach to context-aware retrieval method is proposed in [8]. It 
uses a very similar approach to the approach we have taken. To retrieve information 
rapidly, this method locally stores the recommended information that the user is likely 
to need in the near future based on behavior patterns. To retrieve the information that 
would be required by the user, this method uses data mining methods. Moreover, 
using a multi-agent architecture, it allows continuous rapid and accurate information 
retrieval even with the change of user�s contexts and solves the limitations of storage. 
However, this method retrieves the most detail information at a time causing unneces-
sary and slow information retrieval. Moreover, when the behavior pattern is not 
found, the method does not retrieve information rapidly and accurately. 

The largest difference between our work and [8] is adoption of the multi level 
characteristics of context. It may reduce the amount of information requested for 
faster retrieval time and retrieve more accurate information for users.  

3   Ubiquitous Information Retrieval Process 
The proposed method for information retrieval is conceptually comprised of three 
main tasks, as shown in Figure 1. The first step is to extract the recommendation in-
formation rules related to the context values [8]. These are extracted using the asso-
ciation rule mining in the data mining [9] methods from the contexts database. 

In the second step, the recommendation information in the near future is extracted 
using the current context value and recommendation information rules. In this paper, 
we call the window includes context values that have possibility of using in near fu-
ture as �context window�. When a behavior pattern [8] is found, the context values in 
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context window is a behavior pattern, otherwise they are context values within a cer-
tain difference of value from the current context values.  

In the final step, we extract the recommendation information to be appeared in the 
very near future using context value, levelizing policy and retrieval score. The rec-
ommendation information extracted in the second step can cause the storage capacity 
and transmitting rate to increase. To solve these problems, only the recommendation 
information that can be used in the very near future is stored and then this process is 
repeated.  

The levelizing policy determines the level value of the current context value. In 
this paper, we assume that the levelizing policy is given. The level value means the 
level of detail of the information and determines properties of information to be re-
trieved. The information needed for a low level value is higher in priority and broader 
than it needed in a high level value. In this paper, we use the confidence in association 
rule mining as priority. For an example of the levelizing policy, the level value may 
be determined using the velocity in the location context. That is, faster (slower) veloc-
ity is considered as the request for simple (detailed) information on wider (narrower) 
area so that the level value is lower (higher).  

For rapid and accurate information retrieval, we use the prefetching method. From 
the recommendation information by the second step, we extract recommendation 
information to be retrieved in the very near future using the current context value and 
level value. The size of context window in the very near future is determined by the 
level value and becomes larger in inverse proportion to the level value. We only ex-
tract information higher than priority allowed in current level value from the recom-
mendation information of context values in the context window.  

However, a replacement policy is needed by storage capacity limitation. Therefore, 
we propose the retrieval score. The retrieval score represents the priority of informa-
tion determined by a level value of a context value when the context values are in the 
context window. The higher the retrieval score of information is, the higher the possi-
bility to be accessed in the very near future is. We replace the information in the 
lower retrieval score with it in the higher retrieval score. It makes the high hit ratio in 
the client�s storage. The retrieval score is zero in case the context values are not in the 
context window.  

 
Fig. 1. Flow Diagram of the Proposed Method 
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4   Experimental Evaluation 

For experiments, we implemented both the proposed method called System1 and the 
method in [8] called System2. All programs were written in Java. The server ran on a 
Pentium IV desktop computer. The client ran on a Pentium laptop computer. 

In the experimental data, the number of context values was set to 100 and the num-
ber of recommendation rules was set to the number of context values multiplied by 
the row number of recommendation information. The number of rows of recommen-
dation information was set to the number of rows of contents multiplied by 0.005.  

The values of the contents were generated from number 1 to the number of the con-
tents. The context values were generated from number 1 to the number of the context 
values. The action parts of recommendation rules were randomly generated from the 
values of contents for each condition parts, where condition parts are context values. 
The confidence of the rules is given randomly from 20 to 100. The number of levels 
in generated data is 4. For each level, the size of context window required in level 
value 1(2,3,4) is 10(7,4,1, respectively) and confidence allowed in level value 1(2,3,4) 
is 80(60,40,20, respectively). In addition, level values are higher whenever context 
values are changed in our experiment. 

We evaluated the impact of the amount of contents for each level value. We ran an 
experiment 100 times for context values extracted at random for evaluation. In order 
to evaluate the impact of the row number of contents, we measured the average miss 
ratio in client for each context value to retrieve recommendation information. We set 
the maximum number of row allowed in client�s storage to 100. For the comparison, 
we varied row numbers of contents by 10% from 10,000 to 31,384. The measure-
ments of the evaluation for each level value are depicted in Figure 2. 

As shown in Figure 2, for System1, the average miss ratio is near zero when the 
row number of contents decreases. However, average miss ratio for System2 exceeds 
50% in level value 1, 2 and 3. Only in level value 4, average miss ratio for System1 
and System2 is almost the same. In level value 4, both System1 and System2 use the 
most detail information; therefore the results are almost the same. Several other ob-
servations are found on these results. First, the average miss ratio in System1 consis-
tently performs better than that in the System2. Second, as the level value is lower, the 
difference between the System1 and System2 is increased. As the level value is lower, 
the number of context values required in the near future is greater. The result shows 
the high miss ratios in System2. 

5   Conclusion 
Ubiquitous information retrieval is very promising but has not been sufficiently ex-
plored. This paper introduced a new ubiquitous retrieval method using multi level 
characteristics of contexts. The proposed method was explained with the system flow, 
the scenario, the algorithms and the experimental results. 

There have been some studies in context-aware retrieval methods for ubiquitous 
computing. These methods however, all use the most detailed information. We sug-
gest a new ubiquitous retrieval method using the multi level characteristics of con-
texts for rapid and accurate information retrieval. By the multi level characteristics of 
contexts, we get more detailed information progressively as we get nearer to the con-



Ubiquitous Information Retrieval Using Multi-level Characteristics      171 

text of interest. This enables the rapid and accurate information retrieval, because of 
no access to the most detail information in all context value at a time. 

The proposed method has several advantages. First, we presented a new ubiquitous 
information retrieval method using multi level characteristics of contexts. By using 
these multi level characteristics of contexts, information is retrieved rapidly and accu-
rately. Second, we proposed a new prefetching and replacement method for levelized 
context-aware information. The proposed method could be used in ubiquitous applica-
tions to improve information retrieval. 
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