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Background

With the ever growing popularity of smart mobile devices and rapid advent of wireless
technology, the vision of ubiquitous computing has come closer to reality. Ubicomp de-
vices are mostly driven by new generation pervasive or context-aware information ser-
vices. For example, location-based services provide information relevant to users’ geo-
graphical location. However, wider acceptance of such services has been hindered by is-
sues from scalability, privacy to mobile devices’ limited power resources, memory spaces
and computation capability.

My research focuses on developing data management techniques in support of efficient
processing of complex queries. My major contributions are in the area of location-
dependent queries, applicable to a wide range of mobile environments including wireless
broadcast systems, mobile ad-hoc network, and wireless sensor network. My research
outputs can be further divided into three smaller areas, namely data indexing, client side
caching, and server side scheduling.

Research Areas

Data Indexing: | have been working on data indexing techniques to support location-
dependent queries since my PhD study. Initially, | focused on the dissemination of loca-
tion-dependent data in wireless broadcast systems. The fact that the data broadcast on air
are only periodically available renders most existing indexing structures inefficient if not
useless, as they were designed for traditional database systems and their searching capa-
bilities depend on random access and backtracking. Taking linearity requirement into ac-
count, | designed several new indexes to support various location-dependent queries,
such as point queries, window queries, KNN queries, and continuous-KNN queries, in
wireless broadcast systems. | further extended my initial study in two directions. First,
instead of purely focusing on the theoretical design of index structures, | started to ex-
plore the properties of wireless channels to ensure performance in real-world systems.
For example, wireless channels by nature are error-prone and occasional data packet loss
is a given. | designed a distributed index with multiple embedded search paths to allow
the users to switch to another path in case the current path is lost. Second, | formulated
and studied new types of queries motivated by real applications. For example, nearest
surrounder queries consider not only the proximity but also the angular relationship be-
tween objects and query points.

In addition to wireless broadcast systems, | have also developed high performance index

structures for location-dependent query processing in mobile systems of different proper-
ties and requirements, such as road networks and sensor networks. Recently, | have been
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working on the index structures for complex query processing in obstructed spaces. This
is motivated by applications where neither Euclidean distance nor network distance can
represent the proximity between objects. For example, battlefields usually have no fixed
road network structure and soldiers would enjoy certain degree of free movement until
they hit obstacles. To this end, | have designed efficient index structures for common lo-
cation-dependent queries (e.g., continuous-KNN queries and reversed KNN search).

Client side caching: Clients cache data in their local memory while moving in a mobile
environment. Consequently, it is beneficial to understand how we can fully utilize local
cached data. My work has addressed two fundamental issues related to mobile client
cache: i) the client cache may become invalid due to the change of its location; and ii)
new queries may be issued as client moves around. To ensure client cache validity, | de-
veloped a method to cache not only data object but also corresponding valid region, i.e., a
geographical region within which the cached object is guaranteed to be valid for the same
query. I also investigated different presentations of valid scopes.

Server side scheduling: Given the fact that mobile users have different requests and some
data objects are more popular than the others, scheduling algorithms try to rearrange data
objects to minimize the access time, reduce power consumption, and optimize bandwidth
utilization. I studied the scheduling algorithm in a multi-channel environment where data
objects of various sizes and access frequencies are broadcast in parallel on multiple chan-
nels of different bandwidths, with the client listening to one channel at a time. | also
raised a privacy concern regarding the scheduling algorithms as most of the existing
scheduling algorithms require the clients to reveal their access patterns to the server. A
high-performance privacy preserving scheduling algorithm was proposed to make availa-
ble the overall access pattern of data objects without disclosing individual access pattern.

My ongoing research centers around above areas, and meanwhile | am investigating data
management related issues in social network. For example, Twitter is a highly popular
microblogging site where hundreds of millions of users follow one another for infor-
mation sharing and interaction. Given the vast amount of realtime Twitter data, con-
strained data crawling bandwidth, and the need for crawled data to be meaningful for
problem-specific data analytics research, we need to define appropriate target scopes for
data crawling.
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