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Message from the Director

The Institute of Information Science (IIS) 
was established in 1982. We currently have 
39 full-time research faculty, 43 post-doctoral 
research fellows, and slightly more than 
270 research associates and specialists. Our 
research is conducted in eight specialized 
laboratories:  Bioinformatics,  Computer 
Systems, Information Processing and Dis-
cover y ( iPAD),  Multimedia Technology, 
Natural Language and Knowledge Processing, 
Network Systems and Services, Programming 
Languages and Formal Methods, and Com-
putation Theory and Algorithms. 

IIS is not a degree-granting institution, with 
two important exceptions. In 2003 a Ph.D. 
program in bioinformatics was established 
under the auspices of Academia Sinica’s 
Taiwan International Graduate Program; it 
has already enrolled more than 50 students. 
And in 2014 a doctoral program in Social 
Networks and Human-Centered Computing 
was inaugurated.

Many of our research fellows hold joint 
faculty appointments at top universities in 
Taiwan. This allows our institution to play a 
very significant role in training and fostering 
advanced research talent in the IT industry 
and in academia in Taiwan.

DIRECTOR:
Dr. Hsu, Wen-Lian 

DEPUTY DIRECTORS:
Dr. Wang, Hsin-Min
Dr. Liu, Tyng-Luh

GROUP COORDINATORS:
Dr. Sung, Ting-Yi 
 Bioinformatics Lab
Dr. Wu, Jan-Jan

Computer Systems Lab
Dr. Chen, Meng Chang

Information Processing and Discovery 
(iPAD)

Dr. Liao, Hong-Yuan Mark
Multimedia Technology Lab

Dr. Hsu, Wen-Lian
Natural Language and Knowledge 
Processing Lab

Dr. Ho, Jan-Ming
Network Systems and Services Lab

Dr. Wang, Bow-Yaw
Programming Languages and Formal 
Methods Lab

Dr. Yang, Bo-Yin
Computation Theory and Algorithms Lab

In the thirty-two years since the founding of the Institute of Information Science, 

our faculty members have steadfastly maintained their dedication to research in 

their areas of expertise. We are proud that their efforts have been recognized both 

domestically and internationally through numerous awards, such as the ACM SAC 

2013 best paper award, the 2012 K.T. Li Distinguished Young Scholar Award, the 

2014 Outstanding Research Award from the National Science Council, the 2013 

Outstanding Young Electrical Engineer Award from the Chinese Institute of Electrical 

Engineering, the 2013 Young Scholars’ Creativity Award from Foundation for the 

Advancement of Outstanding Scholarship, the 2012 Information Science Medal of 

Honor from the Institute of Information & Computing Machinery, and the First Prize in 

NTCIR-10 Recognizing Inference in Text Task.

In this issue of IIS Update, the Lab Profile introduces the Programming Languages and 

Formal Methods Laboratory, which is led by Research Fellow Bow-Yaw Wang; the lab’s 

research team focuses on developing techniques to help ensure program correctness. 

The Project section features an article by Distinguished Research Fellow Dr. Mark Liao, 

who introduces the use of the Identification and Tracking of Players in Sports Videos. 

In the Great Idea section, Research Fellow Arthur Shih tells us how to assemble large 

genomes efficiently in order to meet the big data challenges of bioinformatics. The 

Spotlight section describes Distinguished Research Fellow Dr. Wen-Tsuen Chen’s 

outlook of “Every Step Leaves Its Print and We Should Work Persistently.” 

As always, your valuable comments and feedback on this newsletter would be much 
appreciated. We also welcome you to visit IIS. We wish you a peaceful, joyful, and 
fruitful 2014!
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Honors and Awards

Honors and Awards

Distinguished Research Fellow Dr. Wen-
Lian Hsu receiving the IICM Medal of 

Honor 2012 from Institute of Information & 

Computing Machinery.  

Dr. De-Nian Yang receiving the Outstanding 
Youth Electrical Engineer Award 2013 from the 

Chinese Institute of Electrical Engineering.Dr. Cheng-Wei Shih, Dr. Chad Liu, Dr. 
Cheng-Wei Lee, and Dr. Wen-Lian Hsu 
receiving the First Place in NTCIR-10 Recognizing 

Inference in Text Task. Dr. Sheng-Wei Chen receiving the 
The Young Scholars’ Creativity Award 2013 

from Foundation for The Advancement of 

Outstanding Scholarship.

Dr. Chun-Shien Lu being 

promoted to Research Fellow, 

effective March 18th, 2013.

Dr. Kai-Min Chung joining us as 
our new Assistant Research Fellow, 

September 2013.

Dr. Mi-Yen Yeh and Dr.  Tei-Wei Kuo et al. 
receiving the SAC 2013 Best Paper Award from 

the ACM Society.

Dr. Ming-Syan Chen receiving the 
Outstanding Research Award 2012 from 

National Science Council (NSC).

Distinguished Lecture Series

February William Dally      Professor, Computer Science Department, Stanford University
 Instruction cached organizations, power optimization, parallel computing, parallel algorithms, dynamic networks   
April Christos Papadimitriou      C. Lester Hogan Professor, Department of EECS, University of California at Berkeley  
 Theory of algorithms and complexity, applications to databases, optimization, AI, the internet, game theory and evolution
May Mary Lou Soffa      Owen R. Cheatham Professor, Department of Computer Science, The University of Virginia  
 Optimizing compilers, virtual execution environments, software testing, program analysis, software security, software   
 systems for multi-core architectures 
May Mihaela van der Schaar      Chancellor’s Professor, Electrical Engineering Department, University of California, LA  
 Game theory, network science, online learning, big data, multimedia 
TBD S. Shankar Sastry      Dean of the College of Engineering, University of California at Berkeley 
 Embedded and autonomous software, Computer vision and computation in novel substrates such as DNA, Nonlinear and  
 adaptive control, Robotic telesurgery, Control of hybrid systems, Sensor networks and biological motor control       

Dr. Mark Liao receiving the 
Outstanding Research Award 

2013 from National Science 

Council (NSC) . ”Mind Reading to Predict the Success of Online Games” — The latest 

human emotion study by Dr. Sheng-Wei Chen and his research 
group has been featured by IEEE Spectrum.
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Project

Project Coordinator
De-Nian Yang 

Application-Aware Graph Search in Social Networks 

The emergence of social-networking 
websites offers rich information 

and has created an opportunity for 
many new applications.  For instance, 
with social and temporal information 
available, a person may invite friends 
with available time who are familiar 
with each other to join an activity, 
or a company can aggressively push 
coupons to a set of good friends nearby 
to boost sales, based on their social 
and spatial properties available in the 
social-networking sites. Fundamental 
graph search algorithms, however, 
are inadequate for the sophisticated 
queries involving different dimensions 
and requirements that such mining of 
social-networking data would require. 
Therefore, we introduce Application-
Aware Graph Search in Social Networks 
to tackle the issue of efficiently and 
effectively querying a subset of nodes 
and edges from a  graph, to satisfy dif-
ferent application requirements and 
adapt to various real-life scenarios.  

In the following, we introduce three 
application-aware graph search pro-
blems. In addition to the social dimen-
sion, these problems also consider other 
important dimensions, e.g., spatial, 
temporal, interest, etc. To meet the 
requirements of different application 
scenarios, we propose specific algori-
thms and theoretical analysis for each 
problem to effectively and efficiently 
obtain the desired solutions. The re-
search results have been featured in MIT 
Technology Review, ACM TechNews, 
Phys.org, Popsci.com, and elsewhere, 

drawing the attention of Facebook, Lin-
kedIn, and other major sites.

Social-Temporal and Social-Spatial 
Group Queries

Nowadays, most activities are still 
initiated manually. However, some sys-
tems are able to gather the information 
required for activity initiation. For ex-
ample, social-networking websites (e.g., 
Facebook) provide the social-relations 
and contact information, and web-col-
laboration tools (e.g., Google Calendar) 
allow people to inform their friends 
when they have available time. To 
provide an efficient, automatic activity-
planning ser vice using the above 
information, we have formulated a new 
query problem: the Social-Temporal 
Group Query (STGQ). 

Given an activity initiator q and her 
social graph G = (V, E), where each 
vertex v is a candidate attendee, and 
the distance on each edge eu,v con-
necting vertices u and v represents their 
social closeness. An STGQ(p, s, k, m)
where p is an activity size, s is a social 
radius constraint, k is an acquaintance 
constraint, and m is an activity length, 
finds a time slot t  and a set F  of p 
vertices from G to minimize the total 
social distance between q and every 
vertex in F, i.e. , where du,q is the 
length of the minimum-distance path 
between u and q with at most s edges, 
such that each vertex u in F is allowed 
to share no edge with at most k other 
vertices in F, and u is available from time 
slot t to t+m−1.

 Efficient processing of STGQ is very 
challenging. (We can show that the 
problem is NP-hard via a proof.) To 

prune unnecessary search space and 
obtain the optimal solution quickly, 
we devise various strategies, including 
access ordering, distance pruning, 
acquaintance pruning,  pivot t ime 
slots, and availability pruning. Our 
research result can be adopted by 
social-networking websites and web-
collaboration tools as a value-added 
service.

In addition to jointly considering 
social and temporal dimensions, we 
also consider organizing a group of 
friends for an impromptu activity, i.e., 
to consider both social and spatial 
dimensions for inviting attendees to an 
activity. With the emergence of GPS-
enabled mobile devices and Web 2.0 
technology, mobile users can easily 
capture and upload their own locations 
for sharing in various location-based 
social-networking (LBSN) applications. 
With valuable location and social in-
formation available, we envisage that 
instant organization of impromptu 
social activities while users are outside 
their homes and offices becomes easier 
than ever. Today, however, the selection 
of invitees for such activities still relies 
on significant manual coordination. 
Therefore, we propose the Socio-Spatial 
Group Query (SSGQ) to alleviate the 
organization effort for impromptu social 
activities.

Given a social graph and their (pub-
lished) locations, by specifying a rally 
point q, the number of activity invitees 
p, the average number of unfamiliar 
people an invitee may have k, and the 
maximum spatial distance t (i.e., spatial 
radius) between each invitee and the 
rally point, an activity initiator may 
issue an SSGQ(q, p, k, t) to find a set of p 
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Project

(cont’d on page 11)

invitees from her social graph such that 
the average spatial distance for each 
invitee to the rally point is minimized, 
and the spatial distance for each invitee 
to the rally point is bounded by t.

Processing SSGQ efficiently is chal-
lenging due to the tradeoff in the spatial 
distance and the social relationships. 
In fact, processing SSGQ is an NP-hard 
problem. To efficiently process SSGQ, we 
propose SSGSelect with various ordering 
and pruning strategies for finding the 
optimal solution. In addition, we design 
a new index structure, named SR-Tree, 
together with Joint Insertion, to find the 
optimal solution in less time.

Willingness Optimization for Social 
Group Activity

Studies show that two important cri-
teria are usually involved in the decision 
of a person to join a group activity 
during her free time. First, the person 
is interested in the intrinsic properties 
of the activity. Second, other people 
who are impor tant to the person, 
such as her close friends, will join the 
activity as companions. Nowadays, 
many people share information with 
their friends on social-networking web-
sites, e.g., Facebook; recent studies 
have introduced effective algorithms to 
quantify personal interests according 
to the interest attributes in somone’s 
profile and the contextual information in 
her interactions with friends. Moreover, 
social-connectivity models have been 
widely studied to evaluate the closeness 
between friends.

Nonetheless, even with the above 
knowledge available, the attendees of a 
group activity still need to be selected 
manually, and such manual coordination 
is usually time-consuming, especially 

for a large social activity, given the 
complicated social links and the diverse 
interests of friends. 

Therefore, we formulate a new fun-
damental optimization problem as 
follows. Given a social graph, where 
each node represents a candidate per-
son and is associated with an interest 
score of the person for the activity, and 
each edge is associated with a social 
closeness score to indicate the familiarity 
between the two persons. Given the 
user-specified number of expected 
attendees, the goal of automatic activity 
planning is to maximize the willingness 
of the selected group, which is a con-
nected subgraph for each attendee, 
to become acquainted with another 
attendee.

We prove that the problem is chal-
lenging and NP-hard. To increase the 
search space for finding a better so-
lution, randomized algorithms have 
been proposed as a simple but effective 
strategy to solve the problems with 
large instances. To guide an efficient 
search, we propose two randomized 
algorithms,  cal led Computational 
Budget Allocation for Start nodes (CBAS) 
and Computation Budget Allocation 
for Start nodes with Neighbor Dif-
ferentiation (CBAS-ND). We exploit the 
notion of Optimal Computing Bud-
get Allocation in randomization, to 
optimally invest more computational 
budgets in the start nodes (nodes that 
are selected to grow into a solution) 
with the potential to generate the 
solutions with high willingness. CBAS 
first selects multiple start nodes and 
randomly adds neighboring nodes 
to expand the partial solution stage-
by-stage, until the target number of 
nodes are included as a final solution. 
Each start node in CBAS is expanded 

to multiple final solutions. To properly 
invest the computational budgets, CBAS 
at each stage identifies the start nodes 
worth more computational budgets 
according to sampled results of the 
previous stages. 

Equipped with the allocation stra-
tegy of computational resources, CBAS 
is enhanced to CBAS-ND to adaptively 
assign the probability to each neighbor-
ing node during the expansion of the 
partial solution according to the cross-
entropy method. We prove that the 
allocation of computational budget 
for start nodes and the assignment 
of the probability to each node are 
both optimal in CBAS and CBAS-ND, 
respectively. We further show that CBAS 
can achieve an approximation ratio, 
while CBAS-ND needs a much smaller 
computational budget than CBAS to 
acquire the same solution.

Maximizing Acceptance Probability 
for Active Friending in On-Line Social 
Networks

A conventional friending recommen-
dation only allows a user to passively 
select candidates to send invitations 
from the recommendation l ist .  In 
contrast to the above passive friending 
strategy, the idea of active friending, 
where a person may take proactive 
actions to make friends with another 
person, does exist in our everyday life. 
For example, in a high school a student 
fan may wish to make friends with the 
captain of the school soccer team, and 
in the business world a salesperson may 
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Distinguished Lecture Series

Compressive Sensing and Beyond 
Emmanuel Candes — March 25th, 2013  

                 “Interestingly, this may be changing the way engineers 
think about signal acquisition in areas ranging from analog-to-
digital conversion, digital optics, magnetic resonance imaging, 

and seismics......”

50 Years of Biometric Research:The Solved, The Unsolved, 
and The Unexplored
Anil Jain — October 1st, 2013  
 “While these developments have enabled a wide variety of 
identification applications ranging from personal laptop access to 
national civil registry systems, a number of thorny issues continue 
to inhibit the potential of biometric systems.......”

Selected Topics from 40 Years of My Research on 
Speech Processing 
Sadaoki Furui — October 7, 2013  
“I believe a major direction of future ASR research is 
modeling of various speech variations based on advanced 
machine-learning techniques and efficient construction and 
utilization of large-scale speech corpora......”

The Global Impact of Integer Programming
George L. Nemhauser — December 9, 2013   

 “Some integer programming models whose 
solutions have had big impact in solving important 

problems, and present recent progress that has 
made it possible to solve very large instances and 

to obtain provably good solutions quickly........”

Teaching Computational Abstractions through Musical Abstractions 
Paul Hudak — November 11, 2013  
“We not only capture standard notions of abstraction (repetition, recursion, 
data abstraction, and polymorphism), but also advanced ideas (such as lazy 
evaluation, monads, arrows, and type classes).....”

6



Activities

Annual Field Trip on August 7 on 
the Plum Flower Lake in I-Lan.

2013 Open Data Workshop 

November 08–09, 2013

Open Data: from Culture to Technology
Tom Heath (Open Data Institute, UK)

Topics: Current Status and Outlook of Open Government Data in Taiwan
Introduction to Land Surveying and Mapping Results and the Current Status of Open Data  

Open Source, Open Data, and Open Government   
Data Publishing and Reuse, Data Visualization for Disaster Mitigation, Data Visualization  

Expressive Power of Visualization, Information visualized for what?  
Pride and Prejudice in Data Visualization, State of the Map in Asia  

Data Collaboration, Localwiki – Local open data and community development  
Assembling citizen’s dreams to link trials around Taiwan  

Using ‘Like’ to save wildlife of Taiwan – A citizen science project on Facebook  
Data Collaboration for Disaster Response and Management The experience we get from establishing 

a linked data application for opening data related to Taiwan’s indigenous people 
Data Modeling for Heterogeneity - Taking Ecology LOD for Example 

Virtual Repository for Creation and Use of Linked Data by Disaster Preparedness and Response 
Applications   

 Joint Conference of Medical 
Informatics in Taiwan 2013 

(JCMIT 2013)

Healthcare Big Data: Technology, 
Applications and Services

 

 November 1-3, 2013  

 International Conference Hall 
Humanities & Social Sciences Building 

Academia Sinica   

Topics
Database Technologies

EMR/EHR
Health Information Management System

Multivariate Statistical Analysis
Novel Modelling Technologies

Nuclear DNA Studies
Strategic Direction and Policies

Social Epidemiology

 Information Cup Table Tennis 
on June 22-29  
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Ensure Program Correctness 
Programming Languages

and Formal Methods Research Group

Lab Coordinator

Bow-Yaw Wang 

The Programming Languages and 
Formal Methods Research Group 

develops techniques to help ensure 
program correctness. Our research in 
programming languages focuses on 
syntactic, semantic, and pragmatic 
issues related to the development of 
correct programs. The research in formal 
methods emphasizes the algorithmic, 
computational, and practical aspects 
in the analysis of real-world  programs. 
We apply mathematical and formal 
techniques to the investigation of 
research problems. We also aim to 
develop tools and methodologies to 
help developers write correct codes.

Multi-core processors are now widely 
used in desktop computers, notebooks, 
and even smart phones. Making use of 
their ability to handle concurrency to 
improve the efficiency of applications, 
however, is difficult. Even experienced 
developers may make mistakes in 
writing concurrent programs.  Subse-
quently, despite of the prevalence of 
concurrent computer systems there 
are only a few concurrent programs. 
In order to help developers exploit 
the computational power in modern 
processors, the Programming Languages 

and Formal Methods Research Group is 
working on language and verification 
techniques for concurrent programs. 

Type systems are widely deployed 
in modern programming languages to 
ensure type safety. For example, an ill-
typed expression may add the number 
0 to a character ‘0’ and thus produce 
an incorrect result. Type systems allow 
developers to identify such type errors 
at the time of compilation. Concurrent 
programming is known to be error prone; 
and the challenge of programmers is 
made still  more difficult by modern 
programs, which often consist of hun-
dreds or even thousands of threads  
communicating with each other. Mo-
dern programming languages adopt 
expressive type systems to guarantee 
certain properties of programs.

A type system for message-passing 
concurrent programs that ensures com-
munication between threads follow a 
certain protocol is a “session type.”  More 
advanced variations can guarantee no 
deadlocks . Efforts to implement session-
type systems by embedding them in 
existing languages, however, have not 
been very productive yet, due to the 
inexpressiveness of the type system in 
the host language. We plan to embed 
session type into Agda, a language with 
an expressive dependent type system, 
in the hope of building an integrated 
environment in which programmers may 

program in Agda/Haskell and use the 
type system to guarantee correctness and 
termination.

We also plan to investigate the “proofs-
as-programs” approach to program 
correctness, as embodied in proof as-
sistants such as Coq and their program 
extraction mechanisms, and to familiarize 
ourselves with the details of these tools 
so as to understand their capacities and 
limitations. We will concentrate on three 
application domains: (1) derivatives of 
regular expressions, (2) transformations 
of structural contents, and (3) interactions 
of software components. The problems 
dealt with in those three domains are 
often related to those encountered in 
general application development. For 
example, Web application scripts should 
process all user inputs correctly (while 
avoiding common security pitfal ls, 
such as those caused by SQL Injection) 
and should always produce correct 
outputs (such as generating only valid 
XML documents). These issues fall into 
domains 1 and 2 above. How these 
scripts interact with one another is also 
a major research issue (domain 3). We 
want to certify, by formal proofs, that the 
scripts for these applications will have 
the required behaviors before they are 
deployed. These application domains 
wi l l  provide many interest ing and 
important problems for our investigation 
into program constructions with formal 

Lab Profile
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Lab Profile

Audience of APLAS 2011 organized by the research group.

proofs.
Model checking is a technique to 

identify errors in program designs. Given 
a proposed  property of the design, a 
model checker verifies the given property 
conclusively by exploring all design 
behaviors. For concurrent systems, the 
number of design behaviors grows ex-
ponentially with  the number of design 
components. This is the well-known state 
explosion problem. Local reasoning is a 
compositional technique for alleviating 
the state explosion problem in the 
verification of concurrent programs. 
Instead of exploring global states, the 
compositional technique synthesizes 
local properties and verifies these on 
design components. Local reasoning has 
been used to analyze parametric systems 
as well.

Local property synthesis is key to 
the success of local reasoning. Tradi-
tionally, local properties are obtain-
ed by fixed-point computation. Itera-
tive computation, however, can be 
unnecessarily expensive. We plan to 
apply algorithmic learning to the syn-
thesis problem in local reasoning. When 
many local properties are feasible, 
algorithmic learning allows us to infer 
one of them eff iciently.  Moreover, 
learning-based synthesis algorithms give 
us additional flexibility in the forms of 
inferred properties. Such flexibility will 
help us understand local properties of 
programs.

Applying formal techniques, how- 
ever, can be challenging for average 
developers, who may lack such training. 
Yet more and more concurrent programs 

are being written by average developers. 
Verification tools for concurrent pro-
grams will  undoubtedly help such 
developers improve their productivity. 
A large portion of existing concurrent 
programs are written in modern prog-
ramming languages such as C++ and 
JAVA. For those existing codes, we also 
plan to develop automatic verification 
approaches that can ensure correctness. 
More specifically, we plan to develop 
concurrent software model checking 
approaches. The core technique of 
model checking is efficient exploration 
of the entire state spaces of the program 
to be verified. 

For concurrent programs, the state 
space to be explored is normally ex-
tremely large due to the interleaving 
of behaviors of each individual thread. 
In order to explore the state space 
efficiently, abstraction techniques must 
be employed . We plan to combine 
existing abstraction techniques for 
concurrent programs. For example, we 
might use thread modular abstraction 
for the control part and predicate 

abstraction for data part. The goal is scale 
up concurrent software model checking 
to programs that cannot be handled by 
existing approaches. 

Going beyond our research activities, 
we also dedicate significant resources 
to education. In order to introduce our 
research to students, since 2007 we 
have organized the annual Formosan 
Summer School on Logic, Language, and 
Computation (FLOLAC). Through FLOLAC, 
more and more students in Taiwan have 
been encouraged to study and conduct 
research in programming languages and 
formal methods.
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Project

Identification and Tracking of Players in Sports Videos

 Chun-Wei Lu, Chao-Yung Hsu, and Hong-Yuan Mark Liao

Challenges

To develop an automatic basketball 
video analysis system is difficult for 
several key reasons. First, collisions 
between  players occur frequently. 
Second, players on the same team (and 
thus in the same uniform) can look 
similar. And, third, players frequently 
per form complicated motions and 
may move outside the field of view of 
the camera . Most existing basketball 
video analysis systems can recognize 
players only in fairly close-up shots 
in which facial features are clear or 
jersey numbers are easily legible. Those 
criteria, however, are not commonly 
met in recordings of basketball games. 
Usually, videos of basketball games 
are acquired from a single pan-tilt-
zoom camcorder  at court level. Under 
these circumstances, faces of players 
are usually indistinguishable and jer-

sey numbers can also be difficult to 
recognize. Moreover,  since players 
change their poses and orientations 
frequently, both face and jersey number 
are recognizable only in limited cases. 
Last but not least, since players of the 
same team wear identically colored 
jerseys and in many cases may even have 
similar skin and hair colors, retrieving 
information from colors is challenging .   

Player Tracking and Identification

In this work, we propose a novel fra-
mework to automatically perform player 
tracking and identification for basketball 
videos filmed by a single pan-tilt-zoom 
camcorder from court view. The pro-
posed scheme is composed of four 
steps. The first step is to detect players 
by a deformable part model (DPM). Fig. 
1 shows an example of player detection 
using DPM. Each bounding box in the 
figure represents a detected player in 
the video frame. In the second step,  we 
try to recognize jersey numbers from the 
frames detected by DPM  by combining 
a gradient difference (GD) operation as 
well as a neural-network-based digit-
recognition scheme. An example of GD-
based jersey-number detection is shown 
in Fig. 2. In the third step, after a jersey 
number is detected at some specific time 
instances, a particle filter and DPM are 
applied together to track the identified 
players in both forward and backward 
directions. And finally, we deal with 
those unsolved video segments using 
strategies based on artificial intelligence. 

Automatic player detection results generated by the DPM detector. DPM estimates locations 
and sizes of players, which are represented by red bounding boxes in the figure (Fig. 1). 

Basketball video analysis has many 
commercial applications and has 

attracted great attention in recent years. 
With the assistance of advanced object-
detection and tracking techniques 
developed in the past few years, effi-
cient and effective player tracking and 
identification have become a reality. 
Under these circumstances, to develop a 
fully automatic basketball video analysis 
system that can analyze the interaction 
among players or the scoring process 
becomes possible. An automatic bas-
ketball video analysis system has many 
potential applications. For example, it 
can provide better services by auto-
matically generating some video seg-
ments that highlight star players. In 
addition, the coaching staff of a team 
can employ such techniques to calculate 
the statistics of players, to analyze the 
strength and weakness of competitors, 
and to review the team itself.           
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Project

An example of jersey number detection (Fig. 2). Results of proposed automatic multi-target tracking and identification. 
The text inside a bounding box is the track’s ID (Fig. 3).

After executing the above four steps, 
our experimental results demonstrate 
the efficacy of the proposed system. 
Fig. 3 shows some results detected by 
the proposed automatic multi-target 
tracking and identification system. The 
text inside a bounding box is the track’s 
ID.   

Contributions

In this work, we propose an automatic 
player tracking and identification frame-
work for basketball videos filmed with 
a single pan-tilt-zoom camera from the 
court view. The proposed framework is 
based on use of a single uncalibrated 
pan-tilt-zoom camera, which avoids 
the expensive and often impractical in-
stallation of a calibrated camera network. 

Application-Aware Graph Search

(cont’d from page 5)

be interested in getting acquainted with 
a high-value potential customer in the 
hope of making a business pitch. 

Addressing this desire, we are making 
a grand suggestion for social-networking 
service providers to support active 
friending. The service providers, eager to 
explore new tools to increase revenue, 
may consider charging users for the 
active friending service. Our sketch is as 
follows. By iteratively recommending 
a list of candidates who are friends 
of existing friends of the initiator, a 
social-networking service provider 
may support active friending — and 
do so without violating the current 
practice of privacy preservation in re-
commendations. Consider an initiator 
who specifies a friending target. The 
social-networking service, based on its 
proprietary algorithms, recommends a 

set of friending candidates who may 
likely increase the chance for the target 
to accept the eventual invitation from 
the initiator. The aforementioned step 
is repeated until the friending target 
appears in the recommendation list 
and an invitation is sent by the ini-
tiator. It is clear, however, that the re-
commendations made for passive 
friending may not work well because 
active friending is target-oriented. 

To support active friending, the key 
issue is the design of the algorithms that 
select the recommendation candidates. 
To select suitable users, we study a 
new optimization problem, called 
Acceptance Probability Maximization 
(APM), for active friending in online 
social networks. Given an initiator s, 
a friending target t, and the maximal 
number rR of invitations allowed to be 
issued by the initiator, APM finds a set R 
of rR nodes, such that s can sequentially 
send invitations to the nodes in R in 
order to approach t. The objective is to 

Moreover, our framework can be used 
to analyze any sport videos acquired by 
uncalibrated moving cameras, e.g. sports 
videos distributed over the Internet. We 
will further ad-vance our framework to 
perform event detection and mining 
based on what we get in the process of 
player detection and identification.

maximize the acceptance probability 
at t of the friending invitation when s 
sends it to t. The parameter rR controls 
the trade-off between the expected 
acceptance probability of t  and the 
anticipated efforts made by s for active 
friending t.

We prove that calculating the accep-
tance probability in the Independent 
Cascade (IC) model is #P-hard and that 
APM in the IC model is NP-hard; thus, we 
approximate the acceptance probability 
by the Maximum Influence Arborescence 
(MIA) model. To tackle the APM problem 
in the MIA model,  we propose the 
Selective Invitation with Tree and In-
Node Aggregation (SITINA) algorithm, 
which aims to systematically select the 
nodes for recommendation. SITINA is 
designed with dynamic programming 
to find nodes that may result in a co-
ordinated friending effort to increase 
the acceptance probability of the target, 
which obtains the optimal solution for 
APM in polynomial time.11



Great Idea

Bioinformatics Topic: The Challenge of Assembling Large 
Genomes by Short Read Sequences 

Whole genome sequencing is an 
important way to study func-

tional differences between species. 
Because genomic DNA sequences are 
very long, they must first be broken 
into small fragments that can read out 
the base content of each fragment one 
by one by sequencing. These short 
sequences (reads) are then assembled 
by the computational method, re-
constructing the original genomic 
sequences  (Fig. 1). The process is called 
genome assembly. Traditional Sanger 
sequencing can generate reads of ~1000 
bp; and these reads can be assembled 
by  the  over lap - layout- consensus 
approach. This method, however, is 
costly and time consuming, so only 

a few complete genomes have been 
processed using this technology .

Short read sequencing (SRS) plat-
forms, such as HiSeq 2000, have much 
higher throughputs and much lower 
costs than traditional Sanger sequen-
cing. However, genome assembly is 
more difficult using SRS data than using 
Sanger data because the amount of SRS 
data is huge (≥100 Gb per run) and SRS 
reads (100~250 bp) are much shorter 
than Sanger reads (~1000 bp).

The two major types of SRS assem-
blers are extension-based and de Bruijn 
(or Eulerian) graph-based. An extension-
based assembler starts from a seed 
read and extends it by overlapping 
other reads. Without constructing a 

full layout graph, this approach saves 
both computational time and memory. 
However, it is sensitive to sequencing 
errors and repeats; and it usually gener-
ates a fragmented assembly.

The de Bruijn graph approach is fast 
at finding overlaps between reads. It 
decomposes a read into consecutive 
k-mers, which are represented by nodes 
connected by edges in a graph. By 
scanning all reads once, it rapidly finds 
the overlaps between all reads because 
overlapping reads have the same k-1 
mer. The resulting graph contains all 
characteristics of a genomic sequence 
(Figs. 2a–c). The constructed graph, 
however, has to be reduced using different 
heur is t ic  approaches  to  e l iminate 

Principle Investigator

Arthur Chun-Chieh Shih

SequencerDNA extractionSpecies Millions of sequencing reads

ATGCGATGACGGATGAC

Genome Assembly Assembled genomic sequences

ATGCGATGACGGATGACG…GATGCGTGCAGAGTGCAGATGAAGTGAC

GGTGGTGATCAGTAGTA…GGTAGTAATATTAGTCGTACAGATGCA

TTAGATCGATCAGTCAGTATT…ATTATGTTTGCCAGATTATTT

:
:

:
:

CCCAGGTGACGATG….CAGGGAGTAGCAGA

SequencerDNA extractionSpecies Millions of sequencing reads

ATGCGATGACGGATGAC

Genome Assembly Assembled genomic sequences

ATGCGATGACGGATGACG…GATGCGTGCAGAGTGCAGATGAAGTGAC

GGTGGTGATCAGTAGTA…GGTAGTAATATTAGTCGTACAGATGCA

TTAGATCGATCAGTCAGTATT…ATTATGTTTGCCAGATTATTT

:
:

:
:

CCCAGGTGACGATG….CAGGGAGTAGCAGA

ATGCGATGACGGATGACG…GATGCGTGCAGAGTGCAGATGAAGTGAC

GGTGGTGATCAGTAGTA…GGTAGTAATATTAGTCGTACAGATGCA

TTAGATCGATCAGTCAGTATT…ATTATGTTTGCCAGATTATTT

:
:

:
:

CCCAGGTGACGATG….CAGGGAGTAGCAGA

A pipeline of genome sequencing and assembly (Fig. 1).
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sequencing errors and to resolve re-
peats (Fig. 2d). This approach has been 
adopted by several leading assemblers 
for SRS data, including ALLPATHS-LG, 
SOAPdenovo, and Velvet.

The de Bruijn graph approach requires 
more memory than the extension ap-
proach because it needs to save the en-
tire graph in memory for assembly. To 
handle a large genome such as a 3 billion 
base pair (Gb) genome, ALLPATHS-LG 
and SOAPdenovo have been carefully 
engineered; but most other de Bruijn 
graph assemblers cannot handle large 
genomes when memory is limited. Note 
that the memory requirement increases 
dramatically as the read length increases, 
which will occur as the sequencing 
technology advances. Although cor-
recting errors in sequencing reads can 
reduce the graph size and increase the 
assembly quality, as the total read count 
and read length increase so does the 
execution time. Therefore, balancing 
assembly quality, memory requirement, 
and execution time is a major challenge 
for de novo assembly.

Recently, our team has developed 
a new extension-based assembler for 
SRS data, called JR-Assembler. (J stands 
for “Jumping” extension and R for read 
“Remapping.”) A key concept of our 
approach is that instead of a base-by-
base extension, JR-Assembler extends 
a read by other whole reads, i.e., it 
makes a “jump.” This approach speeds 
up extension and can readily jump 
over small repeats. Second, it includes 
a dynamic back trimming process, so 

that the extension can effectively avoid 
termination by sequencing errors. Finally, 
to avoid partial repeat resolutions, JR-
Assembler “remaps” reads to each as-
sembled sequence; and if a mismatch is 
found due to the existence of repeats, 
it breaks the repeat sequences at their 
boundaries and reconnects the broken 
contigs during the contig-merging stage. 

TTGTACGTAG
GTAGAGATAG

ATAGGGCGTA

TTGTACGTAGAGATAGGGCGTA

Jump

Extension 
candidate

Rseed

Re

Rs

TGTACGTAGA
GTACGTAGAG

TAGAGATAGG
AGAGATAGGG
GAGATAGGGC

ACGTAGAGAT
CGTAGAGATA
GTAGAGATAG

AGATAGGGCG
ATAGGGCGTA

Remapping

TTGTACGTAGAGATAGGGCGTA

A successful 
extension

SSE

SSE TTGTACGTAG
GTAGAGATAG

ATAGGGCGTA

TTGTACGTAGAGATAGGGCGTA

Jump

Extension 
candidate

Rseed

Re

Rs

TGTACGTAGA
GTACGTAGAG

TAGAGATAGG
AGAGATAGGG
GAGATAGGGC

ACGTAGAGAT
CGTAGAGATA
GTAGAGATAG

AGATAGGGCG
ATAGGGCGTA

Remapping

TTGTACGTAGAGATAGGGCGTA

A successful 
extension

SSE

SSE

The basic concept of JR-Assembler (Fig. 3). 

We conducted performance compa-
risons of many assemblers using many 
datasets from genomes of various sizes. 
For large genomes, JR-Assembler was 
more efficient in memory usage and 
run time than current SRS assemblers, 
while achieving at least comparable 
quality in genome assembly. For small- 
and medium-size genomes,  JR-As-
sembler performed better than most 
current SRS assemblers. JR-Assembler 
is freely available at http://jr-assembler.
iis.sinica.edu.tw/ and has been pub-
lished in Proceedings of the National 
Academy of Sciences (Plus) 2013. The 
coauthors  include Dr. Wen-Hsiung Li, 
an academician with Academia Sinica’s 
Biodiversity Research Center; and Dr. 
Tsunglin Lu, of National Cheng-Kung 
University’s Institute of Bioinformatics 
and Biosignal Transduction.

TAG

TTG TGT GTA TAC ACG CGT

TAG

TTG TGT GTA TAC ACG CGT

Input read: TTGTACGTAG

TTGT

TGTA

GTAC

TACG

ACGT

CGTA

GTAGTTGT

TGTA

GTAC

TACG

ACGT

CGTA

GTAG

AG

TT TG GT TA AC CG

AG

TT TG GT TA AC CG

TTGTACGTAG
TTGTAAGTAG

TAG

TTG TGT GTA

TAC
ACG

CGT

TAA AAG AGT

(a) 2-mer. (b) 3-mer.

(c) 4-mer. (d) 

A read, as represented by a de Bruijn graph of (a) 2-mer, (b) 3-mer, 
and (c) 4-mer. (d) If another read has an error, the 3-mer graph 
generates a new path with 3 new nodes in red (Fig. 2). 
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“Every Step Leaves Its Print and We Should Work Persistently” 
Dr. Wen-Tsuen Chen, Distinguished Research Fellow

providing helpful suggestions. I am 
very grateful for his support that has 
continued to help me in every stage 
of my career. For example, through his 
nominations, I was honored with the 
Technical Achievement Award (1999) 
and the Taylor L. Booth Education Award 
(2011) from the IEEE Computer Society. 

After finishing my Ph.D. dissertation 
in March 1976 on automated computer 
software validation (an important re-

search issue in software engineering), I 
joined the Computer Science Program 
(later upgraded to the Computer Science 
Department) in the Graduate Institute 
of Applied Mathematics and began 
my career of teaching and research in 
computer science.

In 1976, Taiwan probably had no more 
than five Ph.D.s majoring in computer 
science. The nation had neither ICT 
industries nor semiconductor industry. 
There were only a few M.S. programs 
and no Ph.D. program in computer 
science. My first few years back in Taiwan 
were devoted to building everything 

almost from scratch and to spreading 
fundamental knowledge about com-
puter science. I was fortunate to be 
able to help develop the software en-
gineering program at the Institute for 
Information Industry, serving there as 
a technical advisor from its founding in 
1979 until 1996. In 1977, together with 
Professor R.C.T. Lee, I helped establish the 
Graduate Institute of Computer Science 
at National Tsing Hua University. In 1983, 

I became the director of the institute 
and developed the institution from five 
faculty members to fourteen members. 

In the early 1980s, I began researching 
computer networking and parallel 
processing. My research lab designed 
Taiwan’s first computer local-area net-
work, which enabled the sharing of 
precious computer resources — such 
as mainframe/mini computers, storage 
devices, and printers — among users 
at a time when university budgets 
were especially tight. I am particularly 
proud that my lab designed Taiwan’s 
first parallel processing system. I still 

Receiving an Outstanding Scholarship 
Award from Dr. Yuan-Tseh Lee, then the 
president of Academia Sinica, in 1996.

Receiving Taylor L. Booth Education Award 
from IEEE Computer Society President in 
2011.

I received my B.S. degree in nuclear en-
gineering at National Tsing Hua Uni-

versity in 1970 at the time nuclear energy 
was considered a promising solution to 
the global energy crisis.

 It was not until my senior year at Na-
tional Tsing Hua University, when the 
university installed its first mainframe 
computer IBM 1130, that I first took a 
course on computer programming. I 
quickly became fascinated by the capa-
bility of computers and by algorithmic 
approaches to solving problems.

Upon graduating from National Tsing 
Hua University, I went abroad to pursue 
graduate study in nuclear engineering 
at the University of California, Berkeley.  
After just one quarter of study at UC 
Berkeley, however, I determined that my 
real interest was in computer science and 
so decided to change my fields of study 
to electrical engineering and computer 
science. Since I was then equipped with 
only a basic programming ability, I began 
my graduate study in computer science 
by first taking many undergraduate-level 
courses in the subject. In order to secure 
financial support for my graduate study, 
I sought a research assistantship, which 
required me to demonstrate proficiency 
in computer science. And so, in only my 
second quarter of study in computer 
science I took the doctoral preliminary 
examination, which was considered to 
be very tough. Fortunately, I passed and 
was granted a research assistantship by 
Professor C.V. Ramamoorthy. My study 
at UC Berkeley went well, although it 
was never easy. Most of the time I did 
research on my own, with my advisor 
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Hosting Minister K. T. Lee in 
1987, during my tenure as 
director of the Institute of 

Computer Science at National 
Tsing Hua University.

Research group on 4G mobile computing at 
IIS/AS.

Spotlight

vividly remember the exhilaration of 
my students when the parallel system 
worked perfectly the very first time it 
was powered on.

My research contributions are in soft-
ware engineering, parallel computing, 
and computer networking. I pioneered 
software testing design, automated 
software testing, and software instru-
mentation in the mid-1970s, when there 
was no systematic approach to software 
testing. This work came to be used in 
automated software testing systems, 
including some designed for the U.S. 
Army (e.g., ballistic missile defense 
systems), the U.S. Air Force, and NASA. 
My lab was the first to discover that an 
optimal mesh with broadcast capability is 
rectangular rather than square for many 
parallel algorithms, and we generalized 
the result to multidimensional mesh. 
This finding has been widely adopted 
by other researchers to reduce compu-
tational complexities of many well-
known optimal mesh algorithms. My 
lab was also the first, in the 1980s, to 
recognize the efficiency problem of 
secure broadcasting in networks — such 
as Ethernet, packet radio, and satellite 
— and proposed an efficient approach 
to securely encrypting a message so 
that only one copy of it need be sent. In 
2000, we proposed a signaling protocol 
for mobile hosts to reserve resources 
in the integrated services Internet so 
that the mobility impacts on packet 
delay and bandwidth utilization are 
minimized; the concept was further 
extended to All-IP wireless networks 
by integrating mobility management 

and QoS provisioning. These and other 
works led to me being invited to serve 
four times as a Distinguished Visitor by 
the IEEE Computer Society and receiving 
numerous awards, including prestigious 
awards from the Ministry of Education 
and the IEEE Computer Society.

In 1988, I was invited by Professor 
Jin-Fu Chang, then the director of the 
Ministry of Education’s Advisory Office, 
to serve as a science and technology 
advisor to the ministry. I was responsible 
for planning of campus networks in 
universities. This led, in 1990, to the 
ministry inaugurating the Taiwan Acade-
mic Network (TANet), which was the 
first Internet in Taiwan and served as 
the foundation for further Internet 
development in Taiwan. In 1992, I was 
appointed director of the Advisory Office. 
In my three-and-a-half years in that 
post, I helped improve the information 
infrastructure of K–12 schools and 
initiated communications, VLSI design, 
materials sciences, and biotechnology 
education programs aimed at improving 
the research and education infrastructure 
in universities for cultivating talents to 
join expanding industries in Taiwan.

I also worked to advance industrial 
technologies in Taiwan by serving as an 
advisor and consultant to the academic, 
governmental, and business sectors in 
Taiwan. In 1990, I helped initiate the 
Ministry of Economic Affairs’ industrial 
technology research grants program, 
which has been recognized for its success 
in advancing industrial technologies 
in Taiwan. Many world-class Taiwanese 
companies, such as MediaTek and TSMC, 

have benefitted from this program and 
have contributed to the advancement of 
ICT technologies in not only Taiwan but 
throughout the world.

My stint of more than seven years with 
the Ministry of Education broadened my 
view of higher education in Taiwan and 
worldwide. Even at the beginning of the 
twenty-first century, higher education 
in Taiwan lagged far behind world top 
universities in research, in how young 
talent is educated, in infrastructure, and 
in the flexibility of its administration. 
After stepping down from my position 
with the ministry and returning to 
National Tsing Hua University, I proposed 
consolidating the electrical engineering 
and computer science departments to 
form a college of EECS to better educate 
talent for Taiwan’s ever-expanding ICT 
industries. When the college was es-
tablished in 1998, I was appointed its 
founding dean. In 2003, I was appointed 
vice chancellor for research at the newly 
inaugurated University System of Taiwan.

In 2006 the Ministry of Education 
appointed me president of National 
Tsing Hua University. I was fortunate 
that during my four-year term, NTHU 
was selected as one of the beneficiaries 
of a program that provided grants of 
NT$10 billion annually toward university 
excellence. During my presidency, the 
university was noted for initiating the 

(cont’d on page 16)
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Thousand Points of Light Project, a 
university entrance program that was 
enthusiastically endorsed and adopted 
by the Ministry of Education, and for 
launching Tsing Hua College, a residential 
college for undergraduate education, 
the first of its kind in Taiwan. In addition, 
the education and research of the uni-
versity improved significantly, which 
became recognized internationally. In 
2010, the Times Higher Education World 
University Rankings placed National 
Tsing Hua University 107th in the world, 
a significant advance from 343rd place in 
2006.

Currently, my research focuses on 
wireless networks and mobile com-
puting. I joined Academia Sinica in March 
2012 as a distinguished research fellow 
at the Institute of Information Science, 
which has al lowed me to conduct 
advanced work with outstanding re-
searchers  at  Academia S inica  and 
throughout Taiwan, including professors 
at NCTU, NTU, NTHU, and NSYSU. My 
Intelligent Sensing Networks and 4G 
Mobile Computing research groups are 
working to develop key technologies, 
including fusion of intelligent sensing 
technologies, efficient and energy-
saving transmission mechanisms in 
wireless sensor networks, and resource-
allocation and scheduling schemes 
in next-generation mobile networks. 
I ntel l igent  home,  healthcare,  and 

crowdsourcing-based monitoring are 
used to demonstrate the technologies 
that my teams develop. I believe our 
research results will contribute to an 
“Intelligent Taiwan,” and increase the 
competitiveness of related industries.

In addition to my research work, I serve 
as the program director of the National 
Program for Intelligent Electronics, 
which seeks to develop advanced and 
innovative industrial technologies for 
the biomedical, green, automotive, and 
ICT electronics industries. Furthermore, 
I am currently the chairman of both the 
Engineering Accreditation Executive 
Committee and the Computing Ex-
ecutive Committee of the Institute of 
Engineering Education Taiwan. I am very 
pleased to have these opportunities to 
make further contributions to academia, 
industry, and society.

When I began my career as an edu-
cator and researcher, Taiwan had no 
computer, communication, or IC in-
dustries, and no significant research 
activities in those fields in universities. 
I have since witnessed and made some 
contributions to its development to 

(cont’d from page 15)

Prof. C. V. Ramamoorthy and I together 
with my two children at the University 
of California, Berkeley in 1994.

Discussing the network design in 1982.
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a powerhouse for ICT technologies 
and products in the world. However, 
industries in Taiwan face great chal-
lenges from world competitors and our 
research lags far behind those of world’s 
most advanced research institutions. We 
need more efforts, especially in help-
ing nurture the talents of our younger 
generation.

“Every step leaves its print, and we 
should work persistently.” I always ask 
myself to do my best, no matter if the 
task is education or research. If we want 
to gain from research, we need to be 
willing to devote ourselves to the task. 
Besides working hard, research also 
depends on good luck and great vision, 
which means we should choose right 
topics to work on.  

Finally I would like to quote the 2005 
commencement speech at Stanford 
University by Apple Computer founder 
Steve Jobs:  “Don’t  let  the noise of 
others’ opinions drown out your own 
inner voice. And most important, have 
the courage to follow your heart and 
intuition. They somehow already know 
what you truly want to become.” I have 
no regrets about my decisions to study 
computer science more than forty years 
ago and to return to Taiwan, where I was 
able to contribute to the development 
from the earliest stages of the nation’s 
ICT technologies and industries.
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