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Welcome to the CIS 2014 Doctoral Colloquium! 

Welcome to the 2nd Computing and Information 
Systems (CIS) Doctoral Colloquium (DC) at the 
University of Melbourne. CIS DC offers PhD 
students a tailored full-day forum where they 
are given the opportunity to present and discuss 
their research.

To our delight, we have  experienced a 48% 
increase in the number of submissions this year. 
This extraordinary participation encouraged us to 
put our best foot forward in organising the event, 
so that all attendees would benefit highly from it.

This year, the CIS DC has crafted a stimulating 
environment for students to broaden their 
network and receive supportive and constructive 
feedback on their research plans. We have 
achieved this by advocating for extensive 
involvement from University industry partners 
along with internal and external senior 
researchers at the CIS department. The CIS DC 
214 offers a diverse academic menu comprising 
of paper presentations, interactive posters, and 
flash talks, headlined by keynote speaker, and 
capped off by conferring awards to the best five 
paper and poster presentations.

CIS DIC 2014 was organized by a group of RHD 
students at the CIS department of Melbourne 
University. As chair of the Organising Committee, 
it is my privilege to thank the team for the 
countless hours of effort they have put in over the 
course of the past 5 months. 

Also, a special thank you to Professor Justin 
Zobel and Rhonda Smithies for their continuous 
support.

Once again, welcome to CIS DC 2014! 

We all look forward to interacting with you today!

Behnaz R. Yeganeh,
Committee Chair 

Welcome to the CIS 2014 Doctoral Colloquium! 
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Map of Conference Venue

Conference Location: Alan Gilbert Building

Building  Number : 
104

Street Address:
Grattan  Street

Campus Map reference :
M13 

Image source: en.wikimedia.org
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8:30 Registration and Arrival Tea/Coffee Foyer, Level 1

9:00 Opening and Welcome Address 
Prof. Justin Zobel 

Lecture Theatre 2

9:15
Keynote : Connecting theory & practice - a lesson from 

bio-informatics 
Dr. Tom Conway

Lecture Theatre 2

Cloud Computing (Session 1A) Information Systems (Session 1B)

Lecture Theatre 3 Lecture Theatre 2
10:00

A Performance Optimization Scheme for Mobile Cloud The influence of personality traits on online 
information behaviour during political campaigns

Bowen Zhou Miguel Wood, Simon Milton and Graeme Shanks

10:15
Resource Overbooking in IaaS Cloud Provider

A conceptual model for analysing informal learning 
in

online social networks for health professionals
Chanh Nguyen Xin Li and Kathleen Gray

10:30 Fault-Tolerant Workflow Scheduling Using Spot 
Instances on Clouds Task Complexity and Codification

Deepak Poola, Kotagiri Ramamohanarao and Rajkumar 
Buyya Marion Zalk, Rachelle Bosua and Rajeev Sharma

10:45 Internet of Things: A Roadmap for Future Internet 
Direction

Online Medical Consultation: A review of current 
practices

Farzad Khodadadi Ibrahim AL-Mahdi

Life Science (Session 1C)
Lecture Theatre 2

11:00
Energy Efficient Software Defined Clouds Performance evaluation of spectral unmixing method 

based on different ways of training data selection
Jungmin Son Liyan Liu, Andrey Kan and Christopher Leckie

11:15 Resource Provisioning and Scheduling Algorithm for 
Workflows on Clouds

Retinal Cross Sectional Layer Segmentation using 
Optical Coherence Tomography

Maria A Rodriguez and Rajkumar Buyya Md Akter Hussain, Alauddin Bhuiyan and Kotagiri 
Ramamohanarao

11:30 Virtual Machine Customization and Task Mapping 
Model for Efficient Allocation of Cloud Data Center 

Resources

An Effective Automated System for Grading Severity 
of Retinal Arteriovenous Nicking in Colour Retinal 

Images

S. F. Piraghaj, R. N. Calheiros and R. Buyya Pallab Kanti Roy, Uyen T. V. Nguyen, Alauddin Bhuiyan and 
Kotagiri Ramamohanarao

Database, Machine Learning & Security (Session 1D)
Lecture Theatre 2

11:45
Integrated Framework for Cloud-based 

Interoperability between Social Network Websites

Shooting the Breeze Involves neither Shooting nor a 
Breeze: Predicting the Compositionality of Multiword 

Expressions
Safiollah Heidari and Rajkumar Buyya Bahar Salehi

12:00 SLA Based Resource Scheduling for Big Data 
Applications Semi-supervised Multilingual POS tagging

Yali Zhao Long Duong
12:15 Virtual Machine Allocation Policies against Co-

resident Attacks in Cloud Computing One-Way Games

Yi Han, Jeffrey Chan, Tansu Alpcan and Christopher Leckie Andres Abeliuk, Gerardo Berbeglia and Pascal Van 
Hentenryck

Conference ProgramMorning session
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Afternoon  session

12:30

Lunch Break

Human Computer Interaction (Session 2A) Database, Machine Learning & Security (Session 2B)
Lecture Theatre 3 Lecture Theatre 2

13:15 Developing an opportunistic online psychosocial 
screening tool for young people in general practice Improved k–centre Clustering with MapReduce

Marianne Webb, Greg Wadley and Sylvia Kauer, Lena Sanci Jessica McClintock
13:30 Help me keep my stuff safe Designing Organization-Aware Agents using OJAzzIC

Sarah Ellen Webber Kathleen Keogh
13:45 Understanding the user experience of running with 

mixed reality stories Reliable power transmission networks

Alexander Kan Rodrigo R. Gumucio E., Carleton Coffrin and Pascal Van 
Hentenryck

14:00 Non-verbal Interactions in Domestic Video 
Conferencing

Neighborhood Component Analysis for Feature 
Learning

Behnaz R. Yeganeh Zay Maung Maung Aye, Kotagiri Ramamohanarao and Benjamin 
Rubinstein

14:15 Won’t you be my neighbour? Clustered borrowing in 
libraries as evidence for shelf browsing

Mining User Interactions and Activities using Mobile 
Datawhile Maintaining Privacy

Dana McKay Anthony Quattrone
14:30 Supporting Tele-consultation through Tangible 

Interfaces Privacy-Preserving Collaborative Anomaly Detection

Deepti Aggarwal Sarah M. Erfani, Yee Wei Law, Shanika Karunasekera, Christopher A. 
Leckie and Marimuthu Palaniswami

14:45
Experiences with Mobile Mental Health Therapies

Automatically Recognizing Places of Interests/
Activities from Unreliable GPS Data and Smart Phone 

Sensors
Fernando Estrada Tanusri Bhattacharya, Lars Kulik and James Bailey



6

15:00 Afternoon Tea & Coffee

Human Computer Interaction (Session 3A) Database, Machine Learning & Security (Session 3B)
Lecture Theatre 3 Lecture Theatre 2

15:30
Communication Technologies during Family Mealtime Principled Dictionary Pruning for Low-Memory Corpus 

Compression

Hasan Shahid Ferdous Jiancong Tong

15:45
Screen Ecologies and the Future of Domestic Gaming Predicting at-risk students in Massive Open Online 

Courses
Marcus Carter, Bjorn Nansen and Martin Gibbs Jiazhen He, James Bailey, Rui Zhang and Benjamin Rubinstein

Software Engineering (Session 3C)
Lecture Theatre 3

16:00
Loop Untangling Improved Feature Transformations for Classification 

using Density Estimation
Kathryn Francis Yamuna Kankanige and James Bailey

16:15
Automated debugging using program spectra

FILTA : Better View Discovery from Collections of
Clusterings via Filtering

Neelofar, Lee Naish and Rao Kotagiri Yang Lei, Nguyen Xuan Vinh, Jeffrey Chan and James Bailey

16:30
Review of Interdependence in Coactive Design

Bandwidth-Efficient Convergence of Gossip-based
Recommendation Systems

Ronal Singh Irum Fahim Bukhari, Aaron Harwood and Shanika 
Karunasekera

16:45
Refreshments

Flash Talks Poster Exhibition
Lecture Theatre 3 Foyer, Level 1

17:30
Closing and Award Ceremony

Evening  session



What do you think about that?

Tweet us @cis_dc and share your thoughts on the 

talk / presentation / poster you are listening to! 

The hashtag to use is #cisdc2014
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Connecting theory & practice - a lesson from 
bio-informatics

A divide often exists between the theoreticians 
and the “practical” researchers in a Computer 
Science department, with the former 
stereotypically seeing their work as real computer 
science, and the work of their colleagues as mere 
programming. The converse view is that the work 
of the theoreticians is irrelevant compared to the 
useful work of their colleagues. This talk will show 
by example how the work of the theoreticians is 
vital to the production of useful methodologies 
for real problems. The concrete example is the 
problem of de novo assembly – a core problem 
in bioinformatics. Along the way we will discuss 
a bit of biology, a bit of information theory, a bit 
about computer architectures, and correctness.

Bio Sketch
Dr. Tom Conway undertook his doctoral research 
in the area of Logic Programming Language 
implementation, specifically looking at models for 
automatic parallelization of programs, semantics 
of threads and profiling. After completing his PhD, 
he worked for Multimedia Database Systems 
– a spin-off from RMIT University developing 
advanced text search techniques. After leaving 
MDS, he then took up a bioinformatics position at 
NICTA, delving in to advanced data structures and 
algorithms and applying them to bioinformatic 
analysis problems. Tom is currently leading 
the Genomics team at IBM Research Australia.  

Keynote

Dr. Tom Conway
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62

Analysis of Road Traffic Using Contrast Mining 
and GPS Trajectories
Xiaoting Wang, Christopher Leckie, Tharshan 
Vaithianathan       

Answering Complex Questions in Neuroimaging 
Informatics
Aref Eshghishargh, Simon Milton, Andrew Lonie, 
Gary Egan

Audience Experience in Domestic Videogaming
John Downs

Compression and Visualization of Large Scale Graphs
Lida Rashidi, Christopher Leckie, Sutharshan 
Rajasegarar

Data Quality and Data Cleansing in Bio-
informatic Databases
Qingyu Chen, Justin Zobel, Karin Verspoor

Energy and Carbon-Efficient Resource Management 
for Geo-Distributed Cloud Data Centers
Atefeh Khosravi and Rajkumar Buyya

Fragment Based Planning using Column 
Generation
Toby Davies, Adrian Pearce, Peter Stuckey, Harald 
Søndergaard

Information Security Strategy in Organisations
Craig Horne

Intelligence Driven Information Security Risk 
Management 
Jeb Webb, Atif Ahmad, Sean Maynard, Graeme 
Shanks

Lazy and Eager Approaches for the Set Cover 
Problem
Lim Ching Lih, Alistair Moffat, Tony Wirth

Memory Efficient Local Outlier Detection in Data Streams
Mahsa Salehi, Christopher Leckie, Tharshan 
Vaithianathan

Preserving Location Privacy in Location-based Services 
- Obfuscation through Locality Preserving Hashing
Maryam Fanaeepour, Lars Kulik, Egemen Tanin

Privacy Aware Dynamic Ride Sharing
Preeti Goel, Lars Kulik, Kotagiri Ramamohanarao

Read Sequence Alignment Compression
Rodrigo Canovas, Alistair Moffat, Andrew Turpin

Secure Repair in Large Scale Distributed Storage 
Systems
Lakshmi J Mohan, Udaya Parampalli, Aaron Harwood

Spatio-Temporal Trajectory Simplification for 
Inferring Travel Paths
Hengfeng Li, Lars Kulik, Kotagiri Ramamohanarao

Transfer learning of a temporal bone performance 
model via anatomical feature registration
Yun Zhou, Ioanna Ioannou, Sudanthi Wijewickrema, 
James Bailey, Patorn Piromchai, Stephen O’Leary, 
Gregor Kennedy

Poster Submissions



10

Paper Submissions

Cloud Computing

A Performance Optimization Scheme for Mobile Cloud 14
Bowen Zhou

Resource Overbooking in IaaS Cloud Provider 15
Chanh Nguyen

Fault-Tolerant Workflow Scheduling Using Spot Instances on Clouds 16
Deepak Poola, Kotagiri Ramamohanarao and Rajkumar Buyya

Internet of Things: A Roadmap for Future Internet Direction 17
Farzad Khodadadi

Energy Efficient Software Defined Clouds 18
Jungmin Son

Resource Provisioning and Scheduling Algorithm for Workflows on Clouds 19
Maria A Rodriguez and Rajkumar Buyya

Virtual Machine Customization and Task Mapping Model for Efficient Allocation of 
Cloud Data Center Resources 20
S. F. Piraghaj, R. N. Calheiros and R. Buyya

Integrated Framework for Cloud-based Interoperability between Social Network 
Websites 21
Safiollah Heidari and Rajkumar Buyya

SLA Based Resource Scheduling for Big Data Applications 22
Yali Zhao

Virtual Machine Allocation Policies against Co-resident Attacks in Cloud Computing 23
Yi Han, Jeffrey Chan, Tansu Alpcan and Christopher Leckie

Information Systems
The influence of personality traits on online information behaviour during political 
campaigns
Miguel Wood, Simon Milton and Graeme Shanks 24
A conceptual model for analysing informal learning in

online social networks for health professionals 25
Xin Li and Kathleen Gray

Task Complexity and Codification 26
Marion Zalk, Rachelle Bosua and Rajeev Sharma

Online Medical Consultation: A review of current practices 27
Ibrahim AL-Mahdi
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Life Sciences
Performance evaluation of spectral unmixing method based on different ways of 
training data selection 28
Liyan Liu, Andrey Kan and Christopher Leckie

Retinal Cross Sectional Layer Segmentation using Optical Coherence Tomography 29
Md Akter Hussain, Alauddin Bhuiyan and Kotagiri Ramamohanarao

An Effective Automated System for Grading Severity of Retinal Arteriovenous Nick-
ing in Colour Retinal Images 30
Pallab Kanti Roy, Uyen T. V. Nguyen, Alauddin Bhuiyan and Kotagiri Ramamohanarao

Database, Machine Learning & Security

Shooting the Breeze Involves neither Shooting nor a Breeze: Predicting the Compo-
sitionality of Multiword Expressions 32
Bahar Salehi

Semi-supervised Multilingual POS tagging 33
Long Duong

One-Way Games 34
Andres Abeliuk, Gerardo Berbeglia and Pascal Van Hentenryck

Improved k–centre Clustering with MapReduce 35
Jessica McClintock

Designing Organization-Aware Agents using OJAzzIC 36
Kathleen Keogh

Reliable power transmission networks 37
Rodrigo R. Gumucio E., Carleton Coffrin and Pascal Van Hentenryck

Neighborhood Component Analysis for Feature Learning 38
Zay Maung Maung Aye, Kotagiri Ramamohanarao and Benjamin Rubinstein

Mining User Interactions and Activities using Mobile Datawhile Maintaining Privacy 39
Anthony Quattrone

Privacy-Preserving Collaborative Anomaly Detection 40
Sarah M. Erfani, Yee Wei Law, Shanika Karunasekera, Christopher A. Leckie and Marimuthu 
Palaniswami

Automatically Recognizing Places of Interests/Activities from Unreliable GPS Data 
and Smart Phone Sensors 41
Tanusri Bhattacharya, Lars Kulik and James Bailey
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A Performance Optimization Scheme for Mobile Cloud

Bowen Zhou
University of Melbourne

bowenz@student.unimelb.edu.au

ABSTRACT
Computation outsourcing is one of the Cloud-based mobile
augmentation approaches that offload the resource intensive
computation to the cloud to enhance mobile devices com-
puting capabilities. In this paper, we propose a performance
optimization partitioning scheme for mobile cloud computa-
tion outsourcing.

Categories and Subject Descriptors
C.2.4 [Distributed Systems]: Client/server

Keywords
Mobile cloud computing, cloud computing, computation of-
floading, resource outsourcing, remote execution

1. INTRODUCTION
Mobile devices come with compromised hardware such as

low processor capabilities, small memory capacity and finite
battery life. These limits have hindered mobile devices ca-
pabilities for real-time, computation intensive applications
such as voice recognition. To overcome this inherent prob-
lem, computation offloading to rich computing resources is
introduced. Cloud computing, a new computing paradigm
emerging in the recent years, has the potential to provide
such resources.

1.1 Cloud computing
With the trend of more powerful and cheaper comput-

ing resources, a new computing model call cloud comput-
ing emerged leveraging virtualization technology to provide
computing resource as a utility [3]. The services of cloud
computing are divided into three categories. First, Infrus-
tracter as a Service provides end users with the control over
operating systems, storage, networks and other fundamen-
tal computing resources through virtualization. Platform as
a Service provides programming APIs and environments to
the developers to build applications while it manages stor-
age, operating system, servers as well as networks. Software
as a Service provides ready-to-use applications to end users.

1.2 Mobile cloud computing
Mobile cloud computing (MCC) is arising as a prominent

research area that focuses on delegate or offload data and
processing to surrogates in order to enhance the mobile ap-
plications as well as user experience [2]. There exist defini-
tions of MCC based on different research perspectives. Here

we refer to the definition that integrating mobile devices
with cloud-based resources.

1.3 Performance Optimization Scheme
Static partitioning proposed by previous works has the

drawback that since it is difficult to predict the execution
environment, partitioning the program at the design time
may not be optimal and cannot adapt performance in an-
other execution environment. On the other hand, dynamic
partitioning can impose large overhead on mobile devices
due to continuously partitioning [1]. Also, computation of-
floading needs the cost analysis to support the system in
making decisions on when and how to partition the program
to where.

To tackle the issues mentioned above, we propose a perfor-
mance optimization partitioning scheme and a cost analysis
model to support the decision making. The scheme uses
a partitioning algorithm that combines static partitioning
analysis with dynamical profiling, and a optimization model.
The model aims at making the best trade-off between en-
ergy consuming and transmission cost to finalize the parti-
tions based on the execution data obtained by the dynamic
profiling. The developer’s effort is involved to specify the
potential methods as partitions being offloaded in prior to
the execution of the program. At runtime, the dynamic pro-
filer will monitor hardware, network and the execution time
of each offloaded tasks and update the cost analysis model.
Due to the limited resources on mobile devices, this is imple-
mented on the remote cloud. When the program is executed
to the nominated partitions, we use the cost analysis model
to evaluate whether to offload the partition or running it lo-
cally. The cost analysis model can be achieved by profiling
the previous executed tasks in terms of the execution time,
energy consumption, required computing capacity, etc.

2. REFERENCES
[1] N. Fernando, S. W. Loke, and W. Rahayu. Mobile

cloud computing: A survey. Future Generation
Computer Systems, 2013.

[2] H. Flores and S. N. Srirama. Mobile cloud middleware.
The Journal of Systems and Software, 2014.

[3] Q. Zhang, L. Cheng, and R. Boutaba. Cloud
computing: state-of-the-art and research challenges. J
Internet Serv Appl, 2010.
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Resource Overbooking in IaaS Cloud Provider

[Extended Abstract]

Chanh Nguyen
Department of Computing and Information Systems

University of Melbourne
lnguyen2@student.unimelb.edu.au

ABSTRACT
Infrastructure-as-a-service Cloud provider offers different pur-
chasing models along with various service guarantees re-
spectively to give customer the flexibility to optimize their
costs. As a consequence, the diversification of purchaing
options introduces a far more trivial problem for providers
in which they need to decide how many available resource
should be segmented into each pricing model so that the ex-
pected revenue is maximized. In this work, We address prob-
lem of maximized revenue through developing the optimal
algorithms in which leveraging information from resource
demand prediction to make efficiently decision on resource
segmentation respecting to available resource on data cen-
ter and the SLA promised to the customers so that the final
objective is maximized revenue.

Categories and Subject Descriptors
H.4 [Distribution Systems]: Resource Management

Keywords
Resource segmentation, Cloud computing, Resource utiliza-
tion, Hybrid prediction model

1. INTRODUCTION
To give customers flexibility to optimize their cost, Cloud

providers offer resource instance under multiple pricing mod-
els with different level of service guarantees. For example,
customers are enable to flexibly select their wishing virtual
instances from Amazon EC2 under one of pricing schemes
such as reservation, on demand, and spot instances [1].
According to the on demand plan, users only need to pay
for actual resource usage without any contractual long term
commitments. This price is usually set statically or infre-
quently updated by cloud provider. In the reservation plan,
users pay an upfront reservation fee to reserve resources for
a specific period (e.g., one year, three years,etc.). In return,
they receive a significant discount on the hourly resource
usage price. Whereas the spot market plan is at the op-
posite side, allows users to submit periodically their bid to
provider describing the price they are willing to pay for an
amount of resource. The users gain access to their resource
request as long as their bid exceeds the providers spot price
which is also described periodically by provider. In general,
on demand instances can generate highest revenue per re-
source however they suffer from future demand uncertainty,
while reserved instances can provide a risk free upfront in-
come and foster long term commitments by customers. How-

ever, a disadvantage of the reservation instances is that the
provider is responsible to provide guaranteed availability for
the reserved requests while customers might not utilize their
reserved resource fully in during the reservation period. A
related study of parallel computing workloads [2] evidence
this fact by showing that more than half of all jobs use less
than 20% of users requested capacity.
At the cloud provider perspective, there exists an opportu-
nity for them to maximize their profits by leveraging the un-
derutilized capacity available to instance requests originat-
ing from other pricing plans (on demand, spot). Therefore,
the diversification pricing plans not only allow providers to
efficiently attract customers from distinct goals and prefer-
ences in using their resource, but also open a new direction
to gain more revenue. More concretely, cloud providers need
to solve the non-trivial problem of demand segmentation
optimization through the aforementioned different pricing
schemes. Besides that, with the unused capacity available
from reservation contracts, providers also need to find out
the reasonable overbooking factor so that they efficiently
utilize them for other on demand instance request or spot
instance request with respect to the risk of Service Level
Agreement (SLA) promised to the customers. In this re-
search, we address the problem of maximizing revenue for
cloud provider. We try to solve the following research ques-
tions:

• With limited resources available, and considering the
dynamic and stochastic nature of customers demand,
how can the expected revenue be maximized through
an optimal allocation of capacity to each pricing scheme.

• Moreover, with the unused resource from reservation
contracts, how can we estimate the overbooking factor
so that we utilize them to allocate for other instance re-
quests to maximize revenue while respecting the SLAs
promised to customers.

2. REFERENCES
[1] Amazon EC2 pricing.

http://aws.amazon.com/ec2/pricing/

[2] Reiss, Charles, et al. Towards understanding
heterogeneous clouds at scale: Google trace analysis
2012: Intel Science and Technology Center for Cloud
Computing, Tech. Rep.
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Fault-Tolerant Workflow Scheduling Using Spot Instances
on Clouds

[Extended Abstract]

Deepak Poola, Kotagiri Ramamohanarao and Rajkumar Buyya
Department of Computing and Information Systems,

The University of Melbourne,
Australia

deepakc@student.unimelb.edu.au,{kotagiri,rbuyya}@unimelb.edu.au

ABSTRACT
A scheduling algorithm that schedules tasks on Cloud re-
sources using two different pricing models (spot and on-
demand instances) to reduce the cost of execution whilst
meeting the workflow deadline is proposed. This algorithm
is fault tolerant against the premature termination of spot
instances(SI) and also robust against performance variations
of Cloud resources. Experimental results demonstrate that
our heuristic reduces up to 70% execution cost as against
using only on-demand instances.

Categories and Subject Descriptors
C.4 [Performance of Systems]: Fault tolerance; C.2.4
[Computer-Communication Networks]: Distributed Sys-
tems—Distributed applications

Keywords
Workflows, cloud, fault-tolerance, scheduling, spot instances

1. INTRODUCTION
A just-in-time and adaptive scheduling heuristic is pre-

sented here. The scheduling algorithm, for every ready task,
evaluates the critical path and computes the slack time,
which is the time difference between the deadline and the
critical path time. The main motivation of the work is
to exploit SIs to the extent possible within the slack time.
As the slack time decreases due to failures or performance
variations in the system, the algorithm adaptively switches
to on-demand instances. The algorithm employs a bidding
strategy and checkpointing to minimize cost and to comply
with the deadline constraint. Checkpointing can tolerate
instance failures and reduce execution cost, in spite of an
inherent overhead.

2. PROPOSED APPROACH
The crux of the algorithm is to map tasks that arrive

before the Latest Time to On-Demand (LT O) to SIs and
those that arrive after the LT O to on-demand instances.
LT O is the latest time the algorithm has to switch to on-
demand instances to satisfy the deadline constraint.

Initially, CP and LT O are computed before the workflow
execution. They are recomputed for all ready tasks during
execution. When a new task is ready to be mapped, the al-
gorithm tries to pick empty slots among the existing running
instances. If there is no free slot it searches for a running

instance that will be free before the task’s latest start time.
If no such instance is found the algorithm instantiates a new
instance considering its and performance characteristics.

2.1 Bidding Strategy
The proposed Intelligent Bidding Strategy takes into ac-

count the current spot price (pspot), on-demand price (pOD),
failure probability (F P ) of the previous bid price, LT O, the
current time (CT ), α and β. α, as seen in Equation 1, dic-
tates how much higher the bid value must be above the cur-
rent spot price. β determines how fast the bid value reaches
the on-demand price. F P of the previous bid is used as a
feedback to the current bid price, the current bid price varies
in accordance to the F P adding intelligence to the bidding
strategy. The bid value increases gradually with the work-
flow execution and as the CT moves closer to the LT O. The
bid starts around the initial spot price and ends closer to the
on-demand price. Lower the value of α, higher is the value
of the bid w.r.t the spot price.

γ = (−α(LT O − CT ))/F P

bid = eγ ∗ pOD + (1 − eγ ∗ (β ∗ pOD + (1 − β) ∗ pspot)) (1)

3. RESULTS AND CONCLUSION








































Figure 1: Mean execution cost of algorithms

with varying deadline (with 95% confidence interval).
Simulation results (Fig 1) show that cost reductions of

upto 70% for our algorithm (CIB)are achieved under relaxed
deadlines, when SIs are used. This work also demonstrates
the use of checkpointing, which offers cost savings up to
14%. This works presents an adaptive scheduling heuristic
and also an intelligent bidding strategy.
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Internet of Things: A Roadmap for Future Internet 
Direction 

 [Extended Abstract] 
Farzad Khodadadi 

Department of Computing and Information Systems, University of Melbourne 
fkhodadadi@student.unimelb.edu.au

ABSTRACT 
Internet is continuously growing in multiple dimensions and as it 
gets bigger, the number of devices using it as a means for 
communication has been magnified. Currently, Cloud Computing 
is referred to as a de-facto standard for dealing with Big Data that 
requires elastic computing and on-demand escalation and such 
potential can be leveraged for the sake of IoT applications, if it is 
defined and used properly. To feel the gap in this area, I have 
modified Aneka, which is a platform for Cloud Computing as a 
service, to address IoT needs and provide features such as load 
balancing, resource provisioning, and scheduling to IoT 
applications, besides serving other cloud-based applications.  

Categories and Subject Descriptors 
H.4 [Information Systems Applications]: Miscellaneous; D.2.8 
[Software Engineering]: Design  

Keywords 
Internet of things, cloud computing, aneka 

1. INTRODUCTION 
Internet of Things (IoT) is a new paradigm in computer 

science that aims to leverage numerous connectivity facilities to 
connect different “Things” together and form a ubiquitous 
network of interconnected nodes. The term “Thing” here refers to 
any device or object that can use Internet as a backbone to 
communicate with other network nodes at any time [1].  

RFID tags, Wireless Sensor Networks (WSN), NFC-enabled 
devices, microchips with Wi-Fi connectivity, and many other 
hardware technologies can be used in the IoT context to create the 
desired network. Additionally, there should be a universal 
mechanism for identifying every node in the network, which is 
achieved by multiple software layers and protocols operating 
tightly with the hardware layer. IoT has recently gained a lot of 
attention from giant tech companies such as Apple, Google, 
Samsung, Cisco, IBM and also startups and research community 
as well, due to its potential and capabilities to be used in versatile 
applications, such as: Smart home, Healthcare, Supply 
chains/Logistics, Social applications, Disaster prediction and 
management, and many others [2]. 

2. ANEKA- A PLATFORM FOR IOT 
One of the key requirements of IoT applications is the ability 

to use scalable computing power to process the data coming from 
different devices. By considering Cloud Computing features, 
using a cloud to address the above mentioned challenge seems 
plausible, but if there is no suitable integration mechanism 

between cloud providers and IoT applications, developers cannot 
use the complete power of cloud computing to meet their 
demands. As an example, Aneka is a Platform as a Service (PaaS) 
software package that handles resource provisioning, task 
allocation and scheduling, and many other cloud features such as 
load balancing, but it was not designed to handle IoT specific 
applications. By using a standard IoT communication protocol 
developed by IBM, which is called MQTT, we extended the 
Aneka framework and added the support of IoT application 
processing to it, thus now, a developer can simply use the 
infrastructures provided by Aneka to solve his task using different 
cloud providers. This way, developers can put more time on their 
application’s business logic, without having to worry about 
underlying architecture and solutions [4].   

3. OPEN CHALLENGES 
Since IoT is a distributed environment and utilizes Internet as 

backbone for communication, a lot of challenges will arise in 
terms of security, privacy, and accountability. Furthermore, 
finding suitable approaches to uniquely identify and address any 
object in the IoT environment is a challenging issue, due to the 
increasing size of Internet-capable devices and different 
communication mechanisms used by different vendors. In 
addition, finding the best visualization and representation method 
to be used in IoT is still an open issue and needs further 
investigation [2,3]. 
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ABSTRACT
In this paper, we discuss energy efficient data center for
clouds through software defined clouds.
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1. INTRODUCTION
Cloud computing [1] has emerged rapidly in industry in

the last few years. It substitutes conventional server rooms
in service providers with its Infrastructure-as-a-Service(IaaS)
model that enables service providers to use virtually created
servers in cloud provider’s data center. Cloud computing
also enables Platform-as-a-Service(PaaS) and Software-as-
a-Service(SaaS) models on top of IaaS which provides plat-
forms or software for customers by provisioning underlying
resources. In order to provide these services, cloud providers
build multiple data centers holding thousands of physical
machines and hundreds of switches connecting them.
Different customers have different requirements. Some

customers would utilize clouds for compute intensive jobs,
while others would use it for conventional web servers. As
each of various requirements needs a different configuration,
managing a data center is complex and difficult job.
Nonetheless, it is critical for cloud providers to manage

resources efficiently to ensure Software Level Agreements
(SLAs) to their customers. Cloud providers must guarantee
SLAs to make sure for service providers to provide sufficient
Quality of Service (QoS) to their users. Various require-
ments by different service providers make it difficult, espe-
cially when their requirements dynamically change. As one
of the key aspect in cloud computing is elasticity for fluc-
tuating service usages, service providers are willing to scale
their service dynamically, which results in various strategy
for cloud providers such as migrating a virtual machine to
another physical machine. On the other hand, it is impor-
tant for cloud providers to consolidate virtual resources in
order to manage physical machines more efficiently, so that
they can make more profit as well as reduce energy con-
sumption. In short, cloud data centers should be managed
efficiently while ensuring SLAs for the customers.
One approach to manage virtual resources dynamically

in cloud data centers while guaranteeing SLA compliance

is Software Defined Clouds (SDC) [3]. SDC allows dynamic
reconfiguration of virtual resources across physical machines
to meet SLA requirements. It enables cloud resources to be
dynamically configured and managed through software con-
troller. SDC is consisting of multiple technologies: system
virtualization, cloud computing, software-defined network,
software-defined middleboxes and network virtualization. In
this research, we look into various aspects of SDC and its
components to make energy efficient cloud data center while
ensuring SLAs.

One of the key elements in SDC is software-defined net-
work (SDN). The main concept of SDN underlie to separa-
tion of control plane from data forwarding plane to enable
controlling overall network by central software controller.
By controlling network through software, it is easy to recon-
figure the network topology which can make migration of
virtual machines much easier. Also, it can be used to change
the virtual network topology which can reduce latency or
increase bandwidth required to ensure SLA. Network virtu-
alization techniques are necessary to make it feasible.

2. EVALUATION METHOD
In order to evaluate energy consumption and performance

of SDC, a simulation tool is designed based on CloudSim [2].
CloudSim is a cloud simulation framework widely used for
research purposes. On top of CloudSim core architecture, we
add additional components to support the physical network
topology, virtual network environment, and SDN controller.
This architecture includes support for different levels of net-
work switches and middleboxes.
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ABSTRACT 
Cloud computing is the latest distributed computing paradigm and 
it offers tremendous opportunities to solve large-scale scientific 
problems. This paper proposes a resource provisioning and 
scheduling strategy for scientific workflows on Infrastructure as a 
Service (IaaS) Clouds. We present an algorithm based on Particle 
Swarm Optimization (PSO), which aims to minimize the overall 
workflow execution cost while meeting deadline constraints. Our 
heuristic is evaluated using various well-known scientific 
workflows of different sizes and the results show that it performs 
better than the current state-of-the-art algorithms. 

Categories and Subject Descriptors 
C.2.4 [Distributed Systems]: Distributed applications  
 
Keywords 
Cloud, cost-minimization, deadline, resource provisioning, 
scheduling, workflow 
 

1. INTRODUCTION 
Workflows are frequently used to model large-scale 

scientific problems that have ever-growing data and computing 
requirements and demand a high-performance computing 
environment in order to be executed in a reasonable amount of 
time. These workflows are modeled as a set of tasks 
interconnected via data or computing dependencies. The 
orchestration of these tasks onto distributed resources has been 
studied extensively over the years, focusing on environments like 
Grids and Clusters. However, with the emergence of new 
paradigms such as Cloud computing, novel approaches that 
address the particular challenges and opportunities of these 
technologies need to be developed. 

We develop a cost-minimization, deadline-constrained 
heuristic for scheduling scientific workflows on Clouds. Our 
approach considers fundamental features of IaaS providers such as 
the dynamic provisioning and heterogeneity of unlimited 
computing resources as well as (Virtual Machine) VM 
performance variation. To achieve this, both resource 
provisioning and scheduling are merged and modeled as an 
optimization problem. PSO is then used to solve such problem 
and produce a schedule defining not only the task to resource 
mapping but also the number and type of VMs that need to be 
leased, the time when they need to be leased and the time when 
they need to be released. Our contribution is therefore, an 
algorithm with higher accuracy in terms of meeting deadlines at 
lower costs that considers heterogeneous resources that can be 
dynamically acquired and released and are charged on a pay-per-
use basis. 

2. PROPOSED SOLUTION 
To define the PSO model, we need to establish the meaning 

and dimension of a particle. For the scheduling scenario presented 
here, a particle represents a workflow and its tasks; thus, the 

dimension of the particle is equal to the number of tasks in the 
workflow. The range in which the particle is allowed to move is 
determined in this case by the number of resources available to 
run the tasks. As a result, the value of a particle’s coordinate can 
range from 0 to the number of VMs in the initial resource pool. In 
this way, the particle’s position encodes a mapping of task to 
resources. Since the fitness function is used to determine how 
good a potential solution is, it needs to reflect the objectives of the 
scheduling problem. Based on this, the fitness function will be 
minimized and its value will be the total execution cost  
associated to the schedule derived from the particle’s position. We 
omit the algorithm that generates a valid schedule form a 
particle’s position due to space constraints. 

Because of the elasticity and dynamicity of the resource 
acquisition model offered by IaaS providers, there is no initial set 
of available resources we can use as an input to the algorithm. 
Instead, we have the illusion of an unlimited pool of 
heterogeneous VMs that can be acquired and released at any point 
in time. Consequently, a strategy to define an initial pool of 
resources that the algorithm can use to explore different solutions 
and achieve the scheduling objective needs to be put in place. 
Such strategy needs to reflect the heterogeneity of the VMs and 
give PSO enough options so that a suitable particle (i.e. solution) 
is produced. To keep the search space from becoming too large, 
we propose the following scheme. Let P be the set containing the 
maximum number of tasks that can run in parallel for a given 
workflow; then the initial resource pool that PSO will use to find a 
near-optimal schedule will be comprised of one VM of each type 
for each task in P. Our algorithm will then select the appropriate 
number and type of VMs to lease from this resource pool. In this 
way, we reflect the heterogeneity of the computing resources and 
allow the algorithm to execute all the tasks that can run in parallel 
to do so.  

3. EXPERIMENTS AND RESULTS 
The simulation experiments conducted with four well-known 

workflows show that our solution has an overall better 
performance than the state-of-the-art algorithms, SCS [1] and 
ICPCP [2]. In every case in which ICPCP fails to meet the 
application’s deadline, our approach succeeds. Furthermore, our 
heuristic is as successful in meeting deadlines as SCS, which is a 
dynamic algorithm. Also, in the best scenarios, when our 
heuristic, SCS and ICPCP meet the deadlines, we are able to 
produce schedules with lower execution costs. 
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ABSTRACT
Although there has been significant research efforts in de-
creasing the energy consumed by data centers, most ap-
proaches lack the analysis of real cloud backend traces and
their variance in the proposed solutions. To counter this is-
sue, this paper proposes a new energy-aware methodology
for mapping groups of tasks to customized virtual machine
(VM) types based on the predicted task resource usage ob-
tained from the analysis of the historical data. The objec-
tives of this approach are eff ficient resource allocation and
energy consumption improvement via the provisioning of a
smaller number of efficiently utilized virtual machines.

Categories and Subject Descriptors
I.5.3 [Clustering]: AlgorithmsSimilarity measures ;
H.2.8 [Database Applications]: Data mining; D.4.8
[Performance]: Modeling and prediction

Keywords
Cloud Computing, Energy Efficiency, Workload Characteri-
sation, Virtualization, Cluster Analysis, Data mining

1. INTRODUCTION
With the fast growth in high computational power de-

mand, there is a growing need for large scale data centers
and this leads to a shift towards cloud computing. However,
energy usage of the large scale data centers has always been
a concern for cloud providers as an average data center en-
ergy consumption is equal to thousands of households. In
this respect, there has been an increased effort in decreasing
the energy consumed in the data centers.

Most of the previous studies in energy efficiency area lack
the analysis of real cloud backend traces and the effect of
variance of the cloud workload on the proposed solutions.
To counter this issue, this paper proposes a new architec-
ture for cloud resource allocation that maps groups of tasks
to customized virtual machine (VM) types based on the pre-
dicted task resource usage obtained from the analysis of the
historical data.

The objectives of the proposed architecture are efficient re-
source allocation and energy consumption improvement via
the provisioning of a smaller number of efficiently utilized
virtual machines. In order to decrease resource wastage,
VM configurations are defined by considering the workload
characteristics in terms of average CPU, memory and disk

usage for each group of tasks. Experimental results showed
a considerable improvement in the average CPU utilization
of active hosts compared to our baseline approach where al-
location is based solely on amount of requested resources. In
addition, the total data center power consumption decreases
considerably in comparison to the same baseline.

The data set used in this paper is derived from the sec-
ond version of the Google cloud trace log collected during a
period of 29 days. The considerable gap between the actual
reported resource usage and the requested amount for task
execution shows that resource allocation in data centers ex-
periencing load patterns similar to the one described by the
Google traces can be improved.

The efficient allocation of resources is crucial in data cen-
ters since resource wastage results in a higher energy con-
sumption . In order to tackle this problem, the focus of the
proposed architecture is on efficient allocation of physical
resources. In this respect, we leverage virtualization tech-
nology, which is the key feature introduced in cloud data
centers. This technology enables efficient utilization of re-
sources and load balancing via migration and consolidation
of workloads in cloud environment. In addition, a consid-
erable amount of energy can be saved with virtual machine
migrations from underloaded servers by putting them in a
lower power state. The contributions of this paper are as
follows:

• It presents an architecture for efficient allocation of re-
quests on data centers that reduces the infrastructure’s
energy consumption;

• It presents an approach, applied to the proposed ar-
chitecture, to group tasks.

• We present experiments showing that our proposed ap-
proach results in less number of servers, which in turn
results in less energy consumption in the data center.
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ABSTRACT 
In this study, we try to find a framework for interoperability 
problem in the next generation of cloud-based social networks 
that are not only under control of a particular provider, but also 
more than one provider. 

Categories and Subject Descriptors 
C.2 [Computer-Communication Networks]: Distributed 
Systems; D.2.12 [Interoperability]: Distributed applications −   
Distributed databases 

Keywords 
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1. INTRODUCTION 
Cloud Computing and Social Network Sites (SNS) are among 

the most controversially discussed developments in recent years. 
The opportunities of using powerful computing resources on 
demand via the web are considered as a possible driver for the 
growth around the world. However, there are also critics arguing 
that economic, social and technical risks prevail or even dismiss 
the potentials of Cloud Computing and SNS. In this study, we try 
to find a solution for interoperability problem in the next 
generation of cloud-based social network websites. 

2. CHALLENGES 
In recent years, social network websites have attracted a lot of 

attention and grow rapidly. Each of these websites has been 
established with a specific purpose and offers a range of particular 
services. For example, some of them are for communication and 
entertainment, some for scientific and educational services, some 
for health and tourism, etc. Hence, people, with different needs, 
register to these websites to use their services. But there are some 
challenges as follow that should be considered. 

 Each SNS has its own policies and procedures and users 
have to go through certain processes which are specific 
to each of them. 

 Users cannot use different SNSs simultaneously, under 
a unified system. 

 If a user needs to transfer his/her information from one 
SNS to the other one, with a different provider, he/she 
cannot do so. 

 By growing various services on SNSs, if a user wants to 
integrate different services on a specific platform, it is 
not easily possible again. 

 Possibility of exchanging data and information between 
different SNSs, that are based-on clouds, will become 
inevitable in near future. 

3. SOLUTION 
There are some solutions to overcome the challenges 

mentioned above: 

 A standard framework provides a unified platform for 
integrating various SNSs in software and platform level 
with respect to flexibility and maintainability issues. 

 Data sync operation is needed at both sides of each 
relationship that can be done by a data mediator with 
automatic or on-demand methods.. 

 
Figure1. Next generation social networks won’t have one 

provider only 
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ABSTRACT
Big data refer to various and voluminous data sets which are 
continuously generated at high velocity that are difficult to 
process using traditional data processing tools. Big data 
applications are developed to analyze and find potential value and 
“secret” from big data to enable government, enterprises and 
academic make wise decisions, i.e., product trends prediction, 
disaster prediction and management, business strategy making.  
Big Data applications require large amount of Cloud resources, 
i.e., CPU, RAM, Storage, etc., to process big data. How to 
efficiently schedule resources from multiple Clouds that can on 
the one hand satisfy specified Quality of Service (QoS) 
requirements of applications and on the other hand reduce 
resource consumption and cost is an urgent research problem 
raised for Big Data computing. To solve this, we design a Service 
Level Agreement (SLA) Based Resource Scheduling Platform for 
Big data applications.

Categories and Subject Descriptors 
C.2.4 [Distributed Systems]: Distributed applications; D.2.2 
[Software Engineering]: Design Tools and Techniques; F.1.1 
[Theory of Computation]: General 

Keywords
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1. INTRODUCTION

1.1 Cloud Computing 

Cloud Computing becomes the fifth utility to provide 
resources and services to satisfy daily living needs after other four 
utilities: water, electricity, gas and telephony [1]. Cloud 
computing conveniently provides heterogeneous resources to 
users from various domains in pay as you go model which allows 
users focus on their core business without heavily invest on 
underlying infrastructure and platform. 

1.2 Big Data 

Big data has been one of the current and future research 
frontiers that has drawn huge attention from researchers. 
Nowadays, huge amount of data are generated every day from 
different sources, i.e., media, sensors, satellites, social websites, 
and mobile devices, which requires large amount of storage 
resources and computing resources to store and process them. Big 
data has the characteristic of 3V, which are: variety, velocity and 
volume [2]. Analyzing and gaining insight of big data will 

revolutionize many fields, i.e., industry, scientific research, 
government administration [3]. 

Big data applications consumes huge amount of Cloud 
resources, CPU, RAM, and storage during data analytic process. 
For Big Data applications scheduling, we need to provision 
resources that can not only fulfill functional requirements of 
applications but also can satisfy QoS requirements of 
applications, i.e., cost, deadline, security, etc. Since resource 
intensive Big Data applications require large amount of resources 
during their execution, the scheduling mechanism should be 
scalable to lease and release large amount of resources elastically 
due to real-time demands. How to efficiently and dynamically 
schedule and provision Cloud resources for Big Data applications 
is the research problem that we want to solve by designing a SLA 
based Resource Scheduling platform. 

1.3 Platform Design 

SLA based Resource scheduling platform for Big Data 
applications composes of five components: User Interface, 
Performance Estimation and Prediction component, Resource 
Scheduling component, Resource Allocation component and 
Resource Controlling component. The user interface component 
accepts applications specification from users. Performance 
Estimation and Prediction component matches application 
specification with cloud providers’ profiles to estimate whether 
user requests can be accepted or not. If so, SLA is built to 
constraint resource provision process. Resource Scheduling 
component selects the best suitable resources for applications that 
can not only satisfy QoS requirements but also minimize cost. 
Resource Allocation component allocates resources for 
applications’ execution. Resource Controlling component is 
responsible for dynamically control resources based on 
application running demands.
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ABSTRACT 

While the services-based model of cloud computing makes more 

and more IT resources available to a wider range of customers, the 

massive amount of data in cloud platforms is also becoming a 

target for malicious users. Previous studies show that attackers 

can co-locate their virtual machines (VMs) with target VMs on 

the same server, and obtain sensitive information from the victims 

using side channels. This paper investigates VM allocation 

policies and practical countermeasures against this kind of attack 

by developing a set of security metrics and a quantitative model. 

A security analysis of three commonly used VM allocation 

policies reveals that the server’s configuration, oversubscription 

and background traffic have a large impact on the ability to 

prevent an attacker from co-locating with the targets. If the servers 

are properly configured, and oversubscription is enabled, the best 

policy is to allocate new VMs to the server with the most VMs. 

Based on these results, a new strategy is introduced that 

effectively decreases the probability of achieving co-residence. 

The proposed solution only requires minor changes to current 

allocation policies, and can be easily integrated into existing cloud 

platforms to mitigate the threat of co-resident attacks. 

Categories and Subject Descriptors 
K.6 [Management of Computing and Information Systems]: 

Security and Protection; D.2.8 [Software Engineering]: Metrics 

− performance measures 

Keywords 

Cloud computing security, co-resident attack, virtual machine 

allocation policy 

1. INTRODUCTION 
The emergence of cloud computing has fundamentally 

changed the deployment and usage of information 

technologies. More and more IT resources, like software 

applications, operating systems, and even network 

infrastructure, are now delivered as services and made 

accessible to a wide range of customers. However, while 

regular users benefit from the advantages brought by cloud 

computing, malicious users are also targeting the growing 

amount of data in cloud platforms, which creates a major 

potential security risk. 

This paper focuses on a novel type of threat: the co-

resident attack [1]. In cloud computing environments, in 

order to maximise the utilisation rate of hardware platforms, 

it is common practice that the virtual machines (VMs) of 

different users run on the same physical server (i.e., these 

VMs are co-resident), and are logically isolated from each 

other. However, malicious users can circumvent the logical 

isolation, and obtain sensitive information from co-resident 

VMs. If cloud providers cannot ensure data confidentiality 

and lose the trust from users, the future of cloud computing 

will be jeopardised. Therefore, it is crucial to find effective 

and practical countermeasures against this kind of threat. 

One way to encounter this kind of threat is to eliminate 

the side channels, which is the approach taken by most 

previous work. However, the proposed methods require 

substantial changes to existing platforms, and hence are 

impractical and not suitable for immediate deployment. 

In this paper, we approach the problem from a different 

perspective. Before the attacker is able to extract any useful 

information, they first need to co-locate with their targets. If 

we can find a practical way to decrease the possibility of 

achieving co-location, then the threat of this attack can be 

mitigated. Specifically, we focus on the VM allocation 

policy, since this is one important factor the cloud provider 

can control that will influence the possibility of co-location. 

Our contributions include: (1) we define three security 

metrics for assessing attacks, and quantitatively model these 

metrics under different allocation policies; (2) we conduct 

extensive experiments to verify the models; (3) we find that 

if the servers are properly configured, and oversubscription 

is enabled, the best policy is to allocate new VMs to the 

server with the most VMs; and (4) we propose a new VM 

allocation strategy that considerably increases the difficulty 

of achieving co-residence. 
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ABSTRACT 

The adoption of social analytics heralds the arrival of a new 
paradigm in political campaign practice, driven by both 
behavioural science and social networks. Yet these domains have 
historically been in tension with opposite perspectives on political 
behaviour. The increasing focus on online social networks offers 
an opportunity to synthesise complementary research traditions on 
political behaviour to better understand the relationship between 
individual personality and information behaviour. We propose a 
model based on core dispositional personality traits, political 
participation as information consumption and information 
diffusion theory to explain online information behaviour during 
election events. Information diffusion requires users to perform 
several actions in combination - engage, rate content, comment, 
share and interpret information received. The research model can 
be used in empirical research to explore how personality type 
guides interaction with and diffusion of political information 
across online social networks. The learned behaviors’ and direct 
responses of participants may help political campaigns in the 
design of future behavioural targeting strategies that activate 
social network effects to achieve campaign goals. 

Categories and Subject Descriptors 
H.1.1 [Systems & Information Theory]: Information theory; 
H.1.2 [User/Machine Systems]: Human factors, software 
psychology, social networks; J.4 [Social & Behaviooural 
Science]: Sociology 

Keywords 
Personality traits, information behaviour, online social networks, 
information diffusion, political campaigns 

1. INTRODUCTION 
The adoption and investment in sophisticated infrastructure 

platforms by political campaigns has enabled faster decision-
making, improved segmentation and targeting of voters and 
improved cost effectiveness to help secure election victory. A 
cornerstone capability has been the use of knowledge discovery 
and data-mining (KDD) tools for generating actionable 
intelligence to support voter categorisation, mobilisation, and 
persuasion [1, 2]. Pervasive changes in interconnectivity 
translated into a step change for digital campaigning during the 
recent 2012 US election cycle. Increased maturity and 
sophistication in development operations, data integration, 
predictive analytics and online social networks has yielded greater 
precision in voter targeting and field operation effectiveness [3]. 
A significant shift in data-driven insights is detectable with the 
move towards dynamic, real-time monitoring based on 
unstructured data streams accessible via online social networks. 

So what does the future hold for political campaigns? The 
relentless pace of change and need to remain competitive sees a 
growing focus at the intersection of behavioural science and 
online social networks. Priority areas include enhanced social 
targeting, real-time analytics to overtake polling, and genuine 
digital integration [3]. With the availability of information 
technology enabled social networks we revive a once regularly 
studied area of political science, the role of personality traits in 
predicting political interest, knowledge, consumption and 
participation. As our society embarks on a journey through the 
Digital Age a window of opportunity is emerging to redesign 
channels for mass communication and democratic participation. 

2. RESEARCH MODEL 
The research model uses information diffusion theory to 

demonstrate the relationship and significance of the influence of 
personality traits on online information behavior during political 
campaigns. The use of pervasive online social networks enables 
observation of the spread of information at scale and associated 
network effects. The research model draws together constructs of 
personality traits and online interaction (see Figure 1 below). 
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Figure 1. Research Model 
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ABSTRACT 
Online social networking (OSN) provides a new way for health 
professionals to communicate, collaborate and share ideas with 
each other for informal learning on a massive scale. It has 
important implications for ongoing efforts to support Continuing 
Professional Development (CPD) in the health professions. 
However, the challenge of analysing the data generated in OSNs 
makes it difficult to understand whether and how they are useful 
for CPD. This paper presents a conceptual model for using mixed 
methods to study data from OSNs to examine the efficacy of OSN 
in supporting informal learning of health professionals. It is 
expected that using this model with the dataset generated in OSNs 
for informal learning will produce new and important insights into 
how well this innovation in CPD is serving professionals and the 
healthcare system. 

Categories and Subject Descriptors 
H.4 [Information Systems Applications]: Miscellaneous; D.2.8 
[Software Engineering]: Metrics − complexity measures, 
performance measures 

Keywords 
Social network analysis, social learning, networked learning, 
informal learning, health professional education. 

1. INTRODUCTION 
Staying up-to-date and delivering best evidence-based care is 

crucial for health professionals. They need to be lifelong learners 
as medical knowledge expands and changes rapidly. Some 
evidence suggests that current CPD approaches (e.g., educational 
courses, lectures) are not efficient or effectively meeting this need 
and thus are inadequate to improve the safety and quality of 
patient care [1].    

This and wider Internet use factors have led to the emergence 
of a more informal approach to CPD making use of OSN [2]. 
OSN plays an important role in supporting the CPD of health 
professionals as it allows health professionals to stay up-to-date 
and knowledgeable of the current literature; it has been 
increasingly used for learning from experts, sharing medical 
knowledge, discussing practice management challenges and 
clinical issues. For example, one OSN site in the US, sermo.com 
has over 200,000 members from nearly 70 medical specialties.  

However few efforts have been made to analyse such OSN 
data for insights about the CPD they are supporting; the scarce 
evidence about this phenomenon makes it difficult to identify and 
understand how to increase CPD efficiency and effectiveness for 
individual health professionals through OSN, and thereby 

improve patients’ outcomes [1]. One factor impeding such 
research is the difficulty of making sense of their large and 
complex datasets. This paper proposes a conceptual model that 
can be applied to analysing these data, to understand more about 
the informal learning occurring on OSNs for health professionals. 

2. CONCEPTUAL MODEL 
As shown in Figure 1, we propose that the data about informal 

learning of health professionals on OSNs can be analysed using 
SNA, CA and survey method, along three dimensions: learning 
interaction, learning process and learning outcome. 

Methods for analysing dimensions of informal learning 
in OSN for health professionals

Connectedness

Participation

Facilitation presence

Cognitive presence

Social presence

Learning presence

Changed practice

Gained knowledge

Valued activities

Redefined success

Improved performance

Social network analysis

Learning 
interaction

Content analysis

Learning       
process

Survey

Learning       
outcome

 
Figure 1. Conceptual model for analysing informal learning 

3. CONCLUSION 
A conceptual model for analysing informal learning occurring 

in OSN for health professionals can enable learners, and those 
who design and manage learning, to make better use of the data 
they generate. Our model describes the essential components of 
learning interaction, process and outcome based on relevant 
health literature and theories. For future studies, we will evaluate 
this model by applying it to the analysis of a large online medical 
community used by more than 10000 health professionals during 
the period 2007-2012. Ongoing research, using our model with 
the dataset from any active OSN for health professionals’ informal 
learning, is expected to refine the model and to produce new and 
important insights into how well this innovation in CPD is serving 
professionals and the healthcare system. 
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ABSTRACT 
The importance of knowledge and knowledge creation within an 
organisation is widely recognised, however the process of creating 
and managing knowledge is not well understood [7]. This 
research will address a key element in the knowledge creation 
process, specifically knowledge sharing behaviour within 
organisations. This act of knowledge sharing is a key precursor for 
the actual usage of knowledge [2]. Knowledge transfer has two 
components a source and a recipient [6]. This research is 
concerned with the source, specifically with his/her perceived task 
complexity of codification. The issue here is twofold as we have 
two task complexities - the task complexity of the primary work 
task and then the secondary task of codifying the primary task. A 
quantitative research method is employed in order to consider the 
relationship between the complexities of the different tasks.  

Categories and Subject Descriptors 
H.4 [Information Systems Applications]: Miscellaneous; D.2.8 
[Software Engineering]: Metrics − complexity measures, 
performance measures 

Keywords 
Task complexity, codification, externalization, experiment, 
knowledge management 

1. INTRODUCTION 
     The concept of knowledge is broad and abstract. Many 

authors define knowledge by creating a hierarchy of data, 
information and knowledge. Data refers to raw numbers and facts 
and is combined to create information (processed data). 
Information is then combined to create knowledge [1]. 
Knowledge can refer to a competence, a skill, an experience, a 
value judgment and/or social networks. A guiding definition of 
knowledge is ‘a fluid mix of framed experience, values, 
contextual information, and expert insight that provides a 
framework for evaluating and incorporating new experiences and 
information. It originates and is applied in the mind of knowers 
[4]. However as knowledge is often personalized it is important 
that it is expressed in a manner that is interpretable to others. 
Stores of information provides little value, only information 
actively processed in the individual through a process of 
reflection, enlightenment or learning is valuable [1]. Knowledge 
can be described along the dimensions of tacit and explicit [5]. 
Tacit knowledge is tied to the senses, embodied skills, individual 
perception, physical experiences, rules of thumb and intuition [8]. 
It is therefore personal and is difficult to articulate, complex to 
understand and may even be subconscious [5]. Knowledge is 
explicit when it is communicated or codified (put on paper, 
formulated into sentences or captured in a drawing/s) [8]. This 
knowledge can either be broad or specific. Broad knowledge is 
often publically available and independent of particular events 

whereas specific knowledge is context specific so that it 
meaningful in a situation and with a specific focal point [9].  

     Nonaka and Takeuchi [7] describe how tacit and explicit 
knowledge are converted. Of interest to this research is 
externalization. Externalization is the articulation of best practices 
or lessons learned. With knowledge transfer there are 2 tasks that 
need to be discussed. Initially there is the primary work task and 
then the task of documenting the knowledge required to complete 
the work task. To easily differentiate these will be referred to as 
work task (WT) and documenting task (DT). 

     Task complexity has been discussed in a least three distinct 
bodies of literature, namely information processing and decision-
making literature; task and job design literature and goal setting 
research literature. On one extreme task complexity can be 
considered purely as a psychological experience and on the other 
extreme purely from the task characteristics. In the middle is 
consideration of both the task and the person characteristics [3]. 
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ABSTRACT 

Online Medical Consultation (OMC) has been offered by many 

providers since beginning of this century. There is a growing 

trend towards using the internet as a source of health information 

as well as for medical consultation. This study performs an 

empirical analysis on a group of existing OMC sites to explore 

their major themes, modalities, geographical coverage, and 

claimed value. These features have been illustrated for a better 

understanding of the promise on which these services operate. 

The study found out that OMC is a growing phenomenon 

featuring several interaction modalities, serving various medical 

consultation purposes, and accessible to consumers throughout 

the world. The contribution of this work is to synthesise a list of 

features and benefits of OMC services and to understand this 

phenomenon within the wider context of the rise of Internet 

services. 

Categories and Subject Descriptors 

K.4.1 [Public Policy Issues]: Computer-related health issues; 

J.3 [Life and Medical Sciences]: Health 

Keywords 

Consultation, telemedicine, remote consultation 

1. INTRODUCTION 
People seek information, read news, do banking, trade, play, 

socialize, and learn online. Seeking health advice and treatment 

online is no exception to that, where many have now added 

internet to their “personal health toolbox” to help them figure out 

their medical issues and seek treatment [1]. A simple internet 

search of ‘online doctor’, or ‘online medical consultation’, returns 

hundreds of links for sites ranging from free ask-the-doctor sites 

to highly prestigious sites with diagnostic tools and multi- 

interactive options. Academic reviews of telemedicine have also 

cited numerous advantages for patients such as increased 

accessibility to health services, reduced travel and waiting time to 

see a doctor, and reduced cost [2-4]. The aim of this paper is to 

explore the current range of OMC services, to analyse their main 

features, and to summarize the benefits and successes of OMC as 

collectively presented by their providers.  

2. METHOD 
 An empirical analysis to examine the themes of multiple OMC 

web sites was conducted on March 2014. The selected sites 

appeared among Google’s first hundred results when searching for 

the term ("online consultation" AND (medical or Health)). 

Exclusion was made to web sites which are not providing a 

private and online channel for conducting a patient-doctor 

consultation. Most of the exclusions occurred for web sites whose 

main purpose is online pharmacies, public and generic health 

information exchange, advertising, wellbeing only advice, online 

booking, or telephone-only based consultations.  

Relevant web sites were inspected to explore the supported 

modalities of the consultations, the intended purpose of the 

consultation, the payment options, the medical disciplines, and the 

geographical coverage. Some data were sourced directly from 

these web sites and some were requested by email or by analyzing 

associated media reports. 

3. FINDINGS AND CONCLUSION 
According to the sample sites, the study revealed that OMC 

services proliferate with a rate of 150% each five years since year 

2000. The modalities analysis showed that the main medium for 

communication was the private portal (68%) which is usually 

used as an entry point to provide basic patient details followed by 

consultation using other modality. Video conference is the second 

most popular modality (61%) due to its known value of 

communicating both voice and picture simultaneously. Telephone 

as well as email and private forums were also utilized. Some of 

the services are supported with special smart phone apps. 

OMC costs vary from very low rates to several hundreds of US 

dollars per consultation service. The covered OMC sites are 

located at six countries where the US comes on top of the list. It 

was found that the examined OMC services were mainly for the 

purpose of diagnosis, wellbeing advice, nonprescription treatment 

and a fewer number were providing prescription based treatment. 

Most of the investigated sites are not restricted to any medical 

discipline but some stated that certain cases may be rejected due 

the need for physical examination.  

In terms of benefits and value, OMC web sites promise to enable 

better access (at any time and from any place), more choices, less 

cost, less time to be consumed for conducting OMC consultations. 

Findings’ details will be provided at the presentation. 
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ABSTRACT
Fluorescence muti-channel imaging suffers from inherent prob-
lem of spectral bleed-through. Spectral unmixing method
has been widely adopted to solve that problem. However,
almost all the methods of evaluating the performance of
spectral unmixing are based on the reference objects which
are unfortunately not available in most applications. More-
over,there is little discussion about how to select training
data as an initialization of spectral unmixing. So our pur-
pose is to address the challenge of missing reference objects
by proposing a new performance evaluation approach.

Categories and Subject Descriptors
I.4 [Image processing and computer vision]: General;
J.3 [Computer Application]: Life and medical sciences—
Medical information systems

Keywords
Fluorescence time-lapse imaging, spectral unmixing, train-
ing data selection, performance evaluation

1. INTRODUCTION
Fluorescence time-lapse imaging is becoming an increas-

ingly important tool in cell biology. However, the process
of image acquisition microscopy setup leads to distortion
of the original signal. Prominent acquisition effects include
uneven illumination and spectral bleed-through, also called
cross-talk. Here we mainly consider cross-talk because we
assume that the illumination has been corrected. In order
to computationally reduce that effect, spectral unmixing has
been commonly adopted since it can separate each original
signal from the recorded mixtures [1].

Based on the linear mixing model of spectral unmixing,
we aim to recover mixing matrix and unmixed images si-
multaneously. However, the estimation of mixing matrix
requires training data in advance. Unfortunately, there is
no clear argument with regards to how to obtain this train-
ing data from a set of images. In some cases, it is obtained
based on the reference object: a part of image that is known
to be fluorescent in one channel but non-fluorescent in an-
other channel, which is not feasible in most applications [2].
Moreover, it brings about another issue: how to evaluate the
performance of spectral unmixing without reference objects.
Hence, we aim to solve those two related issues.

2. METHODS

2.1 Spectral unmixing model
The process of image acquisition is illustrated in figure

1 below. The acquisition effects refer to spectral bleed-
through, uneven illumination and camera noise. After re-

Figure 1: Acquisition effects in fluorescence time-
lapse imaging system

moving camera noise and correcting uneven illumination, we
establish such a relationship between real images and mixed
images as [1]

Ireal = A ∗ Imix+R (1)

where A refers to the mixing matrix, and R indicates the
additive white Gaussian noise.

2.2 Performance evaluation
First we should take training data selection into account

because it is a basis of initialization of mixing matrix. The
selection can be focused on random pixels or some pixels
with the same feature such as intensity. In the absence of
reference objects, it becomes difficult to tell whether the
performance of spectral unmixing is good or not. So we de-
sign an indirect ground truth dataset based on the biology
of FUCCI reporter. The underlying truth is that the inten-
sities during some intervals should be flat after unmixing.

3. CONCLUSIONS
In summary, this paper has discussed two related issues:

training data selection and performance evaluation of spec-
tral unmixing in the situation of no reference objects. Then
we have proposed new methods to tackle such problems.
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[2] T. Pengo, A. Muñoz-Barrutia, I. Zudaire, and
C. Ortiz-de Solorzano. Efficient blind spectral unmixing
of fluorescently labeled samples using multi-layer
non-negative matrix factorization. PloS one,
8(11):e78504, 2013.



29

Retinal Cross Sectional Layer Segmentation using Optical 
Coherence Tomography  

[Extended Abstract] 
Md Akter Hussain 

Department of Computing and 
Information Systems, 

 The University of Melbourne 

hussain@student.unimelb.edu.au

Alauddin Bhuiyan 
Commonwealth Scientific and 

Industrial Research Organization 
(CSIRO) Perth WA 6014, Australia 

alauddin.bhuiyan@csiro.au 

Kotagiri Ramamohanarao 
Department of Computing and 

Information Systems,  
The University of Melbourne 

kotagiri@unimelb.edu.au 
 

ABSTRACT 

In this paper, we demonstrate an automated method for the layer 

segmentation of the retinal OCT image for reliable and repeatable 

analysis for predicting diseases like glaucoma, AMD. 

Categories and Subject Descriptors 
I.4 [Image Processing and Computer vision]: Morphological; 

J.3 [Life and Medical Sciences]: Medical information systems 

Keywords 

OCT, segmentation, retina, pattern recognition 

1. INTRODUCTION 
Optical Coherence Tomography (OCT) is a well-established 

and noninvasive method which acquires the internal structure of 

biological tissue like retina, blood flow etc. Spectral Domain OCT 

is most usable image among available because of its acquisition 

speed and sensitivity of imaging quality. OCT of retina is the 

direct cross-sectional image of retinal anatomy which allows the 

early diagnosis and more sensitive monitoring of a variety of 

retinal and optic nerve head diseases, such as glaucoma, macular 

degeneration, and macular edema. Figure 1 shows an OCT image 

of retina with its 8 layers.  OCT technology is an active research 

since 1991 and retinal OCT image segmentation has only been 

more fully explored since 1995. Segmentation remains one of the 

most difficult and at the same time most commonly required steps 

in OCT image analysis. No typical segmentation method exists 

that can be expected to work equally well. Segmentation is a 

challenging task due to intrinsic speckle noise, intensity pattern, 

low optical contrast and motion artifacts. 

ILM: Inner Limiting Membrane; RNFL: Retina Nerve Fibre Layer; GCL+IPL: Ganglion 

Cell Layer + Inner Plexiform Layer; INL: inner Nuclear Layer; OPL: Outer Plexiform 

layer; ONL: Outer Nuclear layer; Is: inner segment of the photoreceptros; OS: Outer 

Segments of the photoreceptors; RPE: Retinal Pigment Epithelium; HRC: Hyper-

Reflective Complex. 
 

Figure 1. Cross-sectional OCT image of the retina (macula 

centered), and retinal layers definition. 

2. PROPOSED METHOD 
 We use preprocessing for smoothing image, directional 

intensity variation and relative position of layers to find out layer 

of retinal. Our system can detect RNFL, ONL, OS, and RPE layer. 

First, we smooth OCT image using median filter and Gaussian 

filter as a preprocessing step. After that, A-scan based search 

technique is employed for finding RNFL top boundary where 

intensity variation from black to white and intensity value are 

used as parameters for canny edge point. This will give broken 

pixels which will connected by canny edge and slope of line. 

RNFL layer position and similar approach are used for finding 

RNFL bottom, OS Top and RPE Bottom Boundary. Then OTSU 

clustering (n=2) is used to find RPE top layer between OS Top 

and RPE Bottom Boundary layers. Then using OS top and RPE 

bottom position and using above approach, we find out ONL 

layer. Figure 2 shows our system generated output with 

segmenting mentioned layer. We are currently exploring methods 

for determining accurate and connected line for every layer. 

3. CONCLUSION 
The goal of my research is to develop methods for OCT image 

analysis that can help determine various disease correlations with 

retinal layer intensity reflectivity or width of layer. Such as 

reducing ISe band with age and due to early AMD. 
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Figure 2: Layer detected of the retinal OCT image by Our system. 
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ABSTRACT
In this paper, an effective method is proposed for the anal-
ysis of retinal venular widths to automatically classify the
severity level of Retinal Arteriovenous nicking.

Categories and Subject Descriptors
I.4 [Image Processing and Computer Vision]: Mor-
phological; J.3 [Life and Medical Sciences]: Medical in-
formation systems

Keywords
Retinal image, arteriovenous nicking, pattern recognition

1. INTRODUCTION
Retinal Arteriovenous (AV) nicking is a precursor for hy-

pertension, stroke and other cardiovascular diseases [1]. In
colour retinal images, AV nicking appears as a decrease in
venular caliber at both side of an artery vein cross-over point
( Fig. 1).

(a) (b)

Figure 1: Examples of AV crossing (a) AV nicking
crossing (b) normal AV crossing)

2. METHODOLOGY
First we automatically segment retinal vessels and detect

AV cross-over points ( Fig. 2(a)). Then based on the mor-
phological features and colour information of the retinal ves-
sel we detect vein ( Fig. 2(b)). After that, we refine vein edge
using gradient profiling and compute it’s width. In case of
AV nicking, there is a decrease in the venuar widths near
the crossover point compared to the mean width of the full
vein segment. Based on this property, we create our feature
set to classify AV nicking. Let, Wi represent the vein widths
which are sorted based on the Euclidean distance from the
crossover point and Crn ( Fig. 2(c)) presents the mean width
of first n centre points starting from the crossover point as

Crn = 1
n
Σn

i=1Wi. If c (Fig. 2(c)) is the middle point of the
vessel centreline then width distribution of the overall vessel
is computed as follows: MW = 1

s
Σ

c+s/2

i=c−s/2Wi, s is empir-

ically set to 20. The difference between Crn and MW at
different scale is used to classify AV nicking.

Fn =
MW − Crn

MW
,where, n = [10, 20, 30]

Here, the difference between MW and Crn is normalized by
MW , which makes our features less sensitive to the variation
of vein widths. We train a Random Forest (RF) classifier
using these features to classify the severity of AV nicking.

(a) (b) (c)

Figure 2: (a) Original Image (b) detection of vein (c)
width of the vein segment. Here Cr10, Cr20 and Cr30
represent mean width of the first 10, 20 and 30 cen-
ter points from the crossover point. MW represent
the mean width computed in 20 pixels window from
the middle (represented by C) of vein centerline.

3. RESULT
We have analyzed 47 color retinal images. From these

images, 93 detected crossover points are selected to eval-
uate the performance of the proposed method. We com-
pare the detection accuracy of our method with a recently
published AV nicking classification method. Our proposed
method shows 64.51% classification accuracy in-contrast to
the reported classification accuracy of 49.46% by the current
method [1].
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ABSTRACT
In this paper, we propose a simple, language independent
and highly effective method for measuring the composition-
ality of multiword expressions (MWEs). The proposed method
uses the translations of the MWE and its components.

Categories and Subject Descriptors
I.2.7 [Natural Language Processing]

Keywords
Multiword expressions, string/distributional similarity

1. INTRODUCTION
A multiword expression (MWE) is any combination of

words with lexical, syntactic or semantic idiosyncrasy, in
that the properties of the MWE are not predictable from the
component words. In this paper, we focus on the semantic
idiosyncrasy, also known as non-compositionality. As an ex-
ample, shoot the breeze has semantic idiosyncrasy, since the
meaning of “to chat” in usages such as It was good to shoot
the breeze with you cannot be predicted from the meanings
of the component words shoot and breeze.

To predict the degree of compositionality of an MWE,
we require a way to measure the semantic similarity of the
MWE with its components. Our hypothesis is that compo-
sitional MWEs are more likely to be word-for-word trans-
lations in a given language than non-compositional MWEs.
Hence, if we can locate the translations of the components in
the translation of the MWE, we can deduce that it is compo-
sitional (Three examples are shown in Table 1). We investi-
gate two different similarity measures to compare the trans-
lations of components with the translation of the MWE:
string similarity [1] and distributional similarity [2]. Our sec-
ond hypothesis is that the more languages we use as the ba-
sis for determining translation similarity between the MWE
and its component words, the more accurately we will be
able to estimate compositionality.

Figure 1 provides a schematic outline of our method.
Among the string similarity measures that we experimented

with, longest common substring and Smith Waterman al-
gorithm were found to be superior to edit distance-based
(Levenshtein) methods. Our results show that using trans-
lation and multiple target languages enhances composition-
ality modelling, and also that there is strong complemen-

Table 1: English MWEs and their components with
their translation in Persian.

English Persian Translation
kick the bucket mord
kick zad
the –
bucket satl
make a decision tasmim gereft
make sakht
a yek
decision tasmim
public service khadamaat omumi
public omumi
service khedmat

MWE component1 component2

Translations

Translate
(using Panlex)

Translate
(using Panlex)

Translate
(using Panlex)

score1 score2

Translations

Measure SimilarityMeasure Similarity

Figure 1: Schematic of our proposed method.

tarity between distributional similarity approach and string
similarity approach.

2. REFERENCES
[1] B. Salehi and P. Cook. Predicting the compositionality

of multiword expressions using translations in multiple
languages. In Proceedings of the Second Joint
Conference on Lexical and Computational Semantics,
volume 1, pages 266–275, Atlanta, USA, 2013.

[2] B. Salehi, P. Cook, and T. Baldwin. Using
distributional similarity of multi-way translations to
predict multiword expression compositionality. EACL
2014, pages 472–481, 2014.
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ABSTRACT
In this paper we address the problem of multilingual part-of-
speech tagging for resource-poor languages. We use parallel
data to transfer part-of-speech information from resource-
rich to resource-poor languages. Additionally, we use a
small amount of annotated data to learn to “correct” errors
from projected approach such as tagset mismatch between
languages, achieving state-of-the-art performance (91.3%)
across 8 languages. Our approach is based on a modest data
requirements, and uses minimum divergence technique. For
situations where no universal tagset mapping is available,
we propose an alternate method, resulting in state-of-the-art
87.2% accuracy on the resource-poor language Malagasy.

Categories and Subject Descriptors
I.2.7 [Natural Language Processing]: Discourse

Keywords
Semi-supervised, two-layer maxent model, POS tagging, re-
source poor NLP, minimum divergence

1. INTRODUCTION
Part-of-speech (POS) tagging is a crucial task for natural

language processing (NLP) tasks, providing basic informa-
tion about syntax. Supervised POS tagging has achieved
great success, reaching as high as 95% accuracy for many
languages. However, supervised techniques need manually
annotated data, and this is either lacking or limited in most
resource-poor languages. Fully unsupervised POS tagging
is not yet useful in practice due to low accuracy [1]. In this
paper, we propose a semi-supervised method to narrow the
gap between supervised and unsupervised approaches. We
demonstrate that even a small amount of supervised data
leads to substantial improvement.

Our method is motivated by the availability of parallel
data. Thanks to the development of multilingual documents
from government projects, book translations, multilingual
websites, and so forth, parallel data between resource-rich
and resource-poor languages is relatively easy to acquire.
This parallel data provides the bridge that permits us to
transfer POS information from a resource-rich to a resource-
poor language.

Systems that make use of cross-lingual tag projection typ-
ically face several issues, including mismatches between the
tagsets used for the languages, artifacts from noisy align-
ments and cross-lingual syntactic divergence. Our approach
compensates for these issues by training on a small amount

of annotated data on the target side, demonstrating that
only 1k tokens of annotated data is sufficient to improve
performance.

2. METHODS AND RESULTS
We first tag the resource-rich language using a supervised

POS tagger. We then project POS tags from the resource-
rich language to the resource-poor language using parallel
word alignments. The projected labels are noisy, and so we
use various heuristics to select only “good” training exam-
ples. We train the model in two stages. First, we build a
maximum entropy classifier T on the (noisy) projected data.
Next, we train a supervised classifier P on a small amount
of annotated data (1,000 tokens) in the target language, us-
ing a minimum divergence technique to incorporate the first
model, T .

Compared with the state of the art [3], we make more
realistic assumptions (e.g. relying on a tiny amount of an-
notated data rather than a huge crowd-sourced dictionary)
and use less parallel data, yet achieve a better overall re-
sult. We achieved 91.3% average accuracy over 8 languages,
exceeding [3]’s result of 88.8% (error reduction ∼ 22%)
The test data we employ makes use of mappings from

language-specific POS tag inventories to a universal tagset.
However, such a mapping might not be available for resource-
poor languages. Therefore, we also propose a variant of
our method which removes the need for identical tagsets
between the projection model T and the correction model
P , based on a two-layer maximum entropy model over the
tag pairs. Evaluating on the resource-poor language Mala-
gasy, we achieved 87.2% accuracy, exceeding the state-of-
the-art [2] of 81.2% (error reduction ∼ 32%).

3. REFERENCES
[1] C. Christodoulopoulos, S. Goldwater, and

M. Steedman. Two decades of unsupervised pos
induction: How far have we come? In Proceedings of
the 2010 Conference on Empirical Methods in Natural
Language Processing, EMNLP ’10, pages 575–584,
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[2] D. Garrette, J. Mielens, and J. Baldridge. Real-world
semi-supervised learning of pos-taggers for low-resource
languages. pages 583–592, August 2013.

[3] O. Täckström, D. Das, S. Petrov, R. McDonald, and
J. Nivre. Token and type constraints for cross-lingual
part-of-speech tagging. Transactions of the Association
for Computational Linguistics, 1:1–12, 2013.
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ABSTRACT
This paper takes a first step into finding ways of achieving a
better social welfare outcome in applications such as large-
scale power restoration.

Categories and Subject Descriptors
I.2.11 [Distributed Artificial Intelligence]: Coherence
and coordination

Keywords
Mechanism design, price of anarchy, social welfare

1. INTRODUCTION
This paper is motivated by optimization applications in-

volving multiple stakeholders. Consider, for instance, the
restoration of the power system and the telecommunication
network after a major disaster. There are one-way depen-
dencies between the power system and the telecommunica-
tion network. This means, for instance, that some power
lines must be restored before some part of the telecommu-
nication network can become available. It is possible to use
centralized mechanisms for restoring the system as a whole.
However, in practice, it is often the case that these restora-
tions are performed by different agencies with independent
objectives and selfish behavior may have a strong impact on
the social welfare. It is thus important to study whether it
is possible to find high-quality outcome to these problems
in decentralized settings when the stakeholders proceed in-
dependently and do not share complete information about
their costs.

2. ONE-WAY GAMES
A one-way game features 2 players A and B. Each player

i ∈ A,B has a public strategy set Si. Each player also
has a private payoff function ui : S → R+. The payoff
uA(sA, sB) = uA(sA) of player A is determined only by its
own strategy, whereas the payoff uB(sB , sA) for player B is
determined by the strategies selected by both players. No-
tice that the payoff value uB(si, sj) for player B is known
for any strategy si, sj ∈ S. Player B however has no infor-
mation about the strategy that player A will select.

Lemma 2.1. There always exists a pure Nash equilibrium
in one-way games. Furthermore, Player A has its optimal
payoff in every Nash Equilibrium.

Our motivating applications aim at optimizing a global wel-
fare function SW (sA, sB) = uA(sA)+uB(sA, sB). We quan-
tify the quality of the worst case Nash equilibria with the
price of anarchy (PoA).

Lemma 2.2. The price of anarchy for one-way games is

maxs∈S uB(s)

maxs∈S uA(s)
≤ PoA ≤ 1 +

maxs∈S uB(s)

maxs∈S uA(s)
,

The price of anarchy can thus be arbitrarily large.

3. SINGLE-OFFER MECHANISM
We now consider a bargaining game under a Bayesian set-

ting where each player has private utilities and a belief about
the other player utilities. We assume that the default strat-
egy s∗A ∈ argmaxs∈SA uA(s) of player A, is publicly known.
This single-offer mechanism is defined as follows:

1. Player B determines the strategy s′A ∈ SA and s′B(s
′
A) ∈

SB that maximizes her utility.

2. Player B computes the best response to player A’s
default strategy s∗B(s

∗
A).

3. Player B proposes a monetary value of γ · ∆B with
∆B = uB(s

′
B(s

′
A)) − uB(s

∗
B(s

∗
A)) and γ ∈ R[0,1] to

player A if she accepts to play strategy s′A rather than
her default strategy s∗A.

4. If player A accepts the offer, the game is played with
strategy (s′A, s

′
B); Otherwise the outcome of the game

is (s∗A, s
∗
B(s

∗
A)).

Let F (·): F (x) ∈ [0, 1] is the probability that ∆A ≤ x and
thus F (γ ·∆B) is the probability that player A accepts the
offer γ ·∆B . F (x) is assume to be public.

We have designed a mechanism that satisfies individual
rationality by construction. Player B never offers more than
∆B and its payoff is never worse than the default strategy
s∗B(s

∗
A).

Lemma 3.1. Player’s B expected utility is maximized when
she offers γ∗ ·∆B, where γ∗ = argmaxγ F (γ ·∆B) · (1− γ).

We now derive the induced price of anarchy for the single-
offer mechanism.

Theorem 3.2. The Bayes-Nash price of anarchy is

γ∗ + 1

γ∗ (1− F (γ∗ ·∆B)(1− γ∗)) .

For example, if F = U(0,∆B), then γ∗ = 1
2
and thus the

expected price of anarchy is 2.25.
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ABSTRACT
We present an intuitive MapReduce scheme for the k-centre
clustering problem that requires few iterations and gives a
4-approximation guarantee under certain conditions. Exper-
imentally, we show that solutions obtained by this algorithm
are comparable to a sequential 2-approximation algorithm.

Categories and Subject Descriptors
I.5.3 [Pattern Recognition]: Clustering—Algorithms

Keywords
MapReduce, clustering

1. INTRODUCTION
Clustering problems appear in fields such as social net-

working and bioinformatics in which the data sets can be
prohibitively large. Many clustering problems are NP-hard,
so it is more practical to use polynomial-time approximation
algorithms which ensure solutions are within some factor of
optimality. However, even when obtaining approximate so-
lutions, there may be insufficient RAM to perform the nec-
essary calculations. MapReduce is a scheme for parallel pro-
cessing of partitions of the data, overcoming both the time
and memory restrictions that arise with large data sets. The
MapReduce paradigm involves several rounds of parallel and
sequential computations to speed up the processing of large
problems.

Definition 1. The k-centre problem aims to find a set
of at most k vertices such that the maximum distance from
a vertex to its assigned centre is minimised.

Focusing on the k-centre problem, we consider a simple
and flexible method for finding clusters with MapReduce.
Given a feasible number of machines and capacity relative
to the size of the data, this gives a 4-approximation for the
k-centre problem, and only requires two MapReduce rounds.
In practice, the solutions given by our algorithm are com-
parable to both a sequential algorithm and an alternative
MapReduce implementation, while requiring fewer MapRe-
duce rounds and avoiding many of the restrictions of the
previous MapReduce implementation [1].

2. ALGORITHMS
Gonzalez gave a simple 2-approximation algorithm for the

k-centre problem [2]. The algorithm chooses an arbitrary
vertex and marks it as a centre. At each following step, the
vertex farthest from its nearest centre is marked as a new
centre, until k centres have been chosen.

Ene et al. [1] developed a framework for adapting k-centre
algorithms for MapReduce. The data is sampled such that
most points are well represented, and a sequential k-centre
algorithm is run on the set of sample points. This algorithm

gives a 5α-approximation with high probability, where α is
the approximation ratio of the sequential algorithm used
on the sample. Therefore, when implemented using the 2-
approximation algorithm described above, with high proba-
bility this results in a 10-approximation.

Given m machines, each with capacity c, and input set
V containing n points, we present the following method of
adapting k-centre algorithms to the MapReduce framework.

Algorithm 1 MapReduce−k-centre(V, k, m)

1: Arbitrarily partition V into sets V1, . . . , Vm such that
∪iVi = V and |Vi| ≤ �n/m�.

2: Send each set Vi to a machine ρi.
3: In parallel, each machine ρi runs a k-centre algorithm

on Vi, and returns Si, the k centres found.
4: Send S = ∪iSi to a single machine.
5: Run a k-centre algorithm on S; return the centres S∗.

Theorem 1. If n ≤ m · c and k · m ≤ c, then the k-
centre algorithm can be implemented in MapReduce with a
4-approximation guarantee.

This results from implementing our algorithm with the 2-
approximation algorithm of Gonzalez [2] as a subprocedure.

Table 1: Average over 4 trials on 25000 points.
k Gonzalez McClintock Ene
5 6.74 (.36s) 6.95 (.42s) 6.66 (3.45s)
10 3.92 (.74s) 4.00 (.80s) 4.01 (6.76s)
20 2.25 (1.57s) 2.22 (1.62s) 2.30 (12.32s)
25 0.791 (2.00s) 0.799 (1.98s) 0.791 (1.97s)

Preliminary experimental results demonstrate that both
MapReduce algorithms generally perform as well as the 2-
approximation algorithm of Gonzalez. Ene’s algorithm ap-
pears to take many rounds, and give poor solutions, when
k is very small and the number of dimensions in the data is
large. The most significant factor in the runtime of MapRe-
duce algorithms on dense graphs is sending the data between
machines, so it is important to use few rounds. Our algo-
rithm is designed to only use two passes under most condi-
tions; the sampling algorithm uses at least four. For larger
k, the Ene algorithm is theoretically equivalent to the Gon-
zalez algorithm, as shown in Table 1 for k = 25.

3. CONCLUSIONS
Our algorithm is simpler, requires fewer MapReduce rounds,

and is able to find larger numbers of clusters than the alter-
native MapReduce algorithm of Ene et al. [1].

4. REFERENCES
[1] A. Ene, S. Im, and B. Moseley. Fast clustering using

MapReduce. In KDD ’11, pages 681–689. ACM, 2011.

[2] T. Gonzalez. Clustering to minimize the maximum
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38:293–306, 1985.
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ABSTRACT
In this paper, we highlight design considerations when using
the OJAzzIC architecture in multi-agent system design. We
list a number of steps to be considered in the specification
of agent requirements. We have used these in the design
and creation of an agent based incident response simulation
system.

Categories and Subject Descriptors
I.2.11 [Artificial Intelligence]: Distributed Artificial In-
telligence—Intelligent agents

Keywords
Multiagent systems, coordination, adaption, organizations

1. INTRODUCTION
We are interested in the specification and design of flexible

and adaptive agent organizations. OJAzzIC [1, 2] defines an
architecture for agent organizations using contracts to coor-
dinate plans and beliefs. These contracts define agreed orga-
nizational plans and explicit social policies regulating com-
munication and knowledge sharing within the organization.
Such organizationally aware agents are suited to dynamic
domains such as incident response in emergency manage-
ment. In such complex environments, agents cannot rely
on pre-scripted plans for coordinated behaviour, but must
dynamically coordinate knowledge and plans.

The OJAzzIC model, in addition to contracts, includes a
role model, a hierarchical goal tree and an organizational
plan [1]. Social policies also make explicit the agents’ obli-
gations within an organization in terms of role adoption,
selection of goal objectives and communication [2]. Identifi-
cation of these components is important in the design phase
and will be addressed in this paper.

2. DESIGN CONSIDERATIONS
When a problem is specified, some details can be de-

scribed at design time. Long term organizations can be
identified based on agencies in the real world such as the
medical response organization (Ambulance Agency) and the
law enforcement organization (Police Force). Within these
organizations, roles and responsibilities can be specified a
priori. During an actual crisis management scenario, new
additional, informal organizations emerge dynamically and
can cross existing organizational boundaries. These organi-
zations persist over some time to assist with coordination
of particular objectives and to facilitate inter-organizational
coordination. The driving forces for the creation of a dy-
namic adhocracy (adhoc organization [2]) include the needs

for coordinated behaviour and coordinated knowledge shar-
ing. Autonomy and initiative allowed in agents’ organiza-
tional reasoning needs to be determined. For example, the
task of clearing away bystanders may be fulfilled by any
agent (Officer or Medic) within the vicinity using their ini-
tiative without being specifically asked/assigned. However,
the task of rescuing an injured agent and moving them to
the ambulance might only be adopted by a Medic agent as
allocated by the Medic in charge.

In order to create a dynamic OJAzzIC organization, at
design time, the following steps should be addressed :

• Create a high level goal decomposition of objectives
and where possible, break objectives into tasks.

• Identify dependencies between tasks and objectives,
paying attention to requirements of synchcronisation
- e.g. before(task1,task2), concurrent(task1,task2).

• Identify capabilities required to achieve each task.
• Identify long term organizations agents may belong to.
• Identify autonomy and control associated with each

objective or task.
• Identify roles that agents may be able to adopt within

each organization (may include domain roles and struc-
tural roles).

• Identify responsibilities associated with roles
• Identify role relationships (e.g. dependency, authority,

right to delegate etc.).
• Establish social policies to be adopted within the or-

ganizational contract :
– role adoption responsibilities.
– knowledge sharing obligations.
– organizational adhocracy creation triggers
– obligations between agents to establish shared or-

ganizational plans for coordinated tasks.
We have implemented a simple simulation incident re-

sponse system using this process in order to clarify the design
methodology.
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ABSTRACT
In the context of the Transmission Network Expansion Plan-
ning (TNEP) problem, a recent study shows that there ex-
ists a gap, between high cost expansion plans produced by
AC-heuristics and potentially infeasible expansion plans pro-
duced by DC-approximations, that can be bridged by using
the recently proposed LPAC power flow approximation.

The work in progress for this paper aims to incorporate
the n − 1 reliability criterion to the mentioned expansion
planning study by proposing a genetic algorithm which may
scale to large networks.

Categories and Subject Descriptors
I.2 [Artificial Intelligence]: Miscellaneous;
G.1.6 [Optimisation]: Constrained optimisation

Keywords
Power transmission network planning, n−1 reliability, linear
ac power flow, non-linear non-convex optimisation, genetic
algorithm, ac feasible expansion plans

1. INTRODUCTION
Power transmission networks need to be expanded, for ex-

ample, to satisfy a projected future demand or to make them
more robust against potential threats like natural disasters.

Expanding a network entails to add a set of new circuits to
it which is typically very expensive. We strive then to choose
a set of circuits, called an expansion plan, such that the
investment cost of adding them to the network is minimum.

The minimisation problem is hard because, due to the
nature of the AC power flow model, it is subject to complex
non-convex and non-linear constraints which not only grow
with the number of nodes in the network but also involve,
among a huge number of model variables, both discrete and
continuous decision variables.

The intractability of this problem is, in most studies, worked
around by using a heuristic to the full AC model or by re-
lying on an approximation based on the popular DC lin-
ear power flow model. However, due to the limitations of
DC-approximations which ignore reactive power and volt-
age magnitudes, recent work in the community started to
consider the TNEP problem with the full AC power flow
equations (AC-TNEP), as for example [2].

We alternatively take the new LPAC[3] power flow model,
which attempts to provide a good balance between the tractabil-
ity of the DC model and the accuracy of the AC model, and
propose a LPAC-TNEP formulation which proves to be a
good mechanism to find expansion plans of reasonable cost
with no network violations.

Table 1: Solutions Produced by LPAC-TNEP

MIP without n− 1 GA with n− 1
Case Cost (#) Violations Cost (#) Violations

6 130 (5) 0.00 200 (8) 0.00
24 681 (15) 0.00 1557 (36) 0.00

2. PRIOR WORK AND RESULTS
The Transmission Network Expansion Planning problem

asks to find a lowest cost expansion plan to satisfy a pro-
jected future energy demand. Our study in [1] found that
an LPAC-TNEP formulation, which can benefit of industrial
Mixed Integer Program (MIP) solvers, can be used to find
AC feasible expansion plans of reasonable cost for several
benchmarks. For illustrative purposes, results are shown in
the left side of Table 1 for the 6 and 24 bus benchmarks.
Evidence shows, however, that even using state-of-the-art
industry standard tools, the MIP will struggle and even fail
to find feasible solutions for larger benchmarks or even for
the same benchmarks used in [1] when the reliability con-
straints are included into the model.

3. WORK IN PROGRESS AND RESULTS
When deciding which circuits to add to an expansion plan,

usually a reliability criteria is desired to be taken into ac-
count in the analysis in order to make the network more
robust. We are studying now a genetic algorithm (GA) for
optimisation which relies on an LPAC-based simulator to
check for n − 1 feasibility. The main characteristics of the
GA are a fitness function which drives towards both feasi-
bility and optimality; a two point crossover operation; and a
mutation operation with both an increasing mutation prob-
ability and a filter based on the metropolis probability.

Current results, as shown in the right side of Table 1, give
some evidence that it may be possible to find n−1 compliant
AC feasible expansion plans of reasonable low cost with an
acceptable number of not so expensive simulations.

4. REFERENCES
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ABSTRACT 
In this paper, we describe how Neighborhood Component 
Analysis can be modified as the feature learning step for learning 
from high dimensional and class imbalanced data.  

Categories and Subject Descriptors 
I.2.6 [Artificial Intelligence]: Learning; I.5.4 [Pattern 
Recognition]: Applications; I.5.3 [Pattern Recognition]: 
Clustering – similarity measures; I.5.2 [Pattern Recognition]: 
Design Methodology – Feature evaluation and selection 

Keywords 
NCA, feature learning, distance measure, class imbalance 

1. INTRODUCTION 
Feature learning from high dimensional small sample data is 

difficult. Deep learning models can be used for feature learning 
from data. However, if the dataset is not large enough, there is 
some evidence suggesting that these models are prone to 
overfitting. Class imbalance is another problem that feature 
learning models need to address.  

Neighborhood Component Analysis (NCA) [1] is a metric 
learning method that learns the Mahalanobis distance measure 
between samples. Nonlinear extension of NCA [2] learns the 
distance measure on the feature space learned by unsupervised 
pre-training instead of input feature space.  

In this paper, we show that NCA can learn the features from 
high dimensional data even when the dataset is small. However, it 
does not consider the class imbalance problem and as the result it 
can overfit to the majority class. We modify the NCA objective 
function to address class imbalance problem. 

2. APPROACH 
We use the nonlinear NCA as our model because it can be 

extended it into a deep learning model. However, the experiments 
presented in this paper are conducted on a single layer shallow 
model. Restricted Boltzmann Machine (RBM) [3] is used to learn 
the features by unsupervised training and initialized the values of 
the weight matrix. NCA or class imbalance normalized NCA 
(CIN-NCA) is used for fine-tuning the weights. CIN-NCA is the 
NCA with the modified objective function to balance the effect of 
sample size in each class and to consider the dissimilarity between 
samples. 

NCA assumes that the Euclidean distance in learned feature 
space is the same as Mahalanobis distance in input feature space. 
NCA objective function projects the similar samples in the 

original sample space to be closer in the transformed space. The 
similarity is defined based on the class labels.  

3. RESULTS 
For learning features from high dimensional data with small 

sample size, we sample 3000 images of hand-written digits from 
MNIST dataset. Each image has 784 pixels. 1000 images are used 
for training, validation and testing each. The comparison of the 
accuracy of k-nearest neighbor classifier and SVM, with or 
without feature learning, is shown in Table 1. Classification after 
feature learning step improves the accuracy of classifiers. When 
we trained the Deep Belief Net (DBN) [3] with 1 hidden layer of 
500 nodes without NCA, we obtained the test error of 10.8% and 
this error is similar to the test error of SVM. The test error of the 
k-nearest neighbor is higher without feature learning. However, as 
NCA is optimizing the assumption of nearest neighbor classifier, 
it achieved better performance after learning features with NCA.  

Table 1. Test error on MNIST 1000 samples 

Feature Learning KNN (k=5) SVM 

None  12.7 10.6  

NCA 9.2 9.5 

CIN-NCA 6.9 9.3 
The results of experiment for class imbalance problem are 

described in Table 2. We used E. coli dataset which is a highly 
imbalanced dataset for binary classification. The proportion of the 
classes is 35:301. The data has 7 dimensions. 235 samples are 
used for training, 71 for validation, and 101 for testing. The first 
F1-score is for pre-training with Bernoulli RBM and the second 
(in parentheses) is for Gaussian-Bernoulli RBM. The results 
suggest that our model can handle the class imbalance problem.               

Table 2. F1-score on E. coli dataset 

Class Support NCA F1-score CIN-NCA F1-score 

-1 87 0.93(0.96) 0.96(0.97) 

+1 14 0.24(0.70) 0.67(0.77) 

4. REFERENCES 
[1] Goldberger, J., Roweis, S., Hinton, G., and Salakhutdinov, 

R. 2004. Neighbourhood components analysis. NIPS. 
[2] Salakhutdinov, R., and Hinton, G. 2007. Learning a 

nonlinear embedding by preserving class neighbourhood 
structure. AISTATS. 412-419. 

[3] Hinton, G., Osindero, S., and Teh, Y. W. 2006. A fast 
learning algorithm for deep belief nets. Neural computation. 
18, 7, 1527-15
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ABSTRACT
Mobile privacy has recently become a well-researched topic
in pervasive computing. However more research is needed to
determine if personal information can be inferred from raw
mobile data. Examples include if users are meeting other
users, calls a user is making and receiving, trajectories of
individuals accessing location-based services, social media
services used and if mobile sensors can be used to identify
a person. We demonstrate sophisticated algorithms that re-
veal a user’s interactions and activities based on data stored
on a mobile device. Mobile users typically keep their devices
with them at all times. Near-field technologies (Bluetooth,
WiFI) can be used as sensors to determine if user devices are
in proximity to each other. Through the collection of very
granular mobile data, we demonstrate that it be inferred
when users are meeting one another.

Categories and Subject Descriptors
H.2.8 [Database Applications]: Data Mining

Keywords
Mobile privacy, predictive modeling, inference attacks

1. INTRODUCTION
Mobile smartphones have become ubiquitous. The success

of these devices combined with advancements in mobile net-
work infrastructure have created a strong market for third
party apps, cloud storage providers and location based ser-
vice (LBS) providers.

Smartphones capture a significant amount of personal and
sensitive information about a user. We hypothesise that
data internal to these devices sent via a network can be
combined with rich external data to recreate a very accurate
profile about an individual.

Modern mobile platforms allow for easy collection of user
data via public APIs. Data can be sent to a remote server
without the user being aware. Mobile applications are re-
questing excessive use of permissions in the Google Play
store relative to the advertised functionality they provide.
Raw data from mobile sensors can be easily and stored in a
relational database. While it is often speculated that per-
sonal information can be inferred from sensitive data, litera-
ture to highlight tools and techniques utilised to invade user
privacy is scarce. We aim to to use raw data from a variety
of sensors on a mobile device to determine user behaviours
by aggregating the data and deriving variables. With the

Table 1: Experimental Results Using a Naive Bayes
Classifier to Identify a User.

Train/Test Split (%/%) Classification Accuracy (%)
70/30 98.57

ability to easily collect mobile data via third party apps us-
ing only standard APIs, a high speed Internet connection
that can store data in a remote database and applying ad-
vanced machine learning techniques can put a smartphone
user’s privacy in jeopardy.

The focus of this research is to establish if it can be deter-
mined if people are actually meeting one another in social
interactions.

The key contributions of our research are as follows:

• Providing a system to capture mobile data in a struc-
tured format to allow for analysis integration

• Investigate the privacy implications of mobile data col-
lection

• Determine if patterns can be mined from mobile data
to determine if users are meeting with other users

• Provide a framework to protect users from pattern
mining attacks

1.1 Preliminary Results
Using only diagnostic features (e.g. User Settings), Naive

Bayes is accurate in predicting a user.
Our sample for analysis contained 223 days of data in

which 66 devices could be uniquely identified. In the pre-
liminary analysis we trained and tested our model on devices
that contained at least two days of captured data, however
we found that this was not sufficient to uniquely determine
a user. Thus, only devices in the data set with at least three
days of captured data were considered for analysis. In prac-
tice three days is still a small amount of time as user’s will
use apps for significantly longer periods which is likely to
increase the accuracy of our approach further.

The dataset was distributed ensuring that each device has
70% of the data points as training data and evaluated on the
remaining 30%.
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ABSTRACT
In collaborative anomaly detection, multiple data sources
submit their data to an on-line service, in order to detect
anomalies with respect to the wider population. A major
challenge is how to achieve reasonable detection accuracy
without disclosing the actual values of the participants’ data.
We propose a lightweight and scalable privacy-preserving
collaborative anomaly detection scheme called RMP, which
is a combination of nonlinear and participant-specific linear
perturbation. A privacy analysis is given for Bayesian Es-
timation and ICA attacks. Experimental results on various
datasets using an autoencoder show that RMP yields compa-
rable results to non-privacy preserving anomaly detection.

Categories and Subject Descriptors
K.6 [ Information management]: Security & protection

Keywords
Privacy-preserving data mining, anomaly detection.

1. INTRODUCTION
Anomaly detection plays a key role in data mining for de-

tecting unusual patterns or events in an unsupervised man-
ner. In particular, there is growing interest in collaborative
anomaly detection [1], where multiple data sources submit
their data to an on-line service, in order to detect anoma-
lies with respect to the wider population. For example, in
participatory sensing networks (PSNs), participants collect
and upload their data to a central service to detect unusual
events, such as the emergence of a source of pollution in
environmental sensing, or disease outbreaks in public health
monitoring. A major challenge for collaborative anomaly de-
tection in this context is how to maintain the trust of partici-
pants in terms of both the accuracy of the anomaly detection
service as well as the privacy of the participants’ data. In
this paper, we propose a random perturbation scheme for
privacy-preserving anomaly detection, which is resilient to
a variety of attacks while achieving comparable accuracy to
anomaly detection on the original unperturbed data.
There have been several studies on collaborative anomaly

detection, where a number of participants want to build a
global model from their local records, while none of the par-
ticipants are willing to disclose their private data. Most ex-
isting works are based on SMC. Achieving high levels of pri-
vacy and accuracy, SMC incurs a high communication and

computational overhead. Moreover, SMC based methods
require the coordination of all participants during the train-
ing process, limiting the number of participants. Thus, an
open research challenge is how to improve scalability while
achieving high levels of accuracy and privacy.

To address this challenge, we propose a privacy-preserving
scheme for anomaly detection called Random Multiparty Per-
turbation (RMP). RMP supports the scenario where partic-
ipants contribute their local data to a public service that
trains an anomaly detection model from the combined data.
This model can then be distributed to users who want to
test for anomalies in their local data.

In order for the participants of RMP to maintain the pri-
vacy of their data, we propose a form of random perturba-
tion to be used by each participant. Previous approaches
to random perturbation, e.g., [1, 2], require all participants
to perturb their data in the same way, which makes this
scheme potentially vulnerable to breaches of privacy if col-
lusion occurs. While, in RMP each participant first perturbs
their data using a unique, private random perturbation ma-
trix. Moreover, any user can apply the resulting anomaly
detection model to their own local data by using a public
perturbation matrix. This provides a scalable collaborative
approach to anomaly detection, which ensures a high level
of privacy while still achieving a high level of accuracy.

The main contributions of this paper are as follows: i) We
propose a privacy-preserving model of collaborative anomaly
detection based on random perturbation, such that each
participant in training the anomaly detector use their own
unique perturbation matrix, while the resulting anomaly de-
tection model can be used by any number of users for testing.
ii) We give the first privacy-preserving scheme for autoen-
coders, that does not rely on computationally intensive cryp-
tographic techniques. iii) We show analytically the resilience
of RMP to Bayesian Estimation and ICA attacks. iv) We
show that the accuracy of RMP is comparable to non-privacy
preserving anomaly detection on various datasets.

2. REFERENCES
[1] K. Bhaduri, M. D. Stefanski, and A. N. Srivastava.

Privacy-preserving outlier detection through random
nonlinear data distortion. IEEE TSMC’11, 41:260–72.

[2] K. Chen and L. Liu. Privacy-preserving multiparty
collaborative mining with geometric data perturbation.
IEEE TPDS’09, 20:1764–1776.
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ABSTRACT
Modern smartphones are equipped with many sensors, such
as GPS, Wi-Fi, BlueTooth, ambient temperature, pressure,
humidity sensors, etc. This has created opportunity to the
researchers in pervasive community to mine userful semantic
context about a user’s behaviour. One important user’s con-
text is to mine the significant places visited by a user. GPS
provides broad coverage for positioning worldwide. It pro-
vides excellent accuracy at outdoor environments and does
not incur any infrastructural cost for indoor positioning.
Significant places are often indoor locations and sometimes
buildings in urban areas where GPS is unreliable. In this
research, we develop a novel algorithm POI-ID to identify
a user’s Place of interests (POIs) at building level accuracy
from highly inaccurate GPS data. We further extend our re-
search to explore the ambient sensors embedded in a smart
phone to recognize a user’s places or activities in real time.

Categories and Subject Descriptors
H.2.8 [Database Applications]: Spatial databases and
GIS

Keywords
Indoor GPS, urban canyons, trajectory mining, significant
places, smartphone sensors

1. INTRODUCTION
The rise of sensor equipped (GPS, Wi-Fi, etc.) smart-

phones has created exciting opportunities to mine useful
knowledge about users’ moving behaviour: for example, the
places visited, the activities performed, etc. This knowledge
can be used in a range of application purposes: for example
health monitoring, offender monitoring, traffic and trans-
portation management systems, location-based services and
social networks.

Although satellite-based GPS positioning provides good
coverage for modern navigation and tracking; it does not
work well for indoor places or urban canyons, due to poor
line-of-sight transmission between the receiver and the satel-
lites. The complexity of indoor environments causes the
multipath propagation of a GPS signal and severely reduces
the accuracy of positioning. In urban canyons, the multi-
path effect and signal loss are also caused by surrounding
tall buildings. A range of prior approaches proposed the use

of other technologies such as RFID, Wi-Fi or Bluetooth to
improve location accuracy [2, 3, 1]. However, the opportu-
nity to use such technologies is dependent on the building-
infrastructure and may not be always available. Typically,
there is also additional cost for implementation.

Indoor places play an important role in daily life and peo-
ple spend a large amount of their time in indoor locations.
GPS provides broad coverage for positioning worldwide. It
provides excellent accuracy for outdoor environments and
does not incur any additional infrastructure cost for indoor
positioning. However, a user’s Place of Interersts (POIs) are
often indoor locations and may correspond to buildings in
urban areas where GPS is less accurate. In this research,
we develop a novel algorithm (POI-ID) to obtain a user’s
POI(s) from a set of highly inaccurate GPS data points.
Given a set of time-stamped GPS points and a list of sur-
rounding POIs, POI-ID produces a ranking of the POIs ac-
cording to the user’s most likely location at a building level
accuracy. An experimental study demonstrates the superi-
ority of our algorithm against several baseline approaches
with a recall of 96.5% for the top 5 retrieved locations.

POI-ID can successfully predict a user’s POI at building
level accuracy. However, for situations like fire-fighting and
search and rescue operations, we may need to track users in
real-time at a room level accuracy. Furthermore, the ma-
jor challenge of using GPS-enabled mobile devices at indoor
places is the large power consumption. We have extended
our research to investigate some of these challenges by ex-
ploring the ambient sensors embedded in a smartphone.

2. REFERENCES
[1] D. H. Kim, J. Hightower, R. Govindan, and D. Estrin.

Discovering semantically meaningful places from
pervasive rf-beacons. In Proceedings of the 11th
International Conference on Ubiquitous Computing,
Ubicomp ’09, pages 21–30, New York, NY, USA, 2009.
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[2] A. LaMarca, Y. Chawathe, S. Consolvo, J. Hightower,
I. Smith, J. Scott, T. Sohn, J. Howard, J. Hughes,
F. Potter, et al. Place lab: Device positioning using
radio beacons in the wild. In Pervasive Computing,
pages 116–133. Springer, 2005.

[3] P. Nurmi and S. Bhattacharya. Identifying meaningful
places: The non-parametric way. In Pervasive
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ABSTRACT
Compression of collections, such as text databases, can both
reduce space consumption and increase retrieval efficiency,
through better caching and better exploitation of the mem-
ory hierarchy. A promising technique is relative Lempel-Ziv
coding, in which a sample of material from the collection
serves as a static dictionary; in previous work, this method
demonstrated good compression ratios, while allowing ex-
tremely fast random access to individual items. However,
there is a trade-off between dictionary size and compres-
sion ratio, motivating the search for a compact, yet simi-
larly effective, dictionary. In previous work it was observed
that, since the dictionary is generated by sampling, some
of it (selected substrings) may be discarded with little loss
in compression. Unfortunately, simple dictionary pruning
approaches are ineffective. We generate measures for identi-
fication of low-value substrings in the dictionary, and show
on a variety of sizes of text collection that halving the dic-
tionary size leads to only marginal loss in compression ratio.
This is a dramatic improvement on previous approaches.

Categories and Subject Descriptors
E.4 [Coding and Information Theory]: Data compaction
and compression

Keywords
Corpus compression, string algorithms, optimization

1. INTRODUCTION
For web-scale collections, relative Lempel-Ziv factoriza-

tion (RLZ) [1] is a good compression scheme that achieves
both good compression effectiveness and high decompres-
sion speed. With RLZ, the collection text is parsed into
a contiguous sequence of fragments, where each fragment is
sourced from an external static dictionary. In the dictionary-
generation method (GEN) originally proposed by Hoobin et
al. [1], fixed-size blocks of data (say 1 KB) are sampled from
the repository and then concatenated to form the dictionary.

However, it is possible that some strings are sampled many
times (as would be expected, statistically) during the dictio-
nary generation procedure, meaning that there is extensive
redundancy in the dictionary and it is larger than required.
Hoobin et al. [2] observed that some parts of the dictio-
nary were rarely, or even never, used. Thus, they proposed
an elimination method (we refer it as REM and use it as
our baseline) which removes the least frequently referred to
blocks. RLZ with algorithm REM compresses better, and is

faster, than LZMA when the dictionary size is halved, while
it outperforms ZLIB even with a ten-fold reduction in dic-
tionary size. However, our preliminary experimental results
suggest that there are striking differences between the refer-
ence frequency of various parts of a sample block. Thus it is
far from optimal to treat the block as the unit of elimination.
Therefore, pruning at a finer granularity is needed.

A major challenge in dictionary pruning is how to choose
the segments to remove. In this work, instead of estimating
the consequence of removing a segment, we propose a heuris-
tic contribution-aware reduction method (CARE) which es-
timates the ‘contribution’ of a segment (to compression ef-
fectiveness) if it is kept in the pruned dictionary.

We generate measures for identification of low-value sub-
strings in the dictionary. The measures can be calculated
efficiently by factoring segments of the dictionary against
the dictionary itself. By eliminating low-value segments, we
can markedly reduce the volume of the dictionary without
significant loss of compression performance. As shown in
Table 1, on a 426 GB collection (GOV2) and a dictionary
of 1000 MB, the data is reduced to 10.271% of its original
size; halving the 1000 MB dictionary to 500 MB increased
compressed size by 0.276% (in absolute terms) with REM,
whereas with CARE it increases by only 0.005%. Halving
again to 250 MB gives increases of 3.181% (previous method)
and 0.636% (our method), respectively. Note that IDS/PDS
in the table stand for initial/pruned dictionary size.

Table 1: Performance of dictionary construction
methods on GOV2. CARE is applied iteratively.

PDS
IDS = 2000 MB IDS = 1000 MB
Ratio = 9.419% Ratio = 10.271%

(MB) GEN REM CARE GEN REM CARE
Compression Ratio (%)

1000 10.271 9.588 9.437 – – –
500 11.083 12.371 10.036 11.083 10.547 10.276
250 – – – 11.987 13.452 10.907
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ABSTRACT
Massive Open Online Courses (MOOCs) have received wide
public attention for their potential to scale higher education
with multiple platforms such as Coursera, edX and Udacity.
However, a big problem MOOCs face is the high rates of
attrition. We explore to predict at-risk students early and
accurately, and provide possible interventions for them.

Categories and Subject Descriptors
H.2.8 [Database Applications]: Data Mining

Keywords
MOOC, learning analytics, educational data mining, predic-
tion model, logistic regression

1. INTRODUCTION
With the booming popularity of Massive Open Online

Courses (MOOCs), such as Coursera, edX and Udacity, MOOCs
have attracted growing attention from educators, computer
scientists and general public in recent years. MOOCs aim
to make higher education accessible to entire world, by of-
fering various online courses from universities for free, and
has attracted a diverse population of students from all age
group, education background and nationalities. Neverthe-
less, MOOCs face a big problem, the high rates of attrition.
For example, Table 1 shows the student participation on
two courses from The University of Melbourne delivered on
Coursera, which indicates the extremely high dropout rate.

In this paper, we focus on identifying the students who are
at risk of completing the course as early as possible based
on the information available by the end of each week, so as
to provide them appropriate interventions. We investigate
the above two courses, and attempt to address the following
questions.

(a) Can we identify the students who are at risk of complet-
ing the course early and accurately?

(b) Can we provide possible interventions for students who
are at risk?

Table 1: Students participation on Courses The
Principle of Macroeconomics (Maroc) and Discrete
Optimization (DisOpt); actions are measured in
terms of viewing, downloading lectures and doing
quizzes or assignments.

Macro DisOpt

Number of students enrolled 66,204 51,395
Number of students with no actions 39,908 30,044
Number of students completed 1,412 795

Before building prediction models, data preprocessing is
required. Students enrolled for various motivations and needs.
We are interested in helping those who intend to pass the
course. Therefore, we focus on students who are active in
doing assignments/quizzes, which might indicate their inten-
tion to pass the course. Then we extract features for clas-
sification from student engagements in video lectures and
assignments/quizzes.

(a) To address the first question, we build and compare dif-
ferent prediction models by the end of each week, and
find that logistic regression performs best in terms of
accuracy and AUC. Furthermore, logistic regression is
preferred due to its good interpretability, which is im-
portant for educational community.

(b) To address the second question, one possible interven-
tion is to present students real meaningful probability of
failing to help them realize their progress. In particular,
we focus on intervening those who are on the border-
line to pass rather than high-level of risk students since
telling them might push them away the course. We use
logistic regression, which can produce well-calibrated
probabilities.

Another possible intervention can be obtained from de-
cision tree. The paths from the root to the leaves can
capture the characteristics of students who pass and fail,
and therefore can be used for intervention.
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ABSTRACT
Density based logistic regression (DLR) is a classification
technique that has been introduced recently. It can be ex-
plained as a one-to-one non-linear transformation of the orig-
inal feature space based on density estimations, which is
particularly suitable for learning a logistic regression model.
Performance gains, good interpretability and time efficiency
make DLR an attractive technique. However, there are some
open questions regarding the use of DLR. In our work, we
tackle these limitations and propose several new extensions
which are evaluated using several synthetic and publicly
available datasets.

Categories and Subject Descriptors
H.2.8 [Database applications]: Data mining

Keywords
Classification, feature transformation, kernel density estima-
tion

1. INTRODUCTION
Logistic regression (LR) is a popular non-linear classifier,

because LR estimates the probabilities of classes directly
and the coefficients of the resulting model provide informa-
tion about the relative importance of input features. DLR
[1], proposed by Chen et al., is a non-linear one-to-one map-
ping of the original features into another feature space based
on density estimations. This new feature space is most ap-
propriate for training a LR model for classification.

Feature transformation is a popular machine learning tech-
nique, which might be either supervised or unsupervised.
Transforming feature x in to xk, log x, sinx, 1/x or normal-
ising into the range [0, 1] are examples of unsupervised trans-
formations, whereas supervised discretization of continuous
features to discrete features using the class labels is an exam-
ple of supervised feature transformations. Transformations
are useful for modelling non-linearity, stabilizing variance in
data, placing features on equal scales or constructing feature
spaces with better separation between classes. DLR can be
considered as a supervised non-linear feature transformation
technique, which is constructing a feature space with better
separation between classes.

Figure 1 illustrates how feature transformations in DLR
work using a synthetic dataset, which compares the projec-
tions of the original and transformed values of a feature.

0 20 40 60 80 100

original feature value

class a
class b

(a) Original feature values

−0.4 −0.3 −0.2 −0.1 0.0 0.1 0.2 0.3

transformed feature value

class a
class b

(b) Transformed feature values

Figure 1: Comparison of original and transformed
values of a feature; classes are better separated in
(b) than (a)

As we can see, transformed feature values provide better
separation between classes compared to the original feature
values. However, we could identify some limitations to the
formulation of DLR. For example, ensuring robust density
estimations is important, which has not been addressed in
the original work.

In our studies, we address the following questions regard-
ing the use of DLR.

(a) How can we provide robust density estimations?
(b) Is it beneficial to extend this to higher order transfor-

mations?
(c) What are the situations where DLR is effective?

As answers to the above questions, we propose the following
ideas, which are the outcomes of our studies.

(a) A methodology that can be followed in density based
transformations, where we propose that a separate dataset
has to be used for density estimations.

(b) A technique that performs many-to-one transformations,
based on the use of higher order kernel density esti-
mation, and evidence that it can sometimes be more
effective than the original method. However, transfor-
mations beyond two dimensions do not appear to be
advantageous.

(c) Evidence that density based transformations are useful
for classification in transfer learning scenarios.

2. REFERENCES
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ABSTRACT
Traditional clustering methods have focused on finding a sin-
gle ‘best’ clustering solutions. However, in real applications,
there may exist more than one reasonable set of clusters (a
clustering) to explain the data. Also, users are often un-
certain about what is a good clustering for their purpose.
Meta clustering has been successfully used to discover mul-
tiple reasonable and different clusterings (views) in a dataset
by navigating and refining a large collection of base cluster-
ings. However, the effectiveness of meta-clustering is highly
dependent on the distribution of the base clusterings and
open challenges exist with regard to its stability and noise
tolerance. In this paper we propose a simple and effective
filtering algorithm (FILTA) that can be flexibly used in con-
junction with any meta-clustering method and get better
views by removing base clusterings having poor quality or
high redundancy. We evaluate FILTA on both synthetic and
real world datasets, and see how its use can enhance view
discovery for complex scenarios.

Categories and Subject Descriptors
H.3.3 [Information Storage and Retrieval]: Information
Search and Retrieval—clustering

Keywords
Clustering, meta-clustering, multiple clusterings, clustering
visualization

1. INTRODUCTION
Clustering is one of the most important unsupervised tech-

niques for discovering dataset structure. Many clustering
methods focus on obtaining one single ‘best’ solution by op-
timizing a pre-defined criterion. There are two limitations
with this: firstly, data can be multi-faceted in nature. Par-
ticularly when the datasets are large and complex, there
may be several useful clusterings that exist, not only one.
Secondly, users may be seeking different perspectives on the
same dataset, requiring multiple clustering solutions.

Multiple clustering analysis [1] aims to discover a set of
reasonable and distinctive clustering solutions from the same
dataset. Many methods have been proposed on this topic
and one very popular technique is meta-clustering. Meta-
clustering first generates a large number of base cluster-
ings. These base clusterings may then be meta-clustered

(a) Four views generated from the
existing meta-clustering

(b) Two views gen-
erated by FILTA

Figure 1: Two sets of views found using as input a) the raw
set of unfiltered base clusterings, and b) the set of filtered
base clusterings.

into groups. Further, clusterings within the same group can
be abstracted to a consensus view of that group. This results
in one or more distinctive clusterings (views) of the dataset,
each offering a different perspective or explanation.

A major drawback and challenge with the use of meta-
clustering is that its effectiveness is highly dependent on
the quality and diversity of the generated base clusterings.
We illustrate this problem with an example in Figure 1a,
where the dataset consists of four Gaussian clusters. We
generate a set of raw base clusterings with 2 clusters via
different procedures. These base clusterings are then meta-
clustered into groups, and for each group a consensus view
is extracted via consensus clustering. The views generated
on the raw base clusterings are presented in Figure 1a. Ob-
serve that among these four views, some are rather simi-
lar (view2, view3 and view4) and some have poor quality
(view1, view2 and view4). Can we apply a filtering step to
the base clusterings and thus avoid discovering poor qual-
ity or redundant views? Figure 1b provides intuition about
the benefits of filtering. It shows the views generated after
filtering the raw base clusterings, which are of high qual-
ity and non-redundant. In this paper, we propose filtered
meta-clustering (FILTA), aiming at detecting multiple high
quality and distinctive views by filtering and analyzing a
given set of base clusterings.

2. REFERENCES
[1] J. Bailey. Alternative clustering analysis: A review. In

Data Clustering: Algorithms and Applications. 2013.
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ABSTRACT
In this work, we analyzed the effect of similarity distribu-
tions on the convergence of the protocol and found the trade-
off between convergence time and bandwidth to decide op-
timal settings that lead to fast convergence and affordable
bandwidth from recommendation systems perspective.

Categories and Subject Descriptors
H.3.4 [Information storage and retrieval]: Distributed
systems; H.3.3 [Information storage and retrieval]: In-
formation filtering

Keywords
Semantic overlays, gossip protocols, peer-to-peer networks,
collaborative filtering, recommendation systems

1. INTRODUCTION
Collaborative Filtering based recommendation systems are

gaining attention of researchers due to the evolution of web
2.0 where users of Internet are more than just consumers
of information. Collaborative Filtering (CF) can be imple-
mented using gossip-based similarity overlays. Efficient rec-
ommendations in such systems would depend on how fast
they converge upon user profile changes. We analyze the
convergence behavior of the Vicinity protocol [1] with dif-
ferent types of similarity distributions, under various pro-
tocol settings. Second, we find the settings of the protocol
parameters that give the minimum convergence time (ap-
proximately), from a worst case random structure but also
avoid wastage in bandwidth. Optimal settings involve the
trade-off between the convergence time and the bandwidth
utilization. Our simulations show that there exists a thresh-
old for gossip length that gives the best convergence speed
eliminating the need of excessive bandwidth.

1.1 Experiments
In Figure 1, convergence time for distributions Mesh, Torus,

Uniform, Poisson, and Powerlaw are shown. Bars represent
view sizes in sequence {4, 6, 10, 15, 20, 25, 30, 35, 40, 45}mov-
ing from left to right for each distribution. Figure 2 shows
the threshold gossip length for each view size. Figure 3
shows the bandwidth utilization for different network sizes.

2. REFERENCES
[1] S. Voulgaris and M. Steen. Epidemic-style management

of semantic overlays for content-based searching. In In
EuroPar, pages 1143–1152. Springer, 2005.
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ABSTRACT 
Online self-administered multidimensional screening tools are a 
quick and effective way for General Practitioners (GPs) to 
identify areas of health concern for young people. However, there 
is currently little research into how they can be designed in way 
that places young people as more active participants in their 
consultation. There is also a paucity of research that explores the 
design needs of GPs and how to successfully integrate these tools 
into existing office technology systems. The aim of this research 
is to use user-centered design to develop and evaluate an online 
multidimensional assessment tool for young people and GPs in 
the general practice setting. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: User-centered design; J.3 [Life and 
Medical Sciences]: Health 

Keywords 
Screening, adolescent, user-centred design, general practice, 
therapeutic alliance 

1. OVERVIEW 
Adolescence is an important developmental period for 

physical, cognitive, social and emotional development. During 
this time, a wide range of health problems and risky health-related 
behaviours often emerge and co-occur, and persist into adulthood. 
These include high rates of substance use, mental illness, unsafe 
sex, and inadequate diet and exercise. Despite the high prevalence 
and co-occurrence of mental health problems and risk-taking 
behaviours, most young people do not seek help. However, 70-
90% of young people regularly attend general practice, and whilst 
these consultations most commonly occur for physiological 
reason, this regular attendance suggests that General Practitioners 
(GPs) are in the unique position to deliver health prevention and 
promotion as part of young people’s routine health care, providing 
early intervention and referrals where necessary. A quick and 
effective way for GPs to identify areas of concern for young 
people is through a self-administered multidimensional screening 
or assessment tool. Completed prior to a consultation, this has the 
advantage of leaving more time to discuss relevant issues. Further, 
young people and GPs alike report that screening tools provide an 
opportunity to discuss sensitive topics that would not normally be 

brought up in the typical consultation [1]. Electronic screening 
tools, completed via computer or tablet, are particularly accepted 
by young people, with research suggesting they are more likely to 
disclose online compared with pen and paper [3]. They also have 
the benefit of functionality that sends summary reports and 
recommendations immediately to the GP. However, there is 
currently little research into how screening tools can be designed 
in way that places young people as more active participants in 
their consultation and, in turn, how this might effect the 
therapeutic relationship.  In addition, despite the advantages and 
need, the rate of screening for young people in general practice 
remains low [2]. There is a paucity of research that explores the 
needs of GPs, such as the form and content of screening reports 
and how the tools need to be designed in a way that enables them 
to be successfully integrated into a range of existing technology 
and office systems. The aim of this research is to use user-
centered design to develop and evaluate an online 
multidimensional assessment tool for young people and GPs in 
the general practice setting. Specifically, the following research 
questions will be considered: What are the barriers and facilitators 
to screening adoption in general practice? How can technology be 
designed and implemented to overcome these adoption barriers 
and increase usage?  How does completing an online 
multidimensional assessment tool effect the therapeutic 
alliance between the GP and young person?   

2. REFERENCES 
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ABSTRACT 
This paper reports on research into the design of an online 
repository for the personal possessions of young people in care, 
and resulting design heuristics for supporting collaboration around 
digital content in highly dynamic social contexts. 

Categories and Subject Descriptors 
H.5.m. [Information interfaces and presentation (e.g., HCI)]: 
Miscellaneous. 

Keywords 
Boundary regulation, personal information management, identity 

1. INTRODUCTION 
For young people growing up in out-of-home care, many 

obstacles exist to the accumulation of personal artefacts as a 
resource for constructing and representing identity [2]. It is 
proposed that an online repository (a 'virtual locker') could 
provide continued access to information and possessions as young 
people transition through care placements and through 
relationships with multiple carers. This research explores how the 
virtual locker can be designed to support effective interaction and 
collaboration around personal possessions [3] in an environment 
characterised by impermanence and uncertainty in relationships.   

2. RESEARCH DESIGN 
Adopting a design science research methodology [5], this 

research was conducted in the context of a six-month project to 
investigate and develop a proof-of-concept virtual locker. Initial 
focus groups with professional carers ('workers') and young care 
leavers were conducted to develop understandings of behaviours, 
motivations and tensions in managing the personal possessions of 
young people in care. Techniques were adopted from participatory 
design, including the use of characters, scenarios and conceptual 
sketches to enable participants to respond to prompts without 
discussing sensitive information or personal experiences.  

 
Figure 1. Conceptual sketch of the Virtual Locker 

Altman's theory of boundary regulation [1, 4] provided a 
framework for analysis of data gathered in these first 
investigations. Through this, key design objectives and 
corresponding recommendations were derived for the prototype 
virtual locker, which was constructed using digital wireframes and 
storyboards. A user evaluation was conducted with the focus 

group participants to understand the utility of the proposed 
prototype and specific design proposals. Participants were 
exposed to the prototype through demonstration and walkthrough, 
as well as hands-on task completion. This enabled capture of data 
through discussion, user observation and think-aloud protocol. 

3. RESULTS 
It was found that in this context critical design challenges lie in 

providing appropriate mechanisms for balancing a young person's 
control over their virtual locker with the need for carer oversight. 
Tools for collaboration and co-construction need to support this 
balance, and be flexible to accommodate the diverse and shifting 
circumstances of the young person. These objectives were 
translated into concrete design proposals for mechanisms which 
were incorporated into the prototype virtual locker.  

The user evaluation indicated that several components of the 
prototype successfully address stakeholder concerns to provide a 
solution which would be effective for both young people and 
workers. This provides a basis for actionable recommendations 
for the design of the virtual locker. By generalising these findings 
we are able to propose design heuristics for supporting interaction 
around content in socially dynamic contexts. It is proposed that 
such systems should provide control for the individual, balance 
individual control with governance structures, and offer 
collaboration tools which accommodate shifting relationships.   

4. CONCLUSION 
Through investigating management of personal artefacts in 

out-of-home care, this research indicates that online collaborative 
systems can be designed to support users to interact around 
personal content despite problematic and highly dynamic 
interpersonal circumstances. Design heuristics to achieve this are 
proposed, drawing on the design and evaluation of the virtual 
locker. This suggests new opportunities to provide better support 
for collaboration around content in shifting contexts such as 
dynamic family structures, and for improved mechanisms for 
managing personal disclosure in online environments. 
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ABSTRACT 
The notion of running with mixed reality stories (MRS) has 
emerged in recent years. Although different aspects of these MRS 
have already received interest from researchers, to date still little 
is known about how MRS work as a whole in the context of 
running experience. This projects aims to provide a holistic 
understanding of MRS and their effects on the experience of 
running. 

Categories and Subject Descriptors 
H.5.2 [Information Systems] User Interfaces 

Keywords 
User experience, mixed reality, narratives, game, running 

1. BACKGROUND 
If a story is “the representation of an event or a series of events” 
[1], a mixed reality story (MRS) is a story that creates a mixed 
reality by combining together virtual and physical environments. 
The most prominent example of this concept is a MRS called 
Zombies, Run! In this MRS a user is expected to actually run, 
while listening through headphones to a fictional story on zombie 
apocalypse. The main character in the story is the user herself. A 
runner experiencing Zombies, Run!, runs not only in the physical 
world, yet also in a post-apocalyptic virtual world of the MRS. In 
that way running with Zombies, run! Is different from running 
while listening to a “regular” audiobook. 

Since its release in February 2012 Zombies, run! has gained more 
than 750 000 users, despite its price of $8 (the average price of an 
app in the AppStore is less than $3). It had also been the 
worldwide #1 Top Grossing Health & Fitness app in the 
AppStore. The success of Zombies, run! makes it reasonable to 
expect new MRS being created for running in the nearest future, 
as long as the evolvement of existing ones. 

While some researchers already have explored certain aspects of 
running with MRS (e.g. [2]), to date still little is known about how 
MRS work as a whole in the context of running experience. This 
projects aims to provide a better understanding the user 
experience of running with mixed reality stories. To address the 
research questions of the projects we plan to use Benford and 
Giannachi’s model of user experience with mixed reality 
performances [3] and extend it, so it could include mixed reality 
stories as well. 

Main research question: What is the user experience of running  
with mixed reality stories? 

Sub-question #1: In which ways mixed reality stories support 
running? 

Sub-question #2: How to create stories for mixed reality running 
apps? 
Sub-question #3: How do actually runners perceive these 
stories? 

2. RESEARCH DESIGN 
2.1 Study 1: Explore 
In the first study we explored how a story-based mixed reality app 
Zombies, run! can support running. We deployed the app to 11 
runners, asked them to use it during the period of three weeks and 
then interviewed them about their experience. We found that the 
app changed running in three major ways. Firstly, it changed the 
way runs were organised. Secondly, it shook up established 
running routines. And lastly, it shaped the meanings associated 
with running. In this study we also observed how runners were 
dealing with ambiguities in the story. It turned out that as long as 
runners are willing to accept the story, ambiguity can be used to 
enrich the experience. 

2.2 Study 2: Build 
In this study we have looked into the process of creating stories 
for mixed reality running apps. To do that, we recruited a number 
of writers and ask them to make stories in this format. We found 
that writers were able to tackle the constraints and create a variety 
of different stories. We highlighted tactics that were common for 
all writers (e.g. use of ambiguity, use of curiosity and use of 
familiarity) and discussed in which ways use these tactics was 
different from similar tactics in “traditional” storywriting. We also 
noted that in this study ambiguity again appeared as a major 
finding, although we did not ask writers to use it specifically. 

2.3 Study 3: Evaluate 
In this story we will recruit runners again, ask them to run with 
the created stories and conduct interviews with each runner right 
after their runs. Firstly, we want to make sure that the stories we 
have created in the previous study still support running in the 
same three major dimensions. Secondly, we also want to explore 
in more detail the experience of ambiguity in the stories as it was 
the major theme in both previous studies. 
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ABSTRACT 
This research aims to understand how the design of video 
conferencing technologies should be improved to support non-
verbal activities in domestic video conferencing. Recent research 
shows that people are increasingly using video conferencing tools 
to go ‘beyond talking heads’ to engage in a range of activities 
with their remote family members and friends. These activities 
include show and tell, watching video programs, cooking and 
eating, etc. The findings of initial studies emphasise the 
importance of these non-verbal interactions, however they 
demonstrate the inability of current video conferencing tools to 
fully support them.  

Categories and Subject Descriptors 
H5.m. [Information interfaces and presentation (e.g., HCI)]: 
Miscellaneous 

Keywords 
Video communication, symmetry, domestic, shared experiences, 
non-verbal interaction 

1. BACKGROUND 
Living apart from families and friends, either temporarily or 

permanently, is sometimes inevitable. However, people often aim 
to remain connected to their family members and friends when 
circumstances impose distance upon them [1]. While they use 
different combinations of technologies to have remote 
connections, video conferencing tools have been widely used to 
support this connection among geographically separated people 
[3,4]. Moreover, research on domestic use of video conferencing 
tools has revealed its significance role on reinforcing family 
identity and promoting family values [1], as well as strengthening 
relationship and shared identity of participants [2]. Therefore, 
video conferencing tools play an important role in maintaining 
distance relationships. 

Recent literature has revealed that people not only use video 
chat tools to converse with others, but they also use it to mediate 
other everyday activities [2,3,4]. These activities include sharing 
the experiences of cooking and eating, watching video programs, 
participating in social gatherings and running house tours. In this 
research, these are called non-verbal activities. Nevertheless, 
current technologies do not support these activities well [2]. In 
other words, special functional requirements regarding mobility, 
framing, zoomability, audio and activity versus ‘talking head’ 
view as well as non-functional requirements such as support for 
different activities with different goals (e.g. performing parallel 
activities, watching remote partner doing an activity, etc.), 
multiple stakeholders, special contents (e.g. newly bought objects, 
food, etc.) , specific context such as place and time and particular 

way of doing are the reasons that existing video conferencing 
tools are unsuitable for engaging in shared non-verbal activities 
[3,4]. So, they have to be reconsidered to support newly emerged 
needs. There exists little work on understanding what types of 
non-verbal activities people do while video conferencing, how 
they do those interactions, and how video conferencing tools can 
better support them. 

2. METHOD 
The research question of this study is ‘How should design of 

video conferencing technologies be improved to support non-
verbal activities in domestic video conferencing?’. Three studies 
have been designed to address the research question. Firstly, an 
exploratory study investigates current experiences of non-verbal 
interactions in domestic context. Then, the second study builds 
upon the results of first study and designs a new technology to 
improve and enhance video-mediated experiences. Finally, the 
third study examines the user experience of the developed 
technology.  

3. ACKNOWLEDGMENTS 
I would like to thank my supervisors A/Prof Frank Vetere and 

Dr. Bernd Ploderer for their support and guidance. This study is 
supported by the Institute for a Broadband-Enabled Society. 

4. REFERENCES 
[1] Ames, M. G., Go, J., Kaye, J. J., and Spasojevic, M. 2010. 

Making love in the network closet: the benefits and work of 
family videochat. In Proceedings of the ACM conference on 
CSCW (Savannah, Georgia, USA, February 06 - 10, 2010). 
CSCW '10. ACM, New York, NY, 145-154. 

[2] Brubaker, J. R., Venolia, G., and Tang, J. C. 2012. Focusing 
on shared experiences: moving beyond the camera in video 
communication. In Proceedings of the DIS Conference 
(Newcastle Upon Tyne, United Kingdom, June 11 - 12, 
2012). DIS '12. ACM, New York, NY, 96-105. 

[3] Inkpen, K., Taylor, B., Junuzovic, S., Tang, J., and Venolia, 
G. 2013. Experiences2Go: sharing kids' activities outside the 
home with remote family members. In Proceedings of the 
ACM conference on CSCW (San Antonio, Texas, USA, 
March 14 - 18, 2013). CSCW '13. ACM, New York, NY, 
1329-1340. 

[4] Macaranas, A., Venolia, G., Inkpen, K., and Tang, J. 2013. 
Sharing Experiences over Video: Watching Video Programs 
together at a Distance. In Human-Computer Interaction – 
INTERACT 2013, P. Kotzé, G. Marsden, G. Lindgaard, J. 
Wesson & M. Winckler, Ed. volume 8120 of Lecture Notes 
in Computer Science Series. Springer, Berlin Heidelberg, 73-
90.



52

H
um

an
-C

om
pu

te
r I

nt
er

ac
tio

n

Won’t you be my neighbour? Clustered borrowing in 
libraries as evidence for shelf browsing

[Extended Abstract]
Dana McKay

Interaction Design Group, Department of Computing and Information Systems
University of Melbourne

dmckay@swin.edu.au

ABSTRACT
In this paper, I describe a study designed to evaluate the impact of 
browsing on borrowing patterns in physical libraries, with a view
to understanding the importance of browsing in online systems.

Categories and Subject Descriptors
H.5.m [Information interfaces and presentation (e.g. HCI)]:
miscellaneous 

Keywords
Browsing, libraries, information seeking, log analysis books

1. INTRODUCTION
Browsing is a fundamental part of the human information seeking 
process [8], yet little work has investigated  how best to support 
browsing online. Consider the case of books: little is known about 
the selection process [10], yet it is clear from both user report [3,
7] and early research [2] that browsing is important. Given the 
increasing uptake of ebooks, it is important to understand what 
readers need to support them in their book decision making 
online. This presentation will define browsing as it relates to 
books, give a brief overview of the literature in the field, and 
describe a recent study intended to establish the prevalence of 
browsing in academic libraries.

2. WHAT IS BROWSING?
Bates defined browsing in 2007 [1] as the visual investigation of a 
large scene, followed by sequential close examination of objects 
of interest within that scene with the continued visual presence of 
the overall scene. By that definition, library shelves are almost 
ideally designed for browsing—indeed recent work has sought to 
replicate them exactly [4]. Users report valuing the library shelves 
[7], often so much that their utility is a deterrent to ebook use [3].
Use of the shelves for browsing disrupts the foremost model of 
document triage [5] where the number of documents under 
consideration reduced at each stage: shelf browsing dramatically 
increases the number of documents under consideration after 
search. Even so, 55% of library users in a recent study report 
actively using the shelves, in part because this approach supports 
serendipitous discovery [7]. In contrast to the anecdotal evidence, 
the statistical evidence for shelf browsing is limited to a pair of 
studies from 1993 [2, 6], each of a relatively small number of 
users. The study identified here [9] aims to address that gap.

3. QUANTIFYING BROWSING
This study uses data from a large publically available dataset to 
determine whether there is spatio-temporal clustering of book 
loans. In six sample US academic libraries, a clear neighbour 
effect is demonstrated—books near each other are likely to be 
borrowed on the same day. While, given the limitations of the 
data, it is not possible to establish with 100% certainty that this 

neighbour effect is specifically a result of the disruptive browsing 
described above, the literature on the use of library shelves [2, 4,
7] suggests browsing is a very likely reason for it. The importance 
of browsing in physical spaces suggests a need for better support 
for browsing online; how best to provide that support cannot be 
identified from the type of data driven study presented here and 
remains a task for future work
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Abstract 
This research explores the use of tangible interfaces to support 
and enrich tele-consultation between a patient and health 
professional. 

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: UI  

Keywords 
Tele-health, tele-consultation, tangible interfaces 

1. INTRODUCTION 
Tele-health is an umbrella term that encompasses a range of 
activities such as consultation, assessment, intervention, and 
health maintenance between a patient and the health supplier 
(such as practitioner) over a distance [4]. Tele-health serves as a 
vehicle to deliver easy and convenient access to health services to 
patients who otherwise have no other way to avail them such as 
people living in rural/remote areas and people with disabilities; 
which in turn makes the recovery and progress tracking easier for 
patients. Additionally, tele-health services provide financial 
benefits in terms of saving office hours, transportation cost and 
other miscellaneous costs of food and accommodation while 
visiting a health professional. Current tele-health services 
generally utilize video based communication to support tele-
consultation sessions between the patient and health professional. 
However, such a setup demands technical expertise from both 
patient and provider, which they may not necessarily have; in turn 
would require consistent help and technical support. As a result, 
such systems have failed to go beyond the pilot phases [5]. 
Previous works [2,5] suggest that technology acceptance between 
the patient and health professional is a major factor behind the 
low commercial adaptation of the telehealth services. Moreover, 
while telehealth is related to human communication, yet human 
aspects of communication are greatly overlooked by the 
researchers [1]. For instance, it is essential to find out satisfaction 
and confidence of a patient in conveying his issues to the health 
professional while using the given telehealth system. For a 
successful tele-assessment, a doctor should get complete 
information and details of patient’s problems, which is possible 
only if the patient is equipped with the right technology as argued 
by Jang [3]. Motivated by these factors, I find an opportunity to 
support and enrich a tele-consultation session between a patient 
and health professional.  

2.  APPROACH 
Major goal of this research is to explore the richness of 

tangible interfaces to capture and convey physical interactions 
between a patient and health professional during tele-consultation. 
My aim is to understand how physical interactions can be 
captured, shaped and conveyed to the other end in order to 
accurately mimic the traditional health care setting. For example, 
to support physical interactions of Alex, a patient for his physical 

assessment, a physical avatar (3D miniature replica) can be given 
to both the patient and health professional as shown in Figure 1. 
Instead of touching and exposing his own body parts, Alex can 
now touch the avatar to effectively communicate which parts of 
his body is suffering. His physical actions are mapped to the 
physical avatar at both the ends: for example, based on the 
touches, physical avatar will glow on specific touch locations. My 
hypothesis is that such an artificial setting yet enabling natural 
interactions can be one possible way to communicate physical 
interactions between a patient and health professional in a tele-
consultation session.  

 
Figure 1: Patient and health professional tele-consult via a 
shared 3D replica of the patient. 

To support my research, firstly, I will understand the ways in 
which real and tele-consultations happen between patient and 
health professional through observational studies; which will 
provide me insights of the varied physical interactions required to 
communicate in a tele-consultation session. Next I will design and 
deploy a research prototype in various tele-consultation sessions 
to investigate its use. These observations will be supported 
through semi-structured interviews with participants (patients as 
well as health professionals) at the end.  
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ABSTRACT 
Mental health disorders have been identified by the World Health 
Organisation (WHO) as one of the leading causes of disability 
worldwide.  The WHO has raised concerns about how those 
suffering with mental health disorders (users) may be assisted.  
As a resource tool, mental health therapies (MHTs) using mobile 
phones (mobiles) have become increasingly popular to reach 
users. However, despite their rapidly increasing numbers, high 
levels of attrition and/or unacceptability have been reported.  
In this regard, the aim of this research is firstly to understand the 
user experience of mobile MHTs. Secondly, develop a theoretical 
evaluation and testing model of mobile MHTs, and thirdly, to 
present practical recommendations for the design of mobile MHTs 
based on engagement and user experience. 

Categories and Subject descriptors 
H.4.0 [Information Interfaces and Presentation]: General 

Keywords 
Mental Health, mobile, user experience, acceptability, model 

1. INTRODUCTION 
The WHO identifies mental health disorders as one of the leading 
causes of disability worldwide [1] . Furthermore, Blanchard [2] 
states that at any given time 25% of the world population may be 
experiencing a mental health disorder. This is at a time where 
resources for face to face consultations are diminishing [3].  
Consequently, alternative resources, such as those available by 
mobile,  are crucial if an individual is to be supported to achieve a 
state of well-being. 
Recent research on the use of mobile phones [4] suggests that 
75% of people worldwide own and are active users of mobile 
phones. This also applies to individuals with mental health 
disorders (users) as claimed by Palmier-Claus [5]. 
As a result of this penetration of the market, and the affordability 
and ease of use mobiles may well present an efficient tool to 
support users.  

2. MOBILES IN MENTAL HEALTH 
A wide range of commercial mobile MHTs and specially tailored 
mobile MHTs for use within private clinical practice have 
emerged. However, despite their ever-increasing number, several 
concerns have been raised about the use of, and engagement with, 
mobile MHTs [6]. Commercial mobile MHTs may provide little 
or no research evidence about engagement [7] [8]. Secondly, 
research-based on MHTs using technology with random control 
trials (RCT) cite high ‘drop-out’ numbers [9]. Thirdly, clinical 
evaluation and testing has mainly considered the usability of such 
applications [8], therefore leaving a gap in relation to the user 
experience of mobile MHTs [5]. 

3. USER EXPERIENCE 
Wright [10] suggests technology needs to go beyond cognitive 
approaches and usability tests, to address the user’s senses, 
intellect and feelings as part of an ‘aesthetic user experience’. 
Additionally, Battarbee [11] suggests that experience may be ‘co-
experienced’, that is, when feedback from others influence the 
user’s interaction with technology. 

4. RESEARCH DESIGN  
Mobile MHTs researchers suggest participatory design [12] [13] 
and ethnography[14] [15] as suitable approaches to conduct 
research. However, due to the sensitivity of mental health [3], 
these approaches may need to be adapted. In this regard, the aim 
of this research is not only to explore the user experience of 
mobile MHTs but to create a model to evaluate and test them. 
This research will consider four studies. Each study will provide 
in-depth information for the following study. The first study will 
look at the experience of mental health professionals with mobile 
MHTs. The second study will consider the users’ experiences as 
presented on social media, blogs and forums. The third study will 
consider users’ experiences with mobile MHTs as well as 
organisations responsible for addressing protocols for mobile 
MHTs. The fourth study will examine an in-depth experience of 
users. Finally, this research will bring together these findings in 
order to generate a model to evaluate and test mobile MHTs. 
The approach of this research is to further Wright’s ‘aesthetic user 
experience’. To do so, in the first study I will conduct semi-
structured interviews with mental health professionals in order to 
understand their experience and ‘co-experience’ of mobile MHTs. 
In the second study I will obtain an understanding of users’ 
experiences of mobile MHTS as reported on social media 
platforms through the use of social media search engines and 
cognitive computing software. The experiences in both studies 
will be analysed to identify themes and categories as well as to 
define participants and any limitations that need to be considered 
on the subsequent studies. The third will consist of semi-
structured interviews with users and organizations responsible for 
addressing guidelines for mobile MHTs. The forth study will  
consider a structured an in-depth interviews with users of mobile 
MHTs. 

5. CONCLUSION 
An agenda continuing the path of  Wright’s ‘aesthetic experience’ 
[10] is needed if we are to understand the acceptability of mobile 
MHTs. Furthermore, an in-depth understanding of the user 
experience of mobile MHTs through the users, mental health 
professionals and institutions related to mobile MHTs is required.  

6. REFERENCES 
Full references upon request. 
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ABSTRACT
The aim of this research is to understand the use of com-
munication technologies during family mealtime, whether
they are used as information source, entertainment, or en-
abling social connection, among many other uses. We aim
to understand the comprehensive relationship between tech-
nology and people, between the people themselves, and also
the interaction among multiple technologies or devices in the
context of family mealtime activities.

Categories and Subject Descriptors
H.5.m [Information Interfaces and Presentation]: Mis-
cellaneous

Keywords
Family, Mealtime, Technology.

1. INTRODUCTION
The use of different digital communication technologies

(e.g., cellular phones, computers, etc.) is very common in
the context of a family nowadays. Yet family mealtime cre-
ates some unique opportunities regarding the use of commu-
nication technologies, as it is one of the few occasions that
often recommend the presence of all the family members to-
gether at the same place and time. Some of the technologies
are related to food preparation and consumption, while some
others emphasize the social experience of commensality.

Television is probably one the very common technologies
found near the dining place and a lot of researches, espe-
cially from sociological and health perspectives have dis-
cussed the role it plays in association with our mealtime
activities. Other digital devices, especially cellular phones
are widely used nowadays, and we know very little about if
they have made any change in the way we enjoy our fam-
ily meals. In this work, we want to identify the most com-
monly used communication technologies associated with our
mealtime activities, where and how these devices are placed,
used, and shared as an information source, entertainment,
or enabling social connection, among many other uses.

2. RELATED WORKS
Grimes et al. [1] discussed the aesthetic aspects of meal-

time, where they emphasized on the creativity in cooking,
pleasure and nostalgia in the togetherness of family meals,
relaxation, and food as a gift towards others. They also dis-
cussed the challenges of introducing technology to augment
this ‘celebration’. Hupfeld et al. [2] took an ecological ap-
proach to uncover the role tabletops, spaces, and artifacts

play in the social organization of domestic eating practices.
They presented the challenges we need to consider in de-
signing for home regarding independence and socialization,
isolation and conviviality, reminiscence and identity.

One notable approach is ‘4Photos’ by O’Hara et al. [3],
where they emphasized the use of situated photo memen-
toes within the social concerns of culturally specific rhythms,
norms, rights, and responsibilities. They showed that these
personal memory resources could be invoked within the con-
text of social work being done at a shared meal.

3. INITIAL FINDINGS AND CONCLUSION
We are at the beginning stage of our first study and got

our ethics application approved. Using semi-structured in-
terviews, we aim to understand the current practices of us-
ing different sorts of communication technology around our
family mealtime. Then we will try to capture the family
mealtime activities in real-life settings using video record-
ings. We will analyze the recordings based on grounded
theory approach, in order to find the main themes.

From our discussions in informal user forums about the
use of technology during mealtime, we have revealed sev-
eral common themes and would like to focus on them in our
first study. First of all, there are clearly two different stands
about using technology during mealtime. In some families it
is strictly prohibited, while others maintain an open position
regarding this. It has strong familial influence and the fam-
ily culture is almost always followed in using (or not using)
technology during mealtime. Television is the most com-
monly used device, while mobile devices are slowly gaining
access to our dining space. Many of the families keep their
TV on during mealtimes, while not watching any particular
program or paying any attention to it. How this device went
from foreground to background, is of special interest to us.

Understanding the family practice in using and sharing
the communication devices during mealtime can enable us
to design novel interaction techniques to support the experi-
ence of commensality in our day to day family life. Support-
ing the diverse family practices and scenarios in this regard
remains a major research challenge.

4. REFERENCES
[1] A. Grimes and R. Harper. Celebratory technology: New

directions for food research in hci. In Proc. CHI’08.

[2] A. Hupfeld and T. Rodden. Laying the table for hci:
Uncovering ecologies of domestic food consumption. In
Proc. CHI’12.

[3] K. O’Hara, J. Helmes, A. Sellen, R. H. R. Harper, M. t.
Bhomer, and E. v. d. Hoven. Hum.-Comp. Int., 27(1-2).
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ABSTRACT 
In contrast to conceptualizations of gaming as immersive, fully-
engaging experiences, contemporary domestic play occurs across 
a variety of fluctuating frames of activity and registers of 
engagement. In this talk, I will show how this is attributable to 
what I call the domestic screen ecology; the emerging coexistence 
and simultaneous engagement with activities on multiple 
monitors, televisions, laptop computers and smart phones. I argue 
this has considerable consequence for the future design of 
engaging interactive experiences and challenges the fallacy of 
immersion purported by new VR platforms like the Occulus Rift. 

Categories and Subject Descriptors 
K.8.0 [Personal Computing]: General - Games 

Keywords 
Screen ecologies, domestic gaming, multi-gaming 

1. INTRODUCTION 
As computing technologies have grown increasingly ubiquitous, a 
proliferation of screens has occurred. In addition to the 
widespread preference amongst gamers (and non-gamers) for 
multiple monitors; televisions, laptops, tablets and smart phones 
have all invaded the domestic personal computing space. Rather 
than a single screen sitting on a table capturing the full attention 
of the user, the modern computing experience is commonly much 
more complex and distributed across multiple devices. The user's 
engagement with any or all of these screens varies depending 
upon context or activity. This is the contemporary screen ecology. 

 
Figure 1. An example of a contemporary screen ecology 

2. RELATED WORK 
The use of multiple screens during computer use has been long-
noted in HCI, both in the context of professional work and non-
gaming leisure, such as television viewing. However, Brown et al. 
[1] note that "there has been very little research systematically 
investigating how attention is split during dual-screen human-
computer interaction" [p. 666]. Studies which do exist have only 

studied interrelated applications; for example companion 
applications for TV viewing, or single games that utilize two 
screens at once. No research exists that has investigated the use of 
multiple screens for distinct, simultaneous leisure activities, and 
how they interrelate.  

3. MULTI-GAMING 
As a result of this complex media environment, our research is 
revealing how digital games are often consumed in parallel with 
other media such as TV, YouTube, social sites like reddit or 
Facebook, serious work and student learning. However the most 
interesting emergent practice is multi-gaming: the simultaneous 
play of distinct digital games. For example, playing passive games 
like Sim City in between deaths in Call of Duty. Our research so 
far [see 2] has identified genres of engagement modalities in 
digital games that successfully interplay for multi-gaming, 
suggesting a rich site for future design. 

4. LESSONS FOR ENGAGEMENT 
Brendan Keogh has argued against the "fallacy of immersion" in 
games studies which privileges the content of games over the 
context in which it is experienced [3]. Rather, the actual, material, 
cultural and formal properties of games are significant for 
understanding, critiquing and designing them.  By examining the 
contemporary screen ecology and the phenomenon of multi-
gaming, this research is demonstrating how ‘engagement’ can still 
be meaningful beyond measures of immersion and quantity of use, 
and how this is relevant to successful game design. 

5. THE FUTURE OF DOMESTIC GAMING 
Packaging on the (commercial failure) 1994 VFX1 virtual reality 
headset purports to keep “the real world out and the virtual world 
in”. By demonstrating how concepts like ‘immersion’ obscure our 
understanding of how players engage with and enjoy digital 
games in the context of the real world, our research suggests one 
possible explanation for why VR platforms have broadly failed. 
Rather than immersive, ‘matrix’ style gaming purported by these 
devices, we envision a digital gaming future that is played across 
screens, devices and contexts in addition to other activities. The 
goal should not be to keep play apart from everyday life (in the 
virtual, not the real) but embedded within. 

6. REFERENCES 
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ABSTRACT
This paper concerns the translation of program code into
constraints (mathematical equations defining the effects of
the code), in order to facilitate automated reasoning about
program behaviour. In particular a new technique is pre-
sented for the translation of bounded for and while loops.

Categories and Subject Descriptors
F.3.1 [Logics and meanings of programs]: Specifying
and Verifying and Reasoning about Programs

Keywords
Loop unwinding, constraint model

1. INTRODUCTION
A translation from code into an equivalent constraint model

allows a constraint solver to use sophisticated techniques to
efficiently search over inputs to the program looking for de-
sirable or undesirable behaviour. There are many applica-
tions for such automated reasoning. For example, it is ben-
eficial to be able to prove that critically important software
(e.g. that controlling rocket engines or life support systems)
does not contain certain types of errors.

When performing the translation from code into constraints,
loops (such as for loops and while loops) are a significant
problem. Program variables will take different values in dif-
ferent iterations of the same loop, so it is not possible to use
a single mathematical variable to represent the value on a
given line of code. For bounded loops (those where a limit
on the number of iterations is known or can be assumed),
the usual technique (used in e.g. [1, 2]) is to create a copy
of the loop body for each potential iteration. This is called
loop unwinding.

The problem with loop unwinding is that it unnecessar-
ily ties the execution order of iterations to their identities.
Copies of the loop body are identified as representing the it-
eration performed first, second, third, etc. This often results
in complicated constraints for each individual iteration, as
the values of key expressions are unknown.

This work investigates an alternative, called loop untan-
gling, where copies of the loop body are instead identified
by the value of a key expression. For example, if the chosen
expression e is known to take value A or B in the first it-
eration, and value B or C in the second iteration, then we
will create 4 copies of the loop body, each having a known
value for e. Both A and C can only occur once, so we create
a single copy for these. B may occur twice, so we need two

copies - one for the first time e takes value B and another
for the second time this potentially occurs. This approach
results in (sometimes many) more copies of the loop body,
but because the value of e is known, the constraints for each
copy can be greatly simplified.

To produce a correct constraint model it is still necessary
to link the iterations together appropriately so that they rep-
resent a valid execution path through the loop. To achieve
this we extend the translation technique described in [3] to
include an explicit representation of the execution path.

2. PRELIMINARY RESULTS
Experiments using two parameterized examples from [3]

have shown significant improvements over standard loop un-
winding. The table below gives the solver execution time
and number of dead ends encountered when solving models
produced using loop untangling versus standard loop un-
winding. Each figure is the average for 30 random instances
of the given size, with the number of instances reaching the
10 minute timeout shown in brackets.

Solving Time (secs) Dead Ends (000s)
Problem unwind untangle unwind untangle

pizza 4 94.0 (2) 1.3 127.8 17.2
5 320.7 (13) 5.8 250.5 49.0
6 470.1 (22) 149.7 (6) 240.1 480.2

routing 5 12.9 1.5 24.5 4.4
6 102.8 8.1 112.4 18.4
7 569.3 (20) 40.8 343.4 67.4
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ABSTRACT
This paper presents an automated approach for software
fault localization using program spectra obtained by dy-
namic execution of a software system. We present few met-
rics obtained by genetic programming to rank program state-
ments or blocks according to how likely they are to be buggy.
The metrics are tested on 92 faults from four unix utilities
and the results shows that they outperforms other metrics,
such as Jaccard, Trantula and Ochiai in single bug program.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
D.2.5 [Software Engineering]: Testing and Debugging

Keywords
Automated debugging, program spectra, fault localization

1. INTRODUCTION
Debugging software is very important but resource inten-

sive tasks in software engineering [4]. Fault localization
is the most expensive among the activities of debugging.
Any improvement in this domain will automatically improve
overall debugging process [3].

Spectra-Based fault localization technique uses execution
traces of software program (program spectra) to find the
likelihood of each statement being faulty.

The performance of a fault localization technique depends
mainly on risk evaluation metrics [1]. Many risk evaluation
formulas or suspiciousness metrics are defined in literature
that ranks the program statements on the basis of their ex-
ecution profile. However all of these risk evaluation met-
rics are designed by human intuition or inherited from other
fields. In this research we are evolving risk evaluation for-
mula from program spectra directly using genetic program-
ming.

2. EXPERIMENTAL RESULTS
Detail of the operators used in our experiments is given

in table 1. ep, np and ef are executed passed, not executed
failed and executed failed values from program spectra.

Table 2 shows some formulas derived using genetic pro-
gram and the percentage of ranking it gives to buggy state-
ment. Lower the rank, higher is the effectiveness of metrics.
Ranks obtained by applying Tarantula and Jaccard on a
standard data set is 24.6550 and 13.3176 respectively. how-
ever the ranking obtained by applying the derived formulas

Table 1: Genetic Program Operators
Multiply a*b
Divide a/b if b>0; a/.001 if b==0
Add a+b

Subtract a-b
Opt Optimal metric [2] ef + ε np ; ef - ε ep
W73 0.7 ef + 0.3 np

Table 2: GP Generated Formulas
((ef Opt ef) Opt (ef Opt ef))

Opt (ef Opt np)

11.6445

((ef Opt ep) Opt ((ef Opt ef)

Opt (ef Opt ep))) Opt ((ep Opt

ef) Opt (ef Opt ep))

11.1665

(ef w73 ep) w73 ((((ep w73 ef)

w73 ef) w73 ep) w73 ef)

12.4076

is 11.6445 and 12.4076 which proves that derived formulas
are performing better as compared to Trantula and Jaccard.
Same tie breaking scheme is applied to the ordered list of
statements after applying Jaccard, Trantula and derived for-
mulas.
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ABSTRACT
Interdependence is defined as the set of complementary re-
lationships between two or more parties. This paper reviews
the conditions that lead to interdependence between agents
and highlights that there is a need to further investigate it.

Categories and Subject Descriptors
H.1.2 [Models and Principles]: User/machine systems

Keywords
Interdependence, levels of automation, coactive design

1. INTRODUCTION
Levels of automation (LoA) were introduced to describe

how machines and humans are assigned control of a system
and Miller [3] has recently reviewed a number of LoA mod-
els. Johnson et al. [2] highlighted that these models do not
adequately capture human machine teamwork, because ma-
chines should be able to work unsupervised when needed as
well as be capable of joint activity with human operators.
Furthermore, not only should humans and machines be able
to hand-off tasks to each other but they should also be able
to participate on tasks requiring collaboration [2].

To design systems capable of exhibiting human-agent col-
laboration, Johnson et al. [1] proposed the Coactive Design
Method, which allows designers to identify, analyse, imple-
ment and evaluate interdependence relationships between
agents. The term “coactive” is used to emphasise that hu-
mans and agents will work closely and require continuous
interaction. They highlight interdependence as the central
organising principle of Coactive Design Method.

This paper describes interdependence as a concept and
emphasises the need to further investigate interdependence.

2. INTERDEPENDENCE
Interdependence, in the context of joint activity, has been

defined as “the set of complementary relationships that two
or more parties rely on to manage required (hard) or oppor-
tunistic (soft) dependencies in joint activity” [1].

Understanding an interdependent relationship requires un-
derstanding the reason for the dependencies between agents
and mechanisms of supporting it. Agents can be dependent
on each other because of the lack of capacity or reliability,
that is, because agents cannot complete tasks independently.
The agents should have coordination mechanisms to support
the interdependent relationship, that is, the agents should

have the ability to ask for and receive assistance from other
agents. The relationship is complementary because agents
are dependent on each other. The context matters, that is,
in addition to each agent having its own situation, there is
also a need to be aware of the situation enveloping other
parties. So the interdependent relationships between par-
ties determine what is relevant, and thus help identify what
common ground [4] should comprise.

3. DISCUSSION
Johnson et al. [1] define interdependence in the context

of joint activity. The study of examples where joint activity
is not necessary for interdependence to exist between agents
presents an important question:

What conditions lead to interdependence between agents?

To answer the above question, there is a need to further
investigate interdependence. The aim of this study is to have
a better understanding of interdependence, which may lead
to a better understanding of the mechanisms of supporting
interdependence in the context of human agent collabora-
tion. One of the outcomes of this research is our semi-formal
definition of interdependence [5].
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The Bulk Freight Rail Scheduling Problem (BFRSP)

Photographs Courtesy of Rio Tinto Iron Ore

� A Service is a sequence of movements by a consist (a locomotive and

wagons) over the rail network

� Objective: satisfy as many orders as possible with minimum sum of service

durations

Key Technique & Advantages

� Linear programming, in particular the dual, allows us to accurately predict the

cost of resource consumption—we use both the primal and the dual in

feedback with planner

� MIP-Planner decomposition enables scaling to far larger problems, when

compared to other anytime algorithms (see results)

� High-level temporal planning language is concise and easy to modify

Potential application domains: state-dependent resource constrained

problems involving time (e.g. Transportation, Mine Scheduling, Production

scheduling, etc.)
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The Problem: motivated by industry experience

Resource constrained planning problems (e.g. BFRSP): known to be

challenging to solve using current technology, even non-temporal ones

Industry experience: small modification to BFRSP problem took 9 months to

amend the 10,000 lines of C++ code!

� High-level temporal planning languages: promises a more concise way of

expressing the temporal domain, such as concurrent Golog De Giacomo

et al. (2000); to solve larger problems

� Linear programming: for automated planning heuristics, Van den Briel et al.

(2007) exploits primal solutions to LP

Challenge: Resource constrained temporal planning problems are typically

beyond the scope of current planning technology!

The Solution: combines strengths of MIP & Planning

Automated translation into MIP/planning decomposition:

� Automated planner: Domain specific temporal planning language guides

search for feasible action sequences (BFRSP services)

� MIP master problem: Global mixed integer linear program relaxation

predicts costs (resource consumption) based on dual information

For details, see Davies et al. (2014).

Comparative Results: increasing network size & orders

|V | |O| m/p Golog popf2 cpx FBP

6 2 1 0.4 0.3 0.7 1.6

6 4 1 — — 2.3 3.3

6 4 2 — — 1.7 2.0

6 8 2 — — 7.5 7.6

6 16 2 — — 37.9 29.7

6 32 2 — — — 50.3

6 64 2 — — — 150.3

6 128 2 — — — 418.8

6 256 2 — — — 589.7

16 44 11 — — — 315.0

16 88 11 — — — 363.0

BFRSP: Time to first solution for increasing track network vertices, |V |, and orders , |O|, in

seconds (1800s time limit, 4GB memory)

FBP: Fragment-based planner Davies et al. (2014)

CPX: Constraint programming solver using Lazy Clause Generation

Ohrimenko et al. (2009)

POPF2: A heuristic satisficing planner, Coles et al. (2010)

Golog: High-level Automated planning language, Kelly & Pearce (2006)

Fragment-based Planning using
Column Generation

Toby Davies – PhD Student Supervisors: A Prof Adrian Pearce; Prof. Peter Stuckey; A Prof Harald Søndergaard

Fragment-based Planning using
Column Generation

Toby Davies – PhD Student Supervisors: A Prof Adrian Pearce; Prof. Peter Stuckey; A Prof Harald Søndergaard
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Lazy and Eager Approaches for the

SET COVER Problem
23 July CIS Doctoral Colloquium

LIM Ching Lih (PhD candidate), Alistair Moffat and Tony Wirth (Supervisors)

1. The SET COVER problem

The SET COVER problem involves a universe U of items [0 . . . n− 1] and

a family F of sets {S0, . . . , Sm−1}, with Si ⊆ U and
⋃

i∈[0...m−1] Si = U .

The task is to find the smallest subset A ⊆ F such that the union of all

sets in A covers U as a whole [1]. In Figure 1, {S0, S4, S5} covers every

item of U .

1 2 3 4

5 6 7 8 9

S 4

S 5

S 3S 2S 0 S 1

0

Figure 1: An instance of the problem whose U = {0, . . . , 9} and F = {S0, . . . , S5}.

The problem is applicable to a range of logistic problems. In one such

layout scenario, the minimal number of new telephone poles (sets) can be

computed from a large collection of potential pole locations to cover all

homes (items) in a particular town.

2. Solving the SET COVER problem

The well-known greedy strategy [2] repeatedly adds sets with the biggest

number of uncovered items to a growing solution, constructing a solution

that is at most 1 + lnn times as big as the minimal one [2].

Algorithm 1 The GREEDY approach

Input: Family F of sets Si ⊆ U , with
⋃
S∈F S = U

Output: Group A of sets, with
⋃
S∈A S = U

1: A ← {}, covered ← {}
2: while covered �= U do

3: Si ← argmaxS∈F{|S − covered|}
4: A ← A ∪ {Si}
5: covered ← covered ∪ Si
6: end while

7: return A

Implemented as EAGER-GREEDY, the approach uses a priority queue to

quickly find (argmax) the largest set among the remaining sets by keeping

track of their priorities. Each priority is the number of uncovered items

in each set. After adding the biggest set to A, the newly-covered items

in every remaining set are removed to update its priority correctly. As a

result, the set sizes are always known and correct at all times.

3. Expensive on large data instances

There are at most |F | = m additions to a solution, and at most M priority

updates, where M is the total number of items in F . The overall time of

the program on a data instance is dominated by the O(M) cost of updat-

ing, assuming the time of each set update is O(1) with the priority queue

implemented as a fast array-plus-list.

Dataset RETAIL ACCIDENTS WEBDOCS

n (items) 16,470 468 5,267,656

m (sets) 88,162 340,183 1,692,082

M (total items) 908,576 11,500,870 299,887,139

Running time (s) 0.39 1.53 73.10
Table 1: The GREEDY algorithm was implemented on three data instances whose properties are listed.

EAGER-GREEDY runs inefficiently on larger M , such as the WEBDOCS

set, due to the numerous updates per set addition.
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4. A lazy alternative

Lim et al. [3] propose a variant of the GREEDY approach, LAZY-GREEDY,

that delays the updating of sets until it becomes necessary. This reduces

the total number of priority updates dramatically. However, the perceived

size of a candidate set becomes outdated so the set must be inspected if it

contains any covered item before adding to A.

Algorithm 2 The LAZY-GREEDY algorithm
Input: As for Algorithm 1

Output: As for Algorithm 1

1: A ← {}, covered ← {}, pqueue ← {}
2: for j ← 0 to m− 1 do

3: pqueue.insert(〈|Sj|, j〉)
4: end for

5: while covered �= U do

6: 〈uc, i〉 ← pqueue.maximum()
7: S′

i ← Si − covered

8: if |S′
i| = |Si| then

9: A ← A ∪ {Si} // all items in Si were clean

10: covered ← covered ∪ Si
11: else

12: Si ← S′
i // some items in Si were covered

13: pqueue.insert(〈|Si|, i〉)
14: end if

15: end while

16: return A

In Algorithm 2, the LAZY-GREEDY stores (insert) in the priority queue all

Si’s of initial sizes as their priorities, and iteratively retrieves (maximum)

the putative largest Si from its queue. It then cleans Si and checks the

size of S′
i. If the size is unchanged, Si is actually the largest, and is added

to A. Otherwise, S′
i is inserted back into its priority queue with its smaller

size as its updated priority.

The EAGER-GREEDY algorithm ensures that all remaining sets have their

correct priorities at all times, but LAZY-GREEDY updates the priority of a

candidate set if and only if the set fails the size check.

5. Experimental results

Dataset EAGER-GREEDY LAZY-GREEDY DF-GREEDY

Solution RETAIL 5,106 5,113 5,119

size ACCIDENTS 181 180 185

WEBDOCS 406,372 406,400 406,428

Running RETAIL 0.39 0.18 0.18

time (s) ACCIDENTS 1.53 0.85 0.84

WEBDOCS 73.10 5.34 5.11
Table 2: The smallest size and fastest time are bolded. The key parameter p of DF-GREEDY is 1.1. The

three implementations were executed on a multi-processor server with Linux OS and 32GB RAM.

Table 2 compares the two in-memory implementations and another im-

plementation, DF-GREEDY, of a disk-oriented SET-COVER algorithm [4]

that further approximates the solution quality. DF-GREEDY splits the sets

into multiple buckets of different size ranges, and processes the buckets

from the one with the largest range downwards.

The EAGER-GREEDY algorithm runs slower than the other two algo-

rithms. The LAZY-GREEDY algorithm performs competitively against the

DF-GREEDY in terms of running time and solution size.

6. Conclusion

The new algorithm, LAZY-GREEDY, avoids the inefficiency of EAGER-

GREEDY by delaying set updates for as long as possible. The trade-off

is that the worst-case running time is increased to Ω(M4/3), compared to

O(M) for EAGER-GREEDY where M is the total size of the input [3].
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Read Sequence Alignment Compression
Rodrigo Cánovas, Alistair Moffat, Andrew Turpin

Department of Computing and Information Systems, The University of Melbourne

In Bioinformatics, storage of genetic information has become fundamentally necessary for the future of the field. The read sequence
alignments are stored in raw form, as plain ASCII text, which is useful for text-processing tools, but has the drawback of requiring
more space than is necessary. We present a compressed representation for read sequence alignment data, with the goal of reducing
the space for storing these data.

Each independent component is coded using one of the
representation for integers.

1. Read Sequence Alignment

Sequencing technologies produce millions of reads. Each
read is a continuous fragment of data extracted from a genome,
represented as a string of bases, letters than indicate the
fundamental molecules of DNA. Later these reads are aligned,
to identify regions of similarity that may indicate functional,
structural, or evolutionary relationships between organisms.

2. Example of Data

3. Compression Encoding

A fixed-length encoding or variable-length prefix-free code
is used to represent the symbols contained in the data, with
the choice dependent on the probability distribution that arises
over the set of symbols.

Integer Example Encoding Methods

Binary Unary Gamma Golomb (b = 3)

2 010 110 10 1 0 11

4 100 11110 110 01 10 10

6 110 1111110 110 11 110 0

4. Method

Sequence are represented as independent components:

•A presumed sequence containing the bases that are more
frequent in each overlapping position.

• Subsequences NotX, with X ∈ {A,C,G, T}, where NotX
stores the read bases that differ with the presumed se-
quence, when the base in the presumed sequence is X.

•A length array , that stores the length of each read.

•An offset array , that record the distance between reads.

•A copy array , storing the chunk lengths of the read that
are equal to the presumed sequence.

•A replace array , containing the chunk lengths of the reads
that differ with the presumed sequence.

•An overall list, IsN , of locations in the reads that are
special cases (bases with N value).

5. Results

Compressed size and encoding time (tested in a desktop
computer Intel i7 CPU 3.40GHz):

Alignment Data NA12878 HG01477

Original (MB) 355.87 691.70

Bzip2 -9 (MB/sec) 61.85 / 36.96s 116.14 / 60.29s

Gzip -9 (MB/sec) 43.58 / 82.43s 79.87 / 153.58s

Ours (MB/sec) 35.24 / 39.16s 51.08 / 100.66s

6. References
[1] I. H. Witten, A. Moffat, and T. Bell. Managing Gigabytes: Compressing and Indexing

Documents and Images. Morgan Kaufmann, Morgan Kaufmann Publishers, 1999.
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f(s1, s2,α) �→ s1 · s2 · α
3

f(sh, sb) �→
1

2
· sh · sb

f(s1, s2,α) �→ (s1 · s2 · α)/(s1 + s2)

Precision =
length(P ∩ P ′)

length(P ′)
Recall =

length(P ∩ P ′)

length(P )

F1 Error Rate = 1− 2 ·
Precision ·Recall

Precision+Recall

d− = length(P )− length(P ∩ P ′)

d+ = length(P ′)− length(P ∩ P ′)

HMM Error = (d− + d+)/length(P )
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