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Student Research Projects

Student Research Projects
Study Year 2016/2017

for whom?

» International Master in Data Analytics (mandatory)
» all IT Master and Bachelor programs (elective)

» Applied Computer Science
» Information Management and Information Technology (IMIT)
» Information Systems

when? — kick-off Thu. 15.12.2016, 4:15 pm

where? — C 213, Spl.
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Student Research Projects 1. Aims

Aims

1. Students conduct a small well-defined research project

» in a small group of 4-5 students
» under supervision of a PhD student, postdoc or professor

2. Students read the literature and comprehend the state-of-the-art in a
specific subject of data analytics.

3. Students conduct a computational experiment on their own.

4. Students have the opportunity to extend the state-of-the-art with an
own innovation.
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Student Research Projects 1. Aims

More Aims

5. Students learn and practice how to write a short research proposal.

6. Students learn and practice how to conduct a small research project
together with partners.

7. Students work on a real problem with real data.

8. Students have fun.
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Student Research Projects 1. Aims

Project Requirements

1. Problem Setting:

» a crisp, specific problem setting
» that can be tackled with methods from data analytics.

2. Data Foundation:

» data that allows to evaluate and compare different solutions of the
problem.

3. Tangible Outcome:
» a workshop paper, an open source software project etc.
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Student Research Projects 1. Aims

Work Load

v

15 ECTS, stretched over 2 terms

v

15 x 30h / student = 450h / student

v

1.25 days each week over a year

» for a team of 5 students: 15 person months

v

you likely want to organize project work

> in sprints during term breaks and
» continuous, but slower progress during terms.
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Student Research Projects 1. Aims

Research Areas and Project Topics

» Every year, we open research areas

» covering interesting actual research topics
» we know well enough to supervise you

» You can apply for a topic within one of these research areas.

» we do not limit the topics
» we may point out different example topics within an area, though
» it is your job to shape a useful topic within one of these areas
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Student Research Projects 2. Research Areas 2016/2017

Area 1: Runtime Forecasting

» Predicting the execution time of computer programs
[Huang et al., 2010, Hutter et al., 2014]

» Focus on task scheduling in Distributed Computing
[Priya et al., 2013]

» Crucial for cloud management and resource allocation
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Student Research Projects 2. Research Areas 2016/2017

Area 1: Runtime Forecasting (I1)

» Machine Learning:
» Regression, Forecasting, Survival Analysis
» Personalized Forecasting

» Data foundation:
» ISMLL'’s Sun Grid Engine
» History of past jobs and their execution time

» References:

> @ Huang, L., Jia, J., Yu, B., gon Chun, B., Maniatis, P., and Naik, M. (2010).
Predicting execution time of computer programs using sparse polynomial regression.
In Lafferty, J., Williams, C., Shawe-taylor, J., Zemel, R., and Culotta, A., editors, Advances in Neural
Information Processing Systems 23, pages 883-891.
Hutter, F., Xu, L., Hoos, H. H., and Leyton-Brown, K. (2014).
Algorithm runtime prediction: Methods & evaluation.
Artificial Intelligence, 206:79 — 111.
Priya, R., de Souza, B. F., Rossi, A. L. D., and de Carvalho, A. C. P. L. F. (2013).

Predicting execution time of machine learning tasks for scheduling.
Int. J. Hybrid Intell. Syst., 10(1):23-32.
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Student Research Projects 2. Research Areas 2016/2017
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Area 2: Time-Series Classification
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» Sensor data of humans, machines, processes
» and are of interest in various domains, e.g.

» Statistics

» Econometrics

» Meteorology

» Signal processing

» Communication engineering
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Definition: A time-series is a series of data points indexed in time order.
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Student Research Projects 2. Research Areas 2016/2017

M
Area 2: Time-Series Classification v

Time-Series Classification

Learn a classifier y : R* — C using some labeled training data D that
allows to predict to which class ¢ € C a time-series x belongs.

Possible (non-exclusive) directions for this research area.

» Implementation of a time-series classification library (e.g. an
extension for scikit-learn)

» Deep learning for time-series classification
» Improved or completely novel algorithms for time-series classification

» Creation of a set of benchmark data sets

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 2. Research Areas 2016/2017

Area 2: Time-Series Classification - Further Reading

Time-series classification with
» bag of words [Lin et al., 2007].

» discriminative motives [Ye and Keogh, 2011].

A review on deep learning for time-series [Langkvist et al., 2014].
Existing set of benchmark data sets [Chen et al., 2015].

Contact Person

For further question please contact Martin Wistuba.
Phone: 05121 / 883-40380

Email: wistuba (at) ismll.uni-hildesheim.de
Room: C208 Samelsonplatz
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Student Research Projects 2. Research Areas 2016/2017

Ny
Area 2: Time-Series Classification / References i

@ Chen, Y., Keogh, E., Hu, B., Begum, N., Bagnall, A, Mueen, A_, and Batista, G. (2015).
The ucr time series classification archive.
www.cs.ucr.edu/~eamonn/time_series_data/.

@ Langkvist, M., Karlsson, L., and Loutfi, A. (2014).
A review of unsupervised feature learning and deep learning for time-series modeling.
Pattern Recognition Letters, 42:11-24.

@ Lin, J., Keogh, E. J., Wei, L., and Lonardi, S. (2007).
Experiencing SAX: a novel symbolic representation of time series.
Data Min. Knowl. Discov., 15(2):107-144.

@ Ye, L. and Keogh, E. J. (2011).

Time series shapelets: a novel technique that allows accurate, interpretable and fast classification.
Data Min. Knowl. Discov., 22(1-2):149-182.
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Student Research Projects 2. Research Areas 2016,/2017

Area 3: Speech Recognition

e

Source: https://www.tccrocks.com/blog/step-ahead-speech-recognition/

» Speech Recognition is a task used in various domains, for example
» Cars

Health

Man-Machine Interaction

many more

vvyy

Speech data is usually represented as a time-series.

Supervisor: Nicolas Schilling
o & E E E 9Dae
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Student Research Projects 2. Research Areas 2016/2017

NN
Area 3: Possible Topics & Further Reading “

Possible topics within this research area are:

v

Classical Speech Recognition

v

Speaker Identification

v

Detect moods of the speaker

v

and many more

Points to start investigating this area would be to learn about
» Hidden Markov Models [Rabiner, 1989]
» Time-Series Methods such as DTW

» Deep [Yu and Deng, 2014] [Hinton et al., 2012] and Recurrent Neural
Networks [Hochreiter and Schmidhuber, 1997]

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 2. Research Areas 2016/2017

NN
Area 3: Speech Recognition / References i

@ Hinton, G., Deng, L., Yu, D., Dahl, G. E., Mohamed, A.-r., Jaitly, N., Senior, A., Vanhoucke, V., Nguyen, P., Sainath,
T. N., et al. (2012).
Deep neural networks for acoustic modeling in speech recognition: The shared views of four research groups.
IEEE Signal Processing Magazine, 29(6):82-97.
Hochreiter, S. and Schmidhuber, J. (1997).

Long short-term memory.
Neural computation, 9(8):1735-1780.

Rabiner, L. R. (1989).
A tutorial on hidden markov models and selected applications in speech recognition.
Proceedings of the IEEE, 77(2):257-286.

Yu, D. and Deng, L. (2014).

Automatic Speech Recognition: A Deep Learning Approach.
Springer Publishing Company, Incorporated.
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Student Research Projects 2. Research Areas 2016/2017

NN
Area 4: Smart Home Energy Management System “

» “Smart Homes" are generally equipped with advance automation
system providing control over different functionalities i.e.
» monitoring energy consumption,
» temperature control,
» lighting and windows control,
» An added feature of these “smart homes” is a renewable energy source
installed at the premises.

» Contact Person: Mohsan Jameel

Company
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Student Research Projects 2. Research Areas 2016/2017

Area 4: Smart Home Energy Management System

» Smart Home Energy Management System (SHEMS): The goal
of the smart home management system is to:
Optimize energy consumption of a household.
Adapt to the comfort level of inhabitants.
Forecast energy consumption.
Recommend cost effective time for using washing machine or dish
washer (with personalization options)
5. Personalize the temperature and ambiance of room etc. based on
external/internal factors.
» Possible areas:
1. Forecasting [Truong et al., 2013, Lachut et al., 2014]
2. Activity recognizing and anomaly detection
[Das, 2014, Jakkula and Cook, 2011]
3. Recommender System [Rasch, 2013]
» Some interesting datasets
1. Smart* Data Set for Sustainability
http://traces.cs.umass.edu/index.php/Smart/Smart
2. Data collected from Moritzberg (Project by Prof. -Lessing)

it e S
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Student Research Projects 2. Research Areas 2016/2017

NN
Area 4: Smart Home Energy Management System “
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Student Research Projects 2. Research Areas 2016/2017

NN
Area 4: Smart Home Energy Management System “

B Das, B. (2014).
Machine Learning Challenges for Automated Prompting in Smart Homes.
PhD thesis, WASHINGTON STATE UNIVERSITY.

B Jakkula, V. and Cook, D. J. (2011).

Detecting anomalous sensor events in smart home data for enhancing the living experience.
In Proceedings of the 7th AAAI Conference on Artificial Intelligence and Smarter Living: The Conquest of Complexity,
pages 33-37. AAAI Press.

Lachut, D., Banerjee, N., and Rollins, S. (2014).

Predictability of energy use in homes.

In Green Computing Conference (IGCC), 2014 International, pages 1-10. IEEE.
Rasch, K. (2013).

Smart assistants for smart homes.
PhD thesis, KTH Royal Institute of Technology.

=) & =)

Truong, N. C., Mclnerney, J., Tran-Thanh, L., Costanza, E., and Ramchurn, S. D. (2013).

Forecasting multi-appliance usage for smart home energy management.
In Proceedings of the Twenty-Third international joint conference on Artificial Intelligence, pages 2908-2914. AAAI Press.
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Student Research Projects 2. Research Areas 2016/2017

Area O: Open Innovation

» Any topic that involves data analytics & s -
machine learning

» autonomous driving with a fleet of small

robots

» speech interfaces

> like Apple’s Siri or Amazon’s Echo
extreme classification (with 100.000 of classes)
tag recommender systems
joint image segmentation and labeling
opinion mining

vV vy VY VvYyy

» invest more time into related work at proposal stage
» open innovation proposals should have between 5-10 pages.

» discuss your idea with one of us early

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 3. Timeline

Timeline

15.12.2016 — Introduction to student research projects
- chose your area
- build your team and
- write your research proposal

13.03.2017 — Deadline for proposals

20.03.2017 — Notification & start of projects

- work on your project
- prepare a final presentation

13.12.2017 — Closing conference
(& Introduction to student research projects 2017/2018)

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal “

section length
1. Problem Setting 0.5 -1 page
2. State-of-the-Art 0.5 - 1 page
3. Data Foundation 0.25 — 0.5 page
4. Research Idea 0.5 -1 page
5. Tangible Outcomes 1 sentence — 0.5 page
6. Work Plan 0.25 - 0.5 page
7. Resources 1 sentence — 0.25 page
8. Team 0.25 - 0.5 page
A. References no limit

3 — 5 pages

» Sections are recommendations, you can section in a different way.
» but make sure you provide clear answers to the questions w.r.t. these 8
aspects

» Page limits are indicative, you can write more or less.

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal / 1. Problem Setting

» What is the problem you want to solve?

» Describe the problem in words and
» formally
» given x, find an instance of type y with properties z

P =PRI A

Upe 2le

ey
. add 8=t 0,y
82 %l v, -conm,

3

Aedeatern
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Student Research Projects 4. Proposal

B
Proposal / 2. State-of-the-Art i

» If others have tackled the problem already:

» Which solutions exist?
» What are their properties? What their limitations?

» If the problem is completely novel:

» What are simple/straight-forward solutions and what are their
limitations?
» What are the most closely related problems and how are they different?

» Provide complete references.

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal / 3. Data Foundation

» What data is (publicly) available for your problem?

» provide references
» provide brief summary statistics

» Do you plan to collect data as part of your project?

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal / 4. Research Idea

» What do you plan to do? e.g.,
» reproduce an experiment from the literature
» combine two methods from the literature
» research a new idea / method

» Which experiments do you plan to run?

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany



Student Research Projects 4. Proposal

B
Proposal / 5. Tangible Outcomes (1/2) i

» What tangible results will your project have?

» All projects should result in some written documentation (pick one)
» a workshop paper submission
» usually 8-16 very compact pages
» identify a workshop or conference already
» software documentation
» not just APl documentation, but a story about requirements, design,
implementation etc.
> approx. 30 pages
» a business plan
» for a start-up company
> a project report
» describe what you did, argue your choices etc.
> approx. 40 pages

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

B
Proposal / 5. Tangible Outcomes (2/2) i

» Most projects also should result in some software prototype

» open source software project
» an internal prototype just for you and us

» but your project could have other types of tangible outcomes, too:

» a demo
» a tutorial

> as webpage or as video

» a website or a webservice
» a MOOC

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

B
Proposal / 6. Work Plan i

v

Structure work in tasks or work packages.

v

Provide a time-wise planning.

v

Describe task dependencies.

v

A rough planning should be fine
» maybe 4-5 tasks

v

if you plan to write some software:
» will you build on top of an existing software?
> identify what is still missing
» which libraries are you using?
» have you decided about the programming language already?

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal / 7. Resources

» Which resources do you need? ,n_ P
» computing time
» hardware, conference fees
» conference fees

» Estimate total costs in euros.

» We likely cannot provide very large sums.

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Proposal / 8. Team

Who is in the team with which role?

v

v

What are your prior expertises?
» Machine Learning 1 is a formal requirement for all team members.

» We expect each team to bring members from 3 different countries.

v

Why are you a good team to conduct the project?

Provide a contact email.

v

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Student Research Projects 4. Proposal

Submitting Your Proposal

» you can discuss an idea and a draft of your proposal with potential
supervisors up front

» the submission deadline is strict.

» we will assess your proposal and either
» accept it as it is,
» propose some modifications that should help you to stay on track or
> reject it, esp. proposals
» that make absolutely no sense,
are very vague,
are written in a careless way and
without any prior consultation
we may offer specific replacement topics on a take-or-leave-it basis

vYyVvVvyy
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Student Research Projects 4. Proposal

A Word About Grading

» final grading will depend on

did you address a challenging problem or a more down-to-earth one?
how clever the solution is you finally found
the quality of your proposal
the quality of your tangible results
» how well is a workshop paper written?
> is an open source software used by others?
» does a software prototype work well or segfault?

\4

vYyy

v

how well you worked

» did you flexibly deal with issues on the way?
> a project is not about sticking to the initial plan.

Josif Grabocka et al., Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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