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1 Guiddines

This is a non-exhaustive list of possible topics for senmrgatgjects. If you have an idea for a project, do
not hesitate to discuss it with the instructor. There aredhmain categories to choose from:

1. The search challenge described in Section 2. This regfarailiarity with Common Lisp.
2. A project from one of the following alternatives. Theselinle the following main alternatives:

e Implement and evaluate an algorithm, Sections 3.

e Study modeling and problem formulation, Section 4.

e Model and solve a (simple) practical problem, Section 5.
¢ Investigate an advanced theoretical concept, Section 6.

3. Conduct a critical literature survey, Section 7.
General guidelines:
e Again, you are encouraged to design your own project pro@mghdiscuss it with instructor.

e Some projects are substantial enough to be conducted irstebtwo or three students. When this
is the caseeach student will havto provide the instructor with an evaluation of the perfonoe of
his/her team partners.

e The same project may be chosen by more than one person or ®ando not rush to ‘reserve’
yourself a project. If a project is selected by more than omesgn or team, we will carry out a
comparison of the approach and results.

¢ Collaborate with a research assistant. Contact a resessidtant and convince him/her to invest in
you and work with you. Define with him/her a project to work dthe/she will provide mentoring
and supervision in tight collaboration with the instructor

2 Search competition

In the Constraint Systems Laboratory, we have modeled asRatl& problem of assigning Graduate
Teaching Assistants (GTAs) to courses in the departmerauigélis 2001; Glaubius and Choueiry 2002;
Zou and Choueiry 2003; Lirat al. 2004; Guddeti and Choueiry 2004]. We have encoded the mbeel (
data structures and constraints) in Common Lisp. Studerreguested to design and implement their own
problem-solving strategy to handle this over-constraiogiimization problem. Results will be compared
according to a predefined set of optimization criteria. Wk mrovide a specification of the problem, a
collection of data, and a (sketchy) manual of the main fumdtifor checking consistency of constraints.
Students can investigate any of the following approaches:

1. Learning techniques for the development of algorithrect@n: we have (at least) 5 search tech-
nigues implemented. The goal is to build a mechanis of paolitofselection based on the per-
formance of these algorithms. Building on the work of [LeyBrown et al. 2003b; 2003a;
for Automatic Algorithm Portfolio Seclection 2004].

2. Constructive search.



3. lterative repair (e.qg., hill-climbing and tabu search).
4. Auction and market-based algorithms.
5. A constructive or local search technigue that exploitarsetries (i.e., interchangeability).

This project requires the ability to deal with (i.e., pragran or interface with) Common Lisp. It also
requires a sense of creativity for designing a new problelvirgy strategy, or choosing and adapting one
from the literature. Since the current prototype is the pobaf research activities, the robustness and
stability of the code are not guaranteed.

3 Experimental evaluation of advanced algorithms

Every implementation should be tested on a real-world gmb{when available), randomly generated

problems, or both. Results should be reported in terms oésedited, constraint checks, CPU time, and

other applicable criteria. Generators for random binay mon-binary CSPs are available. Tests should
be conducted for various values of constraint tightnessdemgity, and results should be averaged for at
least 50 problem instances per measurement point. Delmilddsbe discussed with instructor on a case
by case basis.

1. Study, implement, and evaluate the algorithm for findinges solutions of Hebrard asynchronous
[Hebrardet al. 2004].

2. Study, implement, and evaluate the algorithm for asyonabus backtracking by Maestre and Bessiere [Maestre
and Bessi‘ere 2004].

3. Study the effect of the choice of the value of the noiserpatar in random walk in local search on
the performance of search [Wallace 1996].

4. Implement and compare the performance of the followiggrthms for path consistencypC-2
[Mackworth 1977],DPC[Dechter 2003],PPC[Bliek and Sam-Haroud 1999], and-PPC[Xu
2003].

5. Design, implement, and test a local search algorithmdtwirsg the TCSP. Test on randomly gen-
erated instances from the Constraint Systems Lab. Verdyettistence of a phase transition and
compare to the results obtained by Xu [Xu 2003].

6. Investigate the existence and occurrence of the phas&tiom phenomenon when solving a CSP
with intelligent backtracking algorithms (i.e., backjuimg and conflict-directed backtracking). Com-
pare the performance of these algorithms with that of backtsearch with forward-checking (FC).

7. Implement the algorithm of Inferred Disjunctive Consitaf [Freuder 1993] and test it on randomly
generated problems. Compare its performance with thataktizck-search with forward-checking
(FC).

8. Implement the decomposition algorithm based on tredatiing described in [Dechter and Pearl
1989]. Run experiments on randomly generated binary CSiPsepiort performance of the resulting
mechanism.



10.

11.
12.
13.

14.

15.

16.

17.

18.

. Implement the arc-consistency algorithm &dirdiff constraints and use it in a backtrack search

procedure with forward-checking to solve resource alioogproblems$. Report performance of the
resulting mechanism for finding one solution and comparetit that of AC-3.

Implement the constraint propagation algorithm fagivl-based temporal knowledge [Allen 1981].
Find a practical application suitable for such a model thesigh and conduct experiments.

Implement, test, and evaluate the asynchronous seardisfributed CSPs of [Yokoo 1995].
Implement, test, and evaluate the asynchronous seardisfributed CSPs of [Silagleit al. 2000].

Study the new algorithms for incremental triangulagiohgraphs of [Noubir 2003] and [Berst al.
2003] and compare their performance with that of the alfgorithat computes triangulation from
scratch [Kjaerulff 1990].

Combine dynamic bundling techniques [Choueiry and £2002; Lal and Choueiry 2003] with an
algorithm for solving the Temporal Constraint Satisfactieroblem (TCSP), such asSTP-TCSP
of [Xu and Choueiry 2003b].

Using the ideaAAC of [Xu and Choueiry 2003a], implement and evaluate fodselmecking for
solving the Temporal Constraint Satisfaction Problem (PR&IingASTP-TCSP of [Xu and Choueiry
2003b].

Study, implement, and evaluate dynamic variable-arddreuristics for solving the temporal Con-
straint Satisfaction Problem (TCSP) usingTP-TCSP of [Xu and Choueiry 2003b].

Study, implement, and evaluate the backtrack searctofeing the Disjunctive Temporal Problem
(DTP) proposed in [Tsamardinos and Pollack 2003].

Study, implement, and evaluate the algorithm for decmimg CSPs of [Chmeisst al. 2003].

4 Modeling

1.

Consider a number of common puzzles (e.g., Zebra, Aligles Puzzles, Quasigroups, Latin
Squares, and Golomb ruler). Model them as non-binary CSPplement a search mechanism
with a non-binary FC (nFC) mechanisms [Bessiétral. 1999] to solve them. Report and compare
results.

. Consider a number of benchmark problems available framQ8P Librarywww.csplib.org

Model them as non-binary CSPs. Implement a search mechamigma non-binary FC (nFC)
mechanisms [Bessiegrt al. 1999] to solve them. Report and compare results.

5 Applications

1.

2.

Telecom. Study, implement, and test the algorithm for resource atioo in telecommunication
networks of [Frei and Faltings 1999].

Manufacturing.Study, implement, and test strategies for job-shop sciveglof [Caseau and Labur-
the 1994; 1996].

!Data will be provided by the instructor.



3.

Manufacturing. Study, implement, and test strategies for job-shop scireglals a CSP of [Cheng
and Smith 1997].

4. Manufacturing.Study, implement, and test strategies for scheduling witkntory of [Beck 2000]

5.

or inventory management of [Rodosekal. 1997].

Bioinformatics. Choose one paper from the Special Issue on BioinformatidhefConstraints
Journal that models and solves a problem in bioinformat&cs aonstraint satisfaction problem.
Implement the technigue described and report your expezien

6 Research

. Relationship between CSPs and Database The&dtydy the work of Feder and Vardi.
. Use of Database techniques in CSB#udy the work of Gottloket al.

. Use of Database techniques in CSB#udy how the join ordering strategies using dynamic progra

ming can be exploited for finding all the solutions to a nondy constraint satisfaction problem.
Implement, test, and evaluate the algorithm.

Generation of random solution&tudy, implement and test the method for generating saisitio a
CSP uniformly at random of [Dechtet al. 2002].

. Bundling strategies.Modify the MAC algorithm to exploit interchangeability. slement your

modification, test it on binary CSPs and compare results thithnon-modified algorithm. (Initial
code exists in Common Lisp.)

. Disjunctive decompositionStudy the following disjunctive decomposition strategi€sit Failure

[Freuder and Hubbe 1995], Inferred Disjunctive Constrémeuder 1993], and co-microstructure
based decomposition [Choueiry and Noubir 1997]. Implengenbmbination of these on binary
CSPs and analyze results.

7 Literaturereview

Conduct a critical review and a synthesis of an area whersti@nts are studied or applied, such as:

1.

© ©® N o a0 M 0D

The various encodings of SAT as a CSP (there are up to 7 wfithe
This topic could also be made into a project for evaluating) @mparing the performance of search
on the CSPs resulting from the various encodings of a SAamt#t (over a library of SAT instances).

Symmetric CSPs.

Backbone in SAT and CSPs.

Use of SAT and constraints in Model Checking.
Soft constraints and preferences in CSPs: CP-nets.
Temporal reasoning.

Distributed CSPs.

Numeric (a.k.a. continuous) CSPs.

Relations between CSPs and belief networks.



8 List of papersfor summariesor presentations

Here is a list of papers you may want to study for a summary:
e Semiring and soft constraints for diagnosis [Sachenbaahe\WVilliams 2004].
e The paper in conditional interchangeability and substliility of [Zhang and Freuder 2004].

e The paper on variable ordering heuristics by Beck et al. kB#al. 2003]. (You may find it useful
to read the short ones too: [Beekal. 2004a; 2004b].
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