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1 Description

The graph isomorphism problem is a long known open problem in both classical and quantum
complexity theory. Recently, Babai [1] has given a quasipolynomial time algorithm for the problem.
Although the problem is asymptotically hard, there are very good practical classical algorithms for
graph isomorphism [2, 3]. These algorithms use the knowledge of combinatorics and group theory
to reduce the searches for automorphism groups of a graph with reasonable performance for most
cases. Benchmark studies have been conducted for special classes of graphs of nodes in the order
of 10, 000. Researches have also used other techniques to solve the graph isomorphism problem.
In [4], Narayanan et al have used simulated annealing to solve the problem for very small graphs.
The authors did not compare it with the very well known base line results previously mentioned
in [2, 3]. In [5], Xiutang et al used the same approach for random graphs of nodes in the order of
1, 000 which is a significantly smaller input set comparing to the standard benchmarking.

In our project, we propose to implement a recently proposed simulated annealing algorithm [6]
on the cluster computer at the CHMPR. We intend to compare the performance of our algorithm
on practically hard cases (very large strongly regular graphs) against known benchmarks in [2, 3].
This is a challenging and exciting opportunity for undergraduate students, where they will learn
about the graph isomorphism problem and high performance computing.

2 Tentative plan

The tentative weekly breakdown of the project progression is given below. The total length of the
project may be 14 − 16 weeks.

• Month 1

– Week 1, 2 - Appreciation of the problem and develop foundation knowledge.

– Week 3, 4 - Prepare the input graph dataset in DIMACS format.

• Month 2

– Week 1, 2 - Implement the algorithm on a desktop computer.

– Week 3 - Performance analysis.
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– Week 4 - Develop foundation knowledge for SLURM programming.

• Month 3

– Week 1, 2, 3 - Implement the algorithm on a cluster computer.

– Week 4 - Performance analysis.

• Month 4

– Week 1 - 4 - Writing of the report.

3 Outcome

The student will develop the following knowledge, skills, and experience from this opportunity.

• Working knowledge about graph theory and simulated annealing.

• Hands on experience with parallel programming with cluster computer.

• Deeper understanding of performance analysis of algorithms.

• Writing research manuscript.

• Presenting at conferences or publishing in scientific journals.

• Presenting at the annual advisory board meeting of the center

This opportunity will also strengthen her resume both for graduate school or industry. She will
also be exposed to the research environment of an NSF affiliated center at UMBC.

4 Eligibility

A student with all or some of the following skill sets will be given preference. If she does not have
most of the following eligibility and skill sets but is extremely passionate about the problem, she
should apply.

• Preferably a computer science major.

• Will be staying at UMBC for at least two more semesters.

• Well versed with at least one of the following programming languages - C, C++, Java, Python.

• Familiarity with Linux commands.

• Completed Data Structures (CMSC 341) and / or Discrete Structures (CMSC 203).

5 Benefits

The benefit package may include the following.

• A stipend between $12 − $15/hr up to 10 hours per week.

• A workstation at the CHMPR during the program.
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6 How to apply

Interested students should submit a single page resume, a copy of the unofficial transcript and a
very short cover letter explaining why they are excited about this project to shehab1@umbc.edu.

7 Contact

Omar Shehab
Visiting Assistant Professor
Member, The NSF Center for Hybrid Multicore Productivity Research
Dept. of CSEE, UMBC
shehab1@umbc.edu
http://www.umbc.edu/~shehab1
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