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The research problem
The bulk of the worlds information is stored in databases, and the most common approach to accessing
this information is using the SQL query language. Complex SQL queries are widely used today, but it is
rather difficult to check if a complex query has been written correctly. Formal verification based on
comparing a specification with an implementation is not applicable, since SQL queries are essentially a
specification without any implementation. Queries are usually checked by running them on sample
datasets and checking that the correct result is returned; there is no guarantee that all possible errors are
detected.
The XData system, built at IIT Bombay, generates test datasets for a query by creating sets of constraints
designed to catch specific types of errors, and then generates test data using a constraint solver. While
the system already handles a large class of SQL queries and error types, and has been tested extensively
on student SQL assignment queries, more complex queries are still hard to handle. IITB is working on
handling such queries but there are many technical challenges.. Monash university has world-leading
experts on discrete optimization and constraint solving. We believe a joint effort can help expand the
class of queries that the XData system can handle, helping generate test data for complex industrial SQL
queries. Conversely, we trust that the need to handle complex SQL queries can drive research on
constraint solving techniques, including string solving.

Project aims
A primary aim of the system is to develop techniques to generate test data for testing complex SQL
queries. Such queries are widely used in the commercial world, and there is always a lurking fear that the
queries are not quite correct, and that errors in the queries can lead to wrong business decisions. We
believe wide sections of the data analysis industry can benefit from the research results and tools that the
project aims to generate.
A secondary goal of the project is to generate data for testing student SQL queries, which will benefit
students who are learning SQL, and instructors who need to grade SQL queries.

Expected outcomes
The project will produce new approaches to checking complex SQL queries, and new approaches to
constraint solving generated by the new challenges that arise in this complex domain. Given the
expertise in IITB in database query optimization and test data generation, and the expertise at Monash in
discrete optimization, in particular in string constraint solving, we have no doubt that new and exciting
results will be obtained.

How will the project address the Goals of the above Themes?
The advanced computational engineering theme seeks to reason about large complex systems. In order to reason
about such systems we need a range of engineering-based models and technologies. This is usually accomplished by
handling extensive amounts of business data about a system or process. Crucial to handling large amounts of
data effectively is the use of databases. But correctness of database operations are hard to verify. In this
project we will develop new approaches and new solving technologies in order to verify the correctness of
database queries that are essential to such systems.

Capabilities and Degrees Required
Bachelors/Masters degree in Computer Science or in related areas but with demonstrable
knowledge of computer science fundamentals including logic, algorithms, databases, etc.

Potential Collaborators
In addition to Peter Stuckey at Monash and S. Sudarshan at IITB:
At IITB, there is a formal methods group, some members of which, particularly Supratik Chakraborty who
works on SMT solvers, could be collaborators.
At Monash there is a large discrete optimization group, including for example Graeme Gange who is an
expert on string constraint solving.
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