
Homework 1: Representation and Syntactic Analysis

15-819O: Program Analysis
Claire Le Goues

clegoues@cs.cmu.edu

Due: Questions 1–3: Tuesday, January 26, 2016 (11:59 pm)
Question 4: Tuesday, February 2, 2016 (11:59 pm)
135 points total, plus 15 possible extra credit points

Assignment Objectives:
• Formally express language features.
• Learn to use research tools to design, implement, and apply a lightweight syntactic analysis to

a large-scale dataset.
• Write a report in the style of a submission to the MSR challenge track describing the analysis

you applied, and its result.
Responses to questions 1–3 are due January 21. Responses to question 4 are due February 2.

Question 0, Submission, (5 points). Turn in a PDF file electronically containing your responses for
each part via Blackboard, under Homework 1 (a) and 1 (b), respectively. Note that a .docx is not a
.pdf. Name your files andrewid-hw1a.pdf and andrewid-hw1b.pdf. Include your name at the top
of each PDF. I’m serious; it’s hard to keep track of 30 files all named “Homework1.pdf”.

Program representation
Question 1, WHILE Language feature, (20 points). Consider the WHILE language extended with
a new statement “let x = e in s”. The informal semantics of this construct is that the expression
e is evaluated and then a new local variable x is created with lexical scope c and initialized with
the result of evaluating e. Then the statement s is evaluated. We also extend WHILE with a new
statement “print e” which evaluates the e and “displays the result” in some un-modeled manner
but is otherwise similar to skip. We expect the following code to display ”3 2 1 5” (the curly braces
are syntactic sugar):

1 : x := 1;
2 : y := 2;
3 : { let x = 3 in
4 : print x;
5 : print y;
6 : x := 4;
7 : y := 5
8 : };
9 : print x; print y
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Part (a): Extend the big-step operational semantics judgment < s,E >⇓ E′ with one
new rule for dealing with the let statement. Pay careful attention to the scope of the
newly declared variable and to changes to other variables.

Part (b): Extend the small-step operational semantics judgment < s,E >→< s′, E′ >
to account for the let statement.

(Restrict attention to WHILE, not WHILE3ADDR, for this question.)

Question 1, While3Addr semantics, (10 points). Consider the WHILE3Addr representation of the
WHILE language discussed in class and presented in the lecture notes. The language includes a
division operator for arithmetic instructions, but we did not formally specify it.

Explain what changes must be made to the operational semantics (big-step only) to
include a specification of division. Write out formally any new rules of inference, and
(briefly) explain possible complexities that arise and how you resolved them.

MSR Challenge Track

Mining Software Repositories (MSR) is an annual conference, co-located with the International
Conference on Software Engineering (ICSE), that addresses the analysis of large software reposi-
tories for various ends. The 2016 website is here: http://2016.msrconf.org/. The MSR pro-
gram includes a Mining Challenge Track (http://2016.msrconf.org/#/challenge), which
calls upon interested researchers/practitioners to apply their tools to a common dataset and write
reports of up to four pages on the interesting things they do and find.

This year’s challenge involves the Boa infrastructure, which provides an interface/IDE/API
to query and perform lightweight analyses on a large dataset of SourceForge and GitHub repos-
itories, including full development histories and parsed ASTs for the Java projects. This enables
certain types of AST-walker-type analyses over a large dataset.

Your task in this part of the assignment is to familiarize yourself with the Boa infrastructure
and query language; design, implement, and apply a syntactic analysis for Java programs; and
write it up in the suitable format. This means using the conference’s required latex template,
including relevant sections (e.g., background, approach, setup and dataset, results, related work,
etc), and producing a document that at the very least looks like a paper submission. You may go
easy on Related Work, in that you are permitted to limit your attention to citing the Boa paper, the
papers we read in class on lightweight static analysis, and perhaps 1–3 more that occur to you as
possibly related from your previous experience.

Note that I am not requiring you to submit a paper to the MSR challenge track. However, I am
encouraging you to consider trying to do so, and I will both give you extra credit and work with
you on the ultimate submission if you choose to; see below for more detail.

Group work. You may work in pairs for this part of the assignment. However, in this case, I expect
you to propose and implement a comensurately more extensive analysis, with the expectation that
you will work to actually submit to the challenge track.

If you do not want to submit to the challenge track. You are not required to perform analysis
sufficient to support a submission to the Challenge Track. If this is the case, the analyses you per-
form must walk program ASTs in some non-trivial way. An example of a trivial analysis counting
the numbers of lines of code in all projects; this would not satisfy me.

2



If you do want to submit to the challenge track. If you would like to try for a challenge track
submission, I will give you more leeway on the analyses. For example, you may need to compute
the proportion of instances of a certain pattern to the size of the code base, which necessarily
includes counting lines of code; this is fine.

If you would like to try for a submission, naturally, you need to propose an analysis you be-
lieve is of sufficient interest to justify doing so. I can give you feedback and suggest modifications,
improvements, or extensions to help you out, and I can work with you on the final submission
as a coauthor, if you would like the assistance. Your grade for the homework will be based on
what you turn in for the homework assignment, at which point I can work with you to prepare the
document for submission. For example, you will likely and ultimately need a more extensive re-
lated work section than I expect for those students not submitting. However, this can be finalized
between your submission of a response for this homework assignment, and your submission to
the conference itself.

If you’re not sure. Propose something, indicate that you’re not sure, and we can talk about it.
There’s no harm in thinking about/discussing it; you have to do the homework anyway, after all.

Question 3, Preliminaries, (40 points). Gain familiarity with the problem and prepare yourself to
tackle it. Register for a Boa user account, as described on the challenge track website. Familiarize
yourself with the Boa infrastructure and API and the nature of the challenge report; look at Boa’s
example analyses; skim previous proceedings of the MSR challenge track (read one or two papers,
read a few abstracts). Decide which analyses you want to apply.

The deliverables for this question are (1) an indication of whether you are working
alone or in a pair (and, if so, with whom) (2) an assertion that you do, indeed, have
a Boa user account, (3) a few sentences describing the analysis you intend to apply to
the dataset, and (4) an indication as to whether you would like to try to submit to the
MSR Challenge track. I will provide feedback as to whether your analysis is sufficient
in any case. If you are working in a pair, both members should submit a response for
these questions for part (a), but they may be identical.

This response is due with your responses to questions 1 and 2, on January 21, 2016.

Question 4, Implementation, application, writeup, (60 points).

Implement and apply the analyses you proposed for part (a), including any modifica-
tions based on feedback from me. Write up the analysis and results in a short paper
(no more than 4 pages), following the guidelines and template provided for the MSR
challenge track website.

The ACM proceedings submission templates are here: http://www.acm.org/publications/
proceedings-template. I strongly encourage the use of latex in preparing conference submis-
sions. In particular, if you would like to try to submit something and want my help, use the latex
template (and not the .docx).

This part is due on February 2, 2016. Note that the submission deadline for the challenge track
(not the homework assignment!) is February 19, 2016. Actually submitting to the conference is worth
15 points of extra credit.
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