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Principal investigator (Partner institution): Sébastien Mosser, Département d’informatique,
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1

Scientific program

1.1

Context

Pieces of software are not anymore designed and then deployed forever in an “and they all lived
happily ever after” way. They are constantly evolving according to different optics, which can
be functional (e.g., new requirements) or extra-functional (e.g., performance optimization). It
is not new to consider software evolution as a stepwise process [O7], and the software variability
community addresses this topic since decades [O6].
However, it is interesting to note that the work done in this context always work at a
single level and inside a single mechanism, e.g., code within one kind of application, model with
a given granularity. In the CAPESA project, we want to investigate the commonality that
exists between the different mechanisms involved in the incremental software evolution process,
possibly at different levels. We will increase the state of the art by defining formal and high-level
descriptions to be used to i) model and ii) enact the stepwise evolution of software. By defining
a uniform model, we want to improve the understanding of evolution and define verification
methods that can work at any level.
We propose to study the characteristics of code evolution at small granularity, by focusing
on small-steps changes. Contrarily to existing approaches, we want to address several evolution
mechanisms, but restrict ourselves to changes at a small level of granularity: small code changes
in a program. The different versions of the code we will analyse should be close enough to define
code evolution as a sequence of “elementary differences”.
Two examples of such evolution will be particularly studied in our project: Git commits,
and LLVM optimisations passes:
• Commits in the Git revision control system are snapshots of the state of a project at some
point in time. A common situation is to have two developers making commits in parallel
and merging them after the fact. If commits A and B are made in parallel, one would
expect the result of the merge operation to reflect both the sequence A; B and B; A, i.e.
the order should not matter. While this is often the case, it is not in the presence of merge
conflicts (when the same code is modified in both A and B), where neither the sequence
A; B nor B; A is well-defined. In its current state, the notion of merge conflict is defined
textually, without any semantic knowledge. This leads to both false positive (conflicts
that could easily be resolved automatically) and false negative where the resulting code
is incorrect but without any warning from Git (typical examples include: A introduces a
new call to a function, while B removes any mention of this function). A semantic merge
algorithm could increase the reliability of the result while reducing the manual work.
• LLVM uses a typical internal architecture: the optimizer uses a succession of individual
transformation or analysis on the program called “passes”. The order of passes may
change the resulting program, at least in terms of performance. Finding the optimal
order of passes is a difficult problem. The knowledge of dependencies between passes can
help developers of compilers: passes can be fully independent (i.e. commutative), in which
case their order does not matter, or it may be beneficial to apply one or the other.
The expected output of the CAPESA project is a concrete tool that gives a meaningful
description of the code evolution between two small steps of the development: a diagnosis, to
understand the impact of a given pass, or help the understanding of a unique commit or a set of
commits. It is visible that the commutativity of the changes play a major role in the example
and that we should define carefully abstractions such that commutativity is easy to identify or
characterise.
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At tool that helps characterising the impact of code changes would help in several ways: it
will help the programmer have a more faithful understanding of git commits, and could help
the automatic characterisation of bug solving for example. Such a tool would have very helpful
in the context of large-scale analysis of Github data, as investigated in [O1] (where the author
identify the weakness of automatic analysis of Github commit messages for tracking bugs).

1.2

Objectives (for the three years)

In the CAPESA projet, we propose to define and manipulate a notion of “structural semantic
diff”, which would enable to precisely characterise on a structural version of the code the changes
induced by a small step transformation. The approach will be validated on two instances of the
problem: git commits and LLVM transformations.
While the idea of studying difference between two programs structurally (typically on an
abstract syntax tree instead of the textual form) is not new (see e.g. [0]), our objectives go
far beyond the computation of such “diff”: we need to give a useful meaning to such diff in
a context different from the programs on which they were initially computed. For example, a
clever merging algorithm in Git could merge commits A and B, given a common ancestor C,
by computing the diff between C and A, and them re-applying it on top of B. In the context
of LLVM passes, we need not only to compute diffs between a program before and after a pass
(partially solved by the tool llvm-diff), but also to study the interaction of this diff with other
diffs corresponding to other compiler passes.
The challenge here is not only to semantically characterise evolution, but also to be able to
produce algorithms and semi-algorithms to provide useful feedbacks to the user (being a final
user or a software developer). The problem of equivalence or bisimulation between programs
is already known and frequently studied but from a strict behavioural equivalence perspective
(e.g. [O3]), however here we will have to capture and define a “weak” or “relative” notion of
equivalence or similarity, since we want to capture small changes.
We propose to make a two-level analysis: a structural analysis on graphs, trees will decide
if there is a relative similarity (“weak isomorphism”) between the code before and after transformation, and where “interesting” changes might have been made, and additional semantic
knowledge will be used to show “relative equivalence” and provide useful feedback.
Such a formalism would be a first step toward a more ambitious characterisation that would
also be more hierarchical. For example in [O1] the authors identify the wrong characterisation of
a bug that occurred in a test module (automatic classification tool did not make any difference
between a bug in the framework and a bug in the test-suite testing the framework).
We claim that the approach we promote particularly suits our needs, since good practices
with Git is to do small step commits (however we will reason on the composition of small steps
in the context of the project); and we will firstly study LLVM passes that do not strongly modify
code structure.

1.3

Work-program (for the first year)

In Figure 1, we depict a code evolution taking the form of a compiler optimisation, namely a
loop code motion. An expression or a statement in a while loop can be hoisted before the loop
if it is invariant (and other conditions that we ignore here). In this example, it is straightforward
to see that a “textual diff”, as provided by the Unix diff tool, would give us a non structured
result, depicted in the right column, from which it seems nearly impossible to recognize the
transformation pattern.
In this project we propose to characterise the transformation in terms of “structural diff”,
for which we depict an informal instance in Figure 2. We claim that such information will help
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the understanding of small step evolutions.
int i ,x , y ;
...
for ( i = 0; i < 5; i ++) {
x = y + z;
a [ i ] = 10 * i + x * x );
}

<
int i ,x ,y , z ;
−−−
>
int i ,x ,y , z , t ;
8 a9 , 1 0
>
x = y + z;
>
t = x∗x ;
1 1 , 1 2 c13
<
x = y + z;
<
a [ i ] = 10 ∗ i + x∗x ;
−−−
>
a [ i ] = 10 ∗ i + t ;

int i ,x ,y , t ;
x = y + z
t = x * x;
for ( i = 0; i < 5; i ++) {
a [ i ] = 10 * i + t );
}

Figure 1: Program before and after code motion, and their textual diff

Figure 2: AST version of the program before and after code motion (parts) Some instructions
inside the “for stat” have been moved before, and a structural diff would capture this move and
characterise it as a “loop motion”.
Informally, a “semantic diff” would capture the structural changes of the AST as well as
semantic information (loops, statements) that would be enough to capture the whole “loop code
motion” information.
Although not clearly trivial, this first example is one of the simplest example of code transformation since the transformation is done with constant semantics. In the general case, a code
evolution (for instance captured by a git commit) do not have this nice property. We thus
propose the following methodology for the first year:
1. First work on code evolution that implies two semantically equivalent codes with minor
structural changes; as an example, work on classical compiler passes to detect minor
structural changes; then extend this work with semantic information (“while/repeat loops
can have the same semantics”).
2. Secondly, extend work on non equivalent code, beginning with code evolution that imply
classical code refactoring [O8].
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3. Then try to extend the method for “weakly similar code” for which we will have to define
a notion of similarity and give structural and semantically based algorithms at least to
give a partial idea of code change.
Evaluation of our method and methodology The methodology of the evaluation of our
“semantic diffs” is itself a subject and part of the first year work program. Indeed:
• If we find a “major semantic diff” in a sequence of git commits, either it would mean that
there was a really major modification of the code, or our characterisation is not the right
one. This is the kind of questions that the software engineering experts (Canadian side) are
able to deal with: search for a big enough set of examples in order to validate the pertinence
of the approach. UQAM has a strong experience in long-term development (e.g., the Nit
language development started a decade ago), as well as large-scale experiments (e.g., using
the ComputeCanada cluster to parallelize large benchmarks).
• For compiler optimisations such as code motion, we need to validate the fact our methodology is capable to give a small “similarity score”. For this purpose we will use the test
infrastructure of LLVM to validate the method on a middle-sized benchmark. The expertise of the french team on LLVM for which they already developed analysis passes [P6,
P8] will be a strong advantage for this activity.

2

Data Management Plan

The project will not include any personal data, nor any confidential data. Datasets are small
enough to be versionned with the source code of the tools (we plan to use gitlab.inria.fr
for this).
With respect to the software merge axis of this project, we plan to collect a dataset of
git merge commits that will complement the one published by Menezes et al[O4]. The collected merge examples will be carefully selected with respect to their software license and made
available to the research community as a git repository.
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Added value

Both teams will benefit from this cooperation. The Canadian team will benefit from the French
expertise in compiler engineering (Laure Gonnord, Matthieu Moy), mathematical foundations
(Laure Gonnord), and semantics (Ludovic Henrio). The French team will benefit from the Canadian expertise on software engineering (Sébastien Mosser) and long term language development
(Jean Privat).
In addition to the technical objectives, this cooperation has the goal of enhancing the ties
that are already established between Inria and UQAM and more broadly between institutions
of France and the Canadian Quebec region. We expect these exchanges to also contribute to
the respective international visibility of Inria and UQAM.
The teams involved in this cooperation also share the goal of educating experts in both compiler technology and software engineering. Thus, this cooperation will give graduate students
the opportunity to enhance their education. Paul Iannetta will have the opportunity to do a
long stay in Montreal as part of their Ph.D.
This project will produce innovations in both the practical and theoretical fields.
From a theoretical point of view, this project will produce new techniques to characterize
code evolution and evaluate formally the difference between two programs that result from
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software evolution. Given that this work joins expertise from different, yet related fields, namely
compilation technology, theoretical and experimental software engineering, and static analysis,
we believe that these new theories will be solid, and useful to other researchers. The novelty
of the result also results from the joint work of the different communities. From a practical
point of view, we will produce tools that help the programmer evaluate the difference between
two software version with semantics and structural arguments, we will also produce tools that
evaluate the impact of a compilation pass on the intermediary code. In practice, all the tools
and technologies developed during this cooperation will be made open access, so that they can
be used by other researchers and compiler enthusiasts.

3.1

Previous Associate Teams

Laure Gonnord was involved in the PROSPIEL (Profiling and specialization for locality)
associate team (PI Collange, Inria Rennes PACAP), in 2015-2017. The foreign PI was Fernando
Pereira, who belongs to the University of Mineas Gerais, in Brasil.
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Impact

The number of developers using Git on a daily basis is tremendous. GitHub only claims 31
millions of unique users collaborating on more than 96 millions of code repositories in its State
of the Octoverse 2019 report. Providing a better understanding of how source code evolve
using version control such as git, and potentially integrating the result if this research inside
the tool (Matthieu Moy has already contributed 287 commits to Git source code) will have an
immediate impact on software developers. We are also discussing with young startups aush as
Mergify that try to ease source code merging process. With respect to the LLVM part of the
project, having a better understanding of how compiler passes interact with each others might
help companies working on critical systems, as well as the definition of certified or at least most
trustable production compilers.
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5.1

Intellectual Property Right Management
Background

We do not need any patented knowledge nor process for this project.

5.2

Protective measures

The result of our research will be published as public research report whenever necessary, and
we will submit them to national and international conferences. We follow the classical rules for
communication and storage (signed emails, institutional resources for communication, encrypted
disks).
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Ethical Issues

We do not manipulate personal data nor films, and related work is research papers that are
cited in the classical way. Our object of interests are open-source programs.
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Naouel Moha, Jean Privat, and Manel Abdellatif. “Analyzing program dependencies in
Java EE applications”. In: Proceedings of the 14th International Conference on Mining
Software Repositories, MSR 2017, Buenos Aires, Argentina, May 20-28, 2017. Ed. by
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