Check for
Updates

Semantic Versioning for Python Programs

Luis Carvalho
la.carvalho@campus.fct.unl.pt
NOVA University Lisbon
Portugal

Abstract

We propose a language-based approach to software ver-
sioning. Unlike the traditional approach of mainstream ver-
sion control systems, where each evolution step is repre-
sented by a textual diff, we treat versions as programming
elements. Each evolution step, merge operation, and version
relationship, is represented explicitly in the program. This
provides compile time guarantees for safety code reuse from
previous versions, as well as forward and backwards com-
patibility between versions, allowing clients to use newly
introduced code without needing to refactor their program.
By lifting the versioning to the language level, we pave the
way for tools that interact with software repositories to have
more insight regarding the evolution of the software seman-
tics.

CCS Concepts: « Theory of computation — Type theory;
Program semantics.
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1 Motivation

The evolution of software systems is an essential aspect
of software development and its lifecycle. As requirements
from stakeholders change, software systems must evolve
to conform to such changes. These changes may include
bug fixing, implementing new features, porting code to new
hardware, updating business requirements, and other tasks
that represent activities in the lifecycle of a software system.
As the release cycles in the software development process be-
come shorter [8] the overhead of managing multiple versions
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increases. On the one hand, software maintainers have to
reason more frequently about what changes to backport and
whether the changes they introduced break existing client
code. On the other hand, the stakeholders of a product (e.g.
developers of a client application) will need to consider more
frequently whether or not to upgrade. Integrating a release
with breaking changes leads to runtime errors and requires
manual intervention, while missing a critical update may
lead to software vulnerabilities.

Given the manual effort required for semantic software
versioning, largely rooted in the fact that VCS operate on text
rather than programs, we propose a language-based approach
for providing a version control system.

2 Problem

The current industry practices for software evolution ad-
vocate the use of version control systems (e.g. git, svn,
mercurial). However, while very good at managing changes
to information, VCS give no semantic meaning to each pro-
gram delta (diff). Each evolution step is typically defined
by 1) the new code it introduces and 2) an accompanying
natural language message describing the change. To issue a
new version of the software, the developer includes one or
more of these steps and generates a changelog, naming the
version according to some convention.

A widely adopted convention is Semantic Versioning [1],
where the increment of each version identifier denotes the
nature of the introduced changes. Clients can then define
their update policy according to this convention. There is
no guarantee that the code effectively follows the version-
ing policy (e.g. the developer unknowingly introduced an
unexpected breaking change), thus VCS allow for inconsis-
tent versions to be committed, and still require work from
developers in identifying the kind of changes made [12, 14].

In this work, we embed the versioning in the program-
ming language, so that the developer specifies as code what
each delta is, and also how it relates to other versions. This
allows for (formal) verification on if and how the different
versions interact with each other; it allows for clients to use
newly introduced code without changing their existing pro-
gram; it is well-suited for targeting software for a specific
version, producing artifacts containing only the necessary
code; for providing a version-aware development environ-
ment (drawing inspiration from [11]) in which a developer
may edit a snapshot and have the changes automatically
committed with the appropriate version tags.
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We expect this approach to guarantee compile time safety
of code reuse from previous snapshots, as well as ensuring
forward and backward compatibility between related ver-
sions through type-safe state transformation functions.

3 Approach

We propose a language-based approach to providing a cer-
tifying version control system for Python programs, where
versions and their relations are specified as code in the pro-
gram. This work is an extension of our previous work in a
core functional language, Versioned Featherweight Java [3].

In Fig. 1, we provide two examples of such programs. The
library program (Fig. 1a) comprises a version graph, where
versions are marked with modes capturing the different types
of software evolution, which we can infer from its reposi-
tory (e.g. the version graph for the repository in Fig. 1d is
depicted in Fig. 1d); versioned programming elements, such
as constructors (lines 5-11) and methods (lines 15-23), deco-
rated with the version in which they were introduced; and
get lenses (Fig. 1c) in the form of @get(v,v’,f) that map
how field f of version v’ is derived from the state in version
v. Finally, Fig. 1f shows the client program using library code
for version full, which is a valid Python program that when
executed follows the semantics described in this work.

We provide static semantics for versioned program slicing
and manipulation, dynamic semantics for multi-version pro-
gram execution, and a type system for versioned programs
based on the following crucial aspects.

Class fields lookup Each version in the graph has exactly
one corresponding base version, where its fields are defined.
In the example of Fig. 1a, the base version of bugfix, in
which no fields are explicitly defined, is init; the base ver-
sion of full is itself. This lookup discipline is used in all
typing and reduction rules involving class fields.

Methods lookup Method definitions are looked up based
on the relationship between versions. First, since we have a
version that replaces version init, lookups in version init
will occur first on the replacement version and only after in it-
self. An upgrade version, on the other hand, has no impact on
the lookups in the version it upgrades. Lookups in the full
version will occur first on version full, and then on the init
version, following the same discipline described above. As
an example, a lookup on version full for method display
will yield the definition introduced in version bugfix.
Crossing version contexts A key aspect of this approach
is allowing the crossing of version contexts. Whenever the
lookup functions, for fields and methods, returns a version
other than the current context, we need to translate the ob-
ject from one version to the other using lenses, which are
mappings of an object’s field from one version to another.
Consider the example of running method display on ver-
sion full: to correctly use the code from version bugfix,
we need to map the fields first and last for version full,
since they do not exist in that version. The mappings are
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applied according to lens expression for each field defined
in the classes of a module (Fig. 1c).

Assignment and side effects Python programs usually
involve side effects through assignment to class fields. Con-
sider method set_last, defined for version init: to rewrite
this method for version full, we must track what fields are
affected in version full by changing field last. To do so,
we statically analyze all get lenses from init to full to
detect where this field is accessed; we can conclude that
changing field last will have an effect on field fullname,
according to the code in lens_full (Fig. 1c, lines 1-3). To
rewrite the expression self.last = last for version full,
we need to propagate the side effects to the corresponding
fields (fullname). We start by storing the right-hand side of
the assignment in a fresh variable (__name). Then, we synthe-
size a put lens from its corresponding get lens, by replacing
fields within the lens body with (matching) function parame-
ters (Fig. 1b); then, we use the put lens to update the value of
the affected field (Fig. 1e, line 8); we pass the right-hand side
of the assignment as argument for its corresponding field
(left-hand side, last), and the rewritten field expressions as
argument to all other unaffected fields.

Program slicing We propose a slicing procedure, built on
top of a rewriting algorithm applying static program trans-
formations (using lenses) whenever it is necessary to cross
version contexts. To slice a program for version t, we rewrite
all method definitions available at t, given by the lookup
functions, from their version (v) to the target version. In
Fig. 1e, we present the slice for version full. The resulting
slice includes: fields and methods returned by the lookup
functions (note how the replacement definition of display,
introduced in version bugfix, is selected); the necessary get
lenses for field access (Fig. 1c, lens_full), and the synthe-
sized put lenses for field assignment (omitted in the figure
for brevity). This procedure produces the source code with
the necessary definitions targeted for version full.

We believe this approach is suitable for capturing software
evolution steps. However, it is limited since there is no way
to specify how a method evolves from one version to the
other (e.g. changes in result, parameter order). We plan on
extending our work with such a mechanism. For the design,
we chose annotations because they allow us to still have
valid Python programs, which helps in bootstrapping the
prototype. We plan on conducting usability studies to find
good compromises on the design of the language, and on the
workflow for developers using this approach.

4 Evaluation Methodology

We will validate our approach with the following method-
ology. We start by gathering a corpus of Python software
repositories that are used as libraries. Since our approach re-
quires typed programs, we add any missing type annotations
with the help of automated type inference tools [4, 7, 9, 13].
This may involve manual labor, even though the practice of
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@get('init', 'full',
def lens_full(self):

@version('init')
@version('bugfix', replaces=['init'])
@version('full', upgrades=['init'])

class Name: @get('full', 'init', 'first')
@at('init') def lens_first(self):
def __init__(self, first: str, last: str): if ' ' in self.fullname:

self.first = first
self.last = last

@t ('full") @get('full’', 'init', 'last')
def __init__(self, full: str): def lens_last(self):
self.fullname = full if ' ' in self.fullname:

@at('init')
def display(self):
return f'{self.first}, {self.last}'
@at('bugfix")
def display(self):
return f'{self.last}, {self.first}'

return '’

sions.

'fullname')

return f'{self.first} {self.last}'

return self.fullname.split(’
return self.fullname

return self.fullname.split(’
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class Name:
def __init__(self, full: str):
self.fullname = full
def display(self):
return f'{self.lens_last()},
{self.lens_first()}'
def set_last(self, name: str):
__name = name
self.fullname = self.lens_full(
first=self.lens_first(),
last=__name)
def get_full_name(self):
return self.fullname

"yre]

1]

(c) Lenses for fields between different ver-

(e) Slice of a versioned Python class for
version full.

final

@run('full")

init bugfix
eat('init") —~
def set_last(self, name: str): O v/

self.last = name
@at('full')
def get_full_name(self):
return self.fullname

(a) Example of a versioned Python class. eversion('init")

full

O

def main():
n = Name('Bob Dylan')
n.set_last('Marley')
print(n.display())

(f) Client code running in version full.

@version('bugfix', replaces=['init'])

@put('init', 'full', 'fullname')
def lens_full(self, first, last):
return f'{first} {last}'

@version('final',

(b) Synthesized lens for assignment on a
single field between different versions.

@version('full', upgrades=['init'])
upgrades=['full'], replaces=['bugfix'])

(d) Example of a git repository with
two commits (init, bugfix), one branch

(full), and one merge (final).

Figure 1. Elements of a versioned Python program.

providing type annotations in Python programs is becoming
increasingly common [5]. We analyze the repository his-
tory and select tags that meaningfully represent the various
types of evolution of the program (e.g. introducing minor
and breaking changes). From this set, we generate the cor-
responding version graph (e.g. Fig. 1d). Then, we run the
type checker to detect any missing lenses and implement
them. We will use Large Language Models [2, 6, 10] to boot-
strap this process and then (manually) adjust for any errors.
Finally, we need to add version annotations to the client
program, so we select a version of the library we want to
use (e.g. version t) and mark the dependency in the client
with that version. The evaluation is two-fold:

Version graph validation We will evaluate if this approach
is able to detect the unintended malformedness of the version
graph. We manually select commits that introduce related
versions and try to synthesize the required lenses: if not
possible, the type checking of the program against its version
graph fails, meaning the version graph is wrongly specified.
Client evolution without refactoring We will evaluate if
it is possible for clients to use newly introduced code without
any refactoring on their part. We checkout the client code to
the commit before they refactored their code for version t;
then, we extract a slice of the client code for version t; we
compare this slice with the (original) refactored client code.
The approach is validated if the behavior of both programs is
equivalent. A simple verification method for this is running
the client’s tests against the resulting slice and check that
they pass.
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