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Cocotb in modern functional verification
— a critical Review and comparative analysis

with SystemVerilog/lUVM
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Abstract—This paper presents a review of recent scientific
literature concerning the use of cocotb as a Python-based frame-
work for functional verification of digital systems. The study
categorizes existing works into three groups: design verification
case studies, tool enhancement methodologies, and comparative
analyses between cocotb and System Verilog/UVM environments.
The strengths and limitations of cocotb are evaluated with respect
to accessibility, ecosystem maturity, constrained random verifica-
tion capabilities, and industrial applicability. The analysis reveals
that cocotb provides a flexible, cost-effective solution, particularly
suited to early-stage RTL verification and open-source workflows,
while SystemVerilog/UVM remains advantageous for large-scale
industrial projects due to its mature ecosystem and commercial
tool integration. The paper identifies current gaps in methodology
evaluation, coverage analysis consistency, and reproducibility in
existing research, and outlines directions for future development
of hybrid verification flows.

Keywords—digital systems; functional verification; cocotb; hy-
brid verification flows

I. INTRODUCTION

UNCTIONAL verification has undergone significant

transformations over the past few decades, driven by the
increasing complexity of both hardware and software systems.
Early approaches relied heavily on direct testing methods,
where predefined input stimuli were applied to a design-under-
test (DUT) to validate its behavior. While effective for simpler
designs, this methodology struggled to scale with the advent
of sophisticated digital systems, which are described using
Hardware Description Languages (HDLs) such as Verilog and
VHDL.

SystemVerilog, standardized as IEEE 1800 [!], extends
Verilog with advanced constructs for object-oriented pro-
gramming, constrained random verification, assertions, and
functional coverage. It integrates features for both hardware
description and verification. Its object-oriented programming
capabilities, advanced data types, constrained randomization,
and functional coverage mechanisms make it a powerful
language for creating robust verification environments. By
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providing a unified framework for design and verification, Sys-
temVerilog streamlines workflows and reduces development
time.

Building on SystemVerilog’s strengths, UVM (Universal
Verification Methodology) defines a reusable class library and
architectural framework for scalable verification environments
[2]. Developed by Accellera and released in 2011, it in-
troduces a standardized methodology for functional verifica-
tion. UVM was derived from earlier methodologies, including
OVM (Open Verification Methodology) and eRM (e Reuse
Methodology). UVM introduces structured components such
as agents, sequencers, drivers, monitors, scoreboards, and a
register abstraction layer (RAL), enabling hierarchical and
reusable verification environments. Its methodology is widely
documented in both the official UVM User Guide and es-
tablished verification literature [3], and has become the dom-
inant industrial approach for constrained-random functional
verification of complex digital systems. It provides a modular
framework that promotes reusability and scalability. Its class
library automates key verification tasks, such as sequences,
data packing, and comparisons, while enabling engineers to
create hierarchical testbenches tailored to complex designs.

UVM has become the gold standard for functional ver-
ification, providing a standardized framework for verifying
complex digital systems. This framework offers numerous
advantages, making it widely adopted in the industry. Un-
fortunately, not every golden standard is a silver bullet, and
UVM has several notable drawbacks that can limit its effec-
tiveness in certain scenarios. One of the biggest challenges
associated with this methodology is its steep learning curve
and its dependence on SystemVerilog as the base verification
language. This creates a barrier to adoption, as companies
need to hire highly trained engineers with specialized skills
sets. Additionally, for smaller companies, the requirement
to purchase expensive licenses for commercial EDA tools
can pose a significant financial burden. As a result of these
limitations, alternative open-source approaches to functional
verification, such as cocotb, have emerged, offering a more
accessible and cost-effective path for developing verification
environments.

Although a number of recent publications describe indi-
vidual cocotb-based verification case studies or limited com-
parisons with SystemVerilog/UVM environments, a structured
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synthesis of these findings remains limited. This paper con-
tributes by organizing and analyzing existing literature accord-
ing to verification scope, methodological features, and reported
tool capabilities. In addition, it provides a structured qualitative
comparison between cocotb and SystemVerilog/UVM across
selected technical dimensions, including constrained random
verification support, coverage mechanisms, architectural struc-
ture, and ecosystem maturity. Based on the reviewed evidence,
the paper outlines a conceptual hybrid verification model
intended to clarify practical scenarios in which cocotb, UVM,
or a combination of both may be appropriate. Rather than
positioning cocotb as a direct replacement for established
industrial methodologies, this work aims to provide a balanced
assessment of its current capabilities, limitations, and areas
requiring further development.

This article is organized as follows. Section 2 describes the
cocotb environment. Section 3 presents a review of scientific
articles divided into three categories: Design Verification,
Enhancing Verification Tools, and Cocotb—SV Comparison.
Finally, Section 4 provides a summary and discusses the
conclusions.

II. CocoTB

Cocotb [4], a coroutine-based co-simulation testbench
framework for verifying digital designs, is one of the solutions
that aims to address the main UVM problems. Over the
last few years, it has gained popularity, especially among
smaller companies that lack the resources to implement the
full UVM flow. Its growth can be seen in [5], where it
reached over 120,000 downloads last month. It offers several
advantages over UVM, particularly in terms of accessibility,
flexibility, and productivity. One of its primary benefits is
ease of use, as cocotb leverages Python, a widely known and
simpler language than SystemVerilog, significantly lowering
the learning curve for hardware verification.

Additionally, it provides access to Python’s extensive
ecosystem of libraries for tasks like data analysis, randomiza-
tion, and networking. Cocotb is an Open Source project, and
its community has created a wide range of libraries enhancing
its verification capabilities, like PyUVM [6], introducing a
UVM-like structure of the testbench, PyVSC [7], which adds
coverage and constrained randomization of variables or dedi-
cated interface modules like AXI, I2C, etc. These additional
libraries significantly reduce the development of verification
testbench, especially compared to UVM, which does not
provide such an open database for extension. The closed
nature of SystemVerilog requires companies adopting UVM
to rely heavily on closed Verification IPs (VIPs) from major
EDA companies, which can substantially reduce verification
environment development efforts at the expense of additional
costs.

Cocotb works by co-simulating with a hardware description
language (HDL) simulator via the Direct Programming Inter-
face (DPI), a standard mechanism that enables communication
between hardware simulators and programming languages
such as C or Python. Cocotb leverages this interface to connect
Python test logic directly to the simulated hardware. At its
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core, cocotb uses coroutines, a Python language feature that
allows concurrent test routines to be written in a natural,
readable way. Coroutines enable the testbench to wait for and
react to specific events in simulation time, such as clock edges
or signal changes, without blocking other operations. This
approach enables clean, event-driven testbench code that can
easily stimulate the design, monitor its behavior, and verify
correctness.

III. COCOTB IN LITERATURE

This section provides an overview of scientific articles on
the use of cocotb in functional verification. The collected
articles were sorted and assigned to categories describing the
subject of each work, as shown in Table I.

TABLE I
CATEGORIES OF COCOTB ARTICLES

Type
Design Verification
Enhancing Verification Tools
Cocotb - SV Comparison

Article
(3] (O [10] [11] [12]
[13] [14] [15]
[I6] [17] [18] [19]

All the articles presented in the following sections of this
paper describe the process of digital circuit verification, which
uses cocotb to a greater or lesser extent. This is particu-
larly evident in works classified as Design Verification type.
Although less numerous, there are also articles proposing
new verification methods based on cocotb, as well as works
focusing on comparisons between cocotb testbenches and
analogous verification environments written in SystemVerilog.

A. Design Verification

Contemporary formal verification provides a wide range
of tools that enable the development of complex test en-
vironments for thoroughly validating digital circuits, with
verification engineers as the primary target group. However,
it should be noted that functional verification is also one of
the fundamental tools used by engineers involved in digital
circuit design (RTL designers). Due to differences in skills
and responsibilities within the design process, the requirements
they place on test environments are significantly different.
For RTL designers, development time and ease of testbench
implementation are of paramount importance, as they require
efficient mechanisms to validate basic design functionality
at very early stages of development. As a result, the struc-
tural complexity introduced by constrained-random verifica-
tion (CRV) and Universal Verification Methodology (UVM) is
often perceived as a drawback in this context. Consequently,
direct tests implemented in hardware description languages
remain the predominant verification approach among RTL
designers.

In [10], the concept of using cocotb as a unit testing
framework is presented. The term originates from software
testing, and its underlying assumptions correspond to direct
testing in functional verification. Under this approach, each
test case validates a specific functionality of the design,
while the engineer is responsible for developing the tests and
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ensuring their correctness. In [10], cocotb was applied to verify
a Floating Point Unit (FPU) that constitutes a component
of a larger ASIC developed within the IDSoC project [20].
As noted at the beginning of this section, this method is
particularly suitable for RTL designers who require a fast and
lightweight approach to validating their designs during early
development stages. Cocotb, as a Python-based library, enables
rapid, efficient test environment construction and therefore
represents a viable solution for this use case.

The authors of [10] followed a similar premise when
verifying the design of a multi-master interconnection network
supporting multiple AMBA protocols. Cocotb was used to
develop a verification environment where direct tests targeted
specific functionalities. The paper details five scenarios used
to validate the design: QoS configuration, AHB Master ac-
cess, AXI Master access, Cross-clock domain checking and
Dynamic Arbitration.

A different approach, seen in works [9] and [I2], in-
volves using cocotb for system-level verification. Employing a
Python-based verification environment appears logical. Access
to external libraries and the overall ease of use should enable
easier modeling of input signals and system-level functions,
in contrast to SystemVerilog, which originates from hardware
description languages.

In [9], this methodology was applied to verify a RISC-
V processor. Load/Store memory access instructions were
modeled in Python and used within the cocotb environment
to test functionality of a Verilog implementation of a core
supporting the RV32I instruction set.

A similar approach, but described in greater detail, is pre-
sented in work [12]. In this case, the entire process of verifying
the RISC-V processor was divided into three stages, each
employing different verification techniques. At the module
level, where individual components were tested, UVM was
used. At connectivity layer formal verification was applied,
while cocotb was used to test chip-level functionality, such
as interrupts, bus interconnection, and DMA transfers. The
proposed solution was compared with the verification process
of a similar processor based on the Cortex-M4F core. Ac-
cording to the authors, using the above multi-level verification
method made it possible to reduce the team from 10 engineers
to just 1. Unfortunately, the article lacks information about the
team’s experience as well as the methodology used to test the
compared system, which significantly hinders the validation
of these conclusions.

A significant issue in most of the articles analyzed in this
text is the lack of information on whether the described design
was put into production. Such information would confirm
that the applied verification methodology is mature enough to
validate circuits used in the industry. In this context, the work
[8] stands out, where cocotb was used to create testbenches
for several custom ASICs for the ATLAS ITk Strips detector.
According to the author of the article, the first prototype units
of the system were delivered in 2019, and they are ultimately
planned to be installed in the Large Hadron Collider in 2026.

B. Enhancing Verification Tools

This chapter discusses papers that present new tools or
methodologies based on cocotb, offering capabilities that go
beyond the classical understanding of functional verification,
which typically involves creating a testbench and preparing
tests to validate RTL design.

In paper [13], an FPGA-based HW/SW co-verification en-
vironment is presented that provides fine-grained dataplane
observability. The goal of the proposed solution is to create a
test environment for modern reprogrammable network devices.
Due to the specific nature of such systems, it is crucial to
detect timing errors, which is not possible with the classical
RTL testing approach. The presented solution aims to enable
debugging and waveform analysis, which is significantly more
difficult when the design is run on an FPGA.

Cocotb was used to create a testbench responsible for
generating input data and simulating the model in either HDL
or a functional language. The generated input data is also
transmitted to the FPGA programmed with the HDL code.
The output data from the FPGA platform is read and sent
back to the cocotb environment, where it is compared with
the simulation result. The solution allows synchronization of
data between the simulation and the FPGA system at a 1 clock
cycle level.

In theory, using a single test environment for both RTL
model verification and FPGA implementation should minimize
the possibility of errors related to physical implementation,
particularly timing errors.

The integration of electronic devices into increasingly criti-
cal components of transportation systems, such as automobiles
and aircraft, has led to the development of safety standards
that define required reliability levels as early as the design
phase. In [14], a solution based on cocotb is presented, which
enables testing of systems to verify their compliance with such
standards. The approach facilitates fault injection to evaluate
system behavior in the presence of internal errors.

According to the authors, the primary advantage of the
proposed solution is its ability to simulate multiple faults
within a single process, in contrast to other methods that
are limited to simulating one fault per process. However, this
claim cannot be independently validated based solely on the
references provided in the article, due to the closed nature
of the software under discussion and the lack of information
regarding the methodology against which this software was
evaluated.

Last article [15] discussed in this chapter addresses the chal-
lenge of concurrent software and hardware development in the
design of modern digital systems targeted for FPGA platforms.
Traditional design methodologies typically involve an early-
stage partitioning of system functionality into software and
hardware domains. While this approach can simplify initial
development, it may lead to significant challenges if redesign
becomes necessary at later stages-particularly in cases where
performance requirements are not met.

In [15], the authors introduce a novel methodology for
the concurrent development of digital systems for FPGA
platforms, built around the DUTILS framework. DUTILS is
a Python-based toolkit developed by the authors that enables



early modeling of digital systems. This model supports the
initiation of software development and the creation of a
verification environment at an early stage of the project,
while also allowing integration with the hardware described
using a synthesizable hardware description language (HDL).
The integration is achieved through the use of cocotb, which
serves as the interface between DUTILS and the HDL-based
hardware design.

Theoretically, the proposed methodology has the potential
to significantly streamline the design of complex FPGA-based
systems by enabling more flexible migration of functionality
between software and hardware domains. However, as with
several other approaches reviewed in this chapter, a major
limitation lies in the lack of access to the source code of the
DUTILS framework. This restricts the ability of independent
researchers or practitioners to evaluate and adopt the proposed
methodology. This limitation is particularly critical in this
case, given that the primary contribution of the work is the
introduction of a new design methodology-yet no testing tools
or public implementations are provided to support its practical
application.

The articles presented above demonstrate the potential of
using cocotb to develop new tools that go beyond classical
functional verification. As a Python-based library, cocotb
provides free access to digital circuit simulation through an
easy-to-use high-level programming language, significantly
facilitating the development of new tools.

C. Cocotb — SV comparison

As the leading functional verification methodology, UVM
serves as a benchmark for emerging techniques gaining pop-
ularity. Consequently, a number of research works focus
on comparing verification approaches based on cocotb with
the classical methodology employing SystemVerilog and the
UVM framework.

The authors of [16] investigate whether it is possible to
create a UVM-like constrained random verification (CRV)
environment using the Python programming language. To
this end, they developed a verification environment for a
memory arbiter circuit using cocotb along with several
Python libraries: pyuvm, cocotb-coverage, constraintrandom,
and PyVSC. These libraries were thoroughly evaluated for
their usefulness in constructing a CRV environment. The
authors successfully verified the target design, highlighting
the strengths and weaknesses of the chosen method and the
employed libraries.

The pyuvm library enabled the creation of a UVM-like envi-
ronment in Python. However, the study pointed out the absence
of essential components such as Transaction-Level Modeling
(TLM) 2.0 and a fully functional Register Abstraction Layer
(RAL), both of which are critical parts of the standard UVM
framework. It is worth noting that newer versions of pyuvm
offer preliminary RAL support. However, not all classes are
implemented, and there is currently no tooling available for
automatic generation of the RAL layer from IPXACT or
SystemRDL files.

The authors also identified limitations of open-source sim-
ulators commonly used with cocotb, such as Icarus Verilog
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and Verilator, particularly regarding incomplete System Verilog
syntax support. One critical feature currently not supported
is SystemVerilog Assertions, which play an important role in
verifying communication interfaces within RTL designs.

The document also evaluates the capabilities of cocotb-
coverage, PyVSC, and constraintrandom in terms of variable
randomization and functional coverage collection. Regarding
randomization, cocotb-coverage was excluded due to long
execution times, its inability to randomize dynamic objects,
and the significant boilerplate required for nested objects. The
constraintrandom package exhibited the shortest randomiza-
tion time for simple constraints and delivered an appropriate
distribution. In the case of complex constraints, PyVSC’s
constraint solver was the fastest, but the uneven distribution
of results makes it difficult to consider the tool mature enough
for verifying complex designs.

Both cocotb-coverage and PyVSC were evaluated positively
for collecting functional coverage during single simulation
runs. However, the lack of support for merging coverage
results from multiple simulations in cocotb-coverage, as well
as incorrect merge results using dedicated tools in PyVSC,
were identified as significant drawbacks.

The subsequent paper [18] focuses on the verification pro-
cess of a simple master/slave SPI controller with register
access via the APB protocol, using the cocotb framework,
and compares it with the verification of an SPI controller
performed in an SV/UVM environment as described in [21].

The authors provide a relatively detailed description of
the entire verification process, presenting the structure of
the cocotb testbench, the EDA tools employed, and the test
plan. Commercial EDA tools from Synopsys were used for
simulation and code coverage collection, while functional
coverage was gathered using the cocotb-coverage library.
However, the paper does not specify whether the drivers used
in the verification environment are based on existing, publicly
available cocotb libraries or whether they were developed
specifically for the purposes of the project.

Code coverage was used as the primary metric for com-
paring the results with the controller described in [21]. Code
coverage indicates the percentage of RTL code exercised
during simulation. Nevertheless, this metric is difficult to
consider fully representative, as it directly depends on the RTL
implementation of the design under verification, which differs
between the analyzed studies. Moreover, the functional cover-
age model includes only 56 coverpoints, indicating low design
complexity. This raises concerns regarding the scalability of
the reported results to significantly more complex designs.

An extension of the aforementioned work is presented
in [19]. The paper presents the verification process of an
AHB-SPI controller using three different environments: Sys-
temVerilog/UVM, plain cocotb, and cocotb combined with
the UVM-Python library. The AHB-SPI design is expected
to exhibit higher complexity than an APB-SPI controller due
to the use of the more sophisticated AHB protocol for register
access. Unfortunately, the paper lacks information regarding
the number of coverpoints as well as a description of the
test plan, which significantly limits the ability to assess the
complexity of both the design and the verification effort.
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The SystemVerilog/lUVM environment described in the ar-
ticle [19] was built using Verification Intellectual Property
(VIP) for the SPI and AHB protocols provided by Synopsys.
The second environment was developed using cocotb, leverag-
ing the cocotbext-ahb and cocotbext-spi libraries as interface
drivers. Since cocotb does not enforce a specific architecture
for verification environments, it is likely that the authors
adopted a structure similar to the example tests available
in the cocotb GitHub repository [4]. The third environment
under comparison is based on the UVM-Python library, which
provides UVM-like classes for cocotb. Similar to the previous
setup, the cocotbext-ahb and cocotbext-spi libraries were used
as interface drivers.

The authors successfully verified the controller using all
three environments, achieving identical coverage results in
terms of both functional coverage and code coverage. A
noteworthy conclusion from the article is that, thanks to the
availability of a mature ecosystem, including VIPs from EDA
tool vendors, the creation of an SV/UVM-based environment
can be faster than one based on cocotb. However, when VIPs
for specific interfaces do not exist or cannot be used due to
cost constraints, cocotb offers a more accessible, faster path to
building the environment, thanks to open-source libraries and
the use of the Python programming language.

The final article [17] discussed in this section focuses on
comparing verification environments built with cocotb and
SV/UVM for testing an AES module. The authors claim that
the cocotb-based environment has advantages over SV/UVM
in terms of testbench construction efficiency and coverage
analysis. Unfortunately, the article does not provide suffi-
cient data to support such a strong claim, particularly with
respect to the coverage analysis. The specific library used
for collecting functional coverage is not mentioned, which is
crucial given the variety of libraries available for cocotb-based
environments. Furthermore, the article fails to explain the
significant discrepancy-64 (sic!) versus 65,536-in the number
of coverpoints between the UVM and cocotb environments,
despite both testbenches allegedly being authored by the same
team. These omissions cast doubt on the validity of the
conclusions presented.

Analyzing the literature comparing verification using cocotb
and SV/UVM environments, it can be concluded that cocotb
offers significant advantages in the verification of smaller dig-
ital designs, especially where the cost of implementation and
the availability of engineers skilled in SystemVerilog are lim-
iting factors. For larger projects, the mature SV/UVM ecosys-
tem and the availability of commercial EDA tools enable
quicker development of a complete verification environment-
provided that cost is not a critical constraint. However, even
in such cases, cocotb remains a viable alternative. Access
to libraries such as pyuvm, cocotb-constraint, PyVSC, and
constraintrandom enables the construction of advanced CRV
environments despite their current limitations.

IV. SUMMARY

This document presented a review of the available scientific
literature concerning cocotb. In the analyzed works, cocotb

emerges as an increasingly popular framework for functional
verification, whose open-source nature and foundation in
the Python programming language address some of the key
limitations of the widely adopted SystemVerilog/UVM-based
approach. Although cocotb is a relatively young verification
methodology, its maturity has been demonstrated across nu-
merous projects of varying complexity, ranging from simple
academic designs to production-grade silicon implementations.

Owing to its Python foundation, cocotb enables the develop-
ment of tools that leverage digital circuit simulation, with ap-
plications extending beyond traditional functional verification.
While cocotb does not natively provide essential features for
constrained random verification-such as functional coverage,
constraints, or a defined verification environment architecture-
it benefits from integration with Python libraries that offer
such capabilities. However, due to their open-source nature
and early development stage, these libraries do not yet match
the maturity and robustness of commercial EDA tools based
on SystemVerilog/UVM.

An interesting hybrid approach involves the combined use
of cocotb and SystemVerilog/lUVM within a single verifi-
cation flow, where different environments are employed at
different levels of the verification process. Thanks to its ease
of environment setup and the use of Python, cocotb can be
effectively utilized by RTL designers for early-stage RTL mod-
ule verification. In contrast, SV/UVM-being a more mature
and structured methodology-can offer more comprehensive
verification of complex components such as DMA engines or
interface controllers. At the system level, cocotb can again be
leveraged, this time for generating sophisticated traffic patterns
with the help of Python libraries, making it a practical tool for
high-level integration testing.
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