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Abstract

We present HarnessForge, a command-line tool to streamline
the extraction of verification tasks from industry-scale software
projects written in C. Industry-scale code consists of multiple source
and header files with various build processes, complicating the
creation of verification tasks and hindering the applicability of
off-the-shelf software verifiers. HarnessForge handles this com-
plexity for verification engineers and tools, allowing harnesses to
be structured independently from the code under verification. It
automatically derives build commands, assembles relevant source
files, and performs static program slicing to remove irrelevant com-
ponents. To demonstrate its applicability, we use HarnessForge
to create a total of 949 verification tasks from three projects: AWS
C Common, GNU Coreutils, and Intel TDX Module. All created
tasks were used in SV-COMP 2026. A demo video is available at
youtu.be/wHPEfQ3NBFQ.

CCS Concepts

• General and reference → Verification; • Software and its

engineering → Software verification; Preprocessors; Software
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1 Introduction

The precise analysis techniques offered by formal software veri-
fiers [4, 9, 17, 27, 28, 37] are an indispensable complement to testing.
They explore unlikely error paths that may be difficult to trigger
and provide more abstract counterexamples that aid in understand-
ing software bugs. In testing, test harnesses (1) set up the execution
context and test inputs, (2) introduce mocks for external depen-
dencies, (3) execute the component under test, and (4) assert that
the behavior observed during execution matches the specification.
Such test harnesses are usually separated from application code
to maintain modularity and reusability. Formal verifiers require
similar harnesses that (1) model the relevant program context and
symbolic inputs, (2) introduce mocks for external dependencies,
(3) impose preconditions on symbolic inputs and data states, (4) call
the component under verification, and (5) assert that postconditions
hold after calling the component with the given program context.

Unlike testing frameworks, which typically integrate with a
project’s existing build system, most academic formal verifiers
expect a single source file that contains the complete verification
task. Up to now, users have to manually assemble such single-
file verification tasks or generate them through custom scripts.
This process is particularly time-consuming and error-prone for
industry-scale C projects, which spanmultiple files organized across
header and source directories, and rely on complex build procedures
that define macros and resolve dependencies via code inclusion
or linking. One seemingly straightforward solution for creating a
verification task is to just include all project files. But because files
that do not belong together may conflict, this still requires hours
of manual trial-and-error for industry-scale projects.

Contributions. HarnessForge supports verification engineers
in assembling such single-file verification tasks: Configurations
of verification tasks are organized independently from the code
under verification. HarnessForge then automatically assembles a
verification task and removes definitions that are irrelevant to the
task, while preserving the original code structure.

We used HarnessForge to create 949 distinct verification tasks
from three industry-scale projects: the AWS C Common library, the
GNU Coreutils project, and the Intel TDX Module firmware. These
tasks were used in the Competitions on Software Verification (SV-
COMP 2026) [11] and Testing (Test-Comp 2026) [5]. On average,
HarnessForge reduced the lines of code per task by 60 %.

HarnessForge is analyzer-agnostic. It has been used [6] to create
verification tasks tailored to CBMC [17], ESBMC [25], Klee [15], and
tools that adhere to the conventions of SV-COMP and Test-Comp.
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Figure 1: The workflow of HarnessForge

Related Work. ARG-V [34] and PAClab [13] are infrastructures
aimed at the creation of verification tasks for benchmarking soft-
ware verifiers. They mine verification tasks from source-code repos-
itories by identifying files of interest based on user-specified selec-
tion criteria, and apply code transformations to make them compil-
able and suitable for verification. In contrast, HarnessForge does
not modify the code under verification. Instead, it assembles concise
single-file verification tasks from complex build procedures using
user-provided pre- and postcondition pairs, thereby enhancing the
interpretability of verification results.

One Line Scan [1] hooks into build systems to run verifiers on a
project. Each verifier is executed by a custom backend script that
defines how to run the verifier on the detected source files. One
Line Scan itself does not differentiate between methods under veri-
fication but runs backend scripts on all project source files, making
it difficult to use different verification harnesses for different meth-
ods. In contrast, HarnessForge uses Bear [36] to hook into build
systems and creates verification tasks for specific methods under
verification with provided verification harnesses. Compared to ex-
isting source-code slicers [22, 37], HarnessForge does not modify
the code of relevant definitions, but only removes type, variable,
and function definitions that are irrelevant to the verification task.

2 From Harnesses to Verification Tasks

Overview. Figure 1 shows the workflow of HarnessForge. Har-
nessForge is a command-line tool that receives four inputs: (1) the
project source code, (2) the command that is used to build the
project, (3) the harness code that defines preconditions, postcondi-
tions, and mock implementations, and (4) one or more task configu-
ration files that describe the verification tasks to forge.

First, HarnessForge runs the build command and records all
compiler calls in a project build configuration for user adjustments.
Next, HarnessForge assembles a self-contained, single C file for
each task listed in the task configuration file(s). It uses the pro-
vided inputs and the derived build configuration for this, and the
assembled C file includes all necessary code dependencies. Finally,
HarnessForge statically analyzes the assembled C file and removes
definitions for data types and functions that are not reachable from
the main function. The result is a verification task that can be
consumed by off-the-shelf analyzers.

Deriving the Project Build Configuration. HarnessForge uses
the tool Bear [36] to record a compilation database, a JSON file
capturing compiler invocations during the build process, while
running the provided build command (e.g., make). HarnessForge

source_dirs:
- src/
- include/auto_gen/
- formal/src/ # added by engineer

includes:
- include/
- src/
- src/common/
- ...
- formal/include/ # added by engineer

defs:
- FAULT_SAFE_MAGIC_INDICATOR: 0xFF0F0F0F0F0F0FFF
- TDX_MODULE_MAJOR_VER: 1
- ...
- TDXFV_NO_ASM # added by engineer
- TDXFV_ASSIGN_EQ_PTR # added by engineer

override_dir:
- formal/tdx_override/ # added by engineer

Figure 2: Build configuration created by HarnessForge for

Intel TDX Module [21] (commented entries manually added

to the initial build configuration created by HarnessForge)

extracts all read source files, macro definitions (definedwith flag -D),
and include directories (defined with flag -I), and stores them in a
YAML file that is easy to read and adjust for verification engineers.

Figure 2 shows an excerpt of the project build configuration
derived by HarnessForge after we apply it to Intel TDX Module.
Most entries are automatically generated, but verification engineers
(in this case, our industrial collaborator at Intel) added entries to
make HarnessForge consider sources situated in formal/src and
formal/include. These directories contain code for verification har-
nesses. Verification engineers also added additional macro defi-
nitions to configure the behavior of their verification harnesses.
The macro TDXFV_NO_ASM is used to toggle the modeling of inline as-
sembly through C code, and the macro TDXFV_ASSIGN_EQ_PTR is used
to change the method of pointer initialization. This shows that
the project build configuration not only records how to build the
original project, but that it can also be used to configure the task
generation for different analysis scenarios.

Mocking Functionality. To achieve efficient verification, it is
often necessary to mock external code dependencies (e.g., to model
the behavior of an externally declared method whose source code
is not available) or internal code dependencies (e.g., to simplify
complex but unimportant methods or to model inline assembly that
is not understood by most verifiers).

External dependencies can be modeled by adding code that de-
fines the intended functionality for the external variables and meth-
ods. Mocking internal dependencies is not possible in the same
way because definitions already exist in the project’s source code.
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name: tdh_sys_config_config.yml
description: "reach-safety tasks for tdh_sys_config"
tasks:
- name: tdh_sys_config__expected__safety_requirement
before_target:
- filename: formal/src/initialization.c
method: init_tdh_sys_config

- filename: formal/harness/tdh_sys_config_harness.c
method: tdh_sys_config__expected__precond

target:
filename: formal/harness/tdh_sys_config_harness.c
method: tdh_sys_config__call

after_target:
- filename: formal/harness/tdh_sys_config_harness.c
method: tdh_sys_config__expected__postcond

- filename: formal/harness/tdh_sys_config_harness.c
method: tdh_sys_config__free

- filename: formal/src/initialization.c
method: close_tdh_sys_config_with_check

properties:
- property_file: prps/unreach-call.prp
expected_verdict: true

Figure 3: A task configuration file for Intel-TDX interface

method tdh_sys_config (called through tdh_sys_config__call)

To mock internal dependencies, HarnessForge provides the pa-
rameter override_dir, which points to a directory whose files
are used to override the original source files when the verifica-
tion task is assembled. For example, Fig. 2 points override_dir
to formal/tdx_override/, which may tell HarnessForge to override
an original source file src/common/helpers/helpers.c with the spec-
ified file formal/tdx_override/src/common/helpers/helpers.c (provided
that file exists). Users are responsible for ensuring that overrides
do not miss any definitions of the overridden source file.

Description of Verification Tasks. Verification engineers can
describe verification tasks in a YAML file that lists the methods
to be invoked in each verification task and invoke HarnessForge
to assemble verification tasks. Figure 3 shows an example task
configuration file. Each task configuration file has fields name and
description for documentation purposes. It then defines a list of
tasks. Each task has fields name and three categories of method
calls: The field before_target lists methods that should be called
before the actual method under verification. These methods usually
contain set-up code like the initialization of global variables and
the assumptions of preconditions. The field target references the
method under verification, usually through a wrapper method that
calls the original method with the parameters initialized in the
before_target step. The field after_target lists methods that
should be called after the target method under verification. These
methods usually assert postconditions for verifiers to prove. All
methods in the three categories are referenced by their source file
and method name, and will be called in the order they are listed in
the task configuration file. They must receive no arguments, and
their return values are ignored. HarnessForge does not put any
other restrictions on the methods called in each of the three steps,
to be as generic as possible.

Besides structuring the verification task, users can document the
expected verdict of the verification task with respect to different
property files (i.e., specifications) under the field properties.

Assembly of Single-File VerificationTasks.To assemble a single-
file verification task, HarnessForge sets up a temporary copy of

int main() {
// before_target
init_tdh_sys_config();
tdh_sys_config__expected__precond();
// target
tdh_sys_config__call();
// after_target
tdh_sys_config__expected__postcond();
tdh_sys_config__free();
close_tdh_sys_config_with_check();
return 0;

}

Figure 4: Function main created byHarnessForge from Fig. 3

the project source code, adds the harness files, and applies any
existing overrides. Next, for each of the methods defined in the task
configuration file (in before_target, target, and after_target),
HarnessForge computes the method’s call graph and collects the
used types and global variables in every reachable method defini-
tion. It then includes every source file that contains at least one
used definition. Last, HarnessForge adds a main method that calls
the methods listed in before_target, target, and after_target
in sequence (see Fig. 4). The original main method is renamed if
it is among the reachable functions.

Slicing of Unused Definitions. The single file assembled by Har-
nessForge may still contain unused definitions. These may contain
code that has dependencies to definitions in source files that are
not required by the method under verification. If they remain in
the verification task, they not only bloat the verification task with
unreachable code, but can make the task fail to compile because
their dependencies are missing. For example, assume a method
that is never called by the code under verification is defined in a
required source file, and this method uses a type that is defined
in another source file that is not required for the verification task.
If the unreachable method is included in the verification task, it
will not compile because the type definition is missing. In addition,
unused definitions unnecessarily increase the risk of including code
constructs that are not supported by the employed verifiers.

To remove irrelevant definitions, HarnessForge first prepro-
cesses the assembled file and uses the previously collected reachable
definitions to remove all other definitions (and declarations) from
the preprocessed source. These are all unused and thus not relevant.

3 Evaluation

We apply HarnessForge to three real-world projects of different
domains: the AWS C Common library, the GNU Coreutils project,
and the Intel TDX Module firmware.

AWS C Common. The C library AWS C Common contains the
interface code (cross-platform primitives, configuration, data struc-
tures, error handling) for the AWS SDK for C developers to access
cloud resources. The codebase already contains verification har-
nesses for creating single-file verification tasks for CBMC [16]. To
validate the functionality of HarnessForge, we reproduced 20
of these existing verification tasks with method definitions that
adhere to the SV-COMP rules. On average, each task consists of
4 original source files. The static slicing of HarnessForge reduced
the task size from an average of 4 214 lines of code (2 991 – 4 400)
down to an average of 260 lines of code (206 – 317), a reduction

https://github.com/awslabs/aws-c-common
https://www.gnu.org/software/coreutils/
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by 94% (91 % – 95%). We contributed 12 of these sliced tasks to
SV-COMP 2026 [18].

Coreutils. The GNU Coreutils project contains command-line util-
ities (such as ls, mkdir, and echo) commonly used on UNIX-like
systems. Previous work [14] created verification tasks from Core-
utils for symbolic execution to find potential memory errors. We
complement these tasks with 93 new tasks that focus on memory
safety (48 tasks) and functional properties (45 tasks) of selected
methods across the Coreutils tools factors, getlimits, relpath, and
seq. The 45 tasks for functional properties share their verification
harness with corresponding memory-safety tasks. The verification
harnesses for these methods are manually created. The initialization
of non-deterministic values is performed with SV-COMP’s dedicated
methods <type> __VERIFIER_nondet_<type>().

On average, each task consists of 3 original source files. Static
slicing reduced the size of tasks from an average of 4 686 lines of
code (3 961 – 7 320) down to an average of 1 159 lines of code (600 –
3 292), a reduction by 75 % (55 % – 86%). We contributed the 93 tasks
to SV-COMP 2026 [19].

Intel TDX Module. TDX Module is a key firmware component
in Intel Trust Domain Extensions, Intel’s latest technology for
hardware-assisted confidential computing. We created 418 veri-
fication tasks for functional correctness of 22 different interface
functions in two different variants for non-deterministic initializa-
tion (resulting in a total of 836 tasks): The first variant initializes
all fields of complex data structures (e.g., arrays and structs) by
setting all elements explicitly, one by one, to non-deterministic
values. The second variant uses the SV-COMP-provided function
__VERIFIER_nondet_memory() to non-deterministically initialize com-
plex data structures. In this case the verifier can decide how to
handle the initialization of non-deterministic memory.

On average, each task consists of 15 original source files (9 –
28). Static slicing reduced the size of tasks from an average of
15 624 lines of code (12 497 – 26 574) down to an average of 6 247 lines
of code (2 952 – 16 971), a reduction by 60% (36 % – 77%). These
tasks are used in a case study for firmware verification [6] and we
contributed them to SV-COMP 2026 [20].

Effect of Slicing.We investigated the effect of HarnessForge’s
static slicing on six different C verifiers: CBMC [17] version 6.6.0 [31],
CPAchecker [3, 4] version 4.2.2 [12], and ESBMC [24, 25, 38],Mopsa [30,
35], Symbiotic [29, 37], and UAutomizer [26, 27] in their respective
SV-COMP 2026 version [2, 23, 32, 33].

We ran experiments on Ubuntu 24.04 (64 bit) machines with an
Intel Xeon E3-1230 v5 CPU (3.4GHz, 8 cores) and 33GB of RAM.
Each verification run was limited to 4 cores, 15min of CPU time,
and 15GB of memory. We used BenchExec [10] and BenchCloud [8]
for reliable and scalable benchmarking. All 949 verification tasks
generated from the three above projects were evaluated: AWS C
Common (20), Coreutils (93), and Intel TDX Module (836).

On memory consumption, slicing has no noticeable effect across
all considered verifiers. On verification run time, slicing provides a
small reduction of verification run time on most tasks. The run time
of CPAchecker benefits the most from slicing: Here, the average
CPU time for tasks that can be solved both before and after slicing
(all tasks from the Intel TDX Module) decreases from 334 s to 307 s.

Table 1: Effect of slicing on the verification effectiveness

AWS C Common Coreutils Intel TDX

20 tasks 93 tasks 836 tasks
Before After Before After Before After

CBMC 0 2 0 0 93 93
CPAchecker 0 20 0 27 143 146
ESBMC 17 17 46 46 35 35
Mopsa 20 20 15 17 0 0
Symbiotic 20 20 40 40 0 0
UAutomizer 2 20 0 16 0 0
Sum 59 99 101 146 271 274

On 5 tasks of Intel TDX Module, slicing has a stronger effect on the
run time of CPAchecker: On these tasks, CPAchecker can not solve
the task within 900 s before slicing, but is able to solve the tasks
after slicing with an average CPU time of 593 s. This shows that
static slicing of HarnessForge can yield a significant improvement
in verification run time, in some cases.

Regarding effectiveness, Table 1 shows the number of correct ver-
ification results that each verifier produced for the verification tasks
created with HarnessForge before and after slicing. We divide the
results by the three considered projects. Verifiers produce 90 ad-
ditional correct results. They manage to solve 85 additional tasks
because parsing errors are resolved; this can be attributed to the
irrelevant use of missing definitions being removed and code con-
structs being eliminated that are unsupported by the verifier. The
remaining 5 improvements are the CPAchecker speed-upsmentioned
above. But there are also two correct results before slicing that are
not present after slicing: CPAchecker can solve two tasks from the
Intel TDXModule before slicing, but times out on them after slicing.
In total the slicing of HarnessForge increases the sum of correct
verifier results from 431 to 519 across all verifiers and tasks.

Threats to Validity.We are confident in the internal validity of our
results. The created verification tasks were peer-reviewed as part
of SV-COMP 2026 and we used best practices [10] for reliable and
reproducible measurements. Regarding external validity, we are
confident that our selection of verifiers represents a wide sample of
the state of the art in software verification, but results may differ
for other software projects.

4 Conclusion and Future Work

We described HarnessForge, a tool that addresses the practical
challenge of assembling standard verification tasks from industry-
scale, multi-file C projects. The tool has been successfully applied
to three practically relevant projects, creating 949 verification tasks.
We envision that HarnessForge will help practitioners to prepro-
cess their code and apply software verifiers with ease.

We continue to develop HarnessForge with our industry part-
ners in three directions: First, we aim to reduce complexity in the
verification task by slicing preconditions that only initialize or con-
strain data structures not used in the method under verification.
Second, automatic generation of boilerplate code is planned to sim-
plify the creation of verification harnesses. Third, we intend to
assist engineers in writing correct and meaningful harnesses by
providing a data-flow-based linter that targets common mistakes.

https://www.gnu.org/software/coreutils/
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Data-Availability Statement. Both HarnessForge (gitlab.com/
sosy-lab/software/harnessforge) and the generated verification tasks
for AWS C Common, GNU Coreutils project, and Intel TDX are
available open source and archived at Zenodo [7].

Funding Statement. This project was funded by the Deutsche
Forschungsgemeinschaft (DFG) under grants 378803395 (ConVeY)
and 536040111 (Bridge), and a research gift from Intel.
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