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Application of AI to Accelerate Formal verification workflow 
 

ABSTRACT 

    Formal verification is critical for ensuring correctness in 

safety-critical hardware systems. However, the setup 

process remains labor-intensive, requiring configuration of 

the environment manually, RTL integration via Tcl scripts, 

and binding interfaces to SystemVerilog (SV) assertions. 

These tasks become increasingly complex with large signal 

sets or when properties requiring being reused across 

various configurations. This paper presents a methodology 

to automate key aspects of the formal verification workflow 

with AI-assistant. The approach includes Python script 

generation for RTL interface extraction, environment setup, 

and regression integration. The major contribution of the 

work presented in this paper is automatically implementing 

SystemVerilog properties based on prompts fed in AI tool. 

These properties are successfully verified using Synopsys 

VC Formal (VCF) after being reviewed by verification 

Engineers. With AI-assistance, the formal verification tests 

can also be launched in regression efficiently and the 

regression results are automatically sent to test owners. 

Applying this method, time consumed in formal verification 

flow has been largely reduced. Although the experiments 

are conducted using VCF, the methodology is tool-agnostic 

and applicable to other formal platforms such as JasperGold 

and Questa Formal. 

Keywords: Formal Verification, GitHub Copilot, SystemVerilog 

Assertions, Finite-State Machine, Synopsys VC Formal  

1 Introduction 
Formal verification (FV) [1] is a foundational technique 

in hardware design validation, offering exhaustive coverage 

and early bug detection compared to simulation-based 

methods. The popular formal verification tools are VC 

Formal (VCF Synopsys) [2], JasperGold (Cadence) [3], and 

Questa Formal (Siemens) [4], etc. 

To initiate FV, engineers configure the environment by 

scripting VCF shell commands, linking RTL designs, and 

binding SystemVerilog Assertions (SVA) to the design 

interface. RTL modules often support different features and 

reusability with signals designed on their interfaces based 

on system architecture, many companies adopt script-based 

flows. For example, RTL modules are defined in .v.dpl Perl 

scripts that generate Verilog files based on configurable 

parameters during the build process. On the other hand, 

formal verification tools require assertion checkers being 

bound directly to the RTL module in Verilog format. 

Typically, the RTL module to be formally verified is created 

during the build process applying deperl commands. This 

interface is typically constructed manually. It is tedious and 

error-prone for modules with large port lists. Moreover, 

writing assertion properties is a manual task that depends 

heavily on the expertise of the design verification engineer. 

Recent advances in artificial intelligence (AI) have 

introduced new opportunities for automating code 

generation and improving verification efficiency. This paper 

presents a Python-based framework, assisted by GitHub 

Copilot [5,6], that automates the setup of the verification 

environment, interface generation, and regression analysis. 

It also explores techniques for automatically generating 

assertion properties for verifying safety-critical hardware 

blocks. Experimental results show significant reductions in 

setup time and manual effort, demonstrating the potential of 

AI-assisted workflows in formal verification. 

2 Approach 

This section outlines the formal verification flow, 

identifies automation opportunities, and describes strategies 

for generating scripts and properties using AI assistance. 

2.1 Formal Verification Flow 

The formal verification process begins with collecting 

configuration data that defines the formal verification 

environment. This includes setting environment variables, 

selecting the application mode, specifying the top-level RTL 

module, identifying clocks/resets/wrapper configurations, 

and specifying directory for saving the report log file. These 

inputs guide the generation of essential setup files: 

• Blackbox.yml: Lists RTL modules to be excluded from 

formal analysis, often using regular expressions [7] to simplify 

exclusion of third-party IPs or non-critical logic. 

• Module_wrapper.sv: Optional wrapper for RTL 

modules supporting multiple configurations. 

• Module_if.sv: Interface bound to RTL and contains 

SystemVerilog properties. 

• Module.tcl: Core script that configures VC Formal shell 

commands, sets application parameters, and enables reporting 

results at a specified location in the workspace. 
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The formal verification workflow depicted in Figure 1 

outlines a modular and repeatable process that begins with 

collecting configuration input from the user. With the 

collected information, the script automates file generation, 

which includes the creation of interface files, wrapper 

modules, blackbox lists, and Tcl. Once these files are 

generated, the verification engineer runs VCF to verify the 

RTL design based on properties. When applied mode is 

Automatically Extracted Properties (AEP) or Formal X-

Propagation application (FXP), the properties are given by 

VCF. If Formal Property Verification (FPV) or another 

formal application is applied, then verification engineer 

should design the required assert properties along with the 

necessary constraints (assume properties) to verify the 

features implemented in RTL module.  

Formal Verification Setup (create related files)

Blackbox.yml Module_wrapper.sv Module_if.sv Module.tcl

VC Formal

Gather Configuration Info

All the properties passing?

No

Yes

Add FV test in regression

Run FV tests in regression

Report regression results

When related RTL/FV 
test has been updated

Request RTL fix or FV test updates
 

Figure 1. Formal Verification Flow. 

After running VCF to verify RTL module, the design 

verification (DV) engineer has to debug the failed properties 

by analyzing the definition of the property as well as the 

constraints to identify the potential RTL issues or the 

constraint/check problems. Upon successful validation of all 

assertions, the test is integrated into a regression depot. 

The regression is configured to automatically launch FV 

tests whenever associated RTL modules are updated. This 

ensures continuous formal verification as the design 

evolves. Regression results are monitored to confirm that 

RTL changes are formally verified. If new functionality is 

introduced, RTL designs are expected to be formally 

verified on the newest version. The existing properties are 

to be reviewed or revised with considerations on the 

constraints update. Once all properties pass, the test remains 

dormant until further changes are detected. Any failed 

assertion activates test debug and issue resolution. 

To reduce manual effort and improve scalability, we 

developed Python scripts to automate the generation of 

setup files and streamline regression reporting. These scripts 

target the tasks highlighted in the green blocks in Figure 1. 

Using the script, the required files can be generated within 

2 minutes and some applications, such as AEP or FXP, can 

be run directly after the files generated. Note that the script 

is applicable not only to FPV but also to other formal 

applications such as Formal Register Verification (FRV) 

and Sequential Equivalence Checking (SEQ) [8], etc.  

This structured flow ensures consistency, scalability, and 

traceability across multiple verification cycles and design 

iterations. Detailed information on the automation strategies 

will be presented in the next section. 

2.2 Automate FV Setup 

GitHub Copilot integrated with Visual Studio Code (VS 

Code) [9] as an extension provides AI-powered code 

completion across multiple programming languages, 

especially Python. In VS Code, with the powerful AI 

assistance, a Python script is developed to automate the 

tasks highlighted in the “Formal Verification Setup” block 

in Figure 1. Figure 2 illustrates the control flow of the script 

developed to automate the formal verification setup.  

start

Initial  Configuration 

Delete 
Run  Directory

Directory Clean up

Build RTL

Formal Testbench 
Generation 

Apply user Inputs 

PASS/ FAIL

End

N

Y

Y
N

 

Figure 2. Script Flow. 

The automation process begins with the collection of 

user-defined configuration parameters, which include the 

module name, clock and reset signal definitions, wrapper 

usage, and the designated directory for saving formal 

verification results. These inputs serve as the foundation for 

initializing the formal environment and guiding subsequent 

script operations. Based on user inputs, the Python script 

first determines whether any previous run directories should 
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be removed to ensure a clean workspace. It then evaluates 

whether the RTL design requires rebuilding. This is 

typically triggered when updates have been made to the 

source files or configuration parameters. If a rebuild is 

necessary, the script invokes system commands to 

regenerate the RTL in Verilog format, ensuring that the 

latest design version is used for verification. Following this, 

the script proceeds to generate all required components, 

including the interface file containing SVA, the wrapper 

module for RTL encapsulation, the Tcl script for tool 

configuration, and the black box list for excluding modules 

that are not necessary to be formally verified. In cases where 

the RTL remains unchanged, the script bypasses the rebuild 

step and directly generates the required files. This structured 

flow promotes repeatability, minimizes manual 

intervention, and enhances consistency across formal 

verification tasks. 

An example execution of the automation script is 

illustrated in Figure 3, using the module modeA_sync_fifo 

as a case study. During runtime, the script interactively 

prompts the user to provide essential configuration details, 

including clock and reset signal definitions, wrapper usage, 

and other module-specific parameters. The report log file 

will be saved in the out directory under the corresponding 

test folder by default and this default setting is not reflected 

in this interaction with a user. Once the inputs are collected, 

the script proceeds to automatically generate the formal 

verification artifacts required for VC Formal execution. 

These include the files mentioned in section 2.1. This 

example demonstrates the script’s ability to translate user 

inputs into a complete and reusable formal testbench, 

aligning with the setup flow previously outlined in Figure 1. 

 

Figure 3. An Example of Generating FV Test. 

2.2.1 Generate Main Function 

To implement the flow depicted in Figure 3, we structure 

the Python script around a Config() class containing two key 

methods: get_user_input() and generate_code(). The first 

method gathers project-specific configuration interactively, 

while the second orchestrates file generation through 

modular sub-functions. Each sub-function is developed 

individually using targeted prompts in Copilot, allowing for 

isolated debugging and efficient integration into the main 

script. This script (vcf_formal_tb_builder.py) creates 

formal verification environments for RTL modules. Here's 

a breakdown of the core classes and the methods developed: 
▪ Config Class 

- Init (): Initializes configuration with default values for 
formal verification setup 

- get_input_file_path(): Searches for RTL module files in 
the build output directory 

- replace_lines_and_generate_module(): Parses RTL files 
to create SystemVerilog interface files 

▪ File Generation Functions 
- get_tcl_cfg_str(): Generates TCL configuration for formal 

verification tool 
-  get_sv_if_str(): Creates SV interface with property 

placeholders 
-  get_wrapper_str(): Produces optional wrapper module 

for parameter modification 
▪ Environment Setup Functions   

- generate_build (): Runs build commands to prepare RTL 
for verification 

-  clean_up (): Removes previous build artifacts and run 
directories 

- generate_code(): Orchestrates creation of all formal 
verification files 

▪ User Interaction Functions 
- get_user_input(): Collects module details, clocks, resets 

and configuration preferences 
- get_user_input_clock(): For Multiple clocks 
- get_user_input_reset (): Gathers timing specifications 

from user 
- write_str (): Creates output files in appropriate directory 

structure 

2.2.2 Generate Files 

In VS Code, GitHub Copilot can be guided to generate 

Python functions using two primary prompt strategies: (1) 

explicitly describing the required functionality in the 

prompt, or (2) providing a reference implementation 

accompanied by a concise prompt. The first strategy is 

particularly effective for generating structured configuration 

files such as Blackbox.yml. To reduce the complexity of the 

list in this file, regular expressions are often employed to 

define exclusion patterns. In this case, only a framework of 

the YAML file is needed, and the prompt specifies the 

desired structure and commenting style. For example, we 

provide a prompt to generate this file: 

Copilot then generates a Python function that produces 

the required file format. This approach minimizes manual 

effort and ensures consistency, especially when the 

write a python function to generate a blackbox.yml file in which involves 

following lines: 

"# The blackbox collection holds a list of RTL modules we wish to omit 

# from the RTL file list. When VC Formal cannot find an RTL definition 

for 

# a module instance it simply blackboxes it. 

# We list all RTL files to be commented out, with one file per line. Note 

# that the line must start with a hyphen and that there is a space between 

the 

# hyphen and the RTL file name. " 
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excluded modules vary across projects or configurations. 

Apply this prompt, in VS Code chat window, the function is 

created by the selected model Claude Sonnet 4 shown below. 

 

Figure 4. An Example Script to generate Blackbox.yml. 

Running this Python function, the target blackbox.yml 

file is generated as depicted in Figure 5.  

 

Figure 5. The Created Blackbox.yml. 

After the initial generation of the Blackbox.yml file, users 

can manually append the list of RTL modules to be excluded 

from formal analysis. This is typically done after line 8, 

following the example provided on line 7. Completing this 

list interactively during script execution is inefficient, 

especially for designs with numerous third-party IPs. 

Alternatively, blackboxing can be specified directly in the 

Tcl script using commands such as set_blackbox -design 

{cells_name}. This flexibility allows engineers to tailor 

exclusion criteria based on project-specific verification 

requirements. 

The second strategy leverages reference-based prompting 

where an existing .sv file is used as a template. It is applied 

in generating wrapper and Tcl files. For example, the 

Module_wrapper.sv file is created by opening a wrapper 

module and applying a concise prompt (shown below) :  

This approach enables GitHub Copilot to infer structure 

and syntax from the reference, producing a reusable wrapper 

module tailored to the specific RTL configuration.  

The generated wrapper module, as an example shown in 

Figure 6, where variables DUT_NAME and DUT_INST_NAME 

are to be defined in Module.tcl, in which the parameter 

OP_WIDTH can be overwritten by a tcl command in a proc 

get_vcs_opts{} in Module.tcl as the following example: 

-pvalue rtl_wrapper.OP_WIDTH=12 

where parameter rtl_wrapper.OP_WIDTH is obtained from 

an argument of a proc in Module.tcl. This enabled the 

reusability of the initiated files. The rest signals on the RTL 

interface (described in next section) can be added by another 

function.  

 

Figure 6. The Reference for Generating Module_wrapper.sv.  

Similarly, a reference file is applied with a short prompt 

to generate another function for creating Module.tcl file.  

2.2.3 Generate Module_if.sv file 

Because the interface template is not as simple as the files 

described above, a Python script is required to be generated. 

As previously mentioned, RTL modules are scripted using 

.v.dpl files, which are executed via system commands to 

generate the corresponding Verilog (.v) files. The creation 

of the Module_if.sv file requires parsing the Verilog output 

of the top-level RTL module designated for formal 

verification. From the parsed outputs, the script extracts key 

interface elements including the module name, input/output 

signal declarations, and parameter definitions, and 

incorporates them into the assertion interface file. 

Configuration parameters provided during setup are also 

embedded to ensure alignment with the verification context. 

In addition to these automatically extracted signals, internal 

signals, such as control flags or protocol indicators specific 

to verification, must be manually added when required in 

property implementation, and the manual work is 

unavoidable, as it depends on the specific RTL design. This 

hybrid approach balances automation with flexibility.  

 

Figure 7. The Reference for Generating Module_if.sv. 

As shown in Figure 7, the example of an interface file 

generated by the Python script involves the signals on the 

module port and related parameters, and it is bound with the 

corresponding RTL module. 

Provide a python function to create a general "wrapper" module 

in SystemVerilog referring to the wrapper.sv. 
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2.2.4 Generate other required files 

In our design system, the registers are defined in 

Extensible Markup Language (XML) [10] file, and the 

exclusions of the registers or some fields are listed in YAML 

[11] files. The XML file is a register description file which 

contains the register addresses, fields, size, offset, reset 

value. Hence, in addition to the files discussed earlier, to 

formally check registers and construct FRV environment, it 

requires YAML and XML configuration files. Generating 

these files manually for each project is repetitive and time 

intensive. To streamline this process, a Python script is 

developed to automate the generation/modification of these 

configuration files by parsing key-value pairs from a 

database formatted as JavaScript Object Notation (JSON) 

[12] file containing register names, XML file paths, Register 

Abstraction Layer (RAL) [13] package locations, and 

exclusion criteria for specific registers. The sample YAML 

file and a tcl is given as an input to the script which contains 

the keys. The script dynamically updates placeholders in 

YAML and Tcl files with values from the JSON data, 

handles complex cases like keys with multiple values, and 

generates context-specific file names for seamless 

integration. By reducing manual effort and ensuring 

consistency across projects, the script streamlines the setup 

process for verification workflows, making it reusable, 

scalable and efficient for large signal sets or multi-project 

environments 

2.3 Generate Properties 

In applying FPV, properties are typically derived from 

specifications, which are expressed in natural language. AI 

tools, especially Large Language Models (LLMs) [14] are 

supposed to have the capability to implement SVAs that are 

intended to be formally verified. However, based on our best 

knowledge, majority of AI applications are focusing on the 

accelerating algorithms implemented underlying the formal 

tools themselves. For example, a recent work in [15] 

contributes on formal verification of Common Weakness 

Enumerations (CWEs) in a dataset of hardware designs 

written in SV from an AI tool. Another work in [16] 

proposed a framework to automate program verification.  

In this section, two strategies of generating properties 

automatically with AI-assistance for formal verification 

purposes are presented. 

2.3.1 Properties Generated Based on Diagram 

Finite State Machine (FSM) is the best candidate in 

applying the formal method. The general specification of a 

design based on the FSM, which serves as a primary format 

for defining control logic designs, is a diagram. An example 

of a FSM diagram is shown in Figure 8. This FSM is 

designed for a sub-module involved in a coprocessor IP. It 

comprises three states ST_A, ST_B and ST_C. The 

transitions between these states are governed by 

combinations of four input signals a, b, c, and d. The FSM 

reacts to these inputs on each clock cycle and moves to the 

appropriate next state.  

ST_A

ST_B

ST_C

~b && c && d 

b && c && d 

a && ~b

a && b

~b & e

b & e

~a

 

Figure 8. Finite State Machine Example. 

Before requesting the SV property code, we feed such a 

prompt to inform that AI should have a prerequisite of FV 

concept to indicate the background of the following requests 

before it starts generating SVA. 

Copilot uses cutting-edge language models to answer the 

above question. It lists 6 types of properties that should be 

designed for formally verifying a general FSM design. 
• State Transition Properties 

These ensure the FSM transitions correctly from one state to 
another based on inputs. 

• State Reachability 
Verify that all states in the FSM can be reached under some 
input conditions. 

• Illegal State Detection 
Ensure the FSM never enters undefined or illegal states. 

• Mutual Exclusivity 
Ensure only one state is active at a time (especially in one-hot 
encoded FSMs). 

• Timing Constraints 
Verify that certain states are held for a specific number of 
cycles or that transitions occur within a time window. 

• Output Behavior 
Check that outputs behave correctly based on the current state 
and inputs. 

In the AI response, it also proposed that cover properties 

should be planned for ensuring the formal tool exploring all 

relevant paths. Based on this answer, we request generating 

properties for this FSM using the following prompt: 

It generates 10 assert properties and 3 cover properties 

within 1 minute. Note that not all types of properties are 

generated and the AI-generated properties should be 

reviewed by engineers before they are employed in the 

actual verification activities. In our experiments, the 

generated properties applying mode GPT4-o look to be 

accurate pretty much. Majority of the properties can be 

directly used, however, some defined macro in the RTL 

source file should be manually replaced. This tells us that if 

the prompts provide enough information, then manual work 

may not be required. 

Based on what you told me above, generate the SystemVerilog 

properties for formally verifying the FSM shown in the attached 

diagram with the state defined as “reg [1:0] stateCur”. 

What kind of properties (written in SystemVerilog) should be 

designed for formally verifying a finite state machine? 
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2.3.2 Properties Generated Based on Examples 

In practical design environments, most specifications are 

documented in natural language, often spanning multiple 

sections or entire documents. This presents a challenge 

when attempting to use AI tools to generate formal 

properties, as isolated sentences or short paragraphs rarely 

provide sufficient context. For example, it is common that 

an RTL module designed using AXI bus for communication 

between blocks. Hence, RTL behavior governed by the 

AMBA AXI and ACE protocol standards [17], which span 

over 300 pages. The requirements for AXI read and write 

transactions, including timing, ordering, and security 

constraints, are distributed across several chapters, making 

it difficult to encapsulate them in a single prompt. 

Rather than describing the full specification, we provide a 

property as a reference that captures the intended behavior 

described in the header comments, as shown in Figure 9. 

The illustrated reference property is designed to verify 

whether a memory read transaction complies with a defined 

security policy, where the response originates from an AXI 

slave. The goal of this assertion described in the comments 

between line 238 to 242 is supplied for AI understanding the 

property req_neg_id_prop. This example serves as a 

template for AI-assisted generation of related properties, 

enabling more accurate and context-aware generation of the 

required assert properties. 

 

Figure 9. Example Property Provided in the Prompts. 

Providing prompts with this example makes it easier to 

generate properties related to AXI behaviors than 

attempting to describe complex requirements directly. More 

strategies for generating SV code can be found in [18]. 

2.4 Report FV Test Status 

Unlike simulation-based regression, FV tests are only 

rerun when RTL or specification changes occur. To 

automate this, a Python script maps each test to its sensitive 

RTL files via a JSON configuration. Using Perforce [19], 

the script detects file updates and triggers corresponding FV 

tests before regression execution, to ensure efficient and 

targeted verification.  

VCF supports logging of test results via commands 

specified in the Tcl script, typically directing output to a file 

named vcf.log within a designated directory (e.g., out/). This 

log includes the number of passed, failed, and inconclusive 

properties. To eliminate manual review, a Python script was 

developed—using GitHub Copilot—to parse the log file and 

report detailed failure information. These results can be 

automatically emailed to verification engineers and program 

managers, enabling efficient tracking and debugging across 

formal verification workflows. 

3 Observations  
To evaluate the effectiveness of the proposed AI-assisted 

formal verification workflow, we compared manual and 

automated efforts across five representative RTL modules: 

Module A, Module B, Module C, Module D, and Module E. 

These modules vary in the functionality complexity, signal 

count, and verification scope, providing a balanced view of 

the methodology’s scalability. Effort estimates across five 

RTL modules highlight the impact of automation in formal 

verification workflows. The “Before” and “After” rows in 

Table 1 represent manual and AI-assisted approaches, 

respectively.  

 

Table 1. Comparison of Efforts in Formal Verification. 

Manual FV setup involves writing configuration files, 

debugging syntax, and executing builds. Obviously, effort is 

scaled with the interface complexity. Property development 

is time-intensive, especially for modules with protocol-

driven behavior (i.e. AXI). The estimated time in the table 

above is based on the performance of a general junior 

engineer, who has formal verification concept and is 

familiar with SV property development skills. The 

complexity and number of assertion properties significantly 

influence the effort required for their development. In 

verifying module E case, which involves more complex 

AXI behavior with numerous signals and logical 

considerations, the time required for human development 

surpasses even that of simpler cases like module E. 

Moreover, properties written manually by engineers are 

susceptible to syntax errors and typos, whereas AI-

generated code generally avoids such issues. Consequently, 

the debugging time associated with AI-generated properties 

may be lower compared to manually written code.  

Regression reporting requires manual log inspection and 

status communication. Note that the time required for 

analyzing FV test status by reviewing summary messages in 

the vcf.log file remains consistent, regardless of the RTL 

block size.  
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In contrast, the automated flow uses Python scripts and 

AI-generated code to streamline these tasks. Setup time is 

reduced to approximately 5 minutes per module, property 

generation is accelerated via prompt-driven AI-assistant, 

and regression results are parsed and reported automatically.  

 

     Figure 10. FV Runtime comparison across RTL modules 

  To highlight the reduced work time/efforts, in Figure 10, 

the impact of applying the proposed framework or not is 

visualized in a bar chart across the five modules, based on 

the data shown in Table 1. The chart clearly demonstrates 

significant reductions (the orange, red and brown colored 

bars for each module) in verification effort enables faster 

iteration and improves scalability across diverse design 

blocks in the project. Recently, the method has been 

successfully employed in multiple projects. 

4 Conclusions 
 This work demonstrates the AI-assisted automation in 

formal verification workflows. Supplying prompts in VS 

Code, we make use of GitHub Copilot to generate efficiently 

Python script for environment setup, interface construction, 

and regression reporting tasks that traditionally demand 

significant manual effort. Additionally, SystemVerilog 

properties can be automatically derived from FSM diagrams 

or references with brief prompts. The proposed workflows 

significantly improve work efficiency in the verification 

process. Beyond FPV and FRV applications, this approach 

can extend to initiating a range of VCF tools, including 

Sequential Equivalence Checking (SEQ), Connectivity 

Checking (CC), and Data Path Verification (DPV). The 

strategies presented are also applicable for formal 

verification using other tools, i.e. JasperGold or Questa, etc. 

 Our findings highlight the untapped potential of AI tools 

in formal verification, a domain where automation remains 

limited despite broader industry adoption. As a forward-

looking extension, we aim to extract formal properties 

directly from contextual specifications embedded in design 

documents. This direction supports the development of 

intelligent agents capable of improving assertion quality, 

accelerating verification cycles, and strengthening design 

confidence in complex semiconductor systems. 
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