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Abstract- Digital Signal Processing (DSP) blocks are the cornerstone of modern communication systems, performing 

critical arithmetic operations that require meticulous verification to ensure error-free data flow. Typically, DSP 
algorithms are developed in MATLAB by system teams. These algorithms are then implemented in Verilog by RTL 
designers. The primary responsibility for the verification engineers is to ensure that the RTL implementation accurately 
reflects the MATLAB algorithm models. However, a verification gap arises due to the disparate languages used by the 
system and design teams.  

This paper explores the use of generative artificial intelligence (Microsoft Copilot) and the MATLAB dpigen function 
to bridge this gap by generating SystemVerilog assertions as well as DPI (Direct Programming Interface) components 
directly from MATLAB functions. This method facilitates efficient verification through direct comparison between the 
MATLAB model output and the RTL design output. 

Through a detailed case study of the Least Mean Squares (LMS) adaptive filter, where both the MATLAB functions 
and RTL Verilog modules are generated by Microsoft Copilot, this paper outlines a step-by-step process for performing 
cycle-accurate verification using dpigen. It showcases how this approach can effectively identify and resolve discrepancies 
between the MATLAB model and the RTL implementation. Furthermore, this paper demonstrates how Microsoft 
Copilot can be used to create SystemVerilog assertions for intermediate datapath signal checking, addressing the 
challenge of limited visibility into internal signals during DPI-based verification. 

Notably, three bugs in the Microsoft Copilot generated RTL design were identified and rectified through this process, 
underscoring the practical effectiveness of using generative AI and MATLAB dpigen in DSP verification. 

 
I.   INTRODUCTION 

DSP logic plays an important role in IoT chips. The system team typically develops their MATLAB models to 
study and evaluate the DSP algorithms. Once the algorithm is mature, the RTL designers implement the model in 
Verilog.   

One of the traditional DSP verification approaches involves applying test vectors provided by the system team to 
both the MATLAB model and the RTL. The verification engineer then compares the results and identifies any 
mismatches. However, this method is limited in scalability and struggles to cover extensive design state spaces, 
leaving some bugs uncovered in the corner cases. 

Another common approach requires verification engineers to build their own predictors in SystemVerilog based 
on the specifications. This method can be problematic due to potential misunderstandings of the specifications, 
which necessitate iterative revisions of the predictors. Besides, any changes in the algorithm by the system team 
require the verification engineers to manually update the predictors, making this approach time-consuming, error-
prone, and inefficient. 

To address these challenges, a more efficient and effective solution is to directly reuse the MATLAB model as a 
golden reference in the testbench. With MathWorks HDL Verifier™ dpigen function [1], SystemVerilog DPI 
components can be automatically generated from MATLAB functions, as illustrated in Figure 1. These DPI 
components serve as predictors in the testbench, enabling automated, cycle-accurate verification of the design under 
test (DUT). This method not only supports constraint randomization for stimulus, potentially uncovering corner case 
bugs, but also enhances the efficiency and reliability of the verification process. 

In practice, one limitation of DPI-based datapath verification is its difficulty in debugging. DPI components 
operate as black boxes during simulation, where only the input and output arguments are visible. Intermediate 
results or internal variables are not accessible from outside the DPI components. This makes it hard to pinpoint the 
cause of any mismatches in the output, which are often due to bugs within the datapath that propagate the errors to 
the final outputs. Adding SystemVerilog assertions to check the values of internal signals can make debugging 



easier. Generative AI can assist in writing such assertions for datapath checking, provided both the MATLAB 
function and the RTL are available. 

 
Figure 1. HDL Verifier™ dpigen function generates SystemVerilog DPI component from MATLAB function [2] 

 
 

II.   LMS ADAPTIVE FILTER DATAPATH VERIFICATION 
This section detailed the step-by-step process for cycle-accurate datapath verification in DSP designs, using an 

LMS adaptive filter as an example. The LMS adaptive filter minimized the mean square error between a desired 
signal and the filtered signal by adjusting the filter coefficients iteratively. 

Both the MATLAB function and RTL Verilog module were generated using Microsoft Copilot [3]. The 
MATLAB function served as the algorithm provided by the system team, which was used as a specification of the 
design as well as the golden reference model used in the verification. Additionally, SystemVerilog assertions were 
created to verify internal signals within the datapath. A testbench was used to demonstrate the LMS adaptive filter’s 
effectiveness in noise cancellation. 
 

A. LMS Adaptive Filter MATLAB Model  
The MATLAB function, generated by Copilot, acted as the design specification and golden reference model for 

verification. It is created based on the prompt: “Please give me one Least Mean Square adaptive filter MATLAB 
function named “lms_filter_one_cycle” which calculates only one clock cycle. The datapath signals should be 
quantized by M bits using built-in function floor as truncation. Inputs are x (input signal), d (desired signal), w 
(weight factor), mu (learning rate), M (number of bits for quantization), K (number of taps). Outputs are y (output 
signal), w_updated (updated weight factor), e (error)”. The resulting MATLAB function is shown in Figure 2.  

 

 
 

Figure 2. lms_filter_one_cycle MATLAB function generated by Microsoft Copilot 



   To verify the accuracy of the algorithm, a testbench was generated using the prompt “Please give me a MATLAB 
testbench to demonstrate the generated function "lms_filter_one_cycle" in noise cancelling application. The desired 
signal is a sine wave with amplitude of 3 and input signal is the addition of the desired signal and a noise with 
amplitude of 1. Also plot the mean squared error over time.” The MATLAB testbench is shown in Figure 3. 

 

 
Figure 3. MATLAB testbench generated by Microsoft Copilot 

 
The results, illustrated in Figure 4, highlighted the effectiveness of the generated MATLAB function in 

performing noise cancellation. The mean squared error (MSE), a metric used to measure the average squared 
difference between the output signal and the desired signal, showed a consistent reduction over time. This declining 
trend in MSE indicated that the adaptive filtering process was functioning as intended. As the filter adapted, the 
output signal converged closer to the clean sine wave, demonstrating that the generated MATLAB function 
successfully removed unwanted high-frequency noise components. Consequently, this function served as a reliable 
reference model for verifying DSP algorithms in hardware designs. 

 

 

Figure 4. Effectiveness of the generated “lms_filter_one_cycle” function in noise cancellation 



B. LMS Adaptive Filter RTL  
    The RTL Verilog module, also generated by Copilot, adheres to the prompt: “Please give me a synthesizable 

LMS Verilog module named “lms_filter” with K taps, where the data are N bits in width, and M out of N bits are for 
fractional bits. Inputs are x (input signal), d (desired signal), mu (learning rate), clk (clock), rst (reset) Outputs are 
y (output signal), e (error). Please pay attention to the bit width of the product in each multiplication. The weight 
vectors are sequential logics, and output signal y and error e are combinatorial logics.”  

The generated Verilog code is shown in Figure 5, and it was designed to implement the LMS adaptive filtering 
algorithm in hardware.  

 

 
 

Figure 5. lms_filter Verilog module generated by Microsoft Copilot

 
C. Golden Reference Model as Predictor 

The predictor was automatically created using the SystemVerilog DPI component of the MATLAB function 
“lms_filter_one_cycle”, generated via the dpigen command as shown in Figure 6. The command generated a shared 
library (.so file in a Linux environment), and a SystemVerilog package file containing the necessary function 
declarations. 

The shared library allowed the MATLAB function to be called directly from the SystemVerilog environment, 
enabling seamless integration of the MATLAB algorithm into the hardware verification process. The SystemVerilog 
package file included the DPI function prototypes, making it straightforward to instantiate and use the MATLAB 
function within the SystemVerilog testbench. 

 

 
Figure 6. dpigen command to generate DPI component from the MATLAB function 

 
D. SystemVerilog Assertions 

The assertions were helpful in checking intermediate signals in the datapath, which could unveil bugs earlier that 
would eventually propagate to the final output. By strategically placing assertions at key points in the RTL design, 
verification engineers could verify partial results during simulation, trace signal flow effectively, and isolate 
potential issues when mismatches occurred. This approach was particularly valuable in DPI-based verification, as it 
provided visibility into internal signal values, significantly enhancing the debugging process and improving overall 
verification efficiency. 

 Copilot was tasked with reading the MATLAB function and the RTL, and then generated two SystemVerilog 
concurrent assertions. The first assertion represented the combinatorial datapath for the MATLAB code “e = d - y;”, 
as shown in Figure 7. This assertion ensured that the error signal “e” was correctly computed as the difference 
between the desired signal “d” and the output signal “y”. The second assertion represented the sequential datapath 
for the MATLAB code “w_updated = w + mu * e * x;”, as shown in Figure 8. This assertion verified that the weight 



update logic was correctly implemented, ensuring that the updated weight “w_updated” was accurately calculated 
based on the previous weight “w”, the learning rate “mu”, the error signal “e”, and the input signal “x”.  

The prompt given to Copilot was “Can you write SystemVerilog concurrent assertions based on MATLAB code "e 
= d - y;" and "w_updated = w + mu * e * x;"? The assertions will be used to verify the RTL. Please identify the RTL 
signal names and use them in assertions.” 

 

 
Figure 7. SystemVerilog assertion for MATLAB code “e = d - y;” generated by Microsoft Copilot 

 

 
Figure 8. SystemVerilog assertion for MATLAB code “w_updated = w + mu * e * x;” generated by Microsoft 

Copilot 
 

To improve the quality and debuggability of generated SystemVerilog assertions, the following prompt was 
provided to Copilot: “Please do some enhancements including, 1. Use labels for assert statements 2. Use 
`uvm_error instead of $error 3. Use endproperty with end label 4. Print out variables value if assertion fail and use 
$sampled() in value prints in action block”. The enhanced assertions are shown in Figure 9 and Figure 10. 

 
 

 
Figure 9. Enhanced SystemVerilog assertion for MATLAB code “e = d - y;” generated by Microsoft Copilot 

 



 

 
Figure 10. Enhanced SystemVerilog assertion for MATLAB code “w_updated = w + mu * e * x;” generated by 

Microsoft Copilot 
 

The first assertion was straightforward and passed without issues, but the second, more complex assertion 
generated by Copilot had several issues. The for loop should not be inside the property, and the variables on the 
right-hand side should reflect the values from the previous clock cycle, requiring the use of the $past system 
function. Additionally, the simulator used context-sensitive expressions to determine the bit widths for arithmetic 
results, defaulting to the largest bit width of the variables involved. Therefore, the widths of variables in 
multiplication should be cast to 3*N bits to ensure correct arithmetic operation, and the product should be scaled by 
2*M fractional bits.  

After providing this feedback to Copilot, it generated an improved assertion, as shown in Figure 11. However, 
Copilot still did not correctly handle the bit width casting in multiplication. Therefore, human intervention was 
necessary to correct this. The revised assertions module is shown in Figure 12. 

This experience highlighted the current limitations of generative AI in creating complex SystemVerilog assertions. 
While generative AI could assist in writing basic assertions, it often struggled with more intricate aspects, such as 
proper bit-width management, handling precision, and even correct syntax. As a result, verification engineers must 
still apply their expertise to refine and validate the generated assertions for correctness. However, they could 
leverage AI-generated assertions as a foundation to accelerate the development process. This approach enabled 
engineers to save valuable time, allowing them to focus on refining assertions rather than starting from scratch, 
ultimately enhancing the efficiency and effectiveness of the verification workflow. 
 

 
Figure 11. Improved SystemVerilog assertion for MATLAB code “w_updated = w + mu * e * x;” generated by 

Microsoft Copilot with feedback 



 
 

 
Figure 12. Revised lms assertions module  

 
 

E. Testbench 
The testbench instantiated an eight-tap LMS adaptive filter with a learning rate of 0.125. The input and output 

data signals were 18 bits wide with 16 bits representing the fractional part. The desired signal was a 2 MHz 
sinusoidal wave. The input stimulus was a noisy sinusoidal wave composed of the desired signal and higher 
frequency sinusoidal waves of 20 MHz and 50 MHz. The testbench code is shown in Figure 13. 
 
 
 
 
 



 

 



 

 
Figure 13. Testbench verifying lms filter RTL against DPI component 

 
E. Debug  
    Three bugs were identified in the generated RTL. The first bug involved the incorrect assignment of a packed 
array “x” to an unpacked array “x_reg”. The second bug was related to incorrect bit widths of variables in 
multiplication operations. The bit width of the product should be the sum of the bit widths of the multiplier and 
multiplicand to prevent data overflow and maintain precision. In the RTL, the variable “y_accum” was only N bits 
wide, which was insufficient for accommodating the full precision of the multiplication results. It should have been 
2*N bits wide to ensure that the result of multiplying two N-bit values was fully captured without truncation or 
overflow. Similarly, the product of “mu”, “e_wire”, and “x_reg” should be 3*N bits wide.  
    The third bug pertained to the weight update logic, specifically in the handling of the product of “mu”, “e_wire”, 
and “x_reg” signals, which represented the intermediate result of multiplying the learning rate, error signal, and 
input signal. Initially, this signal was truncated by only M bits, which was insufficient given that it has a precision of 



2*M bits representing the fractional number. Proper truncation by 2*M bits was essential to accurately maintain the 
fractional bit calculations throughout the filtering process, ensuring the correct convergence of the adaptive filter. 
    Copilot was requested to fix the bugs using the prompt “x_reg <= x; cannot be compiled. The error message is 
"Error. Cannot assign a packed type 'wire signed[N-1:0]' to an unpacked type 'reg signed[N-1:0] $[0:K-1]" 
y_accum is only N bit wide but (w[i] * x_reg[i]) is a result of 2*N bit wide The bit width of the product of mu * 
e_wire * x_reg[i] should be 3*N bit wide, but in your code it is only N bits wide, and should be scaled by 2*M 
fractional bits”.  
    Upon receiving this feedback, Copilot was able to comprehend the issues which are illustrated in Figure 14, and 
promptly made the necessary corrections. The revised Verilog code reflecting these modifications is presented in 
Figure 15. Although mixing blocking and non-blocking assignments within the same always block was generally not 
considered good practice, the code compiled successfully and functioned correctly. This demonstrated that 
generative AI, like Copilot, could debug Verilog code based on human input and error messages from the simulators, 
effectively addressing specific issues. However, human oversight remained essential to ensure the overall integrity 
and functionality of the code.  
 

 
Figure 14. Copilot’s response to feedback of identified bugs 

 
 

  
Figure 15. Revised lms filter RTL, generated by Microsoft Copilot 

 
 



   With the updated RTL, the output variable “y” matched the DPI predictor output variable “y_dpi” on a cycle-by-
cycle basis, as shown in Figure 16 and Figure 17. The revised RTL was rigorously verified against the MATLAB 
reference model, validating its functional correctness and demonstrating the effectiveness in noise cancellation. 
 

 

Figure 16. Analog waveform showing matching outputs of RTL and MATLAB function in every clock cycle 
 

 

Figure 17. Digital waveform showing matching outputs of RTL and MATLAB function in every clock cycle 
 

III.   CONCLUSION 

 In DSP design workflows, system teams typically develop algorithms in MATLAB, which are then implemented 
in RTL based on these specifications. Reusing the MATLAB model as the predictor verification component is 
highly advantageous for verification engineers, as it significantly reduces both the time and effort required for 
predictor development. It also ensures that the RTL implementation adheres to the specifications. This paper 
demonstrates the application of the MATLAB dpigen function to automate the generation of SystemVerilog DPI 
components from MATLAB functions, enabling cycle-accurate verification of the design under test (DUT). 

 Furthermore, this paper demonstrates that SystemVerilog assertions can be created for intermediate signal 
checking in the datapath using generative AI, facilitating the early detection and debugging of any MATLAB-RTL 
mismatches. This approach is especially valuable in overcoming the limitations of the DPI, which often functions as 
a black box in verification due to the lack of visibility into internal signals. By incorporating assertions to check 
critical intermediate signals, this method offers greater transparency into datapath operations, ensuring that 
mismatches are identified and addressed earlier in the verification cycle.  
    Although the example used in this paper is a small DSP block, this approach is also applicable to complex 
datapath verification. Generative AI accelerates assertion development by analyzing designs and generating targeted 
assertions, minimizing the need for manual assertion development. By strategically placing assertions at critical 
points along the complex datapath, the root causes of MATLAB-RTL mismatches can be quickly narrowed down 
and isolated, leading to more efficient and effective verification workflows.   

Generative AI also offers valuable assistance in DSP block design and verification. The experiment shows that 
generative AI can produce high-quality MATLAB code, potentially reducing the time system teams need for 
algorithm development. Moreover, generative AI can generate basic SystemVerilog assertions based on the 
MATLAB function. However, for more complex assertions, detailed and well-crafted prompts are necessary to 
achieve optimal results. While the quality of the generated code may not be mature enough for direct use, it provides 
a solid framework that can serve as a starting point for assertions development. This framework, however, still 
requires careful review and modifications by experienced verification engineers.  
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