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MOTIVATION

• Integrated Circuits (ICs) combine logic and electronic components in a single unit to
perform programmed functions.

• IC verification is the activity that determines the correctness of the design.

• IC verification is extremely resource-intensive.

• Costs of tests and verifications are significantly increasing with increased design
complexity.

• As a result, in a highly complex system it is not possible to tests the entire design with the
test set each time any modification is made to the design.

• For this we need Regression Testing!



MOTIVATION (CONT)

In 1994, the Pentium FDIV bug occurred due to an error in Intel’s 
division algorithm (FPU), causing incorrect results in specific cases. 
Intel missed this in their testing, leading to a costly chip replacement 
process of about $475 million. *

• Early and timely bug detection in ICs — ensures its functional correctness, design

reliability, and quality.

• The complexity of integrated circuit design is determined by factors such as transistor

count, functionality, interconnect density, and design architecture.

Encyclopedia Pub. "The Intel Pentium FDIV Bug." Encyclopedia Pub, 
https://encyclopedia.pub/entry/32969#:~:text=This%20flaw%20in%20the%20Pentium,about%2061%20parts%20per%20milli
on. Accessed 6 Oct. 2024.

*



WHAT THE CLIENT GETS

https://www.infineon.com/cms/en/product/microcontroller/32-bit-tricore-microcontroller/?term=tricore&view=kwr&intc=searchkwr*



A PRACTICAL DESIGN

Modified Blocks 
under test.

Blocks connected to 
blocks under test.



THE CHALLENGE

• Verifying IC designs involves subjecting millions of test scenarios, depending on 

complexity.

• How do we select a small number of tests from a very large test pool for very fast 

targeted testing of the design changes ?

RELATED WORK
• Simulation-based verification provides a robust framework for testing designs across 

diverse scenarios*.

• Regression Testing verifies circuits incrementally, focusing on sections of the circuit that 

have been modified or undergone design changes.

* Y. Li, W. Wu, L. Hou, and H. Cheng, “A study on the assertion-based verification of digital ic,” in 2009 Second International Conference onInformation and 
Computing Science, vol. 2, 2009, pp. 25–28



SMART REGRESSION TESTING

• SMART regression leverages the Nearest Neighbours 
algorithm for test selection.

• Test selection based on geographical closeness between 
design blocks.

• It requires accurate measure of connection strength between 
interconnected blocks known as “connection weights.”

• We propose an AI assisted method for predicting connection 
weights between design blocks.



TEST SCENARIO & CONNECTION WEIGHT

• For a regression test scenario, the tests need to be 

distributed within all the connected blocks.

• Test distributions are influenced by “connection 

weights.”

• Connection weights lie between 0 and 1.

Blocks under test. Blocks connected to 
blocks under test.



GRAPH NEURAL NETWORK FOR WEIGHT PREDICTION

• GNN operates on graph data structures.

• The novel approach replaces the manual method 
of updating the knowledge bases for regression 
testing.

• The message-passing neural network collects 
features from adjacent nodes to improve node 
representation within the graph.



PROPOSED APPROACH FOR WEIGHT PREDICTION



PROPOSED APPROACH FOR WEIGHT PREDICTION



DATA PREPARATION FOR TRAINING & VALIDATION

• The objective is to create feature table and establish connections for the IC design 

under test.

• This is then used to train the GNN model which predicts the connection weights for test 

selection.



ATTRIBUTES FOR CONNECTION WEIGHT PREDICTION

• The number of incoming and outgoing connections.

• The number of cover points. i.e. critical points in a design that’s need to be tested.

• Whether a block is self-contained or not, shows the existence of connection to itself.

• Block’s intrinsic weight, indicating its priority with respect to the rest of the connected blocks.



PRIORITY OF FEATURE TABLE ATTRIBUTES

“Determine priority score (PS) of each block based on the following equation.”

CONNECTION WEIGHT DERIVATION  



MODEL EVALUATION

• The model was tested on a 535K μm² design using 28nm technology. 

• The design contains FPU, decoder, load/store units, fetch modules, bus interface units, and 

an ALU, etc.

• A total of 33K test cases were considered, encompassing both good and bad tests.



RESULTS

* S. Sokorac, "Optimizing random test constraints using machine learning algorithms," 2017 Design and Verification Conference and Exhibition US (DVCon), 

2017, pp. 583–588.
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FURTHER RESULTS



CONCLUSIONS

• Our approach is showing noticeable improvements over the random cases, which is quite 
popular for simulation-based verification. 

• Considerable accuracy improvement over a full regression test is also observed, where a full 
regression test required 27K tests (vs 100 tests) to achieve 89.52% expression coverage (vs 
84.75%) over a 2-day run (vs about 50 mins).

• In conclusion, our AI-assisted weight prediction for regression testing shows promising results, 
and efforts are ongoing to automate other stages of regression testing using AI technology.



THANK YOU FOR YOUR ATTENTION 

ANY QUESTIONS ? 



DATA ANALYSIS

• We utilised data from custom designs that included design specifications and connection 

information between design blocks.

1. Construction of feature table: Refine and organise relevant information to construct a feature 

table for the design blocks, each represented as nodes in GNN.

2. Correlated the integrated circuit (IC) design to create a foundational connectivity table.

3. Reconstruct the connectivity table to include all possible connections between design blocks, 

accommodating all combinations and permutations of connections.

This approach ensures comprehensive mapping of interconnectivity within the design.


