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Abstract: In order to avoid the threat of instruction defects to the processor, this paper proposes a RISC-V test
sequence generation method based on instruction generation constraints. A test instruction sequence generation
framework is constructed based on this method to achieve test instruction generation and instruction defect
detection, while addressing the challenges in defining constraints and slow convergence speed in existing test
instruction sequence generation methods. Firstly, the instruction generation constraints are defined according to
the instruction set architecture specification and instruction verification requirements. These constraints include
instruction format constraints, general coverage constraints, and particular coverage constraints, aiming to
solve the challenges in defining constraints as the number of instructions increases and improve reusability.
Then, a heuristic search strategy is applied to accelerating the convergence rate of coverage by utilizing
statistical coverage information. Finally, a solving algorithm is constructed based on the heuristic search
strategies to generate test sequences that satisfy the instruction generation constraints. The experimental
results show that, compared with the state-of-the-art methods, the convergence time of structural coverage is
reduced by 85.62% and numerical coverage is reduced by 57.64%, under the premise of covering all instruction
verification requirements. By using this framework to detect open-source processor, instruction defects
introduced in the processor decoding and execution stages can be located, providing an efficient method for
detecting processor instruction defects.
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