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Ensuring the quality of a software library requires an effective test suite (TS).
Works [1 — 4] review approaches and techniques for automating the formation and
optimization of test cases (TCs) and substantiate the feasibility of employing
reinforcement learning for TC construction and optimization.

We propose a novel intelligent method for synthesizing test cases for C++
libraries based on a Q-learning agent [3]. The TC construction process is
formalized as a Markov Decision Process (MDP) combined with Q-learning. The
agent operates over an action space built from API function calls of the target
library, obtained via instrumentation and execution tracing of the original TCs.
The agent state is represented compactly as a suffix of the function calls history.
During training, the agent receives a combined reward that encourages increases
in branch coverage while penalizing redundant actions. Experience is accumulated
in a Q-table, enabling knowledge transfer within a given test suite. After training,
a synthesis algorithm constructs new TCs according to the learned action-selection
policy. The method does not require API specifications of the tested library.

A compression coefficient for original TC,,;, and output T'C,,,, test cases is
defined as follows:

k=1— Len(TCoyt)/Len(TCopig).

The method was evaluated on two C++ libraries of different complexity. The
results show that our method achieves k ~ 0.67, while preserving branch coverage,
confirming competitiveness with classical greedy minimization techniques [4],
which on average achieve k =~ 0.70. The approach is therefore suitable for
minimizing test suites in resource-constrained or specifications-limited
environments.
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