Supplementary Material
Supplementary material accompanying this article includes the following files related to the benchmark geometry used in the comparative programming trials:
· SP1_UMD_Benchmark.xlsx – Unified Machining Dataset (UMD) file containing structured geometric descriptors, machining intent parameters, and computed process data.
· SP2_Gcode_UMD_ISO.txt – Controller-agnostic ISO G-code program generated by the deterministic UMD-based framework.
· SP3_Gcode_SURFCAM.txt – Post-processed G-code program generated by the commercial CAM system.
· SP4_Gcode_Heidenhain.i – Controller-native Heidenhain program implementing canned cycles and subprogram structuring. (readable only in the Heidenhain environment due to the file format).
· SP5_Benchmark_Geometry.dxf – Fully dimensioned DXF geometry corresponding to the benchmark part (Figure 11b).
These materials are provided to enable independent verification of the deterministic CAD-to-CNC transformation pipeline, facilitate cross-paradigm program comparison, and support reproducibility and further research within structured 2.5-axis machining contexts.
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