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  • Research-grade GPU simulators: too large to navi-
gate in one semester (>60K LoC).
  • Functional models: too abstract to expose μarchi-
tectural trade-o�s, e.g., warp scheduling, exec. units.

  • Cycle-level simulators are proven teaching tools; 
students learn μarchitecture by modifying the code.

Macsim Mini has been deployed at Georgia Tech’s 
graduate GPU architecture course for 7+ semesters.
 • 976 students used Macsim Mini since Spring 2024.
 • Completion rate of 97.6% and average score of 
95.5%; Macsim Mini is accessible for most students.

Macsim Mini is a compact, accurate, and extensible 
cycle-level GPU simulator for education purposes.
 • 3.8K LoC: students modify within one semester.
 • Trend-accurate: reproduces published behaviors.
 • Modular: easily swap DRAM models or adding exe-
cution units.
• Future work: Adding sub-core, address translation, 
and TMA (Tensor Memory Accelerator) modules.

 • Task 1: Round robin (RR) / Greedy-then-oldest 
(GTO) / Cache-Conscious (CCWS) warp scheduling.
 • Task 2: Tensor core dispatch (FP16 vs. FP32).
 • Benchmarks: Rodinia suite & GEMM, FFN, GPT-2.

Goal: cycle-level simulation with HW (SASS) traces. 
Design Principle: Memory in detail, compute simple.
 • Modeled: warp/block scheduling, L1/L2 cache, in-
tra-warp memory coalescing, tensor cores, DRAM.
 • Simpli�ed: �xed-latency compute pipeline with 
RAW dependencies.
 • Omitted: sub-core, NoC, MSHR, address translation.

 • NVBit SASS tracer: per-warp instruction traces.
 • Two-level warp scheduler [Narasiman ‘11]. 
 • Modular DRAM model: �xed-latency / lightweight 
row & bank model / Ramulator.
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Key Insight: Memory system dominates GPU per-
formance trends in design space exploration. 
� Model memory in detail, keep compute simple.

Macsim Mini lowers the barrier to cycle-level GPU 
simulation for education and research.1 2 3 4 5 6 7
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