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Recent Explosion in LLM Capabilities
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RLFT Generates Variable-Size Data
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Tension Between Large-Scale and Variable Size
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Workarounds for Mapping RLFT To Compilers
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Pad to fixed MAX_LEN

Undershoot: Error

4

Overshoot: Overhead
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2. Mask valid steps
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3. Graph Breaks
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TRL GRPO Benchmark on A100
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Need Better Graph Representations for RLFT!




Key Insight: Represent Symbolically
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Key Insight: Represent Symbolically
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TimeRL: A Symbolic Deep Learning Compiler

Holistic Graph
Transformations

(Min. Variable-shapes)

Evaluate Symbols
at Runtime

(Specialized Storage)

Expose Symbols in
Programming Model

Whole-Program
Scheduling

(No pads/masks!) (Emit a program AST)
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How Symbols Simplify Parallelism

Intra-Operator (TP, DP, SP):
* CollectiveOps
* Worker dimension

te [0, T)

- Inter-Operator (PP, EP):
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Microbatch dimension
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Scheduler
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Come Find Out More!

* Challenges & Opportunities
o Survey of existing RLFT Systems

 Evaluation of JAX for Generation

o Overhead due to padding/masking.
o Especially for window attention.

e Discussion on VLLM for Generation

o Scheduling overheads!
o Propose a method to address this

DL Graph Multi Unif. Par
System Eng. Based Algo. Eng. Space
NeMo-Aligner[55] PT X v v 3DS
OpenRLHF[26] PT X ~ X~ 3D8
DS-Chat[71] PT X ~ v 3D8
TRL[65] PT X v X*  3DS
FlexRLHF[69] PT X X v 3D8
Puzzle[36] PT X X X% 3D8
RealHF[44] PT v/ v v 3D
RLHFuse[79] PT  v° v Xt 3D
HybridFlow[56] PT /0 v X 3D

* vLLM for generation. T In-house vLLM-like engine for generation.
* DeepSpeed-Inference for generation. § Fixed strategy. ¢ Coarse-grained.
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Conclusion

* RLFT generates -Size contexts

[Workloads Fixed

Classic DL RLFT }
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Pad/Mask/Break
Introduce Inefficiency

* Existing compilers need fixed sizes
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e Workarounds are manual and not holistic (‘\ camels)  (Code-Generaton) (,')
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* TimeRL: to represent variables

TimeRL RLFT Opportunities
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