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Part IV : System-level Optimization %m 4SEE

e PlV.c ; Other Techniques



“Other” types of System-level Optimization N

TURKIYE

® This section is meant to capture additional system-level strategies that

improve memory efficiency, training throughput, or hardware utilization
O but don't fall strictly under "parallelism" or "mixed-precision."
e Weaim:
O Memory savings,
O compute efficiency,
O scalability

beyond parallelism and precision
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Activation Checkpointing TURKIVE

e Definition: Trade computation for memory by re-computing activations

during backpropagation instead of storing them all during forward pass.

e Enables training of deeper/larger models without exceeding memory
limits.

e System-level: Controlled at runtime or framework level
(e.g., PyTorch’s torch.utils.checkpoint).i
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Operator Fusion TURKIVE

e Definition: Combines multiple small ops into a single kernel to reduce

memory access and kernel launch overhead.
Reduces latency and improves GPU utilization.
e System-level: Done by compilers/runtimes (e.g., TensorRT, XLA,

TorchScript).



Memory Offloading / Paging NKYE 4SEE

e Definition: Move activations or optimizer states to CPU/NVMe when not
In use.

® Enables training of very large models even on limited GPU memory.

e System-level: Used in frameworks like DeepSpeed



Zero Redundancy Optimizer %m 4SEE

e Definition: Breaks optimizer states, gradients, and parameters across
devices to reduce memory redundancy in data-parallel training.

® Scales large models with limited memory per device.

e System-level: Implemented in DeepSpeed; transparent to model code.



Next: Part V %KYE ASEE

e PartV . Introduction to Scaling Deep Learning in HPC
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