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Problem and Motivation

 Problem: UVM improves programmer productivity at
the cost of performance. Can we have both?

Oversubscription

* Eviction uses LRU from host driver perspective.
* Page fault raises virtual address block (2MB) in LRU list.
* Highly-used regions can be evicted early.

Prefetching

* Page-level access pattern of several applications show the
workload of this prefetcher:

High-Level Performance

* The majority of cost is the “service faults” category.

“Service faults” is primarily the unmap - migrate - map

* Big Picture: UVM is increasingly popular - used in HPC process — we focus further study here.
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The trade-offs for prefetching increase when oversubscription is
enabled, potentially increasing the amount of evicted data.
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* UVM is an example of heterogeneous shared memory. * Data transfer Is not the majority of cost (right).

* Interconnect hardware bandwidth is not the main problem. 1e6
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* Provided unmapping optimizations improve baseline
application performance without source code changes.
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Optimization
* Page unmapping is inherently expensive because of the cost of

TLB shootdowns on the CPU.
* Ongoing Hypothesis: Make CPU page unmapping
asynchronous during fault handling; synchronize before commit.

* This could improve general application performance up to 25%
and single batch turnaround time by up to 80%.

* Results applicable to other related systems, such as
Heterogeneous Memory Management (HMM).
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Page Unmapping
* Key Insight: A primary source of overhead is CPU page unmapping.

* This overhead can account for up to 50% of batch execution time (left),
and over 80% in certain scenarios with CPU parallelization (right).

* Tracing indicates that this overhead is likely attributed to TLB shootdowns.

Unified Memory

https://developer-blogs.nvidia.com/wp-content/uploads/2017/11/Unified-Memory-MultiGPU-Fl.png

* All heterogeneous shared memory systems are
fundamentally 4-steps: fault - unmap - migrate — map

* Optimizing TLB shootdowns for migration has broad impacts. o |
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