KILO Transactional Memory for GPU

iC
S =
®

2,
| 'i

Wilson W. L. Fung Inderpeet Singh Andrew Brownsword! Tor M. Aamodt

_~
-
N |

University of British Columbia, Canada "Intel Corp.
Transactional Memory on GPU? Challenges KILO Transactional Memory

Motivation: Exploit irreqular parallelism on GPUs Control Flow Divergence: Support 1000s of concurrent transactions on a GPU

* Widen GPU application scope  Transaction aborts may cause a warp to diverge

» Enable more work-efficient algorithms Key Insights

) EXPO?’e mf‘?r = parglle(ljus;jm to hardr\]Narg | I - Scalable Conflict Detection: 1000s of concurrent transactions » Self-Validation @ Commit (from RingSTM [2]): Simpler Protocol

daetqaurl;iséslne-gralne Hia SyDenranizRions 1o-guard gaine paients * 1000 x 1000 parallel address-set comparison — too expensive?  Check conflict with committed transactions
* No cache coherency protocol on GPU * Value-Based Conflict Detection [3]: Committed TX = Memory

Synchronization primitives on current GPUs | » Eliminate storage problem for 1000s of concurrent TX

» Thread Block Barrier, 32-bit/64-bit Atomic Operations Version Management: Self-Validation @ Commit Invalidation @ Commit

. Atomic Ops + Memory Fence = Locks for larger structures  Checkpointing register file_ of 1000s of threads is not cheap Value-Based Conflict Detection  (Most CPU-Based HTM Systems)

» Fine-grained locks needed for good parallelism * No caches for write buffering

Debugging deadlocks with fine-grained locks is hard Commit Bottleneck: Potentially serializing all transaction Wnt.éSét?z

* Require consideration of all possible interaction between locks  Allow non-conflicting transaction to commit in parallel - = = -
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« SIMT stack automatically serializes a warp @ CF divergence . Non-conflicting TX can validate in parallel
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« Commit Unit: Parallel Validation and Commit Pipeline

* A natural extension to CUDA Programming Model
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