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Purpose of GPUs
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History of GPUs
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New Era of Big Data and AI
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GPU Architecture
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High Thread Level Parallelism (TLP)

• Warp/Wavefront: A set of 32/64 threads within a thread block

• Advantage of high TLP: hiding stalls from a warp by other warps’ executions
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TLP Limiting Factors

• How to decide the number of threads (CTAs) assigned to SM?
• Scheduling limit: thread counts

• Capacity limit: register file size and shared memory size
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No Scheduling & Capacity Limits

• What if no scheduling and capacity limits on GPUs?
• Hiding stalls from a warp by other warps’ executions
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Virtual Thread Architecture6

• Goal: Dispatching more threads onto GPUs to fill up the register file and shared
memory without increasing the scheduling limits

• Active CTAs: issuable CTAs
• Up to the scheduling limit

• Inactive CTAs: not issuable CTAs
• Up to the capacity limit

• CTA scheduling (context) information 
• Warp ID (Virtual Warp ID)

• SIMT stack (PC, RPC, and active mask)

• CTA identifiers 
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FineReg Management7

• Goal: Dispatching more threads onto GPUs by maintaining only the small portion 
of the live registers

• ACRF: Active CTA Register File
• Same as original GPU register file

• Keeps all registers of active CTAs

• PCRF: Pending CTA Register File
• Backup CTA register storage

• Keeps only the live registers of pending CTAs

• Register Liveness
• The compiler generates the list of live registers of every instruction 
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Evaluation

• Impact on Thread-Level Parallelism
• FineReg: 2.42x more threads than the baseline

• Performance Impact
• FineReg: 32.8% IPC (Instructions Per Cycle) improvement
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Conclusion

• Advantage of high TLP
• hiding stalls from a warp by other warps’ executions

• TLP Limiting Factors
• Scheduling limit: thread counts

• Capacity limit: register file size and shared memory size limits

• Virtual Thread Architecture6

• Dispatching more threads onto GPUs to fill up the register file and shared memory without 
increasing the scheduling limits

• FineReg Management7

• Dispatching more threads onto GPUs by maintaining only the small portion of the live 
registers
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