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• Offloading the runtime to HW fixes this problem
• Swarm[Jeffrey+ MICRO’15], HD-CPS[Shan+ HPCA'22], Dalorex[Orenes-Vera+ HPCA'23], Carbon [Kumar+ ISCA’07], …
• >100X faster than parallel SW alone  [Jeffrey et al. MICRO’16]

• But prior data prefetchers are incompatible with these HW task schedulers, 
leaving performance on the table

• Our Task Seeded Prefetcher and the Memory Response Scheduler
•  first data prefetcher and HW task scheduler that cooperate
• Up to 3.1X faster than task parallel HW
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Understanding HW Task 
Architectures and Prefetching
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void SSSPTask(int dist, int node){
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Tasks are very short, motivating hardware schedulers
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Hardware Task Schedulers deliver up 100X faster performance
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Cache Misses
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SSSP IPC: 0.4 
SSSP BW Utilization: < 10%
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Tiny tasks miss in the cache and have BW to spare
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Why do prior prefetchers fail task parallel HW?

14

Prefetchers like IMP[Yu et al. MICRO’15] and Vector Runahead [Naithani et al. ISCA’21] can 
prefetch irregular applications…

• But only by looking ahead in a SW data structure

Executing  Prefetching
Streaming Access Pattern

Prefetcher

SW Task Array

Orange will 
execute soon
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SW Task Array

HW Scheduler

Why do prior prefetchers fail task parallel HW?

15

HW Task schedulers eliminate the task array, leaving conventional 
prefetchers blind!

Prefetcher

HW Task schedulers hide the information needed for prefetching

No tasks are 
scheduled?
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• Task-Seeded Prefetcher
• Scheduler seeds it with a task descriptor
• Prefetches data based on task arguments
• Notifies MRS when task prefetches are filled

• Memory Response Scheduler
• Seeds TSP with upcoming task descriptors
• Augments a baseline scheduling policy
• Prioritizes tasks with ready data

Introducing TSP and MRS
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The prefetcher can tell the scheduler which tasks are ready
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The Memory Response Scheduler (MRS)
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~0.1X area of the 1MB L2 cache



See the paper for…

• TSP table layouts
• Recursive indirect prefetching

• dsts[nbrs[node]]

• Inner loop prefetching
• for (int nbr=nbrs[node]; nbr<nbrs[node+1]; nbr++)

• Training TSP
• Energy and Power

31
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TSP and MRS accelerate execution
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TSP+MRS Provide speedups up to 3.1X
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We can trade >90% of the cache for prefetching and come out ahead



You can’t prefetch your way out of a bad schedule

39



You can’t prefetch your way out of a bad schedule

39



You can’t prefetch your way out of a bad schedule

40



You can’t prefetch your way out of a bad schedule

40



You can’t prefetch your way out of a bad schedule

40

Aggressive prefetching can aggravate harmful scheduler pathologies 



Conclusions

• HW task schedulers enable 100X speedups over SW parallelism
• Prior HW task schedulers interfere with prior prefetchers
• The Task-Seeded Prefetcher uses task arguments to prefetch 
• The Memory Response Scheduler adjusts the task schedule 
• By working together, TSP and MRS achieve greater performance 

than either could manage independently
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