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Hardware task parallelism meets prefetching

* Task parallel runtimes parallelize irregular algorithms

* OpenCilk, OpenMP 4.0, Galois, Intel TBB, ...
* But a software runtime can be as expensive as the tasks themselves

* Offloading the runtime to HW fixes this problem
* SwarMmueie: wcrois, HD=-CPSesianipcnan, DalOreXorenesvers: weeazz, CarbON wumar scaorl, ..
* >100X faster than parallel SW alone ey e vicroe
* 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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Task Parallelism enables irregular parallelism

_.--void SSSPTask(int dist, int node){
- if (dist »>= dists[node]) return;
<100 Cycles dists[node] = dist
Tl for (int nbr = nbrs[node]; nbr < nbrs[node+1]; nbr++){
“\pu\rl’gime::enqueue(dsts[nbr'], dist + weights[nbr])
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Tasks are very short, motivating hardware schedulers
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Tasks suffer high DRAM latencies

void SSSPTask(int dist, int node){
if (dist »>= dists[node]) return;
dists[node] = dist
for (int nbr = nbrs[node]; nbr < nbrs[node+1]; nbr++){
runtime: :enqueue(dsts[nbr], dist + weights[nbr])

}}
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Tasks suffer high DRAM latencies

void SSSPTask(int dist, int node){

if (dist >= dists[node]) return;

dists[node] —‘&%st

for (int nbr =

runtime: :enqueue (&S

}}

; nbr < nbrs[node+l]; nbr++){

Cache Misses
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One-Core Task Timeline

Scheduler

Core ENNN\NENNNENNEENNNNENNEERNNEENY

DRAM

Time —————————————————————————————————————
SSSP IPC: 0.4

SSSP BW Utilization: <10%
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prefetch irregular applications...
* But only by looking ahead in a SW data structure

Prefetcher cuting Prefetching |
Streaming Access Pattern
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Why do prior prefetchers fail task parallel HW?

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

HW Task schedulers hide the information needed for prefetching

Prefetcher HW Scheduler
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Introducing TSP and MRS

* 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

17



TSP turns task arguments to addresses

TSP uses an affine function, like IMP ... uco:s

addr = of fset + scaling X |ref]

18



TSP turns task arguments to addresses

TSP uses an affine function, like IMP ... uco:s
But gets its value directly from task arguments
Read from the

/Task Descriptor

addr = of f set + Scalmg X [ref]

Learned durlng Training

18



TSP turns task arguments to addresses

TSP uses an affine function, like IMP ... uco:s
But gets its value directly from task arguments
Read from the

/Task Descriptor

Learned durlng Training

addr = of f set + Scalmg X [ref]

<

void SSSPTask(int‘Aist l;nt node){
if (dist >= dists[node]) return;
dists[node] = dist
for (int nbr = nbrs[node]; nbr < nbrs[node+l1l]; nbr++){
runtime::enqueue(dsts[nbr], dist + weights[nbr])

1}
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MRS adjusts the task schedule for cache hits
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The prefetcher can tell the scheduler which tasks are ready
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See the paper for...

* TSP table layouts

* Recursive indirect prefetching
* dsts[nbrs[node]]

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

* Training TSP
* Energy and Power
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e 22 benchmark-input pairs
* Graphs, Optimization, Machine Learning, Statistical Inference
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Normalized Runtime

Prefetching is more important than a large cache

B Baseline IMP s Qur Work

2.0

1.8 1

1.6 1

1.4 1

1.2 -

1.0 1

0.8 1 l

0.6 1 .

0.4 1

0.2 1

0.0- o e O e e o e = - o - Y iy o cC
S EEREEE EEE R
A S © g ¥ E o
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Normalized Runtime

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

[] Gilead Posluns Mark C. Jeffrey

UNIVERSITY OF

5 TORONTO
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