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PROGRAMMING MODEL VS. EXECUTION MODEL

Expose what matters, hide what doesn’t
Focus expressivity to minimize time to performance

Facilitate asynchrony for increasing uncertainty
Factor work into tasks
Make dependencies explicit or discernable vs. implicitly blocking

Facilitate locality for increasingly-distributed topologies
Hierarchical decomposability and retargetability
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GRANULARITY

Fine
O(10K) nodes, super low overhead wrt data movement, sync
Kokkos with persistent kernels
Medium-fine
Execution times in O(us), amortize HW allocations
CUDA Graphs, newer Kokkos efforts
Programmer influence
May hard code
May make flexibly hierarchical, e.g. AMR
Explored hierarchy in ( , AMR, ExaTensor, SLATE, PNNL)
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https://hihat-wiki.modelado.org/HHAT_Usage_Meeting_Minutes
https://docs.google.com/presentation/d/11gQuzIDVJCK7S39yWb2tdWNXn62J3IqL_JPKpG7yeX0/edit#slide=id.p

ABSTRACTIO'N

Generality
Continuation, work creation
Don’t over-tune for breakable assumptions B =

Layering
Tasking runtimes beneath other runtimes target ]
Enable portability agnostic
MP1/OpenMP/streams/HIHAT Graphs/ HiHAT is at the boundary
CUDA Graphs
C++ lambdas/executors/HIHAT Graphs/ target
CUDA Graphs specific

HiHAT.modelado.org
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HiHAT.modelado.org

EFFECTIVENESS OF TASKING

CPU Launch Speedup
(Straight-Line Graph, Quadro
V100 + Skylake 3.5GHz)

7.3x

Productivity = time to enduring performance

Inertia to refactor codes, build infrastructure e 8.0«
Infrastructure must be minimally designed with all ~ § o
requirements in mind, esp perf Z‘g 2.(; N)
Sample benefits with CUDA Graphs (CUDA 10.x) %3 0.0x e
graph launch 7-8x faster on CPU vs. indiv kernels 8 o E Strth’m Li‘;mh o :ajh R:fa”mh
: Xxecution vvernea eauction
l’:;;?t;g;j itJoa‘Oi:gli:Lkh:ChedUlmg is:xraight-Line Graph, Quadro V100)
Greater generality of HIHAT Graphs (prototype) §§ 1:5X 1.4
Broader applicability to more targets f g 1.0x !0 .
Dependencies among graphs §§ 0.5x -
§ ;g 0.0x
&= Stream Launch Graph Runtime Speedup



ADDITIONAL CONTENT



Courtesy of Kelvin Li, IBM
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MPI-OPENMP-STREAMS INTEGRATION
(WIP PROPOSAL ONLY)

fpragma omp task depend(out:ptrl)
MPI Recv (ptrl, .. MPI COMM WORLD)
fpragma omp interop (backend) depend(in:ptrl,out:dev_ptr) device (devno) ({

omp native handle t e;
stream = omp get native property (e, OMP BACKEND QUEUE) ;

cudaMemCpyAsync (dev _ptr, ptrl, .., stream);
}

#fpragma omp target device (devno) nowait depend (out:ptr2)
map (out:ptr2[0:n]) is device ptr(dev ptr)
f (dev _ptr, ptr2); //complete f(), copy ptr2 back before dependence is satisfied
fpragma omp task depend(in:ptr2) device (devno)
MPI Send(ptr2, .. MPI COMM WORLD)
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