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Single MPI Performance

Xeon E5-2697 v2
1skt 12-core running at 2.7 GHz, 50 GB/s stream BW

1603 input (performance changes little for bigger inputs)

SpMVM:
~ 8GFLOP/s or 48 GB/s (96% efficiency)

Smoother for the finest level of MG
~ 7GFLOP/s or 42 GB/s (84 % efficiency)

Overall 6.2 GFLOP/s including optimization phase overhead




Time Breakdown
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Multi-node Scaling
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Stampede cluster, dual socket of 8-core SNB, 2.7 GHz
2 MPI processes per node (1 MPI process per skt. for NUMA)
1603 input per MPI process

93% parallelization efficiency with 1024 nodes




The Key Optimization Target:
Gauss Seidel Smoother

~2/3 of FLOPs in HPCG 2.1

849% of stream BW

Without reordering: Drops SpMV performance. Often
degrades convergence. E.g., 50 = 65 iterations for the
same residual, 1603 input

1 MPI process per socket: more MPI processes degrades
convergence

Has the same dependency btw rows as sparse
triangular solver




Evaluated sparse matrices

parallelism nnz/row
hpcg160 3,657 27
parabolic_fem 75,118 7
apache?2 1,077 7
thermal2 991 5
G3_circuit 611 5
ecology?2 500 14
StocF-1465 488 73
inline_1 288 44
Geo_1438 247 78
L Optimization for a wider class of matrices
bmwcra_1
Emilia_923 1/0 hey
Fault_639 143 45
af_shell3 136 35
Hook_ 1498 96 41
offshore 75 16
af 3 k101 74 35
BenElechil 43 53 U of Florida
shipsec8 37 .
ship_003 28 66 Matrix
crankseg_2 15 222 collection

crankseg_1 13 201




Task dependency graph of sparse triangular
solver

Level 1
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Levels in task dependency graph

The level of a node = the longest path length from an entry
A simple way to quantify parallelism
(# of rows)/(# of levels)

assume row-wise parallelization, same nnz per row

N3 HPCG problem has ~7N levels

- N2/7 parallelism




Task coarsening and synchronization
sparsification

1 super-task per level per
thread

Thread 1 | Thread 2 Eliminate redundant edges

@ : - Duplicated edges

« Intra-thread edges
| - Transitive edges
RED. J

: HPCG: about 2.5

| synchronizations per level
| per thread
I
I

[Accepted to ISC'14]
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Triangular Solver Performance




Triangular Solver Performance

—e— Barrier —— P2P —»=—P2P-Sparse
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Synchronization overhead is important.
Will be more so in Xeon Phis and GPUs

2

Crdnkseg__
crankseg_1

Motivates architecture with fast core-to-
12-corcore communication




Summary

Non-trivial optimization efforts required for
performance close to stream BW in Xeon

Benefits wider problems: unstructured matrices with
limited parallelism, other DAG scheduling problems

Xeon Phi and GPUs will have more challenges but
solving them will have a great impact




Backup Slides




Level scheduling with barrier
synchronization

Turn task parallelism
Thread 1 | Thread 2 into data parallelism (fits

Level 1 @ : GPU We”)

______________ Barrier overhead: a few

Barrier thousand cycles in Xeon
Level 2 y
@ I @ (increases with cores)

Level 35,6 > |® Barrier  per |evel load imbalance

Level 4 : Barrier




Point-to-point Synchronization

Level 1
Level 2

Level 3

Level 4

Each P2P synchronization is cheaper than barrier

But has (# of nnzs) P2P synchronizations instead of (# of levels)
barrier synchronizations

« N3 HPCG input: 27 N3 vs. O(N)




Task Coarsening

1 super-task per level per
Thread 1 Thread 2 thread




Eliminate Duplicated Edges

Duplicated edges from task
coarsening

Thread 1 Thread 2

Level 1

Level 2

Level 3

Level 4




Eliminate Intra-Thread Edges

Intra-thread edges from
static scheduling

Thread 1 Thread 2

Level 1

Level 2

Level 3

Level 4




Eliminate Transitive Edges

a->b, b->c, then a->c is
redundant

Thread 1 Thread 2

Dotted lines: implicit

Level 1 schedule-imposed edges

Level 2

Level 3

|
Level 4 :
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