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Outline

* Heterogeneous HPC
— Inpsur’s viewpoint
 Performance tuning

— a case study

e Summary
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Heterogeneous HPC in Inspur

NF5588 NF5588

Software guys are also here

e Dedicated software team — Application Promotion
Division
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Application/Software matters

Challenges in Heterogeneous HPC ]
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Methodology

Respect to the code base

Phase 1: Focus on hotspot, keep software architecture untouched

A 4

Accelerate the code module

Explore the massive
parallelism

A 4

Integration with the application

Coarse (MPI) and fine
(CUDA) granularity tuning

Phase 2: Algorithm porting

Phase 3: integration
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Case study
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e Pre-stack Time Migration ———
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e Key component of Seismic
information processing

— Used in petroleum prospection

e Joint R&D project with BGP
and Inspur

— BGP, 3-rd petroleum prospection
company globally

— Inspur, leading HPC solution
vendor in China
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View from 10,000-m height

e Valuable case to demonstrate Heterogeneous
HPC system

— MPI-based Cluster-oriented Application
— Hundreds of nodes are devoted to the PSTM
e |deal algorithm case for GPU

— Intrinsic nature of high parallelism algorithm, ideal
data dependency

— Computation-sensitive, good scalability
— Hotspot is so HOT
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Considerations
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View from 10-m height

e Data dispatched among nodes

e pthread within a single node

— Each thread performs a hotspot
function

— Strategy with DATA Partition
— Fine granularity parallelism

 Questions:
— How to active GPU device? W —+rrvrrr
— Redefine DATA strategy? >~
— Eliminate PCI-E 1/0O? R
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View from 0.1-m height

e Existing algorithm is NOT suitable to the GPU
micro-architecture

— Accelerated arithmetic (dynamic interpolation)

 Question:
— Algorithm refine?
— Thread model?
— On-chip load balance?
— Memory hierarchy?
— Register pressure?
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Design inside-out

e Algorithm

— Using static interpolation instead of
dynamic interpolation

— Introduce more computation but
more accurate results

 Trade computation complexity with
computation speed

— HAPPENED with GPU!
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GPU Tuning

Host Device
* Thread model o
1 Kernel > oc oc oc
— Tryand decide 7™ 7] Lok ik
 On-chipload balance Block | Bl Boek
— Revisit thread model (give a Aonge
right block number) Kemel I =¥ |
— Typical case, not general eean
— HAPPENED with GT-200, not W
Fermi =
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GPU Tuning

* Memory hierarchy Grid
— Place the right data into the | Blo<<®9 HoBlEE 0

right location
— Crucial to the performance ’ ’ ’ ’

® RegiSte r p reSS u re Thread (0, O)Thread (1, 0) |Thread (0, O)Thread (1, O

4 4 4 4

— Split code into pieces? .. _
~ Tricky coding j:—
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PCI-E traffic overlap

e GPU computation overlap PCI-E traffic

forp:1 toN do
PSTM_GPU(p); I I
IO(ANSYC(d);
-

end for t
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PCI-E efficiency

e Choose the right data amount for PCI-E efficiency

Size Time [sec) GBfsec

64 | 0.00184 0.01289
1268 | 0.00574 0.01278

= o ey CPU->GPU Bandwidth (nVIDIA GeForce 9800GT)
812 0.00745 0.02561
1024 | 0.00930 0.04104 35

20458 | 0.01121 0.06505

4095 | 0.01387 0.11005 3
8192 0.01633 0.18684 5 g /_/_\

16384 | 0.01243 0.31326 /

32768 | 0.02406 0.50746 g 2
B5536 | 0.03133 | 077777 » /

131072 | 0.04390 111214 0 1.5
262144 | 0.06858 1.42388 /
524288 | 0.10270 1.90178 . /

1048576 | 0.16878 2.31439 05

2097152 | 0.29015 2 9254 _/

4194304 | 0.57620 271174 0

g3886058  1.13106 27629
16777216 | 2.21823 281757
33554432 | 4.37547 2.35683

g4
128
256
12
1024
2045
4096
192

16354
32768
BS536
13072
262144
524288
1045576
2097152
4194304
G355605
16777216
33554432
57108864
134217728
268435456

| B7103564 | 8.6931% 2.87584
| 13417728 17 45473 2.86455
ZB0435456  5R.40004 274725

Size
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Outter - data partition

 DATA partition strategy
— More DATA belongs to the GPU
— Load balance

* Dynamic partition vs. static partition

" g
1* SPEEDUP_RATIO 1*N_CPU




Node-level tuning

 Two level concurrency

— Inter-thread concurrency

e CPU thread and GPU thread
do the SAME job

e Natural behavior

— Intra-thread concurrency

e CPU and GPU do jobs
simultaneously in a single
thread

e Physically separated, offer
the opportunity to
invoke/perform task
simultaneously at different
device
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1* SPEEDUP_RATIO 1*N_CPU
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Cluster-level tuning

e Profile MPI IO time
 Fine control MPI DATA traffic

— Overlap between |0 time and computation time

e Load balance?
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HPC System
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Performance results

e Computing Node: NF5188 (2 socket CPUs with
2 GPUs)

e CPU cores: Westmere E5620x2 x 6
e GPU:TeslaCl060x2x6

e Same computational complexity
e GPU vs. CPU thread

e Accelerated arithmetic
e GPU vs. CPU thread

e Application speedup
e GPU cluster vs. CPU cluster




Data
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Case 6 1022 Line_Test
MIN MAX INC
Line 6 1022 1
CMP 239 1335 1
Scenario Samples 0 1503 1
CRP 0 5500 100
Image Size 1017*1097*1504*55*4Byte=343.79GB
DATA1~5(Pre_data_line6-linel022)=
Trace DATA 373 54GB
Nodes NF5188 CPU only NF5188 CPU/GPU
Performance
6(Inspur) |938433.6(s)=260.676(h) | 180475(s)=50.13(h)

260.373/50.13 =5.2
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Other data

e NF5188 Cluster (6 nodes) vs. BGP-DN8 (12 nodes)

BGP-DNS 8*12=96cores 130h

Xk
401Llines  NF5188 £ 6CP+U COTeS  19.64h 130/19.64=6.62

Cluster 4 6 Tesla C1060

1 NF5188 node = 13.3 BGP-DN8 node

* Application run well at BGP-HP-Siglo (E5462 + M1060)
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Summary

e Efforts

— 12 man-month

— Design, documentation, coding, testing, performance
tuning, system deployment

e Systemicturning

— Core algorithm is the key factor

— CPU code and systemic tuning is important
 More industry applications are desired

— The more available software package, the more cost
performance of heterogeneous HPC system
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