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What is High Performance Computing

Use the computer (CPU, GPU, FGPA, multi-core, many-core, ...) as

efficent as possible

Knowledge of :
- CPU architectures
- GPU
- FPGA
- Multi-core
- Many-core

Computing ressources
- computers

Performance
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Example of big data analysis for CTA

Raw Reduced 62GB Gamma
Data| 2PB 25TB| parameters Events

\ 7N o

Calibration Reconstruction Stereoscop_lc Discrimination
Reconstruction

N ~ 7

1PB Calibrated Reconstructed
Data Events
625GB
12 000h = 500 days 3 I 6500h
I 270 days

Total Memory : 3.025687 PB

Pierre AUBERT, Jean Jacquemier



Example of big data analysis for CTA

Raw Gamma
Data 2PB 62GB Events

\ Reconstruction /
Calibration / \ Discrimination

Stereoscopic /

Reconstruction

Total Memory : 2.000062 PB

Memory saved : 34 %

Pierre AUBERT, Jean Jacquemier Why use High Performance Computing for anal; ASTERICS



How to have good HPC performance

o How the Data are used ?
o Why the Data are used?

UBERT, Jean ‘hy Performance Computi
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How to have good HPC performance

o How the Data are used ?
o Why the Data are used ?

Analysis computing
with
HPC optimization

Data
Format

Convertion = Waste of time
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Hillas parameters calculation
@ Reduction : Sum of all vector’s elements
o First momentum : Mean of all vector’s elements

e Second momentum : Mean of all square vector’s elements




Speed up examples

Reduction Sum of all vector’s elements

Speed (cy/el)
Classical réduction 2.69842

Hillas optimization

Speed (cy/el) | Speed up
Initial Hillas 2125.5 1

Optimized Hillas 53.1375 40.0

good data format
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CPU Recent Architectures

SSE4 architecture

o Compute 4 floats at the same time
o Instruction set : 2006
o CPU : 2007

AVX architecture

o Compute 8 floats at the same time
o Instruction set : 2008
e CPU : 2011

AVX 512 architecture

o Compute 16 floats at the same time
o Instruction set : 2013
e CPU : 2016
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Speed up examples

Sum of all vector’s elements

Reduction

Speed (cy/el) | Speed up
Classical réduction 2.69842 1
Vectorized réduction 0.702845 3.839281

Our fast reduction SSE4 0.226675 11.904356

Our fast reduction AVX 0.11379 23.714034

Hillas optimization

Speed (cy/el) | Speed up
Initial Hillas 2125.5 1
Optimized Hillas 53.1375 40.0
good data format
Our fast Hillas SSE4 6.39931 332.14516
Our fast Hillas AVX 2.98499 712.06268
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Conclusion

ASTERICS Deliverable

@ Source code

Optimized reduction (for GCC')
Optimized barycenter (for GCC)

Optimized first and second momentum (for GCC)
CMake builder

o CMake macro for finding CPU architecture (SSE4, AVX)
e Abstract intrinsics functions

o Program
o Efficent data format generator

o Efficent use of computers (CPU, GPU, ...)

o Save Computing time

e Save development time

e Save electricity and money
o Green HPC
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CPU Architecture




CPU Architecture

Von Neumann architecture 1945

Memory
Cycle : basis unit of
time in a CPU
e 1 cycle per Arithmetic
Control :
elemer{tary ; Lo and Logic
operation (load, Unit Unit (ALU)
store, add, ...)
e 6 cycles per
whole operation
(c=a+1b) T

[ nput | | output |
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CPU Architecture

Pipeline approach

o IF : Instruction Fetch
o ID : Instruction Decode
o EX : Execution

o MEM : Memory

o WB : Write Bytes

WB

_I_.I
O
| zmz
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CPU Architecture evolution

Pipeline using

Instruction execution in 5-stage pipeline
Execution

Instruction 1 IF | 1] E Ex IMEMlﬂI
Instruction 2~ |F l 0] I EX |MEM!M
InstructionEE IF I 1D | EX [MEM'M
mnetuction 4 F | D | Ex | mEm Wl
mstructions  IF | 1D | Ex | mEM| e

Instruction & IF | In] | Ex lMEMl WEII

nstruction 7 IF | 10| EX | mEM|WE]
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CPU Recent Architectures

SSE4 4 floats AVX 8 floats AVX 512 16 floats
Instruction set : 2006 Instruction set : 2008 Instruction set : 2013
CPU : 2007 CPU : 2011 CPU : 2016
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Efficent only if data
are contiguous
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Reductions optimization




Reductions optimization

Speed without optimization on SSE4

2.69842 cy /el

Speed by vectorizing with GCC -ftree-vectorize, ...
0.702845 cy/el = acceletation factor 3.839281
@ -0O3 or -Ofast

o -ftree-vectorize

@ -march—=native
@ -tune=native
-ffast-math

e -mavx (only for AVX architectures)
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Reductions optimization

Speed without optimization on SSE4

2.69842 cy/el

Speed by vectorizing with GCC -ftree-vectorize, ...
0.702845 cy/el = acceleration factor 3.839281

With SSE4 vectorizing intrinsics manage by hand

Unrolling | Speed cy/el | Acceleration

1 0.616841 4, 374579
2 0.338947 7.961185
1 0.226990 11.887836
8 0.226675 11.904356

With AVX vectorizing intrinsics manage by hand

Unrolling | Speed cy/el | Acceleration

2 0.172954 15.601951
4 0.115568 23.349197
8 0.11379 23.714034
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