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Motivation

High Energy Physics Simulation
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* |Important T ”‘"V;}Tf s
* Essential for data analysis and detector design et

* Monte Carlo Simulation
e Computationally expensive “ g
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* DNN
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e Lots of data to train P e — Y T
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» Efficient Inference processes
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Motivation

Deep Neural Networks (DNN)

* Generative Adversarial Networks (GAN) I ﬁ
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* Train once and inference a lot
 The 3DGAN approach generates the output with 3DGAN  2Sintel  1.25 13600
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https://ieeexplore.ieee.org/document/8999196

Motivation

Mixed Precision Training

* Instruction Breakdown, a training batch: 100 1
* AlexNet: '
« FMA-57.42% g0
* Inception V2 é '
- FMA - 60.93% g
* ResNet-50 Z 607
- FMA-62.95% kS
* Seq2seq % 40 -
* FMA - 56.44% 5
. 3DGan -
* FMA - 48.80% ]
* FMA instructions used in WU and BN
.« <1.60% 0
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Motivation

Mixed Precision Training
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Proposal

Emulation PinTool

* The Binary Analysis Tool (Pintool) detailed:

* Our PinTool implement a static scheme for the 3DGAN training.
1. It checks the current FMA operation mode, which could be FP32, MP, or BF16.
2. Routines that belong to WU calculations or BN layers, are calculated in FP32.

3. For each FMA instruction, the binary analysis tool rounds off all operands that need to be converted to BF16 using a
round to nearest algorithm.

* The PinTool have support for dynamic precision approaches
* BF16<->FP32

* BFl6<->MP
A — > D A — > D
(BF16) (FP32) (BF16) (BF16)
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Barcelona m ® ’ 02
g:‘,:::omputmg l n tel .-? o CERN

Centro Nacional de Supercomputacion .':' .6. O p e n I a b 7

@



Proposal

Hardware+Software Used

e Hardware used to run the tests

XEON’
PLATINUM
inside™

e Software used
* Intel PIN 3.7 ¢
e 3DGan — TensorFlow ( a e

* The PinTool supports PyTorch and Caffe
* Intel MKLDNN — DNN Primitives
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Results

Plots
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Results

n1-—MC —_— EE PIOt - MC —_— 0.016—
> N > u12_— - F
g r GAN FP32 — g - GAN FP32 — g 0.014:—
e Shower Shapes SesC GANMP  — £ F cANMP  — - 3
E L E 008~ § D.D1E—
g oo é_’ . é 2
-§ C g oo 8 e
o Lo ° N kel 0.006 |
o} C @ 0.04 = g E MC -
%m__ s f R GAN FP32 —
£ 5 °°F | L S oo GANMP —
z [ b C z o
0 sl s 2‘0 x 5 R — :sl ST B ZLJ T ”D_ 5‘ WID 1‘5 2‘9 Z 25
Y
Si'E MC — S b MC — <)
e F GANFP32 — 2 GAN FP32 — 2w
% [ GANMP — - GANMP — 5 E
2108 = = -
g F 8 2 i
% - % % 10
g g I MC —
N g R GAN FP32 —
5 L 5 5 GANMP —
Zigt e z Z :—
[ e p— T 3 5 % % 75

Barcelona [

Supercomputing l n te l ) =1, CERN

Center - o I b
Centro Nacional de Supercomputacion .': ' .6. 0 p e n a 10




Future Plans

e PinTool

* Enable using other datatypes:
* FP8, FP4
* FP16
* Evaluate even with less bits

* Evaluate the behavior of our approach using a Computer Architecture Simulator (Sniper — Pin Based)

* 3DGAN
* Enable the training using full BF16 FMAs
* Enable the training using a dynamic precision approach (BF16<->FP32, BF16<->MP)
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