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EHAMES - B{RHELR — Zero-1/2/3 — ZeRO-Offload — ZeRO-Infinity
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2. DeepSpeed

https://github.com/microsoft/DeepSpeed
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BUFRSIE

 Training : AXIEEY)||ZRit ZeRO, 3D-Parallelism, DeepSpeed-MoE, ZeRO-InfinityZF43F {4 ;
- Inference : I&{HTensor, Pipeline, ExpertEF (T SHEENZ. BEMHANRERFEFEES
- Compression : £t ZeroQuant 1 XTC 55 SoTA /&4 5 EAVEIFT ;

- 4Science : ETHR ;

Training
Speed Scale Cost
Democratization

Inference Compression

Large models Model size
Latency Latency

MoE models
Long sequence
RLHF

Serving cost Composability
Agility Runnable on
client devices
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B4R

APIs FAF1EE DeepSpeed iz{7Z5i8)
BCESEE ds_configjson H , 1@8IZ API 1 I [
, Training | Tuning | Utility 1/O
o] LAJEFE DeepSpeed 1)||Z/HEIEIREY ; DeepSpeed APIs
RunTime : ) ] IR SIHERE
(Pytorch, TensorFLow, ...)
*le:l\iz::.?i-ﬁjzﬁjq: ! ﬁl\%%‘_fis ?ﬂ?f*ﬂﬁﬁ“ﬁ’[ﬁi Framework Ops DeepSpeed Ops
Be. BFEEE. 1REL. FHTMM. RUE. & } |
BERNILAK. CheckPoint SRIZFINNEFESS. i
Ops : VSRR
(Azure ML, Azure VMs, MPI-Based platforms, Local Node, ...)
JREWZEH |, (ERAC++FICUDAEI, U !
AT ERIELS | IRGURRIRE G
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F32 { Weight Update} — > Updated Master-Weights
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el && RELAS

Model States IREUARSEXHWIFERNSEL
Parameters : {REIESZ]

Gradients : FREEE

Optimizer States : AdamA momentum#¥[Jvariance

Residual States JFHREY , WE
Activation : ELE(E
Temporary Buffers : [[GESF(#&

Unusable Fragmented Memory : i {4 ZE=SE]
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ZeRO 17

ZeRO Zero Redundancy Optimizer , — &S E AT EZRIGTR ¢
ZeRO-DP ( Data Parallel ) : ZeRO1/2/3
ZeRO-R ( Reduce ) : Activation Checkpointing, Memory Defragmentation
ZeRO-Offload : Offload Strategy && Offload Schedule

ZeRO-Infinity : Breaking the GPU Memory Wall for Extreme Scale Deep Learning
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ZeRO-DP ( Data Parallel )

ZeRO Zero Redundancy Optimizer , — &S E AT EZRIGTR ¢

ZeRO-DP ( Data Parallel ) : ZeRO1/2/3
Optimizer state partitioning ( ZeRO stage | )

HXT optimizer INSHI T , SAARFERIRIA

Gradient partitioning ( ZeRO stage 2 )
X optimizer # grad H171)]9> , GFHHRERIAI/S ;

Parameter partitioning ( ZeRO stage 3 )

X7 optimizer, grad FIIRELSEHA , RERDESEIEFITEMNEFRERELEXR  FNEESE
BEURFITIERY 1.5 2
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ZeRO-DP ( Data Parallel )

Optimizer state partitioning ( ZeRO stage | ) :
Gradient partitioning ( ZeRO stage 2 )
Parameter partitioning ( ZeRO stage 3 )

&, BSDPI1.5X;

gPUo gpu;

: R3S optimizer IR&HI T
X optimizer #[] grad 1

XJ optimizer, grad FItRELSEHI TS

iz marlyay

Memory Consumption
Formulation Specific Example
K=12 W=7.58 N,=64

8PUN.1

, GRARER
, GFARFERIG1/8 ;
. RESEIEFITEMEX

GR1/4 ;

Comm
Volume

Baseline

R+2+K)+W¥ 120GB

Os+g+p

mn Parameters Gradients

® ZOMI

2P L 2Y 4 K% 31.4GB
A’d

2W 4+ “"Nﬂ 16.6GB

R+2+K)*xW¥ 1.9G8

N4

Optimizer States

1x

1x

1x

1.5x
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ZeRO: Where the memory goes?

IRBEASHKE Y FESE

Model States :

RIRRESHE v |, ERANLLRRESHEEIIZ
A RIS EFERE floatl6 , BIRHIEN 2V + 2V ;

Parameters (half) : 2 bytes Adam 45 float32 IERVEIA  YEE 4y
Gradients (half) : 2 bytes Adam #5EET & fp32 momentum + fp32 variance , BIFEFE 4W+4V ;
Optimizer States : TRESEFE 2W+2W=4W | Adam jBFE 4WU+4W+4W=120 , B
W+ |2W= |6V

Master Weight (fp32) : 4 bytes
MR FOART KY ( FEINLHREAR ) | U, BER%
BEE2F 5 4w+Kw

Adam momentum (fp32) : 4 bytes

Adam Variance (fp32) : 4 bytes
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.

Copyright © 2023 XXX Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain predictive
statements including, without limitation, statements regarding
the future financial and operating results, future product

portfolio, new technology, etc. There are a number of factors that
could cause actual results and developments to differ materially
from those expressed or implied in the predictive statements.
Therefore, such information is provided for reference purpose
only and constitutes neither an offer nor an acceptance. XXX
may change the information at any time without notice.

@ ZOMI

Course chenzomil 2.sithub.io

GitHub github.com/chenzomil2/DeeplLearningSystem



https://chenzomi12.github.io/
https://github.com/chenzomi12/DeepLearningSystem

