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» Turing-NLG: A 17-billion-parameter
language model by Microsoft

> New Z-code Mixture of Experts
models improve guality, efficiency in
Translator and Azure Al

» Azure empowers easy-to-use, high-
performance, and hyperscale model
training using DeepSpeed

In fact, DeepSpeed has become the
defacto framework for distributed
machine learning training
--- Mark Eugene Russinovich
(Azure CTO) WMAEEER
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> Video super resolution in Microsoft become the defacto framework
Edge - for distributed machine learning training
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What runs ChatGPT? Inside Microsoft's Al supercomputer
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https://www.youtube.com/watch?v=Rk3nTUfRZmo&t=720s
https://www.microsoft.com/en-us/research/blog/turing-nlg-a-17-billion-parameter-language-model-by-microsoft/
https://www.microsoft.com/en-us/research/blog/turing-nlg-a-17-billion-parameter-language-model-by-microsoft/
https://news.microsoft.com/source/features/ai/new-z-code-mixture-of-experts-models-improve-quality-efficiency-in-translator-and-azure-ai/
https://news.microsoft.com/source/features/ai/new-z-code-mixture-of-experts-models-improve-quality-efficiency-in-translator-and-azure-ai/
https://news.microsoft.com/source/features/ai/new-z-code-mixture-of-experts-models-improve-quality-efficiency-in-translator-and-azure-ai/
https://azure.microsoft.com/en-us/blog/azure-empowers-easytouse-highperformance-and-hyperscale-model-training-using-deepspeed/
https://azure.microsoft.com/en-us/blog/azure-empowers-easytouse-highperformance-and-hyperscale-model-training-using-deepspeed/
https://azure.microsoft.com/en-us/blog/azure-empowers-easytouse-highperformance-and-hyperscale-model-training-using-deepspeed/
https://blogs.windows.com/msedgedev/2023/03/08/video-super-resolution-in-microsoft-edge/
https://blogs.windows.com/msedgedev/2023/03/08/video-super-resolution-in-microsoft-edge/
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https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://uploads-ssl.webflow.com/60fd4503684b466578c0d307/61138924626a6981ee09caf6_jurassic_tech_paper.pdf
https://uploads-ssl.webflow.com/60fd4503684b466578c0d307/61138924626a6981ee09caf6_jurassic_tech_paper.pdf
https://huggingface.co/blog/bloom-megatron-deepspeed
https://github.com/THUDM/GLM-130B
https://github.com/yandex/YaLM-100B
https://github.com/yandex/YaLM-100B
https://huggingface.co/docs/transformers/main/main_classes/deepspeed
https://huggingface.co/docs/accelerate/usage_guides/deepspeed
https://huggingface.co/docs/accelerate/usage_guides/deepspeed
https://pytorch-lightning.readthedocs.io/en/stable/api/pytorch_lightning.strategies.DeepSpeedStrategy.html
https://docs.mosaicml.com/en/latest/trainer/using_the_trainer.html?highlight=deepspeed#deepspeed-integration
https://docs.mosaicml.com/en/latest/trainer/using_the_trainer.html?highlight=deepspeed#deepspeed-integration
https://docs.determined.ai/latest/training/apis-howto/deepspeed/overview.html
https://www.deepspeed.ai/
https://pepy.tech/project/deepspeed
https://github.com/orgs/microsoft/repositories?q=&type=all&language=&sort=stargazers
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https://openfold.io/
https://github.com/aqlaboratory/openfold
https://www.biorxiv.org/content/10.1101/2022.11.20.517210v2.abstract
https://github.com/ramanathanlab/genslm
https://www.acm.org/media-center/2022/november/gordon-bell-special-prize-covid-research-2022
https://www.acm.org/media-center/2022/november/gordon-bell-special-prize-covid-research-2022
https://www.biorxiv.org/content/10.1101/2022.10.10.511571v2
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https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
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DeepSpeed ZeRO
(Zero Redundancy Optimizer)
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Why ZeRO?
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Model States mapping in Data Parallel Training Model States mapping in ZeRO Training
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o I\SA—HIBREDDIDITEEA—) NV RHPELDS
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Fd—=)INwv RO SL—RATHERS

7.5B Model Memory

What is ZeRQO?

Standard
data parallel

120 GB

ZeRO

Stage 1 31.4 GB

ZeRO

Stage 2 16.6 GB

ZeRO

Stage 3 1.9 GB

(o EOF—5ENEERBET BN
Parameters Gradients Optimizer States hERD

7.5B parameter model, Adam optimizer, 64 GPUs
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HTWNDE. BERNSEEA )Ny RAKRELRDO>TULERVEFT, I T,
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(&, 120GBDODAEUNREELIRDZET, Stage 1TIE. ZDSEOptimizer
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TU(E31.4GBICIRNDET, Stage 2T(E. =5(CGradientsiCERE UFitizEA 9
BdE. MWEAETU(FL16.6GBICIRANET, Stage 3TIE. FZ/(SA—-HF(CDUT
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EA—)ANY RBEKERRDFET, FHITIGPUDAEUD, JlliETIEFTILDOMR
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Max
Parameter
(in billions)

Max
Parallelism

Compute Usability
Efficiency (Model Rewrite)

F—#41ii5l(DP)

F >V ILAESI(TP) Needs Model Rewrite

Needs Model Rewrite

TP + DP Good

NALTSA >MiF(PP) | Approx. 100 Needs Model Rewrite

PP + DP Approx. 100 Needs Model Rewrite

TP + PP + DP

Zero 21000 | 21000 [VenGood| Gt

CNUE. —REIRIIHUEFEEZeROEDLEER T, —& LN BEARNQRT -5
SITIN, FITNEPRT—SEUST A ZROEFFE. (FDIMNCKRER/SA—H
EFDETINZIRTEDXLSICREDZFT,
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7eRO-0Offload - #erEAREFILESLBTEBLSIC -

« FB)ISGA—FEDFT—HZGPUAEUMNSCPUXEV(CATO— R
« ZeRO-3EDIFEERICK D, 400B/I\FA—HDEFTINE—EBDGPUEITTFE

M ZeRO-2 Offload ™ ZeRO-3 Offload ZeRO-3 Offload Superlinear Scalability for a 200B
parameter Model

40 9.00 —e—Observed Scaling
w0 .00 —e—Perfect Linear Scaling
20 5.00
10 I 3.00
0 1.00
10 13 20 40

64 128 192 256 320 384 448 512
Number of GPUs

Throughput in TFlops/GPU
SpeedUp

Model Size in Billions of Parameters
Multi-billion parameter model training on {

one V100 GPU
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CNFTHIALIZZeROICIMRA T, SSCARSRETIVZINIRT DIzsb DR
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BHBIREE R D TWVWET . TOUEAMICL DT, BMfi7RGPUZZHIFORIEZET
R<THE BRRBREFINEFETEFI, ATO— RICIE—MEI(CARSA—/C
Ay RORMEVNE I, BBORMNRTRCKID, RIFRRAT—-SEUST v ZRU
TWLWET,
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ZeRO-Infinity - WROEFILGAIADHE; -

s CPUXTEUENVMeX hL—2OmAICATO—R
« ZLDOEBAAEUINMEEER: ZeRO Stage 3, FT WV IMRA > T 20 E

Data Parallel h_4

ZeRO Offload 13

NVIDIA DGX-2(316EmV100-32GB GPU&CPU
ZeRO Stage 3 [J20 XEUL1.5TB. 20TBONVMeX AL —#HEZ 3

3D Parallelism :|20
ZeRO-Infinity (CPU) 70
ZeRO-Infinity (NVMe) 1000]

0 100 200 300 400 500 600 700 800 900 1000

Trainable Model Parameter (Billions)
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S5 (CHROET IV A XTOIEDIZE. NVMeRX hL—ZADATO— RZE4T
SDM. ZeRO-Infinity T9, NVIDIA DGX-2&£0L\S. 16EDGPUZBR cH—/\
Z18T. 1B\ SGA—FEVWDIHGICAKESRETIEFBTETDILZHELT
WE9,




When/Where to use ZeRO

« HETEPERETIZIETEDLS(C. BRSNTEERTEIT
« NNy FHAX (—ECUIBI DT ) IMRESTSE. IENGE

Who uses ZeRO

« A9— K7V ITEDZ < DOEENRDEHZBN
o X(CEHASENIE, StableDiffusion® I 7oA >F1—=—>T0RE

=F AT—b: AT AIHA K @stateofai ja - May 5,2021 0215 BA10E 4

== EEYETTIOIMEREL  AT-IbTES1T5 W

T ;‘?e:spe:ez: T DS R I C S tranSformeli_CTs,MT5,BYT5

4 1SR AR e o N S AT BN L v 5 Al m,:. wjggﬂtba
@@k sume vlu;/ mnnuuu
o BT IO gl -

DreamBoothE’BGBOJVRAMIEiﬂ'C
@ Python, DeepSpeed, StableDiffusion, WaifuDiffusien, dreambaoth B

ZeRO(FBH THAMDE W T, CNEAWD L. IERFELLERTEDMI(C
EXBEFINZIMETEFT ., Fe. WRICKSRETILTRLLTE. FB/IXS
A—IDAEUFERENRD TDE. FEDITA I TECWRET DT -4
B, Nz FEAXEVWWEITN, ENZRESLKTEFI .. GPUFZEDILHEH
F. ZLOBEDOT—FZNIET D EMNRNNET DD, EF ((_(a*éXJEUTH
TIa<, R)IL—Tvy haREITDHRNMESNDZENSHDFT, ZeROFERRI
[L<EONTED. WebTEUTEZ S DHAFINAHDOMNDET.

19



Usecase from Databricks Blog
« Hugging Face &DeepSpeed(Cc KB AFIE=ETETILD
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DeepSpeedZfERA LR MZE :
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« DeepSpeed(C KBDAEATEUALT | |

AE\Y FHA X TEENTRE .

(= a0 |
(&

9 Gpga);{fj_—;z\z]gb\‘ay_g .qpuloou::l o‘:lol:: 47.":720 Mm:oo 3:.47 ooA:: 51.0:150 Max: :09.
> E17HE " 1/ 3(CAEHE )

— j X l\ E 1 / 3 ! With DeepSpeed:

100 §

B } .

pul GPU Utilization

AzureDKDIRT ST RT
HITSNBCEBEZN

40
20

21:30 21:40 21:50

22:00 22:10 22:20

0.00 Avg: 92.48 Max: 100.¢
]

W gpul_util Now: 0.00 Min:

EDOFERHIE LT, Databricksttd IO (CHE > TWLWElZRBNTUET., CC
Tl(&. ChatGPTD L DSRAKUEET)LDIIFRICHEONTE D, DeepSpeed TE A
EUEUFER, I\ FHAINKELLTE, ETEMNL/3(CR>IeEEEH N
TWEY ., —EREDGPUE —/ (005 XA, AzureDKSIAT ST RTERITSE

NJBIZTEEZNEBONFT TN, T TIEFEITHRRE S SRR MIEFRELTL
FIDT, DFNDIORBZL/3ICTERENDZLICREDFT,
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https://www.databricks.com/jp/blog/2023/03/20/fine-tuning-large-language-models-hugging-face-and-deepspeed.html

How to use ZeRO

e Fa1—kUJ)L:
» Zero Redundancy Optimizer - DeepSpeed
» ZeRO-Offload - DeepSpeed
e << DI L —LT—20E5EE: Hugaing Face Transformers, Hugaging Face
Accelerate, PyTorch Lightning, MosaicML Composer, Determined Al.

) M 000 PyTorchZRAWEZD
engwe.i .{_ :ddfepspeed. { DO‘EA(:;‘j lJ\ ;ﬂ
ke RIS 0 DZET
" DeepSpeed%iE

engine.
engine.

ZeRODFERFEICDWTIE. WeblCFa1—kUFPILEHNDEFI L. HuggingFaced
Transformers&E WD TERARR T L —LAD =R EEB\EEETNTHED. BH(CE
HATEEYT., 52 EBEARNMBEWNATIE. CZ(TRUIEKDIC. PyTorch TiE#Ek
SNETO0SLAZBITEEITDIEITT. ZeROZBEAHATEET,
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https://www.deepspeed.ai/tutorials/zero/
https://www.deepspeed.ai/tutorials/zero-offload/
https://huggingface.co/docs/transformers/main/main_classes/deepspeed
https://huggingface.co/docs/accelerate/usage_guides/deepspeed
https://huggingface.co/docs/accelerate/usage_guides/deepspeed
https://pytorch-lightning.readthedocs.io/en/stable/api/pytorch_lightning.strategies.DeepSpeedStrategy.html
https://docs.mosaicml.com/projects/composer/en/latest/trainer/using_the_trainer.html?highlight=deepspeed#deepspeed-integration
https://docs.determined.ai/latest/training/apis-howto/deepspeed/overview.html

How to use ZeRO
- JOy:
« ZeRO & DeepSpeed: New system optimizations enable training models with over 100
billion parameters
« Turing-NLG: A 17-billion-parameter language model by Microsoft
« ZeR0O-2 & DeepSpeed: Shattering barriers of deep learning speed & scale
- DeepSpeed: Extreme-scale model training for everyone - Microsoft Research
» DeepSpeed ZeRO-3 Offload - DeepSpeed

» ZeRO-Infinity and DeepSpeed: Unlocking unprecedented model scale for deep learning
training - Microsoft Research

7N .
e am>L:
+ ZeRO: memory optimizations toward training trillion parameter models
» ZeRO-Offload: Democratizing Billion-Scale Model Training
» ZeRO-infinity: breaking the GPU memory wall for extreme scale deep learning

ZeROICDWTIF, EMNCEZLLDITOTEEPHRINGDFT, ZEHKDH DM
ZlE. TESETEICRO TS,



https://www.microsoft.com/en-us/research/blog/zero-deepspeed-new-system-optimizations-enable-training-models-with-over-100-billion-parameters/
https://www.microsoft.com/en-us/research/blog/zero-deepspeed-new-system-optimizations-enable-training-models-with-over-100-billion-parameters/
https://www.microsoft.com/en-us/research/blog/turing-nlg-a-17-billion-parameter-language-model-by-microsoft/
https://www.microsoft.com/en-us/research/blog/zero-2-deepspeed-shattering-barriers-of-deep-learning-speed-scale/
https://www.microsoft.com/en-us/research/blog/deepspeed-extreme-scale-model-training-for-everyone/
https://www.deepspeed.ai/2021/03/07/zero3-offload.html
https://www.microsoft.com/en-us/research/blog/zero-infinity-and-deepspeed-unlocking-unprecedented-model-scale-for-deep-learning-training/
https://www.microsoft.com/en-us/research/blog/zero-infinity-and-deepspeed-unlocking-unprecedented-model-scale-for-deep-learning-training/
https://dl.acm.org/doi/10.5555/3433701.3433727
https://www.usenix.org/conference/atc21/presentation/ren-jie
https://dl.acm.org/doi/abs/10.1145/3458817.3476205

3D Parallelism

JRIC3D Parallelism&EWDSFEATICDWLWTERBBLE S
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Why 3D Parallelism - BAEEFIADRT LTy T -
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What is 3D Parallelism

« ZeROEFAWVET —FiF +) 1 TS+ SALF] + 57 > VLTI DA
£D. BFGPUEFANE LI EDI (S A —IDEFILASIRATEE

« (FEBEBNORT—SEUT 1 ZIERK

Max
Parallelism

Compute Usability
Efficiency (Model Rewrite)

Max Parameter
(in billions)

Data Parallel (DP)

Tensor Parallel (TP) Needs Model Rewrite

Needs Model Rewrite

TP + DP Good

Pipeline Parallel (PP) Approx. 100 Needs Model Rewrite

PP + DP Approx. 100 Needs Model Rewrite
TP + PP + DP L
HSE

3D parallelism(d&. ZRIOESD. ZD3DDAFUEARZEZI N THAENDE., &
5(C(FZeROZHALEARICIRDFET, #@E. Z2<DGPUZAND E. A—/\
AY REXREZRBDTIN. S UMIHEDEAIEDE & BEDETHERE
mEEIEB3TRICED. BB - BTOGPUZFERLIN S, IBENRXT—-SED
T+ ZIERLUTNET,
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When/Where to use 3D Parallelism

530018/ (S XA =5 EFI)LDFIR

Using DeepSpeed and Megatron to Train Megatron-
Turing NLG 5308, the World’s Largest and Most Powerful
Generative Language Model - Microsoft Research

BIANEE P 3T S . .

byT O AE=A> HE BE ESRR R Y-Sy b TR-oEQU Fys ER E-y #E-W

KIRHESFEAICGoogleX°Microsof tEiHERLY BHP(THR

EEESEH  + 7403

Using DeepSpeed and

Megatron to Train Megatron-
Turing NLG 5308, the World’s
Largest and Most Powerful

Generative Language Model

Published October 11, 2021

By Ali Alvi, Group Program Manager (Microsoft Turing); Paresh Kharya,
Senior Director of Product Management, Accelerated Computing, NVIDIA

2002F2A6H 200 (RHEREE]

@ == A0V D MERTRET ¢ 7 E214E108 (253008M) (S5 A —F — & FDAIDR
NiKkEr RERSHIC Uz, EHRLEROERLE(CENBENS.,

(EHanw®

AMDESICIHHICEREHES AT (A) FENSON. ABFEATILI 7~
w EFOI IV, K400V I MREHROIT (B8R ooo> RS
F-HIEOTHEAND [KIRRSEET L] HRBOEHE RO TVS. FH

https://www.nikkei.com/article/DGXZQOUC2175R0R20C22A1000000/

DeepSpeedDF— A ENVIDIAEDHREITEMUIZ. 53008/ \SA—-FEFI)LD

FEE BRFOEREATA oI EELD. BATEHEEOL Sa—#

RCHRBE=NDIRE. FEECRDFUIZ,
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https://www.nikkei.com/article/DGXZQOUC2175R0R20C22A1000000/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/

Who uses 3D Parallelism

% < OAIREEEEST)L (LLM) (E3D-ParallelismZz{&A: Jurassic-1 (178B),
BLOOM (176B), GLM (130B), YaLM (100B).

a BigScience initiative

BL. M

176B params 59 languages Open-access

“
"VYALMB100.COM

m o G L M _1 30 B Announcing Al21 Studio anAde%l!gces

An Open Bilingual Pre-Trained Model angque mOdeIs

Al21 Labs' new developer platform offers instant access to our 178B-parameter
language model, to help you build sophisticated text-based Al applications at scale

3D parallelism(d. ZdD5300f8/\SA—=FDEFTILUIMNIE. BLOOMRRE, %<
DAIESEBETILDEZTHEONTULET,
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https://uploads-ssl.webflow.com/60fd4503684b466578c0d307/61138924626a6981ee09caf6_jurassic_tech_paper.pdf
https://huggingface.co/blog/bloom-megatron-deepspeed
https://github.com/THUDM/GLM-130B
https://github.com/yandex/YaLM-100B

How to use 3D Parallelism

- JO:
» DeepSpeed: Extreme-scale model training for everyone -
Microsoft Research

» Using DeepSpeed and Megatron to Train Megatron-Turing NLG
530B, the World’s Largest and Most Powerful Generative
Language Model - Microsoft Research

« F1—kUJ7)L: Pipeline Parallelism - DeepSpeed

B> [2201.11990] Using DeepSpeed and Megatron to
Train Megatron-Turing NLG 530B, A Large-Scale
Generative Language Model (arxiv.orqg)

3D Parallelism(CDWTH., JOJYWF1— MU, @XHHDEIDT,
[CDWTEZESHZEMHERLLIZE0N,

EES
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https://www.microsoft.com/en-us/research/blog/deepspeed-extreme-scale-model-training-for-everyone/
https://www.microsoft.com/en-us/research/blog/deepspeed-extreme-scale-model-training-for-everyone/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://www.microsoft.com/en-us/research/blog/using-deepspeed-and-megatron-to-train-megatron-turing-nlg-530b-the-worlds-largest-and-most-powerful-generative-language-model/
https://www.deepspeed.ai/tutorials/pipeline/
https://arxiv.org/abs/2201.11990
https://arxiv.org/abs/2201.11990
https://arxiv.org/abs/2201.11990

DeepSpeed Inference
& DeepSpeed-MII

RIC. DeepSpeed Inference&. DeepSpeed-MIIICDWTHBITLUE T,
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Why DeepSpeed Inference?

 HERCHITDRBEZHR: 1) KREET)LOHERDIZHDEEGPUFIA,
2) Wy FBAXTOIBNERS, 3) EFLDER

« K#ERRTransformerE>)LICERA L. mAMEOERIL (KO X Mb)

~N
x

m Baseline

6.2x
€ 6X
g m DeepSpeed Inference
g 5X 4.4x
° 3.8x 3.7x
5 4 3.5x
£ x =
3 sEX 1.9x
22
o
£, N O Cl = . O =
BERT-Base Bert-Large GPT-2 GPT2-XL GPT-Neo Turing-NLG ~ Language Model
(112M) (340M) (340M) (1.5B) (2.7B) (17B) (175B)
a Sinale GPU Multi-GPU

Inference&(F. TOTLE>FT—23>TLWDETAIDOHEREWVWDHEDRET
-

IR E(RESEENSDDET . BEARNICIE. AFEEST)ILDIZSHDEEGPUFIA.
INEW\Y FH A XTDIFNR, EFHALDBRARENDIFSNET ., DeepSpeed
(. DeepSpeed Inference &M EERDIZHODMEREZ IR L THD. CDREITIE.
KEEIRTransformer(SEA L. mAMEDERICZHER U EWDSIERZRLUT
WET, ERICI-—INMERIT I -—EXTHERAINDIDEERN (CHERTHD.
#mDERbE. BENICH—EXDRHIX FOBIRICEIUE T .

Tb(CD UBNTEES (O, #R(d. LD RBELIEPATUBINESNEDD.
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What is DeepSpeed Inference?

QKV Attention
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FILEMEIND. GPUERITDIEHDT O S ADSEL, MNCEFHEEFEND.

WIRVE Y MITOSTEDYIR— bR EDFFHZEmR TLET,
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What is DeepSpeed-MII?

- DeepS eed InferenceDExiE{L SN TiEimbkaEz. N DEEE
:ET bt*”ﬁﬁjﬁb(g

-MIICTHEAT BT ET, TTOEE LA TKIECELAF1>
KRR ™Mb

DeepSpeed-MII accelerates 24000+ different models

W PyTorch mMIl
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F7/z. DeepSpeed-MII(&. DeepSpeed InferenceDitfimtkaez. HDEEFH
EFILT. BRICHATBEHDOY—ILTY, MIINSEFILZFIHIT B ET.

TDETIDREZEE I D LR, KBICELAFT>2 - BROXAMETEFT,

ZOHE, BHRWABETILTC, BEEEDTETILOERE(CLEART, MIIZFERIT DL,
KEBCLATIMNBPUIEC EZRUTWVWET,

33



- Z < OFABIN RS
« E:EE7)L. StableDiffusion, -

Advancing Machine Learning with
DeepSpeed MIl and Stable Diffusion

e Jeannine Practar - Fallow
‘@' Published in Bootcamp: - Sminread - Ap

When/Where to use DeepSpeed Inference and MII?

« HuggingFace (or widely-used model architectures)ET /L% E&R{t
. 5w —/\ (gQRPC, RESTH—ERX) &fGE(CI5 LS

Who uses DeepSpeed Inference and MII?

Incredibly Fast BLOOM Inference
with DeepSpeed and Accelerate

Accelerate Stable Diffusion inference
with DeepSpeed-Inference on GPUs

#DIFFUSION #DEEPSPEED #HUGGINGFACE #OPTIMIZATION

In this session, you will lea
Inerence using Hugglng Facc #_Diffy
Inference. The session will show you

11 min reac

p imize Stable Diffusion for

Deploylng LLMs with Vertex Al

felc: )ﬁf’t a
hD

g journey of deploying Large Language Models
ertex All

o Taha Bin Follow

DeepSpeed Inference &DeepSpeed-MIIN K <SERHENDS—>EUTIE.
HuggingFaceD K S/RAL R MU TIREENTLBIETILOERENH D E T,
Ffo. HERIEEZgRPCIREDY —/NE UTRIE (CIRH I DHEe . U—EXIRME

DIEHITERAENET ., EER(IC

RCFIABIEZ <|BESNTVET ., SEEFTI/LDIEFH.

FTF R M SEHRZ AR T DStableDiffusion&EWVVD TEETILE. TOEREHNS.

[L<ED EIFToNTNET,
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How to use DeepSpeed Inference/DeepSpeed-MII?
Ry —)\&iEH)

import mii

mii_configs = {"tensor_parallel”: 1, "dtype": "fpl6"}

mii.deploy(task="text-generation”,
model="bigscience/bloom-560m",
deployment_name="bloom560m_deployment",
mii_config=mii_configs)

#im Y —)\DOFUH UL

import mii
generator = mii.mii_query_handle("bloom568m_deployment™)

result = generator.query({"query"”: ["DeepSpeed is", "Seattle is"]}, do_sample=True, max_new_tokens=3@)
print(result)

« DeepSpeed-MII Repository ({EL\75)
+ DeepSpeed Deep Dive — Model Implementations for Inference (MIN)(#MB1—HICKDF1— KU 7))

RO — )z UizD. RT3 I—RFITY, RE(CNEFod—
RT. XEXHZEIUSHETBFEERITID T/ ZEHTETET, KDFELL
BEWNSICDNTIE, GitHubL /RS KU (CHBDEWVNAESEIEE0, Fio. 4488
d—IhEBNT<NEF1I—NITILESDFET,
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https://github.com/microsoft/DeepSpeed-MII
https://towardsdatascience.com/deepspeed-deep-dive-model-implementations-for-inference-mii-b02aa5d5e7f7

How to use DeepSpeed Inference/DeepSpeed-MII?

- JOY - Fa—hUFIL:

DeepSpeed: Accelerating large-scale model inference and training via system
optimizations and compression - Microsoft Research

ZeRO-Inference: Democratizing massive model inference — DeepSpeed

DeepSpeed-MII: instant speedup on 24,000+ open-source DL models with
up to 40x cheaper inference — DeepSpeed

Stable Diffusion Image Generation under 1 second w. DeepSpeed MII
Getting Started with DeepSpeed for Inferencing Transformer based Models -

DeepSpeed
Automatic Tensor Parallelism for HuggingFace Models - DeepSpeed

« ;83 DeepSpeed-inference: enabling efficient inference of
transformer models at unprecedented scale

JOJ»Fa— kU7,
LTI

CNSDOXHERCEFUSEHSNTNET,

WX EHDET, BAfitIRERE> 77T O—FDOFM(CD
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https://www.microsoft.com/en-us/research/blog/deepspeed-accelerating-large-scale-model-inference-and-training-via-system-optimizations-and-compression/
https://www.microsoft.com/en-us/research/blog/deepspeed-accelerating-large-scale-model-inference-and-training-via-system-optimizations-and-compression/
https://www.deepspeed.ai/2022/09/09/zero-inference.html
https://www.deepspeed.ai/2022/10/10/mii.html
https://www.deepspeed.ai/2022/10/10/mii.html
https://github.com/microsoft/DeepSpeed-MII/tree/main/examples/benchmark/txt2img
https://www.deepspeed.ai/tutorials/inference-tutorial/
https://www.deepspeed.ai/tutorials/inference-tutorial/
https://www.deepspeed.ai/tutorials/automatic-tensor-parallelism/
https://dl.acm.org/doi/abs/10.5555/3571885.3571946
https://dl.acm.org/doi/abs/10.5555/3571885.3571946

DeepSpeed-MoE

NFETEICSATLAHEICITA—HNAUTHBEZBNTUTE XU, EEFZZ DI
BEOHERDRE T, SRFTLEITTRL., FRIIEFILDT —FF7I0Fv%&
TXRUED, BBNESRFTALAEETILOMAS (CEEN DK DERNR7Z7TO—F
'ED. EVWDHFEESHDFET. CIHhSE. BEFYZTDEDICKDBEFRDIFEN
HEEICDWTHBITLTEBWNET ., TIIRDEATE LT, DeepSpeed-MoE(C DL
THBNMUET.
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Why DeepSpeed-MoE?

Standard MoE

« ZeRO™3D parallelismZHAWTE, AMHFE S .
L0 EAR SR, By, 0z 0 WOAEEEE -
NAE | cerioes | RN - B

» Mixture of Experts (MoE) EIF(ENDHL
WIATDETIV I —F70F v TlE, A o BEEEEEE -8
PNT—HICIEUTETILDO—EIDHZETE

- —/ CHREL: oocriover2 | I -

« £5ES)L (GPT-3%) TOMRMNEIEENT

LV oo | I -
* ABYERECHE e )
° }Egﬁ@'lﬁiﬁgb‘\'f&b\ ()\j] 7——_&)

FIHERELT. ZeRO3D ParallelismZz{ERALTH. BKRIQ/ISA—-FZFFD
BEXRETILDIIFEC(E. BUSEXRRESTEZ. B, SNCHESITIXMNRE
TY9, —AT. JlFEZIRIETDIFEELUT. IFE. Mixture of Experts. BEL T
MOEEWSFTUWETIL —FFIF v MERESNTLE T, MoEF. HECIHU
T. EFILO—EEIIZETEIT B ET, stEIREM ESEIFETYT.,. AflD
HICTRI KDIC. MOETI(E. EFILDENENDL 1Y T. E#Dexpert &ML
NBDEMNZFOTVET ., MOEEFTILICANT —INEETNDE. ENETNDT —
ST E(THFEDexpertlZIFITEEN. 5TE(EEDexpert/ZIF TITHONEI . MoE
(FFEBICBHD/I\SA—FZFDETILZ. DRVEGTEETUWRETEZDZENS.
EEFEESNTVEIN, BEBWVDNHDET, —DIE. GPT-3D K SRR
EFILTOMRMNEIESNTLVRWNC & RIS, SEDEXpertZiFDIzsd(C. £

TILBRELRED, AEUNKEBICHEBRTE, REIC, TORFMEBHDIZDH.

HESRODMERENMEWC ENEIFBSNZFE T,
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What is DeepSpeed-MoE?

PR-MoE

. EEEEEEE - E
« MOEZ4ERKES )L (GPT-3%) (TEAU.
1/50ilEIZA FTREKOETILRBEZEN O EEEEEEE - B
« 1L\’ —FF2F+ Pyramid-Residual ;
MoE (PR-MoE): E5/)LDmBZEZE LT & @EHH A
<. EFINYA X%&1.7-3. 28/

» Mixture-of-Student: ??F”(dlstlllatlon)c‘:ﬂ} @ﬂﬂ. X
(EINBDHEATT. LA VEZEIB. 99%D4EE .
EHIFEUEEFETIVHA A ZE1.9EH 53,7 @HHH =

S/
>

DeepSpeed-MoE(E. TNSD3DDFEZAHRLF T, F I DeepSpeed-MoE(d.
GPT-3DXSRRERKRTETILICGEAL T, JIEIX ME1/5(CHEIRTD—HT. (K
FEEABRODET)ILMEREMUE U, F£/=. Pyramid-Residual MoE &ML,
AITTRIMoEDTZHDF LW —FFOF v ZEAULE U, ZDPyramid-

Residual MoE(&. ERDMOELDEMIENFL. EFTI/ILOREEER c‘_’_ﬁ_c_c‘_’_fd\<\

MOEEFTILDOY A X% 1. 7BHS3.2ME(CHENT D ENTEF UE. BEIC. &
BLIND., E5I)ILOMFEZE (CHE/\ I BIzsbDitdfizi#EA U zMixture-of-
Student&EWDEHAAHC KD T, 99%DMEEZMIFLUI=EE. EFIL YA X%E1.9
B3 7MEICHNUELUE,
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What is DeepSpeed-MoE?

» MoOED#Em & =EiR1E
o BB MAME AR ZRERN (CHEEE
 BIEA—) NV REFH/IML
s H—XR)LDOEFEILICEKD. GPUXEU ) RigFIAZ &KX
HERE 72853, 1IBINS A— 5’0)=E7)b7i25ms‘CquE

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

i?’ DeepSpeed-MoET (. fEFRIERENMEN D /TEMOETDHEmZRE(L L TLE

9. EANIICIE. EROAITHEARZHAFENDE(EN. BEA—/NY ROFw/M
{fb. GPUDXATEY)\> RigZEBI LS ED2HDH—FILDeE bR EZTVNE U,
C D UTesRiB{bDFER. TE w7 . 2BERIE L. 1JB/ISA—FDBEKRIETIL
THE. 25U TOHsmZRIgE(CLE U,



DeepSpeed-MoE

* When/Where to use DeepSpeed MoE?
« MOEEF)LZZIFRM(CHINE - Hedm

» Who uses DeepSpeed-MoE?
« sEFAAI: New Z-code Mixture of Experts models improve quality,
efficiency in Translator and Azure Al

» How to use DeepSpeed-MoE?
- JOY:
» DeepSpeed powers 8x larger MoE model training with high performance
. Eleggaslgeed: Advancing MoE inference and training to power next-generation
e Fa—hKUJ)L:
« Mixture of Experts — DeepSpeed
« Mixture of Experts for NLG models — DeepSpeed
Getting Started with DeepSpeed-MoE for Inferencing Large-Scale MoE Models
. umaﬁz DeepSpeed-MoE: Advancing Mixture-of-Experts Inference and
Training t0 Power Next-Generation Al Scale

CDEDIC. DeepSpeed-MoE(d. MoEEFTILDIIFEEHERDONRZE EEIEDE
MDTY, DeepSpeed-MoE(E. I TICMicrosofttt R CHERAETNTULNET, 2
TIFHARDFIAF & LT, Azure AIDEISRY —EXTENONTLVSD. Z-code MoE
%%“)V&étf‘(b\i? EOADREMREERICDLTIE. o557 04,
Fa1— MU, @mXElEBLIZE,
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https://news.microsoft.com/source/features/ai/new-z-code-mixture-of-experts-models-improve-quality-efficiency-in-translator-and-azure-ai/
https://news.microsoft.com/source/features/ai/new-z-code-mixture-of-experts-models-improve-quality-efficiency-in-translator-and-azure-ai/
https://www.microsoft.com/en-us/research/blog/deepspeed-powers-8x-larger-moe-model-training-with-high-performance/
https://www.microsoft.com/en-us/research/blog/deepspeed-advancing-moe-inference-and-training-to-power-next-generation-ai-scale/
https://www.microsoft.com/en-us/research/blog/deepspeed-advancing-moe-inference-and-training-to-power-next-generation-ai-scale/
https://www.deepspeed.ai/tutorials/mixture-of-experts/
https://www.deepspeed.ai/tutorials/mixture-of-experts-nlg/
https://www.deepspeed.ai/tutorials/mixture-of-experts-inference/
https://proceedings.mlr.press/v162/rajbhandari22a.html
https://proceedings.mlr.press/v162/rajbhandari22a.html

Communication Compression

IR(C. Communication Compression EWSHEATIC DWW TERBALET
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Why Communication Compression?

k. 3 A4 )] =
* *E;&GDG P U %}Eﬁ {' \ 5 ﬁﬁylgﬁ}% % E O)EJ ”ﬁili BERT-LARGE PRE-TR n\lngé]it(ELIl!N 128 PROFILING RESULTS.

t“ (i\ ﬁ{% b\\* % mﬂ—: |\) b;?\ \\J g (4% (: Num. Batch Forward Backward Backward Step all-
node/ size ms allreduce everything ms. educe%e
BV NJ—DD58) Gy ™ T Wl ™

Ethernet Cluster:
641256 8K 55 3579 17191
64/256 64K 445 3674 919 215 :

32128 8K 12 3759 233 121 89%

« EFJLVEFICAVDAdamPLAMB/RE 58 & & o n %

DVINTVXLZDECREBFETHWND % & o o e o e

Qz G PU Fﬁd)‘%{%b“ﬁ-{ﬁi& ( —%E 1{4 _ 8K _ 3532 234 7329 30 2%
7NN =] 1H15 RN C InfiniBand Cluster:

16/128 8K 96 335 179 36
16/128 64K 770 422 1422 32 3
8/64 8K 192 33 3 3 36%

« BERT (EENEDEFOREKNESTIL) o e T S
DIFR(ICH T, BEDLSDDIFHE (.
InfiniBandZE/z(&EthernetDIZE&TEN
ZFNEK 52% F/21d 91%

BHOGPUZRAWDDECEREZEDIFETIE. FICRY RNDIJ—TOMNEWNGES, BE
PRERRNLRYOICRDET ., BANICIE. EFILEFHICHLDAdam?
LAMB/RED )L T U X =D ECERBFE THUBMR, GPUBDIBENSEZE (CHE
ULET., BADEERTI(E. SEUIEBEDFORRNETIL THBBERTDIIMET. &
EDEaHBEFEIL. InfiniBandE/z(dEthernetkw KD — O DIFETENENEK
52% FE£/ZlE 91%EDEIEZEHHTULELI,




What is Communication Compression?

+ 1-bit Adam, 1-bit LAMB, 0/1 Adam
« FB/(SA-FEROARMNI7)LT YU XL THDAdam>LAMBZ LR
« EHRIC K> TBEZKIRICRIE(L

Compressing Communication with 1-bit Adam

Warmup stage ‘ Variance update < Threshold/ Compression Stage
§ . p ~

Training Trainin,
(Forward/Backward
Computation)

Computation)

Update Momentum with
Local Gradients

“ N
1-bit Error-compensated

__ A Communicat
compressed Compression of
Update Variance | Update Momentum Rom s m Momentum
Adam (original : Adam (compressed)

Time

ZOUZBEA—)/ Ny RZHIRT D728, FHAL (F1-bit Adam, 1-bit LAMB, 0/1
AdamEMFER=DD7IITUXLEZERLFELUZ, NS LLERASNTLD
Adami>LAMBZ LU X AT, EMEICKD TBEZANEICHEILIDEDTT .,

IR (E1-bit AdamdDizFE. HICTTRI KDIC, 2EBBEDI7ZILTYXACIED TLET,

FI(EUHIC. warmupDERPET(E. AU FHILDAdamZFERUET . N3,
SFRDOPHAERPE T (E. — MR (CHENARNRERIZHTY ., F2ERFETIE. BASDAEIIC
Adam77)LT YU X LAHREBICHEDmMomentumEWVNDT—SE2EMEIT D EEEICT,
EFI)ILDOEBREZRDICODERDEMERHFENTE B ET. HHENRETIL
DOmMEBEEEIT(C, BEA—/NY REZRFKSICENTEET,
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Communication Compression

« When/Where to use communication compression?
« Ethernetrw KD —2DOD IS X FCHUT. BERTOEBZRK3.3E
=iR{b
* Who uses communication compression?
o [EEHELRY RO —72J (Ethernet) TDeepSpeed%&RY 21—
HICK>TER
« How to use communication compression?
- 7O 1-bit Adam, 1-bit LAMB
« F1— bkUJ7)L: 1-bit Adam, 1-bit LAMB, 0/1 Adam
« $832: 1-bit Adam, 1-bit LAMB, 0/1 Adam

ZdDCommunication CompressionMBERENENESHFCBIN T, EBRTIE
BERTEFTILDOEBHHZRARI.IMEERICENFEUE, HERIGEWRY ND—0%F
WBISRAAEMEALTVWBI—HICK > THHINTVET,, FEUSRFIR
SFHCDOWTIE. o507 0O0. Fa—hUPIL., @wmXelEBLIEE0,
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https://www.microsoft.com/en-us/research/blog/deepspeed-extreme-scale-model-training-for-everyone/
https://www.microsoft.com/en-us/research/blog/deepspeed-accelerating-large-scale-model-inference-and-training-via-system-optimizations-and-compression/
https://www.deepspeed.ai/tutorials/onebit-adam/
https://www.deepspeed.ai/tutorials/onebit-lamb/
https://www.deepspeed.ai/tutorials/zero-one-adam/
https://proceedings.mlr.press/v139/tang21a.html
https://ieeexplore.ieee.org/abstract/document/10106313
https://openreview.net/forum?id=-CefY2EOupj

DeepSpeed Data Efficiency

IRICERIT I DD, DeepSpeed data efficiency T9
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Why DeepSpeed Data Efficiency?

s EFILBAXCHR. ET—FEER(THEK
<RI R MME BEFIILVTAX - SRS — S 2D s5 (LI L TIEM

- ® —-Model scale (Billion) Data scale (Billion)
° T QX}J_Q‘_"@EQED\EE Billion

Google
P ARBRNT S8 (=DROIR 5 °
2N TREOHREEEE -
=" = = , ot »
® |E_I L/T_QEZ‘_‘J: DE(/\'HEIE\E 500 B Microsoft g .
=if 400 vespiay’ @ OpenAl e
xR 300 e
200 S -
o Google -
0 & ----- -
BERT  Turing-NLG  GPT-3 BLOOM PaLM
(2018) (2020) (2020) (2022) (2022)

IHEDORERIETILDIIFRICE T DETILRIE
(SA—=5#) &5—58 (b—U2#) ORf&

DeepSpeed data efficiency " ERIERE LT, EFIILHAAXICMR. iET—
SFEERRITHILALTVWD—AT, IR NI EFILHAX - liET—FED
M7 (CEEFIUTEMIT D ENETFSNET . CDONRTE. BESFORKRNEST
JLODFIIFRICHNT, 3&5—“)1/%%%8: IR —FENNITNERR(TIBALTNDZ
EZRUTVWET, TI T, T—IVEXRZHNET D, DFD. DRVNVFT—F=TH
FOURZEERID. FT (st BUT—FETCLDRVEREZRIRT DI ENER
(CIRDZFET,
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C F—HELOMENSERL, I
REETIVEREB SR BB
1T5U

. cumculum learning (C K DEIZRAY(C -~
—SrGS>TIT

mﬁmr SMSRIIRL. FRA(CEELL
T—YaFEED

c EFTILLAVSELC—EDANIT—F |

token dropping (random-LTD).
« ADT—HFD—8DitEZRXFv T

DHTEEEHE SBrandom layerwise - -~

What is DeepSpeed Data Efficiency?

| Training Data [ Data Analyzer |

¥

- <
Data Sampler ‘

* || Random \:Curricu\um:

JMini-batch

/V
7/

Model Layer l

Data Router

B

)

a8

L =V

Model layer 1 |

Data Router

Sciol]

Model \ayer 2

Bypass

------

CTHBT 9 D DeepSpeed data efficiency (&. T—F%& KDHRMITTFER L.

nJII’fﬁx)J'ftJET)I/IE EZm EESEBHDSTATSIUTT, ADHEISRIT LDIC,

DeepSpeed data efficiency (&. Z DM SHEBKINTULET ., —D(&
curriculum learning EWV\DHTC. IR (CHET —5=2 B> TU T ULET,

BAN(C(E, GERT—INSIIEERIBL. RLACHULWT—FZ2FBTEET,
H>5—DIE. random layerwise token dropping EIFA TWLBEAMIT. EFILD
LAV EICANENST —FZEDNICAF YT U,

T—INERENET D

—EBDFT—FDHFTEFZBL
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When/Where to use DeepSpeed Data Efficiency?

« TransformerRDETIL THR%
=25 (GPT-2/3, BERT, ViT).

- GPT-3/BERT COERIFE (pre-

l,:Er,aInln:g) (:Bb \T\\ , \Elﬁﬁj\@?_,: g E ,_;- gaLISr::H;i data/time saving, matching quality
5= ( = EJ"%‘%H%FEI%€:':)}EE) C H%@ &5 B Ours: better quality, same data/cost
[1Va =1 N v 2
|$Hb e ZERK B
cBIEDT—HZRHANDE. HEEE 7T B
cNE 3
P
» curriculum learningzZ A X9 A - . —
Z L/ AN 4@@9 /r jODZET) |/(: El@. Pretraininfguj data and time ‘.‘le'10 GPT-3 (13 bilion parameters)

FHE]HE

DeepSpeed data efficiency Z AT D &, JIEIRX M RIECEIITEET.
¥4 (L. GPT-2, GPT-3, BERT, ViT/xEDTransformerRDETIL TCEIRZEIEL
FUJz. GPT-3&BERTEFTIL TR, EFILOREZRBEDD. ¥90iliE>—4
SEZFAWT. DEDFDOIIRFREITIR TEDd &2 RrUFELRE, 5. AU
T —~5E2T. KDBVWETILRENESSNDICEEHRLELUZ.
curriculum learning(CRAUL Tld. ERB3FGEZFANVDILIICHRIVAX L., 1
DA TDEFTIVICEERRIEETT .
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DeepSpeed Data Efficiency

Who uses DeepSpeed Data Efficiency?

« Microsofttt DTS )LDifE (ZE

« Sequence Length Warmup(curriculum learningigR=FED—E8) (&
Amazon, MosaicML, Yandex 2 ETFIFA

How to use DeepSpeed Data Efficiency?

« JO7J: DeepSpeed Data Efficiency
« F1—KkUJ7)L: DeepSpeed Data Efficiency
. W

» The Stability-Efficiency Dilemma: Investigating Sequence Length Warmup for
Training GPT Models

« Random-LTD: Random and Layerwise Token Dropping Brings Efficient Training for
Large-scale Transformers

» DeepSpeed Data Efficiency: Improving Deep Learning Model Quality and Training
Efficiency via Efficient Data Sampling and Routing

DeepSpeed data efficiency(d. Microsofttt RDET)LDIIRISERE SN TULE
9, F/z. curriculum learning—FEE U TIRE U, Sequence Length
Warmup & W S$iTE. Amazon, MosaicML, Yandex/& ETHIEESNTULE T,
EVWAPEAMNREFRCDWTIE, 2550700, Fa—hUPI, wmXZzlE
<IZE0N
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https://aws.amazon.com/blogs/machine-learning/reduce-deep-learning-training-time-and-cost-with-mosaicml-composer-on-aws/
https://www.mosaicml.com/composer
https://medium.com/yandex/yandex-publishes-yalm-100b-its-the-largest-gpt-like-neural-network-in-open-source-d1df53d0e9a6
https://www.deepspeed.ai/2022/12/11/data-efficiency.html
https://www.deepspeed.ai/tutorials/data-efficiency/
https://openreview.net/forum?id=JpZ5du_Kdh
https://openreview.net/forum?id=JpZ5du_Kdh
https://arxiv.org/abs/2211.11586
https://arxiv.org/abs/2211.11586
https://arxiv.org/abs/2212.03597
https://arxiv.org/abs/2212.03597

DeepSpeed Compression

R(C. DeepSpeed Compression(C DWTHBITUET .
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Why DeepSpeed Compression?

« RKIRETILEHERDIRX EXREL)

- BIER D@ D DeepSpeed (FHEmEmERIL TE 20 EFILYA
X (HSCJ:UM\ETCLDT'*E) (FZENDBIRN
> B )LZEHE (compression) TENIE., B2 ERLSTED

« B5)LIEMER DR E
« QLIB)\A TS O HEMTHELD S0
o [EEOIZX RS
s TRCERBILENZES XFT AR
- BHOE ESMOBEENE LU

DeepSpeed Compression MW E xR E U T, KFREEFTIL T, #EEmn
ARBREZVWCENBITSNET, LICEHRAUIEED. DeepSpeedldEimHBRI=R
{EUEITH. EFILHAXW, EFILHAXIC LD TREDIMERFTEENEDND
DIFTEBDFERFA. €T, EFI/ILZEMI D CENATENL. S5ICERIET
BDCEEEZREY, TTI)LEMERMBAEREERNSH D EITH. EROFAIC(FHE
BOMENSDDET ., F—I(C. BEFETEMMIB/)\1TSA>NnET. FIF
ULDBWSENBITENET, £lo. BEEBEARICORX IS, ERICLAT>
SO REBSNBFE S AT AR CTTR (CRBILESNZEDHRLNEND
BIEBEHDET, =5(CE. BROEMERMZHEIENDEDZENEEH. EVVDFR
BEHDET,
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What is DeepSpeed Compression?

o FTCIREMERIT
« XTC: E5I/IL A4 X% 1/32 (C
+ ZeroQuant: [EfEDIX ~%& 1/5000 (C

- DeepSpeedDEE L SN TR S AT LA EFRE
- B2 EMEREES T 6

Search and find optimized methods

Optimized
inference
engine

DeepSpeed Compression(d. 5 UTZEREZRIRT DITsD. SmITimDEMERATZ
RBMEUET, HIXE. XTCTIE. EFILUAX%Z 1/32 (TH/NUET ., Fz.
ZeroQuantld. EfEaDzeHD IR b%Z1/5000(CLET, F£/=. DeepSpeed
Compression (&DeepSpeed& > — AL XICHESNTHE D, EffaSNIZETILE
DeepSpeedD#Eiw= AT LA SN (CHIATETEI . &=E&(C. DeepSpeed
CompressionT (&, EBEDEMDIZHDFEZHEHENETE. KDKRETZE
HEBNBKIDICIRDTVET,
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DeepSpeed Compression

* When/Where to use DeepSpeed Compression?
o ARURET)LZEIX MMTHER T DIR(CHERD

» Who uses DeepSpeed Compression?
. BRIEEGROBE#MS (Bing) : Introducing Turing Image Super Resolution
- BBEDBERSG (Edge) : Video super resolution

* How to use DeepSpeed Compression?
- JOU: DeepSpeed Compression: A composable library for extreme
compression and zero-cost quantization - Microsoft Research
« F1— kUJ7)L: DeepSpeed Model Compression Library — DeepSpeed
. i@
* XTC: Extreme Compression for Pre-trained Transformers Made Simple and
Efficient

- ZeroQuant: Efficient and Affordable Post-Training Quantization for Large-
Scale Transformers

DeepSpeed Compression (&. EXEFT /LR Z RIS TEHHOUIEWEE(C
FICBAMWTY ., CNETICHANTERARETILICHBAESNTEE LA, FIAHG
& UTIE BingYwJ &Microsoft Edgedzshd. BEHROFREKE ZH L 38
FRARDIEMDET )R (CE U E Uz, FEUVAPREMNGEFHCDWVWTE. 5
50707, Fa—hUFIL, mXEZELSIZE,
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https://blogs.bing.com/search-quality-insights/may-2022/Turing-Image-Super-Resolution
https://blogs.windows.com/msedgedev/2023/03/08/video-super-resolution-in-microsoft-edge/
https://www.microsoft.com/en-us/research/blog/deepspeed-compression-a-composable-library-for-extreme-compression-and-zero-cost-quantization/
https://www.microsoft.com/en-us/research/blog/deepspeed-compression-a-composable-library-for-extreme-compression-and-zero-cost-quantization/
https://www.deepspeed.ai/tutorials/model-compression/
https://openreview.net/forum?id=xNeAhc2CNAl
https://openreview.net/forum?id=xNeAhc2CNAl
https://openreview.net/forum?id=f-fVCElZ-G1
https://openreview.net/forum?id=f-fVCElZ-G1

DeepSpeed-Chat

Ex1&(C. DeepSpeed-Chatzf8MMULEY
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DeepSpeed Chat: ChatGPTS+ VR EF L%
B 53R - EIZX N, HEPBRT—ILTES

DEEPSPEED CHAT @

BITFDRIHFZ R T L EHBL T

isfEDEEL, sfEUEXELRET LV EDIRATLE

Normalized Throughput

Normalized Model Size

BIEHNDIEIANTES 1 s
12 6
ZNEEFR (hours) A (Azure) ($) 9 =% . 78K
.25hrs 6
138 I 1.25h 138 - $320 s 2
1758 _Ilhrl 308 $580 o — 0 -
DS-Chat SoTA DS-Chat SoTA
FHICR{TEIR BE - BAr—SEUFT+ 7. h— RLHFODI=bDEIEMNILR
!E !(‘:[ 21\ t"

« ChatGPTTHLISNS
RLHFal#EDFTERTE
end-to-end) (A T 51>
w=RIVT h—DOTERIT

s ATV RIS
o TEFDRLHFE
T LD15EBOEEL

- BEWBIAT—ILOET
LTHERZWVIZ Ml
R

+ GPU1&T1008/(5

A—45i8. BEHGPUIZS
1000f8/ (5 A —4iEn
EFINEFE

» ZeRO, LoRAF DTl

bt

+ InstructGPT @J{1 7S

A 2 ERAIRFRIURES
IWDIFAFI1—2"
DEHR—

DeepSpeed-Chat(d. ChatGPTSAURESF /L&, B - &R - KX . 1D
HPBRIRAT—)ILTEFBIBDEHDIL—LAT—ITT,
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Why DeepSpeed-Chat?

« ChatGPTIZEFJLIENRE - OpenAl/
Azure TENME
« ATV —-ZIADBWNEAFE - —X
- TNTNOENICHLLZChatGPTS 1 72
EFI/ILEINEC =N
s tFa U LDIEBRNS. BROETEIRIE
TEMEESEIZW
+ ChatGPTS A UREFTILETHET D —
H—R—RT, A—T>V-XEFILD
% < H'BX(CDeepSpeed D itiZ A

¥

ChatGPTS A VRREFTIIDIIEEE(CRN
I BDEHDOA-T>YV—-ADIL—
LD—D %R : DeepSpeed-Chat

Leaderboard

closed source OpenAl/Microsoft

« closed source Anthropic
« closed source Anthropic
o Closed source OpenAl/Microsoft
mewn  OPEN source, use DeepSpeed technologies

«s: Closed source Google Bard

wnenn  Open source, use DeepSpeed technologies

ws Open source
« Oopen source

mew OpPEN source, use DeepSpeed technologies
.« oOpen source, use DeepSpeed technologies
«m open source, use DeepSpeed technologies
we Open source, use DeepSpeed technologies
s Open source, use DeepSpeed technologies

-n Open source, use DeepSpeed technologies

open source, use DeepSpeed technologies
ws OPEn source

Chat with Open Large Language Models (Imsys.org)

ChatGPTIZEDNRRLEE. [EWEFE THOH TRERA /D 25X TLWEITH
ChatGPTDEFTILIFIEAHTH D, OpenAlH U < (IMicrosoftdAzure TEIEL T
WET, Z<DfEM. HBIVWIEANCEDT. ENENOBEMITHEMEUTE
ChatGPTS A IREFTILEIIRLUIZV., ZTLTENZELFIUFT v LOEHEHNS,
BOOFTERIETHESERL. EWDZ—X(FE<HDET ., FESHDFEDY]
DHICHMNFEUEN. ChatGPTS A IRETILETHEIT 2 —4F —R—RER3 &
A—T 2V —REFTILDZ < H'BEICDeepSpeedDFFtiZFERL CTLET, ©ZT.
DeepSpeedF— AT, ChatGPTS A U2 ETILDIEEE (CZIZRIL T DIzdD
A=—T2V-ZADTL—LD—0%BHI B ECRDELZ. 2N

DeepSpeed-ChatT4d,
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https://chat.lmsys.org/

What is DeepSpeed-Chat

« (OpenAIN AU EIBHRICE
’_Db\_C) ChatGPTS A 12 EF
ILE3DDRATY I TiIlfET D

JL—LD—70

ca) MEWMSE I A >Fa -0
(%upervised fine-tuning, SFT) ChatGPT

. b) $EE’J‘|‘|:E;_) LI 7A>F1—— sten 1 Sten 2

R el LAl S et el L

. c) RLHF:.JII‘?E (Reinforcement Sten s
Learning with Human , -
Feedback) ﬁi“}‘m”“.“ 8 ctor e \%:E cleente | 3 cremouel B Revard |

- DeepSpeed-Chat CERN DR
1R "CRLHFEIfEN BT BE

DeepSpeed-Chat

DeepSpeed-Chatld. OpenAIN AR UZIBERICEDULT. ChatGPTS 1 IRREST

IWEIDDATYITIEIT DI IL—LDT—ITY, AFVI1ERTYVIT2E. K
MBEETILOERD T 7 A > F1—ZTlEEMMTVET, —FH. ATV IT3D
RLHFIfR (%, REEMIRUIEZITOED T, RBIIEIRX MMEETDIEDTI,
C DA T I3DRLHFiIRZ K& (CEERI{IE T 2D(d. DeepSpeed-ChatdDeAdD
Bk T,
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What is DeepSpeed-Chat

* RLHFFIMR T (&, #&BDET )L RN DD, dllR RO T mE
> EHDEST)LZEE (SR - R TS DIAEY BRI, HXT
AR EHERODHRIIII DB X ZFKIR L. KR (CERIE

~ —_— =
- BES AT LAD15EEE
Time/Seq Breakdown for Training OPT-1.3B in Step 3 on a DGX Node with 8*A100-40G GPUs

e

= Generation m RL Training Others
oscnae [}
0 0.5 1 15 2 25 3 35
Time/Seq (sec)

RLHFEIFRDRE E LT, BHEOET /)L ZRNDD, R EHRNHABE 2D
RNEITFONFT, TDEH. BHOET )L ZRAKFCIHIER - #Hm TS DIAETVER
#efr. SXVIREHERODRNRY OB NELIRDF T, DeepSpeed-
ChatTld, INSZ&RBELL. BIFS RXTADISESE(CHIREEIRLUE L.




When/Where to use DeepSpeed-Chat

« ARIYA XENzChatGPT S IR EF )L &R
D TRVWERITHE > AREETIILTEEIR K

GPU SKUs OPT-1.3B OPT-6.7B OPT-13.2B OPT-30B OPT-66B OPT-175B

1x V100 32G 1.8 days

1x A6000 48G 1.1 days 5.6 days

1x A100 40G 15.4 hrs 3.4 days

1x A100 80G 11.7 hrs 1.7 days 4.9 days

8x A100 40G 2 hrs 5.7 hrs 10.8 hrs 1.85 days

8x A100 80G 1.4 hrs($45) 4.1 hrs ($132) 9 hrs ($290) 18 hrs ($580) 2.1 days ($1620)

64x A100 80G 31 minutes 51 minutes 1.25 hrs ($320) 4 hrs ($1024) 7.5 hrs ($1920) 20 hrs ($5120)
Training with 135M tokens on Azure

DeepSpeed-ChatzFiL\d &, I—HHZNTNICHRIYA XENT=ChatGPT
SAORETINEIETEET. £oe. INETREBMNTLDLS (T, JIEN
AzureDKSRBROSTORIOADEI—FT A I TEITESNDICEREEZ D &, JIED
ETEFREIE. OXMIERUET. CCTRUTWVBDE. Azurez BUNEIHED
IO R FOHETI N, 17508/\5 A =5 WS, GPT-3 &R URMIEDMRR(C
RKEREFTILT, 1BUED =25 —FETIIFE T DIHETH. 2085 -
5000 RILARE EIRDTVET,
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Who uses DeepSpeed-Chat?

wlEWS

Star History ChatGPTO& SREF N ERELERT 3Y—b.
Microsofth'Bi% [BEFFEEMD15@E L] 57

(V]

25.0k

[TTmedia]

» Microsol ft/DeepSpeed

DeepSpeed-Chat s o

5 15.0k I I
8 J J z \ Micr VEERTEBY )L
eepS BLED) (SA-SEHDET

2023%04F 136 1489245 .
ChatGPTR E[CEDN I AMBBBET W ERRDI AT LALDE15EHE - EIXRTH
[DeepSpeed-Chat] &Microsofth' /A

]

GitHub St

: deepspeed

202 2022 2023
Date star—histor

- BHTE L OI1—TH SHFEDHRS A SA AT 1 PICESEIHH

« I—HHEIEE L /=EF )L HuggingFace LR MU(C7vTO— R

DeepSpeed-Chat(d, UU—XEFHMSIFRICEZ<DIFEZESHFE U, I
(IMRDEFPNRY I RN ITFENDSCEICRDEBVNEIN, KICHIEZ UK
S(C. GIGAZINEEDA > SA AT 4 VI(ICEIBEHINFELZ. £/2BEET. ]
TEGitHUbMD X5 —hH2500080 £ &5E&k L TWLVE LR, E(EDeepSpeed-Chatl)
D—XEII1IARIETCHDcECD. CDOUU—-X(CKo>THEAT2EBUALEEND,
BENRMPUZRUELUE, ZL<DOI-—IHMFBICDVWTHRELTHD., £
DeepSpeed-ChatzFWTEZRE UIZEFTILA. HuggingFaceDEFILD LIRS b+
J(CF7vTIO—RENTWET,

61



How to use DeepSpeed-Chat?

AN > R—=D T EDIIRERT

pip install deepspeed>=0.9.0

git clone https://github.com/microsoft/DeepSpeedExamples.git
cd DeepSpeedExamples/applications/DeepSpeed-Chat/
pip install -r requirements.txt

python train.py --actor-model facebook/opt-13b --reward-model facebook/opt-356m --deployment-type single_node

IR UIZET IV ZR I T2DDT > TILENRE

# serve the final model Hello, write me a poem about a wise frog.

python chat.py --path ${PATH-to-your-actor-model}

A wise frog lives in the sky.
He holds court with the other frogs and holds the
meaning of life.
= * i = * i He tells them to avoid traps and look out for each
ZEE}ﬁig::j [:]'{:7, EEE:ZE:E%g::j [:]‘{:7 other.

Frogs are known for their intelligence and se

Fa—bUTIL

SERHEEZF DDeepSpeed-Chat T I M, FULAIIMBSHTRHETT, RIBKTE
oA > M=)LZEBEFENE. PythonDIN > R—DT3DDRAT W T DiIFENT]
BEIRROUT MRS NTUVWE T, F£le. EFI/ILDIIEE. Frv v MNERTHT
EHOY > TILBIRMEESNTNET , FEUVSPRMMIIREERCDNTIE. CB50
JOJEFa1— MU ESELTZSUN,

62


https://github.com/microsoft/DeepSpeed/tree/master/blogs/deepspeed-chat
https://github.com/microsoft/DeepSpeed/tree/master/blogs/deepspeed-chat/japanese
https://github.com/microsoft/DeepSpeedExamples/tree/master/applications/DeepSpeed-Chat

HNODI(C

« DeepSpeed D& FER & GHEICTHBITULE UL

« BRA T v ORILTIBERFEENS., 1—Y - OSARL—4FEDTO=a
—o—>3>ZUTCWET
o BRFTIBEHRELIDIZUY S Twitter7 D> b
DeepSpeed (@MSFTDeepSpeed)
<120V J hDeepSpeed (@MSFTDeepSpeedIP) (AAREF7ZHI>BN)

« J\JLR— K& > GitHub®DIssues

« HF(CHRHD I D > GitHub®DPull Request (PR)

« BRY - T4 XHwv>3> > GitHub®DDiscussion

GitHUbD &g - BEIVVEDTE (L. REBE UL (IHEE+HAEB CTHFEVVLET

C CF TDeepSpeedDEERLRBEEE(CDLNTTBNMT LU TEE LTz, DeepSpeedF—
ITIE. GitHubYTwitterid EAR L 7 F v >3RIV T, 1BERFEE>. 1—Y - OS5
L—5&EDIA=Z21 "5 —23>220TCVWET, Twittercld,. BAREDIZHD> &
HERLTWEIODT, BoJA0-Z28FELLET.
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https://twitter.com/MSFTDeepSpeed
https://twitter.com/MSFTDeepSpeedJP
https://github.com/microsoft/DeepSpeed/issues
https://github.com/microsoft/DeepSpeed/pulls
https://github.com/microsoft/DeepSpeed/discussions
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