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2. Megatron-LM

https://github.com/NVIDIA/Megatron-LM

|.  Megatron-LM:Training Multi-Billion Parameter Language Models Using Model Parallelism
2. Efficient Large-Scale Language Model Training on GPU Clusters Using Megatron-LM

3. Reducing Activation Recomputation in Large Transformer Models

@ yAoJ\\ 7 Course: chenzomil2.github.io
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Megatron-LM Achieve
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Megatron-LM Achieve

1.7 24 2304 24 1 1 32 512 137 44% 4.4
3.6 32 3072 30 2 1 64 512 138 44% 8.8
7.5 32 4096 36 4 1 128 512 142 46% 18.2
18.4 48 6144 40 8 1 256 1024 135 43% 34.6
39.1 64 8192 48 8 2 512 1536 138 44% 70.8
76.1 80 10240 60 8 4 1024 1792 140 45% 143.8
145.6 96 12288 80 8 8 1536 2304 148 47% 2271
310.1 128 16384 96 8 16 1920 2160 155 50% 297.4
529.6 128 20480 105 8 35 2520 2520 163 52% 410.2
1008.0 160 25600 128 8 64 3072 3072 163 52% 502.0

Table 1: Weak-scaling throughput for GPT models ranging from 1 billion to 1 trillion parameters.
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Megatron-LM Achieve

® ZOMI

384 4 144 90
7eRO-3 174.6 1 1536 768 2 88 74
without 1536 1 44 74
o M?|df-l 2560* 640 4 138 169
arallelism
29. 1 112 2 9 137
529.6 2240 0 8 3
2240 1 48 140
384 1 153 84
174.6 96 1536 768 1 149 43
PTD 1536 1 141 23
Parallelism 560 1 171 156
529.6 280 2240 1120 1 167 80
2240 1 159 42

Table 2: Comparison of PTD Parallelism to ZeRO-3 (without model paralllelism). The 530-billion-parameter GPT model did not fit on 560
GPUs when using a microbatch size of 4 with ZeRO-3, so we increased the number of GPUs used to 640 and global batch size to 2560 to provide
a throughput estimate (relevant row marked in table with a *).
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Megatron-LM Achieve

FSLIE Al SR RS IRE | EEEZ N D EEI TR ORI
5018 ( kernel ) 3L , EF1HEEE compute-bound MIERTZELEE memory-bound
XTI ERBNFHITZHEFHT PTD |, LURD R ZERNFT0EL |, IRFHRELFRI FAZER MFU

FEBEE A IEERETER
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PTD : Data parallelism

l. Data parallelism, DP
2. Distribution Data Parallel, DDP
3. Fully Sharded Data Parallel, FSDP

Data

Ay batch wA
Device1 Device2 Device N

e @) —

& 7Z0MI 12 Course https://chenzomil 2.github.io/
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PTD : Data parallelism

Divide parameters in the layer into different devices, which we called tensor model parallelism
KEFT | BirEEFRERNSHTISRIARIRE |, IERHT

Device 1 Device 3

Device 2 Device 4

SKEFT (BAFIT)
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PTD : Data parallelism

Model divided layers into different devices, which we called pipeline parallelism

KFHT R ayer BY) D EIARIRS | BIEEFT

Device 1 Device 2 Device 3 Device 4

MKEFHT (BEFT)
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Megatron-LM Code

Megatron-LM / megatron/ (U Add file ~
Shanmugam Ramasamy Merge branch 'quick_start_guide' into 'main' = 4379202 - 4 days ago {1 History

Name Last commit message Last commit date
.
M core Merge branch 'quick_start_guide' into 'main’ 4 days ag
M data Dataloader fixes from training-nov2023 branch last week
M deploy [OMNIML-614] AMMO ptq + TensorRT-LLM export examples f... 2 weeks ago
W fp16_deprecated Clean up licensing. 2 years ago

.
M model Put embedding layers in separate buckets to make sure embe... last month
M mpu/tests Attempt to fix warnings by using the latest APIs 4 months ago

& 70MI 15 Course https://chenzomil 2.github.io/
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Step1 : |3E)]

psKisEaN =t

[SENIZATE examples/pretrain_bert_distributed.sh , EF|F T torch.distributed.launch RFEIZNNEHE, B
R SBAHER pretrain_gpt.py.

K179 GPUS_PER_NODE 2 8 , FtLA nproc_per_node 2 8 , Xt¥ , = EFUSEN T 8NHTE | B 1HE
ZHEEEEBERN—E8a. HIERY rank 2% torch.distributed.launch & elastic BN HL,

® ZOMI

17  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Step1 : |3E)]

nnodes : TRAVEE , BE— M DRUN—1NEN , BEICIZ , BERERASNEN

node_rank : TRBEIFS , MOFFEA

nproc_per_node : — MR ERIVHE

master_addr : master Ty RHEYipHEAE , BRLE0SENRIIPHELL , ZSEEN T Et TR MB0ST RN, KEE SIIGHNSEHIEXT ELE
master_port : masterT3 mfdportS , TEARIAITI A _Emaster_addrfImaster_portAUiIREE—HEM , ARHITE(ES

& 7Z0MI 18  Course https://chenzomil2.github.io/
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Step1 : |3E)]

A) =Y
SRENIRES

model_provideriR[BI}EEIZEERRAS ( vanilla version ) , Fri8vanilla , FAHERVE— N EERERNpuiRE! | /%
A fpl68k ddp , (BRBLE Megatron BUSAFITRIRRZA.

IRENEEER
train_valid_test_datasets_provider 5z train/valid/testZIBEERYA/)N |, IR[B] “train , valid , test” ZXIBEE,
LIHEFEN

forward_step #3252 "EUEIEEE" 1 "RE" |, FHR[E loss"irE , IZIRETE —NFH , HHkey:valu
eBAZEMIGHREEMER , 120 “Im loss:value”,

= ZOMI 19  Course https://chenzomil 2.github.io/
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Step1 : |3E)]

A) =Y
[ &R

forward_step =V get batch ¥KEXbatch FHiE , ERNZPEMIERESIKENEUE , FA5{Fbroadcast_dataid
FHEEINSEEM rank 0 | #EZEIFTBtensor-model-parallel EAfth ranksZ £,

= ZOMI 20 Course https://chenzomil2.github.io/
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Step1 : |3E)]

EEEEIEINT | =N AERIRESD BT EARRITIRERA | 2T #E#4S.

forward_step() model_provider() train_valid_test datasets_provider()
fRIZEE I=REE] BertModel - =

pretrain()

& 7Z0MI 21 Course https://chenzomil2.github.io/
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Step2 : Pretrain H%Y

#J8a1XMegatron,
{EFfBmodel_provideriZ E1&ES, LIt F0IrTX,
@ Btrain_val_test data_providerLA¥KEX train/val/test&HEEE,

{5 faforward_step_funci)||ZrREY,

2 ZOMI 22 Course https://chenzomil2.github.io/
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Step3 : #1UalL

initialize_megatron

initialize_megatron IREERTE , RS HTINEE.

= ZOMI 23 Course https://chenzomil2.github.io/
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Step3 : #1UalL

IR TR
_initialize_distributed() {iZF megatron/initialize.py :
8 torch.distributed.init_process_group ¥J8a{t 3 oINS
A mpu.initialize_model_parallel RIZEREIFH(T , HUEFHITEZFHEIZEA
tlEESeworkeriH 2 f5 |, B R EANEWLEHIET)ZRE—1MEEY | torch.distributed.init_process_group
FSEI 7 IXNIORE,
torch.distributed.init_process_group 24— 1NHIEAR , BERHEIEGRE—MEE |, theeBERT4A
BHIVHITIE(S.
HIEHESISEHRNBNHE— N FS | #iRsloabl rank , IR EZHFHT , BIMWIRCIZENHEHEZBHEB

— N FS |, B local rank, WNERZBENZRF1T , local rank F global rank2—2{HY.

= ZOMI 24 Course https://chenzomil 2.github.io/
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Step3 : #1UalL

VIiafLHRALBTE
_initialize_distributed() {iZF megatron/initialize.py :

JEAHH torch.distributed.init_process_group #Jiat. 53 fHT NS

AH mpu.initialize_model_parallel SRR EEEIFT , HUBHITERMHEA
ElEESeworkeriH 2 f5 |, B R EANEWLEHIZET)ZRE—1MEEY | torch.distributed.init_process_group
RSCIL 7 XN IHEE.
torch.distributed.init_process_group 24— 1NHIEAR , BERHEHEIEGRE—MEE |, theeBERT4A
BIVHITIB(E.
HIEHESISEHRNBNEHE—NFS | #iRsloabl rank , IR EZHFHT , BIMWISRCIZENHEHEZBEHEB
—NFS , B2 local rank, WNEREENZRF1T , local rank F[ global rank;2—2HY

= ZOMI 25 Course https://chenzomil2.github.io/
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Step3 : #1UalL

IgHIZHEEBEE
A mpu.initialize_model_parallel IREMP, DPFEHIZAH , B rank XWHHIZEBE B CSERER

_TENSOR_MODEL_PARALLEL_GROUP : i rank Fff@HY Intra-layer model parallel group , TP IHF24H,
_PIPELINE_MODEL_PARALLEL_GROUP : ZFi rank Fff/EHYIntra-layer model parallel group , PPIHFEZH,
_MODEL_PARALLEL_GROUP : ZiFJ rank P/ FMPHIEAR , 8357 TP #J PP,

_EMBEDDING_GROUP : Embedding F{T3IROHFEE,

_DATA_PARALLEL_GROUP : 4gj rank fff/EHY DP H#i24H,

= ZOMI 26  Course https://chenzomil2.github.io/
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Step4 : IEIRE

setup_model_and_optimizer : IEREIFN{LEs | Htpi,ﬁx%get_model

GPTModel : EFEJFHAT get language model

IES1RE : get language_model &3KEV— TransformerLanguageModel
TransformerLanguageModel FL2EARNESIRE , HHEERIR ParallelTransformer, XESKIEENRY
BCESRFHITEERK.

WREFE—E , BI pre_process , MENMAN embedding layer,

ANERZFEE , WETRYE encoder IR decoder SKEERITNHAY ParallelTransformer,

NREG—Z | Bl post_process , NN Pooler , TE7MNE BertModel BB XTMAME,

2 ZOMI 27  Course https://chenzomil2.github.io/
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Step4 : IEIRE

ParallelTransformer : =& ParallelTransformerLayer S ELRBY Transformer2 , ParallelTransf

ormer €352 Transformer , EFEE Transformer 22— ParallelTransformerLayer,

® 70Ml

BertModel

TransformerLanguageModel

ParallelTransformer

ParallelTransformerLayer

ParallelAttention

ParallelMLP

ParallelTransformerLayer

ParallelAttention

ParallelMLP
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Step4 : IEIRE

ParallelTransformer : =& ParallelTransformerLayer S ELRBY Transformer2 , ParallelTransf

ormer €352 Transformer , EFEE Transformer 22— ParallelTransformerLayer,
get_num_layers : SREVESY , BIRENAEEVEFTAERAT , RiZHEZ R
get_pipeline_model_parallel_world_size : SREXARIKZBworld sizeZH , iR IR/KERE

BUEMERE : ParallelTransformerlLayer BY forward 5%

2 ZOMI 29  Course https://chenzomil2.github.io/
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Step4 : IEIRE

get_model : GPT &%= transformer , BEEARIREE T , BE1HE Transformer layer, 43
MIFTIESN T N NHE |, 8 HEEREEE—FEE | BRIR GPT IRERID =R, (BEAX]
BB FREGETZVERE? > @ initialize_megatron() ZE3ZAYHEHFELH |, get_model() SKIE
HRIHERBNH TR, B HERRESRENT

YNERA virtual IRE , B virtual size , AT MEHEE! GPTModel

B2 encoder_and_decoder , MIXT split IF{THCE
& tensor model parallel B4

IERENESRI GPU Z &

NRFLELWEF1T . NECEDDP

2 ZOMI 30 Course https://chenzomil 2.sithub.io/
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Step4 : igSIREY

get_model : DHNFITHRNT N NHEE , B81MHEEERE— N FRE |, BIRIR GPT 1REED
B. 8T initialize_megatron() EIZHIHFELE , get_model() 2KIEHBIHTEE B IHI TR,

vl

pretrain ()

A

BE || sEEEsE

A A

setup_model_and_optimizer ()

a

BAE || EEERIE

V:

get_model ()
8/ model_provider A% BertModel

ERERPIE, Eeal

[ torchDDP(BertModel), torchDDP(BertModel), BertModel, BertModel]

2 ZOMI 31 Course https://chenzomil 2.github.io/
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Step5 : EUREH1T

IREEWE : build_train_valid_test_data_iterators() XIEWEH TR | 124 train()/valid()/test() A

[EIEHES

SIRTVEUEDDP : Megatron-LM FRERIRSCII SR EUEF 1T DistributedDataParallel()
(FREXANEREFENRISEE , 8 BEKERT — 1M R—INE | AJLAFE—H4T allreduce
__init__ () ¥0iaC BRI RIRE S EIEL R0
MemoryBuffer() EATFHR

_make_param_hook() FAF#ENIEE

zero_grad_buffer() FHFiGbuffer;a =

2 ZOMI 32  Course https://chenzomil 2.github.io/
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Step5 : SEHIT

DHNEFEDDP : Megatron-LM FRERIHSCIN 5 o T ZEFF{T DistributedDataParallel()

e.g [RIIRELF6NSEL , 31 32, 3/ fpl6 , AT TIELLNTF MemoryBuffer

i

® ZOMI

MemoryBuffer
dtype = fp32

numel =3

\

data=| KEO0 HKE 1

HKE 2

\_

MemoryBuffer
dtype = fp16

numel =3

data=| 3KE3 HKE 4 HKES

. bty
57 .
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Step5 : SEHIT

DHNEFEDDP : Megatron-LM FRERIHSCIN 5 o T ZEFF{T DistributedDataParallel()

e.g [RIIRELF6NSEL , 31 32, 3/ fpl6 , AT TIELLNTF MemoryBuffer

i

® ZOMI

MemoryBuffer
dtype = fp32

numel =3

\

data=| KEO0 HKE 1

HKE 2

\_

MemoryBuffer
dtype = fp16

numel =3

data=| 3KE3 HKE 4 HKES

. bty
57 .
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Stepé6 : tREYIIZR

® ZOMI

Y|&step : train_step() SREX get forward backward_func() 5%l schedule

FRLAZEE schedule 9{a]E4N)||1 %%

3xHYschedule : get forward backward func ¥KEX pipeline BJschedule ,
eaving FIFY,

forward_step()

model_provider()

mﬂﬁL $2EHER BertModel

, AR mKEF T,

X979 flush F[] interl

train_valid_test_datasets_provider()

pretrain()

eval_step( model, forward_step(). test_dataset )

model = model_provider() \v K’—

train_step( model, forward_step(), train_dataset )

35 Course https://chenzomil 2.github.io/
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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.
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