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CHAPTER 1

Easy Parallel Library (EPL) 2> 205 1 10 70 A BRI ZRAHEZE . EPL S 1t 1y 5.5 1) APT SRR IK 447l
FEATRHEmS, P S LAT AR AL AT AR SRR A5 RS A A e M BB 2311 3K 2

EPL GRS T A INGIAEA, WL R P RSAS, SR, BARIT R RBI S5,
o SHRRBRFIATN SR GHTAT, WP OGEE FAI AT DR SE IR R AT A S I 2%

o SRR RAFICH A, {34 3) Gradient Checkpoint, ZERO, CPU Offload FeAR%, #51H /il P 8/
O VEIR 5T K BT

o TFFBFEACEA, BRI Y R
EPL Bl J) 7 i K SCE RS M6 SEBUNHE X2k, aliad 512 RRIR] %R 10 TS K.

1.1 f&/ EPL 78004 = SR G

ELIMUTAS PRI R]SCBURN R A4 TSRS . SERE R APT A ZERFHAT LB PR L APL. fRtBr] DA
% filt 1 2R K )1 gk EPL BT 2081 1

BARItAT

+ import epl

+ epl.init ()

+ with epl.replicate (device_count=1) :
model ()

HOKFHAT

+ import epl

+

+ config = epl.Config({"pipeline.num _micro_batch": 4})

+ epl.init (config)

+ with epl.replicate(device_count=1, name="stage_0"):
model_partl ()

[y
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(% L0

+

with epl.replicate(device_count=1, name="stage_1"):
model_part2 ()

1 BB 5, BEARLET) 3 A 2

Pipeline ] micro batch & .

Hriva

w5y, APl LA L E pipeline.num_micro_batch ZHORBE

+
+
+
+

import epl
config = epl.Config({"cluster.colocate_split_and_replicate": True})
epl.init (configqg)
with epl.replicate(8):
resnet ()
with epl.split (8):
classification()

TE LR BT H, FATH ResNet BEF AT AT, W0 F)Z2 AT 74773

1.2 Citation

@misc{jia2021lwhale,
title={Whale: Scaling Deep Learning Model Training to the Trillions},

author={Xianyan Jia and Le Jiang and Ang Wang and Jie Zhang and Xinyuan Li and.
—Wencong Xiao and Langshi chen and Yong Li and Zhen Zheng and Xiaoyong Liu and Wei.
—Lin},

year={2021},
eprint={2011.09208},
archivePrefix={arXiv},
primaryClass={cs.DC}
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CHAPTER 2

ARG MR 8 EPL (i1 T3R5

2.1 i

¢ TensorFlow-GPU 1.15

2.2 M\iREBREE

2.2.1 EF NVIDIA TF1.15 5%

nvidia-docker run -ti --gpus all --name build_epl_with_nvtfl1.15_21.12 --net host —--
—ipc host -v /mnt:/mnt nvcr.io/nvidia/tensorflow:21.12-tfl-py3 bash

# clone and install EPL

git clone https://github.com/alibaba/EasyParallellLibrary.git
cd EasyParallellibrary

pip install




EPL

2.2.2 EF TensorFlow TF1.15 {&{%

nvidia-docker run -ti --gpus all --name build_epl_with_tf1.15 —--net host --ipc host -

—v /mnt:/mnt tensorflow/tensorflow:1.15.5-gpu-py3 bash
# install nccl

apt update

apt install libnccl2 libnccl-dev

# clone and install EPL

git clone https://github.com/alibaba/EasyParallellLibrary.git
cd EasyParallellibrary

pip install

Chapter 2. %3




CHAPTER 3

FAMTRF AL ] B AR (R 7 e i ) EPL SR SEH— A XN Ry

3.1 EPL S SREERIA

P B e fR EAEAR MBI E SO Local _model.py RSN USEME I & Lo R HIX AN TR T —
AN RN =AT AU S B AT B T

+ import epl

+ epl.init ()
+ epl.set_default_strategy(epl.replicate(l))

for i in range(10):

[y
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(% L0

train_loss, _, step = sess.run([loss, train_op, global_step])
print ("Iteration %s , Loss: %s ." % (step, train_loss))

3.2 BEh gk

SESCHRALZ I, PR EAR ARG R RSN G A, Bl run. sh.

# run.sh
python local_model.py

A I PR AR AT T T AR — A~ BT R I R H AT N ZRAL 55

epl-launch —-—num_workers 1 —-—gpu_per_worker 2 run.sh

10
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cHAPTER 4

FITIEDO

A SR AT EPL HFA TSR 82 1 e S, R O A i s i
TETHIR YA D L2, P2 T AT A S
o AR EIA: HPE SRR R CR SRR GA #:4E) .
* micro baich size(mb): — AR &) KGRk —H24 > 1Y samples (& .
 num_micro_batch: —/MEBIEIAN GA 1Y pipeline 231 f{) micro batch & .
* global batch size: fRILFATN — MERLRIABEAFHATHAE, FHATEEN N, 1 global batch size y N * mb

* num_micro_batch.
e TaskGraph: TaskGraph J2— 47T H .
MR A RRULIE, EPL BRAH 12 X AY batch size i micro batch size,

4.1 Parallel Strategy JHiE

EPL j#i 1 strategy annotation fJ7 sRRIMHIN LA TaskGraph, FFTEIEG EiEFTIF47/k. EPL A%
strategy: replicate fll split. $#)> strategy x5 X —4> TaskGraph.

4.1.1 replicate
replicate A DASEHUBALERHAT G, RIFFRAUI R 20y, B0 B BLRIAE S A R4, RSEHTHE
474k replicate scope NI THIBI &M —4> TaskGraph.
L YRABIEARIC T replicate, X4 HA—> TaskGraph S |, #ie L BRI,
2. BEREAARC T replicate, EPL £XX#R4) TaskGraph 52 il .
e s

11
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replicate (device_count=None, name=None)

Args Required | Description
device_count | True replicate scope N —AMERIEIA T B AR5,
name strategy name

T EE AT, — ABBLEI A ] — 5K R ok A, EPL 2 AR i 24 11 9F IR S B0 W B 4 R ) I A 2
Y4 device_count KT 1 ByHE, EPL 7EMUBI AL i 1 B 5 <> X} micro batch size #4745 7, V-39
device_count ¥ F, {5 PR micro batch size {53 A4S,

ZN/E

import epl

epl.init ()

with epl.replicate (device_count=1):
model ()

XA BT MR HATRI BT, EEBIEIA SRR AR P T 8 KR, w1
FTBE 8 BRI ATAESS -

4.1.2 split

split A PASEPRBLAL (Y tensor 5431144 . split scope I LAY FH B 2 M) i, — 1 TaskGraph, %
TaskGraph XA/ JEELEZ KK FitA.

g X:

split (device_count=None, name=None)

Args Required | Description
device_count | True split XV 1Y) taskgraph #4733 device_count 5+ _F 15
name strategy name

ANHE

import epl

epl.init ()

with epl.split (device_count=8) :

model ()

ARG TR B 8 SRR _EMOTER, AR T T 16 3K, EPL SECALER R A — R AL
PRIt

12 Chapter 4. HFiT{tEDO
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4.2 set_default_strategy

BT AN EARN AT replicate fl split 4b, EPL 3R ft T —ANZEBRIA strategy FOHHEIE: T,
WA P EH set_default_strategy 3%, SRE—NERINFIFATIL RIS XTI/ TaskGraph, XM HA]
DAFS BB A T FR T T, (R O R M 353k A2 2RI A T 5

el E S

set_default_strategy (strategy)

Args Required | Description
strategy | True HATIE AW o

ZNGE

import epl

epl.init ()
epl.set_default_strategy(epl.replicate(device_count=1))
model ()

ARG RE T EOAN replicate Hmg, XAy Ftn] PASE BB BRI .

4.3 EOERARBPSER

o RIFEIFAT4L strategy A 81 TaskGraph ERIA 25 EAE A [R] Device |,
» Strategy annotation /N R FHRE .
o AP HEFRCHEIUE] A0S, backward Fil apply H %5 Forward colocate ¥EX} W1 TaskGraph H,

KT UM i AT A0 D SE I 22 R I TR RN, e an Pipeline, JR&HATEF, MW DAGRLE 525 4710
B 5

4.2. set_default_strategy 13
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CHAPTER D

EOfE e

ARSOR BRI ) EPL 74T 14 o SEBUE LR HFATAL SRS, DA ZRTR G AT

5.1 BHEHAT

import epl

epl.init ()

with epl.replicate(device_count=1) :
model ()

FIXAT e A BT BT, BRI KRR MR T 8 SR, AN
FTBER 8 B HATIESS -

5.2 HIKFHTT

import epl

config = epl.Config({"pipeline.num micro_batch": 4})

epl.init (config)

with epl.replicate(device_count=1, name="stage_ 0"):
model_partl ()

with epl.replicate (device_count=1, name="stage_1"):
model_part2 ()

e Bk Gl BRI 4 B 2 A TaskGraph “stage_0” Fi”stage_17, H PRI DA I FL ¥ pipeline.
num_micro_batch ZE{ % E Pipeline 1) micro batch ${& . TEIX T B, “stage_0” Fl”stage_17 24—~
BRUEIA, LREE 2 5k GPU K. WM oI9S T 8 ikK, EPL £ H 3i1E pipeline SMixE—ZHATR N 4 14K
HAT (44 pipeline BIASFHATIAT)

15
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53 E¥iHin
5.3.1 HE¥iFs5 - KMEE &3

import epl
config = epl.Config({"cluster.colocate_split_and replicate": True})
epl.init (confiqg)
with epl.replicate(8):
resnet ()
with epl.split(8):
classification()

bk — A KB EAG o K67, EXADEFF, X BB R E R o R B 1T, X a2
RHAF TR AT 8D WA TaskGraph B #1938 15 FF 489, AP DA % B cluster.
colocate_split_and_replicate Z¥{ 5 Wi TaskGraph i B AEAH R M+ (BRIA S A ¥ TaskGraph
SGEEAFP R L),

5.3.2 ¥4 - MOE Transformer

import epl

config = epl.Config({"cluster.colocate_split_and_ replicate": True})
epl.init (config)

total_gpu_num = epl.Env.get () .cluster.total_gpu_num
epl.set_default_strategy(epl.replicate (total_gpu_num))

AttentionAndGating ()

with epl.split (total_gpu_num) :
MOE_Variable_Define ()

MOE_Calculation_Define ()

e ERGIFH, FATEH T —AE R MOE B, 8 set_default_strategy BWCEBAKIIFAT
LSRN replicate, X MOE B AT 5 1IR3

16 Chapter 5. EO{#EHEH




CHAPTER O

(=

AT PAIE e E BT SR A AP AL D E . R AT DATE e BRI A Bl e A 0 Ty A OR S OB A
PAMBCE RS

o Param Key: %144, {F EPL /1, &4 146 4% 300>k param_category.attribute”, param_category HZ
BH4r25, Wl pipeline, attribute NENSECEE FTHECEEME, HAD num_micro_batch,

» Type: ZHFHY

e Default: ZRIAMH

* Description: fifF
PO E X

Config(param_dict=None)

Args Type | Required | Description

param_dict | dict False ZHrFM, key NHBH4, value HBEH.
ENCE
import epl
config = epl.Config({"pipeline.num_micro_batch": 4})

epl.init (config)

FE LRI P A — A dict AU S AT, RBUSHICE . AR SEARHE R T S8
I

17




EPL

6.1 Pipeline fit &

Param Key Type | Default Description
”pipeline.num_micro_batchihte- 1 Pipeline number of micro batches.
ger
”pipeline.num_stages” inte- | None WHTFE T B3l Pipeline, 7] PAFL & pipeline 11 stage 45 .
ger
“pipeline.strategy” str ”PreferBack- Pipeline W J& 3K 0%, W] 96 3K 0% & ["PreferBackward”,
ward” ”PreferForward”]

» PreferBackward: {L4e/G M TTE A E RS, J3l PipeDream.
» PreferForward: E4eHI AT ARG, 251 GPipe.

6.2 Gradient Checkpoint (GC) it &

Gradient checkpoint j i B 54 A7 147 ORI 2 ad 7 o D 2 A7

Param Key Type| De- | Description
fault

“oradi- str ”” Gradient checkpoint 1% /5 52, BUHRALF AN T2, “collection™: F
ent_checkpoint.type” F5 7€ GC tensor, "auto”: epl Hzljik 5
“oradi- in- -1 I auto GC, T35 E GC 1457 taskgraph,
ent_checkpoint.end_taskgraph”

ger
»gradi- bool | False | &5 GC A= B 1y i
ent_checkpoint.check_gradients”

NERNCE

H 3l GC Bt 55, %F T Transformer ZERi8Y , #EF#{H ] auto GC ) /73,

import epl

# Enable auto GC.
config =
epl.init (configqg)

epl.Config({"gradient_checkpoint.type":

"auto"})

Fahik s

import tensorflow as tf

import epl

config = epl.Config({"gradient_checkpoint.type": "collection"})

epl.init (confiqg)

# F 3 5 & checkpoint tensor
tensor = opl ()

tf.add_to_collection("checkpoints", tensor)

18
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https://www.microsoft.com/en-us/research/publication/pipedream-generalized-pipeline-parallelism-for-dnn-training/
https://ai.googleblog.com/2019/03/introducing-gpipe-open-source-library.html

EPL

6.3 Zero fitE

FERIHATIA ST, B R ESA A AEIA, optimizer state 45, X LU(5 HAERF KR LA —FE, 17
FERKMTORE . SERARK, RA 5 H R 0 AT R -

TSR, FATAT LK) zero OB, 5 optimizer sate A1 gradient 8 HAAAE R IR K 1., Mok
/D EA-RAY persistent memory 5 .

Param Type | De- Description
Key fault
”zero.level” | str ZERO JF /225, H #if EPL 324 level 1% B >F7v1”, T optimizer states fil gradients
TR
import epl
# 3T FF Zero
config = epl.Config({"zero.level": "v1"})

epl.init (config)

1. epl zero He M H T HAHRIHFATHA -
2. HHIA X zero 414 gradient accumulation i ff .
3. ¥ GPU cluster HZHL-—R75t, RIZA> worker, %A worker —ik-.

6.4 Offload it &

M SHER K, B GPU BAFRS, FATTPA#E R CPU Offload, FJH INAERY K BE-Ra] AR AAEEY
AR, epl W] DAIE 1% B offload.level SESEF) offload .

» "v0”: offload i F 5443 CPU |,

Param Key Type | Default | Description
”offload.level” | str ” offload level.

AN
import epl
config = epl.Config({"offload.level™: "vO0"})

epl.init (confiqg)

6.3. Zero fifEH 19
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6.5 Memory-efficient AMP &

TF J5UE ) AMP B0 FSTE BAFH R B —173 FP16 1Y weight, X TSR AURMEAL, SBSMEINEAF .
Tik AMP A7 Ak, EPL S8 T — il memory-efficient AMP, 38 i S I AR ANRERIY 7 20K T4 AT«

JH T DASE L amp.level Z4EFF S EPL () AMP,

Param Key Type Default Description

“amp.level” str v Auto mixed precision level, currently only support O1.
“amp.debug_log” | bool False Enable amp debug log.

”amp.loss_scale” | integer/str | "dynamic” | Loss scale for amp, can be "dynamic” or number(for fix).

N

import epl

config = epl.Config({"amp.level”: "O1", "amp.loss_scale": "dynamic"})
# fixed loss scaling

config = epl.Config({"amp.level”: "OL1l", "amp.loss_scale": 128})

epl.init (config)

6.6 Optimizer Big &

W ZHAT- 55 A S B0F B ) B (optimizer apply), X7 T —2H 8 Ll tensor buffer [) optimizer 353, & 574
FERZ R AT W DAL E num_apply_group Z4(SE 741 apply #7521 A RAFIHAE-

Param Key Type | Default | Description
“optimizer.num_apply_group” | integer | 1 Number of gradient apply groups.

|

import epl
config = epl.Config({"optimizer.num apply_group": 30})
epl.init (confiqg)

6.7 Cluster Bit &

Param Key Typeg De- Description
fault
clus- bool | True | Prefer placing one model replica within node.

ter.device_place_prefer_intra_pode”
”cluster.run_visible_devices” | str Visible devices for session. Usually, its value is setted by scheduler.
”clus- bool | False | 3 cluster.colocate_split_and_replicate 1%} True, [A]f) task-
ter.colocate_split_and_replicate” graph £ I ZAHE] Y device.

9999

20 Chapter 6. i &
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6.8 EISECE

Param Key Type | De- Description
fault
”communica- inte- | 2 WA AU communicator N4,
tion.num_communicators” ger
“communication.sparse_as_dense” bool | False A sparse tensor #44>k) dense tensor #EATIH(E .
”communication.max_splits” inte- | 5 I RS T Rl ) 4 2H 8T .
ger
”communication.fp16” bool | False | 27%&JT)E fpl6 ZE0HETE.
“communication.fp16_scale” inte- 128 JF)E fple Z2H0E SIS, NG I-EE I A, B
ger scale &%,
”communica- bool | False | #E#H (55T Clip, & @&7EM L Clip J5#H1T
tion.clip_after_allreduce” HE.
“communica- str “mean” | 4 AllReduce ) 7=, 7] PASE "mean” Fl”sum”,
tion.gradients_reduce_method”
6.9 10 Bt &
Param Key Type| De- Description
fault
“io.slicing” bool | False | 275 Hsh%EIEHITH .
“io.unbalanced_io_sli¢igdol | False | VSR A )40 worker 43 B 09 SCA- 80 H AAHIE],, #5343 worker £
Z 5 1 NS
"io.drop_last_files” | bool | False | XJSCHSIRIMATIZIV 0, BFZ RIS

6.10 Auto Parallel it &

Param Key Type | Default | Description
“auto.auto_parallel” | bool | False I Al (H BAETE SRR E) .

6.8. BISEE

21
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CHAPTER /

Env

AT F A EPL 1) Env HfREUE H 024 THHE B .
YRATPAE T epl.Env.get () ZRECYHIM env X4 .

7.1 cluster

cluster £33 S A1 UL A5 AR

Attribute Type

Description

cluster.worker_num int

worker &

cluster.worker_index | int

2L B worker ¥ index

NGl

import epl

env = epl.Env.get ()

worker_num = env.cluster.worker_num
worker_index = env.cluster.worker_index

7.2 config

config B {54 epl FHLEfF L
|

import epl
env = epl.Env.get ()
config = env.config

23




EPL

24

Chapter 7. Env



CHAPTER 8

HIEFHT

AR L AE S EPL X ResNet 50 BEAUMUEEH4T 2011 21 25
WILERIPA T JLATAU , EPL B alREAS I G5 e e i it A N GRAR

+ import epl
+ epl.init ()
+ epl.set_default_strategy(epl.replicate (device_count=1))

AP AT PAE L AR AR S B —A 2 R AT ISR 55 -

epl-launch —--num_workers 2 —--gpu_per_worker 1 scripts/train_dp.sh

scripts/train_dp.sh 22— ZRHE Y27 .
SER ) AT ] PAS % EPL ResNet Example.,

25



https://github.com/alibaba/FastNN/tree/master/resnet/

EPL

26
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CHAPTER 9

mKFLT

ARATREN AT iE i EPL X} Bert #2445 Pipeline 4311 =1l 5.
9.1 ISR
XA TR 1Y Bert AR BT Google ‘B /711 Bert Repo https:/github.com/google-research/bert .

9.1.1 TETFMILZk Bert {#REI

wget https://storage.googleapis.com/bert_models/2018_10_18/uncased_L-12_H-768_A-12.zip
unzip uncased_L-12_H-768_A-12.zip

9.1.2 AZHIRE

mkdir data

cd data

wget https://rajpurkar.github.io/SQuAD-explorer/dataset/train-vl.1.json

wget https://rajpurkar.github.io/SQuAD-explorer/dataset/dev-vl.1.json

wget https://raw.githubusercontent.com/allenai/bi-att-flow/master/squad/evaluate-vil.1.

=Py

27
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9.

P T EEAR I LA T AT AL SRS A E AR, RIATSEEL Bert FIRTK AT IR 5K -

2 5y#3\ Bert iFokFH TSk

+
+

import epl
epl.init (epl.Config({"pipeline.num_micro_batch": 4}))

epl.set_default_strategy(epl.replicate (1))

epl.set_default_strategy(epl.replicate (1))

JAP AT AT AR B AR SR SR Bl — 4> 2 A stage IR IFATIIZRL 55 -

epl-launch —--num_workers 1 -—-gpu_per_worker 2 scripts/train_bert_base_dp.sh

TR AL ] LS EPL Bert Example.

9.

3 B

SEMIIZRIG , VRAT LA DA T AR R A B B0 UEE5 2R

SQ
1%

—

UAD_DIR=data

thon $SQUAD_DIR/evaluate-vl.l.py $SQUAD _DIR/dev-vl.1l.Jjson output_dir}/predictions.

json

TEAETI| 2% 2 Epoch )i, Tiii£f53) f1 ~= 88.0, exact_match ~= 79.8,

28
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https://github.com/alibaba/FastNN/tree/master/bert

cHAPTER 10

MoE E-F 41T

TR AT i EPL SR SZEE MoE (Mixture of Experts) transformer #5241 45 .
10.1 JJI%ES
REAY AR AR 35 T tensor 2tensor [ 2H 4«

10.1.1 EZRIBE

t2t-datagen --data_dir=data --tmp_dir=data/original/dataset --problem=translate_ende_
—wmt 32k

B, WidHF scripts/train_moe_t5.sh iAdi%E FLAGS.generate_data 3 H3N FEFIHEREL
.

TR HER AR I AS: 2% tensor2tensor LAY,

10.2 Sz %k

EPL U iU LAT AU R SE B MoE 55 97047, MR PR

import epl
config = epl.Config({"cluster.colocate_split_and_replicate": True})
epl.init (configqg)

+ o+ o+ o+

epl.set_default_strategy(epl.replicate (total_gpu_num))

+ with epl.split (total_gpu_num) :

ZET )

29



https://github.com/tensorflow/tensor2tensor
https://github.com/tensorflow/tensor2tensor#adding-a-dataset

EPL

(% L0

MOE_Variable_Define ()

PR PAE S AR BIASK JJ 30—~ 2 R MOE 587 r o AT IG5

epl-launch —--num_workers 2 --gpu_per_worker 1 scripts/train_moe_t5.sh

SERGIN RS 7] PAZ: % EPL MOE Example.

30
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https://github.com/alibaba/FastNN/tree/master/moe/
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