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CHAPTER 1

\Y4 V4

2eTta;SazNczmayOaEEadzaeeCegl

~ 7 O

1.1 sencef£OaEsaeslad’gegDaelaelsazeamedzaze AxelJr
e£SamA A7t @ (&iijNetsazeimeiziet Axllfijme UmALie UregEesL aAAeGicDiermeIAGA Aermé§saA Azl

1.2 éédaalalLEayCaijReomczCaeRRiE¢ ZcZDaeayasCaztaAij
1. xzReGlizgayZasdentcZDezRéNiijZ
o é¢dzalcZDALEayCaijReomezCal AxllfezReGlcZ, dzecZDiayZak aa6deitiijNa Y iczRe£GeGEAd gegD:
o éCdealal EayCaijReomezCozRe£GaGdRGL2CASINCZDAZ T TIéCEA§ §aNE2NieGicDierme Aad DeREii]
2. a46Nad’ GeZDazieaNeladijRiijZ
o xTrem6izieaNiijZéSLarza78iyZc TN2lIAdyyc TicZDe TrembazieaNeladijRiijNécdealéSLATZ56d6ZF
o etAit c7£4760aNiijZE1¢aR SaijCadDeaniziiijNetAxit ¢z£4zGeaNeC;ad §aiExladdNesacs U CIALE:
o 2laadNazieaNiijZarzazOeiEad gegDelaal EcszéU6é¢ YiijNétdealeRR; Ze6ac6UayOimY ACIAR Nzl
3. éi¢aRSuzSchrallzeZicZDaziieaNesmezCezDiziiiijZ
o é¢dxaléSLATZ6ZEd ¢;S¢zllcOracCaA Acatiziies  ad GeiTe; CajOéEmcZDallzeZieRRi; ZAd Zcgma
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1.3 aijAagNajacZDalLEayCaijReomczCazNaUE

 2Tt4;SAEEa67i1jZelSizieOlemReCicZt @ OsxizembiizéatiijNaNL ¢cEgcniet Céaza7RéAR Ay e tRe
« FAQiijZarziz0énY é¢SaGr¢OicZDéUsécYiijNal SiziiiijZa6Zel)§2 Tt ¢(RECZyAEsAEEAGZALIFAQ

o a£1éA§ayEel NiijZaeCaedleCselJAd;Orl RellicZDizEsgtétdealcZDALEAyCaijRe6mczCiijN2LS
« GPUAd Zell726mczCiijZaeCadleClatsczRaijAagNi £cTIGPUEZeaNAd Zell73d Zimad 5mezCiijNz
o ARCaTrelImil.adZliijZifae AfetAct CAAAzOImR cs7¢7§6CEA§ 8y ¢ TicZDazieaNesmezC e Uz4ijRii
. éEﬁaeIJL"eiiégéfé’léééi(idéﬁ;ﬁjZé@éaedl]aeéfél]iéﬁﬁael]ljﬁiééyLéﬁSéélﬁﬁégZDGPUéd’Zﬁlaﬁiiﬁhq‘ﬁsz

xlJmat.addNaijzeAgeSyéeR

1.4 RoadMap

o olSizniz8iijZeOl6AAAD egDelazisizeimeiziet A=lF6CEA§ S JAAL mestcZDe b Axl Al Fe£74(
— 2£Sel)§iijZamCizeegDaelaeladdNaRCaTicZDGPUAd Zael)24d ZamaeomezCiijNae Thertiell §4; E
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CHAPTER 2

a6Le8EPaddleayOFleetX

2.1 Paddle

difcTietdealefZeaNaLEACaijReGmczCeZD2ITASTRAGL &CBEZEARL TS Y fASL 2¢EPaddlea ACiizOPac
2.0cL: LeelliaijAagNiijNaeLSaziéicaRSaymaRN¢ Tl Lic; d’ 4 SeRR4; ZijmiRN¢szadNcZDALEayCaijReGme
o &i¢aRScoUasTandcINayLAyzay2cZDéNY c78 API paddle.distributed.fleetiAC
* ¢i¢aRSAEG2IIL aLanCalj Re6mezCazrTasCatsciNaijARSeCak.ZeZDatscINayLeRR A Z¢ZDAPI
paddle.distributediAC

« 2ClaRIEJAceASSL e¢EPaddleiijNaisaRiazeeOud; UétdealaZéé Y §a6Y e UzeRRé; Z¢ZD@ L AelJL AL

pip install paddlepaddle-gpu

4Esi70a6L e¢EPaddleiijNe£ZéGN @lJL @2t a6Nad GeZDAsL e¢EeNGamUi; ZeClaRCeACIAC

2.2 FleetX

®Ztad’ gégl?agfagZﬁaeIfael6ﬁAAéC;;‘id’§é6fﬁ£EﬁZﬁae§Zé’1Nﬁ§d’ 3eTiemécZDeladdNaAAGEAD 323D
FleetX auéaEaaNEaAC

o allleTrembczt 47¢iijNeRRE; Zc Tlel 0aR4783£16 A §367Z471 ¢ ZDaiGAGEAER i jAx TremG6ZEizE4RE.

o allieladdNczt d7¢iijNFleetX @RRi; ZaEyadNcZDALEayCaijReomezCallzeZiayNaelIAdyyc TicZDaiG

o AlNIALr¢Tiad gegDalac6UaLZ6Z g, d 2 Uz8i¢iijNFleetXi £c TIPaddleaO§¢ T§2RR:; Z¢ZDal B4y Cijl

pip install fleet-x==0.0.7



https://www.paddlepaddle.org.cn/install/quick
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el UeAE £¢Tlel Sizniayzc TleleRRi; Zi7EaticzReijUefSag;¢ZDasL eCEaNEiijNaR 784y Ne jALTz

# python2
wget --no-check-certificate https://fleet.bj.bcebos.com/fleet_x-0.0.

—7-py2-none—any.whl
pip install fleet_x-0.0.4-py2-none-any.whl

# python3
wget —--no-check-certificate https://fleet.bj.bcebos.com/fleet_x-0.0.

—7-py3-none—any.whl
pip3 install fleet_x-0.0.4-py3-none-any.whl

2.2. FleetX



CHAPTER 3

///// VN 22V v O + 2

arza704d’ geClaLEngzeLueeIeeoquNaaTreeloazuéaNeOIQZCa§zeeIJ naRrazeegcaE§a0deZanZaLaayng

% O £ 27N 270 s

paddle.distributed. fleet e£ZeaNaeTreeloazuequolngaACaIJ lzeTrzeloazuéqNanzaljRayNuJNez

Nz

TrammguJL aSNaRCaeTr&IJ laLaaZleo.ngnJ LParameter Server Train-

O UA 70 22

ingiijLiijN2OgiyjNaelécZDi; NamRijZiz83RNedicZDeladdNaigeit 2 YOiyd cimedlizdDeZDx Tiembazii
3.1 cLLeeldneeAaxesC
« paddlepaddle-2.0.0-rc-cpu / paddlepaddle-2.0.0-rc-gpudRE4z84§E.

3.2 iaadNa=RRegF

ayziazEeUzi; £eit @ YOiijNeLSiziié GG Tlayd asCaElesde Odc; Sczll¢ZDAL EcszaladdNiijNazii £ Tic
1<3%

import paddle
import paddle.static.nn as nn

paddle.enable_static()
def mnist_on_mlp_model () :
train_dataset = paddle.vision.datasets.MNIST (mode='train')
test_dataset = paddle.vision.datasets.MNIST (mode="test')
x = paddle.data (name="x", shape=[64, 1, 28, 28], dtype='float32
=")
y = paddle.data (name="y", shape=[64, 1]

, dtype='"inte4d")
x_flatten = paddle.reshape(x, [64, 784])

(dyNeéatczgczm)
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(czmidyt Eaf)
fc_1l = nn.fc(input=x_flatten, size=128, act='tanh')
fc_2 = nn.fc(input=£fc_1, size=128, act='tanh'")
prediction = nn.fc(input=[fc_2], size=10, act='softmax')
cost = paddle.fluid.layers.cross_entropy (input=prediction,
—~label=y)

acc_topl = paddle.fluid.layers.accuracy (input=prediction,
—~label=y, k=1)

avg_cost = paddle.fluid.layers.mean (x=cost)

return train_dataset, test_dataset, x, y, avg_cost, acc_topl

3.3 éGG¢TIGPUad'ZelJzad' ZamaesZeaNaRNz réeomczC

collective_trainer.py

import os

import paddle

import paddle.distributed.fleet as fleet
from model import mnist_on_mlp_model

train_data, test_data, x, y, cost, acc = mnist_on_mlp_model ()
place = paddle.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
=0)))
train_dataloader = paddle.io.DataLoader (
train_data, feed_list=[x, y], drop_last=True,
places=place, batch_size=64, shuffle=True)
fleet.init (is_collective=True)
strategy = fleet.DistributedStrategy ()
#optimizer = paddle.optimizer.Adam(learning_rate=0.01)

—

optimizer = paddle.fluid.optimizer.Adam(learning_rate=0.001)
optimizer = fleet.distributed_optimizer (optimizer,
—strategy=strateqgy)

optimizer.minimize (cost)

exe = paddle.static.Executor (place)
exe.run (paddle.static.default_startup_program())

epoch = 10
step = 0
for 1 in range (epoch) :
for data in train_dataloader () :
step += 1
loss_val, acc_val = exe.run
paddle.static.default_main_program(),
feed=data, fetch_list=[cost.name, acc.name])

o amTel)7377 imacomczCARFALIAS dzd

3.3. 6GGcTIGPUad'ZelJzad’ZamaesZeaNaRNenéeomczC 7
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fleetrun --gpus 0,1,2,3 collective_trainer.py

3.4 6GGcTiaRCaTrxlJmakaaZiesZeaNad'ZalJzeomczC

parameter_server_trainer.py

import paddle

import paddle.distributed.fleet as fleet
from model import mnist_on_mlp_model
paddle.enable_static ()

train_data, test_data, x, y, cost, acc = mnist_on_mlp_model ()

fleet.init ()
strategy = fleet.DistributedStrategy ()

strategy.a_sync = True
optimizer = paddle.fluid.optimizer.Adam(learning_rate=0.001)
optimizer = fleet.distributed_optimizer (optimizer, strategy)

optimizer.minimize (cost)

if fleet.is_server():
fleet.init_server ()
fleet.run_server ()
else:
place = paddle.CPUPlace ()
exe = paddle.static.Executor (place)
exe.run (paddle.static.default_startup_program())
fleet.init_worker ()

train_dataloader = paddle.io.DatalLoader (
train_data, feed list=[x, y], drop_last=True, places=place,
batch_size=64, shuffle=True)

epoch =1
for i in range (epoch) :
for data in train_dataloader () :
cost_val, acc_val = exe.run
paddle.static.default_main_program(),
feed=data, fetch_list=[cost.name, acc.name])
print ("loss: , acc: ".format (cost_val, acc_val))
fleet.stop_worker ()

o 4yd’eL.CcCzServeriijNiyd e£.CoCzWorkercZDaR{AEIAS jdzd

fleetrun —--worker_num 2 —--server_num 2 parameter_server_trainer.py

3.4. éGGcTiaRCaeTrelnakaazZiesZeaNad ZelJzeomczC 8




CHAPTER 4

PaddleasY = UzanGaeqcaylarzaleeAAaZ(,njLaS jazd’ aij RglJUgan]L’ aAZazEaerTecCer@nggZDazNgzl
paddle.distributed. fleet2O&iREiz0Paddle 2.0-RCeL Laell ﬁiiljAagNeeTreeNAaleeAAaZ(,aLan(
paddle.distributed. fleet aneaRéé;EZeazNaLl&AAaZ(,aLanCagReo.ngaACmOeayNeeIeaeLSazn

xsliijZcZ6ampaddle .distributed. fleetaRfdLIaEIeAAZ AL E4yCaijReGmczCizEeTraNAE
CommunicationiijL @ladijRiijNayme TieNAaRCaTrelImat.aaZliijLParameter-
ServeriijL 124ijRAAC21Tn2UGed 74; N4y 76 ZEARLEA Zi£a21adijR 4724 aa AC

4.1 cLLzlJneeA=sC

« paddlepaddle 2.0-rc-gpucl LaelJnaREiz&4yE.

4.2 amTeelJzamTamaeomczC

ayNeIceréyAayleIdayygoAangZDaleeAA‘aZC amTel) zal"[alagf a7R

aACc¢;S¢zITaRelJL aR eIl 2

# —#— coding: UTF-8 —%-—
import paddle
import paddle.nn as nn

# 3624717 dElefdaeb&c; SczIJii jNéITAczGel’ £6Ginn. Layer
class LinearNet (nn.Layer) :
def _ init_ (self):
super (LinearNet, self)._ init__ ()
self._linearl = nn.Linear (10, 10)

(ayNéafczgczm)



https://www.paddlepaddle.org.cn/documentation/docs/zh/2.0-beta/tutorial/quick_start/dynamic_graph/dynamic_graph.html
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(c7miyt éat)

self. linear2 = nn.Linear (10, 1)

def forward(self, x):
return self._linear2(self._linearl (x))

# 1.817A3RFEZIeAASZ ;@ladi IR
paddle.disable_static()

# 2. 4624717 ¢cjSczIJarzesaii jNamSad’ 4G ;aTraSNE1 jYANUSZ]
layer = LinearNet ()

loss_fn = nn.MSELoss ()

adam = paddle.optimizer.Adam (

learning_rate=0.001, parameters=layer.parameters())

for step in range (20):
# 3. ®L’§eaNAL’MARSc;SczIJ
inputs = paddle.randn([10, 10], 'float32'")

outputs = layer (inputs)

labels = paddle.randn([10, 1], 'float32")

loss = loss_fn(outputs, labels)

print ("step: {}\tloss: ".format (step, loss.numpy()))

# 4. ®L’§eaNAFm3RSebacSUSSNERCaTralt el
loss.backward()

adam.step ()

adam.clear_grad()

aEaz&ayLizCciAifiamYiyj7t rain_single. pyiijNe£ReaNpython
train_single.pyiijNeCIafEcIINALi=e Y ;¢d 73eCiyNa UL UiLaz AfiijZ

step:0 loss:[1.2709768]
step:1 loss:[0.7705929]
step:2 loss:[2.2044802]
step:3 loss:[1.6021421]
step:4 loss:[2.0286825]
step:5 loss:[0.7866151]
step:6 loss:[1.926115]
step:7 loss:[0.3647427]

4.3 amTaelJzadZamaeomczC

di£cTIFleetzO8aRE£Z2aNA e A AZZ ALEAYCaijReomezCAEGa6dé1dayycZD e A SmTiijNARIEIJAd£ 6"

1. afijiEépaddle.distributed. fleetaNE

4.3. amTeelJzad’ZamaeomczC 10
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from paddle.distributed import fleet

2. aLiagNaNUfleetcOfacC

fleet.init (is_collective=True)

s

3. éAZ2£GHeeteORARUALEAYCaijRAlj Y ANUAZIASNALE&yCaijRelaadN

strategy = fleet.DistributedStrategy ()
adam = fleet.distributed_ optimizer (adam, strategy=strategy)
dp_layer = fleet.distributed_model (layer)

eit e YOiijZc 263 méiZe AAZZ; Dist ributedSt rateqyiyNeZDALEACAijRemUcTEemé AR eméal

eizembelSizielJA2ijA gNeRRE; ZcZDimT )2 imT imaizéciAcd 74 NiljNAEme iZcmi3 emSaR Eer A !

# —#— coding: UTF-8 —%-—

import paddle

import paddle.nn as nn

#31E3yC41 jRstep 1: &rijdEépaddle.distributed.fleetdNE
from paddle.distributed import fleet

# 8624717 3Elefdabéc;SczITii jNEéIJACZGal’ £&G2inn. Layer
class LinearNet (nn.Layer) :
def _ init_ (self):

super (LinearNet, self).__init__ ()
self. linearl = nn.Linear (10, 10)
self._linear?2 = nn.Linear (10, 1)

def forward(self, x):
return self. linear2(self. linearl (x))

# 1.817A3RFEZIeAASZ ;@ladi IR
paddle.disable_static()

# ALE3yCaijRstep 2: &LI&GNANUfleet
fleet.init (is_collective=True)

# 2. 36Z47L7¢;SczIJarZésaii jNamMSSd’ S4G[aTTraSNai jYANUSZT
layer = LinearNet ()
loss_fn = nn.MSELoss ()
adam = paddle.optimizer.Adam (
learning_rate=0.001, parameters=layer.parameters())

# 3LE&yC3ijRstep 3:,,
wEAZefGfleeteOudRUSLESYCE1 jRET FYANUEZI&SNALESYCA1 jReladdN
strategy = fleet.DistributedStrategy ()

adam = fleet.distributed_optimizer (adam, strategy=strategy)
dp_layer = fleet.distributed_model (layer)

(dyNéatczgczm)

4.3. amTeelJzad’ZamaeomczC 11
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(c7miyt éat)

for step in range (20) :
# 3. ®L’§eaNAL’MARSc¢|SczIJ
inputs = paddle.randn([10, 10], 'float32'")
outputs = dp_layer (inputs)
labels = paddle.randn([10, 1], 'float32")
loss = loss_fn (outputs, labels)

print ("step:{}\tloss:{}".format (step, loss.numpy()))

# 4. @L’§eaNAFmaRSebacbUSSNERCaTralt el
loss.backward ()

adam.step ()
adam.clear_grad()

aEaz&aybazéciAiLiamYayZzt rain_fleet . pyiijNaAGes; eeAe£ReaN2imacZDiiz 74k aiijNéCeazLaAR

fleetrun --gpus=0,1 dygraph_fleet.py

eCIaFECIINALie Y ; cd 78eCiyNaeUsit Uifar AfiijZ

fffffffffff Configuration Arguments ——————————-

gpus: 0,1

ips: 127.0.0.1

log_dir: log

server_num: None

servers:

training_script: dygraph_fleet.py

training_script_args: []

worker num: None

workers:

INFO 2020-0X-XX 08:33:30,247 launch.py:441] Run collective gpu mode.
— gpu arguments:['-—gpus'], cuda count:8

INFO 2020-0X-XX 08:33:30,247 launch_utils.py:430] Local start 2
—processes. First process distributed environment info (Only For
—Debug) :

e e e
| Distributed Envs o
—Value |
o
e +
\ PADDLE_CURRENT_ENDPOINT 127.0.
~0.1:59664 \
\ PADDLE_TRAINERS_NUM .
=2 |

(dyNeéatczgczm)

4.3. amTeelJzad’ZamaeomczC 12
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(czmiayt.cat)

\ FLAGS_selected_gpus .
-0 \

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.
—1:59664,127.0.0.1:48993 \

\ PADDLE_TRAINER_ID L
-0 \
G f==================—=========——==—===—================================f==========x=
step:0 loss:[1.3279431]
step:1 loss:[2.5023699]
step:2 loss:[3.3197324]
step:3 loss:[2.6869867]
step:4 loss:[2.6306524]
step:5 loss:[1.9267073]
step:6 loss:[1.2037501]
step:7 loss:[1.1434236]

4.4 ad'ZxelJzad’ZamaeomczC

470mT21)78d Zamaal iad Ze1173d Zamae omezCiijNal iz caAayLazaiymeJAee AGAZ 724, Tae T24E liij]

fleetrun ——ips="xxX.xxX.xXxX.xXX,yy.yy.vy.yy" ——gpus=0,1 dygraph_fleet.py

alJ2aR e l)7aZayE ALEALAc£R2aNz& 4y ARFAE14S 42 1i]N £ 1 e e t runafEAINIAROARFALEALAARFAE
2ClarEallipayzxx.xx.xx.xx¢ZD=1) 7714y E.cIINALFAS 4zd’ ARie; SaGze USAL Uifaz AfiijZ

fffffffffff Configuration Arguments ——————————-

gpus: None

ips: XX.XX.XX.XX,VV.VY.VY.VVY

log_dir: log

server_num: None

servers:

training_script: dygraph_fleet.py

training_script_args: []

worker num: None

workers:

INFO 2020-0X-XX 21:29:41,918 launch.py:434] Run collective gpu mode.
— gpu arguments:['-—-ips'], cuda count:2

INFO 2020-0X-XX 21:29:41,919 launch_utils.py:426] Local start 2,
—processes. First process distributed environment info (Only For
—Debug) :

4.4. adZ=llzadZamaéomczC 13
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(czmiayt.cat)

\ Distributed Envs o
—Value

o
e +

\ PADDLE_CURRENT_ENDPOINT XX .XX.
XX .xx:6070

\ PADDLE_TRAINERS_NUM .
— 4 \

\ FLAGS_selected_gpus »
- 0 \

\ PADDLE_TRAINER_ENDPOINTS :6071,yy.YY.VY-

-~ 0

step:0 loss
step:1 loss
step:2 loss
step:3 loss
step:4 loss
step:5 loss
step:6 loss

yy.yy:6071]

.2519045]
.139771]

.0075738]
.4674551]
.0751777]
.6568782]
.1998112]

PADDLE_TRAINER_ID

iRNai0a6N2Tt gZDzﬁﬁéﬁ£ﬁﬁ£aeeAfﬁi§ﬁLEéLﬁﬁIJ Ixx.xx.xx.xxelJ747Z

/1og/¢Z68 TiyNa§scIINGAC

4.5 arRczS

eGsemd'iijN¢ZyifaeClaisczREAZEG3 emEaR &

27~

s

18SNyy.yy.yy.yyelJzaZ{ijk.¢ZI

fAzON=zRai7EaeCi; TarEayAdyteZ6¢ AZ¢ZDpaddle:

4.5. arR¢zS
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CHAPTER

A4

aiecTifleetrunaRrakial EayCaijRazzat g

PaddlexRR:; Z4S;izd’ eaNaRraLlaS i dzd’'fleet run11JNeElaRLPaddlegZDaLanCagReanngPIpac
distributed.fleet algaRre‘ zeeIcaRraLlPaddleeZEaRLeAZa£azelaa1JReeLUaRCeeTrzeIJlanaZlaelaaljF
fleetrunall leIZEBAAaZ() aSNaLleeAAaZ() al)zeZfayNalGaRfi; £(;TlaAC

5.1 aggaozarijeLt
1. d;£cTleeAwsC
2. d;£cTlert @YO
2.1. éZEGRLéAZiitqoimeiC
2.2. ARCeTrwlimitqiZleomezC
3. fleetrundS;izd’ aRCeTFizN¢zm
4. d;£cTfleetrune£7eqNGPUGA Zimqe ome; Caddi; N

5.2 ajecTieeAesC

difcTIfleet rundS;izd ¢ZDeeAzsC:
* 36L&CE paddlepaddle 2.0-rc ARLiz&4yE

5.3 ajecTiertaeYO

fleetru na, £g:TlaIJ zanrayze(;AaLanzeZEaRLeAZa£aeolng11 jLCollective

Trainingiij aSNaRCaeTrztIJlanaZleo@ngLParameter

Server TrainingiijLaAC
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6ZEARLEAZi£a26mezCiiy AeLnalliGPUeS ad Giayt.e£ReaNiijNaZiemd ol SiznaiEizNcznGPUANT 2 1) 73mT
ARCaTrzlImik.aiZleomczCANEAR A Jmakaet. CeCzaA AeomezCel.CeCziazéaREAijCadDesmezCel.CeCr¢ZI
4Zaemd =L Siz1arE4zNc/malJICPUEZEg; d A AGPUEZEc d iyt aSNaijCadDéZEg; d ayEaeCi; Taj£¢ T 1 e
dACfleet runeTreNAIcZ, 47eaERARYAEEECTazSPaddleCloudiyt.e£ReaNALEAyCaijRizzaE qiijNaOlel
é;ﬁéi§5ﬁfé2éﬁ;£ng python -m paddle.distributed.launch
eleaRrakieomezCizz4E a1ijNazNaGdayEiiN fleet rune YL meAE¢ZDitkemieUzaijRIAC

5.3.1 éZEARLéAZaLaeomczC
« GPUsmT=l)z5mTamacomczC
imTel)zimTamaelIL yd come Uz3ijRiijZay AcimaRicZt 2084 £¢Tipyt honal 38aNiijNiz§ AR fiz&4; £¢
ARz UzesTayAdAScZt 208 £¢Tlpyt honal geaN

export CUDA_VISIBLE_DEVICES=0
python train.py

éARmﬁZ&§IﬁiN5ASﬁ; £§Tff leetrunal §eaN

fleetrun —-—-gpus=0 train.py

esliijZaeCadlleNGasZizEexport CUDA_VISIBLE_DEVICES=0
1ijNALZ&Rfiz8¢Zt e O&4;£¢TliijZ

export CUDA_VISIBLE_DEVICES=0
fleetrun train.py

« GPUamTzlJiad ZamaeomezC
eNEARAL.[mT 1) 744macZDiz 73k aiijNARIEIASAZe£G - - gpuseNGASZl 76 UscZDA44ijiimasmsaR A A

fleetrun --gpus=0,1,2,3 train.py

®sliijZéeCadlJeNGa6ZizEexport CUDA_VISIBLE_DEVICES=0,1, 2,
31ijNALZARf4z8¢ 70 2084 £¢ TliijZ

export CUDA_VISIBLE_DEVICES=0,1,2,3
fleetrun train.py

« GPUAd’Zexl)7ad’ZamaeomczC
[cd’Zi NiayA] 21)785ma (fRiyjieE.CcCz44ma)

fleetrun ——-ips="xxX.xx.xxX.xXX,yy.yy.yy.yy" —--gpus=0,1,2,3 train.py

esliijZaeCadllefRaRiz1174Z14iGeNG46Zi7Ee xport CUDA_VISIBLE_DEVICES=0,
1, 2, 3iijNalLZaRfizecZt 208l lefRARFECcCzayEARTALIiijZ

export CUDA_VISIBLE_DEVICES=0,1,2,3
fleetrun ——-ips="xxX.xx.xX.XX,yy.yy.yy.yy" train.py

5.3. ajecTiertaeYO 16
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[cd’Zi,NizN] 21171 63maiijlefRayRECcCz8amaiijNAAGes 2fRaRF=lI7AZ[aiG2lIL 8amaaR i £¢ Tiij

fleetrun ——ips="xx.xXX.xXX.XX,yy.yy.yy.yy" train.py

5.3.2 aRC=Tiz=lJmakaaZieomezC
alJICPUéZEc: d’ecReaNaRCaTizelJmakaaZi

 aRCaTrelJmilaiZleomezC - amTel)ZzxlaeN§aLEayCaijReomczC
18R 2e1)74716AZe£Gad Z6£7¢INzlaeN§ALEayCaijReomezCiijN 1 iyt Imit ot CcCze RméEmd ijteome:
fleet runaRikizUtaREITA=NG6ZeJmakact.CcCieTi——server_numiSNeomezCeb.CeCzaeTi-

fleetrun --server_num=1 --worker_num=4 train.py

« aRCxTizlJmakaaZleomezC - eGlaGZazLad ZaelJ7eomezC
fleet rundRikizUdaRIEDAeNGa6Z e Imit.aet.CcCzcZDipaSNenraReaL Ual--servers
aSNeOIQZCeLCgCngDlpaLUeaJ— -workers 1ijNal§aRre£ZeaNad’ Zzl] ZéfingCaAC
ayNaLUgd’zacNayanNxx XX.xx.xxdz&8al@l) 2471 11ijNyy.yy.yy.yyizéealelJzaZ12iijN6 1 70izéealc Tlel G N(

# 24yiservers 83yiworkers
fleetrun —--servers="xx.xx.xx.xx:6170,yy.yy.yy.yy:6171" —-workers=

SRR XX XX XX, XX XX XX XX, XX XX XX XX, XX XX XX XX, VY. VY. VY. VY, VY.
SYY.VY-YY, VY .VY.YY.VY,VY.-YY.VY.Yy" train.py

——workersiRCeTHRfz84zEeNGa6Zipal UsaliijNemd 2 Ut £ 1 ee t runaiBiijZalliaR Ak [eomezCiz

# 2dyiservers 8dyiworkers

fleetrun ——-servers="xx.xx.xx.xx:6170,vy.yy.yy.yy:6171" ——-workers=
STXX XX XX.XX:160172,XX.XX.XX.XX:06173,XX.XX.XX.XX:60174,xX.XX.XX.
-xxX:6175,yy.yy.yy.yy:6176,yy.yy.yy.yy:6177,yy.yy.Vy.yy:6178,yy.Vy.
Syy.yy:6179" train.py

alJIGPUéZEc; 0 ecReaNaRCaeTizlJuakaaZi

« aRCaTixlImalaaZieomezC - amTael)zelaeN§aLEayCaijReomczC
14RYe1173Z16AZ2£Gad Z2£7cINzlaeN§iijN2ijtelImik.aet CoCzeRméEmdiyieomezCeL.CcCiijNaefR i

# 24yiserver 43yiworker
export CUDA_VISIBLE DEVICES=0,1,2,3
fleetrun --server_num=2 —--worker_num=4 train.py

18R 2e1)74716AZ2£Gad 76£7¢INzlazeN§iijN 2ijteJmikadt CcCzeRméEm2iyteomezCel.CoCriijNayd 4

5.3. ajecTiertaeYO 17
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# 24yiserver 23yiworker
export CUDA_VISIBLE_DEVICES=0
fleetrun —--server_num=2 —--worker_num=2 train.py

 aRCaTixlImakaaZleomezC - eGla6Zail ad’ ZeelJzeomezC
fleet rundRikizUdaRIEDAeNGa6ZelImit.aet.CcCzcZDipaSNenraReaL Usal-—servers
4SN e6mczCeb.CcCzcZDipASNcAfaREALUal-—workers iijNimsaRie£ZeaNad Zal) ze6mezCaAC
az&ayNed 74, NaymiijNxx.xx.xx.xxiz¢aleJ2aZ11iijNyy.yy.yy.yyizéealeJ28Z12iijN6 1704z¢ealc Tl La:

.
28RraeIJz421571 jNerREaRFeIJZ42181CeI L 181l MaEaeECeCZii jNIdyiedmezCaECeCE
# 24yiserver 28y*worker

# @rRARIreIJz47141GeNGa6Z42E4RFcTIes:4d7 G GPU: 0

export CUDA_VISIBLE_DEVICES=0

fleetrun —-servers="xx.xx.xx.xx:6170,yy.yy.yy.yy:6171" ——workers=
S"XX XX XX XX:6172,yy.yy.yy.yy:6173" train.py

4284y Ned 7i4; NaymiijN £ 1 eet runafEALEALAAII2aR e )74 Z[47E AR FAEI 1 iyt Jmataet. CoCriijN4dite

#.
28RraeIJz421571 jNerRaRFeIJZ42181GeI L 141l MAEaeECeCZii jN4dyiedmezCaECeCZ
# 24yiserver 43y*worker

# @FRARF@IJ?37181G2NGA6Z42E8RF¢TIe6,4d"G GPU:0,1,2,3

export CUDA_VISIBLE_DEVICES=0,1,2,3

fleetrun —-servers="xx.xx.xx.xx:6170,yy.yy.yy.yy:6171" ——workers=
S"XX XX XX.XX:16172, XX . XX . XX.XX:6173,XX.XX.XX.XxXx:6174,xXX.XX.XX.
»xxX:6175,yy.yy.yy.yy:6176,yy.yy.yy.yy:6177,yy.yy.vy.yy:6178,yy.vy.
—yy.yy:6179" train.py

aijCaedDéZEc; 0’ e£ReaNaRCaeTilJnakaaZi

 aRCaTixlJmilaiZleomezC - amTel)zxelaeN§aLEayCaijReimczC
18RtelJ73Z16AZ2£Gad Z2£7cINzlaeN§iijN2ijleImit.aet CoCzeRméEm2iy e omezCeLCcC 2428 AR .2

# 24yiserver 43yiworker
export CUDA_VISIBLE_DEVICES=0,1
fleetrun —--server_num=2 —--worker_num=2 —--heter_worker_num=2 train.py

5.4 fleetrunaSjazd’aRCaeTiazNczm
* CollectivezladijR¢ZyaEsaRCaTF:

— ips iijLstriijNaRFEAL 1L 11jZ ®NGAGZEAL & NI aStizZet CeCzIPe£ ZeaNesmezCiijNéz Y e6d iy 7a
amgiijZal e lJnalliel geaNamTe ) zimTimael Uad ZimaeomczCaAC

5.4. fleetrunaSjazd'aRCaTrazNczm 18
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— gpusiijLstr, ARFEAL L iijZeNGa6Zé AL &Nl 4Sta7Z2G-
PUsimae£ZeaNeomezCiijNézYesd ayzNonelijNal§aij Z6AL &N
CUDA_VISIBLE_DEVICES&L Aaengd’ ZgZDaeL’ A=lIL alaaACayleo(,g i0
nproc_per_no deaRCaaTrzeUunJNarEaRfﬁLlGPUay1aeIrayle£Zg1Ne£ZeaNé6lng11JNaerRayh

— nproc_per_node iijLint, ARFEALTHL 17286, ¢;64d ZarSayte£Z¢iNe£ ZeaNesmezCaACes, ¢ e TicZ
o ARCxTizlImik.adZlzladijRAR(EEMARCaTY:
server_numiijLintiijNARFAL iijLiijZamTel) zelaeN§AL EayCaijRizz4t a:ymiijNeNGaGZiRCa

worker_numiijLintiijNaRFEAL 1ijLiijZimT 1)z laeN§ALE&yCijRiz25F aymiijNeNGa6ZiR Ca

heter_worker_numiijLintiijNaRfALiijLiijZal{aijCadDEZEg & iymaRfakIamT =) Zelae N§ALE:

serversiijLstr, ARFEAL L iijZ 4d’ ZelJ2aL E4yCaijRizzak a4 ymiijNeNGA6ZaRCa TizlImik.aiZle
workersiijLstr, ARFEAL L iijZ 4d’ Z 178l EayCaijRiz7aE a4 ymiijNeNG46ZaR Ca TixlImat.aaZ1e

— heter_workersiijLstr, iRf6AL L : alJiaijCaedDEZE¢, d dymaRFAEIALEAYC4ijRiz7aE 4iijN2eNG4S:
- http portlijLint aRreAL’lijL1ijZaRéaeIfzeIJléLqﬁZf&IaﬁijR'aiyliijNng—
GlooaRraLlanﬁééSbg‘ 6cZDefdeO8cAfaRE
« §EazUiijZ

— log_diriijLstr, ARfEALTHLiijZ «NGasZaL EayCaijRizzat acomezCa Ui UcZDitiamy eara; DiijN
5.5 ajEcTlfleetrune£ZeaNGPUad ZamaeomczCaoda¢ N

ayNeIcaeLS azﬁarEeAZe£GacNalR11J NayzaeClerengazNQZIa@Ca iTALI ¢Tif1eet runafEamT=llZamT4
e£ZeGNa‘ ;EngayOeIZaeAAaZ(, aLanCalj ReOIQZCa£neA§a1J AagN
¢ZyaRN¢ZDcd 74 NizéciAe£ZeaNert 2 YOZAC

import os

import time

import paddle

import paddle.distributed.fleet as fleet
import paddle.static.nn as nn

import paddle.fluid as fluid

def mnist_on_mlp_model () :
train_dataset
test_dataset = paddle.vision.datasets.MNIST (mode=

X
")

y

X_
fc_
fc_
prediction
fluid.layers.cross_entropy (input=prediction,

cO

flatten
1 =
27

nn

st

paddle.data (name="x",

paddle.data (name="y",

.fc(input=x_flatten,
nn.

paddle.vision.datasets.MNIST (mode="'train')
'"test ')
shape=[64, 1, 28, 28], dtype='float32
shape=[64, 1],
fluid.layers.reshape(x, [64, 784])
size=128, act='tanh')
size=128, act='tanh')

[fc_2], size=10,

dtype="int64")

fc(input=£fc_1,
nn. fc (input=

act="softmax")
label=y)

(4yNéatczgczm)

5.5. ajgcTifleetrune£ZeaNGPUad'ZamaeomczCaoddagN
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(c7miyt éat)

acc_topl = fluid.layers.accuracy (input=prediction, label
avg_cost fluid.layers.mean (x=cost)
return train_dataset, test_dataset, x, y, avg_cost, acc_

paddle.enable_static ()
train_data, test_data, x, y, cost, acc = mnist_on_mlp_model (
place = paddle.CUDAPlace (int (os.environ.get ('FLAGS_selected_
=0)))
train_dataloader = paddle.io.DataLoader (
train_data, feed_list=[x, y], drop_last=True,
places=place, batch_size=64, shuffle=True)
fleet.init (is_collective=True)
strategy = fleet.DistributedStrategy ()
#optimizer = paddle.optimizer.Adam(learning_rate=0.01)
optimizer = fluid.optimizer.Adam(learning_rate=0.001)
optimizer = fleet.distributed_optimizer (optimizer,
—strategy=strateqgy)
optimizer.minimize (cost)

exe = paddle.static.Executor (place)
exe.run (paddle.static.default_startup_program())
epoch = 10
for 1 in range (epoch):
total_time = 0
step = 0
for data in train dataloader () :
step += 1
start_time = time.time ()
loss_val, acc_val = exe.run
paddle.static.default_main_program(),
feed=data, fetch_list=[cost.name, acc.name])
if step $ 200 ==

end_time = time.time ()
total _time += (end_time - start_time)
print (
"epoch: , step: , train_loss: , tot
—cost = , speed: "
% (i, step, loss_val[0], total_time,
1 / (end_time - start_time) ))

=y, k=1)

topl

)
gpus',

al time,

5.5.1 amTeelJzamTamaeomczC

Nz .

AFEayEefiazécaALIamY allit rain . pydzeciAdymiijNimTel)7imT imadomc

CimASLE¢ZDcGAmTiijN3

export CUDA_VISIBLE_DEVICES=0
python train.py

5.5. ajgcTifleetrune£ZeaNGPUad'ZamaeomczCaoddagN

20



FleetX, aRSayC 0.1.0.beta

aRfaz8cIINegAczLchfayhel Simie Usa£ Uifaz AfiijZ

epoch: 0, step:200, train_loss: 0.424425, total
000947, speed: 1055.967774

epoch: 0, step:400, train_loss: 0.273742, total
001725, speed: 1285.413423

epoch: 0, step:600, train_loss: 0.472131, total
—002467, speed: 1347.784062

epoch: 0, step:800, train_loss: 0.445613, total
003184, speed: 1394.382979

epoch: 1, step:200, train_loss: 0.512807, total
000681, speed: 1468.593838

epoch: 1, step:400, train_loss: 0.571385, total
001344, speed: 1508.199928

epoch: 1, step:600, train_loss: 0.617232, total
002034, speed: 1449.310297

epoch: 1, step:800, train_loss: 0.392537, total
002813, speed: 1283.446756

epoch: 2, step:200, train_loss: 0.288508, total
000796, speed: 1256.155735

epoch: 2, step:400, train_loss: 0.448433, total
001531, speed: 1360.461888

epoch: 2, step:600, train_loss: 0.593330, total
002292, speed: 1314.005013

time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.
time cost = 0.

5.5.2 amTeelJzad’ZamaeomczC

Nz \ 2

aanszeIJ zalIalaeolngaLralTaeIJ zad’ Zalqeolng ayleIJAe@AeeTzath rain.

yazcgaAuJNaRleIJAaBTzayAeaNaRraLlaS jazdiijZ

export CUDA_VISIBLE DEVICES=0,1,2,3
fleetrun train.py

eolngacUea£UaRrazeaIJ lgngnrayLze§egIJ N11JNaz§aRrgllaROaIJ I. Nog/cZ64 i TayjNae§EcIINefRijtamg

¢zLenfaRfazecl) NaLraeYG(;d’ZeeUea£Ua¢CayN11JZ

Configuration Arguments

gpus: 0,1,2,3
ips: 127.0.0.1
log_dir: log

server_num: None
servers:

training_script:
training_script_args: []

train.py

worker num: None
workers:

INFO 202X-0X-0X 06:09:36,185 launch_utils.py:425]

Local start 4 _

—processes. First process distributed environment info (OnX#yNeaczic/m)
—Debug) :
5.5. ajgcTifleetrune£ZeaNGPUad'ZamaeomczCaoddagN 21



FleetX, aRSayC 0.1.0.beta

(c7miyt éat)

PADDLE_CURRENT_ENDPOINT
PADDLE_TRAINERS_NUM
FLAGS_selected_gpus
PADDLE_TRAINER_ENDPOINTS

—~1:54803,127.0.

0.1:49294

PADDLE_TRAINER_ID

127.0.0.1:33360

0.1:11330,127.0.0.

epoch: O,
001170,
epoch: O,
—-002226,
epoch: O,
—-003201,
epoch: O,
005004,
epoch: 1,
000975,
epoch: 1,
001934,
epoch: 1,
-002892,
epoch: 1,
—-003845,

.759323

.009257
600,
1025.75299¢6
800,
554.582044
200,
1025.75299¢6
400,
1042.581158
600,
1043.878547
800,
1049.363022

train_loss:

train_loss:

train loss:

train loss:

train loss:

train_loss:

train_loss:

train_loss:

.306129,

.287594,

.179934,

.137214,

.302534,

.375780,

.247651,

.086278,

total

total

total

total

time

time

time

time

time

time

cost

cost

cost

cost

cost

cost

5.5. ajgcTifleetrune£ZeaNGPUad'ZamaeomczCaoddagN
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CHAPTER 6

FleetXa£néA§aijAagN

6.1 FleetXaeYrazAazLiij§

FleetXeRRi; ZeTLcOGeITASAY ¢ZDAL E4yCaijRelaadNécDesmezCak §eC;iijNasCaR fizéi; iy zpe
distributed.fleet¢ZDallaSTe£ZeaNSEMARL4;£¢TIAAC

6.2 ®RR3a¢ZaStazZat §eCiiij§

o cSmizEciAAGZAzL écDeomezCaladdN

o é¢D¢6czRAE 2laadNcZDaENijAcomezCa Tiems

o cTlelaaRii;O=lRellieZfcnceGlelJL 2 Trem6EéZE

o ¢16aRS=fRiyteladdNcZD=JA 4 saLEAyCaijRemczCaddent

6.3 aykael'Ncd'za¢N

784y NéAZe£G47; ACRALEcSzResnet50¢ZDi; NamRiijNert &Y OdeCi; Ti  £¢ TiFleetX¢ZD2O8aR ce£ 72
« afijaEsa; fef0

o &dDazzeeladadN

o 3674z 8LEayCaijRemUcTe

* 2ijAagNesmezC

4y747Ec6 AANUladdNasZazL ¢ ZDe£GelNiijNeel SiznalllaROéI¢cZDe UGz aliymiijZar; 6GRA; £¢ TIFI

23
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6.3.1 1. arijaEéagietl

FleetXi, ietUPaddle 1.8.0aRE#zZNARO¢ZDcL LelliiaACefica6esd atsasL e¢ExmicadeZD-
PaddlecL: LaelliiiijNaziieNL cEgizéayNeUzaijRafjaiE¢Paddle ARE. FleetXaAC

import paddle
import paddle.distributed.fleet as fleet
import fleetx as X

6.3.2 2. edDazzaiaadN

6AZ2£GFleetX2RRi; Z¢ZD X . applications ®08R¢EiNeTIeltaR 284 £ TlayAeaNazeciAGE a8

paddle.enable_static()
configs = X.parse_train_configs()

model = X.applications.Resnet50 ()

downloader = X.utils.Downloader ()

local_path = downloader.download_from_bos (fs_yml="https://xxx.xx.xx.
oxx/full_imagenet_bos.yml", local_path='./data')

loader = model.get_train_dataloader (local_path, batch_size=32)

6.3.3 3. ad6Zazl’aLEayCaijRcmUcTé

411367471 46N amTell 72 6mezCe; SczlJaROiijNe Tl LiaR fiz84; £¢ Tlpaddle .
distributed.fleet.DistributedStrategy () #083REA6Zi4ZL ALEAYCAijRemUcTE ijNAFExlaad

# d;fcTIpaddle.distributed. fleetéfZéaNcollective training
fleet.init (is_collective=True)

# &6Z47L’DistributedStrategy

dist_strategy = fleet.DistributedStrategy ()

# SCEESrimMTaeIJZoptimizerdyZ4LE4yCAai jRoptimizer

optimizer = paddle.distributed.fleet.distributed_
—optimizer (optimizer, dist_strategy)

optimizer.minimize (model.loss)

6.3.4 4. aijAagNeomczC

aRfi784;£¢TIF 1 ee t XAEEG 6¢ZDetmezCaZie£ZeaNatné AseomezCiijNae Uzi; £c6Uns TaidcINayLA£RE

trainer = X.MultiGPUTrainer ()
trainer.fit (model, loader, epoch=10)

¢Tleliiz§aRiz86GGeTIPaddleaO§cT§cZDAPIe£ZeaNesmezCatAcINGZDAGZ47L1ijNaz¢ i A de CayN

6.3. aykaelNed'zagN 24
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exe = fluid.Executor (place)
exe.run (fluid.default_startup_program())

for epoch_id in range(5):
step_id = 0
for data in loader:

cost_val = exe.run(paddle.default_main_program(),
feed=data,
fetch_list=[model.loss.name])
if step_id % 100 == 0:
print ("worker index: , epoch: , step: , train_
—~loss: "
% (fleet.worker_index (), epoch_id, step_id, cost_
—vall[0]))

4z0Paddle 2.0 re¢l: LaelliidijAagNiijNelSizicz§iy AéGGeTifleetrune£ZeaNad Zamae smezCc ZDAR AL

fleetrun --gpus 0,1,2,3 resnet_app.py

§Esi70 £ 1leet runaS;izdiijNeaeZt efeczEcZDid; £cTieft @ YOeraaRCEAC fleetrun
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fleetrun_usage_cn.html

CHAPTER /

ajecTifleetsubseRRazd éZEc,; dazzaka

7.1 fleetsubaeYrazAazL
4;SeCla6LeCE47Ef 1 eet —xaROiijNi; £aR 4784 £ TIf 1 eet subalJiéZE¢; d’ dyE.eRR:izd ALEACAijR:
7.2 ajE£cTleeAaxesC

difcTifleet subaS;izd ¢ZDeeAxsCiijZa6LeCEf leet —x
» 3ARxUzesTijAdASi7z0pipe7RAGLeCE

pip install fleet-x

« 3AR=UzesTazNaASayNe;;whlaNEAZGal e lJRAFAGL &CE

# pythonZ2

wget —--no-check-certificate https://fleet.bj.bcebos.com/fleet_x-0.0.
—~4-py2-none—-any.whl

pip install fleet_x-0.0.4-py2-none—-any.whl

# python3

wget —--no-check-certificate https://fleet.bj.bcebos.com/fleet_x-0.0.
—~4-py3-none—-any.whl

pip3 install fleet_x-0.0.4-py3-none-any.whl

26
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7.3 ajecTiert

dl0{eRRA7d i225F a3 miijN TleLicTARe Adlllyamle UGHziaymé Emg; 6izzak acZyaBscZDif aze AfiijNa
éeUSELcIINEyAdytyamleUGizicZDedi; NaACAZ a4y 7 i€ ae ATASL aEIcZDa0§aZayamle UGz tHjmc

YO0

num_trainers: 4

num cards: 8

job_prefix: bert_base_pretraining

image_addr:

—ubuntul604:cudall.0-cudnn77-dev"}

cluster name:
group_name:
server:
log fs_name:
log_fs_ugi:
log_output_path:
file dir: "./"

"Ugi_

v100-32-cluster
k8s—gpu-v100-8
paddlecloud.server.com
"afs://xx.fs.com:9902"

name, ugi_passwd"
"/XX/YY/ZZ"

whl install commands:
- pip install fleet_x-0.0.5-py2-none-any.whl
— pip install paddlepaddle_gpu-0.0.0-cp27-cp27mu—-linux_x86_64.whl

commands:

${image_addr:-"dockhub.com/paddlepaddle-public/paddle_

— fleetrun bert_base.py —--download_config=bert.yaml

amU6taRmcgt | amUzedtaRnazl cézadN
num_trainers eomczCel.CeCicZDaTiéGR INT
num_cards amTeL.CcCzaylcTsericZDGPUdamae T INT
job_prefix 4773LaARmMAL mCijA STRING
image_addr 6TITACRAITAIA {STRING}
cluster_name éZEc;d aRm STRING
group_name ¢(d’¢zDaRm STRING
server éZE¢; d mastereL.CcCzxlJmak.adRm STRING
log_fs_name 774 aeUsatUsmY & T; ¢ZDxUGizlicszc2§aRm | STRING
log_fs_ugi 728t aeUsatUsmY e T, ¢ZDeUGizlicszcz§UGI| STRING
log_output_path | #zzataeUsatUsmY & T;cZDcZ62iGeUGizics7c STRIPIA

file_dir

®RRizd izzakaélTAeAdyLiijacZDeUGizlicZa

ASTRING

whl_install comman

d6LeC¢EaRD¢gmwheel ANE¢ZDAS izd’

Repeated Command
Line

commands

¢£ReaNdzzabael geaN¢ZDaRDegmaS dzd’

Repeated Command
Line

7.3. ajecTiertaYO
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7.4 azzakazRRazd

467471 a6NayEe£ieDZlIiaROiijNe Tl LismsaR 4 £¢TIf 1 eet subaS;izd ARSPaddleCloud
®RRizd 4773 aid7EiijZ

fleetsub —-f demo.yaml

r

7.5 aj£cTiaeata¢N

aE04;ScZDij£cTlert 2 Y OdREedti; NizécaAeriaRCeACayNéiécZDWIKI

7.4. azzakaseRRazd’ 28


http://wiki.baidu.com/pages/viewpage.action?pageId=1236728968

CHAPTER 8

\4 s 7

ai£cTiFleete£ZeaNaRCae Tl mataaZieomezC

aliad gaa"[reeloeeglee i ogZDeeOlaLlayNnJNeeIJ L aeaGglbeOIQZCeeTraelogZDegDzela‘aRUacUazEecdeA§(
Speech 2§§zgz§a, £ngazE1 1940§fRanugZDerle§§aeTraeloazeaRLel’iEe£G200ayGaReeale;EreeIéé(ilngerleE

o eomezCeL.CeCiiijZerset.CoCrer §ot 46Nz LR e TremoeizaRUaA AAL AR Se6ac6UaA AARMAR Saecraz
o elJmakaek. CcCiiijZall e Taaliel AelIL eomezCeb.CoCriijaeidcZDactazeaRObijNerseL.CeC i Z4
xi7em0aR CaTieZt 2 Ui¢ZD2U74ijR4ymaRNiijNaR (2841 Eay7aRNeméaSNaijComiyd cmiijZ

« ARNaeméeomezCiijZall[ARN emSiRCae TreImat.aaZIaL EayCaijRecmezCaymiijNe L AelJL emezCeCy
* aij CaeleeOI(;zC11]ZayOaRNeeléééSlngaylaRNuJNaIJ [81jCemseomezCaymizza; Tayd dyteomezCeECc(

ayNéicelS aznarEeAZe;EGacNaanJNayzeeClazNgzlaRNeele/aljCeeleeolngaIJ lFleetayngDaongra
all léiijAégNéiZNéiE mel SiziiéeUAELEITAceAdyNe, eomczCiymel AéITAGe AcZD = TrembiijZ

# dyNe; ;82116 GE40N2TTamMb1 1 jNeCMczCal FfalbeS34£15mMYeCsSmEy 2 raw_data,,
—cZDaelGaz14d" Z

wget —--no-check-certificate https://fleet.bj.bcebos.com/ctr_data.
—tar.gz

tar —-zxvf ctr_data.tar.gz

r

8.1 aodcTiaeata¢N

ayNéicel SaznieidizNczmieCi; TeTiFleetz O33R EiijNaGNzLRAR Ca T Jmik aaZIal EayCaijReomczCi
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8.1.1 arijaEséagietU

import paddle

import os

import fleetx as X

import paddle.fluid as fluid

import paddle.distributed.fleet as fleet

import paddle.distributed.fleet.base.role_maker as role_maker

7

8.1.2 a6Zazl’aLEayCaijR=eiaaijRazialiagNaNU

¢AZe£GX .parse_train_configs () zeOééiRci’iJNngaeLuaRrazeaoZazL’ é6lnggZyaE§gZDaRCee"J
init () @O8aRE&EZEZL azEaLanCau Raela,adNnJNl nit () @O8aReEzYesd 4; i £§TlaRC$TreeIJ laLaaZleela,.
4704724 TARC2 TraAC

paddle.enable_static()

configs = X.parse_train_configs()

role = role maker.PaddleCloudRoleMaker ()
fleet.init (role)

8.1.3 akaéjjxigadNaRL=Ti=md

¢TleltdR786AZ2£GX . applicat ionsaO8iREAE | |2l Sizié¢DABLAGZAZL 48 cZDladdNaACa
DNNelaadNiijNaRNaeUl¢TleLuaRrazéayzaelaadNasZalti¢ZDdata_loadereO¢aRcak.ae|jeTremo.

model = X.applications.MultiS1otCTR()
loader = model.load_criteo_from file('./train data')

8.1.4 a6Zazl’aRNzeméeomczC Strategy aRL Optimizer

alliFleet APLiymiijN¢TlelaaRfiz84;£cTif leet . Dist ributedStrategy () @08aREa6Z4zL eGlai

dEGijma_syncéAL éaz¢ 470467471 ARCaTielImikadZlcZyaEscZDcmUcTEijNA; SAEGeERe 6 A6 74y

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = False

optimizer = fluid.optimizer.SGD (learning_rate=0.0001)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)
optimizer.minimize (model.loss)

8.1.5 aijAagNeomczC

46Nzl Ra2laddNARE.comezComUcT&#28aROiijNelSiziarsaR fizsaij AagNeomezCalaadNazEaACAZ 44y
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aRNaiatarzizOeomezCeECeCriijNeTlinit_worker () ®08iREe£ZaNALIagNANUAROIijN
8ijAagNaL geaNeomezCizzakad ACe£ReaNX . Trainer . £ite08aReajAagNeomezCiijNazia, UsLicomez

if fleet.is_server():
fleet.init_server ()
fleet.run_server ()

else:
fleet.init worker ()
trainer = X.Trainer (fluid.CPUPlace())
trainer.fit (model, loader, epoch=10)

8.1.6 ecReaNeomczCeDZzelJn

467471 a6NesmezCeDZelInaROiijNelSiziiarsaRfiazécTif 1 eet runeNGizd e£ReaNALE&yCaijRiz24
worker_numilEalLAij7elimak.act.CcC7aSNeomezCel.CeCicZD2TréGRAACAIT =T a; NaymiijN el Jmak.a

fleetrun —--server_num=1 —--worker_num=2 ctr_app.py

8.1. addcTizeatagN 31



CHAPTER 9

\% \v4
N\ s/

aj£cTiinMemoryDataset/QueueDatasete£ZeaNedmczC

9.1 sesizDR

ellieTZcINcZoal miyme TieNAALIe A AdZ,iijNizEe TreNAalTpaddleéiZe A ASZ, eladijRayNa; £¢T1

paddle.enable_static ()

9.2 ¢c6AazN

ayzazEeC; enYeA§e£ReqNaeIaangZ]v)eOIc;261ij NeeLSaZna, £9TII nMemoryDataset /
QueueDatas etAPIe£ZeaNenYaeAgeC i gZDIOuJNaEua‘ SazNgzlaRrazeaRCeACanGaeac InMemoryDat
aSN QueueDataset, azeayNgoAggrDatasetaACDatasetaeYrayzad Zgz£glNaRLaEla1]CaaleanzaljReGRen
ad’Zedlet 22 AEcZD1a4ijRiijNiijZedAdd 3¢ZDabaéA §el SizicZDalaadNesmczCaAC

elJ nanGazeeom;szordZvectormlaadNayzacN11JNaIJ leOI(;ZCaylalj TaEea§zazODataset
APIef7iRUeomezCa Trem6cZD2Uz4ijRiijNaLSazncZt 2 O848  Fleetxé¢DAELAGZiZL 48| ¢ZDword2vectol

9.2.1 aijTaEédataset

1. éAZ¢£Gdataset = paddle.distributed.InMemoryDataset () ®LUSAE
dataset = paddle.distributed.QueueDataset ()AaLZazziyAiyiDatasetarzesa
2. @NGasZdatasetetzaRUcZDeomezCa UGizicZDaL UsaliijN
€AZe£Gset_filelistébEmci6aAC
3. éAZe£Gdataset .init () api e£ZeaNDatasetQZ]v)aLiagNaNﬁéElg;6'1'ijNinit () 208aRExO82 T

er@egAaplanGaeaquNaLUay(JaGaayleElg‘ogZDaLIagNaNU
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.........

6AZe£Guse_varéEmg6aAC

b. @NG&6Zel.SizicZDaTrembeizaRUzUZ4ijRiijN¢Tsmy_data_generator.
pyasdcOreTremseizaRUcZDegDal ZiijNaROI¢arEiijZizNczmeizaRUeg DAl Z¢ ZDasdc OF,
éAZe£Gpipe_commandébme;6aACpipe_commandaYiDatasetcl zellL ¢ZDEAZe£GcEaéAS
c. ®NGasZxTremsezARU¢ZDbatch_sizeiijNéAZ£Gbatch_sizeéEme;5aAC
d. @NGa6Z=TiemseizaRUcZDez£ciN2THiijNayAeLierécz£ciNaTraSNesmezCez£cINaz T feNA,

dataset = paddle.distributed.InMemoryDataset ()

batch_size = config.config["batch_ size"]

thread_num = config.config["thread num"]

dataset.init (use_var=model.inputs, pipe_command="python my_data_
—generator.py", batch_size=batch_size, thread_num=thread_num)
dataset.set_filelist ([config.config["train_files_path"]])

7 sy

9.2.2 aeCa;TeNGasZaeTremberzaRUegDalzZ

alJ fﬁyLaafjéaeLSéiZﬁeeliliﬁiféiiEgTémy data_generator.

yaongraEua‘ SgZDzeTraelogoaeASerzaRUe gDaLZuJ NeCcazLuJNeeAOeeauayzdatasetaLZazzzeTraeloerzaI
azeayN'ceYrmy data_generator. pngDaEleClazcgaAuJNaEua‘ Sae;AglNa@Caleljz

1. e@UaELeeLSaZneIJAe@Aalj"[aEedata generatorgZDgszuj NimizOpaddle.
distributed.fleet.data_generatoriAC 2. ieYOiyjAizZall laeTraEIESéfZaRUaylalJ Z¢TIalicZI
3. aLZazzayAaylaleszWo rd2VecReade rangzgaaL’ £fleet.

data_generato rgZDa§zgsszNa§zgsza3U Lad ZggleAL’ eeNl’nJNa@CzedIJ &YTfad Zgglae"[reel(igéiﬁszeﬁ]

4. ¢czgell £azua()dc;0ra§zgszayngDgene rate_sampledG;i 3| aeTru]NeAReaNerzaRUeeTrzeloaACereaG| &T
S. aIJ le£Zay1aRrazee£lazc§ZDaG‘ &TrayluJNacng zacNazcgaAayl(;ZDde f

//////

6. aaIJAaROu]NaeLSazneIJAeeAarE&Tr&loaeIt gRansz’ 256Z<;ZDbatcthDaaalj aij R11]NzeL leC‘ ad’ §ec
aeazeeloéocaOZgZDaAZbatch sizeAAZ, ef3aG; =TTl Zall [generator_sampl eaGiaeTrazgcTsxdta
local_iter () aAC

v\ 2

7. c6AmTzigeit iijN2TiembcZDe; SaG7éaza7RayOzl.Saznallic;SczITaymal. Zaz7¢ZDinput safEéaza
[valuel]), ('true_label', [value]), ('neg_label', [value]) ]

import sys

import io

import os

import re

import collections
import time

import config
import logging

import paddle
import numpy as np
import paddle.distributed.fleet as fleet

(ayNéafczgc7m)
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(c7miyt éat)

logging.basicConfig (format=" - -
- ")

logger = logging.getLogger ("fluid")

logger.setLevel (logging. INFO)

class NumpyRandomInt (object):
def _ init_ (self, a, b, buf_size=1000):
self.idx = 0
self.buffer = np.random.random_integers(a, b, buf_size)
self.a = a
self.b = b

def _ call_ (self):
if self.idx == len(self.buffer):
self.buffer = np.random.random_integers(self.a, self.b,
len(self.
—~buffer))
self.idx = 0

result = self.buffer[self.idx]
self.idx += 1
return result

class Word2VecReader (fleet.MultiSlotDataGenerator) :
def init (self,
dict_path,
nce_num,
window_size=5):

self.window_size = window_size
self.nce_num = nce_num
word_all_count = 0

id_counts = []
word_id = 0O

with io.open(dict_path, 'r', encoding='utf-8') as f:
for line in f:
word, count = line.split()[0], int(line.split () [1])
word_id += 1
id_counts.append(count)
word_all_count += count

self.word_all_count = word_all_ count

self.corpus_size_ = word_all_count
self.dict_size = len(id_counts)
self.id_counts_ = id_counts

(ayNéafczgc7m)
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(c7miyt éat)

logger.info ("corpus_size:", self.corpus_size_)
self.id_frequencys = [
float (count) / word_all count for count in self.id_

—counts__

]

logger.info("dict_size = " + str(self.dict_size) + " word_
—~all count = " + str(word_all count))

self.random_generator = NumpyRandomInt (1, self.window_size_,
o+ 1)

def get_context_words(self, words, idx):
o
Get the context word list of target word.
words: the words of the current line
idx: Input word index
window_size: window size
o
target_window = self.random_generator ()
start_point = idx - target_window # if (idx - target_
wwindow) > 0 else 0
if start_point < O:
start_point 0
end_point = idx + target_window
targets = words[start_point:idx] + words[idx + l:end_point,,

o+ 1]
return targets

def generate_batch(self, samples):
def local_iter():

np_power = np.power (np.array(self.id_frequencys), 0.75)
id_frequencys_pow = np_power / np_power.sum/()
cs = np.array(id_frequencys_pow) .cumsum ()
result = [[], []]
for sample in samples:
tensor_result = [("input_word", []), ("true_label", |,
=[1), ("neg_label", [1])]

tensor_result[0] [1] .extend(sample[0])

tensor_result[1][1].extend(sample[1l])

neg_array = cs.searchsorted(np.random.sample (self.
—nce_num) )

tensor_result[2] [1] .extend(neg_array)

yield tensor_result
return local_iter

(ayNéafczgc7m)
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(c7miyt éat)

def generate_sample(self, line):

def nce_reader () :

word_ids = [int (w)
for idx, target_id in enumerate (word_ids) :
context_word_ids = self.get_context_words (
idx)
for context_id in context_word_ids:
yield [target_id], [context_id]
return nce_reader

for w in line.split ()]

word_ids,

if name == "
my_data_generator
my_data_generator

—config["nce_num"])

my_data_generator.

my_data_generator.

main

.init (config.config["dict_path"],

= Word2VecReader ()
config.

set_batch (config.config["batch_size"])

run_from_stdin ()

9.2.3 acnéA§erCerTDataset

eLSaznaRfizéeDscezczDe; SediiadDiijNAmT¢NiétNerADatasetcZDe; SaGze YiaRectieaR Ll Siznécl
cat eTreméx=0G4z( | python datasetérzaRUpythonaUGazie£ZeaNdatasetizEciAcZDerCer]

cat train_data/part_912 | python my_data_generator.py

ijaij input_word:size ;
input_word:value ; true_label:value ;

neg_label:size ;

true_label:size ;
neg_label:value

cRE=CscZDe; SaGriyz(eLtaRU#zEqy AdytcL Gat)iijZ

1 112 1 2739 5 6740 451 778 90446 3698

a £9T1DatasethDayAazZeeﬂa:DRazNeaz DatasethDa§zaeIJ naO§gREuJZarEeeIraeloprmtaLrglJ Salﬁ
- datasetcZG3L maR e TreNAalllunbunt udARECent 0Scml &4GAGELinux¢Ofa¢CayNi; £¢ TliijNaITiw

9.2.4 =Trem0aGEad'G

iRfiz88RCeAC2 UGzal ¢ZDxTrem6aGEAd GECIALE 46Nz Tt e TrembijNe|iz8aREECDAd DeREHZN;

mkdir demo_train_data
cp train_data/part_1 demo_train_data/
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9.3 eomczC

eLSiztieb La0§eiscZDeomezCiiztciA:

trainer = X.CPUTrainer ()
trainer.fit (model, loader, epoch=10)

/L eméel RicCiyNi£cTiDat aseteémezCeZDatAcIN, el.SaznazéiyAiyte-
pochiyzi; NiijZ

import paddle

import paddle.fluid as fluid

import paddle.distributed.fleet as fleet
import config

# &1 jAaRfpaddleélZeAAdZ ;eladi iR
paddle.enable_static ()

fleet.init ()

model = X.applications.Word2vec ()

mmrn

need config loader correctly.
mmn

loader = model.load_dataset_from file(train_files_path=[config.
—config["train_files_path"]], dict_path=config.config["dict_path"])

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = True

optimizer = fluid.optimizer.SGD (learning_rate=0.0001)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)
optimizer.minimize (model.loss)

if fleet.is_server():
fleet.init_server ()
fleet.run_server ()
else:
place = paddle.CPUPlace ()
fleet.init_worker ()
exe = paddle.static.Executor (place)
default_startup_program = paddle.static.Program()
default_main_program = paddle.static.Program()
scopel = fluid.Scope/()
with fluid.scope_guard(scopel) :
exe.run (model.startup_progqg)

dataset = paddle.distributed.QueueDataset ()

(ayNéafczgczm)
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(c7miyt éat)

batch_size = config.config["batch_ size"]
thread_num
dataset.init (use_var=model.inputs, pipe_command="python my_data__
—generator.py", batch_size=batch_size, thread_num=thread_num)
dataset.set_filelist ([config.config["train_ files_path"]])

config.config["thread num"]

with fluid.scope_guard(scopel) :
exe.train_from_dataset (model.main_prog, dataset, scopel,
—~debug=False, fetch_list=[model.loss], fetch_info=["loss"], print_
—period=10)

fleet.stop_worker ()

®lJAGRO=0z4E a4y e£rizeciAd £¢TIcZDéEme 62 UGHziiconfig . py

config = dict ()

config["dict_path"] = "thirdparty/test_build_dict"
config["train_files_path"] = "demo_train_data/part_1"
config["batch_size"] = 1000

config["nce_num"] = 5

config["thread _num"] = 12

6AZ2£ Gz e At AcZDizéciAljNamsaRz8a6dcOfword2vectoreladdNcZDad Z¢7£cINaZGaR Sed
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CHAPTER 10

\%
4 /4 \ o

Collective ARNzmée6mczCaddelt

10.1 aRNaxméeomczCcoAazN
éoyad Z¢aTer uealaeYOzeusazgal@azagZDecDé(SlngaRUgZLazOeeZt ad’ ZgZDaeTraelo[ 1]
[2] [3]11JNa,EeeZt ad’ “gZDaeTrzeloeGRaz§aeDRaS§gIAant e'[£gZDeolngeAUacUunjNaeTrzeloazueaNaRN
ARNemeeomezCeAZe£ G Tremba L SALEIjNAFEGacoUatsH; NEGRILAL mARSAA AARmAR SiijL AL E&yC
éZE¢, d iymcZD=iRay AiytworkerayLiijN @RRéY 2Tt 4;Se6ac6UaRAARRAACH; EARCa TreZt 2 U(update
¢ZDe£GeINal Iy d cgmaeladijRaymel L 2L AiyjmaRNiijZ
e dlJiPServeraladi j RayluJNauZaRraLlad Zaylpservers aSN&d’ Zayltrainer—
su]NaerRaylpserveraljZa£IalYayAeClaLEaelaadNaRCeeTrlljNazuet §et’ canewTuazOtrameraRSeAAg

aljZaLiamY iy Adz; a6N2 Tt ¢ZDalaadNiijNazi; £ Tlay AéClALEx Tremce£ZeaNeomezCiijNeDGaROAR
pservere£Z¢INaSNtraineraRaz&al) iymaRN¢ZDeacsUek.CoCziayt iijNaz§aR faz8all[aRNay AaEn¢ Tle

Parameter Parameter
Server 0 Server 1

/AT

Trainer 0 Trainer 1 Trainer 2

o allicollectivealaai jRiymiijNéZEc, d iymaRtamY AlIad Zaytallii;mazscml ¢ZDtrainersaAC
aefRéiyltraineré£ZglNéC; aflamYayAizia6Na Tt ¢ZDaladdNaRCaTraAC

laRSaSNaRIaRSayleerRayl trainer a,£ngeGlausaL§aLE
(shardu]L’ gZDaeTraaloe}JZeaNéfiqgoUuJNa(JUaLrarzazTgZDeecraZ@uJZazNaROtralners
47NEUL éAZe£G allreduce cal’ Collective eAZa£aanza1]R[4J
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ARNzxméeciazedl el A=lJL trainersiijN2IJAARO=R it trainer
4 £¢TIARNzm8aROcZDa¢razecNiiciNaGN2LRARCa TieZt 2 UraAC
Trainer O Trainer 1 Trainer 2
m GPU —— GPU —— GPU
= n 0~n 0~n

AllReduce,/Reduce/BroadCast

gZyaZd aangCeeleeom;zC aRNwleeom;ngZDgZDaljYaL£aIJ1aZOL0ssaRrazezerTe(,Cgl§aoZgZDayN

Nz,

aZaemd allleomezCe Ciyzad laaICgZDaelaadNeeUmu NimszlaadNeomezCet GelNaymesdezR e SezleomezCe
Flectiym PServerzladijRij£cTl gRPC éAZifaiijNCollectivezladijRij£¢TI NCCL2

éAZi£aaAC
ayNaeUGarEcTsayL éCIaLEczDal RiijZ

Y\ A

« #i7Nc7m Fleet ARNzmseomezCiymayycTicZDaGaaytemUcTe 4AAijYANT

. ngaRLayLe;ErayyngalJYaNUuJNgzZanayAaylaIJl 4e1.CcCz 32 V100 éZEgid
e6mczC ResNet50¢ZDed 7i; NizEcaA

Y\ A

o 36NzTt Fleet aRNaxméeomczCARCaTrcmUcTEHzNe7m

10.2 Fleet Collective aRNzmée6mczCaijYaNU

Fleet & TreNAAT GPU (CUDA cULzli >= 7.5)
x1Jmit.adZ16ZEc; d 4yLA6N2LRénYxAgeCiaLEAyCaijResmezCaAC
¢TleLuaR{izeé AZe£G fleet.DistributedStrategy

26 ¢ci6e6vad ZayjOeomezCaeAgeCicmUcTécZyaEsaRCaTraACcZ6aL mFleet
'ziyiéz.EZéZZéRCaeTfaeRlV{%iLZéiEéiyAéiylééCéAZngézYéfid’ éAij'1'ijNngaeLﬁéRfaZéayléOiéfCaeTt’ ﬁACéiEéi@C
ayAaylgoAangZDelNéan i SaL’ ngDé(’ilngglNazRaeYraR@eIJAe@AegQZayAaelealJYaNUaeAgéC i gZDanz

aeere§egIJNGPUgZDe0a90UaLl’nggOGuJNeAZayyng nvidia-smi aS,azd’ee§egIJNaAC
4eCaedIJGPUALY nggOGecCa‘OlleaLZaRreC‘alYaIJ le(,Cad 3cZDiij YaNUcl 76Ut aAC

iyNeUGarEizNc/marze AgeCiaisasme, Cad’ giijNed ¢ 666ScOGziTe; CénY ¢ZDaGaiaytaR CaTriijNerfe
esleDRIiijZ 4;£¢ TINCCL2@ladijRALEaCaijReomezCa UtiijNéJAse AcadiflefRajter.CcCzeomezConl
o ¢ZR21176GGitiyAi7Z e TiembiijNeadiEAL E¢Emil ie; CarSa TremscZDel.CeCzayLaACiijLaOlemk

« alllpythonizéciAqiymiijNaefRiayRECcCzefRijipassiRieomezCaZ7467cZDbatchTiiijNaeCadlle£ 74y
10.2.1 OPédmaRL
arEaefaang i SgZIJ ayleqzazReeL geaNng)ad’ ZalePse£ZeaNedlﬁRLéé 1ad’ §4GRarSOP

erCaZ@gZDaljAeTAuJNaaRRalGeOIQZCeA§aze;aACgZoaL’lFleet
iymeTreNAieCiyN3csmcZDOP edmiRLiijZ
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e fuse_all_optimizer_opsiij ZealeYOx YiaReedmaR L (fuse) &YidReedmaRL
optimizer_opiijNizEafZéCIALE  optimizer  &RfcTliijLSGDaAAAdamaSNMomen-
tumiij2aAC

e fuse_elewise_add_act_ops i'ijZéaieeYéaeYfﬁli@édlﬁlv{f_,(fuse) element-
wise_add_opaSNactivation_opaAC

« fuse_bn_act_opsiijZéaleYOxYiaReedmaRL(fuse) batch_norm_op &SN activa-
tion_opaAC

6AZayya £cTieeZa77cmUcTEéC dijZ4;£2Te d; Sel geaNe£ GelNaeZt 4£7aAC

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.fuse_all_optimizer_ops = True
dist_strategy.fuse_bn_act_ops = True
dist_strategy.fuse_elewise_add_act_ops = True

10.2.2 AllReduceédmaRL

AllReduce edmaRLézYesd aeCEaE;ayNalJZarEaRNayAlay-
eraylaRCzeTrgZDaecraZ@gZDad’ ZaylAllReducea:‘:Sla. IJ aRLé’lil’izeLRayAaylaAC

eSmi;jlJ aACe£ZasauaRrazeaGRarSeecréi@aRNee.eanugZDeAZa£quUasUﬁaAC

emd’ ad’ U11]Nayza3TraeNAeeZt’ ad’ ggsSazegZDaRCaeTreeéféZ@édlaRLuJ NFleet
@RRi; Za7EizsayNayd ay16 AL éaziijNe TleLaaRfazeal T eomezCeiNazRe£R eaNAL malJ [ DistributedStrategyi
* fuse_grad_size_in_MB: aeNG%ZeerRaylAllReducezeSl'&i; I¢ZDxétazemUet.CaTiiijNaeCeréaR
aLZaerReenaAllReduceéngTléiij ée(, S16MB gZDeeéfﬁi@aAC
éféaRCaaTrgZDngelNaAlj ayzaeAzeAZaf.aeGRgZDalAaLEaZNayAaAC

e fuse_grad_size_in_TFLOPS: &NGasZefRaenaAllRe-
ducexSmi;IIcZD=IJAad 33$Ca TriijNamsalie, ; eréasCaTrarse£ZeaNAlIReducedACaeCeféaRCa Ticm
AL.Z2ITAAd Z2fR503$CAAZiy Aziia fused AllReducedAC

v oz

esleDRiijZ AllReduceedmiRLcZL miymae TreNAsparseiRCaTiectazeaAC

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.fuse_grad_size_in_MB=16
dist_strategy.fuse_grad_size_in_TFLOPS=50
dist_strategy.fuse_all_reduce_ops=True

10.2.3 aLEasC AllReduce

AllReduceeAZaflazaeILgOGa‘ Oiij NeGGngHlerarchlcal AllRe-
duceaRrazegljSegce£ZayAeU6ééYaAC 3L EasCAllReduce e£ReaNaeCiyjNazZ; el Acd 7iijZ
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2R an

o

S

Intra Ring over PCIE/NVLink Inter Ring over GPU Direct RDMA Broadcast over PCIE/NVLink

N
2

2|

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.use_hierarchical_allreduce = True
dist_strategy.hierarchical_allreduce_inter_nranks = 8

10.2.4 aj£cTiaRNzeméAllreduce

Fleet 4;£cTIad’ Ze£ZcIN+NCCL21asijRiijLcollectiveiijL 428200, UeZt 48;cZDx AgeC;aAC
allad Ze£7¢INalaiijRayNiijNefRaR e[ JmakaaZlcZDxfRiyIGPUAmaéC;iijZarza7 TAR AL Iy AdyteomezCes
6ZE¢;d iymcZDal A=JL e£ZcIN#zNEUY #ijZ478cZyéAZi£aa6NzLReomczCaACizé emd 2 UzaijR2IJAAD §

dist_strategy.sync_nccl_allreduce=True

10.2.5 e6¢cj0aRLéACcZDnccléAZacaaZi=TréGR

nccléAZ:i£aaZ12TiéGR necl_comm_num aR74z83E35£AGPUEZNEUL ¢ZDEAZi£a2TLcOGiijNazZZe665m

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.nccl_comm _num = 2

v V4

10.2.6 €0¢,cj0aRLéACcZDCPUczEciNaTF

PaddlePaddle Fluidi;£¢TIaAIIcz£cIN2§3aAT [5] @laddNeiCazedziizel 32aNOpiijNOpalJIARFAEIG-
PUebac6UazNaLmiijN éAZayyélJAee ACPUCZDAmRALIiijN¢Diie ANaeCadllOpallieznamic Tle Utid Ut a; L
a—:azae.oazeabAgZDngelNuJNafiéiiOCPUazzaLallenum threads=2 *
dev_count aaUuaeAgeC;ecCae‘11]NarzazOGPUazzaLauJNnum threads=4 * dev_count

v\

eUdeA geCie; Cag; aACze§la3DR11J Zgz£glNzesaaylaEYreuLad getbac; aAC

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.thread_num = 3
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10.2.7 ®RRénYc¢;SczldcZDaRdaRR

ad’ ZeLCngeo.ngeeng‘ ngIJ gZDay@ao i ayyayyeeLRayzeo.nggZDgSuecLaACaeLSaznaIJ laodas;Nay
socket gZDeAZa£aanzaljRarEaeLRayié()’lngeA§ﬁi@§ZDgSﬁécLujN
a ,£ad’ZeLC(;Cié()'I(;zCanaaegTaEEaLEaLl’(;Tl FLeet aeuuaRL(;soazeeoa‘ganyeaeIe(;ZDeA§azgaeRRal
alJ laeLSaznaodaagNayla i £<;Tl 100Gb Ci SalaCuJNRDMAUJ aSN

InfiniB and[8] aeIeaeRRang iSczlJayead;iijNa; £¢; ngIJ iij aecSayla1JZzeLRayzeoagoUeA§azchDgSliécL
aIJ laleagNéfSlngaL’ lujNeIJAe@A‘zflcgqoeocg‘ oazeayN NCCL

0, ,0wv

Env Name Description

NCCL_SOCKET_IFNAME The RDMA device, e.g. eth2
NCCL_P2P_DISABLE Set to 1 to disable P2P transfer between GPUs
NCCL_IB_DISABLE Set to 1 to disable using RDMA
NCCL_IB_CUDA_SUPPORT | Set to 1 to enable GPU Direct if supported
NCCL_DEBUG Set debug level: VERSION, WARN, INFO

10.2.8 é¢DAELALEéEmelisad’§cZDaY ¢ amY

eAZe;E(V}géracCaRYeGR FLAGS_fraction_of_gpu_ memory_to _use=0.7
eobg,oecDaELaLEeEngDaeY(,alYalaeerTaAC ¢T$i20CUD-

A30§cT§cZDxY ( imY AL E¢EmcuMallocaSNéGEae T cuFrecaeSmi;JaiGa Y AR Nem 2 Smii; 1iijNéiday e AUa
6AZe£G 26(¢;6 FLAGS_fraction_of_gpu_memory_to_use LRayAdyte; Cad gcZDAAijiijNaiTagC0.7iijN4R
0.7 @Y1eNG 70%c¢ZD=Y ; imY iijZé cDAELAL E¢EmaACes, ¢;6cZDeNCAZt @ Y10.0~1.03AC

os.environ['FLAGS_fraction_of_gpu_memory_to_use'] = "0.98"

10.2.9 éZmi;Oscope dropééScOGaSNfetchééScOG

aGRAIS scope dropaSNfetchechOGuJNaRrazeaGRarS ¢SczA¢ZDARYEGRAEEamY ¢ TsertiaA AéGLeT
i70eAN2RR:mGxA3eCiaAC

# @rR 30 batch &ZNAROayECREA&VA@riadyt’ eUldRYEGR
dist_strategy = fleet.DistributedStrategy ()
dist_strategy.BuildStrategy = {'num_iteration_per_drop_scope': 30}

# é7md;OfetchécScOGiijNerR 30 batch fetch djAzriaéémczCes SAG2
for pass_id in xrange (PASS_NUM) :

batch_id = 0

while True:

if batch_id % 30 == 0:

fetched = exe.run(fetch_list)
else:

exe.run([])
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10.2.10 aédad’gbatch_size

aLanCaljRaRNeEIéé(’)lnguJ NeuleLCgCZéAZa£aaeLUad’ 72l UarS anay@aeIeaeAgeC ia ] saSluJ Nacda
aRfiz&i£1eNASAZ:i£92ijASTA 1 ymaRY cZDxCEAEyNiijNac¢dad geoaganRdaRRazOeANeZla 1O6AZiifa3

10.2.11 a;£c¢Ti DALI reader
& Trem6eizaRUcZDiij Y ANUAIIGPUsmezCayme GsaEséCmee AiijNard’ AEGal) i yme Umacdak dbatch_siz
aReCielRiayzeomezCEA§azecZDcSTECLAAC  Fleet #ymaRfdaz&dj£¢T] Nvidia DALI6
ajlJayzeTremGloader. 4£¢TIDALI¢ZDiijYcCzelILiijZ
o 4j£cTIGPUaSN2LRECIALEx Trem6é¢Dad DeREIjNAEAEA § TremoeizaRUe£ GeINiijNAGRAFS
CPU &t §2NEGAC
« DALI RR:i; Zé¢DaRUEY §aL Uiijiperfetch queueiijL 4£.§2C;iijNe6l @ Trem6é¢Dad DeREASNeladdNg

import fleetx as X

model = X.applications.Resnet50 ()

loader = model.load_imagenet_from_file("/pathto/imagenet/train.txt",
— use_dali=True)

10.2.12 aj£cTiseetiiaRLcs¢ azeedmczC

V100 GPUzef{lv{abZazE Tensor Core aRf4z3A1J lzeuuaRLgsc azeeoagoU
all7eZiedAsd 3¢ZDzRRmGeAgeCiaACiH; £§TlaeuuaRLgsc azeeoqgoUgZD i; NamRaRf#z83RCeAC2 UGaa
¢ <https://todo/>*__

v o,

¢Z83L lPaddleaRlaeRRaCZaIJ layd’ aylaalaadNnJLResNet BERTuJL’ gZDzeﬁﬁé’lRLgs(,azeeoaganongraz
loss scalingiij NaEdizUeladdNa ‘£9leeuuaRLgs¢,az<;az§ aRrazeaRCeACazeangZDaongraoNzeLRelNerAaz

10.3 ResNet50&6mczCed’zi¢ N

i TéIN4ijAagNAL mel SiziiatsczRAINIGPU éZE¢; d iymeRRALmMEEmC 658 RDMA 4SN
InfiniBandiijNAGRarS¢;SczIJéAZ4£acZDcStié¢LiijNéEme; 6¢zEek.CASNAERA; S¢atidzlicZyaEsiijNaRfiz8aR C
x] <https://community.mellanox.com/s/article/what-is-rdma-x>‘__

10.3.1 €6¢.¢ij6 AllIReduceédmaRLcml’aRCaTF

®céfazeedmaRLiyjmcZD 16 aSN 50 =Y el SizieizembeGleziic; SczllcaniziaSNResNet50
eomezCerTéNs; UaGr¢ZDezRéINAAjiT N Tz LR iz 217 em6e GleZicaniziaSNeladdNe £ ZeaNerCa Tt 4/
0.7 Y fiyzi7EczZ DALI loader ®RRALmECDCTZ Y (imY ¢l 26Ur GAC
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import os

os.environ['FLAGS_fuse_parameter_memory_size'] = "16"
os.environ['FLAGS_fuse_parameter_groups_size'] = "50"
os.environ['FLAGS_fraction_of_gpu_memory_to_use'] = "0.7"

10.3.2 auzakasgietl

import os

import fleetx as X

import paddle

import paddle.fluid as fluid

import paddle.distributed.fleet .base.role_maker as role_maker
import time

import paddle.distributed.fleet as fleet

10.3.3 a6Zazl’alLEayCaijReeiaaijRaziialiagNaNUaiaadNaSNreader

e£76GNzlSiziiid £¢TIDALI reader 4GRaFSCPU @ Trembad DeREet § e NEASNx TiembeizaRUcSiéCLA.

paddle.enable_static ()
configs = X.parse_train_configs ()
fleet.init (is_collective=True)

model = X.applications.Resnet50 ()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/test/loader/small_imagenet.
—yaml',
local_path="'./data"')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—size)

v

10.3.4 aoZazlaLEayCaijRcZyaEscmUcTe

e£76GNel SiziidijZaijAaRfayEe UGHymeRRALIcZDaRDéazeomezCiiij Y ANUcmUc T¢iijNaeCiijZe Giak.
edmaRLcmLaAC

dist_strategy = fleet.DistributedStrategy ()

# distributed strategy
dist_strategy.sync_nccl_allreduce = True
dist_strategy.nccl_comm num = 2
dist_strategy.fuse_all_reduce_ops = True

(dyNéatezgczm)
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(czmiyt éat)

# build strategy
build_strategy = fluid.BuildStrategy ()
build_strategy.enable_sequential_execution = True
build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
build_strategy.enable_auto_fusion = True
build_strategy.fuse_all_optimizer_ops = True
dist_strategy.build_strategy = build_strategy
# execute strategy
execution_strategy = fluid.ExecutionStrategy ()
execution_strategy.num_threads = 3
execution_strategy.num_iteration_per_drop_scope = 100
execution_strategy.num_iteration_per_run = 1
dist_strategy.execution_strategy = execution_strategy
# amp
dist_strategy.amp = True
dist_strategy.amp_configs = {

"init_loss_scaling": 128,

"decr_every_n_nan_or_inf": 2,

"incr_every_n_steps": 1000,

"incr_ratio": 2.0,

"use_dynamic_loss_scaling": True,

"decr_ratio": 0.5,

"custom_white_list": [],

"custom_black_list": T[],
}
dist_strategy.save_to_prototxt ("dist_strategy.prototxt™)
10.3.5 aijAagNeomczC
optimizer = fluid.optimizer.Momentum(learning_rate=0.01, momentum=0.
=9)
optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)

optimizer.minimize (model.loss)

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
=0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):
start_time = time.time ()

(dyNéatczgczm)
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(czmidyt Eaf)
cost_val = exe.run (model.main_prog,
feed=data,
fetch_list=[model.loss.name])
end_time = time.time ()
print (
"worker_index: %d, step%d cost = %f, speed: S1"

[)

% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time - start_time)))

10.3.6 Fleetrun ayAéToaRraLi
"xx.xx.xx.xx4A1 el & Y147 Zijtel. CcCzipsiijNafRayRECcC7 8 4iji GPUamaiijN 4ES 32
GPU aziieaNeomezCaAC

fleetrun ——-ips="xx.xxX.XX.XX, VV.YY.Yy.Vy, aa.aa.aa.aa, bb.bb.bb.bb"
—--gpus=0,1,2,3,4,5,6,7 example_collective.py

worker_ index: step0 cost =
stepl cost =
step2 cost =
step3 cost =
step4 cost =
stepb cost =
stepb cost =
step7 cost =
step8 cost =
step9 cost =

.147776, speed: 34.481360

.151375, speed: 408.405991
.025396, speed: 509.624355
.501647, speed: 533.641315
.759287, speed: 520.999193
.266363, speed: 536.729215
.243353, speed: 522.510241
.923586, speed: 519.478763
.607512, speed: 534.919526
.111218, speed: 508.371600

~

worker_ index:

~

worker_ index:

~

worker index:

~

worker_index:
worker index:

~

worker_index:

~

worker index:

~

worker index:

~

QO OO D DD DD DD DO O O
~

~

FH FH R FHR R H FHR W R H
NN S O YOy O NN N

worker index:
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10.4 Fleet eomczCcmlUcTé

10.4.1 DistributedStrategy

Dist | c§z8abkYeadbaATL

ribut-

ed-

Strat-

egy =4 N 7 0 N7

auto | bool| False eGtatl aNUzaEadiaRCaTi4ijYaNU

a_syng bool| True| ®NGed'Z ®YfaRei£¢Tl4ijCemESGD e£7eaNaRC

&TieZt 2UtiijNazEAIIPS erveraaiaéij RéyIQT§aETL

sync | bool| True| @NGed ze Y7 aR@aIJlaerRay{eAZa£qu£ glNaylayla,£ngaRNzele
_nccl_lallreduce allre ducenJNazEaIJICOIIe ctlveaelaauRaylgT§zeTL
iijN6AZayyalia £¢TIARN eméallreduceaRO¢sz
¢2§¢ZDaijAéTAHijZ67mi; O

nccl_comm_|jnlim nccléAZé£aﬁleeTféGR. nccléAZé£aﬁleeTféGR nccl_comm_num

dRfiz84L38£AGPUEZN 6Ut ¢ZDéAZi£axTLOGHijN
8772003MT1J786,¢(84y7 1iijNAd’ Zael1 786, ¢ 64y 22

aACeSLarzCPngaSglNaeIr num_threads iijNazze66amT2ll7e6,¢i6
4y21iijNad Zel) 7286, ¢;64y7 nccl_comm_num +1

use_hietwol | False aLEgzgaljRallred uceuJNé’le'eiiOad’ZeeIJzaelq
hi- a1JR11JNeSLarzarRaeTra3lo eGRgZDeAZa£a11JNng AllReduc
cal_allreduce eeAZa:.EaaeTLgOGa i 011J NéGG ¢TiHierarchical AllReduceaRf

o024

azeegcaE§éreeU0écYaAC

hiera | int | 1 alJl aLEgzgé’linallreduc eiijNd;OasCe¢zggroups  aymcZD r
rchi- anke TraACiyAeLiicml 570 amTay1GPULCcCZziymeZD GPU=TY

cal_allredu
ce_inter_nranks

sync_babolol ndiaisg ealed’ 7 YiiRed £ ¢TIARNzmécZDz= zemcal.Z
aNUiijNamsallleomezCé Y w616 AZ£GAd Ziytes 4’ G
ARN2meaiGaAijaSN2Uz4n6 aAC4;SALmcZDasdcOriym
& TreNAFP1626mczCaSNC PUaACAziiayTeZoaL m*
dzE@TieNA*izEa11 4y AaRFelJZaZ1ajEe£Z2aN
ARNzméaijRzeL zemcal.ZaAC

fuse | bool| True ezYé(’Sd’aeCEaE;ayNaijZ afEARNiyAlayeriymaRC

_all_reduce_lops ee"[rgZDaecrazggZDAllR educeaSmi;[JaRLAzG=LR

ayAayhuNzerTa@CarzazO fluid. layers fc dymel]l.  WeightaSNBi-
asiyd’  aytARCaTriijNaL SaijAeré  6ALéazizNaRQiijNaO§=1Ii
élJAeeAijd iigAllRed ucexSmi;IJiijNcOralJaRt ¢TliyAxiiaAllRe-
duce =Smi;[JAAC

int | 32 | @fRiytAllReduceeSm ijlJcZDaxiiazcimUet.CaTr

fuse_

grad_size_in_ MB

fuse_gradt | 20 | ®NG aoZaerRaenaAllReduc e SmijIJ¢ZD=IJAAd 3asCaTr

_size_in_TFLOPS 11]Nal§aLrebbereasCaeTr arse£ZeaNAllReduce

cudnn]| dool | True ealgd’zeeYr aRed£cTlcl Gy @RIIct ¢ anzze{[zeieeAL’ ®NI' aluggr
10%S- Fleet eﬁlgzééi@g?gACﬂJ lcuDNNayl elJl ayd’gglaERIJ ct’ czeUzae§Ig

tive_sgarch ifjNaR7aRSaijReRIJct ¢aSN gl’uaybaeRIJ ct’ caACgl uayy,

®RIJct ¢afiefTel AzlJL cu DNNc¢6UasTaz86AL NI'3Ed
somelTASERcZDed e T AC cmd’ 2(T7ecTéidavva AlTel1#
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10.4.2 BuildStrategy

Build- | ¢$z8088YeGdZAGL

Strat-

egy

en- bool| Falsd deCedl]  26;¢i6iyzTrueiijNaLZ  c6UamR¢ZDaL geaNéaZzazR

able_sequ¢ aFEa§Oc6UamR 67471 ¢ZD 2L 32aNéaza7RcZyaRNaAC

ntial_execption

fuse_elew| bool | Falsa aleYO = YiiReedmaRL(fuse) elementwise_add _opaSNactivation

ise_add_act_ops _opaACe£ZiijZi;£eTt ;S @l geaNe£GelNzZt 4£7aAC

fuse_bn_actbopl False ealeYO =YraReedmaRL(fuse) batch_norm_op aSN activation
_opaACe£ZiijZi;£2Tt4;S @l geaNe£GelNzZt 4£7aAC

fuse_relu | bool| False e¢aleYO 2 YaReedmiRL(fuse) reludSN  depthwise_conv

_depth- 2diijNeLC¢IJAGPUAEE mY aztiaRreCiaLaéA§zl geaN

wise_cony e£GcINGACemd AL éazizE ¢ACCTIHZOGPURS; 4d GAAC

fus bool | Falsg ealaYO & YaReedmaRL(fuse) broadcast opsaAC

e_broadcast_ops ef8¢AL éazeNGalliReduc eeladijRayNalIL @ TLiijNi £
¢IN&zRe£ReaNxZt a£iaAC

fuse_al | bool| False ealeYO ®YaReedmaRL(fuse) ®YidReedmaRL op-

1_optimizer_ops timiz er_opiijNizEarzéCIALE optimizer aRecTI
iijLSGDaAAAdamaSNM omentumiijLiijNaRF4;£
¢INd7Re£ReaN=Zt a£idAC

en- bool | False ealeYO=Yf 4ReOpcZDe;SaGzad meTIO

able_inplace pe; SaBecZD=Y ; amY ¢l 26Ut 1ijNiij YaNUae Y amY amicTi

ena bool | True| AIJIARMARSzSmii;1J 4SNARCeTieZt 2 UfeSmil)

ble_backward_op 4zNeUt ezab a4 1etUiijN afierAdl el AelJL ¢ZDARm

timizer_op_deps aRSaxSmi;1J6C;e£ReaNczS ®[§izNARO=L maijAagNe£R
2aNaRCeTieZt 2 UteSmiil). &0 adZimaeomczCaUliijNaL S
aijAeré6 AL éazaRieCiiijZ ®RRamGeomezCéA§a7eaAC

bool| False unkown

cache

run-

time_context
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10.4.3 ExecutionStrategy

Ex c$28dBEY e GbZAL
ecu-
tion-
Strat-
egy

num_threads | 1 ealed’ za,SaL’ Executor gZDgz;EglNeesa(thread pool)gZDad’géfR
mld’gz£ glNeesaaRrngaeIéé’liﬁéRS el geaNprogramayngD op-
eratoruJLganlR 11JNe£RgoU11JIjﬁACa@CaedIJ num_threads=1

iijNal.ZeL AelJL ¢ZDoperatordfE4yA  #yteOgiyAaytalliel geaN

iijNi; EAl) [:ijmaRN¢ZDpro graméGmad' maST21T§(it era-
tions)dymeL 3eaN éaz47RaR7eC4iymaRNaAC

num_iteration] 10 | ef86AL éazeal cd' 28Ut 62Tad ZarSetiactm

_per_drop_scope | #z¢izNaRO=yECRE#jAziia 4y 2 UGaRY 6GRaACelaadN
e£RegNe£GelNaymiijNeT§ eLR¢ZDiyméUt iyt 2 UGaRY
éGRarEecna T Al flocal execution scopeayllijNayzazE
éALAEmArZayt 2 UGARY6GR 66S¢zA¢ZD¢ Tty OSGL
&T;1ijNéAZayyarEaEies;, ayze; Cad gcZDaAijiijLafT

ﬁgélan’Lt’jéAElomijL’aAé

num_it| int | 3 aoCeElg‘oazEa‘SngaeLu aIleythoneDZaeIJnayl erC¢Tipe. run()eeUu
era- el géaNaZlaljZaeE géqNgZD etmizéaeiiae TraACExecu
tion_per_run torzerRzenaengTlujNauZ e£ZeQNnum iterat ion _per_ runenaeom
nganaoCauZa,;EzeTt ;S el géaNeJiGglNeeZt 4£naAC

use bool | False &;Sd;£c¢TI PServer zelaaljRanuayz True
_thread barrier
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CHAPTER 11

11.1 ¢6AazN

a4 ‘;Eg:leeTrael(’SazueaNaLanCéijRé6lnggZDaRNeeUﬁ
aeLSazne£YaRrazea1JIaEeeGlaLlaeuuaRLgsbazc(Auto Mixed Precision)

xlse£ZiyjAemeRRimGeomczCcZDEA§ATe.
ayzetAcZDcdezRe; SczllaeladdNEAZAy v £cTIamT ey aze single-precision
(FP32) xTieméeiijiijReicimYaClxladdNARC2TraA AeL£ZeaNeomczCaSNécDatN.
allayEegicOreL.Caymij£cTiambc8 % half-precision (FP16)®idizéeZ£imTcs;dze.
aRfaz8ayeridiz8ayNagad’ D:
1. aGR&ISa7ZGPU  memory  ¢ZDéAzSC:  GPU =Y imYiymiRY 2CEAELijN,
&TreNAzZt id’ g2laddN / batch size
2. é7mi; Oz Y imYefzaEZaUticZDayeas;aONaLZ
3. aL3¢A§GPU ®Tramee£Rc6UEA§a7e (6JAeAGPU &TieNA[1])
4. GPUi4yk FP16 ARAARR=YFFP32 ¢ZD 2 - 8 4Am[2]

Paddle @ TreNAGIaEletiaRLcs; 47e26acsU, 426a6dcOFZE
eGrarliczt’«td’ FP32 aAAAFP16aRCa&TYAL’ FelJdn, Dynamic
loss scaling, opezSgZ , aRlalI glL glﬁgTeeeieeA;EaEl azZa FP16
abieAASNCAZY e(JCarReANaycaeIegZDmlaadNaeIJAgngsc azceel§ad §aAC Fleet
] A aszaddleeAZnggZDaLanCéij ReomczCAPIeRRE, Zi7Ec6AimTae Y S¢TicZD2OgaRE,
¢Tlel64RIETASe AxtzaE 343G aeaNEzECHA AFSARFATERGHAEIe08aR ¢y aZeaz TeTIALIA0§2 L ¢ZDALE4YCa

ayNeeUGarEeAZe:,EGayAaylg:oAalTacNalRazNgzla@Ca@Ca ,TeAZe£G
FleetaranngreeuuaRLgsb aZ@gZDaLanCalj ReOIQZC dRead’ ngZanaeLSazna, £ng
Fleet e£ZaNaRNxeméeomczCakaéA§cZDasdeitaAC
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11.1.1 &fTéiNaeTLaedlJ

¢Ora¢C: 4 =177 325ma V100-32GB

imagenet amTamq batch size | 6A§aZe img/s | top1

“VGG16-FP32 | O 4133 55.4%
“VGG16-AMP | > 7238 54.6%
imagenet amTamg batch size | 6A§aZe img/s | top1

‘Resnet50-FP32 128 8410 76.3%
‘Resnet50-AMP 128 25591 76.0%
‘Resnet50-FP32 256 OOM OOM
‘Resnet50-AMP 256 29440 76.0%

11.2 AMP acnéAs§aijAagN

e£76GNiEzEAINAmT 2 1] 78d Zamaiiyt 26mczCResent50 4§7c6AsmTi; NamRizNczmFleet ijm
AMP¢ZD¢TlasT.

11.2.1 eGlakizutaRLlcsazeaO§cRE

FP32 aRCaTralreldnaRtazt 2 Uf

) F
float2half Weights FWD 2% Activations

F16 <28 \weights
Activation Grad BWD-Actv F16 €
Je—Activation Grad
Weight Grad  Fi16 <£G—Act\vat'\ons
e BWD-Weight | 15 "
<«<—Activation Grad

2

F

Master-Weights (F32) 2 Weight Update B Updated Master-Weights

deCiybaz; @l Acd’z, AJIAMP  dym, ®[addNaRC&TF  weight :
AU maRSHyméUt ¢ZD¢zSedJact ivation, iRmARS¢ZDgradient éC;iz&FP16
4¢aijRamYACI, ¢Tsemd dRFiz8AGRATS elaadNamic TicZDa2 Y amY ¢l 26 Ut iijNAR N2 Utie RRé1 Y 26a¢5UaS N
PaddlexgEediiijZiyzeiRijAijtwe i ght ¢zt ebd 4y AayIFP323L felli,

¢Tla704RCa TraZt 2 UK.
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o4 FP16 Representable range
32
1% Become zero in FP16 FP16 denorlms
8
4
2
1
12
V4
U8
/16
1/32
1/64
1128
1256
1/512

0 -75-60-45-40 -38-36-34-32-30 -28-26-24-22-20-18-16-14 -12-10-8 6 -4 -2 0 2 4 6 B 10 1214 16

Loss scaling

Percentage of all activation gradient values

log;(magnitude)

deCiybaz; 2L Acd 7, a6deZEaeCEaE;aylaelaadNééSlngayngDae§RazZaRYeGR
wefTdeCgrad (¢LzilaeYf activation ¢ZD grad), aRfeC;iijZaZaarRaz0
FP16¢ZD¢3; d7¢4;0eANaRY 2LRO;
iR¢iy A= Uze1CANIFP16 ¢ZDealed 2eNCAZt ¢ZDiymelIL 4, Lad g¢ZDiy A¢CIALE(202 1AM 3aAija;

\Nz20

amt’ e8Il eénal.l ¢ TIALY.

afzgradient AAZayAayteTrd;ScZDaT ad'g,  Cjad §=Zt AEEALECZDALI ¢TIFP16
¢ZDealcd 7eNCazr .

Fleet AMP  #ijZal) iaRlaRSaijAagNaEléifi loss &£Z&aN  up  scaling,
aztal el geaNazza,Iaeéféii@gZyaEgeSla‘U (e.g. gradient-clip, update) #ZNaL'mifZz gre-
dient £Z&aN down scaling e Acad' maO§ziécZDAad gaiR.

scaling factor gZDeocg‘oaeYr Lossmg scaling ¢ZDaEséT6, Fleet AMP &RRi;Z
Dynamlc loss scaling iijLézYe6d’iijL 4SN Constant loss scaling dyd coms-
caling cmUCTé:

* Constant loss scaling: &6;¢j6 use_dynamic_loss_scaling = False aSN
init_loss_scaling (float)

* Dynamic  loss  scaling: scaling  ayméigayt gZIV)éIOJ(’SééYzerﬁ; Sscaling

up aymetsaUd, armiijZelIL 6CIaLEe CaiRaRY éGRiijZecnealed 2 LR

0 ANzm§ad sci; aze; 4jSscaling up efGazeaUd,

ARYEGReGEEGFP162alcd 7eNCaZt aG7cOF nan or inf,

aRNziiéAiel Rcs; aZcem§ad’s. emd cmUcTEGGeTIeGakl gradient
dAijecAxtNcZD2Uz3ijR:

— ajSefd¢zmincr_every_n_steps (int) dytbatch aymel’ Azl QZD—

gradient éCjalJIFP16 ¢ZDealed 7eNCaZY, arEscaling factor

4¢ddd’gincr_ratio (float) dAm;

— ajSellL¢Lfd¢zmdecr_every_n_nan_or_inf (int) dyibatch dymgradient
€GNaGz¢Or nan / infeUd, scaling factor ¢ijl'aiR decr_ratio (float)dAm.

— ayEe£raZZaytaRCaTiFleet ®RRi; ZeZDézY e6d dAijaRfizéezadlscziad 36 CIALEse AzsC,
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¢TieligAZayyiymelIAeAifseTz.
4eCiayNaZ; 2L A¢d’741J1 Dynamic loss scaling iymiijNzaEedialllefRayAdyt iteration
éC;iijZa; 1=m64; SAL m gradients & YfARedGZ¢OF nan or inf e£Y&IJL ¢TlelLies;¢;6¢ZD Dy-
namic loss scaling ARCeTrelédtle AAFC2Tt loss scaling factor ¢ZDAad’ g4iRiijNarEgradient
aF;6GRi£12NAAII FP16 ¢ZDealcd’ 7eNCAZt 472NAEEAAC
67,108,864

33,554,432
- 16,777,216

8,388,608

gty E L B3 |
4,194,304 I_I I_I
2,097,152 I ”-l I " I

1,048,576
524,288

e

Loss sca

JeE

Iteration

OP é2S¢Z;aRmamT

xlaadNiyjmcZDe§Ri47Z0peration (OP) aR7eC;arz¢s azee; Ciyze TR=DS,
ay747EcaGifIAMP  dymcs;dzeeUiem§, ARFA7Z8EAZEGOP ézScy | ARmAmTAZaElE;SOP
eSmij1J¢ZD¢s;azeaAZeNGasZ.
o ¢Z;ARmmT: OP «Smi;IJAIIIFP16¢%;azeiayNe£ZeaN, input: &eCaedlijmeYiFP16
dijZecnéeUAELcast ®LRFP16aROAEme; SAEEOP. output: FP16
o ézSARmAMT: OP =SmiIJAIJIFP32¢s; a7eiyjNesZeaN, input: &eCadlJiymeYiFP32
aijZecnégUaELcast @ LRFP32aROaEme; SAEEOP. output: FP32
o cAHRmNT: =LAzl iymalliézSelUcZ;iRmimTéGNcZDOP. #7E4;SOP =L AzllL
inputs éCj2 Yt FP16¢3; azexUl, 2Smi; 1T milJIFP16¢3,; a7eiyNe£ZeaN, aReciA478FP
328£7eaN. input / output: ASNAO§agNe; SaESiymcZDaIJAéRY ¢¥;aZecZyaRN
Fleet at3¢zRé¢De6 izEayAdyteCiad §eeEcZUcziad 3ad’ Za TeladdNOPs¢ZDézS¢Z ARmamT,
6AZayyeCEAEayNcTIzLiaziaymélJAceAiL62T7, 4jEe Y iaeCadllizzak.adrzcs; aze ] ¢l ze6h.eeAzsC,

eLUeAEayN2l)Z2UracdeGlagZazl OP, ¢TleltidRrz86AZ2£G
paddle.distributed.fleet.DistributedStrategy.amp_configs aymcZD
custom_white_list &SN custom_ black_list &£Z&aNeNG&asZ. aRNazYT,
¢Tlelte£YaRH786AZ2£Gcust om_black_varnames, ®[¢aEii4;SeNGasZPaddle

program 2§RayAiyt varitEéazi;£cTIFP32¢s; dze.

eLSaz1arEal e UGaelicZD appendixdym e£74y AcmSizNem Fleet
¢ZDé7S¢7;aARmimTed; ¢;6AREAEIA;SaSmaAC

11.2.2 aijAagNeomczC

®0zakaagietl
éeUSELel SizneeAdrijabsa, 2tUaSN&6ZazL laddNaSN data loader,

e£7:4y AemsaSNFleet 4yNaEGazUizzaEad§zelInajAeGt .
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import os

import fleetx as X

import paddle

import paddle.fluid as fluid

import paddle.distributed.fleet.base.role maker as role_ maker
import time

import paddle.distributed.fleet as fleet

aoZazlaLEayCaijRaeiaaijRaziualiagNaN(

paddle.enable_static()
configs = X.parse_train_configs ()
fleet.init (is_collective=True)

akaejjeiagadNaRLaTremd

model = X.applications.Resnet50 ()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/test/loader/small_imagenet.
—yaml',
local_path="'./data')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—size)

aoZazl’aLEayCaijRaRLAMP cZyaEscmUcTé

deCijteUGzRRe£E, ¢Tlel04RAZEEAL &Nl 86;c;6  Loss scaling &SN
OPézScZ; ARmamTcml ¢ZDaRCeTr.

dRead’ U Fleet &FEAMP 46dcOriyz meta optimizer, ¢TlelaélJAeeA=eNGAGZAE¢ZD
inner-optimizer. Fleet AMPa&TieNAzL AzlJLC paddle optimziers aSN FLeet meta ot-
pimizers &;1JdyZaEd inner-optimizer.

dist_strategy.amp = True
dist_strategy.amp_configs = {
"init_loss_scaling": 32768,

"decr_every_n_nan_or_inf": 2,
"incr_every_n_steps": 1000,
"incr_ratio": 2.0,
"use_dynamic_loss_scaling": True,
"decr_ratio": 0.5,
"custom_white_list": [],
"custom_black_list": T[],

(ayNéafczgc7m)

s
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(czmiyt éat)
}
optimizer = fluid.optimizer.Momentum(learning_ rate=0.01, momentum=0.
—9)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)

optimizer.minimize (model.loss)

aijAagNeomczC

&£7:4yA6CIALEASNFleet iymaBiizUazzaEad§7eIicZyaRN:

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
=0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):

start_time = time.time ()
cost_val = exe.run (model.main_prog,
feed=data,

fetch_list=[model.loss.name])

end_time = time.time ()
print (
"worker_index: %d, step?d cost = $f, speed: SI"
% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time — start_time)))

11.2.3 é£ReaNeomczCeDZaldn

4y AeaNARFALIamT=l)7ad Z3mail EayCaijReomezCiijZ

fleetrun -—-gpus 0,1,2,3,4,5,6,7 ——log_dir log example_amp.py
worker index: step0 cost =
, stepl cost =
step? cost
step3 cost =
step4 cost
stepb cost =
stepb6 cost =

.895311, speed: 12.192901

.964077, speed: 412.116618
.049311, speed: 433.850506
.006689, speed: 358.400410
.000206, speed: 398.210745
.088611, speed: 462.322357
.022367, speed: 425.185013

~

worker_ index:
worker index:

~

worker_ index:
worker index:

~

worker_ index:

~

SO O D OO O O O
~

~

HH R H FHR R H H
NN NN NN NN Oy O

worker index:

s
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11.2.4 Fleet é2S¢Z;aRmanTe6¢,cjo

iyLeUGc6AeeA#zNcmi7EFleet  #ymézScZiiRmamTcZD  API  =O8R¢ijN
iyN2UGaIEe£Z:iy A xmdizNczm Fleet iyjmézScZ; ARmmT¢ZDasdcOraSNaReCafzeomezCé Adel RA;SaSmaA
¢Z33Lm Fleet ijm AMP ¢ZDézYe6d é2S¢Z; iRmimTaeCayNiijN aEdazUeNALUAGZZD op
6C;25da20¢ ATARmAmTiijZ

white_list = {
'conv2d',
'matmul’,
'mul',
}
black_list = {
'exp',
'square’',
"log',
'mean',
'sum',
'cos_sim',
'softmax’',
'softmax_with_cross_entropy',
'sigmoid_cross_entropy_with_logits',
'cross_entropy',
'cross_entropy?2',

é2ScZ;aRmanTe6¢,cjo

¢Zi aRlalIaylaRlaeIJ L ﬁlug gfﬁSNaZYae§Te£RgoUuJ Ne£ZaeaugZDeocg; 6eCiad’ §aezaé1’i§é’1d’ géClaLEgZI
CV aIJ zaangZDaelaadNaLééA§11JLVggaAAResNet11]L’ IIJN aZaayzalug greoaganlaaeloe;EZazZaelazadNeoag

26a¢6UcZD NLP 2laadNiijNcZsaLmeZD AMP §6dcOreRRéA§aztAymae Yia; LeYO=Y 3aAC

eZSéRIéITéYngD op ARfiz8ALE4y73 ad’ g¢s7iijZ *
2g§6azeeldayyaeTRaaD§gZD opiijZ softmaxlichros s_entropy cmlaAC
* e(,SangZyarzazOeOSaEezeIJ LeZtad géleeAAeNCaZt gZDopuJLf(x) >>

Xll_]L iijZe Xpll_]NS quare, log glL’ aAC * reduce gszang;ZDopuJZ me anu]Ns um gl].f aAC
el Adzéii] NngeeLuayNaeIJ 73Ld 2 UmeUicZDeGrasZaz1 opaeYraR@eIJAe@AaLaaEeezSaRlalT'ceUouNaRr

élJAeeAzsizDR: ayAazZayycTicZD op aeC Bat chNormiijN
poolingiijN relu 4§da7Oc AFARmAmTiijNe£Z2DRASscIASEZ:477.
op ¢ZDaxTremicszadNaEsa6Zi704zNaLmeZD op ¢ZD¢sz3dNiijZ

dRead UazieaNALE&yCaijRe6ac6Uid £¢TI AMPAzNAROiijNgradient-allreduce @ YalJIFP16
ayme£ZeaN¢ZDaAC
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eGtakiaNUop =RSaEé

il {eomezCaijAagNAL miijNeaEaediiijZeizem6ézScZ ARmmTAN AL mAR SASNARMAR S¢; Scz1Te Gak ik
cast opiijN aeCiijZ * ALmiRS:iyjmeRSAES FP32toFP16 castiijN &fE FP32 ¢ZDlayer param-
eter ALfelli cast @LR FP16iijN &£Z&aN FP16 conv &6ac6UaAC * aRmARSHymaeRSaES
FP16toFP32 castiijN aiEcmLalicZD FP16 gradient cast LR FP32iijN ¢DiaRO=Zt Ut
FP32 ¢ZDparameter AL feelJiaAC
cast op eZ‘gDualjZayeaeIéééIad’UgZDaleeTAu]N a‘EaeYraIJIeryaeC Vg-
gaAAResNet glL’ayze@AgTééGIad’ngD conv layer ay§é4NgZDeANaeLR Cv
aefaﬁdNayllijN aRleIJAe(-;Acast 1nput aSN aerRayAangZDparaanNazuayleIJAe@A
cast zelaangZDayleUt ngaBdHujNeg‘LZaeau cast Sla,IJay@aeIegZDaleeTAe(,CarS

.....

layers azRaLUaylalYaIJ le(,Cad’ ZgZDezSaRlalT opnjLe g. conv —> log —> conv —> square —
> convnjL’uJN e£ZaeauaelaangZDayleUt czSadll é1JAReAe£ZeaNad Zaiia FP32toFP16 4SN
FP16toFP32 castiijN cast 4ijAé TAAFE#ijZeASAL gacdad giijNizOe ANzLte Gl imE.c3; d7eayeridcZDALAEAS:

aRreCjayméACcTi AMP aLaéA§cZDaCEAEL

« RNN #yzijzcZD NLP i3adN

o 2laadNc¢zD¢;SiymelILe; Cad’Zé2SaRmamT op ¢ZDalaadN

o &f7eTiemocs a7 TReD§cZDizzak aiijl Adversarial Attacking in MLiijL
4Z¢;aCR Input Layout aiijaijR

CV ziaadNeomezCaUtiazEe ALielTAL séA§a7¢iijNaymiRNal zeZijNeOlemR 4 £¢TT:ymaRNA 7 4CE
LayoutiijZ
« FP32iijZNCHW

o eGtabizaaaRLcs; d7¢iijZ NHWC

# when build dataloader

loader = model.load_imagenet_from_file("./ImageNet/train.txt",
batch_size=args.batch_size,
data_layout="NHWC")

# when build model
if data_format == "NHWC":
img_shape = [None, 224, 224, 3]
else:
img_shape = [None, 3, 224, 224]
image = fluid.data( name="feed_image", shape=img_shape, dtype=
<"float32", lod_level=0)
conv = fluid.layers.conv2d(input=input, data_format= "NHWC")
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https://docs.nvidia.com/deeplearning/performance/dl-performance-convolutional/index.html
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11.3 &OlemRéYEeérz:
deCadlJéJAe AdFzeGIaEIe0GARLeY; 47eaAZ46Z8L6AN Ui 62 T7, 2L UeZt 2isdEScREECAMPymaO
* Mixed Precision Training

* MIXED PRECISION TRAINING: THEORY AND PRACTICE

* Training With Mixed Precision

11.3. OiemRéYEeérz: 60


https://arxiv.org/abs/1710.03740
https://on-demand.gputechconf.com/gtc/2018/presentation/s8923-training-neural-networks-with-mixed-precision-theory-and-practice.pdf
https://docs.nvidia.com/deeplearning/performance/mixed-precision-training/index.html#tensorop

CHAPTER 12

\% \v4

ajfcTielEad gBatchesZeaNesmczC

12.1 ¢6AazN + strategyalUeai
iyziazEes; e$CeladdNcZDaAgeCiiyme UneRR imGiijNazziznatzeZt ad’ gegDalacZDe Trem6¢ZEAAA
o & SAEECZDxTiem6e£GAd §iijNi; NaeCegEééScszeomezCa TrembaAC
o 2isazerladdNcZDARCaTroLGad Zel Ue£Gad giijNae L ASITAcZDamY aClcl 26Ut eGEAG 247 EAEE mY
o ARLicL G¢ZDAEEmY =1L éZRAAC
ayzazEeC‘aalcayyaoNeeLReOIQZCuJNzeLSazneAZayyaRleC‘a,£ngeCCangZDBatch

SlzeazeeZla‘OeelaadNeolngayngDeeL’ AeIJAe@AgZDaIYaClgl’ 76Ut 11]Ne£ZarEar1Jth 4 Lad ZeelaadNeeI
SlzeaeleaeRRenYeelaadNQZDgs(, aze;aACayzazEegcaE§e£ZaylerecY11JNFleetaylaeRRa(,Zazand comemUcT

* Forward Recomputatlon BackpropagatlonnJLFRBnJL’nJZ
eAZe£GaeyEeZd’ aelcaRSe6agoUe£GglNayngDayleUt eoagongSaadIJ iijNaeiséZmi; OcomezCe£GeIN
Size¢ZDetmezCaAC

\ 2z

* Gradient MergelljZ all ICOIQZCe£GglNayl11JNarEe;Ed(;ZIad’ZaleatchzeTrzeléef)lngaGUaLrgZDzecr

12.2 a0O§cRE

12.2.1 Forward Recomputation Backpropagation

wl.Siz1ic§86ASINetsazeameizic; SczllcZDiy AxnacomezCesmizcANEARAAYL ytemEéld iijZ

. élilé’llvléé()’a‘(;é'ffﬁji e£ReaNAL maRSc5UamR (Operator)
xiEe6acoUiyméUt éZRasC(Variable)¢ZDaAij aAC
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. 5Rlﬁl§§é6a§6'l‘j'ﬁji 2£ReaNaRmaARScoUamR 1826a¢6UAR Cae Ti(Parameter)¢ZDaéiazeaAC
« #ijYaNUiijZ 47T¢TliijYaNUc6UesTizéeZt @ UARC2TraAIj 3AC
AL maR Se6aco UL GelNaymiijNAL maR ScUsmR ijZe6acoUaGzad g6 GRZDaymé Ut ¢zSadlliijNeTs:
Sizeetbad’ glijNayleUt gZSzedIJ alanggaaEEalYaz§aféél’iLad’ gaACecdzealeeayagECzBaEeeduaijZa, £9T1
VanablewIealYaCle£ZazZeZRasCgZDayleUt gz$a€dH aACa ‘SaelaadNasCaeTraLaeeuseeUouNaEuayleUt ¢z

imiemGad g6GR¢ZD aE,EalYaACeZ‘ ngjéédaa qlaeay a£CeeaEaedﬁgZDaeYc amY aZd=Tdellzal i Z3REz Utz
4;EeYrzlIL aZZayleUt ¢zSedJeYiARmARS é6agoUe£GglNaylganleZDeb SAE&ii] Ne£ZaZZaerUt AY:S

arza70Aad gaiRaZ246Z¢ZDAEEmY mideit iijNaeCadllc TleLaayNalJZi;£cTIad gBatch
Size¢ZDxTrembe£ZeaNeomezCiijNALZATEAfijeGt imTaytiymé Ut ¢zSedl)imic TIAEEAmY 4¢dad’ giijNéCEizL:
FRBaYiaiEzGsazeameizic; SczJal GALE Ay 7kayté Clal EiijLsegmentsiijL dACafzefRiytsegmente ANel
eLSiznebLALGALE;S¢zII¢ZDARYEGRARIEAZcheckpointsiAC
éCeaz.eUBEEY 21847EiijNaeCi; TEAL ®NI' checkpointsiSéiij§eGtizOFRBaUzaesTeRRAG 74782181 jNAd g6
®LSazNnc§E6AS = isazeimenzic; SczlJEAZ Ay e YicTsay AaytayteladlUayse ATa; UALicZDiijNefTaeCResNet
5 OgTs 1 6aylblockay§éATeANaeLanN Bert LargegTs24ayltransformeréiﬁeATeANeeLRﬂjNaZeayd’ aylalf{aela

dRteYFaRRCjad’ ZeAUt iy AcCzaEEamYiijLcTiazOamY aClshortcut¢ZDVariableiij aAC

12.2.2 Gradient Merge

4yOFRB¢Zy i TiijNGradient MergeiziizesaelJL 4CRFR-
BeCczeauarzaEEalYgaa , £ngaAZanad’ gaLAeYTaefjgeLnng)aeTzaLhijN aRtze Y4l lé6ngCae;AglNach
Slzeé6lngzeTLa:dIJ gZDgZogZDaACaEua‘ SaeIeert 11]NarsaeYra, £ngeNéaZ§aO§zeIJ Lad gangZDBatcha:Tr
¢iSezlJ eoazgan()UaLraEcrazeaACaEueUt dijZzlL ayAeClaLEaeY()alY/ aEEalYngaanlYeeT(,aecrazc;u]NgI

GradientMerge cmUcTEaI 4 £c Tl Uzéiciz8a; Le6AmTiijNe TleLaaRIEITASe ARGZ4ZL 4FEAd’ ZaFSBatc

12.3 =SmajlJaddent

erécnadt Ciymel SiziiarEa§7i7OBERT2laadN¢ZDasde Tleiti; NiijNALEALadfze£Z4yd aj1acdad gBat

o x0zabicomezCeDZellnefReaNeL AdfEéazcZ D4, [stUANEGAC

« 367471 aLE4AyCaijReladijRazaaLiagNaNUaAC

o abie|jeladdNARLeTiem6aAC

o 467471 26mczComUcTEaSNE YANUAZIiijNal £ 74y A emel SizinaRriz8¢6 AL & NI d; £¢ TIFRBeL U A

MergecmU¢Te=18a¢dad gBatchSizeaAC

ayNéicel Suzieial EaliizN¢7mFRBASNGradient Mergeiyd csmemUcTé= L Adfzaz TeDZaellicZDcijl

aRL bert_gradient_merge.py)aAC

12.3.1 Forward Recomputation Backpropagation
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®tzakaagietl

e@UaELeeLSaZneIJAe@AaeuzaLééfSlngayleeL’ AngaLrgZDpythonzelanUlljN fleetx
aRfAzec TIazOAL A8 ] aeLSaznayngleeLuarAecEgZDeeOeaRca@CuJ ZaLae, i zelqadNaRLeeTrzelouJNaalaadNé(il
distributed.fleet aylaoZazL azanrarNgZDaLanCalj RglUgTea()ZngzeLua i £ngaAC

# —#— coding: UTF-8 —*-—

import paddle

import fleetx as X

import paddle.fluid as fluid

import paddle.distributed.fleet as fleet

7 ’

aoZazl’aLEayCaijRaiaaijRaziualiagNaNU

AZ2£GX .parse_train_configs () ®08aREijN¢Tlel 4R 28467471 eomezCcZiaEscZDARCe’
(

é
nit () 208aReA6Z4zL 47BALEayCaijReladdNiijNayNélcazéciAijmeZDis_collective=Truetalcd?

paddle.enable_static ()
configs = X.parse_train_configs()
fleet.init (is_collective=True)

akaejjeeiaadNaRLeTienb
¢Tlel 04RFz86AZ2£GX . applicat ionseO8aREAEAS | 2l.Sizné¢DAELAGZ4ZL 48 cZDaladdNiijNag
SizeiijL130iijL zige£ZeaNesmezCaAC

v v

iyOxmd iRN2 UtiijN¢ Tle LR fiz84; £¢ Tlel SiziicZD ‘Downloader @ 08aR &y Ne | é¢DAELa£iamY ¢Z1

model = X.applications.BertLarge ()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/small_datasets/yaml_
wexample/wiki_cn.yaml',
local_path="'./data"')
data_loader = model.get_train_dataloader (
local_path,
max_seq_len=512,
batch_size=130,

~

i

a6Zazl’Recompute Strategy aRL Optimizer

eeOeayNaaIeaaLSaZﬁéiféaRrazeaoZazL’ aLanCaljRé()lngaylzeL’ AﬁiTgTlaLrgZDglUgTéaiEaACayNeL

recompute&d;¢idiyzTrue 4266, ¢; 62l SiziiazNAELA6Zi471 48;¢ZDcheckpointsiAC

eeOeayNaaIengaaLﬁéIJAe@Aa(iZazL’ é6lngayla32t anraalaaszeL’ AngaLrgZDalj YaNUaZhlJNazua i£¢
distributed_optimize reeOeaRcarEalj YaNUaZle‘nzelcayzaLanCaljRaelaaljRaAC
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®lJAARO£ReaNopt imizer .minimize (model.loss)
afEaRmaRSeGac6UcZDcoUamReRSaEeeomezCeiS¢zliijNaelSaznarsaRidzeaijAagNeomezCazEaAC

dist_strategy = fleet.DistributedStrategy ()

# é[£QTIRecomputeiijNéZﬁééégfécheckpoints

dist_strategy.recompute = True

dist_strategy.recompute_configs = {"checkpoints": model.checkpoints}

optimizer = fluid.optimizer.Adam(learning_rate=configs.lr)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)

optimizer.minimize (model.loss)

aijAagNeomczC

ani FleetX ayluJ NeeLSaznaynglaeLuaaRRaaZazEX MultiGPUTrainer
aneaRquNngaZOGPUaLanCaljRé6lngaACaE1’iaylmo del 4RE data_loader

N A

aLEaLnayzgnnazNzeleaylaLae‘ i gZDeelaadN aRLaaIraeloaAC start_step

0 v\ 2

ealgd ZaleagNaaL SalreolngloggZDaelea:TruJNeNengeeLuzngad’ lgOreeLSazngZDzelqadNeolngeA§azg

trainer = X.MultiGPUTrainer ()
trainer.fit (model, data_loader, epoch=10)

efReaNeomczCeDZaelJn

46NeLReDZ1Ii¢ZDcijUSEZaRO=LSaznarsaR fizéa; £¢ TlazeayNAS dzd eomezCALEayCaijRelaadNiij

fleetrun --gpus 0,1,2,3,4,5,6,7 bert_recompute.py

®TLedlJetNerT

eL.Sazial) lBERTaelaadNayLafirecomputegZDzeTLeedIJ e£ZeaNazEae;NéfT11JNa‘£ngRecomputeaROB(
sizedRfiz8= Ll 4d’ 93 Amad’ ZaACayOeeuuaRLgscazgayAe;ua i ;EngzeUou NBatch_sizeaRfidz&e£74y Axcméel

Model Baseline Recompute | Recompute + mixed precision
Batch size | 14 130 145
speed 69.92 sents/s | 45.76 sents/s | 75.84 sents/s

12.3.2 Gradient Merge

ayNéiciijNeLSiazinazNczmieCi; Ta;£¢T1 Gradient Merge
gzl Tad gBERTaelaadNaLanCaij ReGmezCiymeZD Batch

N2

SizeiijLaAGes; eDZzlInaRme T4y 7bert_gradient_merge.pyiijLiijZ
4y0 Forward Recompute Backpropagation ¢ZyaRNiijNel.Siziée USELee Awtzak di; etUiijNasZazL Al
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®tzakaagietl

# —x— coding: UTF-8 —*-—

import paddle

import fleetx as X

import paddle. fluid

import paddle.distributed.fleet as fleet

s

a6ZazlalLEayCaijReeiaaijRazualiagNaN(

akaejjeeiaadNaRLeTien6

model = X.applications.Bert_large()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (

fs_yaml="https://fleet.bj.bcebos.com/small_datasets/yaml_
wexample/wiki_cn.yaml',

local_path="'./data"')
data_loader = model. (

local_path,

max_seq_len=512,

batch_size=13,

~

a6ZazL Gradient Merge Strategy aRL Optimizer

v O s

alJ layLeIchDazcgaAayluJ Nzl SiznasZazL aiEB atch Slzeayz 13iijNalTie£Z4y A emdiymiijNeAZe£Ge6

SlzeaeleaelaaeN§ayAaylad’ &B atcthDé(’SlnguJNaZOeANe(, (AL{izEBatch
sizeiyz52¢ZDe6mezCaTLadll aAC

alJ lg radient_merge_configs aylanavgeAL’ engTlazOeeOgaLuzfcrazegt reoagZDa i CaljRIIJZa i S(
True anunJNa1JZarzaerRaenquDaecrazeaasCaSNazuaAZaz§aIG11JZaRlazNarEth eO8arzeétazeasCaSNiijN

dist_strategy = fleet.DistributedStrategy ()
# d;f£cTiGradient mergeMUcTE4z0&6, ¢ bclyaEsARCaTY

dist_strategy.gradient_merge = True
dist_strategy.gradient_merge_configs = {"k_steps": 4, "avg": True}
optimizer = fluid.optimizer.Adam(learning_rate=configs.lr)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)

optimizer.minimize (model.loss)

aijAagNeomczC

Gradient Merge ¢ZDeomezCizéciA#O Recompute cmUcTEcZiaRNiijNe Tle L £¢Tlayd 2aNazEciAsm

12.3. =SmijlJaodeut
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trainer = X.MultiGPUTrainer ()
trainer.fit (model, data_loader, start_step=10)

efReaNeomczCeDZzelJn

fleetrun --gpus 0,1,2,3,4,5,6,7 bert_gradient_merge.py

12.3. =SmijlJaodeut
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CHAPTER 13

\"A4 Ve 4 V4 \Y4
.

4j£¢TILARS / LAMB aijYaNUaLEayCaijReliEad gbatch
e6mczC

13.1 ¢oAazN

ayzazEaf,IerAGPUgZDganLZabUaLraEEaLEaLl’ ng &fRAi j éGPUanangZDbatch
51zeeC‘eIJAe@Aeﬁ§ad’§ad 8. aZiemd AlJ{a¢daEAGPU waéGRaRNanu eomezCcZDAERIASA-
batch size 47§iijZaRYad’ .

dEeGLAd 3cZDAEIasAbatch size dijZayexiseomezCeZDaTiaTZeU66CY (1] [2]:
o 2laddNaellAczlcs; d7cem§ad s
. a:TﬁeeTZéA§ﬁi@ﬁRYaeEé éIJAé@AaaZt’éd’Zngv)epoch &Eléé;aeTﬁaeTZ

olngayngDzeTuzeTZeU(’iééY

Paddle aongrazEeiLZayd’gglaij YaNﬁglﬁgTeliijaddle distributed.fleet
ajl A aszaddleeAZnggZDaLanCéij Ré6lngAPIeeRRaGZazEgoAalTaeYSnggZDaaOeaRc
ngaeLuaRleIJAe@AaeuzaLaaGaeaNazcgaA arsaRrarEglUgTeaLaaEeaLraO§aeIJ L QZDGOIQZCayIaAC
eAZe£Ge£Zayd’ ay1a1] YaNUglUgTe el.SaznallledEad gbatch
all zzleaylaongrazEeeZt a£ngZDzeTuaeTZeA§azgaSNeeUazel§gZDgsc aze, giSaIV{LFleet
aylaEuangZDglUgIe(e g. AMP) aRrazeaedAad’ggljl’g§ngDeOI(;zCaeTt 4;S¢ZDtime2train.
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13.1.1 efTéiNaeTLaedlJ

resnet50 imagenet | Global batch size | epoch | top1

[Goyal et al] 8k 90 76.3%
LARS Paper 32k 90 72.3%
[fleet: lars + amp] 16k 60 76.2%
[fleet: lars + amp] 32k 62 75.9%

13.2 LARS

el.SaztiazEallamT21)7ad Zamaiyt Resent50 eomezCiyze6AamTa; NamRizNezmfleet Hym
LARS¢ZD¢TizsTaAC

import os

import fleetx as X

import paddle

paddle.enable_staic()

import paddle.fluid as fluid

import paddle.distributed.fleet .base.role_maker as role_maker
import time

import paddle.distributed.fleet as fleet

AZ2£GX .parse_train_configs () ®08aREijN¢Tlel 4R 28467471 eomezCcZiaEscZDARCe’
(

é
init () ®084R¢a6Z471 a7EALEAYC4ijR2aadNiijNayNéicizéciAiymeZDis_collect ive=Truedalcd’

paddle.enable_static ()
configs = X.parse_train_configs()
fleet.init (is_collective=True)

™ ©

¢Tlel 04RFz86AZe£GX . applicat ionseO8aREAE S | 2l.Sizné¢DAELAGZ4ZL 48 cZDaladdNiijNae

model = X.applications.Resnet50 ()
downloader = X.utils.Downloader ()

local_path = downloader.download_from_lbos (
fs_yaml="https://fleet.bj.bcebos.com/test/loader/small_imagenet.
—yaml',

local_path="'./data')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—size)

LARS iijYaNU¢6UzsTcZDaERAijRaeCayN:

|[param||

local_l ) te =1 ) te x| *
ocal_learning_rate earning_rate x lars_coef f gradient]| + lars_weight_decay  ||param]|

velocity = mu * velocity + local_learning_rate x (gradient + lars_weight_decay x param + epsilon)
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param = param — velocity

aRfizSCIINALILARS aEGa6de Yiall ayeweight decay ¢ZDmomentum
éiinleUﬁ.ZngDﬁ§quAéiyLéLﬁﬁEééiZEl ocal learning rate CZDEAZRS,

arzefRiyjAasCeZDlearni ng rate e£ZeacNazEeeT(,glJ1’ fleet 'éifE LARSa6d¢ORay7iay Ayt
fleet meta optimizer, alJ laﬁngeeUﬁéIJAe@Aeo()g.oayAayNaGagCZ

1. LARS meta optlmlzer gZD inner optimizer 4£Eéaziy7 moment um, aZGALJ1 momentum
iymasZazL mu 4SN1r ARCaTr.

2. Al fleet dist_strategy A6Z#ZULARS ¢LzellL¢ZD lars_coeff aRCaTraSN
lars_weight_decay aRCaTr.

» LARS a63¢zRAIE weight decay ANE4RALZAENAIjREym,
c¢TleLaaymélJAegAaEmalll optimizeriymes, ;6 reqgularization.

* fleet éiylé£Ya3Rlv2'aCZ lars_weight_decay e£Gezd cmUCTE,
aRfiz86AZe£Gallexclude_from_we ight_decay
aRCzeTraLaaEearzaleayer ¢ZD  name string, eole£ZayA  layer
gZDaRCaeTr'eiyle;EZeqN lars weight decay. (éAZayy=lSiznafE ‘BN aRCaTr
4SN FC_bias #zOlars weight decay ijme£Gaezd’)

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.lars = True
dist_strategy.lars_configs = {
"lars_coeff": 0.001,
"lars_weight_decay": 0.0005,

"exclude_from_weight_decay": ['batch_norm', '.b_
=0"]
}
optimizer = fluid.optimizer.Momentum(learning_ rate=0.01, momentum=0.
—9)
optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)

optimizer.minimize (model.loss)

e£7:4yAéCIALEaSNfleet iymaEizUizzatad§7elliicZyaRN:

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
=0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):

start_time = time.time ()
cost_val = exe.run(model.main_prog,
feed=data,

fetch_list=[model.loss.name])

end_time = time.time ()
print (

(ayNéafczgc7m)
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(c7miyt éat)

"worker_index: , step cost = , Speed:
% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time - start_time)))

13.2.1 é£ReaNeomczCeDZaldn

46Nz LRayEe£reDZaelncZDcijUSEZAROiijNe L ShznarsaR fizéi; £¢ Tlaz84yNaS dzd 4y AeaNaR AL 13w

fleetrun --gpus 0,1,2,3,4,5,6,7 ——log_dir log example_lars.py

13.3 LAMB

elSaztiazEallamT21)7ad Zamaiyt Bert eomezCiyzeo AsmTi; NamR:izNczmfleet
aymLLAMB ¢ZD¢TlasT.

import os

import fleetx as X

import paddle

paddle.enable_staic()

import paddle.fluid as fluid

import paddle.distributed.fleet.base.role maker as role_maker
import time

import paddle.distributed.fleet as fleet

e£7:4y AemaSNayEeUGiymcZDLARS dyAeGt aAC

paddle.enable_static ()
configs = X.parse_train_configs()
fleet.init (is_collective=True)

e£7:ijAxmsaSNiyLae UGijmcZDLARS iyAeGtaAC

model = X.applications.Resnet50 ()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/test/loader/small_imagenet.
—yaml',
local_path="'./data')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—~size)

v z
o .

LAMB ijYaNU¢sUzsTeZDaEnaijRaeCayN:

my = Bimy_1 + (1 — B1)ge
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vy = Povp_y + (1 — 52)9,52

my
ry = ——
t xﬂZ‘FE
[Jwel
— wy_q — Aw;_
Wy = Wi—1 ntH7’t+>\wt—1H<Tt+ Wy—1)
4SNLARS ¢§7ijij, LAMB 4782 Y FANIAEEASCaij Y aNUaZicZDas7caA byt

a¢Uia7BayAdytlocal learning rate ¢ZDéAze;S, afzaiRiyjAasCeZDlearning
rate e&fZeaNizEaTicijl.  fleet 4&FE LAMBA6dcOFiyziyAdyt fleet meta optimizer,
allld;£¢TleUtiélJAeeAcd ci6ay AayNaGagCz:

1. LAMB meta optimizer ¢ZD inner optimizer §£Eéaz4y7 adam, 42Ga1J{ adam dymasZazL
meizicOG1r, 47AéY{ moment ¢ZD&NGzTieafAGRcOGbet a1l 4SNazNéYimoment
¢ZDa&NGaTreataGRcOGbet a2 aRCaTr.

2. Alll fleet dist_strategy 46747 LAMB ¢cLz&lJL¢ZD lamb_weight_decay aRC&TY.

+ LAMB A08c7RATE weight decay ANEaRfe£ZaEnaijRijm,
¢TlzLuiyméITAcc AZEmAIN] optimizerdymed;¢j6 reqularization.

* fleet aymeLY 2RRi;Z lamb_weight_decay e£Gezd cmUCTE,
aRfazééAZef£Galllexclude_from_weight_decay
aRCeTrabaaEéarzazTlayer ¢ZD  name string, eOle£ZayA  layer
¢ZDaRCaTiiyme£ZeaN lars weight decay. (6AZAayyelS#zndiE ‘LN‘* #zOlamb
weight decay ayme£Gazd’)

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.lamb = True
dist_strategy.lamb_configs = {
'lamb_weight_decay': 0.01,
'exclude_from weight_decay': ['layer norm'],

optimizer = paddle.optimizer.Adam(learning rate=0.01, betal=0.9, |
—beta2=0.999)

optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)
optimizer.minimize (model.loss)

e£7:4yAéCIaLEaSNfleet dymaEiazUizzak.aa8 2@ lJicZyaRN:

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
—0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):

start_time = time.time ()
cost_val = exe.run (model.main_prog,
feed=data,

fetch list=[model.loss.name])

(ayNéafczgc7m)
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(c7miyt éat)

end_time = time.time ()
print (
"worker_ index: , step cost = , Speed: "

% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time - start_time)))

v

13.3.1 é£ReaNeomczCeDZaldn

46NaLRayEe£reDZaellicZDeijUSEZAROiijNal SaznarsaRazéa; £¢ Tlaz8ayNaS dzd 4y AeaNAR AL Iam]

fleetrun --gpus 0,1,2,3,4,5,6,7 ——log_dir log resnet50_lamb.py
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7 \v4
.

ai£cTiFleete£ZeaNaijCaedDaRCae Tl mat gaZiedmcz

3ijCaedDaRCeeTixlJmik.adZicZoa L mizE e TreeNAALY 61 ZaAAAZ ijNe£ReaN
14.1 azAazLaeYraijCeedDaRCaTreelJmakaaZliij§
a1012ijAagNa £¢TIa1 jCedDaRCeT Fel Tma ka1 AL miijNeClélJAec ARELAZER3EAR Ca Tra Imit.aa7
14.1.1 aRCaTixlJmakaaZicZDazTcTiécEa§§azéaRLegeaEscZDéUosécyY
iRCaTrelJmik.aiZi¢ZEiymaz T¢TIANINLPaAAA=O T emR 4783RE
#RIJct’ ¢éCEASSiijNaEGayzee ASSLAZaz8ayNayd ajté UGS YiijZ
1. Ad’ g2 TimGiijZ
30833N=Trem6¢ZEa7dad giijNakie; DaGicZ; GeZDa TiemGéGRiijNamTe )76 omezCEA §azeé 7, dzéel
2. ad’gaRCe*T¥iijZ
alliayEeLral)zeZiaymiijNae Tremoé GRAd g¢ZDaRN UtiijNiijt 6ZR¢IAcL 28; AcZD¢IAcUR= A giijNa
alllaasayZalzeZiaymiijNer EmbeddingdRCa TicZDeat azed; Ad; Ax Y fizfcrgiijNamicTicZDamY aCll

14.1.2 iijacz§aRCaTrelJmakaaZicZDasAéZR
4;SALmARCaTizlImik.aiZlcZDWo rke reb.CeCriijNéAZayyi £¢ TICPU2LUGPU21I73Z1a6N =L Relad
diSWorkerij£¢TicZDes ad GeadasZiijNaEcanizicSUak Z¢ZDéEmeiTi7§67ZR47N4773673ACAZ 746
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P

1. GPU=L)ZAZIalr¢TicOGe;Ci;O
eN&eomezCeZDxlaadNaymad meiCiijNacCaOlemRéCEA§ 84y ¢ TicZDDeepFMaA A LRIijNzladdNeGac
2. CPU=J23Zic6UaLZ&lJL ¢StiééL
CPU=IJ28Z16AZ4yy2aya£CaTre, Cad ZiijNaziay Tell 24 Z a2z 0 iijiz§ e Zt i; £a61JiijNAR fz8AEEALE:
3. @UradNc6UaLZaOsakseLRelJie; Cad’g
6ZR¢IAALREfcL GaRSasTe Use UrelIL4ijCiijNARDegmén Y c6Uak.Z4; O LR e llticZDeb el Gaise£ Z:

14.1.3 aijCaedDaRCaTiz=lJmataaZiazNcim

éCeazLiijNaRfaymaRizeak [ AATCa Tt @787 6 EmefTiij§ AR N Utie gaEsIOcSiécLazeaREcSUAE Z

PaddlePaddle4§zizO4tsayZasdentiijNaLZae Ure AgcZDeRRAG2i7EAijCadDAR Ca Tie Jmak.aidZliijNa
1} S5CPU- B8R 538

aunnnunjl

CPUig & N
W s . EEE
B ==or
B &Eor TR IR
[ Listen&Serv OP

aijCeedDaRCaTizlJmakaaZia§zaelJnaO§cRE
iy AdyteasizeimeizieladdNcZDeomezCef GeiNaR Hz8eNEALEyz4y L xmiijZ1 A AAL maR Sedac6ULc
ARCaTrelJmikaiZlxlaaijRayNiijNAL maR SAREARMAR Semeétd’ alliWo rke reAf(iZ§cgiayz Traine r)ad
4ijCedDARCaTizJmikadZlxladijRiymiijNel Sizne Ziy A eméeNEALEAL maR SAREARMAR SiijN ARz

CPU-TraineriSNHeter-TrainerizNéUY iijZe£ZeaNéA Zi£aiijNizd eméc;SczlJe£ReaNz=L AL,
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PS-Heter

aijCaedDaRCaTixlJnakaaZiazTasCaO§cRE

o amTeel)ieomczCcZDetReaNaO§cREAZ;
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Paddle BHIZfTRE

f— )

I
Dense_Var Sparse_Var I‘—P FF OP CPU

\ B 4] program J

B & op — AHHE

s/ v v

e dijacz§aRCaeTizlJmak.aaZicZDetReaNaO§cREAZ,
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Paddle ZiCPUZ %R %8&Program

| 1
I 1
: Dense_Var Sparse_Var :— : Dense_Var Sparse_Var :
. I | L. e i
] Parameter Recv 1 l
Optimize OP FF OP
] Parameter Send l
omemmneend . 1
I
: Dense_Var@Grad Sparse_Var@Grad : Send OP BP OP
' ' I l
e
1 o ;
Listen_and_serv OP <] : Dense_Var@Grad Sparse_Var@Grad :
i
\ Pserver / \ Traniner /
B4 i op HAEROP — AHHER — BERE (RPC)

e 3ijCdDaRCaTixlJmakaiZlcZDetReaNaO§cREAZ;

\ T N\
Paddle F3&# Bk % 8&Program _ : e :
Trainer | —" ariable ;
(CPU) R \—l
(__ ______________________ ) —— Send OP BPOPCPU '« FFOPCPU [« Send&Recv
1 - 1
: Variable :— I ________ 1 _________________ |
. - . - ] : 1
‘[ | Variable@Grad !
! 1
Parameter Recv \ e s e )
Optimize OP
J Parameter Send <+ ( ___________ N : \
__________________________ | 1 |
: 2 ! : Variable !
I Variable@Grad : | :
. e s g [
f &1 Send OP BP OP Heter '« FFOP Heter '« Listen&Serv <
Listen&Serv OP D I_ l

Heter_Trainer i Variable@Grad :
\ Pserver j (GPU/XPU) 1 1 )

55 i+ op SAFROP — KGR — BERE (RPC)

aijCaedDaRCaTix=lJmakaazZidigcTieeUzaesT

4yNéicizNczmaijCadDARCaTielJmikadZicZDi; £c Tle UzesTiijNa OlemRAEL AL lemcayjaRCa TrelJm

4284y Ned 7i4; NeZDaoN2 Tt dz¢ciAimizOF leet X /example/
heter_parameter_server/demo.py

o 18AA6,c;6e£ReaNaL)iaijCadDes ad’ GiytcZD¢zD¢;S

®0sazcameiziczDe; SiijNEAZayyaRrizéeNEg iy ziayd éCIALEIijZ1aA AIOAfESZEadNczDe; SiijZ23aA A
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#o—m I0 &rEEZE&AN¢;SczIJ —————————

# @Trambe;S3ES & embedding @Séeal & sequence pool CEL’xSmi [ IJ
input_data = paddle.data (name="sparse_input", shape=[None, 1],
—dtype="1int64")

input_label = paddle.data (name="label", shape=[None, 1], dtype=
~"int64")

embedding = paddle.static.nn.embedding(input_data, is_sparse=True,
—size=[1000,128])

# o————— eéacslU ArEEZEAANc;S¢zIJ —————————

# fc & cnn & rnn & attention CML’¢jSczIJczSaedD

fcl = paddle.static.nn.fc (embedding, size=1024, act="relu")
fc2 paddle.static.nn.fc(fcl, size=512, act="relu")

fc3 paddle.static.nn.fc(fc2, size=256, act="relu")
predict = paddle.static.nn.fc(fc3, size=2, act="softmax")
cost = paddle.nn.functional.cross_entropy (input=predict,
—label=input_label)

s

elSaztaRfz84; £¢TIf1uid. device_guard () APIALSALEzladdNaymiRDaytOPcZDe£ReaNes; Ad

with fluid.device_guard("cpu") :

input_data = paddle.data (name="sparse_input", shape=[None, 1],
—dtype="int64")

input_label = paddle.data(name="label", shape=[None, 1], dtype=
—"int64")

label = paddle.cast (input_label, dtype="float32")

embedding = paddle.static.nn.embedding (input_data, is_
—sparse=True, size=[1000,128])

with fluid.device_guard("gpu") :
fcl = paddle.static.nn.fc(embedding, size=1024, act="relu")
fc2 = paddle.static.nn.fc(fcl, size=512, act="relu")
fc3 = paddle.static.nn.fc(fc2, size=256, act="relu")
predict = paddle.static.nn.fc(fc3, size=2, act="softmax")
label = paddle.cast (label, dtype="int64")
cost = paddle.nn.functional.cross_entropy (input=predict,
—~label=1label)

e£7 2404l SALEczD¢; S¢ZDi ¢TIz YiijZ
1. T04fE¢ZE4dN¢ZDOPEACARLAINICPUS Ad GiiyEe£ReaNiijNi; £ Tieme; SaEEe; SAGziymiEmel Ri
2. 26ac6UAFESZEAdNOP2 T ANIGPUcHL AleLicl Ge6; ad GayLiijNaRfizsaEEALEALL ¢ TicsUak.ZiijNal
iyOmd iRN2UiijNPaddle-4ijCadDiRCaTiel ImitadZliijNeTreNAZGH Taz7662ClalTieomeiCal
Trainer¢ZDed;ad’ GeTréGR >> Heter-Trainer¢ZDed ad’ GeTré GRiijNaRfiz¢aEEALEacdad’ g Tremb¢cZDIO
¢ 25AA4ijCedDARCaTielJmakaiZIStrategyéEme;6
difcTifleet apiaRiaLIaijCadDARCa TielImit.adZliijNé[JAec AéEmci6Dist ributedSt rat eqgyiijNi;
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strategy = paddle.distributed.fleet.DistributedStrategy ()
Strategy.a_sync = True

optimizer = fluid.optimizer.Adam(args.learning_rate)
optimizer = fleet.distributed_optimizer (optimizer, strategy)
optimizer.minimize (cost)

eANa12ijCedDARCaTixlImak.aaZlzlaaijRayNiijNizEITAéCIad UeNGasZaijCaedDes ad Gij£¢TicZ

strategy = paddle.distributed.fleet.DistributedStrategy ()
strategy.a_sync = True

# ———— xUrdddstrategyéimc;6, aNGA6Z41 jCadDebsad’ GezDdevicecszddN ————
strategy.a_sync_configs = {"heter_ worker_device_guard": 'gpu'}

optimizer = paddle.optimizer.Adam(args.learning_rate)
optimizer = fleet.distributed_optimizer (optimizer, strategy)

optimizer.minimize (cost)

¢ 33AA4ijCedDARCaTielJmaikasdZicZDaRiEIcOFa¢CaRY éGREEme; 6

dRfAE181jCadDAR CaTieJmikaiijNéJAe AN AR Ca TrelImit.adZicZDas7caAdyL iijNiy2aijCadDed;

1. &6;ad GIPAREEAZifachfaRE: PADDLE_HETER_TRAINER_IP_PORT_LIST=ip:port,

ip:port, ...
2. 26mczCegSeL3cOra¢CaRYEGR: TRAINING_ROLE=HETER_TRAINER
i; NaeCiijZ

export PADDLE_HETER_TRAINER_IP_PORT_LIST='ip:port,ip:port’
export TRAINING_ROLE=HETER_TRAINER

4;SeL geaNfleetaliagNaNUizeci Az UtiijZ

fleet.init ()

# eNeef£ZcINaedAatNaLrcOFAECARYEGREMEIMe [ 64ZE PADDLE_HETER_TRAINER IP_
—PORT_

LISTIijN&LZ&E1 jZe£28E841 jCedDARCaTrel Madtadlleladi jRI 1 jNELZeaNclyas Ty
# eN&efZcINaedAatNaLrcOFaECARYEGREM TRAINING_ROLE,

AmMY3TJI11 jN&ZGEyTomL’ 420 HETER_TRAINER_,

wa@Uliii jNaLZeréeffcINaL’ bl jT41 jCadDebacsdUed: ad’ GeZDegSeL” §

# &1 jCaedDed;ad’ GeZDeb; ad’ Gesza8ANeTSEEaUGE MeRRALFcZD strategy.a_
wsync_configs = {"heter worker device guard": 'gpu'} &NG3&Z3AC

rZDebacbUa%

el.SiztieRRi; Zi7Eay A6 T6aRAEICZD £ 1 eet runak §eC;iijNaRfiaz&4; £aL.I ¢ZDaRAEI41jCadDARCa’
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ajcTifleetrunaRratiaijCaedDaRCaTizlJuakaaZieomczC

fleetrun@Yfipaddle2 . Orcel LalliizéaRO=UrakaaEecZDAL E4yCaijReomezCaRIAEIAGSAE TN

4;SeomezCizéciAreadyizéaROijNAAGaeCeomezCARFMLIAES AR Ee Yt rain.
pyiljNALZaRfeNL ¢Egiz&ijNcZDa UzaijRaRaE181jCedDARCa TixlJmak.aaZ e omczCiijZ
e UzasTiyAiijNeSLArzimT 21 7elaeN§alEayCaijReomezCiijNi  £¢ TIe GaEIAL E¢EmcZDipaSNport

fleetrun —-server_num=2 —--worker_num=2 --heter_worker_num=2 train.py

s

& UzasTazNiijNeSLarzamTel7iijNe L UeGtasZiazLl ¢ZDAad Zell 72 6mezCiijNi; £¢ TTeNGa6ZcZDipaRE .

fleetrun --servers=ip:port,ip:port --workers=ip:port,ip:port —-
—~heter_workers=ip:port,ip:port train.py

eUzesTayL '1'ijNé§LéifZPaddleCloudé’li§ﬁngZbcustom—frameworkeefqéij RiijN2eNGa6ZizzakacZDARFA]
PaddleCloudaYicZ; 47¢AEESCIcZDztsa7c meizaid22aE aa7s4Ri1jN2eRR 4, Z47Ei; £ emicZDeRR7d 2t

# heter workereTréGRE1 jladZamEEmMc [ 6cZDGPUSS: 4d’ GeTréGReGI4EIerCaTt
#

—

w@lzaTdeFESImMe [ baY Py 242 FeNGaS L fleet runefReaNaTIJI41 jCadDaRCaT el MaE44%Ialadi jR
fleetrun —-heter_worker_num=2 train.py

aijCaedDaRCaTixelJmakaaZidigcTicd'za¢ N

¢d 7 NizGciAimizOF leet X /example /heter_parameter_server/

o &Trem6dyNe;;

bash sh download_data.sh

&L geaNerseDZelIiiijNiijZiz04Z; AEEeRcZD = 1 Jmak aaZl4yEajNe Criteox Trem6é ZEiijNaziegca0
/train data_ full/'1'ijNéEléGRae;NéfTaeIfaelfiaeTcg‘6'eiiO /test data _full/

train_data/ij0./test_data/aAC

N v v v

eGsemd'iijNzLSiz1140536Ne LR 2 Trem6aGEAd GeZDaEléClanss; 11aAC

- ARraLicomezC

# ps—cpu

fleetrun —--server_num=2 —--worker_num=2 heter_train.py

# ps—heter

fleetrun ——-server_num=2 ——worker_num=2 ——-heter_worker_ num=2 heter_
—train.py
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CHAPTER 15

1. é¢deealazTasCalEayCaijRAPIcZDA ScTiealas N

15.1 1.1 ¢6AazN

amicgfcddczRe; Sczlliyzee AANEAR (A ¢ gmcszadN¢ZDalaadNasCiijZamicsiasCaSNaE£de 0845CaA
95%¢7ZDalaadNe6ac6UEGRiijZaEIe£de 08asCANEARAc7¢95%cZDaddNaRCa TiéGRASNcZe5-
10%¢7ZD1aadNe6ac6USGRAACEAZAy i 2idessiijNamic3iasCEACARLEG G Tlx TembazieaNiijNAZ a4y Zami

elliieUGeatizé AlexNetg;S¢zlTiyzi; NizNezmaeCi; Ti; £¢Tlé¢daealcZDa7 TasCéZEARLEA Zi£a APIAGA

\4 V44

15.2 1.2 =eiaadNaziieaNaO§cREaSNaodgOF
15.2.1 1.2.1 ¢cLLzelJneeA=sC

« paddlepaddle 2.0-rc-gpucl: LelJnaRE.az&84yE.
15.2.2 1.2.2 aLEayCaijRAPIajEcTiaala¢ N

eIk CiijNeLSiziiizNczmieCi; TasdcOraElefde O2asCeZDeladdNazieaNaAC
écUSELiijNaesGeAZARDAIUGPUamasE £ de084sCeZDe; SaES e TremsiijNa; UALiaEIasAe; SAES= T
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15.2.3 1.2.3 akieeAAaZ;a6dcOF

ayE i GelN2eRRe£H N 6N T AL maR SedacsUe£ GeiNasdeOrizeciA e CayNiijZ

# —+— coding: UTF-8 —*-—
import paddle
import paddle.nn as nn
# 46Z47ZL"@laddNaziieaNcZDAEIefdel&c;SczITii jNéTJAéeAczaL’ £&Ginn.
—~Layer
class ModelParallellinear (nn.Layer) :
def _ init_ (self,
in_dim,
rank_num,
rank_id,
class_num) :
super (ModelParallellinear, self)._ _init__ ()
if class_num % rank_num:
raise ValueError ("Number of classes must be divisible "
"the number of ranks.")
shard_dims = class_num // rank_num
self.linear = nn.Linear (in_dim, shard_dims)

(a4 Néatczgczm)
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(czmidyt Eaf)
self.rank_num = rank_num
self.rank_id = rank_id
for parameter in self.linear.parameters/() :
parameter.is_distributed = True

def forward(self, x):
global_x_1list = []
paddle.distributed.all_gather (global_x_list, x)
global_x = paddle.concat (global_x_list, axis=0)
out = self.linear (global_x)
global_out_list = []
paddle.distributed.all_gather (global_out_list, out)
all_outs = paddle.concat (global_out_list, axis=1)
out = paddle.split(all_outs, self.rank_num) [self.rank_id]
return out

2. z 2

ad GeesliijZaZaay7efRAIVGPUamaiL1amY 6 CIALEAER£de O2asCAR Cee THiijNayESICcZDi; NamR 4yme S,
46N= Tt alJieomezCizéciAa6dcOraeCayNiijZ

# —#— coding: UTF-8 —%-—

import paddle

import paddle.nn as nn

import paddle.nn.functional as F

from paddle.fluid.dygraph import Conv2D

#31FE3yC41 jRstep 1: &rijdEépaddle.distributed.fleetdNE
from paddle.distributed import fleet

from model_parallel_linear import ModelParallellLinear

# 4624717 3El1efdaebéc;SczITii jNéIJAcZGael’ £&Ginn. Layer
class SimpleModelParallelClassifierNet (nn.Layer):
def _ init_ (self,
class_num,
rank_num,
rank_id) :
super (SimpleModelParallelClassifierNet, self).__init__ ()
self.convl = nn.Conv2d (3, 64, kernel_size=11, stride=4,
—padding=2)
self.max_pooll = nn.MaxPool2d(kernel_size=3, stride=2)
self.conv2 = nn.Conv2d (64, 192, kernel_size=5, padding=2)
self.max_pool2 = nn.MaxPool2d(kernel_size=3, stride=2)
self.conv3 = nn.Conv2d (192, 384, kernel_size=3)
self.conv4d = nn.Conv2d (384, 256, kernel_ size=3)
self.conv5 = nn.Conv2d (256, 256, kernel_size=3)
self.max_pool5 = nn.MaxPool2d(kernel_size=3, stride=2)
self.model_parallel_linearl = ModelParallelLinear (2304,
rank_num,
rank_id,
4096)

(ayNéafczgczm)
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(c7miyt éat)

self.model_parallel_linear2 = ModelParallelLinear (4096,
rank_num,
rank_id,
4096)

self.model_parallel_linear3 = ModelParallelLinear (4096,
rank_num,
rank_id,
class_num)

self.droupout = nn.Dropout (0.5)

self.relu = nn.RelLU()

def forward(self, x):

= self.convl (x)

= self.relu(x)

= self.max_pooll (x)

= self.conv2 (x)

= self.relu(x)

= self.max_pool2 (x)

= self.conv3(x)

= self.relu(x)

self.convi (x)

= self.relu(x)

= self.convb(x)

= self.relu(x)

= self.max_poolb (x)

= F.dropout (x, 0.5)

= paddle.reshape (x, [x.shapel0],
= self.model_parallel_linearl (x)
= F.dropout (x, 0.5)

= self.model_parallel_linear2 (x)
out = self.model_parallel_linear3(x)
return out

-11)

XoX X X X X X XX X X X X XX X X X
Il

# 3LE&yC31ijRstep 2: ALIAGNANUfleet
fleet.init (is_collective=True)

# 1. 8624217 ¢jSczIJarzedaii jNamMSad’ 4G ;aTraSNE1 jYANUSZ]
layer = SimpleModelParallelClassifierNet (class_num=1000,
rank_num=fleet .worker_
—num () ,
rank_id=fleet.worker_
—index ())
adam = paddle.optimizer.Adam(learning_rate=0.001,
parameters=layer.parameters())

# 3LE&yC3ijRstep 3:
wéAZefGrleeteO8RUSLESYCA1 jRE1 jYANU&ZI4SNSLESyCA1 jReladaN
adam = fleet.distributed_optimizer (adam)

dp_layer = fleet.distributed_model (layer)

(ayNéafczgc7m)
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(c7miyt éat)

for step in range (20) :
# 2. ®L’§eaNAL’MARS¢SczIJ
image = paddle.randn([1, 3, 224, 224], 'float32'")
label = paddle.randint (low=0, high=10, shape=[1,11])
output = dp_layer (image)
loss = F.softmax_with_cross_entropy (output, label)

loss paddle.mean (loss)
print ("step: \tloss: ".format (step, loss.numpy()))

# 3. @L’JeaNSFmARSesacbUSASNARCaTraelt ' aUr
# 3LE&yC3ijRstep 4:

AaIJlel’ §éaNSFmARSI 1 jibackwarddG aeTriijL’ AL’/ MAROSE£Z&aNamSad’ Scij1’ el

loss.backward ()

adam.step ()
adam.clear_grad()

SSNSRmERSac

arEayE£rizEcaA AL IamY 4y Ztrain. pyiijNAAGes, e AeEReaN2amaiz 74k aiijNECeazLARIEITA e ARIIIAS

fleetrun —--gpus=0,1 tain.py

-«

15.2. 1.2 igadNaziieaNaO§cREaSNasdcO
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ajfcTieetAettcreaziieaNesZes

16.1 ¢6AazN

6ZRciA4d ZcomcddczRe; Sczl)ak a6 A§es; ad’ GaSNaySeTicsdezRe; SczlledacsUekicl GeZDaG ¢ OfiijN

16.2 aO§cRE

etAeit c7£47GeaNALE4yCaijReb A=llfijOe TiembizicaNijmaRNiijNEAZe£ GarExladdNALGALEALF

4B SAlTTessiijNAL maR SedacsUe£ GelNiaymiijNe; SaEse Tremoée UAEL Al 16, ad GOayméAZe£Geriti 14
deCayNazZ, iijNayzetAeit cz£azieaNaymcZDe UtazRaZ; AAC S ASmTcZDetAxit ¢c7£4zGeaN 2 Uz4ijR4
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v

time

- Forward - Backward

4y7i7Eiij Y AN UetAeit cz£azieaNcZDa A geCiijNelSizidR fizéaFEmini-
batchALGALE=LReN&azszeZt afR¢§SaZecZDmicro-batchiijNeRR imGa A =it ¢z£37(ieaNcZDAz (AR SaZeiijNi
batche¢nalL.GALE#y 744y micro-batchiijZAL mARSEY tiedtiijNaefRayies ad’ Gig Iztae5a¢6UAmT 4y tmicro-
batch¢ZDc¢zSxdlliijZe£ZcsmAGRAFRmini-batch¢ZDxU74ijRAGRAFS47E2fR iyt 6 4d GA6NzLR 4y Aziiaesa
Devz IS I T R

e TN T R T EIEIESEN

time

- Forward - Backward

ayNeéicel SiznarE6AZe£Gi; NamRiyzeClessegtaeCi; Tij£c TipipelinecmUc TEalNIEyd 2ijAGPUAEGme

r

16.3 ajecTizeana¢ N

16.3.1 arijaEéagietl

# —*— coding: UTF-8 —#-—
import os

import argparse

import paddle

import time

import math

import numpy as np

import paddle.distributed.fleet as fleet
import paddle.static.nn as nn
paddle.enable_static()
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16.3.2 46Zazl aeigadN

R4

allia;£cTletAzit cz£4zGeaNcZDeomezComUc Té2 UtiijNaLSizié AZe£Gdevi ce_guardeOSaREAIE;

4rz470CPU6; ad GiijNalld;£cTidevice_guardeUtaRiEIAeAzNGAaGZe6ad GeszadNiijNamsde:

a1y NéiceZDia; NamR aymiijNael SiziiarEeTiemsasCaREembeddingasCa T, ¢;6a1JICPUsym,
4zGiaFEfcaRElosse T ¢;6alllcin0aRGGPUimaayEAAC

# @laddNczDg; S
def build_network () :
# Stepl: d;fcTldevice guradaNGadZcliyazTasCelDebacbUed:ad’ G
with paddle.fluid.device_guard("cpu") :
data = paddle.data (name='sequence', shape=[1], dtype='int64
=")
data_loader = paddle.io.DatalLoader.from_generator (
feed_list=[data],
capacity=64,
use_double_buffer=True,
iterable=False)
emb = nn.embedding (input=data, size=[128, 641])
with paddle.fluid.device_guard("gpu:0") :
fc = nn.fc(emb, size=10)
loss = paddle.mean (fc)
return data_loader, loss

7 o

16.3.3 a0ZiazLaTrem6éZEaRLacérazeeZt 2UicmlcTe
467471 46N 21aadNaROiijN L SiziidRfizéczgcmas 271 eomezCal AélTARe AcZ D TiamsiijNazEARES

4

6AZe£Ge6;467d1ist_strategy.pipeline dy7TrueiijNaiEetAzit ¢z£azieaNcZDemUcTémf At

fleet.init (is_collective=True)
data_loader, loss = build_network ()

dist_strategy = paddle.distributed.fleet.DistributedStrategy ()
dist_strategy.pipeline = True

optimizer = paddle.fluid.optimizer.SGDOptimizer (learning rate=0.1)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)
optimizer.minimize (loss)

def train_reader () :

for _ in range (100):
data = np.random.random(size=[32, 1]).astype("inte64d")
yield data
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16.3.4 aijAagNeomczC

place = paddle.CPUPlace()
exe = paddle.static.Executor (place)

data_loader.set_sample_generator (train_reader, batch_size=2)
exe.run (paddle.static.default_startup_program())

data_loader.start ()
exe.train_from_dataset (paddle.static.default_main_program())
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CHAPTER 17

7

3j066S6AZa£3aRCae T lJmat aaZieomczCcéUzesT

17.

17.

Parameter Recv

1 c6AazN

4ijUzel AaSics§eiijNa AR Nems/aijCemsiRCa TreJmik adZ{al EayCaijReomezCiymTrainerefReomezC:

ayzazEé7mi;OLCcCzeg AéAZifaar7e0mezCEéA§a7ecZ DA $aSmiijNFleeteRRi; Zia7Eiy AcimaeZt 61 Y '

2 a0O§cRE

Paddle GeoSgd N HTIEI TR

_____________________________

1
1 | Dense_Var@Old Sparse_Var@Old |
]

______________ g

\

GeoSgdCommunicator

______________ L

1
: Dense_Var@Delta Sparse_Var@Delta :

(S —— t_____________ Ep—

Parameter Send

Listen_and_serv OP

_/

Pserver program
e it® OP

SR OP

Communicator

— FHIAAE

Dense_Var@Local

e

Send OP

Optim

1
: Dense_Var@Grad

K Traniner program j

1
Sparse_Var@Grad | |
1

— BfSAE (RPC)

a1JiGeoSGD=Zt 2 UrcmUcTé:ymiijNTrainercZDAR Ca TreZt 2 Uiz§e Y fANIAEI2ijComdcZDalaiziiayN
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o 02766 AZcZDARCTixlImAkadZ i ymaRNiijNAITIGEOmU¢TE ymiijNafRajt Trainerst §et Calllzll;
« GEO=Zt UtcmUcTéiijZallleomezCeeGelNaymaR AL [ad Ziyte£ZcINiijNet §ot ¢aRCaTraeZt @ UrARE
GEOmUcTE6AZe£GelaadNeomezCiayOL.CcCzE6AZi£aaR Nemée £ ZeaNcZ D2 Uz4ijRiijNalTla£ it Azla
208iyNeidel SiziafEéAZ£Gi; NamR iy 72 Clesse 3¢ GEOAlTIFleetiymae Y faeCi; Taz Te TicZDaAC
al14ijAagNazNALmel Siziiée UAELEITA e AiyNe; e omezCaymael AdIIAee AcZD = TixmGiijZ

# dyNe; ;42116 GE40N2TTamMbi 1 jNeCMczCalrambeb34£T5MYeGsaFmAYZ raw_data,,
cZDaeUGEz14d" z

wget —--no-check-certificate https://fleet.bj.bcebos.com/ctr_data.
—tar.gz

tar —-zxvf ctr_data.tar.gz

17.3 aSmajlJaodeut
17.3.1 auzakaagietU

e@fjaELaeLS aZneIJAe@AeeuiaLanIQiéaylasL AgTiaLrgZDpythonaefaaIﬁlijN fleetx
aRfaz8¢ TlazOALA8 ] aELSaznaynglaELuarAecEgZDaaOeaRca@CuJ Zakaeq aelaadNaRLa:’[raelmu NzlaadNeon
distributed.fleet iymadZizL a7EayiarN¢ZDALEayCaijRemUcTé4, Z¢ Tl lai; £ TIAAC

import paddle

import fleetx as X

import paddle.fluid as fluid

import paddle.distributed.fleet as fleet

import paddle.distributed.fleet.base.role_maker as role_maker

17.3.2 a6ZazL’alLEayCaijReeiaaijRazuialiagNaN(

6AZ2£GX . parse_train_configs () 2O8R¢E N TleluaRi2856Z471 e6mezCeZiaEscZDARCae]
init () ®083REa6Z4z71 a7EALEAYCaijR21aaijRiijNacZaz1 GEOcmUcTé4; £¢ TicZDALIagNaNUzOgaR &y

paddle.enable_static()

configs = X.parse_train_configs ()

role = role_maker.PaddleCloudRoleMaker ()
fleet.init (role)

17.3.3 akaejjelaadNaRLaeTiemd

al)ie£Z:yta; NamR aymel Siziid; £¢ TTa7E4yOaR N ems/2ijC emsaRCa TrelJmikadZicZyaRN¢ZDCTR-
DNNzladdNaACcTIX . applicat ions2O8aReabae 2laadNiijNaziakae; ;46ZALGANUcZDz Tiem6a AC
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model = X.applications.MultiS1lotCTR/()
loader = model.load_multislot_from_file('./train_data')

17.3.4 a62azL’aRNaméeomgzC Strategy aRL Optimizer

alJiFleet APLiymiijN¢TlzLiaRfiz84;£cTIf leet . Dist ributedStrategy () ®08aRE46Z47L eGlai

®CseeAd; £ TIGEOmUCTEiijNc Tl Laée USELEITARe AL SaijAdijComaRCa TrelImit.ad714ij AdEsiij]
TrueaAC

¢DiaaROc Tl LuéITAse ACAZe£Gdist _strategy.a_sync_configsedyc6TraineriyEiijaaRCaT

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = True
dist_strategy.a_sync_configs = {"k_steps": 10000}

optimizer = fluid.optimizer.SGD (learning_rate=0.0001)

optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)
optimizer.minimize (model.loss)

17.3.5 aijAagNeomgzC

GEOcmUcTécZDetmezCizéciAxsEc TIa7EaRCa TielImatad ZIAL EayCaijReomezCcZDA; ¢aijRAAC
afzaz0Serverek.C¢CziijNéeUAELcTIinit _server () aeéééiRé afzaBGe£ZeaNaLiagNaNUiijNeDGaRC

27

aRNaaauarzazOeOIQZCeLCgCz’l‘iJ Nng init_worker () ®08iR¢e£ZeaNALIagNANUAROxi1jN&ijAGEK

Nz

Trainer.fit zeOeaRcaleagNeOIg:zCaAC

if fleet.is_server():
fleet.init_server ()
fleet.run_server ()

else:
fleet.init worker ()
trainer = X.Trainer (fluid.CPUPlace ())
trainer.fit (model, loader, epoch=10)

17.3.6 é£ReaNedmczCeDZzlJn

467471 a6NesmezCeDZaelInaROiijNe L SaziiarsaRfiazEcTif 1 eet runeNGizd e£ReaNALE&yCaijRiz24
worker_numiLEAL4yzelImakaet.CcCzaSNeomezCel.CeCz¢ZDe Tré GRAACAIT 2l i NaymiijN el Imak.a;

fleetrun —--server_num=1 —--worker_num=2 ctr_app.py
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CHAPTER 18

7

elJmat aadNaijzeAgeSyéeR

18.1 ¢oAazN
18.1.1 eSyéeReodmczC

41013 Lad ZalzeZfiyNiijNelaadNeGLad giijNasCa Trethad ZiijNeladdNe TLedl drsetE.48;aACH; EAF
the Knowledge in a Neural NetworkaAN alJi201547¢ ¢tinayAznaeRRAGiijNa YiarE¢§&efEizOay Adytad ma
4eCiyNaZ; @l Acd 7iijNeomezC emsétd aRfz&AL Edyziay d emiijZ
o 2omczCag;iayAaytTeachereladdNaAC
o dj£cTiTeachereladdNcZDc§EeExiseomezC StudenteaddNaAC
&L AeiSTeacherzladdN¢ZDc§éerEae Y faNGTeacherzlaadNeZDeOlcREczS 2 dlliijNal SizticgiazNiy
labeliijNe£Ziytsoft labelaFE4; T4y 7Studentg; SczllcZDesmezC e Z624GiijNStudent¢ZD2OlcRE¢zS 2 dl]

! Teacher model

I |
layer layer _.‘ Lt J_l_. Softmax (T=t) —» soft labels
\ : I

| 2
e o o o o e o o e o o o o o - ior

Loss Fn
________________ \ softmax(1=1) — _ Soft —]

{ student (distilled) model /
| ) I predictions

________________ - hal’d
Softmax (T=1) — pradiction _J

Loss Fn
hard
label y

(ground truth)
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18.1.2 zelJmakaadNeSyéeReomczC

=Jmak.aadNeSyaSNaEGizUayyesAeSyéeReUzaijReZDarzefT:

o cezcifeSyéeReomezC: AELi;£cTITeachereladadNiAZeOlcREAZiAIEczSed )A€ IamY AlTicEAcZ Y dymiij)
« ayyegDeSyéeRecmczC: ayyegbe§ye@lie0lgiéeeYraeNGarE Teacher

zﬁfaadNagN Student a:laadNeeT(,aEeaRNayAg, ngIJ ayl11JNaZzaoZ Teacher
aelaadNaRCaeTraRlaAZaE laRSuJNStudent aelaadNaLZeelcayyaAZaRlaRSa1] deSmeomezCaACeL 74z
alIe£Zg glanzalj RiyN Student aelaangZDéélngaoNaEla(,IegU Teacher
aalqadNuJNStudent aelaadNe@AglL’ Teacher  wiaadNe;SaGzayAidyt  batch
gZDzeOlgREngzedIJ el laRraZéé(SlngnJ NeAN teacher eefaadNaz§é@AglL’

Student é6lnga0NayAayl batchuJNaeL’leC aleagNayNayAayl batch
gZDeeOlgREu]NarzaeTt i;ScZDeomezCéA§azeR L 4y AAGZcZDa;$aSmAAC

. aeIJlaLaadN eSyeeReOI(;zC aanéi§i'aZO Elastic Deep Learning
aeRRangZDayAggleOIQzCanzaaaLaACaoCarETeacheraelaadNaSNStuden-
teelaadNegceAciijNTeachereladdNecénéCic;siayzcz€ayt e OlcREx1/mat aiijNStudenteladdNaLZ47846¢

18.1.3 xlJmakaadNeSyéeReomczCaTiicZL
o eLCciexY ;amYetDaiRiijZ ¢ T$i70StudenteladdNaSNTeachereladdNcZDegee AeiijNe L Adzé e Imal

. a&RRalGeél(;zCeA§azeuJZgTsazOeLnggazEzeY()alYegDaezRuJNe£ZeeauarsaRrazea‘£Studentaelaad]
31ze11]ZaRNanﬁgT§aiOStudentaalaadNaSNTeachereelaadNaaYral]CeedDee;Aeert’gi£11JNStudentaelqadN

« 2RRénYeomezCetDezRALP ¢ TicOGiijZael SiziiaRiz84FE TeacheraladdNeClicSaLicz£ayt.cZDiijze
« @RRamGeimezCaTLeOGHIZe Tl LR fiz8 x5z em6 TeacheraSNStudentcZDARAARR e AgeCicAteet 4
18.2 EDL zlJmakaadNaijzeeAgeSyéeRaeTLaedlJ
ResNetSO_vdzefaﬁdN, ImageNet ze"[facl(’iéZE
18.3 eelJmakaadNaijzeeAgeSyéeR
18.3.1 DistillReader

&1l laLaadNaijzaeAge§ye@RgZDaeaya£éaeYrarETeacheraefaadNeéfg i$eLRa7ExlImit.achfiijNeANStud
arETeacheraelqadNecneClg‘ sayzaIJ [c7£3R676 TZ4ijze Al Imak.a, alJis-
tudentzelqadNayAac gaLZeAZe;EG DistillReader aeiearAeéEStuden—
tzelaadNayOTeacheraelaadNazNeUt gZDeAZa£a11JNeo£erTeachereeIJ laLaaAC

18.2. EDL =lJmakaadNaijzeeAgeSyéeRaeTLaedlJ 94


https://github.com/elasticdeeplearning/edl

FleetX, aRSayC 0.1.0.beta

Elastic teachers

DistillReader #73¢T§4Rf4; ZStudenteladdNesmezCcZDa TremdreaderaACaeCiyt.47; &L Acd’ ZiijNStuds

DistillReader ¢ZD¢zSedDaeCiijNazZ;aAC

2OIcREczS2dJaSNaO§eomczCreaderiymcZDx Trembar AeCEAI [ay AetiiijNe£ TaZday AaytaNEaR A2 O
2laddN¢ZDxOIcREASNStudent 2laddN¢ZDeomczCarsaRiazéxt Axit eaNazieaNetieisa7EAAC

paddle_fleet_rst/../paddle_fleet/img/dist

illation_4.png

18.3. =lJmakaadNaijzeAgeSyéeR
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18.3.2 aRra6zéTZaijzeAgaeluaka

AR14626TZ4ij7e AgelImak.acZDaddcOredlizdDaeCiyNaZ L Acd 7iijNée UsELzLSizné AZe£GPaddl
Serving&fE&d’ ZiytTeachereladdNéClci sz LR x1Jmak.qiijNAz{iesIAEN 21 Jmat.aAl fRedise Tram6azS 4ymiijZStu

Student 2{addN¢zZ Teacher 2laddNaRSEA A=Atz 0GaRU2OlcREczS2dlJiijNeANTeacher
elaadNalJmat acnial.ZaRrizééZRaeDRacdal diijNaijze AgerCe Tt aAC

predict
Server
predict register
| query  Balance query Redis register S
Client Server
register
Server
predict

18.4 agnéAS§aijAagN
iNeUGEAZe£GeomezCaZ ACRALEcSzeaddNzEc6 A smT 2N czme Jmak aadNeSyéeReomezCeZDi; £¢
ayzc6AamTetne Al jNa £¢ TicZDa Y ramT 211 7cOracCiijNelJmib acifaSNasce LacniéCle 38147 EARNE

18.4.1 ¢Ora¢CaGEad'G

ayNaS;izd’ @NL ARUETIIACRiijNETIACRE§ZCUDA9.0¢ZD¢ OfacCiijNaIT I GNéic el Sizinéc Dec EaZEE
Servingeml: ¢ZyaEsi; 1efUaAC

docker pull hub.baidubce.com/paddle-edl/paddle_edl:latest-cuda9.0-
—cudnn’

nvidia-docker run -name paddle_edl hub.baidubce.com/paddle-edl/
—paddle_edl:latest-cuda9.0-cudnn7 /bin/bash

18.4.2 aRrakiTeacherziaadN

4eCiayNaS;izd a1 1aRGGPUAmaaR kI Teacher 1 Imak qiijNAE (i ymTeacherelaadNiyzaZ; ACRALEcs 7zl
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cd example/distill/resnet

wget —-no-check-certificate https://paddle-edl.bj.bcebos.com/
—distill_teacher_model/ResNeXt101_32x16d_wsl_model.tar.gz
tar —-zxf ResNeXtl01l_32x16d_wsl_model.tar.gz

python -m paddle_serving_server_gpu.serve \
——model ResNeXt1l01l 32x16d_wsl model \
——mem_optim True \
—-—port 9898 \
—-—gpu_ids 1

18.4.3 aRrakiStudentaiaadNeomczC

é@éayNéé jazd’al) fOﬁRﬁGPUélqﬁRfﬁLfStudentaaf@édN‘ﬁj 1<Ié’11v2fé’1Ll’gZ]v)studentael’:azé’lc'iN'2iyZResNet50_Vd§uZ
AL Giaymtrain_with_fleet.pyz Y fcTlazOaR Ak oomezCeZDeDZ e UiiijNe Tie LA te AATIAE tiaymetizaE 58Sy

python —-m paddle.distributed.launch —--gpus 0 \
./train_with_fleet.py \
——model=ResNet50_vd \
-—data_dir=./ImageNet \
——use_distill service=True \
——distill_teachers=127.0.0.1:9898

18.5 aOiemRéYEerz:

EDLazJmikt.aadN4ijzeA3eSyéeRGithub éidealc§serEeSyéeR

18.5. aeOiemRéYEeérz: 97
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CHAPTER 19

4 V4
.

aijYaNUa;OéEmciSczlJcZDal EayCaijRGPU&smczC

al0ic;Sczllayeas; e, Ci;OcZDeomezCallzeZtiijlaeCiijZ AEn= L 42Sayt.eomezCiijNe ATéCee omezCiij L
Fleet 4;1J aszaddleeAZnggZDaLanCaij Ré6ngCAPI aongrazElijZ Deep Gradient

NH N T T T TN Z2QT Q2424 A MNYVO

CompressionaSN Local SGD ayd’ ggleOI(;nglUgIeaeIeeSLarzaeAgegcaE§e£ZayAeU6ééYaAC

19.1 DGC iijYaNU3a;0éEmc;SczlJcZDalEayCaijRGPUeomczC

19.1.1 DGC ¢6AazN
ad’ ge gDaelaaLanCalj ReOIQZCeIJAe@A,eCCeanZDg, ngIJ ayead; azea(,£e£ZeaNeecrazegZDeAZaRLaaZ

aodgOrazEDGCgZDglAgUReAZa&ZaEUzalj RuJNaRraeIJ LaTLall la‘ OeElc;‘ ngIJ ayNe£ZeaNGPUALEAyCaij
46d¢OFazE DGC eozanGayngD ééhcCmeémezC (warming

up training), a1 1éCGR4£6amE (Momentum Correction),
ashéCladérazedfdal’t (local gradient clipping),

a11éGRAZasmMR20O1’ eUR (Momentum factor masking) cml cmUCTéiijN

aSN *MCAL72aN0éa248£6amE (Weight Decay Correction)
6ALAEmCIAcURz(Taz7e6AZ L aeomezCayeridcZDelTAczLeladdNcy; d7cem§ad $GAC

ayNeicarEdzN¢zm DGC ¢fA¢UREAZifax UZzaijRcZDEACC TIalN 72 ZiaA ASI Té N2 TL2dlJaA Ad§ 2 T3
éACcTialdzazr

DGCciAcUREAZi£aallid;Oayeas;éAZafacSuécLaUtiijZell e, Cad gcZDeAgeCieRR imGiijN4; EAl
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19.1.2 efTéiNaeTLaedlJ

« 2l34dNiijZFasterRCNN

e caitiziiiijZ P40iyd @) 24 EayC4ijRiijN2fRaRfell 24 7]y A amaiijNTCP¢; S¢zlJtNefTAAC

« aRU300-700me AUz Ui/400stepaAC

o ¢§;a7eeUiem§aAC
19.1.3 DGC a0§cREc6AazN

e£76GNaFEc6AamT4zN¢mizNczmFleet DGC iymcZDiyAizZ30§cREASNAza7 TARCa Tiaz TeréaeCi; T
aecérazeciAcUR

DGC¢ZDa§zellzeAletre Y6 AZ£GaRYHj36A ASGmee A ciazeiijNamsaRIARSEA A 3i70c2ZA6 26V T
sizeiijNiijLDGC¢Zy4; SizO=iRiayAdyteciazeelIL eGatscZDbatch sizeiijLaAC

aAGe§; Nz YieomezCel.CeCziaytaTY, biyzamTamabatch

..........

# 1.,
dz812524y stepdyidyAdylepochii JNAL/M24tepochsd [ £cTlamMEddenseéAzEfaii jNERO3E
9%
strategy.dgc_configs = {
"rampup_begin_step": 1252%2,
"rampup_step": 1252%3,
"sparsity": [0.984375, 0.996, 0.999]
}
# 2. dL’'méIc4dytepochséC;d;fcTldenseéAZafaii jNGZNaROEZzYesd 0.
999¢cIAcURSZee£ReaN
strategy.dgc_configs = {
"rampup_begin_step": 1252%4,
"rampup_step": 1,
"sparsity": [0.999]

///// N~

377:47OFine-tuningeomczCiijNaRie UidlIA é¢DcCmemezCiijNazOciinOdytepoche Zt @ O&4; £¢ TIDGCams:

# dz0cnn0amedi JASGNDGCcIAcUREAZE
strategy.dgc_configs = {
"rampup_begin_step": 0,
"rampup_step": 1,
"sparsity": [0.999]

19.1. DGC aijYaNUa;OéEmciSczldcZDalEayCaijRGPUeomczC 99


https://arxiv.org/abs/1712.01887

FleetX, aRSayC 0.1.0.beta

asAéCimérazectrataaTzes

aelcayyaeCEaEleNglAgURant aaUrauZayeeGlmsaSlzeTuaeTZaeAg ACDGCiijméGGcTIaEIEGRi£5n

Correctlon)aSNasAeClaeéféiZ@ééAaGR(Local Gradient Clip-
ping)iijN 4L16GRAZ53mR 2Ol 8URGijN xmcalLZaNUéazi£6eme

4iytcmUcTexisegcaEse£ 216 U66¢ YaAC
aLiéGRagozemé

iyEeUGAATaSAéClaciazect fabicmL ARN:EZO6ZR = Ué Ut Olcgzacdat dbatch
sizedAll¢ZD=Ol4fijesaelIL e ACeZS MomentumamY alJicZD2CEAEAACA; ScIAcURAzZed; Lén Y 2 UtiiijNi; 4
aEnaijRaijZe Y eSUEZmi;OxlaadNeAgeCiijNzL AizééITAee AAITIA0§agNAERAIjR¢ZDAa§ Zca AdyE AfZaeéid

v/ oV s

SEIEGRALGEmEA ‘£ngeClgt raLaeA§azgeazuteANeIdgt aLagIJ §56ngl§aeéféZ@V k7taaié'zi£6aeTZMoment1
anzglNuJNa£ozelcaROg:ZDaLleGRzeZt zeUraEnaljRa@CayNuJZ

Upy = MUp—1 + Vi,  Uky = Uky—1 + Uy, Wepr = We — 1 E Sparse (Uk,t)

asAéCimérazeacoalt

zecraz¢a£oaL 1aeYreYsaelczecrazggLEgCngDayynganzae§IaACe£ZzeUza3§I§T5PascanuglL’ 477311120
normsaSNad’ §i70¢zZ4676 YLAAIj zeUouNarsarza:craze;rescaleaACaelcayyeecrazca;anIﬁ tallieciazee AZARL
aAC

akieGRazaamRaOreUR
azaayzeOlessiazEe; CarRediazemZt 2 UreiCéGmeZDeUhé Ut iijNe L Aidz&iijZelL e iCéCmeZLaUgae

Mask < |vg| > thr, vgs < v © “Mask, upy < ug © ~Mask

220w

emd 20T cAAARFEZEAALT &lcazue£§aecraz¢azggT§gZDaLleGR11] NeYsaelceZLeeUgzecrazeaaLLaaICeGlalJ Tal

semcalZaN((Weight Decay)éazitozené

v\ 7

¢§7ijijaLI6GRi£52mCiijNDGC iymelSiznaRNaeatiélJAseAdlzemcal. ZANUéaze£ZeaNaLoemeaidesr &

4SN&EI¢GRi£6eAlearcZyaRNiijNiafsemcélJAee AGNASAéClaétazeiyE etzal 135 A6ClWeight
DecayaAC
A
Vit = Vi + Nwt

......
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19.1.4 DGC agnéAs§aijAagN
ayNaaUGazealTaeIJzaEnalaayLé(’SlngResNetSO ayzacNaleoAalIazNQZI Fleet aym
DGC gZDa‘;EngaAC aZaayz 8aija GPU gZDeAZa;EaeC‘aIJlaRNayAeLCngaEEuJN

ayAeLnaeCEaEgayNaecrazgeAZa;EaazuaylalJZaaLRayzeo.nggZDgSueanJN
e£76GNaRte YiiazeaE iy 24, NamRiijNizNczmFleet dym DGC aRCaaIrgZDeo(,g ,oaAC

aeglaeDRl‘ijZ
. ganazugOracCeeAaesCu]Z DGCgZ(’Sé’lL’lﬁRlaeTraeNAGPUad’ZalaaRLaLanCalchol—
lectiveeomezCiijNéIJAee A=IIL ¢ZyazT¢ZDcudadaA AcuDNNEA AncclcOracCaAC

o PaddlecOracCeeAsCiijZ DGCaRteTreNAGPUIijN2L AizéJAGPUCL LallicZD-
PaddleaAC

®0zakaagietl

import os

import fleetx as X

import paddle

import paddle.fluid as fluid

import paddle.distributed.fleet .base.role_maker as role_maker
import time

import paddle.distributed.fleet as fleet

aoZazl’aLEayCaijReeiaaijRaziualiagNaN(

AZ2£GX .parse_train_configs () ®083REijNeTleltdR 28467471 eomezCcZiaEscZDARCe’
()

é
nit () 208aRea6Z4zL 47BALEayCaijRaelaadNiijNayNélcazéciAijmeZDis_collective=Truetalcd?

paddle.enable_static ()
configs = X.parse_train_configs()
fleet.init (is_collective=True)

akaejjeeiaadNaRLeTienb

z z s 2 v

¢Tlel04RFz86AZ2£GX . applicat ionseO8aREAEAS | 2l.Sizné¢DAELAGZAZL 48 cZDaladdNiijNag

model = X.applications.Resnet50 ()

downloader = X.utils.Downloader ()

local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/test/loader/small_imagenet.

—yaml',
local_path="'./data')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—size)
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DGC ¢ZyaEscaUcTé

e£76GNAAGRS, i1jZ1252itstepiyziy AdjtepochiijNaL m2aytepochsi; £¢ Tlemeayydenseé AZi£aiijNaRO
e rampup_begin_step (int)iijZDGC(dRAéDcCmeimczC)aijAagNcZD step
* rampup_step (int) '1'ijZDGCﬁyléébgélé6ngCaeNAnggZD step. ﬁ@éeedl]spar—

sity &Yf [0.75, 0.9375, 0.984375, 0.996, 0. 999]11]Nrampup step 6 =LR 1OOEEUﬁIIJN

anl 0~19 steps Ul sparsity=0.75iijNalJ{ 20~39 steps Ut sparsity=0.9375iijN
izéemd c$zeOlaAC

e sparsity (list[float])iijZ¢iA¢UR4Ze threshold, (1 - current sparsity) % ¢ZD-
gradient &E#ijZeéi allreduceaAC

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.dgc = True

dist_strategy.dgc_configs = {
"rampup_begin_step": 1252%2,
"rampup_step": 1252%3,

"sparsity": [0.984375, 0.996, 0.999]
}
optimizer = fluid.optimizer.Momentum(learning_rate=0.01, momentum=0.
=9)
optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)

optimizer.minimize (model.loss)

aijAagNeomczC

&£7:45AéCIALEASNFleet dymaE iz Uizzat 387l Ii¢ZyaRN:

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus', |
=0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):

start_time = time.time ()
cost_val = exe.run(model.main_prog,
feed=data,

fetch_list=[model.loss.name])

end_time = time.time ()
print (
"worker_index: , step cost = , Speed: "

[¢)

% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time - start_time)))
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efReaNeomczCeDZzelJn

iy AeaNARFAE[3mT=l)74d’ Zamaal EayCaijReomezCiijZ

fleetrun --gpus 0,1,2,3,4,5,6,7 ——log_dir log ./example_dgc.py

# reader shuffle seed 0

# trainerid, trainer_count 0 8

# read images from 0, length: 160146, lines length: 160146, total:
~1281168
worker index: .151402, speed: 37.698432
.112389, speed: 101.518513
.004275, speed: 111.062341
.039385, speed: 62.173126

.985911, speed: 104.058060

step0 cost =
, Sstepl cost =
step2 cost =
step3 cost =
step4 cost =

~

worker_ index:
worker _index:
worker_ index:

~

FH oH H KR H
S O O O O
~
S NN NN

worker index:

~

19.2 aj€cTiLocal SGD aijYaNUa;Oayeas;ayNaLEayCaijReomczC
19.2.1 Local SGD ¢6AazN

81015, £¢T1 distributed SGD &£Z2aNa TremoazieaN¢ZDAL EayCaijReomezCa UtiiijNayyiijZé AGALFazs4s
« ALEayCaijReomezCeZDARAARR I ZARUALIEZE, & iyméZR 21z Ecet.CeCriijlstraggling

nodeiij; ASNEAZi£aazie£§cZDasaSmaAC
. aeTreel6ﬁiﬁéqNaLanCaljRacdad’gaiEééngéé6deZEng)batch

\ 2z

sizeiijNe£Gad’ g¢ZDbatch size iijZa;saSmellAczl.cZDesmezCes; 47¢aAC
Local SGD eAZe£GéZﬁéT£eLCgC2éUt’ ARNemecZDEUC 2T (35A¢CI4i1jCamsetmezC)xisaGRe ze BéL.
sizeiijl gZDgs(,azgzel§ad’ §iijN[ 1] aSN (2] aLEalLneRRaGzizEiijZpost-Local
SGD aSN eGléAééiTaeleeIf, (Adaptlve Communication) Local SGD

glUgTei‘iJNzeIeaGRarSaRC&TraRNae.eechOGeZla‘ an@aeIegZDgsbaZ@ael§ ad’saAC
ARNzmESGD 4SN Local SGD alJI¢AZi£aaRNemeiyt.cZDan6aijCaeCayNazZ, &L Acd 2aAC

Synchronous SGD Local SGD
wall clock time 29 : wall clock time <
, > >
GPU, ) W) GPU, I_-
|
|
GPU, :—  — —) GPU, :—--
GPUp, | > = GPUni---
alJ{Local SGD eomezCiymiijNéZEc; d dymcZDafR iyt trainer
4RDeGHiijZ¢NiicnN¢eZDe£ZeaN H ayteL£dcrmcZD SGD &7t 2UfiijN
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¢DAROEZEg, I’ iymcZDeL A=IJL trainer iijZe£ZeaNéAZi£aiijNARNemsiijLaveragingiijL 2L Az=IJL
trainers angZ]v)aRéaeIfﬁAéayAaylaRN trainers1ijNaRNaeleeﬁt 677:4y73
aeleeT£11]L1teratlonquIj ¢ZDLocal SGDe£GglNa@CayNaZ(,aeL Agd’ZéACeZDgz£ayd’ aaIaeurabDealgd zayd a
trainers ARDeGlcZD Local SGD &Zt anre£GglN11]NayleUt cZDeSieL senra; Dealed AR NamSaRO¢ZDlaa

X = xgz) = x(l )
X
e

T = 3 local steps
at each worker

X7

Local SGDiymcZDiayAxytaBEsé T66U66¢Y @ Y aeCi; Teata6ZaRCa TraR NaemscZDEUt 6ZT(6¢ScOG)iijN
o aédad gARCxTrARNemécZDEUT éZTaR1a78aGRATS trainers
§Ut éAZi£ad71e£§¢ZD4;saSmeRRéNY eomczCARAARR.
« ijBac¢dad gaRNxmséUt ¢ZTaRreC;iijZé Adel RelTAczl eomezCes azecZDam§ad saAC
[1]
az8ayNayd aytemUcTeazO4aymaRNegSazeei TaZ, & ( ALiwZt 48i¢ZDazseaaiijZ
* post Local SGD arEe6lgZCe£G91NaLEeeLRayd’ayleYﬁaefSpgZgnnayAeYﬁaefS; wokers
éut aRNee-egZDeUt 6ZT4y7 1 aytemeéTEiijNamsaRNeméSGDiijNzigifier A=lTAczleomezCcl aZeiij:
HiijNzi¢zRRimGeomczCaRAARRAAC
» Adaptive Communication Local SGD éAZe£Gak{eAA¢ZDerCaTt ARCa TraARNemécZDéUt 6Z Twigsr
Fleet aylaongrazE post Local SGD aSN Adapt ive Communication
Local SGD ayd’gglglUgTeaAC aylayNeeUGarEgzZan Fleetiym Local SGD
¢ZDasdente TLaedlliijNaziG6AZe£Gay AiytcGAamT4; NamRizNczmieCi; TallFleet aymi;£¢TI
Local SGDaAC

19.2.2 &fTétNaeTLaedlJ

efTétNed, ci6

19.2. aj£cTiLocal SGD &ijYaNUi;0ayead;ayNaLEayCaijReomczC 104


https://arxiv.org/abs/1708.01012
https://arxiv.org/abs/1808.07217
https://arxiv.org/abs/1808.07217

FleetX, aRSayC 0.1.0.beta

model | dataset | local batch | cluster dtype| warming learning rate de-
size up cay
resnet50| Ima- 128 4 x 8 x| FP32 |30 polynomial
genet V100
&I TétN¢zS=dll
local step qps acct acch
1 8270.91 | 0.7579 | 0.9266
2 8715.67 | 0.7533 | 0.9265
4 8762.66 | 0.7551 | 0.9260
8 0184.62 | 0.7511 | 0.9239
16 9431.46 | 0.7429 | 0.9206
ADACOMM | 8945.74 | 0.7555 | 0.9270

dRfz&cIINALFALI post Local SGD iijL4Z756ZaRNemsé Ut éZTiijL 2 CEAELyNiijNeZt 2 Uré Ut éZ Tk
4;S4;£¢TI ADAPTIVE COMMUNICATION cmUcTEaROiijNemezCalllaRAARRASN¢y; aze6Ut & ¢ ALIAZE4Y,

19.2.3 Local SGD agnéAg§aijAagn

ayNeUGarEizealliamT=1)78imyijmeomczC  ResNet50 ayzabNallV{goAalTaZNng
Fleet aym Local SGD ng)ngaeﬂaAC eIJAe@Aae§laeDRgZDaeYr
alTaeIJ 7 aEnalagZDeAZa;EapC i alJ laRNayAeLCngaEEnJ N ayAeLnaeCEaE;ayNaRCaeTraRNaeleazuaylauZ

v
N

®0zakaagietl

import os

import fleetx as X

import paddle

import paddle.fluid as fluid

import paddle.distributed.fleet.base.role_maker as role_maker
import time

import paddle.distributed.fleet as fleet

aoZazL aLEayCaijRaeiaaijRazialiagNaNU

6AZ2£GX .parse_train_configs () ®083iR¢ijNeTleliaR (28362421 eomezCeZyaEscZDaRCa]
init () ®08aRE46Z4zL 472EALEAYCAijR2laddNiijNayNél¢azéciAiymcZDis_collect ive=Truedaled’s

paddle.enable_static ()
configs = X.parse_train_configs()
fleet.init (is_collective=True)
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akaejjeiaddNaRLxTremd

v

¢Tlel04RFz86AZ2£GX . applicat ionseO8aREAEAS | 2l.Sizné¢DAELAGZ4ZL 48 cZDaladdNiijNag

model = X.applications.Resnet50 ()
downloader = X.utils.Downloader ()
local_path = downloader.download_from_bos (
fs_yaml='https://fleet.bj.bcebos.com/test/loader/small_imagenet.
—yaml',
local_path="'./data')
batch_size = 32
loader = model.get_train_dataloader (local_path, batch_size=batch_
—size)

adZazl’Local SGD ¢ZyaEscaUcTe

¢TleLiceUAELEIIAReAGSZ71 paddle SGD 3f72$4iijNazGa1IISGD
arzesqayleocg‘ oal@azagOGaRCa:IraACgZGSﬁL’ mlocal SGDégNeGléACéiiTzelééIg‘l local
SGDéC;izEx TrzNASGDaSNMomentumiyd'¢ glaleaNUaZIaAC

« alJipost Local SGD ayluJNaeIJ L ayd’ aylngaaLueobg‘oaRCaaTr begin_step aSN
k_step anNasAeClzeZt eeUféiSNaRCeeTraRNaaleeC‘gTsequeedﬁéGlaLléifSNeeLRaACbegln step
&NGa6Z:4z0¢nnaGiiyistepizNaRO£ZeaNlocal SGDganengJ N&aRU&Aijay7ad 3:i200¢ZD Tt @ Ttii
eNGasZeomezCe£GeiNaymeZDAEIaSAGR CaTraZt 2 UkéUr éZTiijNaRUA A jiayzad 3i200¢ZDa Tt @ T

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.localsgd = True
dist_strategy.localsgd_configs = {
"k_steps": 1,
"begin_step": 1,

optimizer = fluid.optimizer.SGD (learning_rate=0.01)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)
optimizer.minimize (model.loss)

« aJi  eGIéACazT2xmééTE local SGD iymiijNelJLayd ayicTielies;¢;6aRCaTr
begin_step aSN init_k_stepsdACbegin_step
aeNGﬁéZﬁZ6gﬁﬁﬁf}ﬁéiylstepéizNéRéeleequGleAééleocal
SGDQOUEE§TIIJNaRUaAI_] ayzad’ gazOOgZDaeTt aeTruJZngaeLueIJAeeAeobg‘01n1t k _stepsdj [Ja ayzgnnas
eIJAe@Aaa§1eeDRgZDeeréGleACazTaeleeT£glUgTeayluJ Ng§zgz§ iijZ62Y e6d éZRALG=ITAAd 3¢ZD4
16 stepu]Na‘ SaEnalj ReoqganngZDeUt éZTad gazo 16 eeUouNzeNL 16  steps
2£72aNARC TrARNemsaAC

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.adaptive_localsgd = True

dist_strategy.adaptive_localsgd_configs = {
"init_k_steps": 1,

(ayNéafczgc7m)
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(czmiyt éat)
"begin_step": 1,
}
optimizer = fluid.optimizer.SGD (learning_rate=0.01)
optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)

optimizer.minimize (model.loss)

aijAagNeomczC

&£7:4yA6CIALEASNFleet iymaBiizUazzaEad§7eIicZyaRN:

place = fluid.CUDAPlace (int (os.environ.get ('FLAGS_selected_gpus',
=0)))

exe = fluid.Executor (place)

exe.run (fluid.default_startup_program())

for i, data in enumerate (loader()):

start_time = time.time ()
cost_val = exe.run (model.main_prog,
feed=data,

fetch_list=[model.loss.name])

end_time = time.time ()
print (
"worker_index: , step cost = , Speed: "
% (fleet.worker_index (), 1, cost_val[0], batch_size / (end_
—~time — start_time)))

efReaNeomczCeDZaelJn

iy AeaNARFALIamT21]73d Zamaal EayCaijReomezCiijZ

fleetrun --gpus 0,1,2,3,4,5,6,7 ——log_dir log resnet50_localsgd.py

# reader shuffle seed 0

# trainerid, trainer _count 0 8

# read images from 0, length: 160146, lines length: 160146, total:
1281168

# worker_ _index: 0, stepO cost = 7.151402, speed: 37.698432

# worker_index: 0, stepl cost = 7.112389, speed: 101.518513
# worker _index: 0, step2 cost = 7.004275, speed: 111.062341
# worker_index: 0, step3 cost = 7.039385, speed: 62.173126

# worker_index: 0, step4 cost = 6.985911, speed: 104.058060
#oo...
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CHAPTER 21

Resnet50:eAgeCiagzaGE

’

Resnet50a@ Yid; SALmegEgL éCEA§ §eefTe; CéAZcTicZDécDeomezCaladdNAROchfiijNaR N2 Utiaz§; 1J:

21.1 éjfcanaziiéEmcjoaeCEAEL

21.1.1 a§zeelJhcLLalJhacaseAf

&jfcanazlieNGaeaG aEua;SeEmeid

adda; Ne¢szadN ¢Z;azgX-Man 2.0

4mTa6di; NGPU 8x NVIDIAAG TeslaA6 V100
eSmi;Jcsz¢cz§ Ubuntu 16.04 LTS with tests run via Docker
CPU Intel(R) Xeon(R) Gold 6271C CPU @ 2.60GHz
AEEamY 512G

CUDA / CUDNNc¢L Lelln 10.1/7.6.5

NCCL / DALI ¢ LIl 2.4.7/0.24.0

ad’ZGPUasd4a; NazSeATa£aeAr | InfiniBand 100 Gb/sec

Paddle Github Commit

FleetX Github Commit

caiicZ Y ¢§zadN ®IIHAIJFSSDeangZ Y

& Tixm6éZE ImageNet

efDiijfelaadN Resnet50

3d'mcOrazEcaAAIITAIA Resn et50-Benchmark

PythoncL: LaelJii 3.7
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21.1.2 canaziieeNSzLS

nvidia-smi topo -m

GPUO GPU1 GPU2 GPU3 GPU4 GPUS GPUG6 GPU7 .
—mlx5_0 CPU Affinity

GPUO X NV2 NV2 NV1 NV1 NODE NODE .
—NODE NODE 0-23

GPU1 NV2 X NV1 NV1 NODE NV2 NODE .
—NODE NODE 0-23

GPU2 NV2 NV1 X NV2 NODE NODE NV1 .
—NODE NODE 0-23

GPU3 NV1 NV1 NV2 X NODE NODE NODE NV2,
. NODE 0-23

GPU4 NV1 NODE NODE NODE X NV2 NV2 NV1
- NODE 0-23

GPUS NODE NV2 NODE NODE NV2 X NV1 NV1_,
o NODE 0-23

GPUG6 NODE NODE NV1 NODE NV2 NV1 X NV2
— NODE 0-23

GPU7 NODE NODE NODE NV2 NV1 NV1 NV2 X
— NODE 0-23

mlx5_0 NODE NODE NODE NODE NODE NODE NODE

—NODE X

Legend

X = Self

SYS = Connection traversing PCIe as well as the SMP interconnect,
—between NUMA nodes (e.g., QPI/UPI)

NODE = Connection traversing PCIe as well as the interconnect
—~pbetween PCIe Host Bridges within a NUMA node

PHB = Connection traversing PCIe as well as a PCIe Host Bridge,,

— (typically the CPU)

PXB = Connection traversing multiple PCIe switches (without
—traversing the PCIe Host Bridge)

PIX = Connection traversing a single PCIe switch

NV# = Connection traversing a bonded set of # NVLinks

21.2 eAgeCietNeiTaeUzaesT

o cafidzietDazR 6GGcTlad Zal)24d ZamacomezCiijNaz8a6da; N TE

X

AmTAa6d4; NGPUsmae T Jay7efDizaeiGaGEiijNefDaza 1 x 1, 1 x 8, 2 x

8,4 x 8aCEaEtiyN¢ZDeAgeCia§7aGEiAC

o 26mczCeiEARCTE 2L 26GRAd garRiijLBatch SizeiijL afzeomezCa A 3eC;4;$aSmelJAad 3iijNAZdemd’;

o 2(NefTeNGziGeOuaRUxUzaesT &; SALmijzaetAcZDatsazcimeizieaEedié AZay

§6GGcTlaijCama

21.2. ®AgeCietNerTelzaesT
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21.3 a§zaGEz=tNerTczSadlJ

o ;mTimiijZImages/ siijNij£¢Tics; 47¢FP32iijNDist ributedSt rategyieCiyNiijZ

import paddle
import paddle.distributed.fleet as fleet
dist_strategy = fleet.DistributedStrategy ()

exec_strategy = fluid.ExecutionStrategy ()
exec_strategy.num_threads = 2
exec_strategy.num_iteration_per_drop_scope = 100
dist_strategy.execution_strategy = exec_strategy

build_strategy = fluid.BuildStrategy ()
build_strategy.enable_inplace = False
build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
dist_strategy.build_strategy = build_strategy
dist_strategy.nccl_comm num = 1

batch /node | 1 x 1 1x8 2x8 4x8
32 335.43 | 2488.49 | 4629.71 | 9093.41
64 353.38 | 2643.75 | 5325.44 | 10536.83
128 368.11 | 2797.31 | 5635.98 | 11261.72

o amTi;miijZImages /siijNa;j£¢TIeGtab{e0aRL¢c3; 47cAutomatic ~ Mixed  Preci-
sion(AMP)e£ZeaNesmezCiijNDist ributedSt rategyaeCayNiijZ

import paddle

import paddle.distributed.fleet as fleet
dist_strategy = fleet.DistributedStrategy ()
exec_strategy fluid.ExecutionStrategy ()

exec_strategy.num_threads = 2
exec_strategy.num_iteration_per_drop_scope = 100
dist_strategy.execution_strategy = exec_strategy

build_strategy = fluid.BuildStrategy ()
build_strategy.enable_inplace = False
build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
dist_strategy.build_strategy = build_strategy
dist_strategy.amp = True
dist_strategy.nccl_comm_num = 1

batch /node | 1 x 1 1x8 2x8 4x8

32 740.01 | 4467.82 | 8628.19 | 16970.01
64 9019.95 | 6148.98 | 12071.29 | 23682.78
128 1018.3 | 7324.31 | 14342.03 | 28397.43
256 1096.5 | 8166.11 | 16189.79 | 32366.39

o imTimiijZImages/ s, éGtakiaziieaNzlaaijRiij]NDist ributedSt rat egyieCiyNiijZ
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import paddle.distributed.fleet as fleet

dist_strategy = fleet.DistributedStrategy ()

dist_strategy.auto = True

.....

batch /node | 1 x 1 1x8 2x8 4x8

32 666.38 | 4467.82 | 8711.69 | 19107.42
64 761 6148.98 | 12076.77 | 24314.58
128 890.03 | 6793.73 | 13514.66 | 27277.36
256 938.57 | 7305.66 | 14599.55 | 29361.24

21.3. a§zaGEatNerTczSaedlJ
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CHAPTER 22

BertelgadNeomezCaeAgeCiagzczs
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CHAPTER 23

TransformeraeigadNaeAgeCiagzczs
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CHAPTER 24

VGG16igadNesmczCareAgeCiagzczs

VGG162Y14; SALmZESL éCEa§§aerTe; CéAZcTicZDécDetmezCelaadNAROchfiijNaR N Utiaz§4; 1145

24.1 éjfcanaziiéEmcj6aeCEAEL

24.1.1 a§zeelJhcLLalJhacaseAf

&jfcanazlieNGaeaG aEua;SeEmeid

adda; Ne¢szadN ¢Z;azgX-Man 2.0

4mTa6di; NGPU 8x NVIDIAAG TeslaA6 V100

eSmi;Jcsz¢cz§ Ubuntu 16.04 LTS with tests run via Docker
CPU Intel(R) Xeon(R) Gold 6271C CPU @ 2.60GHz
AEEamY 512G

CUDA / CUDNN¢L Laln 10.1/7.6.5

NCCL / DALI ¢ LIl 2.4.7/0.24.0

ad’ZGPUasd4a; NazSeATa£aeAr | InfiniBand 100 Gb/sec

Paddle Github Commit b6711e24ea5el7fa24e9blbaS16fe03186dd4a2c
FleetX Github Commit 296e0d71a33a8d250{6626733bc2535465f5t6e0
caiicZ Y ¢§zadN ®IIHAIJFSSDeangZ Y

& Tixm6éZE ImageNet

efDiijfelaadN VGG16

3d'mcOrazEcaAAIITAIA VGG16 -Benchmark

PythoncL: LaelJii 3.7
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24.1.2 canaziieeNSzLl'S

nvidia-smi topo -m

GPUO GPU1 GPU2 GPU3 GPU4 GPUS GPUG6 GPU7 .
—mlx5_0 CPU Affinity

GPUO X NV2 NV2 NV1 NV1 NODE NODE .
—NODE NODE 0-23

GPU1 NV2 X NV1 NV1 NODE NV2 NODE .
—NODE NODE 0-23

GPU2 NV2 NV1 X NV2 NODE NODE NV1 .
—NODE NODE 0-23

GPU3 NV1 NV1 NV2 X NODE NODE NODE NV2,
. NODE 0-23

GPU4 NV1 NODE NODE NODE X NV2 NV2 NV1
- NODE 0-23

GPUS NODE NV2 NODE NODE NV2 X NV1 NV1_,
o NODE 0-23

GPUG6 NODE NODE NV1 NODE NV2 NV1 X NV2
— NODE 0-23

GPU7 NODE NODE NODE NV2 NV1 NV1 NV2 X
— NODE 0-23

mlx5_0 NODE NODE NODE NODE NODE NODE NODE

—NODE X

Legend

X = Self

SYS = Connection traversing PCIe as well as the SMP interconnect,
—between NUMA nodes (e.g., QPI/UPI)

NODE = Connection traversing PCIe as well as the interconnect
—~pbetween PCIe Host Bridges within a NUMA node

PHB = Connection traversing PCIe as well as a PCIe Host Bridge,,

— (typically the CPU)

PXB = Connection traversing multiple PCIe switches (without
—traversing the PCIe Host Bridge)

PIX = Connection traversing a single PCIe switch

NV# = Connection traversing a bonded set of # NVLinks

24.2 eAgeCietNeiTaeUzaesT

o cafidzietDazR 6GGcTlad Zal)24d ZamacomezCiijNaz8a6da; N TE X
amT46d4; NGPUsmae Tt JayzerDizieiGaGEiijNefDizd 1 x 1, 1 x 8, 2 x
8,4 x 8x=CEaEtiyN¢ZDzAgeCia§zaGEiAC

o 26mczCeiEARCTE 2L 26GRAd garRiijLBatch SizeiijL afzeomezCa A 3eC;4;$aSmelJAad 3iijNAZdemd’;
iijNmsiyme ACeZS e Tl TZ¢ZDafzei TaAC

24.2. AgeCixetNerTelzesT 116



FleetX, aRSayC 0.1.0.beta

o 2fNeiTeNGaiGeOuiRUxUzaesT 4;SAL mijzetAcZDelsi7cimeiza &aEaedueAZayyeGGngaljCee.e&
eIc10anlstengD52§§IGaRdaRRa,IJayzalTaenaazzaLagZvé6 g 7CaARAARRAACiy7i7EE AL AEmcanizi

24.3 a§zaGEz=tNerTczSadlJ

o amTi;miijZImages / siijNa;£¢Tics; 42eFP32iijNDist ributedSt rat egyaeCiyNiijZ

exec_strategy = fluid.ExecutionStrategy ()

dist_strategy = fleet.DistributedStrategy ()

exec_strategy.
exec_strategy.
dist_strategy.

num_threads = 2
num_iteration_per_drop_scope = 100
execution_strategy = exec_strategy

build_strategy = fluid.BuildStrategy ()
build_strategy.enable_inplace = False
build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
dist_strategy.build_strategy = build_strategy
dist_strategy.nccl_comm _num = 1

batch /node | 1 x 1 1x8 2x8 4x8

32 252.68 | 1888.20 | 2873.18 | 5548.48
64 261.33 | 1980.04 | 3900.12 | 7617.47
128 266.24 | 2027.06 | 4028.78 | 7848.70

o AT miijZIma ges / siij Nal £ngeG1aLfaeuualV{Lgsbangutomatic Mixed Preci-

\ 2

sion(AMP)e£ZeaNe6mezCiijNDist ributedSt rat egyaeCiyNiijZ

import paddle

import paddle.distributed.fleet as fleet
dist_strategy = fleet.DistributedStrategy ()
exec_strategy = fluid.ExecutionStrategy ()
exec_strategy.num_threads = 2
exec_strategy.num_iteration_per_drop_scope = 100
dist_strategy.execution_strategy = exec_strategy
build_strategy = fluid.BuildStrategy ()
build_strategy.enable_inplace = False
build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
dist_strategy.build_strategy = build_strategy
dist_strategy.amp = True
dist_strategy.nccl_comm _num = 1

batch /node | 1 x 1 1x8 2x8 4x8
32 407.69 | 3332.17 | 5136.50 | 9544.81
64 468.51 | 3708.32 | 7112.45 | 14013.01
128 512.02 | 3892.58 | 7618.34 | 15219.57
256 439.47 | 3409.96 | 6779.20 | 13443.23
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o jmTi;miijZImages/ s, éGtakiazieaNzlaijRiij]NDist ributedSt rategyieCiyNiijZ

import paddle.distributed.fleet as fleet
dist_strategy = fleet.DistributedStrategy ()
dist_strategy.auto = True

ayzazEeO0a; UeZt 48 cZDeAgeCiiijNeLSiziéz Y esd @ SaijAdZEDALIEZeaNa TremolOiijNe£Z6G
batch /node | 1 x 1 1x8 2x8 4x8
32 409.68 | 3044.60 | 4840.74 | 7668.70
64 455.98 | 3395.67 | 6525.20 | 12237.04
128 472.81 | 3587.29 | 7019.13 | 13562.80
256 407.88 | 3154.15 | 6217.92 | 12147.46
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CHAPTER 25

Word2vecaiaadNaAgeCiagzaGE

/////

billionz TrembéZE4yE.cZDALEAyCaijReomezCcZDeAgeC; a§zaGEaCZngeeLuaRCeAC ANEARA4GAASIAA

V(A 4

25.1 ejfcanaziiéEmcj6aeCEAEL

25.1.1 a§zeelJhcLLalJhacaseAf

8ifcanaziieeNGeeaG | aEu&;SEEmed

aédd; NeszadN ¢2fCPUe6mczCEZEg; d

eSmi;Jcszcz§ Ubuntu 16.04 LTS with tests run via Docker
CPU Intel(R) Xeon(R) CPU E5-2450 v2 @ 2.50GHz
AEEimY 128G

Paddle Github Commit

FleetX Github Commit

cati¢Z Y ¢§zadN ®IJNAIFSSDeancZyY

& Trem6éZE 1-billion

efDiijieladdN Work2vec

Ad'mcOFizecaAAITFAIA | Word 2vec-Benchmark

Python¢L Laellii 3.7
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25.2 eAgeCjetNerTaeUzaesT
o canizietDarR éGGeTIad Zellzad Ze£Z¢cINeomezCiijNafR iy AdRfeJmak adZia6dia; NAIGAR FaE Iy A4
4, 8, 16, 32&CE4ELjN¢ZD2AeC;4§74GEIAC
o e6mezCeGEARC 2T 2L 26 GRA garRiijLBatch SizeiijL dfzeomczCaeAgeCia;saSmelJAAd giljNaZiemd
o 2(NefTeNGziGeO0uaRUxUzaesT 4; SALmijzetAcZDatsazcimeizieaEedi¢AZayéGGeTiaijC amsa

25.3 a§zaGEz=tNerTczSadlJ

o amTi;miijZImages / siijNa;£¢Tics; 42eFP32iijNDist ributedSt rat egyaeCiyNiijZ

import paddle
import paddle.distributed.fleet as fleet

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync=True
dist_strategy.a_sync_configs = {"k_steps": 100}

batch / node | 4 8 16 32
100 55597.5 | 55082.37 | 53302.63 | 47280.91
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* TBA

FleetXi;£cTIApache License 2.04ijAz7RamRe66
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