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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 3

Kubernetes éClg;$

3.1 aeCetr

a1l kubernetes ayE&Clc 3L EayCaijRizzat.aélJAee AGSL CE paddle-
operator aAC paddle-operator 6AZe£Gx02aL36GlasZaz1 etDe 7R ¢szadN
(paddlejob) 4z83REESCIc3 controller 4SNiyAcszalLU kubernetes
40§¢T§czDiazlicZD2U74ijRa6dcOFcCAAMTAGZ47L smsaRie£ReaN paddle

izzabacZDéNNA=SCaAC
¢Z6a meTiaNAe£ReaN ParameterServer (PS) 4SN Collective
iyd comal EayCaijR:zzakqiijNa; S¢Diiaz§ e TreNAe£ReaNmTeE CcCzizzat.aa AC

\4

3.2 paddle-operator aoLecE
3.2.1 aGEad'G

46L&CE  paddle-operator élJAeeA=lJLa08¢czRAGLECECZD  kubernetes  (v1.16+)
6ZE¢;d’aSN kubectl (v1.16+) 4G84EGaAC

aRfi786AZe£G git clone =L UAEAdmALixUGiHzGaEEAGzi£iamY4z84yN 2 UGHzd
AlFelTHALIY,

deploy

ATIJATAATA examples

4TCA3A3 aTrgaTAaTA wide_and_deep.yaml
aTCA5A8 aT1JaTAATA wide_and_deep_podip.yaml
ATCA3A% aTTaTAATA wide_and_deep_service.yaml

(ayNéafczgc7m)
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https://github.com/kuizhiqing/paddle-operator
https://github.com/kuizhiqing/paddle-operator
https://github.com/kuizhiqing/paddle-operator/tree/main/deploy
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(c7miyt éat)

vvvv

3.2.2 éCicj$ CRD

&L geaNuz&iyNaS;azd iijN

$ kubectl create -f deploy/vl/crd.yaml

6AZe£Giz8ayNAS dzd 2 §8cIIN2 YFaRee LRAE §iijN

$ kubectl get crd
NAME CREATED AT
paddlejobs.batch.paddlepaddle.org 2021-02-08T07:43:247%

3.2.3 éCig;s controller aRL¢cZyaEsczDazi
wsleDRé;Ve6d éClg 15¢ZD namespace iz paddie-systemiijNag Ceedl)ayNelJZallleGtasZazL ¢ ZD
namespace  iyme£ReqNewLUeAEwRRGZd dizakqiijN — élJAeeAGELAII]  operatoryaml
wUGdziiiymariazTeZt @T? namespace éEmg;6iijNaEidym
* namespace: paddle-system ealcd zeféetDazRECic;¥c¢ZD names-
paceiijNaRfcRE&g ¢4 y7csz¢z§ controller namespaceiijZ
« Deployment &tDx7Rijm containers.args iym —namespace=paddle-system ealed’z con-
troller ¢ZSzOgetDe7R=L AAlJl namespaceiijNamsizzat.aeRR#7d’ namespaceaAC
&l geaNiz8ayNeéCle$aS;azd iijN

$ kubectl create —-f deploy/vl/operator.yaml

6AZe£Giaz8ayNaS dzd 2 §EcIINECic 3czSedITaSNe£ReaNE iz A AlijN

$ kubectl -n paddle-system get pods

NAME READY STATUS .
—RESTARTS AGE

paddle-controller-manager-698dd7b855-n65]jr 1/1 Running 0 L
— Im

6AZ2£G§&cIIN controller ®Usa£UdzécadifiefReaNemiayyiijN

$ kubectl -n paddle-system logs paddle-controller-manager-
—698dd7b855-n657r

®RRidzd’ demo izzabae§EclIN2TLaedlliijN

3.2. paddle-operator adL&¢E 6
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$ kubectl -n paddle-system create —-f deploy/examples/wide_and_deep.
—yaml

@®§8cIIN paddlejob dzzab.ackiizAA, pdj 4yZ paddlejob ¢ZDcijl AEZiijN

$ kubectl -n paddle-system get pdj
NAME STATUS MODE PS WORKER AGE
wide—ande—deep-service Completed PS 2/2 0/2 dmds

azdayLifae AfaARFizEcITNAGZiijZeomezCizzak aaliczR emtcabadNa LRiijNeréizzak aiy 7
ps @laaijRiijNéEmg;6¢1JA=SC 2 dyt pserver, 2 &dytalJle£ReaNiijNélJA=SC 2 &yt wok-
eriijNO  aytalliefReaNiijLa0346N2LREAAAGZiijLAAC  4R7FEAZe£G  cleanPodPolicy

éEmc;6izzakaa6N2LR/ad set 8aROcZD pod 4L367Zd cmUcTéiijNefeegAizzak aéEmc;63AC
®§8cIIN pod cLizeAAiijN

$ kubectl -n paddle-system get pods

3.2.4 amyejj

6AZ2£Giaz8ayNaS izd amye;;éCleiscZDezDiziijN

$ kubectl delete -f deploy/vl/crd.yaml -f deploy/vl/operator.yaml

wsleDRiij7éCue UrioL e Ee UiiiijNGzZe66ELimye |} A EmAGL o CE
3.3 paddlejob azzakaseRRazd’

ATy Ee£rA0L eCEE G NG ymiijNaelSizid; £¢ TIa7E wide-and-deep

¢ZDi; NimRi;[Jay7eRRaz7d 4773  azij Ted 7iijNaellnek.CefeczEeRRe£ H774E adf ASCEASNeRR iz d 2t AcING

3.3.1 4z6caAaGEad'G

¢d 7i; NezRciA iR [emd 6003, UiijNwide_and_deep iijNtrain.py
414y z¢cINazR¢ZDaEEaRecC7aAC

elicd zi; NiijZal (izzaE aé THACRAymaNEAR e GmezCae TiemGiijNaGdéZEaz T TIe£ GelNaymiy ALy

o i778F92£R2aNaUiiijNcINaZREAZe£Gei SczlleNL sRUz Treméal feJnalliefZeaNesmezCiijNerée Cl
o 778k 92£R2aN2 UtiijN¢INa7RefzaRUz= InallicZ64; Te£ ZeaNeomezCiijNerée CES; célTAse Ad; £¢ Tic Tl

kubernetes 2TreNAcZDeNCe;;imY aCliijNiyAeLnazze664;£¢ Tl pvc
el.jesaiijNefeczEcd’ 74; Neg AdyNayAarRet.CaAC

3.3. paddlejob dzzakaaeRRazd’ 7


https://github.com/PaddlePaddle/FleetX/tree/develop/examples/wide_and_deep
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3.3.2 alLaajlJazzakaéTIJaCR

a1J1 kubernetes aymd; £9TleTIJ 4CRENJAeAzIIL 5Rféé£eU6gZDeTIJ 4CRizSa7SiijNe£ZéGNi £¢TicZ,
cer dj10ayzed 74y NiijNeTielaélIAee AeGlatséEme; 6aAC

¢Tlaz0cT§eLRETACRCZD Dockerfile 4SNizEciAcZ64; TiijN

S 1ls
Dockerfile wide_and_deep

Dockerfile AEE467iijN

$ cat Dockerfile
FROM ubuntu:18.04

RUN apt update && \
apt install -y python3 python3-dev python3-pip

RUN python3 -m pip install paddlepaddle==2.0.0 -i https://mirror.
—~baidu.com/pypi/simple

4 4z839NedzombcT el 0aRE62588062T7
ADD wide_and_deep /wide_and_deep
WORKDIR /wide_and_deep

ENTRYPOINT ["python3", "train.py"]

v

¢Tlel0dRfeizem636d6ZEeCEaE e/t @ TZAEE462aSNasL ecEéciad Uiy iefUaAC
aeﬂee[ﬁlii’ijiéi;flgﬁ gpu é6lg2@eeﬁﬁél]Aé@A

* 36L&CE gpu gL’La:IJngZD paddlepaddle aSN¢ZyaEsczDiziel USAL T 46Y=Uz
docker #;1J4§7387caAé TACR2L.UcOr4¢C;

o éIJAeeASIEZEg; d iymasL B8 4747 T éI'sabl 4SN aGEaEaiNE & TreNAIAC
ALGa;IJ6TITACR

docker build -t registry.baidubce.com/kuizhiging/demo-wide—and-
—~deep:vl

®RR#7d’6TIIACR (élJAeeAdEd=IIL 4f287 T2ICEZR)

docker push registry.baidubce.com/kuizhiging/demo-wide-and-deep:vl

3.3.3 éEmcj0azzaka

4GEad’ GéEmc;62UGiz(iijN

3.3. paddlejob azzakaseRRazd’ 8


https://cloud.baidu.com/doc/CCR/s/qk8gwqs4a
https://www.paddlepaddle.org.cn/
https://www.paddlepaddle.org.cn/
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$ cat pdj.yaml
apiVersion: batch.paddlepaddle.org/vl
kind: PaddledJob
metadata:
name: wide—-ande-deep
spec:
withGloo: 1
intranet: PodIP
cleanPodPolicy: OnCompletion
worker:
replicas: 2
template:
spec:
containers:
- name: paddle
image: registry.baidubce.com/kuizhiging/demo-wide-and-
—~deep:vl
ps:
replicas: 2
template:
spec:
containers:
— name: paddle
image: registry.baidubce.com/kuizhiging/demo-wide-and-

—~deep:vl

eft &Y OiijZ
« #RRizd aS;aRméITARe AATT iy AiijNaeCadllamY ANIAESctASFOAEL AL 4670’ 40§ paddle-
job cabid£i4G3czRALAEZd AEmEeRRAZd’;
* ps ®ladijReUtéJAe AGRN2 UGéEmc;6 ps aSN workeriijNcollective
®ladijReUlGaRIEIJAee ASEmc; 6 worker imsaR{iijZ
* withGloo ARfALéEmc;6ayz 0 aymaRi¢ThiijN 1 aRMRAAE] worker c¢AfiijN 2
ARfAEIAEIECl(workergAfASNServerchf)iijN 427866e6¢¢;6 1iijZ
« cleanPodPolicy ARFEAL éEmc; 6452 Always/Never/OnFailure/OnCompletioniijNealcd 7izzat aczleméii
podiijNerCerTeUiaz7866 NeveriijN¢T§i47g2Uiaz7666 OnCompletioniijZ
* intranet ARfEAL éEmc| iy 7 Service/PodIPiijNealcd’ pod
éUt ¢ZDéAZi£a2U74ijRiijN¢ Tl LiaRfizeiyméEmg; 6, é2Ye6d d;£¢T1 PodIPiijZ
« ps 4SN worker ¢ZDAEE&6zi§7 pod TemplateSpeciijN¢ TleLadRfeizem6e1JAce AéALHzO
kubernetes egDeNCaizit.izZt ad’ ZAEEA6Z, 4eC GPU ¢ZDéEEmc;4.
®Zt 3d’ZéEmg; 6¢d 74 NiijN

apiVersion: batch.paddlepaddle.org/vl
kind: PaddledJob
metadata:

name: wide—-ande-deep

(ayNéafczgczm)

3.3. paddlejob azzakaseRRazd’ 9
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(c7miyt éat)

spec:
intranet: Service
cleanPodPolicy: OnCompletion
worker:
replicas: 2
template:
spec:
containers:
— name: paddle
image: registry.baidubce.com/kuizhiging/demo-wide—and-

—~deep:vl
resources:
limits:
nvidia.com/gpu: 1
nodeSelector:

accelerator: nvidia-tesla-pl00
ps:
replicas: 2
template:
spec:
containers:
— name: paddle
image: registry.baidubce.com/kuizhiging/demo-wide—and-
—~deep:vl
resources:
limits:
nvidia.com/gpu: 1
nodeSelector:
accelerator: nvidia-tesla-pl00

dj£cTl kubectl 2RRizd” yaml éEme; 62 UGHz #2831 28774775 aiijN

$ kubectl -n paddle-system create —-f pdj.yaml

3.4 eTreemoamYacCl
a0 kubernentes aymi;£cTIeNCe;;amYaClaz7e664;£¢TI pvipve  6Emc;GiijNefeegA
persistent-volumes 3AC

e£76GNa; £¢TI nfs 42S¢Z Y4 10ayzamY ACHH; iy zed 7i; NiijNéEme; 62 UGiziaeCayNiijN

$ cat pv-pvc.yaml
apiVersion: vl
kind: PersistentVolume
metadata:

name: nfs-pv

(ayNéafczgc7m)

3.4. =TremdamYaCi 10
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(c7miyt éat)

spec:
capacity:

storage: 10Gi
volumeMode: Filesystem
accessModes:

— ReadWriteOnce
persistentVolumeReclaimPolicy: Recycle
storageClassName: slow
mountOptions:

- hard

— nfsvers=4.1
nfs:

path: /nas

server: 10.12.201.xx

apiVersion: vl
kind: PersistentVolumeClaim
metadata:
name: nfs-pvc
spec:
accessModes:

- ReadWriteOnce
volumeMode: Filesystem
resources:

requests:

storage: 10Gi
storageClassName: slow
volumeName: nfs-pv

dj£cTlaz84yNaS 4zd’a1J1 namespace paddle-system dym aLZaz7 pvc iRmiyZ nfs-pvc
¢ZDimYaClaci2 Y OiijNasdéZEaijTeTlayz 10.12.201.xx dyEcZD nfs imYaCIaAC

$ kubectl -n paddle-system apply —-f pv-pvc.yaml

esleDR pvc é1JAeeAczSA6Z namespace 4y TaRI:Cjallieré namespace #yNij£cTIAAC
®RRi7d’ paddlejob dzzakaxUtiijNéEme;6 volumes aijTeTlazsd;£cTiarza7 TamY aCliijN

apiVersion: batch.paddlepaddle.org/vl
kind: PaddledJob
metadata:
name: paddlejob-demo-1
spec:
cleanPolicy: OnCompletion
worker:
replicas: 2
template:
spec:

(ayNéafczgc7m)

3.4. =TremdamYaCi 11
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(c7miyt éat)

restartPolicy: "Never"
containers:
— name: paddle
image: registry.baidubce.com/kuizhiging/paddle-ubuntu:2.

—0.0-18.04
command: ["bash","-c"]
args: ["cd /nas/wide_and_deep; python3 train.py"]
volumeMounts:

- mountPath: /nas
name: data
volumes:
— name: data
persistentVolumeClaim:
claimName: nfs-pvc
ps:
replicas: 2
template:
spec:
restartPolicy: "Never"
containers:
— name: paddle
image: registry.baidubce.com/kuizhiging/paddle—-ubuntu:?2.
—~0.0-18.04
command: ["bash","-c"]
args: ["cd /nas/wide_and_deep; python3 train.py"]
volumeMounts:
- mountPath: /nas
name: data
volumes:
— name: data
persistentVolumeClaim:
claimName: nfs-pvc

efécd z4; NaymiijNETITACR:zE2RR; Ze£ReaNcOracCiijNeomezCiazéciA SN TiemGaiGEAZe£GamY &

3.4. =TremdamYaCi 12



CHAPTER 4

a6Le¢EPaddle

difcTletdealefZeaNaLEAyCaijReGmczCeZD 2T ASTRAGL &CBEZEARL TS Y 6L 2¢EPaddlea ACiizOPac
2.0cLLael)ndijAagNiijNelLS4z11é1¢aRSaymaRN¢TlelLic; d'4;SeRR:; ZiymiRN¢szadNcZDALE&yCaijResme
« éicaRSc6UsTatgcINayLiayziyzcZDénY ¢z API paddle.distributed.fleetiAC
o ¢i¢aRSaEG2IIL ALEAyCaijReomezCazTasCangciNaijAaRSeCak.Z¢ZDanécINayLeRRi; Z¢ZDAPI
paddle.distributedaAC
o 2ClaRIé1JAeeASSL e¢EPaddleiijNaisaR fizeeOna; UécdealaZéé Y §a6Y e UzeRR4; Z¢Z Dl Ae VL L]
46LeCECPUGL Lallii

pip install paddlepaddle

eLUeAEaSL eCEGPUCL Lellii

pip install paddlepaddle—-gpu

§Esid7046L e¢EPaddleiijNe£ ZéGN @I 2Zt a6Nad GeZDAsL e¢BeNGamUi; Ze ClaRCeACaAC

13
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CHAPTER

3ijYaNUc6UaesT

« TBA(Rd'TAAE)
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CHAPTER 6

CollectiveétmczC

6.1 acnéAsaijAagN
6.1.1 CollectiveeémczCacnéAg§aijAagN

®lINLCAFESGGTICVECEAS §eIdayyngaEngDaelaadNResNetSanzac N11JNazNgzla@Ca i Ta i £9T1F1ee
APIiijLpaddle.distributed.fleetiijL 46Nz LR CollectiveemczCizzat ad ACx Trembe UzEi¢ &LS azneGGngPadd

6.1.2 cLLzeldnéeAz=sC

al)icijUSEZAL EayCaijReomezCciNazRazNAL miijN¢ Tl LiélJAse AcadifiatsczRa6L e¢Epaddlepaddle-
2.0.0-rc-cpuzl.Upaddlepaddle-2.0.0-rc-gpuaREizéayk.cl LaellicZDéc dzaldijAxzReaEediaAC

6.1.3 &SmijlJelzaesT

Nz,

ayOimT 2] 75mT amacZDxZ 66 AZ2laadNeomezCeZy 2 TiijNCollectiveeomezCcZDizdcaAdyzee AéITALe.
1. afijaBeaLE4yCaijReomezCélJAeeAcZDiy ietUANEIAC
2. ALIagNaNUFleetcOracCaAC
3. eobg i oaLanCalj Reo.ngeIJAecAgZDaljYaNUaZlaAC

ayNEICarES ARy Ae£ZeaNessegcaAC

15


https://github.com/PaddlePaddle/FleetX/blob/develop/examples/resnet
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arijaEeag iet0

afijaEgagBeeAcZDi; 1etUiijNi; NaeCal EayCaijReomezCiayScTicZDFleet
API(paddle.distributed.fleet)aAC

from paddle.distributed import fleet

aLiagNaNUfleetcOraéC

ANE2NnasZizL ¢ijzclJA¢ZDALEAyCaijRemUc TéiijNeDiaROSAZe £ GarEaR C Tiis_collectiveedy g5y

strategy = fleet.DistributedStrategy ()
fleet.init (is_collective=True, strategy=strategy)

e6¢cjoalLEayCaijReomczCajecTicZDaijYaNUazZi

dj£cTldistributed_optimizered; ¢;6aLEayCaijReomezCiij Y aNUaZIaAC

optimizer = fleet.distributed_optimizer (optimizer)
aoNaeTtazécaA

train_fleet_static.pycZDasNaTt e6mczCizéciAdeCiyNaeL Acd 72aAC

# —x— coding: UTF—-8 —*-—

import numpy as np

import argparse

import ast

import paddle

# 4rijadESdfEeeAdLESyCa1 jRe(mczCcZDE; Tet USNE
import paddle.distributed.fleet as fleet

# &rijaEéaladdNelGazu

import resnet_static as resnet

import os

base_lr = 0.1 # smedzacoG
momentum_rate = 0.9 # 4ESEGR
12_decay = le-4 # aICéCméari3GR

epoch = 10 #eéémczCefmizSeriaelr
batch_size = 32 #eémczCal’ Zeriadd’ §ATR
class_dim = 10

# ebcc ;641 FYANUSZT
def optimizer_setting(parameter_list=None) :
optimizer = paddle.optimizer.Momentum (

(ayNéafczgc7m)

s

6.1. acnéAs§aijAagN 16
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(c7miyt éat)

learning_rate=base_l1lr,
momentum=momentum_rate,
weight_decay=paddle.regularizer.L2Decay (l2_decay),
parameters=parameter_list)
return optimizer
# e8;cibaTremberz4RUEZ1
def get_train_loader (feed_list, place):
def reader_ decorator (reader) :
def _ reader_ ():
for item in reader () :
img = np.array (item[0]) .astype('float32"') .reshape (3,

w 224, 224)
label = np.array(item[1l]) .astype('int64"') .reshape(l)
yield img, label
return _ reader_

train_reader = paddle.batch (
reader_decorator (paddle.dataset.flowers.train (use_
—xmap=True) ),
batch_size=batch_size,
drop_last=True)
train_loader = paddle.io.DatalLoader.from_generator (
capacity=32,
use_double_buffer=True,
feed_list=feed_list,
iterable=True)
train_loader.set_sample_list_generator (train_reader, place)
return train_loader
# ebsc;6emMczCAG [T
def train_resnet () :
paddle.enable_static() # dj£eC;élZeAAdl;355eC;
paddle.vision.set_image_backend('cv2")

image = paddle.static.data(name="x", shape=[None, 3, 224, 224]
—dtype="float32")

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

# erCcTIResNet50xladdN

model = resnet.ResNet (layers=50)

out = model.net (input=image, class_dim=class_dim)

avg_cost paddle.nn. functional.cross_entropy (input=out,
—~label=1label)

acc_topl =

acc_topb = paddle.metric.accuracy (input=out, label=label, k=5)

# ebscibetmezCetDaZRi 1 jNeIJrid: Nd  £cTIGPUStDaesR

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

[

paddle.metric.accuracy (input=out, label=label, k=1)

train_loader = get_train_loader ([image, label], place)

(ayNéafczgc7m)

s

6.1. acnéAs§aijAagN 17




FleetX, aRSayC 0.1.0.beta

(c7miyt éat)

#3LIAGNANUFleet cOFr3EC

strategy = fleet.DistributedStrategy ()

fleet.init (is_collective=True, strategy=strategy)
optimizer = optimizer_setting()

# GAzZéfGFleet

APTeOUSRUALESyCA1 jRE1 jYANUAZI 11 INEFESRCeTrE1 jJA3ESéSdeal cZDASEcaldl
optimizer = fleet.distributed_optimizer (optimizer)
optimizer.minimize (avg_cost)

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

epoch = 10
step = 0
for eop in range (epoch) :
for batch_id, data in enumerate (train_loader()) :
loss, accl, acc5 = exe.run (paddle.static.default_main_
—program(), feed=data, fetch_list=[avg_cost.name, acc_topl.name,
—~acc_topb.name])

if batch_id $ 5 == 0:
print (" [Epoch , batch ] loss: , accl: .
—acch: " % (eop, batch_id, loss, accl, acch))
# ARrazleomczC
if  name_ == '_ main__ ':

train_resnet ()

VANUSZ1

6.1.4 é£ReaNcd’'za¢N

4AGe6, 2eA£R2aN23macZ Diz 74k aiijNéCeazLARISIIAAINIAS jizd eaNiymae L geaN:

fleetrun —-gpus=0,1 train_fleet_static.py

®CIarEcIINALie Y cd 28eCiijNa Usa£ Uit ae AfiijZ

fffffffffff Configuration Arguments ———————————
gpus: 0,1

heter_worker_num: None

heter_ workers:

http_port: None

ips: 127.0.0.1

log_dir: log

WARNING 2021-01-04 17:59:08,725 launch.py:314] Not found distinct
—arguments and compiled with cuda. Default use collective mode
launch train in GPU mode

(dyNéatczgczm)

s

6.1. acnéAs§aijAagN 18
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(c7miyt éat)

INFO 2021-01-04 17:59:08,727 launch_utils.py:472] Local start 2
—processes. First process distributed environment info (Only For

—Debug) :
B S T e e e T e s T T e e e S
\ Distributed Envs o
—~Value |
o
Tt +
\ PADDLE_CURRENT_ENDPOINT 127.0.
—0.1:17901
\ PADDLE_TRAINERS_NUM .
o 2
PADDLE_TRAINER_ENDPOINTS 127.0.0.
—1:17901,127.0.0.1:18846 |
| FLAGS_selected_gpus »
- 0
\ PADDLE_TRAINER_ID .
- 0 \
B e e e S

W0104 17:59:19.018365 43338 device_context.cc:342] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2,
—~Runtime API Version: 9.2
W0104 17:59:19.022523 43338 device_context.cc:352] device: 0, cuDNN,
—~Version: 7.4.

W0104 17:59:23.193490 43338 fuse_all_reduce_op_pass.cc:78] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce
—ops are fused during training, after fusion, the number of all_
—~reduce ops is 5.

[Epoch 0, batch 0] loss: 0.12432, accl: 0.00000, accb5: 0.06250
[Epoch 0, batch 5] loss: 1.01921, accl: 0.00000, acch5: 0.00000

46Nz Tt 2amacZD2 Uit Uifar Afiz§AR1AINL . / 1og/¢Z64| TiyNa§sclINGACi7EegteZt dd'Zf leet 1
aRrarlatrayCaiiRazzataiAC
imTll73EnimacomczCARFAEIAS izd’ ¢§74ijijiijNARIEIA xmécabeNGa6Zgpu s aRCa TramsaR{iijNaeCis

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

4203mT 21740 Zamadliad Zel)7ad ZimaeomezCiijNalllaz¢ca AL aymeTAee AdA Zizz4; T T 2L fiijN AR

fleetrun ——ips="xx.xx.xx.xXxX,yy.yy.yy.yy" —-—-gpus 0,1,2,3,4,5,6,7_,
—train_fleet_static.py




FleetX, aRSayC 0.1.0.beta

6.2 ®eAgeC;a§zaGE
erae6£6UGEcdmal Perf Repo 800aRUdzaleAgeCia§74GEx Trem6aAC
6.3 e0¢eoaczijeLr

6.3.1 éCNaeZf
iymeGae Y iameelIfic TNRE Y & Y4084y Zc TNiijNEC ayAcZt eGt 42707t 4£1éA§cZDeomezCaZt ad' §
eO&iyjNzeitel SiznarsizOeAgeCiiij Y aNUaSNad gelaadNesmezCiyd @ UzéicaBée L NiijNizNc/maGa

6.3.2 aAgeC;aijyaNU

PN

alJ laLanCau ReeIJ zaZlal@azaayanNeeIJAayynggZDazueqNaalaaljRaeYraaTraeloazueaNn]Nal§a3rRay1

e6acoUOPedmaRL

alllzasazeimeizizaEediiymijNelJAd§2zellicZDesacsUsmTAEC Y ic6UamRiijlOperatoriij aACi; N
4B Y1iijNésij aSNgELanNaylaRraElj a(,UaACeeNeaaIJ L &alad ggAgzet zzeAgaeL’ Ae@AazYangZDazca

NH ST T NTO 270

b); out=add(tmp, c) aACaIJle;EZzeaugZDg‘ngIJ aylnjNeeLSaznauZaRraLlayd eenaeoqgoUuJNazuau/
éSLéifié£Zéi,ylae$l'aL I %‘ZDéijiAggl'aiiijéNUanivae,ﬂaeYiiijNaeL§éivirV1é’1ivjAéR§éviyAéylaeTfagNééiyE?ylééSi
b, c)iijNia;£aRrazéa; UalielJAczL¢ZD¢zSedllaACerc¢eUzesTcZDayAdaytéZDakaag;ad DeYre£YeLCcl
e£7come Aldtrarse Y fell ASEScZDe6acUOPedmaR LiijLFusion)iijNefeczEAEEa676faRCEACA. 1.14FR
208iyNelscZDaGaaytarReLCiijZ¢czSARLiayAayic T§aEIcZDi; NamR 226 YRe£FAR Degmidij Y AN UcmUc

éAZa£a0PédmaRL

AlicedSNBobzL AallicZDazZ;46tc TrefiaRacaAd; LETEiijNeL Aiz8izUaziaARS¢OrerRAAZAGN I ASAS
e£741$e Y16 AZi£a0PedmiRLcZDaAleCsaACeL Siziic§86ASeiReNnaegeaRSEAZi£aéCiiijZalIL 4 A
6AZ:i£a0PedmaRLcZDi4; £cTleUzaesTeraaRCEAC4. 1.24ReECAAC
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edacoUaSNeAZacaéGmaRa

&NL cEgizNaLmeZDc7eadZiijNAAZECY afnicZDiazziijLaefTaeCAliceiijL e NI¢AZ¢ TefiaROiijNee Acml
e£7arse Y16 AZi£aaSNebacsUGmaRicZDe AleCsaACCUDA dymelJL etAiijLstream[2]iijL ¢ ZDaeCas

éAZagazeNSaLSaijYaN(

cOraINaAZEcY ¢ZDaz¢éY §ac6ad g47EiijNéZd a2EAliceaSNBobiijNARLaLaaES 7 EAG 44 me UFaR N ame
iymaRNcZDifaeAfizd emécmUcTéijNarza7 TALIALEayCaijReomezCaymiijNaise Y fiymaRNcZDEA Zif

allreduce[3],Double binary trees[4]cmL ad Z¢imeNSaL SczSedDIAC
6AZi£aeNSzL SiijYaNUcZD=Zt ad Zij£c Tle UzaesTiijNeradRCeAC4 35iReE.CAAC

®eUsazeaérazeaONcijl

AEmaetiagdZdaLiazE=lIL AliceaSNBobiyd 4774 AZ6CY ameizicZDallzeZieisaACizUaznalIIAAZEC Y e(
ayEefie Aldifaise Y fetsizeaciazeaONcijliijLDeep Gradient Compression,
DGCiijL ¢ZD#yzee Az AleCsaACDGCEAZe£GarE®éfazecl AcURANUiijNalJlzfRe  6eomczCae UGARIEAL =]
correction)aA AxlInallfecrazeecAAL Y (local gradient cliping)aA AdL16GRAZA3mREA G T (Momentum
factor masking) cml4Gaéazaet AdtgaACefeczEAEEAG7aR{4284RCeAC4 4.1afReECAAC

Local SGD

AliceaSNBobegl §; UxsaafEee AxfREASECYEC 2L ScTrerliazd etAcmTealiijNarscoUd; £c TIAZEAL M
4702 Yiayd a273R LeCsal izEayAdyteCiad §aGRaSe L ScTefienae TicZDcmUc TéiijZiz Uiz aEsd67

Local SGDiéise Yia§zizOefZayte AleifiijN2lJAa§ zelligZDLocal
SGDésdizOayki; NeZDeniay AuytemUcTéiijN¢Zt 2O8acdad’ gaRCa TrARNemécZDEUT ¢ZT=i8aGRAISEAZ
SGDAaRLeamcT§4G7i47Epost Local SGDaSNAdaptive Local

SGDiyd iy AAIJaLAdij7c L LaAliijZ
« post Local SGDeomezCeZDeiitiay Adyté ViiedtitieNAzRc6 UGy AaitaR CaTreZDaciazeiijNAISas
« Adaptive Local SGD¢ZyizizOpost Local SGDeANeIAiijNaZt aLicAtet ziijNaGCiijZakle AAICeT
efeczEAEEAGZaR4z8aRCeAC4 4. 24FReE.CAAC

eGlakize0aRLcs¢ aze

AliceaSNBobaJL iy AdjtcL zestesiaf EeCak ZiijNarse Y faR fizé et L Cseale £ ZDAEEAGZiij N2 RR

6ZRciA¢§8eiEcC7aSNécY cZbetib.eidetb.ad ZiijNAliceaSNBobegL: a; UeDSamR AR S3LiijNaReCeDs

al{a6déZEaz TcTlaymiijNarzaz Te£Zcsmera EeCiabZeZDarse Y ramb 3 aZ¢iijLFP16iijL ¢c$zadNiijNi; £
loss scalingdSNopézS¢Z;ARmimTcml cmUcTexIE6ALAEMAAC

Nz .

« Dynamic loss scalingiijZalJIAMPemezCe£GeiNaymiijNayza7EEA £ AEmcs, 7N zéiijNaeiReomezCi

6.3. €0¢eoaczijeLr 21


https://fleet-x.readthedocs.io/en/latest/paddle_fleet_rst/collective/collective_performance/overlap.html
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o opézScZ;iiRmamTiijZéAZe£GiH £¢TIad 36GR2laadNAl iymaRNAZ T¢Iz Z1 4 ymi Rmad métNefAGRO
efeczEAEEAGzefaaRCEAC4. 54iReECAAC

6.3.3 aRCeACetD=0Z
[1] https://developer.nvidia.com/blog/scaling-deep-learning-training-nccl/
[2] https://developer.nvidia.com/blog/how-overlap-data-transfers-cuda-cc/

[3] https://github.com/baidu-research/baidu-allreduce

[4] https://developer.nvidia.com/blog/massively-scale-deep-learning-training-nccl-2-4

6.4 aAgeC;aijYaNU
6.4.1 OPedmaRLiijLe6acoUiijNéAZagaiijL
edacoUedmaRL

arEzelqang i ngIJ ayleqzaszeL’ géqN gZDad’ ZalePse;EZeaNedlaRLeC 1ad’ §aGRAarSOP
erCazegZDalj AeTAuJNacRRaIGeolngeA§azgaACgZoaL’ mFleet
iymeTreNAdeCiyN3cimcZDOP edmiRLiijZ

« fuse_all_optimizer_opsiijZeale Y Ox YaReedmaRL(fuse) & YfaReedmaRL opti-
mizer_opiijNazEafzé CIALE optimizer aRfcTliijLSGDaA AAdamaSNMomen-
tumiijLaAC

. fuse_elewise_add_act_ops'l‘ijZéafaeYéeeréR@édléRL(fuse) element-
wise_add_opﬁgNactivation_opﬁAC

. fuse_bn_act_opsi‘ijZéaiaaYé&YfﬁReédlﬁﬁL(fuse) batch_norm_op &SN activa-
tion_opaAC

6AZayyi £cTieeZ477cmUcTEEC iijZ4 £ Tt d; Sl geaNe£GelNaZt 4£7aAC

éAZagaedmaRL

AllReduce edmaRLézYesd aeCEaE;ayNauZarEaRNayAlay—
eraylaRCaeIrgZDaecrazggZDad’ZaylAllReduceaeSla‘IJ aRLazuaaLRayAaylaAC

,,,,,,

eSmi;lJ aACe£ZzeauaRrazeaGRarSeecrazgaRNaeleeengZDeAZa;quAUzeUuaAC
xmd ad UiijNiyze TreNAzZt d’ 3¢8SazecZDAR Ca TiecrazeedmiR LiijNFleet
®RRi; Za7EazsayNayd ay16 AL éaziijN¢ TleLtaRfazealleomezCelNazZRe£R eaNAL malJ [ DistributedStrategyi
« fuse_grad_size_in_MB: #NG&6ZafRijtAllReduceeSmi;[J¢ZDaciazeimUk.CTriijNaeCeréaRCa Tk
al.ZefRenaAllReducesiCeTliijae; S16MBcZDacétazeaAC
eféaRCaTicZD¢zRéNAAIjiy7e AzéAZi£aé GR¢ZDmAAL EazNay AGAC
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https://developer.nvidia.com/blog/how-overlap-data-transfers-cuda-cc/
https://github.com/baidu-research/baidu-allreduce
https://developer.nvidia.com/blog/massively-scale-deep-learning-training-nccl-2-4

FleetX, aRSayC 0.1.0.beta

-

« fuse_grad_size_in_TFLOPS: 2NG&6Z2iRznaAllReducexSmiIIcZDzIJAAd 34$

Al Z2ITAAd Z2fR503$CAAZiy Aziia fused AllReducedaAC
esleDRiijZ AllReduceedmiRLcZaL miyme TraNAsparsedRCaTiectazedaAC

®eSmajlJaodeut

CaTiiijNamsalie,  of

# ebacbUeomERL
build_strategy

paddle.static.BuildStrategy ()

build_strategy.fuse_elewise_add_act_ops = True
build_strategy.fuse_bn_act_ops = True
build_strategy.fuse_relu_depthwise_conv = True
build_strategy.fuse_broadcast_ops = True
build_strategy.fuse_all_optimizer ops = True

strategy paddle.distributed.fleet.DistributedStrategy ()
strategy.build_strategy build_strategy

# SAZifaemARL
strategy.fuse_grad_size_in_MB

16
strateqgy._fuse_grad_size_in_TFLOPS
strategy.fuse_all_reduce_ops=True

50

ayEe£ii; NamRamY =T, a11iijZexample/resnet/train_fleet_static_op_fusion.pyaAC
aAGes; eeAe£ReaN2amacZDizzak qiijNECCaZLAREIIAAITIAS 4zd caNayme L geaN:

fleetrun —--gpus=0,1 train_fleet_static_op_fusion.py

®CIAFECIINALie Y ; cd 28eCiayNae Usat Uifae AfiijZ

Configuration Arguments
gpus: None
heter worker num: None

heter_workers:

http_port: None
ips: 127.0.0.1
log_dir: log

WARNING 2021-01-19 14:53:04,943 launch.py:316]
—~arguments and compiled with cuda.
launch train in GPU mode

INFO 2021-01-19 14:53:04,945 launch_utils.py:472]

Not found distinct,,
Default use collective mode

Local start 8

—processes. First process distributed environment info (Only For
—Debug) :
G t=================================================================x=1
| Distributed Envs o
—Value |
(ayNéatczgczm)
6.4. AgeC;aijyaNU 23
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(czmiyt.eaf)

b
B +

\ PADDLE_CURRENT_ENDPOINT 127.0.
—~0.1:28355

\ PADDLE_TRAINERS_NUM ~
~ 8 \

\ PADDLE_TRAINER_ENDPOINTS ... 0.1:33653,127.0.

—0.1:27766,127.0.0.1:16631|

\ FLAGS_selected_gpus
- 0 \

\ PADDLE_TRAINER ID

W0119 14:53:16.871562 68031 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2
—~Runtime API Version: 9.2

WO011l9 14:53:16.875859 68031 device_context.cc:372] device: 0, cuDNN
—~Version: 7.4.

W0119 14:53:25.973377 68031 build_strategy.cc:116] Currently, fuse_
—broadcast_ops only works under Reduce mode.

I0119 14:53:27.382609 68031 graph_pattern_detector.cc:101] ——-
—~detected 16 subgraphs

I0119 14:53:27.390769 68031 graph_pattern_detector.cc:101] ———
—~detected 16 subgraphs

W0119 14:53:27.407582 68031 fuse_optimizer_op_pass.cc:207] Find,,
—momentum operators : 161, and 161 for dense gradients. To make,
—~the speed faster, those optimization are fused during training.
W0119 14:53:27.436177 68031 fuse_all_reduce_op_pass.cc:79] Find all_
—~reduce operators: 161. To make the speed faster, some all_reduce,
—ops are fused during training, after fusion, the number of all_
—reduce ops is 6.

[Epoch 0, batch 0] loss: 0.15131, accl: 0.00000, accb: 0.03125

[

[a]

[a]

[Epoch 0, batch 5] loss: 1.15416, accl: 0.00000, accb: 0.03125

6.4.2 éAZa£aéGmaRa

coAazN

PaddlecZDéAZifae£7eaNéGmaR diijLoverlapiijLiijNaRfizé=JL 2 TLeRRmGEAZi£az TLcOGIAC

a0§cREazNczm

PaddlegZD&Tt aj SequeedﬁgZéﬁL’ miRtellL ayAaylé(Sagane;AuJNa i EaRrazezeIJ Lad ZayieAZa£aae§Aaz
éGmaR 1A Ziif a2t AiijNaRfiz82 I @ TLAL! ngeAZa£aay@ao i1jNazOe AN ; ALFRZL iij YgZDeAZa£qeeAge
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cuda-streams-best-practicesaAC
ajecTieeUzaesT

FleetansczRa6dcOréAZifaztAoverlapiijNaRIEITARS, ¢; 66 AZifad ZIe THGR

ncel_comm_num aRfz83EAEAGPUEZNEUT ¢cZDEAZi£a2 TLcOGiijNazze56amT 21766, ¢ 6y 1iijNad Zal]

strategy = fleet.DistributedStrategy ()
strategy.nccl_comm_num = 2
strategy.sync_nccl_allreduce=False

ayELe£ria; NamRamY 2T allliijZexample/resnet/train_fleet_static_overlap.pyayNeéi¢iijN
aAGed eceAe£ReaN2amacZDiézzak aiijNECcazLaRIéIJAalNaS azd’ eaNayme L geaN:

fleetrun --gpus=0,1 train_fleet_static_overlap.py

eCIaFECIINALie Y ; cd 78eCiyNaeUsat Uifar AfiijZ

——————————— Configuration Arguments ———————————
gpus: 0,1

heter worker num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

B e T
| Distributed Envs o
—~Value |
o
e —— +
\ PADDLE_CURRENT_ENDPOINT 127.0.
—-0.1:10097 \
\ PADDLE_TRAINERS_NUM .
o 2

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.
—~1:10097,127.0.0.1:59371 |

| FLAGS_selected_gpus
) \

\ PADDLE_TRAINER_ID

W0118 21:44:34.542804 70071 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2
—Runtime API Version: 9.2

L=

(ayNéafczgc7m)
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(c7miyt éat)

W0118 21:44:34.547377 70071 device_context.cc:372] device: 0, cuDNN,
—~Version: 7.4.

W0118 21:44:40.178053 70071 fuse_all_reduce_op_pass.cc:79] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce
—ops are fused during training, after fusion, the number of all_
—reduce ops is 5.

[Epoch 0, batch 0] loss: 0.14466, accl: 0.00000, accb: 0.03125
[Epoch 0, batch 5] loss: 4.00225, accl: 0.00000, acch: 0.03125

6.4.3 éAZaLazeNSaLSaijYaNU
aO§cRE
« TBA
2SmajlJaodeut
Fleet 86dcOri7EA7 TasCeAZe£ G T7aRY 6AZ:£92NS =L SiijNasdcOraL EasC

allreducedAC¢TleLudRIEA e ARNGa6ZcZyaz T¢ZDDistributedStrategy()
¢ZDaijAaEsiijNarsaRize6 AL NI’ iymaRNcZDéEAZi£aeNS=L SIAC

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

dist_strategy.hierarchical_allreduce_inter_nranks = 8

ayELefra; NamRamY 2T allliijZexample/resnet/train_fleet_static_communication_topology.pyaAC
aAGe6 eeAeLReaN8amacZDiazzak aiijNECcazLaRIEIJAalNaS azd’ eaNayme L geaN:

fleetrun --gpus=0,1,2,3,4,5,6,7 train_fleet_static_communication_
—topology.py

®CIAFECIINALie Y cd ZaeCiayNae Usat Uifae AfiijZ

fffffffffff Configuration Arguments ——————————-—
gpus: None

heter_ _worker_num: None

heter workers:

http_port: None

ips: 127.0.0.1

log_dir: log

INFO 2021-01-19 14:58:43,720 launch_utils.py:472] Local start 8,
—processes. First process distributed environment info (Only For

—Debug) (ayNéatczgczm)

6.4. aAgeC;aijyaNl 26


https://github.com/PaddlePaddle/FleetX/blob/develop/examples/resnet/train_fleet_static_communication_topology.py

FleetX, aRSayC 0.1.0.beta

(¢zmdyt.caf)
Gt=============—===—==—=—==—==—=—==—==—=—=——=—=——=———==—=———=—————————————=———————————f————————==c
Distributed Envs o
—Value |
o
B +
\ PADDLE_CURRENT_ENDPOINT 127.0.
—~0.1:53762 \
\ PADDLE_TRAINERS_NUM .
-~ 8 \
\ PADDLE_TRAINER_ENDPOINTS ... 0.1:58938,127.0.

—0.1:54203,127.0.0.1:44221|

\ FLAGS_selected_gpus
-~ 0 \

\ PADDLE_TRAINER ID

W011l9 14:58:52.487838 95116 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2,_
—Runtime API Version: 9.2

W0119 14:58:52.493592 95116 device_context.cc:372] device: 0, cuDNN,
—~Version: 7.4.

W0119 14:59:01.665702 95116 fuse_all_reduce_op_pass.cc:79] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce
—ops are fused during training, after fusion, the number of all_
—reduce ops is 5.

[Epoch 0, batch 0] loss: 0.13468, accl: 0.00000, accb: 0.06250
[Epoch 0, batch 5] loss: 0.18902, accl: 0.03125, accb: 0.03125

6.4.4 éAZaLaécScOGaijYaNU

a0ic;Sczllayeas;e; Ci;OcZDeomezCalz e ZfiijlaeCiijZ AEn=L iS4yt eomezCiijNe ATéCee omezCiij L
Fleet #jlJiyzPaddleéAZ¢TicZDALEayCaijRemczCAPI a6d¢OFizEiijZ Deep Gradient
CompressiondSN Local SGD djd cimeimezComUcTéxidéSLarzeAgescaEse£ZayAsUse¢YaAC

rr

DGC &ijYaNUa;OéEmciSczlJcZDalLEayCaijRGPUeomczC
DGC ¢6AazN
ad’ gegDalaal EayCaijRecomezCelTAeeAe; CéiY ¢ZDc¢;Sczllayead; izdi; £e£7eaNaedtazecZDEAZARL 7

Deep Gradient Compression aRS¢OfiijZaLE&yCaijRSGD4yme 1L 99.9%¢ZDeéfazeird emééCie YAEUH; Z¢
46acOrazEDGCZD¢IAcUREAZi£a2 Uz4ijRiijNaR felJL @ TLAII4; OéEmc; Scz1T:iyNe£ZeaNGPUALE&y Caij

46acOFiZE DGC 62 UGHymcZD échHelmecmezC (warming
up training), at1éCGRa£62mE (Momentum Correction),
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as$RéClaedérazessdal’t (local gradient clipping),

AL1éGRAZ5amR201’ &UR (Momentum factor masking) cml cmUcT&iijN
aSN *mcAL72aN0éa258£5amE (Weight Decay Correction)

6ALAEmCIAcURzéra7eéAZiLaeomezCayeaidcZDalTAczLeladdNcs; dzcem§ad $3AC
ayNeicarEdzN¢zm DGC ¢IA¢UREA Zifax Uz4ijRcZDEACTIaA 72 ZfaA ASI TéIN= TLadlJaA Ad§ 2T

éACcTialdzaezr
DGCcIAcUREAZi£aallli; Odyead;éAZifacStécLaUtiijZellL e, Cad g¢ZDe AgeCeRR imGiijNi; Eal

efTétNaeTLadlJ

&laadNiijZFasterRCNN
* caiiiziiijZ P40iyd @) 730 EayC4ijRiijNefRaR fel 24711y A amaiijNTCP¢; S¢zlJ 2 tNefTAAC
4RU300-700zmse AU2Ui/400stepaAC

¢S dzeeUiem$aAC

DGC aO§cREc6AazN

e£76GNAEcGAamTizNczmizNezmFleet DGC dymcZDiyA#7Z808§cREASNAfz87 TR Cae Tiaz TeréaeCi; T

secérazeciAcUR

DGC¢ZDa§zellizAletre Y6 AZe£GaRYHj6A ASGmee AxciazeiijNamsaRIARSEA A 3i70c2ZA6Z6 Y T
eméayiegSazeiijNazOcRE:674; [em6ayheldcIINiijNasAéCleérazect fakicml ARN#ZO6ZR2 Ulie Ut 20lcgza
sizeiijNiijLDGC¢Zy4;SizOxfRiy AdytecrizeallL eGatscZDbatch sizeiijL aAC

4AGeS;, NaYieomezCel.CeCziyte Ty, biyzimT dmabatch

..........

# 1.,
L dz812524y stepdysdyAdytepochii JNAL ' M2&tepochsd [ £cTlamMEdyydenseéAzifaii jNGRO3E
9%
strategy.dgc_configs = {
"rampup_begin_step": 1252%2,
"rampup_step": 1252%3,
"sparsity": [0.984375, 0.996, 0.999]
}
# 2. 3L’méIc4dyiepochséCd;fcTldenseéAZifaii jNGZNaROEZYeSd 0.
999¢cIAcURSZee£ReaN

(ayNéafczgc7m)
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(c7miyt éat)

strategy.dgc_configs = {
"rampup_begin_step": 1252%4,
"rampup_step": 1,
"sparsity": [0.999]

///// Nz, Nz,

afz470Fine- tumngeo.ngu]NaRranaeIJAecDgCleo.g:zCnJNazOgnnanlepoctht 208 £cTIDGCims:

# dz0crn0amédi JASGNDGCcIACUREAZEEq
strategy.dgc_configs = {
"rampup_begin_step": O,
"rampup_step": 1,
"sparsity": [0.999]

asAéCimérazectratasTzes

zelcayyaeCEaEleNglAgURant wUrauZayeeGla i saSlmTﬁzeTZaeAgﬁACDGCayleGGngaLleGRa;Eozel

Correcuon)aSNééAeClaeéfﬁi@ééAaGR(Local Gradient Clip-
ping)iijN 4L16GRAZ43mR 2Ol eURiijN =mCaLZaNUéazi£6eme

4aytcmUcTexises E§e£ZayleU6ééYaAC
aLiéGRagozemé

ayEeUGaAIasAéClactazect fab.icml RNz O6ZR2 Ve Ut Olcgzacdat.batch
sizedAllcZD=Olafijeiazl]L eACeZS MomentumamY alJlcZDaCEAE{aACA; SclAcURAZed; LénY = UtiiijNi; £
AEndijRaijZae Y eSUéZmi;OzladdNzAgeC;iijNzL Aiz&é1JAee AAITIA0§38NAENAIjR¢ZDA ZcaAdyE AfZacra

3E[6GRi£6emci ‘£ngeC19t raLaeA§azeeqzuteANeIdgt’ raLagIJ §a6dcZD=crazeV k, 2léi£62T7Momentr
2 Uz¢INiijNi£5emaRO¢ZDALIEGR2Zt & UraEniijRaeCayNiijZ

N

Upy = MUpi—1 + Vi, Ukt = Uky—1 + Uy, Wepr = Wp — 1 g sparse (V)
k=1

asAéCiamérazeasoalt
elfazgaféal laeYreYsaelcaecrazegLEgCngDayynga&Uzae§IaACe£Zanzae§TgTsPascanuglL’aiZaIJIZO

normsaSNad’ gizO¢cz7a676 Y LaAij eeUouNarsarzaecrazgrescaleaAC&lcayyaecraZ@a,ﬁan talllectazee AZARL
aAC
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akieGRazaamRaOreUR
azaayzeOlessiazEe; CarRediazerZt 2 UreiCéGmeZD2Uhé Ut iijNe L Aidz&iijZelL 2iCéCmeZLaUgae
Mask < |vg| > thr, wvgs < v © "Mask, upy < ug: © ~Mask

cmd 2Or ciAGRHZEAA 1] eméaziidE§eciazeizgc T§cZDALIEGRIIjNE Y semééZL e Ugmirazeet EaiCeGmaijTa)

seméalZaNU(Weight Decay)éazitoené

¢§7ijijaALI6GRA£52mCiijNDGC iymel.SiznaRNaxatiélJAseAdlzemcal. ZANUéaze£ZeaNaLoemCaidesr &

aSNaEI6GRi£6eAleticZyaRNiijNA£SemiélTA e AINIAS AéClaeciazeiyt atzat 4185 A6CIWeight
DecayﬁAC

A
Vit = Vi + Nwt

......

DGC acnéAs§aijAagN

ayNanGazealTaeIJzaEnalqayLeOIQZCResNetSO ayza(,NaleoAalTazNgzl Fleet aym
DGC gZDa‘;EngaAC aZaayz 8a1]a GPU gZDeAZa;EaeC‘aIJlaRNayAeLCngaEEnJN

220w

e£76GNaRte YiazéaE iy zi; NamRiijNizNczmFleet ijm DGC dRCaTicZDed;¢i6aAC
aesieDRiijZ
o caitizicOracCeeA=$CiijZ DGC¢ZGAL maR e TiaNAGPUAD ZamaaREALESCaijReol-
lectiveetmezCiijNéJAGe A= Il ¢Zyaz TeZDcudadaA AcuDNNEA AncclgOfa¢CaAC
* PaddlecOfacCeeAxsCiijZ DGCiRtzTieNAGPUIijNzL Aiz¢SIJAGPUCL Lalli¢ZD-
PaddleaAC

DGC ¢ZyaEscalUcTe

e£76GNaAGeS, i1jZ1252iytstepiyziy AdytepochiijNaL m2iytepochsi; £¢ Tlemeayydenseé AZi£4iijNARO
« rampup_begin_step (int)iijZDGC(dRAéDcCmeimczC)aijAagNcZD step
* rampup_step (int) 11]ZDGCaylééDgCléfSlngaeNAgzngD step. a@ézedl]spar—

s1ty &Yf [0.75, 0.9375, 0.984375, 0.996, 0. 999]11]Nrampup step &6, =LR lOO&:UouN

ali 0~19 steps Ut sparsity=0. 7511]NaIJ1 20~39 steps 2Ut sparsity=0.9375iijN
izéemd c$zeOlaAC

* sparsity (ll st [float]) 11]ZglAgURaZ@ threshold, (1 - current sparsity) % ¢ZD-
gradient aFE#ijZe¢i allreducedaAC
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strategy = fleet.DistributedStrategy ()

strategy.dgc = True
strategy.dgc_configs = {
"rampup_begin_step": 1252%2,
"rampup_step": 1252%3,
"sparsity": [0.984375, 0.996, 0.999]

4§7470ResNet50¢;S¢zIJ¢ZDDGCizé¢aAiijZexample/resnet/train_fleet_static_dge.pyaAC
aj£cTiLocal SGD &ijYaNU4;0ayeas;ayNaLEayCaijReomczC
coAazN

1014, £¢T1 distributed SGDe£ZeaNa TreméazicaNcZDALEayCaijReomezCaUtiijNay yiijZe AGALFaz&4y
« ALEayCiijReomezCeZDARAARR i ZARUALIEZE, & iyméZR 21z Ecet.CeCriijlstraggling

nodeiij; aSNéAZifaazie£§¢ZDa;saSmaAC
. ae"[raaléiﬁiﬁéqNaLanCalJRacdad’gazEeOI_ngﬁ(SdeZEgZDbatch

51ze11]Ne£Gad’ ggZDbatch size a1JZa‘ saSlaeIJAgngZDeolnggsbai@ﬁAC

Local SGDéAZe£Gazié T£ECeCz6Ut ARNamscZDEUT 67T (35 AéClaijCamseomezC)2ieaGRe | 2 ECRE
a0§cREazNczm

Local SGDaGRe;zeEcE.CcCz¢ZDa;saSmaSNaGRarSéAZi£aééScOGiijNeRR imGesmezCcZDARIARR
sizeiijL¢ZD¢s azcem§ad’siijN[ 1]  4SN [2]  aLEALn=RRaGzizEiijZpost-Local
SGD 4SN &G1éACa2TmEéTE (Adaptive Communication) Local SGD
cmUcTeiijN2#aGRarSARCaTraRNamsécScOGE7Zmi; OdyeridcZDcy; d7cam§ad siACARNemESGDASNLoc:
SGDAlJI6AZ:i£aaR N em&iyt.cZDau63ijCaeCiyNazZ, @l Acd’ 7aAC

Synchronous SGD Local SGD
wall clock time wall clock time e
l [ ad
GPU 1 GPU, H-
|
|
GPU, : GPU, :—-ﬂ
GPU, b ‘ GPU, i--~
alliLocal SGD eomezCiymiijNéZEc & iymeZDafRiyt trainer
4RDeGHiijZ¢NiiciN¢cZDe£ZeaN H dyte£dczmcZD SGD =7t 2 UiiijN¢DGAROEZEg; d iymeZDzL A=l
trainer dijZe£7eaNéAZi£aiijNARN zméiijLaveragingiij & A=lJL train-
ers ayb.cZDaRCaTraACayAdytaRN trainersiijNaRNazmééUt' éZ74y73
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emeéTEiijLiterationsiijL ¢ZDLocal SGDe£G¢INaeCiayNaZ, el Acd’ 2aACézD¢zLayd eiadtra; Dealed Zayd’ 4
trainers ARDeGlcZD Local SGD &Zt 2 Uie£GcINiijNaymé Ut ¢ZDeSieL seufa; Dealcd’ 72aRNxméaRO¢ZDlad

X = x?) = x(ll)

7 = 3 local steps
at each worker

X7

Local SGDiymcZDiayA#itaEsé T66U66¢Y 2 Y faeCiij Teata6ZaRCaTraRNemécZDEUT 6ZT(6¢S¢O0G)iijN
« aédad gaARCa TraRNamscZDEUT 6ZTaRfiz8aGRAES trainers
6Ut 6AZiLaazlie£§¢Z D4 $aSmeRRén Y eomezCARAARRIN
o 4;Eac¢dad 3aRNeméUt ¢ZTaReCiijZéAde LR e A czLeomezC ey azecZDem§ad saAC
[1]
az&ayNayd ayicmUcTeazO4ymaRNe gSazeei TAZ & ( ALt Zt 48 cZDAazseaaiijZ
* post Local SGD &rEeomezCe£GeINaLERLRAyd 16 Y tiaedtiijZenniay AéYiizedt trainers
6Ut ARNxmecZDEUr 67 Tiy7 1 ajtemeéTEiijNmsaR NemsSGDiijNzisitier ArlIAczl eomezCes; dzeii:
HiijNzig2RRmGeomezCaRdGARRAAC
e Adaptive Communication Local SGD ¢AZe£Gakle AA¢ZDerCTt ARCa TrARNemcZDEUt 62 T=isar
Fleet ijma6dcOria7E post Local SGD SN Adaptive Communication Local
SGD ayd’ ¢cgmcmUcTEaAC

at§eCiaeTLadlJ

a6déINes; ¢;6

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
46détN¢zS=dl)
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local step qps acct accd

1 8270.91 | 0.7579 | 0.9266
2 8715.67 | 0.7533 | 0.9265
4 8762.66 | 0.7551 | 0.9260
8 9184.62 | 0.7511 | 0.9239
16 9431.46 | 0.7429 | 0.9206
ADACOMM | 8945.74 | 0.7555 | 0.9270

aR7iz8¢IINALFAII post Local SGD iijLLaZ746Z3R Nem&é Ut éZTiijL 2 CEaE#yNiijNeZt 2 UréUt éZTe ik
4;Si;£¢TI ADAPTIVE COMMUNICATION cmUcTéaROiijNeomezCalJIaRdaRRaSN¢s; dzeéUt &, ALiazEay.

ajecTieeUzaesT

ayNaeijarEaZealTan zSalaeo.gZé ResNet50 ayza(JNaanJNgoAalTazNgz.Local
SGD gZDngaa§TaACeIJAe¢Aee§1a3DRgZDaaYr alTaaIJ zaEnalagZDeAZa&quC i aIJ laRNayAaalJ ZaZIeLCgCZa

v
N

iym Local SGD aRCaTicZDe6ci6aAC

aoZazlLocal SGD ¢ZyaEscmUcTé

¢TielaéeUABLEITARe AGGZidzL: paddle SGD ar7e$aiijNaZGAII]S-
GDafzesaiymed, ¢;6ameizicOGARCaTraAC¢Z6a mlocal SGDaSNeGléACa7 TemeéTE

local SGDéCizE=TreNASGDaSNMomentumiyd cgmiij Y aNUaZIaAC
o alJipost Local SGD  iymiijNalJLiyd ij1iRC2Tf begin_step  4aSN
k stepsﬁjNasAeClant anraSNaRCeeTraRNa:leeC gTsaeaEaedueGlaLlaoNaeLRaACbegin step

/////

aeNGaoZé6lnge£GglNayngDaElasAaRCzeTrant &Uréut éZTiijNaRUaAIjayzad ga700¢ZDa Tt ee'[

strategy = fleet.DistributedStrategy ()

strategy.localsgd = True

strategy.localsgd_configs
"k_steps": 1,
"begin_step": 1,

{

o Al eGIEACAZT2miéTE local SGD aymiijNelJL ayd 4§1aRCae TE
begin_step aSN init_k_stepsdACbegin_step
a:NGaoZaZ6gnnaGaaylstepazNaRée£ZeaNeGleAéaleocal
SGDQOUEE§TIIJNaRUaAI_] ayzad’ gazOOgZDaeTt aeTruJZngaeLueIJAeeAeobg‘01n1t k _stepsd 1Ja ayzgnnas
aZNaROgZDaRNaEIééUt eZTarEgTsayLeeUGayngDaEnaljRaLlaeAAgafSa(’SZnJ Na&IJ lale;azagOGeCCad
ad’ Ze£ZeaNeAZa;EaazOeANa;EIerAa;EneA§aeTueeTZuJ ZAl] lal@azagOGe(,CarReeUouNaRCeeTraRYaN
acdad’ gstepnj NaGRarS eAZa£aaenaa:Tr1uNazOeANa:RRalGeOI(;ZCeA§az¢aAC
eIJAe@Aae§laeDRgZDaeYraIJ 1eGleACazTeelééT;EglUgTeayluJ Ng§zgz§ iijZézYe6d éZRALG=ITAAD gcZ
16 stepiijNa;SaEnaijResacsUaGzcZDéUr éZTad 472016 «UtiijN2NL 16 steps
2£72aNaRCa TraRNeméaAC
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strategy = fleet.DistributedStrategy ()
strategy.adaptive_localsgd = True
strategy.adaptive_localsgd_configs = {
"init_k_steps": 1,
"begin_step": 1,

ayLe;Era(JNalRalYaaT(JaIJlujZexample/resnet/traln fleet_static IOCdlsgd pyayNeIanN
aAGeo(,e@Ae£ReaN2alagZDazzaLa11] NéCeazLaRIEIJAAIAS; jdzd’ éaNaylzeL’ geaN

fleetrun —--gpus=0,1 train_fleet_static_overlap.py

eCIAFECIINALie Y cd Z8eCiyNaeUsat Uifar AfiijZ

——————————— Configuration Arguments —-—————————-
gpus: 0,1

heter worker num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

INFO 2021-01-18 22:01:11,969 launch_utils.py:472] Local start 2
—processes. First process distributed environment info (Only For
—Debug) :

G t==================================================================73
| Distributed Envs .
—~Value |
o
B +
\ PADDLE_CURRENT_ENDPOINT 127.0.
—0.1:10913
\ PADDLE_TRAINERS_NUM .
2 |

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.
—-1:10913,127.0.0.1:14758 \

\ FLAGS_selected_gpus
-0 \

\ PADDLE_TRAINER_ID

W011l8 22:01:20.860090 45921 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2
—Runtime API Version: 9.2

W0118 22:01:20.864220 45921 device_context.cc:372] device: 0, cuDNN,

[

“Version: 7.4. (ayNéafczgc7m)
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(c7miyt éat)

W0118 22:01:25.578325 45921 gen_nccl_id_op_helper.cc:115] connect
—~addr=127.0.0.1:14758 failed 1 times with reason: Connection,
—~refused retry after 0.5 seconds

[Epoch 0, batch 0] loss: 0.14602, accl: 0.00000, acch: 0.03125
[Epoch 0, batch 5] loss: 0.16445, accl: 0.00000, accb: 0.06250

6.4.5 éGlakizetaRLcs¢ aze
coAazN
3014, £c Tl Tremoazi2aNALEAyCaijReomezCcZDaRN2 U,
eLSaznef Y aRriz83ij TAES Gk [eGtaRL¢s; d7¢(Auto Mixed Precision)
xlge£ZiyAxméeRRimGeomczCcZDEéA§aze.
dyzetAcZDedczRe;Sczl) aelaadNeAZayya i £ngangs(,az¢ single-precision
(FP32) EETI‘EEIOEES.IJ aijReieimY aCl2laddNaRCaTraA As£ZeaNeomezCaSNEED 2N,
allaytesicOreL.Caymi; £cTIamE ¢ 4%¢ half-precision (FP16) el8izteZ£imTcs;aze.
aRfiz8ayexldiz&ayNag;ad D:
1. aGR&rSa7ZGPU  memory  ¢ZDéIJA=sC:  GPU @Y imYiymiRY=CEAELyN,
e TreNAzZt id’ g2ladadN / batch size
2. ¢7mii0=Y ;imYerzaEZ2UticZDayeas; aONALZ
3. 4LACA§GPU = Tiimee£R¢6UEA§A7e (EJAeAGPU 2 TreNA[1])
4. GPUi4yk FP16 ARAARR=YFFP32 ¢ZD 2 - 8 3Am[2]

Paddle eeTrzeNAeGiaLleeuuaRLgsGazeé6agoU 426a6dcOrZE
ééléLith "#3d’ FP32 aAAFP16&RCaTYAaL’ felJn, Dynamic
loss scaling, opeZSgZ i aEV{laII cml glﬁgTea&iééA£aEl 474 FP16
aLlaeAAeNCaZt’ é(JCarReANay@aeIegZDaelaadNaeIJAgngsc azeael§ ad’saAC Fleet

] 1A aszaddleeAZnggZDaLanCalj Ré6lngAPIaaRRa¢ZazEg6AalTeeYSnggZDaaOeaRc
ngaeLuaRleIJAe@AeeuzaLaaGaeqNazcgaA arsaRrarEeGialeeuuaRLgscazcazTngaLraO§zeIJ L¢ZDALE&yC Ca

aO§cRE

* TBA
®SmajlJaodeut

Fleet AEAMP &6dcOfiyjz meta optimizer, ¢TlelaélJAeeA=NGAGZAEGcZD
inner-optimizer. Fleet AMPaTieNAzL A=lJL pad-

dle optimziers aSN FLeet meta otpimizers ajlJayzaEd inner-
optimizeraACaR1é1JAee AalJiresetc;SczIJa§7caAiybell S&ijAcZiazTcZDAijAAEsASNEEmC | 6¢Zia7TcZDEAL
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strategy = fleet.DistributedStrategy ()

Strategy.amp = True

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": T[],
"custom_black_list": [],

ayEesii; NamRamY 2Ty all{iijZexample/resnet/train_fleet_static_amp.pyaAC
aAGed eeAe£ReaN8amacZDiazzak aiijNéCeazLaRIEIJAALN1aS dzd eaNayme L geaN:

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

®CIAFECIINALie Y ; cd 28eCiyNa Usat Uifae AfiijZ

——————————— Configuration Arguments —-———————————
gpus: None

heter worker num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

INFO 2021-01-19 14:46:03,186 launch_utils.py:472] Local start 8_
—processes. First process distributed environment info (Only For
—Debug) :

G t===================================—=——————————————————=—============

| Distributed Envs o
—Value |

o
e +

\ PADDLE_CURRENT_ENDPOINT 127.0.
0.1:54114 \

\ PADDLE_TRAINERS_NUM .
=2 |

\ PADDLE_TRAINER_ENDPOINTS ... 0.1:24697,127.0.0.
—~1:53564,127.0.0.1:37181]

\ FLAGS_selected_gpus
-0 \

\ PADDLE_TRAINER_ID

6.4. aAgeC;aijyaNl 36


https://github.com/PaddlePaddle/FleetX/blob/develop/examples/resnet/train_fleet_static_amp.py

FleetX, aRSayC 0.1.0.beta

(c7miyt éat)

W0119 14:46:16.315114 84038 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2,
—~Runtime API Version: 9.2

WO011l9 14:46:16.320163 84038 device_context.cc:372] device: 0, cuDNN
—~Version: 7.4.

W0119 14:46:25.249166 84038 fuse_all_reduce_op_pass.cc:79] Find all_
—~reduce operators: 161. To make the speed faster, some all_reduce,
—ops are fused during training, after fusion, the number of all_
—reduce ops is 8.

[Epoch 0, batch 0] loss: 0.19354, accl: 0.00000, accb: 0.00000
[Epoch 0, batch 5] loss: 0.20044, accl: 0.00000, accb5: 0.00000

6.4.6 NV Dali Reader

* TBA

v

6.4.7 aEuazUiijLerCeLCetDaezRcZDéEmaeiTaAAacdad gbscaliijL
40§cRE

PaddlePaddle &; :.EngaAIJ gz£glNaeééﬁAImlaadNerCazcazuaeE geaNOpuJ NOpaIJ laRfé’lLlGPUé(’iag(anch
eAZayyeIJAe@ACPUgZDalRaLl’ 11]NgDﬁéANa@CaedIJ Opal) ﬁéiﬁélangaaUueUt’ a; LarRiijNaATIcz£ciNzsa:
aeazaeloazeacAgZDngelNuJNéfZaZOCPUazzaLauanum threads=2 * dev_count
anﬁaeAgeC‘e(,Cae‘u]N éfiazOGPUazzaLallj Nnum_threads=4 * dev_count

2N 7 [N

eUtzA geCie Cag; aACm§lzeDR11J Zgz£glNaesaayla:YreuLad’ geibag;aAC
&SmajlJaocdent

¢TleLadRIEITAReA=NGAGZcZy47 T¢ZDDistributedStrategy ()¢ ZDaijAaEsiijNarsaR fazéed ¢ 6cz£ciNz ]

strategy = fleet.DistributedStrategy ()

exe_strategy = paddle.static.ExecutionStrategy ()
exe_strategy.num_threads = 3
strategy.execution_strategy = exe_strategy

ayEe£ii; NamRamY =T, a1)1iijZexample/resnet/train_fleet_static_others.pyaAC
AAGe6; e ALER 2N SamacZDi77 3k 4iijNeC ezl ARKITAALIAS izd 2aNiyme 523N

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

®CIAFECIINGLie Y ; cd 28eCiayNae Usat Uifae AfiijZ
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——————————— Configuration Arguments —-———————————
gpus: None

heter worker num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

INFO 2021-01-19 14:50:52,903 launch_utils.py:472] Local start 8
—processes. First process distributed environment info (Only For
—Debug) :

=== mm——— e e e e = ——————————————t——————————
\ Distributed Envs o
—Value |
o
e +
\ PADDLE_CURRENT_ENDPOINT 127.0.
—~0.1:20485
\ PADDLE_TRAINERS_NUM .
- 8 |

\ PADDLE_TRAINER_ENDPOINTS ... 0.1:23281,127.0.
—~0.1:41983,127.0.0.1:17503|

\ FLAGS_selected_gpus
- 0 \

\ PADDLE_TRAINER_ID

W0119 14:51:04.500844 77798 device_context.cc:362] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2
—Runtime API Version: 9.2

W011l9 14:51:04.506238 77798 device_context.cc:372] device: 0, cuDNN,
—~Version: 7.4.

W0119 14:51:12.378418 77798 fuse_all_reduce_op_pass.cc:79] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce_
—ops are fused during training, after fusion, the number of all_

L

—reduce ops is 5.
Epoch 0, batch 0] loss: 0.11252, accl: 0.03125, acch: 0.06250

[

[Epoch 0, batch 5] loss: 0.11252, accl: 0.03125, accb: 0.06250
[Epoch 0, batch 10] loss: 0.11252, accl: 0.03125, accb: 0.06250
[Epoch 0, batch 15] loss: 0.11252, accl: 0.03125, acc5: 0.06250
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6.5 ad'geeiaadNeomczCaijvaND
6.5.1 Forward Recomputation Backpropagation
coAazN
difcTleZe ad ggibzefaadNagNant ad ggabatch size aRraieay@&ie&Zt ae‘gZDaeTLaadIhijNéi;EngaeL

Fleet ®RRi; Ziaz8ayNiyd comemUcTéxi8egCaEsad’ geelqalelead’ gbatch
sizeijl é6ngCéiyl5RféC‘eAGaLrgZDaeYcalYgSuecLerecYnJZ

Forward Recomputation BackpropagationiijLFRBiijL

\z

ereglUgTeeAZe;EGaeyEeZd’ eelcaRSeoagoUe£GglNayngDayleUt eoagong$aedIJ iijNeiééZmi; Ocomc:
Size ¢ZDe6mezCaAC

Recompute-Offload

a§zazéRecompute glfngelij NarEaeY() alYaylcheckpoint amye;;aliHost
aEEalYayanNe£ZayAae.eeLCgIJAa3YcalYgl’ 76Ut & TreNAzZt 4d gbatch
Size¢ZDetmezCaAC
aO§cRE

Recomputation

@L.Siztic§86ASIijNetsizeameizic; SczllcZDiy AxnaeomezCesmiz¢ANEARAAYL iy temEéld iijZ
. aIJlaRSeoago’U“nJZ efReaN é’lI}léRS’gc’iﬁélli(Operator)
aeIeeoaganyleUt 6ZRasC(Variable) ¢ZDaAij 4AC
. aRlaRSéiiagéUﬁjZ 2£ReaNaRmARScoUamR 1826a¢6UAR Cae Ti(Parameter)¢ZDa@éiazeaAC
o #ijYaNUiijZ 87T¢TlijYaNUcoUesTizéeZt @ UARC2TiaAlj 3AC
AL mARSe6ac6UEGelNaymiijNAL miR Sc6UsmRijZe6ac6UaGzad 36GR¢ZDiymé Ut ¢zSadlliijN¢Ts:
bize eGLAd giijNiyméUt ¢zSedl) imic TIcZDAEEamY dz§arseGh.ad gaACécdmaleayafCaaEaediiijZa;£¢T]
VariableaeiealYaCle;EZaZZeZvaangZ]v)ayleUt ¢zSxdl aACa; ,SaelaadNasCaeTraLaeeusanulijNaEuayleUt 7
amieméad’ géGRgZDaEEalYaACecdaealaeaya£CaeaEaedugZDaeYbalYaZdaaTﬁeeIJ zaLualj ZaRLanuaeyEeZd’
4 EeYizlIL aiZayleUt czSadl) eeYraRlaRSé6@96Ue£GglNaylg6UaleZDecSaEeuJNe;EZaZZayleUt czS®
arza704d 3arRaZ7367Z¢ZDAEEamY ®iseitiijNaeCadllc TleLaayNaelJZ4; £cTIad gbatch
bize ¢ZDxTixmbe£ZeaNeomezCiijNALZaEafijeGt imTaytiyméUt ¢zSedl)amic TIAEE mY 4¢dad giijNéCeazL
FRB aeYrarEaeusaZ@al@azag i ngIJ aLGaLanzkayleClaLEnJLsegmentquL’ aACafiaefRaylsegment

eANelAnJZaI_f laRSeoag:aneUun] NéZd’ aiEarReClaLEa;EEeazalYaClaIJ laEEalYayngDVarlable
ad’ U11JNaEuaZUayleUt ¢zSdlléC;arEecnal.aéZd iijZal) laRlaRSeoaganyluJNe@UaELeGlanfé6qganyz
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aSNaZ6¢AZcZD¢;SczlletmizécZyeiTiijNad Ze6ac6UazEiy A6 Ami L maR Sc6UsmRaAC
aE0i; Se£GcINaeCiayNaZ 2L Acd 7iijZ

input input-grad input input-grad
F [ ] [ ]

foff l%l foff l%l fo-bp foff l%l fo-bp
relu—ff ‘%I relu—ff \%’ relu-bp relu—ff =&' relu-bp

fo—ff l%l fo—ff l%l fo-bp fotf h\%’ fo-bp
relu—ff ‘%I relu—ff i\%’ relu-bp relu—ff ‘%I relu-rc ‘k:\%’ relu—bp

fe—ff ‘%I fc—ff ‘%I fc-bp fo-ff ‘%I fe-re ‘%I \%’ fc-bp
relu-ff ‘%I relu—ff \%’ relu-bp relu—ff ‘%I relu-rc %: relu-bp

foff l%l foff l}l fo-bp fotf l%l fo—bp
sigmoid—ff ‘%I sigmoid—ff ‘—?—'—4%' sigmoid-bp sigmoid-—ff ,}} =£' sigmoid-bp
log-loss \:| log-loss Dq—‘%’ label log-loss D< &' label

eLSiznebLALGALE;S¢zII¢ZDARYEGRARIEAZcheckpointsiAC
eécazLefJéﬁeéYaﬂeazElijNagéa‘ IeAL’ &Nl checkpoints agcﬁj §eGlaZf)FRB aef]zae§Teel’{1v2a(v}zaiezeieiijNad’ §é
zacLSazng§eeA§ eeusazeal@azag i ngIJ eAZayyzeYrgTsayAaylayleelaaIUéiyéeATacUaLrgZDuszerTa@CResNet
50¢Ts1 6aylblockﬁy§eATeANaeLRuJN Bert- LargegTs24aylEncoder layers
ay§éATeANaeLR11JNazeayd’ aylalRa:laaIUayleUt gZDaRYeGRa i ayzaLGaLEgCZaféaeYréiyAayla(,Lae‘ gZD
arzazOeIday§éATgZDg iSczlJ 11]La3rTa¢CaRnaeIJ Lad géGRshortcutngaadDgZDg iSczIJ 11]L’ iij]NFRB#iz§ 2 Tre
aRte YiaRreCiad Ze AUet 2y AcCzAEEamYiijLe Tz OamY 4Clshortcut¢ZDVariableiij aAC

Recompute-Offload

alJ fayLeIchDRecomputation emoétd aymiijNaRNeaidi; 14y ZzForward
ayleUt czS=dl) gZDcheckpomtS ]! v/ 29TZaeYC alYlij Neeszac;EaIJ [Backward
ayleGleoaganAC ng’iéANaIJ lcheckpomt gZDgT§ aS; aSlel)§ aymiijNizmelIL 4y Aedte; CETECZDeITRER;
e£Zaz§aeYrarzeeYcalYgZDayAg smettet 7aAC Recompute-Offload

40§cREAd oGt ARzl Eayzayd emiijZ
. ForwarduJZ aj ScheckpomtaU A maRS ayléér’lgT§aeLRaROuJNarEaEl’iﬁlye‘ i (Offload)al.fHost

Nz

AEEamY iymiijNesl aEGeL AsmiemécZDeY | imY aRfiz6e¢iéGhLa T (,aAC

« BackwardiijZa; ScheckpointalJIiRmaR SiymecriéGmae UreiCe TlazNAL miijNAFEAEG¢DARU (Pre-
fetch) 4Zd= Y ; amY 1ymiijNAGNzLR4ZNARO¢ZDéCmesacsUaAC

esleDRiijZ

o 8Z#ay7checkpoint AIJIAEE MY 4SNa Y, imY éUt cZDaeNuet 1o, CaEciijNerécmUcTée Y ¢ AZe£GRE 7y -
sizeiijN élJAseAcTlzLieiCeaaeomezCaRAARRASNbatch size AAC

[ PPIN

* Recompute-Offload aeTraeNAad’ZalaazueaNeo.nguN
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4;Sad ZamaaziieaN= UtidijAaRfOffloadiijNeomezCiymaR Ny AsE.CeCziyhal A=lJL GPU
ayt.cZDcheckpoints éC;arEamye;jaliHost AEEmY aymiijNijZamY alJ[az84yNécOéZI'iijZ
- PCle &jeddjcStécLiijZ  aRNayAeLCeCzitZDel: AelJLGPU  4SNHost
aEEalYeUt aEéaiﬁayAaeazPCIe 4yeadiijNacCaRNayAeL.CcCzayE.GPU
a:'[reGRe()Cad’leJLal'[zEIJzaEnalmlJI}é6izeYSaZaaszCIe

2N 21N\ X, [ BN

4yeas éZRALGEOI eomezCéA §azeefZiay AxmaGReEG

— Host SEEsmY 27¢aGriijZ 4;SaRNi#jAE.CcCzayE.GPU
®TréGRe; Cad ZiijNuj TafRaijaGPU checkpoints size
&, Cad g2 UtiiijNélJAee AxslzDRamye|  éGRa YiaRee(EaGZHost
AEEsmYad 3afRaAC

®&TLadlJ

@®L.Sazia1JIBERT- LargezelqadNayLarzRecompute ¢ZDa&TLaedll e£ZeqNazEze§NerT11JNRecompute
aRfidz&e8I batch size ellad'g 103 AmiijN Offload ARf47841] lRecompute
¢ZDag7caAsyLAEme T 4d’ 81.43 AAmAAC batch size = #seq * seq_max_len ¢afiz(i: imTma
V100 32GB

cmUcTé | amp amp + Recompute | amp + Recompute + offload
batch size | 18 * 512 180 * 512 258 * 512
speed 23.94 sents/s | 17.82 sents/s 15.47 sents/s

ajecTieeUzaesT

4yzizEi;£¢TIRecomputecmUc T&ii] N&LéaiﬁarEd ist_strategy.

recomput eeo(,g i o‘eiszrue azued ¢ el SaznazNAELAGZ4z1 4 ac; gZDcheckpomtsaAC

checkpoint gZDeAL’aRUaRraZ dRCeACe622UG dALTraining Deep Nets with Sublinear
Memory CostaiAN dAC

cd zabNayla‘;EnggZ]v)ResNetSO aafqangZD checkpoint
aylaaYraZZééSZgZDuJNaylgn@aRL Offload gZDe@AaesCuJ NaZZéfééiL§eC i anCanaaegIalj AaRiaAC
ajS4; £ng Transformer zeUun]NaRrazeeAL’ aRUeerRayAlayer ¢ZDFC out-
put d;[JayzcheckpointiijN e£ZanuaRDayllayer ¢ZDcheckpoints shapes
4y AeGrtiijNaRfiz&4; £¢ TIOffloadaAC

res2a.add.output.5.tmp_0 cml &Y icTleliczDe;SeUtasZ4azL ¢ZD variable name

checkpoint_idx = ["2a", "2b", "2c", "3a", "3b", "3c", "3d", "4a",
="4p", "4c", "44", "de", "4f", "5a", "5b", "5c"]

checkpoints = ['res/{}.add.output.5.tmp_0'.format (idx) for idx in_,
—checkpoint_idx]

strategy = fleet.DistributedStrategy ()

strategy.recompute = True

strategy.amp = True

strategy.recompute_configs = {

"checkpoints": checkpoints,

(ayNéafczgc7m)
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(c7miyt éat)

"enable_ _offload": False,
"checkpoint_shape": []
}

0 s

ayEe£ria; NamR¢ZDasNx Tt azécaAimY & Ty alliijZtrain_fleet_recompute.pyayNéicaACaAGes e ACER

fleetrun —--gpus=0,1 train_fleet_recompute.py

eCIAECINALi2 Y  cd 74eCiyNe Usat Uifae AfiijZ

fffffffffff Configuration Arguments ——————————-—
gpus: 0,1

heter_ _worker_num: None

heter workers:

http_port: None
ips: 127.0.0.1
log_dir: log

Gy t=============================—=======—=======——===================4

| Distributed Envs o
—~Value |

o
e +

\ PADDLE_CURRENT_ENDPOINT 127.0.
~0.1:17901

[ PADDLE_TRAINERS_NUM B
o 2 \

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.
-1:17901,127.0.0.1:18846 |

\ FLAGS_selected_gpus =
- 0 \

\ PADDLE_TRAINER_ID .
- 0 \
G t====================—=======——=======—==========================x=xq:1
Gt===========================—=——======——===========================x=q4

\ o
- \

\ DistributedStrategy Overview .
- |

\ o
- \
G t====================—======—=——=======—==========================x=xq=1

(a§Néatczgczm)
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(czmayt.éay)

\ amp=True <-> amp_configs .

+ _______________________________________________________________

\ init_loss_scaling 32768.0_,

\ incr_every_n_steps 1000

\ decr_every_n_nan_or_inf 2 .

\ incr_ratio 2.0

| decr_ratio 0.
800000011920929 |

\ use_dynamic_loss_scaling True
Gt ==========================================—=—==—=—=—==============cyj

\ recompute=True <-> recompute_configs .

+ 777777777777777777777777777777777777777777777777777777777777777

\ checkpoints res2a.add.
—output.5.tmp_0 |

\ res2b.add.
—output.5.tmp_0

| res2c.add.
—output.5.tmp_0 |

| res3a.add.
—output.5.tmp_0 |

\ res3b.add.
—output.5.tmp_0 |

| res3c.add.
—output.5.tmp_0 |

| res3d.add.
—output.5.tmp_0

\ resda.add.
—output.5.tmp_0 |

\ resdb.add.
—output.5.tmp_0 |

\ resdc.add.
—output.5.tmp_0 |

\ res4d.add.
—output.5.tmp_0 |

\ resde.add.
—output.5.tmp_0

\ res4f.add.
—output.5.tmp_0

| resba.add.
—output .5.tmp_0 I (ﬁyNéaIQiggil)
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(c7miyt éat)

resSb.add.

—output.5.tmp_0 |
resbc.add.

—output.5.tmp_0 |
enable_offload False

W0104 17:59:19.018365 43338 device_context.cc:342] Please NOTE:
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2,
—Runtime API Version: 9.2
W0104 17:59:19.022523 43338 device_context.cc:352] device: 0, cuDNN_
—Version: 7.4.

W0104 17:59:23.193490 43338 fuse_all_reduce_op_pass.cc:78] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce,
—ops are fused during training, after fusion, the number of all_
—reduce ops is 5.

[Epoch 0, batch 0] loss: 0.12432, accl: 0.00000, acch: 0.06250
[Epoch 0, batch 5] loss: 1.01921, accl: 0.00000, accb: 0.00000

46NxTt 2imacZD2UsaeUifare Afiz§aR1A11 . / 1og/¢Z64; TiyNa§sclINGACi7EegtaZt 4dd'Zf leet 1
aRrarlalEayCaijrRazzazaiAC

6.5.2 Gradient Merge
coAazN

ayzazEaeRRalGaelaangZDaeAgéC i lleaZZElZHalJ AagNe£ i aeanJZant ad’ gé gDaelagZDaeTraelééZEaAA
ebicl GazrTesReANCT§aACH EANIALEayCaijReomezCiymiijNczRayyiijZé AGALiz Y ; imY 2 UeAESEE mY

* &/ SéEégZDaeTfael6é£Géd’ 5iijNi; NaeCegEécScszeomezCaTiem6aAC
» ®USA aelaangZDaRCaeTfé£Gad’ 72l Ue£GAad giijNaL AeIJAgZDalYaClgl’ 76Ut etEaGZ47EAEEmY
o ARLicL G¢ZDAEEmY =1L éZRAAC

ayzazEeC i aelcayyaoNzeLReOIQZCnJNeeLSazneAZayyaRleC P4 £9Tle6Cé’1ngZDbatch

size azeeZla,OzelaadNeolngayngDzeL’ AeIJAe@AgZDalYaClgl’ 76Ut iijNe£ZarEafije Gt acLad’ ZaelaadNzl
size mIemRRenYeelqangZDgscaZ@aAC

Gradient Merge glUgTégaéyie@A&AiaeégaerﬁfEeilngléd’ Ziytbatch

aaTraeléiéélngacUaLrgZDaRCaeTraecrazeaRLazuaAZayAaenaant 2UraAC

aIJ léféé(’ilngg:lUgTeayNuJNeZ. gDuaan, Cal_] RangIJ NaCIgDﬁzerébeatch

.....

xTiem6aRLazlizl Rad gbatch AROeomezCcZDeTLadlJaAC
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aO§cRE

Gradient Merge aRte YiallleomezCet AciNGyEAAZA7Eay AizZ4; 6efCiijNe; ; ALtelaeN§aGzad gbatch
size eomczCaTLaedllcZDZ6cZDaACAERA; SeldeitiijNarse Y i £¢ TIeN8az8a0§2JL ad 3afR¢ZDbatch
& Trem6e£ZeaNeomezCiijNamséAZe£GAATIAL mARS+ARmAR SAAT
¢iScz11e6ac6Us; UaltecrazeaACAEGEUT dijZe I ay ASCIALE2 Y ; smY/AEEamY ¢ T1a704mY 2T eeérazeiijNel
2 Tiem6eomezCcZDeTLaedlJaAC

alJ lebCad’ ggZDgsSé’li@angIJ NiijN GM aeYrarEeOIQZCayAaylstep
gZDe£GglNgT§§O§aeIegZD AAITALmARS + &RmaRS + =Zt=UMAl =TziRYV=LR
aAlJiijLar miRS + &RmaRS  + eéfazect LAk  +  aZteUrAliijN
éAZe£GAL) ieeIJAgZLzeZt’aefjfé’lElé;EZéaN k mﬁaméféi@gibgt’fﬁLéaefach§é’1GZ batch size
2LTadg k aAmcZDaTLadlJiAC =ZtiE6i;S¢zEeLCaRfz6aRCEAC  AALMG-WFBP:
Efficient Data Communication for Distributed Synchronous SGD AlgorithmsiaAN dAC

aiecTieUzaesT

Gradient Merge glfngeaIJ {; £QTimﬁzeicaz§ a()LgoAalIlij Nng&LuaRleIJAe@Aﬁ(iZazE aFEad’ ZaiSbatc

gZDaeTr&loeoaganngZDaecrazcaRaaLaant & UteladdNaRCaTriijNi; £aR42836d¢Orad gbatch
eomezCcZDe76¢7ZDaAC

eolngazcgaAgZDa‘:aEeedﬁﬁSNaEuazUﬂeet é6lngazcg:aAa§zeeIJ nayAeeaunJNngaeL ARIEITAze AALIT
fleet.DistributedStrategy ayleElg 0Gradient Merge gZyaE§aRC2eTral§aRraAC

aAGeo() 2l.S#znA6Zaz1 aZEbatch size ayz NuJZeAZe£Geocg i6k_st epsiijNij£cTi44ytbatch
51zeaeleaelaaeN§ayAaylad’ gbatch¢ZDe6mezCiijNazOeANe; (ALFa7Ebatch  size  #yz  4*N
¢ZDetmezCaTLaedlJaAC

alJ lg radient_merge_configs ayl11JNavg 6AL eanglaaneO gaLueecrazggt fe6acZDa; ca1JR11JZa‘ S
True anunJNa1JZarzaerReenquD&crazeaesCaSNazuaAZaz§aIG11JZaRlazNarEth eO8arzeétazeasCaSNiij)

strategy = fleet.DistributedStrategy ()
# d;f£cTIGradient mergecMUcTE471ie8: ¢ 8¢l yaESARCaTE
strategy.gradient_merge = True
strategy.gradient_merge_configs = {"k_steps": 4, "avg": True}

0

ayELefia; NamR¢ZDasNx Tt azécaAimY & Ty alliijZtrain_fleet_gradient_merge.pyayNéicaACAAGes ee A

fleetrun —--gpus=0,1 train_fleet_gradient_merge.py

®CIAFECIINALie Y ; cd Z8eCiayNae Usat Uifae AfiijZ

77777777777 Configuration Arguments ——————————-
gpus: 0,1

heter worker_num: None

heter workers:

http_port: None

ips: 127.0.0.1

log_dir: log

(ayNéafczgc7m)

6.5. ad geeiaadNeomczCaijyaND 45
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https://github.com/PaddlePaddle/FleetX/blob/develop/examples/resnet/train_fleet_gradient_merge.py
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(c7miiyt éap)
G t====================—========——=====———=======——=======—===========4
| Distributed Envs o
—Value |

o
e +

\ PADDLE_CURRENT_ENDPOINT 127.0.
~0.1:17901

[ PADDLE_TRAINERS_NUM .
o 2 \

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.
~1:17901,127.0.0.1:18846 |

\ FLAGS_selected_gpus .
- 0 \

\ PADDLE_TRAINER_ID .
- 0 \
B e et et
Gt ==========———==———————————————— o oo ————————————————————————y

\ o
= \

\ DistributedStrategy Overview .
- \

\ o
- \
B e e et

\ gradient_merge=True <-> gradient_merge_configs,
- \

o
G +

\ k_steps 4 .
- \

\ avg True
- |
G t============================——======—=—========—===================4

W0104 17:59:19.018365 43338 device_context.cc:342] Please NOTE: |,
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 10.2,
—Runtime API Version: 9.2

W0104 17:59:19.022523 43338 device_context.cc:352] device: 0, cuDNN
—~Version: 7.4.

W0104 17:59:23.193490 43338 fuse_all_reduce_op_pass.cc:78] Find all_
—reduce operators: 161. To make the speed faster, some all_reduce_

—Ops are fused during training, atter fusion, the number OkuKkitesscim)
—reduce ops is 5.
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(c7miyt éat)

[Epoch 0, batch 0] loss: 0.12432, accl: 0.00000, accb: 0.06250
[Epoch 0, batch 5] loss: 1.01921, accl: 0.00000, accb5: 0.00000

46Nz Tt 2imacZD2 Uit Uifare Afiz§4R1A1 . / 1og/¢Z64; TiyNa§scINGACi7EegtaZt dd'Zf leet 11
aRrarlatraycaijRa2242a3AC

6.5.3 aj£cTILARS / LAMB iijYyaNUaLEayCaijRetiEad gbatch
eomczC

coAazN

alJ lzeTrael6azueaNaLanCa1J ReOIgZCaIJ zanréiyl ayyi; £ngacdaLaGPUeeIféGRgZDanzag Reelgak.é
ayzazEaﬂerAGPUgZDganLZa(JUaLraEEaLEaLl’ng aerRﬁijﬁGPUalqangZD—
batch  sizeéCjélJAeAllsad §4d’3aAC  &Ziemd AIIACAALAGPU  @TréGRaRN=U,
eomczCcZDaElasAbatch size 47§:4ijZaRYad 3aAC

djEetEAd 3¢ZDAEIas Abatch size dijZayexiseomezCeZDaTiaTZeU66¢Y (1] [2]:

o 2laadNelTAczlcs;d7cem§ad s

. aaTﬁaeTZéA§éZ@ﬁRYaeEé éIJAé@AaaZt’éd’ZgZDepoch aeEléé;aeTﬁaeTZ

eOIQZCayngDaeTueeIZerecYaAC

Paddle 46dcOrazEe£Z4yd ¢omiij Y aNUcmUcTéiijNpaddle.distributed. fleet
4j1Jay7Paddleé AZ¢TicZDAL EayCaijReomezCAPIeRRi Zi7Eco AsmT2 Y ScTicZDa084RE,
¢TleladRIEIASe AetzaE 3G HeaNizEcAAATSARAIEcHMU ¢ TEALAAEALFO§ e TL ¢ZDetmezCiiymaAC
eAZegEGe;EZayd’ aylaij Yaijglfnge el.SaznaleaEad gbatch
all zeleaylaongrazEzeZt a£ngZDzeTuz£IZeA§azeaSNanaaEI§gZDgsc aze, giSaRLFleet
iymaEGiz0¢ZDcmUcTé(e.g. AMP) aRfizécijl c§me Tt a@eo.ngaeTuaeTZeeUueUt’ aAC

a0O§cRE
LARS

LARS &EiiijRaeCiyNiijZ

|[param||

local_l ' te =1 ' te x [ *
ocal_learning_rate = learning_rate * lars_coef f gradient]| + lars_weight_decay  ||param]|

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

param = param — velocity

aRraiegIJ N&LILARS dEGa6de Yiall ajeweight decay ¢ZDmomentum
aljYaNUaZngDa§zgaAayLaLaaEeazEl ocal learning rate ¢ZDéAze;S,

arza:rRayAangZD learning rate e£ZeaNazEaT;cijl aAC
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LAMB
LAMB aEfiijRaeCiyNiijZ
my = fimy1 + (1 — Bi)g
v = Bovey + (1= Ba)g;
my
Ty =
Uit
Jwe |
=W — Ppm———— Awy_
Wy = We—1 — Nt e+ M| (re + Awe 1)
4SNLARS ¢Szdijij, LAMB az§aaYraIJlaEEasCaljYaNUaZngDa§zgaAayL

ééﬁazE'ayAayﬂ ocal learning rate ¢ZDéAz;S, afzefRijAdsC¢ZDlearning
rate e£Z&aNiazEaTcijl aAC

®&TLadlJ

4;1£¢TI LARS a1J[2GE&d gbatch size dyNesmezC resnet50iijZ

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%

ajecTieeUzaesT
LARS

fleet é’le LARSaongrayzayAay1 fleet meta optimizer,
all la‘ £nganueIJAe@Aeobg‘ 6iz8ayNaGacCz:

1. LARS meta optimizer ¢ZD inner optimizer 4£E¢é3z4§% moment um, aZGAlJl momentum
aymadZazll mu aSN1r aRCaeTraAC

2. AlJIDistributedStrategy :iyjmed;c;6LARS ¢LzelJL¢ZD lars_coeff &RCxTraSN
lars_weight_decay aRCa&TraAC

* LARS aungRarE weight decay aNEaRne;EZaEnalJRayl
¢TleltiyméITAce ASEmALIT optimizerijmes,¢c;6 regularizationdAC

* fleet ayle£Ya3RRa<,Z lars_weight_decay e£Gezd cmUCTE,
aRfiz86AZe£Gallexclude_from_we ight_decay
aRCzeTraLaaEearzaleayer ¢ZD  name string, e6Ie£ZayA  layer
¢ZDARCxTiijme£ZeaN lars weight decaydAC (6AZayyzlSaznaiEBN aRCxTF
4SNFC_bias #zOlars weight decay dyme£Gazd’)

6.5. ad geeiaadNeomczCaijyaND 48



FleetX, aRSayC 0.1.0.beta

strategy = fleet.DistributedStrategy ()

strategy.lars = True

strategy.lars_configs = {
"lars_coeff": 0.001,
"lars_weight_decay": 0.0005,
"exclude_from_weight_decay": ['batch_norm', '.Db

0]

ayEe£ria; NamR¢ZDasNx Tt azécaAimY e Ty alliijZtrain_fleet_lars. pyayNéicaACAAGes, eeAe£ReaN2:m

fleetrun --gpus=0,1 train_fleet_lars.py

®CIAFECINALie Y ; cd Z8eCiyNa Usat Uifae AfiijZ

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

gpus: 0,1

heter worker_num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

f===========—=—=—=—=—=—=—=—=—=—=—————=—=—=—=—=—=—————————————————————————————————————f—————————=—

| Distributed Envs o

—Value |

o

e +

\ PADDLE_TRAINER_ID 0

- \

\ PADDLE_CURRENT_ENDPOINT 127.0.0.

~1:12464 |

\ PADDLE_TRAINERS_NUM 2

= |

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.1:12464,

~127.0.0.1:43227 |

| FLAGS_selected_gpus 0

= \

f===============—=—=—=—=—=—=—=——=—=—=—=—=———=———=———————=———=—=———————————————=————=——=—=—f————=——=—=—x==

f=============—=—————————————————————————————————————————————————————s—————————

\ o

-

\ DistributedStrategy Overview .

= |

\ —

= |

t====================================================================f=========1+
(dyNéatczgcrm)
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https://github.com/PaddlePaddle/FleetX/blob/develop/examples/resnet/train_fleet_lars.py
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(czmiayt.cat)
\ lars=True <-> lars_configs .
- |
o
G +
| lars_coeff 0.
—0010000000474974513 |
| lars_weight_decay 0.
—0005000000237487257 |
\ epsilon 0.0 .
-
\ exclude_from_weight_decay batch_norm
-
\ .b_0 .
-
t====================================================================f=========+

W011l4 18:07:51.588716 16234 device_context.cc:346] Please NOTE: |
—~device: 4, GPU Compute Capability: 7.0, Driver API Version: 11.0
—Runtime API Version: 10.0
W011l4 18:07:51.593963 16234 device_context.cc:356] device: 4, cuDNN,
—~Version: 7.6.

Epoch 0, batch 0] loss: 0.14651, accl: 0.00000, acch: 0.00000

[

[

[Epoch 0, batch 5] loss: 1.82926, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 10] loss: 0.00000, accl: 0.00000, accb5: 0.00000
[Epoch 0, batch 15] loss: 0.13787, accl: 0.03125, accb: 0.03125
[Epoch 0, batch 20] loss: 0.12400, accl: 0.03125, accb: 0.06250
[Epoch 0, batch 25] loss: 0.17749, accl: 0.00000, acc5: 0.00000

46N Tt 2alagZDanea£Ua£aeeAfai§aRraIJ {./10g/¢Z68; TiyNa§scINaACizEegteZt ad Zf leet 1
é?{réLiaLanCal JREz24233AC

LAMB

fleet éfE LAMBaongrayzayAay1 fleet meta optimizer,
all la‘ £nganﬁeIJAe@Aeobg‘ oazeayNaGang

O~z

1. LAMB meta optumzer ¢ZD inner optlmlzer a£Eeazayz adam, 8z4alJ{ adam AymAGZAZL

al@azagOGl r, ayAeYu moment gZDaeNGmIreqraGRgOGbet a1l 4SN#@zNéYimoment
¢ZD&NGTieatdGR¢OGbet a2 aRCaTraAC

2. alJl DistributedStrategy éGNAaGZe6;¢i6AMB cLzelJL¢ZD lamb_weight_decay
aRCaTY.
* LAMB ﬁﬁégZRéfE weight decay aNEaRne;EZaEnalJ Rijm,

Nz

¢TleltiymeIlTAcc ASEmALIT optimizerijmes,c;6 regularizat iondAC

* fleet aymeLY eRRi;Z lamb_weight_decay e£Gezd cmUCTE,
aRfa786AZe£Gallexclude_from_weight_decay
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aRCaTrabaaEearzazTlayer ¢ZD  name string,  e6le£ZiyA  layer
¢ZDARCxTriyme£ZeaN lars weight decaydAC (6AZA&yyelSizndfELN #zOlamb
weight decay dyme£Gazd’)

strategy = fleet.DistributedStrategy ()
strategy.lamb = True
strategy.lamb_configs = {

'"lamb_weight_decay': 0.01,

'exclude_from weight_decay': ['layer_norm'],

ayEesii; NamR¢ZDasN= Tt dzEciAimY T allliijZtrain_fleet_lamb.pyayNéicaACAAGes; ce Ae£ReaN2:

fleetrun --gpus=0,1 train_fleet_lamb.py
®CIaFECIINALie Y ; cd Z8eCiayNae Usat Uifae AfiijZ

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

gpus: 0,1

heter worker_num: None

heter workers:

http_port: None

ips: 127.0.0.1

log_dir: log

f===========—=—=—=——=—————————=————————————————————————————————————————————f——————————

\ Distributed Envs o

—Value |

o

e +

\ PADDLE_TRAINER_ID 0 .

= |

| PADDLE_CURRENT_ENDPOINT 127.0.0.

~1:12464 |

\ PADDLE_TRAINERS_NUM 2

= |

\ PADDLE_TRAINER_ENDPOINTS 127.0.0.1:12464,

-127.0.0.1:43227 |

\ FLAGS_selected_gpus 0 .

o \

f=m====—=—=————— === e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

f=============—=——————————————— o=

\ —

= |

\ DistributedStrategy Overview .

= |

\ _

- | ]
(ayNéatczgczm)
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(czmiayt.cat)
f========================—==—=—=—=——=———=————=———————=————=————=———=————=———==—=s=————=——===4
\ lamb=True <-> lamb_configs .

-

o

G ———————— +

| lamb_weight_decay 0.

—009999999776482582 \

\ exclude_from_weight_decay layer_norm

= |
f====================================================================f=========+

W01l1l4 18:07:51.588716 16234 device_context.cc:346] Please NOTE:
—~device: 4, GPU Compute Capability: 7.0, Driver API Version: 11.0,_
—Runtime API Version: 10.0
W011l4 18:07:51.593963 16234 device_context.cc:356] device: 4, cuDNN
—~Version: 7.6.

Epoch 0, batch 0] loss: 0.14651, accl: 0.00000, acch: 0.00000

[

[Epoch 0, batch 5] loss: 1.82926, accl: 0.00000, accb: 0.00000
[Epoch 0, batch 10] loss: 0.00000, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 15] loss: 0.13787, accl: 0.03125, accb5: 0.03125
[Epoch 0, batch 20] loss: 0.12400, accl: 0.03125, acchb: 0.06250
[Epoch 0, batch 25] loss: 0.17749, accl: 0.00000, accb5: 0.00000

46NxTt 2 amacZDaeUsat Uifae Afaz§aRAIN . / 1og/ cZ68; TajNae§eclINGACH7EegéaZt ad Zf leet r
aRrarlatraycai jR42242a3AC

6.5.4 éédzealad gegDaiaadlEcszazSajEcTiazNczm

coAazN
§7;8CRALEcszet AellfeUseiN2LRcES§iijNResNete; SczIJal) (ImageNete TiemSéZEAyE.cZDtop5aGE
4204d’ ZALEcszc8dczRe; SczllcZDasdcOre 3Sazeal ExdRiijNaE G2 IJAGRO4yAGSCEAZay e Y ic TSAE R

P

azeanreUzanlele§zgz§ ayzia; NiijNaAGes ee AdrzcZ,, angszngaLEgszaLngZDeeUreUzaqugZoe£Ze
$$4E1e£deO23SCARCa Tie Y imY et e AU=\frac{512*1076*4B } { 10243 \approx2GB$$

a0§cREazNcim
ef3aeCi; TegtaEse£Zayté U66c Y aS¢iij§ayycTicZDaAZesTe YaAlaNEALEAAIAACe ACeZSal faR e £

azeayNaZcayza()NnJNaEle£danéﬁéCaRCasTraeNIf éaNaLGaLEaLraylaRNgZDGPUalaayLaACzzerR'aen‘
logit)iijNazGia§zi7Oxmd eoagoUgedngg‘ SczllcZD=m§ad $4AijaACefeczExOlafije£ GeINeriaRCEYEEZDA;
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loss = =

ReduceScatter

Divide-and-conquer
Softmax with Cross Entropy
A S L &=

AllGather

feature ==

C & & &
I T

e£ZayteUzeal ARFiz82IIL eeTLégéaE§aEle£d'aeOéaéCaRCaeIreGReZRaLEgszgszaLnaeIrgz;Ea’eAgacde]

PaddlePaddle Large Scale Classification)iijNayz¢ TlelieRRi; Zi7Ead gegDaladl Ecszizzak aizOeomezCAL

at§eCijeTLaedlJ

PLSCazSall[ad Zijte TremoéZEayE AR fz84RUA; USOTA¢ZDeomezC e’ aZeiijNayNealaL UaGzPLSCaz
ArcFaceASNCASIAzTiem6éZE4;1J4y7e6mczC e TiemsiijNALI i ymARNEINef A Trem6éZE 41 ARUS; UcZDg:

xlgadN | eémczCeZE | Ifw agendb_30| cfp_ff | cfp_fp | MegaFace
(Id/Ver)
ResNet50| MS1M- 0.99817] 0.99827 0.99857| 0.96314| 0.980/0.993
ArcFace
ResNet50| CASIA 0.98950( 0.90950 0.99057| 0.91500| N/A

ad GeesliijZayte£ielaadNesmezCij£cTicZDloss_typedyzaAZdist_arcfaceAAZaACaZt id’ ZaEsizOArck
ArcFace: Additive Angular Margin Loss for Deep Face Recognitiond AC
PLSCzeTraeNAad’ Zzxl) zaLanéaij ReolgiCaACayAaeszeIcﬁj NeAZe£Gad’ Zzl) zaLan(V?aij ReolgiCaR

ayNaZ(,giZana, £9TlaylaRNaeTféGRgZDeLCgCzeengZDeOIc;iCeA§ a7¢iljLARAARRIHL AACAG6dEIN
ArcFacenJ NaLEcsz¢ szaLnaeTrayz8574211] NeerRayleLCngeElad’ G83 a1J jANVIDIA V100
GPUsiij NbackbonezelaadNayzResNetSOaACa(;CaZCeeL’ Acd 7iijN; £9Tlecdeealad’ 8¢ gDzelacaLEgszazSaRraz&
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https://arxiv.org/abs/1801.07698
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<@
o
Ll
o
<L
=

dist softmax dist_arcface

18 V100 GPUs = 2+8 V100 GPUs =48 V100 GPUs

ajecTieeUzaesT
aoLeéEPLSC

&L geaNuayNeiécZDAaS izd a6 eCEPLSCAAC

pip install plsc

aGEad GaiaadNeomczCéEmcj6azécaAiijNaciamYayztrain.pyeGazi

4;£¢TIPLSCezDazzal EcszcédezRe; Sczllayzee AANEe Ny NEicayL djtemsétd iijZ
1. #z0plscANEAfijaEEEntry¢sziijNEntrycszafASCEPLSCall A=lJL API¢ZDa O8RS 7iijZ
2. 46di; NANUEntrycsz¢ZDar7esaiijZ
3. 2iC¢TiEntrycsz¢ZDtraine UzaesTiijNaijAdgNeomezCe£ GeINGAC
) véZYéfSud’,zeCEé’lEgﬁyN‘iijNéféééilgiéé]v)ZaaH fd; £cTicZDlossaAijebacoUeUzaesTayzaAZdist_arcfacedAZ;
&UGa=qcaAC

from plsc import Entry

if _ name_ == "main":
ins = Entry ()
ins.set_class_num(1000000) #e&é;¢;6aLEcszcszalnaelr
ins.train ()
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./plsc_performance.png
https://github.com/PaddlePaddle/PLSC/blob/master/docs/source/md/advanced.md
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aRraLieomczCazzaka

aRfaz&4; £¢TlayNEI6cZDAS dzd eaNaRfak.ioomezCizzak aiijNaE Giymselected_gpusiRCaeTicTiaz02NG

python -m paddle.distributed.launch \
--selected_gpus=0,1,2,3,4,5,6,7 \
train.py

&/t ad’ZPLSCidj£¢ Tl UGzaciijNeradRCEYE: PLSC RepodAC
éZ2Da;T
dE£de08asCaSmi; Jal e Tiime iyt cml iz0i708; SAEEXASNARCaTFW¢ZDe§l é Y iz Y:
XWaACARCaTiWAaRfizéeNL ALUALGALE4yzNaytéCIALE [Wy, W1, ..., Wx_4 JiijNazGaLEALA2 T ¢;GALIN
$SXW = X[W_{0}, W_{1}, 4A¢, W_{N-1}] = [XW_{0}, XW_{1}, 4A¢, XW_{N-1}]$$

47 3ccmd iijNalIciniiaijiimaayEiijNaRIE A e Ae6ac6UECIALEczSedl)
XW;aAC¢DaROi1jNEAZe£GEZEARLEAZi£ a0 Smii; [JeOGaRUAEIasAczSedl) XTWAAC

6.5.5 aj£cTiSharding eémgczCeliEad’ gaeiaadN
coAazN
aj SaefqadNaRCeeTre“aLrgZC az£aeijeAEaléaz£aequlijN
aij agz§gZDzeTraeloazueaNeolngaRreC‘auZeAGaLr&:YcalYgSﬁecLaAC
alJ laeTrzeloazueaNeolngayl11JNeerRayl gpu worker éCj@lJL 4y A#z;46N2 Tt zelaadNaRCmTraSNaleaNUaz

dALZeRO: Memory Optimizations Toward Training Trillion Parameter ModelsaAN
&NGAGzal)l2efRayIGPU ayLéCafiamY ayAdz; 2laddNARCa TraSNij YANUAZIckiiz AAAL fellnz YFAEU4;:

el .SiznaR 786 AZe£ GarEayE LR Ca TrASNAL fellial SALEALFiymaRNGPU ymiijN
alJ{fR4JIGPU aRti£iamY éCIALEAL feelltiiijN28aGRAIS2fRAijAGP U4y Y  smY cZDamic TliijN#zO0e AN&
a0§cRE

Sharding

Shardmg aongrazEgszaulJZeRO DP gZDeOIQZCglUgTenJNarEzelaadNaRCeeTrllepa—

ayEAACRST 2laddNARCaTréCIALE=L AsmicZD= Y imY éZRazlieaNamaze TicZDAacdaE 2e ANAGRAISZAC
6AZe£G paddle.distributed.fleet ®RRi; ZcZDc6AamTeY ScTieO8aRE,
¢TleladRIEASe AetzaE 33GaeaNizEcIAATSARFATEcHMU ¢ TEALAAESAL 0§ e TL ¢ZDetmczCiiymaAC
xlaadNeomezCetGelNaymeZDe Y amY =il e AUdyzee A¢TSayd ad 36 CIALEczDaLRiijZaladdNaRC & Tr
sharding cmU¢TEARALGALEd7E2laddNaRCeTraSNiij Y aNUaZich e A AiijNaZiemd 2laddNaRCeTraSNii
ijBeYfefRaijaGPU4yLizmcDiiczt 2L.d ciAxladdNaGN2Tt ¢ZDALmARSaSNARmAR SiijNzL Aiizé2iRijiGF
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iymiijZéZRCIAGPU  2TiéGR¢ZDac¢dE 4 ANAGRATSAAC  ¢TleltaRriz86AZe£GeczSARL
recompute cmUcTé=I8AGRALS activatione£ZéCIALEcZD=Y ; imY =il AUIAC
eAZe£Gsharding a§NacdaLaaiﬁéaNGPU aaIféGRiijNng’aeiﬁﬁRféiZééfSlgiégZLﬁi£gTZéG§ﬁlééii£éRé<

iijLéIJASe AczSARL recompute, amp cmU¢T&iijL aAC

Sharding-hybrid-dp

PN

Shardlng hybrldee"[raeloazueaNglUgTenJNaIJ {sharding azueaNgZDa§zgaAayLaElacdaLaayAasCaeIrael

ereglUgTegZDgZogZDzeYreAZe£G é7RalLGsharding éAZifaczDerCcCzaTt
aSN 4¢dariad’ zen reTrembazte aN eideRRéNYeomezCaRAARRAAC
agCaedl] éyAaylzelqadNaIJ lanoeAZShardmg eomczCeUhéITAee AM

41jaGPUiijNal.ZaL.ZaijAaRthybrid-dp eGsaiSélTAee A N*M GPU iijLN>= 2iijL:aAC
Sharding-hybrid-dp éAC¢TicZDallzeZaeCiyNiijZ
o 4;SALmelIL 4iyt 8 dmav100 eE.CcCz

o Z6xiGeladdNA  AlJiSharding  oomczCaeUteGsaiSélTAseA  8ima  v100
iijLayAay1a6Na Tt ¢ZD8 smav100eL.CcCriijL

o ajNzlJZALI ¢TIAEI6CIcZD 4 iytel.CeCzelsat 46 AseimezC

ayLe£raeCEaE§a@CzedIJ cZt zeOea,£ngaEleCngD 4 éiyléLCgCZ
&£7eaN=Z6éAZ¢7ZDsharding eomezCiijN éCeazLaEléClgZD
32 gpus aZNeUt’gZDaeLliéiYAaylaoNaeTt Sharding parallelis-
maACe£ZedliijZaZ a4y 76 AZaLacSiéCLEAdel ReomezCEA§a7eéldayyeEdiijZ
« Sharding dymeZDbroadcast 6AZiifq iijZeil aREAE[CIcZD32
4ija5maiijNayTayzealet. CcCzéAZi£aaAC
 Sharding ayngD allreduce 6AZifa iijZeil aREAECIcZD32
4ija5maiijNay Tayzeale.CeC7éAZi£aaAC

aijAaRr hybrid dp azueo(,g,o shardlng group size = 8 alV{C/’)lijN

ayteE.CeCzaedDalR 4&hf hybrid data parallelismiijZ
« Sharding iymcZDbroadcast éAZifaecinéZRALGANefRayRECCZAEECZD 8 4ijiGPU
4zNéUtiijN eSaellLetler.CeC7éAZi£a3AC
* Sharding qymcZD allreduce éiyiéﬁiéhégéiéz&iﬁilaﬁjl(fﬁ;Ezeﬂi'aylallreduce
6AZifaiRt2elGLARE 47371 sharding_group #yE rank ¢ZyaRN¢ZD 4 &ijiGPUsiijN
iy T2rRaijaGPU4zESIJAeeA allreduceéAZifa 1/8 ¢ZD21aadNARC2TiaAC
Sharding-hybrid-dp éAZ2£GiyEe£reOteUiiijNaRrHz8e; Cad gcINaZe AGRAFS Sharding
e6mezC 420 18L.CcCze T asTALi4 eL.CcCzaUticZDiijlealeb. CeCriijL éAZ4£aé GRAACeRRéNYECcCzadd
PS. hybrld dp aeYraZaayz Sharding parallelism &IJ ﬁéiﬁaEEaRnayAasC data parallehsm

éAze; SiijN hybrld dp & Y7alll Sharding parallelismidzNayEAEmac¢dak iz UrcZDiayAasC data
parallelism éAze; SGAC
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®&TLaedly

ayNéicealzedijaiEafzarT Sharding cmUcTéafze Y amY ¢ZDA;saSmaAC

®laddNiyz  Bert-LargeiijNefTéIN¢Ora¢Ciayz  v100  iijL32GBiijLiijN  recom-
pute = ON, amp = ON, hybrid-dp = OFFiAC wlaadN:iymaRYiijNimTimabatch size
4ymaRYiijN3; SazieaNGPUx TiéGRac¢daL iz UtiijNe Y ; imY ¢ZDa(Le AUAFEAGRAIRGAC
clJAiyNcZD2 Y, imY dRfizéc Tleleacdad gladdNaAC

setting GPU Mem
shardingad AToff 8667 MB
shardingdATon N1C2 | 5615 MB
shardingdATon N1C4 | 4841 MB
shardingdATon N1C8 | 4127 MB
shardingdATon N2C16 | 3700 MB

Sharding ¢zSaRL amp + recomputeiijNaRfzeA] 128 &iji  32GB V100
aztieaNcZDeCEaEiyNa TreNAimCaz£aRCa Tiiiji115BiijL ERNIE eomczCaAC

ajecTieeUzaesT

it7:7OshardingiijN¢Tlel 6éIJAGe A2G ¢i6 fuse_broadcast_MBARCaTiaACefE4RCaTieOFAl 4z
eomczCaymcZDEAZALaéA§a7eiijNa Y iayAdylélIAee AxdzemoaEnd;SeladdNad’ §aTRASNC;SczlJeNSzL Sed

eN&&ijAaRhybrid-dpiijN¢TleLaélJAeeAS;¢i6  hybrid_dpiyzTrueiijNazieNGasZ
sharding_group_sizeldAC

ayzazEcd 7i; NizécaAcZDe6 AczCiijNayNéica; NamRaymi; £¢T1e; CaiR
resnet50 elaadNijlJayzeeijTed zaACaddéZEemgzCaymiijNsharding
¢ZD¢7623Ge YI6AZEGCL z¢L seomezCEA§azeizé eméARU A ZeZt Ad’ §eladdNcZD e TieNAiijNa TE jmé Al
resnet50 ¢cml amTamaarseCiedmezCeZDalaadNaAC

4744y 7resnet50 &, CarRiijN2l.S#znaRf47847d’ sharding_group_size =
2¢0l ®lagadNaRCeTrecnalLGaLEdyz2 dytshardsiijN¢DdaROal)l dyAdytamTellz4ama v100
¢ZDeb.CcCziaytczDaLR 2 &df hybrid-dp aztieaNe£ZeaN=ijTed zaAC

strategy = fleet.DistributedStrategy ()

strategy.sharding = True

strategy.sharding_configs = {
"fuse_broadcast_MB": 32,
"hybrid_dp": True,
"sharding_group_size": 2,

ayEe£ri; NamRcZDasNx Tt azéciAimY = Ty alN{iijZtrain_fleet_sharding.pyayNéicaACaAGes ce Ae£Rea

fleetrun —--gpus=4,5,6,7 train_fleet_sharding.py

®CIAFECIINALie Y ; cd ZaeCiayNae Usat Uifae AfiijZ
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——————————— Configuration Arguments —--—————————-
gpus: 4,5,6,7

heter worker num: None

heter_workers:

http_port: None

ips: 127.0.0.1

log_dir: log

| PADDLE_TRAINER_ID 0
— |

| PADDLE_CURRENT_ENDPOINT 127.0.0.
—~1:18362 |

| PADDLE_TRAINERS_NUM 4
— |

| PADDLE_TRAINER_ENDPOINTS ... 0.1:23911,127.0.0.
~1:35135,127.0.0.1:38263]

| FLAGS_selected_gpus 4

INFO:root:Using Sharing&DP mode !

INFO:root:global word size: 4

INFO:root:global rank: O

INFO:root:sharding group_size: 2

INFO:root:sharding rank: 0

INFO:root:dp group size: 2

INFO:root:dp rank: O

INFO:root:current endpoint: 127.0.0.1:18362

INFO:root:sharding group endpoints: ['127.0.0.1:18362', '127.0.0.
—~1:23911"']

INFO:root:dp group endpoints: ['127.0.0.1:18362"', '127.0.0.1:35135"]
INFO:root:global word endpoints: ['127.0.0.1:18362', '127.0.0.
—~1:23911', '127.0.0.1:35135', '127.0.0.1:38263"']

server not ready, wait 3 sec to retry...

not ready endpoints:['127.0.0.1:23911"]

| fuse_broadcast_MB 32.0

(ayNéafczgc7m)
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(czmiayt.cat)
| hybrid_dp True .
- |
| sharding_group_size 2 .
- |
f=====—=—=—=———————————————————————————————————————————————————————————ft———————=—=—

W01l1l4 18:07:51.588716 16234 device_context.cc:346] Please NOTE:

—~device: 4, GPU Compute Capability: 7.0, Driver API Version: 11.0,
—Runtime API Version: 10.0

W0114 18:07:51.593963 16234 device_context.cc:356] device: 4, cuDNN,
—~Version: 7.6.

[Epoch 0, batch 0] loss: 0.14651, accl: 0.00000, accb: 0.00000
[Epoch 0, batch 5] loss: 1.82926, accl: 0.00000, accb5: 0.00000
[Epoch 0, batch 10] loss: 0.00000, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 15] loss: 0.13787, accl: 0.03125, accb: 0.03125
[Epoch 0, batch 20] loss: 0.12400, accl: 0.03125, acc5: 0.06250
[Epoch 0, batch 25] loss: 0.17749, accl: 0.00000, accb5: 0.00000

46Nz Tt 45macZD2Usaf Uifar Afiz§ARAIN . / 1og/¢Z68; TayNes§eclINGACi7EegtaZ dd' Zf leet 1
aRrarlalEayCai jRazza2a3AC

6.5.6 a=tA=itczcaziieaN
c6AazN

6AZayyeisessiijNesmezCazt ad gegDelacZDe;SczleladdNaRfHzEAINIAd Zc smizzat aayE ARUA; Uz Zt

a0§cREazNczm
Device 0 Device 1 Device 2

450 TremGazi2aNaymaRNiijNetAzit ¢7£47G2aNaiEeladdNcZDaymiRNasCa T, ¢; 6ALFiymaRNcZDes

ayNazZ; czZaGraetAxit ¢z£aztieaNcZDe Utd7RaZ AAC2ITAcSASEme St Awit ¢7£47eaNelaadNEyNii
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I T
o

v

time

- Forward - Backward
ayzazEainaNﬁae;Aaeft gi£é’1il’iéaNéiylé66§d GgZDééqgc’SfJaeTLgéGﬁjNéﬁfézéé,ﬁZﬁyAaelééfEmini-
batchaLGaLEeeLReNééZéant angsSazegZDmlcro batcthNazeaaRRalGaegAeert gz£ﬁiﬁeqN ¢ZDaziaR Sazeii

batchecnaLGaLanz4aylmlcr0 batchuJZaL’laRSeYuzeo;uJNaerRayleo(,ad GaclaenqéoqganlTaylmlcro—
batch¢ZD¢zS=dlliijZizOeANA¢daE 4476, ad GeUt ¢ZDaziaR SazeiijNéZmi; Oid7Ext Azt ¢7£47GeaNbubbl

Dev2 ENEEaEs
er - IR ERETE T N T T
e TN T R T EIEIESEN

time

- Forward - Backward

at§eCijeTLadlJ

YN v \

aj £cTlmtAwit gz£ﬁiﬁéqN11)NaRrazeaongreuEad’ ge gDaelaeelqadNeolngaACacNa@CuJ N £cTlad Ziy

ajecTieeUzaesT

allia;£cTletAzit cz£4zGaNcZDemezComUc Té2 UtiijNaLSizié AZe£Gdevi ce_guardeOSaREAIE:

# device guard djfcTlcd’ Z4¢N
def build_network () :
with paddle.fluid.device_guard("gpu:0"):
data = paddle.static.data(name="sequence', shape=[1], dtype=
—'int64")
data_loader = paddle.io.Dataloader.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:1"):

(dyNeéatczgczm)
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(c7miyt éat)

fc = nn.fc(emb, size=10)
loss = paddle.mean (fc)
return data_loader, loss

[ RN

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

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

é£ZayAae-éﬁUﬁijNﬁlifazééAZémdi st_strategy.pipeline_configs
éEmc; oaegAaert gz£§iﬁéaNaylm1m batcthDaLGaLEgsSazeaACaAGeo()mlm—
batcthDad’ garRiy71 2811] NaRrazééAZe;EGayNe;ErazcgaAarEmml—
batchaLGayz4az‘ &7t angsSazegZDmu:ro batchuJNzerRaylmwro-
batch¢ZDad’ garRayz32aACEITARe Azsle DR YiijNcTleLaélJAeeAifier Amini-

batchad’ gaiRz Y fmicro-batchid’ gaiR¢ZDa Tt 2 TraAmiAC

fleet.init (is_collective=True)
dist_strategy = paddle.distributed.fleet.DistributedStrategy ()
strategy.pipeline_configs = {"micro_batch": 4}

[ IPIN

4§7470ResNet50¢;Sczll¢ZDatAzit ¢z£azieaNazécaAiijZexample/resnetiAC
aj£cTlayNe£raS; azd eaNe£ReaNed 7i; NizEciAiijZ

python —-m paddle.distributed.launch \
—-—gpus="0,1,2,3,4" \
train_fleet_pipeline.py

20galiaRie; SaGzifae AfaeCayNiijZ

WARNING 2021-01-08 15:53:27,677 launch.py:314] Not found distinct
—arguments and compiled with cuda. Default use collective mode
launch train in GPU mode

INFO 2021-01-08 15:53:27,679 launch_utils.py:471] Local start 5,
—processes. First process distributed environment info (Only For,
—Debug) :

B e T e
| Distributed Envs .
—Value |
o
e ——— +
| PADDLE_TRAINER_TID 0.,
- |
| PADDLE_CURRENT_ENDPOINT 127.0.0.
—~1:52033
| PADDLE_TRAINERS_NUM 5.,
- |

(ayNéatczgczm)

6.5. ad geeiaadNeomczCaijyaND 61


https://github.com/PaddlePaddle/FleetX/tree/develop/examples/pipeline

FleetX, aRSayC 0.1.0.beta

(czmayt.éay)
| PADDLE_TRAINER_ENDPOINTS c.. 0.1:12178,127.0.0.
—1:28915,127.0.0.1:32114|
| FLAGS_selected_gpus 0.,
— |
G t==================================================================7

INFO 2021-01-08 15:53:27,679 launch_utils.py:475] details abouts,
—PADDLE_TRAINER_ENDPOINTS can be found in log/endpoints.log.

grep: warning: GREP_OPTIONS is deprecated; please use an alias or
—script

server not ready, wait 3 sec to retry...

not ready endpoints:['127.0.0.1:40388"'", '127.0.0.1:12178"', '127.0.
-0.1:28915"', '127.0.0.1:32114"]

server not ready, wait 3 sec to retry...

not ready endpoints:['127.0.0.1:12178"]

W0108 15:53:37.673019 103703 device_context.cc:342] Please NOTE: |
—~device: 0, GPU Compute Capability: 7.0, Driver API Version: 11.0,
—Runtime API Version: 10.1

W0108 15:53:37.678391 103703 device_context.cc:352] device: 0
—CUuDNN Version: 7.6.

7

eUsatUifae Afi miz0OlogeZ6a; TayNiijNlog/workerlog 42 Usaf Uz UGiziicZDAEEaGz4e CiayNiijZ

grep: warning: GREP_OPTIONS is deprecated; please use an alias or
—script

W0108 15:52:27.723405 103188 device_context.cc:342] Please NOTE: |
—~device: 4, GPU Compute Capability: 7.0, Driver API Version: 11.0,
—Runtime API Version: 10.1

W0108 15:52:27.728278 103188 device_context.cc:352] device: 4,
—cuDNN Version: 7.6.

I0108 15:52:32.665313 103188 gen_nccl_id_op_helper.cc:176] Server,,
—~listening on: 127.0.0.1:32347 successful.

W0108 15:52:36.874132 103188 operator.cc:1194] Device index is only,,
—supported under pipeline parallelism, so it will be ignored.

grep: warning: GREP_OPTIONS is deprecated; please use an alias or

—

—script

W0108 15:53:31.393914 103723 device_context.cc:342] Please NOTE: |
—~device: 4, GPU Compute Capability: 7.0, Driver API Version: 11.0,
—Runtime API Version: 10.1

W0108 15:53:31.398906 103723 device_context.cc:352] device: 4,
—cuDNN Version: 7.6.

I0108 15:53:34.465754 103723 gen_nccl_id_op_helper.cc:176] Server,
—~listening on: 127.0.0.1:32114 successful.

W0108 15:53:40.784844 103723 operator.cc:1194] Device index is only,
—supported under pipeline parallelism, so it will be ignored.

Epoch 0, batch 5] loss: 0.37770, accl: 0.03125, acch: 0.03125

—

[

[Epoch 0, batch 10] loss: 0.06200, accl: 0.00000, acc5: 0.03125
[Epoch 0, batch 15] loss: 0.26105, accl: 0.00000, accb5: 0.00000
[Epoch 0, batch 20] loss: 0.00000, accl: 0.00000, acc5: 0.00000

(ayNéafczgc7m)
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(czmidyt Eaf)

[Epoch 0, batch 25] loss: 0.37330, accl: 0.00000, acch5: 0.06250
[Epoch 0, batch 30] loss: 0.00000, accl: 0.00000, accb5: 0.00000
[Epoch 0, batch 35] loss: 0.07487, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 40] loss: 0.12932, accl: 0.03125, accb: 0.06250
[Epoch 0, batch 45] loss: 0.19604, accl: 0.00000, accb5: 0.03125
[Epoch 0, batch 50] loss: 0.07977, accl: 0.00000, accb5: 0.00000
[Epoch 0, batch 55] loss: 0.00000, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 60] loss: 0.13464, accl: 0.00000, accb5: 0.06250
[Epoch 0, batch 65] loss: 0.13940, accl: 0.00000, acch5: 0.03125
[Epoch 0, batch 70] loss: 0.00000, accl: 0.00000, acc5: 0.00000
[Epoch 0, batch 75] loss: 0.00000, accl: 0.00000, accb5: 0.00000
sesieDRazNéaz

.

¢Tsa70xtAit c7£4zGieaNAIE2laddNcZDasCa T, ¢;6aLriymiRNcZDesacsUes; ad GiijNaZiemd Allifet:
6.6 4zNeenadijAaRS
« TBA
6.7 &Tta;jScd’za¢ N

* TBA
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CHAPTER /

ParameterServeréémczC

7.1 acnéAsaijAagN
aliad gee"[feelféagglze;69213213(/:)1’5}:fﬁy§1;1'ij1<12eIJEzeﬁ(v}g;léé6ngCze}“faevléig:Zlv)lev)/zefai’}RﬁﬁgffJ'aiiEéévdéA§q_

Speech 2¢sz¢z84;£¢TIa7E119404fReUticZDe imé§ s TrembizsaRELGE£ G200y GaRE2aletie [Ee omezCormés
iy7i7EeRRéNY eladdNcZDeomezCa TLcOGiijNALEAyCaijReomezCaz Te£Re AN TSiijNAE (i ymas 2470
o eomezCeLCeCiiijZereebCoCret sot cadNe LR e TremserzaRUZA AAL mAR Se6acsUaA ASRmAR Sadfavs
o elJmakaet.CcCziijZall{e Taaliel AelJL eomezCel CeCriijiridcZDactazeaROiiNerseL.CeC2aijZ4)
xizem6aRCaTizeZt 2 UicZD2Uz3ijR4ymiR NiijNaR iz L E4y7aR Nemé/4ijCome/GeodijCamiyL ¢ omi
« ARNzeméeomezCiijZaL AelJL WorkercZDe£ZazeifleNA 4y AeGriijNamserReomezCaoNay AdyiBatch:
o 2ijCoeméeomezCiijZayOaRN emseomezCaymaRNiijNaL[3ijCamseomezCiymizza; Tayd 45t WorkerdzNeT

v\ 22

. GEOaljCaeleeo.ngnJZGEOalJCzelééfilngeereédaealgNna:IJ L gZDayAg glalezﬁleeolngeelqalj Ri
eomezCel.CeC76C i ZATERITHAL rgZDaRCaeTreoaganyAaenaauoaAg (StepeUt’ éZTayexiecZDaRCa

elJ neLCarEeGGnganlelRecEa§ §eIdayyngaEngDaelaadede and deepayzaanj NaZNgzla@Ca‘ I
APIiijLpaddle.distributed.fleetiijL 86N2 LRARCa TreJmit.aaZ e omczCizzak aiijNaelIiienadfné A §4ijAagNc7

7.1.1 cLLzeldneeA=sC

a1JicijUAEZALEayCaijReomezCciNazR 4 zNAL miijN¢ Tl LadlTAse AcadifiatsczRASL e¢Epaddlepaddle-
2.0.0-cpuzLUpaddlepaddle-2.0.0-gpuaREiz&4y el LellicZDécdzalaijAxRaeaEediaAC
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7.1.2 =SmijlJelzaesT

aRCmTrmIJlaLaaZlé6lnggZDa§zaeIJ nazcgaAayzef;AaNEaaNna@CayNaGaayleClaLEuJZ

1. arij aEeaLanCal_]RGOI(;ZCGIJAG@AQZD&()IGIU&NE&AC 2.
467471 aLanCalj Reelasij RﬁiﬁéLIagNaNUaLanCalj RéélnggOfaéCaAC 3.

ab.ae; ‘aelaadNaRLzeTrzeloaAC 4. 467471 aRC&:Tra&Zt 2 UtcmUcTEARL.ij YaNUaziaAC
5. 4ijAagNeomezCaAC

ayNeICATEEARAY Ao ZeaNessegeaAC

arijaEeag iet0

import paddle

import os

import paddle.distributed.fleet as fleet

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

7 ’

aoZazl’aLEayCaijRaiaaijRaztaliagNaNUaLEayCaijReomczCcOracC

z

6AZe£Gfleet . init () 208REjN¢ Tl 0aR 78367471 eomezCeZyaEscZDeOracCiijNaesiz DR me

# &;SAL'MARCaTrel Matadllaeladi jJRARIeTFaNAST felAAdZ eladi jRI 1 N,
H3Z8amd’ eMczCEAL'ME£EE422NGA6Z  paddle. enable _static ()’
paddle.enable_static ()

role = role_maker.PaddleCloudRoleMaker ()

fleet.init (role)

akaejjeigadNaRLaeTremd

# 2laddNasZ471" dRCeACexamples/wide_and_deepdjmmodel.py
from model import net
from reader import data_reader

feeds, predict, avg_cost = net /()

train_reader = paddle.batch(data_reader (), batch_size=4)
reader.decorate_sample_list_generator (train_reader)

a6Zazl’aRNaméeomczC Strategy aRL Optimizer

alJiFleet APLiymiijN¢TlzLiaRfiz84;£cTIf leet . Dist ributedSt rategy () ®08aRE46Z471 eGlaf
dEGijma_syncéALéaz¢Ta7036Z421 AR CaTielImikaiZlcZyaEscZDcmUcTEijNS; SAEGeERe 6 A6 745
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# 462471741 jCamsecmczC
dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = True

# 8624717 SRNamSESOMczZC
dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = False

# Q6Z4ZL' GeodijCaméeimczC, Geodi jCamecZS4L ' MaRIaTFaeNASGDE1 FYANUcEUes T
dist_strategy = fleet.DistributedStrategy ()

dist_strategy.a_sync = True

dist_strategy.a_sync_configs = {"k_steps": 100}

optimizer = paddle.optimizer.SGD (learning_rate=0.0001)
optimizer = fleet.distributed_optimizer (optimizer, dist_strategy)
optimizer.minimize (model.loss)

aijAagNeomczC

46Nzl R2laddNARE6mczComUcTEH284ROiijN= LS aznarsaR fiz&aij AagNeome zCaeladadNazEaACAZ 4

arza7OxlImakadZIek.CeCriijNéeUaELeTIinit _server () aeOéé’lRéé’lfiﬁEﬁé£ZéaNéLié’1gNé’1NUi'ijNgD

v 0O,

aRNaaauarzaZOeOIQZCeLCnguJ Nng init_worker () 2084R £ZeaNaLIéigNaN UaROuJN
41jAagNeL geaNeomezCizzat.adaACefReaNexe . run () @O8aREajAG gNeOIQZCuJNazuaGUaLreOIQiC‘ayla

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

fleet.init_worker ()

for epoch_id in range(l):
reader.start ()
try:
while True:
loss_val = exe.run (program=paddle.static.default_
—main_program(),
fetch_list=[avg_cost.name])

loss_val = np.mean(loss_val)

print ("TRAIN —---> pass: loss: \n".format (epoch_
—~id,

loss__
—val))
except paddle.core.EOFException:
reader.reset ()
(dyNéatgzgcrm)

s
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(c7miyt éat)

fleet.stop_worker ()

efReaNeomczCeDZzelJn

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 train.py

7.2 ®AgeCia§zaGE
efaes£eUs6dmal Perf Repo 800aRUéEdeale AgeCia87AGEx Tram6aAC
7.3 e6¢eb6ax=AixeCs
7.3.1 czijecr
aRCaxTielJmakaaZizeCery
ARCeTixlImabadZle Y fayicijUciNzaE=diiijNe TlizO=Uzi; £al E4yCaijRazteaN¢INaZR¢ZDcijUAEZi

4084yZc TNEAe AGmezCad gadNcZ Dl 737 imeiza2laddNiijNe£ 7477 2laddNARCa Tra; Ad; ASGEAC
iy AeLnaRCaTielmit.adZlediedDacCaz, iijLa0§47, 2672 UGAIIFAIATLiijZ
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Parameter Server W = W - 77AW

JUUUUUY

w Aw

Model

||
00 00 QO
w00 (00 (00

Data
Shards

imsarEa Tt dyteomezCel.CeCzal SALE ) 786ac6UL.CeC7z(Worker)ASNARCaTieZt & Uitk CeCz(PServe

au

éédaeaiaRCaeTixlJuakaaZizeeCest

éédaeafﬁRéaeTf&IJlﬁLqéZing)é§2&IJﬁ&dﬁaEdDaE2RéGI Parameter Server
for Distributed Machine Learning ASN Large Scale Distributed Deep Net-
worksiijNazGalJ1aEGaszcaAayLaAZizEad’ 36GRALZa UteldazatliscZ 47¢aSNaE iz UsERaR yarzazOaRCa
é¢dealaRCaTielmit.aaZleNeelIL 784Nl 22 A §iijZ
1. 2TreNAIRNzmseomczCiAALijCamseomczCaSNGEOMIjCemseomezCayL cimelaijRiijNeCad §ad Z:
2. &TreNAmCizecrgalaad gegDelaci AcUR=1a4ijRiijNeTreNAGGEAESaAASAUAL Y cmUcTéiijNAGN:
3. éGG¢TIBRPCH; 1Ty 7ad ZeE.CcCz4azN6UE 6AZifacZDiyzee A UzaesTiijNedAid e RRamGa7Ec; Sczl
4. GE&YcZDARAARRAREAD Zael)zak. 16 A§f TiijNeCiad §2 I @ TLALY ¢ Tle6acsUetDazRiijNeRR mC

éédaaiaRCaTrelJeakaaZiediaedD

ediiedDaZ deCiyNaL Acd ZiijZ
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4. Executor: afRiyleomezCel.CcCz(Worker)¢ZDiyzaeUzaesTiijNéACEmiR DegmReaderiijN
ALEAyCaijRaymaRIéAZe£Gsend/recvaSNad UéCle£ZeaNazd 12S3AC
5. Communicator: Worker¢nfet' §et’ éaeéfﬁi@/é’lliéaeTféAZéIv{LﬁAA&NE&LEEAA&:TﬁﬁRﬁgZDaeﬁYé’&éaefqé
6. RPC/GLOO: &t §et aRCaTriijaéASaAALCeCraOgalicmLiijNéA Zifaxdyat Calaai UaAC
RPCéAze; SiijZazOxTtiaRSTensoreZt 2 UkiyzeTaRSazNe£ZaLld,
GLOOgt §et ceOgal tieomezCet GelNaymarzizOeomezCat AciNeZD20gAL i1 NaANEzNnBarrieriijNz
API36d¢OrALEAyCaijRAuc/alLEAyCaijR Accoml: éAze; SAAC
7. ParameterServer: ARC&Tix1Imit.adZieladiUiijNeNiciNe£ReaNazOPServercifiijNANEARADense/Sp:
dRCeTielImabadZle Tt 4; SediedDALEcijUerS2lI§4SNe£RegNe I §4yd e Y iestaAC
¢ijUeiSéYlize6tiijNeaEaediéJA AL Fleet APIcZDEEmAR LiyNiijNarEe TleLaasZizL ¢ ZDAmT 21l 2¢7D¢; §
1. 26a¢6UL.CcCz(Worker)ciife6ac6UaZ, iijN WorkergnfcZDebac6UaZ, iyzee A¢Tsa§7caAeomezCei Szl
2. éEmc;62UGHziiijNPServercifélJA emGemd’ ARFAEIRPC ServeralJmik qiijNizEaRECT§2L RARCaTicZ]
e£ReaNéY GzdtiijNPServerciré JAGRAEIRPCz1mak aiijNcZSaR 4z Gad DeREWorker¢ZDAR Ca TraNI

aLEayCaijReomczCaeiaaijR

4;SaL mé¢dzalaBseTreNAAYL csmaL EayCaijReomezCaladijRiijNARNemaA AdijCemsaA AGEO:ijCan
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o ARNzméeomezCiijZeomezCiy AdytminibatchaROiijNaefRayter.CeCziijZaR Laztial A=lIL ¢z£¢IN¢ZDa
PServerchife TGALiel A=lJL et.CeCzcZDaéiazedRO0jNe£ZeaNzcrazee AZARLAREAR Ca TieZt 2 UK

Nz,

. aljCaaleeOIQZCuJZeo.ngayAaylmlmbatchaROuJNaarRayleLCnggZDeerRaylgz;‘ZglNalJZaRSeAAaecr
aj EaeYraZaayzaljIaEeazEaleeelezeZt e UtcZDal7aL4:4ijZaf1je Gt eomezCaTLedTelL 2 Aee§caL11

. GEO(Geometric Stochastic Gradient Descent)aijCae.eeo.giélijZGEO&YrecdaeafeGlgaTgZDaijCaelee(

VN 2 YO s\

aarRayleLCngaU IESASEIN reom;zCeNeazsaylmlmbatchaRO(aEua i SCOIQZC ad’ZaiSaytminibatch¢TS6En
&0lemRAlmARSEGRAAATmAZL aNiéElglL’ éCEa$ §e£ZeaNa, £ngaAC

7.3.2 amYaCie6¢eoa

elJ neLCayZe@AaZNgZIad’ gegﬁ$fqng96RaRCmTr&IJ laLacaZl’gZIv)alYaCfeoceoquC
gedngg i SczlJ eOIQZCayluJNaRCaeTraEsaLanzglﬁﬁfEaRCzeTraSNglAgURaRCeeTr‘ayd’ glll_]N
aEuaylglaarEaRC&TreeNGeerRaenqe(ilngeC i eIJAe@AaEleClant eeUrgZDaRCa:TruJNacNa@CaEle;Edaneas

fully connecteduJL’ gZDaeICeGluJ Lwei ghtu]L’ aSNaARg i 0113 Lb1aanL’ (;IL’ aAC
cIAcURARCaTreNGaiRenacomezCizESITASCIALExZt 2 UtcZDAR C TiijNi; NdeCEmbeddingealiijNafR

aO§cRE
dRCeTixlImibaiZliymiijNaRCaTicZDamY aC[e6, 26237 TersaL Edyziyd ¢ CIALEiijNALESEmASNamY 4C
PServeraRCaTralLESEm
¢claafEAR CaTHiijZAEI6ClasTazse L R4y Aczt 2 TiczDiijN2NijeOgalllay AetiaRY e LR iy Adytad g¢ZDiy

glAgURaRCa&TrgZDaLEeEIeeUzaljRayzaRUa‘ZuJNaerRayhdaZTereecnaLEeElaLraS1aylPServerayL11]
id 90 PServer_num eoaganGUaLraAC

PServeraRCaTramYaCi

2
v N oL
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ValueData

Adam: [ gt MRGRGR monenc2  bewipow  beazpow [N
Mdagrad:  paam  [GRGREN T
B W

r 3 3

Shard 2 1
Shard 1 ]
Shard 0
& ®
Vector<ValueData> Map<id, ValueData>
ValueBlock
DenseTable SparseTable

aR74z83RScOFiijNe Uses7e YV iclaarEaR Ca TriijLDenseTableiijL e£ Ve YiclAcURAR Cee TiijLSparseTab
eN&iij Y aNUcoUesTayzSgdiijNéZR @) ZeeérazeayNéZmiijNaR Cae Tie Zt @ UFAER&IjR 4y ZiijZ
param = param — lr x grad
SIJAimY ACIaRCae TriijLparamiijl 4SNameizicOGiijLlr, ¢zt azeiyz1iijLaAC
eN&iij Y aNUaZlky 7 AdagradiijNaRCa TreZt 2 UraEnaijRayziijZ
moment = moment + grad * grad
lr x grad

vmoment + €

param = param —

eN&iij Y aNUaZiiy7 AdamiijNaRCa TreZt 2 UiEnaijRayZiijZ
moment_1 = 1 x moment_1 + (1 — 31) * grad
moment_2 = 5 x moment_2 + (1 — B2) * grad * grad
Bt =B B
Bo' = Bt % B
V1-=5
1— 5,

param = param —

Ilr =lr*

moment_1
Ir *
vVmoment_2 + €

eIJAalYaClaRCzeTru]LparamuJL11]NeecraZ@gZDayAeYuaAAaZNeYug§l aureoa;uLmoment 1,
moment 211]Ngzt azcaSNaRCaeTréiyAth 11]L’11JNayAeYuaAAazNeYug§l’ aljré6quDaeNGze'[féqraGRgOGg
beta2pow, ¢zt a7ealGiay7 1iijL iz8aRE.ameizacOGiijLIriijNezt azeayz 1iijL aAC
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claafEARCaTicZDamY aClaaijaijRiyziay AaytizNezt Vectora TrezDiijNeiiniayAczt ad’ garRayzal ESEmal
ay7a7EeC2RREMY aziaR Sad DeREC; AL ZiijNeiRiytPServeriyE.cIAcURAR Ca Tray AeLiiiijZe£ ZeaN:
id % shard_num &6a¢6U8; UALFaACaiRa4ytshardcZDamY 3Clz4ijaijR4yZ3mUAEyiijLMapiijLiijNimUAEy3Esé

7.3.3 6AZ4£aed¢e0a
7.3.4 coAazN

gedngg, SQZIJ QZDé('ilngef,GglNayAeLngTsayL’ éClaLEgzDzeLRuJNaL’ laRSé6ag6UaAAaRlaRSa1J aa
Lossiij Nng’iaROaaazaeloeS6aljRaa§TaLZuJNaRlaRSé6azgan(,UaLraarRaylaRCae'[rgZDaeéfﬁi@uJNaeIJAaRO‘
alJIad Z2l)7aRCa TrzlImak.adZIAL EayCaijReomezCaymiijNamY Al {ayd cgmiymaRNegSe L §¢ZDeb.CeC7
aSN PServer iijZ
. WorkeruJZet §er 6Nz LRe TremseizaRUaA AALmaR Se6ac6UaA AGRmAR SeéiazeeGacoUcmL e£GeiN
PServer iAC

. PServeruJZaIJ {ee TG4t Worker al_] aaeIegZDaecraZ@aROuJNaeazaeloaeNGaoZgZDalj YaNU=UzaesTiijN
Worker iijN3ijAdgNa Uty Ae; ogZDeOIQZCaAC

49747 EAGRAISEA ZifaeraasCaAA=RRENY & Tt 4; SeomczCéA §a7¢iijNWorkerdlJafEacfazeaRSEA A7z
elliek.CiyzeeAdrzal EayCaijReomezCizzak.aiymiijN WorkeraSNPServeré Ut ¢ZDéA ZifaxtAciNe£ Zea)

7.3.5 aO§cRE
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1. ALEayCaijReomezCeiSczll¢Zye; CazOamTellz¢zD¢; SeANIAiijNALAZd 17 EARCaTieZt & Uic6Usml
OPiijL3aAC
2. a¢dat.aazE Communicator éAZéi,ﬁanZIv)'aZﬁiijNngﬁZéééﬁNa&Lﬁaeéfé“eédléﬁiﬁAAﬁRSéAAﬁAAaeééee’]
CommunicatoreerﬁLEé’lyCéijRéRCaeTfeeIJléLaﬁZiequeedﬁéyngDéAZﬁ£a92DéZﬁiijNgTéé’ld’Zéiylé’lliéa
OPiijL afE2¢fa7¢ARSEA AczZCommunicatoriymefRayjtaR Ca Trarzaz TeZDedfazeé Y §ALUSGNAAC
Communictoral){eaEadtiymizeamT:; Na;¢aijRamY al{iij NI fleet.init_worker()
iymaoN2LRALIGgNaANUaSNaRfakiaACaRfaEIaROiijNCommunica-
tor¢ZDiyzc7£¢INiijZ470=RayaRCaTicZDadazeéY §AL Uiymijma AITARUAG e cfazecZt eGsezadlisedmal
o 2TiéGRemL #7021JAad’ ZaRFAEARGcZDxéazeedmARLe THé YLAAIjAACei8é YLaAIjEAZe£GcOracC:
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¢OracCaRY 6GRa 18624z iijNaLZéz Y e6d dy71aAC
o e£dcrmid ZatiadiGaelJtizOaRCa Tiarza7 TeZDactazeé Y §LUSGNARUaGZa A jiijNay Tarief Tetiae TH
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illezadtseciazeedmaR LalaiziaROiijNaR e Ad; EedmiRLcZDacazee THEGRAD §i700iijNe Uie674E
FLAGS_communicator_max_merge_var_num iijNéC;iijZe£ZeaNedmiRLIAAARSEAAARE2O82 TGAACELIA
distributed_lookup_table abN&elLR¢ZDaAC

v ol L]

7.4 =AgeC;aijYaNU
7.4.1 ebacoUaz;eNEALEayOaijYaNU
coAazN

e6ac6UAZ ;e NEALEcZSaD iz e TreNAPaddleéiZeAASZ; ¢ZDARCeTixl Jmak.aaZleladijR
dRCeTielImibadZIcZDALEayCaijReomezCiyziyjAcsmayyeg AcZDaymif CaNUAESEzAaRCa TicZDARN
o eomezCeL.CeCiiijZerser.CoCrer §er 46Nz LR e TremoeizaRUaA AAL mAR Se6ac6UaA AARMAR Saecraz
Worker ,dyOaijCaedD¢ZDebac6Uet.CcCz Heter-Worker
o elJmakaek. CcCiiijZall e Taaliel A=lIL eomezCel.CoCriijaeidcZDactazeaROiijNerse.CoCziijZ4
@i7em6aRCaeTieZt ®UrcZDaUz43ijR4ymaR NiijNaR 428l E4y7aR Nems/aijComé/GeoaijC amiyL comi
« ARNzeméeomczCiijZall [ARNmSiRCaTielImit.aaZIaL EayCaijRecmezCiymiijNzL AzlIL eomezCel.C
o 2ijCoeméeomezCiijZayOaRN emseomezCaymaRNiijNAD[3ijCamseomezCiymizzi; Tayd dyteomezCeECol
« GEOaijCeméeomezCiijZayOil miyd cimeomezCiymaRNiijNGEO&ijCemsetmezCiz§ e Y iy AcimaijCa
ARmARS-4R C Triij Y AN U)iijNeomezCe£ GelNaymizzi; Tayd ayteomezCel.CeCziazNeUt ¢ ZDARCa Tiz:
eomczCet.CeCziijZarEellnallicZDAR CaTieSac6Udy A=naaisaAij(StepéUt éZTayeeiécZDARC =TT
eizemeomezCeLCeCrael Al £cTicZDe6 ad GiijNayO= Tt i) SediedDcZDaymaRNiijNaR fizEa L Eidyz
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« PS-CPUiijZPServer 41 £¢ TICPUZE¢, d )74 Z1iijN Worker
4j£¢TIARN2dD¢ZDCPUEZEg & 21)24Z1iijN¢zDelRecmczCaNSeL S

« PS-GPUiijZPServer 4;£cTICPUEZE¢, d 21173 Z1iijN Worker
4;£¢TIARNa2dD¢ZDGPUEZEG; d 1) zaZliijN¢zDel ReémczCaNSeL S

« PS-HeteriijZPServer 4j£¢TICPUSZE¢, d e 1)74ZiijN Worker

ij£cTIARN2dD¢ZDCPUEZE & 21J7aZliijNHeter-Worker
dj£¢T14ijCadDcZDAICSUALZEZEg & 21)23Z1iijLGPU/Kunluncml: iijiijN4yL e AE¢zDe L ReomezCae)
elie UGAFEAEGH; SASTAjA, efeczEizNezmaRDaytegSeL s¢ZDebacsUaZ @ NEALEAO§cREiijNaREaeC

aO§cRE
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®0§azcameizic; Sczliyme Il ayd aytas zelInaECet HiijZ
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OP)iijNa; UaLraRDaytaRCaeTicZDeacraze(Var_Grad)
 ®NG&6ZSGD/AdamcmL 4ij Y ANUAZIiijNALF ¢ TIARC Ti¢ZDaétazeiijl Var_GradiijL &Zt 2 Ura0§agN:
o $Cmad miz&ayEatAciNiijNesmizeaRCaTrcZDeZt @ UtiijNasdeOreasizeameizic; SczllcZDesmezC
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: Dense_Var@Grad Sparse_Var@Grad : Send OP BP OP
' ' I 1
e e e
1 p— :
Listen_and_serv OP e : Dense_Var@Grad Sparse_Var@Grad :
| R, |
\ Pserver / \ Traniner /
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« Worker(Trainer)allie6ac6Us; UALIRCaTicZDacaze(Var_Grad)aROiijNiijZé AZe£ GRPCARSEA Acz
* PServer¢ZSaRii¢AZi£acnfaREjNATEe TGALicZDaymiRNARCe THAL EAL 6 AZe£GiijmiRNGZDOprim
OPa6NzLR=Zt 2Uf
 WorkeralJlayNayAzyteemizée UtiijNefaesCPServerijhaelJAz UtcZDARCa TT
o ¢Gmad mizdayEatAciNiijNe£mizaR CaTicZDaZt 2 UtiijNasdcOraLEayCaijRARCa Tzl Imak.aaZicZI
6AZ2£GiytefietAciNiijNPservercZDebacoUaZ, 46dcOrcZDAak §eCidyzee AALEAyZayL ¢SziijZ

1. =L g2aNOptimizeriijNe£ZeaNaRCaTizeZt 2 UicZDaE§eC;

2. 208xTiWorkeraRSEAA¢ZDaéfa7¢iijNegedRSOptimzer¢ZDAE.§eC;

3. 20xTiWorkeraRSéAA¢ZDeruxsCiijNARSEA AeNGaGZaRCaTicZDaE.§eC|
31.82C;2aAA36AZe£GRPC ServeramsaRiasdcOfiijNeaelliiel.CaymaEmerY e£x
éLu§éC;1aevI!L"zivycygglvz‘iv(’idgf)féATég,lv)‘iiijaeleAiﬁ;£gr§1’Pva<vidlegZI?<;j SﬁjoNaedDaeLgazégpmpiz,e,r o

OP; baAAidj£¢TladZalicZDeTrembczSedDaRLEEMAEUcZDiij Y aNUc6UesTadd¢OriijNamY aClaztieZt el
ALJIARN emé/4ijC emézeladijRcZD2 CEAF Ly NiijZ

A [ o4

PS erverarEéfSananZO &NL cEgaybefiegDal Ze£7eaNcT§= L RiijNazlizizeméeomezCElTAe AiijNziz4
Decaycml 2 Smi;[JczD izGaAC

AlJIGeoSGD¢ZDaxCEaF:yNiijZ

aRCaeTrgZDaaZt anrOPéér’laeTbg ‘oaIJIWorkerayLuJNPServeret ot Ecz§cmzaElas AARCa TriijZaesaze )L
(] Oé¢SéAZifqaiRC ceTrceIJlanaZleolng co U esT

dz¢ciAa6dcOF

PServergZIv)éfSa‘g(SﬁﬁZg,gT§asLReeiRéiZégéAé;l'aiié build_pserver_program

d;£cTiFleet APIae[oJl’i'l'ij NaRCeACiz&4NpythonizéciAiijZserver_demo.py

# server_demo.py

import random

import paddle

import paddle.distributed.fleet as fleet

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

paddle.enable_static()

input_data = paddle.static.data (name="sparse_input", shape=]|
None, 1], dtype="int64d")

input_label = paddle.static.data(
name="1label", shape=[None, 1], dtype="int64d")

label = paddle.cast (input_label, dtype="int64")

embedding = paddle.static.nn.embedding (
input_data, is_sparse=True, size=[1000, 1287)

fcl = paddle.static.nn.fc(embedding, size=1024, activation="relu")

(4yNéatezgczm)
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(czmidyt Eaf)
fc2 = paddle.static.nn.fc(fcl, size=512, activation="relu")
fc3 = paddle.static.nn.fc(fc2, size=256, activation="relu")
predict = paddle.static.nn.fc(fc3, size=2, activation="softmax")
cost = paddle.nn.functional.cross_entropy (input=predict,

—~label=1label)

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

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

strategy.a_sync_configs = {"launch_barrier": False}
optimizer = paddle.optimizer.Adam(le-4)
optimizer = fleet.distributed_optimizer (optimizer, strategy)

optimizer.minimize (cost)

if fleet.is_server():
fleet.init server ()

export PSERVER_DEBUG=1
fleetrun —-worker_num=1 —--server_num=1 server_demo.py

cat log/serverlog.O

6AZ2£Giaz84yEAS dzd e£ReaN server_demo.py aROiijNeUga£UazTANEAR fiz845N¢ZDe; SaG7

server:
server_param {

downpour_server_param {

service_param {server_class: "BrpcPsServer" client_class:
—~"BrpcPsClient" service_class: "BrpcPsService" start_server_port:
0 server_thread_num: 12

}

downpour_table_param {table_id: 1 table_class:
—"CommonSparseTable" shard_num: 256 type: PS_SPARSE_TABLE

accessor {accessor_class: "CommMergeAccessor" fea_dim: 1000,
—embedx_dim: 128

}

common {name: "adam" table_name: "embedding 0.w_0" trainer_
—num: 1 sync: false params: "Param" params: "Momentl" params:
—"Moment2" params: "BetalPow" params: "BetaZPow" params:

—"LearningRate" dims: 128 dims: 128 dims: 128 dims: 1 dims: 1
—dims: 1 initializers: "uniform random&0&—-0.0729324966669&0.
—~0729324966669" initializers: "fill constant&0.0" initializers:
—"fill_constant&0.0" initializers: "fill_constant&0.899999976158"
—~initializers: "fill constant&0.999000012875" initializers: "fill_
—constant&9.99999974738e-05"

—

(ayNéafczgc7m)
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}

downpour_table_param {table_id: 0 table_class:
—~"CommonDenseTable" shard_num: 256 type: PS_DENSE_TABLE

accessor {accessor_class: "CommMergeAccessor" fea_dim: 788738
—embedx_dim: 1

t

common {name: "adam" table_name: "MergedDense" trainer_num: 1
—sync: false params: "Param" params: "Momentl" params: "Moment2"
—params: "BetalPow" params: "BetaZPow" params: "LearningRate"
—~dims: 788738 dims: 788738 dims: 788738 dims: 1 dims: 1 dims: 1_|
—~initializers: "fill constant&0.0" initializers: "fill constant&0.0
" initializers: "fill constant&0.0" initializers: "fill constanté
—-0.899999976158" initializers: "fill_ constant&0.999000012875"

—~initializers: "fill constant&9.99999974738e—-05"

}

downpour_table_param {table_id: 2 table_class: "BarrierTable"
—shard_num: 256 type: PS_OTHER_TABLE
accessor {accessor_class: "CommMergeAccessor" fea_dim: 0

—embedx_dim: O

}

common {name: "" table name: "barrier table" trainer num: 1

—

—sync: false

azsiyLe Yiservere6ac6UaZ cZDEEme;Gifae AfiijNaRfizec INALFY ASESe L 34yt TremoRaliijZ
« 03RG2alsmY aCla7EDensedRCaTiiijNezt aZzee YiczDe  Siymel Az lJL FCasCweightaSNbaRCa TrcZD:
« 14RGealamYaCla7ESparsedRCa TiijNi£iamY ¢ZDARCa Tie Yfembedding_0.w_0iijN

¢zt Azex Y[1000, 128]iijNzZt 2 Utz UziijRe Y fadam

o

« 23RaRale Ve OgaliaR Dy CeCzéUr ALIANANUCZDAR N emd
edacolaz; eNEaLEaATaATWorker

SRCaTrelJmikaiZleladijRayNiijNecmezCee GelNcZD e TiembeizaR UiijNAL mAR Se6ac6 Ui jNARmAR S2
aymad sayAeLie A giijNazEPS-CPUijCemselaiijReZDedacoUaZ, 4zNczmWorkercZDebacoUaZ, iijNae
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Paddle ZECPUSHUIR 55 A5Program

1 1 !
1
: Dense_Var Sparse_Var :— : Dense_Var Sparse_Var :
. I | L. e i
] Parameter Recv 1 l
Optimize OP FF OP
J Parameter Send l
oo . 1
I
: Dense_Var@Grad Sparse_Var@Grad : Send OP BP OP
' ' I l
e
r o 1
Listen_and_serv OP e ‘\ Dense_Var@Grad Sparse_Var@Grad | |
s |
\ Pserver / \ Traniner /
B8 it#& op 7R OP — AHiREE —> BiERE (RPC)

« WorkerefzaRU3;SAL me L zetiacZDeomezC e Tiems

o 2£72aNaLmaRSOPcZDebac6 Ui NG ULILoss

o 8§7470LossiijNe£Z2aNaRmARSOP¢ZDe6acoUiijNa; USLIaRDajIARCa TrcZDedtaze

« aRS6AA(Send)aRCaTicZDacrazeczZPServer

« 2082 Tli(Recv)zZt 2 UARO¢ZDARCaTr

o $Cmad mizéaytatAciNiijNesmizeeomezCa TiemGiijNasdcOrALEayCaijRARCa TraJmik.aaZicZDesmc:

6AZ2£GiyE efietAciNiijNWokre¢ZDe6ac6UaZ,; ayOimT2llzcZDebac6UaZ ANZALAEVZiijZ

« 40267d a7EOptimzier OP

« alJiOptimizer OPAO§=i&cZD: mc;GAL miijN dzakii7ESend OP

« alJiOptimizer OPa0§=i&cZDi;mc;6aROIijN @izakaizERecv OP

AIJIARN emé/4ijC emézeladijRcZD2 CEaFhyNiijZ

Worker¢ZDeac6UaZ, @NL cEgiayt.e£ieg DAl Ze£72aNc T8 2L RiijNazlizizemseomezCElTARe AlijN 2z

gZ6é’1L’lPaddlegZDé(ingrayluJNeAZa£a;e;Ag:lNa,£ngalIa¢N Communicator
aodc;OruJNaElalj Caelee£ZeaNeolngayOeAZa£aujNaZaaeld’ eoacganZG aymiazEALT [2IJAaRO=IJL Send

2N

OP11JNa,IJngaaYreg@aRSCommumcator

alJiGeoSGD¢ZDa CEAE Ly NiijZ

WorkeraédcOraRCaTreZt & UrcZDaEletAciNiijNéAZe£GSend OP &3edRS GeoCom-
municatoriijNe6ac6UaziaRS6A AxJnaltayOaE[asAARCa TicZDdiffiijNaZt ad ZefeczE4zNczmiijNAR fizs:
i;06¢SéAZitadRCaTrel/mit qiZleomczCedUcesT

azécaAa6dcOF

Worker¢ZDe6ac6UaZ, ¢ Tl RezRizéciAdmizO build_trainer_program
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aj £ngFleet APIZE[OJﬁﬁj NaRCeACiz&ayNpythonizéciAiijZworker_demo.py

# worker_demo.py

import random

import paddle

import paddle.distributed.fleet as fleet

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

paddle.enable_static ()

input_data = paddle.static.data (name="sparse_input", shape=|[
None, 1], dtype="int64d")

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

label = paddle.cast (input_label, dtype="int64d")

embedding = paddle.static.nn.embedding (
input_data, is_sparse=True, size=[1000, 1287)

fcl = paddle.static.nn.fc (embedding, size=1024, activation="relu")

fc2 = paddle.static.nn.fc(fcl, size=512, activation="relu")
fc3 = paddle.static.nn.fc(fc2, size=256, activation="relu")
predict = paddle.static.nn.fc(fc3, size=2, activation="softmax")

cost = paddle.nn.functional.cross_entropy (input=predict,
—~label=1label)

role = role_maker.PaddleCloudRoleMaker ()

fleet.init (role)

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

strategy.a_sync_configs = {"launch_barrier": False}

optimizer = paddle.optimizer.Adam(le-4)
optimizer = fleet.distributed_optimizer (optimizer, strategy)
optimizer.minimize (cost)

if fleet.is_worker () :
print ("worker_main_program: ".format (
paddle.static.default_main_program()))

fleetrun —--worker_num=1 --server_num=1 worker_demo.py
cat log/workerlog.O0

6AZe£GizeayLAS dzd e£ReaN worker_demo.py aROiijNaRfizez L Samiwork-
er¢ZDAEIéClesac6U4aZ, iijNARS¢OraE i ymazizsael L AdamcZiaEsOPiijNaZiiay Tesacs UaZ £ IJAARO= Y
OP

{Out=[]} = send(inputs={X=[u'embedding_0.w_0OQ@GRAD']}, is_sparse = 1,
< op_device = , op_namescope = /, op_role = 4, op_role_var = [],,
—send_varnames = [u'embedding_ 0.w_0OQGRAD'], table_id = 1)

(4yNéatczgczm)
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{Out=[]} = send(inputs={X=[u'fc_0.b_0QRGRAD', u'fc_0.w_O0OQGRAD', u'fc_
—1.b_0@GRAD', u'fc_1.w_O@GRAD', u'fc_2.b_0@GRAD', u'fc_2.w_0@GRAD',
— u'fc_3.b_0QGRAD', u'fc_3.w_0O@GRAD']}, is_sparse = 0, op_device =_
<, Op_namescope = /, op_role = 4, op_role_var = [], send_varnames,,
—= [u'Dense@Grad'], table_id = 0)

v 9

edacoUaz;eNEaLEaATaATHeter-Worker

4ijCedDARCxTiz1Imit.adZlladijRayNiijNeomezCe GeINeZDAL maR Se6acsUiijNaRmAR Sedacs Usiymg
WorkerijtaL geaNaAC
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2% tEor S4ROP — KiHfE — BERRE (RPC)

« Worker(Trainer)efzaRU3;SaLmeL zetiacZDeomezCa Tiems

* WorkereacSUAL me;6¢ZDAICPUAECZDAL maRSOP

» WokerafEALmaRSOPe6ac6UczSedlJaRS¢zZHeter-Woker

« Heter-Workere6ac6UalJ ixPUiyEcZDAL maR SOPiijN4; UaLtloss

« Heter-Workere6acoUalJ IxPU#yEcZDARmAR SOPiijNa; UaLicZyaEsaRCaTrectaze

o Heter-WorkerarEECIa[ EwctazeaRSEA AGZdWorker

* Wokere6a¢6UAINICPUijE.cZDARMARSOPiijNg, UalicZyaEsaR Ca Traciaze

« WokerijOHeter-WorkeraRSéA A (Send)eNAzIIL ¢ZDARCa TrcZDaciazeczZPServer
« WorkerijOHeter-WokereOgz Tti(Recv)eZt @ UARO¢ZDARCa Tt

o ¢GCmad miz&ayEaetAciNiijNesmizieomezCa TremsiijNacdcOrLEAYCaijRAR Ca TreJmak adZlcZDesomc:
6AZe£Giyt.efixtAciNiijNHeter-WorkeraddcOrcZDiyzee AGE.§eCi e Y iijZ
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o ijyOWorkeré AZi£4iijNeOsz TiaziiRSEAA=NGAGZaRCeTE
« iyOPServeréAZi£aiijNaRSéAAmciazeiijNaeOdeTieZt 2 Ut
o 2L 52aNALmARS/ARmARS OPcZDefReaN

Heter-WokercZDeac6UaZ, ¢ Tsiy Adyte L Uad ZiyitaijCaedDBlockedDeLRiijNafRijtBlockiyzijA=d

iy AaytaijCaedDblockeZDe£ReaNiijNagEcDGEITAse Ady 1etUAL e 6 VariablecZDiz3aGiijNaRNz Ut4R

Private
| (EFE9
input output
alJ{Heter-PSzlaaijR:ymiijNWorkeri;£cTisend_and_recv OPziegeaRSHetet-

Workeriyt.cZDiijCadDblock¢ZDe£ReaNiijNWorkeraR SHeter-

WorkeraRSéA AEntrance VariableiijNaRNzUticml 4; EeOgx TGEXit

aleiijNasdcOre Tt djte6ac6UaZ; 2tAcINeZDEAZeuraAC
Heter-PS¢Zoa L miizEa T NAAsynceelasijR
az¢ciAd6dcOF

Varib-

Heter—WorkergZDé(’Sa‘ngﬁﬁZégT§&LRm2RéZégﬁAﬁ; mi7O build_trainer_program

di£cTiFleet APIzUtiijNaRCeACiz&4yNpythonizéciAiijZheter_demo.py(élJA2e AZSL eCEGPUCL Leell;

# heter_demo.py

import random

import paddle

import paddle.distributed.fleet as fleet

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

paddle.enable_static ()

with paddle.static.device_guard("cpu") :

input_data = paddle.static.data (name="sparse_input", shape=]|
None, 1], dtype="int64")
input_label = paddle.static.data(
name="1label", shape=[None, 1], dtype="int64d")
label = paddle.cast (input_label, dtype="int64d")
embedding = paddle.static.nn.embedding (
input_data, is_sparse=True, size=[1000, 1287)
(dyNéatczgcrm)
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with paddle.static.device_guard ("gpu") :

fcl = paddle.static.nn.fc(embedding, size=1024, activation="relu
=")

fc2 = paddle.static.nn.fc(fcl, size=512, activation="relu")

fc3 = paddle.static.nn.fc(fc2, size=256, activation="relu")

predict = paddle.static.nn.fc(fc3, size=2, activation="softmax")

cost = paddle.nn.functional.cross_entropy (input=predict,

—~label=1label)

role = role_maker.PaddleCloudRoleMaker ()

fleet.init (role)

strategy = fleet.DistributedStrategy ()

strategy.a_sync = True

strategy.a_sync_configs = {"heter worker device_guard": "gpu

"

—~"launch_barrier": False}

optimizer = paddle.optimizer.Adam(le-4)
optimizer = fleet.distributed_optimizer (optimizer, strategy)
optimizer.minimize (cost)

if fleet.is_server():
if role. is_heter worker () :
print ("heter_main_program: ".format (
paddle.static.default_main_program()))

fleetrun ——worker num=1 —--server_ num=1 —-heter worker num=1 heter
—demo.py
cat log/heterlog.0

éAZéiﬁGﬁZééYLﬁS éZd’é£RéaN heter_demo. Py aROuJNaRrazeaaL’ Salrheter—
workergZDaEleClé(’Sa‘géSUaZc11]NaRrazeaRSgOreoazganZ(,aylaNEaRnazanAaylaljCaedDblocku]N &3ijCa
OszSeeI§aACeNeaRNaaU1’iaeL’ SalrworkergZDéfSag(’SUaZ(,nJNa1]ZegCar§ aLra082i8cZDFCasCiijNeénsend.
OP=Z£47¢aAC

aijyaNO
egeaRSciAcURaRCaTieZt 2UF
cl38fEARCee THi1jZ62 Y e6d 2L SaNEayziyAdyiad gaRCaTraROiijNALECL GaT; ALFARDE§IPServerayt.
¢IA¢URARCaTriijZe¢énaiGALEALFARDiytPServeriyt.
glAgURaRCaeTrgZDa;EIalYaSNant e UtcZ6L maR 286 AZe£Giz&ayNOPegeaR SiijNasCiziiéCiaddeC
distributed_lookup_table OP11]Z
* paddle.nn.Embedding
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import paddle
paddle.enable_static()

# sparse=True,

&§edRSERCaTFcZDcIACURANTUT 1 jNAES4E£ieimezCaASNEAZEE£a8ASEz2e
embedding = paddle.nn.Embedding(

input=x,

size=[id_num, id_value_shape],

sparse=True)

* paddle.static.nn.embedding

import paddle
paddle.enable_static ()

# is_sparse=True,
—~8JedRS4RCaTrcZDclACURANUI 1 jNAESSLieimMczCaASNEAZEfaéAS4z% e
embedding = paddle.static.nn.embedding (
input=x,
size=[id_num, id_value_shapel,
is_sparse=True)

* paddle.fluid.layers.embedding

import paddle
paddle.enable_static ()

# is_sparse=True,
eJedRSARCaTreZDcIACURANTT 1 jNAES&ErieimczCaASNEAZEfaéAS4 e
embedding = paddle.fluid.layers.embedding (
input=x,
size=[id_num, id_value_shape],
is_sparse=True)

paddle.fluid.contrib.sparse_embedding

import paddle
paddle.enable_static ()

# sparse_embedding éJedRSembcZDad’ JegDelaclAcUR
embedding = paddle.fluid.contrib.sparse_embedding (
input=x,
size=[id_num, id_value_shape])

7.4.2 aj£cTilnMemoryDataset/QueueDatasete£ZéaNeomczC

e v s

esleDR

elliieTZ¢INcZ6A miyme TreNAAE Iz AAGZ, iijNizEx TreNAalTipaddleéiZae AASZ, @ladijRayNa;£¢TT
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paddle.enable_static ()

coAazN

ayzazEeC; enYeA§e£ReqNaelaangZDé6lng11JNaeLSazna, £§TII nMemoryDataset /
QueueDatase tAPIe£ZequnYaeAgeC gZDIOuJNaEua‘ SaZNgZIaRrazeaRCeACanGaeac InMemoryDat
aSN QueueDataset, azeayNgoAggrDatasetaACDatasetaeYrayzad’ Zgz£glNaRLaEla1]CaeleanzaljReGRem
ad’Zedlet 22 AEcZD1a4ijRiijNiijZedAdd 3¢ZDabaéA §el SiziicZDalaadNesmczCaAC

v\ 2

elJ neeUGaieeolgsz1de&deepzelacadNayzacN11JNaIJ leolngaylaleaEea§zazODataset
az8ayNa YT £9T1DataseteeOeaRcayAayleerTecCé’16N &Tt gZDae;AglNuJZ

aijTaEédataset

1. éAZe£Gdataset = paddle.distributed.InMemoryDataset () &l UCAR
dataset = paddle.distributed.QueueDataset ()alZazzayAdytDatasetarzesa

2. aeNGaoZdatasetéfiaRUgZDéfSInganGazugZDaLUealujN
6AZe£Gset_fileli steElg‘oaAC

3. éAZe£Gdataset . init () apiéfZeaNDatasetcZDAaliagNaNUéEme;6iijNinit () 2O&aREeOs=Ti
efeeg AapieUG=atiijNAL Uiy aGaaytéEme;6¢ZDALIagNaNTU

.........

a. arEaeLSaznac’SZazL’ ae, gZDaeIr&loe(J SaE&xiijaijRaijiczZDataset,
éAZe£Guse_varéEmg; 6aAC

b. @NGasZelSiziicZDxTreméeizaRU2Uz4ijRiijN¢Témy_data_generator.
pya6dcOreTiemseizaRUcZDegDal ZiijNaROéI¢arEiijZ4azNezmeizaRUeg Dal.Z¢ZDasdc OF,
éAZe£Gpipe_commandéEme;6aACpipe_commandzYiDatasetcL 2zl ¢ZDEAZE£GeEadAS

c. ®NGasZaeTrembeizaRUcZDbatch_sizeiijNéAZe£Gbatch_sizeéEme;63AC

d. ®NGasZxTrem6ezaRU¢ZDe7£cINaTriijNayAeLierdc7£cINeTraSNesmezCozeciNazTiL e NA;

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 reader.py",
—batch_size=batch_size, thread_num=thread_num)

dataset.set_filelist ([config.config["train_files_path"]])

aeCajTeNGaoZeTreméerzaRUegDal 2

alJ féyLaaﬁGaeLSéiﬁ&RRﬁLféiEgTémy data_generator.
yaongraEua‘ SgZDaeTraelogoquSerzaRUe gDaLZuJ NeCcazLuJNaeAOaeauayzdatasetaLZazzaeTraaloerzaI
azeayNaeYrre ader. pngDaEleClazcgaAuJNaEua, Sae;AglNa@CayNnJZ 1.
éeUAEL el SiznélJAeeAdijTaEEdata_ generatorgZDgsquNa i laZOp addle.
distributed.fleet.data_generatoriAC 2. iieYOuijAizZall lereel(SéfZaRUaylagZngaLrgZE

7.4. AgeC;aijyaNd 85



FleetX, aRSayC 0.1.0.beta

3. aLZazzayAaylaleszwl deDeepDatasetReade ruJNgzg:aeL’ £fleet.
data_generato rgZDa§zgszana§zgszan Lad ZggleAL’ &NT 11]Na@CaedIJ & Yiad ZgglaeTraelogszadNaeul
4. czgzll £aiﬁé’16ngra§zgszayngDge nerate_sample aG‘ EETI‘II_] NeAReaNerzaRUaeTraEIOaACereaG‘ &T
5. alJ le£Zay1aRra2éé£lazchDaG| aaTrayluJNa@ng’ zacNazcgaAayngDde f

v O 2 oA

wd_reader () iijNelSiz1146Z471 @ Trem6eizaRUcZDéAze; SAACH; NaeCarzizéeaNayzam 4 mcZDa Tiem

6. z’eIJAaROu]NeeLSaiﬁéIJAecAarEaeTraEIO'ceTt ¢REiyzcl Zé6ZgZDbatcthDeeaijainmNaeL’léC,ad’§ec
aeLSaznanaeIJAaElaAZéiéfaeYO aeazaE:l6é6baOZgZDaAZbatch sizeAAZ,

eféaG = TraijZall lgene rator_sampledGjeTrazgcT§eitelliaTie; jalibatch_siz eanouNer(
local_lter()aAC

v\ 2 vz vOwv

7. coAsmTeiseft 11JNa3IreEIOQZDe(JSaneqzazliayanLSaznaIJ Ig; Scz1J aylaLZazngDl nput safEéazae
[value]), ('C1l', [valuel]l), ...... ('"label', [valuel]) ]

import paddle

import paddle.distributed.fleet as fleet
import os

import sys

cont_min_ = [O, -3, O, O, O, O, O, O, O, O, O, O, O]

cont_max_ = [20, 600, 100, 50, 64000, 500, 100, 50, 500, 10, 10, 10,
— 50]

cont_diff_ = [20, 603, 100, 50, 64000, 500, 100, 50, 500, 10, 10,
—10, 50]

hash_dim_ = 1000001

continuous_range_ = range(l, 14)

categorical_range_ = range (14, 40)

class WideDeepDatasetReader (fleet.MultiSlotDataGenerator):

def line_process(self, line):
features = line.rstrip('\n').split('\t")
dense_ feature = []
sparse_feature = []
for idx in continuous_range_
if features[idx] == "":
dense_feature.append (0.0)
else:
dense_feature.append (
(float (features[idx]) - cont_min_[idx - 11) /
—cont_diff_[idx — 17)
for idx in categorical_range_

—

sparse_feature.append (
[hash (str(idx) + features|[idx]) % hash dim 1)
label = [int (features[0])]
return [dense_feature]+sparse_feature+[label]

def generate_sample(self, line):
def wd_reader () :
input_data = self.line_process(line)

(ayNéafczgc7m)
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(c7miyt éat)

feature_name = ["dense_input"]

for idx in categorical_range_
feature_name.append ("C" + str(idx - 13))

feature_name.append("label™)

yield zip (feature_name, input_data)

return wd_reader

if  name == "_ main__

my_data_generator = WideDeepDatasetReader ()
my_data_generator.set_batch (16)

mw.

my_data_generator.run_from_stdin ()

acneéAg§erCerTDataset

el.SaznaRfizéeDscezczDe; SedliadDiijNAMTcNiétNerADatasetcZDe; SaGze YidRectieAR el Siznécl
cat aTr=méxUCiz0 | python datasetérz8RUpythonaUGiztefZeaNdatasetizE¢aA¢ZDFCer]

cat data/part-0 | python reader.py

&, SaG7cZDa Tremb2dijaijRacCiyNiijZ 13 0.0 0.00663349917081 0.01

0.0 0.0423125 0.054 0.12 0.0 0.074 0.0 0.4 0.0 0.0 1 371155 1
846239 1 204942 1 600511 1 515218 1 906818 1 369888 1 507110
27346 1 698085 1 348211 1 170408 1 597913 1 255651 1 415979 1
186815 1 342789 1 994402 1 880474 1 984402 1 208306 1 26235 1
410878 1 701750 1 934391 1 552857 1 1

cRE=CscZDe; SaGziyz(eLtaRU#zEqy AdytcL Ga6t)iijZ

1

13 0.0 0.00663349917081 0.01 0.0 0.0423125 0.054 0.12 0.0 0.074 0.0_
~0.4 0.0 0.0 1 371155 1 846239 1 204942 1 600511 1 515218 1 906818,

—1 369888 1 507110 1 27346 1 698085 1 348211 1 170408 1 597913 1
—255651 1 415979 1 186815 1 342789 1 994402 1 880474 1 984402 1
208306 1 26235 1 410878 1 701750 1 934391 1 552857 1 1

aj £9T1D ataset¢ZD ayAazZeeglszRazNe az- DatasethDa§ zeelIia0 § gREuJ ZarEeeTraeloprmtaLrglJ Sam
- dataset¢ZGAL maRtze TieNAAL [unbuntuiRECent0s cml 23GAGELinux¢OracCayNa; £¢TTiijNALT iw

®Tren6aGEad'G

46N Tt 2 TremGiayNe|ji28aREECDAd DeRE#ZNaROAR 4286 AL AR Uiy AiytpartcZDa UGz 14y Zden

7.4. =AgeC;aijyaNU

87



FleetX, aRSayC 0.1.0.beta

eomczC

import paddle

import paddle.distributed.fleet as fleet
import config

# &1 jA3RfpaddleélZeAAdZ ;eladi iR
paddle.enable_static ()

fleet.init ()

model = X.applications.Word2vec ()

mmn

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"])

strategy = fleet.DistributedStrategy ()
strategy.a_sync = True
optimizer = fleet.distributed_optimizer (optimizer, strategy)
optimizer.minimize (model.cost)
if fleet.is_server():

fleet.init server ()

fleet.run_server ()
if fleet.is_worker () :

place = paddle.CPUPlace ()

exe = paddle.static.Executor (place)

exe.run (paddle.static.default_startup_program())

fleet.init worker ()

distributed_training(exe, model)
clear_metric_state (model, place)

fleet.stop_worker ()

46N Tt cd zi; NizéciAaRFz8aRCEAC FleetX/examples/wide_and_deep_dataset
¢Z64;T

.

6AZe£Giz8ayEc6 Azt AcZDizéciA i NamsiRfiz8a6d¢Ofwide& deepaladdNeZDAad Z¢7£¢INAZGAR Se6m

7.4.3 4;066SéAZ4a£aaRCaTrelJnakaaZieomezCcoUzesT
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coAazN

4ijUzel AaSic§eiijNaD AR Nems/aijCemsiRCa TreJmik adZIaL EayCaijReomezCiymWorkeraefRe6mezC:
ayzazEeZmi; ORLCcCzeg AéAZifaarzeomezCEA§a7ecZ DA aSmiijNFleeteRRi; Zia7Eiy AcimaeZt é1Y &'

aO§cRE
Paddle GeoSgd HAzIE TR
FoooTTmmmmmmmEmEmIEmEEE T |
1
! Dense_Var@Old Sparse_Var@Old | / \
1 I 2 1
____________________________ | 1
f : Dense_Var@Local Sparse_Var@Local :
1 1
parameter Reev —m—ovpbm"7">-+—+—-o-+—7— | [ - q--------p---------p---!
1 GeoSgdCommunicator 1 I
Send OP FF OP
A ) |
1 I
|| Dense_Var@Global | | Sparse Var@Global | | | r-------------F------------- : Optimize OP
| 1
OOy —— !'| Dense_Var@Delta Sparse_Var@Delta | |
T S —— t_____________ Ep— BP OP
SUM OP l
I Parameter Send q------—-------bt--------t-—- 1
1 1
1
Listen_and_serv OP | i Dense_Var@Grad Sparse_Var@Grad :
\ Pserver program ) \ Traniner program /

s¥ 338 0P f%Rop — FitifEE  — BEEME (RPC)
iJiIGeoSGD=Zt = UicmU¢T&:iymiijNWorkercZDaRCa TreZt 2 Ukiz§x YalJ[aE2ijC emé¢ZDalaizibyN
o #j0xZ66AZcZDARCaTrlImak.aiZlijmaRNiijNAIJIGEOcmUc Té4ymiijN2iRajtWorkeret §et Call {1l
« GEO=Zt & UrcmUcTéiijZallleomezCeeGelNaymaR AL [ad Zayte£ ZcINiijNet §ot ¢aRCaTraZt @ UrARE
GEOcmUcTE6AZe£GrlaadNeomezCijOk.CoCzé AZi£aaRNemse£ZeaNcZD2 Uz4ijRiijNaliLIefAzla

aiecTieUzaesT
®0zakaagietl
écUSELzLSiznélIAse AxtizatdcomezCiymel AcTIALicZDpythoneladiUpaddleidSNpaddle.

distributed. fleetiijNaROeAE#jzeeA=xRR:; ZALEAyCaijRcZiaEscZDeOaREASNemUcTEEme 63 A
cZ63L mPaddleézYesd iy zakle A AZ 2£ReaN=IaaijRiijNALEACAaijRAR Cae T Imat adZleomezCa; SAL

import paddle
import paddle.distributed.fleet as fleet
paddle.enable_static ()
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a6ZazlzeiaadNczDciS

alJie£Z:yta; NamR iymel Siziid; £ TIWide& DeepaiaddNaAC

model = WideDeepModel ()
model .net (is_train=True)

aLiagNaNUaLEayCaijReomczCcOracC

4’ ZelJ78RCaTielImabadZialGae YiéAZe£Gfleet . init () @O83REALIAZNANUALESCaijReGmezC
role_maker £7&aN¢ZyaEséEmc;6iijNeN&iyzNoneiijNilZeaEediiijZeGtakleizem6c Tle LaallicOfa¢CaRy

fleet.init (role_maker=None)

éEmcj0GEOcmUcTeaRL4ijYaNUcoUzesT
alliFleet APLiymiijN¢Tlzel6aRfiz84;£¢cTif 1eet . Dist ributedStrategy () @08aREa6Z4zL eGlad
&CseeAd; £ TIGEOmUCTEiijNc Tl aécUSELéITARe AL SaijAdijComaRCa TrelImat.ad714ij AdEsiij]
¢DaaROcTIzLaélTARe A¢AZ2£Gdist_strategy.a_sync_configsedc;éWorkeriyhiijidRCeT

dist_strategy = fleet.DistributedStrategy ()
dist_strategy.a_sync = True
dist_strategy.a_sync_configs = {"k_steps": 400}

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

optimizer = fleet.distributed_optimizer (optimizer, dist_strateqgy)
optimizer.minimize (model.cost)

aijAagNeomczC

GEOcmUcTécZDetmezCiztciAxsEcTIaZEAR CaTixl Imit.aaZIaL E4yCaijReomezCeZDA; ¢aijRAAC
Etie£Z2aNaLIagNaNUiijN¢DaR
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aRNzanarzizOeomezCeL.CeCriijNeTlinit_worker () 2O8aREe£Z8

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

(dyNeéatczgczm)
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(czmiayt.cat)
# do training
distributed_training(exe, model)
efReaNaeUzaesT
aoNeeTt’é£ReqNgd’ ZabNegA examples/wide and deep,

éAzsleDRiijNerécd 7i; NeNGasZcZDALEayCaijReomezCeladijRayzaijCemsiijNaR AR CeACGEOIaijF
éEmc;636N2LRAROI1jNEAZE£G f 1 eet runaNGizd e£ReaNalL EayCaijRizzakadACaSdzd ¢d 7, Nag
worker_numiLEALniyzelimitaeb.CcCzaSNeomezCel.CeCzeZD2TiéGRAAC

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

v V4

7.5 aédéGReomczC
7.5.1 ¢coAazN

acdeGReo.ngeeYréiyAgglayyegAgZDeeIJzaZlal@azaanzee§T11JNaIlee $azeimeiziéCEAS SAEERITL 474
écdealcZDaRCaTrelJmib adZieomezCaTreNAicdéGReomezCiijNa TreNAssmczCallle§Riy Ax UGéU

7.5.2 a0§cREazNcim

é¢dealiRCaeTielImit.adZIa¢déGReomezCANEAR ARGy d éCIAL EAEEAG7iijNamselaadNa£iamY 3SNalaadN
ecdaeqlaelqadNaRCaeTfﬁIJ laRCaaIraeIJ laLaaZlayNaLanzglﬁﬁfEaRCaeTféiSNglAgURaRCzeTr‘ayd’ggluJ
all lengTlaslaadNa;EIalYgZDzeOééiRcaROuJNauZaLEaLnaIJ lPServergnraSNOaRuWorkergnre;EZeaNaRCze"[

ecdaealaelaadNaRCae'[féiU laRCae"[raeIJIaLaaZlayNaLanzglﬁﬁfEaRCaeTféiSNglAgURaRCaeIr'ayd’ S
éIJAee AALEALAAINIPServercifaSNOaRGWorkerchre£ZeaNak a2 | e LmeCia6N2LRafZaR Ca TrcZDAE 48] jaAC

eomezCaRfabie UtiefRaytPServercZDaszeIRaliagNeetAciNaeCayNiijZ

. mfﬁﬁyléhégéiaﬂf géaN fleet.init_server(dirname=None, var_names=None, **kwargs)
e£Z2aNPServercnfal 1agNaNUiijNaLE¢EmiLizemd eE.CcCz¢ZDclaafEARCa THiijZeNL cEga6ZiazL ¢Z)
cIAcURARCaTrALZaR16¢Da6 2471 aG7aL1agNaN Uz UzaesTiijNcIAcURARCa TriijZall leomezCe£ Gel
init_server¢ TlelIL 4y d 416 AL ¢ EmaRCae THiijNALEALfize Y f
dirname ‘aSN ‘var_names, dirname‘®alcd’ 261JA2e ARG GRAL A2 | ; cZDalaadNeara; DiijNayd djté AL EF
a@ézedl] aR1eNGasZ dirnamelijN aLZeajgd’ iaijZaZé&NGé(iZngv)gZ(’ié‘ TaylaLéél i aEIeCIgZIV)nggﬁI
a@CzedIJe£YeeNGa6ZazE var_names 11]NaLZealgd’ié’1Léé, ‘eeNGﬁESZaRC&IféingZDglAgURaRCae'[fé
esleDRiijNinir_server iRtiijZakiae; ;cIA¢URARCa TtiijN¢laafEaAR Ca TrcZDAk. 48| j ALl Workerghfe£ 7

o 2fRijleE.CcCzael 52aN fleet.run_server() eale YO4;SALmECcCzan3czRALIAENANUzLRAE §iijNARF4
eomezCaRAE Iz UtiefRijtWorkercZDa§ze lJRALIAE Nzt AcINaeCiyNiijZ
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. a’eﬂ.iéiyiéL,C/géiml;géal? o exe.run(paddle.static.default_startup_program())

e£Z2aNaRCa TrALIagNaANUaAC
* 04RGLCcCzal geaN paddle.fluid.io.load_vars() @NGaGZee AdLa2;;cZD¢laafEAR CaTicZDiRmamUAl
o 2fRiajleLCcCzael 32aN fleet.init_worker() iijN aEGaym0aRGECcCzeZDclaafEARC & TFAFEAR N aemsczZ
eGsemd’iijNaGN2LRAZE2 Tt dyteomezCaijAasNAL miijNPServeraSNWorkeriymclaarEaR Ca TraSN¢iA¢!

7.5.3 ak§eCijeTLaedlJ

,

o 26mczCaijAagNaUiiijNi; £cTlayEefie UzaesTiijNaRfa6dcOfelaadNaR Ca TrcZDAEISGRAE 42 jAAC
o omczCezSai§a YiiijNij£cTlayefie UzaesTiijNaRA6dcOfeladdNARCa TrcZDAEISGRALIimY FAC

7.5.4 ajfcTiaeUzaesT

®laddNi£imYiijZ

#.
w3IJléTJAceAsfTémYel addNCZDATTralUZ1 1 jNaL’ JeaNdyNeTécZDaS j42d” 11 jNimsdRF&SNelRael
# SEGSyMII N cld8FEARCaTrEi jZecrnafIsmYa1TI 08RG WorkerdyEii jN,,

o clACURARCaeTrE1 jZecndf IamYaTTlerRayIPServerdyEcZDARNSFME G Fd: DEYN

dirname = "/you/path/to/model"

if fleet.is_first_worker () :
fleet.save_persistables (dirname)

wladdNaLAe| iijZ

# @laddNarde; éIJAeeAdNZ&LEaYFPServeréfYaYforker
dirname = "/you/path/to/model"

if fleet.is_server():
var_names = None
fleet.init_server (dirname, var_names)
fleet.run_server ()

if fleet.is_worker () :
place = paddle.CPUPlace()
exe = paddle.static.Executor (place)

exe.run (paddle.static.default_startup_program())

var_names = ["w", "b"]

fluid.io.load_vars (executor=exe, dirname=path, vars=var_names)
fleet.init_worker ()

-
G«
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7.5.5 é£RéaNzeLRak§eRRcd’z
1. 2laadNakie;;a;Salmaztizsazl)L 2RRed 7

2. aafqadNa£IalYaeLRaL§1ij NaijZaIJ I’QZyazTgZ]v)gZoa‘ TaﬂalYayNaefaadNaafJGaZmijN

vvvvv

7.5.6 ayyegAéUo6écYayOmesiaDRazNéaz

eLCcCzatizAAICaTr

. eOIQZCeLCQCzaIJlaRSgT§aRYaNUgZDaeCEaEgayNnJN
¢IACURARCaTiélIAeeAGAZiy Axiiaé Gme UrAL EayCal EayCizdazastise UicZDak a8 é1JA=sCaAC

« 3;SiLmeaFEzdiiziesael]l 2RR:; Zend cIAcURARCaTréGmil EayCeDZaiiijNcZoa mélJAee AcT

o b8 ;@NGa6ZclaafEARCTY

. ngeeLuaRrazeeAE &NlI'2A ggZDaLae ijel AeIJAgZDglaarEaRCeeijNaEua‘ SaeYraIJ i

0aRi Worker &L geaN “fluid.io.load_vars ‘Ut iijNeNGasZ¢ZD
vars¢ZDal UealeigeOgalaaAC

o aL38;@NGa6ZcIAcURARCaTE
o cTleLadRiz86AL @NTI 2 AgcZDAk a8} @NGa6Z¢ZDcIA¢URARC & TiiijNaE A Se Y fallIPServeral: 38

7.5.7 e6zaeUG/aijTcTi

[¢T¢]
7.6 tAaijReomczC
7.6.1 c6AazN

ecdaealaRCaeTran laLaaZleOIc;zCaeTraeNAaeLAalj RGOIQZCaelaalj anNaeTraeNAeElg i oalCaz£gz gad’ ge;
INT641eNCaZt AEEcZDID2 Y 24iDiijNa TreNA®zladdNeGlacdé TEaRE.EEme 6¢L 78, AAGEAESiijLaymamY Al

7.6.2 a0§cREazNczm

\ eo s

®tAdij Reolng(OnhneLeamm g)uJN al§eongCzeIrzeloaylzeYrayAeenaeeAgeeTcaEeeolngg§zgz§11] Ne
ZET'[ ayICOIQZCzeIJ lanaylaAIJ zelc‘l'ij NeeIreelonge£GecDad’ DgREaROe£ZaEeeOI<;ZCg§Zgz § &RC ayOeOI(;I
ACRifaxe AfetAGAAIReZESCSAAACTIATECEHL all 72 Z1iijN2fRad T 6C;iijZe Uracdad g6GR¢ZDa TrembiijN

261 2fRAA'T (2fRiy AAL2)2e Uka¢dcZDa Trembas 2z OayLayAad T (ayLiayAsLz)cZDeladdNe£ZeaNe UrcZDé
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7.6.3 ak§eCijeTLaedlJ

6AZ2£GARLCRESEmC; GiijNaR46dcOrad gegDalaztAdijReomezCiijNeRRmGeOlemReszcz§cZDe At

elieUGiymeil aREALIZDcZyaEsaE §6C;aSNi; £¢Tled 74, NiijZ 1.
difcTiad gegDaelaciAcUR¢ZDc6UsmRe£Z2aNczDeiS 2. éEmci6aGEaEscmUcTE 3.

éEmc; 62laadNELIamY AREACIEGRELIamY

7.6.4 ajecTieUzaesT

®tAdijReomezCa Y iayliyLayNaeyycL tedL dijUad Z¢ZDeomezCa UzesTiijNae Dne UGaR I £ 4G7eomez

# ALTAGNANUALESyCE1 jRcOraEC
fleet.init ()

# your real net function
model = net ()

# d;£cTI3RCaTreI MEEad7141 jCamsemezCaladi jR
strategy = paddle.distributed.fleet.DistributedStrategy ()
strategy.a_sync = True

# QLEAyCa1jReémMczCaZ; 41 jYANU

adam = paddle.fluid.optimizer.Adam(learning_rate=5e-06)
adam = fleet.distributed_optimizer (adam, strategy=strategy)
adam.minimize (model.avg_cost)

# &RFAZIPServer

if fleet.is_server():
fleet.init_ server ()
fleet.run_server ()

if fleet.is_worker () :
# SLIAGNANUWorker
exe.run (paddle.static.default_startup_program())
fleet.init_worker ()

while True:

# @NAcZmEjmeMczD&Ez0" get_ready_training

wset ' eOU8RUSRreMczCciDdzeebréZEASNeZYAESCcZDEEmME | &
# dyNéIcaeYrayAdytaeNL’ drReUlieimczCcZDa : NSmR
dataset, hour, day = get_ready_training dataset ()

if dataset is None:
break

# d;£cTl dataset dymMciDeTrambetZéaNemezCaSNeladdNE£lsmy
exe.train_from_dataset (program=paddle.static.default_main_

—program(), (dyNeéatczgcrm)
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(c7miyt éat)

dataset=dataset,
fetch_list=[model.auc],
fetch_info=["avg_auc"],
print_period=10)

#.
08RG4£TimYe]l a8ANSMSERFT 1 jNeFRAd” 17 criri0dy14rReUiie £ ZeaNSEIEGRAL£TSmY T 1 N,
AL’ 173} Z2UiéUt ’ e£2eaNaCdEéGRAL TAmY

if fleet.is_first _worker () :

mode = 1 if hour == 0 else 2
fleet.save_persistables (exe, "output/epoch_ {}".
—~format (day), mode)

fleet.stop_worker ()

7.6.5 é£ReaNzeLRak§eRRcd’z
[¢T¢€]
7.6.6 ayyegAéUo6écYayOmesiaeDRazNéaz
1. eomczCefGelNaymiijNaeCElJAL; £¢TIALEAYCaijReNGaeaGiijNeradRCeAC<aLEayCaijReNGeiGeni
2. 3eCadlleomezCaymé AT yme UmiijNEITARe ARE 42 2laddNAROcz s c7memezCiijNeraaRCEAC<acdéGR
7.6.7 €6z2eUG/aijTcTi
[¢T¢]

/4 v v

7.7 aLEayCaijReeNGaeaG
7.7.1 ¢coAazN

AL E4yCaijReNGeiGae Y feNGAIALEAyCaijReomezCizzak adyme TlazserDetNeladdNe TLedll¢ZDa!
7.7.2 a0O§cRE

AL E4yCaijReNGaeiGeZDe6acs Uiy ALRANEAR 4y L eméiijNayNéicelSiziaz8al EayCaijRaGEcascO
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import paddle.distributed.fleet as fleet
fleet.init ()

2. 462471 2NGeiGesac6UsAeAcZDaL A=lIL iyméUt cLiz A Acz§e6aiAijiijNafRajteomezCeLCcC

pred, label = model ()

# 1.,
LE6Z4ZL7 SyméUt ’ chlia@AAczSe6a8A1 711 jNed el JieAzeTradSNamEcaPdlhEcszclZDedtel
correct_cnt = paddle.static.create_global_var (name=
—"right_cnt", persistable=True, dtype='float32', |
—shape=[1], value=0)

total_cnt = paddle.static.create_global_var (name="total_
—cnt", persistable=True, dtype='float32', shape=[1]
—value=0)

gy

# 2. eimczCerCcCrzeGianusciDeklicAAczSeda
batch_cnt = paddle.sum/(

paddle. full (shape=[paddle.shape(label) [0], 1], £fill_
—value=1.0))
batch_accuracy = paddle.static.accuracy (input=pred
—~label=1label)
batch_correct = batch_cnt » batch_accuracy

7

paddle.assign (correct_cnt + batch_correct, correct_cnt)
paddle.assign(total_cnt + batch_cnt, total_cnt)
accuracy = correct_cnt / total_cnt

3. @l A=lILeomezCeE.CeCz8Ut e£72aN all_reduce =Smi;UiijNeOuaRUAE[a$A¢cz§26aiAljiijNcDGaR Oz

global_cnt = fleet.metrics.sum(total_cnt)
global_correct = fleet.metrics.sum(corrent_cnt)
global_accuracy = float (global_correct) / float (global_
<—>C1’1t)

7.7.3 aLEayCaijReNG=aG

ayzaeUzi; £4;£¢TTiijNPaddleal ] paddle.distributed.metrics
ayNarEayyegAcZDiyAi7ZeNGaiGedacsUefZeaNazEarAeCEiijNayNéicarze£747ZAPIcZDak §¢CjaREAR

aLEayCaijRAUC
paddle.distributed.fleet.metrics.auc (stat_pos, stat_neg, scope=None,
util=None)
ALE4yCaijRAUCIijLArea Under the CurveiijLaACAUC

&Yy AdytizNaLEcszizza  aiymayyc TicZDa TLedleDizaaNG2iGiijNeNGROCzZ3c7£4S Nzt IR 241G

e
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aRCeTriijZ

* stat_pos, (numpy. arrayITensorIstrmg, requlred) amTeall za?:lcaﬂ:aua(JNayleUt ¢28e6aczSadlliijNamsamT:
paddle.static.auc ¢ZD stat_pos &;SaG7aAC

\ 2z

* stat_neg, (numpy. arrayITensorIstrmg, requlred) amTellzet §eeaua¢NayleUt ¢2§86aczSadlliijNamsimTa
paddle.static.auc ¢ZD stat_neg CCSanaAC

« scope, (Scope, optional)iijNi;IT¢T14§§iijNeN&:iyzNoneiijNalLZ4; £c TIAEIAS A/é2 Y e6d 4; ¢ TIa§ §iijNéz
* util, (UtllBase optlnal)n]NaLanCaljRé6lg 7CAG8aE0¢sziijNeN&iyzNoneiijNaLZ4; £cTléz Y e6d 4084E
fleet.utiliijN ézYesd ayzNoneaAC

¢TiesTcd 24, NiijZ

pred, label = model ()

# 1.,
EMTeIlJZczDe | SéYiiabt 11 jNeSacbUamEet ' Sedtid,; NayméUt ' czSebaczSadIJaAC
auc, batch_auc, [batch_stat_pos, batch_stat_neg, stat_pos,
—stat_neg] = \

paddle.static.auc (input=pred, label=label)

, 0 o5~

# 2. ALE3yC&i jRe(mMczCéYliadtii jNebacSUSEI&SAAUCAAC

global_auc = fleet.metrics.auc(stat_pos, stat_neq)
aLEayCaijRAccuracy
paddle.distributed.fleet.metrics.acc (correct, total, scope=None,
util=None)
ALE4yC4ijRaGEca6cOGaACAGEcadcOGiijLAccuracyiijl & Y AL E¢szizzat aiymayyc TicZDay Adytae TL
correct
accuracy =
total

dEqaymiijNcorrect & YiécDatNeiGom; ol i20c1I§46dxiGom; cZDe eIz Az TriijNroral
e YiaEléCleatellieAzeTIaAC
aRCzTiiijZ

v 72 o o

* correct, (numpy.arraylTensorlstring, required): alTaeIJzeche;NzeaGglcglL’azOgIJ §36daiGem cZDzit

* total, (numpy.arraylTensorlstring, required): élTaeIJiaeéﬁzeIJﬁzeAiaeTfﬁAC

« scope, (Scope, optional)iijNi;[J¢Tia§§iijNeN&#y7NoneiijNaLZ4; £c TIaEIasA/éz Y esd 4, 1I¢ Tia8§iijNéz

* util, (UtﬂBase optlnal)uJNaLanCaljReom; 7CatEaEacsziijNeN&iy7NoneiijNaLZa;£cTlé2 Y e6d 4084E
fleet.utiliijN ézYe8d d57NonedaAC

¢TiesTcd 2, NiijZ

% 9
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pred, label = model()
# 1.,

AMTeIJZczDe | SéYiiebt i1 jNebacsUadtial JriaAzeTr4SNEEDat NalScadclDaed el JhiaT
correct_cnt = paddle.static.create_global_var (name="right__
—~cnt", persistable=True, dtype='float32', shape=[1],_
—~value=0)

total_cnt = paddle.static.create_global_var (name="total_cnt
", persistable=True, dtype='float32', shape=[1], value=0)

batch_cnt = paddle.sum/(

paddle. full (shape=[paddle.shape(label) [0], 1], £ill__
—~value=1.0))
batch_accuracy = paddle.static.accuracy (input=pred,
—~label=1label)
batch_correct = batch_cnt » batch_accuracy

paddle.assign (correct_cnt + batch_correct, correct_cnt)
paddle.assign(total_cnt + batch_cnt, total_cnt)

accuracy = correct_cnt / total_cnt

# 2. 3LE&yC4ijRemMczCéViiebtii jNeSacSUAELI&SASGEcabcOGAAC

global_accuracy = fleet.metrics.acc(correct_cnt, total_cnt)
aLEayCaijRMAE
paddle.distributed.fleet.metrics.mae (abserr, total_ins_num,

scope=None, util=None)
AL E4ayCaijRazsaiGeziafzeitats(Mean Absolute Error)daACazsaiGeziarzerfansa Y izidtzeitanseZDazsal
loss xm§ad’ $aAijaAC

abserr = Z linput — label|

abserr
mae = :
total_ins_num
aEaymiijNinpur & YieitelliééDetNczSedliijN label
&Yieitellncl]§a6dziGem; iijNabserr 4y7¢z1afzeffat6aSNiijNrotal_ins_num
eYizitellnzAzeTIaAC
aRCzTHiijZ

« abserr, (numpy.array|Tensorlstring, required): amTel7¢cziafzeffat6aSNcz§e6aaAijaAC
« total_ins_num, (numpy.array|Tensorlstring, required): imTelZeitelieAzeTraAC

« scope, (Scope, optional)iijNi;[J¢Tia§§iijNeN&:#y7NoneiijNaLZ4;£c TIaEIasA/éz Y esd 4 1I¢ Tia§ §iijNéz

e
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« util, (UtilBase, optinal)iijNalLEayCaijReomczCatgiEicsziijNeN&iyzNoneiijNalLZi;£c Tiéz Y e6d ai8aE
fleet.utiliijN é2Yedd a52NoneaAC
¢TiesTcd i, NiijZ

pred, label = model ()

# 1.,

abserr = paddle.static.create_global_var (name="abserr",
—persistable=True, dtype='float32', shape=[1], value=0)
total_cnt = paddle.static.create_global_var (name="total_ cnt
", persistable=True, dtype='float32', shape=[1], value=0)

batch_cnt = paddle.sum/(

paddle. full (shape=[paddle.shape (label) [0], 1], fill_
—value=1.0))
batch_abserr = paddle.nn.functional.ll_loss (pred, label,
—reduction="sum')

paddle.assign (abserr + batch_abserr, abserr)
paddle.assign(total_cnt + batch_cnt, total_cnt)

mae = abserr / total_cnt

# 2. 4LE&yCa1i jReomczCeéVliabtii jNeSaclUAELI&SA&GEcabcOGaAC
global _mae = fleet.metrics.mae (abserr, total_cnt)

aLEayCaijRMSE

paddle.distributed.fleet.metrics.mse (sqrerr, ins_num, scope=None,
util=None)

ALE4yCaijRaIGaUzeffais(Mean Squared Error)aACaIGaeUzeffanse Yeffatsazse Uz4SNeZDazsalGa 2
loss =m§ad’ saAijaAC

sqrerr = Z(input — label)?

sqrerr
mse = -
total_ins_num
AEAymiijNinpur & YiedtieliééDetNezS2dlliijN label
& YizeitielnclI§i6deiGomiijNsqrerr ayzazseUzeffatsaSNiijNrotal_ins_num
& YieitellieAzeTIaAC
aARCaTriijZ

« sqrerr, (numpy.array|Tensorlstring, required): dmT=l)z4752Uzeffa06aSNcz§6623A1jaAC

* total_ins_num, (numpy.array|Tensorlstring, required): imT2llZeitelheAzeTIaAC

e
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« scope, (Scope, optional)iijNi;[J¢Tia§§iijNeN&#y7NoneiijNaLZ4;£c TIaEIasA/éz Y e d 4 1I¢ Tia§ §iijNéz

« util, (UtilBase, optinal)iijNALEayCaijRe6mczCat8aEncsziijNeN&4yzNoneiijNalLZ4; £c Tléz Y e6d aaeaE
fleet.utiliijN ézYe5d d57NonedaAC

cTiesTcd 2, NiijZ

pred, label = model ()

# 1.,

sgrerr = paddle.static.create_global_var (name="sqgrerr", |
—persistable=True, dtype='float32', shape=[1], value=0)
total_cnt = paddle.static.create_global_var (name="total_cnt

", persistable=True, dtype='float32', shape=[1], value=0)

batch_cnt = paddle.sum/(

paddle. full (shape=[paddle.shape (label) [0], 1], fill_
—~value=1.0))
batch_sgrerr = paddle.nn.functional.mse_loss (pred, label,
—~reduction="sum')

paddle.assign(sqrerr + batch_sqrerr, sdgrerr)
paddle.assign(total_cnt + batch_cnt, total_cnt)

mse = sqgrerr / total_cnt

# 2. 3LE4yCa1ijRemMczCéYiiaebtii jNeSacSUAELISSASGEcabcOGaAC

global_mse = fleet.metrics.mse(sqrerr, total_cnt)
aLEayCaijRRMSE
paddle.distributed.fleet.metrics.rmse (sqrerr, total_ins_num,

scope=None, util=None)
ALE4ayCaijRalGeUzeazeffatsiijLRoot Mean Squared Er-
ror)aACalGeUzzdzerfaide YralGeUzerfaudcZDcoUlIfazseUzeaziijNazecgreaGaGEefraadiijNay AeLng
loss em§ad’ saAijaAC

sqrerr = Z(input — label)?

sqrerr
rmse = .
total_ins_num

AEdaymiijNinput & YizeiielnécDeiNczSedlliijN label
&YfeiielliclI§a6deiGem iijNsgrerr ayzazseUzefraa6aSNiijNrotal_ins_num
eYizitelInzAzeTIaAC

ARC2TFiijZ
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42200 270

« sqrerr, (numpy.arraylTensorlstring, required): mT21J73zs2Uzeffa06aSN¢z§e6aaAijaAC

total_ins_num, (numpy.array|Tensorlstring, required): amTellZeitellieAzeTIaAC

scope, (Scope, optional)iijNi;[J¢Tia§§iijNeN&4yzNoneiijNaLZ4; £c TIAE[asA/éz Y esd ;1T c T1a§ §iijNéz

util, (UtilBase, optlnal)ujNaLanCalj ReomezCangakacsziijNeNeiyzNoneiijNaLZij£cTiéz Y esd aG84E

fleet.utiliijN ézYe6d 457NonedaAC
¢TiesTcd i, NiijZ

pred, label = model ()

# l

/////////

sgrerr = paddle.statlc.create_global_var(name*"sqrerr",u
—persistable=True, dtype='float32', shape=[1l], value=0)
total_cnt = paddle.static.create_global_var (name="total_ cnt

n

—~", persistable=True, dtype='float32', shape=[1], value=0)

batch_cnt = paddle.sum/(

paddle. full (shape=[paddle.shape(label) [0], 1], £fill_
—value=1.0))
batch_sqgrerr = paddle.nn.functional.mse_loss (pred, label,
—~reduction="'sum'")

paddle.assign(sqrerr + batch_sqrerr, sgrerr)
paddle.assign(total_cnt + batch_cnt, total_cnt)
mse = sqgrerr / total_cnt

rmse = paddle.sqgrt (mse)

# 2. SLEQyC&ijRemMczCéViiadtii jNebacl8UAEI&SASGEcabcOGEAC
global_rmse = fleet.metrics.rmse (sgrerr, total_cnt)

aLEayCaijRSum

paddle.distributed.fleet.metrics.sum (input, scope=None, util=None)
3L EayCaijResCaSNaACayAeLicTiazOeGtasZizL @NGaiGesacsUaAC
aRCaeTHiijZ
« input, (numpy.array|Tensorlstring, required)iijNéIJAse AALE&yC4ijResCaSN¢ZDe; SaEEaRCa TraAC
« scope, (Scope, optional)iijN; [TcTI4§§iijNeN&iyzNoneiijNaLZ4; £c TIAEIAs A/éz Y e6d 4; ¢ TIa§ §iijNéz
* util, (UtilBase, optlnal)ujNaLanCalj ReomezCandakacsziijNeNgiyzNoneiijNaLZij£cTiéz Y esd aG84E

fleet.utiliijN ézYe6d 457NonedaAC
¢TiesTcd z:, NiijZ
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# 1. SmMTelJiczDc;SéYiabtii jNeéSacbULoss
loss = model ()

# 2. ALE4yCaijReémczCéViiebtii jNeSacSUAEI&SALoss&SN

loss_val, = exe.run(paddle.static.default_main_program(),
fetch list=[loss.name])

loss_sum = fleet.metrics.sum(loss_val)

aLEayCaijRMax
paddle.distributed. fleet .metrics.max (input, scope=None, util=None)
ALEayCaijResCalJAad gaAijaACay AeLincTlaz0eGtasZiazL @NGaeiGesacsUaAC
AR CaeTHiijZ
« input, (numpy.array|Tensorlstring, required)iijNéIJAse AALE&yCaijRaesCaellAad 3aAijcZDe; SAEEAR Ca
« scope, (Scope, optional)iijN; [TcT14§§iijNeN&iyzNoneiijNaLZ4; £c TIAEIas A/éz Yesd 4; ¢ TIa§ §iijNéz
* util, (UtilBase, optinal)iijNALE&yCaijReomezCatigaEi¢sziijNeNgayzNoneiijNal 24  £¢ Tléz Yesd dagaE
fleet.utiliijN ézYe3d 4y7NonedAC
¢TiesTcd 2, NiijZ

# 1. 2mTeIJzczDcjSéYliestii jNebacbULosSs
loss = model ()

# 2. ALE4yCaijReémczCéViiedtii jNebaclUAELI&SAxITASd Loss

loss_val, = exe.run(paddle.static.default_main_program(),
fetch list=[loss.name])
max_loss = paddle.metrics.max(loss_val)
aLEayCaijRMin

paddle.distributed. fleet .metrics.min (input, scope=None, util=None)
AL B4y CaijRaesCaelJAarRaAIjaACHyAeLii¢Tiaz0eGa6ZizL e NGaeiGesacsUaAC
aRCaTriijZ
« input, (numpy.array|Tensorlstring, required)iijNéIJAse AALE&yCaijRaesCaellAad 3aAijcZDe; SAESAR Ca
« scope, (Scope, optional)iijNi;[J¢Tia§§iijNeN&#y7NoneiijNaLZ4;£c TIaEIasA/éz Y esd 4, 1I¢ Tia§ §iijNéz
* util, (UtilBase, optinal)iijNAL E3yCaijRecmezCatgaEiicsziijNeNedyzNoneiijNaL Zaj£¢ Tiéz Y e6d dteaE
fleet.utiliijN ézYe5d d57NonedaAC
¢TiesTcd 2, NiijZ
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# 1. SmTeIJzczDc|SéYiabt
loss = model ()

# 2. ALE4yCa1ijReémczCeéViiedtii jNeSaclUAEISSAxI JASFRLoss

loss_val, = exe.run(paddle.static.default_main_program(),
fetch list=[loss.name])
min_loss = fleet.metrics.min(loss_val)

7.7.4 ajfcTieUzaesT

46N Tt e£ReaNcd 2i; NegA examples/wide_and_deepaAC
6AZe£Gfleet runeNGizd e£ReqNaLanCa1]RazzanaACaS jdzd’ gd’ iacNa@CayNn]NaEuayls erve
worker_numdLEALAdjzelimikaet.CoCzaSNetmezCel.CoCicZDeTHEGRAAC

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

7.8 alLEayCaijRéécDatN
7.8.1 c6AazN
3L EayCaijRécDatNizzabadiEécDatNe TremoaiGANAALEAyCAijRADIAL ZaRFe 287 4L iijN e fRAR Fa
all_reduce cmLéZEARLEAZiif a0 Smi; ITa6N2LRARDeGlé¢DtNczSedlIcZDARNemiijNizOeANeOudR Uz
ayzaZAazLe@AaAZaLanéaijRec]v)aegNlijNeZd’aiEeAZeflGaeIraelfSﬁiﬁéqNngv)zeﬁzaijReLCgIJAéc’Dae

glAgURaRCzETrn]Lembeddlngu]E(;ZD feature id aRreC,auZeIdayyad ZuJNa‘S feature id
ec6aLr'eiyAaOZaeIreGReeUunJNglAgURaRCaeIraljZaRYacUacLad gazeeG§aanlTeeIJ iﬁEEalYanazeﬂalﬁ

7.8.2 aO§cRE

aLanCalj RecD&‘:;NgZDaO§gREa§zeeIJ naSNaLanCalj ReolngayAth 11_] NeC‘ ﬁfEeLCngaLanz
Worker 3SN PServer ayd’gsszNe;EZayd ¢$zeL.CcCzall 160!(;ZCazzaLaaSNeche;NazzaLaayngDaLEaueagﬂ

« WorkeriijZallic6mczCaUtiiijNWorkeret §et’Vé6N&LRe0Ingze"[raaléiéfZaRUaAAazOPServerayLa&‘NI
« PServeriijZalJ leOIQZCeeUou NPServeralllzTaalreomezCWorkeriijieiscZDaeérazeaROiijNiijZaedzaen
3L EayCaijRécDatNizzabacZDetAciNGyzee AT 284y NayL comiijZ
1. eGtasZazLééDetNezDe;S
2. ALIagNaNUALEAyCaijREZE d ¢cOracCiijNak.ae;; eladdNaRCa THaAC

v o

3. ¢T§2=LRALE&yCaijRécDNczDe; SiijNeGHa6ZizL readeriijNaijAagNécDaetNaAC
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ALEayCaijRécDatNaL§eCiayzee ACAZREG DistributedInfer
468aE0¢sza6N2LRiijNayNéicarzcZyaEsAPIcZDaE.§eC;ASNARCae Tre£ZeaNAazN¢7maAC

class paddle.distributed.fleet.utils.ps_util.DistributedInfer (main_program=

startup_progran
PaddlePaddlecZDal.LEayCaijRécDatNaicaEucszaAC
aRCeeT¥iijZ
« main_program(paddle.static. Program, optional)iijNamTalJ 26¢DatNczD¢; SiijNeN&iyjzNonei
paddle.static.default_main_program() iyzimT21]7é6¢D=tN¢zD¢;SAACEZYesd 47NonedaAC
« startup_program(paddle.static. Program, optional)iijNimT21J7é¢DatNaLiagNaNUezD¢; SiijN
paddle.static.default_startup_program() iyzimT112é¢DatNALIAgNANU¢zD¢;SIACEZY e6d’
aUzaesTiijZ
init_distributed infer env (exe, loss, role_maker=None,

e dirmame=None) e
aL1agNaNUALEayCaijRéZEg; &’ cOracCiijNaL e 2laddNARCa TrAACEIAe Awsle DRiijNefsz(

ARCeTiiijZ
« exe, (paddle.static.Executor, required)iijNaLiagNaNUALE&yCaijREZE¢; d ¢OracCaUtél
« loss, (Tensor, required)iijN ééDztN¢;SczlJ loss ARYEGRIAC
e role_maker, (RoleMakerBase, optional)iijN
ALEayCaijReomezCiijLécDtNiijL 422aEacOracCéEme; 6iijNeN&iyzNoneiijNalLZeaEac
« dirname, (String, optional)iijN aRCaTreura; DaACeN&4yzNoneiijNaLZijmat 58] ;AR CeT
get_dist_infer program() :
¢T§2LRALEAyCaijRECD=tNczDe; SAACcZye; CizOamT el 26¢DtNczDce; SiijNayd’ e AEANZALi:
lookup_table 96U§1l1i$2£aelé'ayi distributed_lookup_table aAC
e£TaZdiijZ ProgramiijNALE&yCaijRécDatNczDe;SaAC

7.8.3 ajcTieeUzaesT

AL EayCaijRécDatNayyesAcZDaz TeTlalzeZi=lIL iz84yNayd ¢ omiijNALEAyCaijReomczC+é¢DatNEy
« aLEajCaijReomczC + ééDatN:yAd;SizzakaiijZeNGALEyCaijReomezCezS2I§aROiijNWorkereE.C
« ALEAyCaijRécDaetNizzak.aiijZeNGeriééDaNcZDALEayCaijRizzak ad ACe£Z¢szizz4k aallle£ZeaN

ayNéicalEalnazNezmarze£Z4yd ¢ smal EayCaijRécDatNizzakacZDi £¢Tle UZzaesTiijZ

aLEayCaijReomczC + é6DatNayAa;Sazzaka
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model = WideDeepModel ()
model .net (is_train=True)

if fleet.is_server () :

fleet.init_server ()

fleet.run_server ()

else:

exe.run (paddle.default_startup_program())
fleet.init worker ()

# ALE4yCaijReémczC
distributed_training(exe, model)

# 1. cTSelLREMTaeIJzécDatNczDgs
test_main_program = paddle.static.Program/()
test_startup_program = paddle.static.Program()
with paddle.static.program_guard (main_program=test_main_program,
— startup_program=test_startup_program) :
with paddle.utils.unique_name.guard() :
model .net (is_train=False)

# 2.
w¢cTS2lRALEAYCA1 jRéCDaetNezDe [ Sii jNASZEZL’ readerii jNe£ZéaNédDaet N
dist_infer = DistributedInfer (main_program=test_main_program,
—startup_program=test_startup_program)
dist_infer_program = dist_infer.get_dist_infer program/()

test_data = WideDeepDataset (data_path="./data")
reader = model.loader.set_sample_generator (test_data, batch_
—~size=batch_size, drop_last=True, places=place)
reader.start ()
batch_idx = 0
try:
while True:
loss_val = exe.run(program=dist_infer_program,
fetch _list=[model.cost.name])
if batch_idx % 10 == 0:
loss_val = np.mean(loss_val)
message = "TEST —---> batch_idx: loss: \n".
—~format (batch_idx, loss_val)
except fluid.core.EOFException:
reader.reset ()

fleet.stop_worker ()
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aLEayCaijRécDaetNazzaka

# 1. 8624717 SmMTelJZécDatNczDg|s
model = WideDeepModel ()
model .net (is_train=False)

# 2. 3LTAGNANUALEAYCA1 jREEDetNcOradtii jNaESe  j2laddNARCRTE

dist_infer = DistributedInfer (main_program=test_main_program,
—~startup_program=test_startup_program)

exe = paddle.static.Executor ()

dirname = "./init_params/"

dist_infer.init_distributed_infer_env(exe, model.cost,
—~dirname=dirname)

# 3.cTS2lRALEAYCA1 jRéCDatNczDe [ SiijNASZEZL’ readerii jNefZeaNécDatN
if fleet.is_worker () :
dist_infer_program = dist_infer.get_dist_infer program/()

test_data = WideDeepDataset (data_path="./data")
reader = model.loader.set_sample_generator (test_data, batch_
—size=batch_size, drop_last=True, places=place)

reader.start (
batch_idx = 0
try:

while True:

)

loss_val = exe.run(program=dist_infer_program,
fetch_list=[model.cost.name])
if batch_idx % 10 == O:
loss_val = np.mean(loss_val)
message = "TEST —-—--> batch_idx: loss: \n".

—format (batch_idx, loss_val)
print (message)
except fluid.core.EOFException:
reader.reset ()

fleet.stop_worker ()

éfReaNaeUzaesT
46N Tt 2£R2aNcd 2i; NegA examples/wide_and_deepaACerscd 7i; Nayzal EayCaijRecmezC
+ é¢DatNiyAd; SizzatadAC

éEmc;626N2LRAROI1jNEAZe£G f 1 eet runeNGizd e£ReaNALEAyCaijRizzakaa ACaS dzd cd 7y Nae
worker_numiLEAL4yzelJmak.aet.CcCzaSNeomezCel.CcCz¢ZD2TiéGRAAC
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fleetrun —--server_num=2 —--worker_num=2 train.py

7.9 azNaenaaijAaRS
e TBA
7.10 &Tta;Scd’zagN

* TBA
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CHAPTER 8

adgegDaelaeSyéeR

* TBA
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CHAPTER 9

eGicZScicedmezC

* TBA
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CHAPTER 10

dijzeeAgeomczC

* TBA
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CHAPTER 11

FleetXaelTasTaueaEGANE

* TBA
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CHAPTER 12

* TBA

Fleetij£cTiApache License 2.04ijAx7RimRe66
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ctcaijT

init_distributed_infer_ _env ()
(paddle.distributed. fleet.utils.ps_util. DistributedInfer

wUzesT), 104

F)

paddle.distributed. fleet

paddle.distributed.fleet.

(GEg¢;64G j@TF), 96

paddle.distributed. fleet.

(aEg¢;64G@TF), 98

paddle.distributed.fleet.

(GEg¢;66GeTF), 102
paddle.distributed. fleet
(GEg¢c;64GjeTr), 102
paddle.distributed. fleet
(GEg¢;66GeTr), 99
paddle.distributed. fleet
(GEg¢c;64GjeTr), 100
paddle.distributed. fleet
(GEg¢;64G jeTF), 101
paddle.distributed. fleet
(GEgc;6¢s7), 104

.metrics

metrics

metrics

metrics

.metrics

.metrics

.metrics

.metrics

.acc ()
.auc ()
.mae ()
.max ()
.min ()
.mse ()
.rmse ()
.sum ()

.utils.ps_util.DistributedInfer
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