AT Apache Spark FINetApplHEERR T ZE
NetApp artificial intelligence solutions

NetApp
February 12, 2026

This PDF was generated from https://docs.netapp.com/zh-tw/netapp-solutions-ai/data-analytics/apache-
spark-solution-overview.html on February 12, 2026. Always check docs.netapp.com for the latest.



Sk

AR Apache Spark BINetAppATFE R 2

TR-4570 : A Apache Spark HINetApplETFRRFZE :

EEkE
A1 EEEENetApp ?

BIEZR

FRR TS 2T

NetApp Spark &R 75 ZE it

ROIEE
BB R
a2y
RERE
5o
5”%3&%@

FEM Al ~ ML 1 DL FFIFZHE
Spark NLP E#&#0 TensorFlow 7B IE
Horovod 3 #X =t 8l 4R
£/ Keras EITZEBRESEUEIT CTR T

AR ERsE RZRAE

AlR4ER
ERUBEDT
Horovod FRIFHI N TUEI%R
CTRIEAIFRIRFFRES B EE

BEERRAER

HESETEZRPIR Python M7

+ A
lﬁl:l off

EMERTLIEESER

L IRIE ~ BAIMABERE R

© © © N O OO N =~ 2 -

A DR DN N N A A A A A A A a 2 a a
A 000 O N OO A WOWDNDN-~-~ ~ OO O O



At

FA% Apache Spark HINetAppfFE1ZEfRR G ZE

TR-4570 : &MY Apache Spark FINetAppHEfEE R ZE | 22
1~ BBAIFIMEESER

Rick Huang » Karthikeyan Nagalingam > NetApp

zlsSUﬁéE%ﬁﬁ..:.Apache Spark Z21& - %)ﬁ}ﬂaﬁu,{&hijc%ﬂrﬁﬁ*ﬁu)\l*“%(AI)*EI%%
HINetAppfEFEEMAAS - BEET 7 FRERZZLE Al ~ #3328 (ML) MIEXEZEE (DL)
T A#ties Hadoop R ETHRBEAHESER - UEETLUEZESHEM Spark iR
2z o Bt ) (8FEE—(@ Spark 238 « BENTHIMENREEN (FEMERIR) o

ZXMHERETRAREMENETE R > Wadim T BRBIED AR Spark 9 Al ~ ML 1 DL 1ERARINetApp
FEFEMRASHB - 7818 > HM1SEIZRE Spark $5ERABFIFINetApp Spark RS ZASHVAIEGER -

ERHkE

AETEENSE « AT - 817 - BEEE - RIE8E - BRI EERFEEN R REETE AEEHAR
DA AUML/DL k& o

FARANER
84559 Hadoop SREEEEMBRIEI - 6 TIRAHAE > T RBEME « (EERH - Hadoop I - £HRM

7o (U Spark) FHERE - BMEERAEE—E » thREHEZIFTEAMEEKTF » (A Hadoop EITENIEA TR
B M AE MR TR FRERE L -

ITEMERGEE
EMEEEREET > BmiEieth TR HIE - YIRERENR AR LR > A Hadoop T ARIETERZERA

fERR - 2A1%R > CEBMRRR AR LR E BRI AEREIZERENRS o LB ZRIS(E[ Hadoop {FEAIAEER
HERE - ETEENSRIMEREIRER  £EUABRENENLRFEERRNEF

Hadoop {tFERTHE
Hadoop #XiH %A B 2 Hadoop E#1TRRATARZAEES » E R HETELEITRLE - A > F2RREERIE

RO > MERXEAEREFHERISEN Hadoop #E1ThR o MfIFRE B RMEUE D > RN IRE it
BYDHTEES] o

RZHZIEE S IS

EPRBEEEERRT MapReduce Java 2N Z IMIZTEE S T ERHITMMIBV(EE o SQL FMAEEIEAEEE
HIRETEANEEN » AESNRERERREHT EZMIRIE » URBENBEDMEREMNERNAR o

ERHE

—ERBFRILAER » A —E87% Hadoop #LUFEH o R E Hadoop S EFARASEEISERSEE « K » BERE
HEETTISATZTE © Hadoop EBRE T 2 Java Al MapReduce I2ER, » EH BRI EBIESNEE EFANAREE
ANERRE—IEHE o



EHERN TR

EEAIBKEERES EHE o AEEAEENEERNSZME - TRMBEERRANEAREN TAMER AR
AR EME—(EEIAEISH—E - BUERIBT SEZEEN Spark IBEABRABIET o BEEMN > HINEIEE
8« EEEREE « REIANRBURFRERE © B8  IRASER - £2 - ERMNPRERIEREEE
FENSKEBERNTA -

A EEEENetApp ?
NetApp I LUEBIU T AR E Y Spark i85 -
* NetApp NFS E3#FE (M TFEFIR) AFFEFEHIRAIHI NFSv3 5 NFSv4 Bl EHITRBIEDE
2> MERBHHENEL - SAUBLEERNZRER » TEEFRERERKFERY

* BEMENFENEDNERSMESR o 10 > NetApp E #% Hadoop FEAH ZREMEM AR =EZENE
7% > MFAS Hadoop fRAEFE—EERIKIR » BEFAEEBERHEREEIZ o NetApp#EFHERT FZEER
MaRkEz Z FEIBYRE ©

* ERENSSMENRLR R AR EIFHY Hadoop {EEMEEITA ©
* BFRVBIRREUERE o

Apache Spark
| cluster |

- Apache Spark cluster <

\ NetApp NFS direct access ‘

y

| NetApp NFS direct access

Configuration 1: NFS as primary storage Configuration 2: HDFS and NFS in single Spark cluster

fIgn > MM BRRERE 0 BERRE—E GBI IS B AL EREERET > B —HABNE - &
BB > NetApp NFS EiZfFIERFEHRUED TV HBNRRFRESK - 5—EXTEEZE > EANetApp

NFS E#FErT LUEBE A 4% Hadoop 5% 15 Hadoop BIAIRFE » W FANetApp S ENE R EIRE DA
BREREFHRELERE ©

NetApp NFS EiZ1FEl% Hadoop/Spark #EER M T mifEsfEEIA !
* FERIEM T » Hadoop 3 Spark & &F A Hadoop D EITVIEZR R 4% (HDFS) EITERMEEMNTERIER RS ©

NetApp NFS E1Z77EXRI A NFS {#FINATERAY HDFS {ERTERIER AR » WMEBIRY NFS BRI ER
T



* T35 —{EEREZEIEF > NetApp NFS E&ﬁﬂﬁ'ﬂ’ﬁ?‘@— Hadoop 3% Spark 25 H#§ NFS £ HDFS —iEfC
BAMINGEE - EERBERT > TAAILUER NFS BEHHEZE0E > TIRtE—SEBFINEE % HDFS &

7o

fEFANetApp NFS B ZEHIEZEIEIE !

- RBERIUIEDTEE - (e SRR IMTEIEBEE) Hadoop EEEZME (M HDFS) E—FERFEAEVET o
* REIABE= @R E—E o
* AR REtENEFRHMUEILRREM -
* FIFONTAPE ENE K BRI R M EERIRE
* §BiB Hortonworks BT A58:E o
* XREERDTEE o
* FIRBIAE S BITRETIAER D 1D BER o
F"TR-4657 . NetApp'REEBEFRATIE - BNE R EMFHIRY Spark M Hadoop" A Hadoop B ~ 1%

§‘% A ER K EIEIR - $3IRE Hadoop ERHETT Devlest » BERMREN S EEZUKRINEATTEA

LTEBR BT Spark B R RREERIEFIIAE ©

#EDE
B4 Hadoop #FAE @ MAILMRBRFRESFEEFAATNEFEFEMEAER - FEREEE hot » cold »

warm ’ all ssd ’ one ssd ’ #ll lazy persiste®

HFITENetApp AFF{ETZIEHIZS I BB RRIHTZHREZEY SSD #1 SAS HARREAY E RFHFHEEHIZ3 L Hadoop f&
EDRBEITT T - EBAFF-A800 BV Spark 2EANEZEE T2 > A E RIINEBER/\E - EFE
77 LLEE RERERE (SSD) EARERE (HDD) BIRKAE ©

TERET T NetApp#t ¥ Hadoop SSD RIBER T ZZRIRLAE ©


hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html
hdcs-sh-solution-overview.html

Time to Sort 1 TB of Data

00:00.995

TeraSort
18:52.670

00:17.750
TeraGen
04:38.000

00:00.000 02:52.800 05:45.600 03:33.400 11:31.200 14:24.000 17:16.800 20:09.600

Elapsed Time {mm:ss)
W AFF  ® E-Series

* B43 NL-SAS BLE(ER/\EEEEEEH 96 {8 NL-SAS MRt o ILEIETE 4 9 38 FOAELET 1TB EBK! o
£ "TR-3969 NetApp EZ&%|HadoopfiR " BREEMHFEREAFMAE -

* £/ TeraGen > SSD BcEEL 1TB ERIAVERELEL NL-SAS ECE R 15.66 15 o b5k » SSD BB R T —+
ERETHERT —FHENIMER (RBL 24 {8 SSd HRtE) - RIBIFETTRESRE > TR FLE NL-SAS BcE

R o

* fi6F TeraSort > SSD ECE&E ¥t 1TB BRIAVHEFEELL NL-SAS ECE R 1138.36 & © IE5h » SSD EcEER T —
FHERGTEEBN—FBEMNRE (48 24 {8 SSd HiiRHE) - Eit > SERESNRAVERE RAILE NL-
SAS FCEIR=1F °

* BREEIENMERE R 2IRPITIRAE P UR B AAE © STHERHAETZMRER o (5B) NetApp BIZIRBIF
f# > BfTRMERI LR R -

* £ NFS » BRIEINAE LARENRERE—#E » SULRBENITEE &Rt BERIEE o Apache
Spark REERAETENERNMBERILFHEHFEHE -

AR - IRAIRER

EERERAFFERS FERE Hadoop ZEMISEZEHAENR > LAILGNEARBE M EMFIEHIZRNEREN
2 o NetAppfZRIt SERFIEHISRET 4 EER ARG - ARRETFERFIER SEREEFERSNERE
RAEENNZ 8 @ -

AFFAMIFASIEREBE SR O  RIFEF TR » LRI LGIEEREIEES - BEPENRIER RIS B E i)

JMEBIEH o RPIRMAFFRIFASHEEINAE » AIE1 NVME $RRS4E « RENE ~ BRLED ~ QOS ~ FEAIS

r~ BiwDfE ?E% - BIREEN L2 - BT EMERMEMPIFIFER > NetAppieft TIEERF DT - &R

Mg BT EFINEE - MELRINVIRIEEA o NetAppfEUi B (FEHE « BEAEE - ERFERIREUARES

E’J%ﬂ?J|:1_chﬁﬂﬁﬂig7‘iﬁl:I:%%F'ﬁE’J“%ﬁ?ﬁ%EEEﬁ% LSk > NetApp Cloud Volumes ONTAPRIFE=AE
i fitRE R _EEAE o

MAEIERR - IBAIRIE
EREERINIEERER » BTN B HEEITIZ EAFF - FASHI E &Y Z4% © {$Cloud Volumes

SN


https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf
https://www.netapp.com/pdf.html?item=/media/16462-tr-3969.pdf

ONTAP > BEFIERE PB BRABEELEEMERZE | BAEANBERNREIRFEESBEIMHERE » UK
& Cloud Volumes ONTAPZEMEREEIMNYES o

ZREHE

NetAppR#MZIZRAZE Hadoop EpE % » £13E SAS ~ iSCSI » FCP ~ InfiniBand #1 NFS °

EEMIRARRTSE

A FEFRFTAY Hadoop f27R 75 ZHNetAppziE o BLEMR G ZEMELIB T T E Hadoop KEHERIEREE o AU T #2
BEZER > 52 "Hortonworks"ih25#0 Cloudera "s2:5"F0 "E2 (" UG 2k o

SLESSIA
SIFFIBERSES R 1T MEENSESE :

* BRI ERBEEEMERAMMIEENTAMRIE

* BRI TR EEE R AIREI U R LA A ©

* DevOps Ti2ENHEE T Ei# Al #1 ML FERERXE S EIMhFIRY CI F1 CD & o
© EnEEE BN EENRENSERSESR

* BEARAHZAEHENSM - Al ~ ML # DL FEARER ©

TEAREAMTER S B > FfP9HE4 T NetApp AFF ~ E &%1| + StorageGRID * NFS E#%77HX * Apache Spark » Horovod
# Keras MR EBhELEABATERRKER

FER T ZE AN

Apache Spark @—fERITHRETELR » ARSI H1ZH Hadoop D IER R
(HDFS) %R L{ER Hadoop FEFTER, o Spark BEBIFRALE » ZIEERREREIE »
il B tE MapReduce R o Spark EEF BN IERERER > AERERER » T H
Spark shell EE B &Y > sl AREEMIERER © £ Spark » 8] LA Python ~ Scala
5 Java EIIEAIET o Spark EAREXH—EHNZEEAE —ERZEEFEIEELAER

8 Spark FEFRFENEBE —1E Spark SEFNFEIL © 7£ YARN-Client T » EEBIiE N EZ R IRAHIZEIT o 1
YARN-Cluster 2T > EEEIE XN ERBRENEH ENEEHEE - EREENXT » BMERFiRERER > BH


http://hortonworks.com/partner/netapp/
http://www.cloudera.com/partners/partners-listing.html?q=netapp
http://www.cloudera.com/partners/partners-listing.html?q=netapp
http://www.cloudera.com/partners/partners-listing.html?q=netapp
http://www.cloudera.com/partners/partners-listing.html?q=netapp
http://www.cloudera.com/partners/partners-listing.html?q=netapp
http://www.cloudera.com/partners/solutions/netapp.html
http://www.cloudera.com/partners/solutions/netapp.html
http://www.cloudera.com/partners/solutions/netapp.html
http://www.cloudera.com/partners/solutions/netapp.html
http://www.cloudera.com/partners/solutions/netapp.html

Yarn-Cluster Yarn-Client

YARN Container Client YARN Container

Spark Application Master > Spark Application Master

. > Spark Driver Spark Driver §
Client - "
Job

mm——fmmm e
// mm—fmm e / I _NodeManager
Cluster Manager I _NodeManager !

([ Standalone / _1__ / NodeManager / _
Mesos / YARN ) |

Cluster Manager
( Standalone /
Mesos / YARN )

NodeManager

NodeManager

YARN Container

YARN Container

Executor

Executor

B T |

H mssssssssenmmms

NetApp E/EF-Series NetApp FAS/AFF

NetApp E/EF-Series NetApp FAS/AFF

B-ESEREES -

* *JBiL o *IEEIEERE Spark FI—E89 > AILUESRAR EREE ©
* Apache Mesos ° = 2—E@BEEETESS » 113E1T MapReduce M EMMERATEL o
* Hadoop YARN ° =2 Hadoop 3 FHEREIES °

BESMERIE (RDD) 2 Spark EZ T o RDD RAEELIBEPRHFHNERENEIIERNHR DNEIE
» MHEFREERIUREINRS A NELNGRER o RDD 21EER « soi8ieFrIER 25 —(E RDD iz
{Eé Spark 2TV ETEITMAEIR(E | EHATIIR(E - EHREIIRA RDD EII#EY RDD © #{1Fit RDD &l —(@

EIRFRIEERR Spark ERIEM DataFrames ¢ ERIER O ERES » ©3FR A RDD WEZ (G&EYA -
/8 lambda KE) #1 Spark SQL BE#1T5IZREZ o T JVM WIMEFRIIERIE » AR FERINEER

(map ~ flatMap - filter &) #1Ti2(E o DataFrame 225 EBERNERIE - EEHS EERMN I E
ELUERRIRD R/Python FRYERHE o DataFrames AU ZTERIFBE » FINN4EREERFEZ - Hive/HBase
Ry ~ At BiRpIIMNPEEERIRA R RDD ©

Spark FERTENBIE—ESN 218 Spark {E3E o fERTEHITETIEITERS > HITETE YARN Ba3HETT - BEH
THREEE—SRPET > LANTHEERAREINRELNERPHGFT - RAREAREE > JITHMEET
» YARN A EHEEEIRIKEI TR o AT UHEIRIEEN R EITET °



NetApp Spark &R 77 Z 8

NetAppE = BfEFEmIS . FAS/AFF ~ E 2%FCloud Volumes ONTAP o B 45
i@ Apache Spark B858 7KL Hadoop /R RBIAFFMIABONTAPRERGFAN E &
Hl) o

NetAppie X IEHNERERE S TENEERBNEARER (BRENR) > ARBEREFE -« &6 « RENZE >
LIRS

*r ST 8
e e - f 1 -~ =- F.:l_l_r(?ﬁ.\f.
i # Azure

: I -~ Jamazon L.
/l' .J_ ¥

i Apache Spark : / \ | HBInsignt o Databricks
| cluster ! { Databricks of EMR 14 HFS
1 — | | g o

| 1 oy / " - -
: NFS 1 : | == NES ;.-_'E i d o - 3
i ! % | e 7 / A )

I k, i I . y d
: : Py il — , J § Coontepht Ciond
I r

i # \
| : Express Route f m&r
1 2 ¥ )
' : [ NES ‘W,
: : Direct Connect =

I ;
: 1 1 Intoru:onnecl
! I
I I
: ! : Metipp SnapMirrer®
] « L P =

J 12

! | 14 = i
I : EQUINIX
I i NetApp Private Storage

On premises

FEPERREE
* * NetApp NFS BE#77H o *A&R3#H Hadoop #1 Spark &R NetApp NFS HiFEE M EIEHRT » EEEE
SMERBE SR BRENFE N ESK ©

* * NetApp Cloud Volumes ONTAP#1Google Cloud NetApp Volumes ° *EF7E Amazon Web Services
(AWS) 8} Microsoft Azure EiRARFEHAIAZuUre NetApp Files (ANF) FEIITHIONTAPHIEBE E & EAR AT ©

* * NetApp SnapMirrorfzfi o *7EZAHEFIONTAP Cloud 8 NPS B~ RR M ERHMREINAE o
s *EIRIRFEIRMEE o ~SLHEREIE AWS  Microsoft Azure ~ Google Cloud #1 1BM Cloud ©

* EEEERTS - BN EIRAIDITARTS > HI%0 AWS HHJ Amazon Elastic MapReduce (EMR) # Databricks M
Microsoft Azure HDInsight #1 Azure Databricks °

TEH T % FANetAppf#fFaY Spark 7R Z ©



AFF-A800 HA w/48x1.92t NVME Cisco 10GbE switch

I
fxamne IESTIEIERIEIESERESRY
1 % 10 GbE per Node;
5 total for NFS direct
access
RHEL — Spark Cluster ~=---=-=-=--------------------

e o A e e i e e o . ——

Worker Nodes

1
I
I
I
]
]
I
I
I

ONTAP Spark #7175 ZFEHENetApp NFS BiFFEREETMH O UKREBEEIREEEERKER Al ~ ML
# DL T{E7RTE o Hadoop EELAT ARV A A B R BE H I BT R 4740 Al ~ ML #0 DL {E%£ o {&RAILUE
FANetApp NFS EiE7ZENE M NetApp NFS HiE7ZEU3R77EY Hadoop B2t ERRIBRIER} o £ Spark & »
ERBIIE yarn FEEIEES » EAIUFERRE NFs £ \file://<target volume> o HFIARREMNE
FEIEERS 7 =EBG - SLeisivsrlE T NAEGER) BoPNE o (IMEE2ER)

T B4t 7 NetApp Apache Spark/Hadoop #7ZE1iL °

In-Place Analytics, Al/MLIDL Workflows

Mew Scalable Deployment

" STORAGEQRHD
teadiep 10
T "

oNTAR  Storage Contralier

. T -
— = : e
{ .L-'.-.

)

- - E-Series Storage Aray
Vi [ H = PAIR

| Hasoir 3
o [ e 10amE
L | g ot Linky
] e 1iGbes SAS [ | ?
] St ¥ v T el errmehon
. oo per node | &

HFIFEE T E &5 Spark B3R5 ZE ~ AFF/ FAS ONTAP Spark f##75 Z#StorageGRID Spark #3175 ZHIE4S
INAE » WH#ETT 7 sEAARVEREEAAIE o IRIBTMIAVERZR » NetApp R H N Rt ZEMFHIrIEEIEFER E &7
R ZE > WNMERIRA NFS BRIBFM ST « Al ~ ML 71 DL T{E& & ERAFF/ FASHRFE » HINEEY)
H#7ZRAY Al ~ ML ~ DL MIIRAE R DA {ER StorageGRID  ©



User Jobs
Hadoop on NFS AFF/FAS Side by Side With E-Seriesand StorageGRID

MapReduce v apReduce

a L4

' MapReduce B
| Spark '

© FleSystem w—

_File System

STORAGEGRED

MNetApp E-Series NetApp FAS

NetApp E-Series AFF or FAS
) (HDD, SSD)

(HDD, SSD} (HDD, 550)

NetApp
StorageGRID

B EREEANABERIEMNRETE » ATAR2 ~ Al ~ ML # DL 1E2£ < 3ff9% E 2% - AFF/ FAS
#StorageGRID SG6060 Spark fER A RIEE T —(EERIAFEERE © E RIAFIRME Hadoop Spark FH=EH
HDFS &5 > MIRAEEERAESB NFS BiFFEUREREE Hadoop 5 - BN ZEMHREFETINENE »
NetApp StorageGRID#2fft S3 1 S3a & 7FEY ©

P Bl
AL T BB RARR T ROR RS -

FoE i}

Apache Spark FILERIZER MBS - A BFIRE « EBIRFEA (ETL) 1812 ; BIREE ; MEEMHRA ; UkE
MEESEDN

* M ETL o *BRMERERIIE AT Z AT E FETBIEMEEL o Netflix 5/ Kafka 1 Spark 85751 BNFRFAR
EXHBMENBEMRGE  SRAURERBFARBEFRFENEEESM o 28 > AIRHREE
B4 ETL NEREANAMAE - BBl EE @ ARRHEBRABENERT » ARFABTHE -

* *BIBEE o * Spark Streaming EAFREE RIS ZRIRHIE - UBHEBAIFNERDH - fIg] > B EESE
AILRBZERITABRRKRBEAL - BHEENES -

* MBI EMARA o * Spark SR A RGEAN RECIERISER A RERENEEITA © FIU - TRMEEER
fEEE SR RRRIFIBRLESFERSS 5 0 B RS IR A B E L RGTIRAZINEREREEIE -

* RV E DM o * Spark MEUWEMAEEAMILNERENRINEHEEN » ARETOEND © F)
40 > Netflix ERULINAELR (HENRF BRAER ©

BRASRREREE « Confluent Kafka BRsBFMIMBERAIRINEZ AR » FALME"TR-4912 | NetApp Confluent Kafka
DEHEREESER"

o Erde s

Spark BEHERAI B AKSREEREIE (MLIb) HERERITEESE o MLIib AIREE « DENREES
Rl AR—EERENABIEDEE » AIFEAESE - AR1THENNZERAIMBRDH o MLib ARERZE
» B EEITRIREE - WERBREEHNTR - o UBMRERHEE T HMIEE L RLERE - FREIRR


confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html
confluent-kafka-introduction.html

EMtFINER -

RESB

TensorFlow X R RITHREZEEZE o TensorFlowsZ1BECPUZGPUEE FETH I IIER - SR
BRAFERETEEAEEZBHNER LETE -

BRR > MNRFKFIEH TensorFlow £ Apache Spark —fEfEA » FHFIEETE PySpark 7 TensorFlow #1T
FREXER ETL » ABRERE ARREIRE © A% > ZERHEE AR TensorFlow 5 > AR ERAVEIGRTR
2 o LTEREERGRAEHERNEARENES: » —EBMN ETL » —ERH TensorFlow B3 ERTVAIIAR o EEM
HEZEREBRREEHBRER -

S HA Spark KrasH 89 DataFrames 1 RDD A XEEXRESE » AABEEEZEIRS - ZEFR{E5tERY Spark
3.0 A IMMATERESBEENREZIE - EEHEAAFTE Spark =& EEITIEER MapReduce HIFRBE

BENDH

Apache Spark BRESIIR » AJLUER Spark UIMIFESES (84 SQL ~ R # Python) HITHRZRMEEHME
TBIREX o Spark ERARICTARRESHEN B HIVETREL - BREEETRE Spark ¥ER I
FREIRENNTESNES » EEENEERAZENENEEZNTESNES -

HERM

ZER - BELETHEERR LEY) « R ERENFSHMTENERZEMN T RE » B RRAIFIRE
EHRTBEANEE - FEL > BERMERATESTEEETRPARBHNIMINESZ— - TS ERBAIT - #E
RATMANGET Al 38 NLP Bin B BIRVINRIESI AL S - LIEBVERE NI EE R AR o

Mm% > FFETEBEERAENNAERN > AR LEE - EAIE « BEINE - BBk « FHEESFS -
BERNENERBEHEERE - AREfERHEENBYENRE « EMEFN - \TESHREEARER
MEMEAEHRER - SEBARIHEETANRE > RZTAR - AT mEHEEBRERNTER « EREF
iR © IRSEEWERMIEMUA > NetApp Al HBIHEEEAMEXERKRSEBNRER T EHARRE
R~ BREEAEE RS

BRERITHRMARRMEEE - SFEGEGERE - ERNABTHNAR « RESBHERD (DLRM) MUESHI - &
F ZHiF) A PySpark BIRGFEIEEREZHE R o Spark MLIib BYE T AR HEIEIEMN R E R/N_FE (ALS)
» 572 DLRM 7 AR PIFERITRIREEE

BAAES IR

HEAATIESEEEEAESRIE (NLP) B » cREMEREANEERENATEZN—EDZ - NLP 7
BEEETFENFZRMPHREE » 5 SIEMIPREEE A ZGoogle EZMFTRAIXF © RIF "Gartner"FRA
2)2022%F > 7T0%NAREBREHFAATESTEEY - ATERALKS BN REHE » KELAR
2~ BB EESHERB A o

FERBREAREEFIREEMGIRMNFIR NLP M BEE5EE i (ASR) 12E - thFIEFEEES « R ONEREE
25 > I B REFRAZSTAEITIEAIAES - B NSRRI BARIZIM o NetApp Al 1 Apache Spark 2EH
#F ~ BrEE « BRI - MEENEERNERES -

BHEDHTE NLP R —(EFFRESE » ERXAPIRIER - 8EKPHEIEE - BEDITESERG > HtHEEX
&0 B TEFIENGENRRIRAEZN B BRI S ALE - EtRARRBEABNENEE WD EES
%itﬂ@ﬁ%i‘ﬁZFaﬁE’\JE@J%i‘EﬁU’&ﬁE’\JH’Q% o IS IBRESRIANEER P HmERENER - IRFHENE

10


https://www.forbes.com/sites/forbestechcouncil/2021/05/07/nice-chatbot-ing-with-you/?sh=7011eff571f4

HIER T "Spark NLP"ZRBHIEEEE "8 Hia 2R =" A TEISREEF Transformer (BERT) A A& M4R
IS8R - BFE " ETREIIBAE R "FInBERT" » KIRIEHITIRECE ~ s BREHR ~ A4k « mENBED
M o Spark NLP @M—IETE4EMNRIRE NLP E > Eififti %@E’J%@%% f5%0 BERT ~ ALBERT ~
ELECTRA ~ XLNet ~ DistiBERT » RoBERTa + DeBERTa + XLM-RoBERTa ~ Longformer ~ ELMO ~ Universal
Sentence Encoder » Google T5 * MarianMT #1 GPT2 o ZEXNERNEFEAH Python fl R » ZRJ LB BREIE
7t Apache Spark 7£ JVM 884 (Java ~ Scala #1 Kotlin) FIAIRIEELT o

FE/ Al ~ ML 1 DL FBHIF1Ze4E
FER A~ ML 1 DL BHIFI LRI DAL T E -

Spark NLP &%&#0 TensorFlow D E T #IE
UTIREFERNBZAEFAAZEEX T HRANKRZECDAIFIE NLP £ :

"BAFES LEE (NLTK) " o B NLP &XMTMZR#TAE - ©8 21 LR —ERFEI4HERE
* 'XFEBE o B NLTK # Pattern Z2iZBYZ 7 ERRY NLP TA Python API ©
* "SEFHEEIZI NLP" o SEFHEE NLP /MVAHBEEERY Java NLP BRFESFIE M ©
* "Gensim" o AfBEFBEERVIRERHUKZEEESTEN Python RIAES o

* "SpaCy" o £ Python #1 Cython BIRix¥ix T3 NLP T{ERIE » W% Transformer 2 GPU INiX
* "R3Z" o Facebook B Al 3% (FAIR) BRERIZMNRE - 24 ~ FIR NLP & > ARNSZEFHRANGF
Do

Spark NLP 2#HFiE NLP EFHMNERME— ~ i—NERSE > IRABREERGIRMAER « SMEENS
FBEERY NLP 258 - EFABB 2B MEMRMBITEPERRNIIRIENEFANER o Mt Spark TRZH
Pt ERZE S F > Spark NLP EI77E "Spark 1%2352 5 "FIF Spark VRIS A BRI RIES | EIF

HEREBEETEMIZREER NLP & - CRIGERSEFBEINRRIBERE - #2828 TensorFlow K3z

BRAESENEF - BERETBERN NLP 17 > SFERRINZEE « SRR « AR « #ERE - sk
BhEHER ~ HFEREMBED -

K H Transformer BV @452 R T (BERT) @—FEE N Transformer BY NLP 142382 8117 - ©HERE T 78514k
AR o BERT ARY Transformer ZR4&TR B 14238052 » T©LEENBEIRMAIE (RNN) B S EE EiFi
B RIAMGERZ - TESIATWIKEBESEE (MLM) 1E7% » EhBElE 15% BIFREEac g - W EER R HE
778 > KMBREENERMY

HRZEENEEZ S MR IR IR > SRIBEIITEBIEN - FInBERT 8—@EN T84 BERT :ES
HE > BEUTEIRETTRE | ISt TRC2" » —(AEREEEE » MEEECERETMR ("SREE
[E") BRERIEEDEE o Eﬁn)\amﬁ’@aéﬂm ZRFTREIX EHIRE T 4,500 ﬂE’j? A% 16 EE SRS
SNERNMBELERELEDFIFRAETE » PEMSE o PRI T —@EiREiH Spark TERIZ » (£A
FinBERT %DEfmﬁlﬁ@i‘ﬁf‘aallféﬁE’J,;.L&:Eﬁffﬁ 2016 F£ZE 2020 FHHTER AR BN R EE S &RV EE » "
fETESCRE DL" ) 2R E Spark NLP ©

Spark NLP KB RESE5|E 2 TensorFlow » S —EiRZIIHHFFI%R2E T4 > FJUREILER - 7E
1Rt 75 HEITR AR ML EEUBCEI TR ARAZEEER o ALt > £ Spark PBITEEEF 'yarn cluster 23 » 3
MEE EREEITHRI TensorFlow » BERIFIRETE—(E T B ZE TERIRE LM 1TE » MERE FREHE
ERFINNGEETE ©

11


https://www.johnsnowlabs.com/spark-nlp/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://www.johnsnowlabs.com/
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2023/01/12/classifierdl_bertwiki_finance_sentiment_pipeline_en.html
https://sparknlp.org/2022/04/11/bert_embeddings_finbert_pretrain_yiyanghkust_en_3_0.html
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://www.nltk.org/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://textblob.readthedocs.io/en/dev/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://stanfordnlp.github.io/CoreNLP/
https://radimrehurek.com/gensim/
https://spacy.io/
https://fasttext.cc/
https://fasttext.cc/
https://fasttext.cc/
https://fasttext.cc/
https://fasttext.cc/
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://spark.apache.org/docs/latest/ml-guide.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://trec.nist.gov/data/reuters/reuters.html
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://www.researchgate.net/publication/251231364_FinancialPhraseBank-v10
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html
https://nlp.johnsnowlabs.com/2020/03/19/explain_document_dl.html

Horovod 73 &=t 5/l 4k

B MapReduce 1BRARIRAERIIZI0 Hadoop E&s5 218 TeraGen ~ TeraSort * TeraValidate #1 DFSIO (GEE) #h
1789 o TeraGen # TeraSort ERz84E RN T "NetApp EZFHadoopfZiR 52" WU KRAFFH TEEFEDRE) 39 o

RIEE R ER » H3AER Spark ETABIGEZSERAPREENRAFIZ—  EAXIEF » HFIER
T "Spark _£HY Hovorod"f€EFINetApp All Flash FAS (AFF) {#773%H28 - Azure NetApp Files#1StorageGRID2K
Eu:E Spark EANetAppZsitiin « RifRENE S ZimfER T ZERIAE

Horovod on Spark Eff% Horovod 1t T —EfEIERIEEL3S » F187E Spark E2EHEITORIIIE L EFEaHE
SR > WMEBR T BEMERREREIR » EPERERIE « R ISRFEE L& 7 ISR A IR E R FRERY
Spark H5ER ©

BEMERITE Spark _£3#1T Horovod B API : &4k Estimator API F11EBE Run API B & MEEEAERNER
HHITE Spark #1725 EEXE) Horovod » 1B Estimator API 3iR1ET BERIRIE « MEI4RIEIR « BEERER - 1612
WD EN4R - FFIER Horovod Spark Estimators ~ TensorFlow #1 Keras #1723 E R EEHF DB
s TVETRAZ » B "Kaggle Rossmann EEIHE "#RE o

Az “keras_spark_horovod_rossmann_estimator.py BJ LATELA TR0 2" &8 = Z I Python filZs - "E6
F={EZF5 :

* B—E D Kaggle R A BENEERI—ABAIA CSV EREMITRBETARIEL R - BABLHR D —E
dl4RE > "Validation' FEMBIFHEKIEE o

* BIEHNTERT —EEEHE S BEUEUEREA Adam B152589 Keras REMHASHAER (DNN) B » i
Spark £/ Horovod ¥1&BE1T3 B4R ©

* BB EARIMEREEER TIENRENREER AR BN EETRR - ARAIB—E#HE CSV

2R HESE AR SEETRILBGER -

fEF Keras E1TZEFRESZ B LIETT CTR A

BEXRZBTANBANSHNER » AfIRAEEIENHRETAREEE L - BEX (CTR) EEA/EBARR
LESERTETFIERERY (UEDERT) - EREZERAASITEEERIANANINRMEEE » SERUT
i« TE - BFHHARBRME - B/ CTR oA REERNEANESHMES » F2B'CTRFER
KENRESERYE

EAFEMERE S » FFUFER T "Criteo Terabyte BEHFERE" (2R TR-4904) ANZITIEESHNFES

B > £ Keras B EFEFEMNRZ XA (DCN) #EER Spark TIERIZ » WA HE SUIEER 2 R E A ERIRIAEE
BAEL4R Spark ML i&#E[O]SFEEVEITHEE: - DCN BRUHITERENENITERE » 2ESEFHEMRE » K
EEFIFHIIERERER > BstERAK -

RIS E R M ERNAS EMAIIN 28R - EREHERREXERE > SHREERRRRE—EDE -
BESAZSHAEAGERNEEHORZFRIEER - 28M » BEERANFRILFRFRREFNRNHFERNR
XM RFTEAINRIE o RIERIRGE « 7IMRE - HitER - BERERNAR -

5—7HH > IXFHEFKEHNRESEENKRRNAFAEERS - T2 > BEREFIRBIENFELES
FHBELERE - HERIBETRIVSRESBEEREZ - A% DCN BERHNIXHEREEAIUEBUBE S
BRREFE SRR AR R ENEFNEEIRE - KXEBHAZEAEN - EPRESEENXEFARTHERER
o B—EHSERARENER LETESRIRE » TREAEENRE -

REFRACHEER (DNN) AEFRERHEVIFEERMIZEIER o 72 » 22 DCN 48Lt » EREN2 B AT Z—(E

12


https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://www.netapp.com/pdf.html?item=/media/16420-tr-3969pdf.pdf
https://horovod.readthedocs.io/en/stable/spark_include.html
https://horovod.readthedocs.io/en/stable/spark_include.html
https://horovod.readthedocs.io/en/stable/spark_include.html
https://horovod.readthedocs.io/en/stable/spark_include.html
https://horovod.readthedocs.io/en/stable/spark_include.html
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
https://www.kaggle.com/c/rossmann-store-sales
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
spark-python-scripts.html
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-use-cases-summary.html#machine-learning
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
apache-spark-testing-results.html#deep-learning-models-for-ctr-prediction-performance
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/
https://labs.criteo.com/2013/12/download-terabyte-click-logs-2/

WER » FAERA AR I B R S T R BRR RN - RPN E S A
R o KA A DNN T AL Rt B AN SR EERILE Criteo CTR HHIE LIRIBSER
Sk

DCN #2EECER AT E ERHIR > RBUITERRI X ERIFERR - T RERZNVESE » ©ifMEEIERE

HHASE—IE - CHBABRITURAEHRENZERBHME © £ Spark > EEZFEE

SparseVector ° At » FRAEESME W EMTIUEBREMGERE/D » E—EHREE - £ CTR TEAIE
PERIRBEEERAD > WAKRZSEDTERE > HIU0 'country=usa' - EERFEEBREHABRARE > HU0
'[0,1,0, ..]' ° RIS (OHE) “SparseVector ERIEmREAEEM A RMNESHAERNERRER -

KfMER T #Hf "RERZEF"RIBEARGFEZER > £ DCN NERANEEEPEIRAMAE ©

& "Criteo BMETENE"THAESRER - ©F 13 ERZIFEM 26 B85 > HPSEEHHERESN
HE o BN ERE » AEARERA » HEIE% 0.001 NNESR L EEBEES - HiEANBRE > &
RIZEREE AR NMEAEB AT SER R A BN AR ARIBIE N - ZEREE R 7 XA 11GB MEAE B » HERY
4,100 B EE:08% o FMFIEA T Spark “dataFrame.randomSplit()function' BEi& 2 EIE K BR:N4R (80%) -~ XX
Busg (10%) > Fgk 10% AR o

DCN =Zf#H Keras 7 TensorFlow EEIRH o fFFADCNEIRIZE |42 FER UEERSD -
* CERBEMERA o YEBERAHHEIRHEEIFEETREE - BN oEEE RMBISEBRAZIEES
6x(FEREE)1/4 WERERET - EERFIERABEE—EHES 1026 FIRE o

* *RE(EFRFIFA Adam BIEEHEIT T/ MEERBIREE - MRKINRER 512 - REFERETHER—E
) PR RS RER #3100 ©

s *IFAME o *FFIHRA T ERRFLIER AL » B4 L2 IEFR{ED dropout #EEIREERY o
C B2 o HABRSENHEEEHE  BEEA/ - REFXRNXXEBHENERELESHER - [BEEN
HEHEL 2 E 5 BREEA/NGEES 32 F 1024 c HH'DCN » IXEHNEEA1E6 AT R

0.0001 5E# %Y 0.001 > ¥EE % 0.0001 ° FRABEIITEIMRT BR 150,000 FHEANFLE - EBBZT REMNEH
IRHIRBERS ©

BX T DCN Z5b » HFIEAIE T EMRITRIRE S EERIZRETT CTR Fafh » €4F "DeepFM" > "EFEA" »
"DCN v2" o

P EREERYIRAE

A7 EITUERSS - FFIER T OE TSN ESF—E E & 25K —{EAFF-A800 HA ¥ - FREB¥ EER B & E1B
10GbE #4325 EE o

%7 BisENetApp Spark RS % » TFIER T ZBARBHFEHIZ: | E5760 ~ E5724 FIAFF-A800 ° EZRFI{H
121241839518 12Gbps SASIEAREIZ T R EZKIEREL o AFF HA $E7FI54123553B 10GbE 4% @ Hadoop T1E
ENELIRMHEEH AT NFS HEEE o Hadoop =M EER E &% - AFFHIStorageGRID Hadoop fi#7R 52
10GbE BAREITELR o

13


https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://github.com/shenweichen/DeepCTR
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
https://www.kaggle.com/competitions/criteo-display-ad-challenge/data
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E-Series E-Series Storage Array

10GbE
o 10GbE Links
-TH Links o
12Ghps SAS [ 1) 3 |[——
connections, LA Six Hadoop Data Nodes
L = Name Node
one per node | ]
] =
Standby Node
Resource Manager
SG6060
StorageGRID STORAGEGRID
<
12Gbps SAS | =
connections, E Name Node
one per node
i Standby Node

Resource Manager

AFF AFF-AB00
Architecture

Links

Six Hadoop Data Nodes

]

10GbE
Links

7
B —»
Rty

Name Node

Standby Node

— T

Resource Manager

AlsAs

FER TeraGen E#ERz T AR TeraSort 1 TeraValidate filZ<2& A2 E5760
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s ES5724 *ﬂAFF-A8OO EEEE@ Spark &Wﬁ%%ﬁgﬁ o Jj:tyl\ ) Eiﬂ”ﬁt? E@IEFHWJ : Spark
NLP &38#0 TensorFlow S #IzUaI4R ~ Horovod D EIZUaIARIABfER Keras 34T DeepFM
CTR FERAINZ TRESH o

1t E &5 StorageGRIDEESE » FfFIEMA T Hadoop A F 2 - HtAFFER:E » RFIRERA—EBERIZKIR
TRIET Spark RAEEREBVEERSECE o

$anY Hadoop T{E&i%:  FEHN234ELY SEMEAVEREEE  ETFEGIRE

SG6060 4 SAS 12 BT (HA)
3

E5760 4 SAS 60 B— HA %

E5724 4 SAS 24 B— HA Y

AFF800 4 ElErBRL 6 B— HA

TRINETEHREK °

/4 hRAs

AIMEZERR 7.9

OpenJDK Z{FIRIE 1.8.0

OpenJDK 64 {i se{ElAR 3% et 25.302

Git 2.24.1

GCC/G++ 11.2.1

WAE 3.2.1

PySpark 3.1.2

SparkNLP 3472

TensorFlow 29.0

IE2 Vg ] 2.9.0

EEAE 0.24.3

ERLBED

IR T "TR-4910 : FHANetApp Al EITE R BEIRED" » HPfEA "NetApp DataOps TEE" « AFF{#
7ZHMINVIDIA DGX &4t o ILE3EH) A DataOps Toolkit BT EZNREIE « BHEE YA (ASR) ~ BiREH
MBS > "NVIDIA Riva SDK" » LA "EIEZL" o i IEE D TRAIEREERMARTSZE » FPIEILT SparkNLP
TERTE » A NLP 15 (FlulmaERE4A) MNET =8 BERT &8 » WERS THINERTARBESER
B AN FRIBLE

LUFHIZA “sentiment_analysis_spark. py {8 FInBERT #2218 HDFS FHpYEEisas » WAESIEE « RMMNEE
BBt WITNERFI -
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-bash-4.2$ time ~/anaconda3/bin/spark-submit

--packages com.johnsnowlabs.nlp:spark-nlp 2.12:3.4.3

—--master yarn

-—-executor-memory 5g

-—executor-cores 1

--num-executors 160

-—-conf spark.driver.extraJdJavaOptions="-Xssl0m -XX:MaxPermSize=1024M"
-—-conf spark.executor.extradavaOptions="-XsslOm -XX:MaxPermSize=512M"
/sparkusecase/tr-4570-nlp/sentiment analysis spark.py
hdfs:///datal/Transcripts/

> ./sentiment analysis hdfs.log 2>&l1

reall3ml4.300s

user557mll.319s

sysd4m4d7.676s

TRIHT 2016 F£X 2020 FHTER +AABNN T EE G H A FRIBEDN

BrEst® =810 AR AMD nER BH Google [EIRES M NVDA

HEZEE RAH ==Y

Esteg 7447 1567 743 290 682 826 824 904 417
thirst® 64067 6856 7596 5086 6650 5914 6099 5715 6189
a5 1787 253 213 84 189 97 282 202 89
kHMEN 196 0 0 76 0 0 0 1 0
5t

(4agg) 73497 8676 8552 5536 7521 6837 7205 6822 6695

WEDLERE » WMTRMUBRAARAZSHAFHREE » RILHAEPIREE - ER@BEGHE > 2
EMR LR EEFE AN EEIEE - BFE— T EEMRAENERBENARZERZ EXRIRRIRK
RER -

TRIH T MEER TR AN FRBER DN » MBDLERT -

BEED 2810 FER AMD nER  BH Google [ERES Mk NVDA
EE EVAS == 1))

Em 10.13% 18.06%  8.69% 5.24% 9.07% 12.08% 11.44% 13.25% 6.23%

ity 87.17%  79.02% 88.82% 91.87% 88.42% 86.50% 84.65% 83.77%  92.44%
SSHREy 2.43%  2.92%  2.49%  152%  251%  1.42% @ 3.91%  2.96%  1.33%
kPN 027% 0% 0% 1.37% 0% 0% 0% 0.01% 0%

EIERIZETRAE » HMEE TEEMN 4.78 EX4CE "local # 8L El HDFS FMO R IREE » LB BF)A NFS
HE—FIRS 0.14% ©
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-bash-4.2$ time ~/anaconda3/bin/spark-submit

--packages com.johnsnowlabs.nlp:spark-nlp 2.12:3.4.3

—--master yarn

-—-executor-memory 5g

-—executor-cores 1

--num-executors 160

-—-conf spark.driver.extraJdJavaOptions="-Xssl0m -XX:MaxPermSize=1024M"
-—-conf spark.executor.extradavaOptions="-XsslOm -XX:MaxPermSize=512M"
/sparkusecase/tr-4570-nlp/sentiment analysis spark.py
file:///sparkdemo/sparknlp/Transcripts/

> ./sentiment analysis nfs.log 2>&l

reall3ml3.149s

user537m50.148s

sysd4md6.173s

MTEFT » BERARETITIRS 7 EREEEM O TensorFlow #EEMHIRAYRE o NFS RARERHMIEES
TIHMEFRETRE 0 RATERERRESTRIRERNTEH - MRKFULMAEEERERAR/) 0 NFS BY
BZRENNRREE -

Spark NLP Sentiment Analysis End-toEnd Workflow Runtime
(Lower is better)

-

Data Location

HDFS 0:13:14.300

0:00:00 0:07:12 0:14:24 0:21:36 0:28:48 0:36:00 0:43:12 0:50:24 0:57:36 1:04:48 1:12:00
hh:mm:ss.sss

Horovod FIFAY 2T 5l 4R

WUTar<EME— naster BF 160 BARNITRNER - SENTHEAE—EZC - YITHRCERERES 568
» BUBRECIREE R IR o A 2R I HEETZERGIN pychon WA BRABIRRIE « EAIGANR AR AR R

SAENESHEER 28 keras spark horovod rossmann estimator.py °
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spark-python-scripts.html
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spark-python-scripts.html
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spark-python-scripts.html
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(base) [root@nl38 horovod]# time spark-submit

--master local

-—executor-memory 5g

-—executor-cores 1

-—-num-executors 160
/sparkusecase/horovod/keras spark horovod rossmann estimator.py
-—epochs 10

--data-dir file:///sparkusecase/horovod
--local-submission-csv /tmp/submission 0.csv
--local-checkpoint-file /tmp/checkpoint/

> /tmp/keras spark horovod rossmann estimator local. log 2>&l

138 10 fEFIMRIEHERRR - RAEBVEITRIEMT ¢

reald43m34.608s
userl2m22.057s
sys2m30.127s

RRIRE A BN « BlI4R DNN 158 « SHEERELUKRESE TensorFlow BB RMIEAE RN CSV EREE T BA
43 5358 o FPIFFNGIEHRBIREZ 10 > TEEBREERES 100 > LUEFES NmSRERZRER o §lREREE
AR REM 2 RIERAR o

BIR > RSP ARETEERS » WAE 'yarn HDFS FREVERIRT

(base) [root@nl38 horovod]# time spark-submit

-—-master yarn

-—executor-memory 5g

-—executor-cores 1 —--num-executors 160
/sparkusecase/horovod/keras_ spark horovod rossmann estimator.py
—-—epochs 10

-—-data-dir hdfs:///user/hdfs/tr-4570/experiments/horovod
--local-submission-csv /tmp/submission 1.csv
--local-checkpoint-file /tmp/checkpoint/

> /tmp/keras spark horovod rossmann estimator yarn.log 2>&l

ERAEBVERRRSCENT -

real8ml3.728s
user/m48.421s
syslm26.063s

f&Bh Horovod #8247 Spark REVERIILEITE » FAIBEETEERS T 5.29 & yarn 8 local BB +E
AARFEERAVIRT - TERIFEFFETR T E—R "HDFS M "Local o Y1RAIFAHRYEE > AILUER GPU E—H IR
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J&/E TensorFlow DNN #RZUF)Il%R o BeffIstBIETIEIRAIS I ERRAVEAM R S P ER

EMB T —EREEEE T NFS #1 HDFS HvE ABERIAVET TR o AFF AB00_LHY NFS Hifikle B L4
‘/sparkdemo/horovod  3M1% Spark SRR AEERRE (—EFXENRL > METIEENRL) L o FMIEIT 7 E%TAIRVA
BN > -data- dir 2EIRTEISE NFS #E -

(base)

[root@nl38 horovod]# time spark-submit

—-—-master yarn

-—-executor-memory 5g

-—executor-cores 1

-—-num-executors 160

/sparkusecase/horovod/keras_ spark horovod rossmann_ estimator.py

-—epochs 10

--data-dir file:///sparkdemo/horovod

--local-submission-csv /tmp/submission 2.csv

--local-checkpoint-file /tmp/checkpoint/

> /tmp/keras spark horovod rossmann estimator nfs.log 2>&l

fEF NFS RUEITHERIT :

real 5m46.229s
user 5m35.693s
Im5.615s

Sys

EREXIER T 1.43 8 MTEFT ° AL » BiBiENetApp 2 REIHFEERI HER » TR PIUESR Horovod
Spark TERIZRVIREREFHERN DB - BT B —EiR HIZETAELL > PIEIR 7.55 FRYMNE -

Input data location

Local

HDF'S

NE'S

500

Horovod Spark Workflow Runtime
(Lower is better)

Seconds
1000 1500 2000 2500 3000

I <o

346.229
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CTRIEAIRIRAAESZ B RE

HNEAERACHABERNEERR  WARBERAETARRERIEERE » BEREXERUERHESTN
RFEEISMEEE - AR RFIRESERIER - BRNSEEEXXEZAFEE - MAERREPERN—
73 o REDEHE (DeepFM) B—EENDAEHHEHERE  SRARERNIEENAREHEENRESE
RS TEB SRR IR o

HEOASAR R D R AU VR BRI R E D BRI BT R ENATE ﬂtﬁfiéﬁt_ﬂxﬁ%mﬁa’ﬁé  BEER
&> *%l%%%q-%“%ﬁ%ijﬁ?\ﬁﬁﬁ ﬁ YHERX ARt ENFHERERS o REMEHERERS > H1MGoogle
B " EEEREREE " ZS—HHE > SREGREREENRERR Tf/u;.:.fﬂ%ﬁﬂ%qﬂ BEMISEEIEER -

&8 Wide & Deep R AMERA » —ERAREENEEEE > S—ERNRERE » BENATEEXIE
I > FILZEMARBERIE AR - BEEFREREARRE > DeepFM I ARG ECETTA WEIR
» MEREAREIE  BACHEESONRESDHZERNBAMBRABDE

HKMEKBEIET Criteo train.txt (11GB) 1EREHRASS ctr_train.csv E7ETE NFS BHEH
‘/sparkdemol/tr-4570-data’ /3 “run_classification_criteo_spark.py IR B & 2" &8 = Z FHHIH Python 7S » "1£
eI HR > BREK “process_input_file MTREF 8B 75 /A SRMIBRERFIMIEA " 1EA D PRRTSRA \n" EAIRTT
o B5ER ) MRERERIR traintxt —R > EHRERBEEIRMEBE TSR -

AT HARER DL EEGETUTAIRE » HMER ctr train.csv FABALE - ERENAHETY AN
CsV FEZEWBEA Spark DataFrame’ HEXEIUTFE 'label' » BEEERH (111, 127,
'I3', .., 'I13'] MEEUFE c['c1iv, 'c2', 'c3', .., 'C26'] ° T spark-submit I§LIEZEA
CJS;/EE% 20% HYEEAIF)I%R DeepFM 1R B ﬁfiﬂ%ﬁuﬂ ) ﬂt?"-l-ﬂEIuJHﬁ% ﬁﬁ?ﬁ%tﬂ%1%*§§2%%+%5ﬂﬂ%ﬁ$tﬂ’ﬂﬁ
Al

(base) [root@nl38 ~]# time spark-submit --master yarn --executor-memory 5g
-—executor-cores 1 --num-executors 160
/sparkusecase/DeepCTR/examples/run classification criteo spark.py --data
-dir file:///sparkdemo/tr-4570-data >

/tmp/run classification criteo spark local.log 2>&l

VAR HCEHRESCY “ctr_train.csv B3 11GB » RINZERRTE E$IRY “spark.driver.maxResultSize’ KB &
i(d\b(iﬁ;ﬁ'ﬂ‘fa%& o
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spark = SparkSession.builder \
.master ("yarn") \
.appName ("deep ctr classification") \
.config("spark.jars.packages", "io.github.ravwojdyla:spark-schema-
utils 2.12:0.1.0") \

.config("spark.executor.cores", "1") \
.config('spark.executor.memory', '5gb') \
.config('spark.executor.memoryOverhead', '1500"') \
.config('spark.driver.memoryOverhead', '1500'"') \
.config("spark.sgl.shuffle.partitions", "480") \
.config("spark.sqgl.execution.arrow.enabled", "true") \
.config("spark.driver.maxResultSize", "50gb") \
.getOrCreate ()

7£ kit “SparkSession.builder BeEFFIERAE T "faIHZ2557" > #& Spark DataFrame #1174 Pandas DataFrame
» “df.toPandas() /53% °

22/06/17 15:56:21 INFO scheduler.DAGScheduler: Job 2 finished: toPandas at
/sparkusecase/DeepCTR/examples/run classification criteo spark.py:96, took
627.126487 s

Obtained Spark DF and transformed to Pandas DF using Arrow.

PEI DB » IRERIER AR 3,600 E1T > AlEFE 900 EERA

Training dataset size = 36672493
Testing dataset size = 9168124

RN ARMREFENAERER GPU B CPU AR » RIb A REE R =2 1R6K 2L TensorFlow © It
SERE R I OLE(R] GPU NNERKTUE » T 783 HIA TensorFlow FIEREMEIRET (AVX) 1 AVX2 5% © ELE4HE
EARIERBEtEMRETY > FlINRENMNE « ATEEPRIEREFAS R A% DNN 54 o AVX2 fHERIRE S SN
(FMA) $5< £ 256 {ic/¥# (FP) E178s » IFRESBBEBNERHRE > ATEIRSE 2 [ErUINE - Hit
FP f2sCREANENIEEY » AVX2 LE AVX BERT 8% HUMNER o

2022-06-18 07:19:20.101478: T
tensorflow/core/platform/cpu feature guard.cc:151] This TensorFlow binary
is optimized with oneAPI Deep Neural Network Library (oneDNN) to use the
following CPU instructions in performance-critical operations: AVX2 FMA
To enable them in other operations, rebuild TensorFlow with the
appropriate compiler flags.

EEWNRIANEEE TensorFlow > NetAppiR(ER "EiEH" o HINEMRVIRIE » FPITE shell IBRFITTHITU
TERSHKZE dnf > dnf-plugins » LUKk Bazel °
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https://arrow.apache.org/
https://arrow.apache.org/
https://arrow.apache.org/
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https://arrow.apache.org/
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https://bazel.build/
https://bazel.build/
https://bazel.build/
https://bazel.build/
https://bazel.build/
https://bazel.build/
https://bazel.build/

yum install dnf

dnf install 'dnf-command (copr)'
dnf copr enable vbatts/bazel
dnf install bazelb

& AZBRA GCC 5 S E#R A A AETE R B BIZHER C++17 IHAE » %INEEH RHEL FBIBEHEEE S (SCL) 1
it o LITFEpLZEE "devtoolset LK RHEL 7.9 &% EAY GCC 11.2.1 :

subscription-manager repos --enable rhel-server-rhscl-7-rpms
yum install devtoolset-1ll-toolchain
yum install devtoolset-1ll-gcc-c++
yum update
scl enable devtoolset-11 bash
/opt/rh/devtoolset-11/enable

FHAR  REMEMDLTEAE devtoolset-11 » £ /opt/rh/devtoolset-11/root/usr/bin/gcc
(GCC 11.2.1) o It4h » AR git lRA=FL 1.8.3 (B8 RHEL 7.9 1=21ft) o 2F 5@ "E"BREHM it
F 22410

HMRRE LT E T &M TensorFlow EEJE o ABEIZE—1E "workspace’ B ##E1 "WORKSPACE t&Z{#
AVX ~ AVX2 #1 FMA RJRIET2UEE IR E TensorFlow © 3817 “configure 12235 E IEFERY Python ZiEIiI & ©
"CUDA"HRREMEZEER GPU » FLERMAVAIEAPIRER o —@ " .bazelrc X RIBEHIREESE © LEIH -
FAFI4REE T X H IR E “build --define=no_hdfs_support=false’ E{F§ HDFS %18 o 2% " bazelrc' (A&t "$1¥
FEFZRAFI Python IZ » "WUESTENREMZHFE o

./configure
bazel build -c opt --copt=-mavx --copt=-mavx2 --copt=-mfma --copt=
-mfpmath=both -k //tensorflow/tools/pip package:build pip package

{EFIEERIRES IR I TensorFlow 18 > BITLA RIS 2RBEIE Criteo Display Ads B#lEE » Fll#% DeepFM 122! » Il
RIETER 2 S et B2 E R EFHE 4R TEE (ROC AUC) ©

(base) [root@nl38 examples]# ~/anaconda3/bin/spark-submit
-—-master yarn

-—executor-memory 15g

-—executor-cores 1

-—-num-executors 160
/sparkusecase/DeepCTR/examples/run classification criteo spark.py
-—data-dir file:///sparkdemo/tr-4570-data

> . /run _classification criteo spark nfs.log 2>&l

B TEREIR R - BfIES T AISERSE LR AUC 28
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Epoch 1/10

125/125 - 7s - loss: 0.4976 - binary crossentropy: 0.4974 - val loss:
0.4629 - val binary crossentropy: 0.4624

Epoch 2/10

125/125 - 1s - loss: 0.3281 - binary crossentropy: 0.3271 - val loss:
0.5146 - val binary crossentropy: 0.5130

Epoch 3/10

125/125 - 1s - loss: 0.1948 - binary crossentropy: 0.1928 - val loss:
0.6166 - val binary crossentropy: 0.6144

Epoch 4/10

125/125 - 1s - loss: 0.1408 - binary crossentropy: 0.1383 - val loss:
0.7261 - val binary crossentropy: 0.7235

Epoch 5/10

125/125 - 1s - loss: 0.1129 - binary crossentropy: 0.1102 - val loss:
0.7961 - val binary crossentropy: 0.7934

Epoch 6/10

125/125 - 1s - loss: 0.0949 - binary crossentropy: 0.0921 - val loss:
0.9502 - val binary crossentropy: 0.9474

Epoch 7/10

125/125 - 1s - loss: 0.0778 - binary crossentropy: 0.0750 - val loss:
1.1329 - val binary crossentropy: 1.1301

Epoch 8/10

125/125 - 1s - loss: 0.0651 - binary crossentropy: 0.0622 - val loss:
1.3794 - val binary crossentropy: 1.3766

Epoch 9/10

125/125 - 1s - loss: 0.0555 - binary crossentropy: 0.0527 - val loss:
1.6115 - val binary crossentropy: 1.6087

Epoch 10/10

125/125 - 1s - loss: 0.0470 - binary crossentropy: 0.0442 - val loss:
1.6768 - val binary crossentropy: 1.6740

test AUC 0.6337
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sentiment analysis sparknlp.py °

# TR-4570 Refresh NLP testing by Rick Huang
from sys import argv

import os

import sparknlp

import pyspark.sqgl.functions as F

from sparknlp import Finisher
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from pyspark.ml import Pipeline

from sparknlp.base import *

from sparknlp.annotator import *

from sparknlp.pretrained import PretrainedPipeline
from sparknlp import Finisher

# Start Spark Session with Spark NLP

spark = sparknlp.start()

print ("Spark NLP version:")

print (sparknlp.version())

print ("Apache Spark version:")

(
(
(
print (spark.version)
spark = sparknlp.SparkSession.builder \
.master ("yarn") \
.appName ("test hdfs read write") \
.config("spark.executor.cores", "1") \
.config("spark.jars.packages", "com.johnsnowlabs.nlp:spark-
nlp 2.12:3.4.3")\
.config('spark.executor.memory', '5gb') \
.config('spark.executor.memoryOverhead', '1000")\
.config('spark.driver.memoryOverhead', '1000")\
.config("spark.sgl.shuffle.partitions™, "480")\
.getOrCreate ()
sc = spark.sparkContext
from pyspark.sgl import SQLContext
sgl = SQLContext (sc)
sglContext = SQLContext (sc)
# Download pre-trained pipelines & sequence classifier
explain pipeline model = PretrainedPipeline ('explain document dl',
lang='en') .model#pipeline sa =
PretrainedPipeline ("classifierdl bertwiki finance sentiment pipeline",
lang="en")
# pipeline finbert =
BertForSequenceClassification.loadSavedModel ('/sparkusecase/bert sequence
classifier finbert en 3', spark)
sequenceClassifier = BertForSequenceClassification \
.pretrained('bert sequence classifier finbert', 'en') \
.setInputCols (['token', 'document']) \
.setOutputCol ('class') \
.setCaseSensitive (True) \
.setMaxSentencelLength (512)
def process sentence df (data):
# Pre-process: begin
print ("1. Begin DataFrame pre-processing...\n")
print (£"\n\t2. Attaching DocumentAssembler Transformer to the
pipeline™)
documentAssembler = DocumentAssembler () \



.setInputCol ("text") \
.setOutputCol ("document") \
.setCleanupMode ("inplace full")
#.setCleanupMode ("shrink", "inplace full")
doc df = documentAssembler.transform(data)
doc_df.printSchema ()
doc_df.show (truncate=50)
# Pre-process: get rid of blank lines
clean df = doc_df.withColumn ("tmp", F.explode ("document")) \
.select ("tmp.result") .where("tmp.end !=
-1") .withColumnRenamed ("result", "text") .dropna ()
print ("[OK!] DataFrame after initial cleanup:\n")
clean df.printSchema ()
clean df.show(truncate=80)
# for FinBERT
tokenizer = Tokenizer () \
.setInputCols (['document']) \
.setOutputCol ('token')
print (f"\n\t3. Attaching Tokenizer Annotator to the pipeline")
pipeline finbert = Pipeline (stages=]|
documentAssembler,
tokenizer,
sequenceClassifier
1)
# Use Finisher() & construct PySpark ML pipeline
finisher = Finisher () .setInputCols(["token", "lemma", "pos",
"entities"])
print (f"\n\t4. Attaching Finisher Transformer to the pipeline")
pipeline ex = Pipeline() \
.setStages ([
explain pipeline model,
finisher
1)
print ("\n\t\t\t ---- Pipeline Built Successfully ----")
# Loading pipelines to annotate
#result ex df = pipeline ex.transform(clean df)
ex model = pipeline ex.fit(clean df)
annotations finished ex df = ex model.transform(clean df)
# result sa df = pipeline sa.transform(clean df)
result finbert df = pipeline finbert.fit(clean df) .transform(clean df)
print ("\n\t\t\t ----Document Explain, Sentiment Analysis & FinBERT
Pipeline Fitted Successfully ----")
# Check the result entities
print ("[OK!] Simple explain ML pipeline result:\n")
annotations finished ex df.printSchema ()
annotations finished ex df.select('text',
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'finished entities').show(truncate=False)
# Check the result sentiment from FinBERT
print ("[OK!] Sentiment Analysis FinBERT pipeline result:\n")
result finbert df.printSchema()
result finbert df.select('text', 'class.result').show(80, False)
sentiment stats (result finbert df)

return
def sentiment stats(finbert df):

result df = finbert df.select('text', 'class.result')

sa df = result df.select('result')

sa df.groupBy ('result') .count () .show ()

# total lines = result clean df.count ()

# num neutral = result clean df.where(result clean df.result ==
['neutral']) .count ()

# num positive = result clean df.where(result clean df.result ==
['positive']) .count ()

# num negative = result clean df.where(result clean df.result ==
['negative']) .count ()

# print (f"\nRatio of neutral sentiment = {num neutral/total lines}")

# print (f"Ratio of positive sentiment {num positive / total lines}")

# print (f"Ratio of negative sentiment
total lines}\n")

return

{num negative /

def process input file(file name) :
# Turn input file to Spark DataFrame
print ("START processing input file...")
data df = spark.read.text (file name)
data df.show ()
# rename first column 'text' for sparknlp
output df = data df.withColumnRenamed("value", "text") .dropna/()
output df.printSchema ()
return output dfdef process local dir(directory):
filelist = []
for subdir, dirs, files in os.walk(directory):
for filename in files:
filepath = subdir + os.sep + filename
print ("[OK!] Will process the following files:")
if filepath.endswith(".txt"):
print (filepath)
filelist.append(filepath)
return filelist
def process local dir or file(dir or file):
numfiles = 0
if os.path.isfile(dir or file):
input df = process input file(dir or file)
print ("Obtained input df.")



process sentence df (input df)
print ("Processed input df")
numfiles += 1
else:
filelist = process local dir(dir or file)
for file in filelist:
input df = process input file(file)
process sentence df (input df)
numfiles += 1
return numfiles
def process hdfs dir(dir name) :
# Turn input files to Spark DataFrame
print ("START processing input HDFS directory...")

data df = spark.read.option("recursiveFileLookup",
"true") .text (dir name)

data df.show ()

print (" [DEBUG] total lines in data df = ", data df.count())

# rename first column 'text' for sparknlp

output df = data df.withColumnRenamed("value", "text") .dropna/()
print (" [DEBUG] output df looks like: \n")

output df.show (40, False)

print (" [DEBUG] HDFS dir resulting data df schema: \n")

output df.printSchema ()

process sentence df (output df)

print ("Processed HDFS directory: ", dir name)
returnif name == "' main ':
try:

if len(argv) ==
print ("Start processing input...\n")
except:
print (" [ERROR] Please enter input text file or path to
process!\n")
exit (1)
# This is for local file, not hdfs:
numfiles = process local dir or file(str(argv[l]))
# For HDFS single file & directory:
input df = process input file(str(argv([1l]))
print ("Obtained input df.")
process sentence df (input df)
print ("Processed input df")
numfiles += 1
# For HDFS directory of subdirectories of files:
input parse list = str(argv[l]).split('/")
print (input parse list)
if input parse list[-2:-1] == ['Transcripts']:

"

print ("Start processing HDFS directory: ", str(argv([1l]))
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process hdfs dir(str(argv[1l]))
print (f"[OK!] All done. Number of files processed = {numfiles}")

B {EMIAZ keras_spark_horovod rossmann estimator.py °

Copyright 2022 NetApp, Inc.
Authored by Rick Huang

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and

limitations under the License.

H H= H H H FH H H H H H H H= H H

# The below code was modified from: https://www.kaggle.com/c/rossmann-—
store-sales

import argparse

import datetime

import os

import sys

from distutils.version import LooseVersion

import pyspark.sqgl.types as T

import pyspark.sgl.functions as F

from pyspark import SparkConf, Row

from pyspark.sgl import SparkSession

import tensorflow as tf

import tensorflow.keras.backend as K

from tensorflow.keras.layers import Input, Embedding, Concatenate, Dense,
Flatten, Reshape, BatchNormalization, Dropout

import horovod.spark.keras as hvd

from horovod.spark.common.backend import SparkBackend

from horovod.spark.common.store import Store

from horovod.tensorflow.keras.callbacks import BestModelCheckpoint
parser = argparse.ArgumentParser (description="'Horovod Keras Spark Rossmann
Estimator Example',

formatter class=argparse.ArgumentDefaultsHelpFormatter)
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parser.add argument ('--master',
help='spark cluster to use for training. If set to
None, uses current default cluster. Cluster'
'should be set up to provide a Spark task per
multiple CPU cores, or per GPU, e.g. by'
'supplying "-c <NUM GPUS>" in Spark Standalone
mode ")
parser.add argument ('--num-proc', type=int,
help="'number of worker processes for training,
default: “spark.default.parallelism ')
parser.add argument ('--learning rate', type=float, default=0.0001,
help='initial learning rate')
parser.add argument ('--batch-size', type=int, default=100,
help='batch size')
parser.add argument ('--epochs', type=int, default=100,
help="'number of epochs to train')
parser.add argument ('--sample-rate', type=float,
help='desired sampling rate. Useful to set to low
number (e.g. 0.01) to make sure that '
'end-to-end process works')
parser.add argument ('--data-dir', default='file://' + os.getcwd(),
help='location of data on local filesystem (prefixed
with file://) or on HDFS')
parser.add argument ('--local-submission-csv', default='submission.csv',
help='output submission predictions CSV')
parser.add argument ('--local-checkpoint-file', default='checkpoint’,
help='model checkpoint')
parser.add argument ('--work-dir', default='/tmp',
help="'temporary working directory to write
intermediate files (prefix with hdfs:// to use HDFS)')

if name == ' main U g

f mmmmmmmm———— §
# DATA PREPARATION #
$ mmmmmmmmeeeee ¢
print ('================")

print ('Data preparation')

print ('================"')

# Create Spark session for data preparation.
conf = SparkConf () \

.setAppName ('Keras Spark Rossmann Estimator Example') \
.set ('spark.sgl.shuffle.partitions', '480"') \
.set ("spark.executor.cores", "1") \
.set ('spark.executor.memory', '5gb') \
.set ('spark.executor.memoryOverhead', '1000")\
(

.set ('spark.driver.memoryOverhead', '1000")
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if args.master:
conf.setMaster (args.master)
elif args.num proc:
conf.setMaster ('local[{}]'.format (args.num proc))
spark = SparkSession.builder.config(conf=conf) .getOrCreate ()
train csv = spark.read.csv('%$s/train.csv' % args.data dir,
header=True)
test csv = spark.read.csv('$s/test.csv' % args.data dir, header=True)
store csv = spark.read.csv('%s/store.csv' % args.data dir,
header=True)
store states csv = spark.read.csv('%s/store states.csv' %
args.data dir, header=True)
state names csv = spark.read.csv('%s/state names.csv' % args.data dir,
header=True)
google trend csv = spark.read.csv('$s/googletrend.csv' %
args.data dir, header=True)
weather csv = spark.read.csv ('%s/weather.csv' % args.data dir,
header=True)
def expand date (df) :
df = df.withColumn ('Date', df.Date.cast (T.DateType()))
return df \
.withColumn ('Year', F.year(df.Date)) \
.withColumn ('Month', F.month (df.Date)) \
.withColumn ('Week', F.weekofyear (df.Date)) \
.withColumn ('Day', F.dayofmonth (df.Date))
def prepare google trend() :
# Extract week start date and state.
google trend all = google trend csv \
.withColumn ('Date', F.regexp extract (google trend csv.week,
"(.*2) =, 1)) N
.withColumn ('State', F.regexp extract(google trend csv.file,
'Rossmann DE (.*)', 1))
# Map state NI -> HB,NI to align with other data sources.
google trend all = google trend all \
.withColumn ('State', F.when(google trend all.State == 'NI',
'"HB,NI') .otherwise(google trend all.State))
# Expand dates.
return expand date (google trend all)
def add elapsed(df, cols):
def add elapsed column(col, asc):
def fn (rows):
last store, last date = None, None
for r in rows:
if last store != r.Store:
last store = r.Store

last date = r.Date



if rlcol]:
last date = r.Date
fields = r.asDict () .copy ()
fields[ ('After' if asc else 'Before') + col] = (r.Date
- last date) .days
yield Row (**fields)
return fn
df = df.repartition(df.Store)
for asc in [False, True]:
sort col = df.Date.asc() if asc else df.Date.desc()
rdd df.sortWithinPartitions (df.Store.asc(), sort col) .rdd
for col in cols:

rdd = rdd.mapPartitions(add elapsed column(col, asc))
df = rdd.toDF ()
return df
def prepare df (df):
num_ rows = df.count ()
# Expand dates.
df = expand date (df)

df = df \
.withColumn ('Open', df.Open != '0') \
.withColumn ('Promo', df.Promo != '0") \
.withColumn ('StateHoliday', df.StateHoliday != '0') \
.withColumn ('SchoolHoliday', df.SchoolHoliday != '0")

# Merge in store information.

store = store csv.join(store states csv, 'Store')

df = df.join(store, 'Store')

# Merge in Google Trend information.

google trend all = prepare google trend()

df = df.join(google trend all, ['State', 'Year',
'Week']) .select (df['*'], google trend all.trend)

# Merge in Google Trend for whole Germany.

google trend de = google trend all[google trend all.file ==
'Rossmann DE'].withColumnRenamed ('trend', 'trend de')

df = df.join(google trend de, ['Year',K 'Week']).select(df['*'],
google trend de.trend de)

# Merge in weather.

weather = weather csv.join(state names csv, weather csv.file ==
state names csv.StateName)

df = df.join(weather, ['State', 'Date'])

# Fix null values.

df = df \

.withColumn ('CompetitionOpenSinceYear',
F.coalesce (df.CompetitionOpenSinceYear, F.1it (1900))) \
.withColumn ('CompetitionOpenSinceMonth',

F.coalesce (df.CompetitionOpenSinceMonth, F.1it(1))) \
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.withColumn ('Promo2SinceYear', F.coalesce (df.Promo2SinceYear,
F.1it(1900))) \
.withColumn ('Promo2SinceWeek', F.coalesce (df.Promo2SinceWeek,
F.lit(1)))
# Days & months competition was open, cap to 2 years.
df = df.withColumn ('CompetitionOpenSince’,
F.to date(F.format string('%s-%s-15'",
df.CompetitionOpenSinceYear,

df.CompetitionOpenSinceMonth)))
df = df.withColumn ('CompetitionDaysOpen',
F.when (df.CompetitionOpenSinceYear > 1900,
F.greatest (F.1it (0), F.least(F.lit (360 *
2), F.datediff (df.Date, df.CompetitionOpenSince))))
.otherwise (0))
df = df.withColumn ('CompetitionMonthsOpen',
(df .CompetitionDaysOpen / 30) .cast(T.IntegerType()))
# Days & weeks of promotion, cap to 25 weeks.
df = df.withColumn ('Promo2Since’',
F.expr('date add(format string("%s-01-01",
Promo2SinceYear), (cast (Promo2SinceWeek as int) - 1) * 7)"'))
df = df.withColumn ('Promo2Days',
F.when (df.Promo2SinceYear > 1900,
F.greatest (F.1it (0), F.least(F.lit (25 *
7), F.datediff (df.Date, df.Promo2Since))))
.otherwise (0))
df = df.withColumn ('Promo2Weeks', (df.Promo2Days /
7) .cast (T.IntegerType()))
# Check that we did not lose any rows through inner joins.
assert num rows == df.count(), 'lost rows in joins'
return df
def build vocabulary(df, cols):
vocab = {}
for col in cols:
values = [r[0] for r in df.select(col) .distinct () .collect ()]
col type = type([x for x in values if x is not None] [0])
default value = col type ()
vocab[col] = sorted(values, key=lambda x: x or default value)
return vocab
def cast columns (df, cols):
for col in cols:
df = df.withColumn (col,
F.coalesce(df[col].cast(T.FloatType()), F.1it(0.0)))
return df
def lookup columns (df, vocab):
def lookup (mapping) :



def fn(v) :
return mapping.index (v)
return F.udf (fn, returnType=T.IntegerType ())
for col, mapping in vocab.items () :
df = df.withColumn (col, lookup (mapping) (df[col]))
return df
if args.sample rate:
train csv = train csv.sample (withReplacement=False,
fraction=args.sample rate)
test csv = test csv.sample (withReplacement=False,
fraction=args.sample rate)
# Prepare data frames from CSV files.
train df = prepare df(train csv) .cache ()
test df = prepare df (test csv).cache ()
# Add elapsed times from holidays & promos, the data spanning training
& test datasets.
elapsed cols = ['Promo', 'StateHoliday', 'SchoolHoliday']
elapsed = add elapsed(train df.select('Date', 'Store', *elapsed cols)
.unionAll (test df.select ('Date', 'Store',
*elapsed cols)),
elapsed cols)
# Join with elapsed times.
train df = train df \

.jJoin (elapsed, ['Date', 'Store']l) \
.select(train df['*'], *[prefix + col for prefix in ['Before',
'"After'] for col in elapsed cols])
test df = test df \
.join(elapsed, ['Date', 'Store']) \

.select (test df['*'], *[prefix + col for prefix in ['Before',
'After'] for col in elapsed cols])
# Filter out zero sales.
train df = train df.filter(train df.Sales > 0)

print ('Prepared data frame')
print ('==s=================")
train df.show ()
categorical cols = [
'Store', 'State', 'DayOfWeek', 'Year', 'Month', 'Day', 'Week',
'CompetitionMonthsOpen', 'Promo2Weeks', 'StoreType',
'Assortment', 'PromoInterval', 'CompetitionOpenSinceYear',
'"Promo2SinceYear', 'Events', 'Promo',
'StateHoliday', 'SchoolHoliday'
]
continuous cols = |
'CompetitionDistance', 'Max TemperatureC',6 'Mean TemperatureC',
'Min TemperatureC', 'Max Humidity',
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'Mean Humidity', 'Min Humidity', 'Max Wind SpeedKm h',

'Mean Wind SpeedKm h', 'CloudCover', 'trend', 'trend de',

'BeforePromo', 'AfterPromo', 'AfterStateHoliday',

'BeforeStateHoliday', 'BeforeSchoolHoliday', 'AfterSchoolHoliday'

]

all cols = categorical cols + continuous cols

# Select features.

train df = train df.select(*(all cols + ['Sales', 'Date'])).cache()
test df = test df.select(*(all cols + ['Id', 'Date'])) .cache()

# Build vocabulary of categorical columns.
vocab = build vocabulary(train df.select (*categorical cols)

.unionAll (test df.select (*categorical cols)) .cache(),

set

one

categorical cols)
# Cast continuous columns to float & lookup categorical columns.

train df = cast columns(train df, continuous cols + ['Sales'])
train df = lookup columns (train df, vocab)
test df = cast columns(test df, continuous cols)

test df = lookup columns (test df, vocab)

# Split into training & validation.

# Test set is in 2015, use the same period in 2014 from the training
as a validation set.

test min date = test df.agg(F.min(test df.Date)).collect () [0][0]
test max date = test df.agg(F.max(test df.Date)).collect() [0][0]

one year = datetime.timedelta (365)

train df = train df.withColumn('Validation',
(train df.Date > test min date -
year) & (train df.Date <= test max date - one year))

# Determine max Sales number.
max sales = train df.agg(F.max(train df.Sales)).collect () [0][O]
# Convert Sales to log domain
train df = train df.withColumn('Sales', F.log(train df.Sales))

print ('Data frame with transformed columns')
prj_nt ( ! e | )
train df.show ()

print ('================")

print ('Data frame sizes')

print ('================")

train rows = train df.filter (~train df.Validation) .count ()
val rows = train df.filter(train df.Validation) .count ()
test rows = test df.count ()

print ('Training: %d' % train rows)
o

print ('Validation: %d' % val rows)
print ('Test: %d' % test rows)



# MODEL TRAINING #

print ('Model training')
print ('s=s============")
def exp rmspe(y true, y pred):
"""Competition evaluation metric, expects logarithic inputs."""
pct = tf.square((tf.exp(y true) - tf.exp(y pred)) /
tf.exp(y true))
# Compute mean excluding stores with zero denominator.
x = tf.reduce sum(tf.where(y true > 0.001, pct,
tf.zeros like (pct)))
y = tf.reduce sum(tf.where(y true > 0.001, tf.ones like(pct),
tf.zeros like(pct)))
return tf.sqgrt(x / y)
def act sigmoid scaled(x):
"""Sigmoid scaled to logarithm of maximum sales scaled by 20%."""
return tf.nn.sigmoid(x) * tf.math.log(max sales) * 1.2
CUSTOM OBJECTS = {'exp rmspe': exp rmspe,
'act sigmoid scaled': act sigmoid scaled}
# Disable GPUs when building the model to prevent memory leaks
if LooseVersion(tf. version ) >= LooseVersion('2.0.0'):
# See https://github.com/tensorflow/tensorflow/issues/33168
OS.enViron['CUDA_VISIBLE_DEVICES'] = '-1"

else:

K.set session(tf.Session(config=tf.ConfigProto (device count={'GPU': 0})))
# Build the model.
inputs = {col: Input (shape=(1,), name=col) for col in all cols}
embeddings = [Embedding(len(vocab[col]), 10, input length=1,
name='emb ' + col) (inputs[col])

for col in categorical cols]

continuous bn = Concatenate() ([Reshape((l, 1), name='reshape ' +
col) (inputs[col])
for col in continuous cols])

continuous bn = BatchNormalization () (continuous bn)
x = Concatenate () (embeddings + [continuous bn])
x = Flatten () (x)

x = Dense (1000, activation='relu',

kernel regularizer=tf.keras.regularizers.12(0.00005)) (x)
x = Dense (1000, activation='relu',

kernel regularizer=tf.keras.regularizers.12(0.00005)) (x)

x = Dense (1000, activation='relu',

kernel regularizer=tf.keras.regularizers.12(0.00005)) (x)
x = Dense (500, activation='relu',

kernel regularizer=tf.keras.regularizers.12(0.00005)) (x)
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x = Dropout (0.5) (x)
output = Dense(l, activation=act sigmoid scaled) (x)
model = tf.keras.Model ([inputs[f] for f in all cols], output)
model . summary ()
opt = tf.keras.optimizers.Adam(lr=args.learning rate, epsilon=le-3)
# Checkpoint callback to specify options for the returned Keras model
ckpt callback = BestModelCheckpoint (monitor='val loss', mode='auto',
save freg='epoch')
# Horovod: run training.
store = Store.create(args.work dir)
backend = SparkBackend (num proc=args.num proc,
stdout=sys.stdout, stderr=sys.stderr,
prefix output with timestamp=True)
keras estimator = hvd.KerasEstimator (backend=backend,
store=store,
model=model,
optimizer=opt,
loss="'mae',
metrics=[exp rmspe],
custom objects=CUSTOM OBJECTS,
feature cols=all cols,
label cols=['Sales'],
validation='Validation',
batch size=args.batch size,
epochs=args.epochs,

verbose=2,

checkpoint callback=ckpt callback)
keras model =
keras estimator.fit (train df).setOutputCols(['Sales output'])
history = keras model.getHistory ()
best val rmspe = min(history['val exp rmspe'])
print ('Best RMSPE: %f' % best val rmspe)
# Save the trained model.
keras model.save (args.local checkpoint file)

o)

print ('"Written checkpoint to %s' % args.local checkpoint file)

f e
# FINAL PREDICTION #
# S e #
pril’lt ( -~ )

print ('Final prediction')

print ('=====s===========")

pred df=keras model.transform(test df)

pred df.printSchema ()

pred df.show(5)

# Convert from log domain to real Sales numbers



pred df=pred df.withColumn('Sales pred', F.exp(pred df.Sales output))
submission df = pred df.select (pred df.Id.cast(T.IntegerType()),
pred df.Sales pred) .toPandas()
submission df.sort values (by=['Id']).to csv(args.local submission csv,
index=False)

print ('Saved predictions to %s' % args.local submission csv)
spark.stop ()

BZEREZE run classification criteo spark.py?®

import tempfile, string, random, os, uuid

import argparse, datetime, sys, shutil

import csv

import numpy as np

from sklearn.model selection import train test split

from tensorflow.keras.callbacks import EarlyStopping

from pyspark import SparkContext

from pyspark.sqgl import SparkSession, SQLContext, Row, DataFrame
from pyspark.mllib import linalg as mllib linalg

from pyspark.mllib.linalg import SparseVector as mllibSparseVector
from pyspark.mllib.linalg import VectorUDT as mllibVectorUDT

from pyspark.mllib.linalg import Vector as mllibVector, Vectors as
mllibVectors

from pyspark.mllib.regression import LabeledPoint

from pyspark.mllib.classification import LogisticRegressionWithSGD
from pyspark.ml import linalg as ml linalg

from pyspark.ml.linalg import VectorUDT as mlVectorUDT

from pyspark.ml.linalg import SparseVector as mlSparseVector

from pyspark.ml.linalg import Vector as mlVector, Vectors as mlVectors
from pyspark.ml.classification import LogisticRegression

from pyspark.ml.feature import OneHotEncoder

from math import log

from math import exp # exp(-t) = e”-t

from operator import add

from pyspark.sqgl.functions import udf, split, 1lit

from pyspark.sgl.functions import size, sum as sglsum

import pyspark.sqgl.functions as F

import pyspark.sqgl.types as T

from pyspark.sqgl.types import ArrayType, StructType, StructField,
LongType, StringType, IntegerType, FloatType

from pyspark.sqgl.functions import explode, col, log, when

from collections import defaultdict

import pandas as pd

import pyspark.pandas as ps

from sklearn.metrics import log loss, roc auc score
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from sklearn.model selection import train test split
from sklearn.preprocessing import LabelEncoder, MinMaxScaler
from deepctr.models import DeepFM
from deepctr.feature column import SparseFeat, DenseFeat,
get feature names
spark = SparkSession.builder \
.master ("yarn") \
.appName ("deep ctr classification") \
.config("spark.jars.packages", "io.github.ravwojdyla:spark-schema-
utils 2.12:0.1.0") \

.config("spark.executor.cores", "1") \
.config('spark.executor.memory', '5gb') \
.config('spark.executor.memoryOverhead', '1500') \
.config('spark.driver.memoryOverhead', '1500') \
.config("spark.sqgl.shuffle.partitions", "480") \
.config("spark.sgl.execution.arrow.enabled", "true") \
.config("spark.driver.maxResultSize", "50gb") \
.getOrCreate ()

# spark.conf.set ("spark.sqgl.execution.arrow.enabled", "true") # deprecated

print ("Apache Spark version:")

print (spark.version)

sc = spark.sparkContext

sglContext = SQLContext (sc)

parser = argparse.ArgumentParser (description='Spark DCN CTR Prediction

Example',

formatter class=argparse.ArgumentDefaultsHelpFormatter)
parser.add argument ('--data-dir', default='file://' + os.getcwd(),
help='location of data on local filesystem (prefixed

with file://) or on HDFS')
def process input file(file name, sparse feat, dense feat):

# Need this preprocessing to turn Criteo raw file into CSV:

print ("START processing input file...")

# only convert the file ONCE

# sample = open(file name)

# sample = '\n'.join([str(x.replace('\n', '').replace('\t', ','")) for
X 1in sample])

# # Add header in data file and save as CSV

# header = ','.join(str(x) for x in (['label'] + dense feat +
sparse feat))

# with open('/sparkdemo/tr-4570-data/ctr train.csv', mode='w',

encoding="utf-8") as f:
# f.write (header + '\n' + sample)
# f.close ()
# print ("Raw training file processed and saved as CSV: ", f.name)
raw df = sglContext.read.option("header", True).csv(file name)



raw_df.show (5, False)

raw_df.printSchema ()

# convert columns Il to I1l3 from string to integers

conv_df = raw df.select(col('label') .cast ("double"),

*(col (i) .cast("float") .alias (i) for i in
raw _df.columns if i in dense feat),
*(col(c) for c in raw df.columns if c¢ in

sparse feat))

print ("Schema of raw df with integer columns type changed:")

conv_df.printSchema ()

# result pdf = conv df.select("*").toPandas ()

tmp df = conv _df.na.fill (0, dense feat)

result df = tmp df.na.fill('-1', sparse feat)

result df.show ()

return result df
if name == " main ":

args = parser.parse_args ()

# Pandas read CSV

# data = pd.read csv('$s/criteo sample.txt' % args.data dir)

# print ("Obtained Pandas df.")

dense features = ['I' + str(i) for i in range(l, 14)]

sparse features = ['C' + str(i) for 1 in range(l, 27)]

# Spark read CSV

# process input file('%s/train.txt' % args.data dir, sparse features,
dense features) # run only ONCE

spark df = process input file('%s/data.txt' % args.data dir,
sparse features, dense features) # sample data

# spark df = process input file('$s/ctr train.csv' % args.data dir,
sparse features, dense features)

print ("Obtained Spark df and filled in missing features.")

data = spark df

# Pandas

#data[sparse features] = data[sparse features].fillna('-1"', )
#data[dense features] = data[dense features].fillna(0, )

target = ['label']

label npa = data.select ("label") .toPandas () .to numpy ()

print ("label numPy array has length = ", len(label npa)) # 45,840,617

w/ 11GB dataset

label npa.ravel ()

label npa.reshape (len(label npa), )

# 1.Label Encoding for sparse features,and do simple Transformation
for dense features

print ("Before LabelEncoder () :")

data.printSchema () # label: float (nullable = true)

for feat in sparse features:

lbe = LabelEncoder ()
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tmp pdf = data.select (feat) .toPandas () .to numpy ()
tmp ndarray = lbe.fit transform(tmp pdf)
print ("After LabelEncoder (), tmp ndarray[0] =", tmp ndarrayl[0])
# print ("Data tmp PDF after lbe transformation, the output ndarray
has length = ", len(tmp ndarray)) # 45,840,617 for 11GB dataset
tmp ndarray.ravel ()
tmp ndarray.reshape (len(tmp ndarray), )
out ndarray = np.column stack([label npa, tmp ndarray])
pdf = pd.DataFrame (out ndarray, columns=['label',6 feat])
s _df = spark.createDataFrame (pdf)
s _df.printSchema () # label: double (nullable = true)
print ("Before joining data df with s df, s df example rows:")
s _df.show(l, False)
data = data.drop(feat).join(s df, 'label').drop('label')
print ("After LabelEncoder (), data df example rows:")
data.show(l, False)
print ("Finished processing sparse features: ", feat)
print ("Data DF after label encoding: ")
data.show ()
data.printSchema ()
mms = MinMaxScaler (feature range=(0, 1))

# data[dense features] = mms.fit transform(datal[dense features]) # for
Pandas df
tmp pdf = data.select (dense features) .toPandas () .to numpy ()

tmp ndarray = mms.fit transform(tmp pdf)

tmp ndarray.ravel ()

tmp ndarray.reshape (len (tmp ndarray), len(tmp ndarray[0]))
out ndarray = np.column stack([label npa, tmp ndarray])

pdf = pd.DataFrame (out ndarray, columns=['label'] + dense features)
s _df = spark.createDataFrame (pdf)

s_df.printSchema ()

data.drop (*dense features) .join(s_df, 'label').drop('label')
print ("Finished processing dense features: ", dense features)
print ("Data DF after MinMaxScaler: ")

data.show ()

# 2.count #unique features for each sparse field,and record dense
feature field name

fixlen feature columns = [SparseFeat (feat,
vocabulary size=data.select (feat) .distinct().count() + 1, embedding dim=4)
for i, feat in enumerate (sparse features)] +
\
[DenseFeat (feat, 1, ) for feat in

dense features]
dnn feature columns = fixlen feature columns

linear feature columns = fixlen feature columns



feature names = get feature names(linear feature columns +
dnn feature columns)

# 3.generate input data for model

# train, test = train test split(data.toPandas(), test size=0.2,
random state=2020) # Pandas; might hang for 11GB data

train, test = data.randomSplit (weights=[0.8, 0.2], seed=200)

print ("Training dataset size = ", train.count())

print ("Testing dataset size = ", test.count())

# Pandas:

# train model input = {name: train[name] for name in feature names}
# test model input = {name: test[name] for name in feature names}

# Spark DF:

train model input = {}

test model input = {}
for name in feature names:

if name.startswith('I"'):

tr pdf = train.select (name) .toPandas ()
train model input[name] = pd.to numeric(tr pdf[name])
ts pdf = test.select (name) .toPandas ()
test model input[name] = pd.to numeric(ts pdf [name])

# 4.Define Model, train,predict and evaluate

model = DeepFM(linear feature columns, dnn feature columns,
task="'binary"')

model.compile ("adam", "binary crossentropy",

metrics=['binary crossentropy'], )

lb pdf = train.select (target) .toPandas ()

history = model.fit (train model input,
pd.to numeric(lb pdf['label']) .values,

batch size=256, epochs=10, verbose=2,

validation split=0.2, )

pred ans = model.predict (test model input, batch size=256)

print ("test LogLoss",
round (log loss(pd.to numeric (test.select (target) .toPandas()) .values,
pred ans), 4))

print ("test AUC",
round (roc_auc_ score (pd.to numeric(test.select (target) .toPandas()) .values,
pred ans), 4))
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