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Big data is getting hot in recent years. Quite often, folks ask why big data
is a big deal. We are in the era of data explosion, with the emergence of
smart phones,tablets, wearables, IoT devices, etc. Ninety percent of the
data in the world today was generated in just the past two years. By 2020,
we will see >50B devices connected and Zeta byte data created. It is not
the quantity of the data that is revolutionary. It is that we can now do
something with it that's revolutionary. The power of big data solutions is
they can process large and complex data sets very fast, generate better and
faster insights than conventional methods.

A big data solution suite can consist of several critical components, from
the hardware layer like storage, compute and network, to data processing
engine, to analytics layer where business insights are generated using
improved statistical & computational algorithms and data visualization.
Among all, the data processing engine is one most critical player. It is not
overstating that the data processing engine for big data is like CPU for a
computer or brain for a human being.

Spark was initially started for the purpose of creating a big data processing
and computing framework, when Matei Zaharia was doing his Ph.D.
research at UC Berkeley AMPLab in 2009. Different from the traditional
data processing framework, Spark's in-memory primitives provide
performance up to 100 times faster for certain applications. By allowing
user programs to load data into a cluster's memory and query it repeatedly,
Spark is well-suited for big data and machine learning use cases. Spark is
becoming one best adopted among all big data modules. Big Data
Distributions like Cloudera, MapR now all include Spark into their
distributions.

Spark is now evolving the Hadoop and big data ecosystem to better
support the end-to-end big data analytics needs, e.g. Spark grew beyond
Spark core to Spark streaming, SQL, MLIib, GraphX, SparkR, etc.
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Learning Spark and its internals will not just help improve the processing
speed for big data, but also help developers and data scientists create
analytics applications with more ease. With big data solutions like Spark,
we expect to see significant improvement with business insights which
will help expedite the decision making—Ilike we've never seen before,
from enterprise, healthcare, transportation, and retail.

Over the years, my organization had the opportunities to work with authors
of this book, contribute to Apache Spark, and optimize various Big Data
and Spark application on Intel Architecture. The publication of Learning
Spark offers developers and data scientists'extensive knowledge on Spark.
Moreover, Learning Spark does not simply try to tell the developers how
to use Spark, it also addresses the internals and shows various examples of
how to improve your big data applications. I recommend Learning Spark
—that this book, and, more specifically, the method it espouses, will
change your big data application for the better.

Ziya Ma, General Manager of the global Big Data Technologies
organization,

SSG STO, Intel Corp.

Santa Clara, California, July 2015
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Professional. Microsoft Press. Sams. Que. Peachpit Press. Focal
Press. Cisco Press. John Wiley & Sons. Syngress. Morgan
Kaufmann. IBM Redbooks. Packt. Adobe Press. FT Press. Apress.
Manning. New Riders. McGraw-Hill. Jones & Bartlett. Course

Technology PAJ A L5 H ik i) B TR S5 )1 AN IE X
%?%%%ﬁo%T%ﬁﬁm&MQQMw%E%%%,ﬁmML
AR
TRAE AR B P-4 A ] RS 25t A
S

O'Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472
i

AL ST VU IR X PH LT B KT 2 5 i K C i 807 =
(100035)

BORMHOAR EW (b AIRA A

O'Reilly HIEF—ARPBHA L BM I, FRa] DR LI B A A BRI FHRAE
B, AREERE . RIS B ARG R . A M bbbl .

http://bit.ly/web_dev_node_express
X FAFRIPFRAMBOARNE R R, 15 505 f 1 B2«

bookquestions@oreilly.com.

BT RTE L OReilly B, B, SUCREHIOEE, 1570
R

http://www.oreilly.com
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FAIHE Facebook HIHBAEANR: http:/facebook.com/oreilly
B RIEFRATAT Twitter 2175 :  http://twitter.com/oreillymedia

FATHI YouTube MAIMHELT T http://www.youtube.com/oreillymedia

Hg

J& it Joseph Bradley. Dave Bridgeland. Chaz Chandler. Mick

Davies. Sam DeHority. Vida Ha. Andrew Gal. Michael Gregson. Jan
Joeppen. Stephan Jou. Jeff Martinez. Josh Mahonin. Andrew Or.
Mike Patterson. Josh Rosen. Bruce Szalwinski. Xiangrui Meng. Reza

Zadeh 25 [, MATAABREERE T ESER,

¢ ) /85T David Andrzejewski. David Buttler. Juliet Hougland. Marek
Kolodziej. Taka Shinagawa. Deborah Siegel. Normen Miiller & 1.
Ali Ghodsi+ Sameer Farooqui %5 N\, A1 KH 0 &AL 74011
A, I HFEBRH 7TV 2 R OCE BRI Ak

PATEE RN S 5qmEME SR BTN EE LK. 5 10 BRAEIR
fi15 Tathagata Das '8 % & 1E T LR 58 . Tathagata 45 7 FATE
KIFE B, AR TAETE EARRT BRG] BIEFSER . SRR LA
KAAFRF AR K D1#k . Michael Armbrust #5 BhF A5 1 1 Spark SQL #H
KEN . £ 11 i, Joseph Bradley Jy MLIib AL T /2 IR
. Reza Zadeh Jy7<T FE4EE - F2 it 1 BISCHGR A AL 7= 191 o
Xiangrui Meng. Joseph Bradley /! Reza Zadeh t# 5 MLIib & 52t |
2 AT < T AR 4 1 B S At
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¥ 1% Spark FED TS0

KB NEMMAEAE Spark 2K A4 WERIRT XS Spark FAH
KA —E THE, VRATLOEFEEZENE 2 BEIFIETL.

1.1 SparkZft4
Spark #&—~H SR SEEL e i A R E R S

TEIEREE 710, Spark & 1) 328 B ) MapReduce 115818, 1y H&
WS R 2 TF A, BT EAERAG AR, AT R
PREERS, R AER HEN . EEPURE M AE AT Lk 47 A8 B U
HARERE, B WIRA TR 7R 2S5 P 2 20 . Spark
) —A B AU RE S N AR AT R, BRI SRR, AN R 2
IRAERERL FATIE 42 5, Spark kK #R Eb MapReduce 55 %%

S BIRA, Spark JE& F 25 F o AR TR e 5 22 22 A AN [R) 0 90 A 50T 5 R
Wst, WFEALAEE. AL, s EAER. R, BEE G
—HIAEZE T SRR AN A (1155, Spark (58 FRATTRT DA fij B2 i (G R A
FH AR R A e . MTIXFEIALE, PR B 0 prid f
FEARA B AL, Spark HIIXRMRFEIE KRR 1 RS /2
U =R K= EZ I REER

Spark TRt R FE . By 7 i&4t5 T Python. Java. Scala A
SQL Hfa] 5 55 IR APT LK N B = & B FP 2 LA, Spark I BEAN
HAth KEHE THEZYIRC & . a1, Spark 7] PLiz {7 7E Hadoop £
B L, 15REFE Cassandra £ N 4L & Hadoop Z#E i .

1.2 — PR —GHE R

Spark 1 H & 2N KB ERKII A . Spark %L — M HIEZ
THRAT S AR AT 2D TAENLES B 2 — M AR LN
AT o & LRI 51 2. BT Spark HIR% 0 51 26 E E
FE BRI P PR o5, DRI Spark 3 S 35 9 &% M 8] B 4 5 T 1
PIE A, tein SQL FMls 5% 2155, X Aok R %) HomT BA
PR, XFEREE AT CAMEAE - A o H A AR 7 2R RE, dHE
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il X e A1

F ARV & RO X LML R . BI5GB AT
HIRE P R AT i AR AP T AR B et 3k et . ELln, =4 Spark #Y
oL gl B I N T — A, SQL ML 7 S A2 Fr FE S e H 3
PRAFPERESRT . HAOR, 1B T BRI AN T . AFHEEBITS
10 BB RS T, D R FEIET B4R GH
i, XERNMEIERFREE . 4u5. Wl X% . XWEWE
Spark B AR H BEE I0— AN BT At {8 Spark BN A RE S ik
BN R A o X0 e 22— o B HdE 70 i RGP R E T
By HBE IR R IE B AR 1 R R ETT
Spark.

e, EUIAGHRER)— RIS, BATRES I g B & A
Al AL B N H o #4n, A Spark, ARATRALE—AN N H A SETLRE
et i b BRI PLAS 22 S Rk T SE 3. HIEFERS, HdE o)
S el LGl SQL seif B 2s R, Lk i 5 4RSS f 1L i
H ST R AR . AN, 5450 1 Bds TR i A B Bl o
AT LUl Python shell SRy i) iX S5 %#s,  2E4T RIS 70 A HAb A
B ] DU I R A BN U5 R X S8l . 1T IR IR 28 w5 24k
BRG],

Spark I NI 1-1 P, BRI A 4 e AT

Spark SQL Spark MLib GraghX
A B R Streaming B2 2] L
- LhHR
Spark Core
P ST R BE A% YARN Mesos

% 1-1: Spark 4%
1.2.1 Spark Core

Spark Core SEHL | Spark HIZEAThAE, QSRS A NAE R, &5
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ERE . 51E RS B, Spark Core HIA & T X g ME 4 A
AEPE L (resilient distributed dataset, f&j#kK RDD) f£] API & X,
RDD TR e 2 M E S BT L TEER R4S, /& Spark
FEMgFERI SR . Spark Core &t T A @ FHAF X EE ST 2
API,

1.2.2 Spark SQL

Spark SQL /& Spark H KA E b Bl AR P Al J83d Spark
SQL, AT LA SQL 5 Apache Hive A SQL /7 5

(HQL) kK& WE s, Spark SQL > #¢ 2 P& sk, Ll Hive K.
Parquet A /% JSON %§. & 1N Spark &4t T —4> SQL #, Spark
SQL I R # 4 SQL AL S 1) RDD gt ) £ 4 4 F 77 A 4
&, AwAfEH Python. Java i /& Scala, F /&3 & AT LATE BN Y
R [EINE R SQL A kI E i /rAfr . il 5 Spark Prig =2
TF RIS BT an i K 4k A, Spark SQL £3 DLN AL TR A &
JE T B A Ji#5im tH . Spark SQL #&7E Spark 1.0 H145] A,

£ Spark SQL ZHI, MM K EAR e )50 18 8 2 22 2 2 Apache Hive
DI HZ AT 78 Spark b, I35 H AYA{E Shark. HLFE, T Spark
SQL 5 Spark 51#H0 API 1456 B %%, Shark CL& 4 Spark SQL it
AR

1.2.3 Spark Streaming

Spark Streaming #& Spark $2 {0 SEI B dE g AT I At AR, L
WA =BT ) TR S5 4 H &, BGR 2S IR SS h P 3R 28 BIRAES B
PrAARE BN, #EEEL. Spark Streaming At 1 H SR ERVERL
P API, FfH5 Spark Core Hf#) RDD API =i X N o XA —

K, FERP G950 T TREAS LLRRAG, A8 2 1A N 17 5l
B e, R E S R, R REE RN B . MWIKE
WKk%E, Spark Streaming S £F5 Spark Core [F 25 5T FFid
N0 NI A G

1.2.4 MLIib
Spark HIA & — N RMLE WEIHLES ) (ML) ThEERIREF 2E, W4E
MLIlib. MLIib &4t TR Z bl as 2= I &k, BHES2E. BIH, F

He ORI PESE, IESRAL TRV . BdE S NSRS SRR D RE .
MLIib & fft 17— IR bl e S J1iE, AR —MNEAH KB E T
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%ﬁl‘:@cﬁ&o I X BT AR i Ty T AR SRR A b 4 (1) 2R

1.2.5 GraphX

GraphX J& HSRE/EE (bt SZ S IR S R IED BRI, 7]
PLBEAT IRAT OG5 . 5 Spark Streaming Al Spark SQL Z51LL,
GraphX t13 J& T Spark /] RDD API, A& Az — T S A #
TEERERA K. GraphX b SCRE N B SFElE CEeanidtaT
7 #IH) subgraph F3EAERTA TS K mapVertices) , PAA—L8
W EEE (L PageRank A1 =fA1H40

1.2.6 ZERFEHAS

SURIZE S, Spark Wit A s BHAE — MR B8 Tt &
WRZ ARG . N T SEILX R R, RN SR A R RIS,
Spark S FFESFHEREE H A (cluster manager) [ig{T, B35
Hadoop YARN. Apache Mesos, VA Spark H 7 ) —M8 2 T B 4%,
MAVESRST I P 2% o A SR EAE WA TR AR AT AR A B ML A% b 22
Spark, 4 Spark H 5 ML ELR AT LLEREBEMANTT; MR
24F | — %% Hadoop YARN 5§ Mesos [15E#F, 1@id Spark XJix £k
SERFE AR SR, RN B FIFEREIGAT IR LR E. 207 B
TEAR I IX B8 AN 5] (R 126 T DA K e aze 5 6k (R AR A A F o

1.3 Spark] H P F1H &

Spark & — M TEMFERERTHRENESR, By &M &R
NHRER o RS P RAGEE] T AR H b3 E N A fs
FALTREN o AF AR T IX P TEAR DL R AR AT A Spark (197730, AT
ANHER DX AR ] Spark (1) 388 FI 9 I AN —E, AN HATAT A
XL B R B0 P SS—— e A3 2 B FH AN ol b 2N H o

2R, IR TR A AR 2l 7 BB . AR 2 At 5 28
FHEF TREIMRIRE /T, A7 AR s A 22 5K A b AT ik 7,
SNIGTE S — AR TR, A s SRR . AEE
FE, PR X P R ATAR L F B AR A S

1.3.1  HER AT S
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A 2% U B I E R, R R E s . R
AT E S ABRATVOEIE R K (data scientist) 5t 2 &
o o B R RN . BIER G e R & SQL. Giit. Tl
MR (FLEs2=2]) FEHFmHMER, LLL— @R Python. Matlab
B RAG ST WAL RE T o KB 5 9 58 77 (8 A FOUL S (1) 4%
X, EFE RN ESE# (data wrangling) , FERFEFR BXTX T
FEFR DL EFCARF T T f#

BlE A2 A AT B RER A 8, DA IRI A i) R 0 — Sy £
M. AT TARRE S 2 F BRI 34, Bir DAABATT ] DUASE A 52 B X
shell £ A % N R L, IXHF ] DUTE e RIS [8] A 75 380 2 ) A
—LEfR D H)IB AT 45 R . Spark FTEEE DL A 8] B 1K) APT R BEAE X Al
?%E%Wﬁ%,ﬁ8m¢W@%ﬁ$§%i%&@%ﬁ%ﬁ%%%
1% .

Spark 1L — RINHAF L FrE M EE R 22155 . Spark shell JH 1§21t
Python A Scala f32 11, A8 FRAT 5 (8 Hiuidk 47 58 B 2084 7041 Spark
SQL it — AL ) SQL shell, F&ATTAT PAZEIXAS shell H1# ] SQL
WRESE, Wn] LB bR Spark 727 5# Spark shell K#E4T SQL
T, Hlase I AEHE A E Tt MLLb 127 FER A S /. B4k,
Spark LB FF I A R 83 Matlab 5 /MBI TP . B Rl =K AEAH
H R 8% Pandas %545 8 805 341 T BB e AL PR A B0 A 32 [R T 5
B, A J Spark, 5tAEALER S IR AR I n) @1

FERIIE IR R BL e, Bl R o 0 DA 2 N B sebr . F
PRI LY N I ZhRE . SR =N A E T, FRERR A P 3R 53t
TECE, (OIS N I E)— 385 B, FEEERHA 2K 58 )R
HIbt g, JATATREm A 28— AP S U HERE R 4G, AL
BAEMTIN T, R . —BORU, R RS
R AR R AL D9 SRR A 7= rh (0 N B A 52 v 59 A B R i el TR i
AIBRFE BT, AN AR L H B 2 K

1.3.2  ZdE AL EE N A

Spark {105 F BB AE R TR, fEE, Rl e TR
SUJ T Spark FF 42 2R PEBR B 0 M b F PR 0 BOPEF A .
TERE — R AR TR R, e B Ok LU
LU, A A A TS5, I E AR TR AR
SRV RIER BT RS, LLSELILZ 1.
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Xt TRENORE, Spark NI A TEEREIATHAT R H2 4L 1 — 2% 4
oo WL ER, Spark ANFy EIF A SITEMTE A ARG LWL
PR R R, R 2 RV B AR P A5 L. Spark 4
AN LRETSR AL A8 )45 CORPUR SCHLH WSS, DLW B HYEAT
WAL B EAIVERE AT . K API ARCHAL I RFIE (O TA% 34 0 A1 20 R
XGRS ISR R e AT T R DL R A AR KK fi AL o

Spark FH /7 2 It LA # Spark KIT RANATHI B A BN A, B2 KN
Spark #&fit | FEHIDIRE, B HFAMEH, I H AT E

1.4 Sparkf&j 5§

Spark 2 HH— ™ 9 K MG BRI AL X T R AN GESP 1), $1 X R T &
FENRATTFZ Z A RPN . W RARBE VR AT E LA A& 55— IR
# FH Spark, WFAREX%) Spark 1X /NI H 7 S8R . Spark & T
2009 FAEN— DT H E M KR A 01 RAD SE5 =
(AMPLab JHTE ) A4, SEE = i — LA 55 A g g il
Hadoop MapReduce. filifi]& ¥ MapReduce 7EiEMTHE AR it 5 1)
1155 L RIS HFAMT . Kk, Spark I\—FFiEHE & N3 B & H A
IEAREVR BT, (RIS Ib SRR AR 2 A s R 2R B AL

2009 4, XTI Spark MW FTIR SCAE AR W RS, A4 Spark T H
EREEAE . HEAA, MHEET MapReduce, Spark 7EH:26(F4% 224
RAF T 10 ~ 20 fEHHERETR T .

Spark # - H—#7 F P ok BN AR e 0 B Al 7L, Herp

tb 3% 44 ) Mobile Millennium. 1 AMLAs 22 S S it 550 H

ftb AT F Spark Sk 45 I F0000 1H <511 75 IX R A2 3l A G 0t . AN T

RIRLI — BN 8], VR 2 AMERHLA T AR/ Spark. 414>, F#d 50

APUFHR E Cus 2] 18 Spark B F1IK ULIH
Chttps://cwiki.apache.org/confluence/display/SPARK/Powered+By+Sparl

£ Spark 1 X 41K 4045 (41 X 3% 3)) Spark

Meetups Chttp://www.meetup.com/spark-users/) F Spark %2>
(http:/spark-summit.org/) ', VFZ ML K KA 73 ZAA 1R H

1] Spark N 375t BR 7NN RZFAR G042, Xt Spark A H DTk 1

FHENAJILH Databricks. g DA JL4F IR

2011 4, AMPLab JT4f%E T Spark JF & 8 @ EM4i:, thin
Shark (Spark b Hive) 1 1 Spark Streaming. i %647 41 H fth — &
H A — IR N AE TE A G o i TRk
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(BDAS, https://amplab.cs.berkeley.edu/software/) -

IShark .4 %% Spark SQL ATHEUA.

Spark £ F-7F 2010 4= 3 HHiE, JEHTE 2013 4 6 H324: T Apache
B42, BECLR T Apache FFIRIE 4G S TR INH .

1.5 Spark [ RRASH & AR

HHHILLAR, Spark @t —E & — N IEFIEERIIIIH, Spark £ [X 15
—HARFFEIERERNSHE . MERASHAKR L, Spark 10Tk
FHW5HEN, Spark 1.0 5] T 100 2N BT RS 5 k. RE
T H VG EREEAE KR T, Spark #F X AK SRR H A AR AT BT R AS
11525, 2014 &5 H, Spark 1.0 IEx kAT, AN 3 E 57 Spark
1.1.0 LR SRR . Ak, REZHMELEE AR Spark KA TE
., Rk ZHoRBItEE BT EE AT Spark L.

1.6 Sparkf (71 )= X

Spark AMY AT LLEAT AR Hadoop 734 SO0 R4t (HDFS) I SCAF e
HOR A R EE, Wn] DLSCRF At S FF Hadoop 21119 548, than
AHr . Wb S3. Cassandra. Hive. HBase 5. 4117 B iE
#E )2, Hadoop F19F Spark A ¥ 441F, Spark SCFHATASEZE T
Hadoop # 171 245 . Spark 327 Hadoop it A& AL FE AR L
4. SequenceFile. Avro. Parquet 2. FATSFES 5 WL R
fitg I R 20 U fe] 5 IX S B R YRk AT <2 L,
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https://amplab.cs.berkeley.edu/software/

% 2% Spark FT#( 5 AT

FEAREF, FAT2 T3 Spark FFAEARMB AT BVIEBITE. AFELE
25 Spark [T AR, XEAER A TR R SR E S — .
Spark A] LU Python. Java 5§ Scala kA 1. SR A BAFES

A G RE S YT, B S R B H R MR F TR IE A AR T
HA T AT REAE 7Bl b 25 4 il =D = B AAS .

LSpark 1.4.0 AN T R 155 .

Spark A& & H Scala 5], 1&1T/E Java BN OVM) L. ZAELR
) X B SR B 24T Spark, VREASAHERS TAF R 42 %235 Java 6 BUE
BT IRRAS . I SRR 22 4# ] Python #21, RIETE E—A4> Python fift
Fe88 (2.6 L EMRA) . Spark (478 % #F Python 3%,

2Spark 1.4.0 237 #F Python 3. — P& E

2.1 F#iSpark

8 Spark 55— 202 NEGAEE S . FRATTSE T BT it hi A 1)
Spark H45. 177 http://spark.apache.org/downloads.html, % $&f25HY
“A“Pre-built for Hadoop 2.4 and later” (25 Hadoop 2.4 A 587 h A Ti g
PEHIARA) , SR JE1%EEE“Direct Download” B 4% F#. XAEFRATHL AT LA
32— EZA) TAR 3, 304479 spark-1.2.0-bin-hadoop2.4.tgz.

g Windows F P Ui R4t Spark %25 27 A SIS, AT
RE2x i B —LLn) 8, B DLERATT 75 2L Spark 22235 2 AT 75 4% 1H)
%1, Hbin C\spark IXFERTH A

PRANTE B 22255 Hadoop, A aniRAREEAH 1 — Hadoop SEREE 2234
47 ) HDFS, 15 N#ON M RA K] Spark. 7R A EATE
http://spark.apache.org/downloads.html B iEFEFT 7 EEEA, X&
SECF AR A E AR . BT DLE BN B 1. IR
FILAM GitHub bR #ifcsr Ui, Ha] DAFE N8l Ee e
N“Source Code” (JFARAE) AT TEK.
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g KL H 2 Unix 248, 8+ OSX fl Linux, #A—/Y
tar P 24T LA, "TULRRMEE TAR CAF. W RIRIIHEAE &
SR % tar, WA R N IRE 9% 11 TAR i[548 T
H. tean, SRR P2 Windows, 7] PLA— T 7-Zip.

N T Spark 5, BAVERATHERSE, IR)EFE —FBRIAK Spark

RATH P AR St A o FT0F 0, R TAFRR 2562 401 Spark IS4
BETEN E X, KRG R M. XFES A8 — A ESE R 2 H
el 1 tgz JA A APHTCER . 5 N ORIATHHE TAR A 5% 21X A8 H
K NER BRIAA S 4. LimiX bRy LU AT a2 58 ke

cd ~

tar -xf spark-1.2.0-bin-hadoop2.4.tgz
cd spark-1.2.0-bin-hadoop2.4

1s

1E tar 2 FTER A —ATH, x b3ictaE tar 2 HATAf K 46 15
1B, £ hric4e € B9800 % . 1s &% T Spark HHHIA
Ko AVAKRANBE R —7F Spark H %A i) — L8 L 8 B ) Sk & H
K AER
e README.md
f0,E RN 1T Spark [ a7 5. )45 FH 150 B o

e bin

A7 ml LU SR AN Spark #E47 %R 07 S AE B 1 — R A A $AT 3L
P, AT 52 3F 21 Spark shell.

e core. streaming. python......
o G Spark¥il H 32 ZAHAF K IEACHD
e examples

f, 5 — LT A F ALE AT Spark F2F5, 2% =] Spark f{) API 3F
AR,

ANEER Spark T H R Je K SO RN 2% 1) B S 25 /e, AT 7E
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A8 T RIS IR EATR R K —#5 . BLHBERE, FA1iE
FEFEEREYE, Ze KX Spark [¥) Python F11 Scala fit 4[] shell. iEFRA]
MIZAT—28 Spark B4 FIRBIAAE TG, R BwE . HwmiFiHisir—
AN RATTH T 5 1) Spark 257

REFRATATA)—1), Spark # & fE A NigiT, WEt2dro4m

A, XERMNAFEMHB]— N4, Spark 1] LLEATE 2 Fif

AT, BRIV AHBER, EZFIEITE Mesos 8 YARN L, A Lliz

g%“t %Bfaﬂftﬁiﬁﬁ)iﬁ%ﬁﬁﬁjﬁﬁﬁﬁio WATSAES 7 SRR &
AR

2.2 SparkH ' PythonflScalaf]shell

Spark A 28 H.ACH shell, 7] LAVE RIS Eedfs 7B o an SRARAE A i 2846
R. Python. Scala Fr& L] shell, BiHE:fE RS shell ({541 Bash 5%
F Windows HF A2 FERAT) , IRHEXT Spark shell BER 2425
SR AN FAD shell THA—FERZ, 7EH A shell T H Ay A gEAEH
ML ARE 33 F0 N A7 R4 £, 17 Spark shell 7] H 2k 5 43 A SAFBAE
Z LA NAFBCE AL BT A B, I H A AR 4 K B
Spark H 3135 il 58 il o

Hi T Spark REMEAE TAE mi _BAEHER BRI N A+, AL 2 7040 =
THEHT CALE JLRD B 2 N SE R, WIRA & AR AR AE 1 J LA 5 i B A2 TB
FMNPI BRI A . XS — AR TR B AE shell W 5E B AR EE ST H 5
PRI R B M TS dE & & Spark. Spark #2fit Python LA & Scala
frIXEsE ARk shell, SCRFSEBERIZER.

g AR Z HoRBIAESF L 5 Spark LRI A 1E S Wi
A, AHRZAZH I shell #i3 A3t 7 Python #1 Scala A )7~
%o shell Xf 1% >] APL 2 dEH-AH O, BRI IRATE W 7
Python #1 Scala JAS 1 1 e — M7=, BMEIRZ Java
HFRFR AW, BT &MIEF 1) APL & FHL .

J&&75s Spark shell {38 A 2 &b e fif 81 7 VAl 2l HIZE A8 5 ) shell
VE—Lbfa B E s 0t o FeAT]— 2% B Spark B 7 U A B PRIE N
f8F4 (http:/spark.apache.org/docs/latest/quick-start.html) =7~ 1)K
3k
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%— 5 & T Spark shell. ZEF]FF Python it A Spark shell, 5t /&
FATTBT VLY PySpark Shell, #f ANARAET Spark H KR EHIA -

bin/pyspark

(f£ Windows F'Miz4T bin\pyspark. ) IR EFTIT Scala WA
shell, #iA:

bin/spark-shell

SRR, shell BURTERLE L. Shell AN, (REH BT L H &
R AR, TR RS U T, BT
RIS, RAGE) AN shell #5355 . [ 2-1 £ PySpark shell
JE BT HEIRET

Al 2-1: BN H EIE T 1) PySpark shell

WSS shell H%rH 1 H EAF Bk 2 i A5, v PLUAEE H &R
ol Rl S B E. RTEEAE conf HX MEIE—MH2N
log4j.properties ) RE I HEWE . Spark H &K E 124 1E Spark
IO T —HERE SRR, HAE logdj.properties.template .
FLUEHEHERAIF AR, 7T LIRS H B BRSO E ] —
#3 2 conf/log4j.properties SKAEN H & W B CAF, BT RKE M HIX—
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1T

log4j.rootCategory=INFO, console

R e BT T T € B H S0, R s ™ L E B

log4j.rootCategory=WARN, console

XIS EATIT shell, w2 F 250 H AR (B 2-2)

& 2-2: [FAKH &0 )5 1) PySpark shell

™

¥ A TPython

IPython & — %2 1% Python 18 F # = 5% [\ 1 58 i Python shell,
REfE e it B S5 H I IR . /R 7] LALE http:/ipython.org |
R ZHE Ui, REENEA & IPYTHON FMER A 1, IREEAT
LA IPython T

|IPYTHON=1 ./bin/pyspark
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ELAJ ] IPython Notebook, W2 Web hi[f] IPython, W LLiz
17

IPYTHON_OPTS="notebook" ./bin/pyspark

7 Windows I, 14 T HXMEXENETEHIEITm1T:

set IPYTHON=1
bin\pyspark

7E Spark H, FRATE XS 73 A0 S EIEEE A E R R EBA TR THE =
K, IXETHRE S B ERE D ITHT . X EE R s
A B (resilient distributed dataset) , f&i# RDD. RDD /&
Spark X 73 FEHE AT FE A S

FERRATHE FELI T 18 RDD 28I, SakAd A shell AL SCAR S AF 61 43
—~ RDD RAE—efai i B it . 151 2-1 /& Python WRIFIHIT,
2-2 & Scala il 1] .

] 2-1: Python 1T 4% it

>>> lines = sc.textFile("README.md") # fl##—4~4 N1lines/RDD

>>> lines.count() # %itRDDAKICEAHL
127

>>> lines.first() # X/RDDHFHE—JuE, L ZREADME.mdiIZE—A4T
u'# Apache Spark'

| 2-2: Scala 1TE( &1t

scala> val lines = sc.textFile("README.md") // @@ — 4 ~linesf{JRDD
lines: spark.RDD[String] = MappedRDD[...]

scala> lines.count() // SiiIRDDHHITLENEL
res@: Long = 127

scala> lines.first() // XMRDDHFMIFE— oK, tHHLZREADME.md)EE—A1T
resl: String = # Apache Spark
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FIR HAF— shell, #% Ctrl-D.

g AT RefE H S e S| T XFE—1TE S INFO
SparkUI: Started SparkUI at
http://[ipaddress]:4040. {RA]LAHX NMHHEDS 1A Spark H
5%@ BERTAESAMERFRSMER . AT 7 Frpir
AR 7

FEA 2-1 Ff5) 2-2 1, AFE: lines /& —> RDD, J& MURELIN 1) —
AU SCASCAE R R . BATT AT PAFEIX S RDD _EIgAT 2% Fi IF
T, EEangeit XA S P 1 e R B X L e SO AT
O, BEEEMB S AN IuR. AT SETHIRAR
RDD. fEMZHT, 1ERATSGACLEN AR 1 fi# Spark (AR

2.3 SparkiZ CoME& il

MR EH shell iB1T 7 AREIZE—EL Spark #2/7, &R %X} Spark %
FEVEEANEN TR T

M_EJZEKE, A Spark N HASH — N IXZ) #3527 (driver program)
RAFACERE LS FhIATEAE . RS2 P& NI main BT,
I HE TR ER A R, XX LA RN H 1A
KEEAE. FERTIH MG H, SCERIREN 4127 52 Spark shell 4< £,
PRI T E A N AR LS AT AR AT BL T .

UK Eh PRI — A SparkContext %t % )i Ia] Spark. X AN%FRAL
R HER ) —ANER: . shell B E&ABhEIE T —4
SparkContext X%, & — 1Mk sc A= FATA LLEI S 2-3
TR R sc SREE T HIZRAL,

5l 2-3: BHELE sc

>>> sc
<pyspark.context.SparkContext object at 0x1025b8f90>

—HA 1 SparkContext, {F#tn] LA ERAIE RDD. 7451 2-1 A48 2-
20, BATAR T sc.textFile() REIE— MUK TP 84T SOAR
) RDD. FATA] DATEIX Le4T BT A EeE, tEicount ().

38



EPATIXEERAE, WS feyr — BEEH 2 T4 (executor)
s BRI, WERFATESERE LIZAT count () #AF, AR A
DG AR R 7 AT H . T 3RATNIA R AR AL M EAT
Spark shell, KA I AR SAE RN 5 EHAT, EARRTBOREX A
shell 4% B S FRPEATIFATIIESE 0. B 2-3 J&or 1 Spark Uifd]
R EIETT,

TETA
AT A
L& |15
IRF R '
SparkContext

THET A
AT AF
£5&| | 1E5

/] 2-3: Spark 73 A A PAT I S AT

B e, WA IR 2 FRAEE R B0 APL, 0] LIS N R 8 47 e R 1
o bedn, ATRAETEIRANTE README 746, 57530k S0 oA 4 A
K5 BRI HIAT . LL“Python”iX /N Hia] A5, B ARACHD ands 2-

4 (Python fiiA<) A5 2-5 (Scala filiA~) Fias.

1] 2-4. Python WA Tiiik 1) 411

>>> lines = sc.textFile("README.md")
>>> pythonLines = lines.filter(lambda line: "Python" in line)

>>> pythonLines.first()
u'## Interactive Python Shell'

1l 2-5: Scala A7 1% 1) 1)
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scala> val lines = sc.textFile("README.md") // $I#&—/MlinesHJRDD
lines: spark.RDD[String] = MappedRDD[...]

scala> val pythonLines = lines.filter(line => line.contains("Python"))
pythonLines: spark.RDD[String] = FilteredRDDJ[...]

scala> pythonLines.first()
res@: String = ## Interactive Python Shell

7] Spark 1% 8 PR £

WRAR X 2-4 FO45 2-5 F1(] lambda B => EEAHME, AL
EEATEE N Python A Scala H & X BRI B T 5 7% 44K
FEIXSEiE S TP Spark B, R A]PLEHE L — MR, ARG
fORRE 4L 25 Spark. ELtinl, £ Python P A] DLIXAEAH]

def hasPython(line):
return "Python" in line

pythonLines = lines.filter(hasPython)

£ Java 117 Spark %1% B Bt PTATHY, (HAZAERLFMEDL T,
FATLZHE R HUE XONSEBL T Function #H)3E. ildn:

JavaRDD<String> pythonLines = lines.filter(
new Function<String, Boolean>() {
Boolean call(String line) { return line.contains("Python"); }

}
)5

Java 8 #2{it 7 2%l Python F1 Scala [) lambda #5575, FIH L
e — Ml X AR VR AR B4«

JavaRDD<String> pythonLines = lines.filter(line -> line.contains("Py

WATSAE 3.4 5 F IR AN HT 18 anA] 7] Spark 4% i bR £
R GRS B R4 A Spark APL, FRATTIE R AFARKN, Hisz
Spark API &7 [ 7 i AE T8 filter IXFEEE T BB R E B2
ERERE FIFATHAT . a2, Spark 2 B3 RE (bl
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line.contains("Python")) &KZ|&AMHATARTT A L. X, IREL
AP — R R sh s g As, JF HAMIS H BB T E S AT A
. %3 #maPEgiEE RDD API.

2.4 A7 N H

FAITH) Spark A VG H R 8 Jm — 870 w2 A fer 72 S A7 e A A
Spark. P& T 2 HAIZ{T2 4, Spark A PL7E Java. Scala B¢ Python
PIBRSIAR R OE BT . IX 5 4E shell H 48 H ) 3= Z X FE TR 75
ELEATYIUG4E SparkContext. 423k, TR APIBt—FF 1 -

4% Spark FIFRAERE T HHA—FE. 7E Java F Scala 1, HFFE
RPN A IN— % T spark-core T4/ Maven {K#i. 25 I
Foif, Spark MIBCHTHRA & 1.2.0, XTI Maven 2 5] /2

groupId = org.apache.spark
artifactId = spark-core_2.10
version = 1.2.0

Maven & —MRATHEEH T H, WTULHTAEMET Java WIES,
AR DLEE A LG ER IR T E . 7] PME H Maven KA Z 4R 1) L
2, AT DU HA BERZ U5 0] Maven &) 1 T BT E, 4G
Scala ] sbt . B.8# Gradle T. B, —% HENSTH K35 (B
Eclipse) ] LLiE{R B AT Maven (3848 0 2] TFE

£ Python ', {RA] LA FH 5 A& Python A, (HJ& 7 ZA% H Spark
H 471 bin/spark-submit JIAKIZIT. spark-submit AN HS
FAT5I N\ Python F2J7 [] Spark {K#8i. XAMIA Ny Spark [ PythonAPI
BCEL TisiTHEL. IR AR EZBRY] 2-6 Fros KRB AT IASEP AT,

4 2-6: iz4T Python i 4

bin/spark-submit my_script.py

(JERZ, 7£ Windows 7 Z4# FH R FHLRAE RAL. )

2.4.1 Y151t SparkContext
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—H R T NS Spark BUiER:, TR EZEIRIETH A
Spark @ Jf H )% SparkContext. #RA] LLiEIT 4664 —4> SparkConf
X ERECE RPN A, 28)5 271X SparkConf @l & —4
SparkContext Xt % . 1E41] 2-7 24| 2-9 H, FLATHSFES 70l 70
TIX—idFE

%1 2-7: 7 Python #4541t Spark

from pyspark import SparkConf, SparkContext

conf = SparkConf().setMaster("local").setAppName("My App")
sc = SparkContext(conf = conf)

51 2-8: 7E Scala F4J451t Spark

import org.apache.spark.SparkConf
import org.apache.spark.SparkContext
import org.apache.spark.SparkContext._

val conf = new SparkConf().setMaster("local").setAppName("My App")
val sc = new SparkContext(conf)

5 2-9: 1 Java H 1461k Spark

import org.apache.spark.SparkConf;
import org.apache.spark.api.java.JavaSparkContext;

SparkConf conf = new SparkConf().setMaster("local").setAppName("My App")
JavaSparkContext sc = new JavaSparkContext(conf);

IX U1 7R 1 B %E SparkContext &AM 775, IR R FALEH A
S

o M URL: 157F Spark W i8I L. X)L F 3K
fIMERI /2 local, XAMFIRIE AT LAl Spark i 177E BN R 20 72
T R R

o NAH%: TEHFHIHAVEHIZE My App. MR R —NERE

EL’ XAME AT LAFS B URFE SR T B 1 FH 7 T8 o 2R i
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EA AR Z BINZHonT DAR R EC BN 13a 4T J7 s\ in 205 B S0
ERES . BTSRRI REETHAH,

FEXIE1L SparkContext 2 Ji, AR T LA FH B ATTHI 7 1) flr A ik
CERIA A SCASCAT ) KRB RDD FH§4% BT,

)5, J<M] Spark A] LLif ] SparkContext ] stop() ik, & EHi%
BHMNA CEbiniEst System.exit(0) i sys.exit()) .

XA PO ME Y N 1% O R A EARAE LN EIs 4T — AN RAL ) Spark N A
T WRETHESBWECELD, 57 Ea kR gR i B %
R ERM L, BFREIR N HITA, SRR LA 3 RKIE ST
B b BUHENN S, 2% Spark B 7 AR BITRIEANT 15 ™
(http://spark.apache.org/docs/latest/quick-start.html) i 24 T .

2.4.2  FyE AT N H]

YERN—ARPREIE 4, RBEA — R i1, A RE R
ORI —&., YL SSRGS THRES 5, (BAE AT ESE
T, HTEAERZ TET R BAFHEGEIE, fidgitgink 17—
AMRHEH BB F I3RS 2T H sbt LA A Maven SKAa @ I 476 —
AT B B B T IR . BRATTRT AR T A AR R A — e, (H
N T R R EERE, ATRIRE 7 eI .. 7F
learning-spark-examples/mini-complete-example H %, KA LA 31X
FE—ANMSLI /N TR, Java BiOA (] 2-10) 1 Scala fitA (] 2-11)
HIB 773 7l an B

1l 2-10: Java JRAHYHIRH G THR A CEIN AT ZEIR I )

// BlE—"JavaiRAKISpark Context
SparkConf conf = new SparkConf().setAppName("wordCount");
JavaSparkContext sc = new JavaSparkContext(conf);
/7 EHCERATT o N i d
JavaRDD<String> input = sc.textFile(inputFile);
/1 Y153 )95
JavaRDD<String> words = input.flatMap(
new FlatMapFunction<String, String>() {
public Iterable<String> call(String x) {
return Arrays.asList(x.split(" "));
1)
/1 eI I
JavaPairRDD<String, Integer> counts = words.mapToPair(
new PairFunction<String, String, Integer>(){
public Tuple2<String, Integer> call(String x){
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return new Tuple2(x, 1);
}}) .reduceByKey(new Function2<Integer, Integer, Integer>(){
public Integer call(Integer x, Integer y){ return x + y;}});
/7RGt R B BB F N — N SCAR S, 5RORIE

counts.saveAsTextFile(outputFile);

1] 2-11: Scala hitA B FL iR E g it N ] CEFI AN 75 2R FUA )

// fliE—"Scalafii A fSpark Context

val conf = new SparkConf().setAppName("wordCount™)

val sc = new SparkContext(conf)

/7 EBCERAT N i d

val input = sc.textFile(inputFile)

/1 ABEV I B A ]

val words = input.flatMap(line => line.split("™ "))

/1 FEH R XS

val counts = words.map(word => (word, 1)).reduceByKey{case (x, y) => X +
/7RGt ORI B BB F N — NSRS, 5URORIE

counts.saveAsTextFile(outputFile)

FATAy DUAE P AR AT 51 sbt (1] 2-12) BE Maven ({1 2-13) #%EC
R ERIX BB N . T Spark Core £ 248 7E 2N TAE T S
classpath *1 7, FrLAFA1HEXT Spark Core HIK#ibric A provided,
X PATTA )5 16 H assembly 77 ZUHT BN AN, 5L ASHE spark-
core B FT L3 assembly .,

1) 2-12: sbt F4 & At

name := "learning-spark-mini-example"
version := "0.0.1"

scalaVersion := "2.10.4"

/7 WA FP
libraryDependencies ++= Seq(
"org.apache.spark” %% "spark-core" % "1.2.0" % "provided"

)

f 2-13: Maven 4 2 4

<project>
<groupId>com.oreilly.learningsparkexamples.mini</groupId>
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<artifactId>learning-spark-mini-example</artifactId>
<modelVersion>4.0.0</modelVersion>
<name>example</name>
<packaging>jar</packaging>
<version>0.0.1</version>
<dependencies>
<dependency> <!-- Sparkikfi -->
<groupId>org.apache.spark</groupIld>
<artifactId>spark-core_2.10</artifactId>
<version>1.2.0</version>
<scope>provided</scope>
</dependency>
</dependencies>
<properties>
<java.version>1.6</java.version>
</properties>
<build>
<pluginManagement>
<plugins>
<plugin> <groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-compiler-plugin</artifactId>
<version>3.1</version>
<configuration>
<source>${java.version}</source>
<target>${java.version}</target>
</configuration> </plugin> </plugin>
</plugins>
</pluginManagement>
</build>
</project>

g spark-core G#FRICN T provided, XN 1=K
fITLA assembly 77 AT RN B AT A, 56 7 EH ST IBIX
N
ezl

—HRGE TG AT LR AT /I HALT A bin/spark-
submit BIAPATHRATINH T . spark-submit BIASH] PLYFATHLD
# Spark FrE H 21— RFIHEAZE . /£ mini-complete-example H 3%
i, FRATATLAGEF Scala (7] 2-14) =k Java (f5i] 2-15) HEATHIEE

{5 2-14: Scala ¥ % 51217

sbt clean package
$SPARK_HOME/bin/spark-submit \
--class com.oreilly.learningsparkexamples.mini.scala.WordCount \
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./target/... (as above) \
./README.md ./wordcounts

5] 2-15: Maven W 5iz 4T

mvn clean && mvn compile && mvn package
$SPARK_HOME/bin/spark-submit \
--class com.oreilly.learningsparkexamples.mini.java.WordCount \
./target/learning-spark-mini-example-0.0.1.jar \
./README.md ./wordcounts

BT RIS T RN AR 2 Spark (5 2411, 1627 Spark B 773
PR R HRIE N 18 Fd  (http://spark.apache.org/docs/latest/quick-
start.html) —75. 2 7 ZH M2 RN FAE 0T $T 6L Spark N

2.5 4k

AT, JATHR] T IR RN A M A T i21T Spark, LL&
Spark P A 50, BGRB8 AL — oy B R S TR A .
FANRATE R A48 T Spark ZwFEIIZ.OMES: 8IE —/NIRBh a2 7
1] —> SparkContext fl— £ % RDD, #RJG#4T HATEAE. 72 F—
=, IRATE S INR AN A A A E4E RDD.

46


http://spark.apache.org/docs/latest/quick-start.html

SsSse ~ >~ T
© 3 &= RDD %%
544 Spark %40 I B 0ol 52— B4 15 AR (Resilient
Str

G

N

Distributed Dataset, &% RDD) . RDD H Szl &0 A6 2N a4
4o 1E Spark W, XHEPETPI A EAEASNT-EIEE RDD. #iCFH
RDD PLA B RDD #E 3T R . M7EX—V) )5, Spark & H)
¥ RDD H s 0 kBB L, IR E AT AT

HHT RDD #& Spark FJAZ. Ottt , DRI B 2 2R TR 0 B 1% 138

—EAR, ATRFVEVOEE AL H N shell (S22 1) HoEgss

R—Lm . ek, Az RRE AR E T DAAEARFH GitHub € &
(https://github.com/databricks/learning-spark) H1$k %[,

3.1 RDDZH7

Spark H1(#] RDD & — MR )53 A X G &6 . 54> RDD #B 4
TR IX, RS KB TEER T A F T & . RDD AJ LI

¥ Python. Java. Scala P{EREREFIN SR, EEUAEHFAHE

XE’JX]L%’?

F P 0] DLfsE R 77501 RDD: 32— /NS Eii4E, BRIE LIRS
AR B R IRSI AT RN G EE S (EL list F set) o FRATTFEAR
PR =T 24 Wit 8 SparkContext.textFile() SKiE
AR N — 745 8 RDD HI7RB1, a0l 3-1 Fios .

%1 3-1: 7 Python " {#i [ textFile() GIZE — T 1 RDD

>>> lines = sc.textFile("README.md")

G K JE, RDD SCREPIAP R84 AL E
(transformation) F4Ta#E/E (action) . ¥ib#EE{ESH— RDD
ERL— N3 RDD. fln, ARPE 1S e VLB i i e sl 2 — 1%
DL AL ERAE . FERATSCA SR, FRATTAT DAR it SR A il —
AN R AEAE RS BLA] Python B4 £ 18T RDD, W5 3-2 Frow

% 3-2: AR filter()
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>>> pythonLines = lines.filter(lambda line: "Python" in line)

A7, ATEEAESKS RDD tFHEH —/5E, 34 R B 315X
SN FErH, BIELs RAEE RSN AE G 248 (W HDFS)

o First() AN ZBTAH—MTa#E, E2iR[E RDD )
F—IuK, WKl 3-3 Frs.

1 3-3: W First() 1T7Eh#1E

>>> pythonLines.first()
u'## Interactive Python Shell'

AL EAERAT SRR B X 3 #E T Spark tF & RDD HY77 AANA . EIR
YR AT PALEAT AT Bk 52 T RDD, {H Spark R 26 M 11 51X gt
RDD. ‘ENIRAH —IKE—MTaiRlEPH BN, 4 oE B,
XA RIS I IR B ALK A] e o= BAR A Lem P, AN AL R H s 2 1R
AIEFR). tkwn, FEG 3-2 741 3-3, FMTLL— DA E LT
Bim, MEiCHP S Python BATHfE K. Wik Spark f£#A iz
/7 lines = sc.textFile(...) K@t FrE BT AR BUIFAF
ek, B AR Z A48 E), maA] S g E ik I P R 2
5. &, —H Spark | I B FEARIERZ G, Bl LA
THEORES RN B IEFEN Y. FL b, ET3HRME first () F,
;Eizk ;?q%%‘&ﬁ%i#ﬁﬂ?ﬁﬁ%*/l\@@ﬂﬂ@ﬁ?'\jJJ:, AN 5 B L
B

e, BRI, Spark [ RDD £ EARER EA T T AT Bh A F
I EE TR . W RARAE 2 MT B ER E R Rl —4 RDD, W LA
RDD.persist() il Spark f8iX > RDD 4% T K. ATATLLik Spark
FERHE R AR Z AN FEIR Ty, AT RES R 3-6 A H . 78
B —UHRE AL RDD 52 J5, Spark 24 RDD )P B RA7 E] N
79 (UL X7 ARG RVEREP S ALES B, IXFEAE 2 5 FIAT Bl
YEr, AT DL F X S 1. AT AT AR RDD 2247 B RGAL i
ANNAF . BRANI TR A TRt BAF LA, AdiXe+K
LIRS EE XA RASHEMHZ RDD, A THKE L E
T 24P %7 18], Spark AT DA BB T — BB ARG R LA R, L

L0 AT AT it 0% 5 6 R AT B SR 3R A 19 M4 40 RDD Bk st it R . 24447 RDD %
%;i%ﬁ%%ﬁ,&mkﬁﬂ%@%ﬁﬁ%ﬁ%iﬁﬁ%ﬁ%%B,ﬁ*ﬁﬁﬁ%F%
SEAIEYIN .

TESEBRERIE R, REEH A persist() RICHHRE K —HB 5 AR
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A, FHREE R EE. Flan, WREANTEZ K% README
§¢q: flE Python WATHEAT TS, B0 LS H s 3-4 BT zas B B

% 3-4: % RDD ¥ A3 N 1E T

>>> pythonLines.persist

>>> pythonLines.count()
2

>>> pythonLines.first()
u'## Interactive Python Shell'

BRI, A Spark FEFFEK shell 2N T 77 THE.
(1) MY K G 2 Hi A RDD.

%) I Filter () XFERIFALERIEXS RDD #EATHAL, LLE SCBT
I RDD.

ﬁg) i UF Spark X 75 4% # H i) [A] 45 R RDD $14T persist() ##

(4) EHATEIEAE (B0 count () T first() &) Kk —IkRHAT
15, Spark &% THE AT )G BHHAT

? cache () SHEINFMELN A persist() &2 —FF

e FORIAN XX U BRIE —TEE,  IF4H Spark T ILIK — L%
RDD #1F

3.2 fI#RDD

Spark J2{Jt 7 A GI% RDD () 2: BRANIAARAE, BL )
R MR AL

61/ RDD s fii B 7 At &0 — A 2 A E S L4
SparkContext ] parallelize() J5i%, Wil 3-5 £ 3-7 frox. iXpf
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77 AES 2] Spark BEAER AR, ‘& ibARA] LLZE shell HPR#E G H H
C.H RDD, ZRJEaXfixee RDD #AT#HE. AL, F[EFTENZ, BT
TERJERFIM S, XM AHR A Z, B fhy 205 ZEAR )
BB R — VAR N

%1 3-5: Python i parallelize() ik

lines = sc.parallelize(["pandas"”, "i like pandas"])

{1 3-6: Scala 1ff] parallelize() Jji%

val lines = sc.parallelize(List("pandas", "i like pandas"))

%1 3-7: Java ] parallelize() Jyik

JavaRDD<String> lines = sc.parallelize(Arrays.asList("pandas", "i like p

SEH 7 208 A7 A R e U iR >R 61 4 RDD. AR 45 11
BN TR 5 EIEIAN A, Ak, FATCEEAL 1 R SCAR SR 3
NHN— AN 747 5 11 RDD [17712 SparkContext. textFile(),
F 2w 3-8 245 3-10 Frs.

{4 3-8: Python H'[{] textFile() J7i%

lines = sc.textFile("/path/to/README.md")

%1 3-9: Scala '] textFile() J7i%

val lines = sc.textFile("/path/to/README.md")

%1 3-10: Java 1] textFile() J7ik

JavaRDD<String> lines = sc.textFile("/path/to/README.md");

3.3 RDD#:/F
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TAc&trieid, RDD CHFMERIE: BALRIEMAT 3 /E. RDD
G Ak B/ 2 3R [B]— /N ) RDD FI#R1E, Hbin map () 1

filter(), MATBNHRAENIZ M DR ZHE i (0] 45 SR s dt 45 R 5 A4
ARG EAE, SRR EFRETTEE, i count () M first().
Spark X} AL ERAE AT B ERAE I 77 AR A —FF, DR ER AR /R 1B 7E 3
AT E R R AR E R, BT — MR IR B0 B T F5 1 #
VEIL AT BN E BN 2, IRV UE B B HR EERAY . ik
51 ()72 RDD, AT Bl 0] 2 H A 1 i 2R 4

3.3.1 #AviERfE

RDD 340 EE /2R 0135 RDD M#1E . FATSAE 3.3.3 Wifks, #%
1SR RDD 2 RAE R, HAEATsh#EAE A+ B 21X 5 RDD B
Aot 2 HAEREE R S S Te R, ST, Xtk
WHERAE IR A &44E RDD H i) — Motk . AN IFARITE L
VEHR & IR FER

BAH T, BREBRMNE - PMHEXF log.txt, NEFHETHE, G
8 B H AP AR RIS R . FRATT AT DAASE B e A R A AR
filter(). AiFiX—Ik, WATESERGATH Spark LK =FiE S
1) API 73 Al S8 L1 3-11 22491 3-13)

f] 3-11: i Python SZFI filter () ®ALERIE

inputRDD = sc.textFile("log.txt")
errorsRDD = inputRDD.filter(lambda x: "error" in x)

%1 3-12: FH Scala SZ¥ filter() #AbEE1E

val inputRDD = sc.textFile("log.txt")
val errorsRDD = inputRDD.filter(line => line.contains("error"))

%1 3-13: F Java SZH filter() #ALERAE

JavaRDD<String> inputRDD = sc.textFile("log.txt");
JavaRDD<String> errorsRDD = inputRDD.filter(
new Function<String, Boolean>() {
public Boolean call(String x) { return x.contains("error"); }
}
}s

51




R, filter() HAEALEUEC AN inputROD FiHHRE. S:5%
b, ZREL IR E — A48 RDD.  inputRDD 7E 5 [fi i FR /7 H ik v
DAAkAR Y, LN A T T DM 2 G 23] . sk B, BERTA
inputRDD H14k t I (2 5 ¥ 7 warning (147 . B 3k, FA1ME I 5
—AEEALEEVE union () SRFTENHIAL S error 5% warning (4740, R4
47 Python {7 7551, R union() BBARREERTH =FER
T o

%1 3-14: H Python H#£4T union() #{b#AE

errorsRDD = inputRDD.filter(lambda x: "error" in x)
warningsRDD = inputRDD.filter(lambda x: "warning" in x)
badLinesRDD = errorsRDD.union(warningsRDD)

union() 5 filter() WAFE SET EEHIEMD RDD A LZE—
A B E ] IR B A= %\ RDD.

@ BT EH] 3-14 hEMMEE IR, BIFRJ7% 2 BIETiL
H 2 AL error B4 4 warning AT, 1XFE R X inputRDD
BEAT — IR BRI A

B, B EE, RNEAR RDD FRAE HHT I
RDD, Spark &% 2K (lineage graph) >KidxiX L A[H RDD 2
[E KA C &R . Spark 77 22 FHIX UL/5 Bk iZ 75115481 RDD, ] LA
WEETE R EFEFF ALY RDD K # 7 Bl b Ik & Fr 2 R8s . B
3-1 o T4 3-14 e R A
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inputRDD

filter \Elter

errorsRDD warningsRDD |

union /

badLinesRDD l

& 3-1: H& s drid A2 % ) RDD % 5 &
3.3.2 fTEI¥RAE

HANTC 2 F 2 1 anfridid #2085 W 247 1 RDD 6% H#r i) RDD,
AEHEE, BAIE B ER AT LR 5. ATHRIER R MR
R RDD #:4F, EATRIEHRAREGLRIR BRI a8 FE P, BiE
GNINERAHAE R G . AT ShERAE R B A bR s Y, e AT &
il AT AR L SRAE 2 Z0UH 2110 RDD HYFE AL o

AR IRATIERT L= R B H B 0617, FRATAT A8 H o T
badLinesRDD ) —4&{5 8. ik, 7FEAFHMWANMTIIEAE R
Fi count () Kk [mliHH45 5%, F take() SRYKEE RDD H i) —25g
2, Wil 3-15 £ 3-17 Fis.

{51 3-15: £ Python {8 AT Zhi A EXT IR HEAT THEK

print "Input had " + badLinesRDD.count() + " concerning lines"
print "Here are 10 examples:"
for line in badlLinesRDD.take(10):

print line

%1 3-16: {E Scala ¥ FHAT B HEAEXTEE R AT 12

println("Input had " + badLinesRDD.count() + " concerning lines")
println("Here are 10 examples:")
badLinesRDD.take(10).foreach(println)
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1 3-17:  1£ Java HFAE AT Sh#RMEXT A DR AT 1AL

System.out.println("Input had " + badLinesRDD.count() + " concerning lin
System.out.println("Here are 10 examples:")
for (String line: badLinesRDD.take(10)) {

System.out.println(line);

}

TEXAMIFH, FATE IS 2827 8 A take () 3KEL I RDD H11)
DEIUER . AEEANIRE X UER, FRE RS AT B R
RDD it H —> collect() BR#, A LAHRIREUEEA RDD H 1%L
o WEARPIFEFIE RDD ik 2 — MR/ e, FF HARBAE A H
ASFR X BB BERS, RTCUERIE . 04, R YR BANEBIEERE
HENLER ARG T, A aefEH collect(),

I, collect() MNREATE RIBEIELE L.

ERZHIEN T, RDD ANREIET collect () WAERIIRB) 28 HEFE
RO EAT—RERIR R Bthiy, FRATIE 7 E 0 40R 5 23 W HDFS &Y
Amazon S3 X FE I A0 RAEfE R . ARA] B A
saveAsTextFile(). saveAsSequenceFile(), BiF T KHARAT
BNHEAE R RDD W %ds N 25 DL B A AS SR AEEE Rk . AT 7
o 5 BT A 0 & Rk T

T EERINE, BT —ASErATshiREr, A RDD #i
MTFIRTESE . B G X MR IIAT O, FH P Al DK A Ta) &5 SR 7 A
W, X&AE 3.6 T4,

3.3.3 fEHkE

AUTIHEIL, RDD WAL EERIERS 2T RE N . KR WE LB HT

FAE 2 B Spark ANETFAGTHEL . X 6HHT 7 Sk 1t A B 5 B A LLAH
B Z AL, (HE X T AR d i i Ui Haskell 45 bR BaCiE 5wl 240
LINQ X FEH B A B AE 2L 1 NSk, 245 S5l B AH R

P SRAE R S 3RAT T RDD A E/E (B1ani8 A map ()
i, BAFASSLRIAT . A, Spark 2X7E B0 N T E SR AT
BAERIFRE R . BRATAMN1ZAE RDD FHAVEARHCE 1 & 0 5
£, MHTFEEA RDD MIERATEE B EE B oRPT . il
IR R 25 . HEEHE I E R RDD HE/E R IR FE 2 15 T
. R, BATEA sc.textFile() B, g A SHGEk,
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e (R T A B . MFALRAE —FE A2, BB Rt
RS 2 KT

@ BARFEAL B 2 G T RAE 1, (HIE 2 ] DABE R @ is 17—
MMTEIERAE RS Spark #4417 RDD WA, b an{d A
count (). IX&—FEHRETS FIFE R HEATH8 43I0 1) B v

Spark {8 P PERAE, IXFEmL AT LLIE — L5345 JF 31— kD 7
K5 . 7E244l Hadoop MapReduce [ R Gt H, FF R & H WAL
KB 8] 25 R U A FH & 21—k,  PAJs/> MapReduce &3
. MTE Spark 7, 5 H—ANEE R R MU IR A WA REELE IR 2
(a7 A R SL PR E SR AR Z Ik RE . BRIk, T AT DA SE /N B AR
ML, IXFF X SR S 5 P

3.4 [n]Sparkftif: pf &

Spark IR AL ERE AN — 30 AT SR, R TR B A% 34 1)
BRECR TR, EIRATSCRF =R EEEF H, W) Spark & A7
U X 31

3.4.1 Python

£ Python W', FRATA =7 Aok R HtL 1845 Spark. %38 L ECFE 1Y)
BRELES, AT LA# A lambda FRIA X RALI%, 4nfi) 3-2 A4 3-18 Fraw
ié;? lambda FIA T,  FRATTHE AT DUAE 36 T2 R 502 0 SR SRy 50 BR

1] 3-18: 7£ Python 4% % ok %

word = rdd.filter(lambda s: "error" in s)

def containsError(s):
return "error" in s
word = rdd.filter(containsError)

A 33 bR BN T BN B — R, Python £ 7EURANES 25 )4 b0 B B 76 1Y)
SR F I F o UIREIBI R R FEANT R R G, sSlEHEEE
T XA R — AT B 5 B (0 self.field) , Spark #f
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SAEBNNGR B TR S b, XA ge IR R RS2 (I
B 3-19) o A, nFRALEFSE BT Python AKIE WA 514k
R R, W PERIIRE T R

1 3-19: ALt — A T BT HTERE GIIX A O

class SearchFunctions(object):

def init_ (self, query):
self.query = query

def isMatch(self, s):
return self.query in s

def getMatchesFunctionReference(self, rdd):
# M. fE"self.isMatch"H 5| 7 ¥4 self
return rdd.filter(self.isMatch)

def getMatchesMemberReference(self, rdd):
# 5. fE"self.query" 15| H T self
return rdd.filter(lambda x: self.query in x)

BRI FE, RIBIRATT 205 B R ORI — A5 #6 A2
B, SRR XA R EAS R, A 3-20 Fas.

%1 3-20: A& AT F B 5| H 1Y Python pR%N

class WordFunctions(object):

def getMatchesNoReference(self, rdd):
# 24 AU EN BRI S R A &
query = self.query
return rdd.filter(lambda x: query in x)

3.4.2 Scala

£ Scala W, FATAT DA U N R R ER . T7 3R 51 H BE &S 7 154%
25 Spark, MR Scala FIHAM R APT —FF. FRATICZE & HAth
— AT, P B 0 R R 5 B A s TR B T R AL (SE
P T Java HJ Serializable #11) . FRULPAAN, 5 Python Z5fUl, f&if—
IR BTTIEBE F B, SN R 5 . iXAE Scala H
AEIAHE, EERINASE Python FFELZIH self 5 H AL 5]
o RUAER] 3-20 H5%6f Python $AT HIH#RAE, FRATAT DAIERE ZE A7 B
%@*4%%%%¢,%ﬁ%%@@ﬁﬁ?&%%ﬁﬁ%,m%}m
7N
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f1] 3-21: Scala " [ BRI E4% i3

class SearchFunctions(val query: String) {
def isMatch(s: String): Boolean = {
s.contains(query)
b
def getMatchesFunctionReference(rdd: RDD[String]): RDD[String] = {
// [FFE: "isMatch"# R"this.isMatch", KIRATELILEAthis"
rdd.map(isMatch)
¥
def getMatchesFieldReference(rdd: RDD[String]): RDD[String] = {
// TE: "query"FR"this.query", KLFATELIEBEN"this"
rdd.map(x => x.split(query))
¥
def getMatchesNoReference(rdd: RDD[String]): RDD[String] = {
/] A RAREATRR R T B ORI JR A &
val query_ = this.query
rdd.map(x => x.split(query_))
¥
}

U ALE Scala ' H{HL T NotSerializableException, & 4] @it fE
TRAMEE T —DAR IR e B B 10T, AR R T
A P AL AR B BT 4 0T R ) pREUIR 24 2 2 A

3.4.3 Java

£ Java H1, PRETE EAENSLIL T Spark )
org.apache.spark.api.java.function L fA4F— R %dzs A%
FARALE . RIEAFEIRR EEEE, FATE LT LA RPEE . 3RATT
R I A — S i Bz B AESR 3-1 7, AT T — e HAth ) R %
B, EREIRERREA (L EX) MEdRREH, =0
3.5.2 FiH“Java”—4 .

%3-1: Pyt Javars £z M

ik SEHL 5% Hlig

. PN AN B IR I — N e, T2
Function<T, R> R call(T) napO) 0 Filter() %TS%VEEP 7~

Function2<T1, T2, |R call(T1i, Tﬁqy%/l\iﬁ]\fﬁﬁﬁﬁlﬂ/l\iﬁtﬂfﬁy ﬁﬁ?%{y\

57



R> T2) aggregate() Il fold() ZEH/E

FlatMapFunction<T, | Iterable<R> a*%q&*/l\iﬁ)\ﬁ%ﬁlﬁlﬁﬁ/l\iﬁﬁﬂj, ﬁﬁ?%{y\
R> call(T) flatMap() XFERJERIEH

A LS EATH B BN IOE SONEI B A N ERSE (1] 3-22) , tBrlEA
Al HEAZIE (F3-23) .

1 3-22: 7E Java A% B 44 A HSREEAT BR AL

RDD<String> errors = lines.filter(new Function<String, Boolean>() {
public Boolean call(String x) { return x.contains("error"); }

1)

7l 3-23: 7E Java P A4 SR AT pR AL 3

class ContainsError implements Function<String, Boolean>() {
public Boolean call(String x) { return x.contains("error"); }

}

RDD<String> errors = lines.filter(new ContainsError());

HAR WS IR FERR T Nt o AN FATT R BLIZ R A4 K18 H 2
GURTURE 7 N A5 LUBGTR . A5 F TR BR Y 73— N A e T k] B
eGSR BN IS5, A 3-24 P

%1 3-24: T SH] Java BREER

class Contains implements Function<String, Boolean>() {
private String query;
public Contains(String query) { this.query = query; }
public Boolean call(String x) { return x.contains(query); }

}

RDD<String> errors = lines.filter(new Contains("error"));

1E Java 8 H, AR AT LAfE A lambda 2234 20K fi] v Hb S I R 500z
HTEART SRR, Java 8 3RS HLESH, FATRIZRGIBAEH T2
AT ARCASH] Java, PAEMSRRIUTRIE R E CRECER. AL, A
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lambda FKiAI, FATHIE RAEIEL =215 61 3-25 B ABEE
%] 3-25: 1{F Java " f§i ] Java 8 i lambda 1A 34T R AL I8

RDD<String> errors = lines.filter(s -> s.contains("error"));

WIERARXFEH Java 8 () lambda ik RS R, 15Z7% Oracle HIAHK

A
Chttp://docs.oracle.com/javase/tutorial/java/javaOO/lambdaexpressions.ht

PL & Databricks < T Ul 7E Spark H i lambda 1A= %
(http://databricks.com/blog/2014/04/14/spark-with-java-8.html)

g P 44 N 2R lambda ik sUER AT LA G H 7 1% rh 3 28 0 4
& final &=, KIHARALAMEAE Python AT Scala H —FEAEIX L8
AR AL 4y Spark.

3.5 i WHV AL A AT B HAF

ATTEA I = e Spark o ORHR 73 UL R AL BRAE AT B . 5y
FERHEIRALR) RDD 0 SCHF— SN, Flin, 73R RDD
SCREGETE R BR AR, T (RN FE 5 RDD W SCRF 8 R 3 48 2R 5
Heye BB AT o BAT AL ST L TP F 2 el 4  RDD 2§
R, DL ZRAING B H R R IR AT o

3.5.1 JEARDD

B SR BRI L F A B E RN AT B A ST AT B B R 25 A ) RDD S .
1. XS o R A AR

PRARA] BE 2 FH 2 AN i F 8L 1B 2 map () A1 filter() (I
K 3-2) o HALERE map () #W— AL XA EREH T RDD
PR ICER, KRR B AT IR B 45 BAE N 45 3 RDD A X N oe & e . 1

FeAe A filter () MW eR%, JFRK RDD i 2 i BB T
FAGHTH] RDD Hik [al.
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inputRDD

{1,2,3,4
mapx=>x*x filterx =>x1=1
Mapped RDD Filtered RDD
{1,4,9,16} {23400}

K] 3-2: MEi A\ RDD BT 50715 2] /) RDD

BATAT LA map () SRAM& P& FERSE: 7T RAEIRATH URL 45
HREDS URL WM I LA SR I R, B m] DL B 21 HO0 AN 40
KAVFTTE . map () B PME R B TR B NS —FF . XA
— A E RDD, FEHIRATH map () pREE HRIT R B b IF i
7] —/™ Double fH 1), A4 BLATIRATHIHI N RDD 25 &
RDD[String], IMi%iHi2%Y 2 RDD[Double].

IHIRATE — AN REERE T, FH map() %I RDD F A BekF 0 (tn
%l 3-26 &4 3-28 FITR~)

{5 3-26: Python fit 15 RDD 1 & {EHI-F- 7

nums = sc.parallelize([1, 2, 3, 4])
squared = nums.map(lambda x: x * x).collect()
for num in squared:

print "%i " % (num)

1 3-27: Scala it % RDD A %18 K-V 77

val input = sc.parallelize(List(1, 2, 3, 4))
val result = input.map(x => x * x)
println(result.collect().mkString(","))

1 3-28: Java it RDD A %18 #°F 77

JavaRDD<Integer> rdd = sc.parallelize(Arrays.asList(1, 2, 3, 4));
JavaRDD<Integer> result = rdd.map(new Function<Integer, Integer>() {
public Integer call(Integer x) { return x*x; }

})s
System.out.println(StringUtils.join(result.collect(), ","));
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HHHE, TAOTALES NN TCRERZ M TR . LIIZIIEER)
ERVENAE flatMap (). M map() KL, AL flatMap () HIER
B mI S B T i\ RDD &R Lo AR EIRFAZ —A I
7=, Mmae— R EMEFR Y IERRE . it i) RDD #1452 ik Cas 4
. FAF RN 2 — DA S AERZR T U R T E o= 1

RDD. flatMap() H— a5 R & A2 05N B 7455 5 V) 43 8 ],
il 3-29 245 3-31 Fraso

i 3-29: Python 1/ flatMap () KATEHE ) 2 &l

lines = sc.parallelize(["hello world", "hi"])
words = lines.flatMap(lambda line: line.split(" "))
words.first() # iR[F"hello"

5] 3-30: Scala FH] flatMap () BATEHE D] 43 N HiH]

val lines = sc.parallelize(List("hello world", "hi"))
val words = lines.flatMap(line => line.split(" "))
words.first() // iZ[F["hello"

] 3-31: Java H [ flatMap () KATEHE DI 75 A

JavaRDD<String> lines sc.parallelize(Arrays.asList("hello world", "hi"
JavaRDD<String> words lines.flatMap(new FlatMapFunction<String, String
public Iterable<String> call(String line) {
return Arrays.asList(line.split(" "));

}

1)
words.first(); // iRIF"hello"

BATHER 3-3 R T flatMap() Al map() HIX . PRAT LA
flatMap () A 1ERF IR B FEACE SR w7, IXFERARE] 17—l 413&
FITCER A RDD, 1A — > H1 51 3R 4L ) RDD.
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tokenize("coffee panda”) = List("coffee’, “panda”)

- mappedRDD
rdd1.map(tokenize) {I"coffee” “panda”], ["happy’” “panda’],
[“happiest”, “panda’, “party”]}

RDD1
{"coffee panda’, “happy panda’,
“happiest panda party”}
flatMappedRDD
{ﬂ offee” Ilpanda” ”happyﬂ ttpandal.:
rdd1.ﬂatMap(t0keniZE) happ;est panda party }

% 3-3: RDD [{] flatMap() A1 map() XX 5
2. thEE & 1R

RE RDD A G ARk E X EWES, Het X FHF2 8 BdE
EEAE, LRIE IR B, B 3-4 Eon T UREE . JEE, X
PRVEER B SR VB 1) RDD £ 40 [ BR KAL) .

FATH RDD i RSB T RmIE—M, YA E
Bk, R A EME— oz, FATTEAEH RDD.distinct()
A AR AE S — N REEAFITEH RDD. At i EyE

B, distinct() #EMIFEHIER, BUNE 75 2% A Budmimid i 4%
HATIRYE Cshuffle) , AR TR R A . 56 4 ESTFHEHS
HBIRIRYE, UL S fay i e B TR

RDD1
{coffee, coffee, panda,
monkey, tea}

RDD2
{coffee, money, kitty}

RDD1.distinct() RDD1.union(RDD2)
{coffee, panda, {coffee, coffee, coffee,
monkey, tea} panda, monkey,

monkey, tea, kitty}

RDD1.intersection(RDD2) RDD1.subtract(RDD2)
{coffee, monkey} {panda, tea}

K] 3-4. —ULfE R A ERAE

I (B B SR VE /2 union(other), ‘B £iR[E—/MUE S RDD
HRTE R RDD. IX(EIRZ HEI TEIRA A, thinsb#k e 24>
BHRIER H E 0. 58FT ) union() BAEARFEIRZ, s
f¥) RDD i EE ¥, Spark £ union() HAEtH &t & ix sl F ¥
P& (B, FATATLLEN distinct () SZHAHFE IR
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Spark i8Rt T intersection(other) /¥, HiR[EIF S RDD H
#AHMIITER .. intersection() fEfTN LS LA EE N TR

(HARDD WIEE nR e —EEER) . RE intersection()
5 union() MIMEEAELL, intersection() MIVEREAIE ZEIR £,
NE R B E I IR BE R R RIS A T &

B AT F B R —HdE . subtract(other) BREFEI S —A
RDDEAZEL, RE—NH RAFET 5 — RDD HIMAFAET 5 =
A~ RDD I F A JCER A S RDD. 1 intersection() —#f, &
7R E IR R

RATH AT LLIFE A RDD 8K LR, & 3-5 fr

7~No cartesian(other) HAEAESIRBIFTA RN (a, b) X, H
H a2 RDD HHIJTE, 1 b R H 55—/~ RDD. R~ JLIRAEFA]
5 B R T Al RE A ARSI EhBsea Y, bt & P o5t &%
FhEs S ) TREA DGR . AW AT ASR—A RDD 58 W HE R IL
R, XA LR SR P AR R R A e AN BRI R R, SRR
i RDD ) < LR85 B K

RDD1 RDD1.cartesian(RDD2)
{User(1), User(2), User(3)} {(User(1), Venue("Betabrand”)),
(User(1), Venue("Asha Tea House")),
(User(1), Venue("Ritual™)),
cartesian {(User(2), Venue("Betabrand”)),
(User(2), Venue("Asha Tea House”)),
RDD2 (User(2), Venue("Ritual)),
{(User(3), Venue("Betabrand”)),

{Venue("Betabrand”), ” n
p p (User(3), Venue("Asha Tea House”)),
Venue("Asha Tea House"), (User(3), Venue("Ritual”)).

Venue("Ritual”)}

K 3-5: 4 RDD HIH K LI
2 3-2 IR 3-3 migh 7 ix s WA RDD #AEAE .

#3-2: X AR, 2, 3, BHYRDDEEAT 2 A Y RDD# AL 5 AF

" . &k
bR £ 44 H Al ;%
" U {2,

F R %0 N T RDD AN T rdd.map(x => x + |3,
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R, WIR [E ) CHT ) RDD 1) ji

{1,

¥ 2R BN T RDD AN T 2,

flatMap() =, BRFEFIERBEENE rdd.flatMap(x => g’
P HIRFT ) RDD. 8 FIRY) 48 | x. to(3)) 3

1] 3,

3}

fFilter() SR — AN BT £ filter() 1) | rdd.Filter(x = x |12
PR HU C 2 B RDD 1= 1) 3

{1,

distinct() FH rdd.distinct() 2,
3}

3k

sample(withReplacement, | 74 \ <% rdd.sample(false, i
fraction, [seed]) *F RDD SRAF, DL S 1 B 0.5) E
i)

A%3-3: 0 HHE 70 A1, 2, 3RS, 4, 5}HRDDIEAT £ X " RDDH
AL BRAT

EEAEA H ) ANl SRS
. Al — NS WA RDD H i . {1 2,
union() ﬁfﬁ%ﬂ@ RDD rdd.union(other) 2} 3, 4,
D% 2\ RNl ¢
intersection() [;Jwa]i ™ RDD JA[RIH 765K HY rdd.intersection(other) [ {3}

#Fr—A> RDD A% (]

subtract() AN o) rdd.subtract(other) {1, 2}
{(1, 3),

cartesian() 55—/~ RDD M~ L rdd.cartesian(other) (1’(‘;)’
5)}
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3. 1T

PRIRA T RE = F 23R RDD L i WHIAT 80#1E reduce(). Ef%

—DNREBAENSE, XA RECEEAEW A RDD 170 2 R (1 5

FIR Bl —AFEIFERE R H TR . — MR Rt 2R g+, "TULH

ERXTFATH RDD #4721, {8 R reduce(), AJLME A EHHE

! RDD H A L= FE A TP, DL AR SRR 1 R A 44k
() 3-32 24 3-34 FT7s)

%1 3-32: Python H'[¥] reduce()

sum = rdd.reduce(lambda x, y: x + y)

%1 3-33: Scala H 1] reduce()

val sum = rdd.reduce((x, y) => X + V)

%1 3-34: Java H[1] reduce()

Integer sum = rdd.reduce(new Function2<Integer, Integer, Integer>() {
public Integer call(Integer x, Integer y) { return x + vy; }
})s

fold() Ml reduce() KL, EIL—"1Y5 reduce() BT BREZE 4
MFEM LG B E— ANV RAE N X — R B 1 45
Ro URBFTERBEIBIGEIE N Y R R IR I A 2R a2t
A58 R AR B BR B XA AR E AT Z2 IRTF EA S SRS R (il + X8
P10, * XTRIA 1, BRHHEERAIEXT NS HR)

g A ] LU I SR A2 IR [R>S 80rh AT — A B R
ii’;ﬁ fold() TEIEN R . HEREE INEEHEEE A

fold() F1 reduce() #B%E K e £ R [BE R A = ZERBAT T RAE 1Y
RDD H e RMAME . XRFTE1R sum IXFEEIERIRE DL EHA R
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ol P R T A KT R R, XA A TR [
o Al LSS B ] map () #1E, SRILTTRFENIZILHEM 1 K=
e, WA ERIR M, XFE reduce () BUFTBALL T
M AT T .

aggregate () PREUNFEIRATMIR BHE S 2015 BT e /E /) RDD 2874
HHEFIRR H AR >R . 5 Fold () BB, f#HH aggregate() K/,

T B AL IRA VIR Bl F R B R Ia{E . AR I8 — N R T RDD
HITCR A IR RIS . BRERRAN T AR A AT 2
1), %, BFEERMLE A RECRE RIS mm &It

BATATLLH aggregate() kit RDD HIFIME, RKALE map() &
H$ fold() B, unfl 3-35 241 3-37 Fizs.

f 3-35: Python (] aggregate()

sumCount = nums.aggregate((9, 9),

(lambda acc, value: (acc[@] + value, acc[1l] + 1),

(lambda accl, acc2: (accl[@] + acc2[@], accl[1l] + acc2[1]
return sumCount[@] / float(sumCount[1])

1 3-36: Scala H'[] aggregate()

val result = input.aggregate((0, 0))(

(acc, value) => (acc._1 + value, acc. 2 + 1),

(accl, acc2) => (accl._1 + acc2._1, accl._2 + acc2._2))
val avg = result. 1 / result._2.toDouble

51 3-37: Java H1[1] aggregate()

class AvgCount implements Serializable {

public AvgCount(int total, int num) {
this.total = total;
this.num = num;

}

public int total;

public int num;

public double avg() {
return total / (double) num;

}

}
Function2<AvgCount, Integer, AvgCount> addAndCount =

new Function2<AvgCount, Integer, AvgCount>() {
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new Function2<AvgCount, Integer, AvgCount>() {
public AvgCount call(AvgCount a, Integer x) {
a.total += x;
a.num += 1;
return a;
}
}s
Function2<AvgCount, AvgCount, AvgCount> combine =
new Function2<AvgCount, AvgCount, AvgCount>() {
public AvgCount call(AvgCount a, AvgCount b) {
a.total += b.total;
a.num += b.num;
return a;

}
¥
AvgCount initial = new AvgCount(@, 0);
AvgCount result = rdd.aggregate(initial, addAndCount, combine);
System.out.println(result.avg());

RDD ) — 24T 3 #R 1 2 DL @ 5 & 5 1 192 20K RDD (78 7 B4
FACHE IR A1 SR B g R PP

TR R IR B A e i . e IWHJIRIE & collect (), B
25 HEA RDD A ZFIRIE]. collect() @& 7RG H A, K
ML RDD BN ABEASIRK, ATLAUBHEAFFEF . {1
collect() 1753 RDD WA 5 WL R HxF EARRRE 5. BT
i 2R B s 2 A 2 RSN A AR T, collect () ZERATAE BEHR LA
e BN RS WA I N AFH o

take(n) ix[5] RDD " n s, HHZRRAUTRREDHITIX,
Ktz R 8] DA HIE S . FEEENZ, XEEIFIR
TEE PP 5 AR U R AT EAS—FF

X AR X T B o A PR A A IR A, (H AR A B O IR A P
22 3688 B R 200

RN E LT IR, sl LA top () A RDD FFERHUHT LT
2o top() =fEMHEERIERN, EERATHE AT GEAEE SRt
H, RGEHET LA TR

A I 75 EAE I a8 Ry o BATH B i AT R

Ff. takeSample(withReplacement, num, seed) pR#(r]LLik3K
MIMEHE HH IR — KA, R 2 & i
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ZE BLR P R IRS AL PR, XWAE . tkannl BLAH JSON #% 38
s KIE R — DRSS 4s b, SEEBER TR BEEE . AR
T5it, #EA] LAEH foreach() 1T80#1E kKX RDD A &/ e 14T
BE, AT EH RDD KB A H .

KT IEA RDD T 2 hn i, FRATHES AT LA L BRI e AT
4T . count() FIRIRIEIJTTRMIANE 1 countByValue () MR
E*’l‘M%ﬁ%U@N&H‘JH%& RISy 36 . 3% 3-4 B4h T IX 4T B 4

R3-4: X —MEIENAD, 2, 3, 3HHIRDDHEAT A KJRDDAT B # A

BRI H 44 H i AN RN
iE A RDD 7 [ it {1
collect() G rdd.collect() ;j. 3,
= YN
count() %DD TR A rdd.count() 4
{gl,
. 1),
countByValue() ﬁ;ﬁijﬁglm) i rdd.countByValue() 8’
LAY )
(3,
2)}
take (num) %%%D PR [E] num rdd. take(2) %
RDD % 7] %
top(num) gﬁ\ﬁﬁ’ﬂ nTn /Ijtggz rdd.top(2) gi’

M RDD % R 2

takeOrdered(num) (ordering) | L[ IR A7 4% [B] B {if rdd.t(ajke(?r‘der‘ed(Z) B
T num T2 (myOrdering) 3}

takeSample(withReplacement, }‘}\ RDD EF'I@EHE 5”55ﬁ

num, [seed]) L rdd.takeSample(false, 1) S
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J4T7%4 RDD

reduce(func) FAg %038 (it ;c)id.reduce((x, y) = x + |4
sum)
F reduce() —FE,

fold(zero) (func) (B FE g | 050 Totd@ (00 v =g

1 y)

dd. t 0’9
Fil reduce() AL, | (i, 3y <5 e((e, 0))

aggregate(zeroValue) (seqOp, EREEREARE |1 +y, x. 2+ 1), (9,4)
combOp) %ﬂ%@ﬁ (x,_y) - -
(x. 1 +y. 1, X._.2 +y. 2))
%t RDD H (1A
foreach(func) TCEAE A ER R | rdd. foreach(func) TG

e

3.5.2 fE/[FIRDDEAY 6] #% #u

AR B BEH T4 e 25 RDD, el mean() Al variance()
HAeHTEEE RDD |, 1fi join() RaeHES(EXS RDD L. FAi1&
T2 6 B HE RDD & T T4, E56 4 i {EX RDD ]
LHEEE. 1E Scala Ml Java W1, XLEpRELHAR A & XAEFRHER) RDD
%’@Elj,jfﬁ DALY A IR SE Y InThae, AR RIS T IEMII %
RDD 2§,

1. Scala

£ Scala H, ¥ RDD ¥ N %€ K%L RDD (LL407E RDD[Double]
ERTHUERRAE) RO B EE) . 2.4.1 TR BI,
BATFE N E import org.apache.spark.SparkContext. Jf#
X e a4 . fKA] LL7E SparkContext X 4 [ Scala 3%

Chttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark
HAE P R A e . X R U e m] DL U — > RDD #%
NEFhEREZE, bl DoubleRDDFunctions (H{E%#E R RDD) A
PairRDDFunctions (f#{E%f RDD) , XFERATENAE 70 mean()
M variance () ZFRIIAIZMPEEL

i BARGE R, (HIE ik i CHE i N2 N 25, an SR Aoxt
RDD i 7 1% mean() IXFEMREL, WHES &I RDD 2K Scala 3
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4

Chttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark
FIRA VA mean() R A ZPrLLREWS ELT), Je Xy ka :Uk e n]
DL RDD[Double] %%~ DoubleRDDFunctions. 44RAIT{E Scala X
MR RN, AES TOIBLRE R L 2R T R R

2. Java

1F Java 1, #Fh RDD WIRFRSSA B B4 e 58 ARG . Java H A
%1125 JavaDoubleRDD 1 JavaPairRDD, SAbHHEF#RIST K]
RDD, XMW FRILE A X LSRR T RSN R 2. X iEAR AT BLRE
Iy R R AR —Y], (B2t RaA 5 5,

Pp g X Se KRR SR AU ) RDD, 75 EAH AR IR 12k B AR — )
fEFM) Function 28, W E T 228 RDD A& H —
DoubleRDD, FRATHLMN 4 7E i+ # /i F DoubleFunction<T> 3k
A Function<T, Double>. & 3-5 i T —LURFIE A 1Y pR £
NI

eAh, AT ZEH RDD _E R —Ln ek (RIEASEE R 2 A8
tH—> DoubleFunction A /FHEEFEZ map()) « H{FE N
DoubleRDD i, FATMN 24 H mapToDouble () K& map(), FRH:
LA A ek 2 P 1A AR X —

#%3-5: Java EHxt L 1 SR 1 R H 1

R R i
. Function<T, H@;F‘FlatMapToDouble, PLE
DoubleFlatMapFunction<T> Iterable<Doubles> ﬁi DoubLeRDD
DoubleFunction<T> Function<T, Double> ﬁﬁ%?‘mapToDouble, PAZE Al

DoubleRDD

PairFlatMapFunction<T, Function<T, Fﬁif‘flatMapToPair, Elﬁiﬁi
K, V> Iterable<Tuple2<K, V>>> PairRDD<K, V>

Function<T, Tuple2<K, A T maptopair, PAAEK

PairFunction<T, K, V> .
V>> PairRDD<K, V>
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AT LIRS 3-28 1B HCAAE AL —™ JavaDoubleRDD. 15 RDD H
A TCRIF T ER RG], anfl 3-38 s XA a] LA A
DoubleRDD A K%L 1, bl mean() 1 variance().

%1 3-38: FH Java f]%& DoubleRDD

JavaDoubleRDD result = rdd.mapToDouble(
new DoubleFunction<Integer>() {
public double call(Integer x) {
return (double) x * x;

}
1)

System.out.println(result.mean());

3. Python

Python ) API £5#J 5 Java il Scala B FiANFl. & Python H, FTA )
PR HCER SINAEFL A ) RDD 28, {H A0SR ERAEXS M RDD #2582
AIEW, Bl FEOBITI IR,

3.6 FFAM(ZEAT)

WIHTFTR, Spark RDD & PRGN, 1A B 3A 14 L /e 2 I AE H [H
—/NRDD. 15 &%t RDD 8 A 7sh#/F, Spark FHR#S 4 BH A
RDD PN E R T A WK . IXEIERFE L IHFERINR, BOAIEAE
EE e 2 TR —HE TG . 5 3-39 B ot RDD A — ki3,
1% RDD it ) — AN/ Mail 5

%1 3-39: Scala T H) P IRFAT

val result = input.map(x => x*x)
println(result.count())
println(result.collect().mkString(","))

N T R ZIREE R4 RDD, A LAik Spark XFHdE#E47 £ Ak,

M IRAT1E Spark B AALAEE—> RDD B, {14 H RDD ™ A<= 43 5
RAEEMFR B X B . R —DEREAEIE T Sk
f%, Spark £1F 75 ZH 2247 BRI B RBP4/ X . IR A
%ﬁiﬁﬁgﬁ%ﬁ@%ﬁ%é\%@%ﬁmE@Wﬂiﬁﬁ, AT AR EE & B 2
N
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HFAFEEF, FATAT LN RDD & BAE B AR (R 3-
6 AT7~) o 1E Scala (L5 3-40) F1 Java 1, ERIAEHL T persist()

2EEE L S X7 AR JVM eSS (8] 4. 7E Python ', F
TSR 2T I E R AMNATAE B 5T, BT ARF AL GO0 BRI S 2 DA
7 AL JE B RAFAEAE VM HEZS [E] . HERA TR 5 2 5 s

HEAMT A BB, SR A T B4 S B -

%%3-6: org.apache.spark.storage.StorageLevel#l
pyspark.StorageLevel W RF A A WA L2, W LAEIS AR
FAAE N R BN b 27 kA0 ¢ A BB A7 W4y

| &
CPU| £ | £ .
95 5 t s 3
> 7| &
[ -
MEMORY_ONLY [ SO - I
MEMORY_ONLY_SER ® |& |2 |6
. e | R [EE | WRBHEE N AR,
MEMORY_AND_DISK mo| A ol s s -

S WRBIEENFF AT,
MEMORY_AND_DISK_SER |{& | 23\ o | WS BImE b AENAET

U B4 5 B

o
oA
fD

DISK_ONLY 1%

g HEAN AT R IR PR D RE, FRATIE A

Tachyon Chttp://tachyon-project.org/) 1EAINHE RS WRIRRT
Spark FIMESNEAF A D6k, W ULEF < T W[ fE Tachyon Fi&4T
Spark )48 (http://tachyon-project.org/Running-Spark-on-
Tachyon.html) -
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{5 3-40: 7E Scala i H persist()

val result = input.map(x => x * x)
result.persist(StorageLevel .DISK_ONLY)
println(result.count())
println(result.collect().mkString(","))

TR, WRAVESE—OXA RDD AT s e sim e 7
persist() J7ik. persist() ARG ALk o5 RIE .

IR EZAFNBIARZ, WA T, Spark 2 H A H il i /b
fiH (LRUD HIZEAF SR e 2 70 X NN AE RS BR . 3T IEEHE
FHRAENFTRIZEAEA], N REMBCEg BRI X, X
oy X ZE AR S (B A A A S5 R A7 ) ) 0 [XOR
Ui, WRERI D X B AW . ARG 0L, A BIHOIRE]
VRN N AF TR ZBARMAT . AN, A7 A B s 2 3L
B GRE N, HOKRE 2 EAE A RIJT4 .

)5, RDD i&H — P 7EMAE unpersist(), A% TER LT3
ok A A1) RDD M 21 5%.

3.7 K4

fEARTE Y, HA4H T RDD B TR LK RDD [# 25 ILERAE.
MARAREER] TIX R, RE—ROE5E T Spark M A LM
BAVEIATHATR A DA SEEAER, w5 5B R A 5
RDD. R @& EE 1 RDD F—SH oS R R E . 4R
G, BATSTHE SR EERIR G N, DL — o1
SparkContext FJifER/ i
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L

4 F PR ERAE

BEMEXT RDD A& Spark H 2 B AT 75 B 00 H WA 287 . RE ik

A Baa EEE A E 5 RDD. 2 {E % RDD il ki IT R &5, &
I1— MBS iE I — e as ETL (IR, Fib. BED Bk EdRT:
oA E R BEXT RDD #2845 T —Se g EE 0 (bt

A WMHPES, BEIE B E R A —H, EHAAE R RDD

AT HE 5

AR E BRI SR AL ] P P S5 0 RDD 7E#-75 1l LA 5 0 i e
DR X A, AER AT A o X7 2 H 42 U5 1] i Edh i
BFE AT R, AT RO B B S T4 - X 2 5 R W 8 (9 1%
REAR T AT L] PageRank SLiZEKIEH R 70 X HITER] . D970 A AL
Y SRV B 1B R 70 X 5 PN A i 25030 B 308 56 3 ) 80 5 AL AR AE AL
FEXPHAITE DL, B R 20 A7 B AR L W S R i R P R P e

2o

4.1 ZhNL

Spark NS HE X AR RDD $2it 7 — £ H 1#efE. X% RDD
#i KM pair RDD!. Pair RDD &R £ F MR IS, F 1R
T AT ERAE SNBSS T T R R B E R D . B,
pair RDD #2ft reduceByKey () 771, I LA Al IH 2 REAN B8 B 1 4L
P&, A join() ik, RILAHEMAS RDD HEEME M TR HE F]—
&, FHN—1 RDD. FATHEF M —"1 RDD HHEiu e B (440
RFZEAERE] . P ID 88 HAAR IR 7B, Jfd X7 B
YE4 pair RDD #4F 1 1) 5 .

L«pair RDD” & Jy“Xf RDD”, i f5| RS, P50 {189 “pair RDD”. —— P {E

4.2 1% Pair RDD

{E Spark HEIRZ F61)%E pair RDD B 5. 55 5 Bmaifd], REF
it A G ) B 4% A E LB B8R (B e L o B0 2 % 1) pair
RDD. It4h, HFHFEE—AE @ RDD %/ pair RDD i}, A] L
Fi map () BRECKRSEIL, A& R T E0R R BEX . 2 R
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{iRE i SCAAT 4R K) RDD S5 80y ABEAT 1 26— > H 1A Jy ) pair
RDD.

FEEEE X RDD W) iEEA R BE S B2 F BT ANAE .. 78 Python H,
A VAL 2 e AR R e R B PE A, FRER R — N o
HE M RDD (L] 4-1)

{51 4-1: 7£ Python "F{E 25— HLial{E yBE A& i — > pair RDD

pairs = lines.map(lambda x: (x.split(" ")[@], x))

{F Scala ", N T ib$EHUEE 2 5 IR REE AR R B R, TR RE TR 22
&\ —oudl (I 4-2) o BRaaUFe4Rn] DLk — o2 RDD SCRER N
B 6 PR L

% 4-2: 7£ Scala F ¥ FHZE — N HIRAVE N EEG)E H — > pair RDD

val pairs = lines.map(x => (x.split(" ")(@), x))

Java 3% A H a1 —cHZ8 A, Kt Spark [ Java API ik A 4%
scala.Tuple2 RO o . XASIRMH: Java o] LUET
new Tuple2(eleml, elem2) SREIEH—AHH) —Jcdl, FHHWLLIE
oL 1) ML 20) AEVIREF TR

Java F 116 75 B B & 111 Spark ERECREI%E pair RDD. a0, HA#
F mapToPair () BRECRAE LA map () BB, XA1E 3.5.2 4
E‘J“Java”ﬁqﬁﬁﬁﬁiiéﬁﬂ e . NHHELH 4-3 F R — N R] )
55

%1 4-3: 7£ Java Hfd 28— A BRI /R N BB i S — ™ pair RDD

PairFunction<String, String, String> keyData =
new PairFunction<String, String, String>() {
public Tuple2<String, String> call(String x) {

return new Tuple2(x.split(" ")[0], x);

}
}s

JavaPairRDD<String, String> pairs = lines.mapToPair(keyData);

4 H Scala 1 Python M\—> W A7 HH £ A2 61 & pair RDD I, H
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OO IEANH —uH H B 4E & H SparkContext.parallelize()
Jiid. MEAEH Java A EHE L 617 pair RDD H)3h, 75 ZA%H

SparkContext.parallelizePairs().

4.3 Pair RDD AL ERAE

Pair RDD 7] LM FH BT #rifE RDD b (0] FH A e . 3.4 FiR Ay
P T A A AL 2R 20T B0 #B [F] #£3E FH T pair RDD. HHT pair
RDD WAL e, Fir DARR AL 1 R BN 2S48 E — oL A 2
SITCER . E 4-1 I 4-2 Jg5 T % pair RDD ) — S8R5 B4, A

BRI

#4-1: Pair RDDI AL ERE C(DUBBEXES{(1, 2), (3, 4),
(3, 6)} B

EpiE H i1 il S S

{(1,

reduceByKey(func) | & FFEA M EEEHME ;‘;d;:egUEQS))’KGY((X: %;,

103}

{(1,
_ [21),
groupByKey () Xof B A [F) B AR IEAT 70 41 rdd.groupByKey () (3,
(4,
61)}

combineBy Key(

createCombiner, | g IR [ I [ P04 I ELA A | WLA14-12 B fsla-

mergeValue, =

mergeCombiners, IEJ!EE‘E/“E 14,

partitioner)
{gl,
3),

val £ ﬁpair RDD EPE/‘]/I%E&}EH#/I\ rdd.mapValues(x => | (3,

mapValues (func) R BT A x+1) 5).
(3,
7)}
{(@1,
2),
(1,
3),
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St pair RDD H I AEAME N FH —AN | rdd. flatMapvalues(x | (1,
flatMapValues(func) | 1R [AIEAC LR EL, SRJEXTIR[A] |=> (X to 5)) 4),
AR G A AT 5 §
FIBEEXE R . 8 HT/R51 3,

4),

5)}

keys() IR [B] — MU & B FJRDD rdd.keys() 2”3}

values() 3B [E]— AN 55 {1 [f7RDD rdd.values () 2

{(1,
2),

sortByKey () IR Bl — MR $E 8 HE 7 I RDD rdd.sortByKey () ‘(1';”
(3,
6)}

#4-2: E 6 pair RDDFEALERAE (rdd = {(2, 2), (3, 4),
(3, 6)}other={(3, 9)})

PR K4 H 1 Zn | R

subtractByKey ggﬁﬁﬂ%@%ﬁ?éﬁ’??@% rdd.subtractByKey(other) |{(1, 2)}

A 4T D
join gwjl RDD #E7 PY3E rdd.join(other) Ef(é“g?;;

Xt PN RDD #EA7 42 (3,
=, AN
rightOuterJoin ?’;%;Z\E?;%g (%;\%D rdd.rightOuterJoin(other) gome(4),9)),
By (Some(6),9))}
/\ N LD {(1-'
Xﬂjg i RDD 1&11@% (2,None)),
| BRAE, BIEREE =~ RDD . (3,
leftOuterJoin E@%M‘Zﬁﬁﬁ? (Eﬁ]‘)@ rdd.leftOuterJoin(other) E4,Some(9))),
3,
7 (6,50me(9)))}
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{(1, ([2],
cogroup }{%%/I\RDD A rdd.cogroup(other) (1)), (3,
(7] B (0 K 73 A1 32—t Eé?iﬁ]’

& T OREY L 2 TEIR T X 28 pair RDD YB3

Pair RDD #1142 RDD (JT# N Java Y, Scala H' ) Tuple2 %} % 8§
Python HHITCAH) , PILFEIFESZHF RDD B ik . filtn, 341
Al LAEERT—5 " ) pair RDD, i< S 20 N7 H4T,  ans
4-4 4 4-6 UL 4-1 P

%1 4-4: F Python %] 58 — NItz AT %

result = pairs.filter(lambda keyValue: len(keyValue[1]) < 20)

%5 4-5: F Scala %} AR AT %

pairs.filter{case (key, value) => value.length < 20}

%1 4-6: F Java XI55 N JuER AT IR L

Function<Tuple2<String, String>, Boolean> longWordFilter =
new Function<Tuple2<String, String>, Boolean>() {
public Boolean call(Tuple2<String, String> keyValue) {
return (keyValue. 2().length() < 20);
}
¥
JavaPairRDD<String, String> result = pairs.filter(longWordFilter);

key value
key value
holden | likes coffee filter
p| holden | likes coffee
panda | likeslong

strings and
coffee

Kl 4-1. FRAEAE L
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Aif, FAITAAB Y519 pair RDD A #RS>, XIERVE — JoHAR BRI
X2 — A WA BTG, Bk Spark #2(iE T

mapValues (func) BR#, TJEe3flF map{case (x, y): (X,
func(y))}. AILALEIR 2417 il XA R 2

B ORI 18 pair RDD B & FhEAE, e NREEAF IR
43.1 EHE5EAE

HE R DI E X e N LI, & B MRS E e R T — L
Gt R W RERE . 2 AT 2R RDD 1Y

fold(). combine(). reduce() Z4Tah#/E, pair RDD U AH M
R X 1 4L AL B /E . Spark B —HIRMANEAE, vTLAAE BB A

%E‘J{Eo XELE(EIR [F] RDD, [FH e 8 A 217 3 #

reduceByKey() 5 reduce() FHAFML; eNT#EEIR— R, IF
i FiZ R BOHEEAT & 9. reduceByKey () 2 N4 4
AT AT HH L8, RN HA A E S A [ A R SR . RN
el e KEMEE, TPl reduceByKey () 3% #5523 M k)
FREFIR Bl —/MERATEIEAE . SLhr b, B IREl—ANH & s
A2 kg5 B BUFET Y RDD.

foldByKey () M5 fold() A =42RML; EATARE M —~5 RDD &
I R H B SR R ) A I aRME . 5 fold() —

Ff, foldByKey () #AEFTE MG IFRES TEHS 73— Mo Rt AT
&, @RUINIZITER .

wfe) 4-7 Kty 4-8 firz~, AT LUE A reduceByKey () il mapValues()
KA AR RGO ME (L 4-2) o« XAEF fold()
map () ITHEHEA RDD “FIE R FER AL X T-3R~F2, W] LA
S R ECRIREUFIAE I S R, S st =ik

{5 4-7: {E Python & ] reduceByKey () 1 mapValues() it
SRR BT N T 2B

rdd.mapValues(lambda x: (x, 1)).reduceByKey(lambda x, y: (x[@] + y[@], X

11 4-8: 1F Scala F'1# [ reduceByKey () #l mapValues() itH
BT N )3
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rdd.mapValues(x => (x, 1)).reduceByKey((x, y) => (x._1 +y. 1, x._ 2 +y.|

key value key value
panda | 0 panda | (0, 1)
pink |3 mapValues , pink | 3,7)
pirate | 3 pirate | (3,1)
panda | 1 panda | (1,1)
pink 4 pink 4,1
reducebyKey
key value
panda | (1,2)
pink (7,2)
pirate | (3,1)

B 4-2: SREEA BT I 4E I B E i

@ #& MapReduce H )& FF#% (combiner) M H15L35 1T BE
c&FEE 2], M reduceByKey() 1 foldByKey () &=1E A%
Mt E 2RSSR e BB S iLas B T AR S IR
MG EZ R &0 a8 . 2K combineByKey () 4 FAT LA
bR B E CE AT .

AT AT LA A5 4-9 2451 4-11 H @ 7= 1K) 07 V5 R o 2 L) 43 Al 2
AT R . AT DA A A — = A R 1 FlatMap () SRAE R LA
e, PIECT 1 NAER) pair RDD, SRJE1446 4-7 A5 4-8 HRABAE, f#
Hl reduceByKey () X FrA 1 51 AT 1150

%1 4-9: FH Python SZI HLiA] 114X

rdd = sc.textFile("s3://...")
words = rdd.flatMap(lambda x: x.split("™ "))
result = words.map(lambda x: (x, 1)).reduceByKey(lambda x, y: X + y)

80



%] 4-10: FH Scala S HLR]) T4

val input = sc.textFile("s3://...")
val words = input.flatMap(x => x.split(" "))
val result = words.map(x => (X, 1)).reduceByKey((x, y) => X + y)

%] 4-11: F Java SZHBAIR T4

JavaRDD<String> input = sc.textFile("s3://...")
JavaRDD<String> words rdd.flatMap(new FlatMapFunction<String, String>(
public Iterable<String> call(String x) { return Arrays.asList(x.split(
1)
JavaPairRDD<String, Integer> result = words.mapToPair(
new PairFunction<String, String, Integer>() {
public Tuple2<String, Integer> call(String x) { return new Tuple2(x,
}) . reduceByKey (
new Function2<Integer, Integer, Integer>() {
public Integer call(Integer a, Integer b) { return a + b; }

})s

@ Hap b, FATATLAXT 25—/ RDD 1/ countByValue()
PREL, DUSEPRHSCI R TF 2 input. flatMap(x =>
x.split(" ")).countByValue()-

combineByKey () & A H A THMITREM K. KRSHET
RGN R e SR . A aggr‘egate() —
E, combineByKey () AJ LLik A ik 5] 5 A 1928 AN [R] i (9]

EH A combineByKey (), AT g e A8 A0 A HE I 2 dnfn] ib 2 AR
JLEH. BT combineByKey()%JE}#/\EEF'E’JFﬁﬁﬁ%? Al A
MR MW E AR ERT, ZEAMAZ i EAN TR A

WX — NI TTZE, combineByKey () < Fl —NHUAE
createCombiner () EI’Ju%ﬁﬂ%ﬁﬂiﬁﬁ/\ﬁﬁﬁjﬁ’ﬂ%’ﬂﬂ%ﬁﬁ’ﬂ%ﬂﬁ‘ﬁ@o =
ERERENE, X— Tﬁ ERFAN X RS — IR BN BE R2E, T
A EFEEEA RDD H 5 /Atljf)” — NI R A
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INRIX R —MEAFE A K 2T B P, e i
mAergeValue( ) JTIEAREZHE ) ZIN A8 B 1) = i E - XA B O AE AT
EEi

H TR X ES ST AN BRIy, RIS T [F] — N R] PUA 24N =0
o WNEE AN EE T 2 14 XERE G N [l — AN B ngs, miEE
;Ejﬁﬁﬁ}‘ji%ﬁﬁﬁ mergeCombiners () HVEK &N X s RitIT &

@ IR C A BIEAE 31T combineByKey () B J6i M map ¥
RETPIREME, TR E. B, HTFRERE CGEnEl—
ANBAFD TEiEAE map Ui R A BT 24E T 25 E], groupByKey () i
2T .. R EER map WA, MEERES X
Xo BLHBIM S, RATLLEE %LIE rdd. partitioner SR E AT
FHJ& RDD 1195 X 7 3.

combineByKey () H Z MNSE HIx B GRS A B, KmIE
G E R R A BIES A B T Re R 4. A T B iR
combineByKey () s&Wf TAER, T HIREF WA 1 5H & B0 R 1)~
B, ot 4-12 245 4-14 F1E 4-3 Fos .

9] 4-12: 7E Python " ff] combineByKey () sR&EAXT R
Fi i

sumCount = nums.combineByKey((lambda x: (x,1)),
(lambda x, y: (x[@] + vy, x[1] + 1)),
(lambda x, y: (x[@] + y[@], x[1] + y[1])))
sumCount.map(lambda key, xy: (key, xy[@]/xy[1])).collectAsMap()

1] 4-13: 7£ Scala 1§} combineByKey () SREFANEEXS N [T 1)
18

val result = input.combineByKey (
(V) => (VJ 1):
(acc: (Int, Int), v) => (acc._1 + v, acc._2 + 1),
(accl: (Int, Int), acc2: (Int, Int)) => (accl. 1 + acc2. 1, accl. 2 +
).map{ case (key, value) => (key, value._ 1 / value._ 2.toFloat) }
result.collectAsMap().map(println(_))
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% 4-14: 1£ Java F{# ] combineByKey () SREFANEEXT B -1
{iE]

public static class AvgCount implements Serializable {
public AvgCount(int total, int num) { total = total; num_ = num; }
public int total_;
public int num_;
public float avg() { returntotal_/(float)num_; }

}

Function<Integer, AvgCount> createAcc = new Function<Integer, AvgCount>(
public AvgCount call(Integer x) {
return new AvgCount(x, 1);

)i
s
Function2<AvgCount, Integer, AvgCount> addAndCount =
new Function2<AvgCount, Integer, AvgCount>() {
public AvgCount call(AvgCount a, Integer x) {
a.total += x;
a.num_ += 1;
return a;
by
}s
Function2<AvgCount, AvgCount, AvgCount> combine =
new Function2<AvgCount, AvgCount, AvgCount>() {
public AvgCount call(AvgCount a, AvgCount b) {
a.total += b.total ;
a.num_ += b.num_;
return a;

}

}s

AvgCount initial = new AvgCount(0,0);

JavaPairRDD<String, AvgCount> avgCounts =
nums.combineByKey(createAcc, addAndCount, combine);

Map<String, AvgCount> countMap = avgCounts.collectAsMap();

for (Entry<String, AvgCount> entry : countMap.entrySet()) {
System.out.println(entry.getKey() + ":" + entry.getValue().avg());

}
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P
s Qs 6 1 g3 B

(coffee, 1) -> new key

accumulators[coffee] = createCombiner(1)

(coffee, 2) -> existing key

coffee 2 accumulators[coffee] = merge Value(accumulators[coffee], 2)
(panda, 3) -> new key

coffee 1

panda 3 accumulators[panda] = createCombiner(3)
REPR Sy (X 2L B
4rIX2 (coffee, 9) -> new key
accumulators[coffee] = createCombiner(9)
ofee | 0 | sk
mergeCombiners( 43 [X_1.accumulators[coffee],
def createCombiner(value): 45 [X.2.accumulators[coffee])
(value, 1)

def mergeValue(acc, value):
(acc[0] + value, acc[1] +1)

def mergeCombiners(acc1, acc2):
(acc1[0] + acc2[0], acc1[1] + acc2[1])

K 4-3: combineByKey () %4 i K]

AR Z BT Dt AT 2 TR & 9. BEATR R ZEHE 1R
combineByKey () HIZLAl ESZHLR), A PR TERBRAED. A
EEFE, 7E Spark H i HIX LT R G R, A ZEIL TG LR
pa RN EPAL)N (RN

FAT TR

BIHAT NI, FATCE R T MR WERER 2 &K 70 HERR
HIRVT Spark J& EFEHE 4T 43 #] TAER . &1~ RDD #5A [E 2 2 H
(143X, o3 XEkE T #F RDD AT BRI K 147 2
HEPAT R A B HERVER, P LLZESR Spark {8 H 45 € 177 X 24 .

Spark 4 2¢ AR 4R SE I R/ NHEWT S — AN B U ERAE, (B2 f
B AR ] R EEX HEAT B I AT AR SR SR BCE i ) P e R B

AREPE IR ZBEAEF RS — A28, XNk
HeE R R E 45 RIPIRDD 194 X 8, | 4-15 s 4-16 s

%1 4-15: 1E Python * H & X reduceByKey () HJIf4T &
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data = [(l.all) 3)) ("bll, 4), ('Ial', 1)]
sc.parallelize(data).reduceByKey(lambda x, y: x + y) # BUIHTE
sc.parallelize(data).reduceByKey(lambda x, y: x + vy, 10) # H&E X417

1 4-16: 1E Scala 7' [ X reduceByKey () K347

Val data - Seq((llall, 3)) (Ilbll, 4), (llall, 1))
sc.parallelize(data).reduceByKey((x, y) => X + Yy) /] BRANFFATE
sc.parallelize(data).reduceByKey((x, y) => X + y) /1 EE AT

A, AR BRI HERAE MR G850 E 2 S A E g 2
RDD 43X o ST FXFER ML, Spark #2flt T repartition() &
. EoitfdRiE Mg TR, HeIEEHN s XEE. Yhd,
P EHE AT BT 0 XOR AR AR BL B R R E . Spark A —/MI
L) repartition(), FY/E coalesce(). YRA]LAMEHA] Java 8%
Scala 1] rdd.partitions.size() LA Python A
rdd.getNumPartitions & RDD W7 X%k, FEaf LR
coalesce() ¥ RDD & 32| LLILAE 1) 43 X E B D 1) 0 X A

4.3.2 HHEoH

FFARERIESE, AN ILI B R eE AR P s AT > —— b
BE RN PTA T,

an A s O DL 7 AAEEL T8¢, groupByKey () mh2> i
RDD 1 RS B i 247 40 2l . S F— N 288 K BRI 2E A v 1)
HZH LK) RDD, {5345 5 RDD K145 72 [K, Iterable[V]]-

groupBy () R BAFHIF A poxs o #icdls L, T DR I8 B S AH ] LLAT Y
AT dl. e R e %, X RDD H RS o s A
ZPRHL R IR R E5 RAE VB E AT 0 4

g WRIREIE A5 H 7% H groupByKey () 285 XA
1 reduce() k¥ fold() MRS, RARAT Al g LU ]
— PRI SR AT 55 1 pR B8R B = AR S IR R B R . SRR
WL, IR BN MR A Z)E R RDD, 1A 21 RDD
HL N — AN WA IIME. #140, rdd.reduceByKey(func) 5
rdd.groupByKey().mapValues(value =>
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value.reduce(func)) i, (HEREE NS, FNEE R
TN A EATUE R PR IR

Bk 7 XS RDD FIEEE AT /04, & m] U —AN14E cogroup ()

[ R BN 2 AN [E — /N RDD HEAT 40 2H . 6 RN 2R T34y

K TAE 27535 v fT W ) RDD #47 cogroup () B, f53IH145 R

RDD Z5#H [(K, (Iterable[V], Iterable[W]))]. I [

—/> RDD %} J 75—~ RDD FAF1E A BB X M gk, B4

égmgi%ﬁ%%mwﬁo cogroup() #&ft T N Z A RDD #4750 74
NTTE

cogroup () /& T — 1 P E P HERR R B E R

@ cogroup () AMY AT DA T Se P& e tAE, 160 L SRR
!E%E‘J?C%o fribz 4b, cogroup() IEREFRINT N HF =ML E
' RDD,

4.3.3 &Rz

R AT B A 5 3 — 2 S A A D (58 P 2 o X Bl AT 1 B
AMHBEREZ — . BRI A RESE pair RDD & H HH#HIEL —. &
IR RONERE. ANER. T OERD LN ER.

TR join HAEMF R R NERE 2. RATEFA pair RDD H# A 4E 1]
A MEH . YRS N AN 2 MER, AR pair
RDD 285K B WM A\ RDD f&F—HAHX N e3¢, #1 4-17 7]
DTSRI IZ AN 5E X

2eite i BB EARTE, NG T R ARAE A 5 00 R4 A R

%1 4-17: 7E Scala shell HHEAT N ZERE

storeAddress = {
(Store("Ritual"), "1026 Valencia St"), (Store("Philz"), "748 Van Ness
(Store("Philz"), "3101 24th St"), (Store("Starbucks"), "Seattle")}

storeRating = {
(Store("Ritual"), 4.9), (Store("Philz"), 4.8))}

storeAddress.join(storeRating) ==
(Store("Ritual"), ("1026 Valencia St", 4.9)),
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(Store("Philz"), ("748 Van Ness Ave", 4.8)),
(Store("Philz"), ("3101 24th St", 4.8))}

A, BATAAEEE R L AHEP A RDD HH#FEAE. BN, 78
ERR PG B EHEER, R R R AU EERE, BRI
B ERIX L% . leftOuterJoin(other) Fl
rightOuterJoin(other) #oMRAEHER M RDD, {H2 fLYF4S
PR P —A pair RDD Fri 2k 14

EfFH leftOouterdoin() £ pair RDD ', i RDD 14—/
HBA KT TR o BN B2 B — M RDD R E S — /1M
P8 = RDD FJE ) Option (7 Java 124 Optional) X R EHY
—Jué. fF Python H, @R —AMENAFLE, MAEH None kK R; 1M
BARAAAEN W RMER K R, AMEAEME . A join() —
FE, BAEETTLDERZ K05 HIXME AR, BATSEBIHA
RDD H 36 B[R] — B it 9 24 ) B R 2K AR

@ Optional /& Google ] Guava /%
(https://github.com/google/guava) [ —%B45y, R~A 1l Bk k&
M. TTLLAF isPresent() SREE B, WREHHEF
£, WAL get () KakAsH a5 iy G824 .

rightOouterdoin() JLF5 leftouterdoin() 584 —FF, RAI T
W2 B R A IR 5 A RDD R, 10 = e 2H P R T i 2k f 5
43 W3k E T8 RDD 1 3E% —4> RDD.

o] i — 5] 4-17, FEAEA] 4-18 HRGHIX AN Z A H SR8 join() I
pair RDD i#1T leftOuterloin() il rightOuterJoin().

%1 4-18: leftOuterJoin() 5 rightOuterJoin()

storeAddress.leftOuterJoin(storeRating) ==

{(Store("Ritual"),("1026 Valencia St",Some(4.9))),
(Store("Starbucks"), ("Seattle",None)),
(Store("Philz"), ("748 Van Ness Ave",Some(4.8))),
(Store("Philz"), ("3101 24th St",Some(4.8)))}

storeAddress.rightOuterJoin(storeRating) ==

{(Store("Ritual"), (Some("1026 Valencia St"),4.9)),
(Store("Philz"), (Some("748 Van Ness Ave"),4.8)),
(Store("Philz"), (Some("3101 24th St"),4.8))}
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4.3.4 HHEHRF

REWAE, EEIEH PRI AN, JCHZELER N .
oA CE SCHIMRFE, ml Al LA FP (e RDD #EATHE7 . =185
WA fa, R8N B IEAT collect() BL save() SF#RIEHI 215
2 1

BAELH 2% RDD 8] 5HE51, Ktk sortByKey () BRI —4~nY
£ ascending 124, KT GHE LGSR iHAFHT CGERA
BN true) o BRTFRATHE AT REAR % 58 A [F I HE AR B 3E 4T HE T
PSRRI MR O, AT DR B e U LR R %, 5] 4-19 22471 4-
%} SRR TR, RS AT LR R Ok X RDD 4T HE
Yo

%1 4-19: 1E Python H DLA4%F B T % #0347 H 2 XHET

rdd.sortByKey(ascending=True, numPartitions=None, keyfunc = lambda x: st

151 4-20: £ Scala T LA 45 8 53> X BERCHEAT H € LHFF

val input: RDD[(Int, Venue)] = ...
implicit val sortIntegersByString = new Ordering[Int] {
override def compare(a: Int, b: Int) = a.toString.compare(b.toString)

}
rdd.sortByKey()

Bl 4-21: £ Java H PLFAF H IR 0 BEHOIEAT B € SHE

class IntegerComparator implements Comparator<Integer> {
public int compare(Integer a, Integer b) {
return String.valueOf(a).compareTo(String.valueOf(b))
}

}
rdd.sortByKey(comp)

4.4 Pair RDDF1T 51k
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MU FAE—FE, BT 2R RDD LR ME G AT 5/ E B #F 4 pair
RDD 7] . Pair RDD #&fit 7 —Le&i a4 shiedE, LAk 7e
A3 B B AR T . XSS ERVE S AE TR 4-3 .

%%4-3: Pair RDDATENRM (LUREXNEE{(1, 2), (3, 4),
(3, 6)}y 96D

BRI ik - PN
countByKey () g/l\%}%%‘ﬁ_\?ﬁ‘]fa%ﬁ\%ﬂfr rdd. countBykey() gg; 1), (3,
collectAsMap() g%ﬁ%%ﬁ%ﬁm%ﬁﬁ rdd.collectAsMap() 2’;‘5’{8: Z;i 3,
lookup(key) IR (8] 25 5 EE . 1 A rdd. lookup(3) [4, 6]

4.5 HusrX CHEED

B PRI RS — A Spark A& R AR AE T R I 20 X BEAT %8
fille o AAFERFH, B RAUSR IR, D A o0 A DLk
5D B R 28 A% ] AR ORSB THE AR TR RE . AT RO RE PP i 20N
OGRS IER B S —#F, Spark £2/5 A LUEIL %] RDD

o X7 AR IBE T o 20 X IR AR B A L ARG 4 Ak i) ——Lt
a0, R4 RDD W ERAH— I, HA 156 & Boi 42X s
AT o3 XAREE . A 2 K 5 22 IRAE VU B IR 3 T B (O AR R A
IS, XA 2B Bl 2N R X — k.

Spark H FT A HIEE(EXT RDD # 0] LLEAT 40 X . KRG AR — NN
BRI RBON TR IAT 4. R Spark WA 45 L o dil A BAE
EAEMR— A TAET s B vE BBy JR IR & Spark B 7E Fhdb 4 p 2k
WA AR T L TAE ) , 1H Spark AJ AR £r [F]—2H Ao B B0 AR [R)— AN
mb. bean, RETREAE R A XK —~ RDD 43k 1 100 571X,
LLEET 5 P A A5 LG 100 FRURE P 25 SRAR 5] A1 s S e — AN s b
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Vm/ﬁ\ﬁﬂéﬁﬁﬁﬁﬁy\mi, B EELE [R]) — AN YO R DX ) PN ) 1] S A TCAE (]
— R

AR, BAIEE—NRA, EENFFRRTEE KB
KHETH 5 BR—~Wmt2— i (UserID, UserInfo) Xi4H k)
RDD, HH UserInfo & —AMZH AT RIMESMFIER. ZMNH
o AR X ik R S — AN AT S, XA AR
Fa BN R A A —H SR — N (UserID, LinkInfo) Xf
WP, A7 HEE 2 T4 0 N RG24 F P v s ol . B, 3R
TR BE 75 B A P 7 1) AR AT Bl 3 R oL 1 I AT S v, FRATTAT
PAf# F Spark 1 join() #EERSEIUXAH G#AE, HhFEE
UserInfo Ml LinkInfo WA P X HRYE UserID 34T 0 4H . FRATHIN
Fanf) 4-22 .

1l 4-22: TajHLH Scala M

/] WIEAAHS; MHDFSTE Y —Hadoop SequenceFile il /{5 8

// userData™ [ JuE AR EATHE SN 1) 2KUR, RIHDFSERPITZE I mOR 53 A

// SparkIGiT JEVE kA FANEE E [ Us e r IDST R (110 3 A7 F I A5 45 |

val sc = new SparkContext(...)

val userData = sc.sequenceFile[UserID, UserInfo]("hdfs://...").persist()

/7 JESAYEVE FH R BOR AL B 25 o b AR AR
/] REIXE— LA (UserID, LinkInfo)XfffjSequenceFile
def processNewlLogs(logFileName: String) {
val events = sc.sequenceFile[UserID, LinkInfo](logFileName)
val joined = userData.join(events)// RDD of (UserID, (UserInfo, LinkIn
val offTopicVisits = joined.filter {
case (userId, (userInfo, linkInfo)) => // Expand the tuple into its
luserInfo.topics.contains(linkInfo.topic)
}.count()
println("Number of visits to non-subscribed topics: " + offTopicVisits

XBARKE AT UL IE#RIE T, HEAE SR X2 R AR
processNewLogs () I &< 2 join() #AE, THATx EE g &
o X E— e . BONE T, EEEa AN SR E 1 Fr
AR E A B AT R ok, Bz A (B [H] 1 e ol 1 I 25 4% BI [/ — &
ML b, SRJETEIR G ALES LT B SAH R i st AT e 88 E (LI
4-4) . [A°H userData FtL&:F o8 H B 0 H 3K events %K
132, FrCAELR B RMSIR 2 8090 TAE: 750 F I #6
%S%r‘?\agaﬂféiﬁﬁﬂé‘%ﬁﬁfﬁﬁﬁ%‘%)ﬁéﬁi‘&‘]n‘%?ﬁ'ﬁ, B ARIX BRI MR
EARAA
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userData joined events

X

g
-

fn

N\

o e

BN

K 4-4. KfEH partitionBy() )%} userData f/l events #17i&E
AR

B YLX — W AR R . FEREF T AR, %) userData K AHH
partitionBy() #LEAE, KXk RFE NG A 7 X AT LLEIT A
partitionBy f£i#—4> spark.HashPartitioner X} % RKSZH 1%
Y&, il 4-23 AR

%1 4-23: Scala H & X5 X 5

val sc = new SparkContext(...)

val userData = sc.sequenceFile[UserID, UserInfo]("hdfs://...")
.partitionBy(new HashPartitioner(100)) // ¥i&100 7
.persist()

processNewLogs () /7RI LIRFFAAE: £ processNewLogs()
1, eventsRDD e A&, HIEZAEFMEH T —Ik, FTbA
events $5E 7 X 7 & A2 A . HTEME userData i H
T partitionBy(), Spark Bt%1iE T 1% RDD & MR35 105 A (5K 7
X1, XAEFEH join() B, Spark Ht&FIHRNX— M. Hikk
i, HiHH userData.join(events) i, Spark R &%t events
ITHARR A, K events HHEFE UserID HIC R K I% R
userData X Mo X R EHLes £ (WK 4-5) o IXFE, FRE
A0 3o PR 28 A i XV BB L KRk 1, R as AT T AT DU R T
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g

JER, partitionBy() & —/MFeALERE, BRbERREME 22—
H) RDD, (HEASHARFE KM RDD. RDD — H &5 TikE

M R iZT partitionBy () HI4s RBkATEEALL, FIHRAEN
userData, MANZEKN sequenceFile() Kt . Mok, 145
partitionBy() [ 100 X/nrXEH, BS54 RDD i
T — D4R CLUIIEEARAE) I 2 M5 IFAT AT BK
Ui, IXME 2D BAZ AR 1S A OB — R

userData joined events

o
=

QQLJ

/

& 4-5: fdi[H] partitionBy() I %} userData f events 17 i%E
HAE

%\ MR EH ¥ partitionBy () HALEAE 45 R FF ALK,

B2 J5 TH B 213X A RDD B #5285 5 6 B iR 1740 X 45

VE. AT A2 350 RDD 3 2 K EHRE. IBFER

i, partitionBy() i RIVEFALL#HRTE, T 3E SN HHE

%if\* Fuﬁﬁ%‘ RRYE, A TR e 4 X 7 N R A R
HBA

Fae b, VAN Spark #:AFE & H N4 RRDDY EE%DE’J"E?%E
R, MHER join() JMERRZ HAIFE XA EI CA K2 XI5 B
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Lt i, sortByKey() 1 groupByKey () 243l Bt 7 X /) RDD
G A 4> X ¥ RDD. 1 55—, W map () XFEMEAE S S 80
] RDD k54 RDD H)7rXA5 &, FVXAEH /R ez
AURE RIS B TRIJLTH, AT R 3REX RDD 4>
XAG S, PLACEHRE 3 X A2 W] 52 - Fh Spark #AE T

™

Java I Python ' [1] 245 77 X

Spark (] Java A1 Python [] API #{AH Scala [)—#¢, W LLMEAE 5>
X3k, AL, 7E Python H1, RAGEFRF HashPartitioner X
FAEZE partitionBy, 1A FELFER X EUEHIE L (F]
U1 rdd. partitionBy(100)) .

4.5.1 FREIRDDF143 X )5 =

{E Scala Al Java ', YR7] LAfii  RDD ff] partitioner JE&: (Java
14§ 1] partitioner() J59%) K3KEL RDD HI X k. 3 B4k
—~ scala.Option X%, iXs& Scala H FH SRAF BT BEAFLE AT 17
B ARATBAXTIXAS Option XT R isDefined () >RAax H
e AE, FH get() RIFHHFPME. RAAFEERE, XME
20—/ spark.Partitioner X % . XA FE—DEFEA
RD.? &N E T X R A BT et — 2 iritix

3python API ¥ A R 9> X 7 A T35, (HAE Spark W EBTIARSFIH A 4 X (5 B
7 Spark shell F1§ [ partitioner BYEAMEFL % Fh Spark #1F
ARl g2l X 7 S — APl Ak, 3 mT DL SRAEAR RS P Hh R 2 AR 22
R PR B SR IERIZE R (I 4-24)

% 4-24: 3REL RDD 43 X )5 2%

scala> val pairs = sc.parallelize(List((1, 1), (2, 2), (3, 3)))
pairs: spark.RDD[(Int, Int)] = ParallelCollectionRDD[@] at parallelize a
<console>:12

scala> pairs.partitioner
res@: Option[spark.Partitioner] = None
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scala> val partitioned = pairs.partitionBy(new spark.HashPartitioner(2))
partitioned: spark.RDD[(Int, Int)] = ShuffledRDD[1] at partitionBy at <c

scala> partitioned.partitioner
resl: Option[spark.Partitioner] = Some(spark.HashPartitioner@5147788d)

TEX B AR H, FATE S T — 4t (Int, Int) XTAHRH
RDD, #JIEHTEHR X7 EE (—ME N None f#) Option %

%) o RIEE X —> RDD #HATHE A0 X, B H T35 =4
RDD. WISAfHSEEAE fG 2L R ] partitioned, JBHER 7EE
X partitioned i, fE58 =ATHiIANRIH G persist(). XA
AT F R 35 B4 userData P H persist() IR EZE—HR: U0
RAVIH persist() WIiE, J5£:1 RDD #/E& X partitioned Y
;%?};i%%ﬁ%ﬁﬂ?ﬁ, X2 FET pairs —i X —E I T IA 7 43 X
Ey =

4.5.2 M7y Xk an B3R AE

Spark FIVFZHRAEAR ST 1 K Hl iR 4 B i 3 AT VR R U R . P
A IX LR 2 ME R 7 X Hh 3k & . Bt Spark 1.0 15, Hef® AR
oy XA 3R a8 IR E A

cogroup(). groupWith(). join(). leftOuterJoin(). rightOL
DL A 1ookup ()

X144 reduceByKey () X#E RAEH T RDD H#AE, E171ER
43 X 1) RDD | % 2= S ECREAN I B A X BB AR E R S AL Btk
TR, W TR B AR 5 & VA2 ) 2 SRAE S TAEY sA e
R FTCAE AR M H AN R . X T W cogroup () #
join() IXFEW oA, TSI TEIE r X SHH b 24
RDD Cfifi F B & X 25 A8 RDD) AR A FHE R S mA
RDD i H AL X 7, I BB TIE A R REIALES | (Ehin
—/> RDD #&i#id mapValues() M5 — RDD F @Iz ki), XM
> RDD =AM FE MM 2 X5 , 8iFHH—4 RDD 0%
BHATEER, A AN EIRRERASKAET .

4.5.3 524y X 7 S ERAE
Spark P EBHIIE S ERAE S W s 43 X 720, FRl a3t BdE 347 0 X

RIERAFI45 R RDD Hali X B X a5 . Bilan, A ROxiE A
join() SKIESL M RDD; BT H#EAH A 703 e 7 B [ — S A4S
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I, Spark H13E it 45 AL RIS A X, XFEX IER B 45 AT v
U1 reduceByKey () IXAF I A I 2 B B AT TR

A, BAWEENSRAA —Es s X0 X, XN HH
H RDD R RSB W B 7 X a5 . B, H[AR%— AN o X B
{EXF RDD M map() B, HT1%%5 map () Wk w _En] Logas
TUR M, IRERMASEE 55X 7. Spark A& TR EY
PRIECR W B & T W PR B T oK. A, Spark #2448t 1 HANA AN HERAE
mapValues() fl flatMapValues() 1E V&AL, EAT0] AERIERE
D IuH MR FRAR

XHEBIH T A S NE B4 S RDD 4147 X 7 U

1E: cogroup(). groupWith(). join(). leftOuterJoin(). rig
(INHRAC RDD A 43 X 7 ATiE) « flatMapValues() (WA
RDD A4 X i) , L filter() (R4 RDD 43X 5k
HIiED o HoAth I R4 E A R 4 AR A AR 8 1993 X 7 3

&, X ooERE, B EE a2 X 7 R T A2 RDD 143 X
Noe BINBWT, SGRESXHAGAETX, X EMNEERFFATE
—Ff. A, WRHAHK—PRDD O EEESX TR, Bass
Rt S KA MR X 720 R mA RDD #ist it 4 X 7, 45
% RDD 2K H % — 14 RDD )73 X 77 o

4.5.4 7~fi]: PageRank

PageRank /& — A\ RDD 73 X H 3 2 (1) 5 2 20 R0, RATLLUE 5]
BEAT 43 M. PageRank 5% /& LL Google B4 B - il 75 (Larry Page) I
LT AN, FHRARYE MM SO FE M — D SR R8RSR, W EE TR
AP E IR — N R ZFIETT DT AT, 4
SR, WAT AR T-HE P B S E Bl 22 I 2% A sz (R

PageRank /& H#UAT 2 OIER I —MEARE W, IHE & RDD 7 X #4E
P— MBI E . BiESdE i EdeEse: — 1 H (pagelD,
linkList) oA, HAH5RAN T FAHSTImMIIR; 55—
H (pageID, rank) JumAM, WD YEATFE. ik
W B RHAT A

(1) KB T R ERIIE N 1. 0.

(2) FERFOEARH, XPTUH p, MR CH EZEERE T T
) Kik—MEN rank(p)/numNeighbors(p) I TTHRE .
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) KA TR HEFE N 0.15 + 0.85 *
contributionsReceived.

wa Wb S EEJIAMER, ERES, FEESgie 54T
1152 FR PageRank {H . 7ESEPrilEr, WSUE S 72 KL 10 31%48,

1] 4-25 45 4 714 Spark S23) PageRank MI4LHY .

%1 4-25: Scala kit PageRank

// TRHAHAR 4% LLSpark objectFilefJE X AEM#

val links = sc.objectFile[(String, Seq[String])]("links")
.partitionBy(new HashPartitioner(100))
.persist()

/] BEA TR HEEYIG N . 0; T4 Fimapvalues, 4 HIRDD
// WX 7" Links " il —

var ranks = links.mapValues(v => 1.0)

// i&1r710%:PageRanki%ft
for(i <- @ until 10) {
val contributions = links.join(ranks).flatMap {
case (pageld, (links, rank)) =>
links.map(dest => (dest, rank / links.size))
}
ranks = contributions.reduceByKey((x, y) => X + y).mapValues(v => 0.15

}

/] BitR&HE4
ranks.saveAsTextFile("ranks")

AT T FHIEMKE ranksRDD BB N TR FHMEVIIRL N 1.0 FF
15, RIEEEGERP AW E S ranks &85, 7E Spark H49% 5
PageRank M) FEARAH 218 5. B 500 4871 ranksRDD AR
1inksRDD #47—X join() #&1E, SKRIREUEEA DU 1D % M AR AR
U AR A /T E, SRS flatMap B2

H “contributions” it AR TN & A48 TR H B k. 2R 5 X
e TR E I R TUH ID CHRIESRAS L E M om0 Bk, i
TN 0.15 + 0.85 * contributionsReceived.

B A AR L, XA 7R BRE 7 2 i 1 AN D S5 Kk B fk RDD
PALCB R T AT 70 X, P/ MBS T4 -

(1) EVER, 1inksRDD fERIGERHP# M ranks KA EERAE .
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BT links & — S EdEE, BrCAIRAERR 7 — 46 1 B iz sl ot
BT 7o XEE, XA T EE BT NS AT IR 1. 5L
brt, 1inksRDD =T —fckii i< ranks KIRZ, HExE
BLE RS DU AR DU A1) (LT ID 2R , AU —
Double 1, [HhiX—ALHH L PageRank F R 4RSI (41 G id )
MapReduce) 2] | #H = AR 24 1815 T4

) BTFRBEEER, FATHEA links [ persist() Hi%, K fE
BAAE N A7 DU AR AT A

(3) H{IMIZE—IRENE ranks B, FAMEH mapvalues() 1A 2
map() KAREESC RDD (1links) I X s, XA ERHTHIS —
UOERR B IR /D

(4) TR, FATTLE reduceByKey () 51 H mapvalues();
N reduceByKey () MR OCAEREH XA T, XFE—K, FT—IX
?@%Eﬁﬂ%ﬂﬂ%ﬁi BAEMEE IR Links BT EHHEAE N L& 56 i

g N T R XA RIS EAE R, VRN AE TG 7 AR
TG R R &8 mapValues () Bk flatMapValues ().

4.5.5 HE X3 X5

H IR Spark #&fit[f) HashPartitioner 5 RangePartitioner C.4RE
53 2 R ZE B, (2 Spark it RVFRE LI —A B E LI
Partitioner X} %K% RDD 7> X )72 X 0] LLLEARA] FH 4iei k0
WHE— 2D D w5 T4

AT, B RATEAE — DM AR S BB TRl — )
PageRank 5ik. fEXH, &K ID (RDD F )5 & IH ]
URL. AT FH fi] B B0 S A e 2802047 70 XIS, 45 AHABAEY) URL #Y
U CEBAn http://www.cnn.com/WORLD F1 http://www.cnn.com/US )
AR o B AR b SR, FRATENIEAE [F]— N84 S
WX U1 58 A ] AEAH B BEHE . BT PageRank 75 B BFEAH WA TT
A1 A6 T A AR AT T A% — 2570 B, R IR 28 0 1w 40 26 31 [R] — A
gy X B . Al LM B E )73 X AR S8 AN AR 918 5 44 1 A A2 2
/™ URL K47 X
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S E € 5 X AR, R EYRK
org.apache.spark.Partitioner 28I N =ik

e numPartitions: Int: iR [A6) %2 H kM7 X H.

o getPartition(key: Any): Int: RFIAEEIDXHES (0
#l| numPartitions-1) .

e equals(): Java HIWrAHEEMERIARHET V5. XA TTIERSEILE
HE, Spark 752 HIX AN TR AR 43 X 885 G 15 A HAR
o3 X B SLB AR ], XAE Spark 7 R] PLAIBI B A~ RDD )43 X 7 =
AR
B AR EER, HIRPEER T Java 1) hashCode () J7i%
i, EXANTTEA T RESIR B IRTFETEE, iR
getPartition() 7kiziR [Al—/NEFEL

1] 4-26 JE7s 1 QeI 2 5 — AR A B T I XA, XA
[X 2% H4F URL AR 44 5570 KIS A

%5 4-26: Scala H E XX 7=

class DomainNamePartitioner(numParts: Int) extends Partitioner {
override def numPartitions: Int = numParts
override def getPartition(key: Any): Int = {
val domain = new Java.net.URL(key.toString).getHost()
val code = (domain.hashCode % numPartitions)
if(code < 0) {
code + numPartitions // ffHAEf
telse{
code

}

}
// HKilkSparkX 44 X RN S HJava equalsjiiz:
override def equals(other: Any): Boolean = other match {
case dnp: DomainNamePartitioner =>
dnp.numPartitions == numPartitions
case _ =>
false

VEE, 1E equals() 7L, {#H] Scala FIFR AL ECHEEAERT
(match) EKE other /&75 /& DomainNamePartitioner, JFE7ERK
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SEIE BT R A R, XA Java T instanceof () & —HFE.

ffF E % X Partitioner ZIRE S RE TS
partitionBy () J5iEENA] . Spark FHH V24K # T E s 1R B 1 T,
Eban join() 1 groupByKey (), EAIH AT AU — AN AT £ AT
Partitioner ¥ Gk il H 24 1 7 X 75 =0

1 Java F A —/NHE X Partitioner 1 /57755 Scala H 23k

WAL RFEEY R spark.Partitioner 2587 H Sz BB 7Bl
Al

7£ Python F', ANFEY & Partitioner 25, MMt —MEE KIS
R BE N — NSNS 5545 RDD . partitionBy () &%, wifl 4-27
FrR

%1 4-27: Python H & X453 IX 773

import urlparse

def hash_domain(url):
return hash(urlparse.urlparse(url).netloc)

rdd.partitionBy (20, hash_domain) # @20/ X

R, XEIRPE L X KA R 45 HoAl RDD 170 X B2 X )
TR WERIRABES 24> RDD {3 FHAH R A9 20 X720, w58 I
RN R, A EREE, AR EA RDD 8N
R BRSO R

4.6 45
R JRAT: ) T W {8 Spark $AERI% 1A B BORERIE BEE X B

Yo o 3 B IR B FEAE M T pair RDD. fE K — & H3AT]
AT AT B UNT DR A K
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L

o 5% A IRAF

AT T TREITAT R B X ARBONSEH . TREH & 1 25 2 140
HA L AT REAEEE ST M B . Bk
YUl n] R BE S LA DA A 2 3

5.1  ZhHL

AT L TIRZAE Spark X &0 K FIEHRHAT #RAE. B H AN
1k, B 7 AT A2 A VAR 45 Bl 2 05 3 ST A PP AT s 1 ORI £
). (HAIE, Bl &l RE R BIIABE — GHla T, XN
R B B U R AF TV T

Spark SZHFR Z R o N H IR . — 369> R A /& Spark A& & & T
Hadoop A= 28l i k) 3, #5572 Spark 7] LLiE it Hadoop MapReduce it
£ F ¥ InputFormat Al OutputFormat 4% HV5 M EdE, 1 AHER %
WHI XA S5 F RS (Ftn S3. HDFS. Cassandra. HBase 25)
AR R . 15.2.6 TR T A BB A X A

InputFormat #1 OutputFormat & MapReduce H 3K %45 HUHE V6 ) Java API.

A, BTG OMEH&EE APLXEHEH. Fiale,
Spark M HAZRGRM TIRZWIETT R AESNMHL N =KF L
IR -

o WA SRS

X TAAEEAR A R 8 A RSt (ELln NFS.
HDFS. Amazon S3 %) " H%#E, Spark 7] LA [A]1R 2 F A [E] )
SRS, AFESCARSCE. JSON. SequenceFile, A& protocol
buffer. AT UM E WAE B HE, LA Spark £ XA
A Z 4 1) BiE B RN R i 1k T

e Spark SQL 1 1) 45 # . £ 45 U5
959 B2/ 4 Spark SQL BiHk, EEFXHFE JSON 1 Apache
Hive 7£ N BI5GB IR, RT3 7 — = S hnfaid w2 )
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APL. JEAbZFHmS A 43— 1 W e[ {5 A Spark SQL, 11 A 704H
TR B BI5 9 m U

o Kl 5w E AT i

AR S MEIR Spark H I FEM— L =7, e 1] DL RE
$% Cassandra. HBase. FElasticsearch A& JDBC 5.

X BRI K 2 BT R H SRR Spark I SCRe =Mt iE 5, HIE
e — LR HSCHF Java il Scala. X FHMEIRATS L1146 H

5.2 S

Spark % 1R 2 M A s BURARAF 7 AR T . M I SCAR L
ARSI ST, 213540 JSON #& Ut st 280
1 SequenceFile X &5 1AL B SO, Spark #B A LASCHF (ML 5-

1) . Spark 2R A R A IR IR N AL EE T e X — i R B e
Ty, P IE .

#5-1: Spark 71— L85 W% =0

&
L FAVE T S I T
e

A BRSO, BT K INR

Ei_i

1SON G |HLMIET AR, FEHIL: KRR —
I eE
i
csv S TR LI SRR, T T2 T
SequenceFiles | /& | —# FH T-#E XS £ 19 WL Hadoop SCAFA%
Protocol Vg |, R R B X

buffers
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FHARKG Spark Mk A B A7 T oK DLLESE S R ACAS 32

SR BRI IR E 2K, BNE BT Java FE1 1k

=]
=

5% 1 Spark H B SRRV R ALS], dbnT DO BEEE (BRSO 2D
1% FH Hadoop 1387 IHSCH: APL. Hi-T- Hadoop $2 1 23R 457 A EE X £k
P85, P HaeiXFe A, BfdiA Lo N se 2R 78, T ides
B, W AR (b null) .

5.2.1 SCASCAF

7F Spark F LS AR E T« BIATE — A SCAR AR
RDD I}, WA —4TH SN RDD l— P& . WafblE £ 5%
%?i%ﬂiiﬁﬂkmﬂﬁﬂ—ﬁ\ pair RDD, H g2 vib4, {E2
j //'?E:O

1. BEECCA AT

T EAF S 12 E A2 20 A SparkContext H ] textFile() B
2, U] DUSEE — AN SOAR SR, anfs 5-1 241 5-3 Firos. i S 2454
S IXEHITE, AT LAFEE minPartitions.

%1 5-1: 7E Python HHiSEHX— AN SCAR A

input = sc.textFile("file:///home/holden/repos/spark/README.md")

5] 5-2: 1E Scala FEEHL— N SCA A

val input = sc.textFile("file:///home/holden/repos/spark/README.md")

%1 5-3: 7E Java FiZEL— AN A A

JavaRDD<String> input = sc.textFile("file:///home/holden/repos/spark/REA

ISR 2 AN SCPE L — R & BdE A B 20 19 H sk U B, Al e
PR AL . ATRUMEA textFile i3, f&ih HRIEAS

, XTSI AR ] RDD H . A A 0 0 A 1
FAB o o AR B SO CRE R B BCE SO 4 R Ta) KD, A
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B A% D) 7y B8 [R] f A B EEAN SO . SRS 2 s /N, A4 mT LA
SparkContext.wholeTextFiles() /i, 1% VAL 1R [Bl— pair
RDD, M@ 4m A\ fE 44

wholeTextFiles () FERFA SR s — MR I [A] B N IR £ i I R
AH . WHRARRAFPY B S HE o0, W] LAR 28 5t sk H &7
BB, W 5-4 BT

{5 5-4: f£ Scala HFREEDN AR ME

val input = sc.wholeTextFiles("file://home/holden/salesFiles")
val result = input.mapValues{y =>

val nums = y.split(" ").map(x => x.toDouble)

nums.sum / nums.size.toDouble

}

Eﬂ‘amki%§@%%5%¢%%ﬁi#,H&E%A%%
A AE I ERF (W part-*.txt) o KIUBECE 418 5 A7 e
AT, X RA M, TR — B FE—
BeR B S CREUn s bsic SCfF) IR

2. PRAT SCA LA

g S SO SO AR 2 4T 5. 51 5-5 HRBUR I saveAsTextFile() 77
VR —ANERAR, FEK RDD A1) P9 25 5N B B8 AR 0 R (1) SO
Spark # & N HIBRACAE N H S0 e, S AEIRAS B s N 243t
XK, Spark HtAT LM Z AT S EIRATHIH T . R HIEF, AT
f%%ﬂﬁﬁ%%*%ﬁﬁﬁﬂ%ﬁi#¢,Kﬁﬁ%ﬁﬁ%ﬁi%
&Ll

{51 5-5: #£ Python R PRAF 9 SCA LA

result.saveAsTextFile(outputFile)

5.2.2 JSON

JSON s — A i &L I a5 A B 2. BEHR JSON Atis 1Y) 5 )
BT G R B AR N SCAS SR, PR 13 ] JSON figfdfr s okt
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RDD R AE BEAT ML B #8420t ] DU R B AT T = 4 ) JSON
AL SR B s e A e, AR LS k. 7E Java 1 Scala H
WA L —AN B & X Hadoop ¥ 2R #4E JSON & . 9.3.3 Wik &
JE o~ tn Al {6 ] Spark SQL 52HL JSON 45 .

1. $zEXJSON

BB N SCA 2B, ARG JSON B3k AT il T, XFERI T TE
A DAE T R FRiE =t . X R B e A — 4T
j&—%k JSON it3k. WRIRAEATH JSON HdE, 1wt X Be i N A
A, BRIGITEEAD SO AT R . SRR H BE S R E A
JSON f#tr o AR, RaT LAE R mapPartitions () SKE %
Hres, 2% 6.4 T RVEN.

FAE X =M g E1E 5 oA KE K JSON J&E, N 1 i ikl
W, ZRHE R NEME SN A—Fi . Python s H A2 A &Y
(https://docs.python.org/2/library/json.html, W4 5-6) , T7E Java Fll
Scala #' | {d A Jackson Chttp://jackson.codehaus.org/, W45 5-7 K145
5-8) o ZFrLlkFEX e, FRIOVENMEREEAEE, M HAE AR
ORI B . QERAR FEMEATIT BOAE 2 1 KB AN TR], Rl B 2 4%
Scala Chttp://engineering.ooyala.com/blog/comparing-scala-json-
libraries) Y Java Chttp://geokoder.com/java-json-libraries-comparison)

HR ) JSON
%1 5-6: 1t Python HiZZHXAEZEMI4L K] JISON

import json
data = input.map(lambda x: json.loads(x))

7f Scala fll Java H, i FICKEANR—MCELEWERRZEY, £
XN FE R AT BE A RS — S TR AE S . I T LA I SR BN
Person Z51E N — M1 F-.

51 5-7: f£ Scala Hi:£HL JSON

import com.fasterxml.jackson.module.scala.DefaultScalaModule

import com.fasterxml.jackson.module.scala.experimental.ScalaObjectMapper
import com.fasterxml.jackson.databind.ObjectMapper

import com.fasterxml.jackson.databind.DeserializationFeature

case class Person(name: String, lovesPandas: Boolean) // W4i/&Tngiak
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/1 W EARYT AR E Micase class, {EfIflatMap, JHIL/Ei8H] I MAHE 4551 (None)
[/ RACEREEVR, MAERA R S — e R F1K (Some(_))
val result = input.flatMap(record => {

try {

Some (mapper.readValue(record, classOf[Person]))

} catch {

case e: Exception => None

)

% 5-8: 1F Java FiZHL JSON

}
}

class ParseJson implements FlatMapFunction<Iterator<String>, Person> {
public Iterable<Person> call(Iterator<String> lines) throws Exception

JavaRDD<String> input = sc.textFile("file.json");
JavaRDD<Person> result = input.mapPartitions(new Parselson());

ArrayList<Person> people = new ArraylList<Person>();
ObjectMapper mapper = new ObjectMapper();
while (lines.hasNext()) {
String line = lines.next();
try {
people.add(mapper.readvValue(line, Person.class));
} catch (Exception e) {
YV SOP NV GREET
}
}

return people;

@ REEA% A IERA R IC AT A RE = SHEAR ™ B ) A, e
X T8 JSON IXFE - M Bl R . 0 /N EE Sk, w]
CARE S AEIE BB R R AR IERE Y (REP RO, HEX TR
IR EE Sk, MR IR SR (. A RIE FEBE IR AN IE
FARIEE, VRN 2% 2308 Y BN A R BRER B 1R 4

2. fR17JSON
HH JSON AR BN E B/ 15 2, KA T ES ERS S ER

9

A RNTE S B 2R mT LU A 2 DR 45§ RDD

FEONMRENTLFIC) JSON Bedla i, 5 i 45 ML s 4 ) RDD 3685
#F 5 RDD, #RJ518H Spark fISCASCHE APT B H %
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(BB BRA T B e Y &2 2 eI, it el LSS — 2D ihaR U NSl 28
Jr e = 2 R I, i 5-9 241 5-11 For .

i 5-9: {E Python f£f7% A JSON

(data.filter(lambda x: x["lovesPandas"]).map(lambda x: json.dumps(x))
.saveAsTextFile(outputFile))

5] 5-10: 7£ Scala F %1%~ JSON

result.filter(p => P.lovesPandas).map(mapper.writeValueAsString(_))
.saveAsTextFile(outputFile)

% 5-11: £ Java T 517N JSON

class WriteJson implements FlatMapFunction<Iterator<Person>, String> {
public Iterable<String> call(Iterator<Person> people) throws Exception
ArrayList<String> text = new ArrayList<String>();
ObjectMapper mapper = new ObjectMapper();
while (people.hasNext()) {
Person person = people.next();
text.add(mapper.writeValueAsString(person));
}
return text;
}
}

JavaRDD<Person> result = input.mapPartitions(new ParseJson()).filter(
new LikesPandas());

JavaRDD<String> formatted = result.mapPartitions(new WriteJson());

formatted.saveAsTextFile(outfile);

XAE—R, il Al PUB I O A3 SOREE R HLAE AT JSON &, A
Spark %2 7 {5 UNI DR A7 JSON ¥ 1

5.2.3 €57 RESHRN I RE
B orkaE (CSV) XHRHTHAEEHH KB 7 BUIAIALE 518
TF (EERIRFF R ESCrE, B TSV S SR AR IT) o kil

Wa—AT %, AEWALRXEE, FNWATPIEIT. CSV XA
TSV XA TR E A —5, FERELOHERATRF . T
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FF+ JFE ASCH 245 JEBEEE T 1. CSV HAEFFA L FrREF
B, FrLARR BT &M fifds e 7B

5 JSON Hi) 7 B —FER 2, X B AR SR IC KA A AH R R B
;Zi,gﬂﬁ‘é?%ﬁﬁ&ﬂ’ﬂf?%o G R 5 — AT R B AN T
>4 o

1. BEILCSV

EEH CSV/TSV Hifa fHiLHL JSON HdE AL, A1 /5 B Sedl SO/ A4
SRS R B, BT AR AT AL B . i A U HE A SRR,
[ P AN [ Wi A A et AN ] R A B i A\ i

5 JSON —#¢, CSV WHIRZAFKE, HEREREMES PEH—
NFE. [FIRE, KT Python FRATIS 8 H B AT csv 2

(https://docs.python.org/2/library/csv.html) . fE Scala A1 Java A {5
F opencsv [ (http://opencsv.sourceforge.net/)

g Hadoop InputFormat # [

CSVInputFormat Chttp://docs.oracle.com/cd/E27101_01/appdev.10/eZ
AT UM T-7E Scala A1 Java H1iEL CSV #idli . A BEASCHFH

B AT

WRAETARE CSV T A Bds 7 B BB B & #ATHRF, /Rt n] DA
H textFile() GEHUIFMHTEHE, Wil 5-12 241 5-14 Fios.

% 5-12: {E Python H# F| textFile() BHL CSV

import csv
import StringIO

def loadRecord(line):
"R ATCSVid R
input = StringIO.StringIO(line)
reader = csv.DictReader(input, fieldnames=["name", "favouriteAnimal"
return reader.next()
input = sc.textFile(inputFile).map(loadRecord)

1 5-13: 7E Scala ¥ textFile() B:HX CSV
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import Java.io.StringReader
import au.com.bytecode.opencsv.CSVReader

val input = sc.textFile(inputFile)

val result = input.map{ line =>
val reader = new CSVReader(new StringReader(line));
reader.readNext();

}

5 5-14: 1t Java ¥ textFile() BEHL CSV

import au.com.bytecode.opencsv.CSVReader;
import Java.io.StringReader;

public static class ParselLine implements Function<String, String[]> {
public String[] call(String line) throws Exception {
CSVReader reader = new CSVReader(new StringReader(line));
return reader.readNext();

}

}
JavaRDD<String> csvFilel = sc.textFile(inputFile);

JavaPairRDD<String[]> csvData = csvFilel.map(new ParselLine());

WMRETFEHSRE AT, R E RN, RIS
B, i 5-15 241 5-17 Arzn. WA SCHEERIR R, ERBCR @B I
R A BE AR AN SE L B P BEI AT . B S A SO ) otk 7y VR 7E
5.2.1 W E R .

i 5-15: £ Python "' 58 #&{5HL CSV

def loadRecords(fileNameContents):
L SR AT I
input = StringIO.StringIO(fileNameContents[1])
reader = csv.DictReader(input, fieldnames=["name", "favoriteAnimal"]
return reader
fullFileData = sc.wholeTextFiles(inputFile).flatMap(loadRecords)

%] 5-16: fF Scala F 52 ¥ 52HL CSV

case class Person(name: String, favoriteAnimal: String)

val input = sc.wholeTextFiles(inputFile)
val result = input.flatMap{ case (_, txt) =>
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val reader = new CSVReader(new StringReader(txt));
reader.readAll().map(x => Person(x(0), x(1)))

}

%] 5-17: 7F Java T 52 #3EEL CSV

public static class Parseline
implements FlatMapFunction<Tuple2<String, String>, String[]> {
public Iterable<String[]> call(Tuple2<String, String> file) throws Exc
CSVReader reader = new CSVReader(new StringReader(file. 2()));
return reader.readAll();

}
}

JavaPairRDD«<String, String> csvData = sc.wholeTextFiles(inputFile);
JavaRDD<String[]> keyedRDD = csvData.flatMap(new ParselLine());

g MR ARG — /NN, IRTRZfEH wholeFile()
J7i%, B REID 7 B d AN B R 3 AT BT 7 X 4145 Spark REfE HE S
R IFEAT AT J5 SR A

2. fRAFCSV

F1 JSON %4 —#FE, S CSV/TSV A0 A4, [EREn] LUE N E
% B w2k niE . T CSV FERAIAS ARl 5k T i
B, RN 7% Ry —2, R Bl —Pheigt e R, —FhiE s
ks — 1R, HTBS B e e iy 3. 78 Python
L, R i, CSV R A SR YR Gl HE 2R 2 2 11
fieldnames BT 3 FRAT5E X —1T N0

WATH T CSV B H 2 S el 2y, Bt BART A A
StringWriter B¢ StringIO KK 45 Rk 2] RDD H, fnfs 5-18 A4
5-19 Fraso

%1 5-18: 1E Python 5 CSV

def writeRecords(records):
" RSV
output = StringIO.StringIO()
writer = csv.DictWriter(output, fieldnames=["name", "favoriteAnimal"
for record in records:
writer.writerow(record)
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return [output.getvalue()]

pandalLovers.mapPartitions(writeRecords).saveAsTextFile(outputFile)

%] 5-19: {F Scala ‘F''5 CSV

pandalLovers.map(person => List(person.name, person.favoriteAnimal).toArr
.mapPartitions{people =>
val stringWriter = new StringWriter();
val csvWriter = new CSVWriter(stringWriter);
csviWriter.writeAll(people.tolList)
Iterator(stringWriter.toString)
}.saveAsTextFile(outFile)

fRAl e CaiE R 2], A rB] 5 R Re e B AT R0IE P 24 H 1 i 7B
AT o RTT, AR SR S B A SR AR s AT I P R N R E I, Al 2
AR TTVA 1o sl B vk D A B, SRS R B
IR ILTTT R

5.2.4 SequenceFile

SequenceFile #& HH 5 A FHXT I¢ 5 45 #4) IR AR SO 2H B 3 Hadoop
1. SequenceFile XA [Fl A fxic, SparkA] LA &K & for 2 ST H
AR, REHSIERL A 55, XA BAik Spark {1 H 2475 5
e A AT 152X SequenceFile U . SequenceFile tH/& Hadoop
MapReduce {EMVH & EE A f A =0 B LA RARAEE A — AN 2 F
E’/ﬁjj Hadoop #%t, #&1RHG 1l RE 2 L SequenceFile 4% AR A H

T Hadoop i H 1 —& A E X HIFAIMLHESE, [Kitk SequenceFile #2&
H 523 Hadoop [ Writable #2 It R AH . 3K 5-2 FI|H | —LL5 I
HIE PR SR DL S E AT TN BB Wrritable 25 AR R 2 D0 vE NI 2 223 e 28
4 1) J5 TH M _E Writable IXAMA], RJERE T RS2
org.apache.hadoop.io.Writable Chttp://hadoop.apache.org/docs/r2
CENR TR GRARTCIE N E S B EdE 36 2% M. [F) Writable 287

CEbun B 52 S case class) , FRA] L@ H A,
org.apache.hadoop.io.Writable H [ readfields 1 write 3K
SEILH CLHY Writable 8.
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http://hadoop.apache.org/docs/r2.4.1/api/org/apache/hadoop/io/Writable.html

@\ Hadoop 1] RecordReader 2> A%} 5510 53¢ B H [A]— %

%, NI EZFH RDD i cache & S 8URMG sEbr b, IRRTH
AT — AR 5 map () AR R REA . iEF, 7F
% Hadoop Writable 283 5L java.io.Serializable #11,
ﬁt?’ﬂ?iﬁ?ﬂ‘]ﬁ%fb RDD F{ A, i&2ZH map() REE#E
7o

#$5-2: Hadoop Writable2 /1 %} W &

ScalaZ& 7Y JavaZi ! Hadoop WritableZs
Int Integer IntWritable B, VIntWritable?
Long Long LongWritable BY, VLongWr‘itable2
Float Float FloatWritable
Double Double DoubleWritable
Boolean Boolean BooleanWritable
Array[Byte] byte[] BytesWritable
String String Text
Array[T] T[] Ar‘r‘ayWr‘itable<Tw>3
List[T] List<T> ArrayWritable<TWs3
Map[A, B] Map<A, B> MapWritable<AW, Bl>3

2RO KR F 77 2 KB 50T 12 SR M2 AR 24430 AR A0
—HE. WRIRAE KER/NME, RN A 22K EISEA VIntWritable A
ViongWritable, 'EATR LAFEAF fitt 50/ N B AE IS Y BE 2D OO
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SR S A th 04 254 Wrritable 267

7t Spark 1.0 DL 5 FLffiAH, SequenceFile R GE1E Java Al Scala 74
H, AId Spark 1.1 I T #£ Python HHiEUI{RAF SequenceFile [#) 1]
Ae. HEVER, RiL2 T EFR Java 5 Scala SRSZHL H 2 X Writable
. Spark [#] Python API - &4 Hadoop H#7E 2 A< Writable 287!
7 Python 2R, FH/R &1 0] FHIY getter 7 yEALEE A fr) 28,

1. 2 HX SequenceFile

Spark A % ] KiE SequenceFile 4% 1. 7E SparkContext H, 1]
LA sequenceFile(path, keyClass, valueClass,
minPartitions). AfMH$Z%#)id, SequenceFile i Writable 2%,
It keyClass # valueClass Z-##R W 2% H IEWA 1) Writable 28, 2%
T, RBEEM—A SequenceFile FiszHX N 51 BL K AtATT BT Ik A g
WHEH . EXANMIT 1, keyClass #& Text, i valueClass M2
IntWritable B¢ VIntWritable. N T A {#Hi#H~, 7EHI 5-20 241 5-
22 FfF ] IntWritable.

%1 5-20: 7 Python ZHL SequenceFile

val data = sc.sequenceFile(inFile,
"org.apache.hadoop.io.Text", "org.apache.hadoop.io.IntWritable")

1 5-21: ff Scala H152HL SequenceFile

val data = sc.sequenceFile(inFile, classOf[Text], classOf[IntWritable]).
map{case (x, y) => (x.toString, y.get())}

i 5-22: 7£ Java H'132HX SequenceFile

public static class ConvertToNativeTypes implements
PairFunction<Tuple2<Text, IntWritable>, String, Integer> {
public Tuple2<String, Integer> call(Tuple2<Text, IntWritable> record)
return new Tuple2(record._1.toString(), record._2.get());
}
}

JavaPairRDD<Text, IntWritable> input = sc.sequenceFile(fileName, Text.cl
IntWritable.class);
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JavaPairRDD<String, Integer> result = input.mapToPair(
new ConvertToNativeTypes());

@ 7t Scala H A — MR J7 8 1 e £ 7] LLH 3K Writable % &
EEONAARIM Scala 257, A LLY A sequenceFile[Key, Value]
(path, minPartitions) iRI[A| Scala JFA£#E M) RDD, [
JoT 8 € keyClass fll valueClass.

2. frf7SequenceFile

7E Scala HV K £4E 5 H 3] SequenceFile FIfE IR L. B, BN
SequenceFile £7fi /2 BEAE XS, It DARE ZE a0 — AN H o] LU H 2
SequenceFile [JZRBI MR PairRDD. ATE L AT T V£ Scala
1) )i A2 R A %% 5 Hadoop Writable RS U4, B CAUn SRAREL S H 1)
J& Scala O JRA28AY, R LLE 1A saveSequenceFile(path) £
FERIF) PairRDD, ‘BFRE HEWE . WREBAEAR B A
Writable 2874, BUFH AR ALK AY (LA VIntWritable) , ®iw]
DX B dhAT IS 44, FEORAF AT R A e e . 1R FRATT S 2 i
BN+ CN R BL B ABAT TR Lk i Re 2 H D, sl 5-23 P

1 5-23: 7t Scala H{&1F SequenceFile

val data = sc.parallelize(List(("Panda", 3), ("Kay", 6), ("Snail", 2)))
data.saveAsSequenceFile(outputFile)

£ Java HRA1F SequenceFile A 8 —2LL, K’ JavaPairRDD |
#H saveAsSequenceFile() Jivk. FATE AL Spark £rf7 H & X
Hadoop 4% hEER LI . 5.2.6 & R aafE F] Java LA
SequenceFile {RA7-E0HE

5.2.5 Rt

Xt G B R G A X5 SequenceFile F R HLdst 3, B U VFAEfE R A
%}}%E‘J RIE)/? 1 SequenceFile N—FE) A&, X R A &{HH Java /7
HCE HHT

| %"\ IR T AIRBISE——Le g 1 LA T B—es
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A RIS BOSCFERAN T2 o X RSO Java AL, B
g%%ﬁl*/l\%ﬂ’ﬂﬂ( [ ARAAE — EFE R SR, (HA2 TR ERET 7
SEI

XX R CAAEH Java P HICE LA R )T . B e, A IE R
SequenceFile A A, X FRIFERINT SR, X RO % H AT Hadoop 1Y
AR Hk, S5HASOHRE A FEIR R, MR EE H T
Spark {EMV[A]EAE . )5, Java JEHIALA W] HEAE 418 .

FRIEXT R0, R 74 RDD LI saveAsObjectFile 54T 1 o
BEE 6 B A 24 R #L: ) SparkContext F1/1) objectFile() pR%l
Bl — A4, IRIEIXS R RDD.

TR T RTINS RO IR S E R, ARA] RERR B N A
NERE . R R SCIF I 2 Z R PR 2 e AT AT PR ORAE L PAR =R
RIS ZAIMO AR

X G AEAE Python HGVEE A, ANid Python #H) RDD A
SparkContext % 5 saveAsPickleFile() Al pickleFile() J7ikAfE
NEAR. XA T Python H pickle P AL EE . Aid, X GO
HHIFAAEE T pickle 3X4: pickle FERTRERTE, JF HAEB e
NG, S = SO T B oA I ok

5.2.6 Hadoop#ii \ % H 4% =X

k% 1 Spark 32 tg iz b, AT LL5{E{a] Hadoop SCHFIFIHE XA
H. Spark SZH#7TIHPE Hadoop CF API, 24t TR K Rig¢E. 4

4Hadoop 7E3 i FE R34 00 T — & %1 (1 MapReduce API, Al A L6 FEASR (4§ F IH IR E .

1. 32 HUH fli Hadoop#ii A 4% =X

ZL{4 HHThR I Hadoop APT 2 A — 30, 75 Z 251 Spark —£4 7%k
P, newAPIHadoopFile #IN— PR LA K =, H—PIREH
A7, REFAF . U R % hadoopFile () WA F# HIHA)
API SCILIF) Hadoop f ARG e 28 AN BEREE, BE—1EREHE
12K, j%l%%%’%%‘&ﬁ%%ﬁ%ﬁ‘] Hadoop BCE &M, tHA]ELEAN—
conf Xy R

KeyValueTextInputFormat +2#x (% ¥ [1) Hadoop i AN# X2 —, W
PAFH T DSCAR SO A e BUBEAE O #cs - (anfel) 5-24 o) o &F—ATHR
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SPAMSLACTE,  SEAME 18] H R ARG T . IX M A AFE T Hadoop
e, BT RAJE R ) R R s DA A 1) sl e A H e

{5l 5-24: f£ Scala F1f8 1 £ 7\ API 32HX
KeyValueTextInputFormat()

val input = sc.hadoopFile[Text, Text, KeyValueTextInputFormat](inputFile
case (x, y) => (x.toString, y.toString)
}

P15 > 7 s OO SO IE i CA#EBT L2 E JSON #0ds 1 777 .
=g b, AT AT BHE A H 2 3 Hadoop i A K 2R 152 HL JSON %5
o 1% TR B E RN R Sk I, FRATE HEkd e TR E R
YR T4 . Twitter ) Elephant Bird
(https://github.com/twitter/elephant-bird) 37 #F1R Z F#Esg =0, 6
JSON. Lucene. Protocol Buffer #¢H#% 205 . XM H3&E H T8 1H
P Hadoop SCAF APL. N 1 @ s nfal £ Spark A4 F#7 2\ Hadoop

API, FAIRE—/MEH Lzo IsonInputFormat i LZO 5L LY
[f) JSON s 115115

%1 5-25: 7E Scala #f# FH Elephant Bird 2H{ LZO HyEE46 1
JSON 3 f:

val input = sc.newAPIHadoopFile(inputFile, classOf[LzoJsonInputFormat],
classOf[LongWritable], classOf[MapWritable], conf)
/] "EN"FHEAEAMapWritableftE — N ISONKT £

%\ LZO ) SCRFER IR %2 %% hadoop-1zo fil, FEH
Spark FUASHBZE H o Gn S AR{E H Debian f%223%, 7RI spark-
submit BN I --driver-library-path /
usr/lib/hadoop/lib/native/ --driver-class-path
/usr/lib/hadoop/1lib/ LA LL T .

{8 HIH i) Hadoop APT BEHUCCHFAE HVE ELF—FF, BR T 7 E42 IR
3\ InputFormat 25. Spark V12 H iy B3 R AR & (Lban
sequenceFile()) #BZMHHIH( Hadoop API SEILHY

2. 1% 17 Hadoopi - k% 2
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FATHF SequenceFile LA&H | —E W T fi#, {HAZAE Java API HiXH 5

FHHIERAF pair RDD HpRE . FRATFEZ M SLAE N 7 ] 3 1H

3\ Hadoop #& 201 API 651 (L] 5-26) 5 #Hried
(saveAsNewAPIHadoopFile) i A ikt &I ln .

1 5-26: 7t Java {&f7 SequenceFile

public static class ConvertToWritableTypes implements
PairFunction<Tuple2<String, Integer>, Text, IntWritable> {
public Tuple2<Text, IntWritable> call(Tuple2<String, Integer> record)
return new Tuple2(new Text(record._1), new IntWritable(record._2));
}
}

JavaPairRDD<String, Integer> rdd = sc.parallelizePairs(input);
JavaPairRDD<Text, IntWritable> result = rdd.mapToPair(new ConvertToWrita
SequenceFileOutputFormat.class);

3. A3 R G HAEIR

4 7 hadoopFile() fl saveAsHadoopFile() iX— KJSph%, &n
LL{# ] hadoopDataset/saveAsHadoopDataSet #ll
newAPIHadoopDataset/saveAsNewAPIHadoopDataset K ijjIr
Hadoop P Z FFHIHE XA R A 76 . Flan, V5214 HBase M
MongoDB X F [ BB X A7 g AR P 41t 1 F Kk B #2352 HX Hadoop i A\ A%
A O . AR PALE Spark 4R 77 {8 45 A I e L

hadoopDataset () iX—4 K A UL —1> Configuration X} 4,
XA G Sk 1 B V7 1) 203 U5 B 2 75 1) Hadoop J&VE. VRZS H S0
# Hadoop MapReduce {EMVAH R #77 2R BC B IX A R . Fr AR 24
FZ 8 AE MapReduce H1 7 ) IX L6 YR A FH UG IR L &, FHERCE
S AL 45 Spark. EbAn, 5.5.3 5@~ T oAl
newAPIHadoopDataset KM HBase H iz B -

4. 7~f|: protocol buffer

Protocol buffer (&% PB, https:/github.com/google/protobuf) ° & 5
i Google &, HTWHKZEMAELIEAH (RPC) , C&HHE. PB
AR, BESR BN IERE I E L. BTt
K1, gmhgdR BEER, T B A A A AR EolE XML, PB REAE [FJRE
P R N AR R 2 3 21 10 58, (RIS g hod B2 K248 XML
[¥] 20 % 100 f%. PB R —EgmiY, KWARZHEIE - IEEZ
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AN PB VH B B 7 2
SH I HR A pb BY protobuf.

PB {# F AT & T35 5 ok e X, PB Zmikes ] LA BCS-FhE S 0005 0] bR
. ({45 Spark S HFHITEIES) - HHT PB HRESHRELHT
8], FrLLlE B /MR 1, KX IR i gm il 7 5 5 &AM
ffl‘lﬂﬁa X R [ IRAT TR E AT PB A& U EIR N, & 25O
PB HI5E Lo

PB MIET R, BHFE, BEFBEMTBUN. R, 1
BB 2 SERNTIIC, Ti6T 5 B B 2 S BB
BHOIC. [HEE, EAE PB 2 ST, B R B ol
B, HETER AT AH RN BTSN CRDREf A 2ok e

Wi, EREAT AT HE A T LRI R

PB T HFFZ TUE R, 80 53—~ PBiH B IXLeRAI A4

string. int32. enum %%, XELEEARME PB 5B, QAR

JELBR )G, AT LLVT A Protocol Buffer Fr) R 3k
(https://developers.google.com/protocol-buffers) 1 filt 5 Z 4175 .

151 5-27 W ST AL Wfe] A —AN i 1 PB A% U S HUF 22
VenueResponse % . VenueResponse & R & — P EE FEMTFH
B, INFEROAEG—FWH LB ks B L Rz R A
B PB I ..

%] 5-27: PB E X

message Venue {
required int32 id = 1;
required string name = 2;
required VenueType type
optional string address

-
w
e

enum VenueType {
COFFEESHOP = 0;
WORKPLACE = 1;
CLUB = 2;
OMNOMNOM = 3;
OTHER = 4;

}

}

message VenueResponse {
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repeated Venue results = 1;

}

i — 3 8 3 Twitter () Elephant Bird FE K2 JSON ##5, & th
SCFEM PB R R . T IHCSKRE — 15 i Venues 711,
45 5-28 A7~ o

%1 5-28: fE Scala H{# A Elephant Bird 5 { protocol buffer

val job = new Job()
val conf = job.getConfiguration
LzoProtobufBlockOutputFormat.setClassConf(classOf[Places.Venue], conf);
val dnalLounge = Places.Venue.newBuilder()
dnalLounge.setId(1);
dnaLounge.setName("DNA Lounge")
dnalLounge.setType(Places.Venue.VenueType.CLUB)
val data = sc.parallelize(List(dnaLounge.build()))
val outputData = data.map{ pb =>
val protoWritable = ProtobufWritable.newInstance(classOf[Places.Venue]
protolWritable.set(pb)
(null, protoWritable)
}
outputData.saveAsNewAPIHadoopFile(outputFile, classOf[Text],
classOf[ProtobufiWritable[Places.Venue]],
classOf[LzoProtobufBlockOutputFormat[ProtobufiWritable[Places.Venue]]],

XA TR ) 58 BERRAS AT AZEAS S R A 3k 21

@ Hy i AR, 1ERAOR1E A ) PB A 5 Spark HH A
TESIEART 2 bR, Spark ffi IR A Z 2.5,

5.2.7 XY

FEREAE TAEA, AT 75 Z0 B AT He 4 UL 44 77 i = 8] A1 Y
ZEAETTT B . X T K2 %L Hadoop fir A& R 6,  FRATT ] DUFE & —Fd
JE 40 S iR 8% SR IR 46500 . FATE 4425, Spark FAE KN 7
(textFile il sequenceFile) 1] VLHFAE —RMWELE. 7
SRR 4 5 FOBTYE T, — S8 R 5 2 A A 2% v DA 45 28 78

X L6 T A e T 5 1S4 IR 4 ) Hadoop A% 30, LR IRLE S H 2
ARG RIS . B AEHE R Hadoop # 2\ — RO SR 46 52
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FFo WA FE b A R AR e, R B P H OB B

63— H H 248 2 AR D 25 P RE 20 1K L8 3l LU I P = AR ERSY
Wi o % T8 Spark XFEM ARG, BATEE =X D AFL
g bR . BESLUIAEOL, A AR KA RE NS K 2
ORISR I . AT LR RS SR X ARG AR B, T AL A
RN EE, XURE S AR RS W DRSSt %
A R EIFAT B AR O m] B R . K 5-3 S 1R
{R)ER eprimy e

£5-3; R4

X
ik
m Jiji}z 'fi 7 he 71 o éEE J:% ¥y
| 2| e Hadoop /& 4 4 fift i 45 Java HE
B B
FE| R
gzip & f}% f% org.apache.hadoop.io.compress.GzipCodec = =
A | s AL
1zo 26w ¢ | com.hadoop. compression.1zo.LzoCodec = | 2| TA bt
Py LZO
bzip2 | & |12 ir%E org.apache.hadoop.io.compress.Bzip2Codec = a | IR EIR
i E R R A R P-10-conpress B2p =R | A A 4lJava
5]
o Hadoop HER
zlib 75 |18 | 4« | org.apache.hadoop. io.compress.DefaultCodec | ;& | A& | IANJE 42 fiR
N s
Snappy A 4k
3k Java [ HH
Snappy | 75 | * | ik | org.apache.hadoop.io.compress.SnappyCodec | {5 2=, HRALE
N Spark/Hadoop
HHANREH
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ST TS P I

%\ R Spark H) textFile() JyvER] PAACHE & 461 A%
Ao A RIS i N B8 e DA T 23 B2 B 77 s 4, Spark tHANZ:
FTHF splittable. Ak, WERARESLHEA KRG 5N, &
I B FEAT ] Spark 322, 1M /2% H newAPIHadoopFile
8i# hadoopFile, JFf4& %€ IEHH I T %d g A0 45 o

H LA AR L (B4 SequenceFile) FUVFFRATT A 48 SR G B A 1)

B, XEEHNEEH. Eh—sm g E e o EgEEd):
1, Twitter [1) Elephant Bird 5 11 2 4% 2# AT LUE FH LZO &k &

7 I -

5.3 VARG

ggark SCRFERGARZRISCIE ARS8, w] DA AR BRATTAR ZE (K SCAHA%
I\o

5.3.1 AH/“F A R Gt

Spark SCRF A SCAE SR e b BRI, AN e ZORICPFAE SRR By
A R A R B N AR AT AR 3

— L% NFS. AFS DL K MapR [ NFS layer iX F£ 1 /48 S0 R G824
APNE SO RGBS P . RARE R A X R
girh, WA FEEREMAN— file/) 815, REXNTH RS
FERRAERATT SE — IR, Spark i< HBhALHE (il 5-29 Al
R

191 5-29: 4 Scala H A S 28 G B — A IS 46 1) SCASCAF

val rdd = sc.textFile("file:///home/holden/happypandas.gz")

WS A TSR R a1 R b, ARAT CAFESREh #8452 7 Hh A
A BGZ S G/ A AN ERE, R H A parallelize
N R TR /. AdXFr AT g thisdg, Ay DRI 775
e SRS EME HDFS. NFS. S3 &= 245 L.
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5.3.2 Amazon S3

F Amazon S3 KA7fi K EHPE IEH H AT [k E 5*B%f
Amazon EC2 IR, fEH S3 ENFE LR, HEERS
W7 R BRI PERE S ZE IR £

TLAE Spark TR S3 #dE, VRRBIZE SEAEIRET S3 Vi i iR I E N
AWS ACCESS_KEY_ID fll AWS SECRET ACCESS KEY ¥ iEAF &, fRA]
LAM Amazon Web Service #%fil & Q@ X AT, TR, K—1
PLs3n:// k4R L s3n://bucket/path-within-bucket ¥
AL % Spark %I N 715 AHANPT A X R4 —H#F, Spark A
£ S3 BARHR SCRFE B AT, 10 s3n://bucket/my-
Files/*.txt.

R PR M Amazon AP BAF 2 S3 5 M ALRES =, TEALRIRIEE T V5]
FEH RIS 5 B A “read” (352) A“list” (F1]3K) IR . Spark
T B N ES, SRR B A EL S U 28

5.3.3 HDEFS

Hadoop DA R4 (HDFS) & —M =2 R4,
Spark REWSIR U Hufs F ' . HDFS #% 511 v m] CAZE BEA A F B T
B, B RO R, (RIS ik s A& . Spark A1 HDFS A
DL B AE[R]) —HEPLES b, 1X#¥ Spark 7 LR B4 7 A SRR Sl o —
LX) 28 4

7 Spark HH{¥F] HDFS R 75 Z0R 4 A fan i B5 A2 Te e N
hdfs://master:port/path S 1 o

%\ HDFS /3 Hadoop fxA AR A4k, A e an SARfsE
] Spark & k#5175 — AW A1) Hadoop ZmPEH, A4 EE &2k
W, ERINEHLR, Spark T Hadoop 1.0.4 4 7. G5 MJEAR
T, R DAFEIASE A5 8 Hh §5 %2 SPARK_HADOOP_VERSION= 3K
T 7 — /RN Hadoop AT 94 13; ] DLE B T & idw 1R 47
] Spark it . /R A] LR HEIZ1T hadoop version HJ4h B k3RS
PRS0 B 15 MR .

71 Spark 1.4.0 &, Spark BRI\ Hadoop A& O FF R E 2.2.00 — FF&7F
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5.4 Spark SQL T [ 45 ¥4 46 £

Spark SQL #&7F Spark 1.0 H# IN Spark FIZHAF, FHEPR@E N T
Spark HVEE S UG IR AR SE A AR 2 S5 ML B R I T . A B
TR A g E B r s WA R LA A — S B
GEMJIEES . Spark SQL SCHFZ Fh e MM EEIEA/E N, T HHT
Spark SQL HIEHIR GG R, BIEn] DX Ly h s By
TTB. 59 B AN A Spark SQL, PUEFRAT R /R tnfa
FH B M — 25 DL I e HUE s

ESMIEN T, FRATIE—% SQL &% Spark SQL, ikEXf—/M4k
PRPATEN GEH —HFEREE N FERAA A &R , REHEE
H Row X R H A RDD, 4 Row X % #K/mn—4kid 5. fE Java I
Scala H1, Row X R IV 2HET FHrHT. &1 Row #H —1> get()
ik, R E— A R T AT DA AT 2R R e 4 . i ANEH XS
AN L get () 5k (Fln

getFloat(). getInt(). getLong(). getString(). getShort(]
&%) o 1E Python #, AJLM#EH row[column_number] DL
row.column_name 3K TG & .

5.4.1 Apache Hive

Apache Hive 72 Hadoop _F[1)—FH WL S5 /e E 3+ . Hive 7] LAFE
HDFS P 83 7E HAh A7 i R 4t L A7 2 g U038 . X ek =0 s
%fﬁgﬂﬁﬁﬁ%*ﬁﬁ, NARE. Spark SQL 7] LLiH Hive SZHFHY
AT

P Spark SQL &3] A 1Y Hive I, IR ZE#2 4L Hive L& L

o PRTEERE hive-site.xml SCAFE |2 Spark H /conf/ H3k K. iXFf

itz 5, AV HiveContext X%, i Spark SQL KA

1, SRIE/REUT LS A Hive BEST (HQL) SRAMRIIRIEATE

)13/)? , JFULEATA R RDD HEAE 2R BI# s, @] 5-30 24 5-32
7INo

%1 5-30: F Python f1)% HiveContext F 25 1H) 5 ¥

from pyspark.sql import HiveContext

hiveCtx = HiveContext(sc)
rows = hiveCtx.sql("SELECT name, age FROM users")
firstRow = rows.first()
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print firstRow.name

%1 5-31: H Scala fJ]# HiveContext Ff 7% 114 #i&

import org.apache.spark.sql.hive.HiveContext

val hiveCtx = new org.apache.spark.sql.hive.HiveContext(sc)
val rows = hiveCtx.sql("SELECT name, age FROM users")

val firstRow = rows.first()

println(firstRow.getString(0)) // F-B0&name7 B

%1 5-32: FH Java £ HiveContext Jf 7% 1 5 &

import org.apache.spark.sql.hive.HiveContext;
import org.apache.spark.sql.Row;
import org.apache.spark.sql.SchemaRDD;

HiveContext hiveCtx = new HiveContext(sc);

SchemaRDD rows = hiveCtx.sql("SELECT name, age FROM users");
Row firstRow = rows.first();
System.out.println(firstRow.getString(0)); // FEo&nameF B

HATRAE 9.3.1 T FEA A A U] I Hive TSz HUEH
5.4.2 JSON

R AR 0 1A 454 — 30 JSON ##is, Spark SQL 7] LA H St
HEMMERER, FFBIXSEIREICAICSE, XA DL ERE
FEHI A SR f Ba . ELREY JSON #ids, /a5 A{E FH Hive
— R — HiveContext. (ANIEFEIXFHF I T BATA 5 B 203k
I Hive, W2 BAREA T E hive-site.xml . ) RJE{HH
HiveContext.jsonFile J7 v R MWEEA SCAF SRS Row X % 4H i
) RDD. B /% Row X4, IR AT LLKE RDD yEM A—5K

=, REMF BRI B . B, BixE —MNEEHEC R JSON
A, A& 5-33 Fras, BT K03

%] 5-33: JSON {7~ 451 HE S

{"user": {"name": "Holden", "location": "San Francisco"}, "text": "Nice
{"user": {"name": "Matei", "location": "Berkeley"}, "text": "Even nicer
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AT DL U e 5 dE, SRR username (44D
text (CA) 7B, il 5-34 241 5-36 frs.

1 5-34: 7t Python Hfi ] Spark SQL i32H{ JSON % ¥

tweets = hiveCtx.jsonFile("tweets.json")
tweets.registerTempTable("tweets")
results = hiveCtx.sql("SELECT user.name, text FROM tweets")

%1 5-35: 1E Scala H{# ] Spark SQL #zH{ JSON % #

val tweets = hiveCtx.jsonFile("tweets.json")
tweets.registerTempTable("tweets")
val results = hiveCtx.sql("SELECT user.name, text FROM tweets")

%1 5-36: 7E Java F{#i Fi] Spark SQL #ZHX JSON ¥4k

SchemaRDD tweets = hiveCtx.jsonFile(jsonFile);
tweets.registerTempTable("tweets");
SchemaRDD results = hiveCtx.sql("SELECT user.name, text FROM tweets");

FAT=AE 9.3.3 FXH UM (/] Spark SQL 13 HU JSON A Uy ] H &5
FfE BIATIRANIR VT . BAh, Spark SQL HI S FFZ AR T e B E 4%
AR EIEIE . LAEL RDD B SCRFI 5 308 &2 2% 17 AU 5 2dls
XPEIEISAT B € LR %, IXERHR RS 9 = rh kR,

5.5 HdE

1B A 2R S LK) Hadoop HEZ 8 B H i€ I Spark %45, Spark
A LA ) — L85 YRR B R G . AR5 SR s DU M 8 L IR 12 4%

5.5.1 JavaZi¥ FEiE#

Spark R AMAEAISCFF Java 24 R %2 (JDBC) 11K 5 B H U 2=
SEECE s, U3 MySQL. Postgre 55 541 U7 X LOEE, 2N
#—/~ org.apache.spark.rdd.JdbcRDD, ¥ SparkContext F1HAt
iﬁ%@%éﬁﬁo %1 5-37 Wi~ 1 anfAr {8 JdbcRDD %42 MySQL
AR
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1] 5-37: Scala '] JdAbcRDD

def createConnection() = {
Class.forName("com.mysql.jdbc.Driver").newInstance();
DriverManager.getConnection("jdbc:mysql://localhost/test?user=holden™)

}

def extractValues(r: ResultSet) = {
(r.getInt(1), r.getString(2))
}

val data = new JdbcRDD(sc,
createConnection, "SELECT * FROM panda WHERE ? <= id AND id <= ?",
lowerBound = 1, upperBound = 3, numPartitions = 2, mapRow = extractVal
println(data.collect().tolList)

JdbcRDD WX HE LS4

o Hob, BERRAL A TR A S EE R I R A, XA R LR
AN RAEIE R E A E A A1 B O U R .

o TR, EIRME—ANTI DA A — e u N B iR &, LA
Z¥% lowerBound Al upperBound HIE . XS H A LLik
Spark fEA FINLES _EE WA FTEREIFEE, XA 2 F 27
— N BT e B

o XANRBHIT)E —DSEGE A0 LR H 25 R
java.sql.ResultSet C(http://docs.oracle.com/javase/7/docs/api/jay
B uxt B P B A R AR e 2. 7281 5-37 1, AT 3]
(Int, String) XJ. WIRXNSEHZG, Spark & H AT 4
R — DG .

BIN R A HLE R A 2D %0, W RSETEPIT 5, SRS ok e
upperBound 1 lowerBound FJ1H

A H AR ) B s U8 —FF, ZEfH A JdbcRDD K}, 75 B4R IR B0 B3 22 v]
PLNAS Spark FRAT 2B A gk . Qn SR ARAR B2 29 2k A R HlE i A A7
SR PRE, "TUMEREEEEN SH e, BEE S O SCR T,
5.5.2 Cassandra

% DataStax HJ5H F T Spark [ Cassandra i£##5
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(https://github.com/datastax/spark-cassandra-connector) , Spark X7
Cassandra S FFRRFEF . IXAN &R HETIE A2 Spark 1) —#F
73, IR BN I — SRR A T B A B OR B # SO rh A e A e
Cassandra i ¥ | Spark SQL, A 'BE<xiR[AIH CassandraRow
XA RDD, XYt 5 —&4 77155 Spark SQL 1] Row X 4
P15 A, ol 5-38 451 5-39 ffr7s . Spark 1) Cassandra i£#22% H
A A BEALE Java A1 Scala H {8 H .

f#5] 5-38: Cassandra £ 28 1) sbt {K#fi

"com.datastax.spark" %% "spark-cassandra-connector" % "1.0.0-rc5",
"com.datastax.spark"™ %% "spark-cassandra-connector-java" % "1.0.0-rc5"

1] 5-39: Cassandra 23] Maven 1 45

<dependency> <!-- Cassandra -->
<groupId>com.datastax.spark</groupIld>
<artifactId>spark-cassandra-connector</artifactId>
<version>1.0.0-rc5</version>

</dependency>

<dependency> <!-- Cassandra -->
<groupId>com.datastax.spark</groupIld>
<artifactId>spark-cassandra-connector-java</artifactId>
<version>1.0.0-rc5</version>

</dependency>

#R Elasticsearch 1R1%, Cassandra i%#z48 £ B — MEMY B Mk v g
HERE RN ERE . FA1HE spark.cassandra.connection.host ¥
B NTE M) Cassandra £/ . G0RA P L AEAGITE, TR 257K
& spark.cassandra.auth.username
spark.cassandra.auth.password. {RE/RRH— Cassandra %
BEELERE, W LA/EQI%E SparkContext B mit EIX e #8153 4F, Wi 5-40
1| 5-41 FT7w

%1 5-40: 1F Scala "F'Ac & Cassandra &

val conf = new SparkConf(true)
.set("spark.cassandra.connection.host", "hostname")

val sc = new SparkContext(conf)
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%] 5-41: 7 Java i B Cassandra J& 1%

SparkConf conf = new SparkConf(true)
.set("spark.cassandra.connection.host", cassandraHost);
JavaSparkContext sc = new JavaSparkContext(
sparkMaster, "basicquerycassandra", conf);

Datastax ) Cassandra £z 25 1% H Scala H [ 2 XL ok N
SparkContext f1 RDD $g flt— L inpsi £, iEAT I NIX Lefa 5%
e, R I — B s (A 5-42 FoR)

] 5-42: 7t Scala H K #5k #E{E % 2152 BN RDD

// NSparkContextFIRDDHE AL Bt ok H ) b 2 4% 4

import com.datastax.spark.connector._

/] ¥EERFT—RDOD. BRI R test AN TE RN

// CREATE TABLE test.kv(key text PRIMARY KEY, value int);
val data = sc.cassandraTable("test" , "kv")

// FTEIHvalue B —Le AL it

data.map(row => row.getInt("value")).stats()

£ Java H', HTEAREAEF R, Fr 52 S U F#: SparkContext
Xt G RDD RSEHUXAE I TEE (A 5-43 Pron) .

%1l 5-43: {E Java H 4B 5K EEE X R BN RDD

import com.datastax.spark.connector.CassandraRow;
import static com.datastax.spark.connector.CassandralavaUtil.javaFunctio

/] ¥EERE Ty —RDOD. BRI R test AN ETHER N

// CREATE TABLE test.kv(key text PRIMARY KEY, value int);

JavaRDD<CassandraRow> data = javaFunctions(sc).cassandraTable("test" , "

/] FTER—LeBAR S},

System.out.println(data.mapToDouble(new DoubleFunction<CassandraRow>() {
public double call(CassandraRow row) { return row.getInt("value"); }

}).stats());

b 7 sk R, W] LA WER RN 4L, didfE
cassandraTable() B AN where Fa), T LABR Hi 25 18 1 %k
#5, Bl sc.cassandraTable(...).where("key=2",
"panda").
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Cassandra £z a5 > Frftt 2 PR FIRDD R A7 21| Cassandra 7. FATA]
LLE 0/ 17 1 CassandraRow % R ) RDD, XX TR [ E
il b oA o i d8 2 B O¢ &R, IRATHE AT LU AS AT I
B2 uH A HR FE U RDD,  anf 5-44 Frors .

%1 5-44: 1t Scala H {R17-%(#5 #| Cassandra

val rdd = sc.parallelize(List(Seq("moremagic", 1)))
rdd.saveToCassandra("test" , "kv", SomeColumns("key", "value"))

AT R RE A48 T Cassandra a8 & T EZEE, 1HA R
ZIERE S GitHub T Chttps://github.com/datastax/spark-cassandra-
connector) o

5.5.3 HBase

T org.apache.hadoop.hbase.mapreduce.TableInputFormat
) sEB, Spark A] LLiE T Hadoop i A% 3\ 1Jj 1] HBase. XM
A% iR BB E N s, FLrp s 2Ry
org.apache.hadoop.hbase.io.ImmutableBytesWritable, Tf{H
[()2574 A org.apache.hadoop.hbase.client.Result. Result
FRALE ZFRAE PSRV ) )78, £ APT SO

(https://hbase.apache.org/apidocs/org/apache/hadoop/hbase/client/Result.]
A BT R -

B% Spark AT HBase, R75 248 A 1E A i) Fa A4 =0 A
SparkContext.newAPIHadoopRDD.

Scala H 17~ U451 5-45 s o
%1 5-45: M HBase HUEHE Y] Scala 7~ 15

import org.apache.hadoop.hbase.HBaseConfiguration

import org.apache.hadoop.hbase.client.Result

import org.apache.hadoop.hbase.io.ImmutableBytesWritable
import org.apache.hadoop.hbase.mapreduce.TableInputFormat

val conf = HBaseConfiguration.create()
conf.set(TableInputFormat.INPUT _TABLE, "tablename") // HHfHiMFikE

val rdd = sc.newAPIHadoopRDD(
conf, classOf[TableInputFormat], classOf[ImmutableBytesWritable],class
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TableInputFormat & 2N LLHSRILERT HBase H 12 E ) E
T, EC AR R R ) B — A, DARBR SRS R (R Ve . AR AT
PL#E TableInputFormat [ API A4

(http://hbase.apache.org/apidocs/org/apache/hadoop/hbase/mapreduce/Ta
R B IX SE kT, JE7E HBaseConfiguration HiEH EA], RJFH
e 1L 45 Spark.

5.5.4 Elasticsearch

Spark 7] PAfi Ff] Elasticsearch-

Hadoop (https://github.com/elastic/elasticsearch-hadoop) M
Elasticsearch #1155 (4} . Elasticsearch & — /M FJEA. FET Lucene
R RS

Elasticsearch #2751 IRA T 78 1 B HARE S A K —FF, © o208
WATRME R EEARAE 2, MAKH T 76 SparkContext H 5 & 11 it B Il .
Elasticsearch [1] OutputFormat JE#:25 % FH 21| Spark P32 128
A, FrbAFA1MEH saveAsHadoopDataSet RAAHE, XEMRERANTTH
EFHRETRZEMN. 1LIRATEIEH 5-46 F 5-47 KEFH W] %t
Elasticsearch 1525 — S5 {7 5 1) B4 o

g TR Elasticsearch Spark 4% a8 A R R FE, SCHF
iz [A] Spark SQL HHHATAI %o IXMERE SRR R, RoNAT
R AN FR Elasticsearch 9 g 14 JE AR 2K,

%] 5-46: fF Scala H'{# F§ Elasticsearch %!

val jobConf = new JobConf(sc.hadoopConfiguration)
jobConf.set("mapred.output.format.class", "org.elasticsearch.hadoop.
mr.EsOutputFormat")
jobConf.setOutputCommitter(classOf[FileOutputCommitter])
jobConf.set(ConfigurationOptions.ES_RESOURCE_WRITE, "twitter/tweets")
jobConf.set(ConfigurationOptions.ES_NODES, "localhost")
FileOutputFormat.setOutputPath(jobConf, new Path("-"))
output.saveAsHadoopDataset (jobCon<)

1 5-47: 7t Scala H 1§ ] Elasticsearch i A\
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def mapWritableToInput(in: MapWritable): Map[String, String] = {
in.map{case (k, v) => (k.toString, v.toString)}.toMap
}

val jobConf = new JobConf(sc.hadoopConfiguration)
jobConf.set(ConfigurationOptions.ES_RESOURCE_READ, args(1l))
jobConf.set(ConfigurationOptions.ES_NODES, args(2))
val currentTweets = sc.hadoopRDD(jobConf,
classOf[EsInputFormat[Object, MapWritable]], classOf[Object],
classOf[MapWritable])
// e map
// F¥iMapWritable[Text, Text]# AMap[String, String]
val tweets = currentTweets.map{ case (key, value) => mapWritableToInput(

A E At iE Rz 28 A EL, Elasticsearch iE#ees A S H 44, HIX A4 T
A E X SRIES N — A NS5,

%\ A S, Elasticsearch A LAHEAT RIS HEWT, (H21H/K
SRR A IERA B SE Y, D W R R EEAF i 74 A5 LA 2
PEIRAL, IR AT B TR e SRR
Chttps://www.elastic.co/guide/en/elasticsearch/reference/current/indices
put-mapping.html) .

5.6 4

EARTE R Z bR, VRBIZE S Re s st i3 Spark #, FHoB 115
gE B DR A B 7 AR SR . AT 7 B AT DA B — AN
[E R0, — S8R 4 0 LA R e AT N ) i b FE RS 7 . BETRAIE
LR T R G vk, FEEN S H Ak
Y5 B = A 5RO ) Spark FE ) 77125
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%5 6 & Spark Zw Lt

6.1 fa/

A B AT LB $2 S ) Spark gmFE ) 2 AR R, S R R
KM FEEAE, BNee (accumulator) 5 #%74F& (broadcast
variable) . ZRMEIHRIME R IHITRE, M) L= RS K
BRIIXN%. fECHM RDD #FALEERI 2R B, AT AELIAE R
P R R T AR K B AR RS 5l N T EAE. A TP RATH L
HoH, AZES/NY Spark 54MEREFRZ BRI AR, tbananff 58 R
EEwmENHAHRITZH,

A AL ML AR TC R R AR ORI H AR, M — e
FIzRBIp . X HE R DU FRAL N SIS . SR HEX
SRR, BENEZEE H SRR S 5B B LA AT LRSS 5 & 2
XM E S A5 H S WA SRS A &, R B
SERE . B 6-1 R T —Bontl H & AR BIAHS 6 P a5 —
AN EEIE I H S T m iR IR AT A B I 81K

%l 6-1: —2% JSON #& =Py H E x|, Horp e By 2 4 g

{"address":"address here", "band":"4@m","callsign":"KK6JLK","city":"SUNN
"contactlat":"37.384733","contactlong":"-122.032164",

“county":"Santa Clara","dxcc":"291","fullname":"MATTHEW McPherrin",
"id":57779, "mode" : "FM", "mylat":"37.751952821","mylong":"-122.4208688735"

T BIAZE A Spark FpIEml 2L FAC R . L ZAR 2 Al DIAE

Spark £ 55 HH RS IARSS L AR & . fEos b, BATIfE A Spark 3%
iﬁ%%ﬁ#?é%ﬁ%%%ﬁﬁﬁﬁ,u&ﬁﬁﬂ%éﬁﬁﬁﬁ

SRS T BARKI (M EATAC E, B U0 ZEA R 2 e I el AL AL
ERARI . FEZ A TR FL R KA Bl BB AR . T
TR AR S B EEE, et e a3+ 70 X AT DL
PSR S HE B B AR .

% 1 Spark E#SCRFHIIE T 4h, FRGuikrT DL I HIE S 5 HR I
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T . RESNHUFEHLYE Spark 155 KM% pipe() K5H
fibe 78 i b v fy AR AR AT A2 . BRAT M pipe() J5ik
KGR REF RIS, DL SR H GRS TR R R

B o, MEREBEEXT RN, Spark W % ) KR4 E B fE Bds 1) 77
Vo NS YA B G P H G THE R B B R RS B R E A
B, Jeor e fi X B 57

6.2 EZEhnes

I {E M) Spark /BB KA, LLanfE A map () BREEGE A filter()
FEZAFIS, ATUME SRS E 127 e LR &, (L s T s
MESERASRNIX LA () — T B, R X g AR P E A S
SR IR S 28 6 v AR . Spark FOPI ML EAR &, Bngs 5 A
&, NG RESST XM LR E R NIRRT X — R

FoMILEAR R, WERINGE, R4 O TET R RER G B Ksh 4
REFP A fa] SRR . RINES 0 — AN WA g 2 2E P L AT L
FEH AT T, B, B BRATTE ST e B 5 471 256
FIHE, FNBERIER A 202347 (WA B W
APEFNRZIFEERAT) o B 6-2 2] 6-4 fE7m XI5,

) 6-2: € Python tf B4 7

file = sc.textFile(inputFile)
# flAccumulator[Int ] #1141k e
blankLines = sc.accumulator(®)

def extractCallSigns(line):
global blankLines # 1Jjl 4 a4l
if (line == ""):
blankLines += 1
return line.split(" ")

callSigns = file.flatMap(extractCallSigns)
callSigns.saveAsTextFile(outputDir + "/callsigns")
print "Blank lines: %d" % blankLines.value

%1 6-3: 7£ Scala ' B IN44T

val sc = new SparkContext(...)
val file = sc.textFile("file.txt")
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val blankLines = sc.accumulator(@) // fliAccumulator[Int]IfH¥IiG1k ve

val callSigns = file.flatMap(line => {

if (line == "") {

blankLines += 1 // Zln#sin1
}
line.split(" ")

})

callSigns.saveAsTextFile("output.txt")
println("Blank lines: " + blankLines.value)

{5 6-4: 7E Java H1 B INEAT

JavaRDD<String> rdd = sc.textFile(args[1]);

final Accumulator<Integer> blankLines = sc.accumulator(9);
JavaRDD<String> callSigns = rdd.flatMap(
new FlatMapFunction<String, String>() { public Iterable<String> call(S
if (line.equals("")) {
blankLines.add(1);
}

return Arrays.asList(line.split(" "));

1)

callSigns.saveAsTextFile("output.txt")
System.out.println("Blank lines: "+ blankLines.value());

XL R, FATENE T — 1 4E blankLines [¥)
Accumulator[Int] W&, AEIERIANHE 2] —ANTAT B HoHn
1. PATTRHENEREZ G, ST R e, T, JAfAfEE
17 saveAsTextFile() 178 E /G 4 s BEFITHEL, BoATSh
ERVE AT AT FlatMap () AT, B LME iR & R
hngs R TR EAE FlatMap () #% saveAsTextFile() 41730
ERAE SR fih I A S AR SR A

28R, WA PMEH reduce () IXFERIAT BhERE R EES RDD A {E AT
FERPNIRshesh . HORIRATA I Ay BE 48 B — i 58 1] 5 10 5 v SR X A e
5 RDD A& oI ARLE A —HEREEITR S . BRERURELR
RDD #H47 AL B ER R i . ZERT T ] 1, FRATIAE FH SR nEs (e
SR I R AT U, TRE M A Filter () A1

reduce().
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SEEER, &SRS N R

o HILAEIKShES TH I H
SparkContext.accumulator(initialvalue) /5%, BGJEEH
FEVIIGE RN . REME N
org.apache.spark.Accumulator[T] X/ %, HMH T 2¥IMHGE
initialValue f¥J28%HY,

e Spark 0 B RAT 2ACAD T U A 2281 += 7577k (FE Java
HE add) 9N R s K1E

o IRFNEAE T O] LU 2481 value J& 1% (F£ Java HEH
value() 8§ setValue()) Va0 28 HI1E .

ERL TARW R ERAES ASGEVS iR Z 043 AME . MK ELAE S5 A1 2K
A, Rndgse - MAERE. EXMEE, RINE K selar PUE
R AN T B RR U BT R HEAT RS

X EL R T B AR 2 R AR H O (8, LU 2 AME /5 BRI,
o HOEME R BT R A 2 OIS CERIn R n] 5E 75 225t
RE I A JSON Mt 8 A ORBOEEAT TH 80 - Biltn, 31— il &
B —/NER 2 B, B SRV R ST e W R . O T B Ik
PRSI 2RI B AT, AT U A Z 80T Aol s e R
KO AT RINER A A A ERS S  hal DAvs 1], frBL ks
AR R KA AR e e

kst gUAI7RG], BUZE AT DLBGAERES, FF H H G 75 KER 4 N A R
At . EFREAGBEELE 19 5 Xk B & I rp5 8 Xt AT 1
e, AT AR X — e, AR IENIERIE AR IS IENE 5, 1 6-
5 FT7R

1% 6-5: fE Python {3 Ff ZINEEAT FE R THAL

# QORISR 5 (1) RN 4s
validSignCount = sc.accumulator(®)
invalidSignCount = sc.accumulator(e)

def validateSign(sign):
global validSignCount, invalidSignCount
if re.match(r"\A\d?[a-zA-Z]{1,2}\d{1,4}[a-zA-Z]{1,3}\Z", sign):
validSignCount += 1
return True
else:
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invalidSignCount += 1
return False

# X SRS R T T
validSigns = callSigns.filter(validateSign)
contactCount = validSigns.map(lambda sign: (sign, 1)).reduceByKey(lambda

# SRHDRIETHE T
contactCount.count()
if invalidSignCount.value < 0.1 * validSignCount.value:
contactCount.saveAsTextFile(outputDir + "/contactCount™)
else:
print "Too many errors: %d in %d" % (invalidSignCount.value, validSi
value)

6.2.1 N5

Spark 2 H 2l B HT AT RGP BB AL 55 R N A SR I Bl LR
BRNLES . B, WRXTHE S XPAT map () BAERIT AR T,

Spark &7E 5 — T A R EFIEITIZAE S . BMEZT AR B, M
WU AL PR RE LE A S8R £, Spark W A] DG 5 M AE A — N
B BRI — AL (speculative) HELSEIA, A1 IZ LS HE
ST CLE RS . BEERE Y kM, Spark A B 75 2L EH
FBATAE S RIREN AT WL b H N AE B o DR 28 5 SR i [
— MNREOTREX R — MR IEIT T 2k, XBUR TR AE T4

XFEOL N RINGSEE AT ? SEPREE R, W T BT 3R
FEF R R4S, Spark X 2 4UEEAME S50 2% F N4 i o A —
Ko DAL, A0 RAREE— AN TR AE RIMGE 2 B2 TSR AR X m] FE ) R
mes, FATLAHEINAE foreach() XFEHATERIES

XF 1 7£ RDD FAL A i A R B4, sl A B ORAUE A XM
1o FeApigiph Znas vl RE s KA IE— IR 224001, H—4
WRAE T RAAZ A & A 1) RDD 725 — IR LRU Z247 i #%
BRIF A EFT I B, XA RSO 2 Rt e K. X 2 ]
RDD R4 HA% RAEATES, MEEH S X B2 508 R L
AR B RINGS AT B, JFROGRRIRA) A . ERALIRIE S,
ZonaimE TR E R

JERER A Spark 7] BE 2 AEX — 47 A BUS A BT — IR RN g 45

R, HEATARA (1.2.0) BSERBATZ R, IR R R
s st RAE R BN A
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6.2.2 HiE X RINs

BIHAFONIE, FRATZ 2] 1 anferfds FH DDV ER4E Spark ) —F 2 n #5284
M (Accumulator[Int]) . Spark it E%37#r Double. Long f

Float UM B ines. FRUILLLIAL, Spark 51N T HE X BN EE
FRAERT APT (et 22 S0 E F i KAE, 1A 2 IR L E i
k) . HENRINASTFEY B AccumulatorParam, IX7E Spark API
Y Chttp://spark.apache.org/docs/latest/api/scala/index.html#package )

FAFT . R EAZIRE RN AN S S5, Bin AR
%g%ﬁ%ﬁ@LWM%owW%Tﬁ%Eﬁ,Eﬂuﬁ%ﬁﬁ%%

g RN TAEEM afM b, Haopb=bopa, HiiUiHEE

op Wi AR . WX TAEEK av b M e, H (aopb)opc=a
op (bopc), ELULHHERAE op WS ATE. HIW, sum Fl max BEH
JEAZ AR N /R 45 A8, A2 Spark BRNARH I R EAE .

63 |/ #HA=

Spark ({25 AL EAR RIS R A R, wAl UERE R R ot A
A TR RRE DRI A SR, PLfE— o2 4> Spark #AF{E
Hle tetn, an R AR N 75 2 1A BT 19 s A — BRI A i A il
f’ %ix%ﬂ%%#‘ﬁ%iﬁiqjE‘J*ﬁ‘?ﬁﬁﬁ‘ﬁ%ﬁﬁ%, J R AR B RO
BARE T

HITHI$2IL, Spark 2 H WL MR H AT 51 FH 2032 5 A2 B TR &
Eo BARKIRTGEE, BEWRMER. JRREAE = B, BOARMES KA
BT 1T/ MES AT HUR, SFSE BRI RE A2 A IFT
HRAE A E— A&, {Ha2 Spark 25 NEENMEIE 3 KL . 25
T BREE A Spark £2)7, ERLIS AT ZE R A XS B E 2
HORATR A EA—, (Hl TR E SR H 25 B BRI 5 AT 4]
ﬁ%ﬁﬁﬁ%ﬁ%ﬂﬁWOW%%Smmﬁﬁi%,Wﬁ@ﬁ@%&
6 17N

f] 6-6: 7 Python &) EH K

# PYJRDD contactCountsH [IFS5 XTI E . 0TS HTLH
# SO E AR AT A
signPrefixes = loadCallSignTable()
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def processSignCount(sign_count, signPrefixes):
country = lookupCountry(sign_count[@], signPrefixes)
count = sign_count[1]
return (country, count)

countryContactCounts = (contactCounts
.map(processSignCount)
.reduceByKey((lambda x, y: x+ y)))

XAFEFP AT LgAT, HAMRRE R (R A 512 1P iy
tE) , signPrefixes IRE G Hi&ERE MB K/, MEF SNEA
fE5 KIE—DREFEREAR RN E R mH, W2 EIEEF KA
H signPrefixes XA ER (W] REILEEAE file2.txt Lia AT FIAE AR
i, A 75 AR R IR

BATAT LA signPrefixes A2 FEAL R AR JLIX — 1Al @ fT%EE
Hoszmt 22874 spark.broadcast.Broadcast[T] H— X%, H
Eljﬁﬁﬁl%é RN T WME. PR S5 Hidid X Broadcast X % i A
value KIRBOZX RIME . XMME R SRR & i — Ik,
—Fh B R 248, BitTorrent @S ML

T B2 EE, SCRTrEFmech 17 sl 6-7 241 6-9 B BFE.
%1 6-7: 7E Python i F #&A E &R E X

# TRDD contactCounts IIF 5 I R B . HIF 5 HTE
# BN E ARSI T B
signPrefixes = sc.broadcast(loadCallSignTable())

def processSignCount(sign_count, signPrefixes):
country = lookupCountry(sign_count[@], signPrefixes.value)
count = sign_count[1]
return (country, count)

countryContactCounts = (contactCounts
.map(processSignCount)

.reduceByKey((lambda x, y: x+ y)))

countryContactCounts.saveAsTextFile(outputDir + "/countries.txt")

%1 6-8: 1t Scala i H #EA & A [E X

| // #5#IRDD contactCountsHtfINT B My MIALEL, 4517 5 4
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/7 BEHCN E FA R 34T A
val signPrefixes = sc.broadcast(loadCallSignTable())
val countryContactCounts = contactCounts.map{case (sign, count) =>
val country = lookupInArray(sign, signPrefixes.value)
(country, count)
}.reduceByKey((x, y) => X + V)
countryContactCounts.saveAsTextFile(outputDir + "/countries.txt")

%1 6-9: 7 Java AL &AM [E K

/] BN
// EHRDD contactCountsHHIF5 X B [E 58
final Broadcast<String[]> signPrefixes = sc.broadcast(loadCallSignTable(
JavaPairRDD<String, Integer> countryContactCounts = contactCounts.mapToP
new PairFunction<Tuple2<String, Integer>, String, Integer> (){
public Tuple2<String, Integer> call(Tuple2<String, Integer> callSign
String sign = callSignCount._1();
String country = lookupCountry(sign, callSignInfo.value());
return new Tuple2(country, callSignCount. 2());
}}) .reduceByKey(new SumInts());
countryContactCounts.saveAsTextFile(outputDir + "/countries.txt");

n L LR Bl Fras, AR AR A AR AR A

(1) JEEXF—AN2RA T {6 %18 A SparkContext.broadcast 6l H
—~ Broadcast[T] X %. (LA FHAL ISR HR AT LLIX 4 SEHL .

(2) @i value JEPEVT HZN G HIME (££ Java 105 value() J5
2 .

(3) A LA RN EA I, BlE S AR (B0 /M
REHME R

T e R ER e oy WA 5 20 T R AR SR R U Bl 51 AN AT
BRTR . RGO T, WA INEESU R EWE, bR 7R
Bt e AR AT s . (B2, AL — DA Rl g N7
5 &R WMRIRZFEMITE, S5 2E B C4E s sfit . miigxs
Array[String] KRB HIRFE-S FTER P IRRE, 20 R AT L
BAT A A2 A MugE W val theArray =
broadcastArray.value; theArray(@) = newValue IXFER)EH
o U TR S EHATES, X —1TK newvalue TRZAEAH 1 ZE—
TR, (H2 R TAET AR X AN A RIAF R, AR
AR Hos TAES & i@ id broadcastArray. value FriszEUEI A A
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Vyy<e

2
kY

MR AN R PHMERS, SR EERE R ST R A Ak 2R 1R E LY,
R A G SR 7 FA G G P s T AR A BB AR 1B AL SR RIS TR R A, X B i) (]
RE Sl oA ERE A . JtH A&, Spark A Scala 11 Java APT FHERA
R MF LR Java FEFIALRE,  [RIBE e T BRIEAC SRR 126 20 DA
ANPATART X RAEB L AR . /R AT LA spark.serializer @41k
B — NI ERAFE AL R (5 8 B H & i el {i
Kryo XFH BRI ED , WA] DA RE RS se 8 5 27
472 (5f Java TR/ ] java.io.Externalizable # L5
5%}%, o {8 reduce() 724 Python [ pickle J& & X H & XL T
)

6.4 T XHEATHRAE

BT 00 DO EAR AT # 4 mT DL 3R A T8 S A MR TR/ T EE W)
PCE TAE. T 30 e e el B i AL B A s S5 34, B2 3k
TR 2 2 o AR U R AL E — IR T/E. Spark $#&4t3E T4 X
[¥) map #1 foreach, ibARIERAAS R % RDD &7 X BT —
R, IXAETT DA B PRI S 2R AR I ARAN

0] 2| =5 R B ok, BATE —MEL LR B & -5 5030 E,

A LA IXAN B FE AW H Sl sk FIBE R NS 53R . JE I 2
T XEelE, nTCAfEREAN 7 X N SR = — N800 e e e, SRkt o
SOKZERE, [FE A LLE ] JSON fi#tfres. il 6-10 2451 6-12 Al
7~ ¥ mapPartitions REERTSHI A RDD &4 70 X R T &

ERES, TR BRI R PATES R TH AR

% 6-10: £ Python F{ ] 3L e

def processCallSigns(signs):
" R A
# QU NIER
http = urllib3.PoolManager()
# H5RAIE SIS A KEC I URL
urls = map(lambda x: "http://73s.com/gsos/%s.json" % X, signs)
# QIR (IRREZE)
requests = map(lambda x: (x, http.request('GET', x)), urls)
# RIS R
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result = map(lambda x: (x[@], json.loads(x[1].data)), requests)
# IR A 25 SRR (el

return filter(lambda x: x[1] is not None, result)
def fetchCallSigns(input):
nn I'%Fjsﬂlu?%" nn

return input.mapPartitions(lambda callSigns : processCallSigns(callS

contactsContactList = fetchCallSigns(validSigns)

%1 6-11: 7E Scala H i F tL &8t 5 JSON fiitfr 4

val contactsContactLists = validSigns.distinct().mapPartitions{
signs =>
val mapper = createMapper()
val client = new HttpClient()
client.start()
// BlEnttpifR
signs.map {sign =>
createExchangeForSign(sign)
/1 FRBUE N
}.map{ case (sign, exchange) =>
(sign, readExchangeCalllLog(mapper, exchange))
}.filter(x => x._2 != null) // MIBR=SHIFEIYHE
}

%1 6-12: 1E Java i FHIL =85 JSON f@Et 4

// {iHmapPartitions® it & T1E
JavaPairRDD<String, CallLog[]> contactsContactLists =
validCallSigns.mapPartitionsToPair(
new PairFlatMapFunction<Iterator<String>, String, CallLog[]>() {
public Iterable<Tuple2<String, CallLog[]>> call(Iterator<String> inp
/] FIH4S
ArraylList<Tuple2<String, CalllLog[]>> callsignlLogs = new ArraylList<
ArraylList<Tuple2<String, ContentExchange>> requests = new Arraylis
ObjectMapper mapper = createMapper();
HttpClient client = new HttpClient();
try {
client.start();
while (input.hasNext()) {
requests.add(createRequestForSign(input.next(), client));
}
for (Tuple2<String, ContentExchange> signExchange : requests) {
callsignlLogs.add(fetchResultFromRequest(mapper, signExchange))

}
} catch (Exception e) {
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}

return callsignlogs;

s
System.out.println(StringUtils.join(contactsContactLists.collect(), ",")

YT 4 X #E1E RDD B, Spark 2 ARSI ALZ 5 X H T R &
A, REMETH, WiREI—/NMERE. Bk mapPartitions() 4F,
Spark i — 5 13 T X FIEAERF, FIFE 138 6-1 .

R6-1: 477 XHAT IRAERT

% : H ‘ %F T RDDITIH] i
504 3 T4 4 35 [1] e
BRI |,
mappartitions() B KT R A | Fiigfy |7 et D)
W

JAN =] \ SN REITE |+ (Int,
mapPartitionsWithIndex() é%gggzggéﬁéééiz%%%)}' ZHIIEAR | 1terator[T]) —

P Iterator[U]

x f: (Iterator[T])

foreachPartitions() TCERIE A Unit

S T EE A E T/E, Ha]LM#H mapPartitions () 44
K REIHE . BB T B — A0 G AN R R ) B 5B Ak .
Bl — N 3 &, JitEC PREnr, —Fork B EUE RDD 8
T JG/H RDD, DAMEHZ I8 EEATAL B e R NS, BLAE, AIRA
NEA X RE)d—k —Jod, MAHAEN TREBPATIX N HEAE,
Z: A5 6-13 A1 6-14.

%1 6-13: 7£ Python AN il mapPartitions() sR-Fi1E

def combineCtrs(cl, c2):
return (c1[@] + c2[@], cl[1] + c2[1])

def basicAvg(nums):

SR TR

nums.map(lambda num: (num, 1)).reduce(combineCtrs)
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{1 6-14: 7£ Python *f#i [} mapPartitions() R TF¥{H

def partitionCtr(nums):
"R X [ sumCountert
sumCount = [0@, 0]
for num in nums:
sumCount[@] += num
sumCount[1] += 1
return [sumCount]

def fastAvg(nums):
nn "i+ﬁslzi//\j,fa" nn
sumCount = nums.mapPartitions(partitionCtr).reduce(combineCtrs)
return sumCount[@] / float(sumCount[1])

6.5 S/MEE IR E

A=l HEE S i, Xrgec &g | RHKI'S Spark M
HJLERTA k. (B2, 1R Scala. Java DA% Python #ABESZEL
R ERIThRE, B4 Spark WX MG Gl iR At 7 —Fa@EHALE], 7T L
W@ EE S H G S WS IR, W RIES A

Spark 7£ RDD _F#24it pipe() /i%. Spark [ pipe() F7i%m] LAikFR
AME A = —FhiE 5 SCI Spark /RN H)E 7384, REERERE
Unix FRAERURAT . 83T pipe(), #RATLA¥ RDD 4% 76 % MRt
BN LA R R, H IR 2 0 s/ PAT AR 75 B354
SR JE S R L7 8 1T 205 AR th——X N I 2502 RDD 1Y
FEALIRA RIS AR o XA VAN g AR A ORI = PR, (H 2 I ix
‘fﬁﬁ%%ﬁ%ﬁéﬁ‘], LN fE map BY Filter $AE bt FHHE0biE = R AR 1

HIHE, HTRCASHIEMRIT T S8 e, Fiblads
I RDD H (1 Py 2300 5 T A0 28 3 U A S R R B S AS Sk g AT A B 3
. BEEERSEFEH R Sipmig 2, areuE pipe() 5 R
TP RAT A H

LSparkR £ Spark 1.4.0 1 2By Spark fI—#4r. — & 1E

2SparkR i H 4 1] Spark {241 7 — Mg RLLHTH, LMEAE R 4 Spark.
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e 6-15 1, WAMEH— R IEFHERIFE I EIRAR AR
724 RDD B’J!:/\TD%%%‘KH?% TRE RN B E B2, AR
P R —ATH R TR, RN S R RDD H TR, N T
i R e LUR AT N, BT 08k L mylat,

mylon, theirlat, theirlon RS NEFHN . XEMHIES/EN

5 ALY

AT o
5l 6-15: R iE S HIEE SR 7

#!/usr/bin/env Rscript
library("Imap")
f <- file("stdin")
open(f)
while(length(line <- readLines(f,n=1)) > 0) {
# WFAT
contents <- Map(as.numeric, strsplit(line, ","))
mydist <- gdist(contents[[1]][1], contents[[1]][2],

contents[[1]][3], contents[[1]][4],
units="m", a=6378137.0, b=6356752.3142, verbose = FALS

write(mydist, stdout())
}

INRIX B F 54— $AT 3C: /sre/R/finddistance.R #, A4 fH
FH AR N AZAZ X FE -

$ ./src/R/finddistance.R
37.75889318222431,-122.42683635321838,37.7614213,-122.4240097
349.2602

coffee

NA

ctrl-d

H 77 A 1 — VI iF
HRIHTH T . fﬁ'EﬁﬁEﬁﬁlE’l%f %lklr/\If’Eﬁ RESEE T 1]
finddistance.R, F i HXANBIA RN RDD #E4T SEBr 1 #2 {b ¢
1Eo XPAMMESAE Spark HHUR A 75 5¢ %, BART %41 6-16 24

6-18.

%1 6-16: 7 Python Hf#i [ pipe() M finddistance.R [IK
BRI T

# A —DRIE S SR 7 UE SRR IR U ) B S
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distScript = "./src/R/finddistance.R"
distScriptName = "finddistance.R"
sc.addFile(distScript)
def hasDistInfo(call):
" IRHIE— PRI IL R 5 TH SRR R I 7 e B
requiredFields = ["mylat", "mylong", "contactlat", "contactlong"]
return all(map(lambda f: call[f], requiredFields))
def formatCall(call):
"R I Y R A% TCEDETZH 2 DU 2 AT AR RS A
return "{0},{1},{2},{3}".format(
call["mylat"], call["mylong"],
call["contactlat"], call["contactlong"])

pipelInputs = contactsContactList.values().flatMap(

lambda calls: map(formatCall, filter(hasDistInfo, calls)))
distances = pipelnputs.pipe(SparkFiles.get(distScriptName))
print distances.collect()

5] 6-17: 7t Scala {4 H] pipe() I/ finddistance.R HJIXZ)
PRTET

/] AR —ARIE T AN F SRR Y ) R R

/7 R RASER I B A9 5 7 EEAE AR AR AL A 8 SR 51 R

val distScript = "./src/R/finddistance.R"

val distScriptName = "finddistance.R"

sc.addFile(distScript)

val distances = contactsContactLists.values.flatMap(x => x.map(y =>

s"$y.contactlay,$y.contactlong,$y.mylat,$y.mylong")).pipe(Seq(

SparkFiles.get(distScriptName)))

println(distances.collect().toList)

%1 6-18: 7E Java Fff F pipe() ] finddistance.R H5KXZ5)
T

/7 AR ARG AMERRE F 1E SR O Y B R
/7 R BEASTS INE A5 7 ZAEA AR A T 8 S 1) &
String distScript = "./src/R/finddistance.R";
String distScriptName = "finddistance.R";
sc.addFile(distScript);
JavaRDD<String> pipelInputs = contactsContactlLists.values()
.map(new VerifyCalllLogs()).flatMap(
new FlatMapFunction<CallLog[], String>() {
public Iterable<String> call(CallLog[] calls) {
ArraylList<String> latlLons = new ArraylList<String>();
for (CallLog call: calls) {
latLons.add(call.mylat + "," + call.mylong +
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"," + call.contactlat + "," + call.contactlong);

¥
return latlLons;
}

3
JavaRDD<String> distances = pipeInputs.pipe(SparkFiles.get(distScriptNam

System.out.println(StringUtils.join(distances.collect(), ","));

JBIL SparkContext.addFile(path), W LMAE—AILAEFIR,
BN TAETT A Spark 1EMVH T 8513 A 19 S0 EBI#TLJ?EQ
IXBN A A H SO R g Can i S LAME] 7 Bosia e, Bk
H HDFS sl Ak Hadoop FTSCHFHSCAE R 5GE, X BU# & HTTP
HTTPS ¢ FTP ] URL Hihiko HAEML AT SR E R il A N, X6
PR 21 S RN R SRR RA T AT A TAE Y st
SparkFiles.getRootDirectory FRF|EA]. AT AT LI
SparkFiles.get(Filename) K& A 29K, X H MR
pipe() REMETER TAET sl LR BIIXANHAM iR —. AR LA
HoAh )z A2 B i) T B RAE A SO 21 &9 s ] AR B KA B

g Fi4 81T SparkContext.addFile(path) ¥RINHKISCAEHD
TEEER—/ N H3xF, FrblA LEMAHE -2 7.

— B AT LV E, RDD ) pipe() J7iEst AT LAil: RDD H G &R
ﬁ%ﬂﬁl_liﬂfﬂﬁ'éfh Bi%A — AT findDistance, H\LL
PLn 24T S B0 AR 7€ 1Y) SEPARATOR. XAFEME, NI
71T LS R TAE, Ak BAT B =) 345 FH 26 —Fb .

e rdd.pipe(Seq(SparkFiles.get("finddistance.R"),
ll,ll))

e rdd.pipe(SparkFiles.get("finddistance.R") + " ,")

E?ﬁ PO, BATRs a2/ F BA Al € 67 1 2 805 41 1 2\

(AR AJETMBALED) 5 AR “MIET, AR EEN—1
ﬁﬁj’v\% FFEptkis:, SRJE Spark 2 451X B IR N ] e AL S HUY
IR

WEARFFERE, Wrl s pipe() $8Edr ?ﬁfﬁ“}{i W A
G AR B B0 NAE AR RAE DY pipe () HISE AN HULHEZL,
Spark B2 i B 1T X L1
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URIAE 22 /D BAZ IR T Unfal {2 pipe (). IS ar & 403 RDD
FHTEE, DURAITRE IR & A 70 R B SR RE ST R, FFRELE T
TR RIR B LA

6.6 Z{EHRDDIIFRAE

Spark 4 & #{H 4idfs 1) RDD fie fit | —Lufiih P Suit 48 4E . Xz
TATAES 11 ENARIE E IR G TTEMBLES 7 > JTE R — A 4h
Teo

Spark A EUE B E it i N EVER LI, R AR — DI RKB T
AMEEEA, XLeg - iR EH stats () B —RE
Bt E sk, 3Dl StatsCounter W %R, K 6-2HH T
StatsCounter IR FH 7.

%6-2: StatsCounter 7] F VL & G £

Jii: B X
count() RDD H It &AM
mean () TLE P HME
sum() pSwill
max () RNE
min() w/ME
variance() TCER T %
samplevariance() MRFEHTHS 77 2
stdev() Nl
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sampleStdev() KRE IR vE 22

WEARAR AR R IX e g v ) — S, AT BLE XS RDD 1 H X}
M7, Hin rdd.mean() 53 rdd. sum().

£ 6-19 £ 6-21 1, FATRAEHICE G RN EIE PR ER— L5
HAH. BTN PRAEHF— RDD (— MR EIC S gt
i, KRB ED , KINiIZITX ) RDD 2247 K. [
ilJﬂ%?ﬂLl HERR B, KB B DR r PPy B G we e s i 2 R 1B &

W\ O

1 6-19: I Python #% 4 57 % (i

# EAEString R YRDDH ABF IR, XML RE
# Mg R BOF R B
distanceNumerics = distances.map(lambda string: float(string))
stats = distanceNumerics.stats()
stddev = std.stdev()
mean = stats.mean()
reasonableDistances = distanceNumerics.filter(
lambda x: math.fabs(x - mean) < 3 * stddev)
print reasonableDistances.collect()

%] 6-20: FH Scala ¥} 75 (H

/] DAEER G — e A, O LeHh fUR] B2 R AR

/] PR ESRELT AT B RDD A B e 4 Sy UK B R Y

val distanceDouble = distance.map(string => string.toDouble)

val stats = distanceDoubles.stats()

val stddev = stats.stdev

val mean = stats.mean

val reasonableDistances = distanceDoubles.filter(x => math.abs(x-mean) <
println(reasonableDistance.collect().toList)

7 6-21: FH Java F5 1% 5 H

/] EHEEStringZk RIRDDES NDoubleRDD, XA REAE FH 4i it B %L
JavaDoubleRDD distanceDoubles = distances.mapToDouble(new DoubleFunction
public double call(String value) {
return Double.parseDouble(value);

1)

final StatCounter stats = distanceDoubles.stats();
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final Double stddev = stats.stdev();
final Double mean = stats.mean();
JavaDoubleRDD reasonableDistances =
distanceDoubles.filter(new Function<Double, Boolean>() {
public Boolean call(Double x) {
return (Math.abs(x-mean) < 3 * stddev);}});
System.out.println(StringUtils.join(reasonableDistance.collect(), ","));

2, XA BN O &M PE. EXANAT, BAMEH 1R
fe iR E BT AL AN DR LB St 58
FEHIYEAHD 43 73 7] LA sre/python/ChapterSixExample.py
src/main/scala/com/oreilly/learningsparkexamples/scala/ChapterSixExampl!
LA K
src/main/java/com/oreilly/learningsparkexamples/java/ChapterSixExample

Ik E .

6.7 4

EARZA, FRAINB T Spark Zmfe B — L dEfaRp 4, VR A] Dd R IX
BERE A L1 /R E’Jﬁf?ﬂ?ﬁ%ﬁ?& oK., FEENTSNAHESHM
fIt. Spark W, DA Spark W SQL J&E. Vit & EMNL eSS
At AT S MGl — e B S 2 e R R BIRR X R &
M2 H AL 22 B 2 Thee, B ol LUOAIR E E1 Spark B H
Kets FHE Ko
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s

3
N
1l
@{.
A

E#F_Liz21T Spark
7.1 &S

FIHATNIE, A PB—EAEW MR A Spark shell % >) Spark, ~fIFE

[P HIEAT7E Spark AHIAE AR . 17 Spark H— K &FAL5E & 7] LLdE it

WmpLEs B E R E AT, Ry RETF TR ). TEYR
5 H TR L FHAT AT Spark B FH BT fd A 1) AP BRAS 2 A J L3
Frit e se—rE. Wit ul, VRA CAZE/NE 4R 1R A Hiupss =
B R FFIRUEIRI N A, S8 5 e FR e e R sk vl LAFE KRS AR 3 iz
1T

KREE A0 I Spark N HBITHEIZEN), RETHRAESER b
iZ1T Spark NI i) —LEBC B I, Spark A] DALE & & FF AL 85 2
#% (Hadoop YARN. Apache Mesos, & Spark H 7 7 SEFFE £
#y) biz4T, PrLL Spark N HBERERSIE N T FHEERE, MReH TIL2
ZIHEIEL . AT &M IO T B0 SR fURT G B 7 VAT AR
o R, it Spark MFIZEVARE . #E . ACE LK 7KL
Y. MEAREZIE, WNIZAEF BTzl Spark 127 10—V,
B F—ESAHur %} Spark N BEAT AR A BE AL .

7.2 Sparkiz 1T B 221
TEIRNARTT W AE£E 7 384T spark Z |, 26K Tf#—F Spark 747

AR BRI (WE 7-1) , XA T HARAESER 11517 Spark
) — 2 AR
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Spark
Uk 2 4 FE

:

ST 4 Mesos,
YARN gefinr 8
THR

v v v

ERETE Al [ERIESA] | EBRIEYA

HiTar bR TR PATaR LR

& 7-1: A\ Spark B o A 244

AR RIAEE T, Spark ZERER 2 £ / WEiK . fE—> Spark ££

e, AR s R, RES AR LAY R, X
SR RN IR BhEE (Driver) 88, 520N TAEST S B AR
NPAT A (executor) 9 ilo XBfas 1 Al LUAI K2 AT #8717 5 it
ITIEAE, BN BERAE RBALE) Java $EFRIEAT . IXBNAE 1T ST A 1

BT 85795 5 REHRR 4> Spark I Capplication) -

Spark @ — NI EEREE PEES (Cluster Manager) AN AR 55
SR HINLES FJE 3. Spark Haw SR REE BEAS  RR OB S BE
FH2%. Spark tHftiz4T7E Hadoop YARN Al Apache Mesos iX P K i
SRS AR
7.2.1  DXBNEE T A
Spark IXBN & PATIRIIFEFH B main() HER#RE. EHATH A
9m 5 11 KA 4 SparkContext. f% RDD, L& i#t4T RDD H#51k##
YERAT ShER AR . LSE, 449K 5 3l Spark shell I, {RELE3N 1 —
A~ Spark IXFNEFFE (AHASVRIEICTT, Spark shell S22 TS NE—
NIUAE sc 1¥) SparkContext Xf %) o IRFI#FEF—H 21k, Spark W
JSE RN
IKBN 2R FE T AE Spark M HH A T IR AR T,

o JOH PR TS
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Spark IREh#R 2T ST IEH PR T N Z M BT o, X
Lo B et iR N TS (task) - M LJESRE, BT AW Spark 27
FOIENE R S50 R M AN s 0 — &% RDD, ¥ H
A ERAEIRAE B ) RDD, 8¢5 18 AT sh i E U S 5l A7 i 45 1
RDD F %4 . Spark #2/7 H a2 Rl el @ H 17—/~ HiefE4
2 FROA [ SR (Directed Acyclic Graph, &j#K
]DﬁﬁiéJo HIRBYERAET TR, BB AE R K ) B
TR

Spark 2 X HEPAT TFRIAE — 2804k,  LEAREES: 1 U 2 D9
IKEACHAT, K2 NG IR DD S, IXHE Spark st
BT I — RVIP IR (stage) o MREMNPEREXEHZNMMES
Hplo XEAES PFTEIFIR PR+ . 1E5572 Spark H /MK
TAFHTT, MRS 2R R E BT MRS .

NPT A8 R AL 55

A TV PATIHRIZ S, Spark JXE) 45 15 5 0 Z0AE 25 AT 2 1L
[P AESS RS . ATE IR B 3l )a, S RIKah s BEARE I
Co UL, IXBhasBEREIR 20T N o A (AT 48717 A 52 38 1Y
gi%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁ%ﬁﬁﬁ%ﬁﬁ%Rmﬂ%ﬁ
GHERE

Spark X aFE P S MRIE I A PAT AR TR E S, LA {E
FSHRT AL A IS G ERIPAT AR . SRS HATHS,
PAT SR 2 IE A B AR, T SR A 28 BERE [RI AR 2 R X
SO B AL B, I HOR X LAy B A BRI B DU AT 5%
DI Bl B0 1 19X 4 A

UREN 2L 7 2K — 25 Spark N IS AT I R4S B 38k W 5T 5 i 2
DLk, BRIATENR I 4040 Fo boin, 7EAHBT, Uim)
http://localhost:4040 L A] LLH RIIX AWML 1. AT 8 FHHE
%ﬁff?ﬁf@tﬁﬁﬁ‘Spaﬂ<E@VﬂﬁifﬁfhgﬁﬁﬂElZi.Spaﬂ<E@VFﬂkU§E§$ﬂ

I} o

7.2.2 PUTE T A

Spark AT &% KU — R TAFHERE, #9TE Spark R HIZ 1TSS,

S5 TR AH BT . Spark N R BN, $AAT A 17 mosl i [R5 3, I
HAGAAERESE A Spark N H] B4 o U TAFAE . WERAG PAT 45717 1
KA T A, Spark NI AT PAAREEAAT . PAT AR IERE A PR
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ER: 55—, BN TsiT4 ) Spark N A FIMES, FH¥dh Rik A4
Ishas it fe; =, EflEd e SPE S (Block Manager) N
H PP ER 2271 RDD $#2 4t W A7 017 1. RDD J& HEESZ A7
ITAS RN, RIAESS v AR B AT I 78 0 B 2 8 s ik is & .

™

AR B R AT B R

AR, KEIT B AR RAEA MBS AT Spark. FEAS AL
&, Spark X FEFF AR IAT A5 FE P AE R — A Java #EREHIE
7o X0l PUT SRR IR AR IS T T I HERE

7.2.3 EHEHS

FIHATCNIE, BATCEADH T IKEN28 10 R AHAT 28 19 R 2 &
M2, WXBNAS T R APATE  mRWAT JE e ? Spark 4R T EE R
BRI PATA T A, MR RGOS, AR B B S
KIBBUKDN o . BRSPS & Spark ] fEtk A F . IXFE,
¥ 1 Spark H iy AL EEREE FE2Y, Spark th ] PLiE 4T 78 HAB /M 4
PEERZS B, i YARN Al Mesos.

g Spark SCAYHH AR 2 A8 FH O B) 4 10 RUFIAT 2% 710 A O ok
IR AT Spark N A AIHEFE . 10 E 15 A (master) A LAE T A
(worker) IS T4 FH >R 53 0l R IR A2 B2 1 O AR IR 8
G AT R 43 . XML SRS 2 IRVE, BT CAZE ANt
U, Hadoop YARN &3 8)— MY/EZJEE LSS (Resource
Manager) 137 G F e, DAL —RYILETT S8 8
(Node Manager) [ TAET MisFd @2, 1M7E YARN B TAET
iji’ Spark MY AT LLIZAT AT 28 3EAE, ] LLisAT Ik Bh ds ik
o
7.2.4 JA—AIET
AR FH ) — AP AR B BERY ,  /R#A o] LA R Spark 324148 —
A spark-submit KRN H I SE B FEEAF 2 B4 B o 8 AN H
PBCE LI, spark-submit R DUERZRIAHN FAERFE HAE b, FF9%
il N T A0 B B s B . AR SR e e R RS B AR N, spark-
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submit 0] DU IRBN 28 15 S AT fEEERE N T (Lbil—A YARN L
VEFE D o BT HANR SRR TS, IRShae T S H ey S T A
MLgs Fo BATSIE T — BN H# spark-submit.

7.2.5 /h&h

E@@%ﬁi@ﬁ Spark N BUVEAERE, AT IEA T B B A
s

(1) A EE spark-submit AR AE N .

(i) spark-submit A S SR FE 7, A A R main() U7
%o

(3) KB A P SEEREE B ANEAE, FIE SR LS ShHAT 8871 o

(4) S FEE BRAR N IRBN 285 7 J3 B AT 8 719 R

(5) WBh s ERERAT FH P B R A . AREAE R A e SR RDD
AL ERAERAT BhHRAE, IR 15 S48 TAE DME S5 B UK IE B3 AT
A .

(6) (£S5 EHAT 2RI T P AT I R RAE G R

(7) WHERIRFZSFEF I main() HiEiBH, BE AT
SparkContext.stop(), K&t bfranitts, JFH@EE
A PSR R IR

7.3 f#i fH spark-submit#iE M H

AT 2% )it , Spark A& FHEEREE EIAR IR AL 74— T HREESCHE
A, XANTH2 spark-submit. 25 2 =AHH — M H spark-
submit $25¢ Python #£/7 HIfa] s e, X HEAEH] 7-1 HEE —.

%] 7-1: $4Z Python M H

bin/spark-submit my_ script.py

WHRAEIHH spark-submit B[R 1 BIA S JAR G114 72 485 A A
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FIZH, AAIXA Spark FEFP A SAEAMINAT . = BATAY R N 2
323 Spark ST EEHE E I, AT DORE ST S A stk AN A B B
BT B BERE R ME N b g $2 6, @] 7-2 For .

Bl 7-2: $EAC LIS AN N 2%

bin/spark-submit --master spark://host:7077 --executor-memory 10g my_ scr

--master FRICTRE EEFREIIEERE URL; EIX R, spark:// &
INEEREE A (R 7-1) o FYfE ST HAh ) URL 287,

#7-1: spark-submitff]--mastertsic 7] LAEZUR R1E

(=4

{21 i

TERE B8 % v 1 ) Spark AL EEHE B o BRINIEHLT Spark J#A7

spark://host:port E%,‘ﬁfiﬂﬂ 7077 flf”rﬁ I

R R FE 2 i B Mesos 228 o BRIAEIL T Mesos 71 A
N — T 5050 ¥ [ yarn #E#E | —> YARN &8, 47E YARN b
: e IZATH, T B 8548 & HADooP_CONF_DIR 1 1) Hadoop At &

Hx, DASREUEEREE R

local BATAMAR L, A%
local[N] BAT AU, (A N AL
local[*] BATAMAR L, R REZ O

b 7 4ERf URL, spark-submit iSH&ME 7 SFhEDl, w] PALEARYE 1M
R GEAT & TS o XL F E o . B—RE WA
B R OB R R IR R () 7-2 Brs) o BRI
FBISAT AR, b an 75 2538038 2 A TAES L B RS
spark-submit f)—fAg = I 7-3,

%1 7-3: spark-submit i)—Hg =
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bin/spark-submit [options] <app jar | python file> [app options]

[options] ZEALL spark-submit IARiCHIE . FRATLLIBAT

spark-submit --help ZIH A o] AW PRIC. 3R 7-2 FIH T —

SeH WAIARIC o

<app jar |

FAIAR o

[app options] j& 4 Ik 1 R H )i 1t

python File> /&M A JAR 8L Python

main() FiEIZE, E©R 2153 [app optlons] 5N BIbRIE, A
2183 spark-submit HIFRIC.

#7-2: spark-submit/]—LH HLARIC

mode

Frid Rk
--master |RINBIERMEREIL . XAPRC AT EIIEIILER 7-1
EPEEAM (K P imeclient”) JHIRBNAIFET, EEAEEHFTHN—6
- -deploy- TAES EHLES (BERE“cluster”) a3, R, spark-

submit 2 IRBNARFESTIZATIE spark-submit #F 1A X ML L. 7E45E
BN, B8R P S LI E AT TR — N LIET S . B
IS A HI A

--class

1247 Java Y Scala F2 7 i) N R ) 322K

--name

MR 44, 2 SsAE Spark (9 TUR - Ft i

--jars

T AR IR N ¥ CLASSPATH H 1 JAR L[43R . 5w F Ak
T EE = JAR B, A DB EATEX AN S H

--files

i BRI B TAE H S SR B3R . XA S R R 253
R B %7 BB SCA

_-py-
files

73 LR N E] PYTHONPATH H I 3CAF )12 . JLpal BLELE py. .egg
PLK zip SCAH
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- PATE R A N AR, I N, T MR S 4R 3R
executor- | g iy, Lt 41“512m” (512 MB) B{“15g” (15 GB)

memory

--driver- | KB ERHEFE A FE, DA N 8BAL, AT U S S5 BRI
memory |47, LLUI“512m” (512 MB) 8{“15g” (15 GB)

spark-submit it S0 VFEIT --conf prop=value bric ¥ B AT = )
SparkConf BB ED, tHAILMETH --properties-File $&E —/M
FHLE XTI B SO, 5 8 BT Spark INEE B R St

%l 7-4 FEn 1 — Lo g B & Ak T0E A spark-submit BI5F, XL
HEAE LR

%1 7-4: fH X Pk I spark-submit

# A ST AR R R Z Java i ]
$ ./bin/spark-submit \
--master spark://hostname:7077 \
--deploy-mode cluster \
--class com.databricks.examples.SparkExample \
--name "Example Program" \
--jars depl.jar,dep2.jar,dep3.jar \
--total-executor-cores 300 \
--executor-memory 10g \
myApp.jar "options™ "to your application” "go here"

# 1 YARNZS P i B U4 22 Py thon . H
$ export HADOP_CONF_DIR=/opt/hadoop/conf
$ ./bin/spark-submit \
--master yarn \
--py-files somelib-1.2.egg,otherlib-4.4.zip,other-file.py \
--deploy-mode client \
--name "Example Program" \
--queue exampleQueue \
--num-executors 40 \
--executor-memory 10g \
my_script.py "options" "to your application" "go here"

7.4  FTRACHY 54K

A A5 R E o BIRE PP AR ML, AT Spark LAAMKJZE . TfiiE
B R e W5 B S =TT B P . W RARIAR 5L TARATBEANE
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org.apache.spark N HAJE T1E 51817 B 10 B IR, Rl 75 2
WA BT A AR REE 1% Spark N 3547 I #F A A3k ).

X Python FHFT S, A 2P 22285 =77 FER 775 . HT PySpark
5 TAE AALEs L EF 1 Python M35, R\] LLIE L FR#ERT Python
AT (Lbtn pip Al easy_install) HEEER TGN E
AT, BE R T8 %24 1) Python %34 H 5% N HY site-
packages/ HxH . TR A LIfEH] spark-submit ] --py-Files &
AR MALI R, ZFEEAN TR SH N2 Python MR ds K142 .
WSRARBA R E R AR, 7T CAFBds a2, XWIR 77
fif, (HEZEPUE A RS FRIRE AR AR,

™

*<T Spark A &

MRIEAS N RS, AAN B Spark A B ULE$R A B
H. spark-submit 2 HBI#{R Spark fEARIIFE T I 1T 842
H,

Java Al Scala i PP B A LLIE IS spark-submit H) --jars bric$232
SLIF) JAR AR . 2 R — A EE IR ORI X L AR By A
WM T HARERS, XMLt EiE . Hi2—M& Java 1 Scala 1 TF%
SHHURZ FE . AR IA] Spark $258 NI, AR DA 20 S FH B3 AR
& 33 B B A OB 25 568 o IRAMN EAL IR R BRI 2R, b
BARIH X L (R, DLRCEATTHIHOMI RO/, 5855, T-ah4kdr A
LA JAR B2 R 71k FL b, W HR S 2
T HE, AR KIAR G, B85 N ITA LS. XIEE
RN (uber) JAR B #F4H4& (assembly) JAR, KZ % Java 8§
Scala 4 T2 AR SCRE AR BOXFE 1) T A%

Java 1 Scala H ¥ FH &) 72 FIA4 £ T H /& Maven Al sbt. ‘B4 1#F AT LA

T XWAIES, A Maven 5 H T Java TAE, 11 sbt N —f&H

T Scala LfE. EXH, AT BB X AP T B A9 % Spark

%Eiﬁﬂjﬁ&ﬁ@ﬁﬂ?o PRAy A B 7R 24 1F B CA9 % Spark L%
) % °

7.4.1 {¥ i Maven#s) % 1) F JavaZw 5 1) Spark v
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THSRE—NE Z/MEH ) Java T2, fERBIFRRAISEEHTEN
— NE JAR 9. 51 7-5 #24t T Maven HJ pom.xml 3, HAAE
ARRRSERIE o XM Fen L Br i) Java A0S 5 TR Hx
Zhitt) . Maven HHERABH P ACEAE TR H 3 GZH NS
pom.xml X ) ] src/main/java H & H .

%1 7-5: f¥FH Maven 4% ) Spark N H Y pom.xml 34

<project>
<modelVersion>4.0.0</modelVersion>

<I-- TREMEXEE -->
<groupId>com.databricks</groupId>
<artifactId>example-build</artifactId>
<name>Simple Project</name>
<packaging>jar</packaging>
<version>1.0</version>

<dependencies>

<!-- Sparkiki -->

<dependency>
<groupId>org.apache.spark</groupIld>
<artifactId>spark-core_2.10</artifactId>
<version>1.2.0</version>
<scope>provided</scope>

</dependency>

<I-- FZJE -->

<dependency>
<groupId>net.sf.jopt-simple</groupId>
<artifactId>jopt-simple</artifactId>
<version>4.3</version>

</dependency>

<I-- F=TJFE -->

<dependency>
<groupId>joda-time</groupld>
<artifactId>joda-time</artifactId>
<version>2.0</version>

</dependency>

</dependencies>

<build>
<plugins>
<!-- HREIEBEHIARE IMaven shadeddiff -->
<plugin>
<groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-shade-plugin</artifactId>
<version>2.3</version>
<executions>
<execution>
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<phase>package</phase>
<goals>
<goal>shade</goal>
</goals>
</execution>
</executions>
</plugin>
</plugins>
</build>
</project>

XA TRERE B T AME IR IK R : jopt-simple Al joda-time, Hi#
FSRAEIR DT, 15 3# & — SR H R 18] HER# e T HE, X
A TAEHAKH T Spark, ANidFRAT1HE Spark #r1c4 provided KA 7
Spark A5 N B 1 HoAD T AT e —id . Mygmy, FRAEH
maven-shade-plugin AR A1E A& A M8 JAR £,
YRE] LAk Maven 7E & KHEHAT T AL AT HEE 1 shade H Ak fd ik
EE. FHXFEMMERE, B IJAR Gt SEHAT mvn package
B EE R (LB 7-6)

%1 7-6: ¥ B4 H] Maven )2 ) Spark M

$ mvn package

# 7 HARERIE, AT CUE B S IARGL RN I iR T A 77 72 AE B JAREL
$ 1s target/

example-build-1.0.jar

original-example-build-1.0.jar

# JRIT L IART ] LLIE BIH 2 )2k

$ jar tf target/example-build-1.0.jar

joptsimple/HelpFormatter.class
org/joda/time/tz/UTCProvider.class

# EHIART] DL H AL 45 spark-submit
$ /path/to/spark/bin/spark-submit --master local ... target/example-buil

7.4.2 i Hsbtty) i 1) A Scaladw 5 1Y) Spark . A

sbt & — Ml % 7E Scala A% FH AT A B BUASCHT A 2 T H . sbt T
H s &5 MF Maven AHALL. 78 TRERIAR Hg A, REQIZEH —IY/E
build.sbt BRI SCAH,  PEARHS I B Z BAE sre/main/scala H. sbt 1453
AR ARG EE S BRI, XA IR TR E RS R e s, H
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K L TR . Fla, A — N EE name, 2 HKfEE LIEA
T, F—MEE/E libraryDependencies, HiSKfEwE TRERIMK
WiFNR . B 7-7 AT —/MKHG T Spark F1— %858 = 5 FE ) A 58
1) sbt 5ERER R SO . XM SO A T sbt 013, sbt IEFEPRIE &
%g DAL LR AT B 7 s — e i Y SCRY, DA T A e SO A X i
AL o

) 7-7: 1§ F sbt 0.13 f) Spark /% F f build.sbt 314

import AssemblyKeys.

name := "Simple Project”

version := "1.0"

organization := "com.databricks"

scalaVersion := "2.10.3"

libraryDependencies ++= Seq(
// Sparkkii
"org.apache.spark" % "spark-core_2.10" % "1.2.0" % "provided",
/] FE=T7HE
"net.sf.jopt-simple"™ % "jopt-simple" % "4.3",
"joda-time" % "joda-time"™ % "2.0"
)

/] XFAER)FTIF T assemblydE ) ThhE
assemblySettings

// T & assemblydditf AT I IAR

jarName in assembly := "my-project-assembly.jar"

/] —MHkAScalaR S HFRREAH & IARTL Z AMARFRIE T, KA Spark
// &t [ Scala
assemblyOption in assembly :=
(assemblyOption in assembly).value.copy(includeScala = false)

XA ST — AT NIEAF R gl N T — LT RE, XA R S Fr
I H 144 JAR B, BH HXANMEM:, 7524 project/ H 3k T
A=A, SRATH OB R . FRATT I TR ELA
project/assembly.sbt 344, FFAEEAMA
addSbtPlugin("com.eed3sio9n" % "sbt-assembly" %
"0.11.2"). sbt-assembly FJSLBRARA AT GE2 IS A 1 sbt it A A
A {k. 15 7-8 3& T sbt 0.13,
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%] 7-8: 1£ sbt TR assembly fiff

# il Rproject/assembly.sbtff] N %
$ cat project/assembly.sbt
addSbtPlugin("com.eed3si9n" % "sbt-assembly" % "©.11.2")

E NI VM@ G, ST e — e d AT R Spark M
M JAR & (] 7-9) .

% 7-9: F16{F I sbt #J 2 1¥) Spark N F

$ sbt assembly

# £ A brgAe, WRLE S A 4EIARE

$ 1ls target/scala-2.10/

my-project-assembly.jar

# JRIT& IARTL AT LUE BIH 7 )2k

$ jar tf target/scala-2.10/my-project-assembly.jar

joptsimple/HelpFormatter.class
org/joda/time/tz/UTCProvider.class
# ZHAIART DL EH AL 45 spark-submit

$ /path/to/spark/bin/spark-submit --master local ...
target/scala-2.10/my-project-assembly. jar

7.4.3 A

Y H A N5 Spark 48 AR [F]— A PRI AT B o R AR R, F3K
FEFF Rt . XS AR W, (HZEHI R Ed ik NMRLE. 8
W, MR RN Spark 1R ML HAT I FE A0
NoSuchMethodError. ClassNotFoundException, B/l 530N
AR JVM 35 o XX phie) i, FEFmwmREdor . —2&%
VR NE S A5 AT FH AR e AR A 5 Spark BT FH IARTA], =&
45 FH 88 5 1 ik A “shading” (977 AT BARBI R H » Maven #4#8 T H @ S
X 7-5 A G (3952 1, shading ) D RS 192 IX AN B 44
N maven-shade-plugin FIJRFED AT mRECE KSR FFT B
1o shading AT LLiEARCL 7 — AN 4 S R BE R, FFHZIES
R AR A AR AT FH By 4 S5 AR o IX PP R A S 1] B 2%
ANIE TR RIS AT IR SR ) F) R A A AR AR X
177 N BARP IR, 15 Z R AR B FH R8T 556 B SRy .
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7.5 Spark[ ] N 55 N [R] I 2

WA B AT — P SRR R A Rk TAEILSE R, V2 4R R
e AR EIE R . RIS 2 R T Bk AR
AP AR RSN T A AR A SRR AT BRI N ], a0 e b EE e ?
Spark 17— R A1 L AW R AR BHIR A o A, 3k fe e AR
BB AR

TR 2 AR, Spark 3 EAK R AR 25 K 7E Spark ) F (7]
FEE B 2 Spark N )RR BR S HRE BT 28 5, R YRR
IHAT 23 15 AN BRI RELL e B I BE 2 83 B /D, IXEG TR A]
M-S H . F2EREHRFEBAY], 7l CLUNBAS) & U R 42
WA BRG], XFE Spark #t ] AHEAE ML A BIAH N BB . B EE
PR TS P B SR R4S FE 28 10 SCRY SR B 4TS B

Spark N HH —MEFIRTE L, 2 IR IIZ4T (long lived) KRS
Mo IXREMEIXLEN A TR . Spark SQL F1# JDBC Ak 55 #&
Hie—MKIHIZAT Spark M. 24 JDBC k%S & B35, EaME
FEEBRAR RS — RANPATETT AL, RJE oy P 33 SQL &l
KANE o TN AT WE NE 1P AR, Bl iz
— PP ARLEE B R FEAL AR s A L B R . Spark $R1E 1 — M AIKECE
I N 1) SR TR AL . Spark PRI A~F- i 4% (Fair Scheduler)
S RIEAT BN 8 SCR FEAR S5 RIS BN o AR FXFIX 7 N A
RAERNIRGS, 18 T HEVEN, 1625 2 TR S E 7 0k
Chttp://spark.apache.org/docs/latest/job-scheduling.html) -

7.6 EREHI

Spark 7] LLIZATFE S MPAEREE B4 b, IR RS AR U M 454
INLAS . WIRAR R ABAE—HENL A% L1247 Spark, HB-4 B FI ML
e B IZ AR R T N 7. ORI, ARARE — AR B SR B A 2
ML RS (HLanBERT UiEAT Spark {E Mk X AJ LIz 4T Hadoop
MapReduce 1EMV) , Spark tHA] LAISATAE RN 2 A% F AR 85 B 48
Hadoop YARN 5 Apache Mesos I'[ffj. #%/5, 7E4C Spark & %)
Amazon EC2 I, Spark A4~ H i IBEIAS AT LA S Bk 37 A5 sCAE A LA
JEFFRIRS o AT AU AR X LA BT b 43 71547 Spark.

7.6.1 ST AEREE g

162


http://spark.apache.org/docs/latest/job-scheduling.html

Spark M7 AR E P A R ALAE SR I I AT N IO Ty FRLR . IR
BEAS A ET R TAE T S48, S BEARTRCA —E R
NAERT CPU #0ro 3RS NI, AT LLBC B AT as 3R HI A A
i, AT a1 CPU #0022

1 BSOS PR AR

FR s IR E A, IREE T LB FE R — AN E TR EZA T
VEAT poRSEL, Al LA Spark [ sbin H 3 A 1 i S B AS K 5281
J2 BN AAS FH e ] B B BRI, (H 2 7R ZE SR e B AR 1A Y SSH
TCEM iR . 7F Spark 1.1 #, 5 shIAAGE H T Mac OS X Fl
Linux. FATS PPN EENE RS DM 4R 8 PR IO R Bl 7 vk,
IR 5 RN AE HAD S & o] 5 ShEERE

LA SRR R BIAS, TSI R P RAT
(1) K9 BEGF1) Spark EHIBIFradLasm)— MHFEKH T, i

/home/yourname/spark .

(2) W B T SHLEs 2 HADHLAS ) SSH eBhd 5t . X7 AP
FHHles EAEMERHPIKS, FEFET S L@ ssh-keygen Ak
SSH FAHH, X)X FABHII B A LAE T £ .ssh/authorized_keys
A, WRRZ BRI E XL, VRAT AR W R a4

# EXF A . B1Tssh-keygenI {32 BRiA k17

$ ssh-keygen -t dsa

Enter file in which to save the key (/home/you/.ssh/id_dsa): [[FI%]
Enter passphrase (empty for no passphrase): [%]

Enter same passphrase again: [F]

# 7ETAEST R b

# HCET M~/ ssh/id_dsa.pub SCHEEHIR TAEY & b, SRE1EH:
$ cat ~/.ssh/id_dsa.pub >> ~/.ssh/authorized_keys

$ chmod 644 ~/.ssh/authorized_keys

(3) %’ 1719 5K conf/slaves SCIFIFIE BT A AR s EHLA

(4) 7£ F 5 & FIZ1T sbin/start-all.sh (EfEET & FIBTTA R
HETAET R D CLUEsh&ER. WREM P, RASRRHES
TR~ FF, 1) HL AT LLYE http:/masternode:8080 & 21| £ & L 23 1) X
TP S, SR E a8 AR A
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(5) Bz ILAERE, 7EF7 4 LIE1T bin/stop-all.sh.

WERARME AR UNIX R4, & BTN Ea058RE, IRt LA H
Spark H bin/ H 3 ) spark-class A5 5 F-3h J5 3h 3295 S L
E R EETR L, fA:

bin/spark-class org.apache.spark.deploy.master.Master

SRJEAE AR R S -

bin/spark-class org.apache.spark.deploy.worker.Worker spark://masternode

(H+ masternode B&IRHIFE AT FHNLA) o 7E Windows H, i
A\ SRIRE /.

BONTEOL T, SRR A Sk S & MBOME B3 g TAET i
fC CPU %05 WAF . B B RS FE A 1) S8 241915 2% Spark
B 77 kY Chttp://spark.apache.org/docs/latest/spark-

standalone.html) -

2. $E 5N H

B ML AR E AR N, 72 spark: //masternode: 7077
YERFT S S HUEY spark-submit. 0.

spark-submit --master spark://masternode:7077 yourapp

EANERER URL B R BT AR B IR DTS4 (2T
http://masternode:8080) . JE=, FEACH S H 1) EHLAA M 15 2
RS UL G P S Y URL. XA Al RE 1S4 A IP HuhbmdE =+
ML I P 3 e i, BAdE 1P Hohkg8 e B E — & THL L, R4
AT RVLEL I, RSk, AEEH i fE i E Spark A
i 7077 ity 1T A FH 90 o) 1 o AR OR SE ML 44 At 5 1 — 25k
— MR VR N T S P S B R SRR URL.

PR DM A - -master ZELARIFER) 7 )5 8 spark-shell B,
pyspark, KEZFNZER .
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spark-shell --master spark://masternode:7077
pyspark --master spark://masternode:7077

BT BRI H B shell & 15 IEAEIEAT, RTREAEEFEHEAN
%X 71 7 SLTH http:/masternode:8080 FEfffR: (1) N E#HZ LT

(RPHILAE T Running Applications #1) 5 (2) FIH B B s FH 1A% 0
MANAEERT 0.

g BELAG R FHAZ AT B — N8 WLRE B A2 9 AT #1218 1 N A
(spark-submit ff] - -executor-memory tricAEi# HI{E ) #id

THEMATRIRMINALE. XM T, MArERE RS G

f;jjl:‘ii?ﬂ@ﬁﬁ S BCPRAT # RLe TR OR N H FRE RE RE e 1 L B
o

W Ja, MOTARREE PR SR A B A 20 AR IR, R )
KB # AL P Is AT AEAN R T o R P i U CBROATEOL) » BKE)
%"ﬁf}?zkﬁfﬁ%ﬁ spark-submit LS £, & spark-submit
A . XREMWERT CLEEE BB 28R P %, tnl b
E%?ﬁd\?ﬁ(i‘)ﬁlﬁ% GAEZ H I shel) , (HZIXESRAURGERE N Y
Mlas 5 TAE ARG EE, H BAAERTF BT R4
ATH . M, EEMET, WhdBEFS/ENEADNTEN A E—
ML RIS AT AE MO AR B AR N30 . B 13 1 R i A
Tas i ml. XM, spark-submit f&«—35/Ki%> M, fKA] LA
TE R B AT B S AR B B o ARIE 7] DAJE Ik S BT B 485 1 P O o
Hv7 R N H & . | spark-submit f£i% - -deploy-mode
cluster Z#n] LIV 2GR,

3. it & IR &=

W IRAE 22 N A (A 4L 5 Spark 68, IR B0 W 7E BT 8 13E L (] 43
RO B YR o N7 AR TR g% P JEmh P SR, X R SR 0 PR 1) 2%
NN AP HERLEZ AN A APAT. Apache Mesos S FF W 12 4T

HTE’JEEJJ*E’J%I/)? L5, 1 YARN NEH 75 BAFIINES:, A] PALEAR

PR sl AN [F) I 5] o) 2 FH T FH =

TEFRSTAEREE PRAS P, TRUE D HE 1 1 AN 150 B RIS

o PUATAFIERENA
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YRETLLIETT spark-submit [ - -executor-memory S¥KHE &
eI BEAN SRR TAES 5 R 2 A — T R L
PRl B 3X A 150 B IO R e 1l B A T 28 15 50 5 AR S 2 b I A7
B BOMER 1 GB, fERZHARSA L, IRATRET 24
X AME K 78 4 A LS -

o AL EE R KE

XN A AT AR IR R 5 BZ 0 S SEIr ERA
EATHR. Wtut, NA R CAESERERT A T B & BB 3h3
IT#RIRE . X T2 P B TAE kUL, RN 1% ZE R A PR 4t
A& . RATLLEY spark-submit ff) --total-
executorcores S BIX/ME, BFE VKT Spark it & A1
% B spark.cores.max f1H.

LEAR— AN AT R R BRIBAT — M IT BHIE, HE — a8 EAT LS T2 MM A —i%
HIE

PG UEIX 58, ARTT LA AEHH & BA% 10 X 0 FH 2 S 1
(http://masternode:8080) & X4 {1 TR 43 BT DL -

e, MO EREE PR BRI OL T 2 AR B ASE R AT 570 )
PATZRIRE . B, (BO/RA —A 20 M SRR, B
R DNIUIRZIIPLES, RERIEH --executor-memory 1G A --
total-executor-cores 8 f&ZNH . X#F Spark Bt = EAFALAS
LA 8 MATEHRE, B 1 GB WAF. Spark BRIAIXFEM, DAR
=L TE T A FEILES BB A o0 24 (Ehin HDFS) (1944
PEAHAL, RONIR S & Sl WA S s o 8 B i B b
AR R, ATLlEd ik &R EJEYE spark.deploy. spreadOut v
false >RELK Spark AT ZRHFE S FFBREDB TAET b . 7EIX
FERITEOLS, BB N H A A3 2 AN AT 1T 5, BN E 1
GB WAFEM 4 MZ L. X —WE SR ME T E M A LR BT e
NH, I H A JU7E JG s Mo SRR B 28 2 AT i B AT -

4. 7= FEA]

YA B AT, AR A AR AR AR UG 4 Re g B CHT
IRNLF, BRI A BT AR A v B A T AR A 1. LS, MO (RE S
AR I S RF TAEY RikR . an RARABLE SR ) 3719 s A = R AT
HI14%:, Spark &3 £#f#i ] Apache ZooKeeper (— Azl R45)

KA Z A HI TR, IR AN 327 RN )48 2035 1 799 S
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o NMSTEERERCE ZooKeeper NEAR P HIERIIVEREI N, ANiLfE
Spark B 77 44 (https://spark.apache.org/docs/latest/spark-
standalone.html#high-availability) =145 Fritiik .

7.6.2 Hadoop YARN

YARN JZ1E Hadoop 2.0 H1 5| NJEERFE H AR, & ] DLk 2R3 ab
HAEZLZATE — ML E R P b, JF Hal s 23575 5 Hadoop SCAH:
4% (fajFx HDFS) AHRIBES o o FEIXAEBCE R YARN £E4F
FiB4T Spark & IRA E W), ‘BER] LAk Spark 7EA7fl Z s I BT
i1, CAPGEVI I HDFS H 5

7f Spark B H YARN 1Rf# 8. R A 7 £ 1% B 15 /R 1 Hadoop FCE
HxXHIMIEZ &, A5/ H spark-submit [/ —MRER B 3275 24
URL &2V RP AT,

55— AR Hadoop ML E H %, HiLBERANELE
HADOOP_CONF_DIR. XA~ H A& yarn-site.xml FHARAEC & SCAF; 40
FYRHE Hadoop #: %] HADOOP_HOME 1, AP4 XA H Sl H AL T
HADOOP_HOME/conf H', & NIATHEAI T £ 4t H 3% /etc/hadoop/conf
Ho SR JE AN 7 AR AR N -

export HADOOP_CONF_DIR="..."
spark-submit --master yarn yourapp

AIMSTEEREE B — 1, AP G 2SR A 0 7 i e
VLSRR A R P iU B H IR B 2R 12 7 B AT AE 5 58 M H
Rl b CHEaRIZEIE AR ) , TESEFEIT, K327 i
IBATE— YARN H28 W, 487 LLEIT spark-submit ) - -
deploy-mode ¥ ¥% & AH i, 2

20 kb AR A5, [ Spark 1.0.0 AL F] YARN RGP, 23 yarn-
client fl yarn-cluster WM S%. 1S4 Spark B /7 XY, ——F#HE

Spark [#)2Z 5.3\ shell PL & pyspark #5 7] LLigiT#E YARN ., R
W B 1F HADOOP_CONF_ DIR FfXFIXLE[ FAf [ - -master yarn Z%{
BPPT. s, BT IXEepy H &5 2 M P AR SRE T N, BT DL R BeisAT
TR iR .

P B B =
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*M7E YARN igf7Hf, tRYEVRIE spark-submit B¢ spark-shell %5
JHIA ] - -num-executors Fric i B ME, Spark N <8 F [
BEHATER T A BUAEOL T, XAMENCN 2, BT DR A] BE RS B4
BT, VRMA DL BB - -executor-memory W B AN ATEEH AN
FH&E, #Bid --executor-cores WEFNHATEBFEIM YARN
HHEPZOEE . T2 iR TR, Spark 38 7R B &= RO R
B PATHRAES (FHZZEEZ N ERIEEL, B
F£ Spark A DAMEAL S HAT S SR RIAIEE . A, TEERENZE, —
SRR &1 T RN PAT SRR B RN (BRIAN 8GB) , AR
BRI PAT A FE

HT SR B R H Y, JE28 YARN SR B R N I EE 2 24
BABI . T - -queue IR FEARHIBAFI ) 4 7

BT YARN HEE 2 B0 BRI MRS S, A& [ Spark B
77 R Chttp://spark.apache.org/docs/latest/submitting-
applications.html)

7.6.3 Apache Mesos

Apache Mesos #& —MEHERE B, BT sty o B TAE 7
N UIs T K BiEAT Bk 55 CELan ) 0T e 55 B8 BN A7 i)« Z24E
Mesos | {# ] Spark, 75 Z4%— mesos:// I\] URI 445 spark-
submit:

spark-submit --master mesos://masternode:5050 yourapp

BT AT B, PRAT LU R ZooKeeper KN Mesos £ #Hi% H
—ANET R EXMIEOL T, Mizf H mesos:/zk:/ ] URI K45 [\ —
> ZooKeeper 11 HFIFR . HLUN, 1RE =1 ZooKeeper 7 i

(nodel. node2 #l node3) , 3 H. ZooKeeper 43 HiZT7E = G HL 4%
) 2181 ¥ LI, ARBZIZAE 40~ URI:

mesos://zk://nodel:2181/mesos,node2:2181/mesos,node3:2181/mesos

1. Mesos 1 J& 5 =,

AR BLARANE], Mesos #2431 1 PRI HORAE —MRHE A 13
fros b REa LB Eqip il GBI A, T asdbie 5
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() CPU B O ESAEEATIITAE SN s S 2&W, Rit—&istr 7 24
PAT AR INLES AT LA A S5 CPU B, i AE <Mk i =,
Spark $E Bl AR AT A 3EAE 70 Bo Bl 2 = 1 CPU #H , FF HAERN
SRR TBUX L TR, WA HAT 28 R M T A B TS . IRTT
PLEIL ] spark-submit f£i# --conf spark.mesos.coarse=true

RAT RIS

M AP LR EREIZAT shell XA A B A TAEAEmy, BTN
HSE e IA TAEN R AT S5 FHZ.08, CLavrnl i |l P iET
fERSERE, PrCAXFh GO0 SR A B ARIEE Gk, SR, FE4ik
FERL N A BAL S 2 R Z W AEIR CIXFE G, —224% Spark
Streaming X 75 ERIEIR N At 2R IRZ) , NMHAFELHF
NI A, CNEF/EL CPU B 02— Bt e . Ad{ES—
FEMISE, R0 BAFE— Mesos SEREH TR S A E A Cbhiamk
—¥84> Spark M) spark.mesos.coarse & N true, 1M —#F
AKX LAWE) -

2. % i A SR A X

Ht Spark 1.2 M5, #E Mesos I Spark R SCRF LA/~ i i A 2iz
TR LR UL, IXBESRE T L AUSAT RS R B a HLAS Fo
I RARIE FE Ay BEAE Mesos R H IS AT VRV IR BN 45 11 55, B4

Aurora Chttp://aurora.apache.org/) 5%

Chronos Chttp://airbnb.io/chronos) XA FJHESE AT LALEARREHAT B A 3R
AL F| Mesos AT, FFMIZEATIIEAT . IR0 UE A X SEHESR 1 i
— PR BN B IX B AR FE Y

3. A B 5 I =

PRA] LLiEIT spark-submit FIPANZ%) - -executor-memory A - -
total-executor-cores RIZFH|IZITIE Mesos FHIFIRHE, AiH
HRE BB ANPAT ISR ANAE, 538 WA Sk E N 5 A RZ05

(A HATA T A S HPEED s RE. BROAER T, Spark &f#
HRTTRE 2 BAZ 0 Ja s 2N PAT A0 0, SREEN B & 91 2R &0 B
ITHSSEHIH, FENMN DR 7 E 0. IRARA R E --
total-executor-cores Z%{, Mesos <=3\ i FHER T BTG 7] K
¥ o

7.6.4 Amazon EC2
Spark H i —/NAJ LAZE Amazon EC2 A SRR HIA . XA &
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A —ET 5, AR AT LI M RS Ay . XA — H AR
F‘zbiﬂ% R E)ETME?EﬁuﬁﬁiﬁﬂfiﬂBﬁéﬁi&fﬁﬁﬁﬁﬁ/z%@ﬁﬁﬁﬁ\ﬁ
i ﬁ%u% EC2 JHIAIL 2 2 35 4 HoAt A R I AR 55, Lb il HDFS.,
Tachyon i85 FH K I 24 HF 1) Ganglia.

Spark [1] ECZ JIAIYAE spark-ec2, iz Spark ;u% H T ec2 X
e, B 7% Python 2.6 B AT A . /R AT PATE R4,
Spark EETﬁf_ﬁ EC2 AT T 75 T 5 4w 12 Spark

EC2 AT LLEH Z A Cm A MERE (cluster) , FHAFH EC2 %4
HRX 7 elT. XTRANERE, BRI S #— "k
clustername-master %44, TN TAET S61E—AIY/E
clustername-slaves %4 4.

1. A sh S

BRI —NERE, M2 00— Amazon M k5s (AWS) Tk
?:7;’ I HIREGD 75 1D ANy i) g 1%, SR e 0 e iR AE I AR &

export AWS_ACCESS_KEY_ID="..."
export AWS_SECRET ACCESS_KEY="..."

R IR EC2 1) SSH %X, A5 FERAHICHE GaF MR
keypair.pem) , XFEVRHELFTLL SSH RIRHIHLE

BRK, 1817 spark-ec2 AR launch 74, $RALURIE ST
LT S RERN AL T, BIAER T, X&Emd e
ml.xlarge XMW EC2 SLH, B3)—ME —AFFRM—ATAET
U EEHE

cd /path/to/spark/ec2
./spark-ec2 -k mykeypair -i mykeypair.pem launch mycluste

PR AT LUE ] spark-ec2 FISHOE TR & 2@l 288 . TAES A4
. EC2 Hu[X, DA HAR—EZR, Fi.

# BB 551 m3 . xlargeZ S i TAE AR
./spark-ec2 -k mykeypair -i mykeypair.pem -s 5 -t m3.xlarge launch myclu
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BRESHOE T 585K, 81T spark-ec2 --help. %* 7-3 5l
T H Rk I

#7-3: spark-ec2/) 5 Wik I

151 X
-k KEYPAIR BAF A keypair )% F
-i IDENTITY_FilE FAEA SO (A .pem 45D
-s NUM_SLAVES TAE M=
-t INSTANCE_TYPE A FH 1) sz o) 2 Ay
-r REGION {di | Amazon 29 BT E B X 38, (451 us-west-1)
-z ZONE A E T (B0 us-west-1b)
--spot-price=PRICE FEZ5 TE [ A AE A spot S (R SR TT)

MIB BRI 45, 8 T E 0P A A RER B SN ee . BEXFINL4
IR E Spark B4 EBt

2. B ERE

PRA] DUE HAAE AR .pem SCAFE T SSH & BB R =15 5 L
N T Ji#, spark-ec2 Heflt T BG4

./spark-ec2 -k mykeypair -i mykeypair.pem login mycluster

WA, ARAT DGR IEAT T A A2 3RS T S B BN LA

./spark-ec2 get-master mycluster
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SRIG BATMEH ssh -i keypair.pem root@masternode 774 SSH
B FT ML

HENERELUG, PR Ld H /root/spark H i Spark 3885 Kiz (T HEF
1o MM ERAEL, 795 URL 2
spark://masternode:7077. 4{5{# F spark-submit J& 3N HE,
Spark <= H 2L B N H# B HFEAE R AN AERE B AR B
http://masternode:8080 15 7] & #1171 FH 7 F1H]

RS A MNERT YL R siFe R Al ME spark-submit it
TRk B2y T weHR, B KEN 2B IE SN EALGE 301
Ao ZAESERE BB T N HRITRIN, 7FZEeEErF iy sCp
| B SRR

scp -1 mykeypair.pem app.jar root@masternode:~

3. B EE A

BN spark-ec2 TR BEERE, 1817

./spark-ec2 destroy mycluster

XK A=A EERE R FTA 1526 (BLFE mycluster-master F
mycluster-slaves M2 A SEFD

4, BT E 5 R

BT B ERRS %, spark-ec2 B A LR IHIE AT AR RER
Amazon S, FFH AT LALE/RTH f5 B R IX e SE ] . 45 1R IX e S 20
EATRHL, FEERCAnA S ER AR InnaE BISEE M
spark-ec2 ) HDFS %58 (Z LN —79) o A, Hibkpyse)
2 {R% root H 3 FIATE SIS (B angR_EAL 218 B ATE S
XFEAREAT AP H D T Ak

bR, 1817

./spark-ec2 stop mycluster

172



E, )L, BIRE SRR

./spark-ec2 -k mykeypair -i mykeypair.pem start mycluster

g Spark EC2 WA FF A SRt /N 4, (HAR
A PLE B, mycluster-slaves 22420 P AL 2% R S B 4
BERONE ] SIS, EoehN Y rp bR, REEH
AWS G &, AT —6 L/EW 8L “Launch more like
this (A 358 2 A8 XA S — AR SEF])D 7. IXFERATH AT LAZE[H]
— A A ) T 25k, KRG spark-ec2 start &
ERE. BERERNLEE, HFEAE AWS #%H 6 & ibix—sep Bim]
(A E/NG, XA ERE+ HDFS B EdE)

5. BT

Spark EC2 SE £ LA RC B 4 7 W& Hadoop XM R 4t UULALA7 it i B 25
P o IXAEFRATTAT LR J7 (6 Mot B s 2R A7 6 7F U7 1) JE 5 LY. Amazon S3
BERWEN . IHEXHRFFERW T

o “ImIT”HDFS, AT EWIme 6. K2 HEEM K Amazon SE
(I ET o i e W s S N8 = (Nl 1] P e S Sl S| S M PR
PRI 2% o “Imi"HDFS {8 X Ao (), m] DLER AR 25 K ) I i
fEfgasin) . A e ERKH T B 8 EC2 R LR £
oo IXFR SO RG22 BT S Y /root/ephemeral-hdfs H 3%, 4K
A MEH] bin/hdfs K5 ial FF41 S0 AR A] B ) X F
HDFS KM U - 5,  H URL kA 3
http://masternode:50070 .

o “KA”HDFS, M1 fif root 7345 . XFh HDFS 7EEEHF H J i
ISR IR B BE, AN — s (B80S, Vil ke >Rt Bl i A R
1€, XM HDFS i& & A7 R AR 22 IR B &5 /N i 48
. B 3ET froot/persistent-hdfs H 3%, W U1 P S HIHAE 2
http://masternode:60070 .

bR XIS, PRECA T REDT 10 2 Amazon S3 FHIEHE 1o 1K
A LAFE Spark H A% s3n:// 1] URIT & #4505 Ia) Horb iy s, B gm
HZ% 5.3.2 7,
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7.7 EFEEREME A

Spark FIT SCFR IS P AR R Bl AR N BRATTFR AL 1 30 38 B R ) 22 Pade o
ﬁui@ﬁ%}%M%@% AHRE, IEERUST S PHEE R By, WA T
— BN,

o WIRAEMNFITG, A LGRSO SRR BAR . MO AR 22 3
R 5, T H AR 2 fE A Spark ATE, MhOZ SRR E A8 5E
L5 H AR SR E A 2 & — FER AT BE .

o UTHRIRELEAE ] Spark B [FEIEE A HAR N H, siE 2 BB EE
& HIEVRIR TR (B A . B4 YARN Fll Mesos #B ST
EARITF R, MAEXFHET, IHF K2 % Hadoop KATHCK U,
—% YARN C.&Ti3E4F T,

e Mesos AHXTF YARN FUMUST AR ) — KA S 78 T gk & 3t =
FRAETH, %365 A LKL Spark shell 3XFE# 28 B 200 H A A
Ay 2L RIANE ) CPU | R £ B P [H iz 4738 B
=\ shell 1 A% 5 A H AL

o (EATARES A, HUFHE Spark I2177Eia4T HDFS 5 s b, XHERE
PRIE T ) A7 . RA] LA E AT [FIRE Y 5 _E 2225 Mesos BT
FEFE TS RAEFH YARN [R1E, KEHKITROZIE
YARN F1 HDFS ‘&34 7 —i#z.,

JE, HFICERE ST IRE R RS . R AR HZPr,
Spark M HI SCHRFIX LS ETFE FIAR T RE LA | —HEH XS Spark BT
FEPE, 170 Spark tHA AT BE LGN 7 X H SRR E BRI S . AR
H IR 3R A B OTEA SR, AN URHCOR B 24 2 5] Bl
Spark Al E 7 CAY Chttp://spark.apache.org/docs/latest/) 3K T ik
e I

7.8 45

AREERIR | Spark N PIEZATH 220, B2 HE— NIRRT S — R
A NAAT RS 0 A . 2 JEARZEYE 7 Ay gd . $76L Spark W
FFE R ERIRT AT . &G, T-ATESS 7% WL Spark #& 435, 19
& Spark H i WEERFEHEY, A TE YARN B¢ Mesos 5558 — 7 S #F
EIES 1i84T Spark, LLAAE Amazon EC2 = R4 LigiTt. T—ES
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ﬁ)\ﬁé@%%ﬁ%%éﬁﬂ%, FEE A TR A 2 A5 A Y Spark
WA o
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% 8 % Spark VL5 A

A% AL B Spark [N, FERELI A2 0T YR R A B
111y Spark TAEGER. R Spark MIBIABEBEAEIR S R0 K 124
ARG ELHE A, (EA I AT 9 77 B R I A 34 5
Spark [PC B AL, A T I PP o Al 7 R 142 A B — L
Spark (1B T8 F 1 RE U0 A2 108 28 S o 92 6055 — 640
9475 T PLAR Spark S MERE I & SERATR, DU EAR ST E
. 4515 EPERE BT BER S, Tl 2ot it Spark /i P 7
. SATIER S E NS . KL BT e
07 i RS EL BB 4 A A 1.

8.1 ¥ SparkConffi¢ & Spark

f Spark MEATEREVAPE, 8% e 1B Spark N A (IS 17 Bl B ik
Tiji. Spark EPB&I;cEI’JEBEmﬁ?JELL SparkConf 254t Spark HF4TTT
Ho. HAlEH—4 SparkContext B, il ZA4& H—4 SparkConf
sz, anf 8-1 4 8-3 s

f 8-1: 1 Python Hf§ A SparkConf £l — 4~ H

# A — P confif R

conf = new SparkConf()

conf.set("spark.app.name", "My Spark App")
conf.set("spark.master"”, "local[4]")
conf.set("spark.ui.port™, "36000") # IR\ IAE

# i XA E X 2408 — N SparkContext
sc = SparkContext(conf)

151 8-2: 1t Scala H'{# ] SparkConf )% —/™ N H

// BIE—"confXt %

val conf = new SparkConf()

conf.set("spark.app.name", "My Spark App")
conf.set("spark.master", "local[4]")
conf.set("spark.ui.port", "36000") // HEIERIAMEIME

// HEHIXAEE X S 18—/ SparkContext
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val sc = new SparkContext(conf)

%1 8-3: 1t Java # {5 Ff} SparkConf €1l % —/ 5 H

// BlE—"confif R

SparkConf conf = new SparkConf();
conf.set("spark.app.name", "My Spark App");
conf.set("spark.master", "local[4]");
conf.set("spark.ui.port”, "36000"); // EZLERIALG DL E

// XA B X % A8 —SparkContext

JavaSparkContext sc = JavaSparkContext(conf);

SparkConf 5 H SR i #1: SparkConf SZlf0& 1 B B AR AL B

LT BB N« Spark HP RN T B 0k IR 2 T AT R R A B

Xt EAE G R E SparkConf X%, W LLRAT set() Hikkin
B E, RN RA4ELE SparkContext HIAIE 7% FR
T set() 24k, SparkConf KW E 7 — /N5 THITEE, FTLMR

J7 (v B S8 W, FERT =AM, R ] BL
H setAppName () #l setMaster() sK4rn]iX & spark.app.name #l
spark.master [ B 1H .

FEIX UM 1+, SparkCont A F{E #2& 7E B FARIS R B 1. 7
RZBHT, SR ENHREREIEN S #1542 . Spark i
Vil it spark-submit THEIESRERE . SR spark-
submit A E SIS, BIA S X S B Tk B RS TR, 24—
AN SparkConf # B HISR A, XL IRIEAR B 2 A I >kt
HENECLT . XBE, (EMH spark-submit i, FH 7 RA o R G —
A< [f) SparkConf, FfHE#EAL4: SparkContext FIFIE 7 VE#AT T o

spark-submit T H A% F ) Spark Bt & WS HUHR AL 7 H AR,
A —MEAHRE - -conf KRBT E Spark BCE WiME, 41 8-4
FIi7s o

151 8-4: FEIBATINAE I bric 5 B AC B IUNE

$ bin/spark-submit \
--class com.example.MyApp \
--master local[4] \
--name "My Spark App" \
--conf spark.ui.port=36000 \
myApp.Jjar
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spark-submit 3 FEM SO EEEECE DUPE . XX T i E s
WM ELLERA N, TTEARAPAZEXERE (LA
] Spark F 50 o BRIANEM T, spark-submit BIARSTE Spark %
H H S F 3k 2 conf/spark-defaults.conf A4, S EEEGZ S DL
% bR B E X B . AW ] LBt spark-submit # --
properties-File #ric, H & ZIAFHIEELE, 115l 8-5 B,

151 8-5: izA7 I A AT ERIA ST 15 B G B UK {E

$ bin/spark-submit \
--class com.example.MyApp \
--properties-file my-config.conf \

myApp.Jjar

## Contents of my-config.conf ##
spark.master local[4]
spark.app.name "My Spark App"
spark.ui.port 36000

g — HA%45 [ SparkContext [FJ#i&E 7775, N g E i
SparkConf FLANTI AR T, IXEBRE BT A B HC B DTS 26 207
SparkContext SEAFI4L H >k 2 8 & T K.

A, F—MECEIATREE 2 M HE 7. B, SR AIRefE
FEFEARID BB T setAppName() J7i, IR HEE spark-
submit [ --name ARiCIXE | IXAME. ERFIXPENL, Spark HRFE
Rk A i = M N L= Y 4, 8 T (P sy D AW L L T s
F set() HiERE LT, KX 2Eid spark-submit f£1% 1S
B, HOOEEAEREXXFFIME, ®ERREMEGME. WRIRER
1 A SERRAE AL E, RTCVEN MM P AmthEE, A%
a2 EiE—Pw.

® 7250 7 HREE . & 8-1 WA | Al LA L BUES
SHERBCE . R EEGR RN EIER, 15275 Spark 314
Chttp://spark.apache.org/docs/latest/configuration.html) -

#28-1: & 1 Sparkfic & T ¥ {4

| |
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1 I NN

spark.executor.memory(--executor-memory) 512m

o o

spark.executor.cores (--executor- q%
cores)spark.cores.max(--total-executor- 1( 96) ?4
cores) ft
it
_‘[/&
spark.speculation false X
an

spark.storage.blockManagerTimeoutIntervalMs | 45000

=

i#

X
spark.executor.extralavaOptions ﬂ%
spark.executor.extraClassPath (ﬁf) XX
spark.executor.extralLibraryPath JI29

fil
T3

1
H

Jar
onr|

i—/[

spark.serializer org.apache.spark.serializer.JavaSerializer

spark.[X].port (fﬁﬁiﬁﬁ)

NCA g e

spark.eventLog.enabled false

EET
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=
spark.eventLog.dir file:///tmp/spark-events [.5'

JUF-FiA 1 Spark Bt B # & 4 1E SparkConf (I8 @/, (B —
AN ERIETUR NI . VR TR EAE conf/spark-env.sh HUR AR AR &
SPARK_LOCAL_DIRS WE NHIE SREH A BEAIR, KigE
Spark F SRR PEEE 1A MAF i AT . IX 75 BEAE AL A Z0RT Mesos 15
A FWE. 8.4.4 T EIEAHLA-48 SPARK_LOCAL_DIRS f¥JFHI<HI
WS XD & T2 AT AU AR ) Spark Bt & WA —FE, JEENTE )
EAEAREME LN Ll e aA XA .

8.2 SparkPATHIAH R 7. Bk, fE55H

L

N} Spark HEAT AL, HREME P T RAGHIN BT, £
AT E T, RCELFE S 7 RDD MK~ LK RDD 153X .
FERATIS, Spark L2 M ERIEG I N —AAESS, € RDD HZHEE
INEIPE B HAT TR . #EAE Spark $RAT IS 7 T THANE AR T EL i
VG A, AN PR AR — S AT i R v il A B9 TRURE PA KA 2R B ARTE XS T
PADCAN R e AR & A W B .

N TH I — AN S K g Spark $AT BIEANITEL, DL TR AR
R AR A G 19 0 R SR BIBRAT V1Rl o BRATTZEASE A ()52 — M€ Spark
shell SEILI) {1 1K H A0 A S o B AN B8 2 — A~ B AN [A) 7™ L 25 4%
R H S BN — L8 7 B S AT A SR S, andpl 8-6 B

1% 8-6: FHAE 1 Y5 3L input.txt

## input.txt ##

INFO This is a message with content
INFO This is some other content
CFAT)

INFO Here are more messages

WARN This is a warning

(AT

ERROR Something bad happened

WARN More details on the bad thing
INFO back to normal messages
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A 17 B27E Spark shell FFFTIHFZ 301, TR A0 1 H EH B
%%%%T_ﬁﬁ‘a%ﬁﬂ‘]ﬂ%ﬁdﬁﬂ/ﬁﬂuﬁﬁbﬁiﬂ‘]IEI%%ZI‘EU%EEI‘J RDD, 4nfl
8-7 7N

11 8-7: 7E Scala x4 Spark shell 1 Ab B SC AR &

/7 NS
scala> val input = sc.textFile("input.txt")
/7 D)7y 9 EGE I B S AT
scala> val tokenized = input.

|  map(line => line.split(" ")).

| filter(words => words.size > 0)
/] REBGHEATIE — i (HESZD T4
scala> val counts = tokenized.

|  map(words = > (words(@), 1)).

| reduceByKey{ (a,b) => a + b }

X— &5 SR T —ANMAE counts ) RDD, H A& %25 H
BN S HE, 1E shell FHAT R LML E, BEFPRAPITHE
ATENERVE . M, R E LT —> RDD X RIWA [H L E

(DAG) , AR LAFERY J5 AT BN A E Rk A I FH B R T H B
> RDD 4E4° | HAR M — PN N RS H, ARR 55
MZ AR AMERE. i, XM/R7E RDD LA val b = a.map()
I}, b iX/> RDD HifF F /X A il a B— A5 . XGRS
RDD HJ LB 5 2 F A BAH 2615 e

Spark $2fit T toDebugString() 75 KE&%E RDD ik &, £ 8-8
o, FRATT S BIAE T 1] 1 Al H 1 — 2% RDD.,

11 8-8: 7E Scala Hfii | toDebugString() &% RDD

scala> input.toDebugString

res85: String =

(2) input.text MappedRDD[292] at textFile at <console>:13
| input.text HadoopRDD[291] at textFile at <console>:13

scala> counts.toDebugString
res84: String =
(2) ShuffledRDD[296] at reduceByKey at <console>:17
+-(2) MappedRDD[295] at map at <console>:17
| FilteredRDD[294] at filter at <console>:15
| MappedRDD[293] at map at <console>:15
| input.text MappedRDD[292] at textFile at <console>:13
| input.text HadoopRDD[291] at textFile at <console>:13
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o — 2k A% 7 RDDinput [AHSSE 8 . i i H
sc.textFile() GIZEH TiX4 RDD. MHiH & d, mLLIE 3
sc.textFile() /7iZFTGI## H F RDD 287, K F|5CT textFile()
PG ek e s, S b, AR T4
HadoopRDD X} %, #AJG%11% RDD $UTHRET#1E, &Z&ER] TR [E )
RDD. counts Mtk REINIEINE F—LL, H 2% RDD, XA&H
FIHATXS input AT 7 HADERAE, CREEAMIBLE ., Gk LA A
#), counts if R W LLE R T R ERTER 8-1 £ M,

AT s ERAE 2 i, RDD #f R RAA it vl LLiE AT TH 5t AR AL
PRS2 . ZAR SRR, TR counts A — M7k
1, i collect () Rl AR BN 4 R 7, Wil 8-9 Py
No

%1 8-9: 4 RDD

scala> counts.collect()
res86: Array[(String, Int)] = Array((ERROR,1), (INFO,4), (WARN,2))

Spark i B 4% 2 8% th Tt 547 3h#1F (1) RDD M EHAT IR, 3,
IFELEAL I A RDD [ collect() J5i%, T72 RDD KIS 7r X # 2
PR IF R IZ B IS 4 FE o Spark 1 B s M 4R AT 30
BAE RDD (FEABI T2 counts) ik, AL [EIH AT D205 1
RDD. Z &2Vl RDD HIACTT s AT BT s, BAESRAHE,
A [ 2R TSR T A 1 AH s RDD R B TE R BT DA i fij
RIfE DL, BRSOV A B R4~ RDD farth i 50 0%, 2Bk
4% RDD L7 E N TR0 XAESS o 85 DU SR IR $hAT X
SODIR, THEAS IR PR IK RDD.

THCREREHEEZMTEN, SLE RDD B 5 AT BRI B L R IFA
—rER RN, tehn, MRS T IR K & AT

(pipelining) , BEGIEZ > RDD & H-2|— MBI . 24 RDD A7
FORV AR T ANACT vt B RIN, R de a2 B s AT Ik 4k
AT . 191] 8-8 H th TS AR BT AN [R) 4 1 55 2ok e 7R RDD 2 4%
VD R P AT IROKEHAT . EVIBEPATE, PAT TS i 43k
L2 5 AT R IR RDD 2 5 HACH fiAE [ — AN R AT K
&PAT. Blan, HihE counts B, REFIRZZS RDD, {HM%i
BRE B R AWS . XRWAYEPAT ATEZNDNTER. B THATF?

182



SRR JUAESL e IR AR, XA 4 B T K 2k
7. B 8-1 WA s 115 counts iX/> RDD I (44T

SR

RDDE] A ERitK

HadoopRDD .| HadoopRDD | |
sc.textFile(...) l : l :

MappedRDD | MappedoD | -

l : l | BT
map(... MappedRDD | oy MappedRDD
filter(...) FilteredRDD : FilteredRDD :

reduceByKey(...) ShuffledRDD .| ShuffledRDD ; T2

& 8-1: K RDD ¥ AL HRAE R A B AT D IR

A SR a) S B TR T, R KL collect () #1ESIR TM
MBIR . WRARAE H LSS Bis AT X BonBIAeas, P St ] BLE
(http://localhost:4040) E#E|. AT f5 350 o A e FH
FHH BT, IAEAR X & B W R B BT AT TR IR,

5 T ROKEIITHMAL, 54— RDD CZAZ(E 4R A7 ot
i, Spark f) P9 3B 1 B 2 B4 F B AR RDD 1 R 1. 2RI R % L

T, Spark Wik KM, EILHTZAF TR RDD BATIHH. &4
— P RDD 1% 5 FE 115 90 4 2 15 24 RDD D276 2 i1 4 I
FAE MR i R, WRMEZ RDD JF5cA 4 5 20 R
persist() Jrik. BBV IL RS T Spark BT SE SR 1 04 H1 19
U ABEILIRSE, 12752 AIFL 1 RDD B9 SHE
PRI
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NHREEYEHATHRAAPMEH . AT countsRDD 2247 3K,
WL G AT SRR & BRENEE R0 (5] 8-10) o an BARE X7 7] H
PR, RS BIALID T JERPAT TR BT iR ER2P IR, 20
H collect() Rar=f— PR EBIX MT e #AE

% 8-10: FH—NEL AL R RDD

// ZZAFRDD

scala> counts.cache()

/] B USRAEIB TR TR A D IR

scala> counts.collect()

res87: Array[(String, Int)] = Array((ERROR,1), (INFO,4), (WARN,2), (##,1
((empty,2))

/] GRPITRE AP IR

scala> counts.collect()

res88: Array[(String, Int)] = Array((ERROR,1), (INFO,4), (WARN,2), (##,1

((empty,2))

R € AT ShERAT I AL B 280 BRI SR S ARy — MRl . BATTiE I S
%gunt() LRI TTIEMRAT IR, S A AP IR K
Ak

— HOP R 2 MR, AR H R IR R e BT EE AR . 1%
VA EE SR AEA R B B AR 20N AT P AN A o DB TR 1) 25 BR 2 A
HARSYR, 1 RDD % R B T s AR . L, XS5 IR~ DR E
FINRFP AT AR, — ANt VR e Jm R 12D 3R € 2 W Tk AT
HHRIRVE R AT IR

— MBS R R R AR ZAEST, B MEF AR AEA R A 7 X A
FIFEIRIHS . AR5 WERIITRAE & —FE, 4 R AT

(1) MEHEA % (anfiZ RDD 2 — M A RDD) (. RDD ({1
2SS BRRET CAAANEEE) B TR 5 H SR B N B

(2) AT B RJIRAE R SR Y X S A E P AR ) RDD. 40, XA
HHRIAT Filter() M map() K%, BCFHIATHBIALERME.

(3) i 5 B — NIRRT SO, B ASNET G, BE S R RIR
%%ﬁ%? (I 5 5% RDD 8 B2 count () IXFERIAT B #
)

Spark [ KHS 7> HEA5 BAN L HAGE LD IR A 55 SR TR U FAr
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fyo BERAEE ] AR e g N PR SAT B A B S — A iR B, H
XF U DA N, F A AR R 3 B

JAZN—F, Spark SATHE T T8 I LE AR .
o FH /S E L RDDA [A] L K]

RDD i Ef)a i RDD, 3R5| HEAIRH &, Xk
el T — 1.

o AT BIERARIEAT IR oA 1B g ) B R DN AT TR

2R RDD 1 — M7 #ERT, XA~ RDD gt Zi#i vF 5
Ko IXWESRIIE H1Z RDD A K. Spark I #35252 — >
VEMV SR B A L2 RDD. X AMElSBE— A28
%, AP S — R IFATHATI AL S . — NP IERRY
NAE AT E T — A Z A RDD, —ANMEEBAT N £ 4 RDD &
R R T R KEHAT

o [R5 T HEME I AT
A BRREAZNAFE AL FRR, AR5 WAL 5 Bk 15 ) RDD B — 6

gre —HARNEE AP RETR, — MTalRIE R AT e R

T
{E—AMAE ) Spark BLFTT, i T F QI RSB RDD, Hitk
AN B AR R K

83 HKEFEER

Spark 7E ST HAATIN T BN A SR RE SRR . 0 43 28T B

FEPIA T E: Spark (1R T P St DA S GXEh 4 2E AR AN 3R AT A 22k
REAE R H SR

8.3.1 Spark/™ 7T J7 FLiH
Spark PN & 1 T S F A2 T iR Spark W AT A ARIPE RER LA 56
—uli. BUOANEOM T, EEIRSIRAET I ENLES 1Y 4040 vy [ F. At

X YARN SERHRZOR YL, N 15K Eh SR P e AT FE R TE I T
PRIV 1ZIE T YARN B3RS FRESSkU7 8l FH 7 ALl . YARN B JRE
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B 2R B R A WA 2T o

Spark Fi /7 AT LNASREI R 0T, FAR RS AEANF K Spark i
A A AFAEX A . LA bSpark 1.2 Jyfl,  FH = F 1 3 22 i YA AN A 1
[LTEE NS A N T e X A N

L AR DR SRS AR AR, UAEZ WA

Nl 8-2 frzs, A T A AR AT B BN 5E AN A Spark 1k
HITE AT IR ML e — MR EERIE B R IEAIZIT IR, DR

CANARS G Do BEXTREN D IR, XA DU SRt 1 — e B
BRI AT I RE IR bR o

Eﬂ ML U 2 7E Spark 1.2 A4 I NHY, AR ARAE F B A
A, WEART

806 S/ o Spark Ul tester - Spark Joi X

r—
[ ] (& localhost:4040fjobs / aw & 4 s =
i apps @ DBSSO [~ Open Tickets [EJ Databricks Cloud [l Spark [l Databricks [l Other Bookmarks

Spo*{ Jobs  Stages  Storage  Environment  Executors Spark Ul tester application Ul
Spark Jobs (7)
Total Duration: 2.9 min
Scheduling Mode: FAIR
Active Jobs: 1
Completed Jobs: 19
Failed Jobs: 15
Active Jobs (1)
Jobid  Description Submitted Duration  Stages: Succeeded Total Tasks {for all stages): Succesded/Total
34 Job with delays 20M14/11/27 13:30:24 18 o1 [ ] 0100
count at UWorkioadGenerator.scala: 85
Completed Jobs (18]
Jobld Description Submitted Duration  Stages: Succeeded/Total Tasks {for all stages): Succeeded/Total
30 Single Shuffie 20141127 1330:04 018 171 (1 skipped) . 100100(100skipped)
count at UlWorkioadGenerator scala 64
Cache and Count e iszese  02s [ - I
uuuuuu UWorkloadGenerator scala-63
7 Job with delays 1411727 132949 105 L L
count at UWorkoadGenerator scala85
®  Com 0MET1SES 01s [~ I
count at UWorkoadGenerator scala 62
23 Single Shuffie 201411/2713:28:20  O1s 11 (1 skipped) . 100100 (100skipped)
count at UWorkdoadGenerator.scala-64
22 Cache and Count 201411/27 13:28:24  03s " . o0
count at UWorkloadGenerator scala 63
Job with dolys wmerises 108 [ 1 T
count at UWorkdoadGenerator. scala-85
2 Coun wwnaTiee 028 11 I
Waiting for localhost... 5

] 8-2: Spark N F & Gt AR 2 5] DL
A& RV — MENL e R I . FRATTAT LS IR T4 BBk
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W E IR, BRSPS, BeEZ astrF—1
PRV IR Wi W TR) 22 BRAR Ko WERARIE R 1 4SS 1D IR, AR AT BLsidy
TE 25K T G- P AR 12 0 BRGSO A2 MR B A

FisE 7 25 EOERIP IR A, IR LR B 8-3 Fras ity b BRI
TR ERLPERE R AL, 7E Spark IXAE I AT Rl R e, B iR e 5
VR RE R LR 22— 55 BB R S AN T AR 55 7
FERR RIS TR I, — Rt R AL 7 Bs iRt . 25 BR Ui n] LA Bl
BNV BEIEURE, BATR FEEE P 5555 TG bR I 0 A6 15 DLl
BL T BATR LAMAESS s AT I R aaE . B—ANRH & E551E
HIBS RN EE A AR5 215 2 7 RS HTE, IRPTLARIZ T &, BRRA
MR T IXEEFIBITERE . —AZH /N ARSI
T HRIRES 232 MEIE? —A I T ER e 1T R ERIE S5 4y
g ? X LEHT] AR AR R AR AT P AR A B A R R

800 Spark Ul tester - Details i =

L i localhost:4040/stages/stage/?id=3&attempt=0 ay & 14 o5 =
i Apps @ DB ssO Open Tickets [EJ Databricks Cloud [ Spark [l Databricks (Ll Other Bookmarks.
Spa’i‘r bs Stages  Storage  Envionment  Executors Spark Ul tos
Details for Stage 3
Total task time across all tasks: 35
» Show additional metrics
Summary Metrics for 100 Completed Tasks
Metric Min 25th parcentile Modian T5th percentile Max
Duration 2ms ams 4ms ams 03
Scheduler Delay 3 me Ems Tms 28 ms 0.1
Task Desarialization Time Oms: 1ms 1ms 2ms 2Bms
GC L Oms oOms 0 2ms
Result Serialization 0m: Oms Oms oms
Gatting Result Time om: ams oms [ 0
Agg by
Executs sk otal ided Succeeded Shutfle Shutfle Shuffie Spil Shuffle Spi
L] Address Time ks Tasks Tasks Input Output Read Write (Memary) (Disk]
<drive>  localhost53242 5 00 0 100 00B 00B 00B 008 008 008
Task:
sk Result
Executor ID GC Gatting
Index ID Attempt Status Locality Level / Host Launch Time Duration Delay Time Time Time = = ResultTime Emn ors
300 0 SUCCESS PROCESS_LOCAL <drivers / 2004127 02s 33ms ms Oms Oms
localhost 13:2T:44
UCCESS PROCESS_LOCAL <drivers / 2004127 03s 1ims ms Oms
localhost 13:27:44
30z 0 SUCCESS PROCESS_LOCAL «<drivers/ 2004/1127 03s ms ms ms Oms
localhost  13:27:44
T

%] 8-3: Spark S I F 1 A i 25 SRV 1R TUIHD
B 1 O IR, AS T A] AR R B AR 5518 H A e A BT A0 %A

prec CGBEER. THEEL S paldest 7 2/ E. anRAE S e 7 RD
B 1) B ey HE 20, (E AR S TR BRIl ] BE SR W P A6
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A5 AT EEBE R 1a] R P ARSI B 716 2 W 6.4 1) o f7 4k
AR5 AT R SEI [R] R ACHRAEAE N SMIAT i 2R Gt P BB IX i 00 1, X
FE9 Spark {EAUSNIILALIS T IR mPERERIIA 2 KAL 1, Higixet
55 BRI T4 A\ BdfE AR

2. FA LI : 227 FIRDDH{E B

FAE TS T 2%(7 FRE RDD {5 R . 24H ANE—" RDD Fif
H T persist() ik, FFHAERMMENHHE T 1% RDD B, XA
RDD i & A7 F k. AR, WRENZEAF 7 FZ RDD, LHEZER
RDD St MW AEF R K, 2R 45822147 1Y) RDD. XA UL A]
PLE VR AT RIR S RDD HIMRLEER 4 2547 7, LLIAE S FIAS [F )
FEfEE (WREE . WNAFSE) T RAF B R . I N 3 DT - B
— S BB R B ATAE TN, MERATRRA & L.

3. AT A% DUIH : NLFH R IAT A ERE A1 R

ARG 7 N A s 2T 8 52451, DS AT 28 i FE AR 2R
AL FEFNAFAd 7 TR — 848 hr . A DL 19 FH &bz — 76 T BN FH AT BLAsE
FHAR BT TR ) A BB o i o R Tl R 9 e 4 2 ) W X A DL T
R AR R B B PT Be < S 8UE 3l BIHAT 28 R SR D T-3RA T i

1, AR R SEPRPERE . IXAN DL T AT AT H NPT A
T REABRATE, A PATE T ST RA IR E RS R R, R
TR AR r AT 2% 719 5 1T BE SR BH IR AN PAT 78 13EFE B 78 ) 3 = LI T
%ﬁ%%ﬁ%ﬁTﬁ%oREEQS£MM%ﬁ¢@@,ﬁﬂu%%
PERER TN o

AT AR U 53— ThRE R I ZeR2 e /7 (Thread Dump) #2114
PAT AR AR EREAE . GZINRESE Spark 1.2 5[ N) o AlfL 2
PUAAT 2% HE R I 2R R AR PT DI A 1t RV 673 =5 P4 T A9 A XA
FERELINS 18] A E P Z DI REXS — AT SR REIEAT 2 UCKRAE, ARBER] LUk
Hlettom”, Wt AR HIEFEAUO LK AR B, IXFME B
APraE & R LRSI H AR 3K P AR

4. T . F R A Spark/ic & I

SO MZE 1 AR Spark B BiTiz 47 B85 T S A R4 e & TR
o X HEERHEC B BURRN A SCPRBC B G Il iRk AmpLL il &
PRACERO, XA TUIARA M, JCHSZE SR FE AL 1 2 R E AL
I o IXA DU 2 A1 ARSI 2 S B8 A2 R IR BT JAR B ASCA,
FEAB R SRADUMAE S I 1 ] U mT DA 34
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8.3.2 IKFASHEREMPAT SRR H &

FEREEIGOL N, 7 R BRI SN A 2R AR AT A ERE P A B
HERKIEZEE . HESHE RIS &M 7 0, flan A&
[y DUR P A A tH PR S (5 S . XX T SRR IR IR
IR H .

Spark H &SI BARGL B HU R T BT &R E 5 2

o {E Spark ML, BTA HESTEM AR E T AR T
FHHEEE R, XEHEENAAAE T2 TAET A Spark H
& N work/ Hd

e 1 Mesos #:\T, HEEIE Mesos M1 A work/ H3xH, 1]
LLE I Mesos =71 5 H P S U7 1]

o 7£ YARN HizUF, s A Sl HAE %2 H YARN B H
HUET B (384T yarn logs -applicationId <app ID>)
KA MG N HERRE . XM RAENH L% 4
T2 G AR, By YARN S 405X H £ B L5 —

. BEFEYHISITE YARN ENHHE, FRA LN IR
BRSSO P S A REANTT S (Nodes) TUIT, AR5 Wk E
T, FEAIE LR BIREE 2R 88 o YARN 24 s B 25 2%

Spark %t O PN 25 DA A e H & o BRI Spark AN W E2 1%
fEER AN H SRR, X I BAAFIE AR,

EBONELT, Spark i 1 H EE S G B EIVEAE. FATHA]
DLEE X HEAT RN, B3 HEREOAFH B BNAFILE . Spark
M HERG I T T 2K Java H & logdj 2B, 1HH log4
BCE T SOHATHCE - logdj FCE M/~B XA E & 4T U 7E Spark H,
FEAARAT B /2 conf/logdj.properties.template. ZA4H H & X Spark #J H

&, BT EREA RIS HI N logdj.properties, 785 L] LME
MHEAT RN T, Bl HEER (AP HER B g0 T , 2R
WEN INFO. WRAEE /DR H B, 7] DA AE 139 WARN B
% ERROR. HE | =M HEERSMENZ G, IRATLhEd
spark-submit ) --Files #ric ¥l logdj.properties SCA4 . UIERARAE
WE HEIomhER] M, F & SR IR IR LN 5 AMERTH
B £ % logdj.properties L) JAR 5. Logdj &% classpath,
DAFCHR B 5 — DN ECE SO e, BRItk an A A b ek 2z t, &
it 2x S AR H 5 SIS
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8.4 HEIERES &

BER|X B, JRRZ O ENRE | L8 Spark BN TAER B, Qo) PR EE
IZATH ) Spark N AHIIEREE, CARAMFEEEERMHEFE . A
BN T —2, WRis4T Spark N BT A28 2 04 §E T 1R I E WL
A, DL RO T anfrr i o s CASREU S AR e ) — L8/ Nt o /T =/
T WA EACHS B T AT B R SE e Re, e —/ DTl iig
AR SRR E BA S Spark IS AT 345 .

8.4.1 JiTE

RDD M@ HER NS — W RES. RINMEATF L L2 IRIE
3, EVHEPATHRE, RDD &#0 N— RIS X, BN XA E
BANBIEW T4, 24 Spark i HH121T4E5 W), Spark & AR 771X
IR R —MESS . ZAESAERRNE N T & fF EE 1 —1
THEZOKPAT. Spark %1% RDD BH4% B ShHEwT A& i IF47
B, XXTREZHAFRIEEL LW T . i\ RDD — 2R ¥E HK
JEAF i RREFEFFATE . i, M HDFS it f%i A\ RDD &
NEPRAE HDFS bR SO IX BB — A0 X . MR TR G5 1)
RDD Jk4 T K RDD M<K A 5 HAC RDD #H [F 4T B .

SATIE S BT TR F RO PERE . 58, IFATREATRT, Spark
SRS B VEURIR B RO L. L, B BHARAOBZATA 1000 47 fiF
AR, PR LB 30 ME%, (R%iER 4TI
RIS R L TSR 1109 (FRERL BT, 469 DX 2 I
BETPA SRR 2 K PP FE A 750 O P L 4 55 A 75
2 JLT AR CEIA SO, S SRS

Spark et T PIFR 7 VR RS BEE B AT BT AL . 2R —FR VAR
BIRTEERIER, EHSE0 7 X NRYEE ) RDD 8 € 1T .. 6
TR RS AR C A B RDD, A DUEAT BT 0 X SR FREE £ B
BRI B XEEEEY repartition() SEHL, 1ZEAE
2 RDD FENLFTELIF o0 st e o X H « W SRARHf 2 22982 RDD
71X, AILMEH coalesce() #fE. BT RAIELETE, ZE/EH
repartition() ¥ NE . WRIRN N YHWIFAT B & e L
8, AT DU A I B8 5 v 6 BOE A A 3R AT B A

AT, BRI 83 BB K EH W, W)a S BT
filter() BeAF oL EeE S T LR B BOATEOL
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'~ filter() iR[E[) RDD K7y X BONIACT fi—FF, XFERAES
PR Z o X BE R IRAD BRI 73 X . AEIXFEREOL R, AL
LA IHAF 270 X /D) RDD KA s N PR, Wl 8-11 P

5 8-11: 7£ PySpark shell & 34> X it £ ) RDD

# LURT AVL ST ST Ol Bl 445 R 1 A

>>> input = sc.textFile("s3n://log-files/2014/*.1log")
>>> input.getNumPartitions()

35154

# FIFER AR o B Y 0 148 75 7%

>>> lines = input.filter(lambda line: line.startswith("2014-10-17"))
>>> lines.getNumPartitions()

35154

# TEGAFlines Z A Jext kAT & IF A

>>> lines = lines.coalesce(5).cache()

>>> lines.getNumPartitions()

4

# W LAFES I S5 RDD_FEAT 5 440

>>> lines.count()

8.42 [FHIMLKSA

Y Spark 7 ZiH N B s, SO EIRRS BRI FIN,

Spark 5 ZATLEHE A4 o kg N R A e S E AT IR U R
ERN A, R E R RE R E I gL R ESTE . BOAEOLT,
Spark 2{# [ Java W2 K7 54 EE . Spark 2 £54¥ FH 58 =77 F# 714k
E Kryo Chttps://github.com/EsotericSoftware/kryo) , HJ PAFEfitLL Java
) 7 1Ak T L B 1) e 1 AR BsE TR) R B v IR 4 LU ) — b 3R, (AN RE
HIEFIMW AR R LA R AL 2 Kryo f5 3k
13 1 LI PERE

FAFH Kryo b T B, IRFEEXE spark.serializer N
org.apache.spark.serializer.KryoSerializer. N T 315 &
PERE, PRIERZIA Kryo yFEMRIEE 7 A4, Wil 8-12 Frax. iE
MEATLALE Kryo ## G AB &3 RSB KIRAE TR, T ET%
10K B8 S A S T g SR ARAR S ) B SR IX Rl A, T BAAE
spark.kryo.registrationRequired % & N true, XFf Kryo 4>
FE 8 B R TE M B 4 H B R

11 8-12: ] Kryo F¢ A4 T EIFEM P 2L

val conf = new SparkConf()
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conf.set("spark.serializer", "org.apache.spark.serializer.KryoSerializer
/] AR EERIE MK

conf.set("spark.kryo.registrationRequired”, "true")
conf.registerkKryoClasses(Array(classOf[MyClass], classOf[MyOtherClass]))

AL L Kryo I8 72 Java P94k, WA 5 HE] 7 —MNEEY
J& Java I¥] Serializable #1025, fREF2 BT
NotSerializableException. fEXFEN T, E&H 5] KA BH]
A RN AR, O PS5 HBIVFF 2 2 A RBI2E. R
JVM #RSCFFE I —NMRp ) B TR B alix — 150 -
Dsun.io.serialization.extended DebugInfo=true”. f&KHA] LA
L% E spark-submit Y --driver-java-options fll --
executor-java-options FricRITH XA ED ., — B R 77 i) %
I, T B IR R TIT R 2 HEIXR AN RO L [ Serializable 2 11
e WEREA IMNEBEEOXA T E R, FREUTR R —
AR ARG, EEAn IR A AN — 12 IS B Java /Y
Externalizable % I
(https://docs.oracle.com/javase/7/docs/api/java/io/Externalizable.html)

i H € X Kryo KIFFMLAT N
8.43 WHFEH

NAEXT Spark KREAT JLRASF O AT, BB IF R Spark () A A7 15
J7EAT AHS B AL Spark IR o FE &M PAT SRR, NAEALULT
Bt & J LA I

e RDDTifi#

241 RDD f persist() 5% cache() J7iER}, X/ RDD K%

X W AFE B A7 X F . Spark 2R3

spark.storage.memoryFraction PR F RS2 AF I W AT 5 #A

Jgg\jﬂf%lﬂ HIECEI RN o T SRR BRI, TH B 0 X B s = 1 7%
+o

o BRI EREMEFKX
MPATHHR IR Ve BRI, Spark 2 @& HY — L8 o [B] A7 X RAF A
Heya TRt 1 e B o IXBRZRAT X HORAF A IS B R I v 1a] &5

R DU TR bR E b B 0 A Hd . Spark 2%
WHEHE spark. shuffle.memoryFraction [R & XSz 7 X AT
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S N AF BT ER B
o M

Spark A LSAATAERCHI A P GRS, B DURL P (1 BB E0m] B EAT HRS
KEAAE. B, WR—AH N EC T BRI aE HoAl
MR, AIXEHER S E SR ANAE. P AR LI R TVM HEZS
AR 7 B4y RDD A7-fiff AT TR e A7 fifh LA 2 F ) A 25 1)

TEERINTE LT, Spark 2213 [ 60% ()45 (A Sk F71#% RDD, 20% {754k
IRV E P AR R, FRIK 20% BE 2T . AT ULE AT
VX e 1 T SRAE SR A B B . W S PSS T ORI
S5, A RRAE RDD A7 46 A EE R We A7 6% AT o5 P 1R 25 ) R DA R00ike
RFET WA ERIE D

B T VR N AR S XA EE ), FRATTIE AT DA — 8 T AR S 3 i A7 AT N
BB & . Spark BRIAKT cache() #:1/E4:LL MEMORY_ONLY {71
LM FE AAE I . XK W R 22 A7 HT) nRDD 43 [X i 25 [8) AN,
IHE 7 X i B bR . Y 2R L7 X E Ry, M TEE. B
LA If L MEMORY_AND_DISK A5 persist() Jrikesik
B RIROR, BONERXMAAMETELR T, WA T BIH > X2
ENHEAL, KR 2 RS Bk X AR Y
Ar el EHE L XEMIR L, Hal ik R M ERERI . 4
RDD 7 X B FAROMR R CEban M e Hh s B D B, X Fhi
BICHA M. TR SR YRGS WK 3-6.

X T BRI G AT SR 1) Iy — A ek A2 A7 e AL Ja O R 3F B %242

7o AT LLIEL MEMORY_ONLY_SER B3 MEMORY_AND_DISK_SER
WA S R SEIIX — ki B AF P ML G I R A A7 I FE AR 1,
I R A R 2 H A — S0, AN I n] BLE 25 D> TVML 337
S [RIUSCRS 8], [RUAIAR 22 BT A E S BLAE AT AR N BN P B A B 22 A 1T
fAft e B ISR AR Y S HE LR RECH AHOC, A B s 1 71
AR . RXFEAFTT NS RERN RPN —A BRI A XX}

o MR ZEUNREPEAZARNESE (¥l GB ¥R

B RTER S 1A ] (B e B 45, w] DA R G B IX A AT, i
%Egg@ﬂuﬁﬁﬁﬁﬁﬁﬁ¢i%%ﬁ¢&%%ﬁﬂ@&ﬁﬁ%
M ]O

8.4.4 HH{LfLLE
FRAt 25 Spark FOAE AR TR 2 2 35 5 i 3 B 52 A TR) o 52 i B2 FHE RN AR
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I EEZ SO LS B PAT AT RN ER D BN IATET A
g{ FIBIRZ0E PAT AT RSB DU RAE il i B gl A AS b 2
.

FEAMHER T, AT ST RN AR A] CLd i
spark.executor.memory it & i # spark-submit ] - -
executor-memory FRICREE . MHAT T RIEE LR AT
i R F R Co ) I B T U B ok T - P E B0, 7F YARN #2 X
~, PRAJ L@ spark.executor. cores I} --executor-cores ¥
ER B B PAT 28 SR 0%, 8T - -num-executors W E HUT S
TR TM7E Mesos FIMS B, Spark U2 i 2R R AL 1
SR IR BUL AT B 2 A% O LLH T AT T . Aid, Mesos FhA7
WA S BT 1% B spark. cores .max kPR #i]— N FH b B #h
ﬁ%g%%@%%ﬁb%ﬁoﬁﬂ%ﬁ%%*ﬁﬁﬁ@%ﬁ@¢ﬁ%
I/ B 2804 -

ORI, B RRINAF AT 2 (T 5RAZ DX Spark ] 2 BEAT Ak
Spark [ZA4 SCVFER PRI O A B8 H e 18 ML 3847 IR T8 ek
o IR, FERSNE &7 IS AR S ETHE T
) 45 RAHE AR . WIRBSLEAE R AE, AL WA A7 1
Rz, NARRIR2BEF. Spark A - FiH H A7 i UL T 2 e
7 FITGRAT IR AT TR S 0 R B AE A7 P . AR LAUMAE /NS B
AT — B BRI G, ARG HEE ST K250 i /& B S WA &

B% 7 WAFH CPU 0>, Spark i %2 21 A LR 35 R A7 1 B s TR e A
AR TE EE, AR S BIREE: Y RDD 2 X 3di . Rk, K&
A M G A mT DA Bh e T Spark B H P RE. 78 YARN #F,
T YARN $24t 7 5 CBU4E & Im i 2 77 H SR BpLH|, Spark B4
R A TC B 2 B2 N YARN FBCE AP B, EOI AR, 34T
Al DLEE SR B EEREN, fE spark-env.sh XXk BIFEA &
SPARK_LOCAL_DIRS, iX#f Spark N H A 5t < H 3 BUX AN &
e . anHIsiT I & Mesos X, BUE LR BT 7 B E
PO B, I CLEH spark.local.dir ZEDiRSCHHAD
H. {EEHELT, ARHHZ0EE N S8 H b 2AE SR E
KANK . —MREIBE ARG R 70 B # Spark B — N4l
Hk. BEAESHINMEI IR AN B . k=, nfb
PR DA S

P, Bk B i R AR R B AT T RN AR A — e E . T
F B R R HE 23 (8] 7] fg 2= 3 2oy S IS A B T B 45, AT ™ B 52
Spark BNVt &, AH, ERAB/NNAE (AT 64GB) 1]
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AT 28 S5 T DAZERR1Z 0] f . Mesos A1 YARN A 5 5t £ 4 S FR7E [
— M ENL FBT 2B RIPAT AR S, BT DS N N AE B
A7 2 S AARTR B P A F B2 B2 — 8 23982 o T AE Spark [RA457.
R, WATTRE B2 A TAET sl (A
SPARK_WORKER_INSTANCES #87E) Kib#ARHE—& EN LisfTr
T2 NPT R P IR HR A T Be 278 LLUE B RRCAS Hh e 2%
Pio BR 7 BAPAT IR W B NRINAR, AT AT LU R FIAL )
1 RAEEEIE (S 08.4.3 19) SKIER B IR RISCHT KR S2 0

8.5 4

BRI FTEARTER, AEROE AL IS 1) Spark FBITEL: T
eSS . FATTUER] T Spark RUBC B IWUE HE . SATHIAL AR
JHS R ST bR, BABSORE A P 3 v ) AR G A T L9
Yyo BPRN T f# Spark PR, 18 U5IRIE 73O iR TR
Chttp://spark.apache.org/docs/latest/tuning.html) -
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9 & Spark SQL

A5 A4 Spark FHSRERAE 25 M40 - 25 M A B s ) 2 1 Spark
SQL. ZitgfbEid e LA 4G ErEdE. rEsmER, e
BRI C NP FBES . JEIERF & XFER SR, Spark
SQL Ht 1551 X 1X S 4 1) e ORI 2 1) AR 49 B Ny Je s xb . HAR
Kifi, Spark SQL #2fft LU N =KZhag (WK 9-1)

‘ Tableau | I
JDBC/ODBC I ‘YourAppIicationI ‘ Spark SQL shell |

l Hive | ‘ JSON l ‘ Parquet | ‘ |

] 9-1: Spark SQL ] fi%

(1) Spark SQL 7] A M &gt b Edm i (4140 JSON. Hive. Parquet
&) P BEdE.

(2) Spark SQL AMN S KFLE Spark #2/7 WAFH SQL & i T8 &
W, SR SR ML B BE B #F Tableau 1A () A1 1 L AR B I by v
B PR 4s (JDBC/ODBC) %4 Spark SQL #H4T 2.

(3) 247E Spark F&F 1% F Spark SQL I, Spark SQL 37 #F SQL 5%
FLIY) Python/Java/Scala fXAY = L&, A451%EH: RDD 5 SQL &£, A
?E‘J HE X SQL BRI 5. XFE—K, W2 TIEAEE 55

NT SEPIXEEThAE, Spark SQL #2417 — Bk RDD, IUAE
SchemaRDD. SchemaRDD 2 7Z/il Row %t % ] RDD, %/ Row %%
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RF—4T103% . SchemaRDD & d k4 fEE (BIEHEF

EY) . SchemaRDD F ik A1EE ) RDD 1B, {HEENHEE,
SchemaRDD ] PLF| F 45 #) 15 B N & SOt A EdE . 1ok,
SchemaRDD it 32 ¥ RDD A I — s /e, thianisfr sQL &
). SchemaRDD 7] A MM EIRIECIEE, tHr] AN E 2 5B o8
RDD H1{1] %,

113.0 HJ54: A+, SchemaRDD £\ #% DataFrame FTHUf¢. — %3

A S UM AT 42 A Spark A2 ¢ SchemaRDD, DA HUMI
SR . % RS R Spark SQL ) JDBC JiR%57%, ‘& AT LA
ERIE— DL AR S5 8% Fis4T Spark SQL, tHATLAik SQL shell B
H R Tableau PRI AL TR IEE MM . &GS wE L2 S g%
P£. Spark SQL 2 Spark HELBEETHIAHAT:, 7 Spark 1.3 LA S5 SERAS
RIS RS, RIGELAR SRS T Spark SQL A1 SchemaRDD HY
BRI B, VE VTN B AR ISR .

FEE AR FERE RS, FATEH] Spark SQL KR — M & HESCH)
JSON #& A S o WERART L A BURIAE S, Rm] BLsE
Databricks 275 W F (http://databricks.gitbooks.io/databricks-spark-
reference-applications/content/twitter_classifie/README.html) K T %%
—Ub, AR, IRAT DLE R A Git @ E T Y files/testweet.json
B

9.1 %EPSpark SQL

¥R Spark MIHANFE P ZE—#F, ZAENAHH 5] Spark SQL 7% ZEil—
ﬁﬁ?gﬁﬁ@%ﬁ IXFp o AL 845 Spark PAAZ 1) 9 135 I 7 4 i K == 74

Apache Hive »& Hadoop 1] SQL 512, Spark SQL % v DAEL &
Hive 32 #F, WA LIS, 4 Hive X FFA Spark SQL 7 LA £
Hive £15H. UDF (H " HE XKED . SerDe (JFH4Mg AT
A% D , PLK Hive B H)iE S (HiveQL/HQL) o 75 B5RIf 1) — 5
X, WISREEAE Spark SQL HHALE Hive [, FFARF B H 2%
Hive. —MKUl, &b Z7E%1% Spark SQL B 5| A Hive SZFF, iX
FERUAT DL X SR T o SRR R 3R & kI RS ) Spark, B
Nz CATEGRIERT IS IN T Hive SCHF. USRI MNARIS 41 Spark,
RE1ZA$H sbt/sbt -Phive assembly Zwi¥, LLFTIF Hive S0, 2
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Zsbt/sbt 14 O 44 build/sbt iy &, — PFFE

IARIRAIN 5 Hive 2 [8] R4 7RISR, IF BICi@ i AR ik R
LR AR B S fift R ] L, ARt m] BLAEFVACA Hive SCRFY Spark SQL
REAT O EAIE R . AOFEIITE, IRESESMIMLAZ 57— Maven LAF
Ir

7f Java UL M Scala #', A Hive SZ#FH Spark SQL f] Maven &
514041 9-1 Fizs o

%1 9-1: A Hive SZ 7 Spark SQL ff) Maven % 5|

groupId = org.apache.spark
artifactId = spark-hive_2.10
version = 1.2.0

WERARABESI N Hive #H8t, ARHERZAEH T4 spark-sql_2.10 K
¥ spark-hive 2.10.

fﬁ%ﬁgﬂ’ﬂ Spark F2£/7FE—Ff, 7E Python H AN 75 B0 2 77 A7 /T
AEEL.

{% FH Spark SQL #tATgm A2, HPE =& A A Hive SCFr, AW MA
FIIN . R N2 HiveContext, ‘& 0] LLEft HiveQL LA
Je AR #5 T Hive BITHAER) . T NEEREAY SQLContext NS4
Spark SQL Zhfe)—A~14, THEF EHE 7 FEMG T Hive 10

AEo IXFh 88 EELE NILL R e Koy 51 N Hive [1 4 SRAR R FEa N
WA S A P et . {3 HiveContext AN 55 B3 E I

Hive,

A IHETE 1 H HiveQL /F} Spark SQL & #1155 . 2< T HiveQL &
A2 BRI, 4% Programming
Hive (http://shop.oreilly.com/product/0636920023555.do) LA K 7E £k )
Hive 15 5 -/
Chttps://cwiki.apache.org/confluence/display/Hive/LanguageManual) -
7t Spark1.0 1 1.1 #, Spark SQL s&3#& ¥ Hive 0.12 ], Tfi7E Spark 1.2
H, Spark SQL > ¥ Hive 0.13. WIERAR T ffdsifE SQL, MiZthe%f
HiveQL FE%# #47%K .
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g Spark SQL #2& Spark F1—/MEGHT A, AR PR A e
Hr. A Hive IR STEN RA WAL, Fir LLE £ 5 S B oA
) SCRS DR BRI B

B JE, A8 Spark SQL EHER|—/NEE L) Hive b, fROAZ0HE
hive-site.xml & | #I] Spark frJHC & C14F H kA

($SPARK_HOME/conf) . B¥i¥A #& 4 Hive, Spark SQL 7]
LLiE1T .

FHEFE R, WEAREA B LT Hive, Spark SQL £1E 247 #Y LAE
Ha g B &1 Hive Ju#dE &%, WA metastore_db. It4h, 0
BAr=23# F HiveQL i CREATE TABLE (3f3F CREATE

EXTERNAL TABLE) iEAISREIEHFR, XEERSWIBAERBINTISCH: R
2L 1) /user/hive/warehouse H&H (AIRPVREYT classpath HA EL 4 1Y
h}%lfs-site.xml, BRINHI SO R Ge 2 HDES, 75 st A& A Hb oA 51

%) .

9.2 {EM ]+ # fSpark SQL

Spark SQL ¢ 58 K Z AL g2 ] PATE Spark M A A . X R 5 b3k
TR U A S B 148 SQL ), [R I IE RE X — I F2 A1 18
) Python/Java/Scala &7 A% 45 5 7E—i .

BLPLIX A7 A Spark SQL, #2258 &3 1Y SparkContext £l 2 tH
—“|> HiveContext (15AE 2 ZBR 1 Hive SCFFIY Spark hieAs,
@& H SQLContext) o IXAN_E RN CABEIRHE 7 X Spark SQL #1%#&
BEAT B AIAE B A Ak . {8 B HiveContext 1] LG ZE H R 7x 4544
AR 1 SchemaRDD, Jf HAEMH SQL Hi/& 21 map () 1l RDD
P AE R EiX £ SchemaRDD.

9.2.1 #HJ4H{k.Spark SQL

%ﬁéiﬁﬁﬁfﬁﬁ Spark SQL, & JcZAERE)TH N IN—2% import 5, 40
9-2 7o

%1 9-2: Scala # SQL HJ import 7= B

// S ASpark SQL
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import org.apache.spark.sql.hive.HiveContext
/7 INRABEAE Fhive iAS T 1
import org.apache.spark.sql.SQLContext

Scala FH P EEN IZIF R 2, X B A HRAE S SparkContext I [
TIEIFE SN HiveContext. SRV Ba s, a2yl H kit
A R AE B 1) RDD #2244 '] T- Spark SQL £ ) RDD (7
#& SchemaRDD) . fEB)EEH HiveContext HISEWZ 5, @ INan
%1 9-3 B BARS T N L EL R R UL ¥ 5 FF . Java Al Python FR A1)
import 75 B 43 5l 40451 9-4 A1 9-5 Frow o

%1 9-3: Scala ' SQL 7= -5 N\ [ 2045 S 75

// BlESpark SQLMfJHiveContext
val hiveCtx = ...
/] SRS R

import hiveCtx.

%1 9-4: Java *F SQL K] import = f]

// FASpark SQL

import org.apache.spark.sql.hive.HiveContext;
/1 EABEAE Fhive KmiinS

import org.apache.spark.sql.SQLContext;

// $AJavaSchemaRDD

import org.apache.spark.sql.SchemaRDD;

import org.apache.spark.sql.Row;

%1 9-5: Python #' SQL [ import 7 B

# S ASpark SQL

from pyspark.sql import HiveContext, Row
# UANRETI Ahive iy

from pyspark.sql import SQLContext, Row

NI import B2 5, 75 B A8 H —> HiveContext X %o M 414
JoiE 5l N Hive 4K#,  miflgt i —> SQLContext Xf 2 1E N SQL B L
SO (anf 9-6 241 9-8 Flan) o XA RER T EAAEN A
SparkContext %} RAF iz 17 i) FE Al o
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5] 9-6: 7E Scala FF g SQL I F3CH b5

val sc = new SparkContext(...)
val hiveCtx = new HiveContext(sc)

] 9-7: 1 Java HAI SQL F TS

JavaSparkContext ctx = new JavaSparkContext(...);
SQLContext sqlCtx = new HiveContext(ctx);

1] 9-8: 7t Python A% SQL | F 0¥k

hiveCtx = HiveContext(sc)

A | HiveContext B# SQLContext < 5, FATHL AT PAHE 215 BB A
FrtATEW T .

9.2.2 F:ARA N

B — kB R T, 7525 HiveContext B SQLContext
) sql() k. B — a2 5 U Spark SQL ZE A 1%L
JEeft 4. K, FFESEM JSON SO H sz — s i B, X st
BIREM A— KGN R IFR T ZR 2T, REHMATELAH SQL kK
BHE . (9.3 WHEFERAM PG ISR . O Rk,
AT LARHE retweetCount “FE CBekitE) ks THIHESS,  anfsl
9-9 & 9-11 fl7wo

%51 9-9: 1E Scala FELENFEE R TE L

val input = hiveCtx.jsonFile(inputFile)

// VEMH A ISchemaRDD

input.registerTempTable("tweets")

/] HEretweetCount (F:kiHH0D ik HBHE

val topTweets = hiveCtx.sql("SELECT text, retweetCount FROM
tweets ORDER BY retweetCount LIMIT 10")

%11 9-10: 7 Java HEEHUFE HHHE S

|SchemaRDD input = hiveCtx.jsonFile(inputFile);
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// FEWHIAKISchemaRDD

input.registerTempTable("tweets");

/] HHEretweetCount (B4 K iH%0 % L

SchemaRDD topTweets = hiveCtx.sql("SELECT text, retweetCount FROM
tweets ORDER BY retweetCount LIMIT 10");

%1 9-11: 1E Python HPEE I A ) #E 3¢

input = hiveCtx.jsonFile(inputFile)

# T JSchemaRDD

input.registerTempTable("tweets")

# fkHfiretweetCount CRERITHD HEHHESC

topTweets = hiveCtx.sql("""SELECT text, retweetCount FROM
tweets ORDER BY retweetCount LIMIT 10""")

@ WEAR O H I Hive, JF H S E/RH hive-
site.xml CAEE #1357 $SPARK_HOME/conf HE T, AR
Al L5247 hiveCtx. sql KA &4 1Y Hive £

9.2.3 SchemaRDD

B HCERE A HAT AR #F 2> 3R [A] SchemaRDD. SchemaRDD Fl4% 4 i &
JE FR R AR 2R . M EBHLEE R A, SchemaRDD #&—H Row
SR H RDD, &85 8E RN ERE R . Row X R H

FER AR YR R (U R R ) A . BRI TE
T8 gt — BT Row XG4T .

TR R 2, £ 5 Spark iRAH (1.3 LLLE)
SchemaRDD X447 1] B4 04 N DataFrame. X — 5 iy & 4850 1E
KPS 2 RIS AE TS

SchemaRDD {528 & RDD, Jr LIRAT LT H N A CF 1Y RDD 4k

Y€, b map() 1 filter(). %A1, SchemaRDD W $Efit | —LL%i

AMITIRE S FF . B EENAE, PRATAEIERE SchemaRDD yE M Al B
X, XFERLAT LUE A HiveContext.sql 8% SQLContext.sql KX & 34T 7
T . YRA L SchemaRDD K registerTempTable() /%X 4
fig, gl 9-9 2 9-11 Firo,

202




g I B5F 2% & 24 1 FH i) HiveContext 2%, SQLContext & [l
AR B, EAR AN IR H B X S 1 if 3Rt A FAFAE T

SchemaRDD #J DAf£4if—
FS ) 25 R AR R 21

SchemaRDD 1§ H| HiveQL &2

Chttps://cwiki.apache. org/conﬂuence/dlsplay/Hlve/LanguageManual+DD]
®9-1 4 T BRI

-Phive #JJT Hive % f#4b,

E XHISRA .

3ok PRI
PEEE

=2 YIS

A,

%%9-1: SchemaRDDH 7] DL 77 i i) F g S5 Y

AT LA X L2k

BFFTIF -Phive-thriftserver T,

SQL /121[\)/ TgL ol ScalaZs 7! JavaZi Y Python

TINYINT Byte Byte/byte gjtilzo; gz(lgt)_lm
int/long ( {E

SMALLINT Short Short/short -32768 #| 32767
Z[])

INT Int Int/int int BY long

BIGINT Long Long/long long

FLOAT Float Float/float float

DOUBLE Double Double/double float

DECIMAL Scala.math.BigDecimal | java.math.BigDecimal | decimal.Decimal

STRING String String string
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BINARY

Array[Byte]

byte[]

bytearray

BOOLEAN

Boolean

Boolean/boolean

bool

TIMESTAMP

java.sql.TimeStamp

java.sql.TimeStamp

datetime.datetime

ARRAY<DATA_TYPE>

Seq

List

list. tuple o
array

MAP<KEY_TYPE,
VAL_TYPE>

Map

Map

dict

STRUCT<COL1:

Row

Row

Row

COL1_TYPE, ...>

B o —FhSRTY, WA A, 1E Spark SQL H ELIZM R R N H AR
Row Xf R P X S8 R SRR nl A AR . L, fRAl DA 45
PR B, BB & SRR B R R

15 FHRowXt 42

Row % % K7~ SchemaRDD HH e 3%, HA B E — e K7 B
“H. 7E Scala/Java ', Row XI5 H — K% getter /775, 1 LLEE Az
RIS E . brfERBUE 7% get (BX Scala 1) apply)
BEAN—MNIRIF SR 51R Al —/> Object 2K (8L Scala H1[#) Any &
B W R, RJE HIRATHEN REN IEMRIEE . X T

Boolean. Byte. Double. Float. Int. Long. Short Al String
KA, HAXN) getType () Jrik, wLMHEAE ELRAE YA M H) 2R
&zMEl, Hlan, getString(0) & FB 0 WHEAE AT ArE R, kil
9-12 A4 9-13 Fiw .

%1 9-12: 7E Scala #11j 1] topTweet iX/)> SchemaRDD H ¥ text 4]
(L5

val topTweetText = topTweets.map(row => row.getString(e@))

%1 9-13: 1t Java H'7/jM] topTweet IX/|> SchemaRDD 1] text %]
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(Bl sh—41)

JavaRDD<String> topTweetText = topTweets.toJavaRDD().map(new Function<Ro
public String call(Row row) {
return row.getString(0);

s

£ Python H', HITWA BRI RS, Row X RAEGHAAFE.
WAMEA row[1] KW i NcEk. FRIE2 b, Python H1¥) Row it
SCFELA row. column_name H)IE A8 F % 7ok V5 ) H A ) 7 B, an gl
2;\1;{ ff?;ﬁ éﬂ%ﬂ'ﬁxﬁﬁ%ﬂﬁ-‘%ﬂ%, FAT7E 9.3.3 T UER| Ay
O 250918 S o

%1 9-14: 7 Python #'7jj ] topTweet X~ SchemaRDD 1] text
4]

topTweetText = topTweets.map(lambda row: row.text)

9.2.4 2217

Spark SQL W ZZ /7L 5 Spark H A A BT IRATIE RS
ZERUE S, PITLL Spark BT DABE NS A7 (i 2ds . o 7 iR A8 FH B
WAINAFE RN T AT AT T AR EAF RN R, N L T
hiveCtx.cacheTable("tableName") Jjik. “EAEIEER,

Spark SQL 1 FH —Fh 1| A7 4% TAE W AR RoR Bl . X 82847 oK
Rk R A IS AR A2 7 B A B LR B AE N A2, Bt LA SR Bk 2 48
HFER Y, st EENAA Y. AZEA7 RDD B shHL—FF, iR
;Egilﬁlﬁﬁﬁiﬁﬁizﬁ\ﬁﬁﬁ%ﬁﬁiﬁﬁ, IR L P R 22 A7

@ t Spark 1.2 #, RDD LJif ) cache() HiEthegl k—
Yt cacheTable () J7iEHI .

PRt PAAdE F HiveQL/SQL iEA) R 4F 3K . H 75 E181T CACHE
TABLE t gp ename B UNCACHE TABLEfgp [ ename K247 2 B E MIFR O
RIZEAERITT o X Fid B 7 207E JDBC R 45 22 17 24T 2% P i AR
)EH o
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W A7) SchemaRDD A5 HiAth RDD AL /5 2AE Spark S FH H
AR L, i 9-2 Fs.

m,ﬂz Siages. Storage Environment Execut

Storage

Storage Level Cached Partitions Fraction Cached  Size in Memory  Size in Tachyon  Size on Disk

K] 9-2: Spark SQL [/ SchemaRDD H J* 5 [fii
BTATETE 9.6 1118 Spark SQL HH AR ZEAF AL il X 1 BE AR 2

9.3 BEHURIAE

Spark SQL SCFFIR Z Mhab A B,  vT LALLEARBR & % (s Bt
P2, B WA B FHBEE IR A S ELF] Row X 5. X BB HHE VR AL 45 Hive

# . JSON Al Parquet 3. bk, “AR{EH SQL £ ifix Lo fa 5
s H R 2] 7 — 35 7B, Spark SQL 7] LAR et A 494X
e B 7B, A1 SparkContext . hadoopFile H Al faj
FH 2% Hb 1 6 4 A0

FRIZUCHIEIR 2 Ah, IR n] DAFERE PR iE i FR e S5 M5 ., B
RDD #44t.y SchemaRDD. IXf§if37E Python BL# Java X & FigAT
SQL &y nfai . HFEHHEFZHBUERT, SQL AR T E N
i CELnE E SR IR . R AEEHH T ID #H
&) o MGk, RERPLE fniekix s RDD Flk 5 HAth Spark
SQL ##VR ) SchemaRDD AT IEFE#:AE . EATH, AT RS
H AR IR UL SOX B s B RDD 1) 77 3.

9.3.1 Apache Hive
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24 M\ Hive BT, Spark SQL 37 #74F {7 Hive S Fr HIAEfiF % 2
(SerDe) , HIEXA Y. RCFiles. ORC. Parquet. Avro, LK
Protocol Buffer.

FHE Spark SQL #E#2 3| A HE 47 H) Hive b, IRFHFERM—1) Hive
BoE . R FEERA hive-site.xml S 4 13| Spark [ ./conf/ H 3%
PR, anRAR HR AR ZE — 1 Spark SQL 1% A AC & hive-site.xml
A, B2 Spark SQL M <= A H ) Hive Joids &, F HIFFETT
DLER # HiKs 208 e B 2] Hive R HPIEAT AW .

%1 9-15 4] 9-17 &7~ T Wi il &) —5K Hive £ . Hive ~FIEK AW
Y, GralfE key (—NEERME) Flvalue (—NFRFHE) o RITSTE
AREMEA AR XK

%1 9-15: fiiF Python M Hive 152HX

from pyspark.sql import HiveContext

hiveCtx = HiveContext(sc)
rows = hiveCtx.sql("SELECT key, value FROM mytable")
keys = rows.map(lambda row: row[@])

%1 9-16: {# F Scala M Hive 2HX

import org.apache.spark.sql.hive.HiveContext

val hiveCtx = new HiveContext(sc)
val rows = hiveCtx.sql("SELECT key, value FROM mytable")
val keys = rows.map(row => row.getInt(Q0))

%1 9-17: {#i FH Java M Hive 352HX

import org.apache.spark.sql.hive.HiveContext;

import org.apache.spark.sql.Row;

import org.apache.spark.sql.SchemaRDD;

HiveContext hiveCtx = new HiveContext(sc);

SchemaRDD rows = hiveCtx.sql("SELECT key, value FROM mytable");

JavaRDD<Integer> keys = rdd.toJavaRDD().map(new Function<Row, Integer>()
public Integer call(Row row) { return row.getInt(9); }

1)
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9.3.2 Parquet

Parquet Chttp://parquet.apache.org/) & —FhAT A A fEE K, 7]
DL st A7 i BB i E 7B id sk . Parquet %3048 % 7£ Hadoop 275
R A, B S HF Spark SQL 1257 . Spark SQL #& {1t
T B EURIAE4E Parquet #% 20 SO 7125

B4, R LLE HiveContext.parquetFile B
SQLContext.parquetFile KiEHUEHE, wifd] 9-18 AT w.

11 9-18: Python H [ Parquet #5132 HX

# M\N—" " nameflifavouriteAnimal ¥ B fIParquet 314 A i HU K5
rows = hiveCtx.parquetFile(parquetFile)

names = rows.map(lambda row: row.name)

print "Everyone"

print names.collect()

YR AT LA Parquet SCIE 9 Spark SQL (i 3%, FFEX KK b
IBATEWER) . 7E4 9-18 HHIRATTEEEL 7 s, B RA] LA REH 9-
19 P s AT &M

%1 9-19: Python " 1] Parquet Z{#E & 1

# IR Z I

tbl = rows.registerTempTable("people")

pandaFriends = hiveCtx.sql("SELECT name FROM people WHERE favouriteAnima
\"panda\"")

print "Panda friends"”

print pandaFriends.map(lambda row: row.name).collect()

wJa, YRATLL#F] saveAsParquetFile() % SchemaRDD Ft] P4 %5 LA
Parquet %3\ PR17, 05 9-20 Frw o

1 9-20: Python " [f] Parquet SCAFPRAT

pandaFriends.saveAsParquetFile("hdfs://...")

9.3.3 JSON
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URARE —A~ JSON F, HAopid sl mAfErnSEmER, A
Spark SQL #ft A] LLE S 3 S HHEM R 4505 5, IF HAbRAT BUE
VA N B (il 9-21 Fran) o WHERARTE—/NMES K& JSON
AR H s TR, ARt KB Spark SQL 45 #4155 BT AT L
i;:}iﬂ%%&ﬁ@f%ﬁi&% MEATFmWE L1 THIACHS AL A [F) 45 74 )
BN

FH JSON #idli, REHH hiveCtx H A jsonFile() J7ikRD
af, Wifel 9-22 25 9-24 Fraw. WISRARAESRAT N ECHR HhHEWT H R 1 45
s B, AT LAZEAE LA SchemaRDD Ei AT printSchema 771 (I,
{51 9-25)

% 9-21: Hi ANICF

{"name": "Holden"}
{"name": "Sparky The Bear", "lovesPandas":true,"knows": {"friends":["hol

1 9-22: 7t Python Hffi ] Spark SQL 125X JSON % ¥

input = hiveCtx.jsonFile(inputFile)

%1 9-23: 1E Scala #{# [ Spark SQL #zHX JSON % ¥

val input = hiveCtx.jsonFile(inputFile)

1 9-24: 7F Java H1# ] Spark SQL 1H{ JSON %4

SchemaRDD input = hiveCtx.jsonFile(jsonFile);

%1 9-25: printSchema() %t 45 #4155

root
| -- knows: struct (nullable = true)
| | -- friends: array (nullable = true)
| | | -- element: string (containsNull = false)
| -- lovesPandas: boolean (nullable = true)
|-- name: string (nullable = true)
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PRA] LAZEH] 9-26 G 31 DAL S HE S AR BT 25 115 B
1 9-26: S HIEE 7 25 1

root

contributorsIDs: array (nullable = true)

| -- element: string (containsNull = false)
createdAt: string (nullable = true)
currentUserRetweetId: integer (nullable = true)
hashtagEntities: array (nullable = true)

| -- element: struct (containsNull = false)

| |-- end: integer (nullable = true)

| | -- start: integer (nullable = true)

| |-- text: string (nullable = true)
id: long (nullable = true)
inReplyToScreenName: string (nullable = true)
inReplyToStatusId: long (nullable = true)
inReplyToUserId: long (nullable = true)
isFavorited: boolean (nullable = true)
isPossiblySensitive: boolean (nullable = true)
isTruncated: boolean (nullable = true)
mediaEntities: array (nullable = true)

| -- element: struct (containsNull = false)
| -- displayURL: string (nullable = true)
-- end: integer (nullable = true)
-- expandedURL: string (nullable = true)
-- id: long (nullable = true)
-- mediaURL: string (nullable = true)
-- mediaURLHttps: string (nullable = true)
-- sizes: struct (nullable = true)

|-- @: struct (nullable = true)

| -- height: integer (nullable = true)
|-- resize: integer (nullable = true)
| -- width: integer (nullable = true)
: struct (nullable = true)

| -- height: integer (nullable
|-- resize: integer (nullable

1
true)
true)
| -- width: integer (nullable = true)
2: struct (nullable = true)
3

| -- height: integer (nullable = true)
| -- resize: integer (nullable = true)
| -- width: integer (nullable = true)
: struct (nullable = true)

| -- height: integer (nullable = true)
|-- resize: integer (nullable = true)
| -- width: integer (nullable = true)

-- start: integer (nullable = true)

-- type: string (nullable = true)
|-- url: string (nullable = true)
-- retweetCount: integer (nullable = true)
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FENIXFEMSE ), A1 B AT AR UAR 2 an el U in) ik 8 = BL AN B 2
BoxX AN @, an il /RfE A Python, & EHEITEM N T —iK SQL
x, RAfBlEd . kYIS MR EERNIRE R (i
toplevel.nextlevel) . TfifE SQL H A LLEIEH [element] i€
RV AT R e, W] 9-27 B

%1 9-27: H SQL &k EXE LA EH e

select hashtagEntities[@].text from tweets LIMIT 1;

9.3.4 J:TRDD

bR 7 e ECEE, AT PL3ET RDD €% SchemaRDD. 7t Scala H', 77
A case class [) RDD 1] AR F: #: 5 SchemaRDD.

7f Python #, W PAEIZEE—4~H Row XT R ALK RDD, 4851 H
inferSchema(), i 9-28 ffi7x.

15 9-28: fE Python "% il Row 1 E. 44 je 416178 SchemaRDD

happyPeopleRDD = sc.parallelize([Row(name="holden", favouriteBeverage="c
happyPeopleSchemaRDD = hiveCtx.inferSchema(happyPeopleRDD)
happyPeopleSchemaRDD.registerTempTable("happy people™)

{5 Scala )1, FRATHIZE ARS8 AT B UT S5 4445 B 1Y
HEWr A5 9-29)

%] 9-29: fF Scala H'ZE T case class 1% SchemaRDD

case class HappyPerson(handle: String, favouriteBeverage: String)

/] BT —DAKIXER, I HALEH SchemaRDD

val happyPeopleRDD = sc.parallelize(List(HappyPerson("holden", "coffee")
/] ER: AR A T R

/] ZEEEAN T sqlCtx. createSchemaRDD (happyPeopleRDD)
happyPeopleRDD.registerTempTable("happy_people")

7E Java #, WL applySchema() & RDD %24 SchemaRDD, R
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7 221X~ RDD H s R AL A 11 getter A setter 7732, FFHTA]
LAgFe A4, il 9-30 P

%1 9-30: 7F Java FZE T JavaBean fl/% SchemaRDD

class HappyPerson implements Serializable {
private String name;
private String favouriteBeverage;
public HappyPerson() {}
public HappyPerson(String n, String b) {
name = n; favouriteBeverage = b;
}
public String getName() { return name; }
public void setName(String n) { name = n; }
public String getFavouriteBeverage() { return favouriteBeverage; }
public void setFavouriteBeverage(String b) { favouriteBeverage = b; }

}s

ArrayList<HappyPerson> peoplelList = new ArrayList<HappyPerson>();
peoplelList.add(new HappyPerson("holden", "coffee"));
JavaRDD<HappyPerson> happyPeopleRDD = sc.parallelize(peoplelList);
SchemaRDD happyPeopleSchemaRDD = hiveCtx.applySchema(happyPeopleRDD,
HappyPerson.class);
happyPeopleSchemaRDD.registerTempTable("happy_people");

9.4 JDBC/ODBC /%522

Spark SQL tH3&4t JDBC 3 H, XX TikmEge (BD THi%E
23| Spark SEH#E L LI AE 2 H (R e = —ANERE R s B EH A A
JDBC AR5 28 1F N — ST Spark BXBh 28 FE 1847, " LAEZ
Z SR AR —ANE Pl n] DAE WA g AR R, R T E
W R TR L R AP BIR AL T P 2 A L,

Spark SQL ] JDBC Il 45 %% 5 Hive " /) HiveServer2 #l—%. HT1f
1 Thrift #{F L, B WA A “Thrift server”. 7 &, JDBC k%%
P83 ¥ T2 Spark 7E4TJT Hive SCHF LT N 4wi%. 4

Acodegen §THFIY, AU AIAES NS, A Spark SQL i ZahA& /M7 34 PRACID, [KIL,
RV I A BE ALK codegen Frts KA RESR T . — & E

AR %528 7] LU Spark H g ) sbin/start-thriftserver.sh A
g (UL 9-31) o ENMHAZEZ NS EEIKZ 5 spark-submit
FE (L7379 o BRIAMER T, IRE#2TE localhost:10000 -

212



AT W, FRATAT D@L A4S 8 (HIVE_SERVER2_THRIFT_PORT
A1 HIVE_SERVER2T_HRIFT_BIND HOST) EHUxtti &, tnJLLiE
iT Hive Bt B £ (hive.server2.thrift.port fll
hive.server2.thrift.bind.host) K. VRLAT LIS a5 247
Z¥ --hiveconf property=value 3(i% & Hive &I .

%1 9-31: J5 7)) JDBC k%55

./sbin/start-thriftserver.sh --master sparkMaster

Spark t H 7 | Beeline 75 /7 biide 7, FATTAT LME & 1% 4% JDBC k5%
a%, il 9-32 MK 9-3 Frax. XAl ) SQL shell R PLLEFATLE i
%4 bisiTam .

%1 9-32: 1di F Beeline %% JDBC JIR %% 2%

holden@hmbp2:~/repos/spark$ ./bin/beeline -u jdbc:hive2://localhost:1000
Spark assembly has been built with Hive, including Datanucleus jars on c¢
scan complete in 1ms

Connecting to jdbc:hive2://localhost:10000

Connected to: Spark SQL (version 1.2.0-SNAPSHOT)

Driver: spark-assembly (version 1.2.0-SNAPSHOT)

Transaction isolation: TRANSACTION_REPEATABLE_READ

Beeline version 1.2.0-SNAPSHOT by Apache Hive

0: jdbc:hive2://localhost:10000> show tables;

Fmmmmmmm—- +
| result |
R +
| pokes |
Hmmmmmmm +

1 row selected (1.182 seconds)
0: jdbc:hive2://localhost:10000>
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holden@hmbp2: ~/repos/spark
holden@hmbp2: ~frepos/1230000000573 x | holden@hmbp2: ~frepos/spark

derby.log LICENSE README . md

make-distribution.sh

holden@hmbp2:~/repos/spark$ ./sbin/start-thriftserver.sh --master local[*]
starting org.apache.spark.sql.hive.thriftserver.HiveThriftServer2, logging to /h
ome/holden/repos/spark/sbin/../logs/spark-holden-org.apache.spark.sql.hive.thrif
tserver.HiveThriftServer2-1-hmbp2.out

holden@hmbp2:~/repos/spark$ ./bin/beeline -u jdbc:hive2://localhost:10000

Spark assembly has been built with Hive, including Datanucleus jars on classpat
scan complete in 1ms

Connecting to jdbc:hive2://localhost:10000

Connected to: Spark SQL (version 1.2.0-SNAPSHOT)
Driver: spark-assembly (version 1.2.0-SNAPSHOT)
Transaction isolation: TRANSACTION REPEATABLE READ
Beeline version 1.2.0-SNAPSHOT by Apache Hive

0: jdbc:hive2://localhost:10000> show tables;

1 row selected (1.473 seconds)
0: jdbc:hive2://localhost:10000> |

K 9-3: J53h JDBC Al 5575 3714 FH Beeline 25 /7 Ui 1% 2

g A Z) IDBC RS20, JDBC R B E G
BT A e A B — N H E . tnBRARZEfE R JDBC Ak%%
f%i&ﬁgi’m P AR RIE R R @, P PAVEE HE S E A SE B
REEE S o

YFZ A T H AR AT LS ODBC %42 Spark SQL. Spark SQL 1]
ODBC 3¢#)j i Simba Chttp://www.simba.com/) #{E, R LLMNIRZ
Spark L Ab T3] (Eb i DataBricks Cloud. Datastax PL A
MapR) . ‘U4 2 #%1% Microstrategy 5¥, Tableau X # 1) 5 45 & Bt L
HErH2; ARm DL — & a4 R i) T 2283 Spark SQL . HT
Spark SQL i F 1 1 Hive A [A] &5 S LRSS 2%, KR HA] LA
EHZE] Hive IR 55 # g6 L H WA DL &4 1Y Hive IEHi3s RIERE R
Spark SQL I,

9.4.1 /¥ FiBeeline

{E Beeline /'3 H, /)R] BAE A BRAER] HiveQL iy & R B 4125

A B WEAE R . ARAT LA Hive & 5 Tt
(https://cwiki.apache.org/confluence/display/Hive/LanguageManual ) H

22K T HiveQL FIPTA BRI, X B R fEn—SH I #AE.
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http://www.simba.com/
https://cwiki.apache.org/confluence/display/Hive/LanguageManual

B, BEMNARMEECE kR, v LMEH CREATE TABLE 1y
4. SRJ51EF LOAD DATA 1247 5415 H . Hive SR EUHT A
ENTRRISCA S, tetn eSSV 2k i e, il 9-33 Fraw

% 9-33: EEHEE

> CREATE TABLE IF NOT EXISTS mytable (key INT, value STRING)

ROW FORMAT DELIMITED FIELDS TERMINATED BY ¢,’;
> LOAD DATA LOCAL INPATH ‘learning-spark-examples/files/int_string.csv’
INTO TABLE mytable;

EHRHIER, AL SHOW TABLES iE4) (nfl 9-34 i) - IR
A LLIA T DESCRIBE tableName && R KR KL HIE ..

% 9-34: F|HsE s R

> SHOW TABLES;
mytable
Time taken: ©0.052 seconds

IR HAE R, ¥/ CACHE TABLE tableName i&%]. 2217
2 JE/RA] LL4$ Ff UNCACHE TABLE tableName i 2 BUIH ot 3 1) 42
Fo WEFREMLE, 2R, ZHNRSIEIXA JIDBC k54
WA % P 2 AR

)i, 1E Beeline A E BT RIMR B 8., XA MIEA)IE4T EXPLAIN
BT, 4 9-35 Frzs .

1 9-35: Spark SQL shell $#17 EXPLAIN

spark-sql> EXPLAIN SELECT * FROM mytable where key = 1;

== Physical Plan ==

Filter (key#1l6 = 1)

HiveTableScan [key#16,value#l17], (MetastoreRelation default, mytable, N
Time taken: ©0.551 seconds

S FIX AN R R UG, Spark SQL £ —“™ HiveTableScan 95 4 L
fEH T Rk ERAE

EIXH, RWATLLEES SQL EA) 6 a2 47 2] . Beeline shell X}
;E?ﬁﬁ)ﬂ [ L Z R E R _ AT ol R IR = 2 R H A
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9.4.2 KAMmBMRIERSEH

ffiH Spark SQL [ JDBC 45 &= AR sz — /2 AT AT LAE 2 AN AN A
PP 2 A 3L 207 ORI . JDBC Thrift IR 5545 /& — > 53R 5)
PRET, XEUEAIL RN T AR, R — AT ATIA, RN T B
ZAHE R XS HIE4T CACHE f7 4, BRI LARIHZEAE T .

™

Spark SQL Ji57. shell

%:7 JDBC fli%5%%, Spark SQL 37 F—ANa] LLVE Ay 5o ) gt
fFF )51 55 shell, W] LLEIE /bin/spark-sql J3 5. XA shell £xi%
FRR % B 1E conf/hive-site.xml F ) Hive F o . WERA
FAEXFER TP, Spark SQL &AM & — 1. XA
AFESF AT K LESE R . AILERER F, RN ZHER
JDBC k%545, ib#%H @il beeline AT

9.5 M HE X

H P HE R, Wy UDF, 7] LLik3RATTE A Python/Java/Scala 3 fift
H e ERE, FEE SQL Hif .. XM TR A, @ LSRG
M) SQL FH ATt g Dhae >CRF, IXFERLEH Pt T LA E 2 H
MR T B & RKE gRFERSEHL T . 7E Spark SQL H, 4m5
UDF Ju Nfii 5. Spark SQL AMY A H T UDF £ 1, W3R A1
Apache Hive UDF.

9.5.1 Spark SQL UDF

FRATAT LA Spark Sz IR ARTE 5 90 517 RS, S5 i8I Spark
SQL W& 7k B R, EH M HEMIEMIRATH Y UDF. 1£
Scala A1 Python H1, AJ DAFH 15 F JE A B K £ lambda 157% 1) 5C

FF, MAE Java Y, W75 ZY XN UDF 28, UDF 8% SCHF & Fh%k
PR, R R A] LS I H I S HER M e A — 1

7t Python 1 Java H', & FFE K 9-1 141 H ) SchemaRDD X . [#]

ARG IR EMEIEAY . Java PRGN 2SR A DAAE
org.apache.spark.sql.api.java.DataType F#3, M
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Python H | 75 223 A\ DataType > #F.

FE1 9-36 A1 9-37 w1, FATR] LA B — > HEOR T4 & K A AR
H T () UDF, A LA BRI K

%1 9-36: Python fix A H- 2= 7 H K & UDF

# 5 KRR K HJUDF
hiveCtx.registerFunction("strLenPython", lambda x: len(x), IntegerType()
lengthSchemaRDD = hiveCtx.sql("SELECT strLenPython('text') FROM tweets L

%1 9-37: Scala WA 45 5 K ¥ UDF

registerFunction("strLenScala"”, (_: String).length)
val tweetLength = hiveCtx.sql("SELECT strLenScala('tweet') FROM tweets L

£ Java "€ X UDF 75 2 — &M import 5 B . FI7EE X RDD
Bt —kE, WRIERA1ELHN UDF KIS, FE5Y BEEN
J%, Gt 9-38 Ff 9-39 ATz

{5 9-38: Java UDF import 75 B

// “FAUDFRRESE DL K s 25 1Y

// R XEimportE{AE AT BE S TER R A R AT IR e A
import org.apache.spark.sql.api.java.UDF1;
import org.apache.spark.sql.types.DataTypes;

%1 9-39: Java WA H 7 FF # K B UDF

hiveCtx.udf().register("stringlLengthJava"”, new UDF1<String, Integer>() {
@Override
public Integer call(String str) throws Exception {
return str.length();
}
}, DataTypes.IntegerType);
SchemaRDD tweetLength = hiveCtx.sql(
"SELECT stringlLengthJava('text') FROM tweets LIMIT 10");
List<Row> lengths = tweetlLength.collect();
for (Row row : result) {
System.out.println(row.get(9));

}
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9.5.2 Hive UDF

Spark SQL 13 7 .45 ] Hive UDF. #5iff[f] Hive UDF U4 HBhH &
£ 1 Spark SQL H'. WIIR T E LK A E X Hive UDF, FRATER{R
% UDF Fr{E) JAR B &8 5 T NHY . JETERZ, R
)52 JDBC k5%, WRILMEH --jars a2 ATHRI0 KU N JAR.
JF & Hive UDF AMEA TR IRIEE 2, P IATR 29— T
fa[{i H &4 ) Hive UDF.

#{¢i | Hive UDF, [ 1Z%f$iF] HiveContext, AR F #1114
SQLContext. ZJEf—> Hive UDF, R i
hiveCtx.sql("CREATE TEMPORARY FUNCTION name AS
class.function").

9.6 Spark SQL:fE

SEA TR P R AREE, Spark SQL #R L) 2 A 1 5 LB In i
FAUE B AT LAY Spark SQL %4 25 1) 58 i = 28

Spark SQL MY 225 #472% SQL K . Spark SQL {4 &4
REHERGIERRE S, 2450347 RE (afsl 9-40 fir

/) o I Spark SQL WA 75 24828 6 T i il I IR 1) i — Loy
TR GORHEAT IX AR A

151 9-40: Spark SQL % 1| 3R Al

SELECT SUM(user.favouritesCount), SUM(retweetCount), user.id FROM tweets
GROUP BY user.id

Spark SQL A] AR FH H 0 SR 1 ok i ot R on Bdls o A28 47 30
I5f, Spark SQL 13 FH WAZ R HIZI X AE i« IXAMNAN T L) T A7 17
E}jz’ T HS AT e D T 5 SR A ) A X R TUAS = B A A 0 o

59 T4 AT LALE Spark SQL 4 #5654 T AE T A5 S 2115
G5 b AT A 7E Spark TR 0, FRAERI TV R
BB, SRJSE FITIT IR S (. SATT. 7F Spark SQL

b, LR 2 IR £ s P B L — N B T, B
ol SRR & 1, Spark SQL #t T AP 2 V5 fa o 0 PR A 4% 1
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TER BRI R R 75 5 ) 2
P BE 1A Pt e 1

Spark SQL MPEREATLIE AR %, W& 9-2 Fidl,
29-2: Spark SQL H [t P fE 1% 1

HET %‘E‘* Fiig

WA true I}, Spark SQL *
R 2k A WIS R RIS AT I 2
spark.sql.codegen false |1¥N Java —3E#HIACHE, X0l
PR S R B RE, (H
TERHAT /N ) B 2 AR 8

H BIxT A A 51 2077 it

spark.sql.inMemoryColumnarStorage.compressed | false — o
17 40

G A7 I BN HEAL BE Y
spark.sql.inMemoryColumnarStorage.batchSize |1000 j(/J\ ° Tﬁﬁﬁfﬁlﬁﬁﬁfﬁﬁé

SENAEAG R

{5 FHWEFh R 4R gmid 88 o PTI%E
spark.sql.parquet.compression.codec snappy | [y T B 5
uncompressed/snappy/gzip/lzo

1§ F JDBC %3232 10 F1 Beeline shell i, B LLEIT set frd ik B U5

XL BRI TUAE N A5 R T, 4nfil 9-41 Frar

%1 9-41: 7T codegen iLE T[] Beeline x4

beeline> set spark.sql.codegen=true;
SET spark.sql.codegen=true
spark.sql.codegen=true

Time taken: 1.196 seconds

FfE—MES ) Spark SQL M H, TTLAfE Spark Pt & H i B X L
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Spark J& 14, Wi 9-42 Fris .
11 9-42: 1{E Scala F'4TJF codegen &I ALY

conf.set("spark.sql.codegen", "true")

—E R T B S TR . B
spark.sql.codegen, XAMEIIA] LLil: Spark SQL 4% % A )15 A1)
EIBAT AT YW RN Java MRS . BTN 7 11T e &l
f8Y, codegen ] LAik KA ) o A S G W A B AP, 2R
M, 7R TR (1~ 2 %) BIRIE & #iE AR, codegen A HIfE
ST, RN codegen 75 ELibRESK AR E — i gn PR 1 1T

fo Scodegen it & — MR PEIIIIRE, (B BATHEREAE BTG KA Bk
FrRE BT E R A codegen.

SVERE, codegen FTTFIN BT A4 1 JLAA BT 1245 4ME, 124 Spark SQL 75 EAIUAL & (F14 1%
%o FTLAZEN codegen AN HS 2 BT VRBIZSGIEAT 4 ~ 5 KB HIIEH].

VDU AT e 75 225 R 1) 5 Mk T2
spark.sqgl.inMemoryColumnarStorage.batchSize. 7E4247
SchemaRDD I, Spark SQL 4% IX AN Wi & R/ CBRIME =
1000) #idx&ord, RJEoHtEYE. KRANFIHEGE KNS SRR YA
A, A EE RN R, B S RNk A 3 B 25 4 e i 9 A7
FRREZS AN RN, AT RES 5| KA. an SRR H 1 5% bR sk
QO SR T E R R L ATDIB Y = S Ay N (1 o o =S = ) S 1197
A e 77 LA FE R /N R N 2 A (OOMD (5 R, WA
AR T, BRARIHEAE B R /N2 UG & 1, RN 4 i
1000 2RIt IR A TCIE RS B m i IR 4 bk 1 .

9.7 R4k

WAE, FA1%52 T Spark FJH Spark SQL AT 4544 A A1 2 25 My A B4t
REFRI T B T A BERZ IS R EWER), 53 HR5E 6 P EEIRY
#4F RDD B 77 A FEiE H F Spark SQL H 11 SchemaRDD. 1R % i
fiz, AT SQL 5HAM M gAFEE S &5 A kMR, PleasFl A
SQL W faiE A e FE s 5 FEKRIAZ B L . M AE{E ] Spark
SQL K}, Spark $44T 5| 2 tH BEAR $ 204 1 5 M A5 B &l db ik,
BRI IR L
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Sk

%% 10 % Spark Streaming

VF20 N H 5 22 RV A ST 38 R B0, 491 Y R S 38 B3 DT U7 1) e o
WIS NZRbLER 5 IR R, 384T B BRI 8 RN H o

Spark Streaming #& Spark JyiX 65N H it Y . B SR VE R AL
—EMHAL I AR T B APL RS SR A TH RN, XA A LK
AL BE N B B R =AY

A1 Spark 3% T+ RDD HIHEZ1RAH{LL, Spark Streaming 8 FH & BUAL I

(discretized stream) {ENHI %R KR, WAE DStream. DStream & iy
(] HERZ 1 S 2 R B 17 51 o AE NS, RSB ] X TR U 381 i 258 A
79 RDD f74E, il DStream J& FHIX 45 RDD Frél )7 51 (A ith45
ZCBEUL”) o DStream W] DAM S P A VRGN, LU Flume. Kafka
B# HDFS. @)% H KA DStream SZ A #E/E, —Fl2 b #1E

(transformation) , 42— -MHTH DStream, 57— P& % H #F

(output operation) , A LAEEHEE ANIMT RS H . DStream #2441
Y25 RDD Fr s FrERAEAR AU E SRR, 3D 1 SR Tal A 5%
FIETERE, LhanigshE M.

FRLACERFE P ANIE], Spark Streaming W 75 2 3E AT A4 MAC & R RIIE
24/7 AN[AIWT TAE . AFESTHETE A AL (checkpointing) HLH|, WHHlE
EE RGP SE U RS (Ll HDFS) _ERI#LA], X2 Spark
Streaming K SEHLA AW TAERI EZE 7. AL, SR ER]
St anfer B g B, A ANl N H 1 BN B B E R R

B¢ )i, 5t Spark 1.1 3K, Spark Streaming H A] PAfE Java F1 Scala 7
. AR Python SZHRAE Spark 1.2 15| N, At RS2 HSCAR%L
i AF A H Java Ml Scala R/~ FTA 1] APL, AT ZSARL E &0
Python /238 H ).

10.1  —Ma BT

TEH 4R Spark Streaming 405 2 A/, iLFRATISERE — AT 11
BlFo. TATSIN—E RSS2 7777 S 0 _EWCE]— A LLEAT 7553 & 1)
ZATICA, B AL A error AT, JRATERHIK.

Spark Streaming 2 /7 f¢ 4 PAM# F] Maven 843 sbt 4 i3 Hi oKk (AL 3 H
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1) 0iE1T. Spark Streaming S s& Spark ) —#45, B fE Maven H
W DS TR R, IR RR EAE TR sl — L840 1 1) import
O, s 10-1 245 10-3 Fis .

%1 10-1: Spark Streaming ] Maven & 5|

groupld = org.apache.spark
artifactId = spark-streaming_2.10
version = 1.2.0

%1 10-2: Scala 115 import 7 B

import org.apache.spark.streaming.StreamingContext
import org.apache.spark.streaming.StreamingContext._
import org.apache.spark.streaming.dstream.DStream
import org.apache.spark.streaming.Duration

import org.apache.spark.streaming.Seconds

1] 10-3: Java Jiiit5 import 7 W]

import org.apache.spark.streaming.api.java.JavaStreamingContext;
import org.apache.spark.streaming.api.java.JavaDStream;

import org.apache.spark.streaming.api.java.JavaPairDStream;
import org.apache.spark.streaming.Duration;

import org.apache.spark.streaming.Durations;

EFATTMA 4 StreamingContext 45, E it HIIRERIFEAN,
StreamingContext 2 7EJi /=61 % i SparkContext, FRACEEEHE . H
)t R A BRI R SR $8 e 22 K ] A R — T E4ks i 4L v 8] B

(batch interval) fE NN, XEFEAFCEE AN 1. 85, HH
socketTextStream() SREIEE H & T AHL 7777 ¥ L _EUL R SCAZL
P& DStream. #AJ5#% DStream @it filter() #ATF AL, R152IH
B error’ AT . WJE, R ERAE print () $#8— 205 H R IAT
FTERH K. (sl 10-4 #1451 10-5 A7 )

%] 10-4: F Scala #HATI ML, FTEIH AL & “error” HI4T

// MSparkConffl&StreamingContext 15 & 1F0 5 IUHEAL BE /N
val ssc = new StreamingContext(conf, Seconds(1))
/] ERERIAMN 77775 10 s, SRR €] EDStream

val lines = ssc.socketTextStream("localhost", 7777)
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// MDStream ik A & F 578 "error" 1T
val errorLines = lines.filter(_.contains("error"))
// TERH A "error" 147

errorLines.print()

%] 10-5: F Java AT ML, FTEDH AL S “error” HIAT

// MSparkConffilZStreamingContext 45 /& 1FD8 fr it Ab F K /N
JavaStreamingContext jssc = new JavaStreamingContext(conf, Durations.sec
/1 A 77774 4 AKIR B ZEDStream
JavaDStream<String> lines = jssc.socketTextStream("localhost", 7777);
// MDStream ik & F 45 # "error" 4T
JavaDStream<String> errorLines = lines.filter(new Function<String, Boole
public Boolean call(String line) {
return line.contains("error");
)
// FTERHAT "error" 4T

errorLines.print();

XA RBEM T EMATHOE, RFWRIEIEN THE M ST m . 2T
EEEWEdE, BRI StreamingContext H start() k. X
¥, Spark Streaming i X FF 4R Spark {EMLAWTAZLS T 1T HY
SparkContext £ AT . HATSAE SR —NLIEF AT, FrLAfR 2
H awaitTermination REEfFIFE TR, KPTIENHRH. (K
{511 10-6 A1) 10-7, O

%1 10-6: H Scala ST IRIE, FTEIH A S “error” AT

/] JAERITE RISt reamingContext JF &5 4 & SR R
ssc.start()
/1 ZERHAEML e R

ssc.awaitTermination()

%1 10-7: H Java SEATHR AL, FTEIH A S “error” 14T

/] FBEhR I E IR StreamingContext 4545 & " sE A"
jssc.start();
// ERHEMLTE K

jssc.awaitTermination();

TH7ER, —) Streaming context R Ae/A 31—k, Frbl A TER B 17 Fr
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A DStream DA At 75 B ) B #AE 2 J5 A4 B A 8l

BHERANA 7 — DR ZIRTHENH, bRz e, Wl 10-8
AR o

%1 10-8: 7F Linux/Mac #:1F &4t _Fig4Tim it 5N A 42 A5

$ spark-submit --class com.oreilly.learningsparkexamples.scala.Streaming
$ASSEMBLY_JAR local[4]

$ nc localhost 7777 # {HARA] CLEE NN IAT R K25 IR 55 2%
<ULALRARITHIN >

Windows F 7] LM# F ncat Chttp:/nmap.org/ncat/) fir4 K& A B
f{) nc 54 . ncat 72 nmap Chttp:/nmap.org/) L Ei—#F%,

BN RBATARX A7 I LAY 2 LLAR BE Apache H & SCF. T RAR
AR H R, ATLLsIT AR Git B A
./bin/fakelogs.sh 8iF ./bin/fakelogs.cmd K HE K%
7777 ¥iii 1 o

10.2 ZEH 5%

Spark Streaming 5 FH “PAtb 0 B 2844, 4B TR A1 — RPIESL K
ANRAERE AL FESR X £ . Spark Streaming M 25 Fh 4 A JE P e ORI
FEEHE 7 A/ NI o T L2 5 50 B sk T8] [R] g G g HH ok . AERE
AN ] X TR AR A, —ASET bR st At ok, 7R X ] Y S 2]
R e RN ESI B S N s /s S ¢ oY N N VST P 1 S S I R/ =l
Koo B E] X ] ) R/ A2 L IR B R X AN S8 e 1 - iR a) B — ik
7£ 500 ZM 2| LFb 2 18], HMNHAFAKEICE. BN AHSLRETE ] —
> RDD, LA Spark EMV 1) AALEE 3542 s A ) RDD.  AbFR ) 45 2R
A PACAHEAL B AE B AN R G . = E 2R P 10-1 Frs .

Spark Streaming
e
= spark | | B I
sl i Al BN
by A BRI — bR AR
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http://nmap.org/ncat/
http://nmap.org/

/] 10-1: Spark Streaming [ = = IR ZEH)

BATE LY 305E, Spark Streaming HIZm Ll S B BB, Bt
DStream (#1/& 10-2 fi7n) - ‘E&—1 RDD %1, 1 RDD ft#
B A AN TE) R Y R B

AR OS] | | AR I | [ AFEI2E] | | iR 3E]

D5tream - = 4. ot Tt ioensce| {rtimsenadel [ magsc el

Fie i
0 1 2 3 4

K 10-2: DStream s& —/MF4: [ RDD /75

PRA] LA AP ERS NJR G2 DStream, 7] PAXT HAth DStream W 4T
A BEAE /S 203 1Y DStream. DStream SZHFIF 2 55 3 = HH AT iF 2 1
RDD ¥ FFHI3AbEAE. A4b, DStream I8 “HIRE” FId A EAE, W
DL SRR G A RIS Ta) N e . RTS8 S5 T Lk — 2 b

TEH 2T B A, FRATT AN E 7 A i 31 i B 61 43 HY
DStream, ZRJGXTH N filter() B ERIE. XS7E N EE)E U
&l 10-3 Fr7~ i) RDD.

WmRIZ1TH 10-8, REFERISH 10-9 Froxic i f

%1 10-9: =171 10-8 ) H EHhiH

71.19.157.174 - - [24/Sep/2014:22:26:12 +0000] "GET /error78978 HTTP/1.1

71.19.164.174 - - [24/Sep/2014:22:27:10 +0000] "GET /error78978 HTTP/1.1
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localhost: 7777

[%%%ﬁﬁ?

FA#AT

L AN ————

s

DStream

BHRTT
DStream

i (A1 L A9 &4

MBTRIOE] |

i[RI 20 4

MEFEE] |

M IR 23]

Hef (A3 4

o ERES

Hef (A 4R 44

|

iR
{Efilter

l

l

l

NI 1] 0%

|t iR

AT 1] 154

w2

AT 23]

IR A3 R R AT

PR ] 3%

I 4R 1]

K 10-3: %1 10-4 =% 10-8 1 ) DStream M HA5 k% &

XA A VS T R 7R T Spark Streaming B IR ZER . FRATT AT LA
& R ) H SRR AR AT Bl — I, X2y RAT A
StreamingContext N ¥ & LI BIB& 9 1 70 Spark FH 2 FH i 2 7R
Spark Streaming $4T 1 VF 2 /NIEEAENL, 40l 10-4 Fios.

6686 NetworkWordCount -Spu x ™ | o
€ C ) localhost4040 / OQRMd 49D 20D MBP=
Reload this page
spo'? - J Stages  Storage E Execut s 1 NetworkWordCount application Ul
Spark Stages (for all jobs)
Total Duration: 35 min
Scheduling Mode: FIFO
Active Stages: 1
Completed Stages: 6309
Falled Stages: 0
Active Stages (1)
Stage Tasks: Shuffie Shuffie
Id Description Submitted Duration Succeeded/Total Input Output Read Write
0 start at NetworkWordCount.scala:56 1 ki) 20150113 35 min o1
16:03:50
Completed Stages (6309)
Stage Tasks: Shuffle Shuffie
Id Description Submitted Duration Succeeded/Total Input Output Read Write
12618  print at NetworkWordCount.scala:55 details 2015/01/13 1ms [ . —
16:38:52
12616  print at NetworkWordCount.scala:55 detalls 2015/01/13 1ms d—
16:38:52
12614  print at NetworkWordCount.scala:55 +details  2015/01113 1ms [R—T, | M——
16:38:52
12612  print at NetworkWordCount.scala:56 detalls 2015/01/13 1ms [ . —
16:38:51
12610  print at NetworkWordCount.scala:55 details 2015/0113 1ms [ ——
16:38:51
localhost:4040/stages/ +details 2015/0113 1ms [RRE, T, F—

K 10-4: @7t EAE LR A Spark N P AL H
S T FeALEAE LAAh, DStream 387 Frd H 2 1E,  Beanse =40 45 FH )

print(). #iHEA/ER RDD AT h#EAE FIMES2R1L. Spark 7547 34k
Ve E 8 5 N AM R G, 1 Spark Streaming % H B £ &4
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oy 16 DX 1) o e SR A T, R AR A Rl

Spark Streaming 7E Spark 113X 3 #8 #2757 — TAE 17 ml B 45 4 B P AT I 72
N 10-5 s (SRR F LR 2-3 Fhxt Spark 4Lk 73 4
i) . Spark Streaming BRI IR S 0T N AW RS . BRUER DME
F s TN AT 28R, NS N TR ISCER U IR A7 A
RDD. AT 25 A\ s 5 2 530 = ) 2 5 — D PAT AR IR
REEREE CRIMTA) o BIRREEPATRIEER N, FZgA7F
RDD (75 58—k L. IR50 2R h i) StreamingContext 43 & {1 iz
ﬁ%p/\ark PR R AL BRI e 4, 0 s 5 2 BN [8] X ] H ) RDD i3
ITRA .

176 Spark 1.2 1, S th T LI SUR % 43 3] HDFS b TiH, TS, Lhdn
HDFS, KAMEZ 047, FTLL Spark Streaming A~ 2 FiAE— R & 17

T
Ok B T ir |
- L b | n .
StreamingContext HIHES J_l i A BB A
el — sREpR7
: — — T4k
Sparkff: i T "
SparkContext + e _I
| S A
AL T£%| | £% Ik
Eﬁ%g ' R4 R
HREES

A] 10-5: Spark Streaming 7t Spark % ZH /4 H B PATILFE

Spark Streaming %} DStream #& i ()75 45 5 Spark Jy RDD Fr it i
A2 REMAMIEIEAE, ERie] LAMEH RDD i R #HHE HE
BRA CEEAn BB AT AL 3 A B A3 E) « BRUEIL T, IR By
B nAFAE T AT m b, 3R Spark A DAZE A —AN TAETT /K
fa. AN, R A RERIKE 1, 5 AT G AEARACHT A,
R 75 ZE AL BE ARy 2 s LR IR B A #dfs « A tk,  Spark Streaming
Seft TR A R, AT ASERASEY Bt s Ar i B AT SO R G (B
40 HDFS 8k S3) o —RoRUL, IRTT ZEAREALEE 5-10 4tk X HI A
El;tﬁ*?ﬁo eV EPER, Spark Streaming A 7% Z R 2| E— MG
ETH

2 TR S TEANIR 5T Spark Streaming H IR ALERAE . Fn B #e/E, D&
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B NI SR JE, AT BB A E AR A S ALE], e ane N
24/7 ANEWTB AT B R

10.3 AL HERAE

DStream M FACERAE AT LLA NICIRZS (stateless) FIA RS
(stateful) P,

o EIIREFHAMEAES, BARURIIALEEAMA T 2 BUHLIR AL
Pi. 263 |AE 4 TAHPATIRE WK RDD L4, 10
map(). filter(). reduceByKey() %%, #/ 2 CIRASHALHE

o FIXIHE, ATAIREFEIRAT 5 s M 2 ATtk 10 Bods Bl A2 e
LR SR AR A . ATIRS AL BRI F AR T shE O
HIEAL AR AE BRSO B AL AR

10.3.1 TCIREHEHALEAE

TOARZSFEALBRAE 5 A A0 61 B 1K) RDD #4080 N BNk B,
e 440 DStream H )4 —A> RDD. #B4 TIRSHEHAERIETIE TR
10-1 . ATEAAER] 10-3 HEH| T filter() MFIT. 5 3 FA
% 4 TR R RDD # AL 1E A A DE AT LU T DStream. VEE,
EF G AE 0 1) DStream 40 #:4E (LU0 reduceByKey () 224N
import StreamingContext. J'BEfE Scala HffH. 1 RDD —
FE, 1 Java "F T E @ mapToPair() Bl H —4
JavaPairDStream 7 GefHH .

%210-1: DStream TR SFEAERIERI BT (AFEEEFIR)

FH R #AE
DStream|[T]
BRI A0 44 FR H ) Scala’ys 4] P P EE
SRR BT BRI
4
X} DStream H RN T N 2
map () FE AL IREIHS TR MIIC [ds.map(x => x + 1) |f: (T) -> U
Z2H A DStream.
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X} DStream H AN TR N 25
flatMap() SE R, IR % e R % [ ds.flatMap(x => |1 T ->
AR 2320 Al ] DStream. x.split(" ")) Iterable[U]
filt R [AI 25 %€ DStream HIHEIL L | ds. filter(x => x  |f: T ->
irter() H17C& 241 AT DStream . I= 1) Boolean
repartition() | 2{%% DStream 173 X % . ds.repartition(10) |N/A
B SO TaE
reduceByKey () 'f;]* N R A [F] e SR U S;.zsdiciBil)(ey((x, T, T o> T
VA4 /N Ve S S N
S s L S PR A

m LR, RAE R R ECR R B IE IR R LR, HE35E
EHA DStream 7E N #8212 RDD (KO HAL, HIAREREA
1A A N 242> RDD L/, B, reduceByKey() = VA%14
AN A DX 1) P B8, (EA S LN X TR) 2 TR) e . Jdl TR e &
PRI DS FE AR I 2 B 5 AN [R) B[] DX T A A8 25030

A, R AT HE AR, AT DS map () 1
reduceByKey () TEREANETE] X (8] o6 H BARYE 1P Huhibdb 47 o148, 0
1] 10-10 A4 10-11 Prow .

f 10-10: 7E Scala H%} DStream 14§ map () 1 reduceByKey ()

// fBApacheAccessinglog/e ok MApache H & H gt 2 H i T HE

val accesslLogDStream = logData.map(line => ApacheAccesslLog.parseFromLoglL
val ipDStream = accessLogsDStream.map(entry => (entry.getIpAddress(), 1)
val ipCountsDStream = ipDStream.reduceByKey((x, y) => X + y)

%1 10-11: £ Java H1 X} DStream fEH] map () Al reduceByKey ()

// 1% ApacheAccessinglog/ H >k MApache H EF it 2 H I TR
static final class IpTuple implements PairFunction<ApacheAccessLog, Stri
public Tuple2<String, Long> call(ApacheAccesslLog log) {
return new Tuple2<>(log.getIpAddress(), 1L);

}
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JavaDStream<ApacheAccessLog> accessLogsDStream =
logData.map(new ParseFromLogLine());

JavaPairDStream<String, Long> ipDStream =
accessLogsDStream.mapToPair(new IpTuple());

JavaPairDStream<String, Long> ipCountsDStream =
ipDStream.reduceByKey(new LongSumReducer());

TORSFHAEEEBREAE Z A DStream [8] 5 & 50dE, i & 7E &)
X TE N . filan, Ba{E X% DStream #1G A1 RDD — ¢ ) 5B AH )
AR, WA cogroup(). join(). leftOuterJoin() % (i
43371 o FATATLATE DStream b f# FiX Se4E, X AE AL
R MPAT T 5B RDD #:4E

EIRATKE B XA DStream 8 H &1 — AN BAR ] 1. 7E41 10-12
A1 10-13 w1, FRATTLL 1P sk AsE, O SR IHEO BE A A fn s
AR IR R

5 10-12: £ Scala "%~ DStream

val ipBytesDStream =

accessLogsDStream.map(entry => (entry.getIpAddress(), entry.getContent
val ipBytesSumDStream =

ipBytesDStream.reduceByKey((x, y) => X + y)
val ipBytesRequestCountDStream =

ipCountsDStream.join(ipBytesSumDStream)

%1l 10-13: 7E Java HIZEHE P> DStream

JavaPairDStream<String, Long> ipBytesDStream =
accessLogsDStream.mapToPair(new IpContentTuple());

JavaPairDStream<String, Long> ipBytesSumDStream =
ipBytesDStream.reduceByKey(new LongSumReducer());

JavaPairDStream<String, Tuple2<Long, Long>> ipBytesRequestCountDStream =
ipCountsDStream. join(ipBytesSumDStream);

WAL m] MG AEH L) Spark #—#£4# H] DStream [ union() #1E
BB 5 —> DStream N A& FHACK, WA PAE A

StreamingContext.union() K& I Z 1.

wJE, MWHRIXETRSHALBIEA S A, DStream i #244L 7 — MY AE
transform() BIEHEAERF, W] LLLPR B #EE L A RDD. X
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transform() WIEFEIERT, A DLER B FEHEEL NEEH) RDD. X
A~ transform() #AF FLYF/R¥T DStream L4 % —> RDD %I RDD
PR A . XK SRR R NP BOR R, AR — AN
Jit. transform() BI—N LN 52 B RN RDD 5 b AL FEAR
. Hltn, wRIRE —PIE extractOoutliers() HIREL FSRM
—ANHEWERN RDD HH2EUH = E ) RDD (7] Ggid i 5y B AT
—EeZE) , PRELAT LAZE transform() TEFE, W 10-14 F145
10-15 FoR .

%1 10-14: £ Scala # %} DStream {8 FH transform()

val outlierDStream = accesslLogsDStream.transform { rdd =>
extractOutliers(rdd)

}

%1 10-15: 7£ Java H X} DStream {# A transform()

JavaPairDStream<String, Long> ipRawDStream = accessLogsDStream.transform
new Function<JavaRDD<ApacheAccesslLog>, JavaRDD<ApacheAccessLog>>() {
public JavaPairRDD<ApacheAccesslLog> call(JavaRDD<ApacheAccessLog> rd
return extractOutliers(rdd);
}
})s

PR n] LA StreamingContext. transform &Y
DStream.transformWith(otherStream, func) K& 5 Z
/> DStreams.

10.3.2 HIREHFHAEAE

DStream HA IR A F A ERAE & 15 I 18] X () 2R B e 2
Ut, RS ETHLR BB HE A R bR R A R . R
TS R 3 % A updateStateByKey (), Hi LA —NF R EX
NIESE OBATERAE, 5 W R ER BN IR S AR AL (5 A 4
—MREH P SWERX S

BARSFAERNE T EAE IR StreamingContext HH ] 46 2 S AL 1] SR A
PRAEME . FATSAE 10.6 15 HFE RIS & S H], BAEIR R
22 FIE AT LLE B 3 — A H s NS84 ssc. checkpoint() K
THE, ) 10-16 Frs.
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%] 10-16: & B for & 5

ssc.checkpoint("hdfs://...")

BEAT AT A, ARt A) DUE P A% A2 (640 /tmp) HUAX HDFS.
T w I F AR

BT O ERE27E — A E StreamingContext H#E X 18] B 58 K 1) [a]
WWEN, @dEEZ MRS R, HERBENMEONGSR. AT
J& o anrr 4 FH X Foh e AL B A SR BR IR P 288 il 25 U7 0] H R ) — 2545
B, Pean i L — e NACHS . A RN, BLE iR,

P T & D RERAEA SR 2NN, ol e DL g 38
1, PIE AL IS StreamContext HFE K [a] Bf FHERUfE . & I A%
il B B el 1) 2 A AR B, LSRR Bl 1Y
windowDuration/batchInterval Mk, WERAE—LL 10 #82K4
FLIX B R YR DStream, ZLE1 @ —N iRl 30 AR [A] & 1 (EIfRIT 3
AL, BN 44 windowDuration W 30 2. TIE SIS K IER
WE SR A FEAESE, RIS B 8 DStream 24T THA K 1AIRE . 40
SV DStream fLREIRE A 10 #2, F HIRATR A BN ALK —
?ED%%,ﬁ&&E%ﬁﬁﬁﬁﬁﬁmﬁmE%m%@%?—ﬁm
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[ £ 4 A SCHR A& H AR
T\ HAR: 3
t1 WwahP K. 2

t2

t3

t4

t5

t6

A 4

A 10-6: —MRTE CORFAEE, & OOy 3 Mk, Wahb K
N 2R BERE 2 AU

X DStream 7] LA FH ) 1] L 1 2 /E /& window (), ‘B IR [Bl—NH1 )
DStream KF /R FTE KRB E D EAER 25 B85 . #ot)ih

Yi, window() A=) DStream H )% RDD 8,5 2 MR
BAE, v XX EEHPEIHIT count(). transform() ZEAE (WL
10-17 A5 10-18) .

%1 10-17: L[ {E Scala ¥ H window () & HHEAT 114k

val accesslLogsWindow = accesslLogsDStream.window(Seconds(30), Seconds(10)
val windowCounts = accesslLogsWindow.count()

%1 10-18: W[ 7E Java 8 H window() X} & HEAT T4k

JavaDStream<ApacheAccesslLog> accesslLogsWindow = accessLogsDStream.window
Durations.seconds(30), Durations.seconds(10));
JavaDStream<Integer> windowCounts = accessLogsWindow.count();

AR LUEH window() B H A & H#1E, Spark Streaming 14 /&
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feflt 7 — S HAR W R, AR PR RAE R Oy A .
%, reduceByWindow() F reduceByKeyAndWindow() iEFATA] LA
XPREAN B B S AT R A4 . BRI — N AL R, R
WO EHAT, e+ BRICUASE, e — MR E A, Ed R
JEHTHE N T BB S A L %8s, 1k Spark 3 E TR IHLA 4
o XPRIRE AT ER ML R B — N R H,  Eoan + XJ Mg
%%U’j -0 X TRORHIE M, S En] UK S PAT20% (IW
10-7) &

W] £ His A B 1 ETHO#aT o] 2% iy A B ETEO#EITETE
S ZED) BIERIEZ

t1 ] {1,1} {11}
| 42 4,2}
t3 {9} {9}
t4 {3} 20 {3} 20

L I
5| 31 | 2 3,1} —2

1+

| | 17 {1} — 17

& 10-7: iE 1) reduceByWindow() 515 FH i o £ 1 1 & =
reduceByWindow() i X il

7E H E AR, FRATTAT A FHIX P A 2R B0k B e St s B
IP Mk vy i) & 34T THE, @il 10-19 A1 10-20 Fiaw.

%1 10-19: Scala MR A FIREA TP #hE U5 IR & TH2EL

val ipDStream = accessLogsDStream.map(logEntry => (logEntry.getIpAddress
val ipCountDStream = ipDStream.reduceByKeyAndWindow(

{(x, y) => x +y}, // WEFBAEOR#RT TR

{(x, y) => x -y}, // BEREFEORERXF TR

Seconds(30), // EORK

Seconds(10)) // Bk

%1 10-20: Java FRASFIERAS TP stk 115 1Al &= 0 H 24

|c1ass ExtractIp extends PairFunction<ApacheAccesslLog, String, Long> { |
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public Tuple2<String, Long> call(ApacheAccesslLog entry) {
return new Tuple2(entry.getIpAddress(), 1L);
}
}

class AddLongs extends Function2<Long, Long, Long>() {
public Long call(Long v1, Long v2) { return vl + v2; }

}

class SubtractLongs extends Function2<Long, Long, Long>() {
public Long call(Long v1, Long v2) { return vl - v2; }

}

JavaPairDStream<String, Long> ipAddressPairDStream = accesslLogsDStream.m
new ExtractIp());

JavaPairDStream<String, Long> ipCountDStream = ipAddressPairDStream.
reduceByKeyAndWindow(
new AddLongs(), // M B NG ORI PR
new SubtractLongs()
[/ FEBRESTT & DR TR
Durations.seconds(30), // & KK
Durations.seconds(10)); // EzIHK

i )5, DStream ib$Eft | countByWindow () #H
countByValueAndWindow () 1 X Edi 347 11 B A (1) 14

5, countByWindow() iR[E—"NERREAE L H IR
DStream, Ifj countByValueAndWindow() iR [5f#] DStream M|t &
P REAME RN L, WifF) 10-21 F 10-22 Fis .

{7 10-21: Scala H1 & 1 T HERAE

val ipDStream = accessLogsDStream.map{entry => entry.getIpAddress()}
val ipAddressRequestCount = ipDStream.countByValueAndWindow(Seconds(39),
val requestCount = accessLogsDStream.countByWindow(Seconds(30), Seconds(

%1 10-22: Java I E L EERAE

JavaDStream<String> ip = accessLogsDStream.map(
new Function<ApacheAccesslLog, String>() {
public String call(ApacheAccesslLog entry) {
return entry.getIpAddress();
s
JavaDStream<Long> requestCount = accessLogsDStream.countByWindow(
Dirations.seconds(30), Durations.seconds(10));
JavaPairDStream<String, Long> ipAddressRequestCount = ip.countByValueAnd
Dirations.seconds(30), Durations.seconds(10));
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UpdateStateByKey’# 1k 1E

B, FRATFELE DStream H LR AEYIRAS (BN ERESF 7 7 7] Y
VHISE) o BFXX RS L, updateStateByKey () AFAIFRML T
X —ANRSZER VI, HTEAEE AN DStream. 25 € — 1~ H
CBE, ) XTHIB) DStream, Ff4% 18— N8 & W FTARHE BT 1 4%
SEHTREAN T RORAS ) BRI AL, B RT AR Y — N8 ) DStream, H A
HEAE A CEE, RS K B, fEMZ RS A HEF, BT
St RG], R RS S ID. {8 ] updateStateByKey () AJ
DAERBEE AN F - S v 1) /Y 10 AN T TH . X AN PR LR “RE X R,
BATEAERA AT BRI TR IX AR

PR updateStateByKey(), &t —> update(events,
oldState) PR, FZWS I R I FHAE LLAOZ S Z B X MR
A, REIXAEEX R ATHOIRES . XADBRBAIZE LW R,

o events: JEfEHHIHLICHICRIMI SIS (ATREANE)

e oldState: s&—MNHIERPIREXT S, fFHUE option ;s R
—NEEH ZATHPIRES, XAME T AR,

e newState: HIEKFURIF, Ll option JEAXAEAE; FATAT LR
B —/ N1 Option SRR SAEEM BRIZIRES .

updateStateByKey () 4R <& —~F ) DStream, H N HEHY
RDD J7 %12 AN R X (RIS OB, RES) SRR

SR IGBI T, (P updateStateByKey () SKERE: F A& B
HTTP WISACTDRI AL, X RO RARTD, AR Ao & A
B AR, SR I BT o SRR, BRI B AR
ig%, 5] 10-23 AGI 10-24 23T 11 FERF 8 2 FF kT BRI Ko ey

1 10-23: 7E Scala {#i ] updateStateByKey () iz 7MiM LA
T4

def updateRunningSum(values: Seq[Long], state: Option[Long]) = {
Some(state.getOrElse(OL) + values.size)

}
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val responseCodeDStream = accessLogsDStream.map(log => (log.getResponseC
val responseCodeCountDStream = responseCodeDStream.updateStateByKey(upda

%1 10-24: £ Java 8 ] updateStateByKey () iz47 Wi M ACHS
frTH4L

class UpdateRunningSum implements Function2<List<Long>,
Optional<Long>, Optional<Long>> {
public Optional<Long> call(List<Long> nums, Optional<Long> current) {
long sum = current.or(OL);
return Optional.of(sum + nums.size());
}
¥

JavaPairDStream<Integer, Long> responseCodeCountDStream = accesslLogsDStr
new PairFunction<ApacheAccessLog, Integer, Long>() {
public Tuple2<Integer, Long> call(ApacheAccessLog log) {
return new Tuple2(log.getResponseCode(), 1L);

39)
.updateStateByKey(new UpdateRunningSum());

10.4 b ek

W IRAEIR A T AR R LIRS 2 Bl P BT R3RAE (1
AREEE R HE N S EHE 2 el Y 2 5 B o

@ 5 RDD H # g RAEFAL, a2k —> DStream [ H R4
H 1) DStream #9% A #HAT 3 H EeAE, B4 l_% DStream FiL#R
AW RAE . U5 StreamingContext HH VA W& ¥ Hi A, B
context FL A Z JH BN .

B — R ERE R print (), BESERNHLIR APTEL
DStream HJHI TN FTEIH K

— B IR TR, BT DUl A e R ER RS R 1. Spark
Streaming X} T DStream i 55 Spark 231K save () #4E, ©Al#HEZ—
N HFRAEASERAEAE AT, SRR T S ORI E SR JE 4%
4‘% AR S R RS E HxWTHFET, B XX+t E&6
INF IR RS 8844 o FRATTAT DAE TP MbhEH SR AF ke Rk, anfil 10-25 fr

7INo
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%1 10-25: 7£ Scala ## DStream PRAF N A A

ipAddressRequestCount.saveAsTextFiles("outputDir", "txt")

A —AF MBI saveAsHadoopFiles() ¥, BEfl—
Hadoop i #5024 #1U0, Spark Streaming 3% P &)
saveAsSequenceFile() BR#L, (HAZFRAT] LAERI 10-26 F14 10-
27 1 RARAFE SequenceFile SCA4-

1 10-26: {t Scala HF DStream f#17 A SequenceFile

val writableIpAddressRequestCount = ipAddressRequestCount.map {
(ip, count) => (new Text(ip), new LongWritable(count)) }

writableIpAddressRequestCount.saveAsHadoopFiles|
SequenceFileOutputFormat[Text, LongWritable]]("outputDir", "txt")

%1 10-27: 1 Java 1% DStream f&17 7 SequenceFile

JavaPairDStream<Text, LongWritable> writableDStream = ipDStream.mapToPai
new PairFunction<Tuple2<String, Long>, Text, LongWritable>() {
public Tuple2<Text, LongWritable> call(Tuple2<String, Long> e) {
return new Tuple2(new Text(e._1()), new LongWritable(e._2()));
s
class OutFormat extends SequenceFileOutputFormat<Text, LongWritable> {};
writableDStream.saveAsHadoopFiles(
"outputDir", "txt", Text.class, LongWritable.class, OutFormat.class);

)5, A AN E % E1E foreachRDD(), ‘& K%} DStream
F ] RDD izfTfF =i+ 5H . XA transform() A L3500, #FAILLiE
FATVi F/E & RDD. 7 foreachRDD() ', AJLLE FHFATLE Spark
HHSCIRR BT A AT shERE . Lo, LM RG] 2 — 28RS 2 an
MySQL BN FErp . W T IX A, Spark 358 FEHEXT M 1)
saveAs () K%, Hr LU RDD ) eachPartition() J7i% kB e
HiHF. N T J{E, foreachRDD() 9] LR AELE FRATT 24 Rtk /8 ) i
(6], FUVFERATTHEA B (8] i) B 45 RAFBIANF AL B . 2 0L 10-
28,

qule-z& 7 Scala "1 {# F] foreachRDD () ¥ &k /71 2 4148 £
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ipAddressRequestCount.foreachRDD { rdd =>
rdd.foreachPartition { partition =>
/1 TIPS RGN IER: (Hean— N EdRE R ERD
partition.foreach { item =>

/] ERERE item 73] R 40T
}
/] RS

10.5 Hi AR

Spark Streaming J5i A4 SCHF— AR R . — R0 HIRE A
#4712 Spark Streaming 1] Maven T A, 17y At iy — L& 0w LIS
it spark-streaming-kafka 5[ in L4438 E .

AN AP BRI T SSRER . BB IR D% BT T ity
O, JF B SA AL RS Spark K KHIAL . WRIRAER T
RIS, AL HDFS 5k Kafla HEA 360500
.

10.5.1 %O EHEIR

FIr g R D AZ OB R B & DStream 1) 77724842 T+ StreamingContext
. JATCLERBIPHE A —4 By, KEHTRHD: X
{41 Akka actor.

1.

K24 Spark 32 M AT & Hadoop HEZ 1S4 R G0 Hh e U, AT bA
Spark Streaming tH i 32 #F AT Hadoop & FI ARG H FH RIS
ROV . TR MR, XM, RN T
% H EXF R A EL ) 2] HDFS L RI%EE . Zil Spark Streaming >k
AOERECHE, FRATFRENHF A FRMEGE M H I, SRR
TG CELane e N Spark M EH ) o 2 0] L& 10-4
ﬂWM%&%%E%ﬁ%T~4H%F%E%?#,m%uuaﬂ%
10-30 7R .

2J AL FOR BEANERAE — R 5E R . W5 Spark Streaming ¥ BEALFESCAFRS, T £ BOKHE
1, Spark Streaming Wi & JCIAE R BIH AN ElE, IR TACAEIX BARE 2, £ R
gih, CFEa AERIE ORI TR .
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%1 10-29: F Scala $52HU H 5 H B SCA ST

val logData = ssc.textFileStream(logDirectory)

1 10-30: ] Java $2HX H 5% 1 SCA SCAF iR

JavaDStream<String> logData = jssc.textFileStream(logsDirectory);

FAT AT LUAdE FH B $244L Y /bin/fakelogs_directory.sh A ki Hiff H
o wRAESLHERIERWE, Wl LU mv a2 H E S E L
AR IR H 3

B T SCAREE, ] L AT = Hadoop it AN#E . 5 5.2.6 T HTHf
—#E, HFEH Key. Value LM InputFormat J5H2 445 Spark
Streaming EJA] . a0, WiRLHICAEH T — M EE kA H
S R 2y & S e 0 St o 1 1 o S a7 | 2 A et
SequenceFile, A LAAnf] 10-31 A By B ASAE SR s B A 48 .

%1 10-31: H Scala 52HX H 5 H 1] SequenceFile i

ssc.fileStream[LongWritable, IntWritable,
SequenceFileInputFormat[LongWritable, IntWritable]](inputDirectory).
case (x, y) => (x.get(), y.get())

}

2. Akka actorii

B MO BHR IR S & actorStream, ‘&R LA Akka

actor Chttp://akka.io/) TENEIRMAIIR. ZAIEH —1> actor i, 7HE

BI% —™ Akka actor, #A 5523

org.apache.spark.streaming.receiver.ActorHelper 1, %

o5 N B E M actor & #1%) Spark Streaming ', 75 ELAE UL B HT E IR B

W H actor i) store() FR%t. Akka actor JRANEIRH L, B LLERATIAS

S HBHATIRANIR T AR LA it v B 1 SOk
Chttp://spark.apache.org/docs/latest/streaming-custom-receivers.html)

LA Spark H1 ]

ActorWordCount Chttps://github.com/apache/spark/blob/master/examples/

IR 2 2 AR 458 FH e AT
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10.5.2 s

BRIZCEARIR AL, 38 AT DU B IS b YR 22 05 s R A — L6 50 44 Eh s 3R EL
R EdE, XS HE N Spark Streaming 4 14T
MATATHL T o EAITIZR 2 Spark B—#B43, AISARTE EAEME AR+
SIS B ReAE BT, A AR UCES B 45 Twitter. Apache
Kafka. Amazon Kinesis. Apache Flume, LM ZeroMQ. W] PLIE ¥
N5 Spark iR AULHC K] Maven 1% spark-streaming-
[projectname]_2.10 k5| NiX L&zl as .

1. Apache Kafka

Apache Kafka Chttp://kafka.apache.org/) KIHIEEE S55MERCH T —4
WMATHIHI AR . Kafka JRAERISCRE, 7T DURFA AR BVE 22 3 /1)
o ETREDFES| N Maven T.14 spark-streaming-kafka_2.10
FAER T . HIRMLH KafkaUtils %% 7] LLE StreamingContext A/l
JavaStreamingContext * AR ] Kafka 74 5 €)% H DStream. H T
KafkaUtils ] DLIT B 22>, PRI E ) 2 HY B DStream AN Y
TS SR . B — s, 752 StreamingContext
S, — AN HEE S FEIFI ZooKeeper EHLAN R AT . MR EHN 4
¥ (ME—2F) , DL —AN N T8 S R IX A 32 8 42U 28 S R )
Wit R KA createStream() J7v (lnfs 10-32 A5 10-33 AT
DR

1 10-32: 1t Scala +' F Apache Kafka 7] 5 Panda =@

import org.apache.spark.streaming.kafka._

/7 BRI TR BRI A AR B S R

val topics = List(("pandas", 1), ("logs", 1)).toMap

val topiclLines = KafkaUtils.createStream(ssc, zkQuorum, group, topics)
StreamingLogInput.processLines(topicLines.map(_._2))

5] 10-33: 7E Java "' F] Apache Kafka 1] 4] Panda & 7

import org.apache.spark.streaming.kafka.*;

/7 B NT R R USRS R B S R

Map<String, Integer> topics = new HashMap<String, Integer>();
topics.put("pandas"”, 1);

topics.put("logs", 1);

JavaPairDStream<String, String> input =
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KafkaUtils.createStream(jssc, zkQuorum, group, topics);
input.print();

2. Apache Flume

Spark $E i SAS [ U A8 Sk A8 Apache
Flume Chttp:/flume.apache.org/, LK 10-8) . P/ NIRRT a0
T
o JEAIZ LA
AR LA Avro F it )77 X TAE, B Flume [7) = A HEEHE
o fusiBEfids

il nT UM B € S AR Ta) et it b 5o, i HeAt bR ] B
fi H] Flume FEEE HE2E 2 b 1B HE b o

AT A AR L A Flume, FFAEREANT SUEC B W 1 FisAT 2
es CRAE 2 ) Spark B0 Flume {8 F 56 11D o 48 A AT A
— PR, AR AR TREH 5] N\ Maven L4 spark-streaming-
flume_2.10.

Flume
Flume$B 48 I Flume 8 7 4 H
%§#¢%D¢ ¢Eiiﬁ%%*
Spark Flume
TR Bt
TM&%%&@&%
Spark
THETR

K] 10-8: Flume 432§ 25 3% 15
3. HER R4
HEARFBRS T IEREERIBE S, HEEAAEHFES KRR,
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XM A, FRER L Avro FdE i 7 X TAE, ATFERE
Flume RFEEHE & 2 Avro Zidgit (L) 10-34) o FRATTER AL
FlumeUtils X} % S0 s Bt B A — MRS I TAE S ENLL K&
Ui 15 F o COLE) 10-35 A48 10-36) o X L6 B AR Flume Fic B AH
ULHL .

1 10-34: Flume Xt Avro #BFIFC &

al.sinks = avroSink

al.sinks.avroSink.type = avro

al.sinks.avroSink.channel = memoryChannel
al.sinks.avroSink.hostname = receiver-hostname
al.sinks.avroSink.port = port-used-for-avro-sink-not-spark-port

%1 10-35: Scala H' ) FlumeUtils {2

val events = FlumeUtils.createStream(ssc, receiverHostname, receiverPort

%1 10-36: Java ' [¥) FlumeUtils /¥

JavaDStream<SparkFlumeEvent> events = FlumeUtils.createStream(ssc, recei

BARIX AP AR BV, (HEk SR A H 55 > . X nie T es
P TAEST R AR ERE Z R ERIR I LE . AL, ﬁn%ifﬂﬁ
L3S ) TAF Y R kiﬁﬂzﬁa, RA=ZEBNA— ML E B, X
?ﬁ%ﬁ%ﬁ@ﬂﬁ Flume A REX44 2088 & 208 ) TAE T 2o izﬁéﬁaﬁ/z—%tl:
SRR o

4. b AP A%

B AR AW E (FE Spark 1.1 HH5|N) , BERE /1%
F ) Flume (¥t fit Spark Streaming SEHL, FFib#2 28 =8 W B
MR G . X R T SUAR SAE T A, Spark Strearnlng yiEBu
55 MR TR s O S . AEWCRN 55 SE BRI RN T, X LR
o i O B AR B w6

AR B4 o )R B B N Flume B8 =54 MF . Z3HG 1M
BB 7151 275 Flume SCRY AR IGHE 7>
Chttps://flume.apache.org/FlumeUserGuide.html#installing-third-party-
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plugins) . HT3ffF/2H Scala 511, Kb EHHfFA & LL A Scala
FEER SN2 Flume #8149 . Spark 1.1 F % N [¥] Maven & 5] i 10-37
i

%] 10-37: Flume £(#E 71" Maven % 5|

groupIld = org.apache.spark
artifactId = spark-streaming-flume-sink_2.10
version = 1.2.0

groupIld = org.scala-lang
artifactId = scala-library
version = 2.10.4

PRIE B E X Flume B mE— M0 n B2 5, LR E
Flume SRAEAHE IS XA Fedfa b, 09] 10-38 Fiow .

%1 10-38: Flume X} H & X E 4t i) ic &

al.sinks = spark

al.sinks.spark.type = org.apache.spark.streaming.flume.sink.SparkSink
al.sinks.spark.hostname = receiver-hostname

al.sinks.spark.port = port-used-for-sync-not-spark-port
al.sinks.spark.channel = memoryChannel

SRR BRI AR, BT LU A FlumeUtils SRiszEX
35T, Wl 10-39 A1 10-40 Firows.

%1 10-39: 7F Scala Ff#iFH FlumeUtils #2HXH & X E b

val events = FlumeUtils.createPollingStream(ssc, receiverHostname, recei

5] 10-40: 1F Java F{# FH FlumeUtils 32HY [ & X E s b

JavaDStream<SparkFlumeEvent> events = FlumeUtils.createPollingStream(ssc
receiverHostname, receiverPort)

TEIX A5 FH, DStream & H
SparkFlumeEvent Chttps://spark.apache.org/docs/latest/api/java/org/apache
AR . AT LLE event U510 N2/ AvroFlumeEvent. IR ZHAF
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EARE UTF-8 w458, #Url LU 10-41 s B9 07 2R B A

f# 10-41: Scala H 1] SparkFlumeEvent

// REFlumeFH A 2UTF-84m s i H &1l

val lines = events.map{e => new String(e.event.getBody().array(), "UTF-8

5. H & LA

PR 1 EIRIX LR, Rt AT DLSEE E O BRI s SR SRR B N . T
M5 B15 2% Spark A H I« H & R THREIZ AR R " (Streaming
Custom Receivers guide, http://spark.apache.org/docs/latest/streaming-
custom-receivers.html)

10.5.3 ZHEIE SRR

WHTSCATR, AU 2500 union () iXREFIERVER 24> DStream &
IF. XA ERERF, T DA 2 AN A\ B DStream & K. AR,
fFH Z AR T3 & R A E b B SR B At s e o A 2L

(R A H— IS, WTRESAONTEREIRSD - Rsh, ARERANTHE
B A B 288 R WA B 3 3 N5 BRI A, A8 e A8 A

join 8 cogroup TS .

RN B S WA 7E Spark £EREHIZATH, XS FIRATEEH 2 A Elcss
FRERE, FPEWLSELLL Spark AT 8 R F b — K WS 4T HIME 5%
M isir, Bbe SEanea NP CPU L. 4, FATIET
FEA T HE CPU #Z O SR HE . IXEMWE R BT 2 MR
o, AR/ DE WA H A R AR08, BN B SR SE R
BT BB B, W RIBATE BRI E N iEiT 10 A
BillEs, Ao/ FHEANNAHSE 11 4 CPU L,

g ANBEAEARME A TR E T AEEAN "local” B
"local[1]" Kiz47T Spark Streaming f£/7. XFhECE H 2/ fic—
A CPU 04 fE5s, WIS ITHEX M E R, Wikfa
Pl R B TR SR AL BRI B 1. B/ EAT ] "local[2]" KA
B 2 B o
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10.6 24/7 48] Wriz 1T

Spark Streaming ] — KALHAE T EIRMAE 7o RFI A IRFE . R 2
NBAEAFEE TS 248, Spark Streaming #t 7] LUR 3 4 A\ 5 H
BRI S S&, RO RS — O HATIE S GRIFE A B # 2 7E
BAEATAT T S R M A DU R AR —4F ), B & TAEY S B I3
AT R A TR

BLANA]WrizAT Spark Streaming MR, 75 E—LRRRIECE . £
& W B IJ# 10 HDFS 5% Amazon S3 %5 1] 2 f7fif 22 48 P 1A & S b1
Wl S AN, TRATEFEE RIS A (FER
%Eﬁﬁ%) CLIS ANAT SRR AR AL EE o AT =/ 4R nAe] #H4T X L6

BTRAIA DA AT I B X B S R G, A A1 — M #l 23 1E Hadoop FREEELH ZFREEH T
N WRARAEERE B S RERE, BCE HDFS R 2 A 7 .

10.6.1 fa A AL

K2 S AL 2 FRATIAE Spark Streaming HP FH SR AR 2548 14 1 3= 241

filo &R LA Spark Streaming P B P i N FH £ ds 474 211 W0 HDFS
8\, Amazon S3 XFEW T LG R A, DMK ERNfEH. Bk

ut, RS ALE FEER LR AN H B IRSS

o PRI A RN 2 BB RPIRASE. FRATE 10.2 Tl
Spark Streaming ] DL I #4440 B 175 R BIR EERES, A Rl
i) DU Ry DA% | 75 AR A AL [E i 22 0

o RALIKZNIRIETFHE . WHRVTHE N H 19X sh 2858 7 B it 1
VRAT CLE J3 IR B 2 A e IR LIRS 2 A e MR & VK R, IX R
Spark Streaming ¥t °] LA 2 BT IS AT HURE 7 Ab B P 1 3t 2, JF
MR YR ZE

X R, R AL X AT AT A 7 PR B A B T AR FH AR R
HE, YRAE[LUEIL A ssc. checkpoint () JrikAkis— MNgiE S5k
(HDFS. S3 s Atz nl) Kic B A AL, kil 10-42 Fir
7INo

% 10-42: Pt B R
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ssc.checkpoint("hdfs://...")

EE, EEAEAMEAT, WRREZREIT—MERSEENRE
FT & S HLH], Spark Streaming 445 H3g/R. DU, R A H
— MR RFE B ARIT R A . A, fERTE A=
BOE A, RESA 4{H FHiE i HDFS. S3 B W& A RGIX FE R
RS

10.6.2 X #s e P A A

IRBh AR AL 7 1 A B R FRAT T CARRIR 1) 77 A% StreamingContext. 3,
17 B A i H S $E L 45 StreamingContext. 5 EZ 1AM new
StreamingContext I, MiiZf#H
StreamingContext.getOrCreate() PR%. NI AT HIZ~H]H AL
PSS e an ] 10-43 A5 10-44 Bz (R HSFE .

%1 10-43: H Scala it & — 7] LG R PR E F IS 2 2 7

def createStreamingContext() = {

val sc = new SparkContext(cont)

// VAAFME AR K /M StreamingContext

val ssc = new StreamingContext(sc, Seconds(1))
ssc.checkpoint(checkpointDir)

}

val ssc = StreamingContext.getOrCreate(checkpointDir, createStreamingCon

15 10-44: F Java BCE —A>nl LS iR FH IR E (1 SR Bh 2842 /7

JavaStreamingContextFactory fact = new JavaStreamingContextFactory() {
public JavaStreamingContext call() {

JavaSparkContext sc = new JavaSparkContext(conf);

// VALRME AL KM StreamingContext

JavaStreamingContext jssc = new JavaStreamingContext(sc, Durations.s
jssc.checkpoint(checkpointDir);

return jssc;

1}

JavaStreamingContext jssc = JavaStreamingContext.getOrCreate(checkpointD
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HIXEAGSE — s AT, R A H RIEANFLE, B4
StreamingContext 2 fE/R A L) A% (1F Scala 4
createStreamingContext(), ff Java H A
JavaStreamingContextFactory()) HWHEHZFEGIEEE K., AR
TmERBENENHX, ERShSET RGN, WRIREE K22
B3R AATACES, getOrCreate() & H I MG A H s ¥14G1k
! StreamingContext, X5 4k22AbH

% 7 H] getorCreate() SKSCHLMIMAILARED LAGL, ARIE 75 540 5 7R 0K
AR AN T DS A HERE AR A . 76 K 2 MR B S o,
Spark /23 75 WX Sh AR i i 1 B0 B e UREh R, BT AR A
FH# 40 monit SCRE [ T HOR I MUIRSh SRR HF HEAT B8 . SRR A0 SE
B 7 A AR BTk i B ER 5. Spark 7537 A B B L R AL T
FEE SCRE, AT LRSS IR SN 28R P I A - -supervise ARic ok
il Spark T/ RIK RSN 2 AR . /RIEEALIH - -deploy-mode
cluster ZHURHH RIRE) AR P AEEREFISAT, TASRIEA PR |
1247, s 10-45 Fos .

71 10-45: £ FH s A2 2 B R B 2 R T

./bin/spark-submit --deploy-mode cluster --supervise --master spark://..

TEAE FHIXAN IR TN, an SRR 22 Spark ML AR SUAERER 217 2R
BERY, min] LUEIT ZooKeeper SKRAC & F 157 S A4, TEAERIES
2% Spark f)3CHY Chttps://spark.apache.org/docs/latest/spark-
standalone.html#high-availability) . XFFECE < 5, BUAHBEHOR
) 2 FH 2 BB 1 R ISR R 40

i Ja i BRI RS, HIKE) AR 5, Spark (ST A8t RE L &

HJH . XA A BESAE LS B Spark WA A Bk As, ANidixXsE 1.2 LA

LB RRACH] Spark BT RIAT N,  DRONTAT 8 F2 P ASREFE A SR 5]
SREFP IO N AR AL TRE IR . LS IRBN A AR 2 8 sl AT 4t
RERARBE 2 R A TS

10.6.3 T AE7 S 54

TR TAES A M 6] @, Spark Streaming {5 F 5 Spark [ 448
HLHAR R B 775 BT MM B IR H s 20 1 B s B 2 A TAE T A
8. A & R FH AL ERE RS R F 61 2 H SR A RDD #FRES
HA—TAE SRR, BONIRYE RDD i 2K, R4Gn] DI E KR
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HlE D SEA7 0 N B o6 O Hh ELSEHOR

10.6.4 UL S

AT AR I TAE T S R R 2 IR . G SRR BT R A
%, Spark Streaming <> fEAEAEH A 17T 5L H S R MUP R . R
1M, XA A S B R THARIE AT Ny (a2
M H R ULRIRIES I SEI CGRIRES 2 15 = B I i A i 2|
B> o 25901, A Flume YENEHRER, MR fEs ) F 2 X
A T4 R I DR P o 7 AU AR MBS b A B AR 2
H1, Spark RfEHHE O AL &0 N A4 2 W s R R BR T
Fo MR aR L i B, an SR ISR A2 s A L HiT 2%
W, —deginlaests Bk, BRRUL, YT EE— MR, R
gﬁﬁ?%%iﬁ?iﬁ?ﬁﬁﬂﬁ@%ﬁ G X HRFH ) SRR 220 2

R, BRI ER SR AL LR ARILE

o JITE AT EESCH R i B HdlE CLhanidE i
StreamingContext.hadoopFiles BZHU)) #A2&A[FEMH), KN
JRZ) XM R G %4 ). Spark Streaming 2 1044 Ml S5 5 g £+
R AT R, IRLERH B e AR KA SR B2 AT

o XIT1% Kafka. 3 Flume. Twitter IXFEHJAN R FERHEIR, Spark
S0 N B 2 B HAR YT f b, B SRR AR AT 55 A e
Spark it & 2 E R F g . 7E Spark 1.1 DA E R RRAF, IR
B R & BIPAT IR AR N AFET, Bt bA— BLIKBh a8 A2 AR it

CEER BT AT S iR = R R ERD , Bt Rk,
Spark 1.2 ", i 2 1 E 0 % 218 40 HDFS IX A% (1) ] FE ) 3C
R, XSS IET =R A S8R Lk

R EATIR, WRORFT A B Hpk A B 1 A 4 T X A A T ) B R DR
($ll HDFS. $iu3X Flume 55) o WURARIEZAEHE AL B b i AL BRIX
SR, AT I EE R IR e T I, RN IR R T R OR 1Rt AL
f%ﬁiﬁﬂﬁﬁﬁf’ﬁikﬁ%@ﬂiﬁﬁlﬁ‘lE‘J%ﬁ?ﬁ, BRI T AT LAAS 21 AH [F] ) 45

10.6.5 KCFELRAE

H T Spark Streaming T /£ s &4 RF%, Spark Streaming 7] LLN
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FITAT BIFACBRAE SR AL Ra ) — AT TR 3 BIAE—N AR R AE AL
B AR R AR, e A EAL 4T R (R BRAEAS 2 1Y
RDD) 1528 58 R A BE— R4 B 45 2R — .

SN, B RS B 10 45 A i B EHE AN R G, 5
g RIWUES T REAIM R M AT 2k, —SH TS 7 2R,
HTIXGI N TAMB RS, B IRANTFHEZE LT 18N & RE AR kA2
XFEMITE AL . FATAT CAE R FE S RIERB AN RS (Aol
—/RDD X —IREN) , 8E B RSN EREE (B2 kistr
7] — AN FEHTERA R A A R &5 5D o Bl Spark Streaming
saveAs...File B & 1E — N5 5E i B 3 5 1 AL MR 5)) 21 i ¢
A b, CLICHR PR S SO R AR — 1

10.7 Streaming/H] /' FL 1

Spark Streaming $2ft | — MR P Gt °] DLLETRATE T B AR
T4 o XTI AE T ) Spark FH P A (—#A http://:4040) |
[] Streaming #1457 B . K 10-9 s& Streaming F F FH1H ) — N 805E o

Streaming JJ /7 FH1f g7 1 AL EEAE AR ST HE B o AR 251
By, B MBS, I DUE 2E AP E S dn RAL
BRGNS, T UG BBl ds n] LA 2 /D 2K Hidls, tn LUE
BIPRAR T B L T . AR B g THE B A Pl ] 2 It HE
ze AR, PUROREEARML IS FUREIR TS 0L . An R EERFE R 1 15T
Fr, A ERIIEIR 28K
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Waiting batches: : 0

Statistics over last 100 processed batches
Receiver Stalistics

Records in last batch ~ Minimum rate Median rate Maxi
Receiver Status Location [2014/10/22 06:39:14]  [r 1 ([ ] It ]  LastError
TwitterReceiver-0 ACTIVE localhost 38 0 61 151
Batch Processin, g Statistics.
Metric Last batel imum 25th percentile =~ Median ~ 75th percentile  Maximum
uuuuuuuu g Time: 1ms s6ms 457 ms se

Scheduling Delay Oms 0Oms 0Oms 0ms 1ms 803 ms
Total Delay 31ms 3Lms 40ms 57ms 499 ms 2 seconds 289 ms

] 10-9: Spark A J 1 H 1) Streaming A F' 5[] #5725 U1

10.8 MpEEE

b 7 AT A% — R 8 Spark N A e (P e &= LISk, Spark
Streaming W FH i A — LLRERR R ILIE T .

10.8.1  HLIRANE K/

5 i LI ) A& Spark Streaming R LM A ) B /N IR R B & 22 70
SBTR, 500 Z AP CLE IR SE AR 2 BN T & A2 FL BT e B/ itk
IR TR B/ IR RIS B A 52 B A2 M — N BRI R /)N

(10 /A JHaE, AW E/NHEROR /N TR Streaming H F
T s A B TRl R FFANAR, AREE AT BAE— 28 i8N ORI
RACERR TRl T aa 380, ARATRE ik 3 1 B H AR R o

R, T8 DERIE, RN (WS K T
Bt A ERRIR I . i &AW BERFH A RGBT, SN ZHE R
RS T .
10.8.2 FF4T/E
TRl D LA FR BT VB RE IS TR] ) W RIEF IR HATE . BLLTN =M=
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Al DA IFATE
o MNFRULESEH
BB AL SR K Z FER SN RA KN FH o K TE, s
SN RGBS IX IR T B B £ M\ DStream (1X

PR Al 2 ) RIS H , 251 union K
EHHE &I D EHEIR .

o P B 1 HcH X HET A X
R BRICER A TEVE S, R AT DLd {5 A
DStream.repartition & & N EF 7 XA (BeH & H 21N E
FIMEHRRD REHT /Bl R 5 dE .

o EMEAHIIIFTE

X4 reduceByKey () IXFERIHEAE, 1RATDAAES N2 h s
EHATE, RATIEANERDD B 32 315 U F- B

10.8.3 3 3[R IS RN PN A7 A F

Java Hbi 3 BIRCHLE] (BIFR GC) BrT e gLl @, fRn] Ldd$]
H Java )3 K br E—idGFRIEESS (Concurrent Mark-Sweep garbage
collector) Ki/> GC gl E AT TN KK E 1T . FH Kb E—TERIK
AR IR E AR Z B, (AR SR> EE KA

A PLE I AE L B S50 spark. executor.extraJavaOptions FHs N
-XX:+UseConcMarkSweepGC RIZEFEFH K inE—IG Ik &R #l
10-46 fE7s TfE H spark-submit W AR & 7% .

% 10-46: 1T FF K inE—IE RN EE SR

spark-submit --conf spark.executor.extralavaOptions=-XX:+UseConcMarkSwee

b 1A B> g R B s BB B ER, URIE AT LUE I GC L )
KKNEZUGEEERE. 2 RDD LUFFIML A% g2 7 AN A R AR 1)
X5 WA LU GC L), XA A BRINES T Spark
Streaming £ %11 RDD #B LA 7 Ai4L J5 A% A7 . 18 Kryo 7414k
T AT DU — 25080 2 A7 AE N A7 H BB BT 75 21 N A7 RN
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Spark th R VFEATTHEHIZZAF N K] RDD LUERE ) SFIE G AF- 2
fr. BRIATEOLTS, Spark i LRU Z24F. WERIRKE T
spark.cleaner.ttl, Spark tH£ % RS KR H 45 e B[] 3 [ 1) &
JPiDj]jDo TN NGEAFPRERA KA G/ H 2 RDD, A LA GC K
AR

109 &4k
ARZTRATH ] 7 e[ DStream #R{EREIE . BT DStream 52 H

RDD ZH i), AT T 5715 A 22 B SR RTS8 & F T G at
SR R BRI TIE ] Spark BEATHLAR ]
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11 = 3T MLIb [FHL 2% 5]

MLIib /& Spark &N E8 5 ST BRELTI . T2 T NTEERE LI TIE
AT HIRE BT 3T . MLLb e S 2 WL 2: I 5k, 7] LLZE Spark
YR RIEE S A . AR SRR ER IR A
MLIib, 3t H.45 H—gew FHRdE H 15,

PLERSE S AR G B MR KRGS, EBESRE2AT, A sERe
BN ARG, AL, WRIRGHLSE S SR BGRE, RAT LA
A B A LE Spark HEFHNLSESE s B UR NS 2 5] (3] 2
F, MR BE SR B 1 P 25 -5 At 6 T LR 2 S A A S B Rt
Ko IR HLEE2 5135 R BUR Rl R sk 2 518 5] £ 5t
TR, 3 IF 7R 2R 8 Spark, HA VREEN %18 AR 2 P
7%

L1 O'Reilly Hi i ] Machine Learning with R ! Machine Learning for Hackers %%,

11.1  #id

MLIib fr i B R H R . 85 dE LA RDD B R R, REED
A REEE B &R VE, MLLDb 5]\ 7 —Se3dm kA L an S
M) , ALHREE)E, MLIb 52 RDD | — R A] 4t H 18 %L
A . than, @RER MLIDb R 5EOUAR 7RIS (Bl anii s
RHRAEY AR B N D IRERAE

(1) &S 7478 RDD RERIRATE B .

(2) 1217 MLIib [ —MRHEHEHL (feature extraction) VAR A
AR HONEERAE CEH PR I FELAR) 2SR E
7] & RDD.

(3) X RDD K000 (LU ¢ B0 2R
R, T LA PR 200 SR 97 B R AT 2K

(4) BEH] MLLb PP 8 Zore A s S _EvP Al AR AL .

i SR 2, MLILb A S BB IE SRR DIaAT RAF I IHFAT BHX,
X RREE, FU i yLas 2 I FRB A B S AT, ey
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BEANIABRIATHAT . M, — LB EH I 745 R EER D& T
ERE, MR & 7E MLLb A, Wl An sUBENLAR AR R (distributed
random forests) . K-means|| 5. A% &/ ZIRH L (alternating
least squares) ¥, XFEMIEFEELS MLLb HH R —NEEHAERH T
RKMABE R . G0 RAREAEVE 2 /N IEAE S I GRS L8857 ST
R, IR AR ST AT B LR S S R (el
Weka, http://www.cs.waikato.ac.nz/ml/weka/, BY SciKit-

Learn, http:/scikit-learn.org/stable/) SZEL, ttanm] LA Spark K]
map () BAEAES T EHATIE . SR, FRATIFENLES 2 S K &
o R — BRI R S HO0 NI S 4 0l 2k, ORIkt i 1F
—H 24, 1% Spark H, {RA] LLEIIIESEPI R AL %
parallelize() REAFMT S _EaRBITARKISE, MAERD
0 U R B RN S S PRSI . U AR R AR — R
o An i S B SR AUy, MLILb BIfE3H A Re R B H K .

B J5, 1E Spark 1.0 A Spark 1.1 /1, MLIib A% A X SR 1 L8R
2, TRALEARITRANEME S N H R, AR &2 FINLES 2 ST
IKERFT B TAE AR (9 a4 i AN B0 23 A I 2R 2500 ANl 5
HE =SB Z A E) o 7 Spark 1.2 1, MLIib 5| A\ T i /KZR
API (FEAF 2 bR e RIS PETIEE 2) , AT LR SR LI RE IR
K2, X API FIZ51L SciKit-Learn X AL 5 2R, TTLALE AR
Ko hE RN v H BT LR 2 KR . AR E I DMK
APl A%, BANSHEARERERZENH— TIXE APL

27F 1.4.0 HOHCNIE R . —FFE

11.2 RGEXR

MLIib 75 ZAREINL S e — e e MBI . B %, IRTERNBIER
4423 gfortran 1T EE. W MLIb Z4 4 3] gfortran FEH
1, 1] L% MLIib M3 Chttp://spark.apache.org/docs/latest/mllib-
guide.html) L UHARZDIRACER . Ik, WIERARELE Python A i
MLIib, R E %% NumPy Chttp://www.numpy.org/) o UIRIRH)
Python %A % %% NumPy (BIRIGiZEAEH import numpy) , &5
R 72t 2 A Linux A PR T HoR 2% python-numpy a4
numpy 9, B 5 =5 2 #i| 1Y Python hieAs, Lban

Anaconda Chttp://continuum.io/downloads) -

MLIib SCHF A SFA B AERE & I (A HERS AT R JE . AT FR I /E Spark
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http://www.cs.waikato.ac.nz/ml/weka/
http://scikit-learn.org/stable/
http://spark.apache.org/docs/latest/mllib-guide.html
http://www.numpy.org/
http://continuum.io/downloads

;2 1 MLLb SRS, A —LEnl e 5 IR Spark iliAs A7
o

11.3  Hless= > Eal
ﬁﬁ%ﬁMumﬁmﬁﬁZ%,%%ﬁ$@@—?ﬂ%#2%ﬁ%m

I o

W28 S FIE SR IE I Zr 808 (training data) SRR EIRIT N

A B bt R4, I CAESREEAT TR B4 g o MLas 22 2] IA) oy
RNILRE, BFESIE. FH. R, BREEA—FERHR. &9

(classification) {ERN—ANEHRIHIF: R ERE T EEsitmic i
s . (b in—28 253 A plbm e s S R A4 sl 7 35 s 42 1 i

) AR BRI — AN R T LA s —Fh CEb ]
— B AN B IR o

FITAT 127 2] SR AR T B SURE NS R BRI (feature) 42, /e
RS2 RBAIE . 280011, X T BTk, — SRR A
FEFRIEAR S5 45« $22) free XN FARI YA FREIE . IR 21
OUN,  IERRIE SURFIEA AL g > P e BRI B 2. flin, fE
PR AERE O AESS AU B — AN ESNRRAE (BN AT T IR B
ﬁiF%%%ﬂ%mﬁm?%F%ﬁ%%%),%ﬁﬂ%ﬁﬁﬂﬁﬁ

REHEEW R L RNBUERAE CBARRD, wie —MUGEE L
ERECT R E) XK, ISR BURFEIF 3 AL VR IE A B AL 4
AMFEHREZ D, Flan, EAIF CHLUnhz s i F AR L
WHBAEEIB T AUV EBOCARHE R TS, EERes 254~ 5 ia] H
LR BR AT THER

S D ORI R R RE U, K2R ) SLE AR SR I X
L jn) E AR AL — AN S R B, AN SRR RE ey
Ak r) B B 23 [R) PR O SCH — NPT, AR IR A1 T e “ B 4 3th o i i 3
HEAE AN AR S 3 B o X HLRR By B 2 HsE S CLEAn R 22 50808 wd
AR IR0 298D o BLASAEBAT 45 AR R [B] — MUK 2] v
SE AR CLEUaX AN e s B 1D 5 X AR A0 AT LA SR BT A A
BEAT TN A5 G AR 4 35 A 14 8 AR e ) A ~F T ) WAR — 32 SR g e R A
e bR AR o B 11-1 o 1AL S 2K R s
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"
B FEEHRR i s | 7 -
free money now! - - - - - - ¥ iy
buy this money - - - — _,_ Y 3
free savings 989 -~ +_ - : = -
AR 4 g "
howareyou?-~ -~ o
that Spark job - =~ - ~ -
that Spark job - ~ :
pillEery g7 AL ] kil e fEAE R

A 11-1: HLas o2 ST K 2 i S A 5 5]

i, RNZHHLas7 A FREHG 2D E RNSE, bl
FRIFL S SRR e = NGk 2D AR RRCAS IR A, R Ji5 70 Sl oxd HLdb 4T
PPl Cevaluate) o ZLIXAMMIITE, 38H 20 AL 0 )k

SRR, I H AT AT U5, IXFER0 AT LU G & ok pa
WA B S Coverfit) 1 IZREE . MLIb #2447 JLA5E
SRIAT B PEA

A BESRHE A2

2 FHRPUIE T MLLb %11, A4 o — M g I R A o
KEHE R LB 11-1 £ 11-3) o XAMERFA T MLIb
I A~ pR%L: HashingTF 5 LogisticRegressionWithSGD, Fi#
MICARBHEA 7 A (term frequency) $FAEIAI &, J& & f# HEEHLEA
F N F&37% (Stochastic Gradient Descent, f&j#% SGD) SZHLIZ %A,
R FATINPIA S spam.txt 5 normal.txt 46, PSSO AELE
BB R RAR SR 7, AT — Ao B FORIA AR i S
AP R OSCR AL YR &, SRR 2R — A AAE SR 2
%J]?FE‘JE%IEE%‘Z@O A ANE 5 SO w] AEAS 5B Git @Rk
I} o

%1 11-1: Python 3y I 73 228

from pyspark.mllib.regression import LabeledPoint
from pyspark.mllib.feature import HashingTF
from pyspark.mllib.classification import LogisticRegressionWithSGD

spam = sc.textFile("spam.txt")
normal = sc.textFile("normal.txt")

# G —MHashingTF S RAT MR SCA B L5 10000 RHIE 1 7] &
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tf = HashingTF(numFeatures = 10000)

# ML) o0 e, RS R AR R O — MRME

spamFeatures = spam.map(lambda email: tf.transform(email.split(" ")))
normalFeatures = normal.map(lambda email: tf.transform(email.split(" "))

# Gl LabeledPoint# R A 73 MIAF M BATE CBIRHB () FBAME CEFEHR:) B+
positiveExamples = spamFeatures.map(lambda features: LabeledPoint(1, fea
negativeExamples = normalFeatures.map(lambda features: LabeledPoint(@, f
trainingData = positiveExamples.union(negativeExamples)

trainingData.cache() # R A& FEIHREIEREE, FrbASAA I 23R RDD
# {EHISeDA LIz T 5 A1 )5

model = LogisticRegressionWithSGD.train(trainingData)

# DLPEME (BIRmReR) AT QER R BE 72 ml A, &5

# —FERIHashing TRAFAERAG BIRFAE ) B, SR X0 12 n) o B FH A5 31 A 7Y

posTest = tf.transform("O M G GET cheap stuff by sending money to ...".s
negTest = tf.transform("Hi Dad, I started studying Spark the other ..."
print "Prediction for positive test example: %g" % model.predict(posTest
print "Prediction for negative test example: %g" % model.predict(negTest

] 11-2:  Scala f3 3 BB A4 73 25 25

import org.apache.spark.mllib.regression.LlLabeledPoint
import org.apache.spark.mllib.feature.HashingTF
import org.apache.spark.mllib.classification.LogisticRegressionWithSGD

val spam = sc.textFile("spam.txt")
val normal = sc.textFile("normal.txt")

// BE—"Hashing TSR ME A SCA IR A2 100001 RFIE Y 7] &

val tf = new HashingTF(numFeatures = 10000)

/] BRI 5y Ban], AR BRI L Oy — AMRRIE

val spamFeatures = spam.map(email => tf.transform(email.split(" ")))

val normalFeatures = normal.map(email => tf.transform(email.split(" ")))

// Gl LabeledPoint#a 54 HIAEFHME (B MR AV CIEH B fE]+

val positiveExamples = spamFeatures.map(features => LabeledPoint(1l, feat
val negativeExamples = normalFeatures.map(features => LabeledPoint(@, fe
val trainingData = positiveExamples.union(negativeExamples)

trainingData.cache() // FIAZEFIAZERFE, FrblgA7 Il 28 4ERDD
// 18 FH SGDHE LI AT B [ )

val model = new LogisticRegressionWithSGD().run(trainingData)

// CARAPE (BLIRERAE) FORAE CIES A 5543 o 2 AT ik
val posTest = tf.transform(

"O M G GET cheap stuff by sending money to ...".split(" "))
val negTest = tf.transform(
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"Hi Dad, I started studying Spark the other ...".split(" "))
println("Prediction for positive test example: " + model.predict(posTest
println("Prediction for negative test example: + model.predict(negTest

n

1 11-3: Java Jidy % MR/ 2588

import org.apache.spark.mllib.classification.LogisticRegressionModel;
import org.apache.spark.mllib.classification.LogisticRegressionWithSGD;
import org.apache.spark.mllib.feature.HashingTF;

import org.apache.spark.mllib.linalg.Vector;

import org.apache.spark.mllib.regression.LlLabeledPoint;

JavaRDD<String> spam = sc.textFile("spam.txt");
JavaRDD<String> normal = sc.textFile("normal.txt");

// BlE—"HashingTFSLFSRAT M SCA WG A0 15 100001 RHIE /7] &
final HashingTF tf = new HashingTF(100090);

// Gl LabeledPoint#a 5/ HIAEFEYE (B MR AV CIER B 1
JavaRDD<LabeledPoint> posExamples = spam.map(new Function<String, Labele
public LabeledPoint call(String email) {
return new LabeledPoint(1, tf.transform(Arrays.asList(email.split("
}
}s

JavaRDD<LabeledPoint> negExamples = normal.map(new Function<String, Labe
public LabeledPoint call(String email) {
return new LabeledPoint(@, tf.transform(Arrays.aslList(email.split("

}
1)

JavaRDD<LabeledPoint> trainData = positiveExamples.union(negativeExample

trainData.cache(); // R AEEFE & EMREE, A2 A28 ERDD
// 1 FSGDELIZ1T 12 H5 A )

LogisticRegressionModel model = new LogisticRegressionWithSGD().run(trai

/7 VABHYE CBLIRHRAE > AR CIE® B i 523 a BEAT X

Vector posTest = tf.transform(

Arrays.asList("O M G GET cheap stuff by sending money to ...".split("
Vector negTest = tf.transform(
Arrays.aslList("Hi Dad, I started studying Spark the other ...".split("

System.out.println("Prediction for positive example:
System.out.println("Prediction for negative example:

+ model.predict(p
+ model.predict(n

WARFT L, X BACKSE S FhiE & A ERR AL . ACHS B #:4#:/E RDD
—FEARBIF, TR TS RDD (RIJRIGSCA) Al
LabeledPoints (MLIib A SRAZHURFIE ) & AN 7 AR 2 BB 4 25
) RDD.
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11.4 sy

MLIib G & — S/ H R R A, BT
org.apache.spark.mllib 4 (Java/Scala) Bk
pyspark.mllib (Python) W. FEMJLAFFTF,

e Vector

— MR E . MLLb BESCHRRR & [ S S R &, frE R
AN [ETh=N iR S S VA e S SR < I IBR R e e E | == VAD e EA K 151 8
J& T2 T BT A R AP SR A . [A) = ] DUIE
mllib.linalg.Vectors 56 H %K,

e LabeledPoint

FEVE AN 43 AN R AR I B 0% 2] (supervised learning) V2
1, LabeledPoint HISRE /R ERIEIE 5. & —MRHME
MES M (H—MEREER) , B
mllib.regression @,

e Rating

FH P —AN P2 S R4y, £E mllib. recommendation &4, H
FremHERE

o % FhModelZ

B> Model HRRIGREIEMAIR, — B predict() Jiik
ﬂjuﬁﬁ KX 38 . BRI R ) RDD B T2 AR A AT 3
e

KEBAEEHEERR/E N Vector. LabeledPoint B{ Rating %t % 41
) RDD. AR DAL B 77 AT HIX e &, A — R Ui R
B L0 A AT A BR R R A it RDD—— 4, i e AR
— A A B F BT % Spark SQL 4. #FK, {HH map()
VR E X 5% v MLLb i 255

AR )

V&5 MLIib F &% FH R EEE R, Vector 258 — LS BT & (K

»

J7
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B, MEAWM. WERESWMERE. WHEEETHTE 4EEE
T RAE—/NF S B . Bln, —A> 100 4E 1) 7 &2 A7 4% 100 4R
M . ML, W m s R A4 i AE B A6 T R
M HE 10% KR NIEZ TR, A8 & A 58 FH i
M (MUBETXWNAERNERE, R TXEENERE) o 7
ZRHMESE I AR A AR MR A &, BT DL R 7 20—
R T B

B, Al AR AR SRR S A — i 2. /E Python
H, YRTE MLIib HAE S 1 77 1% 35 () NumPy 4 #37R — N % )
=, RAETLME A m1lib. 1inalg. Vectors 25618 HoAh 2 A i) 6] =
Clnf) 11-4 Fr) - 3 Ti7E Java Al Scala H, #5752 45
mllib.linalg.Vectors & ({ifyl 11-5 A5 11-6 o)

Bﬁﬁfﬁﬁ%%&ﬂwSmm&%%%ﬁ¢ﬁNﬂ%sdwsmmeﬁ@ﬁ%%ﬁﬁﬁ
N H)[\ & .

{1 11-4: ] Python €)% ] &

from numpy import array
from pyspark.mllib.linalg import Vectors

# Q@M% E<1.0, 2.0, 3.0>
denseVecl = array([1.0, 2.0, 3.0]) # NumPy%{ZH ] DL B #:/E4MLLib
denseVec2 = Vectors.dense([1.0, 2.0, 3.0]) # & #HVectors K

# QMR E<L.0, 0.0, 2.0, 0.0>; ZHIEHEIK

# ELERE (4) DL AETALIALE AT B

# XL UL — AN dictionaryRAgi, s AN AR EAER 1ist
sparseVecl = Vectors.sparse(4, {0: 1.0, 2: 2.0})

sparseVec2 = Vectors.sparse(4, [0, 2], [1.0, 2.0])

%51 11-5: F Scala & v &=

import org.apache.spark.mllib.linalg.Vectors

/] Bl TE<1.0, 2.0, 3.0>; Vectors.densefZr— B — M
val denseVecl = Vectors.dense(1.0, 2.9, 3.0)
val denseVec2 = Vectors.dense(Array(1.0, 2.0, 3.0))

// BIERHIE<1.0, 0.0, 2.0, 0.0>; ZFikHEK
[/ TENYERE X4 PLAIET AL AL E AT B )E
val sparseVecl = Vectors.sparse(4, Array(0, 2), Array(1.0, 2.0))
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% 11-6: H Java G 2 m &

import org.apache.spark.mllib.linalg.Vector;
import org.apache.spark.mllib.linalg.Vectors;

// CIER%E<1.0, 2.0, 3.0>; Vectors.densefZU— & Hok—/NEdl
Vector denseVecl = Vectors.dense(1.0, 2.0, 3.90);
Vector denseVec2 = Vectors.dense(new double[] {1.0, 2.0, 3.0});

// BIERHIE<1.0, 0.0, 2.0, 0.0>; ZFikREIK
[/ TENYEE GXHEE4) PLAIEF AL AL E AT B E
Vector sparseVecl = Vectors.sparse(4, new int[] {0, 2}, new double[]{1.0

¢ )5, 1E Java fll Scala #', MLIib 1] Vector 28 H & H KR ANE R R~
ARZ5ET, A EF T APT Hr i N2 AT ey 1 A 1) 1) 2 R £

. ({E Python v, RHT LUK HE % A B4 F] NumPy k4T ix se i 2
BeAE, ] DU IX SR B 45 MLLb. ) X EZRZA T ik MLIb £
FERUNIR N, BONSEI— BB IEAEE B W T A TS

Bl G RARARLE VR e AT M E W EORERAE, PTRAEH —2e2E =
J7F2E, bl Scala #1f¥) Breeze Chttps://github.com/scalanlp/breeze)

53 Java 11 MTJ Chttps://github.com/fommil/matrix-toolkits-

java) , ZRJE FTEHRE N MLIDb A&

11.5 HE

ARITA 4 MLLb P EZRRE, PLACEATRR AR S S8 . AT
BAT /R B R MR OR R N SRR B SR B, DR e 3 - AT 1)
I B X ek

11.5.1 HR{EFEEL

mllib.feature B H AL & — Lo HRATH WHHEF AL ISR, IX R
HH MR (B AR R BIERRHIE M B L, A XHRIE ) =t
A7 IE AL AR 25 25 4 1 v o

TF-IDF

I SR (A FR TF-IDF) & —fh R W SCA SRS (5] 4n Y
UU) AR BRFAE P B TR 0. e O SO T RN A TSR A STt
H: — A28 (TE) , Bl fANEE B E, 5
AW ISR (IDF) , FRAT & — N8 SRR R I
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https://github.com/scalanlp/breeze
https://github.com/fommil/matrix-toolkits-java

) () BT, XEERIA, Wi TF x IDF, R 7 — a5
R € SR AL ORRERE CEE i AR A2 SRS R AR A L, (HAE RN
P AR WD .

MLIib & PR USR5 TF-IDF: HashingTF A1 IDF, #BE
mllib.feature fLN. HashingTF M\ —CRYrhiH 5 H 45 58 KN )
TSR . N TR S IR R, e T A (hasing
rick) o fERBTOEXFERNES S, AL AR, B
TR] BB 381 1) B v ) — AN ST I 4R B FE AT R KA. T
HashingTF i FH &R SR 0 BT 75 ) & 004K B S BUREAS HY IR e A 1L
TR HE S B — S 0 B S-1 Z A . B RRATTT PARIEAE
A S i E . RSB, RIS 2 AN FRa gl i 21 5] — AN e Ay
B L, BIEKINER . MLLb H Rk EHHEERE S B A 218 £ 220 2
G

HashingTF o] L— R R 7 T — e, the] BLisdT T34 RDD
W B SRR ORISR B R S R R o ——
Python F' /] 1ist ¥ Java #[f) Collection.

] 11-7 £ Python 1 H T HashingTF.

% 11-7: 7£ Python #{#i ] HashingTF

>>> from pyspark.mllib.feature import HashingTF

>>> sentence = "hello hello world"

>>> words = sentence.split() # ¥ f) T N— B

>>> tf = HashingTF(10000) # GJ&— &, HRS = 10,000
>>> tf.transform(words)

SparseVector (10000, {3065: 1.9, 6861: 2.0})

>>> rdd = sc.wholeTextFiles("data").map(lambda (name, text): text.split(
>>> tfVectors = tf.transform(rdd) # X}#/NRDDHFATHEALERME

@ ERE /KRGS, R RE 7 BEAEIE SCRML 45 TF 2 /i, X
SRS AT A B RS R A . B0, R TTRE AR AR AT 1 B R
NG LBERR A B ing IR ES. N T SRRES R,
PRA] PALE map () Hif ] —22540 NLTK Chttp://www.nltk.org/)
IXFERT AT m ENE S O EE,

AR R 2 5, AREER] BAER] IDF SR vESLI ORI,
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http://www.nltk.org/

SRIG A SRS E TE-IDF. RSS20 IDF % %3
fit() J7ikkFEE— IDFModel, ‘EACTEIE Rl dr (30 SRS AR
B R, XHHEAEH transform() K48 TF A& N IDF F&E. 5
11-8 JE7R 1 afe] A5 11-7 it 5 IDF.

{1 11-8: 7E Python "'{#i F§ TF-IDF

from pyspark.mllib.feature import HashingTF, IDF

# B SRS O TR ) &

rdd = sc.wholeTextFiles("data").map(lambda (name, text): text.split())
tf = HashingTF()

tfVectors = tf.transform(rdd).cache()

# 1H5LIDF, )51 TF-IDFH &

idf = IDF()

idfModel = idf.fit(tfVectors)

tfIdfVectors = idfModel.transform(tfVectors)

R, FATX RDDtfVectors A 1 cache() ik, BIAE##EH
TR (—IRAZVIZ IDF AR, — k&M IDF 3ell TF [ &E#)

1. 45 i

REHNZ8 22 ) FIE B BRHME A m P A e R IRME, F- HAERHME
U O RE NP2 0 R i R ES B 4 (B an e A BORHEFME N 0, #5
HWEND « UETFRMEIREZ )G, RA]LLEH MLIb )
StandardScaler SR BEATIXFERI4AHL, R RIEHISMERPREE . IR
PRIE—> StandardScaler, XEIERERHA fit() BB —
A~ StandardScalerModel (Bt & NEE— St R T34 A bR it
2, SRIGHE AR G ) transform() J5 k45— Hds
£, e 11-9 Frows.

%1 11-9: 1E Python 45 it I7) &

from pyspark.mllib.feature import StandardScaler

vectors [Vectors.dense([-2.0, 5.0, 1.0]), Vectors.dense([2.0, 0.0, 1.0
dataset = sc.parallelize(vectors)

scaler = StandardScaler(withMean=True, withStd=True)

model = scaler.fit(dataset)

result = model.transform(dataset)

# 458 {[-0.7071, 0.7071, 0.0], [0.7071, -0.7071, 0.0]}
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2. IEFAL

E—EE N, ERESI SRR, s EMAKE 1 Hef
[¥). 1 Normalizer K] DASEHL, HZ{HH
Normalizer.transform(rdd) sta/ LA T . ZRINTEHL

N, Normalizer f#i/f] L2 {6z (il RWR)LRAEE) , Ad/Re]
LLZ5 Normalizer f5i— NS4 p KAEH LP 750,

3. Word2Vec

Word2Vec (https://code.google.com/p/word2vec/) & —ANEE T
2R SCARRHEA B, AT DL RIS BB AL 25V 2 TiFEI% . Spark £
mllib.feature.Word2Vec K 5| N 7 ZBEER—SC.

451 | Mikolov % A 5 3¢ # “Efficient Estimation of Word Representations in Vector
Space,”2013.

LLI1Z5 Word2Vec, R7FHEEAELE— M String 28 (B 88—
/|\> Eg Iter‘able %%Eﬁﬁ%*ﬁ’}go *Dﬁﬁﬁﬁg“TF_IDF”_A—%AFﬁi#E@{fE
1%, Word2Vec Xt Al AT IEMUALARTE (9]0 43 /NS |
LEbr A o ARIIZRER (GETS Word2Vec. fit(rdd))
25, PRe183]— Word2VecModel, 0] LA k¥4 B ia) 38 o
transform() ¥ N—/ M &E. EE, Word2Vec HiE Y K /N g
TR 3R] A ) B 25t A ) = Ry (Rl s KZNERAR 100D o AR
T A S ST B T SRR B . — R,
LB IE ) 30] 2 K /N2 D 100 000 A~ o

11.5.2 %iit

AN RIERI FHR RS, BN I ARt , ARSI
HREEAR M E 4y . MLILib i3 m11ib. stat.Statistics 2K
T VERSRAE T UM A R IS R L, X B ek BT DL B EAE
RDD [AffifH. —2e FH AR Eoan .

e Statistics.colStats(rdd)
THE H AR RDD PG THELER, RAFE =S G5
/MBS KB FRMENTT 2 XA DLHRAE — IRPAT H 3k
i E AR IS
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e Statistics.corr(rdd, method)
THELH A LR RDD A ) F1 ] AR SRR, A FH B2 ZR AR oK

(Pearson correlation) B /KR 24155 (Spearman correlation)
Hiff)—Ff (method Wh4isE pearson 5% spearman FFf—4) .

e Statistics.corr(rddl, rdd2, method)

THEFA R AL %A RDD RO CHRE, 3 B R AR AH < Bk
W Bz SR B AR —F (method W Z5i/& pearson B, spearman
HE—) .

e Statistics.chiSqTest(rdd)

THH HH LabeledPoint X} G 4H il HIRDD H & AMFFAE S5 AR 25 1 f
IRFRAESPEMR (Pearson's independence test) 5. R[] —A4
ChiSqTestResult X%, HH p{H (p-value) . MGt K
RAFFIERTE B . ARSI E A0 502K (AT EUE)

T X DIAN, BUE RDD IEHRAL LN AR RIStk B, Bl
mean(). stdev() LLf sum(), FRAITE 6.6 TiHAH e . BribLA
45, RDD b3 #F sample() #l sampleByKey (), ¥ EATA] LAKY
T AT TR P A 7 = o7 N

11.5.3 7K 5[RIH

orIR 5 A B A S PR 2R B S S SR BA 2
AR ZREE (Bl Cangs R EEE 2O R0 SRR T
MSER . oy AR DO T TR AR 2R . fEp2Rrh, F
H A RSB (Bl —MEAIREFIME, MIEEHD 5

an, I 2Ra] R RGHEPE o B SR MRS AT AR B, AT R] RS SOA
PR RE S o AR, T AR B ISR (5 TR 3 i T
PRE T — DN AR S & .

Iy 2N Bl #2=f8 F MLLib 31 f) LabeledPoint 8. 11.4 Tir#%
i, XA mllib. regression ., — LabeledPoint H:sL
Wise H— label (label &2 — Double i, ANiLr] LKA
EBCNBEECEEED Fl—) features A& 24H .
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Eﬂ KT 65025, MLLb FUHRIARZ N 0 B 1. 7E -2 fF i
Frlgefi ] -1 A1 1, HXSSIUERMER. T2 un3s,
MLIib FEARZTEE M 0 8] C-1, Hr C #aRBHIEE.

MLILib 5 287328 5 B 5L, H b A fa] 5 A e P AR0TS DA S ok
T AR

1. 2Bl

AV Rl RNE A TR —, A28 P RFE I 42 1 2H & Sk 70
i E . MLLb tH37 5 L1 AT L2 (9 IER AR, % FRA Lasso Al
ridge [7])5.

2 A Rl A % Ay DA 2R g
mllib.regression.LinearRegressionWithSGD. LassoWithSGD
LA K RidgeRegressionWithSGD. iXi#f§ 1 MLILib 3 F i) iy 44 A%
G HIX T 2 AN REE R IR R, RS 44 A ] “With” >l 3R BH P4
Rk X, SGD AR MIZREHIILEE T k.
XA JUAS W] LUR RN FE AT IR 240
e numIterations
FHEAT AR E (BUME: 100) .
e stepSize
B TR (BRIME: 1.0 .

e intercept

Fe AR I _E— AT PR 8 E e 2 R ——W 2 —AME UG
2N 1 BRHE (BRIME: false) o

e regParam
Lasso M ridge W IERAL 24 (BRIME: 1.0)

A SR AEEAFITE 5 s ANfFl. 7E Java Al Scala Y, R 7 22
il —4> LinearRegressionWithSGD X4, i FH'E 1) setter /772K
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WESH, REHA run() SRIIZER, /& Python 1, R E Al H
)71 LinearRegressionWithSGD. train(), Jfxf HAL s
XS AEIXME O, IRERTR ZE45 18—~ LabeledPoint 4k
) RDD, 405 11-10 £ 11-12 FizR.

%1 11-10: Python A A& P[] )

from pyspark.mllib.regression import LabeledPoint
from pyspark.mllib.regression import LinearRegressionWithSGD

points = # (fiJ&LabeledPoint4l{[‘JRDD)
model = LinearRegressionWithSGD.train(points, iterations=200, intercept=
print "weights: %s, intercept: %s" % (model.weights, model.intercept)

1 11-11: Scala {2 a1

import org.apache.spark.mllib.regression.LabeledPoint
import org.apache.spark.mllib.regression.LinearRegressionWithSGD

val points: RDD[LabeledPoint] = // ...

val 1r = new LinearRegressionWithSGD().setNumIterations(200).setIntercep
val model = lr.run(points)

println("weights: %s, intercept: %s".format(model.weights, model.interce

% 11-12: Java 2 [R5

import org.apache.spark.mllib.regression.LabeledPoint;
import org.apache.spark.mllib.regression.LinearRegressionWithSGD;
import org.apache.spark.mllib.regression.LinearRegressionModel;

JavaRDD<LabeledPoint> points = // ...
LinearRegressionWithSGD 1lr =

new LinearRegressionWithSGD().setNumIterations(200).setIntercept(true)
LinearRegressionModel model = lr.run(points.rdd());
System.out.printf("weights: %s, intercept: %s\n",

model.weights(), model.intercept());

VER, fEJava®, FHFEELIHA .rdd() J7i23 JavaRDD #°4 Scala
HH#) RDD 2. XA EUAE MLILb HHFEAL AT L, [K2h MLILib 75545
T oNEER] DA Java I, 0] LA Scala 1HH »

—HINZ5ERK, BB S iR LinearRegressionModel #4149,
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H— > predict() A%, A LLHSEX AR [A) & FT — A4

{H. RidgeRegressionWithSGD 1 LassoWithSGD 4T WML, If:
HAS R B — AN R ERISE . HL b, XM setter 77T &
BB, AREIRE DA predict () J7EER Model 54 AR,

££ MLILib HR % .

2. 1% 4[] 14

AR 2 — M e 2R0R, RG>0 b B AT B 7 151
A FIFIm. £ MLIb H, & U 4HbR3E09 0 5 1 /Y
LabeledPoint, R[A[A] LAFUMIET s 53 2R 1Y
LogisticRegressionModel %} %,

W [E AL B APT AET /DN — 0 FR R 2R PR B+ 0 AE L. PR 1Y
Xz —fET, A Fha] DL R D B3 o) B 5% SGD Al
LBFGS®. LBFGS — M flf ik, H2 785/ MLIb ik A<

(H.7F Spark 1.2) AT, XEHEEIET
mllib.classification.LogisticRegressionWithLBFGS
WithSGD KR MLAH 7, #0F LinearRegressionWithSGD #H
Bhe BRI S EBOMA LB 56 2 —FF GEILET—/NT5) .

SLBFGS f& R4k I bl, & mT LALE He BEATURE & T B 3 A A AR B 8. 1 0
http://en.wikipedia.org/wiki/Limited-memory_BFGS.

XA HIEH S LogisticRegressionModel w] LA fioR
H—7E 0 2 1 Z A 435, ZJaafT— A B{ERE 0 5 1. Bk
BHR, XFT 05, B£iklE 1. #RA[ LS setThreshold() titZE
B{E, A LB clearThreshold() £R B E K E, XFEEHILG
predict() iR BRGS0 ST B BH M1 25 2 R 32 i 5 s
4, RATHEEIRE 0.5 fENBME .. X T AP ER 4, ARmTLUE
Pt B R AR B H R R e (R SRR, (R K
TAEZE) , W] PUE S FEAR AR R s B A 2 ) £

g TEAE FHZ B Bl B, BRI B 48 5 2 AH [F)Ye B 938 & B
BEE, {RA] PU# A MLILib [ StandardScaler &S24 %,
W0 11.5.1 75 A R “4E 10 /N BT

3. X Fr R EAL

SHEFENL (RIFR SVM) Bk & b —Fh s FH 2R M 2 1)~ 18 ) — o697
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R, [FFER T 0 8 1 A9AR%E. 181 SVMWithsSaD 35, FATn]
CAUT XA, ERSHE LM RNIEMZE RS EAZ . R
5] ff) SVMModel 5 LogisticRegressionModel —#£A# A RE i) 77 =
HEAT TR

4. Fh2R DUy

FhZ U3 (Naive Bayes) Hikie—MZ o 2Raiyk, ML TR
TIE B 281 PR B8 — AN 5 2 BB 2T 94343 o IX PRV IE T8
F TF-IDF $FAE) SCA 2, DL H AL — 22 B . MLILb SEE 1 2 10
A DUy, IR CLbamialdin) /B v NRRAIE

7E MLIib #, fRv[LLIET m11ib.classification.NaiveBayes 3%
KA AN R DIk B SR — 124 1ambda (Python H /2
lambda_) , HIREEATFIEAL. RA]LAXT—NH LabeledPoint ZHJ,
[*) RDD A AN ER DI Bk, X T C ANk, e ETEHEAE 0 2 C-
1 Z I8,

1[5 ] NaiveBayesModel iEFRATTA] LIAdE FH predict () Folx 3 55
BAERI A, WAl ULU7 ISR R AN S8 SR IE S %5
FRI AT REMEAERE theta (KT C AN 28A0 D MRHMERTTE DL, FEFEK
/N CxD) , PLEFRRGIEMERT C 4= pi.

5. TR 5 R HLAR AR

R 2 — D RIGHRAL, T DLARIEE T 2338, W m] BAHIRIEEAT [A]

o BRAH AT R 00N, B 8 T Bl R Y — A
—ondE (e, XA ARIFEERZE AT 20 7 ), MR AR
AL S — R ZE R (i, XA ARARESE T dh? ) o R
S IR 5 JIE TR B R Gy, i EL o SR BE SR 0 2R 1 %F

i, WCFRESRIRHE. Bl 11-2 JRIR T — RS IR
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[ age > 20? ]

i =

v v

[gender = female?]

=
RE

! l

B 11-2: N FINH P 2 75 2 W K7 i R o S s 451

£ MLIib #, fRe]PI{#H mllib.tree.DecisionTree P HIHHE
J71% trainClassifier() Al trainRegressor () SRIZRH M,
R H A A Sy AN ] [ 5, Java F1 Scala [ APT A FHER&S 7, 1M
Kﬁi;ﬁeuer TIEERIK DecisionTree A% . ZIZ: 7~
Fh 5244

e data
H LabeledPoint ZH/% [ RDD.
e numClasses (fYH 173280
TAE RS HE .
e impurity

RIS IR X T 2R e LU gind B entropy, X T
[l )5 %258 variance.

e maxDepth
W R RKIRE CBRAE: 5)

e maxBins
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FERY BT R B o B 2 DA T GEREME: 32)
e categoricalFeaturesInfo

—ANHEIER, RS E BRI R 7 3R,  BLACEN A 2 DA
K. Blan, WIRRFAE 12— MARZE0Y 0 B 1 I TR, HFIE
2 MFRRE0Y 0. 180 2 B =JehFAE, IREIN A% {1: 2,

2: 3} WORBATRALZE 2RI, ik — 2 H &

MLIlib JAEZ Y Chttp://spark.apache.org/docs/latest/mllib-decision-

tree.html) A0 5 X EAL BT3P SR RO PR AR RS . BV IT A 25 B
WEFEALH . FREEE L& maxBins SEUEBH TN K. X T
R SE S, RnT ge 7 2200 FBUIRAY maxBins {E R B PRI I R
o, RERXBEFFREER R,

train() 7vE& 1R [El—A> DecisionTreeModel X %. RA] PAfEFHIX
MRTRI) predict () J7i5RX—ANET AL [R) = FRN 0 B R AR, BX
U —A~ M & RDD. Rt A] LL§ A toDebugString() KfmHiX £k
P o XX RAE ARG, B AR AT LA Java 2 I 4A0H B IR AF
SRIEAE T — R s U K

B J5, fE Spark 1.2 H', MLIib £ Java 1 Scala HH#s il 1 1056 P4 #Y
RandomForest 2, UK E—HAMBIAE, WBEFNBENLA
. ‘& LLi#ET RandomForest.trainClassifier #ll
trainRegressor /. Bg 1 NIA F1 H R B 1241

4k, RandomForest &2 HN NS5,

e numTrees

TR B . P25 numTrees 1] DLRRARXT I 2R 8 i B 40
IR RENE

e featureSubsetStrategy

FEREA T M EAEE R f5 E 2 B R E S E . AT LA auto (ik
FESkEshikE) . all. sqrt. log2 LA} onethird; #AKMHI{E
FIT e % AR 8RO o

e seed

FITASE ) BB R1
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BEHL AR BEIR [5]— > WeightedEnsembleModel Xt %, Hdf & /1,
MR (FF weakHypotheses FEH, L EH
weakHypothesisWeights #E) , A LAXT RDD 8% vector i H
predict(). Bi&H — toDebugString J5i, B LAFTERH Hdfr
A B o

11.5.4 5K

FRRGLA — PR E S MES, T8 500 B JAT w5 BB
TR AT e 2 B U 55 B AR 2 bR 22 1, i RS m] L
TR E . ZFEREENTEERR (BF e
ottty LA HERI GRA SRR REAAAERLEN £ .

KMeans

MLIib & H2RH AT ) K-means &%, LA —NY{E K-means|| 1)
Asfh, W] LU AT PSSR AL S AT WAL S g . SK-means|| BRI EE4L
TR S5 K-means++ (LG & B0 mU0 BT dE4T BOW) 4640 A2 3E 5 AR AN

6 5% F. A48 K-means|| )3 2 /& Bahmani 25 A\ JiT 3 [)“Scalable K-Means++,”VLDB 2008.

K-means i B2 P S EE AR R RF.O BisE K. S5k,
PRIV TTRESEHT ANTE BRI BB, FrblsfEst B2 =l LA
AFEFKAE, BRRENTFEEEAEEE NENLE. AW, &
IR ReeEil—" K1E. BT K LLob, MLILb H#) K-means i
KL NS4

e initializationMode

RRAIEE A R R0 p 5%, AT BLJ2 “k-means||” 8%
F“random”; k-means|| (ERIMED —MREWRELGRLESR, H
g E— L,
e maxIterations
BAT R RIEAR S (BUAE: 100) .

® runs

BIRIFRIBITHIEH . MLIib ) K-means &5 Fr M Z AN S 3+
RKPAT, RGiEFEmEg R, XM SRR T ) AR A ) —Fop
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AR T (K-means 11247 7] s 1B E AR g /IME )

AR VR —FE, LR E A K-means BiER, R EQIE
mllib.clustering.KMeans X% ({f Java/Scala ¥ ) B3 ifiH
KMeans.train ({E Python #1) . E4%UX—4> Vector 41k /) RDD
EAZH . K-means iR [[]—4> KMeansModel Xt %, &4 % IR
M H clusterCenters &t (EEFL, B2 —PMH=REA) 5
WH predict () KX — MR &R EE RN, &

B, predict() & 2R BIFNZ & B fealr 5 R0y, B AN &
FRATA I 2R AH PR AR .

11.5.5 Va8 S

Pl [RI I8 A8 — PR AR P X6 5 A il (28 L5 VP R AT 7 o ) 9
ARG PRI 51 N R I7 e T8 A R 2R — RS
/PR IIAZ HAC S R R IR H (BIAnE M uh_EREAT PP
o) BRI HY CEIIH D77 A R LR AR 7 i
W) R HE R ADURIEX LR B, P[RR BE % i E M Lk
77 i Z I ECBAREL CRONARIRI R S5 e i 2 1 22 5D BRIk EE
Jr 1A EEBARAEL, 205wl AT AL B R

R MLILb ) API fEH 7 «H o fner= iy Bk, (BARWA] DUE B [E]
e T AN 5wt e g HERE R 7, NS EHERE
TININHIARES, NHGHEIEIR .

=S YN

MLIlib A4 B /N 3k (fAFR ALS) — A2, X 2— A hE
PR R, ATLURIF R R EIER . T BT

mllib.recommendation.ALS 25+,

TR A 2% IR R 1 ALS SV KB 18 S0 2 Zhou 45 A\ 85 [ “Large-Scale Parallel
Collaborative Filtering for the Netflix Prize” 1 Hu % A\ $£5 [#)“Collaborative Filtering for
Implicit Feedback Datasets,”# & % T 2008 4.

ALS S ONREAH P A iR e — MR R, R P 1R R A
[ R AR AL A ATT AR 70 BRI T 1K B8 24

e rank

i AORFAE [ B R/ R ROAFE ) 2 AR AP AR Y, (5
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e T EAC B RRTHEAD (BUME: 10
e iterations
BHATHIA A (BOAME: 10
e lambda
IEMe 4 (BRIME: 0.01)
e alpha
SRR ALS PR EFENEE (BUME: 1.0 .
e numUserBlocks, numProductBlocks

P10 A P A= B R 8 H , RIS AT RS AR AT DAL
-1 K1k MLIib HahkE CRIMTA)D

ZAEH ALS B, IRFEAR —1H
mllib.recommendation.Rating XJ R4 A RDD, Hrpap/Mud
—AHFID. —A7E ID M= Ry (AR EARPEy, EAaZ
fa R Z W R REI R . %iﬁﬂﬁ*ﬁ’] M ZEEA 1D
Al Ee— A~ 32 AR RME . ARIRAY D & 747 H B KRR
7, WATEEIR BEAEAE ALS M ID BraaE; RIEE M kG
BT S B [F]—N ID b, Bk RAKIR S A . FH —Fh 75
ﬁﬁ? broadcast () —iKM ™ ID BPEERME KR, KK A anfh
FHJ ID,

ALS iR [F|—/> MatrixFactorizationModel X} % KK /RGEH, AILL
W pr'edlct() FXt—/ N (userID, productID) X4 A RDD
BEATFOMYE Sy 8 /Rt AT LU F model . recommendProducts
(userId, numProducts) RN —A 45 7€ H P 3R B S AE AT 1 AiT
numProduct M= i JER, A1 MLIb 1§ Ad A A

5], MatrixFactorizationModel % R1R K, NEASH Y HIP= 5K
A T — A& XFERMEA R efA2E E, RER—
e e E R R . ANad, fRA] CAFEA Y Ao A Bl RFAE ) 52 RDD, 8
Wi & model.userFeatures fl model. productFeatures {#{FF|4)
ARG L

8% Java ', M—ANHI Tuple2 ZH /%% JavaRDD JF44, TEETEWA . rdd() 715,

275



WwJa, ALS AAAM: BP0 (BUAEHD Mfexm Gad

WA ALS.trainImplicit() M3E ALS.train() K1) - HT &
XVPor Iy, BN P — AN v R —ME 0 (Bl 1 2
58 , MM H R PE 218 0. TR, A 1Er
B P SMGEr-mK AL BNERE (hankass H Ui —
ARG, Eotaeigs) , Wl SRIEEBER . T
XTES A ALS 53%, Hu 55 A5 ) “Collaborative Filtering
for Implicit Feedback Datasets,”ICDM 2008 #F % ATEANI /48

11.5.6 [&4E
1. E 57 i

25 € — A e A P R B AR, FRATT A R > SRR, oK
152 FH A B SR ) T AL AT b Biltn, JRATTR] BEAR AT 4R |
(] IR AT, E R S AR el D R ) AR AR A I R T K

WL 5 21 A X A fs A A 2 2 B PR R R 2 E k20t (Ti AR

PCA, https://en.wikipedia.org/wiki/Principal_component_analysis) . fE
ST 5 N L | WP (W S (TR AP I 8l T A o €7 A Sl LT B
7 22 B RAK, AT 20— S8 TE R 4E 2 . B H S Mg, AT
R IR RO AR ORRE R, A XA RE B B 7 S 1) B A 23 A
55 ORK ) —FB AR AT N, () 7 S 1) 2 m) DA R B 3 B dn e 1 32

LTS

PCA H i R £F Java 1 Scala (MLIib 1.2) 0] FH. ZifHH PCA, &
BB mllib.1inalg.distributed.RowMatrix SR KRR
IAERE, SRIGAEME— N Vector 415K RDD, #1T—4. 92 /5,
PR AT LLanfs] 11-13 Bz~ ABFE R FH PCA 532,

9% Java 1, M—ANHI Vector ZH/% (1 JavaRDD F14, TATFHEMNEWMA .rdd() HiEHE
‘B N— Scala ff] RDD.

%1 11-13: Scala T[] PCA

import org.apache.spark.mllib.linalg.Matrix
import org.apache.spark.mllib.linalg.distributed.RowMatrix

val points: RDD[Vector] = // ...
val mat: RowMatrix = new RowMatrix(points)
val pc: Matrix = mat.computePrincipalComponents(2)
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/1 R R B YR A )
val projected = mat.multiply(pc).rows

/] G 4 )l 2Rk -means LAY

val model = KMeans.train(projected, 10)

EIXMI T, 2 B F) RDD B8 56 RDD HH Y points B —4Efik
A, A DL SRAE B Bt AT HoAl MLLb 833,  Han{d ] K-means 3347

BX >
5&%50

7E &, computePrincipalComponents() i[5l f] /&
mllib.linalg.Matrix X} %, &—/>H Vector ALK~ B AE
B T B, RETLLIF A toArray J7 3R EUE 2 IEIE .

2. 7 FAE I AR

MLIib 324t TR ZE R & RAE 2R (BF SVD) JRiE. SVD &ft—
A m xn FFERE A DR EDNERE A~ UZvE, Hd.

o UR—NIEAHIE, BRI N7 7 &,

o X — MM EEIAIENEIEE TR AR, BN
XF A 26 b B FR & 18
o Vit NIERHRE, EMFIBIR AL G FIN & .
X R, W0 ATERATEE M, A Es SR A
EAS 2 N A e m R A . XFET LA e S e . FEe, JEF
FF BRI . WRARE AT k Nar e, B R EiaE U
:mxk, X:kxkUPLK V:nxk.

SEHEAT 0, N RowMatrix 256K computeSVD J7i%, wifs] 11-14
Fw o

5] 11-14: Scala i SVD

// TH5 RowMatrix R 1 11 204N 73 S AE K FL6T B (1) 5 1) i

val svd: SingularValueDecomposition[RowMatrix, Matrix] =
mat.computeSVD(20, computeU=true)

val U: RowMatrix = svd.U // Uz —4~#iziRowMatrix

val s: Vector = svd.s /] BB —A R AR 1 E RN

val V: Matrix = svd.V /] Ve il R
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11.5.7 BAPEAY

ToR AL S ST 5515 F B2 A A By, AR A 8 A i 1) A 2 2 >
KRR — AN EEIRTT . 227 ST 55 0T DU F AN [R] B 7R R
b, i H RIS A B A R — N5, SO E W] DU RAS TR 1 45

B A G,  FRATIE T R A I 2R B s 1 S LA B R, R
PRE I I AR 55— AN 4 B A R SR X B R AT VP, T AN 2
B TR4E

EARFEIER (5N T Spark 1.2) , MLIib 4308 — 256 AR B PE Ak
PR, AN N BEFE Java Fil Scala . IX L pRELE
mllib.evaluation €97, AR M AR, EAME
BinaryClassificationMetrics fl MulticlassMetrics &EiXLEA
[FI RS A IR LSS, PRAT UM (i, S0 X4 ) RDD
FAVEE — Metrics MR, REITEEWEFHE. dRZE, #3%
FEAERE (ROC) MR N IHARSE B R . XEETTVENIXIBITE—
L RNNRLE £ CEnfE I ZRat ekl 20% B98dED - ARAT L
5 map () ERECK VRIS N 2R e 45 1, AR R (TR,
H50) M RDD.,

FEFK ) Spark AT, A5 RFIAA I3k L APLAT I BT i
2B NVER B RIS APL T Bl X — LA S SR
AKEELLIE —MVRRRIE, AR5 3RS0 T BAE A X F 3 % 5 M
SR OB

11.6 —IREMREEE

11.6.1 HER4RE

REN g b h a8 o pril S, (HUeEseE,
BEANEE I R TR Y AOAFAE | VF 2 NS AR AR AL A%
2 3 N AR R A A RN A% 2 > i B — 25 . SN
R EFEENRAE (IS AR EERUGIAE ZEE) 5K
E%ﬁ%ﬁ%ﬁ%ﬁi%ﬁ(WW%M@%)%%Wﬁﬂ%%&ﬁ%

RAGA KRS AF 2T, ERIRA S IR 225 H AL &
APFUTHEZEE. A, AU FREEHMRSMERER, T
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H B % MLIib ki

o YRMUM NN, 15 11.5.1 F5 R “f4a” /N AR gk v A8 EE, 45 H
StandardScaler AbFRRAE R EE T 5 RFIE

o IEFATRHCASRE. AW NLTK Chttp://www.nltk.org) IXF
14N R FE 1A, (A8 A TF-IDF $RBURHERS, fEACRMERE
EL2E_F A3 H IDF.

o N4 KkE FIERRIARZS . MLIb BSR4 KEIFREA 2 03 Cc-1 2
8], Hp C RRRASEL

11.6.2 [t & 5k

FEIE R TR AT RS, MLLib )R 2 BRI AT A IE WAL T TP R
DASEE L (EPMAER 7D o tboh, REZHIET SGD KR LT
KL 100 FIBACKIRAF B4 945 R . MLIib il f2 i &3 R BRIA
{6, (HRIRNZZ RIS, KEFR LG REBIRFEEIAE.
an, AR ALS 5LERS, rank (UERIME 10 AR, B AR %22
iﬁﬁ%i‘zﬁ\ﬁo FFORAE VT A X 6 2 55038 A I I 54 HE R E I 2R R
LI

11.6.3 ZZ/FRDDULHE & ¥

MLILib 1)K 2 BOFVE AR AN, S AEE AT S E#Rd . DAL, £
TEH AR AL 45 MLLb RT{EH] cache () BB AP ZIRE E
1. EMEER R TR HOR T, (Rt BEi% 22
persist(StoragelLevel .DISK_ONLY),

£ Python 1, MLIib 2B 4 4E M Python ¥4 2| Java i £ Java
i H BN GeAT, I L E G A7FVRE] Python RDD, FRIARIRAEH CHY
PR ER RS . MTE Scala Al Java FF, 75 2 R W 5 2 R
TR AF AR

11.6.4 R A FG LR
MARHRHE ) B AR 2 0, FMG TR A G IX L ) s 2 o R
FARET BB R R 220, £ 05, UEL =402 —WINiN

AR, MLLb IR 5T R OB A 3 & s 2/ R A ALY
Jilfl, AR Z 10% KIAOYAREER, Rl A& pr 2 e A e
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e G PR Do F s i 2 s 7 206 1) & oh (B S Je 3T B9 952
PO A & M BRI 22 . D (HRWIRME Mg R s e 1L IR A7
i AR 3 R I TC VR R A I AR, B e A B LU 2 Rt 2
WM o

11.6.5 475

ST REZHGEEM S, %I RDD #4r X B2 /b Nz fERER)
CPU 0B Y, ZXFEA BRI 2RHAT. BAE—T, BAEN
T Spark 2 SRR BRI — AN X, THR— N 64 MB. AR
Al L@ TS [A] SparkContext . textFile () iXFE ) B HAL 3 2 X B
e/ IME R BB BRINAT N——Bl i sc.textFile("data.txt", 10).
F—FhIriERXT RDD A repartition(numPartitions) ¥
RDD %3 [X % numPartitions N3rIX . REGZA A LLIELE Spark f WX 17T
F - 5HiHE 2181 RDD 53 X 4. [FRE, EEAEMEHRKZ 55X,
IR R IR <= 38 nidqs 4

11.7 i/KZAPI

M Spark 1.2 #2, FETFHLESZE I R/KL MRS, MLILb 30 17 —&%5
= EALES 2 5] APL. iX% API A SciKit-Learn Chttp://scikit-
learn.org) HHEHEIIKL APT LLECARML, AT R HLUE, R/KZRE 2 —
RO BAR N B (EARFEE, EAZERUE) o K
KD IRE AT Re A S5 (B w2 EE A rERIRED o KL
APL A8 FH P ik I VPAL RE FE VAL &N RS, R RS R B 3408
ICZERINE =15

K ZE APT i FHIRATIEE 9 = A /4313 1 Spark SQL A SchemaRDD
YENG — I EHRELR R TE . SchemaRDD 1 ZNH & FHIF, X
FES| HEIRMIA R FB SR 5. K& S PR g2
SchemaRDD Ji_E#r 41 (FIanFE 7 R-E IR o« SRS
F1 R A1ff] DataFrame 5 £2510L .

N AR SZ — X E APL, AT T 2 A5 I 5 Bz 3% A 28 1
{91l P P2 VB SO 7 — ki FRATIHR SRR 1 GnfeT sl ik ok
HashingTF fll LogisticRegression ({2 %fdi Fi] JLLHAS [EME IF 34T
AR, SRALXASRGIRE P SENGEMT A 1, anfi 11-15 Fros.

% 11-15: 1E Scala *{# FH IR /K 2k APT SZI 857 3% HISAF 432

280


http://scikit-learn.org

import org.apache.spark.sql.SQLContext

import org.apache.spark.ml.Pipeline

import org.apache.spark.ml.classification.LogisticRegression

import org.apache.spark.ml.feature.{HashingTF, Tokenizer}

import org.apache.spark.ml.tuning.{CrossValidator, ParamGridBuilder}
import org.apache.spark.ml.evaluation.BinaryClassificationEvaluator

/] FIRFIR SRR, 24 ASchemaRDDH
case class LabeledDocument(id: Long, text: String, label: Double)
val documents = // (iHlLabeledDocument(fJRDD)

val sqlContext = new SQLContext(sc)
import sqlContext._

// HC B ML 5 KGR =B8R il g4, AR R, AP
it SchemaRDDI)— M4, FFAE N T — DB ERIVHI AT
val tokenizer = new Tokenizer() // H4MEA41) 5y B iA]
.setInputCol("text")
.setOutputCol("words")
val tf = new HashingTF() // RfiBAF A ) SLim s D9 605 10000 AL Y 7] &
.setNumFeatures(10000)
.setInputCol(tokenizer.getOutputCol)
.setOutputCol("features")
val 1r = new LogisticRegression() // ERiIMdiF"features"{E N5
val pipeline = new Pipeline().setStages(Array(tokenizer, tf, 1lr))

/] BEHRUKESS IS AT IS

val model = pipeline.fit(documents)
/] B, AMEH B ZSE RN IINGERAT — S, WAl
/7 ST ISR — S HOHEAT PRSI R, SRR B R R AR

val paramMaps = new ParamGridBuilder()
.addGrid(tf.numFeatures, Array(10000, 20000))
.addGrid(1lr.maxIter, Array(100, 200))
.build() // HWESHKTAEAE

val eval = new BinaryClassificationEvaluator()

val cv = new CrossValidator()
.setEstimator(1lr)
.setEstimatorParamMaps(paramMaps)
.setEvaluator(eval)

val bestModel = cv.fit(documents)

EEERPN, HKEL APLid e Tikge s 1, /R LA MLIib 3C
#4 Chttp://spark.apache.org/docs/latest/mllib-guide.html) A 2|5 T
IKER AP 55 SO
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HoAth APT 2% KR . &Rl LLiE/REAE RDD, 1132145 Rt ] DAL
HAth Spark pREH{d . MLILib t/2& Spark J & i NG BRI 2HA4: 2
—, BIREAWT R . FRATEE BRI () Spark R AS BTt
B 77 RS (http://spark.apache.org/documentation.html) PA T i H
BT DI
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