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>./bin/run-example org.apache.spark.examples.SparkPi
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Bob B AR LA . RBhztTsg, N 7ek th ras A BN T AR .

14/11/27 20:58:47 INFO SparkContext: Job finished: reduce at SparkPi.scala:35,
took 0.723269s
Pi is roughly 3.1465

FAEA M N BB I TSN, Lhlocal (N RS HORIGE — P master BRI FidZS
HoP N R B TR FECH o bean R TP ZAR, AT AR i

>MASTER=1local[2] ./bin/run-example org.apache.spark.examples.SparkPi
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Fr7ESpark ERE Lo HCANTE—Spark FUHLAERE BizdT Bidoni], R A L1 (Y URLEIH] .

>MASTER=spark://IP:PORT ./bin/run-example org.apache.spark.examples.SparkPi

Horp ) 1A PORTA A& 10 A IPH L v 05 . X451 Sparki s ilRE s 1 T1E 99 5500
POPIAIIE: it o

Spark S BRI B 10 52 BAEARBRTHEERN . (B, A5 24 Amazon EC2
SETE YL A AR EE A

Spark & BE 3 F t9 B A48 T A ke T 4k

[ Q http://spark.apache.org/docs/latest/cluster-overview.html

Q http://spark.apache.org/docs/latest/submitting-applications.html
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Q 4+ *tScala, JavaF=Python#9 ( Spark%»#245 & ) : http://spark.apache.org/docs/
latest/programming-guide.html,

1.3.1 SparkContextF5Ssparkconf

AT-A7] Spark e 7 1Y 9n 5 AR = M Sparkcontext ( B fHJavadi G A JavaSparkContext ) FFfh
B, SparkContextI¥IAILTE —sparkconf X4, JG#H A T SparkEREA B 1% S5
( et 375 SAYURL ),

WIS, FoAME AT sparkContesxt W4 FITAL (125 Fh 7 e B IRV E 43 A XAt S F
A Spark shell ( 7EScalafilPython FAILL, {HAZHfJava ) 68 H I8 ik witnfb. A2
HIScalaf CH RSB TE, WIS B 1 A .

val conf = new SparkConf ()

.setAppName ("Test Spark App")

.setMaster ("local[4]")
val sc = new SparkContext (conf)

X BAUH 2B — 42 B i sparkContext X 4, IR HAMRI KI5 44 A Test Spark
app, FRATHL AT 41 A sparkcont exct (TR ARG IS pRAL,  LAERINBY S EUE R Q1A AR
XS4 HACRAN E iR 58 2 AH (A «

val sc = new SparkContext ("local[4]", "Test Spark App")
TE RS
N\l
Q A& =T Mchttp://www.packtpub.com T 2 4R Ik 5 1) 5% & 49 Packt 45 4§ AT x5 89 -~
BIRFAG, & FAMA LM FE 6y, W T {2 https://www.packtpub.com/books/content/
supportiE M, A8 69X AL B B K E B4R B TR




1.3 Spark Zaf2 AR 5

1.3.2 Spark shell

Spark 7 7 Scalai} Python REPL ( Read-Eval-Print-Loop, HI3ZH 2 shell ) Seit4738 H 2R
o5, HTMmARCIESg S TS, shellferel ACADIT 25 B SEm) S ik . 7EScala shellH
WA PATE RN E S EAERE P TR RS BR R,

BRI o Scalafe i HSpark shell, 7 MSparkf = H ¥4 7 . /bin/spark-shell, E&A
BfjScala shel ¥l —1~sparkcontext X} 4, FATAT LA i s cixX ~ScalafB > J# X X4
A B Ly NI E TR -

® 00 spark-1.2.0-bin-hadoop2.4 — java — 119x61 "y
Nicks-MacBook-Pro:spark-1,2.8-bin-hadoopZ.4 Nick$ ./bin/spark-shell

Using Spark's default log4j profile: corg/apache/spark/logdj-defaults.properties
14/11/27 22:82:26 INFO SecurityManager: Changing view acls to: Nick

14/11/27 22:82:26 INFO SecurityManager: Changing modify acls to: Nick

14/11/27 22:82:26 INFO SecurityManager: SecurityManager: authentication disabled; ui acls disabled; users with view per
missions: Set(Nick); users with modify permissions: Set(Nick)

14/11/27 22:82:26 INFO HttpServer: Starting HTTP Server

14/11/27 22:82:26 INFO Utils: Successfully started service 'HTTP class server' on port 55288.

Welcome to

version 1.2.9@

Using Scala version 2.10.4 (Java HotSpot(TM) 64-Bit Server VM, Java 1.7.9_60)

Type in expressions te have them evaluated.

Type :help for more information.

14/11/27 22:92:38 WARN Utils: Your hostname, Nicks-MacBook-Pro.local resolves to & loopback address: 127.8.8.1; using 1
0.2.08.7 instead (on interface en@)

14/11/27 22:92:30 WARN Utils: Set SPARK_LOCAL_IP if you need to bind to another address

14/11/27 22:82:38 INFO SecurityManager: Changing view acls to: Nick

14/11/27 22:82:38 INFO SecurityManager: Changing modify acls to: Nick

14/11/27 22:82:3@ INFO SecurityManager: SecurityManager: authentication disabled; ui acls disabled; users with view per
missions: Set(Nick); users with modify permissions: Set(Nick)

14/11/27 22:82:31 INFO S1f4jLogger: Slfd4jLogger started

14711427 22:82:31 INFO Remoting: Starting remoting

14/11/27 22:82:31 INFO Remoting: Remoting started; listening on addresses :[akka.tcp://sparkDriver@l@.@.@.7:5529@]
14/11/27 22:82:31 INFO Utils: Successfully started service 'sparkDriver' on port 5529@.

14/11/27 22:82:31 INFO SparkEnv: Registering MapOutputTracker

14/11/27 22:82:31 INFO SparkEnv: Registering BlockManagerMaster

14/11/27 22:02:31 INFO DiskBlockManager: Created local directory at /var/folders/_1/@6wx1jtl3wqgm7r@6jlc44_roeadgn/T/sp
ark-local-20141127220231-634b

14/11/27 22:82:31 INFO MemoryStore: MemoryStore started with capacity 265.4 MB

14/11/27 22:92:31 WARN NativeCodeloader: Unable to load native-hadoop library for your platform... using builtin-java ¢
lasses where applicable

14/11/27 22:82:31 INFO HttpFileServer: HTTP File server directory is /var/folders/_1/@6wxljtl3wqgn7re8jlc44_re@edgn/T/s
park-8595fd59-f23f-4bE3-8cda-5b7bbB534335

14/11/27 22:82:31 INFO HttpServer: Starting HTTP Server

14711727 22:82:31 INFO Utils: Successfully started service "HTTP file server' on port 5529%1.

14/11/27 22:92:32 INFO Utils: Successfully started service 'SparkUI' on port 4048.

14/11/27 22:82:32 INFO SparkUI: Started SparkUI at http://10.0.0.7:4040

14/11/27 22:82:32 INFO Executor: Using REPL class URI: http://10.0.0.7:55288

14/11/27 22:92:32 INFO AkkaUtils: Connecting to HeartbeatReceiver: akka.tcp://sparkDriver@ld.®.@8.7:55298/user/Heartbeat
Receiver

14/11/27 22:02:32 INFO NettyBlockTransferService: Server created on 55292

14/11/27 22:82:32 INFO BlockManagerMaster: Trying to register BlockManager

14/11/27 22:02:32 INFO BlockManagerMasterActor: Registering block manager localhost:55292 with 265.4 MB RAM, BlockManag
erld(=driver>, localhost, 55292)

14/11/27 22:82:32 INFC BlockManagerMaster: Registered BlockManager

14/11/27 22:02:32 INFO SparkILoop: Created spark context..

Spark context available as sc.

scala> [|

FAETEPython shell i FSpark, EZ217. /bin/pysparkfiaRIA], 5Scala shell2&{L), Python
THYsparkcontext X4 n] LIiE 4 Python S sl . S L H N iz a0~ PR .



6 % 1% Spark ¢93RFEHE L IE 4T

@00 spark-1.2.0-bin-hadoop2.4 — java — 119x61 ",

Micks-MacBook-Pro:spark=1.2.@-bin-hadoop2.4 Nick$ ./bin/pyspark

Python 2.7.8 |Anaconda 2.8.1 (x86_64)| (default, Aug 21 2014, 15:21:46)

[GCC 4,2.1 [Apple Inc. build 5577)] on darwin

Type "help", "copyright", "credits" or "license" for more information.

Anaconda is brought to you by Continuum Analytics.

Please check out: http://continuum.io/thanks and https://binstar.org

Using Spark's default log4j profile: org/apache/spark/logd4j-defaults.properties

14/11/27 22:85:24 WARN Utils: Your hostname, Micks-MacBook-Pro.local resolves to a loopback address: 127.8.8.1; using 1
9.9.9.7 instead (on interface end)

14/11/27 22:@5:24 WARN Utils: Set SPARK_LOCAL_IP if you need to bind to another address

14/11/27 22:@5:24 INFO SecurityManager: Changing view acls to: Nick

14/11/27 22:85:24 INFO SecurityManager: Changing medify acls to: Nick

14/11/27 22:@5:24 INFO SecurityManager: SecurityManager: authentication disabled; ui acls disabled; users with view per
missions: Set(Nick); users with modify permissions: Set(Nick)

14/11/27 22:@5:24 INFO Slf4jLogger: Sli4jLogger started

14711727 22:85:24 INFO Remoting: Starting remoting

14/11/27 22:85:25 INFO Remoting: Remoting started; listening on addresses :[akka.tcp://sparkDriver@l®.8.@8.7:55313]
14711727 22:85:25 INFO Utils: Successfully started service 'sparkDriver' on port 55313.

14/11/27 22:85:25 INFO SparkEnv: Registering MapOutputTracker

14411727 22:85:25 INFO SparkEnv: Registering BlockManagerMaster

14/11/27 22:85:25 INFO DiskBlockManager: Created local directory at /var/folders/_1/06wx1jt13wqgn7 rd8j Lcdd_r8@olqn/T/sp
ark-local-20141127228525-7631

14711727 22:85:25 INFO MemoryStore: MemoryStore started with capacity 265.4 MB

14411727 22:85:25 WARN MativeCodelLoader: Unable to load native-hadoop library for your platform... using builtin-java c
lasses where applicable

14/11/27 22:@5:25 INFO HttpFileServer: HTTP File server directory is /var/folders/_1/@6wx1jtl3wgom7r@djlcdd_r@edean/T/s
park-e5b50al4-c182-40bd-ad4a-ba6d485dfbea

14/11/27 22:@5:25 INFO HttpServer: Starting HTTP Server

14711727 22:85:25 INFO Utils: Successfully started service 'HTTP file server' on port 55314.

14711727 22:@85:25 INFO Utils: Successfully started service "SparkUI' on port 4848,

14/11/27 22:85:25 INFO SparkUI: Started SparkUI at http://10.0.0.7:4040

14/11/27 22:05:25 INFOD Akkaltils: Connecting to HeartbeatReceiver: akka.tcp://sparkDriver@l®.®.@.7:55313/user/Heartbeat
Receiver

14/11/27 22:85:25 INFO NettyBlockTransferService: Server created on 55315

14/11/27 22:985:25 INFO BlockManagerMaster: Trying to register BlockManager

14/11/27 22:85:25 INFO BlockManagerMasterActor: Registering block manager localhost:55315 with 265.4 MB RAM, BlockManag
erld{=driver>, localhost, 55315)

14411727 22:85:25 INFO BlockManagerMaster: Registered BlockManager

Welcome to

/

|

! ! —
NN N
f_ e M f [ /N version 1.2.0
/o f

Using Python version 2.7.8 (default, Aug 21 2014 15:21:46)
SparkContext available as sc,
=>> ||

1.3.3 BMHESHAEBIESE

RDD ( Resilient Distributed Dataset, 544070 2 EHELE ) J&Spark % .0 &2 —., —/"RDD
RFE—RFIN “IE%" (“KERUL, FERPZRARXTSR ), XS0 g o Bl sk o X B — N ERF 24
b (TEARHART, PTRRA b IR A A SRR LA 2122 | ). Spark 1 FURDDE & 254
P, B EAST AT SR M (CREAE R P AR R A IR R I 5 1S, AnBs R . 2% AN 45 ),
RDDSFEAR MRS L AshEg:, MBS AR .

1. 83#RDD

RDD ] A ISE A4 . L an7EScala shell

val collection = List("a", "b", "c", "d", "e")
val rddFromCollection = sc.parallelize(collection)

RDD W A] PAFEFHadoop i A TEAIEE, HANAS 1 SCE 2 48 . HDFSHIAmazon S3 ., T Hadoop
FYRDDA] LA FAEAnf S23 T Hadoop Input Formatd% HHET AKE R, 4% SCA S . HiftiHadoop
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b=, HBase. Cassandra®s. LA 2SR A0 fa] I — A< b SCPF 2R 48 B SO EERDD :
val rddFromTextFile = sc.textFile("LICENSE")

EARIE PR cextrile i (J5Hk ) 2R EI—RDDX 4, AR —FICKHME—1
PR IA N PR3 F W string (FAFER ) X5,

2. Sparki®{E

BIERDD)E, TAVEA T AT HHRAER A 0 R4 . FESparkdi iU, Iy A
oy M ( transformation ) F1HRAT (action ) BIFh, —Mki, FeidfE R X —AN B 4E B
P IE A TP R AL, LSRR A 02E s M TIE F 2 e T R R B G e, IFIs4s
Rk EH@??SparkCont ext E‘Jﬁﬁ/l\ggfjﬁ%r? o

Spark A #E A H>R FH PRE RS o X FAR LR I Scalask Pythonif 17 PR 4 B2 I FE T 2
Kihh, X AMEESE, (HSpark APLHALA Y, F, Fr LIRS A s mie 4 8y A
il

Spark B8 7 i FH A VA S ma o BRAE L i B/ X— S RDD HL () 45— 4510 St AR A T A
PR, M ITERE S AR MBI A o R, S T 53k B RS 5 X6 — AN AR i SCAS SO B RDD
HEATHRAE B X ZRDDH 5 — 4 sk H U Toize B, ZRTFRATE B8 — X FE T
stringfMIHRDDX 4 o il idmap A%, FRATKAE—AF0F R AR Lo — 4, TR [a]—
AT It R AYRDDXS 42

val intsFromStringsRDD = rddFromTextFile.map(line => line.size)
Hg 526, Hhdiss T RDDAYZEAY

intsFromStringsRDD: org.apache.spark.rdd.RDD[Int] = MappedRDD[5] at map at
<console>:14

AR ) = > & Scala T F7m BE 24 PREIITE T o BE 24 PREICFS IR 6 A 46 72 PRER A4 11 PR ER ( L
ScalamiPython' fde £ 57 1E S pREL ),
B4 RN ARy AR ERABTRTEEAN, {24 T€414&Scala, Python
PABJava 8% K Z4 A () RILE m A AL ), 51— EEABRHA I,
iE¥line => line.size®k T =>AFMF AN AR H/AE AN, STHIAT
— A EH, AR A ARBHPATE R A . BT F, BIAA
= line, &M% line.size K W9 ATLE R  AEScalaid = P, XA HF—AString
S F A A — A Int 8 BHAX K F A String => Int,
B B AT RAR R demap X AF 7 kB, R E BB SRR S — AR
L T R EAE R — ke (ARG —HER ), XAy XARA A




8 % 1% Spark ¥9IREIHE L BT

IAEFATAT LA —A 8 WP AT Ecount, SRR MIRDDH AICREH o
intsFromStringsRDD.count
PATHIAE RRZ AN T i i

14/01/29 23:28:28 INFO SparkContext: Starting job: count at <console>:17 ...
14/01/29 23:28:28 INFO SparkContext: Job finished: count at <console>:17, took
0.019227 s res4: Long = 398

IRE XA SO S AR A T AT R PSR EE , AT LSSl ] s umpR SOk i A 10 s i
FESRAN, ARG FERLLEAIC R H -
val sumOfRecords = intsFromStringsRDD.sum

val numRecords = intsFromStringsRDD.count
val aveLengthOfRecord = sumOfRecords / numRecords

GERNOZUNTT
aveLengthOfRecord: Double = 52.06030150753769

Spark 1) R ZE A EAR 23R 1l —ASBIRDD, {H 2B AP THAE &R B A R 255 (Hean b
HHFH, countik IE*/I\LODQ , sumik [(l—fDouble ), XELEMEZMEAETT VIR B Sk H
HrEER:, M AASEE G 1. 28kl R A —4 AR T LA 2R L 1 454 7]
T

val aveLengthOfRecordChained = rddFromTextFile.map(line => line.size).sum /
rddFromTextFile.count

HARFE RN — 52, Spark G E R AE 5 1Y, W2 Ul, 7ERDD LR H— AN HtifE
TP Bl AR TR AR, XS s Bk, I RAEA BT ERA H A9k
AT . R, KRR E AT AR LI T T, AT i A TR 25 SR I HAR A1 25 3K
SRR, MRS T Spark AR

PO, ARIATH Spark e FF MR — D PATHAE, BEA S SEPRrgiTE:, B
SRPUEMILER . AT A i RAR [l — R — BRIV R A BRDD

val transformedRDD = rddFromTextFile.map(line => line.size).
filter(size => size > 10).map(size => size * 2)

AHIE A2 it A0
transformedRDD: org.apache.spark.rdd.RDD[Int] = MappedRDD[8] at map at <console>:14

TERE, X HLSERR ERA M AATAT AR, WA ZA0R ] . AR IRAT TEAEAE B RDD |3
— N PATEAE, eisum, ZITENS SRR

val computation = transformedRDD.sum
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BRI LA B — A Spark{ T4 Wi 30, FF3R [0 401 F &bt » _

14/11/27 21:48:21 INFO SparkContext: Job finished: sum at <console>:16,
took 0.193513 s
computation: Double = 60468.0

RDD ¥ # 84 35 3 fo AT ARAR 09 IR A R E Hy i m ey B)F, A I (Spark
~‘|Q %A235 % ) (http://spark.apache.org/docs/latest/programming-guide. html#rdd operations )
vA % Spark API ( Scala ) X #% ( http://spark.apache.org/docs/latest/api/scala/index.

html#org.apache.spark.rdd.RDD ),

3. RDDEFHREE

Sparkde A K I I REZ — B R RES B L AF AR AR R N A7 L . X3 L A TIRDD Y cache
PRIASCR S BN

rddFromTextFile.cache

JiFHl— 4 RDDf) cache Al 247 VRS parkhf 56 MRDDZEFAEN 17111, FERDDH IR — 1
PATIRAERS , XA RAEXS I BTS2 RIPAT . Hds 2 WA IR LS O IRAF RN A7, B, &
UK cache PRETUIT T B YIS (] 2 573 BT Spark M A A U B2 IR i i ZE i) . (EUZ:, 24
TRV AR AR R, B T DB A AE s A T IR LV O#RAE, I taat,
ZHAGOLT, XS BT .

WRIAEAE T AF T HIRDD_F I count i sumpR%k, 1%l LUBGEEIRDDAYH L 2430 A F
T

val aveLengthOfRecordChained = rddFromTextFile.map(line => line.size).
sum / rddFromTextFile.count

SEBR b, MW RATTUIE R, SRS — K cache i HMEE ZAFEINTE, i
T K62 KBRY=ZS[E], 43 F270 MBH]

14/01/30 06:59:27 INFO MemoryStore: ensureFreeSpace(63454) called with curMem=32960,

maxMem=311387750

14/01/30 06:59:27 INFO MemoryStore: Block rdd_2_0 stored as values to memory (estimated
size 62.0 KB, free 296.9 MB)

14/01/30 06:59:27 INFO BlockManagerMasterActor$BlockManagerInfo: Added rdd 2_0 in
memory on 10.0.0.3:55089 (size: 62.0 KB, free: 296.9 MB)

WA, BATHUCRPFBIKE

val aveLengthOfRecordChainedFromCached = rddFromTextFile.map(line => line.size) .sum
/ rddFromTextFile.count



10 % 1% Spark #92R3%3H5 52 5547

WA By v REZ AT AT GeAr HORCE 2 AN A BN Y -

14/01/30 06:59:34 INFO BlockManager: Found block rdd_2_0 locally

Al Spark ¥ 4% % A ta 89 42 A R ek il idpersist FE T VASE T Spark 8 FL B4
R es, % TRDD% A9 % %13 8T &AWL http://spark.apache.org/docs/latest/

programming-guide.html#rdd-persistence.

1.3.4 "HRT=MEM:3
Spark 1 5 —AMZ O I RS R B QAR P RER RS A A 5t . TR AR B B e

J~#% % ¥ (broadcast variable ) " R 78, ‘B Hiz1TSparkContext BYURSNFEF B HL 5 & %
25 SRR A XTIR TR B LA AT S S I AR R s rY R s, FEUndILas24>d
XAEH A . Spark FAIE #E48 # HFE7E Sparkcontext A — A7 Bim]

val broadcastAList = sc.broadcast (List("a", "b", "c", "d", "e"))

Zamim R, RS R A TE AT, RS [ R 48851, 434y 270 MBT ]
Z3[H] ;

14/01/30 07:13:32 INFO MemoryStore: ensureFreeSpace(488) called with curMem=96414,

maxMem=311387750

14/01/30 07:13:32 INFO MemoryStore: Block broadcast_1 stored as values to memory

(estimated size 488.0 B, free 296.9 MB)
broadCastAList: org.apache.spark.broadcast.Broadcast[List[String]] = Broadcast(1l)

] AR ] AR AR SR SRR Iy e AE Y o5 CRITCAETS 83 U5lal, Uil o7 i e i AR AR =)
value k.

sc.parallelize(List("1", "2", "3")).map(x => broadcastAList.value ++ x).collect

BARE SN (1, 2, 3y XANES (—Scala List ) B, BFrdfE— A =il
FURDD, map R E SIS 25 & Bl — A List M4 . X4 B 590 5 Z Bl @ m g4~
broadcastAList B AYIE 55 FRDD HL ) = 2510 543 B DT A

o, BRI T collect BREL, XA RS —1>Spark#if TR AL, B4 % "RDDLScala
( PythonzkJava ) £EA TR MK BT o

M DA S AR B B IK SR T 7E 15 s LA A H AR BRI, Al collect PREL,
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%, collect B — AL 0 F B AN R LB W IR AR 4T )G
LA RO A B de RAE—AEF KO HIEE EARIZ R, TR
AT A NG, S BARA T
< B AT 04 AL 2R R BT B M JE BN SR B B BEAT AT B 2 IR SHAZ 5 R A B AHE
., KRR VLT, Fos R ER) IR A2 500 2 A LBt RS MBS
Foktg kR R T R,

AR ERAT LA Y, B EBIRDD AL &3 5500 5%, Hodg— S50 sk & — > th JEORBU ™ %
L1 s BRI — T TR I e & (ALY, Frcsanllli, 2. 345 ).

14/01/31 10:15:39 INFO SparkContext: Job finished: collect at <console>:15, took
0.025806 s res6: Array|[List[Any]] = Array(List(a, b, ¢, 4, e, 1), List(a, b, ¢, 4, e,
2), List(a, b, ¢, 4, e, 3))

R 35 (accumulator ) U@ —Fl G2 TAE T SRR, Binds 51 #7285 i OS]
S A HBR AT AT A AT B0 o (H SRR R EA —a iR . BAARUE, SFh Bz
— P IR EAE , BB AR PR UEAE 2 RVa P Sk ) Re 9 IEA b I 718 L) AR A1 3K )
TP o BE— AR i J BT AL B AR HB I B4, 45 S ) ek iRk s i)
ZUmas[R)EE nT DATE SparkfCAS Fhi id value /il

org/docs/latest/programming-guide.html#shared-variables.,

[ ““Q A TEMmBNE 5428, THI (Spark% #4235 & ): http://spark.apache.

1.4 Spark Scala &RIENIT]

T EFRATH E—5 i B N2k S — 1> 18 509 Spark B8 AL FRFL Y o R I AR
Scala, JavaFIPython =M 5K HE . P &% P TN TIEL BE ARG Sl 3K 0 % 128
FAE—CSVILh, 24 A UserPurchaseHistory.csv, WAMNTN IR, SO RE—A T8 I — 454K
sk, MWZERI A FMEIKRIR 2 F24K . iin 44 LA A

John, iPhone Cover,9.99

John, Headphones, 5.49

Jack, iPhone Cover,9.99

Jill, Samsung Galaxy Cover,8.95
Bob, iPad Cover,5.49

$TF-Scalaf2)F M=, AN A, ScalafCHE SO DL I B B @it B ik, I 3P
i FISBT ( Scala Build Tool, Scalafg# T.H ) Ktysd, M FHUR, @UGEH T BRpIRE




12 % 1% Spark $93R3%HE 5ia4T

scala-spark-app. %R B fdata H 58 ML E T _LRCSVIUE, X Nl H R E RGP E L
LAAFSBT (45 A I HIRRRA 590.13.1 ),

At F SBT 5+ R £ K $ it E B A, 124 % 7T vA A http://www.scala-sbt.org/
release/docs/Getting-Started/Setup.html4% 2] # % 15 &

FATHISBTHL & S &build.sbt, HAZEWM TN AR (ERE, SRS Z R 217 20T 8 ):

name

"scala-spark-app"
version := "1.0"
scalavVersion := "2.10.4"

libraryDependencies += "org.apache.spark" %% "spark-core" % "1.2.0 "

e — AT VR I Spark A I5 H AR

AR 9 ScalafitJ¥ 7E ScalaApp.scalaiX A SO HL . 42 F RIS B — IR &880 B
e, AT EAYSparkZs .

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

/**

* M Scala#h B #j—ANK #£4Spark s R
*/

object ScalalApp {

TEF PR, ﬁﬁ]g%ﬂﬁﬁpﬁﬁ%ﬁmSparkContextX]L% FHHHEHET textFile ABORYT
[BCSVEHE S . ZJa X AT G 745 0 LUE 5 R A PR AT kA 1408, SeBGh A -~ 2 L
i AR AE R, NI 52 O I SCAS (A LS5 -

def main(args: Array[String]) {

val sc = new SparkContext ("local[2]", "First Spark App")

/) HFCSVAE X R4 F 4B H A (user, product , price) # X4yt &

val data = sc.textFile("data/UserPurchaseHistory.csv")
.map(line => line.split(","))

.map (purchaseRecord => (purchaseRecord(0), purchaseRecord(l),
purchaseRecord(2)))

WAE, ®MTA T —1PRDD, HA&ICHEERH (user, product, price) = PFEM., F
ATAT AR R I B R R -

n SPASRY 4
D g)jlu\ ﬁ
am\q&/\
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Q s i
TWEEWT .
VS EX &

val numPurchases = data.count ()
/] KR EIATREF BERTH

val uniqueUsers = data.map{ case (user, product, price) => user }.distinct()

/] KAtE sk BolN
val totalRevenue = data.map{ case (user, product, price) => price.toDouble }.sum()
/] KRB e RAT A

val productsByPopularity = data

.count ()

.map{ case (user, product, price) => (product, 1) }
.reduceByKey (_ + _)

.collect ()

.sortBy (-_._2)

val mostPopular = productsByPopularity (0)

o ARBH A m 8 7 i ARSI R T AT #EF T Map/Reducet 115, %5 B Hadoop
MRfT. B—4, HATK (user, product price) #AAIC MG N (product, 1) k&=,
RIG, FATHIT—"reduceByRey#fE, B XA M B EIE TR AL,

A5 FURDDAL & 25N R O SR B, A TiXMRDDJA, FATAT A collect PREL,
X 2B HAT B 45 R L) ScalafE A BT 2R I ER SR o ZZFZT‘@BéﬁiffhEﬁﬂiﬂﬁXfﬁiﬁbniﬁ%?”nuﬂﬁ

SEUBGHATHIY o (R, 7ESEPRAb RS A n T, FRATIE 58 i sort ByKey ik B AR 0 H:
I THEY o)
e, RIAELs EATEI TS,
println("Total purchases: " + numPurchases)
println("Unique users: " + uniqueUsers)
println("Total revenue: " + totalRevenue)

println("Most popular product: %s with %d purchases".
format (mostPopular._1, mostPopular._2))
}
}

AL H B E A S F P Tsbt runfirSRIBITXAMEF . ARIREE] TIDERYIS, dinTLl
MScala IDE B 451877, FeZ % V%5 T T A N B A

[info] Compiling 1 Scala source to ...
[info] Running ScalaApp

14/01/30 10:54:40 INFO spark.SparkContext: Job finished: collect at
ScalaApp.scala:25, took 0.045181 s

Total purchases: 5

Unique users: 4

Total revenue: 39.91

Most popular product: iPhone Cover with 2 purchases
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ALER, GRS ANE SRS, MBI }39.91, S5 F ihS&iPhone Cover,
LS %

1.5 Spark Java &RIENIT]

Java AP15Scala APIAS i FARAHML . Scalaf A% ] LIAR 7 {# Hoid F Javaf Ui, {HE-2EScalafChid
I AEJava B, R RSl T B e | BRIASEORR FH T 528 Scala s B AL Y
IS

— PR U, X B PETE Scalafe P R AT T2 T XA B 5 AN R AR UL 2 G R N
MJavafifids . Y, Sparkcontext T ¥fhf{Javahli AR JavaSparkContext, TMRDDW X
JavaRDD,

1.8 M Z R hAS ) Javad t AN SCHERE 24 bR, 7E R BGUGRE L B A T I I, T, &
3| Spark ) Java AP I (1) pRECU I EE S I — N cal 1 BRI WrappedFunct iond% H , X 23l
AL TT, B AR S A I B ZE AL 338 45 Spark #AE o X BB s SUIMHRAE T (1942 H1 LA
Jecal1phi%h, VIHUSFIHScaladn S B AR TR IROR

Spark#fitX]Java 8[E 44 pR%L (lambda ) TEILII SRR, HHiZEEREIRava 8 B ERISE I
FARMZAERL P ScalafiR o

FH Scala g 5 B, 4/ {H X i 5% () RDD fig 32 45 — 2245 5 19 82 4E (b @l reduceByKey Fil
saveAsSequenceFile ), XEEERAETT LI i B A F shdk i . FJavadm SR, WIF5
BRI TavarRDDAR SCRFX SEAE . BT TEAEH FEAEX Y avarairrRDD, LKA FEUE
itk JavaDoubleRDD,

S HAEZXE RF BAFEW]ava APLiE %, & TJava T £ 43 %9RDDVA & Java 8
lambda® iA X L #69 F %13 BT 2 ( Spark%» #2345 & ): http://spark.apache.org/
docs/latest/programming-guide.html#rdd-operations.

TEJ5 I i Java e )7, FRATAT LUE BIRERIr 25 5% o X SE R B4R 40 35 7 A B 7 A XA 1)
java-spark-app 3¢ F o % H st data T H % FAS FiRCSVETE.

X2 FMavent it T HRGGEFLZ TN H o TAMBOE S O A RS D2 T
BIH,

K Maven®) ZE Bt B F REAPBITHRER N, BF € TATLinux R4 T8
Q A% 12 %% K Mac OS X F 49 HomeBrew s, MacPorts 7 1% # % %,
Famey % E 358 AL http://maven.apache.org/download.cgi.,
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i 5 W %5 —A~44 M JavaApp.javal Javailf SC4: -

import org.apache.spark.api.java.JavaRDD;

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

import org.apache.spark.api.java.function.DoubleFunction;
import org.apache.spark.api.java.function.Function;
import org.apache.spark.api.java.function.Function2;
import org.apache.spark.api.java.function.PairFunction;
import scala.Tuple2;

import java.util.Collections;
import java.util.Comparator;
import java.util.List;

/**
* RJavath 5 #)—ANH $éSpark s Al
*/

public class JavadApp {

public static void main(Stringl[] args) {

IE4n7EScalatil H i —4F, FATESBTFEVIGRIL—A F T 3OS EAEER I, X B
M2 JavaSparkContext BIMA & Z i SparkContext . Z5IHL, I TavasparkContext
XUL?'K Pl cextrile MECRVIMEEE, RIERATTRADTIREZANF B THTE T GRS

BB AT (i FH B 44 2o g — AR o RO E 1 QeI X A T A ER A T 8

JavaSparkContext sc = new JavaSparkContext ("local[2]", "First Spark App");
// HCSVAE X RIEHABH N A (user, product, price) # XMt k&
JavaRDD<string[]> data =
sc.textFile("data/UserPurchaseHistory.csv")
.map (new Function<String, String[l>() {

@Override

public String[] call(String s) throws Exception {

return s.split(",");

}

1)

PAET] LU — T HIScalabt T8 (R bR . 3 AT P s (AR I b s, — 2 T IfilJava APIH?
FLEpRE (HelnaistinctMlcount ) SEFR [ FIFEScala AP —AE, —JEFRA1E L T — 1 EHZK
TR HAL Hmap R, BE44 200 58 ST 2nT 2 BARAS () g 22 3840

/1 RER R K

long numPurchases = data.count () ;

/) REEIATREP BELH S

long uniqueUsers = data.map (new Function<String[], String>() {
@Override

public String call(String[] strings) throws Exception {
return strings[0];
}
}) .distinct () .count () ;

VAE S 2 -8 &N
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double totalRevenue = data.map (new DoubleFunction<String[]l>() {
@Override
public Double call(String[] strings) throws Exception {
return Double.parseDouble(strings[2]);
}

}) .sum() ;

AR B T AR R B I, HEPBR S Scalaz_ GIAYAIR] . 2 HAYARLEA TR 11
2%, HENTRZSlavarb QIR 2 sRECH O, SLPrYIRES HIScalalhf—1F .

/7RI A G S RIRAS
// BAR—APairFunctionfeTuplel &k #HAEHedt AR A (product, 1) & X0z k
// RJ&, M—AFunction2% ki freduceByKey i, #HARMEEIF LA —ANKfe B3
List<Tuple2<String, Integer>> pairs = data.map (new
PairFunction<String[], String, Integer>() {
@Override
public Tuple2<String, Integer> call(String[] strings)
throws Exception {
return new Tuple2(strings([1l], 1):;
}
}) .reduceByKey (new Function2<Integer, Integer, Integer>() {
@Override
public Integer call(Integer integer, Integer integer2)
throws Exception {
return integer + integer2;
}
}).collect();
/) RIGAEREAHS, 2E, RELFRUE—ANComparatord Bkt THFHE7
Collections.sort (pairs, new Comparator<Tuple2<String, Integer>>() {
@Override
public int compare (Tuple2<String, Integer> ol,
Tuple2<String, Integer> 02) {
return -(ol._2() - 02._2());
}
)i
String mostPopular = pairs.get(0)._1();
int purchases = pairs.get(0)._2();

System.out.println("Total purchases: " + numPurchases) ;
System.out.println("Unique users: " + uniqueUsers);
System.out.println("Total revenue: " + totalRevenue) ;

System.out.println(String.format ("Most popular product:
%s with %d purchases", mostPopular, purchases));

}

AT AT LA H, JavafUiSFIScalaf Ui AR HE BAR 22 18 i PN 72 ok 7 B MR B3 5 |
FAARHS, AR B FEAR RSBl B AN 43 5 5 ST s PR AR AR, O e — AR e —A
FEBRI PRI 5 RIS L5 A

AR T LB R H SRR TR st

>mvn exec:java -Dexec.mainClass="JavaApp"
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n LA B AIS calahRAGARISA, 1T HATHSA 2R o8 e —F

14/01/30 17:02:43 INFO spark.SparkContext: Job finished: collect at
JavaApp.java:46, took 0.039167 s

Total purchases: 5

Unique users: 4

Total revenue: 39.91

Most popular product: iPhone Cover with 2 purchases

1.6 Spark Python 4RFENI]

SparkfJPython APUJL-F-7H 5 | T A Scala APIFTREFRALAYINEE, [BAYHNAE LeksME, HbinSpark
Streaming A1~ 51| (4 APL 5 i, B AR L HF. HAKTT 2 0L ( Spark 2% #2458 B9 ) 19 Python#f 73
http://spark.apache.org/docs/latest/programming-guide.html ,

5 EW R, X RS — D HIE D RE A PythonURE [F . FRATMBLOR IS RGP B %2352.6
B = WUAS [ Python ( 24U Linux & 48 fliMac OS X 1% Python ),

AR R FIRES AT LR A B2 [ python-spark-app H 5% T #831| , AHN [ CSVEE SC- AR H S~ 1Y
data ¥ H 3, I HACEAE—A~44 Mpythonapp.py B EIAS L, FLNZSANF .

wonn ﬁ]Python%Eé’?-—/l\ﬁi'j %Spark[\i)ﬂ W
from pyspark import SparkContext

sc = SparkContext ("local[2]", "First Spark App")

# WCsviE X MR IE BRI (user, product , price) # X Wit &

data = sc.textFile("data/UserPurchaseHistory.csv") .map (lambda line:
line.split (", ")) .map(lambda record: (record[0], record[l], record[2]))
# /ﬁﬂ‘é\%;‘:/k&

numPurchases = data.count ()

¢ AW S I RRAES B E LS
uniqueUsers = data.map (lambda record: record[0]).distinct () .count ()

# KA B

totalRevenue = data.map(lambda record: float (record([2])) .sum()

# KR\ SRRt 2

products = data.map(lambda record: (record[1l], 1.0)).

reduceByKey (lambda a, b: a + b).collect()

mostPopular = sorted(products, key=lambda x: x[1], reverse=True) [0]

print "Total purchases: %d" % numPurchases

print "Unique users: %d" % uniqueUsers

print "Total revenue: %2.2f" % totalRevenue

print "Most popular product: %$s with %d purchases" % (mostPopular[0], mostPopular[1l])

X HeScalafftFIPython i f Ut , ANk & BT 2 KBOR [] . SR [R]7E T 44 s B Ras I L,
B 4 PREAE Pythoni® 75 HH R FRlambdarf 8, lambdath /&i8vEFak ST, FiScalaZ S, —
AW A LS Ay R BE 24 R R A< => v, TIEPythonF & lambda x : yo FELTA
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RIS R sE Ry, FRATE ST — B AR SR SA— A 1) B 44 RS X PR A 2R 80—
JBeARTE], X ERE AR R, WS lambda a, b : a + b

BT ISAS B B 7 R E A H SR R is AT an M s>

>$SPARK_HOME/bin/spark-submit pythonapp.py

IS ) s sPARK_HOMEAR H W iZ 9 4 My Spark i 3 H 5%, Ek &7 AR T2 45 Spark Tl 4
PEALR R AR AR H 5%

JHAIZ AT 58 A% N iZ Aia 47 Scalafava il i (S, L4k R [RIRE 2

14/01/30 11:43:47 INFO SparkContext: Job finished: collect at pythonapp.
py:14, took 0.050251 s

Total purchases: 5

Unique users: 4

Total revenue: 39.91

Most popular product: iPhone Cover with 2 purchases

1.7 ¥£ Amazon EC2 k3i51T Spark

Sparkdit H #2441 T #F Amazon EC2 A48 —>Spark LRI IUIIAS, 7 TFec2 XN . HiA
UNF A A ] IR %SO R i spark-ec2 IS

>./ec2/spark-ec2
M S EEHEETT FRCIET, 2o as Rz A A E B

Usage: spark-ec2 [options] <actiom> <clusber_name>
<action> can be: launch, destroy, login, stop, start, get-master

Options:

TEBIEE—~Spark EC2AERERT, FATH ZE—1>Amazonllk =

4w R % 7 Amazon Web Servicellk 5, ¥ VA fEhttp://aws.amazon.com/7E H .
AWSH# & 32 324 & Hubk 52 . http://aws.amazon.com/console/,

FAN, FATETFER]HE— Amazon EC2EHIXT FIA M 24 FEIE . Spark RYHEF] T {EEC2
R RTR

Q RES A & AIE#E—/ Amazon EC225%T . PR G B AR Amazon Web Services
K5 E, REANFHETT “Key Pairs”, @U: AEETF T FAHN RN SO, it ssh
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RV BEC2RY, ST ERICIZES . BN R UiAR A E 600 (B HA K
ATDASES 230 ), A 257 10 R0

O YT Bl spark-ec2 AN, 753 1% B AWS_ACCESS_KEY_IDMIAWS_SECRET_ACCESS_
REYPIANFREAS R . B0 BN AR I Amazon EC21Ji10) 2 484732 (key ID ) FIXHRL ) 5 40 5
75 ( secret access key )o X EE{F B Al LA MAWS E T FAKIK M i “Account | Security
Credentials | Access Credentials” 3775,

D EPIN, I HE R A TR 4 o X BRI Ay spark, X144 B
SR A FR M spark.pem M B RISERIAY, FRATHE ZA0 A BB B9 U5 RIAL BRI 1 58 4 BT s (9 PR 358

=2
A

>chmod 600 spark.pem
>export AWS_ACCESS_KEY_ID="..."
>export AWS_SECRET_ACCESS_KEY="..."

IR R RIS R AT Bk CRITERI B SS ), Sook HBE 24 A Ay UBERE S 22K

TR, T—P2EH—1Amazon EC2HERE, XSTERIAWSIK S T = A48 569 % A o

BEI—/NEC2 Spark&&#
BT AT LU 3— A/ N Spark 867 T 8 Rk ABlec2 H 3, SRIGHIA -

>cd ec2
>./spark-ec2 -k spark -i spark.pem -s 1 --instance-type m3.medium
--hadoop-major-version 2 launch test-cluster

KR S — 2N “test-cluster” BBFIERE, HALE “m3.medium” ZE A 3755 s AT 5
F—A~ o ZEREIT AW Spark iU IE Bt F-Hadoop 2. FRAE FH A4 8541 42 28 40 S0 43531 2 spark Al

spark.pem,

SRR 58 )3 SR IR L 2l Bt a] ., 7Risf 7R s iU S , ROZe s A BIA0F B s
A -

Setting up security groups...

Creating security group test-cluster—-master
Creating security group test-cluster-slaves
Searching for existing cluster test-cluster...
Spark AMI: ami-35bl885c

Launching instances...

Launched 1 slaves in us-east-1c, regid = r-5f328e75
Launched master in us-east-1c, regid = r-c@3@8cea
Waiting for instances to start up...

Waiting 128 more seconds...

UNSRAEREIS S, BT AR 2 i R B RIANT RS -
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ec2-54-91-61-225. compute-1.amazonaws.com: Killed @ processes

Starting master @ ec2-54-227-127-14.compute-1,amazonaws,com

ec2-54-91-61-225. compute-1.amazonaws. com: TACHYON_LOGS_DIR: /root/tachyon/libexec/../logs
ec2-54-91-61-225. compute-1.amazonaws. com: Formatting RamFS: /mnt/ramdisk (247@mb)
ec2-54-91-61-225. compute-1l.amazonaws.com: Starting worker @ ip-18-182-117-29.ec2.internal
Setting up ganglia

RSYNC'ing /etc/ganglia to slaves...

ec2-54-91-61-225. compute-1.amazonaws. con

Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ oK
Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ 0K
Connection to ec2-54-91-61-225.compute-1.amazonaws.com closed.
Shutting down GANGLIA gmetad: [FAILED]
Starting GANGLTA gmetad: [ DK
Stopping httpd: [FAILED]

Starting httpd: httpd: Syntax error on line 153 of /etc/httpd/conf/httpd.conf: Cannot load modules/mod_authn_alias.so int
o server: fetc/httpd/modules/mod_authn_alias.so: cannot open shared object Tile: No such file or directory

Connection to ec2-54-227-127-14.conpute-1,amazonaws.com closed.

Spark standalone cluster started at http://ec2-54-227-127-14.compute-1.amazonaws.com: 8088
Ganglia started at http://ec2-54-227-127-14.compute-1.amazonaws.com:5@88/ganglia

Done!

Nicks-MacBook-Pro:ec2 Nicks [|

[FAILED]

TR REIE LRI, AT LU AR i S

>ssh -i spark.pem root@ec2-54-227-127-14.compute-1.amazonaws.com

HEREZmA HrooteF R AYIPHINE T 2R /R A C B Amazon EC2HY/A 4 o i34 7] 78

Eﬁ]%ﬁﬂﬂ‘%ﬁutﬂ*?ﬁﬂo
FHAMITT LU 0T fr A B A T4 -

>./spark-ec2 -i spark.pem get-master test-cluster

FiRsshr S PATRINGE , REHFIEC2 b Spark &I 19 50, [RII 283 (10 AR 5 40T

ES0E

https://aws.amazon.com/amazon-linux-ani/2813.03-release-notes/

There are 68 security update(s) cut of 254 total update(s) available
Run "sudo yum update" to apply all updates.

Amazon Linux version 2014.89 is available.

roct@ip-18-158-79-53 ~]§ fI

:T { /4 Amazon Linux AMI

AR BN AR R AT O E ARG & Spark #1458, 7T LAY 3 Spark H 5 7 iz A 17— /s R -

>cd spark
>MASTER=1local[2] ./bin/run-example SparkPi

ek th A5 O R A 1 2L -

14/01/30 20:20:21 INFO SparkContext: Job finished: reduce at SparkPi.
scala:35, took 0.864044012 s
Pi is roughly 3.14032
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AREA TS 2 MR ESERE, T RIS R A Spark 1 AT AE— Y
MRS L *’W‘HI_JEI’J/TWJO ﬁ AFI_ETEARR, {EA T A URLAE I MASTERHI{E :

>MASTER=spark://ec2-54-227-127-14.compute-1.amazonaws.com:7077 ./bin/
run-example SparkPi

E2E, REZF LaXA P AT LRk E TH,

[FIRE, i ik DI AR HIE 1T 2Bl ANFIRE, X HLAA H B B RR R Ik s e
O 32 31| Spark AEHE ) 3215 14

14/01/30 20:26:17 INFO client.Client$ClientActor: Connecting to master
spark://ec2-54-220-189-136.eu-west-1.compute.amazonaws.com:7077

14/01/30 20:26:17 INFO cluster.SparkDeploySchedulerBackend: Connected to Spark
cluster with app ID app-20140130202617-0001

14/01/30 20:26:17 INFO client.Client$ClientActor: Executor added: app-
20140130202617-0001/0 on worker-20140130201049-ip-10-34-137-45.eu-west-1.compute.
internal-57119 (ip-10-34-137-45.eu-west-1l.compute.internal:57119) with 1 cores
14/01/30 20:26:17 INFO cluster.SparkDeploySchedulerBackend: Granted executor ID
app-20140130202617-0001/0 on hostPort ip-10-34-137-45.eu-
west-1l.compute.internal:57119 with 1 cores, 2.4 GB RAM

14/01/30 20:26:17 INFO client.Client$ClientActor: Executor updated: app-
20140130202617-0001/0 is now RUNNING

14/01/30 20:26:18 INFO spark.SparkContext: Starting job: reduce at SparkPi.scala:39

BEEAYITEAERE L A hZR~], G — T Scalaly 5 H. A\ 4k

>./bin/spark-shell --master spark://ec2-54-227-127-14.compute-1.amazonaws.com:7077
) 5E)E, FAexicfEAT IR 2, 3 AL AT LU A0 i 4 kAR 55 Py Spark 43 :
>./bin/pyspark --master spark://ec2-54-227-127-14.compute-1.amazonaws.com:7077

i 1t Spark 3245 S W BT AL E, AT LAE B 3 0 N M TR R . % A T Fec2-54-227-
127-14.compute-1.amazonaws.com:8080 ( [Fl#f, FHENFAHIA W IR E ST ). RNIZAT LIE
FIERUN HARE A, B T 2R T — T DU EE S L 55 .
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ann

Spark Master at spark://ec2-5 +

& | & ec2-54-227-127-14.compute-1.amazanaws.com E0EL 2 | (B}~ Gooale al&Ba 4 #® =

Spariz Spark Master at spark://ec2-54-227-127-14.compute-1.amazonaws.com:7077

URL: spark:/fec2-54-227-127-14.compute-1.amazonaws.com: 7077
Workers: 1

Cores: 1 Total, 1 Used

Memory: 2.7 GB Total, 2.4 GB Used

Applications: 1 Running, 2 Completed

Drivers: 0 Running, 0 Completed

Status: ALIVE

Workers
Id Address State  Cores Memory
10-182-117-29.ec2.internal-40404 ip-10-182-117-29.ec2.internal: 40494 ALIVE 1 (1 Used) 2.7 GB (2.4 GB Used)
Running Applications
[+] Name Cores Memory per Node Submitted Time User State Duration
= 2.4GB 2014/11/29 12:58:18 root RUNNING 8s
Completed Applications
1=} Mame Cores Memory per Node Submitted Time User State Duration
1 24GB 2014/11/29 12:53:13 roat FINISHED 4.8 min
Qo 24GB 2014111729 12:51:14 root FINISHED 113

{EREERE, AmazonAUEAERERV M TS CCHOR BT . BT ITESRBEREI SRS, iCiHs
B X IR . ZEL IR AT LUETE R A M R G i s shax il LU Aexic, ZRIGFHHIA

i
>./ec2/spark-ec2 -k spark -i spark.pem destroy test-cluster
3R] LA B 1 i i

Are you sure you want to destroy the cluster test-cluster?
The following instances will be terminated:

Searching for existing cluster test-cluster...

Found 1 master(s), 1 slaves

> ec2-54-227-127-14.compute-1.amazonaws.com

> ec2-54-91-61-225.compute-1.amazonaws.com

ALL DATA ON ALL NODES WILL BE LOST!!

Destroy cluster test-cluster (y/N): y

Terminating master...

Terminating slaves...

Ay, SAR G T kiR

K IR MR 7 1E =B s SparkSERE, IJFEE LIHIETT ¥ — D 5e 2 K i7s i
¥, a2k Tk RN ASRAES: ) R SERE T RS Eas AR sl A 2 Ry, #P
A DUFRACE i SE A48 e AR B AR USRI B . (PR T B e Al 58 B 5 5GP AT
;AT )
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1.8 I\ 1

ARBEFRATREN T 40 7E A S0 HL K LA S Amazon EC21K) 2 S it & Spark #1855 . i Scalasd H.
A, FA12%2] T SparkZmFEBAL B SERE N IT T/ T EMAPL, 53 9MEATIE 735 FHScala, Java
FIPythonifi 5, 5 | — T H A Spark FET o

T, IO & AT I Spark ok B £ — LA~ REE




WITHLESF S R %

ARE, BATPRA— DR WA 5 RG24, LR GUSparkf h HAZ.011
ST Sk LA R 2 TE AT BT BOHE T A S5 A T BTG, LA ILRERIT A Sk hL
e ] RGUORSE RIS RSSO . AR TERY BB

Q N EARRDL 55 5t

Q HEIR AT A

Q RTINS RGURIE SR BRI 55 T RE R Pl g A2
Q s EIRAA, SR

BURH KRB S F IR FK

Q WATHES R HABA A, JUHOR B S R R 58 . 0 A A LRI i
m}zﬁ o

Q 5Ty S HARA AR S, . BRAEEOL T, R AL RAF AR FIaE BT e

Q SR RBGE TR SR TR, BILAR T Rk A ] o

Q fch RE R SR AL BRI ST 2R

Spark A —MHEAUAR B REE L LIRTER . SRIMBA TIET AR5 T E B IbLE 7~ REd
RET A IXLETR . AR B S TERE S | R R GT R RS, LA PHRERG I LR REReriok, R
B8 VIR E TN 988

2.1 MovieStream 748

FAE T UL IRATAY B M BT, X BB AE — W BRSO 1 o (BOR R AT] 2 éi &
MovieStreamF iR~ HIBA . MovieStreamsg—Z AR BER A ], A P HRAEEZE H 2 Fn s il
I HBNEMRS

MovieStreamili K i, HFH P AR A B ARFE DSE B A, MovieStream¥UA 2 48 ] A5G
HE2-1:
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25
(Y
/Nx - 5 5 Hr———mHW%%m% AR
i 7 A
; X
I'. ; \_/\J ‘
1
‘.l i ﬁ!)ﬂ%ﬂﬁé%i&ﬁ
i 1
3 \ v
o A M AI%EE%_““;/\
\ H -7 T ///
7\\\ AT 32 .,—\v'/ MovieStream
\ O i PER
| -
HEEH

K2-1 MovieStream¥l G &5t 50 44

NP, 1 P SRR LE SRS H LA ol i A AR s, #8 i MovieStream PN 2 20 4
HIBA 5T . 1A BAid 12 5 MovieStream FHE A 5 B, A1 AL 7 HIRPR Rl ELH 4208 . BRRY B,

MovieStream ATk 1977 ORISR P (9 B R0 BT %, I REDT IRl — S8 I P FE MR TSRS 1 Bk
BEAN, A Tad RE T IR)H BT AC SR ) R 52 B9 — SR A TR

B L o5 PRI K R, B A A ) B A B SR, MovieStream P BA R A XELABR I
XRERYE . MovieStream A CEOZ Fif X A& . Hlas s I AT GEA 8L 1. fba B3k
fiTAE A MovieStream @@ — Lg% > KRG, LACHIAEH AA R A TSR 2 N

22 MBFIRZEEWRS

FATZ M RS — A RS A B L2~ 7 oA B AN T 07 5Ok 30
MovieStream? (i il &=~ B A TRZ A AT B M R LA TR ZS ), o i B B LA

Q W R AOBE R B R 5 KGN T AL FESAR LIRS | MovieStreamAd) 4 Ji& ;
Q Hlase 2 MG AR RN SE ZL AR ) R RE R MAZE (REHREERME T 5 ) ML
KRR ;

Q JE TR 7 AR RE S A B E B 0L ( RN I 2 A8 A0.0 HLIER ).
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IR, BEATALATRE h YidE TR AIEE T N LA BRI REI A7 . Lo, 2 Hlas T &
GHAEAMCHV BRI AL W HRUL, PR UM a | AN HRA TS . SOREE
IP RSO AR IR RARGE B0 1 o P22 BUSE P ) R G R A L e S i A Bl
W, PTG, )5, IXLERamy e B E A R S8 i T T RRUBEEREE T A3 o

TEMovieStream ) 5, IRAPFATEHLOHLAZ T 5 AR NAEABNZ 4y, FHEL L,
BTATH BAR L EALAR 24 2 Sk i HIR L RERT H ALK AT 55, I ) A A BASRAIE T EL LIS Bt ]
TG OB P RN 2 . Hedn, HE B AT A ) F S R B R B s (R S, A
MRHY 55 2 G HE %L ),

221 M

XtMovieStream(ilh 55 Kk, MR~ OB ETRIEN ] . —fBokid, MR
HRYEAS TN A H P AR AN BRZS TP A K8 T BB P B W B A NI 2R

i 7% (recommendation ) MARA F Ui & AL B —FF, #4872 Bl— T 0] BE SR
RN R . HERE T T I ( CAnHEFAAR DG = ). B RAE . LAt Y S s RS s FH &5

AR 3R, (EHERE I 3 L4 1) P 2 X R L™ S s A, M
L e X HEUni, XiMovieStream i HERIIFEMEM, LIAREIZHTF iRk e R 25
Ho LR T RE AT R THEAAOROE (FER ™= s AR ), s T s o MR I L 45
AR HP AT REAN 2 W R B R AR, RO A B A i B R S A

222 BFEWHMEFESD

FARE B0 S 2SR T IR W P e R BEE B BOXT R o — ok, A ML Y B
AR —Xt—, W% 4 WSR2 AR A2 o o dURGE TP BORHIEEA T, I AT
RES BT NG . XAk T RE LRI o, Rl BT T A bl By, LeansRe . {HEie
qnfer, HASREENS TSI 2000 . XA A B T B2 2 AT 936 | A1 22 18]
BRI, LSRRI 2 ) A 25 57

X EEREBEHS BiMovieStream B FH A7 M IR (0Bl AL PRI B —XF—E8, EATE
ZIRBEAT BT RE ST X S SR 2 B RS

VA CARCEAERT, XL L AERE Bl 5 8ok, AR — IV 7%

2.2.3 FUNEBES S

S AL T B P U T S BT o XA TS AR iz, A AR R
WHERE . DA EARE . P IERIHEE T A0 A BT )], X B FRm & 42 (predictive
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modeling ) 3R /R HAD MM AL, (& BhE shid % . WAL R WA JE P, MovieStream i
PAIBIEHE— e )a iR (regression model ) e TIMNHTHE AT A H

BHAN, FefiTh a4 %42 R ( classificaiton model ) JeXt KA B/ HBERE I B B 3h4lebR
LD S s

2.3 HEFIRERMRE

PA_EMovieSteami 51551 i T Bl -~ B —SE R 5, (HXSeIf ARl 5 L= e 41
AFIHLER S AL 55 Il 2R B —LEAH S 1

AL L FH S BRI T I RERT 73 i T

O B3 (supervised learning): XFh 7kl H Sariefidikam>] o AT BIHA
SIAESRBIT . EATITEE A AR IC A iT LU P E R TR (SR UL ). FE bR
2 (S R 2RBIF AU ) BRI (KRBTSR G ), BA DK AESR4T | ST
Somie =,

0 T ZES] (unsupervised learning): — U242 ) I FEATE BEARICEHE , FoATFRHE:
RTCWE 2R 2] o X AR 2 ) s PRI T 5 1 2858 sl i B Ry AR
R PR SO B ) SRR PR AR R IO MR > o FRATTPISAESE 730 . SRR EEMIZRo%E
SHINGEA],

2.4 BERWSNHIHLERF S RGRVAE R

MR RE, BATRPLE T RGN E 22078, Hp R THLaS 7 > B3R .
VAR T WA AR AL SRR, Z s He o ] T HL g o I BRI 30 Rl 3R Y
AR, MAFSEE, USRS i A BRI B A R GE b . A TR A U 52

LAl

RPfrh
% = BoEE K is e S5 LESaeyl[EP AR B S L

‘\UII@E/ A Bl %

Ho AU B 51 1%

Kl2-2 W ILB)—FRL AR~ AR
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241 BIEFKIMESEME

PLas= T AR A — 2D AR BO R s i Kt . S A FI2EMBL, MovieStream %05
R A8 HABRSE Gl FREILES A= B ) MANTEURIR ( LEanEA = Dl
A RIS TR IR A R0,

ARPUX LR IRARIR 2, HEANYCHE I B 27 H A P s s sx - A2 s A H RS el
SR 28 APDR AP B B R A5 B o

AR r i TR AR . BB S . Rkl . RO BRSO RE , L&
AT RO R AR R

BARAAGIEATI ., nTREW REZF RS, SRS, WHDFS. Amazon S355; SQLANHEE,
IMySQLEY PostgreSQL; 434 XUNoSQLEIE 7%, #HBase. CassandrafliDynamoDB; #3524,
SolrfliElasticsearch; JiAdE &4, UKafka. FlumefllAmazon Kinesis.

AL E BRI, IXAETRATTRE LA IR 2 A A PR PR

242 BIEBESEMK

KR MR 2E IR T A B RS RRAE ( feature ), RPAFIE B 246 AR f T X6 1o (14 1T F A%
TUREUEAR

FIRFAN A BEREAS BT 0 I 5] T BILA 27 S BB R, (Ll 28 R IR AR AR IR F) Bl A
JIRIE A, F it — A HEANFRATIC SR A —LE P SRR, LEAn P A B e R i
PRI ] . WA S0 F S I TR B4 1 S B st IR ] o FRAT iR vl RENACAR T —SBAMERAE ., e
FURAEE R TTAIPAR] ), X BB a] H R85 5 — L8305 B A A5 S A i

RFRTTEOLT , IXLC AR B A B 22 TA BEA RE MR BT . PUAb 3R AY 15 DL vl g
FELLT LR,

O g AT TR SR K A 3R 2 Kl v B — B, e Kt FUR R L
H 3 Sh A eSO R 2R PR A SRR

O WIPHIFEEREK . NEBREHRME: 2B H AR MR L AER. X
A REL AR R B (LI P B ), Bl e R RSO B ( Ao sirr fi
WPAYSE DR, NEUEBOR IR, LASAREECRERR ), T REZ S IR A E MU i, =i
AT ORI TR BRI A ( HE e O A AP B EDRAE g s A AEL o

Q LEAHENFE. ERMFEE: RS BE TREAM TR S, AT 2
PR, BRI T R A B
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Q AHSMEIEIR: LT REZDRE 2 P B SRR 55 AN R Y A PR s SR e
Io EREE AT P JE s SN st B UM

O HIRLE: FLeBONTE B AR BRI T S, gt & id iy E2E
E—_"J‘Eglé\ﬁ E o

XA HEAT R AL TR, 5 20 B oy —FE G iLas 7 IR A B xR R

IR, XA e ) B SR A4 i) o B o B e SRR A BRI 3 AL A Bk e 5 L
Tk LEE

O F2EdE (s R4 BT e R E KSR A2 ) Gt Rk N A E R R o

Q MSCARFHREIE HE R

Q Ah P EHR B A o

O BUE B F A o 2B DA A8 e i T BE(E A H o I A8 0 JLAS B
( Fban25~35, 45~555% ),

O XEE ARSI T . B X A b X B, X oA B AR B AR K A8

Q XHRFESEATIENIAL . AniEdl, DAGRUE R —BE B AN [ i AR e (A ]

O FRE TR X BT AR i A T2 A sl 40 LA AE R RRE B A R o 91 an CHA S s R399 88,
BRFEA P B R

RKEETPIEARAEA BRI BT R

OEREHL . R . BA ML TR, #RAEE L SparkiZ% (>APL, SparkSQL |4 FnHAth 41
Scala. Javam{Pythonfu (5|, & BiSparkf/Hadoop It RESLEL ik 2Rl R4 F VIS .

2.4.3 1&REN)IZ 5N [ 5

M O A A T T B RIE K, AT AR AN 2RI . XA, FRATEZ
AR % (model selection ) [AJ@, X AT DUHZE M XFRFEAL S5 e @A vk e £, BE it 4r
FERRUEAES NP, TEF 20T, BATSA L PR BE R IR (%%
WERVERR T AL RSB0 ), PRI, XA RE L SE 228 R RHE S AN RR . 7EIX BB,
WREZANERIA S (WFRE RS T %, ensemble method ) FZ AR UL,

TEVNGRE A Lz A BRI AE M a4 (BRI EA AR 750 B8 A5l , TE VISR B R ¥z
bz ) EIRHACR, X R — A B, BEFRAE R X HE ( cross-validation ),

SRMIFAT I AL B O KB B o SkE, SErE B (R IE R/ MEA R S L AT oI 1
NSRRI, SRR AT REIFA T B PR, A T Bl

Spark A B B 7 ] FEMLIbSE 2 REEATIX BB iR o A Ak 2 2OCE {5 BIMLLib
HISparkiZ. L I BER SEBUXT A R AR7 ~ Tk BB EUN Gk | PPAG LS S8 SUBIE
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244 BREIMESES

T YNNG 1 e EARRAL S, L e RBAS AT A SEBR A TN, 5K HAR 2 2 2
ARG

XA — B U GR i RE I  ARE AR A7 ik o o 17 B A ™ R GERIBOHT A Y
W75 XA T, SR ST R GEREAE VISR L I A T S 4 B

245 wRRKIES KR

AN ) RGP T N IR0 fEE TR AR, AT
FITE AR AR BT . LR AR S LR BRSBTS . 8 Aker e
SEANVE Z R PN DAL SR gy, AR S PR R B R E— Ty i S LB A AR P BB T 1Y
%éf)rﬂo

[FIREEATTE A, BRUMER B AN U SOR U B ih R R B — 00 o 18 W I %%
CEHAMY 55 AR CHEMSC A FIAE A ) O P AR (L oty a5 el PSS FB) AT P SRR BREE ) B9
HASAEIR . 2R O0 T ARXMER e T S B RE ) B SCH . HEry R Ge el HARE B RS
JERTREARE 2, e RS RATEIE SO AR bR (AN P IR | 5 BRI L S e WA ) 6]
AR

BrLA, B rp O 2% [ I s s B R i BE AR SR B AT 25 F8 A . FRATTAT U AT REAE A 7= R G
FRE AR AR 3l i PR R AT A 55 48R o SEBe R, 138 i i 7 e 70 I MR live split test )
PEAT o BRI, X RMEOF A Sy o AERIBURISEER rTRES | A5, Mn] RERCR AN, SiE 2
PRI, X SEHR 225 HI P PR AN A SR ST, diCHAAN i 5 o

Y B —ANE Y TR B A B4 (model feedback ), $8 i1 P AT R X ASEAY (1 0
BT RS R o TEBLSERGE, BRI HPRE 2N P DR SRR TEA T, DTS2 ks AR
A EMUERH A SRR YIZAEE o

AL, BIIRATEHE T — MR RGE th TSP LR P Byl east, i s
TP et FA 1A B P R R 2SR, SR A S 05 1] i 2 i ke s A 1
VIR S C PS> 2 S0y ity IR 3 ON B s A e e AL

GFAEFATTAT LA By — SeRL R R A0 S 5 1 i 40K o 60 TSI, LA Pt— S T g AL A )11
Yo XISHA A ARLEBEA BAERA AT, Sl A —TF AR i B AP K i o e
B XA B TR A B . SRR AKAI T EA 2RI R G R R

P TOFERE 23 1] B4 2 S M P SR R AR B 0
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2.4.6 HALIESLSIRT T RAVIESE

B LA R ZEMERG 18 DLROHEAL BT 1 o 7EIXRTIET , BRI BT A 200 ol — 0 et 17 A
WIPERY BRI T R AL S —E B, XA AL PR VA MELATE TR Bk I 7
BV 5E AL B TR

FRA ARG FZETHE AL BRI 22 2 5, (HABAEE— 2844 M £ 45 3] (online learning )
AIBLAR 2= 2 5o BN TTERTEEE B ARHERE S, BVRRAR AL, DM SEit RGE A AT RE . B WL A1)
TR LR AELAACTAT:, ABENIRERE TR . FRATRT LUGE S k2 2 ik . X0
BRI T H RGO REXD S BFREATh (Rl A K 1R RS 70 A 2 B R 284k, 2R
SRR L IR G OLER ST AN ) AR PR A S B AR

HAESEBRA R, TR I BRI 2 DO R AT A PR . LA, XS A AR IR e L
NS o FE— SRR IA T T PR AR RN B 7RI SRR ek LA e 3 2 [ B
JEI R RERE LA B SEPE R R (LUINTEZR) ™ X I )T oo A R ). B, SiLAbBERAESE
ANTE RS A TR L B RS A T S AR B

SEIB A, Spark#RHL T SCHT AL PHLH {4 Spark Streaming, X SEHIALER 2 > 4T 55 Rt 2 AN
MIERE . 55 105K K11 Spark Streaming AITEZE 2% 3] [A] 5,

B S LAS 7 > RGEHA KA IS Z e, BB rh AR A3 i R GE AR LA SE A e
FfR. XE—MIREGTIE, EIFABOREIR — @ (e 8es Bk m sz AT . M, B iuis 2 il
/MR N RS, AR L S0k . KRB OL T, %07 k2 R AR T 55t
ARBE ALBRA N2 AT RE AR TR R RO A L EHT AR, SO BN S R A S S A PR L S A
TUREE . X BEREORUE SRR 1 R A S B [ HERS T A2 22

TR Tr 2, TR B b AT BB S, AR AR Bk I X B A
AR BEA T RV o XA RY i AT ARt ), (BB AR o DROAE I (LT, it AR
AR 23 BEE IR TR HERS T T I BRI A E A i b SR SR RE SR — A5

25 HEEBFEIRGEN

BAERAN IO Z T 7 infaffEMovieStream P18 5 H R FHBLEN 27> REe, HTRE RISk n] HEFS
K E2-3F 7
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\
\
\
\
1
|

BLR

BN Z B

\
EPRBE AR
ﬁi T TR 1 T

L ONE[IN

K2-3 MovieStreamHY R ey
WEFTR, RGO E T RIS RERERNNE, M.
Q WEESHP . HP T A E PR 5 B0 ;
Q I SRR EL AN RIE
Q BRI Sk, AU G-I AR R B AT
Q K E VNGBS B IR Ss Rt , T REAbR;
Q AR H Ay 0T AR R 2, B I 5 Bl MovieStreamyl 5 ;

Q AR ZE IR [ 2 MovieStream P MAEAL S Y IR 1E

Q i B LR AR K i MovieSteam 45~ AT A BRAE T H, LIRS B HFRfH P addTh . WA H

SBEE RN NS it [P N

BFLE]

AR AR A E B4 iy v R EE A 15 TR AT BAR BB 2% ) 3R G0 5 ZE MRS 5l o AR —AEL G 5
FEURMBATZ I B RR R R o SRR R CELAn BT H S | ) H RS ) AT RERYZEH
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AR ENHERGEFRTRI o #5255 8T A -

Q T 2L R

Q Btk ALz e

O Bfiicdl . AbBE . ATRESEATHOIC S L A A _
Q P Rh A LLORAIE AT 4 R e

2.6 INE

ARE, VRS T RARIEN Y F S L g ) R GE i MPLEER A i FeA I FRE ot T — 1 H
LRGN ] RESA

T, BAOPRHE AR T L T5 IR P2 55, T Rpadinsb B, 35 Bl
FNEEARIA YA — LA & . S X, Kt nl U TN IR T



Spark_EZ#ERIIR B
NIBSHER

Blaw T R— R iz 4, NI LR Web MRS SN T . IR . AL/ 2% |
GRS . BEIT R HERUHABRIIT U, T 2eid HUE o —/ N )

HE, AT T AL T BB AR IR WA iz o AR E RO AR R AU B I o 32k
AU AT P R T AU N R ( HEAn g Rl WA 5 Bl ) LABANER R ( Lz
A F R BRI RE ) F

PLEB2 B BAR 1Y BRI 2\ F]MovieStream (], JH: 322 i RS A0 4 Do i AL 7y R S 85080
HP RS B VA AT R . XS BER Z RIAC N (Feanbrdt, 2k, B R 3
GUREEE ), APER CHeanm P @ . B RIS R ) DU PG S8R (Hhanix badi, wi
WEAREURIRE . TR, TFE, DURAR . o F 2 R0 s idE, A i {4 Facebook Al Twitter
Z RSB YE ).

AN R IR ] fE A 55 R SR ELE (5 B, DAL ANIMDBAIRotten Tomators Z 2 A9 45
=R SRS R B

— R, ARBCT PRI 2w SRR ) AR -2 R, PR O i e EARAIURR (JCHOR I SE
ek, HPaSE AT AR A TGS ), MR RALINTEAEM . X Xk I b L e
SRR Z AL . — A TS A AR AT 25 W s A R AN B ( Netflix PrizeflIKaggle 4L #4
] FEBR R IR AR A ) DLAIE ),

A AR AT LA TT D7 ) B R A AR RSt A BRI~ > BRI ZR A AR A2
AREENFALIE

Q fEAIR AL > 3 A R e Y

Q 2B AT AL PIBUB SR OB A (T8 T PRIRE B0 ), e — L2 ] T A A
P BRI 5

Q TR VEREL . BRE AT
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Q S 4R R R O AT T LAR 2~ FE AR AR I A AR 5
Q 2% 2] Qufer il &M R 5 Spark Y B pRSCK IE U A4 ARFAE

3.1 FREAFHIEE

AL AR AR ME LRI, (e A AR 5 A PR T AT FJi ] AT RS IR
VRN E PR > TR SEAMEA RS . W LA LU LA

0O UCLHZEEZE I FREE : G300 A I/ NHSERIR RS, nl T8 H, K
FHERE RGEAES5 o BURAESIFRAL T : hitp://archive.ics.uci.edu/ml/,

0O Amazon AWSAFFHIREE : 17 B3l & 2 K AVERAE , W38 Amazon S315[1], X LL¥#
FEAFE AR FATEH . Common Crawl W 7115k} 2 | 4 5 BB S 1 Google Books
Ngrams, HIA5E S 0L: http://aws.amazon.com/publicdatasets/

0 Kaggle: iX BAEH T KaggleZ$ 47T YA R HLAS 2 > e BRI IRV BUEEE . BN TE w28, [l
5 HEA R R G LA S G A4tk , v M Competitions X 38( T %% : http:/www.kaggle.com/
competitions,

0 KDnuggets: X BALES—MEA AT EARES IR, Hrb—2 g2, %3)E&A0
F: http://www.kdnuggets.com/datasets/index.html ,

NG BT 60 5 AR S LB 5 D44, A S AT IR AR AR A

Q TR Mk B — A ARG 5 R ST 7 R

MW Spark T FYEHEAL IR | FEARFRHE SR BURSCROME S, T2 N 80— DU Iy T

#EEMovieLens., ‘B REN T THER RGAHALTT RERIHLER 7 I ME55, IEBAE R oIERLE .
Spark# #L % 5 5] FEMLIib— A & %45 % 3 W - &, 124+ Spark#) #s R F,
H AR AP it 69 3t i R R AHE
Spark 1.2.05| AT —A 53 69 % MLIib API, 4= Tml & F (A E D
WAL Fmllib@ T ), #APLE Ak RA 49 APIA 4 w6y 38it, Wi £5 5 #idk
I RAZMG EAIRT , T QAR BN, RAEE I BRI %
= Fo B SUIAE
AP AL T SR ILOEL, BRBLVRA T TRAMIATRGEL, Ak, &
LN R EARAT BRI ILAMLIb APL, FA& AR B#, A $Fiies)
89 B FP AR I Ty ik e AR AR 2 1) AR AR B TAPLF . 1247 APIAY 4200 B B Fm
K BRIk KB 2R T RAF




36 % 3% Spark EHIERIKIR, AL L

MovieLens 100k#3E&

MovieLens 100KEE 440 5 2R 24 0 Z2 B0 L2 B9 1007 YO FLEUE , o fa i e on s
AP RIERE R ZEIREATR, JrE T A Spark e e s AL FE, B0 S A< 1 .

1] M http:/files.grouplens.org/datasets/movielens/ml-100k.zip F 23X a4
TG, AITEL it R

>unzip ml-100k.zip
inflating: ml-100k/allbut.pl
inflating: ml-100k/mku.sh
inflating: ml-100k/README

inflating: ml-100k/ub.base
inflating: ml-100k/ub.test

X4 A ml- 100k SO, T TS B i H SR BZ H SRR AR NS, Hobl
B A user (FHPBPESCHR ). witem (HLEZICEAE ) Fludata (P XTHUZAYTTEL ),

>cd ml-100k

KT BRI E L5 B T AREADMERRAS, A5 Eos SCF By As i Lo AT LA
i fiheadfir & HRAF S NFHRIA A

eanvt, wTLAE Buuser U & user.1id. age. gender. occupationflzIP codeiXil
@b, KM AEER (1) 5k,

>head -5 u.user
1|24 |M|technician|85711
2|53 |F|other|94043
3|23 |M|writer|32067
4|24 |M|technician|43537
5133 |F|other|15213

witem ANl S movie id. title. release datelMA TS5 IMDB 1inkMHLES2EHH
K EYE. BB R A5k

>head -5 u.item

1|Toy Story (1995)01-Jan-1995]| |http://us.imdb.com/M/title-exact?Toy%20
Story%20(1995)|0jo0jol1l1l1l0l0lOlOfO|O[O[O|O|O|O]|OIO

2|GoldenEye (1995)|01-Jan-1995]| |http://us.imdb.com/M/title-
exact?GoldenEye%20(1995)|0l1|1|0|0j0j0j0jOlO|O|O|O|O|O|O|21|0]O

3|Four Rooms (1995)|01-Jan-1995]| |http://us.imdb.com/M/title-
exact?Four%20Rooms%20(1995) [0/0|0|0|0|0|O|O|O|OlO|OIOIOIOIOI1IOIO

4|Get Shorty (1995)01-Jan-1995]| |http://us.imdb.com/M/title-
exact?Get%20Shorty%20(1995)(0[1]0(0|0|1]0l0[1l0l0l0l0l0lOIOIOIOIO

5|Copycat (1995)101-Jan-1995| |http://us.imdb.com/M/title-
exact?Copycat%20(1995)|0l0lojojojol1jol1l0lOlOfO[O[O|O[1]O]O

&5, wdata Xl Fuser id. movie id. rating (M1F]5) Mltimestamp/Etl, &
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PERFHHIRST (\c) b,

>head -5 u.data

196 242 3 881250949
186 302 3 891717742
22 377 1 878887116
244 51 2 880606923
166 346 1 886397596

32 HRESHWULHIE

ARG, A 2l Spark 38 . 2 2 i R PR ZZEEME | A 15K 3 5 IPython 22 H. X 2 oy Al
matplotlib R X EE A TA BRI AT AL, iFRATT 23 F 2 Python FIPySpark shell,

IPythons% 4+ #F Python#) — N ZH AR Z X oA 5, LN E— 2 5] £ A4k
pylab, % A NumPy#FeSciPy i F#83+H, »AZmatplotlib/ T & X 24 B F= =T

Qa AL,

U A AT A9 TPython ( A+ B AR 42.3.1 ), IPython#) % 5 7 ik 7T 2
4= F 455 : http://ipython.org/install.html, 4w R X & 4k % — k4% A IPython, iX 2 A
—/AN#42: http://ipython.org/ipython-doc/stable/interactive/tutorial.html.

IBATAEAUE T E L HHR BB T 6L BT822 45 ] DSR4 3 . SR AR
THR Py thon HANGAZE X S640 i 223 i, FAT T5im ZUER AR il T — 1 Tl g 1 (0 B2 Py thon 5 47F:
Heiin Anaconda ( http://continuum.io/downloads ) B Enthougt ( https:/store.enthought.com/downloads ).
LR R AL 1 e i B sty A AU s i —10

PySpark 3 :Fiz 1 7Pythonfi i] #5 € IS4, 7E)3 sPySparkZe sy, FAT0T LA FHIPython fii
FrAEPython shell, J& s AT LA [ IPythonfe ALMSEL, 4G 1L EAE A sl HpylabZife

Al LL7ESpark £ H 5% Figf il F a4k SC 8l FakFa ok
>IPYTHON=1 IPYTHON_OPTS="--pylab" ./bin/pyspark

W] LA BIPySparkZ i 23 2l HoAy AT 1240 -

_ [
%3% 289 IPython 2.3.1 -- An enhanced Interactive Python#e
1 L, _ .
‘\Q Using matplotlib backend: MacOSX#r i 47 & = IPython #= pylab 35 & 4%
PySpark & /.

5 R AR R 69 B R S A AR R R, S FREGH TR A A TR R




38 % 3% Spark EHEIEAKRR, AL EL

MR spark-1.2.0-hin-hadoop2.4 — java — 121x56 o
Micks-MacBook-Pro:spark-1.2, 8-bin-hadoop?. 4 Mick$ IPYTHOMs1 IPYTHON_OPTS="--pylab" ./Bin/pyspark

Python 2.7.8 |Anaconda 2.8.1 [xB5_641] (default, Aug 21 2814, 15:21:46)

Type “copyright™, "credits™ or “"license” for mere Lnformation.

IPython 2.3.1 -~ An enhanced Interactive Pythen.
Anaconda is brought to you by Continuea Amalytics,
l‘ lease check out pi/fcontinuun. Lo/thanks and MLtps://binstar.org
> Introduction and overview of IPython's features,
ltllu(kfcf -> Quick reference.
hela -= Python's own help systes,
cbject? -» Details about ‘ebject', use "object?l' for extrs details.
Using matplotlib backend: MacOSX
Spark asseshly has been built with Hive, including Datanucless jars on classpath
Using Spark’'s cefault logdj profile: orgfapachessparks/logdj-defaults.properties
14711738 18:01:15 WARM Utils: Your hostnase, Wicks-MacBock-Pro.local resolves to a loopback address: 127.8.8.1; wsing 18,
€.8.3 instead [on interface end)
14711738 18:81:1% WARM Utils: Set SPARK_LOCAL_IP if you need to bind to anather address
14/11/39 10:01:1% INFO SecurityManager: Chamging view scls to: Mick
14/11/30 10:01:15 INFD SecurityManager: Changing modify acls to: Mick
14/11/38 18:01:15 INFO SecurityManager: SecurityManager: authentication disabled; us acls disabled; users with view permi

5% SetiNick): users with modify permissions: SetiMick)

1471 18:81:15 INFQ 5if4jLogger: Sif4jLogger started

14711730 18 INFD Remating: Starting resoting

14/1 1 INFO Remoting: Remoting started: listening on addresses : [akka.tcp://sparkDriver@l®.0.@. 3:56718)]
14/11/30 INFO Utils: Successfully started service 'sparkDriver’ on port 56718,

14/11/38 INFO SparkEnv: Reglstering MapOutputTracker

14/11/38 INFO SparkEnv: Reglstering BlociManagerMaster

14/11/30 INFD DiskBlockManager: Created local directory at Svar/folderss_1/86wxlj113wcgnT o8] Lodd_rd@ddgn T /spar
k-local-201 1’81”1[6 L416

16 INFO MemoryStore: MemoryStore started with capacity 265.4 MB

16 WARM MativeCodeLoader: Unable to load native-hadeop Library for your platfers... using bulltin-java cla

14711730 10:81: 16 Nfl] rtl:FxlcS«:rv!r HTTP File server directory is fwar/Tolders/_Ls/@Gwxl|t13wqgn?redjlodd_rddddgn/T/spa

14711738 INFD WEtpServer: Starting HITR Server

14/11/38 INFO Utils: Successfully started service 'HTTP file server’ on port 56719.
14711738 INFO Utils: Successfully started service 'SparkUI' om port 4848,

14711738 INFD Sparki tarted Sparkil at http://18.98.8.3:4040

14/11/38 10:01:17 INFD Akkaltils: Conrecting to MeartbeatReceiver: akka.tcp://sparkDrivergl®.d. 0. 3:56718/ user/Heartbeatie
celver

14/11/30 18:01:17 INFO NettyBlockTransferService: Server created om 56720

14/11/38 10:01:17 INFO BlockManagerMaster: to register BlockManager

14/11/38 1:81:17 INFD BlockManagerMasterActor: Registering block mamager localhost:S6720 with 255.4 MB RAN, BlockManager
Idi<driver=, localhost, 567280

14/11730 18:01:17 INFD BlockManagerMaster: Registered BlockManager

Welcoae to

Wb versien 1.2.8

Using Pythen version 2.7.8 (default, Aug 21 2014 15:21:46)
SparkContext availsble as sc.

i

[€]3-1 IPython T {YJPySpark it 4 sit L T

BAEIPythonZ 3 E 3 8l FAl 1] IR Z MovieLens Bl I i e A 14T

BARF W F LA, ART AR AR NS [Python#k s, AL T i@ it
IPython#% £t #9 Notebook Ak Tk, J&# X4 X HFHTMLE®, H/£IPython%

Hah LR T — IR AL, PR HTMLARIT, AR SiE4FRA
R B A8

K69 B K 1% A IPython Notebook & 1%, . 'E 14 X T ik & Aotk A 269 R,
e RENEE—HFHEFFR, R BE, R T E F Notebook & iE 47 A F#g4X,
AL, R F IR AEPython X AL 91, EF2AEAR & #9TPython Notebook#i A, VAAEARF
A #|IPython Notebook *F

IPython Notebook &9 4% /Al 4§ &1 7T &~ I :  http://ipython.org/ipython-doc/stable/
interactive/notebook.html,

3.21 REAPHIE

B ek HMovieLens 7 BUAFAE . TEVRAYZ S A A I F AU (b i paTiE i funzip
i i iMovieLens 100kEAE 4R i AT A= it 32 H 5% ):
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user_data = sc.textFile("/PATH/ml1-100k/u.user")
user_data.first ()

oy th i 5 TS :
u'l|24|M|technician]|85711"
OEH P BRI E YT, AT LESR], BREH 7 R,

3 first E4 S collect B EM, 1BFTF R @I 42 5L ©IRDD# 4 AT

%, BAELTE A take (k) Fi3 ok RE ERDDW ATAAN T & 5 RS A2 5

I 7 SRR RA TTR . BOK A —MRDD, Horh g Hxt —~Python 71
%, %ﬁﬂ%%EEFHF' ID (user ID )., 4Ei#% (age ). PE51 ( gender ). B ( occupation ) FHIF 4 ( ZIP code )
FA B YRR

ZIR G P UL AR AR H o X A RSB B R, B

user_fields = user_data.map(lambda line: line.split("["))

num_users = user_fields.map(lambda fields: fields[0]) .count ()
num_genders = user_fields.map (lambda fields:
fields[2]) .distinct () .count ()

num_occupations = user_fields.map(lambda fields:
fields[3]).distinct () .count ()

num_zipcodes = user_fields.map (lambda fields:
fields[4]) .distinct () .count ()

print "Users: %d, genders: %d, occupations: %d, ZIP codes: %d" % (num_users, num_genders,

num_occupations, num_zipcodes)

N AR

Users: 943, genders: 2, occupations: 21, ZIP codes: 795

He Himatplot 1ibfihis BRI — BT, DLZMHr P 4RI ) 20 A 0L -

ages = user_fields.map(lambda x: int(x[1])).collect ()
hist (ages, bins=20, color='lightblue', normed=True)
fig = matplotlib.pyplot.gcf ()

fig.set_size_inches (16, 10)

X HEnist A ASE G agesBidl . HITEIMoins¥H (RPIX[E%L, X H 20 ), [FAT
WFH T normed=TrueZHORIENAL B A K, BILEAEAN 7 4R AR08 782 X 18] PN A B o 5
BRI .

Wk REE BIEI3-2T R B L. AT LUE HiMovieLens T P i 4E42 . KT Ak T°15%
F35% Z [Hl,
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0.0
0.04
0.03 _—_
0.02 L[] —
0.01
i~ I
0.00, 0 20 30 40 50 60 70 80

K3-2 P RAERE B A

ZAE T P Y A AR B, AT AR AR BRI S, i SR 22 i FH 2 B MapReduce
TR R TP A AL A PR EL, SRJEmatplotlib I Wbar PREUIZ: il — AN A B
(pyesUnESIAL

B O HRMY )RR R SCAS - BT DL 20 AR A AL BE L S oa r pRECASH] -

count_by_occupation = user_fields.map (lambda fields: (fields[3], 1)).
reduceByKey (lambda x, v: x + y).collect ()

x_axisl = np.array([c[0] for c in count_by_occupation])

y_axisl = np.array ([c[1l] for ¢ in count_by_occupation])

TERF 22 HRML B S 8O YRDD R, 7R A PN A RERIRASERIE . AT 13510 i
B CBPMEARZE ) S8l (B0R Do collect PREGR MIEUR BRI IFAHER . FA 159 2002817
Y, NIAEZIE B LD B Z A s 45 R

S AT SE AN nunpy B . 2SR T Finunpy argsort BREICK LI THT A b ik
BOTE . R B2 bl Ay Sl () B2l A L HE Y CED LB HET ):

X_axis = x_axisl[np.argsort (y_axisl)]
y_axis = y_axisl[np.argsort (y_axisl)]

AT RICE W TR SR R E TR R, B, S UABNEAE Al A 25hR %,
DIECEAE Ry n . T ARSI T Wplt . xticks (rotation=30) Z MR FELK
AL
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pos = np.arange (len(x_axis))
width = 1.0

ax = plt.axes()
ax.set_xticks(pos + (width / 2))
ax.set_xticklabels (x_axis)

plt.bar (pos, y_axis, width, color='lightblue')
plt.xticks (rotation=30)

fig = matplotlib.pyplot.gcf ()
fig.set_size_inches (16, 10)

T % P33 B, AT, Mk A 2 Bl S student . other . educator . _

administrator, engineerfllprogrammer,

200 ——
150
100
50
—|—|—I_T_T_I_T_1_|4|_‘
0 o \4.6“6 @6‘ Ry -\‘é & 6\6 \6\% c\‘b (x\% ‘\x@ $oe S @S \\eﬁ &}\‘
¥ x@“‘ W \\“; et R P ‘oo\s“c\“

E3-3  FH LA A

Spark X RDD#ME T —N 44 hycount Byvalue MEHE KA, T &1 RDD B & AN {E T 5351
HIA AL, IR ILLIPython dict PREXATIE S ( BJ&Scala. Java I iMap PR%R ) iR 25 3R B )7«

count_by_occupation2 = user_fields.map(lambda fields: fields[3]).countByValue/()
print "Map-reduce approach:"

print dict (count_by_occupation2)

print "

print "countByValue approach:"

print dict (count_by_occupation)

CIRYE | N o6 N DA R S El

322 REBHHIE

TR T TR BRI RHIE . AN BIIRRE , FRATAT USSR BE — T HATIC R, ARG
et R S
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movie_data = sc.textFile("/PATH/ml-100k/u.item")
print movie_data.first ()

num_movies = movie_data.count ()
o

print "Movies: %d" % num_movies
BERZ S ML TR AR (I

1|Toy Story (1995)101-Jan-1995| |http://us.imdb.com/M/title-exact?Toy%20Story%20

(1995)l0jo0l0l1l111l0]0lO0lOlOlOlOlOIOlOlOIOIO

Movies: 1682

22 il LS AT 1 4 A P81 ) D7 3 RN T P P AR TR 2 A AL BRI Bl S AR VL R A 7
AN TIAER T2/ (TEAREHRE HIRTE 2 19984 ),

M ERARAS T LAE R, B EE Th A SR AN, SRS B — 1 BRIk AL HE T re lease
datel} I GEAMMTAS IR, X AT IZ RS N convert_year:

def convert_year (x):
try:
return int (x[-4:])
except:

return 1900 #F3ABH &k F W LFHEH1900, B LLE P AT BT L HKE
A T UL RBOR AT RATAEY 5, 8 nT ZE R H FE 2 B A T map e 40 ik 0 FH i R, FFH ]
AR

~

movie_fields = movie_data.map(lambda lines: lines.split("I["))

years = movie_fields.map(lambda fields: fields([2]) .map(lambda x: convert_year (x))
fE BT A IR AR 1N 1900, BT UE R X SR AT LA ] Spark 1Y £1 1 t er Fedft e -
vears_filtered = years.filter(lambda x: x != 1900)

IR 20 A AL RSO, XA AT I R 20t — P p b B b e — MR EF
BBy FL, XWEY T RIERREEE T, EA BT A BB e B AR i
Tl

TV RE AR S, FRATH Y BTAEIR 25 RA Ty, ITITRE B A A T AR 51 el 6k v 5
. B Hcount ByValue R HAFAER 2 AL H . a8 hil AR Bor R (TRIRE2(d
hist %L, HHvaluesHEAER H countByvaluefJ&5H, FHEMN AbinsFH ):

movie_ages = years_filtered.map (lambda yr: 1998-yr).countByValue ()
values = movie_ages.values/()

bins = movie_ages.keys ()

hist (values, bins=bins, color='lightblue', normed=True)

fig = matplotlib.pyplot.gcf ()

fig.set_size_inches(16,10)

RETE BN 3-4RXFERIEE R . BRI AT T 199841 AT LAF o
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F3-4  HEZRYAFER

3.2.3 IREWTRHIE
BAEARE — TIPSR -

rating_data = sc.textFile("/PATH/ml-100k/u.data")
print rating_data.first()

num_ratings = rating_data.count ()
print "Ratings: %d" % num_ratings
vy S A Ny

XRG4

196 242 3 881250949

Ratings: 100000

LR BIPFRR BB 1007 o S P Bdle SRR AR, WG “\c” k. IR
MRS, BATSAMEEEEARSET, LIRS TIPFRIE MR B . sh e

rating_data = rating_data_raw.map(lambda line: line.split("\t"))
ratings = rating_data.map (lambda fields: int (fields[2]))
max_rating = ratings.reduce(lambda x, y: max(x, y))

min_rating = ratings.reduce(lambda x, y: min(x, y))

mean_rating = ratings.reduce(lambda x, y: X + y) / num_ratings
median_rating = np.median(ratings.collect())

ratings_per_user = num_ratings / num_users
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ratings_per_movie = num_ratings / num_movies
print "Min rating: %d4d" min_rating
print "Max rating: %d" max_rating
print "Average rating: %2.2f" % mean_rating

)

print "Median rating: %d" % median_rating

o°

oe

)

print "Average # of ratings per user: %2.2f" % ratings_per_user
print "Average # of ratings per movie: %2.2f" % ratings_per_movie

TEL S RAT UL EAn e, H BLZ S R 2

Min rating: 1

Max rating: 5

Averadge rating: 3.53

Median rating: 4

Average # of ratings per user: 106.00
Average # of ratings per movie: 59.00

MATRTLIE ], SRRSO T, iR RIPFEONS . XIFAESL, ORI F 2
QIJSO

SparkXfRDDWIRI— % states IR, X pRECEL & — N RUE AL B TR I SETT
ratings.stats()

Fehar o -

(count: 100000, mean: 3.52986, stdev: 1.12566797076, max: 5.0, min: 1.0)

AUE S, P XA (mean ) J23.576 4, TS HPAEL (median) 4. Xt
RESITF UL ) 23 A R 1) 5 1A 00 o LRI A, T AR —MFERE A AT I . Bk
O AN Z B HIZEADL -

count_by_rating = ratings.countByValue ()

X_axis = np.array (count_by_rating.keys())

y_axis = np.array([float(c) for c in count_by_rating.values()])
# X ExfysE R, CATE S

y_axis_normed = y_axis / y_axis.sum()

pos = np.arange(len(x_axis))

width = 1.0

ax = plt.axes()
ax.set_xticks(pos + (width / 2))
ax.set_xticklabels (x_axis)

plt.bar (pos, y_axis_normed, width, color='lightblue')
plt.xticks (rotation=30)

fig = matplotlib.pyplot.gcf ()

fig.set_size_inches (16, 10)

X R 3-5 s 4
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K3-5 HEIFRAY
FARFERFAN T Z A AR AR, BV 5310 it i ) TR A2 L T
AL ] LRSS P PR OB A 1§ 00 o ICARZ BTRAT I E XSRS FH AT 0B, A
A it rating_data RDD. AR H F U EIZRDD A i

FTHAA P PP B A A, A6 rating_data RDDEEEHH LI IDA F4 |
PEOE N EEXT . Z 51 I Spark ) groupByKey PREL, XTI LI P ID A E4EIEA 74341 «

user_ratings_grouped = rating_data.map(lambda fields: (int(fields[0]),
int (fields[21))) .\
groupByKey ()

ORI (PID) SRS IR X248 A PR

user_ratings_byuser = user_ratings_grouped.map (lambda (k, v): (k, len(v)))
user_ratings_byuser.take(5)

BRALSERDD, TR DS, SRR IR 1, WK HOR A
FJRDD:

[(1, 272), (2, 62), (3, 54), (4, 24), (5, 175)]
fJE, HIRA TR Bni s c BBORZ 2 1 PP oA 1 BT 1

user_ratings_byuser_local = user_ratings_byuser.map (lambda (k, v): v).collect ()
hist (user_ratings_byuser_local, bins=200, color='lightblue', normed=True)

fig = matplotlib.pyplot.gcf ()

fig.set_size_inches(16,10)

LERINEB-6T7~ . ATRIAR, KHERI I PR T7100. (Hiz i R B IR A e
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Ik GrB USSR/ G D) AE 8

0.030;

0.025

0.020:

0.015

0.010:

0.005

0.000

T — o T — 800
K3-6 25 BRI 20 Al

AT RUTZEM T R A PP BT 18], 38 m] F O 4k~ IR ig g, Bz
AT USRI AN [R) H 3] (AT TR SR 19 B fm — S RO TR B2 ) R R RUITEE O, dEmigs
il th SFERRE. 2 SPPRBARTE P B R, URBIETIRA R S RO DR Rl 2k . il
ELERS SN

3.3 AIBS5EHHIE

BAEBATE R BAGE A TS IRRIER 38T, IF T TP AR A —LERRAE . R4 T R fif
2 Wg?

SRR T T LA ) B, BRI B, JF T RERS EOR AT S R 4
ZIr A RE A e 1 K LS ORISR . B A e e AR A SR IO 2 5K % . RSB fis il F, —
LEHEAAS By (SR R P B 1 7

TEZ BT P R R AR N 3R AT C 2R PP BEAY A 20 . —JBok UL, IS Bl 77
AR | B SRS R R . AR DL T, FRAT B Z AR . (AR R AT
T —SeXE LI B AR AR ( LN 2635 S BCs AR AR Bl ), SCiPr Lo ELMBA . (HBk



3.3 A5 HMAE 47

KSR WARE L, HANED7 00T S A BEAR LR AR R 2R L. BRI, R BT LT

Q FiEiE s MIPRIE M S B ERKEIRE: X W RO, (AT 25 X L5 IR
LEAFAY(E R

Q EFEAFMEBSERK B T RIS A ) Bt R A AU sl sk O Bl . T A4
MZHE . 2R ER BT, SO HRYEAN B s B s SR (E (G5 B XS i
FREE ) 2 EFRIEMTITEORAED, BB . DS RRA AR A,

Q MFBEMEELIE: W EREZLRETE TR e R ERA . 2R
JENS IR RARME B SR T R BREUR IS, (HABRAAER SRR (I
[B1U=) o] T A BE S A SO

O X ATRERI R B EFITR : J)— AL B S B (E b (7 i R AT . XHIRLE T REAT
TE 5 B (A O i 1 R AR, R A St i A0 et . sk ety B T A1
AR RAFAE R (ERER B2 , JFREARZ M R AN EAE )

FEMBEHER MR BIERYIA T

T & 2828 i iy AR AU AR 1] 50 00 3R A, TR T A AR AT H A T i B
RICT TN, BUHTAAT H B9 Hr A ORI e [ R

vears_pre_processed = movie_fields.map(lambda fields: fields[2]) .map(lambda x:
convert_year (x)).collect ()
years_pre_processed_array = np.array (years_pre_processed)

EEBUITA LT HWE, XEE TR ZITE 00 E R p A 8, BB ER A
R E A o SR 5 Fnumpy I PRECK R Hiyear_pre_processed_arrayAYAERLIEEHE & 147
F(ZHRRAAZEIE S B T 1900IME Do t)m 1811275 306 L BUVE R AR B S 1) &
T4y -

mean_year = np.mean(years_pre_processed_array[years_pre_processed_array!=1900])
median_year = np.median (years_pre_processed_array[years_pre_processed_array!=1900])
index_bad_data = np.where(years_pre_processed_array==1900) [0] [0]
yvears_pre_processed_array [index_bad_data] = median_year

print "Mean year of release: %d" % mean_year

print "Median year of release: %d" % median_year

print "Index of '1900' after assigning median: %s" % np.where(years_pre_processed_
array == 1900) [0]

FCo AR -

Mean year of release: 1989
Median year of release: 1995
Index of '1900' after assigning median: []

BHLE SR T AATAR 0 P EE A T AL . INAas i nl B 21, R ATAR03 70 A3 04 G 1) (451
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HOLIEAR R o R IO 38 AN 25 2 B A R U 2R IO R BFEA R W . (B,
i 1 R AP AL (R B A B AT AT o

FEA R AL, b @A AR 8 T IR SRR, B Bt e ARiE = 4 R

% HALF, T HIEE FT i it Spark F #AA A RDD @ mean &4k 3L, 42 8 775

Q FABRL G PALE RS BATVT VA TH B I FH R K PIEH, XR2E FAsample
B (EEILELR $E5)) FHAANG PR,

3.4 MHEPIEENE R4
FESERATEAR IOV ARE | ACHURTRIR | (0T DI (LA ST BRI S

HAE (feature ) FEARLEH]I TN ZRA AL . B —A 780 & nT B B ZREEA 245 Fif
FE e MRAS B, LA bl s I e 'ﬁﬁﬁ@fif%@ﬂ?ﬁ’ﬂ%ﬁdﬁ%ﬁﬂ%iﬁ; i, FA1#
FOR IR B O R

RAIE R A 2 0 R I LR

O HE4FHE (numerical feature) : 33 SLAFFTE Sy 52 ﬁ& B, ez mi R B AR

O 2ARHFIE (categorical feature) : BATTIEE R T RERSES IS —Fh, FATESE
S R L HR D R R S M R

O XAFHE (text feature): B TIRAE BEIEH I SCANE, HIBES . #IBRSUETE,

O EAB4FE: KA MRS e A Rm B . AN EUR . WA R 0 ] B 227 S (e
BARIIES o MR B AT iy 2820 B st B 51 (geohash ) R

D HLFRATREAR VB . 251 L S SCAR R HFAE

3.4.1 ¥EFHE

JEIR B REL AN — DN EUERFEZ B X R A7 SEbr b, AT ERR A REE ok A it
(B, WL AR o 27 2 F S A AR X o7 F4) o) et AL 3 A A A 38 il 14 jim
FApAc it (FRfElhi B o T ) i R i 2

AT FRAT ARG AR L 5 BEAYAFAE , LEAERYBE X SERRAE 7 BURHAE (ELFN AR B 2 [T O
Fo WHAFRE SR — G BUARHIE . AFRY YIS INAIRE IS 22 o) nT BERLAF 7 B G R . KBl
o BEAL R — T B OB AR

HRUERFEA AL T AR Uy, Feal FPEARXS B, (H AT ARA 0 A 2o B (78
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R, AR B R (SRR ), FRATOBIEI ] §E2: A FIZME B
AR Z B A ISR AR, R RHZE R BT TEA R, BRAREE R s g . SRt
{37 B AT SR BRI S (LA SR A — T s 52 ), 7 5 R it 2 (AP AR SR 1 o

3.4.2 ZERIHFE

BRI A IR U, HEBUER [ B A Al REHUEL P M I B B AN 2 — 07, O
REVESARIA o AnZ BT 9 g P O R — SRR A i, T REIUEA 22 | R R 2

XA I AFFEFRIE % S (nominal ) 284, BIHAANAT BEBUE Z M)A TR . M,
ABEEAFAENT P 5 22 1 ( FLanZ AR BB, Mo X BB s 2 @ FalR i FiEg ) WIgdR A
# & (ordinal ) ZZ 4,

BB B IR, WAl Bk 1 (1-of-k ) ittty 544 B RFs ] T
PLas IS HIE, S Z A B AN 1 i R 07 12 o A7 /A8 B S B (T RERIRE BLH T,
B 22 M SO — R R AL B

RS T IA(EAT KA o AR Sk e T 1 30k, IO AT LR B S k) — e o] R R —
AR, AR, ZE NS BT ERI TR M1, HAR TR AR N0,

tean, AT ABU occupat ionf A A GEEHE :

all_occupations = user_fields.map(lambda fields: fields[3]). distinct().collect()
all_occupations.sort ()

PRI AT LIRS 45 nT e Y /Bl 75 (T, A 5Python., Scalall S JavaH402H gy M,
L O TF A2 2 ):
idx = 0
all_occupations_dict = {}
for o in all_occupations:
all_occupations_dict[o] = idx
idx +=1
# A—T “kZ1” BB T o R4t 24
print "Encoding of 'doctor': %d" % all_occupations_dict|['doctor']
print "Encoding of 'programmer': %d" % all_occupations_dict['programmer']

HAH IR .

Encoding of 'doctor': 2
Encoding of 'programmer': 14

wJakgmibprogrammer (BUE ., B ETHEIE— BRI RERIERLE B AR (AR s )
Bnumpy 04, HAITTEME N0, Xl numpy Y zeros PRECSEER

ZJE B Rl programmer TS, HWE B XS REZT 5 AR TC R (EI A 1 -
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K = len(all_occupations_dict)

binary_x = np.zeros (K)

k_programmer = all_occupations_dict['programmer']
binary_x[k_programmer] = 1

print "Binary feature vector: %s" % binary_x
print "Length of binary vector: %d" % K

X N7 PR il A

Binary feature vector: [ 0. 0. 0. 0. O0. ©O0. 0. 0. 0. O0O. O0. O0. 0. 0. 1.
0. 0. 0. 0. O0. 0.]
Length of binary wvector: 21

3.4.3 REFFHE

EmE SR, B A — e A R IR A BRI FOR AR B . BAERE AU, JRAE
H RAIEBE HL R SR R MR 2R R

tean, wT LA A RS P B P R IE R EIE . OB BE LIRS XS AS [ P A
PEACRAAE (52 b, X TR RS ). 1ERTSCRIRA T MR UG B PO BB EE T Rt
DA o] B a R

WIS AR B R IR A R B B 5 TP . . s, L 2 R EE R IME L )
T EERTNZS T, RATAE B W R B2 B9 R A TAE O RS RTAE A URAE T #imovie age
FRIERY o XA e iR B8 R B A A T A S, JF ISR BRI R 22 S 2 5

BUERHE B EBRRIE B FE AR UL, Heandl o3 X R RRAE o 61 T S B i A iy LI A
AR L HBERA ERNE [A]

1SR [E] 8BS 9 2L R FHIE

T T DAV [R] R 4 A 5], i B e BB A e 40 A 2R E o B[] A A% XA Unix
RO EIEL . FRATTAT LI Pythonff dat et ime b A FREEHCH H 3T . BRI A A S8 (hour ) 15 8.
28 SR I A TR I ) 5 B BT R4 B RDD

T B E L — PRECH PE I TR R U dat et ime AE

def extract_datetime(ts):
import datetime
return datetime.datetime.fromtimestamp (ts)

T HE SRR Z AR B rating_data RDD,
BATE Sl Fmap i 18] R M 0 M Python int 281, SR)5 il ifextract_datetimePR%
P B A datet ime UG XT S, HETMHRIBCH H S AP HL

timestamps = rating_data.map (lambda fields: int (fields([3]))
hour_of_day = timestamps.map (lambda ts: extract_datetime(ts) .hour)
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hour_of_day.take(5)
PG 25 R RDDIHISA5IC %, AIE R F 4
[17, 21, 9, 7, 71

O TE L T DGR B I ) 5 B SRR TR A B8 S B B SRR e 45t

e, B A AR F NG THIRE , ARSAERA . BRATTAT LUK s R0 70 31— R Y
NGz S

P L7 s 312,502 B, 1283014802 0, AR, B4 il semffa] Bz, nf LA _
AN LA ECR AR BRESOR AR (BRI PR ERE [] Bt -
def assign_tod(hr) :
times_of_day = {
'morning' : range(7, 12),
'lunch' : range (12, 14),
'‘afternoon' : range (14, 18),
'evening' : range (18, 23),
'night' : range (23, 7)
}
for k, v in times_of_day.iteritems () :
if hr in v:
return k

AE X hour_of_day RDDH BRI A A 48008 Fassign_todpRi%l:

time_of_day = hour_of_day.map(lambda hr: assign_tod(hr))
time_of_day.take(5)

WRFA T PEA R O RDD LAY RS A5 T0 %, 2% A h S rY H -

['afternoon', 'evening', 'morning', 'morning', 'morning’']

FRATE R TR e g s B, PR 0 T IR, NIRRT — e . FRATT AT
AR Bl Z AT P2 21 1R k2 1 7 oA A AR L 18— SO [

3.4.4 STAHHME

MIERPRE S B, SCARRHIE AL R — R E s IR AR AR . T DL AR (FRATH Bt
B ARSIz ) ks, RIMEA NSRS, FUSIR I SOR WA BE B . RO s 5
IR R AT BRI , ARSI [B] o] BE L LA 5 A T LF- R o X i A LB AN 54 A [
ARAIE S BRI, 27~ RUSCRAEA BAR . AT LR, FRATT 2o A B I 1) SO B g — o
TR T AL~ IE A

SRR AR Z M . AREF AR LT SR N A RIAL B, FR AT — 4
So KT IORAEH S BN B ATEARBITHETER A, (HIRAT2 2 —Fh ) HARHEIL 1S
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FRIFSREUT 1 o TR FR A3 4% (bag-of-word ) Fnik.

TAEHNG— B SORIN F I A SO s A s S A, LA R

Q 438 (tokenization): 5554 1 M B8 431] J5 3 KoK SCAR 23 B — A~ i) (— e 2] |
BEAE ) ARG . AT anZS Ak . RO IRTEZS AR SCAR SR I T g
I 5 At A s A 5 AN A AR R B 4

Q MIFREFE (stop words removal): ZJ5, ‘Bl % SMBRH AR, b ilthe, andFlbut
(X ST EARVEAE R ).

O BEGAIT (stemming): F— NPT AYHREL . X8R4 IR ) A o HEEA I ek
F A, H LA 8 808 B ( e lindogs™s Kdogds ), RIE T IEAIRZ RN, SO
Ab PR P i S 2R TR IO T

O mE% (vectorization): f/5— M M mERF/RAIELFAYIE] . —J0 M & 0] BN
IR T B U0 AR N R ARSI . IIRA B3, X5 Z e 21k
Z ISR . SkZ U, R E— AT S BRI RS PS5 it . B 5
M £, KRR AT REAEA TT . Rt IR PR R AR O . XA EROR Hid
SRR B, NI 48 WA RG2S 0], LSO TR fa]

EHOERNAIE) B A G Jeth LA fe b iR By ik, 3R E R
~ o X IER LA ARG LRI S

BN f8] B2 B ST AHFAIE
FA TGS A SRRSO B, RIS AR IBCCARFAE S — I CRE

BT R BRECR I B S AR P R REAFAE R R ATAE A o ASRARE P AEERATARA
LR B LRI A PR

FAIE FHPython ) IE M A AR He r 3 FHRAR R LA 465 Z 407y . QnR k3] 5 Rk
VCRC A B, TRA T BGRE h VC B G S ( RIS S e A 8 ) Z RT3y . T i Cagr
Mraw(:grps.start () 138 TR :

def extract_title(raw):
import re
¥ Z AR XKRF T 2R LS (BF)
grps = re.search("\ ((\w+)\)", raw)
if grps:
# RARIRAR S, FHEREGE OFH
return rawl:grps.start()].strip()
else:
return raw

ZJaMmovie_fields RDD B H2EH R 4G I Bl B2 AR .
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raw_titles = movie_fields.map(lambda fields: fields[1])
TS R AR PRI — F extract_titlePR%L:

for raw_title in raw_titles.take(5):
print extract_title(raw_title)

LR eRBIRE, WAL

Toy Story

GoldenEye

Four Rooms
Get Shorty
Copycat

I A AR AR R AL, TR — A 3 R A B S AR S i) X B2l R
PR BN s 1 im) ik

movie_titles = raw_titles.map(lambda m: extract_title(m))

# T &R REE G 598 kAR 595 4 39

title_terms = movie_titles.map(lambda t: t.split(" "))

print title_terms.take(5)

TR RS RANE -

[[u'Toy', u'Story'], [u'GoldenEye'], [u'Four', u'Rooms'], [u'Get', u'Shorty'],
[u'Copycat']]

MR DIES], S PREERLAZS AT T 400, A4 ] B — 30
KR BAVEARE| — A ey Y, e AR A N | MR e AR E AT
R Fatf ok FAFZ K09 FA R AT T | MR R0 Fo7d) TR, 23X 46 Bad
Q ME b6 G AREE. HOFHIMEL § 5 B AE,
LR A B (ReE TR ) RE 5 A T4 6 R4 BN &k X AwSpark
APLREI., A TX—TF!

Al s ZR A T, SRICBAR— BT SR, DUERE N B — A B — DX
I B[] TR AT o

X HLE e fd HSpark ) £ 1atMap PR (N SR AYESEHS ) kY Britle_terms RDDH
MOEFLRERSFR, LIASE— 1S 748 RDD., iZRDDIV AR MO st — 4% Hall_termsiyin,

ZIRWU A AR R R, RIS o A A B HRMY A T A2 1 2 e 4 A )

T B PR TR 499, AR A — A SUF 5 6 A

all_terms = title_terms.flatMap(lambda x: x).distinct().collect ()
# RN FRRAAE, FoRKZLAS

idx = 0

all_terms_dict = {}
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for term in all_terms:
all_terms_dict[term] = idx
idx +=1

FATATLATENI AR B A A 20, I — L3l T W B i -

print "Total number of terms: %d" % len(all_terms_dict)
print "Index of term 'Dead': %d" % all_terms_dict['Dead']

print "Index of term 'Rooms': %d" % all_terms_dict['Rooms']
IRAS R T

Total number of terms: 2645
Index of term 'Dead': 147
Index of term 'Rooms': 1963

AT LA3E 1 Spark Y z i pwi thIndex PRECK BT @ U BIARIRI A5 R . R LA (B RYRDD i
A, SHEHTTEIFUAE R — A E{EXTRDD, XPHTRYRDD, H 3416, (H k1A 78 i) 7 g
PS5, FATEHFcollec tAsMapﬂ%iZRDDUPythonE"]di ct PREUE 2R ] 2SR S AR T o

all_terms_dict2 = title_terms.flatMap(lambda x: x).distinct().

zipWithIndex () .collectAsMap ()
print "Index of term 'Dead': %d" % all_terms_dict2['Dead']

print "Index of term 'Rooms': %d" % all_terms_dict2['Rooms']
A N

;iﬁﬂﬂjjbz

Index of term 'Dead': 147

Index of term 'Rooms': 1963

i — R A — R ZPRECRE — R S O — MR EL I AR . BARSCBERT,
Al — s AR . 2R A —17, SOy I Bk 2 RRATTSE— A
NGB R, FER SRR T b WURAE, TR A4 RE M BRI K07 A o) e T

# BRI A, FRKZ LB EMG T XL % DA —ANscipy R £
def create_vector (terms, term_dict):
from scipy import sparse as sp
num_terms = len(term_dict)
X = sp.csc_matrix((l, num_terms))
for t in terms:
if t in term_dict:
idx = term_dict[t]
x[0, idx] 1
return x

ZJE, WHRIUE 1945418 Y RDD Y £ 10 S I % R AR

all_terms_bcast = sc.broadcast (all_terms_dict)

term_vectors = title_terms.map (lambda terms: create_vector (terms,
all_terms_bcast.value))

term_vecors.take (5)

PRAE AT A5 26T 0] St RDDAY R LR IC SR AN T
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[<1x2645 sparse matrix of type '<type 'numpy.float64'>'

with 2 stored elements in Compressed Sparse Column formats>,
<1x2645 sparse matrix of type '<type 'numpy.float64'>’

with 1 stored elements in Compressed Sparse Column format>,
<1x2645 sparse matrix of type '<type 'numpy.float64'>’

with 2 stored elements in Compressed Sparse Column format>,
<1x2645 sparse matrix of type '<type 'numpy.float64'>’

with 2 stored elements in Compressed Sparse Column format>,
<1x2645 sparse matrix of type '<type 'numpy.float64'>’

with 1 stored elements in Compressed Sparse Column format>]

BAEA— PR B o — R g . AT LR B BOGE 7 2 M ARSI ) 1
() LA RN ERTC R, I BRI T VAR A ) R B TN ER TR, A

‘\‘Q EE _E&E R AR P A Sparktibroadeast FA kA 32 T — A €497 F g
JHEE, AREGFFPEFRTRARK, HEMEA HBLE,

3.4.5 IENM{L4FIE

TERRF RSO S, — A W Fsk 25 2O R B E RS E AL (normalization ).
H A B AR A R R IR AT e, LI e TR 2 — AR iE T P o TERA Ry
EAT IR LA

Q ENEHFE: XTPr ERR RS A AR T e e . HEAmR P 3ME CRefiEss 5 )
aR A TARIER IE N (LU AP (E AR E 22 7351 9 O ),

O ENMEEFERE - il 5O s R — AT BT A R R T e, L AR
I B BEARIEAL o QLA A8 ) P )25 IR AE LU A B SR 1 CRER — el —
(R @

LR AR AR LA IR . 1) E A TE i numpy i normeREOR S . BAARE, St
HE—ABEHLI A R, ARk m b A — D OT R AR BRIZIE A, A R A5 B

fi] 4 -

np.random. seed (42)

x = np.random.randn(10)

norm_x_2 = np.linalg.norm(x)
normalized_x = X / norm_x_2

print "x:\n%s" % x

print "2-Norm of x: %2.4f" % norm_x_2
print "Normalized x:\n%s" % normalized_x
print "2-Norm of normalized_x: %2.4f" %
np.linalg.norm(normalized_x)

Hoay ROz an s QA b A P BEILRD T B0 E B 42, DURIERGS T TR ZSRAHIR] ):
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x: [ 0.49671415 -0.1382643 0.64768854 1.52302986 -0.23415337 -0.23413696
1.57921282 0.76743473 -0.46947439 0.54256004]

2-Norm of x: 2.5908

Normalized x: [ 0.19172213 -0.05336737 0.24999534 0.58786029 -0.09037871 -0.09037237
0.60954584 0.29621508 -0.1812081 0.20941776]

2-Norm of normalized x: 1.0000

FAMLIibIE ML 45

Spark7E HIMLIbHLAR - 2] 2 N BT — S s BUH THRAE R 48 ORBRUELL o BTG bR i IE
DA standardscaler, PIRIRAES B A 94O M) i IE L Normalizer .

e ILE S, IRATSHER XL R M Ik . e, FRATH A 3 — FMLIbHY
NormalizerS5FATH C PRELAYL,

from pyspark.mllib.feature import Normalizer
normalizer = Normalizer ()
vector = sc.parallelize([x])

AT, 280t tNormalizer (HERINE S Z ATAIFE % ). HE
JISparkif, KIHEIHE AL T Normalizer Ird i A S —1RDD (B4 & numpy 0 {HE{MLIib[n]
i) fEREE], BATE Mm@ —A 0K MRDD,

2 HRATHRDDIE ANormal izer it rans formpR%. I THZRDD B &5A — 1 n &,
ALSE AT £ rst PRECKRIR [ ) 29K SR T o 35 A coar ray PREICK G 1% 1) 4L 3 mumpy 504 -

normalized_x_mllib = normalizer.transform(vector).first().toArray ()

KB — T ZHATENE AARLEAE, JFA I LA

print "x:\n%s" % x

print "2-Norm of x: %2.4f" % norm_x_2

print "Normalized x MLlib:\n%s" % normalized_x_mllib
print "2-Norm of normalized_x_mllib: %2.4f" % np.linalg.
norm(normalized_x_mllib)

HER AR Z i AR A A RSRT SR . EAEERE, M A C WS RE, i
MLIb PN 1) e TG SE 2 5 5 5 R i 38

346 ARHEEEVEHE

AR EHE 242 E) TADRESRIA T, (HAR AR E X 2 DT 55 2 55 A U AN A
AR, BATAT LI Z B T E A AR 2 . {E S 2 AT LU BAT B9 T B AN

Spark 3 #FScala, JavaflIPythonf 6 . FATAT LAIE i ik 2615 F T F A& e, (i BhH o
M T HA R SEIURAE AL SRS I, DL e ml 3R o FRIESE AT B 4 F 2 4 scikit-learn |
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gensim, scikit-image . matplotlib, PythonfilyNLTK . JavaZis f)OpenNLP LA K I ScalaZi s [ Breeze
FilChalk, 5P I, Breeze [1 Spark 1.0F 4R 5t M Spark ) —iB 43 T o J5 JLEE AL Z Anfal ffi i Breeze
LA RE

3.5 Ihgg

AT, FATER T Wy FHa] F T2 Las v BB WA TR . A3 T A A
AL PRI BRECHE , LS AADRE e K e S ik 1 et UGS B ZR i 6 L5 vk o

TE, BT RGNEANS . QISR ATk . AR IR A A
LB AP



32 BT SparkfIiEFES | 22

AILEEAN T AR PRAVRAIE SR — Be R AME & . WARTETF IR, FRATE DS T 1R,
POR-S IR =a  Riibii T an e /S

WetE g | R u Ve d o KA BT RN A — R L2 ST AR AT s F AN el 24, (B1E
{fi Fl Amazon . Netflix. YouTube. Twitter. LinkedInfllFacebookiX 2873 SR, FIREE &
FEflad 7 HERE R e WG S A DA 2 —, A RHA SR — AN AIRACK TR

LA S 75 5 AR 2 T AT 0T RE = 4 0 o 38 2 1 5290 o =22 [RD R B 2208 B B X ik
o M Bk, & AREAE M a4 R 5 |2 5 kb, (B S5 RG IR, #tds LKW A
TR BAIFI RN B IFA—E SR AT R, Hak (o] ) e g BLH 3 AT 18R T i

—RORIE, TR P S A A Z AR AL AN, 525 MovieStream 5
B, FA T ARG | SRS VR A BRLE LA Tl RE 2Bk WX ARG, BEREN S|
PRl IFRA TR SS o XXX HRALFAL o [RIRE, ANSRAEMER &R T A MRLE L 55—
SRR, BURETT (P el o LR BN 2GR A5 R . IXRAERTH 8RS | S 5L Kl
S ERS P B

Febr b, HEAEG | EER AR TR | BRESTE ™ o ARNEFFE T S5 5%
R R P S P Z RS E o ey Ul F P A TR RE R BOCTE R T

RS EARE G A R PSR W5t (PIE IR ).

Q AHELAR S . WA EZ , P O R BAR At . AR P RE AT AR A
2, ARERBEA Pt B SR ROE & RV AR A I B S AnE o X, ()
FPHERAARSC A, e RESe T RE T P SN, R REARR BI AR TR BUB P il o

O WNAEEF: AN EZRI D NEAORIERR I, EFF5 I ZERER TR =, MR8
FoAbAT SRl F P A5 Bk AR B A TR BT i

ARFERGW BT N

Q S R
O FHA D e gt ar — AR 5
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Q foft AR S P AT ROR S E D OSSR in C RIARSC B );
Q RFRERPEAS R PR AL IR B U AE /)

4.1 HEFEBRTE

A REPITRE LM )z, WAAERZ BT I7 % . BRI PIA T I 2 TN A RS
DEFPRRLUE . S350, HEAARR AT sz RIS . SEBr P T AR RERGVERY, BN TH
ZINERICR A IR — MR B B TS

411 ETRARIEIE

T A BRI a1 N 2 SO SR R A S B AR DL SE S, KSR T 51 el 2Ry
Yyt XLETRMEARE R SR (HLInbR . 40k BRaE KAz i AT R ). xF Z A
KAl ATHEIE P B S A SR HBU) HE A A

U, X AOHERE Al LIRS (S PR AT, 25 PR AR R AR BLRE E SOk
S ah ORI tein, HLP AT R S T b A MR TR ER G o %R AT E i
P —FA . 25 T LU E RS i B JE P AT R AR AT S P A )it

4.1.2 thEHEE

PipIR] ik g — b i B A G SR A4 o BT C A B TP D SR il P X R H kit
Pt A AR o A AR AR A 7 Lo

TERET HIP B0, RPN P 2B AR AR e (BRI AR )8 i ) i e AT ),
AN AT SRS, o XA B — A P R E— A AR (8 T E IS 5 H2E Y
PP I FARIEAA TR B A N GG 1508, FELAS R RAEE il . FOR IR IZ 52
TR A P L i L, AR IX L AR AT RE(EAHES o

(VAL T LA B 00 s ) 5 VR AR o o V30 AR B0 P P X 0 s ) i S8 3
GO, KA Z R EEAAOURE o X, AU PR R AR e et 2 e h o A
— BA 7Y Z BIARRUE , (] TP S 58 ah ok Fm i, BRJA 4R R 6 2L )
At FHRLEARLER iy, R X LE S HERF R T o TRRE, S5 E AR i B HIR A il — 5%
B, %A TR R i AR L

ST st A7 5 AR 20 O T35 P SO 0 i 2Z TRV AR (L BE BT A4 i A 4 ( RIARS
J& ), BB TR B A Sl A

W, WAFEA DI TR TR XE Pl I i, ke, XPORA P -rah”
A EI 2R ] A T A TR 4o
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4.1.3 EMEDHE

Spark AR A 2T HAL S FE AR /0% (matrix factorization ) BYSCER, H IR AR
ST, EATA WS AN . e, X E N R g R B  , TITE
Netflix PrizeZ5 144 L FE P )R P MARTR S,

‘ % T Netflix Prize bt & P R IR AF LR 09 & % 43 8., T A JL . http://techblog.
netflix.com/2012/04/netflix-recommendations-beyond-5-stars.html

1. BN SR

Y EA PR AR LR 2 b P BB BER 1 By B A K5, X SRR AR A U s o X
FBARAAE U A PEG . B R X R AN

SRR T AR5 LU AT W0 9 B0 —HESE I o FERE I — DR R S P 0
FEEYI R IRAT o JFRIM LT B MRy b fh, i LA B HUA A o il I
ZF (EMZIE ARG E ).

AT AT, (BT AR FP X R A PR -

Tom, Star Wars, 5
Jane, Titanic, 4
Bill, Batman, 3
Jane, Star Wars, 2
Bill, Titanic, 3

EATATE AR VR -

z;l CHRIEDEY | CRERKRIRD) (RILETS)

Jane

Tom

Kla-1 — i B R PP

XPXANFERFEERE, TLUR AR % (SRR ) 197730 BRI IR B AR
M, AR ENTRRBUR IR RO o DN Xt — R R RO o AT 189 L Rl e 3 23531
SEUML, BRXTRIE “FIP-Hrhh” JERERIAEREAU x 1, ZRABIEI4-2F7R -
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El4-2  —AHigi i PR

SHRBIM P -Min” FERRTRUAALE (IREY ) JERE, SR 2RI AR — AT
FORHFU x KAEHERE, DL —AFRAEYIE T x kSRR o XA JE MR AR R AR . A7)
TR R JSUG TP LU PR B — DT Bl (EARERAE, IR TP R W AR M, (HP R4
JERRERY, WE4-3517

K

P4-3 P IR RE A it DR R
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X AR S BRI F 0ty FEFE PAFEA T 25 M R B ik (X BLFRR O T ),
Fr A TR BRAFERRY . B R E s AN BE B R, (HE T RESRR 1 RE885 3, Heln
XL IR G L RS L KUK Bl LE T DY (Y D 4

HITEXS “HIP-Wih” FERE e, X SeRTAL e T FO QAR e BT e e
XA BT PP, A0 P DR R R AR ot PR R 23 S B IBORR S AT (T P 1w )
55 (Pan A1), SRR BB

P 4-4rp 1 2 A2 343 A PR )

k

U L L] k

Pl4-4 TP PR3-SR R o R R R T e

AT Z ARUEE A 11530, 7T LA B SRR AL b T B AR U A 0 vk . ARG, 3X
FAT DA Il PR e, R AR TR A DA o0 T it DR o e 2 AU ARARURE R TH3R, n]
4-577R ;

K i AR AP AT T, — BN TR, RHHEFE SR AR AR 25 5 o (B AT Bk, 1)
SRR AR Z I, R A SO B B e ] BRI B A T TR
SEFITTARE ) B Rk . T — Db I, XA R SR B AR AR

’ Oryx ( https://github.com/OryxProject/oryx ) #=Prediction.io ( https://github.com/
PredictionIO/Prediction]O ) 4§30 B 4 TRAAEXMBEEIR S, REFANE G4
T e A

P o R B A AR 8 T o A MR AR, X A 7 H AR T ] A oL X AT A
Frm. b, HAARWIZR Bep i AR dAR R
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-
-

Kl4-5 ¥ R RS AR (L
2. B3RS 57 R

TR X AR PR SR A , R RE MR B A i e Lt 2 B0 R R B 5t
Wbl o AEXEAE T, PPk R A S BRI, RS SYasc a2z k. =
JUEE CHEAnF PR A T R R R IR TR ) ARl (et - WE SR
UKL (XA .

AL BREEER A A S 2 . MLIbSEEL T — M ik, B A B9 PFE R A 4 JE
M. — A ZIeR I M PLA e — M DA SR C

RRYL, B ZBIHREIR R - PPRSEPR IR A WA R U, IR LR
MR 4-60T78 . o, FEFEPFR R P R F I FLE R, AR M CIU LA ARk
PO ORI, —Bokid, SMHPOE A O Z , IRFA A2 P BB B % R
HOF RPN IR N

PP /dh | CHRIEDRY  CRERRID) (RIS 5 HP/4ih CREEERY  CRERRHRY) (FRIHJET 5

Bill Bill

Jane Jane

Tom Tom

Kla-6 I R AT H S AR DL
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R RUTIAR 22 QA — P DA AR R A — A R R o R, R ISR A 142 D 44
W AR R AL o 20U, SHEsS FEP PRL i e A0 i DR 1) ) s BT A5 2 ) 23 s A 4
FE— RIS E, RS AP I — i e O A IR A BUE A5 4k T0
P, EA i T XE ),

3. mZFE
= Fei% (Alternating Least Squares, ALS ) f&—FhR A E 0 R BN AL k. &

DIRESR A . RCRBAE M HAGE AT A S 7. XA EARE & WiSparkiX FE AP 5 0 1EAS
EER, EEMLIbME— B SRR AR T 1%

ALSHYSE B R AOR i — RS/ N e AR, EfE— Uk Ay, [ P I3
M sl Wi IR R R B —A SR JE T RE BTSRRI LA B PR ok S 05— RS . 2,
PR E A, PR AR . ANk, B RIS (BURIE T ISR
UHL )

P Spark A5 9 VR AL JB 3R 31 A T ALSH ik 9w b 3L, AT R X HEIE X
%‘ B0y AL B0 LA B4k R g AR L Sk . ALK AL http://spark.apache.org/
docs/latest/mllib-collaborative-filtering.html

4.2 IZENVEMUHLE

XL, FRATPRERI O, WA AR ™ sl e s L& P -Hah” 52
HR . XRE, TR RS AR A AR R PP R P ID L R A ID AR S

MMovieLens 100k# iz & 12 BUHE
M Spark F: H 5% s1Spark shell, Ji& shit - IENAESEETE 2 -

>./bin/spark-shell -driver-memory 4g

Ja SRS E AN — 2 PR R i MovieLensBtdia 4 . IR F CARAZE R AL M B ARAE D T 1A
AMELEOE PN TG 2

JoF T IRG PR AE

val rawData = sc.textFile("/PATH/ml1-100k/u.data")
rawData.first ()

Han 2R Fros -
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14/03/30 11:42:41 WARN NativeCodeLoader: Unable to load native-hadoop

library for your platform... using builtin-java classes where applicable
14/03/30 11:42:41 WARN LoadSnappy: Snappy native library not loaded

14/03/30 11:42:41 INFO FileInputFormat: Total input paths to process : 1
14/03/30 11:42:41 INFO SparkContext: Starting job: first at <console>:15
14/03/30 11:42:41 INFO DAGScheduler: Got job 0 (first at <console>:15)

with 1 output partitions (allowLocal=true)

14/03/30 11:42:41 INFO DAGScheduler: Final stage: Stage 0 (first at <console>:15)
14/03/30 11:42:41 INFO DAGScheduler: Parents of final stage: List()

14/03/30 11:42:41 INFO DAGScheduler: Missing parents: List ()

14/03/30 11:42:41 INFO DAGScheduler: Computing the requested partition locally
14/03/30 11:42:41 INFO HadoopRDD: Input split: file:/Users/Nick/
workspace/datasets/ml-100k/u.data:0+1979173

14/03/30 11:42:41 INFO SparkContext: Job finished: first at <console>:15,

took 0.030533 s

resO: String = 196 242 3 881250949

ZH i, BRI T ID ., R ID . BRI (AR BOURIR AL, 2% Bl I A3
OB AHX HUZEYIZRAERI , i ) B SR AN T B0 o ARFATT oy o BRI iy =~ B F ] _

val rawRatings = rawData.map(_.split("\t").take(3))

XA E AN E], X SR —Array [String ] B8 . Z 5 HIScalalftake
PRECIAR B BB = oe R, B3I FPID, #AR1ID. 24X,

rawRatings.first () A2 HIEEHRDDAY S — 2510 R M 2R sh R . A AHE, &
TIAT LIk 2r— R HRDD, %A i anF .

14/03/30 12:24:00 INFO SparkContext: Starting job: first at <console>:21
14/03/30 12:24:00 INFO DAGScheduler: Got job 1 (first at <console>:21)

with 1 output partitions (allowLocal=true)

14/03/30 12:24:00 INFO DAGScheduler: Final stage: Stage 1 (first at <console>:21)
14/03/30 12:24:00 INFO DAGScheduler: Parents of final stage: List()

14/03/30 12:24:00 INFO DAGScheduler: Missing parents: List()

14/03/30 12:24:00 INFO DAGScheduler: Computing the requested partition locally
14/03/30 12:24:00 INFO HadoopRDD: Input split: file:/Users/Nick/
workspace/datasets/ml-100k/u.data:0+1979173

14/03/30 12:24:00 INFO SparkContext: Job finished: first at <console>:21,

took 0.00391 s

res6: Array[String] = Array(196, 242, 3)

1 Spark AOMLIbE I AR, S — A Wheb ] MR K e A 1005 AT, &5, M
MLIib5: A ALSHAY .

import org.apache.spark.mllib.recommendation.ALS

T2 b AT DL TabSER A F ALSXFR AT I R ECAIRLE . il AALs . (TEEAS ), ARG
Tabf, W AIFH AT [ 358 N RERT #7 f) pREC -

ALS.
asInstanceOf isInstanceOf main toString train trainImplicit
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XHEEM AR R R traine B RMIAALS. train ARG HZ%E, KigSHiReR, HiX 45
TR AL IZ PRET S

ALS.train
<console>:12: error: ambiguous reference to overloaded definition,

both method train in object ALS of type (ratings: org.apache.spark.rdd.
RDD[org.apache.spark.mllib.recommendation.Rating], rank: Int, iterations:
Int)org.apache.spark.mllib.recommendation.MatrixFactorizationModel

and method train in object ALS of type (ratings: org.apache.spark.
rdd.RDD[org.apache.spark.mllib.recommendation.Rating], rank: Int,
iterations: Int, lambda: Double)org.apache.spark.mllib.recommendation.
MatrixFactorizationModel

match expected type ?

ALS.train
A

UL ATAL, Irf it AS 5 R DA ratings . rankflliterations. 2 AR SMNE
éﬁ%g*/l\lambdaé%ﬁo %E’F/\JLE%EUE’JRatingZ@, E—;’@fﬂﬂﬂ?ﬁﬁ/\Rating()E@i, 1Eﬂ%
F|Rat ing X Z TG S HL:

import org.apache.spark.mllib.recommendation.Rating

Rating()
<console>:13: error: not enough arguments for method apply: (user: Int,
product: Int, rating: Double)org.apache.spark.mllib.recommendation.Rating
in object Rating.
Unspecified value parameters user, product, rating.

Rating ()

A

b R ALSHR Y TR 2L — A~ i Rat ingit SR B AYRDD, TfiRat ingZENEXTFHFID, #
FID (3% B JEi@ FRproduct ) FSLPR R IUX BB HAYERE . AT LIE Fmap 5 20K R A4S ID AN
BB R I Rat ing X 4, MBI T T A TF B4 .

val ratings = rawRatings.map { case Array (user, movie, rating) =>
Rating (user.toInt, movie.toInt, rating.toDouble) }

EE, XEZEEE AtoInt RtoDouble ¥ R4 9 B HIE (BT AR L
M AR, EBHAString) A Int RDouble XA W H AN, H 4, XEE
1% T casei& 4] %?EEXZ\/%'&H'EL HEF L AL R, (XA AL
< Jval user = ratings(0)Z Eékik,)
*# FScalaP casei® 4] ﬁ‘”f%:f& It Be 49 . % 4% B T 4 JLhttp://docs.scala-lang.
org/tutorials/tour/pattern-matching.html,
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WAL T rRs IRDD [Rating] o AT LAE AN FAr 25k :

ratings.first()

14/03/30 12:32:48 INFO SparkContext: Starting job: first at <console>:24
14/03/30 12:32:48 INFO DAGScheduler: Got job 2 (first at <console>:24)

with 1 output partitions (allowLocal=true)

14/03/30 12:32:48 INFO DAGScheduler: Final stage: Stage 2 (first at <console>:24)
14/03/30 12:32:48 INFO DAGScheduler: Parents of final stage: List()

14/03/30 12:32:48 INFO DAGScheduler: Missing parents: List()

14/03/30 12:32:48 INFO DAGScheduler: Computing the requested partition locally
14/03/30 12:32:48 INFO HadoopRDD: Input split: file:/Users/Nick/
workspace/datasets/ml-100k/u.data:0+1979173

14/03/30 12:32:48 INFO SparkContext: Job finished: first at <console>:24,

took 0.003752 s

res8: org.apache.spark.mllib.recommendation.Rating = Rating(196,242,3.0)

4.3 IEHEFIRE

MIF AR B X U URFIE S, (T YIZRBEA . MLIbE SEBUB R ZRA 40Ty, XA
BEIRATHC o FRATH TR 3R FE E J A BRDD LA K A T 75 SRR il 2Rty i A RITT

4.3.1 {#FMovieLens 100k¥ B E&E )| ZiEHE]
PAET IHE I GAER T, Irfen i 506 LR ILA,

O rank: XTAALSERL TN, R AER R U 4 B B R e 4. A
B— M s . (0 A AR AR RN G AVEAT I T BT RS, U
MYy AR g, IS Z S50 E NI EOR S RGTF R Z R T 240
H, HABEE 1051200,

O iterations: Xt/ IZFFATAYESCIREL, ALSHERIR U ERRE AR 0 S [ 1) T i
2, A— a2 DBRE S ALSHRUE 2 ARSI — 1> HLA A B BB, X, Koy
TR AS B EEARRZ IR (100 A A — Bt ).

Q lambda: %S HIIAIA E N RE, ifEhE R g LA ol . Lk, e
TRRE)5 o S BN IRES SEPRBAE KN L FHE IR R RE A 56 . A A HL g F 2]
BORI—FE, RSO0 %68 i FA AR A A B A 738 SUIR TE SR

YERRA], XBEBE ) rank. iterationsfllambdaZ I E 21850, 10410.01:

val model = ALS.train(ratings, 50, 10, 0.01)

FiRCHEIR Al —"MatrixFactorizationModel X%, 1N 4% FH - R A i IR 140 )
PRIEAE— (ia, factor) WERBIFIRDDH . BN 10 HIFk-fEuserFeatures flproductFeatures,
Feanki A -
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model.userFeatures
okt

resld4: org.apache.spark.rdd.RDD[ (Int, Array[Double])] =
FlatMappedRDD[659] at flatMap at ALS.scala:231

A LIEF, %%E"J%ﬂiﬂArray [Double],

W, MLIbAALS A SE P T BV E RS SE R P e e eV . FTRL, R4 P IR ek
Y1 in R 45 BRDDAF T HATERERS, SEPRmiH A Sk 4, Bsmiitaa &, W aliH F Spark
E@fﬂf?%%fﬁ, ﬁﬂcount:

model.userFeatures.count
TR A AR BT 7 AR AR AN T 8 i

14/03/30 13:10:40 INFO SparkContext: Starting job: count at <console>:26
14/03/30 13:10:40 INFO DAGScheduler: Registering RDD 665 (map at ALS. scala:147)
14/03/30 13:10:40 INFO DAGScheduler: Registering RDD 664 (map at ALS. scala:146)
14/03/30 13:10:40 INFO DAGScheduler: Registering RDD 674

(mapPartitionsWithIndex at ALS.scala:164)

14/03/30 13:10:45 INFO SparkContext: Job finished: count at <console>:26, took 5.068255
s resl6: Long = 943

TEHEZ I LA count ¥4 4n T i s -

model.productFeatures.count

14/03/30 13:15:21 INFO SparkContext: Starting job: count at <console>:26
14/03/30 13:15:21 INFO DAGScheduler: Got job 10 (count at <console>:26)
with 1 output partitions (allowLocal=false)

14/03/30 13:15:21 INFO DAGScheduler: Final stage: Stage 165 (count at
<console>:26)

14/03/30 13:15:21 INFO DAGScheduler: Parents of final stage: List(Stage
169, Stage 166)

14/03/30 13:15:21 INFO DAGScheduler: Missing parents: List()

14/03/30 13:15:21 INFO DAGScheduler: Submitting Stage 165
(FlatMappedRDD[883] at flatMap at ALS.scala:231), which has no missing parents
14/03/30 13:15:21 INFO DAGScheduler: Submitting 1 missing tasks from
Stage 165 (FlatMappedRDD[883] at flatMap at ALS.scala:231)

14/03/30 13:15:21 INFO SparkContext: Job finished: count at <console>:26,

took 0.030044 s
res2l: Long = 1682

PRIy, A AR L AR A X A R (730955 943 FIT6824 A F ).

4.3.2 (FRBRRKKIRHEE)ZEE
MLIib A7 4 1456 I 43 A 760 P B X 37 B 1 b B 5 3 4 3 e i, ) T o
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trainTmplicitPR%l, HIAM T XAMRMERN traintX U, B2 T i E WalphaZ 4L
(WR—MENSE, 1ambdalWii i P R E R B E ),

alphaZ AR E TA5 ORI A B L o 12 (8= DU TN 25 1 RS 2R e\ A FE P 554tk
B PG 1 FL 2 22 TR B A M
YA %], RHBIA IMovieLens# 3B £ 4 A — AT XEIELE . —FFF %
. RECHA A BEEHIE, X Tl RS E R AL R L,
5 —FrF KAKFBALEE 1T oRE, (73, KRN BABRILAH0E £
A fidk, MLIbZ #HXAF X, )
FEZRREEE LI G B AR L T —F ey BRIk,

4.4 (FRHEFIRE

A T INZRGy AR n] T E RTINSO KA PRl SRR e ah, ki S
FAPn AN AR AR A

441 BPHEE
FH PR RS ) 28 PR . TR B DL “RIKA” BB, BSE AR R e ]
B B 0 B B s O BT R B o 350 o P e 3+ A A B S O T 153 4 RS S A T HE S

HARSCIIT R T IR HIAOREEY o LU AR FH T F P AOREEY D 2] FTARMBURT P B4R
RATEXSHEA TP BOHERE o TR L TW0h AL, D2 AREE T e fhaed 9t S e )i 2
[ ) AR DA E R AT IR

FIFHAE R R, 2 AP ER S AT A, BT AR50 v AV EAR R P R )
AN PR [ i ) SR
1. MMovieLens 100k#iBEL R ERER

MLIbPHEEAR AR TRERE o i, DRI AT FHASE AR B sRAS A DR R Rk 53 F P P i iy i+
P i R E ] FIMovieLens o i SEHRAMAERE R , Al HIBRCRERLN (14 757 5 Z Af TR

MatrixFactorizationModel ZR#MALtT —A predict PREL, LIS EA SR ATE
Yy i AR«

val predictedRating = model.predict (789, 123)

HA B .
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14/03/30 16:10:10 INFO SparkContext:
MatrixFactorizationModel.scala:45
14/03/30 16:10:10 INFO DAGScheduler: Got job 30 (lookup at
MatrixFactorizationModel.scala:45) with 1 output partitions (allowLocal=false)

Starting job: lookup at

14/03/30 16:10:10 INFO SparkContext: Job finished:
MatrixFactorizationModel.scala:46, took 0.023077 s
predictedRating: Double = 3.128545693368485

AT LA R, AT 2 7895 HL 52 123 1T M 3.12,

lookup at

ALSHERL 6947 452 RAALEY , 3K 7T Ak kAR A B 69 25 R A iX
R BATHAR R = AR F LA TR,

¥ RE, £ELE,

predict BRELFERERT LI (user, item) IDXJZRAIAYRDDIF G A, KT R BE—XT 4R
A= AR A BT AS 53 o FRATTAT LARE Bhisk A4 pREICK [RIAs S 224~ P R it 264 1 700

TR EANH P AR ATEAHEEY &, Al BiMatrixFactorizationModel fF £2 £ 1Y
recommendProduct s PRECR I, ZRETR M ASEL: userflnum, HHruser £H 1D,
IMnum/& ZEHEEE I A48

AR [l T AT 73-fo e A i mur T A o LRl P IEAT 3 HEIY o AR50 S AL A4 T
PR i At PR e )RR

AR, B A T8OMERERI AT 105 -
val userId = 789
val K = 10

val topKRecs = model.recommendProducts (userId, K)

BOPSRAS T I T89FIT BEHESF (1) it SR R RO T4 400 Rk Se (s BATEN R DME A »
println(topKRecs.mkString("\n"))

R VESE IS P

Rating(789,715,5.931851273771102)
Rating(789,12,5.582301095666215)
Rating(789,959,5.516272981542168)
Rating(789,42,5.458065302395629)

Rating(789,584,5
Rating(789,750,5
Rating(789,663,5
Rating(789,134,5
Rating(789,156,5

Rating(789,432,5.

.449949837103569)
.348768847643657)
.30832117499004)

.278933936827717)
.250959077906759)

169863417126231)
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2. WNHEFAR

TR WLHBAG B0 A AR, , T LASRT B HE X R P R i R A ﬁ%ﬂ%&’ﬂif AR L H 5
A . 1o, BAMFERARBEYE (X EFE L —EHRRENEIEE ). XS AR
Map [Int, String]Z&AY, HIMEEFZIDRIGREART LSS .

val movies = sc.textFile("/PATH/ml-100k/u.item")
val titles = movies.map(line => line.split ("\\|").take(2)) .map(array
=> (array(0).toInt,
array(1l))).collectAsMap ()
titles(123)

A
}i%uﬁjﬁﬂ1<:
res68: String = Frighteners, The (1996)

X789, AT AR b R 82 45 H B s R AT 103 FEL 2 ) 4 PR . LR SE
BB, AI4EHSpark i key By PRECK Mrat ings RDDAAIEE—ME(EXTRDD, HEH KA FID,
SRJGFI L ookup PREOK HR 45 e S (BRI FID ) X3 R 9IRS PP 85 2 SR s AR o

val moviesForUser = ratings.keyBy (_.user).lookup(789)

KE TP T 2005, X MFnoviesForusersizekifl:
println (moviesForUser.size)

ATLAES], XA X33 AEE PP

BTk, BATEARBOT SR = ARG 1080 R . BAARMeE A Rating W G rat ing /B IR
XmoviesForuser A HHATHEF Lt HEA BT 1089PFG CHHIRIZID ). ZJR IHOAHIA , 15
BiticlesBGh “(REATR, BRITHR)” B HRATRS BARITFHATEIHIR

moviesForUser.sortBy (-_.rating) .take(10) .map(rating => (titles(rating.product),
rating.rating)).foreach(println)
Homihnr .

(Godfather, The (1972),5.0)
(Trainspotting (1996),5.0)
(Dead Man Walking (1995),5.0)
(Star wars (1977),5.0)
(Swingers (1996),5.0)

(Leaving Las Vegas (1995),5.0)
(Bound (1996),5.0)

(Fargo (1996),5.0)

(Last Supper, The (1995),5.0)
(Private Parts (1997),4.0)

BAER FXHZA RT10MERE, JEA LA R p 7 Ok AR EA TR 4 (R e
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e
HEHT ):
topKRecs.map (rating => (titles(rating.product), rating.rating)).foreach(println)
A
Hfmbanr -

(To Die For (1995),5.931851273771102)

(Usual Suspects, The (1995),5.582301095666215)
(Dazed and Confused (1993),5.516272981542168)
(Clerks (1994),5.458065302395629)

(Secret Garden, The (1993),5.449949837103569)
(Amistad (1997),5.348768847643657)

(Being There (1979),5.30832117499004)

(Citizen Kane (1941),5.278933936827717)
(Reservoir Dogs (1992),5.250959077906759)
(Fantasia (1940),5.169863417126231)

PEF A A ORI AN, BX S OR AT o X HUN PR

442 YImiEE

YRR N A AN IR . 25—, AR S e Rl X B, AT
SCHRHE T Bl AR . RZHEUHOUT , ARLEE i b 77 =X LB s A0 i ) 1) i i A 28]
B B LA ARACLRE M e R AL HE B IR BRAH S R %L ( Pearson correlation ), FX 5S4 n) & 1) 43 7% 4
UE ( cosine similarity ) FIEFXF —JC ) mAIA-R AL RS (Jaccard similarity ),

1. MMovieLens 100k# B4 B 52
MatrixFactorizationModel M APIAGE B A% L HeW i Z BIARRUE YT TR . B LAFRAT]
EHOSH,

XSl AR 2 AR R B AR . 53R HjblasZe HEACEUE ( MLIbMIKEEZ — ) K
K A, XA Mpredict flrecommendProduct s BRI SE I 2024LL, (BIRATH
FARTZARBLEE AU 2R SR

FRATTAR R FH AR sZ AR RURE SR X4 2 9y i %) DR - [ 5 LA A St O A b e o A Tt HaRims), B
THTFmES, BFEAQHE—array [Double] BB EXTHR . LIZZEBINT 5 e R 5
I AFAE—1blas.DoubleMat rixZSHINF LTI :

import org.jblas.DoubleMatrix
val aMatrix = new DoubleMatrix(Array (1.0, 2.0, 3.0))

HAr B anr .

aMatrix: org.jblas.DoubleMatrix = [1.000000; 2.000000; 3.000000]
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3 EFE, £ Ajblasht, @ EAEMREEE T A —ADoubleMatrixE &, {26]
Q FO R — TG E A YR,

TR B S R BRI R A ) 5 2 [ A AR SZARBARE o A SZARBE 2 P A ol e AEn 2 2=
(] B e A ) BE R R P T B R AR S 5 T B (R ) SRR AT . CARPZARIE
MRFERCIL2-E%80, L2-norm. ) 3B, ARTLARMIEE Z— M IENME T 89S

PAMUBE R BUEE- 1212 0] o 13 5E AR, 0FRPIE BARSE (RITCAUNE ). Xl
BIERA R, PO ERRERIE O SCTE . WAlEUL, M-I AR B ASE, b3k
NENGEREAR .

TSR EX N cosinesimilarity PR%N :

def cosineSimilarity (vecl: DoubleMatrix, vec2: DoubleMatrix): Double = {
vecl.dot (vec2) / (vecl.norm2() * vec2.norm2())

}

3 AT, REZRLTERHKMEEDER HDouble, (12X HIELE . Scalath %
A3 B AL B B B Seill X AN WA 42 B T A A ) KA R AT e,

LA 567 R 4 AR RS R B RS IS A4 TR 3 n] LAE IR L ookup PREICRSEEL . ZHIP
B i 2 s EOR B R T BPFRAE B . T A Pt ] Thead i, 1ookup pRitiuR 1]
TN TR LA (b b, BB oA —AME, Wt i & ).

XA FHIZER N Aarray [Double], FrLlJEHE 2 ERKEH — 1 Double [Matrix] X4,
SRIG - HZA R A TS A AR .

val itemId = 567

val itemFactor = model.productFeatures.lookup (itemId) .head
val itemVector = new DoubleMatrix (itemFactor)
cosineSimilarity (itemVector, itemVector)

HAHIF .
resll3: Double = 1.0

BAESRAS W B AR BZ A BLE -

val sims = model.productFeatures.map{ case (id, factor) =>
val factorVector = new DoubleMatrix(factor)
val sim = cosineSimilarity (factorVector, itemVector)
(id, sim)

}
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TR, XS AR RLEEHRRE , SRR U S8 S6 TRAR LRI RT 100 i -

/) FAH TR LEK=10
val sortedSims = sims.top(K) (Ordering.by[ (Int, Double), Double] { case
(id, similarity) => similarity })

R LA T Spark 9 t op PREL . A ELAF FHl co1 1 ect PREICKE 45 5L R [P1 9K sh AR PSR 5 FiAs
e, ERe G CRIKAD AR, P R, (R, RGeS B F P A il
Hulaes LA E 13t )

Spark?; ZHIE WM Xfsims RDDH Y (item id, similarity score) XJHEF. Mk, &
TIFAIMENT —ANSH L cop PR, X NS EUE— Scala OrderingXf 4, B 25 FSpark i HE i
X P EHEY (Wt EHsinilaricyH T )

5, FTENHX 105 45 7€ W s AR B P i
println(sortedSims.take(10) .mkString("\n"))
Fhan T

(567,1.0000000000000002)
(1471,0.6932331537649621)

(670,0.6898690594544726)
(201,0.6897964975027041)
(343,0.6891221044611473)
(563,0.6864214133620066)
(294,0.6812075443259535)
(413,0.6754663844488256)
(184,0.6702643811753909)
(109,0.6594872765176396)

TRIEH, HE2 5 — B AU R BRATT 45 E B il o 2 s UL EE HE P A A2 A
Yo

2. W EHEFNBN®

KFE T RATPr & E R AR A4

println(titles(itemId))

b -

Wes Craven's New Nightmare (1994)

e PR T i ), AT IR B A AR R A AR A, T B A — T
EETWIRHEAA SR . X —IRFA TBAT 1 A R R, DAHERRZ E BREE . L, T LAREHS
EL S EINRE

val sortedSims2 = sims.top(K + 1) (Ordering.by [ (Int, Double), Double] {
case (id, similarity) => similarity })
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sortedSims2.slice(1l, 11).map{ case (id, sim) => (titles(id), sim)
}.mkString ("\n")

ORF 0 H WA RIS 2 L 52 1) 24 PR LA S AR I AR ARABLEE -

(Hideaway (1995),0.6932331537649621)

(Body Snatchers (1993),0.6898690594544726)

(Evil Dead II (1987),0.6897964975027041)

(Alien: Resurrection (1997),0.6891221044611473)

(Stephen King's The Langoliers (1995),0.6864214133620066)
(Liar Liar (1997),0.6812075443259535)

(Tales from the Crypt Presents: Bordello of Blood
(1996),0.6754663844488256)

(Army of Darkness (1993),0.6702643811753909)

(Mystery Science Theater 3000: The Movie (1996),0.6594872765176396)
(Scream (1996),0.6538249646863378)

3 FIAE, B h AL 6 A 4640 R LGS | X 60 25 B T 4 5 AR AT 19 ) 0 25 _
RAFTRA,

EREAVEE ARG B T AU o FT LA [RIRERTZARRUEE , JHRT P71y kit
FSER IR AL

4.5 HEFIRBSRAITIG

AR RIAE Y R BRI — ML SO BRI SORPPAS E R TINACR o - 45 3547
(‘evaluation metric ) FeRSEH AR RN GE J BOERTBE AT vE . BA AT B8 1 He B R A Ay 4 Tt
PSR AFIR (¥ Tr 22 ), A SLNSCTERORRIRLE I AR XL A (B S i LS
AR BN EE ST CHEAnFEER R ),

PR T R — B BFEAR R ST, MR A R Z AT EEE AR Tr ik o i X
Bedgbr, AATAT ARG AL p 4 R B R A AR SR

X HURF S8 AT SR AR G AN Bl L DAY B IR PN a b 3497528 LA KR 24
ik

451 HHE

¥)7r 2 (Mean Squared Error, MSE ) B M “HP -9 TFEMEMERRZE. Bl
—SERR B R A9 fe/ M B AR pR R, R AR RS Tk, RINALS, ik, BT
BATER AT .
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EE NPT iR 22 RS SECH AR o P Jr i e Je 48 B 2 i PP S L IPEY 22
{EUR

T AT 789 R I . AE M ZFT T moviesForUseriX MRat ings A AR X
P e — P

val actualRating = moviesForUser.take (1) (0)

Bty -

actualRating: org.apache.spark.mllib.recommendation.Rating = Rating(789,1012,4.0)

A LVEFZH PO 4. N, SR TP .

val predictedRating = model.predict (789, actualRating.product)

Hf

14/04/13 13:01:15 INFO SparkContext: Job finished: lookup at
MatrixFactorizationModel.scala:46, took 0.025404 s

predictedRating: Double = 4.001005374200248

AR TN PR A R4, TR SR fm, AT SRR
PR PPI A F-T7 1R 22 -

val squaredError = math.pow(predictedRating - actualRating.rating, 2.0)
N X

ORI H

squaredError: Double = 1.010777282523947E-6

TR EEE FAIMSE, FEX4—4% (user, movie, actual rating, predicted
rating) ICsARITAAZF 4R 2E, ARJERM, FHERDUSPEGORE . BARSCHINT

% AT AR A I G Apache SparkZ 4245 & F 49 ALS#£ 4~ http:/spark.apache.org/
Q docs/latest/mllib-collaborative-filtering.html,

Bt Mratings RDDEAZEEH P A HID, I fmodel . predict kX444~ “H -4
i RN, BT RYRDDLL “F A I SHID” XN 8, X R TR AE A

val usersProducts = ratings.map{ case Rating(user, product, rating)
=> (user, product)
}
val predictions = model.predict (usersProducts) .map{
case Rating(user, product, rating) => ((user, product), rating)

}
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FEE RGP, R, Xfratings RDDMFRALE “HIP 4™ Xk 348, SEbR
VEHCAXT R . XA, B3] 7 A 54 AR FRDD . W0 158k, DIATE— S8
RDD. iX/"RDDHYFEHA “FHP -4t X, SR A PRI ESOR AT 72

val ratingsAndPredictions = ratings.map({

case Rating(user, product, rating) => ((user, product), rating)
}.join(predictions)

e, K EAMSE, BfRSefreduce X PR 2R M, ARG FFBR DA count PRECITRIG1Y
/é\iﬂ%ﬁ:
val MSE = ratingsAndPredictions.map{
case ((user, product), (actual, predicted)) => math.pow((actual - predicted), 2)

}.reduce(_ + _) / ratingsAndPredictions.count
println("Mean Squared Error = " + MSE)

XoF JO7 P S R
Mean Squared Error = 0.08231947642632852

¥) 77 %% £ (Root Mean Squared Error, RMSE ) [ FHtBAR Sk , H A LT AEMSE FHCF-
JrARRIAT . SORHERRAR , PP S AR08 (EIPPEEUE ) ARlR] . B4 [ TR
SBRVPHR I A A bRERS o AR AR TSR H -

val RMSE = math.sgrt (MSE)
println("Root Mean Squared Error = " + RMSE)

Hoay th 4 07 AR 228 «

Root Mean Squared Error = 0.2869137090247319

452 KEFHERE

KRR (MAPK ) BIREEE A BB | IKIET3 /295 % ( Average Precision at K
metric, APK ) HMI(L, APKJZ( K2 i IR — M98 . & F T e 5 A s [l 1y i
KA SOR P THIMCRE . TR0, T2 Rorh HIRTKA 5 SRR SO T LR

FHAPKIRFRITEES , 45 RSO HER 0 S ANSREE SR P SOR A SE B AH S s ey ELHE
WHEHEFT, ASAPKIMEW AU o thit, EWARE S PSR AR . ROAHERE RGBT H58 i
KA 72, SRR 2BE P . WRAEBIES R b5 oy 8 (TR SR W e SE R ) /Y
Pyt e b S P ARG, AR A ARIX AR 4 . APKCRIHABE TR BOFE AR AT L B
PP R RE A L RHETE . X AHIMSERI AR A0

HHIAPKRAMOAG AR, B — PP T— A0, M —A "Bk HEra
JRCAAE B AR 25 T — A BB SCRI SRS o 1P 0 R 2 1 S PR PR A0S IO SCRS A SEBRAR G
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Yo RE, APKPTIR AL i RS TP ORI 2 25 Ml ) ) i O IO RE 1

VATF 3 535 A A & 09 R A AL T https://github.com/benhamner/Metrics
%X TMAPK ¢ £ % 413 & T & JL https://www.kaggle.com/wiki/MeanAverage

Precision.

A APK SIS an T

def avgPrecisionK(actual: Seql[Int], predicted: SeqlInt], k: Int): Double = {
val predK = predicted.take (k)

var score = 0.0

var numHits = 0.0

for ((p, i) <- predK.zipWithIndex) {
if (actual.contains(p)) {

numHits += 1.0
score += numHits / (i.toDouble + 1.0)

}
if (actual.isEmpty) {
1.0
} else {
score / scala.math.min(actual.size, k).toDouble
}
}

MURR, R . — DR e BSOS, 55— AR el Y
Yyt B AP NS

TR X H P 78R APK AR R /B AKE . B eI F P SEFRITGE i FL B Y ID -
val actualMovies = moviesForUser.map (_.product)

AR .

actualMovies: Seq[Int] = ArrayBuffer(1012, 127, 475, 93, 1161, 286, 293, 9, 50, 294,

181, 1, 1008, 508, 284, 1017, 137, 111, 742, 248, 249, 1007, 591, 150, 276, 151, 129,
100, 741, 288, 762, 628, 124)

SRIGERICH AR i 526, KBEE R 10:

val predictedMovies = topKRecs.map (_.product)

i .

predictedMovies: Array[Int] = Array (27, 497, 633, 827, 602, 849, 401, 584, 1035, 1014)
SRJG FH T TR ST SR b %

val apkl0 = avgPrecisionK (actualMovies, predictedMovies, 10)
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A .

apkl0: Double = 0.0
XHL, APKRYAH/MR0, XRITZERITE A IZ A PSR SC L ol E i R FAZRAR

A RMAPK R A B R0 — N P BAPKAS 73, PR Xt 24— AR
JEARRERHERE SN o BT X R BRI AL B, OO S), (HFATAT LA i Sparkefe %3158 701
KT A, ateA — RS, BT SRR SRR i TR . AEENTA fE
7 SIS ) S A A W e (ARSI SRS B AR, B A
AINAF T REPRAFAN TN RE . e, 3 BR A it 1 [

BT A 4 da P o — 3R e vy 4B R bk 3X VT 38 3 B SR A RS A 0% ( Locality

S F 5 LSRR A 0 ik 1R R AT XA F, — AP T AR 69 KGR RIS
Sensitive Hashing ) % % 5% #LL: http://en.wikipedia.org/wiki/Locality-sensitive_hashing.,

THE-FWARE . G5, B H T I E R — I DoubleMatrixA 4L :

val itemFactors = model.productFeatures.map { case (id, factor)
=> factor }.collect()

val itemMatrix = new DoubleMatrix (itemFactors)
println(itemMatrix.rows, itemMatrix.columns)

LEnganR (1l

(1682,50)

XYL i temMat rix AT B 1682150, IXIEH, P HLSEA H R 72 45053 il ke
X AZ . Tk, BATRIZEREL—AT A A s & 2, DUEEA TR R Re s
HER

val imBroadcast = sc.broadcast (itemMatrix)
BB RN

14/04/13 21:02:01 INFO MemoryStore: ensureFreeSpace(672960) called with
curMem=4006896, maxMem=311387750

14/04/13 21:02:01 INFO MemoryStore: Block broadcast_21 stored as values
to memory (estimated size 657.2 KB, free 292.5 MB)

imBroadcast: org.apache.spark.broadcast.Broadcast[org.jblas.DoubleMatrix]
= Broadcast (21)

BT DITHRAE— DL B o X 2o B — N 25 T — R map A . A MERAEEL,
SR TR AR R I T R OR AR, A RO — D 3mSR B P 1) i (KRB
1682, RIFEZRYEEH ). ZJ5, MBUHTSRENTHT
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val allRecs = model.userFeatures.map{ case (userId, array) =>
val userVector = new DoubleMatrix (array)
val scores = imBroadcast.value.mmul (userVector)
val sortedWithId = scores.data.zipWithIndex.sortBy (-
val recommendedIds = sortedWithId.map(_._2 + 1).toSeq
(userId, recommendedIds)

1)

Hg s .

allRecs: org.apache.spark.rdd.RDD[(Int, Seq[Int])] = MappedRDD[269] at
map at <console>:29

XA T — AN D B4 A AT B A B2 ID S A i AYRDD . 33X S8 i 52 IDF2 FR T
TR A S ARHET

de i @A B P e ER BT, AR YIDEEMm L, XAFAY
T B F4E M0 %0 5 K0T 46, M BATE %5 T4

T ELREA TP R B — > HL 2 DB RV E N A BIAPK PR actual 2480, RITE&H
ratings RDD, PP HFEMHHEEH P A2 A IDRIA]

{4 F Spark ) g r oup By FRAE(E 1] 1551 — 4B RDD ., iZRDDAL & £ P IDFEXT W Y (userid,
movieid) X} (K Agroupsy#AERT M EHEEZH FID ):

val userMovies = ratings.map{ case Rating(user, product, rating) =>
(user, product)}.groupBy(_._1)
gy

userMovies: org.apache.spark.rdd.RDD[(Int, Seq[(Int, Int)])] =
MapPartitionsRDD[277] at groupBy at <console>:21

5, T LT Spark 5 1 ond R/ ERX WNRDD LU P IDA S . 3XRE, XFR—ANH P,
BATEBA — A 2B AT TR EE B B2 A ID . X BEID ] LIAE M APK R ARSI A o 51T & MSERT &
L, FATHEFHreduceff /R XX EEAPKAS 43K A, ARG HER LB P 4H (Blal1Recs RDD
RO )

val K = 10
val MAPK = allRecs.join(userMovies) .map{ case (userId, (predicted,

actualwWithIds)) =>
val actual = actualWithIds.map(_._2).toSeq
avgPrecisionK (actual, predicted, K)

}.reduce(_ + _) / allRecs.count

println("Mean Average Precision at K = " + MAPK)

IR 2 i S KAELN AT 24 s 2
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Mean Average Precision at K = 0.030486963254725705

FATERAMAPKAG AR (EGTER, HEFFRAT S5 AT 0d AR, Rl )
i AR AR R

W& % 1lambdaflrankisd B HAME, F— FREEA $£ 2] — > RMSEHIMAPKAS 43 B 4119
AR

4.5.3 {FRAMLIbAERITM R

R A TNEIF XA BEF T T MSE . RMSERIMAPK = 7 1 (Al o X —BUR A H 145
Mo [al&E, MLIib FAYRegressionMetricsMRankingMetricsZEtIRMHL T AH N BY BREL DL 7
FERIPEAL

1. RMSEFIMSE

B, Bl regressionMet rics s REMSEFRMSES ). SLHfk— " Regression-
MetricsXG T E— BT 2 FIRDD o HoAg— 2510 iR I B 50He A A (%) 00 (5 S B
{8, fUHSZEan . XERSHRZ e LA ratingsAndPredictions RDD:

import org.apache.spark.mllib.evaluation.RegressionMetrics

val predictedAndTrue = ratingsAndPredictions.map { case ((user,

product), (predicted, actual)) => (predicted, actual) }
val regressionMetrics = new RegressionMetrics (predictedAndTrue)

ZJETT A E & AT O, ALFEMSEFIRMSE, T A X SEFEARATEN R «

println("Mean Squared Error = " + regressionMetrics.meanSquaredError)
println("Root Mean Squared Error = " + regressionMetrics.rootMeanSquaredError)

nLLER], i RMSEFRMSEZ R A Z RiFA 1 A2 0 582 4H [ .

Mean Squared Error = 0.08231947642632852
Root Mean Squared Error = 0.2869137090247319

2. MAP

i+ MSEFIRMSE—FE, 1] LU# IMLIbAYRankingMet ricsZE it 3L T-HEA IUTEAT 15
bro LI, T2 FRATZ AT AIHER R 5 A — XTI RDD . HA R 25 8 H P il
B HELED) o RO TDECA, B2 SE PR 4 T ID KA

RankingMetrics KAV HHER R R B LI S BATA AR, HmgREAR, H
2 )P IWER % (Mean Average Precision, MAP, JFANEEBIEK ) SHAPYKEER (AR
SAEECE ) B FRATEOR AT AAE AR .
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B, fﬁfﬁRamkingMetrics}Eff?%h&AP:

import org.apache.spark.mllib.evaluation.RankingMetrics
val predictedAndTrueForRanking = allRecs.join(userMovies) .map{ case
(userId, (predicted, actualWithIds)) =>

val actual = actualWithIds.map(_._2)

(predicted.toArray, actual.toArray)
}
val rankingMetrics = new RankingMetrics (predictedAndTrueForRanking)
println("Mean Average Precision = " + rankingMetrics.meanAveragePrecision)

HAgrih s
Mean Average Precision = 0.07171412913757183

ORI Z A58 AR AT 2R FEMAP, HR R KEBRENR R, HLan2000:

val MAPK2000 = allRecs.join(userMovies) .map{ case (userId, (predicted,
actualWithIds)) =>
val actual = actualWithIds.map(_._2).toSeq
avgPrecisionK (actual, predicted, 2000)
}.reduce(_ + _) / allRecs.count
println("Mean Average Precision = " + MAPK2000)

WREsRI, FAXFP T 31 E 8 2 BMAP 5 fiRankingMet ricsit &5 H BIMAPAH[E] «

Mean Average Precision = 0.07171412913757186

EE, AEFATBRIIE, A8 NGB FmBE, ALy kR AT
s J T He AL 0 P AR IS AT TRAE L IX S AREE L K F IR F) 49 MSE. RMSE#MAP,

4.6 NG

AREE, FA I SparkFIMLIbZEIZR T — bR SRR . Jedi hsa 2 1 el il s
Kl HPHEAAABATAT BRSS9, DL RAR AR E W A R LD o e, FRATTHI— L3 L
BIFEARAXHZA R B T E J1 617 1 3P4

T FR DR AT {5 Spark R N 2k — MBI AT BE 4328, LUK HARUE A DAl AL e iy i
FRRIPERE



SparkfiE 57 K= 2

AREE, AR 2] S JEAE Y SRR TR LS g £ 45 Fof g P P (e T SR8 320 e HiRe
FW AR RN o T2 AR R FRA T ERARYE — AR AR, X SRR AEACR TR
FpFal B R SCHSR R mE (A2 ),

AR IO IR, B “ 40287 — i —ZbRic b IS Gidm1), B
Ah—2prid M2 (g h-18050 ).

FE5-1BR T —A 2R T o p+ . BlF b ARREAA 48, 430 Fx Ay & — 4
FIME . FRATAY E ARG — AR, o] DL 42 0] o A8 s 4 it (R g o g 2k,
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o o
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% fo
2
o
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e
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E5-1 —MEERE o2 n)E

WERA RPN, RN 225002, XA — BT IR BEATARIE (LN, 51250 H%L
TFO~4FR )o 2B BIILIES-2, AR, S TP, (BRI AR T ARRFIE
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@
&g
e @
@ o %o g
&
°
® " 1]
°
L] e 8
. e
v @ L
. e
o
@ @ & e
° -
on o @ LI ™
°:v e g5 °
a9 40 * 8%
@
L]
o . Eoﬁ
o o mey
a

F5-2 —A g B 22 2] o 8 Rl

IIIJE B A W — A, FATHIAR A Jehmic sl 280 Hh A VI ZRRE AR ISRy (o /e
aod i 4 AR B B R AR Y ).

PIRREHTARZAEE , — L WAH T E .

Q T ELIGR P RS AE L) A b R, AR i B — > T RN (i s A sl )

Q K TE, X R — D TR RVESGE A ZIRTE );

Q T X HERR (o JEmls );

Q X MEE A SR (RO R203, IFHATFZ AR );

Q X L R e AL A AARC R S T ThRAE (2028);

Q KBABDRIRCE . BRI A AR ST (&2 02);

ol 2 Y o e SRR O o € ol

O MR IR BT e 5™ il s R 55 O30 AT T T HE RS (5 mT AR Sz 70 AR
ML IARGERER MR EL Y )

Q T B = PP A ] BB L AN i B 55

EAUN SN EE T e AR, SEBR b, AEBURA IR R AL AT T, 205kl LA
JEtllan A ) MG Ul I R 2 R Z —

A, AT
Q S HEMLIbH £ Fh AT FH A 2SR
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Q i F Spark M5 a4 A A 35 ORI 5

Q ML ZAr TS

O FHVNZREF A 5 AR

Q 7 FH— SR B PPN 7 R A AR g T 4 R 5

Q it A A3 5 A RE AR VAR U B A0 o] e AR R R 5

Q RS EAERHE R BRI RZ M, I HL2 > W] (i 38 IR UE R BRI AR AR R S0

51 SRR FHAE

FA PR IHESpark i WLAY =Fhp IR . LRVERIEL | DR RIANZR DL a2 piAsin
] LT HLARRS 28 5 RS R Rda SR s BRI — Do R AR IR, YIZkad BTk
I BB J& (SEs R, MLIb2ERATE Y IR ), (IR ER 200 MR b
RO o Sy Ugk, JF HBARBIFATIiR (SEprrh, BRI 25 R 20 i A 4L
PEEE—U e MRMEIERRHE T RS, XEBIUTEARZ N ] P ERRER B ROPERE. H., AhR
DU n] LAAE D — ARG iR B T LU AR R A PR fE

FIAT, SparkfMLIbZESME 12 TLMERIRL | PRAAAANR DL A — 0Bl LRI T
PRI FIRNER DU 2 I 0 A . Ao 1O L, R SGTE 7 28 mIAEL

511 Z4E5

LR A% O AR AR A A TN 45 2R Il PO EAREE RS & ) EAT A, BIXHHmA
CRPAESCE 7800 ) R ] B AL M T R

y=f(w'x)
Xy R AR, wESBa s (WHCOME R ), w5 ARRE R &,
(w'x) SR TRCE [ w IR ] A AR TS (SRR R ), SRS AR Ry (X
PRIEFE PR ).

EM 7S PO L L G S U DAL S G- e R M N T N 9 B S s ST 9 B s S P 7 219K 2
PEEE (LR #) fi X2 2 R0 (identity link, BVEIEMEA y = fiv'x ), Wigkiksrdeasfii
R A A PR

WA —EL S M0 Blrh, AR GTh R BT S B By, W F AR s
FRE 0 (AR donhi@ s i il -1), WEREAEAG, WA EARC . BB RHIE

i BOCFFROCR A AL (Hean e . W, TSR, DU i,
{37 B A FA PR AN ARAAIE )

=X
i
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TR, BATENGR— R, K45 ARVRFAE i ()it ) RS B Pm p il (it
s E AR Do W T —DHRBE AL, A TR AR — B A RHIE ) i (e A RE B g 3 bk
), IR IS A AT AR AR ARG RN T R R, i PRBCA 5 SR A Tt
Rk (FE—SeBERlrp, b 2oRefm Hh 25285 BEE 19 B ELEA T P S A B P 25 2R ).

20 T AR PRI [ S A SR 08 B ARME, 77— A ) i RS Rl PR AT 0, U
A R e R MR i 5 SEPREL A ER 22 o X RO BRI 3B . DI AR AR AL

HAAUL, FA 7 BB — A 1) REAS fie/ MU T A VI ZRAEAR B9 ph 0 2 e RSO3 1 R Ay At
K (R ) Z Mo U pREUA A2 E I ZRREA OB [y 4 | AFAE I AN SE PRt i Hh e
Wik SEbr b, 0K PREC B SO ISR R, B0 S [ U pRAS 2 AT X L AR K PR o

E Rk —F T AR fe ik Sk Y, TAE 1 (Spark%AEisdr)
o KW k¥ kT =4 %6935 . hitp:/spark.apache.org/docs/latest/mllib-linear-
Q methods.html#binary-classification,
Bl AF, 7T AL 42 2 & A 4 & ) generalized linear model ( )~ SUZPEAEA ).

http://en.wikipedia.org/wiki/Generalized linear model,

AR STHE MR R R REC AT, HAZAMLIbER LAY 138 A o B 352k
PREL (B ZNZSIE A Spark SCRY )o S — M EBHRIIL (logistic loss ), S5 TZ 4w afinl, 55—
MR TUR (hinge loss ), S T4t L4124 ( Support Vector Machine, SVM ). 77 245
BYJE, X B ASVMM™ S EANE T LAY Ge i HESE , (H R 25 e 458 2k pR BSORN 32 322 R KR s 7
7L EARRD

15-3J87R T 5 0- 1 SC A2 SR R RGOk o X 0 Jokiit, 0- 1982k B {ELAEASE R Tt
IEBRIS 90, FERSRIFN AT DRI Y 1S2BR R, 0- I H T, SRRk M 2k s A il iy
THEBE AR WMEIF ELYELAOL AL o AR B4 2% B D 0- 18R S ARl LAEA T 4K o

linear model/plot sgd loss functions.html,

[ A 5-3 %k A scikit-learn 49 #% 4] . http:/scikit-learn.org/stable/auto_examples/
I~
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8 T T
— O0-1#i%k
7+ —  SVMA Tk
— Rk
6L
=5
<N
2 4 \\
]
=
2L
1
0 | L L N N
-4 -3 -2 -1 0 1 2 3 4

E5-3 B EE. A TS pRELLL K 0- 14515k PR
1. 1Z35[E13

PR AN R — R s R DR A ) TN 4 SR A (M [0,1] 0 X T Ardk i, 2
5 [T T 4B S AR T AN SR T IR S RME A T o 3B [ S SR 2 P o A A v it
)z —A

AR R, 2R A R RO R B
1/ (1+exp(-w'x))
AT AR BB R AR K -
log(1+exp(—yw' x))
Forhy R IRk i (IEFENT, EHR-1).
2. M EEN

SVMTE [l 3 F173 2877 ThI 2 — A>3 R HATRIEOAR . FZAR IR, SVMIFAZREBRE,
(B AT LASE TS T SR A T P01

SVM A% 2 PREUE — X SR L pREL, DRI T (i i 27 oy
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y= wix
I, 4w x BATHER T TR, SVMMEHE SARiC T, BFRIC R0 (i EE
JESVMI] L H 1 W RS0 ),
SVMH K BRECBE AR A Rk, 78 SR -
max(0, 1-yw'x)
SVME— R BIFaadeds, Bl BN Z— ME RS nl GE 4 AR [n] . TEAR 2028
fE45 v, SVMAGERISTERER T, 1 EXT KREE LY R R LA B

, SVMA & RZWHEiL 45, AP REiTE, BETAFF e TRAT HL
% #8 % 4212 :  http://en.wikipedia.org/wiki/Support_vector machine F= http://www.
support-vector-machines.org/,

TER5-4vh, JETIRUER) S BRED], JRATTm TS TR AR T (LR ) FIZESVM (£1
2 BB PRAL

M RT LU H SVMAT LA R0 £ 31) fi 5 T D SR e R0 2500 0 (] B 2 T A0 (5 B9 HE 42
TR )

F5-4 BRI ESVMXT — 4028 1 He s pR %L
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5.1.2 #MERIMETMRES
AR DU R — MR, S 20 R A A S AR A T I . D3R DL
SRR R AR S ORI A S O AT A ) (B A M HHIEZ R A R ),

FEF XA, JE TR IR RER IR AT RER AR pR L, HoA X Se AR A 45 R
TETELS R T ZBI A T B IAER (SRR ), DIGZZEA AR (SRR ), XS
BRI 25w B H ) FARBE . 200 i SE B0 ME SR AR (1) A5 A3 ] LASE 2o 5 i R A 1145
B, A RURAE A RN IR AR G 0 T B nT RE A2

FIINEA — R TFRE 0 B, WIS EEMh TR A%dE . MLIbSEEL T 25k DL -
( multinomial naive Bayes ), HHEREFHED AR EZTI0, FURRFHERAERBRS T,

B AR S A T ITRHIE (Hell-of-k, AZERFIE R R HA 1481, HiAtb R0 ), I H %
FHF A2, (37 TR AR A — A AR ) — ORI RN ).

5T VA A& — A& Spark 3L 4% " MLIib-Naive BayesZf4-: http://spark.apache.org/do

[ cs/latest/mllib-naive-bayes.html ., 42 & FF ¥ % 20 69 25 A X . http:/en.wi ] _

kipedia. org/wiki/Naive Bayes_classifier,

155878 T FNER DU 7E — 3 AR b A PRI PR AR

.
= : -
SeCes 8Es
Jf . TH ®
® ..
° e
B R i
£ ] [ ] F T 77;
B
PoEES eSSy
Lo
" B,

[5-5 MR DTSRRI TE — /32l b i PR3 ek
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5.1.3 Rkt

P S — 5 R I ARRERAERL , & n] ISR R IR AR IEA B G R o BRI AE
RZATS5 LRI A PERRARGT , FHXS 25 50 AR ANAf A, T LAKL B8 B sl BUEARAE , IR REOR
F ABHEIH— S bafifl . DRARWAER IG5 R IT7% (ensemble method ), HEUNZ TR
PRFERL, PRI R ZRA

DRI IAF L — B, T AUSRMEDR OB A28, RIBURERASAE . InlEls-6fi7, —Jt
Bthoriie “TREgg Y R “ERET, ARAENE R

El5-6  fRTER I PLRRT

R R0 A L0 4G TR A (BRRE ) 9750k, TEd— AP PR Pl PG RHIE 2>
R RIS, BRI HI R R U ARAIE . (5 B AR B T SRS (EI SRR
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AL AN R S AR EE ) 250 R B A1 5 AN SEBE A ISR o X 00 26455, I LA P
7 Tt o . B SR AR

. Bk —F TR RA kA R A, HAE (SparkpAEIEd ) bl
“MLIlib-Decision Tree” <F 4~ : http://spark.apache.org/docs/latest/mllib-decision-
tree.html,

WES-78R, MZ R —E, AT T RPN 7, il AR SISk RS
TS A RAR LR MR B

;
Eise=cafas
HECES oo
o i
- ﬁ ELaEs
® 4 ij‘
* ®
. ‘ e
Piie FTNTIR
s
s

P5-7  DREERLE —Sr IS IRIRR L ) BRSRE pRi AR

5.2 MEUEHHMELE 1ERI4FIE
B35, A LA A BCHER A3 L 2 I B LURRAE ] i R U B E R oS3 8, X0
KA MR 7 2] Ik, T2k Abn s (S 28001600 T AR R ) FURHIE [l e —ik.
MLIibH 7 A ALE j LabeledPoint XA, Hhdbke T B (474 ) MHFES 2.
case class LabeledPoint (label: Double, features: Vector)

BIRTE 0SB AIAR A B b 2ol 39 1 de A SRR B4, (BAESEPR TAR AR, Gl b 2
MIEER RS R BEAE . IERTLE A, XGOS BB RE | 0 — s IEERHE, DA
{1 1-of-k& i R ISR L .
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MKaggle/StumbleUpon evergreen4 28 3E & h BV FE

Z R R AL Y MovieLens B M 2 MIBITC G, ATl H 5 /b — 8 4E . XA
BHEHEVR A Kagglelb 38, 1 StumbleUpond2fit, FbFE A [A] UE5 K X o1 F7 i) T i 2 e 8 (88
e, ARPURATAT T ) KA (KERAT Do

THINMIEG L Z . http://www.kaggle.com/c/stumbleupon/data, T

Qels RIGEE (wintsy) 237, BRAFATHE. ATRIHRLRMIEL,
TVAAZX E . http://www.kaggle.com/c/stumbleupon.,

THGZHT, R 1 ik Spark B AFsARAERE , FRATHZEMIBR SCIF2R— A7 5 Sk 4 k. iE A B0
B H R (X B A pate RN ), ARG A QR a4 W BR 5 — 47 JF H 38 o 8 8 R A 2 D
train_noheader.tsv i 4 B SCAFH

>sed 1d train.tsv > train noheader.tsv
BUTE, JHshSpark shell ( 7£Sparkf)42%% H 58 N3 X 4 ):
>./bin/spark-shell --driver-memory 4g

YR LATESpark shell iy AAS 2 J5 T 9 AGA5

MZ LTS, AT ZREE 3 ARDDIT H#E1HG £

val rawData = sc.textFile("/PATH/train_noheader.tsv")
val records = rawData.map(line => line.split("\t"))
records.first ()

T .

Array[String] = Array("http://www.bloomberg.com/news/2010-12-23/ibmpredicts-
holographic-calls-air-breathing-batteries-by-2015.html", "4042",

LI L R AR DU A R AR T TR B, TR USRI S URL . SURIAYID
JEHR ) SCAS A RIS FC 28 DU Y250 o 45 T K228 B 25 R A RE RO BUE B 2R ARE . feJe—51)
HHAME, -IHRA, ONEHE.

FRATRE a7 5B 750k B BUEAF AU BE . ORI R AR i —IThHY, XX E A
— M 1-of-kERAS AL, T RATT ZASMERURFE o

T EE A A IR, FRATIS— Lo B PO A, 7RAb B R b tmis e () £,
Pt rPit A — L] 2 AU BRI, A, FRATT B OB IR L SR K -

import org.apache.spark.mllib.regression.LabeledPoint
import org.apache.spark.mllib.linalg.Vectors
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val data = records.map { r =>
val trimmed = r.map(_.replaceAll("\"", ""))
val label = trimmed(r.size - 1).toInt
val features = trimmed.slice(4, r.size - 1).map(d => if (d ==
"?") 0.0 else d.toDouble)
LabeledPoint (label, Vectors.dense(features))

}

TETE PR B R s S, BN TR 5 — 5 A bR i AL 1 LA S S5 31 256 2551 Y4 AE A R
KRR EER N Tne(l, FFE M EEW N Doubl e . )5, TN TEFRZE MR ) 2 7% N
LabeledPoint LM, MIMEHEFE A B A% FIMLIbAYVector 1,

FA XA T ZA I G B AR B H -

data.cache
val numData = data.count

" DI BlnumbDatalf{E ~N7395,

TEXT RGO — A B2 AT, Bl T A BRBE Kt A0 & SRR, FRATTIE, AR3R DL
Hr R SR AR (A AR G0, 75 DI RE 3 63 R AR (B R PP St AR o PRI, 5 BN 2R DL S A Ay
HE— Oy AR ] BRI, R SRR BN 0

val nbData = records.map { r =>
val trimmed = r.map(_.replaceAll ("\"", ""))
val label = trimmed(r.size - 1).tolInt
val features = trimmed.slice(4, r.size - 1).map(d => if (d ==
"?2") 0.0 else d.toDouble).map(d => if (d < 0) 0.0 else d)
LabeledPoint (label, Vectors.dense(features))

}

5.3 & LERE

PAEFATE e NEHR A P S T BB RHIE ST BN TRDD, # N RIFIARYIZRas FEIRLIE
N T B RIBRRPERE, A TEINZRZ T SVM AR DU RIS . R ke B
BRI INETT i —HE, AR A MEERA T [ O nTRCE B ZH8, MLIbR 20
DU 2 BCE R ECNEL, (HSEPR b, SRl iS00 B 2ol i A B AR e, XA FRfT T2 A
JREEEETT RTINS

7E£Kaggle/StumbleUpon evergreenft 4> 2835 & i)l 2 3 A& R

BAE T IO AR STIMLIbAR . B, 5 B0 | A Z AT X R By e B — e gk
KRIASE, H, FFERNZEEIHAMSVMB S LA, AR5 E SRR

import org.apache.spark.mllib.classification.LogisticRegressionWithSGD
import org.apache.spark.mllib.classification.SVMWithSGD
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import org.apache.spark.mllib.classification.NaiveBayes
import org.apache.spark.mllib.tree.DecisionTree

import org.apache.spark.mllib.tree.configuration.Algo
import org.apache.spark.mllib.tree.impurity.Entropy

val numIterations = 10

val maxTreeDepth = 5

BAE, MORINZRER AR, B el ZRal 8 ml R -

val 1lrModel = LogisticRegressionWithSGD.train(data, numIterations)
B B N i

14/12/06 13:41:47 INFO DAGScheduler: Job 81 finished: reduce at
RDDFunctions.scala:112, took 0.011968 s

14/12/06 13:41:47 INFO GradientDescent: GradientDescent.

runMiniBatchSGD finished. Last 10 stochastic losses 0.6931471805599474,
1196521.395699124, Infinity, 1861127.002201189, Infinity,
2639638.049627607, Infinity, Infinity, Infinity, Infinity

lrModel: org.apache.spark.mllib.classification.LogisticRegressionModel =
(weights=[-0.11372778986947886,-0.511619752777837,

TR, UIZRSVMELAY .
val svmModel = SVMWithSGD.train(data, numIterations)

PRFS A 20T 4 i

14/12/06 13:43:08 INFO DAGScheduler: Job 94 finished: reduce at
RDDFunctions.scala:112, took 0.007192 s

14/12/06 13:43:08 INFO GradientDescent: GradientDescent.runMiniBatchSGD
finished. Last 10 stochastic losses 1.0, 2398226.619666797,
2196192.9647478117, 3057987.2024311484, 271452.9038284356,
3158131.191895948, 1041799.350498323, 1507522.941537049,
1754560.9909073508, 136866.76745605646

svmModel: org.apache.spark.mllib.classification.SVMModel = (weigh
ts=[-0.12218838697834929,-0.5275107581589767,

FET RANZANR DTS, S0 S A b B B A 7RI (B A £5C0RE -
val nbModel = NaiveBayes.train (nbData)

AN

F .

14/12/06 13:44:48 INFO DAGScheduler: Job 95 finished: collect at
NaiveBayes.scala:120, took 0.441273 s

nbModel: org.apache.spark.mllib.classification.NaiveBayesModel = org.
apache.spark.mllib.classification.NaiveBayesModel@666ac612
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= y
S IR «
val dtModel = DecisionTree.train(data, Algo.Classification, Entropy, maxTreeDepth)

LEnganR (1l

14/12/06 13:46:03 INFO DAGScheduler: Job 104 finished: collectAsMap at
DecisionTree.scala:653, took 0.031338 s

total: 0.343024

findSplitsBins: 0.119499

findBestSplits: 0.200352

chooseSplits: 0.199705
dtModel: org.apache.spark.mllib.tree.model.DecisionTreeModel =
DecisionTreeModel classifier of depth 5 with 61 nodes

TR, R, JATB B S a1 g0 ] T Ent ropy NAEEA T

54 {EH7AER

BAEFRATA DUASER ARRZERIRAE TN ZRGF RO, 12 R KRB E W (o 1 X LEA R A T 33
o T, B PR R BN SR e i e A ISR A4 T D7 725

7EKaggle/StumbleUpon evergreen# & E #1750
X BRI 2R A R ] (AR AL A PR P2 B )

val dataPoint = data.first

val prediction = lrModel.predict (dataPoint.features)
AN

ﬁuﬂjﬂﬂ7<:

prediction: Double = 1.0

A LA BTN R S — A, BRI 1, B ERRAPRAE S — T XM
AR HIERIPRA :

val truelLabel = dataPoint.label

LEnganR (1l

trueLabel: Double = 0.0
ATLAER], X ARG b FA TR AL T H 4 1!
FATAT LK RDD [Vect or | BEARAE Ffi A .
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val predictions = lrModel.predict (data.map(lp => lp.features))
predictions.take(5)

T

Array[Double] = Array(1.0, 1.0, 1.0, 1.0, 1.0)

5.5 Wl RIEERYMERE

TE A PSRRI A, Q] 6000 R ) SIS A AN AW 7 A T, I I 8 AT AR R PR BE
WHAE PR 5 s . PO IER R R SRR MR | fER R R
thek T AL . ROCIHTIZ . ROCHIZ T 1Y 1 FLHIF-Measure .

5.5.1 FUNRERBEMEIRR

TEZ e, U EA A AT BE S fe T BRI 7 3, IERR R TUNRAEA P HOER 2 A% H
BRULEREARL i, FRRE TN PR S AREAS B A BR LB A KL

FA T3 0y AR EA T 000 I o BN 5 S PRARREHEA T HE, 13 BRI 2R B Y
BRI R IR GBI REAK FORFOFER AR B, 120 IR R 3R

val lrTotalCorrect = data.map { point =>

if (lrModel.predict (point.features) == point.label) 1 else 0
} .sum
val lrAccuracy = lrTotalCorrect / data.count
A
%Uﬂjﬁﬂ1::

lrAccuracy: Double = 0.5146720757268425

FATREN T 51.5%MIERF, SRFERARRL . BATABRUL BN T —F A1 244
i, MEEHLRFIZEAZ

3 BB T 6948 I RIS 13,0, T 64 4 sH B 4 2 S5, ARG SR EE
He A TN KA, BB S B kR B EAT O F R A A R I
. Yo = 5 K 6938 3= 2 X MR AR A A 4T o0 R 2P A= K R A 16945 Tk
S E R R0.5, TR, R EA 8RR AT 50%, KA
' A HE AT A LA, B AFILA EH0,
fe— MR P AR G I T AL T A AR A AT 45T R AN
F 5 EEAE A T ik P AL R AR E By

AR e L ERATI R A = A TE T
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val svmTotalCorrect = data.map { point =>
if (svmModel.predict (point.features) == point.label) 1 else 0

} .sum
val nbTotalCorrect = nbData.map { point =>

if (nbModel.predict (point.features) == point.label) 1 else 0
} .sum

TERE, DR B To0 (B ZEWIAR 25 1, 0 TR AR 73 T -

val dtTotalCorrect = data.map { point =>
val score = dtModel.predict (point.features)
val predicted = if (score > 0.5) 1 else O
if (predicted == point.label) 1 else 0

} .sum
PR B HoAth = AR IR 2
e SVMAR A .

val svmAccuracy = svmTotalCorrect / numData

SVMERI T 4 F

svmAccuracy: Double = 0.5146720757268425
FEAG JRANER DL

val nbAccuracy = nbTotalCorrect / numData
FIER DU Hr AR A AR

nbAccuracy: Double = 0.5803921568627451
e, AR PR IR R

val dtAccuracy = dtTotalCorrect / numData
PSR S B A F

dtAccuracy: Double = 0.6482758620689655

XA BE, SVMAARNZR DL BUPEREAR A 22 , 1 BRI B IE B R 1565% , (R A AR

55.2 EMRERMFER
TEfG R, R 5 TR R A B, M B AR AR A S 1

TE AR, R R Oh ELRE M AR H BR UL B BEPE AV E A 8, Hoh B BH 4R
B IERR TN 28 50 R 1 AOREAS , (B SH M A RTINS I BREAS o ANSR AN o 2 T Ay 24 531
LIREASTR S8 TR0, IBUERR %K 5]100%,
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A 1] 3258 SN ECFHE % H B L ECFHAE R SRR A, b R AP 2200 0 LA "0
FIREA o ASRAE A — DS RUN T REABCA BERE DRI 2500 CBRBEA R IIPE ), IR [l A5 2
100%,

T, WA AR AARICH), W R R TR A [, RZIRR . T B,
ECEFATINGR T — SRR AT Ayt e R 21 o PR SO Tt i o1, BT AR R Tt 45
Ao BURIIE, EAEA SRS MR AREA . T2, MR R4 B2 1.0, 73 —T7 T,
BEPATE AR W, BRE HERRAR TR (X RO ZEBIERREE FP R 0 AT s 20 Do

HERR RN B A AE S BE RN AR A, R e Tl W i — R BCR G PR, —
A [ AR TR Y Hh Y R

e EORYE, YREAR TR, BRGNS R AGE 2RI, Rk, RERIAY A ]
R, (HRAER AR ATREARG . AR, MBIE R, SRR FN S5 Rk 2022000, DL, 5%
RUE A IR K0, AEE A RN BE BT AT B PP AOREA, IR TTRES AR Z AVEAEREAR .
{angt, PR mpig ol T B AR BAYE R0, T DA TGT: R SRR A R %
P S-SR FTERA -3 [B1R (PR ) [HZR, Fom4h et Dok B AY AR, MR R A [l
RIGRTR SR . PRI T B E AU PR R . J5E 1, PRI F AU 155 M T— 8 9545
A, R A FRAE100%.

AR - A m R i 2 (2 TR R40.69)

ek

0.0 0.2 0.4 0.6 0.8 1.0
fElEES

[E5-8  MERR—H M2k
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S P %k T aEME BERFPR & T @A T4, 35 & 1 - http://en.wikipedia.
org/wiki/Precision_and recall #= http://en.wikipedia.org/wiki/Average precision#Average
precision,,

5.5.3 ROCHIZFAUC
ROCHHZAEME & L AHIPRITEZE L, BIRXF 70 i i ELBH PR R~ PR A AL

AraR (TPR) ZH FHPERREASBBR LB BH AR B R REA B2 A Hei)ifidi, TPRJE
FLHYERCE 5 P IEREARRY LG, IXFIZ BB 2 A A R, Gl H AR O UL

Bra R (FPR) SEABBHPERREAS KSR B PRI B PR R A R A Hedgiiist, FPRIE
B PEREAS Bt BT AT SRS S B Lo

FIAERR AN [l R, ROCHIZL ([E15-9 ) Frm 173K ARTERETEA [ RS U E T TPRXTFPR
AT . M2k R AR de DR R BN R Y B 1

ROCHiZ% (dh£k THITIAH0.70)

0.0 0.2 0.4 0.6 0.8 1.0
TRPAM:Z

[&5-9 ROCHHZ:

ROCF TR CEFFRIEAUC ) Fon-FHI(E. [FFE, AUCKH 1O R — 58 R M 24,
0.50Z/R—AREHLIITERE. T2, — PREIAJAUCHO. 5 MIBEHLAT IR —HF o
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. 24 PR £ T 49 @ AR FnROCH £, T 49 @ AR 234 )3 — 4L (R AMAH0, RAMA
B, BATT R 2 R AR R T 040, £ ETOULE £ e
RFIOARAL, 57 AT ik A B o A LA

MLIibN & T — R 555 R 3 R PRFIROCHI L T A AR, T IIFRAT 5T X g — 5
RO X SRR -

import
org.apache.spark.mllib.evaluation.BinaryClassificationMetrics

val metrics = Seqg(lrModel, svmModel).map { model =>
val scoreAndLabels = data.map { point =>
(model .predict (point.features), point.label)
}
val metrics =
(model.getClass.getSimpleName,

new BinaryClassificationMetrics (scoreAndLabels)
metrics.areaUnderPR, metrics.arealUnderROC)

}
FANTZHTE L INANR DRI s 2, Hh B 4 e nbpataffiAs, X
PR RE R BT e r 4 2R

val nbMetrics = Seq(nbModel) .map{ model =>
val scoreAndLabels = nbData.map { point =>
val score = model.predict (point.features)
(if (score > 0.5) 1.0 else 0.0, point.label)

}
val metrics =
(model.getClass.getSimpleName, metrics.areaUnderPR,

metrics.arealUnderROC)

}
M DecisionTreeModel BRI A S B A = ARG A Classificat ionModel F
F, o PRI AT AT ZE Bl R AR 4 5 40 AR 53 45

new BinaryClassificationMetrics (scoreAndLabels)

val dtMetrics = Seqg(dtModel) .map{ model =>
val scoreAndLabels = data.map { point =>
val score = model.predict (point.features)
(if (score > 0.5) 1.0 else 0.0, point.label)

}
val metrics =
(model.getClass.getSimpleName,

new BinaryClassificationMetrics (scoreAndLabels)
metrics.areaUnderPR, metrics.areaUnderROC)

}

val allMetrics = metrics ++ nbMetrics

allMetrics.foreach{ case (m, pr, roc) =>
println(f"$Sm, Area under PR: ${pr * 100.0}%2.4f%%,
ROC: S{roc * 100.0}%2.4f%%")

++ dtMetrics

Area under

}
PR B R Z AN
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LogisticRegressionModel, Area under PR: 75.6759%, Area under ROC:
50.1418%

SVMModel, Area under PR: 75.6759%, Area under ROC: 50.1418%
NaiveBayesModel, Area under PR: 68.0851%, Area under ROC: 58.3559%
DecisionTreeModel, Area under PR: 74.3081%, Area under ROC: 64.8837%

FATRT LI 2 A HRIS B S E R R R 22 AL
P FMSVMAJAUCH A AR AE0.5 2547, SR MY IF AN ELBEALLT . AMZR DL IS 7y
PSRRI P RERY (T2, AUCH HI1J20.58F10.65, {HAE, TE 432K E X MEREIFASZE
Wt
X ERAVEA T S £ 55K M, MLIbIRAE T — /AN E M3t Fkkaeag &
S MulticlassMetrics, A FPRETHF L F LG EZTH %,
5.6 HUHRBIMRELAKRSEGAN
FI MR S TWE? A ATRAT AR G0 2 20 RS 2 HE BEPLRS S r 45 57 FRAT R
WA B 777 ) A7

AEHE, JOTVUZR PHAE AR A D TR Z. S92, FANDFBCAILETA BE
TR, FURH T b S IR EUEAR 73 o RIS, Al T AT X X e R AOR 22 70

5.6.1 4FEFREL

FRATIE FH R A A B 1 o3 A RIS AT 25 — S8 [T Aoz, b i I RE X
SERHET B0 o T I EFRA T — 25 W FE RS Anfn] 434 (1) o

EARME, AR M) i FHRowMa t ri xRN BIMLIbH 3 A FE % . RowMat rixig—
AR IRDD, HA A ] R A A R —1 T .

RowMat rixEHA —S 0 A ERERER ik, Hoh— Akl DIt R AR B RS I e H e -

import org.apache.spark.mllib.linalg.distributed.RowMatrix
val vectors = data.map(lp => lp.features)

val matrix = new RowMatrix(vectors)

val matrixSummary = matrix.computeColumnSummaryStatistics/()

TR AT U AR R RS A 1
println (matrixSummary .mean)
i 1 25

[0.41225805299526636,2.761823191986623,0.46823047328614004, ...
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I T A A i R 9 ) /DM

println (matrixSummary .min)

UIRIELES
[e.o0,0.0,0.0,0.0,0.0,0.0,0.0,-1.0,0.0,0.0,0.0,0.045564223,-1.0, ...
I T A AR i R 8 A B KA

println (matrixSummary .max)

TREEAE S
[0.999426,363.0,1.0,1.0,0.980392157,0.980392157,21.0,0.25,0.0,0.444444444, ...
A A R PR S B 5 2

println (matrixSummary.variance)

b -

[0.1097424416755897,74.30082476809638,0.04126316989120246, ...
A A R R S PR AR OT A R H -

println (matrixSummary .numNonzeros)

vt -
[5053.0,7354.0,7172.0,6821.0,6160.0,5128.0,7350.0,1257.0,0.0, ...

computeColumnSummaryStatisticsjﬁj&‘ﬁ“ﬁ %:‘?E%EM?@J RIS lﬁlﬁﬁ“%[ﬁi s @%i@ﬁ
72, A S HEFR B — W ) SAE R AE— T vectorHt (FEFRATHYFIF A FEAE XS Lz
'_AIDC\I‘ )O

WLEEHT TR BIE AT 22005, R AT 0B & BRER AR A J7 22 R LU AR AR g (A7
DRI B A AE AT FERYZE R, 1T EAT SR AR S b o o RO FAT T RO EE 1 U T
BRI ART SR ER R T A o D9 e AT SRR A RS, T ISR NMRFIERE T hn AL
A RO A B AR 22 . BRSO X A MR E T I, S5 BR AT AR
W22 AFEATHR TN -

(x — 1) / sqrt(variance)

Sebr b, AT ARG BRI e, SRR A R IR A, SRS AR I
PARFIE RO 22 o) B, bR i) e n] DL O 22 () O B R 5 AR 21

WEMNMFRATESEIZEHE A, A LA FH Spark¥) st andardScaler H Y 772 7 (8 Hb 5 A SE4547
StandardScaler IA/EZCMEE 38 i Normalizer R AR Z UMM T . i T UaiE2E, 3
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THEAPANSEL, —DFRRET B PIREIIE, 73— R BRI EZE AR XA
Standardscaler MIFN T A AT . )5, Ref A A B ek 8, I HaR [Bla—1iy
i, HARSCBURES IR, BT FHmap pREOR I B B8 SR AU BR 2 -

import org.apache.spark.mllib.feature.StandardScaler

val scaler = new StandardScaler (withMean = true, withStd = true).fit (vectors)
val scaledData = data.map(lp => LabeledPoint (lp.label,
scaler.transform(lp.features)))

IAEFRA TR AR UEALS , B — TR e BT RIS By ) &, 1 T 1 28— A Thm it
AT RFAE 7] o ;

println(data.first.features)

LR .

[0.789131,2.055555556,0.676470588,0.205882353,

T T A A T AR AL PR )

println(scaledData.first.features)

ZERINE

[1.1376439023494747,-0.08193556218743517,1.025134766284205, -0.0558631837375738,
ALVEH, B MREC SN IR AR 7o X — a5, ATRAESR— N RHIE D
ZHIME, RIERURMEZE (T 200 F IR ):

println((0.789131 - 0.41225805299526636)/ math.
sqrt (0.1097424416755897))

i A5 R NZ A T b ] RS — 0 R

1.137647336497682

IRAEFRA AL AR A R ORI Rt o B YN SR 4 [ U1 (DR DRSS RN R DS
ANZRAEARHERR 520 ), U BHRAEAR L A «

val lrModelScaled = LogisticRegressionWithSGD.train(scaledData, numlIterations)
val lrTotalCorrectScaled = scaledData.map { point =>

if (lrModelScaled.predict (point.features) == point.label) 1 else 0
} .sum
val lrAccuracyScaled = lrTotalCorrectScaled / numbData
val lrPredictionsVsTrue = scaledData.map { point =>

(lrModelScaled.predict (point.features), point.label)
}
val lrMetricsScaled = new BinaryClassificationMetrics (lrPredictionsVsTrue)
val lrPr = lrMetricsScaled.areaUnderPR
val lrRoc = lrMetricsScaled.areaUnderROC
println(f"${lrModelScaled.getClass.getSimpleName}\nAccuracy :
S{lrAccuracyScaled * 100}%2.4f%%\nArea under PR: S$S{lrPr *
100.0}%2.4f%%\nArea under ROC: S${lrRoc * 100.0}%2.4f%%")
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HRAZRIEMT .

LogisticRegressionModel

Accuracy: 62.0419%

Area under PR: 72.7254%

Area under ROC: 61.9663%

MEERAT VIR W, 382 R BT R AR AL, 4 T2 R A M MERT R, IR AUC M BERL50%
FTH5162%.

5.6.2 EHAh4HE

HMERFER, FEER IR TARERMIE—1k, XXERAPERE rI fEA 2. 75X
Bl BATAUE ] T HBIMRFAE, A15Ea2m% 1280 (category ) B HEAIEEAR (boilerplate ) 51
IISCARNE

EHSUE R T T BRAEFA TR A — T U InARFAE , LA REAE XS P RE A0

e, RAMTEBIAIG, IR IR — 2T A, X RS 0] DUHF 2R R
1-of-kZhg

val categories = records.map(r => r(3)).distinct.collect.zipWithIndex.toMap
val numCategories = categories.size
println(categories)
= S [ £
AR RIS anE
Map ("weather" -> 0, "sports" -> 6, "unknown" -> 4, "computer_internet" ->
12, "?" -> 11, "culture_politics" -> 3, "religion" -> 8, "recreation" ->
2, "arts_entertainment" -> 9, "health" -> 5, "law_crime" -> 10, "gaming"
-> 13, "business" -> 1, "science_technology" -> 7)

T A SR SR R H
println(numCategories)
AR

14

P, AT AR — O 1409 0] BEORFORIGRFE, ARG IRIE R MEAR TR R,
XA A AR ERAE A T, HAU 00 FATE 1A AR 1] o A HA B RS (LR o e — e«

val dataCategories = records.map { r =>
val trimmed = r.map(_.replaceAll ("\"", ""))
val label = trimmed(r.size - 1).tolInt
val categoryIdx = categories(r(3))
val categoryFeatures = Array.ofDim[Double] (numCategories)
categoryFeatures (categoryIdx) = 1.0
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val otherFeatures = trimmed.slice(4, r.size - 1).map(d => if
(d == "?") 0.0 else d.toDouble)
val features = categoryFeatures ++ otherFeatures
LabeledPoint (label, Vectors.dense(features))

}

println(dataCategories.first)

PRREZ AT IR BN T g i, oAb — AR — > 144 )i, i) rp R IR IR —4E 1

LabeledPoint (0.0, [0.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.
0,0.789131,2.055555556,0.676470588,0.205882353,0.047058824,0.023529412,0.
443783175,0.0,0.0,0.09077381,0.0,0.245831182,0.003883495,1.0,1.0,24.0,0.0
,5424.0,170.0,8.0,0.152941176,0.079129575])

[FIRE, PEAFRAT I SRS bruEfl, BT LAFEVIZRx N TR B Z /T, Nzl IR
StandardScaler X Hat A rhr L% e .

val scalerCats = new StandardScaler (withMean = true, withStd = true).

fit (dataCategories.map(lp => lp.features))

val scaledDataCats = dataCategories.map(lp =>
LabeledPoint (1p.label, scalerCats.transform(lp.features)))

A LA A AU B AL 2 BT RSAE -

println(dataCategories.first.features)

AR
9.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.789131,2.055555556 ...
A LT AU A BhR i 25 BORFAE -

println(scaledDataCats.first.features)

AT .

[-0.023261105535492967,2.720728254208072,-0.4464200056407091,
-0.2205258360869135,

B R BISHFAEAM G ( KI5 HERO ), 12xrBA R L), KT
— AN (A ) M ER AT, e L@Wb TR,
3 HEHACEB W IR, R SFIER AT A R, 125 5% P A4 KA H
Q FEREFHHRE (YodeBL ) Ef XA K ), Bbt, RENERKIEGHITML
B A AR 69 B R T E B A At AR E K, 3 ﬂﬂ‘&ﬂ]T’TV/U]?r
StandardScaler®withMeaniX & A false ki XA FIA,

BAE, AT LU RS AR R I S8 B 22 4 [l AR 1, SRS FRATTFHEAL AR fE
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val lrModelScaledCats = LogisticRegressionWithSGD.train(scaledDataCats,
numlIterations)
val lrTotalCorrectScaledCats = scaledDataCats.map { point =>
if (lrModelScaledCats.predict (point.features) == point.label) 1 else 0
} .sum
val lrAccuracyScaledCats = lrTotalCorrectScaledCats / numData
val lrPredictionsVsTrueCats = scaledDataCats.map { point =>
(lrModelScaledCats.predict (point.features), point.label)
}
val lrMetricsScaledCats = new BinaryClassificationMetrics (lrPredictionsVsTrueCats)
val lrPrCats = lrMetricsScaledCats.areaUnderPR
val lrRocCats = lrMetricsScaledCats.areaUnderROC
println(f"${lrModelScaledCats.getClass.getSimpleName}\nAccuracy :
S{lrAccuracyScaledCats * 100}%2.4f%%\nArea under PR: ${lrPrCats *
100.0}%2.4f%%\nArea under ROC: ${lrRocCats * 100.0}%2.4f%%")

PRI T LA BN g

LogisticRegressionModel

Accuracy: 66.5720%

Area under PR: 75.7964%

Area under ROC: 66.5483%

SRR BRE R AL, BRI ARG ESE T, REAUCIS0%IR = 2162%. ZJm, il

IR, BIPEREE— DR TH5166% (AT I B RFAEALAS T R fesdE ).

3% R PR AT LA 69 AUC 4 0.889 06 ( http://www.kaggle.com/c/stumbleupon/
leaderboard/private ).
B—AREEILFER S S EX L. http://www.kaggle.com/c/stumbleupon/
forums/t/5680/beating-the-benchmark- leaderboard-auc-0-878.
@g; FEAG R, AR ERNBREAR, H5RHRE P RHFAE,
FR PR BOBEA 245 0 T AARAFAE VAR T 3K W A6 45 A R 3R 1k
Ao AT E 89 FIRTT AR B, Fiodn T AR ARG, KIS T
MARLZ A 6, 42T K R Z TN AR A AR5
BT AT P R AT AR R AT R T, TARR —BRIF B A, b
do AR I Ao AR TAZ AT AR AR R R E &,

5.6.3 EAEMIBIEER

IR R4 73 50— S 02 X B AL ol L ) A 3o T o X A i e B AR 3R

DU SRR R T AR R 22 ROLE R, IXOMEE A P B i 7

TEEHL, FRATALEMLIbSE B T 2RO, JF HAaz B o] DL P HBOE A n Bdls . X6

15§ 0N AVRAE (L ANET 5 2 Y 1-of-AIR ) BB BUREHE ( Huan—A> SCR b B ]t
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BRI )o - FIT IR I BRI AT S BOE BB A AT, BT IR PR REAN IR AN
RRLZ SN

T AT, BT TSR AFE, 1M 1-of-k& A% SR AYRAIE AT A AN DL
FATH AT AR b i A -

val dataNB = records.map { r =>
val trimmed = r.map(_.replaceAll("\"", ""))
val label = trimmed(r.size - 1).toInt
val categoryIdx = categories(r(3))
val categoryFeatures = Array.ofDim[Double] (numCategories)
categoryFeatures (categoryIdx) = 1.0
LabeledPoint (label, Vectors.dense (categoryFeatures))
}

HTok, BATEHUIZRANR DT X & BPEREHEA T A -

val nbModelCats = NaiveBayes.train(dataNB)
val nbTotalCorrectCats = dataNB.map { point =>

if (nbModelCats.predict (point.features) == point.label) 1 else 0
} .sum
val nbAccuracyCats = nbTotalCorrectCats / numData
val nbPredictionsVsTrueCats = dataNB.map { point =>

(nbModelCats.predict (point.features), point.label)
}

val nbMetricsCats = new BinaryClassificationMetrics (nbPredictionsVsTrueCats)
val nbPrCats = nbMetricsCats.areaUnderPR

val nbRocCats = nbMetricsCats.areaUnderROC
println(f"${nbModelCats.getClass.getSimpleName} \nAccuracy:

S{nbAccuracyCats * 100}%2.4f%%\nArea under PR: S${nbPrCats *
100.0}1%2.4f%%\nArea under ROC: ${nbRocCats * 100.0}%2.4f%%")

HHRERWT

NaiveBayesModel
Accuracy: 60.9601%

Area under PR: 74.0522%
Area under ROC: 60.5138%

AU, (TR OE A AR AR, AR DU AP BE I 58% R B T 60%

5.6.4 RESHEN
BJLY /R TASEIPERERTRZMFI D 28 RS RPIE e | S AR A ORI R i 7
A ERE HAETA IR, AT BARIZE e R — i, ks B e TRAIERER
MR K o
MLIbERIA R € rain 5 EE XA MR A S HCHR A BB . 38 FRIEFRATRA T — T ix st

W
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1. M EE

R MSVMERA MRS EL, I RE BT AU BT B (SGD) 1 b 2Rl ik
PR ARAET ZFH R BIHUR RECR R . MLIbH 5 T2 8 mH 2 SCAE -

class LogisticRegressionWithSGD private (
private var stepSize: Double,
private var numIterations: Int,
private var regParam: Double,
private var miniBatchFraction: Double)
extends GeneralizedLinearAlgorithm|[LogisticRegressionModel]

" LIES], stepSize. numlterations. regParam%ﬂminiBatchFractionﬁﬁﬁﬂ?‘%{

b s gD, X TR T regParamh MR HIEA ML ALH AR

T RSB AER RS, A RIER1E T cradient . Updater Mloptimizer, AKX
Optlmlzeri‘ﬁﬂéﬂﬁ%%{ ( EEGradlentDescent)

private val gradient = new LogisticGradient ()
private val updater = new SimpleUpdater ()
override val optimizer = new GradientDescent (gradient, updater)
.setStepSize (stepSize)
.setNumIterations (numIterations)
.setRegParam(regParam)
.setMiniBatchFraction (miniBatchFraction)

LogisticGradient @ [ GZH IR F)Z 45 sRiEL
PRACIL T b9 F tmfbh ik 2 R A9 E, MLIbA XA AT A
K HACH AR : SGDAL-BFGS. L-BFGSi# RHLEAFH, LA SIE Y,
Q SGD A& Ff A AR g’d}x%ﬁbﬂ%%i?ﬁ mL-BGFS R A #F w2 £Logistic-
Regression WithLBFGSP/EH ., TR F FIF K —TFT_FH W RR., £
% @ =T YA 7% 19 http://spark.apache.org/docs/latest/mllib-optimization.html .

N T WS, FAl 175 RN — N B BB 20 SR SR I R i A
AT T AL B

import org.apache.spark.rdd.RDD

import org.apache.spark.mllib.optimization.Updater

import org.apache.spark.mllib.optimization.SimpleUpdater

import org.apache.spark.mllib.optimization.LlUpdater

import org.apache.spark.mllib.optimization.SquaredL2Updater
import org.apache.spark.mllib.classification.ClassificationModel

SR, R SCRBI R, ARIEES E R A VI SRR -

def trainWithParams (input: RDD[LabeledPoint], regParam: Double,
numIterations: Int, updater: Updater, stepSize: Double) = {
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val lr = new LogisticRegressionWithSGD
lr.optimizer.setNumIterations (numIterations) .
setUpdater (updater) .setRegParam (regParam) .setStepSize (stepSize)

lr.run(input)

}
e, FATE S AN B R BT AR B AR A B, THRARISEAYAUC:

def createMetrics(label: String, data: RDD[LabeledPoint], model:
ClassificationModel) = ({
val scoreAndLabels = data.map { point =>
(model .predict (point.features), point.label)

}

val metrics = new BinaryClassificationMetrics (scoreAndLabels)
(label, metrics.areaUnderROC)

}

KT IR RAERIIN R EE , A IR s (RHERIIE R ):

scaledDataCats.cache

(1) &

K BN ST (T e A S, I L2t — s YA Po 2 JE S (/N _
A5 PR ) B AT A W) i ). SGDUSHEN A3 A i s B AR AR B X 4/, (H R —25
%%?+ﬂ£ﬁ%ﬂﬂ%%§§§iéiﬁtiéfﬁo ﬂ?jfﬁgﬁg*%, iiﬂgﬁiﬁiz<ﬁﬂE@ﬁgf%KkiﬁrmnnIterations, Q&ﬁ%tt
BAUCHE S .

val iterResults = Seqg(l, 5, 10, 50).map { param =>

val model = trainWithParams(scaledDataCats, 0.0, param, new
SimpleUpdater, 1.0)

createMetrics(s"Sparam iterations", scaledDataCats, model)
}
iterResults.foreach { case (param, auc) => println(f"$Sparam, AUC =
S{auc * 100}%2.2f%%") }

JEi% T LA BRI ke i -

1 iterations, AUC = 64.97%

5 iterations, AUC 66.62%
10 iterations, AUC = 66.55%
50 iterations, AUC = 66.81%

TRBNTR B —BIE MR E AR, PSRBT A RN
WESN

TESGDH, FEYNZRAEMEA I BB I AU AR (o] i, A0 SR 1 S A e BE RSB R T[]
ERLZRTHEZ T . BRI RIS, (HR AR R AT e S BORSE SRl i i o

2R NG N AR
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val stepResults = Seg(0.001, 0.01, 0.1, 1.0, 10.0).map { param =>

val model = trainWithParams (scaledDataCats, 0.0, numIterations, new
SimpleUpdater, param)

createMetrics (s"Sparam step size", scaledDataCats, model)
}
stepResults.foreach { case (param, auc) => println(f"$param, AUC =
S{auc * 100}%2.2£%%") }

PEIEER S, TR RIS KRR REA i R -

0.001 step size, AUC = 64.95%
0.01 step size, AUC = 65.00%
0.1 step size, AUC = 65.52%
1.0 step size, AUC = 66.55%
10.0 step size, AUC = 61.92%

(3) IENIfE

6
6

R 24 [PE A AR R R SRR I T updater2, iZJSAEMLIbARSEEL T IENIfE . TE WL
BRI R 2 ) 52 2R 8 sk S A R Rl P U

TE DA B BAAA 2 A A5 K RS P S I — S 0G TSN R[] A pRS, AT 2 453 R 1A
TEDAEAE BRSPS AR, AR AR L o T ZRREA I (i AR A S 2 > AU o
AR R SUHEZ,

HIEMAAFAAESE AR TR, BORA D G o i H R 2R AT IE WA O 21
IZREE Ead G o S A RS SRR A RIS, 28 SURIE 21 T R A 40

FAR, BARIENAL AT AT S — AN SR, {EIE DAL K P BE S B AU, AT (A
PERETFARMEAE o

MLIibH AT A IE AR IE 6 W R LA,

Q simpleUpdater: AT EAIENML, & RBIHABRIALE .,

O squaredL2Updater: X IENITIEFACE AR ATL21ENfL, J&SVMER K BRIAE.

O LlUpdater: XA IENISEEFACE A& AL LIEN L, &S 858 — A a0 REE & (R
EE AR FEFEO ),

SE AR AR — AN Ao B A AR, T @t — e Aa & 0 FAt
Q i@ A &9 oE N 4L 47 £ ;. http://en.wikipedia.org/wiki/Regularization_(mathe-
. matics).
QO L2:ER4L: http://en.wikipedia.org/wiki/Tikhonov_regularization.
Q T AFe R 44~ http://en.wikipedia.org/wiki/Overfitting
Q % T M A AR LI A=L2 E 0] 4L bk 42 69 3% 28 A~ 23« http://citeseerx.ist.
psu.edu/viewdoc/download?doi=10.1.1.92.9860&rep=rep 1 &type=pdf.
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T flsquaredL2updat er WS IE MAL S E 200 .

val regResults

Seqg(0.001, 0.01, 0.1, 1.0, 10.0).map { param =>
val model = trainWithParams (scaledDataCats, param, numlterations,
new SquaredL2Updater, 1.0)
createMetrics(s"Sparam L2 regularization parameter",
scaledDataCats, model)

}

regResults.foreach { case (param, auc) => println(f"Sparam, AUC =
S{auc * 100}%2.2£f%%") }

A

RS S

0.001 L2 regularization parameter, AUC = 66.55%
0.01 L2 regularization parameter, AUC = 66.55%
0.1 L2 regularization parameter, AUC = 66.63%
1.0 L2 regularization parameter, AUC = 66.04%
10.0 L2 regularization parameter, AUC = 35.33%

ATLUE Y, ARAFGL R E AR X B RO PERESZ IR AN R, SRTT, 3R IE ML AT DI B RS 25
HURARBIIPERE o

~“Q R K I AL ER TALAIFE) S 25 7T Ik Ak L 32 40 ) 64 3F _
tEx R, HERBLIENILARK FAUCH .

2. R

PSR BEHAE — TR 0 UG B O 2R AR A T B P RE . & T 2 8maxDepth
JHRAZ R RAA A B IR IE , MR R A SR o I AR SO, 1R B AR %, {H
ARSI TEAFHIAU S R

X or2E IR, FRATH E N R RI P LR IR ALERE B3 GiniBi# Entropy.

® i IR A R 2k BAAE

T T FRATT R U BB AR X AR R PR RE (A 20, e (PS5 A 8 A [ AR AR AL A BPA T ik
(AUC ),

 SetESpark shell @1 — N B R

import org.apache.spark.mllib.tree.impurity.Impurity
import org.apache.spark.mllib.tree.impurity.Entropy
import org.apache.spark.mllib.tree.impurity.Gini

def trainDTWithParams (input: RDD[LabeledPoint], maxDepth: Int,
impurity: Impurity) = {
DecisionTree.train (input, Algo.Classification, impurity, maxDepth)

}
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B, MR AR EERC S T RIAUC, PN B ER A ARl , By ATRA TR

D B A TS
0% 7B ok AR R B AR R AR AL AR )T — 1L, R B A R A A AT =
TR,

[

B, A Entropy AN 4l I BB AR B I SR .

val dtResultsEntropy = Seqg(l, 2, 3, 4, 5, 10, 20).map { param =>
val model = trainDTWithParams (data, param, Entropy)
val scoreAndLabels = data.map { point =>
val score = model.predict (point.features)
(if (score > 0.5) 1.0 else 0.0, point.label)
}
val metrics = new BinaryClassificationMetrics (scoreAndLabels)
(s"Sparam tree depth", metrics.areaUnderROC)

}

dtResultsEntropy.foreach { case (param, auc) => println(f"S$param,
AUC = ${auc * 100}%2.2f%%") }

THRLERT

1 tree depth, AUC = 59.33%

2 tree depth, AUC = 61.68%

3 tree depth, AUC = 62.61%

4 tree depth, AUC = 63.63%

5 tree depth, AUC = 64.88%

10 tree depth, AUC = 76.26%

20 tree depth, AUC = 98.45%

HToR, FATRMGIni A AT (U B, BT BUA 2 H AR 52
BT ATEARRS R rh R3] ), THEREE SR 2N T TS -

1l tree depth, AUC = 59.33%
2 tree depth, AUC = 61.68%
3 tree depth, AUC = 62.61%
4 tree depth, AUC = 63.63%
5 tree depth, AUC = 64.89%
10 tree depth, AUC 78.37%

20 tree depth, AUC = 98.87%

MEERAATLIE S m AR T LIA B SR B a8 (ORI — 2, PUOMBERIFE R

TR B 2R A, Do SR AR EERIOR, BRI SRSt 405 A ™ B

TIAN, PARNANGEEE D7 o P RE AR 22 548 N o
3. AhZR DI AR
R IERATE B Lamda S B ANR DU A 200 i S 800T DL AR In=F-H ( additive
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smoothing ), f#BREHE o AN AR RFE(EL A 4L A BEA TRt B Rl

~\|
[ Q P %k TARMKX 6 NS5 I http:/en.wikipedia.org/wiki/Additive_smoothing.,

FIZ T ROMeE—RE, e BRI — P (R HT A B ek, FHARVIZRA TR Lamba 200 T #Y
EEE

def trainNBWithParams (input: RDD[LabeledPoint], lambda: Double) = {
val nb = new NaiveBayes
nb.setLambda (lambda)
nb.run (input)
}
val nbResults = Seqg(0.001, 0.01, 0.1, 1.0, 10.0).map { param =>
val model = trainNBWithParams (dataNB, param)
val scoreAndLabels = dataNB.map { point =>
(model .predict (point.features), point.label)
}
val metrics = new BinaryClassificationMetrics (scoreAndLabels)
(s"Sparam lambda", metrics.areaUnderROC)

}

nbResults.foreach { case (param, auc) => println(f"S$param, AUC =
S{auc * 100}%2.2f%%")
}

WNGRBISRATT

0.001 lambda, AUC = 60.51%
0.01 lambda, AUC = 60.51%
0.1 lambda, AUC 0.51%
1.0 lambda, AUC 0.51%
10.0 lambda, AUC = 60.51%

MEEF AT LU 1 ambda EXPEREBAT RN, h IR AT DA h AR AE AN A2 A 4
BAFAER AL

4. X ENE
FIEATA 1L, A FUR AP B 58 S UE A ZRREA SN T o 10052 S AR UE S S PRl 7~
HISCEERS oy, [RIIN A E SRR B EOA L oA Oz

AE B UERY AR B R RS A PERE . AN RIE VI 2R AR 7 B T Rt i i) 1
RE, M E S PR EE (s TR RS ) Al RAR S K A fdid o TE A e $2 21 i 12 U
fesisit, JATRBEY ] REfE I B 2 UE T, TRAEARPINRAH L h a2
R

B SUIAELEFA B — R B I AL, 4 53 Sh—0 o R PP A LR . A A LA

=6
=6




114 % 5% Spark ME S EAER

GRLUSMO RS Tt AT T I, B T R DLl e A R R s iz AL RE T

FAHEEEE 3 NGRS, SEE— AR A 3 SR AR o FRAT PR S SN
EEHIBIEE ., B—DEBIEERARIIZ, FRNIIGE, B AEEER IS S R E, 1
VAR ANAE 25 5 P 7k T A PERE . SEbrrb i FIAXI 53 5 48 4E . 50/50. 60/40. 80/205%, H
BB BB AR/ DA T R, SERREH 20 50% 095 T U145 ).

ERZHFrh, SO0 =R IIZRE . TN (LRI AE A AR S 400
i, HelmambdafiiAE &K ) AR R FERIIIZGMSE0R0, BT R 5 s
HHERE ),
AP R R HIE S A G Fen K (e LR P AR S R
SUBSEHL AR
. — ANRATE T R ALK AR IR, P RAE A RKAN T E &
AP OK- 1D HARER, FITF—35nKAER, @ 254 EFn K E 7T A
ABA2-IT & XX IRE,
ikl “B— XX fo “HAAKAE”. £ % A Lhttp:/en.

wikipedia.org/wiki/Cross-validation_(statistics).

HAE, BATHEIELE D 60% M IIZERMA0%MNREE (O TIrfER:, AT
— A B BEDLFP 123 SRR B3 U SE 56 RE A 21 AH R A 25 58 )
val trainTestSplit = scaledDataCats.randomSplit (Array (0.6, 0.4), 123)

val train = trainTestSplit (0)
val test = trainTestSplit (1)

PR RIEA R IE WL S BCF PR R PERE (X BAKSREEFHAUC ). EERAIFEEN S
Bz s TR/, MR IR BEAUCTES N IE ML S ECT A8 4L, [RIR A5 - 1
AUCH AR /N

val regResultsTest = Seqg(0.0, 0.001, 0.0025, 0.005, 0.01).map { param =>
val model = trainWithParams (train, param, numIterations, new
SquaredL2Updater, 1.0)
createMetrics (s"Sparam L2 regularization parameter", test, model)
}
regResultsTest.foreach { case (param, auc) => println(f"$param,
AUC = S{auc * 100}%2.6f%%")

}
AT TR OB RE , BARSERINT .

0.0 L2 regularization parameter, AUC = 66.480874%
0.001 L2 regularization parameter, AUC = 66.480874%
0.0025 L2 regularization parameter, AUC = 66.515027%



5.7 & 115

0.005 L2 regularization parameter, AUC = 66.515027%
0.01 L2 regularization parameter, AUC = 66.549180%

24, IERRATI A — T AENZRAE RRIAERE (AL BT A B 24 7 I 2R Rl Xt e ik
) BRORACHSZEARL, X BURAS ARG I ACHS T (o] RAZEARE 4k ) ):

0.0 L2 regularization parameter, AUC = 66.260311%

0.001 L2 regularization parameter, AUC = 66.260311%
0.0025 L2 regularization parameter, AUC = 66.260311%
0
0

.005 L2 regularization parameter, AUC = 66.238294%
.01 L2 regularization parameter, AUC = 66.238294%

M ETRBIEER AT, SBRA TN R HEAR R, 38 5 7E R WS R M oL
AT R R A PERE . 1R RO BT BRI E AR A IE AL T 20 1 B A e, R #0L5 A9
LT IR BN E = A PERE .

HABC, HUNZREE AR HEAN R, 30 45 TE DA vl AR 3 vy AR e

FEAE LU, FATT— Bl rh PERE R AP I S E . (AR IE MM LA R 5 45
MSFERI SR, IR)G X LESRAE A e BNk, 5 TR e 4R no 1t

S %45 4% A Spark #y 1A 7 R A BT TIOR3 R IR IE, A2 R AR T AR R F
QU Aot rac ings ikl 2l 5 SAom iR R 66 A4 MR
HEHGEE , FabEMKE EIFEMSERMAPH MEAE . @£ — T

5.7 Ihgg

ARFESGE T Spark MLIbH R BEAY A TR 7p 28808, T8 T Al e 205 7 iy ARt rRI 2Rt D
RACKRHEFNFE R D IR A PERE o 1S T AT FH Z BT 28 BOBOAR AL PRASAE ATT 21 B 4 1Y
PERE. fRJm, FATHE TIEF B SREdE MG  E2 i g8 . BEBSHOAIE, IS
SCEUER R RE Y o

TE R —F, PR ISR 7 LA FEMLIbAY [ AR




Spark#s)iE 2] )3 t= HY

AT TR STERY N A AREETHE AR, JrSpEiuAt AR R I B RIS &, I ] A

DN b B AT AP B SR FARAS o (H A A SN 2SR, Rl A E — R, kg
NRHIE BT BT At o ]I ASE IR R A AT I W > i —

[ YA ] LA BT H bR, T D TLAMI T

O Tt A S A A A 285 G I TA 3R 5

Q T GERE 23 B (AT LA SRBORARZS 5, » 2R P 29, Iml gl
B2k );

Q e RS (R4 IS8 i/ N IR A A BRI AR T T bk [mlE )

Q T AT AN 2, M T2 | sl HAL R IR S e E.

FETRMJLYY, BATTHs -

Q A ZAMLIb A )48 Fof [ A5 5

Q S B AR (R R AR EBORT AR A e

Q i FIMLIib I 25 ] T4 5

Q AR el FH I 2l AR RS T 5

Q {2 SRAERTFE 5 B A A S RO ERE B S

EPELEEElREHES
SparkIMLIbHEHR (It T Il : 2 R e )
e AR R L R O£ P4 SR, WD R 1 TRk R

FH ORI R BN R SR PR BSOS W] . MILLib A 1 e 0 dc/ > —3fe [ml YIRS (HCAL )™ SCER M ] ) A5 Y
M IEAETH 5 ),

DRI TR T LT 2o B AN 1) 2 D5 VR T D 234
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6.1.1 &/ EMEYT

B STME APPSR LIS pREN T LR PERIAY ( generalized linear model ). #5¢/)> — I A
R PRECE e, AT

1
E(WTx—y)2

B AR E SR, pit Hp i (X BURSR), wRAEL &, JERHEm .

ARSR IR 4 PRSCRITHR R RSO X0 S5 TR pR R [ DRSS 2R AN FHBE B B (L, PR ISR it
PREIUZ T y = w'x o

FEMLIibH, FRifE) /N IR A A E Al . HUR) Fﬁiﬂéﬂi%i‘ﬁiﬂﬂ{ﬁlﬁ%ﬁﬁi@ﬁ%%%
BRASCFIT, IR o XA TR foe/ N7 B0 R8s o 9 5 s A P05 AR R (R
X Ty, FRATH RS bR A —E R A E AL .

2P [ FE R FH L2 1E DU AR Bsf 3 3 B &[] ( ridge regression ), W FHL1IE WL 2 FR N LASSO
( Least Absolute Shrinkage and Selection Operator ),
S EHEXRTAMR DR EHER M, 35 % & Spark MLIb T 44 :
http://spark.apache.org/docs/latest/mllib-linear-methods.html#linear-least-squares-
lasso-and-ridge-regression .

6.1.2 RERK[EYT

AN ] RS AR 5 AT FETXGH A5 5 PRI, R SRR P o U 0 B T X o7 g A A B
Jrike BB LEREEERITA Ry £, Fid/N Bl ARIRNE SO 2240k 17 s

" % X Tk R A Fe R G2 7 509 3R, 3 IUSpark SUAS P MLIib & S AR
4~ http://spark.apache.org/docs/latest/mllib-decision-tree.html.,

Fl6-12— DA R R R B 18, b AR i il , FARAE S Syl 18] i ek T ok 4L
M Clagy EJr iRty ) 2@ AR, R T e SO (PR ) SRR . Al IR
AT LUl A SR 2R B A Ze PR R AL, 5 K
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PEl6-1 LA [T YR SRR [] U1 ) PN i 4

6.2 MR HHENE ERVFHE

PRI A7 [0 051 P SRS AR R A3 AR — A, i AFRAT TR LA R IRIRE () 7 R A B A PO TIE o SEFR
FRfE— BNl AR T H bR SR e, T R g A H AR R g T . A TR
PFPEDL, MLIbH Y LabeledPoint REAHE TiX— i, KK label FEUH HDoub1e255

M bike sharing ##E & BUFAE

R T R ) — S, FRATTERE T bike sharingBRHEMILIE . XM EHRAE LR T bike
sharing R4t /N A AT 429 AR, F3FMA A FE HIY) L Ife) R0, 2B H S5 5 B

EASHHE 09 T & o hk . http://archive.ics.uci.edu/ml/datasets/Bike+Sharing+
Dataset,
. Data Folder4% # T # Bike-Sharing-Datase.zip X4 .
2% /R A K 5 #9Hadi Fanaee-T/Ebike sharing#k#E & PANA T XK ERAFET
~ K # P, AKX I “Event labeling combining ensemble detectors and
background knowledge”, 44 Hadi Fanaee-T. Gama Joao, F|# T Progress in
Artificial Intelligence, pp1-15, Springer Berlin Heidelberg, 2013,
# LT E Mok ; http://link.springer.com/article/10.1007%2Fs13748-013-0040-3 ,
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T #J1f#t ' Bike-Sharing-Dataset.zip, 43 H¥l—~4 #Bike-Sharing-Datasetf (432, HLaIfl
rday.csv. hour.csvfllReadme.txt35 301

HrReadme txtSCFA BB MAMAR B, (AR R4 FHiR . ST, nTLIESITMER .

Q instant: 1g&ID

Q dteday: H}[H]

Q season: PUZETi{EE, lispring, summer, winterfifall

Qyr: &0 (2011842012)

O mnth: A

Q hr: RAFZ

O holiday: ;&2 R H

Q weekday: JJL

O workingday: M REGETIEH

O weathersit: FRKIIFMISEL

Q temp: il

Q atemp: KRB

Q num: WA

QO windspeed: Ki#

Q cnt: HbRER, f/NRE AT EMATE

R A hour e IR, TP, H5— ittt o (O
W

>head -1 hour.csv

FHEERIE .

instant,dteday, season,yr,mnth, hr,holiday,weekday,workingday,weathersit, temp,atemp,
hum, windspeed, casual, registered, cnt

JHSpark b X SR 2 Hif, T 2 sed i 2K 5 —47 Fodu .
> sed 1d hour.csv > hour_noheader.csv

PR A 5 T 1 — S ], FiF AFEAS 35 3R A1 146 FH Python shell , [R]AsH T LU 5K & 71 i4a] 75 Py Shark
T ML ) 26 AR R R S AR AR

1ESpark 12245 H 53 T ) 8liPySpark shell, i BLF A 150 F1 A {# FIPython, i 75 ZAE 3R 5T
A5 i B T PYTHON= 15 Fpy 1ab g

>IPYTHON=1 IPYTHON OPTS="—pylab" ./bin/pyspark
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4T Fi 41217 1Python Notebook :
>IPYTHON=1 IPYTHON_ OPTS=notebook ./bin/pyspark

AEE 2 I RS R L) 4% 76 PySpark shell ( 2¢IPython Notebook ) H{iifi] .

1l

Q  sadmmens s« ehon.

FATH A AR Jin 28 Fn s B B 4E

path = "/PATH/hour_noheader.csv"

raw_data = sc.textFile(path)

num_data = raw_data.count ()

records = raw_data.map(lambda x: x.split(","))
first = records.first()

print first

print num_data

Al ARSI R

[u*'l', w'2011-01-01', u'1l', uvw'0', u'l*, u'0', u'0', u'6', u'0', u'l', u'0.24"',

u'0.2879', u'0.81', u'0’', u'3', u'l3', u'le’'l]

17379

SRR BRI 17 3704 N ITE . B ORI, Tl 122 M2 g ins tant
M dteday o Z WP I8 K IR M) ZAE & casual Mregistered, HARE cnt ( casual Ml
registeredM ). HJF i 124 &, HAFISERMAN G, JF4N 2 IH—10/5 s s
i, REH R8N EA S &, FRA I Z B B0 — ety , T 4 SR AL

KA TE 2 U, i DA 3k BB A T 28 A7«

records.cache ()

J TR EIURE R B IS, FRATRRRIF(E ML 3 — oo m P RO B . R T X
FE— AW PR -

def get_mapping (rdd, idx):

return rdd.map (lambda fields: fields[idx]).distinct ()
.zipWithIndex () .collectAsMap ()

T BRECE SR AR L ax P BORHIEE A T, SRS X ME ] 2 ipwi chIndex PREIMG 51—
AE—RYERT], AR T — P RDDISE-(ERUST, R, (HRERT. ERRETIERRE
TE Il rp XTSI AR, ffe FAPREIX PRDDR Py thon Y 7 LA

N, FATVHREERE RS =51 (K512 ) SR L A A S R

print "Mapping of first categorical feasture column: %s" % get_mapping(records, 2)



6.2 MIEIE P IHIAE M FAE 121

i 1 25
Mapping of first categorical feasture column: {u'l': 0, u'3': 2, u'2': 1, u'4': 3}
A, RHERRIAS ] (552~951) 1 H % PR%L

mappings = [get_mapping(records, 1) for 1 in range(2,10)]
cat_len = sum(map(len, mappings))

num_len = len(records.first()[11:15])

total_len = num_len + cat_len

RSN R WIN 25, giit— PR oo E R

print "Feature vector length for categorical features: %d" % cat_len
print "Feature vector length for numerical features: %d" % num_len
print "Total feature vector length: %d" % total_len

YA TTSETREAE Y

Feature vector length for categorical features: 57
Feature vector length for numerical features: 4
Total feature vector length: 61

1. ALMRRGIZEHERE

F2 R T R WS RSO T A SRR R4S R — e Rt B RE o R T O X R SR E SR AR
SFIEAIPRES, FATHE LI HiB R lextract_featuresfllextract_label., T HUAS
P, EEFHED] Anumpy MIMLIbH LabeledPoint X4E [m A1 H 28 E gt 7315 . _

from pyspark.mllib.regression import LabeledPoint
import numpy as np

def extract_features(record):
cat_vec = np.zeros(cat_len)
i =0
step = 0
for field in record[2:9]:
m = mappings[i]
idx = m[field]
cat_vec[idx + step] =1
i=14+1
step = step + len(m)
num_vec = np.array([float(field) for field in record[10:1417])
return np.concatenate((cat_vec, num_vec))

def extract_label (record) :
return float (record[-11)

Tfext ract_featuresl%l;@(':fj s @Cﬂ]JEU—JT@HEE/‘J—??—W , *E?EE%@J@E‘JBJ%ETX#
MESEAT ot . ot step B it R B AR AL ORFIEAE B ANFRAE ) 2 TR AL FIEBR A & ( 3 4h
— PP PR TR s S P R ). BB B AT ARl G R
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BRI Fnumpy B array## 1E 2% . ks oo AEE ) EPHER K . % Lextract_label
PRIBCRE B A ) e e — 8 en & BSR4 i v J 80

S A A B pR A, 3 AT DA 2 B8 SRR BRI ) B AR 2 T
data = records.map (lambda r: LabeledPoint (extract_label (r), extract_features(r)))
TEFRA TR EE— FRDDH RS — 5510 5 -

first_point = data.first()

print "Raw data: " + str(firstl2:])

print "Label: " + str(first_point.label)

print "Linear Model feature vector:\n" + str(first_point.features)

print "Linear Model feature vector length: " + str(len(first_point.features))

i R ZRZEUIN R PR «

Raw data: [u'l', u'0', u'l’', u'0', u'0', u'6', u'0', u'l’', u'0.24"',
u'0.2879', u'0.81', u'0', u'3', u'l3’', u'le6e'l]

Label: 16.0

Linear Model feature vector: [1.0,0.0,0.0,0.0,0.0,1.0,0.0,1.0,0.0,0.0,0.0
,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
0.0,0.0,0.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0,0.0,0
.0,0.0,0.0,1.0,0.0,1.0,0.0,0.0,0.0,0.0,0.24,0.2879,0.81,0.0]

Linear Model feature vector length: 61

MEERKF , A PR ISR BR 5% i — SC BRI AN SRR AL, PRI TR 61 O HRFAIE
fi 8

2. RRM B ESFIEEE

FATCLAGE, AR AT DL R n s (ORNTE 2R BB —Jn i S 2oR ).
DRIk, R BRI — >0 o K g SRy B A B (A o 17 8, ) Fnumpy i array B4

def extract_features_dt (record) :

return np.array (map(float, record[2:14]))
data_dt = records.map(lambda r: LabeledPoint (extract_label (r),
extract_features_dt (r)))
first_point_dt = data_dt.first()
print "Decision Tree feature vector: " + str(first_point_dt.features)
print "Decision Tree feature vector length: " +
str(len(first_point_dt.features))

M T i T AR BERIBUR AR [ RO 12, R 4R A A i — 2L

Decision Tree feature vector: [1.0,0.0,1.0,0.0,0.0,6.0,0.0,1.0,0.24,0.2879,
0.81,0.01]
Decision Tree feature vector length: 12
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6.3 [EVIRERYIIZRFIN

{68 FH P SR R AR AR D) 25 ] U AR 76 (8 25 Rl P 0 SAB TR A [], 2 FT b DI il
frLabeledPoint YRDDHY, FfkBFH A train e E#t T %k, 1EB7EScalad, WIRE HE
SORRI AL 24 (L inSGDAILAL R IENMAL RIS ), ST ERI i b — R iR RS S, ffi 5
Bl opt imizer B Vi IR & SEL

Pythond&fit T Fr A TUI R BT A BRI SE Jrids, PRtk HZLfdt FHARSC VA R AT o AT LAGE 5 |
AFHAEEL, TR train i B Hhe 1p pRECE B X B 1E A ELAR 40

from pyspark.mllib.regression import LinearRegressionWithSGD

from pyspark.mllib.tree import DecisionTree
help(LinearRegressionWithSGD.train)

LRI FH2 05 06 et AN 6-2 P s B SCR 5 1 -

Help on method train in module pyspark.mllib.regression:

trainicls, data, iterations=100, step=1.0, miniBatchFraction=1.0, initialWeights=Kone, regParam=0.0, regType=Hone, intercept=Fa
lse) method of _ builtin_ .type instance
Train a linear regression model on the given data.

sparam data: The training data.
tparam iterations: The number of iterationa (default: 100).
rparam step: The step parameter used in SGD

(default: 1.0).
:param miniBatchfraction: Fraction of data to be used for each SGD

iteration.
tparam initialWeighta: The initial weights (default: None).
iparam regParam: The regularizer parameter (default: 0.0).
iparam regType: The type of regularizer used for training

our model.

thllowed values:
= "11" for using Ll regularization (lasso),
- "12" for using L2 regularization (ridge),
- None for no regularization

(default: None)

Eparam intercept: Boolean parameter which indicates the use
or not of the augmented representation for
training data (i.e. whether bias features
are activated or not).

l6-2  ZeElml B HS I SR

A F LM SO, TR AU TN 8 AN B> FRARME, Htraindiikn]
DI B AR SR AR, TR A t rainRegressor IR B H BE S (B2 [/
trainClassifier TRl ).

help (DecisionTree.trainRegressor)

AR B AN 6-3 BT 7S B SCRE A 2
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Help or methed traimResresser in medule pyspark.mllib.trea:

trainRegressor(cls, data, categoricalFeaturesInfo, impurity='variance', maxDepth=5, maxBins=32, minInstencesPerNode=1, minInfoG
ain=0.0) method of _ builtin__.type instance
Train a DecisionTresModel for regression.

:param data: Training data: RDD of LabeledPoint.
Labels are real numbers.
:param categericalFeatureslInfo: Map from categorical feature index
to rumber of categories.
any feature not in this map
is treated as continuous.
:param impurity: Supported values: “variance”
:param maxDepth: Max depth of tree.
E.g., depth 0 means 1 leaf node.
Depth 1L means 1 internal node + 2 leaf nodes.
:param maxBins: Number of bins used for finding splits at each node.
:param minInstancesPerNode: Min number of instances reguired at child
nodes to create the parent split
:param minTnfoGain: Min info gain reguired to create a split
ireturn: DecisionTreeModel

Example usage:

>»> from pyspark.mllib.regression import LabeledFoint
>>> from pyspark.mllib.tree import DecisionTree

>»» from pyspark.mllib.linalg import SparseVector
>

>»> sparse_data = |

LabeledPoint(0.0, SparseVector(2, {0: 0.0})),
LabeledPoint(1.0, SparseVector(Z, {l: 1.0})),
LabeledPoint (0.0, SparseVector(2, {0: 0.0})),
LabeledPoint(1.0, SparseVector(Z, {l1: 2.0}))
yials ]
>33
>>> model = DecisionTree.trainRegressor(sc.parallelize(sparse data), {}}
>>> model.predict(SparseVector(2, {l: 1.0}))

1.0

>>> model.predict (SparseVector(2, {l: 0.0}))

0.0

»»> rdd = sc.parallelize([[0.0, 1.0], [0.0, 0.0]]}

>2> model.predict (rdd).collect()

(1.0, 0.0]

[K16-3  PRICHH 14 1] YIRS AU Bl SRy

£ bike sharing ##& i)l 2k EYIH= HY

FATE 2 Mbike sharing &dfs FPHE 0T FUNGRBRARAE, T imserr BARRIIZR. E SelilZk

LRI A Y ZRBE_L A FE R -

IH],

linear_model = LinearRegressionWithSGD.train(data, iterations=10,
step=0.1, intercept=False)

true_vs_predicted = data.map(lambda p: (p.label, linear_model.
predict (p.features)))

print "Linear Model predictions: " +
str(true_vs_predicted.take(5))

ERACRS R FR AT PRI A AR BRI AC , T ff FH AN A R B L 4 S )1 g
KTL KA ERAN RGN 4. AR Et s an T
Linear Model predictions: [(16.0, 119.30920003093595), (40.0,

116.95463511937379), (32.0, 116.57294610647752), (13.0,
116.43535423855654), (1.0, 116.221247828503)]

Tk, FMfEtrainRegressor FHHBIASEOCR I ZrUe SRR (A0 Y4 TR M SHY

W HRE, X EINREERA R SR RHE PP, % i data_de (AT ZFTZ s s il
FHE e B RHIE ).

N, ﬁﬂ‘jﬂ:éﬁﬁﬁ'%f]categoricalFeaturesInfof?/\*f?ﬁ%ﬁ, XA F ISR A

FAE ARG ST SRR 2R AR H o ASREN R A A i, PR, s
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dt_model = DecisionTree.trainRegressor (data_dt, {})

preds = dt_model.predict (data_dt.map(lambda p: p.features))
actual = data.map(lambda p: p.label)

true_vs_predicted_dt = actual.zip(preds)

print "Decision Tree predictions: " + str(true_vs_predicted_dt.take(5))
print "Decision Tree depth: " + str(dt_model.depth())
print "Decision Tree number of nodes: " + str(dt_model.numNodes ())

L IRAARREAS R T T2

Decision Tree predictions: [(16.0, 54.913223140495866),

(40.0, 54.913223140495866), (32.0, 53.171052631578945), (13.0,
14.284023668639053), (1.0, 14.284023668639053)]1]

Decision Tree depth: 5

Decision Tree number of nodes: 63

HAVEH —/ME B categoricalFeaturesInfof Bl F, AL AT K
~ PR, REARGMAEATEmFER S,

LS A TINEE R, DA LML BV RERR AT O R 25 ], AP AS SR AL R
TEUE o JTA, FRATRE A AR ARG 7 2k A BLRERS A A T

6.4 1EEEVIRBIREEE
S S EEPEA A3 AR AAAN 73 TR 4y H B2 AN SEBRZE A o A5 A A T ) — oo gs R,
FEAREARTIN A IEF S EIAEE, FoATTE 0 TN 25 P e s el A 45 iR B,

XFRERORIT , PO HARAS S RAT — S8, B ATRA ARSI AS K n] REAS B PN 21 H A i
SR, FATTAT LA B AN SE PR AR 22, JF IS & 05 U T oA

— BT OEAN AR AR A 4045 . ¥ 7% 2 (MSE, Mean Squared Error ), 3% 77 A% 2
(RMSE, Root Mean Squared Error ), -F3¥#5ti% 2 (MAE, Mean Absolute Error ), R-F7 &%
( R-squared coefficient ) &,

6.4.1 HFIREMIFRIRE

MSE& - inZm 3, MR/ e mIa a2k sk, AT .
v (wx(i) -y (@)
Z( : )
AN I B SR A AT E RN SEPMESE 7 22 2 F0, e BR DAREAS B
MRMSEZMSERSE I i . MSERA IS I i 2 pR%L, Sit— kiR 2.
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N TR 2R 22, FATE e RDD Y i Labe ledpoint AR MFIEI] &, 4R
Je R UINAA 5 5E PR B Y 1R 22 4 — P Double B MRDD, i J5 i Fmean J7 k15 i S
DoublefH M FEIE, THAFT5 =22 AN T

def squared_error (actual, pred):
return (pred - actual)**2

6.4.2 FI@ITIRE
MAEJ2 Pt (i 0 52 B (/%) 22 B0 4 (B -~ F-S401E
w'x(i) = y()|
= n
MAEFRIMSE RIS, XIFETMAEX KR ZEBAEDN . THEMAERMU T

def abs_error(actual, pred):

n

return np.abs(pred - actual)
6.4.3 MHRIMEBIRE
XA BRI A MSERIMAES FI15, {H 8 T Kaggle Ll bike sharingfF A EHEER
b A%, RMSLERT LAV A&t S0l {8 FN H AR (ELEA T X5 450840 5 FRMSE . XA 5 vkiE T B s

AREHEBARA, IFHEA 20 BME A HARME AR ZE A TR RS 0L . 2340, Etsd T 5
TRZEHIH 73 AR IMAE R ZE RIS EL

Kaggle3z & #93F M R & : https://www.kaggle.com/c/bike-sharing-demand/details/
~ evaluation,
HERMSLERYAAS -
def squared_log_error (pred, actual):
return (np.log(pred + 1) - np.log(actual + 1))**2

6.44 R-EFEZEH

R-T7 280, WARHIE B0, FIORTEARMORIL A BER TR, # T4, R-T &5
ELATI R AR R 07 5 (degree of variation ), HEAZEE MO —AME, | RARIAENSE
FEA B
6.4.5 ITEAREE AR

R F TR AR, TRfi17Ebike sharing$CiigE bR R B T HOPERE
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1. L MRE

FRATTHY 5 32 X RDD Y A — 2510 51 I AH 6 B0 152 22 pR AR, G 2R PR AR AU 1) 152 24 pR BN
true_vs_predicted, FHFACHESLZILANT:

mse = true_vs_predicted.map(lambda (t, p): squared_error(t, p)).mean()
mae = true_vs_predicted.map(lambda (t, p): abs_error(t, p)).mean()
rmsle = np.sgrt(true_vs_predicted.map (lambda (t, p): squared_log_
error(t, p)).mean())

print "Linear Model - Mean Squared Error: $%$2.4f" % mse

print "Linear Model - Mean Absolute Error: %2.4f" % mae

print "Linear Model - Root Mean Squared Log Error: %2.4f" % rmsle

FanT .

Linear Model - Mean Squared Error: 28166.3824
Linear Model - Mean Absolute Error: 129.4506
Linear Model - Root Mean Squared Log Error: 1.4974

2. REH
&%*XJE@&%ﬁlﬁﬂ{ltrue_vs_predicted_dt, *ﬁ%fﬁﬁ%ﬁﬂ?l

mse_dt = true_vs_predicted_dt.map(lambda (t, p): squared_error(t, p)).mean()
mae_dt = true_vs_predicted_dt.map(lambda (t, p): abs_error(t, p)) .mean()
rmsle_dt = np.sqgrt(true_vs_predicted_dt.map(lambda (t, p): squared_
log_error(t, p)).mean())

print "Decision Tree - Mean Squared Error: %2.4f" % mse_dt

print "Decision Tree - Mean Absolute Error: %2.4f" % mae_dt

print "Decision Tree - Root Mean Squared Log Error: %2.4f" %

rmsle_dt

PRIEIZ AT LA B4 i i«

Decision Tree - Mean Squared Error: 11560.7978
Decision Tree - Mean Absolute Error: 71.0969
Decision Tree - Root Mean Squared Log Error: 0.6259

MEERNT, PA LRV ERE i

. FEKaggle#g 4% % ERMSLE#) T3 24 4 1.58, ] B 33X 4 & W HATL AL 69
RMSLEMAE (1.4974) —f&, &fn, RAMAFIARE T HRMSLEMAE 40.63,
MR ERBHEZA, KBEEHRMSLE#0.29504,

6.5 MR IEREMSHOFM
FESS R, RNV R A ORI X B AT FRROB I . A% R AL i 93



128 % 6% Spark M= )2 ELA

— A A X B AR R T AR
6.5.1 THHEHIrT=E
VFZ P2 S BRI ER S B e A B bR AR s o0 Ai, e nge Bl i i IE A A .
{H R Z S FRE O M [ B RS AS AT, Fean )7 B AT 48 L A R B UK G AN ]
et X FR I IE SR BRI, Ry T A b PR AR H AR A 504, B i) 0 J2:
B HbR A i A B
AT U SRARAH A IPython Notebook, AJ L% Aspylab inlieZk5| Apylab (X J&numpyFl
matplot1ibIHZ K BEEL ). [RIFFIX ] LAFENotebook HH P EAT R & 4 .
GnARARAd AR AERY IPythond& il 5, T LA $py a2 T | AMERYIIRE (R 1R ) E 2
HETE S A —A 1 1),

AR T F AR R A BT

targets = records.map(lambda r: float(r([-1])).collect()
hist (targets, bins=40, color='lightblue', normed=True)
fig = matplotlib.pyplot.gcf ()

fig.set_size_inches (16, 10)

ZER N 6-4f s, n]LAE B A A S8 AT IEAS 0 -
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0.007

0.006 |
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Klo-4  Jsthh HARAE R AELI9S0 A T R
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— i E PR BT VR R AR B A T AR, U AN E AR E A RO R K, 38 R D X
At (ARt iT IS BAFAEE L ) T T AR T B89 H PR EEA T E0 e, I im 6]
B m BT

log_targets = records.map(lambda r: np.log(float(r[-1]))).collect()
hist (log_targets, bins=40, color='lightblue', normed=True)

fig = matplotlib.pyplot.gcf ()

fig.set_size_inches (16, 10)

0.40

030 —1

025

020}

4 5 6 7

Ke-5 HbnAS X B s 1y s

TR R R HEBCE iR, 35 T B i A 0T HAESAR KR AE L. H s
XA I B ARAS SO AL, SRS AR A L R

sqgrt_targets = records.map(lambda r: np.sgrt(float(r[-1]1))).collect ()

hist (sgrt_targets, bins=40, color='lightblue', normed=True)

fig = matplotlib.pyplot.gcf ()
fig.set_size_inches (16, 10)

M ECRIE 7 AR I SS R , A5 3 7 IR LA Bls B4 2] o AR IS 73 AR R
ARIESIM, R 2R H AR T IE S A6 T .
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0.06

0.05 |- ] —]

003}

0.01

0.00

0 5 10 15 20 25 30 35

Klo-6  HpnAS AT I AR AL B 1 A

POE S

TR, FRATEARIN H AR e AR XA PERE RN, 1 TS [ O R FR R DA X
PRI R o

B, R TRIERAL, FA M numpy 91 og PREY I FIRDD Labeledpoint MR,
SEHAHS IR

data_log = data.map (lambda 1lp: LabeledPoint (np.log(lp.label), 1lp.features))

IRJG, TR B NSRG4 A .

model_log = LinearRegressionWithSGD.train(data_log, iterations=10, step=0.1)

TR RRAVES T HnAs g, SRS B F A2 OB . Bt b T PR BOAIERE,
T 2O TP EUE R RS B U E AR R LR A, 33X BLE Fnumpy expfpREL, FIHDEEAR
SCIFRBGE RS .

true_vs_predicted_log = data_log.map(lambda p: (np.exp(p.label),
np.exp (model_log.predict (p.features))))

AR MSE. MAERIRMSLE:

mse_log = true_vs_predicted_log.map (lambda (t, p): squared_error (t,p)) .mean ()
mae_log = true_vs_predicted_log.map (lambda (t, p): abs_error(t, p)).mean()
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rmsle_log =

np.sqgrt (true_vs_predicted_log.map (lambda

RS

(t, p): squared_

rmsle_log
+ str(true_vs_predicted.take(3))

log_error(t, p)).mean())

print "Mean Squared Error: %2.4f" % mse_log
print "Mean Absolue Error: %2.4f" % mae_log
print "Root Mean Squared Log Error: %2
print "Non log-transformed predictions:\n"
print "Log-transformed predictions:\n"

P AR

Mean Squared Error: 38606.0875
Mean Absolue Error: 135.2726

Root Mean Squared Log Error: 1.3516
Non log-transformed predictions:
[(16.0, 119.30920003093594), (40.0,
116.57294610647752) 1
Log-transformed predictions:
[(15.999999999999998,

43.255903592233274), (32.0,

116.95463511937378),

45.860944832110015),
42.311306147884252)1

+ str(true_vs_predicted_log.take(3))

(32.0,

(40.0,

B L AREER AR BRI RO IIPERE LA, T AR BIFA TR T T RMSLERIPERE, [EURAD

WA FETFMSERIMAE R HERE
TR SRR AR RIAE (14 38T 2
data_dt_log = data_dt.map (lambda lp:

LabeledPoint (np.log(lp.label),
dt_model_log =

lp.features))
DecisionTree.trainRegressor (data_dt_log, {})

preds_log = dt_model_log.predict (data_dt_log.map(lambda p:p.features))
actual_log = data_dt_log.map (lambda p: p.label)
true_vs_predicted_dt_log = actual_log.zip(preds_log) .map (lambda (t,
p): (np.exp(t), np.exp(p)))

mse_log_dt = true_vs_predicted_dt_log.map(lambda (t, p): squared_
error(t, p)).mean()

mae_log_dt = true_vs_predicted_dt_log.map(lambda (t, p): abs_error(t,
p)) .mean()

rmsle_log_dt =
squared_log_error(t, p)).mean())

np.sqgrt (true_vs_predicted_dt_log.map (lambda

(t, p):

print "Mean Squared Error: %2.4f" % mse_log_dt

print "Mean Absolue Error: %2.4f" % mae_log_dt

print "Root Mean Squared Log Error: %2.4f" % rmsle_log_dt

print "Non log-transformed predictions:\n" + str(true_vs_predicted_dt.take(3))
print "Log-transformed predictions:\n" + str(true_vs_predicted_dt_log.take(3))

PR, X RIS AL 5 R TEREA BT T % -

Mean Squared Error: 14781.5760
Mean Absolue Error: 76.4131

Root Mean Squared Log Error: 0.6406
Non log-transformed predictions:
[(16.0, 54.913223140495866), (40.0,
53.171052631578945) 1]

54.913223140495866),

(32.0,
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Log-transformed predictions:
[(15.999999999999998, 37.530779787154508), (40.0,
37.530779787154508), (32.0, 7.2797070993907287)]

KPR 2253 3B MBI R BOF O RER BT B AARE
FA0G B AR R T £, — B B ARME S A SRR, AR IT AR R ML
% % B3, Bp % MERMSLE,
Q XK FAeKaggletb F&RK—2, AR ERATT A AR MG E 1547,
LR, EEHRP, LEGAREETAGAR, TRB TR EZHT RS
( RMSLEA R L& 4557 af A2t 2 do RALATIE £ ),

6.5.2 RESHFMR

AR HRFC I, FATRIS T 7E R — S FXTMLIbH AR T IR PEAS A JEA
ME& . Bk, TR RS KU R A AN A S HOT R RIPERE RS FZ I

1. IS EFNX ERIT LS

5 — 20 2 o 32 OB R a2 I 25 45 i 4E o Spark 1) Python APV A $2& {55 Scala H (1)
randomSpl it MU T, FILFRAITE BT shald Il g it

EARSZEL A, AR T B 50 0 T v FEH LR 20% iR &, SRIG I T B9 VR il ZhdE
A M H samp1 e kA TREHLRAEAT B, i subt ractByRey JriEAS 21 T BYIZR4E

B subtractBykKey HEH T ICE NH#E-(EXTIRDD, Kk, FATHZMHzipwithIndex
ACFRYN G, 53— (LabeledPoint, index)HJRDD,

R, FOTAZEREEEXT, LIy E/eeas, REmr.

data_with_idx = data.zipWithIndex () .map (lambda (k, v): (v, k))

test = data_with_idx.sample(False, 0.2, 42)
train = data_with_idx.subtractByKey (test)

A THARDD, FAME AT LUK E KR F I ZRFL £ e i nabe ledpoint 326, HAARLH
Hmap ik

train_data = train.map(lambda (idx, p): p)

test_data = test.map(lambda (idx, p) : p)

train_size = train_data.count ()

test_size = test_data.count ()

print "Training data size: %d" % train_size

print "Test data size: %d" % test_size

print "Total data size: %d " % num_data

print "Train + Test size : %d" % (train_size + test_size)
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FCRS S AR AN, AR P BN EE S p VIR A A -

Training data size: 13934
Test data size: 3445
Total data size: 17379
Train + Test size : 17379

F (8 P IRVRE A 75k S O SRS R BT e R A«

data_with_idx_dt = data_dt.zipWithIndex () .map (lambda (k, v): (v, k))
test_dt = data_with_idx_dt.sample(False, 0.2, 42)

train_dt = data_with_idx_dt.subtractByKey (test_dt)

train_data_dt = train_dt.map(lambda (idx, p): p)

test_data_dt = test_dt.map(lambda (idx, p) : p)

2. B B MM E R ARG

AT 2R 4 T YRR AR, N BRA A RIS B E X ERE AR . 5
BB — PR 5k, TR — B ek g, SCBER R RS RO BT AU R
AL R PERE

FATHIA il Fi K aggle s 28 H AYRMSLEAFE A PHIFEAR , XREAYFAL 2 il AN ST SEHEA T4 Y 1
GUATHARL

DA PRAECE SLANTE -

def evaluate(train, test, iterations, step, regParam, regType, intercept):
model = LinearRegressionWithSGD.train(train, iterations, step,
regParam=regParam, regType=regType, intercept=intercept)
tp = test.map(lambda p: (p.label, model.predict (p.features)))
rmsle = np.sgrt(tp.map(lambda (t, p): squared_log_error(t, p)). mean())
return rmsle

%il BT REGIUH F, BATEE A SGDBAT AR % . FAHLAT 454 T 4813 5wk
MARRER, (2 RRK T,
(1) &

TR 3 A AR, 388 e SGD IR A, B A REEE mmT L)
TR AP PPERE , (FURPEREAE R A QUBOR B — R B H I 2 AR Ok . T i Qi i AP
70.01, HERN T EAFBER AR R -

params = [1, 5, 10, 20, 50, 100]

metrics = [evaluate(train_data, test_data, param, 0.01, 0.0, '12',
False) for param in params]

print params

print metrics
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TRIBIESREN], BEEEAEAI N, RETSCA TR (RIPERERe R ), JFH PR
B — Rk N AR, HSGDIL L it U AU, RMSLERE M LT
[1, 5, 10, 20, 50, 100]

[2.3532904530306888, 1.6438528499254723, 1.4869656275309227,
1.4149741941240344, 1.4159641262731959, 1.4539667094611679]

T, FATHmatplot 1ibZEmE H KA S RMSLER KRR KE . b T BT #ifk, A6t
AT OGO 2
plot (params, metrics)

fig = matplotlib.pyplot.gcf ()
pyplot.xscale('log"')

24 T

221
20}
18}

16}

14 fxxx=—

10° 10! 10°

Kle-7 EARUERITEREAS (LI
WERS
FAVEE AN R ACKD X A K HEA T R RE 0 5 A«

params = [0.01, 0.025, 0.05, 0.1, 1.0]

metrics = [evaluate(train_data, test_data, 10, param, 0.0, '12',
False) for param in params]

print params

print metrics

T .

[0.01, 0.025, 0.05, 0.1, 1.0]
[1.4869656275309227, 1.4189071944747715, 1.5027293911925559,
1.5384660954019973, nanl]

MEERT LA A 2 ATRIA KRR AR . A K 1.0, 135IYRMSLE
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L5 Nnan, XULWISGDEAIME R 1 e 22 M Ryt Utk o XM OUAEAD KBRS A 5y tH B,
JE PR SO PR T AN BEAH R A DA

T390, IR A N AU (LA TR 100 ) X0 A A B RE— BB 22 o i
BN S B BB AT 38 AT IS B A A

AR, AR AU B 5 2T . BN R R WS S, 5 BRI 1%
U (ERBRA BB ANFERS, Rl e AR L.

Ry RFSEOHRBA AN LI, ERERR G AKAL T INEER L
BRAFH LR, RGN AIRE ZEK, ISR LT RKAEFTEE, £
KHEE LA R,

R RS A KA TN ZS SR AR -

154

152 |

150 -

148

146 |-

144}

142

140
10 107!

El6-8 K ASXTHERE R
(3) L21ENfk

ISR SEERYSE ], FA THE IR ASIN— 5% TR A R i) 14 pR B A R T, SR AT
BRI AL . R L2 IE A I XA R i) S A TL2-norm 557, ML LIEWEHEA TL1-norm A&7 o

FAVEREE ENICRR &, IR TINTERE 2 T K, PUOMBORUN BEAR S P00 & K o (EUR,
MR BEBCE SIS IENSEL, REBTEINALE LIABIRIFRITERE, B8] —MZALRE IR
AT

FA TS W R A PP A A RIL2IE I A S HON PERE R -
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params = [0.0, 0.01, 0.1, 1.0, 5.0, 10.0, 20.0]

metrics = [evaluate(train_data, test_data, 10, 0.1, param, '12',
False) for param in params]

print params

print metrics

plot (params, metrics)

fig = matplotlib.pyplot.gcf ()

pyplot.xscale('log"')

IEANETEIE AT, AR — A I RMSLEPERE S A IE NI LS5

[o.o, 0.01, 0.1, 1.0, 5.0, 10.0, 20.0]

[1.5384660954019971, 1.5379108106882864, 1.5329809395123755,
1.4900275345312988, 1.4016676336981468, 1.40998359211149,
1.5381771283158705]

N T HEEWHLRE R AR, FATE TR 6-91EAT e, R Bl ) TE N S RO EA T 1 XA i -

140 L . » . _
10°? 10° 10° 10° 107

El6-9 ANEIENALSHECT Wk RE
(4) L1TE4k
PUR AR i i [ RE 6 T 2 S [RIL 1 TE AL S B PR RE A B2 -

params = [0.0, 0.01, 0.1, 1.0, 10.0, 100.0, 1000.0]

metrics = [evaluate(train_data, test_data, 10, 0.1, param, 'l11',
False) for param in params]

print params

print metrics

plot (params, metrics)

fig = matplotlib.pyplot.gcf ()

pyplot.xscale('log"')

[FRE, o 7 NSRS R, T HHIK6-10/E:m . IWEIFRATLUE R, 4l —MBORAIE
MfE2%eF, RMSLEVEREZRI N R, LUENESELL2Z R, (H2 SRR 2%
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[o.o, 0.0, 0.1, 1.0, 10.0, 100.0, 1000.0]
[1.5384660954019971, 1.5384518080419873, 1.5383237472930684,
1.5372017600929164, 1.5303809928601677, 1.4352494587433793,
4.75512500732686141]

50

45|

a0f

351

30

251

20}

15

10bL . - . .
10* 10! 10° 10! 10° 10°

El6-10  NIEIFIL1IE NS EO T RE )52 00

7340, ML LENA AT LA B R R FORCE [l i o O TAEAGIhS6E, FATRGETTHRES I fk
AR R, ASCER [ R OB KK

model_11 = LinearRegressionWithSGD.train(train_data, 10, 0.1,
regParam=1.0, regType='11', intercept=False)

model_11_10 = LinearRegressionWithSGD.train(train_data, 10, 0.1,
regParam=10.0, regType='1l1l', intercept=False)

model_11_100 = LinearRegressionWithSGD.train(train_data, 10, 0.1,
regParam=100.0, regType='11', intercept=False)

print "L1 (1.0) number of zero weights: " + str(sum(model_1l1.weights.
array == 0))

print "L1 (10.0) number of zeros weights: " + str(sum(model_11_10.
weights.array == 0))

print "L1 (100.0) number of zeros weights: " +

str(sum(model_11_100.weights.array == 0))

MR AL R AT A, FFA TP —2, B LAY IEN A S AGEoR R, AR A )
T P ORY R H AR .

L1 (1.0) number of zero weights: 4

L1l (10.0) number of zeros weights: 20

L1 (100.0) number of zeros weights: 55

(5) #E

MRS 5 ] DA B 1 SR & S 0 PR (intercept ). A 2 V8 I S A R ) o 1) 5 4
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T, ARG AR R R . ASREEE s —1k, BEENRA W ER IS B
PRI EA AR IR AL .

I TR A A A A R IR A T P S0«

params = [False, True]

metrics = [evaluate(train_data, test_data, 10, 0.1, 1.0, '12', param)
for param in params]

print params

print metrics

bar (params, metrics, color='lightblue')

fig = matplotlib.pyplot.gcf ()

AR AR, G5 Rl 6-11 AT A& BRI 4 3 1 1 RMSLERY{ELI Ta A -

[False, Truel
[1.4900275345312988, 1.506469812020645]

16 T T r r r r T T

14t g

12 q

10 1

08 [ 5

06 | q

04+ g

02t 4

0.0 L i L L 5 ;
0.0 0.2 0.4 0.6 0.8 10 12 14 16 18

Kle-11  FRETAY D PERE AR I
3. YR EFRRERERIF M

PERRHRAE TP EZSEL BORRIRIRBE AR R 8. BT ]S AT 75 i
PRI SECT RSB A PERE . B el — Pl s levaluate_dat:

def evaluate_dt (train, test, maxDepth, maxBins) :
model = DecisionTree.trainRegressor (train, {},
impurity='variance', maxDepth=maxDepth, maxBins=maxBins)
preds = model.predict (test.map(lambda p: p.features))
actual = test.map(lambda p: p.label)
tp = actual.zip(preds)
rmsle = np.sgrt(tp.map(lambda (t, p): squared_log_error(t, p)).mean())
return rmsle
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(1) PRI

Fel T w A B A A A (R ) YR SR THRE I AOPERE o T8/ AR TR BE EABL TE I AL 5K,
WL PEBI L2 LENIAE, AAAE— R AR IR EE REAEA L F AR R LRI TERE .

T, AT IR A REE , MR AR EE XA AE FRMSLEPERERYSEM , [ K] 734K
HERINE32:

params = [1, 2, 3, 4, 5, 10, 20]

metrics = [evaluate_dt (train_data_dt, test_data_dt, param, 32) for

param in params]

print params

print metrics

plot (params, metrics)
fig = matplotlib.pyplot.gcf ()

TEXMIFH, WREER R BRI LA, ISR B XA B AR S L R R B KA AR
104

[ i 7 AT RITHRMSLE$0.42, i Kaggledk B4 050297 ]

ANFIRRBETERERTH RS R ANT

[1, 2, 3, 4, 5, 10, 20]

[1.0280339660196287, 0.92686672078778276, 0.81807794023407532, _

0.74060228537329209, 0.63583503599563096, 0.42851360418692447,
0.45500008049779139]

11

10

09

0.8 [

0.7

0.6 [

05 f

0.4
0

5 10 15 20

Fl6-12  RIFREAREE T ioPERE
(2) TRIN
R, FAPRPAG I B R FAPERE RIS o AR AOTREE—HE, 2 B3 7 B R AR
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S22, I BA B THRIMRHELE EEEORRIBRIPERE . R 8E) — 2 R Z )5, MPERERSETHE LA
Ko Fbr L, T Ua s 2 B PR RE R 22

params = [2, 4, 8, 16, 32, 64, 100]

metrics = [evaluate_dt (train_data_dt, test_data_dt, 5, param) for
param in params]

print params

print metrics

plot (params, metrics)

fig = matplotlib.pyplot.gcf ()

ST ZE R, LA RS [RRI3 B RE R 52 i ) (R AT [ 52 S ) iXAMF-rp,
INRI B H A BERE, T4 K050 88 H A RI30)5 AR LTI 52 . NG SR Tk, &Ikl
SR AR 16~2022 7] ;

[2, 4, 8, 16, 32, 64, 100]

[1.3069788763726049, 0.81923394899750324, 0.75745322513058744,

0.62328384445223795, 0.63583503599563096, 0.63583503599563096,
0.63583503599563096]

14

13}

12}

11

10

09t

08

0.7 |

0.6
0

20 40 60 80 100

Kl6-13  AN[RI A Ee R3] 73K H W PR RE AR

6.6 /&

ARFEPHE T T Pythonfli FHMLIib A2k AR R SR AL 04T (01 34 o FRATIFSE 1 [0
VS ) R 28 R A BRI E RS SO 5 o dfi, FRATSEI TR R R PEREPEAL 1845,
I HBert 73S SUE s, BT 2 AL AN TR SRS B A W] S 800 AR M RE RS2

T, BATRIHSHLA 2T PRIk T E -], FRDE R,



SparkfaiE R KR A

ATALES, A4 7], b IIZREUE AR IC 1T SRl i) B ( LAy &
ORI N N U B | ey DR RRIU SRR A GUREE S 8

BTk, Tl PR BRI B PR RIS O, HARBERIFRAE IO 2], BIRERI Zad 7 rp 35
AR E o PR R, T E BRI, R REFZ H SR, ARERE
MR H RXE, (U ARR R CHean, A T8 RERARE IR ). H2, FRAMIRAEZIN
KAl 2 ) FEAS RO 2R IR AR

RO TG 7 > TP A ARV E B IE o 8 JC B v ) M BB AR A &, eIl I E
B B AR R A 1 AR

TEARZABOUT , JRBIEN T IR JC i B I 2emTrid, FATar i) 22
B, T2 E WIZREEAS R TN 200) . XAMBIRIAR Bl — ZR S URAIE 2SS A

TERIE, WAHCBIEHATH], SRR DB AR E THAE Y, FOBER . A
BT, A ARIE SRS

RIF AR AP — Lt

Q FETAT AR sH ORI 55 & 7 e AN R A 5
OO X ol 3t 1 P s 2 G v A R ol R 70 4 5

Q KRB AYZE

Q fELE A PR TR T 5

Q BIg G EU TG RN, e A .

AREE, AR -

Q fRIIE e — L AR Y 5

O MBI PR BRI, HARR UL R RE AR F) i ) 25 41 SR SR By iy A RHAIE 5
Q Yo SR ELAT ;

Q B HPEREPE A S RO B AR FE R A B R I
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7.1 RERBRKE

RIMTIGIRZ RN, NG 404 . MLIbE H BT AL T KRR, e
MR EZ —, RARTAR, TR S R A R A 2 R A

711 K-IHEESE

K-PIE AR — R IVFEA S B KAA R 2 (P KRR A SE ). K-ER
F B2 MU AR R Iy 2228/, HIE R B AR eR 80Pk S 28 N J7 2281 ( within
cluster sum of squared errors, WCSS ):

3 (x() - i)

Bapilhivl, FURTTR RSP AEA SR L BT 22, FRAERE R AL

PRIER) K-SR LKA 2RO (B DR P T A REAR RO 1) 6 ), i T A S e A
EXC-RCS AN

(1) FFREA P BIWCS St/ MR o R T7 22 Z MDA BB B T, P ASR R S5 T4 4
ANFEA SIS BRI B R 2t

(2) RGP A o BetE BUEBH 2R 12 b

K-BIER ARG R A s B R R Ak AR R M st WU 2 — P I 2 e
A, HILWCSSHE WA A,

Ry T ME %138, thE W Spark LA X TR %6935 (http://spark.apache.
org/docs/latest/mllib-clustering.html ) 2% 4 4 & & #+( http://en.wikipedia.org/ wiki/K-

means_clustering ).

T AR K-PHE R SRR, BRI FSE ST A 220 2 B4R, A SANE, R
K 7-10178
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AN o HoH, 7R = AN LU BHER (51
SRR ), EIEA T MBI SRR A AR AR
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XU«

Q K-P{EA s ERA R

Q BORMKEIRI A L 2 b D p et (G BURREFLZE PR Pl )

Q 5 YRS BC AT IR AF o > B8, (HURRS TR Bs o Fl b A

1. MR T35
K-Y9(H bR HERI GR AL a3 i Ak o AL 2, BIFE AR FEALLA BN REAS il — 280K o
MLIb$AL T K-SE -+ 0 A T B i A TS B AT, Y K-means||, 362 BRIA ORI LR 1L 512

% % - #3k & A http:/en.wikipedia.org/wiki/K-means_clustering#Initialization
~ methods#=http://en.wikipedia.org/wiki/K-means%2B%2B

K-SRI 7-5 078 . IWEERORTE, £ N AR IMEAS RS IR -

o
5o %
© o =]
° o %0 g
o o 8
e o° oo
°
]
° %
° o o o
° o
°
° e s ©
°
° e
oo .f ° ° '-- °
@ o 4 °
°
.-".n o go,8°8 .
°
o 0 ° ".
®
-] o %o,
°

E7-5 K-Y¥{E++HF 2L,
2. K-#JEZE

HATA I Z K-PIERAER, ENTRA R SR T TR A DR . e — i
JLAERERK-2IE (fuzzy K-means ), JXMEBIBA R K-BIEARRER B MEA IS E— 25
(HCEFRABESIC ), MEK-HEZHCRA, BIREMREATT LR T2 o h A S
BEARIRON KRR TR, YERRONKE, MRS KR R R, WP
B — IR X0 R 27K
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712 B&tEA

TRARIUA T R ABANK- 3 R, (B IR AR A B A A Bt 2 th A3 A 7 2
. Lot FRATAT URBEREA I f KA S A RSB A AR A o RAR 0 A AR S, BT LA
FEAMREA 1 KRR AL R

[ % o Ao A B A 2L 5 69 % 2 L http://en.wikipedia.org/wiki/Mixture ]
~ mod

el,

713 BXREH

BRI E (hierarchical clustering ) J&— ML RIS T, WAV LA Z )2 MR AL,
R, Hh AR RS 2T ROV TFRIEMACE SR, I X Mg darh
RIERIK .

JER B RN, BRI X (agglomerative clustering ) Fo-ZL X F £ (divisive clustering ).
EER B 2 FR ) iy

Q BEAFEA H B — 2%

Q A HANRAR AR UL 5

Q HRERANBIRISERE, IRJE I OB % ;
0 B Pk, Rl EERRE T,

IPRARE A LRIk, RN SRR R S . IR P A AR AR )8 T — 1 261K
RIEHE TR — PRI =, R BRI RREARTEIRZ 0 A o — 125K

[ ¥ % F4t, # Ahttp://en.wikipedia.org/wiki/Hierarchical clustering. ]

7.2 MBUIEHIREUEHAYHFE

FIRZ BN IR, K-PERITZRE A A, TR T2 2Em iRk
SRR 7 kA3 T 2R

K-P{E /N5 22 1A — BRI 5 22 B E R A B b, DRI 2 32 B HHE. (outlier ) Al
BERTT 2R

XEF A RS UL, bR )] LA AR AU — R e i ke, RN RT REAT B
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THTHERE . (HRF LU IR REA A BEEAEBARMELL , U AR 4 SR AR K2 AR £ 21X 1 1Y)
K
MMovielLens##E & 12 EVFE

AR AT S 4 RS | B T 8RS . X BIEE 0 R =5
O BRI dEE (FEudata SO ) L ST AR EEE (uaser ), 55—
HAE (uitem ), BRULZAN, FoATTMAER SCHHERIR T B2 A8 (u.genre ),

LA 5 i s SRR O AT

val movies = sc.textFile("/PATH/ml-100k/u.item")
println (movies.first)

St AT .

1|Toy Story (1995)|01-Jan-1995]| |http://us.imdb.com/M/title-exact?Toy%20
Story%20(1995)10l0jol1l1l1]0l0l0lOlOlOlO[O[O[O[O[OIO

FIAFCN L, FATBMERZALIR, R R 2. I AR EON f R
FrERME? BRI INA P

Q %—, POATRATRIE AT R a0 AR %, BT LATT LU X SUpR 2T Al SR B PERE

Q 57, FAm B T HAD R SR R T 02, TN B R

B, BT AARE, FATEAIT R TR Z0T, FA1E ST Bl i 7
TR MR, KRSl — R B MR D R i 2

FATAT LU BT — B A B URAIE 28 18] TR AR G T R R — B L5, B SRt
e B EURHIE RO RIT 0 A M R — LR e I N 4 o BRI 0k R, DA ENTEOR
—SEn] LUSZE PO AT AT RO BRSXEE A o Al FIAY PR AT 0 R A D 38 67 A S
EL RSN

SN A B S 8 SR A <0% EPSPSEN LR e AN (VSR &~ St /N A (NI DR 21 B S IRl U i)
ST R SEMIAN N T 732K

[, FATTAT RAAEFT 2047 D B R UR AR 23 () b P AR SR IR R R —A T, DRI T 1]
EIATRIE, BRI TEET R IT O TR REAR

1. R M AR E

TESE— A B Z T, FAT15E Mu.genre SCIF PR BUSTR OB 5 28 o AR 2 RGBSt 42 i 1
BERKE, T BRI BB S W B AT S SO RRAS . AR u.genre TR LA TR -

val genres = sc.textFile("/PATH/ml-100k/u.genre")
genres.take(5) .foreach(println)
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FHZRATE

unknown | 0
Actionl|1l
Adventure|2
Animation|3
Children's|4

T BT SRR S RS, N0 unknown BRG] . RGIRNL T ERREE ST
IR HREAE A1) ( RIVAG EEE HAgoF L ),

N T RGN SR, A DB — A8l T 0, SRR <R, RIS {ER
EEAL P AR P AL R R 24T, AR S (AR s s B o0 ):

val genreMap = genres.filter(!_.isEmpty) .map(line => line.
split ("\\I")) .map(array => (array(l), array(0))).collectAsMap
println (genreMap)

S A
AR A A

Map(2 -> Adventure, 5 -> Comedy, 12 -> Musical, 15 -> Sci-Fi, 8 -> Drama,
18 -> Western, ...

TR, BT 2 R R S S 5 AR QR AR DD, Herp Al 35 21D | AR
HIATHR BT SR, 7T LA A RDDAS 8 T2 (4 4t

FETRRAES, FAT AR AR BN S (R stringsBEXMAR IR ). A
J&, fiiflzipwithindexJNAGEHL S HIM RS HES, XFERLREREE S T A E S WL BN
AMER. BJF, i RDDH—&id5t:

val titlesAndGenres = movies.map(_.split ("\\|")).map { array =>
val genres = array.toSeqg.slice(5, array.size)
val genresAssigned genres.zipWithIndex.filter { case (g, idx)
=>
g == "1
}.map { case (g, idx) =>
genreMap (idx.toString)
}
(array (0) .toInt, (array(l), genresAssigned))
}

println(titlesAndGenres.first)
> A
(AT THEE N
(1, (Toy Story (1995),ArrayBuffer(Animation, Children's, Comedy)))

2. I EHEFIRR

FOPBUH P AR R i, 5 e B G T ER . FRA TR 4 s il 2Ry
A, DRI R OR A AN R A A2 9K
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import org.apache.spark.mllib.recommendation.ALS

import org.apache.spark.mllib.recommendation.Rating

val rawData = sc.textFile("/PATH/ml1-100k/u.data")

val rawRatings = rawData.map(_.split("\t").take(3))

val ratings = rawRatings.map{ case Array (user, movie, rating) =>
Rating(user.toInt, movie.tolInt, rating.toDouble) }

ratings.cache

val alsModel = ALS.train(ratings, 50, 10, 0.1)

Sazrp, f/h gk (Alternating Least Squares, ALS ) AR [8] T B ME(ERDD (user-
FeaturesflproductFeatures ), X/ "RDDAHE A H D # HID, ([HAMKEHE, i
R BEAR UG I I Z I L BIMLLbAY Ve tor VR N BB R YU 2Rt A o

T S X R A T AR L

import org.apache.spark.mllib.linalg.Vectors

val movieFactors = alsModel.productFeatures.map { case (id, factor) =>
(id, Vectors.dense(factor)) }

val movieVectors = movieFactors.map(_._2)

val userFactors = alsModel.userFeatures.map { case (id, factor) =>
(id, Vectors.dense(factor)) }

val userVectors = userFactors.map(_._2)

33—

TEVIGRRIRZ T, A DB — T H AL A AH G R 2 ARHAE ) 2 (4 A, X ] LS FR
A FFEX NG A TH— b, BARME S ST —F, FA1H HIMLIbY A RowMa t ri itk
fresfhgeit, RSSEHT .

import org.apache.spark.mllib.linalg.distributed.RowMatrix

val movieMatrix = new RowMatrix(movieVectors)
val movieMatrixSummary =

movieMatrix.computeColumnSummaryStatistics ()
val userMatrix = new RowMatrix(userVectors)

val userMatrixSummary =

userMatrix.computeColumnSummaryStatistics ()

println("Movie factors mean: " + movieMatrixSummary .mean)
println("Movie factors variance: " + movieMatrixSummary.variance)
println("User factors mean: " + userMatrixSummary.mean)
println("User factors variance: " + userMatrixSummary.variance)
A

%uﬂjﬂnﬂ<:

Movie factors mean: [0.28047737659519767,0.26886479057520024,0.2935579964
446398,0.27821738264113755,

Movie factors variance: [0.038242041794064895,0.03742229118854288,0.04411
6961097355877,0.057116244055791986,

User factors mean: [0.2043520841572601,0.22135773814655782,0.214970631841
8221,0.23647602029329481,

User factors variance: [0.037749421148850396,0.02831191551960241,0.032831
876953314174,0.036775110657850954,
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MEERAKTE, B LB RS RRERRAR, ARG b B i 2 T IH — 1k

7.3 LR RER

FEMLIbHIZRK-IE Y I7 M HABBIRISEAL, L0 5 Il 2R 80 iRDDAZ AKMeans X4
fyeraindyEBIAT . VR, WOPREATERE, LA Labeledroint SIB, Wil IHRHE
mE# 0, BIRDDAJvVectorZdl BRI,

FAMovieLens#iE &I 2R B L= 1Y

MLIibH K-PE SR T BEHLRIK-means||[ R 01 GG LT, Ja & 2B0ARIIRIL. PO PIR ik
BERBEPLIESE, BT BRI ZRA S5 R A —FE

K-V {ELH B AN BEWSC SR 4 Ry e U, It LA S s o P o s 28 2 RN R e e 0 A AR
MLIibd& Bt 158 2 YRR ZRAYTT 1% o Zead 4505 sRECRIITAY , PP RE R U 10— U 2Rt i e
AR

RISSEE T, B B A B AR, S EARRIZE. K (numClusters ), i RKIEILIK
B (numIteration ) FIYIZRIKEL ( numRuns ):

import org.apache.spark.mllib.clustering.KMeans

val numClusters = 5
val numIterations = 10
val numRuns = 3
- 1= e e 3
SRIG , X HLSZ B R BB T K-E S
val movieClusterModel = KMeans.train(movieVectors, numClusters,

numIterations, numRuns)

—BRRIYIZRSERE, FRATRE B T r4s

14/09/02 21:53:58 INFO SparkContext: Job finished: collectAsMap at
KMeans.scala:193, took 0.02043 s

14/09/02 21:53:58 INFO KMeans: Iterations took 0.331 seconds.
14/09/02 21:53:58 INFO KMeans: KMeans reached the max number of
iterations: 10.

14/09/02 21:53:58 INFO KMeans: The cost for the best run is
2586.298785925147.

movieClusterModel: org.apache.spark.mllib.clustering.KMeansModel = org.
apache.spark.mllib.clustering.KMeansModel@71c6£512

M BT RE , BN ZRAE] T RS AU, B AU R A 2R e Sfie ) i
{51k T HZS R s R e U I RS AR 22 (K-SME A bR ek B ). P IRFRA TS E T
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RN R B K- (A S 1)1«

val movieClusterModelConverged = KMeans.train(movieVectors,
numClusters, 100)

TEARA A AT DI 3] “KMeans converged in ... iterations”, X E/RIELZ/DRERZ)E,
K-EBRI 28k

14/09/02 22:04:38 INFO SparkContext: Job finished: collectAsMap at
KMeans.scala:193, took 0.040685 s

14/09/02 22:04:38 INFO KMeans: Run 0 finished in 34 iterations
14/09/02 22:04:38 INFO KMeans: Iterations took 0.812 seconds.
14/09/02 22:04:38 INFO KMeans: KMeans converged in 34 iterations.
14/09/02 22:04:38 INFO KMeans: The cost for the best run is
2584.9354332904104.

movieClusterModelConverged: org.apache.spark.mllib.clustering.KMeansModel
= org.apache.spark.mllib.clustering.KMeansModel@6bb28fb5

NG EE, BERAMEA LD ERRBIAT S RI AT, BFFI D R 2
Q ZMSH AR ZER KM, B, FRING TR K] TRk R G BEARL

R, FATERD A ASE P R AR 1) i B FR- P e .

val userClusterModel = KMeans.train(userVectors, numClusters,
numlterations, numRuns)

7.4 (FRBLRBFITIOM

{8 N 2R i) K-S (AR R A 7 T A H A AR (A2 el ) 7er ik B3l DA ARAS R X —
A PR AR AR A T T .

val moviel = movieVectors.first
val movieCluster = movieClusterModel.predict (moviel)
println(movieCluster)

W] LA 5 A—RDD [Vector ] EUH X 24 i AREA FEF 7T«

val predictions = movieClusterModel.predict (movieVectors)
println(predictions.take(10) .mkString(","))

X F R REAR B A BCan T -

0,0,1,1,2,1,0,1,1,1
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BRI G SR Ta A L@ R—4, 22, £EMIDEIAN

K EE, RA RIS, 45 TR e R TR 6 K 5] TR AR R — AR, B
(3 AL, HRARNOFFHEAEE A R

FiMovieLens¥ & & R 38 Bl Fm

AT RATT L 2240 47 1 AT 0 — R 5 g A3 BEAT 000, (ELJ2 ey ) F50000 1) 45 R A7 DAl
WE? $% MR THETEREPEINE R, (FUR eIk I IRAE B Infr il s N TSR A B K- (R L sy
LA

SE T IE TR BA AR BRI I ZRBE RO, (HE R R 2 TR R
TR AR, W TG BN R SR TE — LEPR A ol S Bh g %

Hehn, S TR R RIEMAIR, BA OISR IR BAT AT DU R S, e
G . BT AR S, 3k U SR R AT S T O Y — R . TRATUAC R
XEEHL X T BC RS A UR /D, JF HiRERR TR O HA B . il i Ay iR
FATAT LIRS e h LS R AT TR 1k

FRRRE R KR

B, POAK-HfE R/ MER) A bR R EURAEA SIS OO IR R M, FeA T n] LA
SRR R SO/ INBRREEES . N LEFA T SOX AR R, 15| ABreezef# ( MLIib
) — M ) T 2RI ) s 5

import breeze.linalg._

import breeze.numerics.pow

def computeDistance(vl: DenseVector [Double], v2: DenseVector[Doublel])
= pow(vl - v2, 2).sum

3 E @R AL P 8 pow i £ 5E Breeze 89 — A~ 4B % 4L, Frscala.math®powk
Cg L, RAETAH TAS 6 FHe et f7 4028,

I TTHA T 1T 4 RSO A RS R 1) i 5 PR 2R AR TP O ) BB R . O T R4S
REA AT, f AR AN T R AR AR K -

val titlesWithFactors = titlesAndGenres.join(movieFactors)
val moviesAssigned = titlesWithFactors.map { case (id, ((title,
genres), vector)) =>

val pred = movieClusterModel.predict (vector)

val clusterCentre = movieClusterModel.clusterCenters (pred)

val dist = computeDistance (DenseVector (clusterCentre.toArray),
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DenseVector (vector.toArray) )
(id, title, genres.mkString(" "), pred, dist)
}
val clusterAssignments = moviesAssigned.groupBy { case (id, title,
genres, cluster, dist) => cluster }.collectAsMap

BTS2 G, FATSE—1RDD, Hi R IrE 2 X THA LB EEXT, HEEEN
*ﬁii/\y {Ei}%%%g%:¥:Etlﬁi;iFnjﬁafxé{Ei1E1é$1}ﬁzE%]£¥% H o El’EKJ{FJan:iy EELEi’II) N *ﬂt ﬁi\ ﬂgﬁjit N %i§§;UE§§E§I7
DS HL SRR [] e A O A BE B

Wi, AR RS it B B2 O R A T 203 L 32

for ( (k, v) <- clusterAssignments.toSeqg.sortBy (_._1)) {
println(s"Cluster Sk:")
val m = v.toSeqg.sortBy(_._5)
println(m.take(20).map { case (_, title, genres, _, d) =>
(title, genres, d) }.mkString("\n"))
println("=====\n")

}

KI7-63 AR Bl DRt SRR BER LT AR AL SN, RAS iR i ) ] RERE AT AN ) «

Cluster 8:

{Last Time I Saw Paris, The (1954),Drama,®.2739@666869786695)

(Quiz Show (1994),0Drama,®.4747831636277422)

{Vertigo (1958),Mystery Thriller,®.48534208687692343)

{Spellbound (1945),Mystery Romance Thriller,®.4926221112685535)

{Casablanca (1942),Drama Romance War,®.49940194962368567)

{African Queen, The (1951),Action Adventure Romance War,®.5187502052689528)
{Amadeus (1984),Drama Mystery,®.5272552880790345)

(Farewell to Arms, A (1932),Romance War,®.5363608755281067)

(Cat on a Hot Tin Roof (1958),Drama,®.5497562196607895)

(Third Man, The (1949),Mystery Thriller,0.5497731051647746)

{Dial M for Murder (1954),Mystery Thriller,0.5622477772149612)

(North by Northwest (1959),Comedy Thriller,@.5702331860033082)

(28,002 Leagues Under the Sea (1954),Adventure Children's Fantasy 5ci-Fi,8.5881687768024192)
(Right Stuff, The (1983),Drama,®.6002418388739418)

(Rear Window (1954),Mystery Thriller,®.6232262641317354)

(Manchurian Candidate, The (1962),Film-Noir Thriller,®.6233301146337812)
{Substance of Fire, The (1996),Drama,®.6252591348497877)
(M#A%SxH (1970}, Comedy War,®.63105245443614) 7

(Butch Cassidy and the Sundance Kid (1969),Action Comedy Western,®.6337504848523161)
{Blue Angel, The (Blaue Engel, Der) (1938),Drama,®.6342821363539322)

[7-6 Ak
IR AT LA 55— AR OMIEREAL B TRZ20HEE404E 1% . SOAEARRIGOMEAR iy Hy
%, DL — iR .

B (K7-7) E2E— il FRHR N — LR RIS R, R —3
~#&ﬁ~%%ﬁo
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Cluster 1:

{Amityville 1992: It's About Time (1992),Horror,@.1478043405622148)
{Amityville: A New Generation (1993),Horror,®.1478843405622148)

(Gordy (1995),Comedy,®.15851585838791465)

{Machine, The (1994),Comedy Horror,@.176865932564681)

{Amityville: Dollhouse (1996),Horror,®.17898379655862778)

{Venice/Venice (1992),Drama,®.197381315557@8463)

{Somebody to Love (1994),Drama,@.2278813718368857)

{Boys in Venice (1996),Drama,®.2278813718368857)

{Falling in Love Again (198@),Comedy,®.234@143978726976)

{3 Ninjas: High Noon At Mega Mountain (1998),Action Children's,@.23903816507829816)
(Babyfever (1994),Comedy Drama,®.24176557927323153)

{Beyond Bedlam (1993),Drama Horror,@.2489480589001102)

{Getting Away With Murder (1996),Comedy,®.2530968279675358)

(Police Story 4: Project S (Chao ji ji hua) (1993),Action,@.259429082404443574)
{Mighty, The (1998),Drama,®.27817819934466347)

{Johnny 180 Peses (1993),Action Drama,@.2870737627453892)

(King of New York (199@),Action Crime,@.28853211361643927)

(Further Gesture, A (1996),Drama,@.29378208871990685)

{Shadow of Angels (Schatten der Engel) (1976),0rama,®.29529253258337934)
{Homage (1995),Drama,@.29529253258337934)

77 AR

AR (K7-8) IPEAJEARGENT, A AT — AR s R R R F

Cluster 2:

{House Party 3 (1994),Comedy,®,5792798401193011)

(Cops and Robbersons (1994),Comedy,®.6121886776465748)

{Pagemaster, The (1094),Action Adventure Animation Children's Fantasy,®.6126925309708513)
(Fausto (1993),Comedy,®.6220818486977679)

(Stag (1997),Action Thriller,®.6694984978987776)

(Ill Gotten Gains (1997),Drama,®.7821111594974133)

(ALl Things Fair (1996),Drama,®.7365539555740591)

{Day the Sun Turned Cold, The (Tianguo niezi) (1994),Drama,®.7447955673545115)
{Chasers (1994),Comedy,@.7459052286323937)

(Pyromaniac's Love Story, A (1995),Comedy Romance,@.7746380046654674)
{Robocop 3 (1993),5ci-Fi Thriller,®.8075493355683138)

(American Strays (1996),Action,®.B8375011873201667)

(Scout, The (1994),Drama,®.8455857296456323)

(Metro (1997),Action,d.B8488282233075414)

(Sunchaser, The (1996),Drama,®.88557575498827@1)

{Across the Sea of Time (1995),Documentary,®.9132148236347115)

(Big Bully (1996),Comedy Drama,®.9134484160863872)

(Wife, The (1995),Comedy Drama,®.9136581322150961)

(Big Squeeze, The (1996),Comedy Drama,®.9191497196485036)

{Shooter, The {1995),Action,®.9309878751600442)

K7-8 =gk

P IRE (1E7-9) FIXRREIRISCTE LA, UG T —280ME T

Cluster 3:

(King of the Hill (1993),Drama,®.27977910@57590455)

({Love and Other Catastrophes (1996),Romance,®.5616301951805126)
(ALl Over Me (1997),Drama,®.5827486944870316)

(Scream of Stone (Schrei aus Stein) (1991),Drama,®.5990653123876859)
(Witness (1985),Drama Romance Thriller,®.625117845197@778)

(I Can't Sleep (J'ai pas sommeil) (1994),Drama Thriller,@.6810378136145686)
(Ed's Next Move (1996),Comedy,®.6821637177989938)

{Suture (1993),Film-Noir Thriller,0.7247521033315935)

(Sex, Lies, and Videotape (1989),Drama,®.7431922597566741)

{Double Happiness (1994),Drama,®.7706362681897@7)

{Wild Bill (1995),Western,®.7860403052412567)

(Smoke (1995),Drama,®.7929521364994968)

{Lover's Knot (1996),Comedy,®.7952419475534458)

{Howling, The {1981),Comedy Horror,®,7958806811974748)

{Price Above Rubies, A (1998),Drama,®.797523480324549)

{Wooden Man's Bride, The (Wu Kui) (1994),Drama,@.8035270945874013)
{Nelly & Monsieur Arnaud (1995),Drama,®.8050334619603677)

(Gate of Heavenly Peace, The (1995),Documentary,@.8087333841907159)
{Substance of Fire, The {1996),Drama,®.8143443692443669)
(Grifters, The (199@),Crime Drama Film-Noir,®.8234461534563621)

K7-9  HEIAZAE
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RJr—MRHE (E7-10) EEIREER L WA FS N, HEHAS T — SR .

Cluster 4:

{Outbreak (1995),Action Drama Thriller,®.4526691989348761)
(River Wild, The (1994),Action Thriller,®.46017763132846606)
{Moonlight and Valentino (1995),Drama Romance,®.472253677017327)
{Blue Chips (1994),Drama,0.5103978205046279)

(OQutlaw, The (1943),Western,.5346838076035247)

(Air Up There, The (1994),Comedy,®.5721399113559971)

{Touch (1997),Romance,®.5873709976348385)

{Private Benjamin (1980),Comedy,®.5915397936710273)

{angela (1995),0Drama,®.6875617445146397})

{Sword in the Stone, The (1963),Animation Children's,®.6165719141792315)
{Mr. Wonderful (1993),Comedy Romance,®.61813794590168301)
{Maverick (1994),Action Comedy Western,®.6316402376687157)
(Cool Runnings (1993),Comedy,®.6462611091680288)

(Courage Under Fire (1996),Drama War,®.6603376056624485)

(I.Q. (1994),Comedy Romance,®.66691874141152)

(Ransom (1996),Drama Thriller,@.6755383826704695)

{City of Angels (1998),Romance,®.6756718112001122)

(Firm, The (1993),0rama Thriller,®.6769576000819328)

{Santa Clause, The (1994),Children's Comedy,®.6795328449586006)
{Cliffhanger (1993),Action Adventure Crime,@.703261186148323)

F7-10 Fja— 2%

FURERIR, FATEAGEH BE BN EM RN E . (B2, WA LA RIS
LRI 2 [ SR P AL A , SO ST 4% B RR 255 7 Hi KRG ( Hendbise
R BZSRAUE SR, 55 ), RN A TELo08dE, 'S, %, A THEMN
A FRE AR B ZRREE LA o

REJ P AR 6 T AL R R AR R T | BRI 50 @ R R ok
S BAMTEERT MAREHA T uservectors ¥, B R ERE L& 4K-
(& WRBRRT, 25, hTHEREAR, RIS P RLNA P,
PR BARIBALA 7 b T80 47 4 3 S TR 80 A 2 AR, A 4

24

7.5 THERRRAEMERE
I SRR SRR , RSB TRV T AT BB RE , 1K

PGB AUREA RIS BE o SRSV 70 By . INERTEAS FIANARIEAL . BRI AL Sm 1Al
AR VNSRS G BN RS, ARG U I RSt =2 S B

7.5.1 RNEBIENTEER

BN TEM FE PR EFEWCSS (AT Z A i K-JoF ) HARpR %L ). Davies-Bouldinfg %% .
DunnF8ZUAN%E B 28X (silhouette coefficient ), AT A X L F- 8 bR B 2 (HT 287 PN B AU REAS IE B T
REHET, NIRRT B .
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¥ % m¥ F iz 45 3 A http://en.wikipedia.org/wiki/Cluster_analysis#Internal
~ evaluation,,
7.5.2 IMNERITNHERR

PN RIS R T 028, WA — LA DR TE ARG, T LTI LERR A A SR IA
B LA RTR IS BN IR (Jhngs ), 7Sl s LU J5 v DAL T (E A LS AR 26
ARZE ( RIELAR BHPE AR S ),

HAR T t0$ERand measure . F-measure. fEF/K£%X (Jaccard index ) %%,

analysis#External evaluation,

[ F % kT REINIFAEG NS, A hitp://en.wikipedia.org/wiki/Cluster
~

7.5.3 71EMovieLens¥iB&E i+ E tRE

ML P comput eCost A LI A {#E M8 H 25 72 5 ABHERDD [Vector] FWCSS,
T EFRA M XA R R R AU P N2 B T RE -

val movieCost = movieClusterModel.computeCost (movieVectors)
val userCost = userClusterModel.computeCost (userVectors)

println("WCSS for movies: " + movieCost)
println("WCSS for users: " + userCost)
A SR

LTS (I

WCSS for movies: 2586.0777166339426
WCSS for users: 1403.4137493396831

7.6 RERESHYOFM
AR TR, K-S0 R — T LI Z A, SURK, MO8 .

18T 32 A E K

FAL IR BRI, FATT AT AR FAE SRR e AR A e L 02 DA H o IR = ]
AR T 2R R OGRS, ARSI ZRAE IR, 7eiilialal L irAh
EOGIRAHEPRAITERE . 40 AU 60/40%1 20 A3 BN ZRAE AL, IFAEHIMLIbIN B HYWCSS3E
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I VA RSB B PERE -

val trainTestSplitMovies = movieVectors.randomSplit (Array (0.6, 0.4), 123)
val trainMovies = trainTestSplitMovies (0)

val testMovies = trainTestSplitMovies (1)

val costsMovies = Seqg(2, 3, 4, 5, 10, 20).map { k => (k, KMeans.
train(trainMovies, numIterations, k, numRuns) .computeCost (testMovies))

}

println("Movie clustering cross-validation:")

costsMovies.foreach { case (k, cost) => println(f"WCSS for K=$k id
Scost%2.2f") }
LRI

Movie clustering cross-validation
WCSS for K=2 id 942.06

WCSS for K=3 id 942.67

WCSS for K=4 id 950.35

WCSS for K=5 id 948.20

WCSS for K=10 id 943.26

WCSS for K=20 id 947.10

RO LIE I, BEERPOEE R, WCSSHS LT, K5 IR R, Jioh—4
ML, K-BEAESCIRUERYEOL, WCSSHIAE KR RIFE80/N, (E R BEAMESS , TR
IR B2 o X B KOE R eI K AR CIXARP3 AT )

RASTNEER, AT RANIK=10, T ZUHE, BB M IBER TR (Lean
A TR 2 A S s B SR 1), I B K A #E . AR K E I B f B2 T L
TREVEAUAARE, (ERIEH R 2 A A L) B AR

N TR e, FATTAT TP RISAE S SR T B PERE -

val trainTestSplitUsers = userVectors.randomSplit (Array (0.6, 0.4), 123)

val trainUsers = trainTestSplitUsers(0)

val testUsers = trainTestSplitUsers(1l)

val costsUsers = Seqg(2, 3, 4, 5, 10, 20).map { k => (k,

KMeans.train(trainUsers, numlIterations, Xk,

numRuns) .computeCost (testUsers)) }

println("User clustering cross-validation:")

costsUsers.foreach { case (k, cost) => println(f"wCSS for K=$k id Scost%2.2f") }

EI2EEE RN VEN -2 SN

User clustering cross-validation:
WCSS for K=2 id 544.02

WCSS for K=3 id 542.18

WCSS for K=4 id 542.38

WCSS for K=5 id 542.33

WCSS for K=10 id 539.68

WCSS for K=20 id 541.21



158 % 7% Spark #jR KL
*"Q TR E, B TREEBEN B RE, RFF LR TRRA
E,
7.7 INZ

AwE, BTG TRy, el ITE AR g hitf e, BEE e~y . 3
112723 T AT AL BRSSO B AR . RIS, LR ARADRE— Y (FRA THIR R AR ) f
AR S A — AR (K-SR WA . e, IO RISHRAYTERERS, ALt
7T RPN TR, i HIRAR B e ik A T YR i

5, FAMETHE ARSI R OB 2 ), e R PR O B o ER B R A s I A
R AR



Spark i B T # = FE4%E

A FEFA PRS2y 2] o B o > R rh IR 4 BE ) 7 1%

AFETFIHATZ AT B EIE | SRR, BRI AT FA IS TR AR AL T iy o B2 T ¥ A
— M DYER AR AU AR, k—Bami/ NTD, L, FEAETIEA Y JE— PP AL BT i
OH YR — PRI T3, AN AT B £ 759

W25 R JE O EE B, WA DU A AR E s LTS R ST o ) B e el ) A2 e A4
o IR T— N AL . KRR & BN ERE Y, XL — R DR AR A (CRFR
RS AR S AEAEAE ), HANSRAE A A A —LBRFAE, FRATTAVRRL L n] DA% o) KRR H IF:
MR, AN TR S8 G5 14 FE 1 5 R M ) DA et vh e S T . 115 2, i3 v LA
FEBRESCHE Hh st - O B RSt AT AR S 45H4

A, SRR I AR T = T A A R R R o ARELE, ERHIZE . BIASETs
TEPEATHLGR 7~ AR IR . RO B B0 S8 L R T UIZRREA R ECH (XA
EE, BRI EEAEA RS AR A AT AR ).

PAF Je— L8l R 4EROR Y53

Q HEMEEAE T

Q FEPCRAIE LN GRHARNLAR 7 T B 5

Q RO BB R T 5 B A A7 RS oR (i, — PR T A= 2 58 );

QO R SO 2 ok A — 2L B 5 A

Q YEIRLEEEAR S Iy, A ) e BB A S (i, HAESOAR | A B
UG o w2 AR ),

AREE, AR

Q NAEMLLbHR AT DU FH A R EAsi A
Q X B S A S A R E R T R4 5
Q i FHIMLIb I R4 R
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Q A IAEBRZE I
Q X FREAERA A T S HOEHE

8.1 [MEHFEFERIFA

MLIbEE (I PRI AL A8 K3 AR 4E BE A% . PCA ( Principal Components Analysis, 3854
) FISVD ( Singular Value Decomposition, 7 SH{E 4L ).

8.1.1 EWAHHh

PCAKL P — RS, SHBCERE PR, ErERIARE, HRERT, B4
E RN i AR B R AR TT ) o Z R B R AR A B Z AT R A T 5 1)
I R AZ AT 1]

P, RIS EROHUER TR ALIETRER B L, 58 b, B B A
& SRR AR R AR AR AR o DRI AR SR AA— IR e , SRR AR B 21 1)
IR BIREAS ]

8.1.2 HRENH
SVDIR L —m x mfFE B4 R = A 32 B G -

Q m x m4ESEMEU
Q m x m4EXHFES, ST E R 1A
Q m x mAESE YT

X=UxSxV"

WEERTHEIY A, FAT— SR BA PR R 4E s, B AEU. S, Ry, mTLLE B s
IRAYRERE . L, —BOTEEBAISVD., RORB AT Sl eI AR E A & 1 21,
RIRIIAT BB B ST . BT A0 M B XA A ORME R »

XNUkXSkXVkT

— AT S VDA 1] U 8-1 T 7w
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n k k n
k 4 k
m X m U
KI8-1 HMTSVD

TR BTN ET S EFTEPCAT R B HTAD E UL, SVDRIPCARA HIEK R, — LK
IR S TEAR T P A B A .
PCAFSVD# # M FHFREAR AL,
T VAR F 0 49 Spark A% WP 33 6 2 07 ik 89 4734 . http:/spark.apache.org/docs/

latest/mllib-dimensionality-reduction.html,
~ T @494k 5 %) 6.4 T PCAF=SVD £ Ao 3% 40 649 #0548 % 4242 ¢ http://en.
wikipedia.org/wiki/Principal component analysis #= http://en.wikipedia.org/wiki/ Sin

gular value decomposition,

8.1.3 FIFEMETRREAIKX R

PCARISVD#RZIERFIMHEA, FMP TSR, EATARILIEOR AR R i il — LE 4R (B
) BARRIREIE . IRZEEAEROARAREIE THE R 09

VRULVFCAR R 1 75— A7, U2 IRl . 7EsR4 s TS 12 R IRA TR BT
TEDMEE R RIGFrh BRI S ST MR R P B e FH P R R AR A o P R
A IR SRR 4RI, T LK LE )7 PA R I 4R AR

1% % 3B AP 4P R i 3 I kAR @4 SVD A, Simon Funkit A i 4 — A3 4
~ 977 53R 43 T Netifx 3, A . http://sifter.org/~simon/journal/20061211.html.

8.1.4 BIBMEAMEERNTTZE
IR TR BRI A AT DA, T LA 5 T A A
O S T AT 125 4 R AE 17 B 00 P K -means AN Ly, 485 SRR I SR 2K v 2L B Y

PANN
= K

Q FA TR ARSI Bl 5 i e DRI s (g B S B e TR ORI ) R
ANIXLERE, AEREUR R A — 4T ;
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Q XA AT LUJE B i 4k 1 e, FAT T HOJSOR B 4 B B IR 1) R T 0K
HUEER

A R RS R, BTl ASE BB R e AR et Ae e, sl n] DI EFRATil e
RO LA 32 ) BEAT 2 SR o {5 ok oy S0 i A 8 e 5] LA S BRAR 5 S A I AR &
P o

8.2 MBIETHMENAIEHIHFE

TEFRATEN H AN P2 i BrA L I B rp AR AA T L™ AR K A RS 1) 2

REZEIRATEF MG EFRIESE (LFW, Labeled Faces in the Wild ) IR AZIRZALFEAGTH AL
AR 13 00022 5K FZNF IR RIS IIA R A DI THF R o X R AT T
bRt

MLFWEHE SR i BUFFIE

R TG T AL AR R, RATHAIRE RN —AT4E, BEEEDAT IR AR
THESE o 8N R AT DL 2B R 4E : hitp://vis-www.cs.umass.edu/1fw/1fw-a.tgz.
HRIFE S emy Aot F 3 B ey B P, 5 F WAk hitp:/vis-www.
cs.umass.edu/lfw/o
. JR 4% 09 B 53R+ . Gary B. Huang, Manu Ramesh, Tamara Berg, and Erik
Learned-Miller. Labeled Faces in the Wild: A Database for Studying Face Recognition
in Unconstrained Environments. University of Massachusetts, Amherst, Technical
Report 07-49, October, 2007,
T VAT & 69 B ik T X3R4 http://vis-www.cs.umass.edu/l1fw/1fw.pdf.,

X 3T T il 4> i 0

>tar xfvz lfw-a.tgz

LA MW SIS, AR BT IO, B T — AN

1. AR EBEIE

Ja 8liSpark Scala# il &5, JFIRIESEC L EIINAE, PMRRAE ) B b AR IR .

>./SPARK_HOME/bin/spark-shell --driver-memory 2g
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IAEFA T B E A, (HI R — /R AR Sparkfe fit T BEIRCCA S FTHadoopki A U5
Jrik, AHRIFBCA R AL ERUE A SO N E IR

Spark%fﬁT—/l\ji‘Yz{iﬂLH’EwholeTextFiles, SR T— R EREAN S, ARTHRANT—
ELAEH FHAE—A S sl 2 S0 BB T B Y Text File Tk,

AT HwholeTextrile T IV AR SCIFAARE AL B o Tl X B3O PR AR, WILUT A
5 A AL BRI 5 76T AR G R, A 1 paraf CRAR 1w 5 SCPF IS A B2

i B RCAT R B AR IR R I B BO R A ) Sk &R Spark7E1fw S Hhijs Al dgASC1F
T ABRIOCAF: -

val path = "/PATH/1lfw/*"

val rdd = sc.wholeTextFiles (path)
val first = rdd.first
println(first)

Xk Spark i 5654 1 AR BT AT 0] s ] B SO 2 kA B RS0, Frl st — %l
RESAE T — Lt n] . —H5E, ROZn IR BIZERUNT ik .

first: (String, String) = (file:/PATH/lfw/Aaron_Eckhart

wholeTextFiles¥fiR [Al—/>HHE—EXT 4 M AYRDD, 2 SCILE, B2 SCFRINE .
YFRADEN, RFEFE R, AN BT B b B R R BdE (EE, BdEph
JER N TR A ERIERT ),

AT RDDINECCAF #4% o RI AR, SO ARG R “file:” FFUR, X ANATSE L Spark
R X 43 AN TA] B SO R GEise ORISR, (i, file/ @A H S R S8, hdfs:/J&hdfs, s3n:/
JAmazon S3XXH ARG, FHE ).

FATHBI B8 B € RS EZ R A, B ATR AT B S AR i 34y . R i T ad
AT 1) BRSO 53 1 T 35054 -

val files = rdd.map { case (fileName, content) =>
fileName.replace("file:", "") }
println(files.first)

ORI RFERR T TR A SR AR
/PATH/1fw/Raron_Eckhart/Aaron Eckhart 0001.3pg
2 BRI A Z DA SR AR
printin(files.count)

BT 2 ESpark i shell HL ™ A= AR 2 M Frday i, DA A A B ST R AR AR S i i
JAE ROZA M, A AT 58 5 i B R AT TR -
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, /PATH/lfw/Azra_Akin/Azra_Akin_ 0003.jpg:0+19927,
/PATH/1fw/Azra_Akin/Azra_Akin_0004.3jpg:0+16030

14/09/18 20:36:25 INFO SparkContext: Job finished: count at

<console\>:19, took 1.151955 s
1055

XEFATE R 10553 Z AL,

2. AL BE ER AR

R ScalafllJavafi —26 0] F T HRJR/R B fr, {HiX ZPythonFimatplotlib B 4EH Y . FRATTHHE
FScalafe b PRI SR IR ERE AR, SRS TEIPython P JE /R SEBR AT Ao

AT LAFT I B 0 i 1ok, 373817 — 1M Python NoteBook :

>ipython notebook

%, JeR AR Python NoteBook, & 5t %447 T @ 694X 5% A Bk AR
LA K T VA A Mnotebook E L (LA F 4 ) A4 257 $pylab inline,

W AT L slisA ) B 48 1 ) BT Py thonZuify, S 1T 1A 2 T a2 il D R

>ipython -pylab

TEEARF IS, FEAER ARAEMLIbH H 7 RScalafilJavais 5, Ur LAFRAT 4R 2L i Scala Spark
Loiist i, K, RANTEAESEH & s 7PySpark.

H AR F &RATVAPython#p Z'r‘\ﬁ\?Python NoteBook#)7 X324 T BT A %9 PythonfX AL
X T & RKIPythonf9 # A2, 5 A BIPython/X. A% ¢,

fifi Fimatplotlibf¥) imreadflimshow ik, ML IRATZ AIHEAIEEAS, ATLURRHE A

path = "/PATH/1fw/PATH/1lfw/Aaron_Eckhart/Aaron_Eckhart_0001.jpg"
ae = imread(path)
imshow (ae)

, 5% A B B K AR T EAR #9NoteBook L ( 34, 4w R AR4k A A7/ 49 TPython
‘ Kit, AE—AREHFO L), EEEMNXLEHRTANL .

3. RENEEE R {EAEE

KR AL PR REANTT IR C AR B RTHEIE R, (BRA T ZMIE— LA MR Ak S~
B— R OR AT RIZOR A =R R . ApI4E, Bllx, yrlebr, FOREMERD
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i, HEMEEFROREMERN, K % (RGB) —JL@RI(HE.

— D IKBEE R B MR R AU Z—ME (A ERGBIE ) RFon, IR DU 8R4
R o ARZHNE T ARG ERAL BB 7 AR 55 22 RAL R E R Fr o A PR d i S e (]
Fr 5 IR BE P R AR B A H

TENLER IR 55 T, A — i IR D7 SURAE R R Fom s— i, AR RER . Bed Tl i
BEHIEFE T (SRS R (R ER ). XHE— KRG
PR RHE I i, VROl I B R A

TAVREZ, JavafE UAWT (FZ 6 0 T EE ) &R 23R M EG A B R K. FRAT TR
Hiava.awt & L—EIIRERECR AL E .

(D) HARE R
SE— PR BUE M SRR

import java.awt.image.BufferedImage

def loadImageFromFile(path: String): BufferedImage = {
import javax.imageio.ImageIO
import java.io.File
ImageIO.read(new File (path))

}

LFFR Al —1Java . awt . image . Buf feredImageZE Y SLHI, fA6# & F BT AR Z A H
B s, FRATTHESpark shell 02 565 — i 1 AR e .

val aePath = "/PATH/lfw/Aaron_Eckhart/Aaron_Eckhart_0001.jpg"
val aeImage = loadImageFromFile (aePath)

N EE e N AN DD

aeImage: java.awt.image.BufferedImage = BufferedImage@f41l266e: type =
5 ColorModel: #pixelBits = 24 numComponents = 3 color space =
java.awt.color.ICC_ColorSpace@7e420794 transparency = 1 has alpha =
false isAlphaPre = false ByteInterleavedRaster: width = 250 height =
250 #numDataElements 3 dataOff[0] = 2

R REAE B, AR R B SE R A R2501% %, HHIRMTTLLE _
), B4t UERGBIE ) $0k3, FERTIE RGP T .

(2) FEA K P B A R A RSF
AT LT R Y BRSO LT — > PR ECIM 2R O F, BRI EAE N IR, kAR A
Y e A o

X — TR RGN, (BN TRCRER S5 T XA S I, ([ FHRGBE @K H
A2 IR R 2 (e A B AR 38 0 =A% . DI, 3R I R R R i T Ab BEFIAEA 1) 7
. IRATELAII250 x 2508 Fr A: iR A1 7187 500/ F = 5 iyt i . ST 105508 B i =
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WAE197 812 50054 sk o BIEE LUEEE A, B—ME 5 4T NAE, 45800 MBIIATS
PREFR], ERSBUTSIRE S R K IEFENAA TS

AR KRS L F , FEBUBIEL R, HO7S0 x SOIRZ A/, Bl LA Z2500Keli
FERRERIETE . XEF10SSTRIEL . KMESEIIT 10 MBRIPIAE, T0E ATl THUR 1T 2.

B — AN E R T8 R B SEMLIbA PCAKE A A2 1V F10 0003 #9 X35 X% 64 4
Q R IR S £2500] (HAMEF LR ANBIE G T — ),
P ARG W AT A X AN TR,

TR A O FERRE . FRATH FHjava.awt.imagefl— 25 5058 I B e 46 R R T 2l s

def processImage (image: BufferedImage, width: Int, height: Int):
BufferedImage = {

val bwImage = new BufferedImage

(width, height, BufferedImage.TYPE_BYTE_GRAY)

val g = bwImage.getGraphics/()

g.drawImage (image, 0, 0, width, height, null)

g.dispose()

bwImage

}

PRSI R — TR T — MR T8 . = MUK BERIRI AT IR o 565 = AT DSR2 o K B ]
h o drawImage 7 EATTE AN B TRATR BT —SHraab 3 i R o

DR R B4 e o e R FE T R I8 ROT 3100 x 10048K

val grayImage = processlImage (aelmage, 100, 100)

il G o ROz LA N i

grayImage: java.awt.image.BufferedImage = BufferedImage@21f8ea3b:

type = 10 ColorModel: #pixelBits = 8 numComponents = 1 color space =

java.awt.color.ICC_ColorSpace@5cd9d8e9 transparency = 1 has alpha =

false isAlphaPre = false ByteInterleavedRaster: width = 100 height =
100 #numDataElements 1 dataOff[0] = O

TE A S S AR A P, B B R SERR SR 100, EREZEFEAERL T 1,
SRIGAFARALFIL A R SCF BT A, X AEFRATAT LATEIPythond5 il & th Sz U I R .
import javax.imageio.ImageIO

import java.io.File
ImagelO.write(grayImage, "jpg", new File("/tmp/aeGray.Jjpg"))

RIIZE BRI G B T erue, SEHRATRIPHEIKE R aecrey . joofffEEI T/ emp SCHFJ
1% )i 7EPythonH i Himatplotlibisz BT it /s B Jr . 7EIPython NoteBooksl# fif dii H i A T T 1)
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U LA AT 2w T 1 ):

tmpPath = "/tmp/aeGray.jpg"
aeGary = imread (tmpPath)
imshow (aeGary, cmap=plt.cm.gray)

XA S o E R (R EERNTX EABRE R T ). vl LIE R E R F Rk IE R
Fedss, Fimf2E. AN, RS KPR R EH AR, 250 x 2501 54 R B 28 5 A
100 x 100138 ~F

(3) PRBURFE [ 1

A PR R A fi S — 2 SR PR R S ARAAE ) i A o FRAT TR R A A o TE AN Z BT PR 3R, 4
IR BEAR R BARIAE R RAE o FAT RS T — AR SR FE MR 1 —4E 9 [0 B . Buf feredImage
FENMARAE T — AT AT, ATLAEFRA TR sRECH (] -

def getPixelsFromImage (image: BufferedImage): Array[Double] = {
val width = image.getWidth
val height = image.getHeight
val pixels = Array.ofDim[Double] (width * height)
image.getData.getPixels (0, 0, width, height, pixels)

}

ZIRHATE— N IRE R A X =R AL, B2 — AN R SO B AT AL R 55 AN s
R[] — M SR R Aarray [Doubel 11H :

def extractPixels(path: String, width: Int, height: Int):
Array [Double] = {
val raw = loadImageFromFile (path)
val processed = processImage (raw, width, height)
getPixelsFromImage (processed)

}

FEIXA RO 24 75 18 A AR FYRDD Y R — R R L — BT RDD,  BrfyRDDAL
EERE T AR R R DE T e E B IR LR

val pixels = files.map(f => extractPixels(f, 50, 50))
println(pixels.take(10).map(_.take(10).mkString
(we, w,w, W, ...")).mkString("\n"))

TREE BN Wi -

9.0,0.0,0.0,0.0,0.0,0.0,1.0,1.0,0.0,0.0,
241.0,243.0,245.0,244.0,231.0,205.0,177.0,160.0,150.0,147.0,
253.0,253.0,253.0,253.0,253.0,253.0,254.0,254.0,253.0,253.0,
244.0,244.0,243.0,242.0,241.0,240.0,239.0,239.0,237.0,236.0,
44.0,47.0,47.0,49.0,62.0,116.0,173.0,223.0,232.0,233.0,
9.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
i.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,0.0,0.0,
26.0,26.0,27.0,26.0,24.0,24.0,25.0,26.0,27.0,27.0,
240.0,240.0,240.0,240.0,240.0,240.0,240.0,240.0,240.0,240.0,
9.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
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I — R K R B EEMLIbE R . FATREZAFRDDAANEFA T2 )5 BT

import org.apache.spark.mllib.linalg.Vectors
val vectors = pixels.map(p => Vectors.dense(p))
vectors.setName ("image-vectors")

vectors.cache

3 FBAVE A setName BT RKALRDD— AN L F., X2, RAIE L inage-
Q vectors, XA#Z 5 JESparktd Web R i ¥ £ 4 51751 € .

4. IEM1E

TEIBAT IR JE HOE PCAZ BT, 38 2 X AR A AR Al o IE AN ATTAE SR 5 &l ]
Spark QI P BRI, FAT PR HIMLIb A RFAE LR BN i st andardscaler AL, 1EIX
AIF, FA TR B SR

import org.apache.spark.mllib.linalg.Matrix

import org.apache.spark.mllib.linalg.distributed.RowMatrix
import org.apache.spark.mllib.feature.StandardScaler

val scaler = new StandardScaler

(withMean = true, withStd = false).fit (vectors)

P it BB ST ROD [Vector ] BT . VRIIZ AT LA BIZSIX B ) Hr H

14/09/21 11:46:58 INFO SparkContext: Job finished: reduce at
RDDFunctions.scala:111, took 0.495859 s

scaler: org.apache.spark.mllib.feature.StandardScalerModel =
org.apache.spark.mllib. feature.StandardScalerModel@6bblalal

S EE, A TRE QAN IET ARBCE L, 1224 THRLE, RICFH
QU e sms, s P st SRS AR, 52
ARABUEIAG

i, TN R IR s caler KA BB B R, LEPTA R 2k 2 frs P2 (E -

val scaledVectors = vectors.map (v => scaler.transform(v))

AT Z HirH BN AE RO B2 EG0RE 25 o R REL0 MBI INAF o S5 I, AT LATESpark b [T
Wi GG i A B NAEHE RSO . http:/localhost:4040/storage/

H A4 T EUERDD— N KU B 44 Fimage-vectors, RN IZZFE I 40E8-1 17~ BIfE B
(TEERATELEM IR Evector [Double], F—MICE &GS HAFEIR M AE4 LR, FILSLER
T E20 MBI NF ):
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e 68 6 J Spark shell - Storage + O
L
& | & localhost: 4040 /storage/ e | (B~ Coogle a8 & & =
SpOI’iZ Stages = Storage  Environment  Executors Spark shell application U
Storage
RDD Name Storage Level Cached Partitions  Fraction Cached Size in Memory Size in Tachyon Size on Disk
rs  Memory Deserialized 1x Replicated 2 100% 202 MB 00B 00B

K18-2 A H R AR A R/

8.3 IIZkFEHEIREY

MLIibH R AR T B Ve A . (EJE, IR RIS HHALFERDD [Vector], PCAFI
SVDTHA SR i FR 3 T RowMa t ri x Y A IESEELAY (X EZRIE LA, RowMatrixtill
AL E—ARDD [Vector ] A Bt ),

ELFWHHESE LiE1TPCA

RAFATE 2 N EMG B9 G ZE s B 7 e, PREETT LARia b — i RowMat rix, JF:
W computePrincipalComponent s R ITHHE-FRATHY 7340 = RE A HTAAS 5053

import org.apache.spark.mllib.linalg.Matrix

import org.apache.spark.mllib.linalg.distributed.RowMatrix
val matrix = new RowMatrix(scaledVectors)

val K = 10

val pc = matrix.computePrincipalComponents (K)

BTG, R S AEE ] A B AR

Jn R A B IX AF 69 %% . WARN LAPACK: Failed to load implementation from:
com.github.fommil.netlib.NativeSystemLAPACK 3% % WARN LAPACK: Failed to
load implementation from: com.github.fommil.netlib. NativeRefLAPACK, 4& ¥ ¥Az&
NP S

X BB R BLMLIIbE 89 R BE R AR R A E X af, K T Java#y
Bk AL R, BRARAZ— L, BT RANGH T RGL— SR AR,

ﬁf_

BIINGREE R, O e 5 B BIZRL T A2 R .

pc: org.apache.spark.mllib.linalg.Matrix =
-0.023183157256614906 -0.010622723054037303 ... (10 total)
-0.023960537953442107 -0.011495966728461177
-0.024397470862198022 -0.013512219690177352
-0.02463158818330343 -0.014758658113862178
-0.024941633606137027 -0.014878858729655142
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-0.02525998879466241 -0.014602750644394844
-0.025494722450369593 -0.014678013626511024
-0.02604194423255582 -0.01439561589951032

-0.025942214214865228 -0.013907665261197633
-0.026151551334429365 -0.014707035797934148
-0.026106572186134578 -0.016701471378568943
-0.026242986173995755 -0.016254664123732318
-0.02573628754284022 -0.017185663918352894
-0.02545319635905169 -0.01653357295561698

-0.025325893980995124 -0.0157082218373399...

1. AL E RS
RN ZINGR T A CBIPCABIAY, BEFRA? TEFRATIHT— T 45 RFE R A A R L

val rows pc.numRows
val cols = pc.numCols
println(rows, cols)

IR TS E i B RIS, F A 25001710371

(2500,10)

(R R A3 5K B R O ZEFE 250 x 50, FTLAFRATASE] T AT 1040 E sy, A —4 )i B 4k E AR A
AR AR RE —FE o AT LA X288 e — 2R & T AR £ B A B2 (B ) 451E .

. A2 B3R A fe B AR AL B, Kk % 4 R AR A B AER, X2 W APCA
% Fo R 45 FCYE A POy 2 4BV 6 SR AEAA 5 R AE AR X . & WLhttp://en.wikipedia.org/
wiki/Eigenface KA £ % ¥ .

KRB~ RSB RN G R AR AR RS, B— A S ] DAV — kG, X fiifs
BATT A B A P AR RS Bk T RE

IENZ AR 250, fd H BreezeZk 4 R A% APy thon Y numpy M matplotlib ) bR £k 7T
PALRFIERS: o

e, AR R (—AMLIb%E% ) €73 —1 Breeze DenseMatrix:

import breeze.linalg.DenseMatrix

val pcBreeze = new DenseMatrix(rows, cols, pc.toArray)

BreezefY1inalgfl FHEME T S A BRBGEERE RS BICSV T o FoAT RS FH & 408 F PR AT
HIEHFCSV I

import breeze.linalg.csvwrite
csvwrite(new File("/tmp/pc.csv"), pcBreeze)

ZJa, BATEAEIPython -P Nz AE R LA EUR RTE T 0L £ sy 28 02, numpydRt T
M CSV S RO R ) T HE PR AR .
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pcs = np.loadtxt ("/tmp/pc.csv", delimiter=",")
print (pcs.shape)

PRIEIZAE )T TR, B A TSR T I AR DR R A 2 P A [
(2500, 10)

FA 17 B R B R B R, B RE SRR

def plot_gallery (images, h, w, n_row=2, n_col=5):
"""Helper function to plot a gallery of portraits"""
plt.figure(figsize=(1.8 * n_col, 2.4 * n_row))
plt.subplots_adjust (bottom=0, left=.01, right=.99, top=.90,
hspace=.35)
for i in range(n_row * n_col):
plt.subplot (n_row, n_col, i + 1)

plt.imshow(images([:, i].reshape((h, w)), cmap=plt.cm.gray)
plt.title("Eigenface %d" % (i + 1), size=12)
plt.xticks (())

plt.yticks(())

://scikitlearn.org/stable/auto _examples/applications/face recognition.html,

[ g XA B F BB scikit-learn X A% 89 LFW 3% 3% 48 A 4] K B, R 3k 4 .
http

BUAE, FA TR XA B R 10N AR -

plot_gallery (pcs, 50, 50)

ZE AN -3/ «
FHAERS ] FHAERS2 HHAER3 FAER4 FAERSS
HEAE 6 BRI T FEERSS FAERSO FEAER10

K8-3 At NRFALK:
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2. EREFHIER

M WAL BT YIRS, FRATRT LI BIPCARRUA BOtAR U 1 52 B2 ist, el
TR IS BRI . BEECR IR —FE, R T BRI nT LU RS . FIERIE—4E, FFA
B ELHERT B i B MR A

MOX S R AT LB, A BRGS0 8 T 07 P RERAE (B GRe MIER9 ), A
e R T A (FanER4 . S5, TR0 ), T HABRRLT- R AR AR S, FLUnEREE . BT
g CElmEHRL . 719 ),

8.4 (FRMEHRE

P A7 AT — R RO 45 SR RARA A0 5 (R B4R 7 1 e 00 B 2 284 3 Bl
FIERGEL IR, JFREE & IR Bee 2 i B 2 AR A AL . O TN — i, A7 2
(LNl £ SRR IV DY =8 €7 R e -2l E I8 SN o o N O e D e e T ol

8.4.1 FELFWHiES L FERPCAR IR

A TR E T R — N LFWIRHE R 211048 1% [m) S 7R 18 o FH A B afe i e L
N E R TR PR . TN UG SE RS2 0 i U MLLb RowMatrix, Spark#sBhFRAISE
BT A E A mul tiply PRAL .

val projected = matrix.multiply (pc)
println (projected.numRows, projected.numCols)

XK 7 A I T ) A

(1055,10)

TR BRI 250048 B2 1 EUR i iy — A /N 10ig i o iEFRATE B LA M &
println(projected.rows.take (5).mkString ("\n"))

LTRER

[2648.9455749636277,1340.3713412351376,443.67380716760965,
-353.0021423043161,52.53102289832631,423.39861446944354,
413.8429065865399,-484.18122999722294,87.98862070273545,
-104.62720604921965]
[172.67735747311974,663.9154866829355,261.0575622447282,
-711.4857925259682,462.7663154755333,167.3082231097332,
-71.44832640530836,624.4911488194524,892.3209964031695,
-528.0056327351435]
[-1063.4562028554978,388.3510869550539,1508.2535609357597,
361.2485590837186,282.08588829583596,-554.3804376922453,
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604.6680021092125,-224.16600191143075,-228.0771984153961,
-110.215392018559071]
[-4690.549692385103,241.83448841252638,-153.58903325799685,
-28.26215061165965,521.8908276360171,-442.0430200747375,
-490.1602309367725,-456.78026845649435,-78.79837478503592,
70.62925170688868]
[-2766.7960144161225,612.8408888724891,-405.76374113178616,
-468.56458995613974,863.1136863614743,-925.0935452709143,
69.24586949009642,-777.3348492244131,504.54033662376435,
257.0263568009851]

LB i) i AR BB IS BRI AT LURIRAE D 55— WL~ T R e Ao 1A mT
DA it (7 Pk e 52 i PO M ) 505 e A — S A T A PR 80 A B B s , LRI ZR— 1~ T

PR

8.4.2 PCAFISVD#REIAXH

FANZ BT RIPCAMISVDA FH VI MR o S5 1, w] U HISVDIRE Hi A R 4 32 i sd 1
FH ELSE AR ) A 55 RE M 15 21 T i 25 1)

TERATHGIFr, SVDIFR A A & 5 ) i 55 6] T 3RA AR R0 =800 . FTLGE 7R K]
B IR SVDIF A & S 10 B MIPCARI A R UL — 51X FLPCAMISVDAYIHHAAR n] DL
153 i A RowMa t v 1 x FEHERY PREIE K

val svd = matrix.computeSVD (10, computeU = true)

println(s"U dimension: (S${svd.U.numRows}, S${svd.U.numCols})")

println(s"S dimension: (${svd.s.size}, )")
println(s"V dimension: (${svd.V.numRows}, S${svd.V.numCols})")

A LI F|SVDIR A1 —A4N1055 x 104EHREU, — AN M 1008925 S48 17 2 SHT—1~2500 x 10
A AT SE R
U dimension: (1055, 10)

S dimension: (10, )
V dimension: (2500, 10)

TR VAIPCARYZE R I8 e —HE (N5 IR S5 MR R0R2E o AT L il — D TR e Bk
BRI A o B R T A X — A

def approxEqual (arrayl: Array[Double], array2: Array[Double],
tolerance: Double = le-6): Boolean = {
// note we ignore sign of the principal component / singular
vector elements

val bools = arrayl.zip(array2).map { case (vl, v2) => if
(math.abs (math.abs(vl) - math.abs(v2)) > le-6) false else true }
bools.fold(true) (_ & _)

}
FATHE—LE R b X A PR
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println (approxEqual (Array (1.0, 2.0, 3.0), Array (1.0, 2.0, 3.0)))

XS TRATT I T R i
true
SR ) — I -
println(approxEqual (Array (1.0, 2.0, 3.0), Array(3.0, 2.0, 1.0)))
SR FRATTT I
false
e, AT LA FHFRAT A AH S5 pR 4L
println(approxEqual (svd.V.toArray, pc.toArray))
true

THM— RSN BE . FEFEUREIES (B ARk TE, XAREFES) BIAFIRPCAH IR
FE Iy PGB 1507 21 104 ZE oK) FIC AR 25 1] P O B0 REL AT 45 -

val breezeS = breeze.linalg.DenseVector (svd.s.toArray)
val projectedSVD = svd.U.rows.map { v =>
val breezeV = breeze.linalg.DenseVector (v.toArray)
val multV = breezeV :* breezeS
Vectors.dense (multV.data)

}
projected.rows.zip (projectedSvD) .map { case (vl, v2) =>
approxEqual (vl.toArray, v2.toArray) }.filter(b => true).count

BATLERIE1055, PRIIIEATT LI & B2 5 i —17 MISVDEGY J5 B —17 M4

[ O RBENEORETE, HEN, 2R G BRI A R
NS

8.5 IR FFUEIREY

PCARISVDAR A EERIAL, BURXT T45 58 M AR, ST A rhE 45 RIS, X AR
ZRATZHIE B U —LE AL 2R AR AN [ (R0 73 AR ) s PSR ) 552 S A 380 )

X PSR A T LUK 01 22> o s ar (e, PRI i RS Ak — S RO k. JA
I, HOMASIE T DL A A S B (0 3R, RIAEA X 22 s AUE s %} TPCAMISVD,
R EMRITEL M b D)o I, SERAETZ T, AR B s R 2 EdE 4
EE, R R BRI IR AR .
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HELFWHEHES £t SVDRIKE

A AEFR AT Y MG AR AR L5 SVDAR 2 4 (B, 1T DA 2 &5 S(E Rkas 1745 A1
A, I HoRH R s R [, R B
val sValues = (1 to 5).map { 1 => matrix.computeSVD(i, computeU =

false).s }
sValues. foreach (println)

X2 R R TRAT ISR THT B o

[54091.00997110354]
[54091.00997110358,33757.702867982436]
[54091.00997110357,33757.70286798241,24541.193694775946]
[54091.00997110358,33757.70286798242,24541.19369477593,
23309.58418888302]
[54091.00997110358,33757.70286798242,24541.19369477593,
23309.584188882982,21803.09841158358]

AT HEBESVD (HIPCA ) MERZERFIIAE, LL— BRI AR AT B2 — A S AR
HHB . AT LAE B ARG In—A~ 27 S E S AR S R R AR AR

TR R RAI300 75 57 1H -

val svd300 = matrix.computeSVD (300, computeU = false)
val sMatrix = new DenseMatrix(l, 300, svd300.s.toArray)
csvwrite(new File("/tmp/s.csv"), sMatrix)

P AT B0 A9 [ £ S5 B EFCS VI (I AN B FRAT TR A BRAEAE S: r) B 1) e A ) )
Jf HAEIPythondZ il 5 e lml, AR k22 il % oL 1 A7 S(ELIA] -
s = np.loadtxt ("/tmp/s.csv", delimiter=",")

print (s.shape)
plot(s)

PRILIZ T LU B2 R 8-4 BT 7R O 25 28 «
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TERT300>77 5B SRR AL 2k b n] AR B — 2RI (FRAT TR AHE T log X 45 ):

plot (cumsum(s) )
plt.yscale('log"')

107

10° b

ID:.

10¢

0 50 100 150 200 250 300 ‘

E8-5  HI300 1~ SFE A 2

A LAE BIFEAI HEA XA 2Z J5 (A RAEZ 100 ), EIESAAR Y-, X R 2RI # 505 (25
H R ) BIKE AT LR B AR UG B 1L

LR, e RAE R G R A BRI 5 —AER et ge , KA A8 R Fo AR
% MAERAG R 69 1R AL R RS B RATVEBIAL, Bl dm, RATT A8 AUXSE 4o
XIAE, kAo R B R ey e AR R T, (2R X AR EF

B9 R, B A RATL IR F SEABEA 9)| ZFen] K AL AE

8.6 I\E

TEX—3, FRAT242) TS JC W B 2 SRR T R4 B B PCAFISVD ., FRATT T T
LrAe] MG PG A5 SR BURA A R DN A Y S8 i R AR S v MR R B 2 S 24 5] 7 Qi) 1) AR
FUSE R R E TS e L A s e P T O, JEIFSE T PCARISVDZ B () BB R

T8, ATEIRA ] Spark e SCA L BRFN 7347 5 T AR



Spark& 3 AR TR AN

TEER3FE T, FRATRHE TA REFAESRBUNEE AL B 22 A0, b A0 1 MOSCAS Sl Hh 4 B
FHIERYHER R . TEIX—F, FRATRAAEZE ZAMLIbH B R SO BREOR , Sk Se R L1 T4
X R MU SCAS AL

TEA T, FAT T4 -

Q 222 SISO AR R AL PR . RSO R AR A TR 5

O AR SO R B ST LA P SCRE AR (A 5

Q SR U SCA AT 70 FR R A I R A 5

Q PRI A 5 1 AR AR A ) ) e SR | R AR i T Spark £ Word2 Vec 1
RAR ] SR T AR R

9.1 ABMARBFEEMTLFHZL

SCARBEARAL B S IRT AN o 25—, SORAE S A RS MEER, BRI
AARAERESER) (1o, & B30 AR AESERA RIS, X8RI
WL B LANTTTH o PRI, BRaf i RS IO ik W B RO .

0, OB AT AR — R AR R B R R TR . A — Mo b a e T A
PRI . A ARTESE BB 270, SRIE N I ARE S T AT LAAE BB RN SCAR . R,
B 7E R/ N AR b, SCAR G e HE S 3n) 45 21 A 48 Bt n] LU B B o 0 H 2= 80m T . i,
Common CawlFHEEHE N ILTAZA M TCTR Y, 7% T 840012 i,

N T AEBERAN R, FA 1 EARBOE Z ISR, T 2Pl n DUAL B AR SCA K
{UpI RS

9.2 MHIEFHMEAEHIHFE
B #4353 A2 (NLP) SURBIS AL SO HOR G BLIURHE . AEBERIBLASS: ) . fEX—5
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b, RATE HTHEMLILE & AP EE SR R . TR-IDFATE AR R FIRFIERS 7 o

i 327 > TE-IDFRYT-, il LA T i F TR U RO SCAR AR BE | 70l Rt JEEOR, 5 Bk
WA ARG AR, T RESR R SR IBURAIE I 17 B S i A I

9.21 FEIBEBMNERR

TESE3E A, Fefi1 ) T3 RARA, BIFESCACRAAE MR 380 7 5004 3 o g 4y dml ) i JE 20
— S R 2 R A M A 39 90— STA R & ( TF-IDF ),

TF-IDF45— B SCA (MAESCAS ) Hag— MR T —UE . XU FE T R SCAR
BUAAIR (3390 ) THEAF RN o RN A R FH 38 ] SCABICR A A SR B I — Ak o 18 ) TR 4
TR AT SCRY (AT SORY -6 0 7 e 5 A6 3 PR VE 8 ) iR 4345 81 . TF-IDF
TR RIARMEE LT

i —idf(t,d) = tf (t,d) x idf(?)

XH, iftd) e il e SR dF R (HELRURER ), 1df(e)F2: SCHE H R TR] 1 36 ] SCARATIR
IR .

idf(r) = log(N/d)
NGRSO BB, o B B ) ) SO AR

TF-IDFZA 2 75 SO« 78— 3CR P H BRI 22 14 Tl A EE R BRCS D 1) ] 1o 2% A 1 ) 3
ARSI AOAUE . TIIDEIA— (B T s £ A SO P SR B TR A o feeJm A28 2R
U, WA RYECE BB AR T T A RO, AN R (A LR E D) i7E
5 AU A (A B N R

ERFAZ AR (XFEFA@ERZRNEY ) 69— MEFTR: (5 é#"
% %% ) , Christopher D. Manning. Prabhakar Raghavan#f=Hinrich Schiitze#%, 4
HRFdHmit Bk ( HTML A& X T & http://nlp.stanford.edu/IRbook/html/

htmledition/ irbook.html3% #F )
<= X AH ‘1’%‘%%" BT XA, 15507, BRiEiEa, EREK,
ok 2 ;rﬂ#;-;& EA EMTF-IDFX A6 T A7
X R AL — AKX A HEZ A2 . http:/en.wikipedia.org/wiki/Tf%E2%80%
93idf,
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0.2.2 4FEMFE

AR A I — A B AR I EOR , RN BN I SO I 28 8da 4k 1, e lidin g iy
FHIEAT LIBURZ AR RYME (2 H 2 LA TAME ). BULET, FeA12% ik 2 — 2t 75 ikAk
PSSR IR . XAk T Bk, (RS TARH A Bl A Sl

a3 AT FH koo 2 — R fE G i iy BEAE — > 1) 5P ] BER AR E( 2 FARROWLST . 94, fat
XA REAS Y DT RIS A — U 1, X AEF AT T S U, BB
1k, BATE M T — AR TR A R AR, THERXMES I —4] FARA S 7E—EA)
HE—RAE(EE] TR SE R o XMW S R 1 R S 7EFRA TR AU b el U g
SparkZEHH ) B 5 HAT I A

HR, AEHSORM 225 B8] LT 2 0 24 RHIER 2408, XMk 1RiE,
I H.Spark i 145 5 (R EE— 1 AT AR ) MTTARY S THAEE RN (O TR

Mo A RECE D) R AR E SRS, 75 2 RE MU S R B A — A AR AR, IR AT ) Sk
B

RPIE I A A IS A D R X R I ) AR, 33 1] R el i PRI B {E AOS A 3
B CHlFOREER ). BN, X7y IERFAE o ) 5% B B RAIEAS B A A (B 342 FRATPREAE I
WA (R i AR, RPRAER1.0, FoRREIXARHENR B T (G A7 R b 22— 2K
1 CHUZGE, W T—AEMRA, BUGR AR R ).

O 2 5 A A 757 ORI T B B s — A, AN I R B AR AL [l AR/ IR A
G 75 PR RSGER [0 B R MOk N AT R (L, AT PR BRI S AR A (B B — N RRE iR
/N, /N TR RN (RIS ZBOCT LT EZRILATT ).

FHIERS A AL SAE T A A ZA WU L B R E N T o FRERR AR A 5C B, JFHAR
TR, PTRATELRE SRR, AT B i — B B A . B, PUOMFRATIERE 14
WL/ T IR AR AR RO RRE ) B, BRA T BURL AN SR AN 0 g N AF RO ERTRURE, B LN AE T 50
AN BRI B AN AR B B i

SR, AL i HCORAT A B2 R

Q PUATRATEAT QUERFAER] S AR AW, st REMGH [ Fe it ARfe R iE . Biltn,
U A LE R A AEFA T AR Y rh s S5 A £ B R R R R 2 A5 LU IR M

Q P BATERED THRFAEF BN, S AN R R AR Ay B[R] — A R AR 227 Azl A
HR ANEEFRE, HEIRATEEE T — HXG PRORRE R 4R R, XM S DI
TR AT BEA KR IR
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AT @69 P Ak b T AR S £ Toe A R £ 5435 8. http://en.wikipedia.org/
wiki/Hash_function,
E"*&Z TR A — G E R R b A MR AR R A AL S F T 8% L : Kilian
- Weinberger, Anirban Dasgupta, John Langford, Alex Smola, and Josh Attenberg.
Feature Hashing for Large Scale Multitask Learning. Proc. ICML 2009, 7T VA
http://alex.smola.org/ papers/2009/Weinbergeretal09.pdf F 2% .

9.2.3 M 20 #hiEBIHEE T IZETF-IDFHHE

N T BRI, RO —DEFA 2 EBIESE, M120 Newsgroups; X4
B TRARMCCA 2 o IXI2— A 20/ [F] FEAAH A TH B S G, AIRZ AR AL
Pkl X TRATHUESS KU, W] LU IR H ISR EARAE o 76T T A ol T 20 Rtk -
http://qwone.com/~jason/20Newsgroups.

XA AAL P B N SR AR P oy, 0 35 B R 2R 1 60%A140% .
A TP AT A R A AR MR A E AR ZRER 2 ) o IR SRR 1 R H AT ELSp I 4
ARG R PRI, I — I SR A A B S rh R B AR T O i

BT HIZHBEGE $128, HAFUCIHLE T T 4% % htp:/kdd.ics.uci.
~ edu/ databases/20newsgroups/20newsgroups.data.html,
TEIRATIG, e A A S
>tar xfvz 20news-bydate.tar.gz

AEE T A SO . —&20news-bydate-train, %3—/~/&20news-bydate-test, &— [ Y24
Hk T 30 Je 454y .

>cd 20news-bydate-train/
>1s

MURFEAERE TR, B RH Sk

alt.atheism comp .windows.x rec.sport.hockey
soc.religion.christian

comp.graphics misc.forsale sci.crypt
talk.politics.guns

comp.os.ms-windows.misc rec.autos sci.electronics
talk.politics.mideast

comp.sys.ibm.pc.hardware rec.motorcycles sci.med

talk.politics.misc
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comp.sys.mac.hardware rec.sport.baseball sci.space
talk.religion.misc

BRI NEARZ X, B E—KIHE

> 1ls rec.sport.hockey
52550 52580 52610 52640 53468 53550 53580 53610 53640 53670 53700
53731 53761 53791

FANRF AP — 2B B WA LL T ks X

> head -20 rec.sport.hockey/52550

From: dchhabra@stpl.ists.ca (Deepak Chhabra)

Subject: Superstars and attendance (was Teemu Selanne, was +/-
leaders)

Nntp-Posting-Host: stpl.ists.ca

Organization: Solar Terresterial Physics Laboratory, ISTS
Distribution: na

Lines: 115

Dean J. Falcione (posting from jrmst+8@pitt.edu) writes:
[T wrote:]

>>When the Pens got Mario, granted there was big publicity, etc, etc,
>>and interest was immediately generated. Gretzky did the same thing
for LA.

>>However, imnsho, neither team would have seen a marked improvement
in

>>attendance if the team record did not improve. In the year before
Lemieux

>>came, Pittsburgh finished with 38 points. Following his arrival,
the Pens

>>finished with 53, 76, 72, 81, 87, 72, 88, and 87 points, with a
couple of

AA

>>Stanley Cups thrown in.

FATE BRI B & —MNH Rk, Hig kil . FEM—2e M 65 B, RG220
BRI Z

1. 53#720 Newsgroups# &

FTITSpark iy Scalatz il &5, ifRA R IKITNTT: _

>./SPARK_HOME/bin/spark-shell --driver-memory 4g

BE HEEH, SAFRA1REEE Dok ST IE e (A SUE—450H8 ). Ik, F&AiT
T 2l Spark ffiwholeText Files /T KA EA U N A5 EEGBIRDD A — Ml sk
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TE T I BRAS T, PATHEE ] A A% J2: f# 1 20news-bydate 45 £ 5 1Y SCA4F-2

val path = "/PATH/20news-bydate-train/*"

val rdd = sc.wholeTextFiles (path)

val text = rdd.map { case (file, text) => text }
println(text.count)

s T LA A T BETT AL D — S a], PR A Spark s B AAHGEEA H R 454, [FIAER
SEINRZE G L, FRSparkeyic AN A RTAE SR . 7EXHL, IRESF R F m—17,
Bl Spark— 3 & B4 SO K

14/10/12 14:27:54 INFO FileInputFormat: Total input paths to process
: 11314

A BITE R, BoFEH S REH, XA EMIZMZETR “Total input paths to
process” [ 5 HE i 1 —3L .

11314

SRIGIRATE — N2 B 2 7

val newsgroups = rdd.map { case (file, text) =>
file.split("/") .takeRight (2) .head }

val countByGroup = newsgroups.map(n => (n, 1)) .reduceByKey
(_ + _).collect.sortBy(-_._2).mkString("\n")

println (countByGroup)

ey Re N ST

(rec.sport.hockey, 600)
(soc.religion.christian,599)
(rec.motorcycles, 598)
(rec.sport.baseball,597)
(sci.crypt,595)
(rec.autos, 594)

(sci.med,594)
(comp.windows.x,593)
(sci.space,593)
(sci.electronics,591)
(comp.os.ms-windows.misc,591)
(comp.sys.ibm.pc.hardware, 590)
(misc.forsale, 585)
(comp.graphics, 584)
(comp.sys.mac.hardware, 578)
(talk.politics.mideast,564)
(talk.politics.guns, 546)
(alt.atheism, 480)
(talk.politics.misc,465)
(talk.religion.misc,377)

A EB PRI B RO A



9.2 MHIE P IIRAE M HFIE 183

2. NREARBIMAFGE

?ﬁﬂ‘]ﬁﬂ—‘ifﬂ?ﬁﬁE‘Jkk*%ﬁ%@]ﬁ}#/\jt*%l'ﬁ‘]}?ﬁ‘ljﬂ%iﬂﬂy ASFgnE) (WMPER R ), H
S . XM ES 3, AT IR AR 24010, FHEREA SRR TR B2/ NS
val text = rdd.map { case (file, text) => text }

val whiteSpaceSplit = text.flatMap(t => t.split(" ").map(_.toLowerCase))
println(whiteSpaceSplit.distinct.count)

B A EZHRATIR G54, E@RAPEAE Anap, m21E F flatMap
Tdk, ERFEE, RAVEAFR T R R R 6538 75 %, B iHMERE Anap
DAL 3

BB

BATSEZ AR B, VR 215 2 317 2 5 AN R B ] ) R -

402978

TEAARETIL, BT TRE BN SO, R [A) S3a] f9E0 (CALt 2 AR 1] B RO 4EE )
Ml B AR

IEFRATE — e BENLE R A SR -

println(whiteSpaceSplit.sample
(true, 0.3, 42).take(100).mkString(","))

EEHEAE S cample B W H Z MM, —‘/\f&'ﬁ#}bﬂ'% HAVEECH
42, IHEFAEAFERA A csanple GFFNARGLER, RNBLERLEZAB
PR

LI 22 7R T T2 «

atheist, resources

summary:,addresses,,to,atheism
keywords:,music,,thu,,11:57:19,11:57:19,gmt
distribution:,cambridge., 290

archive-name:,atheism/resources
alt-atheism-archive-name:,december,,,,ssrsvrs1v1s1111:+.,,addresses,address
€S, 00001

religion,to:,to:,,p.0.,53701.

telephone:,sell, the,,fish,on,their,cars,,with,and,written

inside., 3d,plastic,plastic,,evolution, evolution,7119,,,,,san,san, san,
mailing,net,who,to,atheist,press

aap,various,bible,,and,on.,,,one,book, is:

"the,w.p.,american,pp.,,1986.,bible,contains,ball,  based, based, james, of
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3. BT IRAR

TR iR T e A T ARZ AR, W ELF AR IR AT (AR RAT S ) B i g
f5io KERGP I35 SRR ALK LE FATREBR o FRATTAT LAGE I 25k U0 73 R SCR R RS R 4
T

val nonWordSplit = text.flatMap(t =>
t.split ("""\W+""") .map (_.toLowerCase))
println (nonWordSplit.distinct.count)

TR R AN [v] o) ) A -
130126
WEE— TR LA, FATE A EBR T ORI BA 74

println (nonWordSplit.distinct.sample
(true, 0.3, 42).take(100) .mkString(","))

TRAESE

bone, k29p,wlw3sl, odwyer,dnj33n,bruns, congressional,mmejv5,mmejv5,art
ur, 125215, entitlements, beleive, 1pgd9hinnbmi,
jxicaijp,b0vp,underscored,believiing,gsins, 1472,urtfi, nauseam, tohc4,k
ielbasa, ao,wargame, seetex, museum, typeset,pgva4d,

dcbq, ja_jp,wwldewadg,animating,animating,10011100b,10011100b,413,wp34d,
wp3d, cannibal, searflame, ets, 1gjfnv, 6jx,6jx,

detergent,yan, aanp,unaskable, 9mf, bowdoin, chov, 16mb, createwindow, kjznk
h,df,classifieds, hour, cfsmo, santiago, santiago,
1r1d62,almanac_,almanac_, chg,nowadays, formac, formac, bacteriophage, bar
king,barking, barking, ipmgocj7b, monger, projector,

hama, 65e90h8y, homewriter,cl5,1496, zysec,homerific,00ecgillespie, 00ecg
illespie,mgh0, suspects, steve_mullins,i021087,

funded, liberated, canonical, throng, Ohnz, exxon, Xxtappcontext, mcdcup, mcdc
up, 5seg,biscuits

RUEFA AR B3 TE WA D) 0 SR IRCR AN, (EATSRA TR A5 B i SR
TEATSEAEOLT , B2 O SO P RN 2 (EXETIRARYE, T — 2Pl 2 uE e At
ERCT Y A

et FAE DU AT R 3 e A IMAREUR I Be i B3] «

val regex = """["0-9]*""".r

val filterNumbers = nonWordSplit.filter (token =>

regex.pattern.matcher (token) .matches)
println(filterNumbers.distinct.count)

BCHRIEIN T BRI HE AR

84912
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EBRATHRELRE 55— ad v S Sl s iy i1 -

println(filterNumbers.distinct.sample
(true, 0.3, 42).take(100).mkString(","))

i -

reunion,wuair, schwabam, eer,silikian, fuller, sloppiness,crying, crying,
beckmans, leymarie, fowl, husky,rlhzrlhz, ignore,

loyalists, goofed, arius,isgal,dfuller,neurologists, robin, jxicaijp,
majorly,nondiscriminatory, akl, sively,adultery,
urtfi,kielbasa,ao,instantaneous, subscriptions,collins,collins,za_,za_
, jmckinney, nonmeasurable, nonmeasurable,
seetex,kjvar,dcbq, randall_clark, theoreticians, theoreticians,
congresswoman, sparcstaton,diccon, nonnemacher,

arresed, ets, sganet, internship, bombay, keysym, newsserver, connecters,
igpp,aichi, impute, impute, raffle, nixdorf,

nixdorf, amazement,butterfield, geosync,geosync, scoliosis, eng, eng, eng,
kjznkh, explorers, antisemites, bombardments,

abba, caramate, tully,mishandles,wgtn, springer, nkm, nkm, alchoholic, chqg,
shutdown, bruncati, nowadays,mtearle, eastre,
discernible,bacteriophage,paradijs, systematically, rluap, rluap,blown,
moderates

ALAES], AV T A A 745 . RUS A — SR R Bl R, (HE ST LIEZ T .
4. FBR1EHAIE

5 R BEEE M BE— 1 SOARE (FIRZHOCASE ) By SCR P AR TRl ARt A2
AR and . but, the. of 3%, FRIBCCAFREAIARIFELTE A HR A ia] s HERR 45 ]

L FHTF-IDFIAUR, IARE B2 T8, —MEHIA SR A RIKIDFM L, &8 —
AMRETE-IDFAUE, RIS — A EE AR, A LemteE, T EBRRAE RIS, 54
NHEBEPALE . (AR, Bl S e BRI SRR 5= P IR, DR R vl DA AR i AR AT 1) 1 A4
I ZREE B KN

KEFPA SR PRI IS, B RICA BOA 2RI i

val tokenCounts = filterNumbers.map(t => (t, 1)).reduceByKey (_ + _)
val oreringDesc = Ordering.by [ (String, Int), Int] (_._2)
println (tokenCounts.top(20) (oreringDesc) .mkString ("\n"))

X B ARHS Y, FAT AT U SRR T A 5 I SRR AR AR B — A B R L SO B Y
G o BUENT LU Spark ) £ op RECRAT B HIT201 Hh BRI BUR 2 1 #Liml . (fi%'%%};eﬁi, tophk
B—AHEFITE, A VRSpark i Z5RDD AP HIICR AT o fEXFHOLT , Tl 155 2% BMUCEHER
PRI IR R0 50 — e HE R o

AT EHERACRS, 2T 144 51 5 -
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(the, 146532)
(to,75064)
(of,69034)
(a,64195)
(ax,62406)
(and, 57957)
(i,53036)
(in, 49402)
(is,43480)
(that, 39264)
(it,33638)
(for,28600)
(you,26682)
(from,22670)
(s,22337)
(edu,21321)
(on,20493)
(this, 20121)
(be, 19285)
(t,18728)

SR THURY , 120 VAT L BT PR L3800 oo ) S O E A 5
AP, SV T U R H i

val stopwords = Set (
"the","a","an","of","or","in", "for", "by", "on", "but", "is", "not",
"with", "as", "was", "if",
"they", "are", "this", "and", "it", "have", "from", "at", "my",
"be", "that", "to"
)
val tokenCountsFilteredStopwords = tokenCounts.filter { case

(k, v) => !stopwords.contains (k) }
println (tokenCountsFilteredStopwords.top(20) (oreringDesc) .mkString
(ll\nll))

i -

(ax,62406)
(i,53036)
(you,26682)
(s,22337)
(edu,21321)
(t,18728)
(m,12756)
(subject, 12264)
(com,12133)
(lines,11835)
(can,11355)
(organization, 11233)
(re,10534)
(what,9861)
(there, 9689)
(x,9332)
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(all,9310)
(will, 9279)
(we,9227)

(one, 9008)

RATREERE R 1, AR B AR — L8 Tl . 92 b, RATIOZA — A RAFZ R Al
o HIX E?ﬂl]ﬁ@ﬁﬁd\ﬂﬂ%)ﬁﬂ% (FRAF IR R T 2 J5 /R TF-IDFXS T4 FH Rl 520 ).

T2, FATEMBRIRLAAL A — TR I, X FNFA TR R 5 T iR i SR R 2L, ks
AP AL Y BRI BEAL & R 25 8 o PRI AT LA BR A TR B AR RR A 2 B AR AL /N «
val tokenCountsFilteredSize = tokenCountsFilteredStopwords.filter

{ case (k, v) => k.size >= 2 }
println (tokenCountsFilteredSize.top(20) (oreringDesc) .mkString

("\n"))

FERAG A — T R UEZ S5 7T (Y L] .
(ax,62406)

(you,26682)

(edu, 21321)

(subject,12264)
(com, 12133)
(lines, 11835)
(can, 11355)
(organization,11233)
(re,10534)
(what, 9861)
(there, 9689)
(all,9310)
(will, 9279)
(we,9227)

(one, 9008)
(would, 8905)
(do,8674)

(he, 8441)
(about, 8336)
(writes, 7844)

R T ARLE R M i 22 BRI, BRI T — L] BEAT LAY

5. BT IR KRBT

TESSTR I , S AT — Rl LU R A 25 R BT ) 5 e 5/ SOAS b ) BB AR /Y
BAga] ., N, kA SO R P USRS I i) (TR IR AR e 7 =X, kw7
HEFF IR ):

val oreringAsc = Ordering.by [ (String, Int), Int](-_._2)
println(tokenCountsFilteredSize.top(20) (oreringAsc) .mkString

("\n"))
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45

(lennips, 1)
(bluffing, 1)
(preload, 1)
(altina,1)
(dan_jacobson, 1)
(vno, 1)

(actu, 1)
(donnalyn, 1)
(ydag, 1)
(mirosoft, 1)
(xiconfiywindow, 1)
(harger,1)

(feh, 1)
(bankruptcies, 1)
(uncompression, 1)
(d_nibby, 1)
(bunuel, 1)

(odf, 1)

(swith, 1)
(lantastic,1)

IEARFRATE B, RZEEEREA S B0 X Tl R BRIk S8 iU 55, 1
ANSCASARABLEE LAl A IR g 2 I A, O B — R A SRR B ALY, PR X S B i) TR AT
BeA R RIINZREE . W 93— ad i R BOR HEBRIX SEAR A H B B3]

val rareTokens = tokenCounts.filter{ case (k, v) => v < 2 }.map {
case (k, v) => k }.collect.toSet

val tokenCountsFilteredAll = tokenCountsFilteredSize.filter { case
(k, v) => l!rareTokens.contains (k) }

println (tokenCountsFilteredAll.top(20) (oreringAsc) .mkString("\n"))

PN B2 2D BT P B -

(sina, 2)
(akachhy, 2)
(mvd, 2)
(hizbolah, 2)
(wendel_clark, 2)
(sarkis, 2)
(purposeful, 2)
(feagans, 2)
(wout, 2)
(uneven, 2)
(senna, 2)
(multimeters, 2)
(bushy, 2)
(subdivided, 2)
(coretest, 2)
(oww, 2)
(historicity, 2)



9.2 MEIE P FHIAE RS AE 189

(mmg, 2)
(margitan, 2)
(defiance, 2)

WAE, HHEARR IR A 20
println(tokenCountsFilteredall.count)
s NTATiUE THER

51801

A AE SR AU RE HR N T X B e AR I, HERRAE A 4 B A402 978F% 31 151 801,
IAEE e B A0 A B — AR, IR RIRDDH (R B SCRY -

def tokenize(line: String): Seqg[String] = {

line.split ("""\W+""")
.map (_.toLowerCase)
.filter(token => regex.pattern.matcher (token) .matches)
.filterNot (token => stopwords.contains (token))
.filterNot (token => rareTokens.contains (token))
.filter(token => token.size >= 2)
.toSeqg

T AR AT AR A XA~ sREIOR A5 25 H AR ] %
println(text.flatMap(doc => tokenize(doc)) .distinct.count)

ZERHIS1 801, XA T—L— LT ARG B AR e 2 —2
FATAT LAERDDH 8RN SOR 2 I B 77 300 -

val tokens = text.map(doc => tokenize(doc))
println(tokens.first.take(20))

RH BRI A, X RS T 55— SCR R — 8 i 745 R

WrappedArray (mathew, mathew, mantis, co, uk, subject, alt, atheism,
faqg, atheist, resources, summary, books, addresses, music, anything,
related, atheism, keywords, faq)

6. XTREIAF

B T AESCAR AL AN 7330 o U o 08— PP A B i ol — N R e 5 X (Y fE 8] u
) B, BN, EE0EAT LI A (dogs”E illdog ), 1%walkingflwalkeriX#E i) A] LAFE

P Rywalk, FRPGATRE S, —BEESbRENLP I 75 805 1 R 5 3 S 80 (I AINLTK
OpenNLPAILucene ), 7EiX BAYHIFHr, FAPEAT JEHLEGA T,
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RA G RIA T 7 kAR B T A ke EE T T @8 M ak PR E
% #4943 & . http://en.wikipedia.org/wiki/Stemming .

7. ) TF-IDF{&RY

BLAE FRATT A8 ML 8 45 G Ak 38 A% 3R] 00 =8 ) e DLl i B UK ik . S8 — 2 R
HashingTFEPL, ‘B8 FHARIE A 75 AR A SCAS BRI ML R — N e e iy T b, 205, i
JH—~4 5 BYIDF [a) s U R 0t ) 5% 49 TF-IDF Ja] &,

BRI A AR AR A I A (. CARVR B S S AR AIE ri o 0 AR B ) 11T BB A B 1)
TF-IDFACE (B {a]T A A5 3 T LA 33 SCARBINR ),

B, SIATRMIFEMZE, QdE— P HashingTrIH], GALEESEAin, BRINFFIELERE &
20 (BEHEGE—FE ), FUIRATESER2"™ (5326 000), FRHFHS0 000 s %A 2= A
TRZ B A vhoe, TED BILERE 5 TN A7 S0 JF H RS R 7 fi

import org.apache.spark.mllib.linalg.{ SparseVector => SV }
import org.apache.spark.mllib.feature.HashingTF

import org.apache.spark.mllib.feature.IDF

val dim = math.pow(2, 18).toInt

val hashingTF = new HashingTF (dim)

val tf = hashingTF.transform(tokens)
tf.cache

EEHZAME A L sV T MLIb# Sparsevector &, @ﬁi)‘&”ﬂ]'{%@f
Q JBreezet9linalg#esk, L P3| Al T Sparsevector L, XA T VA#E %, 4
8] & 7

HashingTFHJtrans formpR LA ASCR ( BHASTHIFS1 ) BT —PMLIbfvector
X B THFA I cache AT RAIE PRISTE NAF RN Z 5 B84

IEFRA T — T R BRI — o R

HashingTF#transform#i& B —NRDD [Vector ] 495| JA, HEHHRATT
‘Q VAR iR ] 04 45 R H e ;R MLIb#Y Sparsevector X,
transform & T AWK Iterable 54 ( #ldn—AVASeq[String] H X
Py TAS ) BN AT, RELEE—NERGEREE,
- val v = tf.first.asInstanceOf[SV] -
println(v.size)
println(v.values.size)
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println(v.values.take(10).toSeq)
println(v.indices.take(10) .toSeq)

K2 s T T A A L

262144

706

WrappedArray(1.0, 1.0, 1.0, 1.0, 2.0, 1.0, 1.0, 2.0, 1.0, 1.0)
WrappedArray (313, 713, 871, 1202, 1203, 1209, 1795, 1862, 3115, 3166)

FATAT LAE B — AR g ol e (2R 262 144 CIEIFRATTHERR2" ), SR ] fE ey
RO A 70671 o Fiy th B 5 AT IR 1 [l AR LA B4 B A Al Bt L

PRAE I 35 B EE A IDF AL 5 FIRDD HR I £1 € 732, A Tl i) 2 AR o i AR ot S i)
R BRI 0 SO R, Z 5 HIDFAY t rans formJ7 645747 [7] & 9 TF-1IDF ] & :

val idf = new IDF().fit(tf)

val tfidf = idf.transform(tf)

val v2 = tfidf.first.asInstanceOf[SV]
println(v2.values.size)
println(v2.values.take(10) .toSeq)
println(v2.indices.take(10) .toSeq)

Kifr— N TF-IDFR 5 — TR, 2F IR F A%

706

WrappedArray(2.3869085659322193, 4.670445463955571,
6.561295835827856, 4.597686109673142, ...

WrappedArray (313, 713, 871, 1202, 1203, 1209, 1795, 1862, 3115, 3166)

A DLVEBHERBECE SR T (BAESE706 ), 1aIa s FARIAR T o ZFiT ] 5 3R B4~ i)
TESCRE P BRAAIAS 111 BRAE T 14 18] H2 2R IDF R AU

8. M TTF-IDFIXE

TRk, FRATME LA SR TF-IDFAUE, 438 — 4B ] 5 FH s A A P B9 15 00 & %)
TF-IDF{E = H AR R0

B TR AEAN SO TR-IDF /N KA -

val minMaxVals = tfidf.map { v =>
val sv = v.asInstanceOf[SV]
(sv.values.min, sv.values.max)
}
val globalMinMax = minMaxVals.reduce { case ((minl, maxl),
(min2, max2)) =>
(math.min(minl, min2), math.max(maxl, max2))

}

println(globalMinMax)

IEMFATE IR, f/NOTF-IDFIESE0, HRARHZ—DIEH R
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(0.0,66155.39470409753)

PRAEFRA R EEA R Ba] (O TE-IDFAUE . 78 2 Bii— 19 & FEHRme T, i igmR L
R AE R IR BRI XA A5 TR, AR SRR B T — 2, DTSR
{177 LB 2 FH TR-IDE A &G 45500

X Z AT SAS B 145 3 5 e i J LR B TE-IDF R A 71T, 1T UG B TF-IDF AL 246
FHAGE T AR A AU -

val common = sc.parallelize(Seg(Seqg("you", "do", "we")))
val tfCommon = hashingTF.transform(common)

val tfidfCommon = idf.transform(tfCommon)

val commonVector = tfidfCommon.first.asInstanceOf[SV]
println (commonVector.values.toSeq)

FIE R T A SRR TE-IDF I R, 2R 2R T A a e TEERA T T4
ERS A, I LUKEAS RE A AE 3% U 200 FR A 1) o (E2:, i 6 1 IR 45 X 263 AU A
FHXS A -

WrappedArray(0.9965359935704624, 1.3348773448236835,
0.5457486182039175)

WA, LEFRATXLASANE LA Sl b AR R et . BOoE b, FRATTIA N I SE 1) AL L6 375 et
FikiiPs

val uncommon = sc.parallelize(Seqg(Seg("telescope", "legislation", "investment")))
val tfUncommon = hashingTF.transform(uncommon)

val tfidfUncommon = idf.transform(tfUncommon)

val uncommonVector = tfidfUncommon.first.asInstanceOf[SV]

println (uncommonVector.values.toSeq)

MR BISE R AT LA, 3% 2630 A TF-IDF (R S 18 g TR SE 3 Fil i) «

WrappedArray(5.3265513728351666, 5.308532867332488,
5.483736956357579)

9.3 {£H TF-IDF =%

BIRFANTE VN GE— A TE-IDFREAY , S50 FIRAME SR R SR B S A e, A2
eplas v I B . TE-IDFAMXZ T RN ELE . 2r 2 [l )55 A Tkt BAR IR

AT JE/NTF-IDFREAE R, FRATE== 2T PSS 55— S5 FH TF-IDF ) 25k 3153 5C
AKMLLEE, 15 —AMd F TF-IDF ] A R AN Zr— > ZAR2 7 Jpsi i
9.3.1 20 Newsgroups#iZ&E 8T AU E FTF-IDF4FE

WAL AZIR S, v LB A AR 2 FE B A ) i AR o A ) e S A
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UTHLMAR L, Hoh A — AR A AT LR i BE f R AR SR AU

TEANTE LA RIS TRy , ol RITHE PSSO RO AMRLEE o 34112 24238 38 TF-IDFAE SCA Fe 4t
JR IR R o PR AT A PN s o 5 1] A ) A B AR AT SR P A SCAR RUARRLUEE

AL A SORAT B Bl MR RE s, S ARSI o DR R 3 T 3+ 33 P A 1l
A RUBORTTH SR SZAMLE , Tk~ ) 2 A Py SR v A TR i, i AHA BRG] B 22 19 SO AR
DALV SR =

BUAEATE TE-IDF UL R FAEA T T o T AT 2R phy SO BV R AN TR ) SRt T e S AR Z AR Y
W CBIERTR ). BRI, PUOMERA TE-IDFAUE, XL BRI A 20t iR 45 0 = A 3K s
Wi, PRI AN 2 R B E A 313307 A SRR

B, FA TIPS M AERRHT ) ZH BEALSE P 0T R LA L. SRR — TR ARk

val hockeyText = rdd.filter { case (file, text) =>
file.contains ("hockey") }

val hockeyTF = hockeyText.mapValues (doc =>
hashingTF.transform(tokenize (doc)))

val hockeyTfIdf = idf.transform(hockeyTF.map(_._2))

b miE A E et B R BO% ARDD , (R HUAL R Y ITHERRIE AL AT B o SRS RHFRAT]
(o3 TRV FTRIAT G4 bR AR R Y t rans form T R BRSSP (JEX K seqlstring] 1Y)
ARRAS , AN AR BEAD 35 B A SO I RDD Y ARAS

B, WAV HIDF AR (il Z T E 255 T I SR TR R AT A IDF(H ).

AT hHEERSC e f5 , ST ARSI S A i, IR PR S TR ASSZARRUE (IEInZ
HTTSE, FRATTS A0 FHBreeze B PEAR B PREL, S EMLIIb A i 4% 4 il Breeze i B 7] 1 ):

import breeze.linalg._

val hockeyl = hockeyTfIdf.sample

(true, 0.1, 42).first.asInstanceOf[SV]

val breezel = new SparseVector (hockeyl.indices, hockeyl.values,
hockeyl.size)

val hockey2 = hockeyTfIdf.sample

(true, 0.1, 43).first.asInstanceOf[SV]

val breeze2 = new SparseVector (hockey2.indices, hockey2.values,
hockey2.size)

val cosineSim = breezel.dot (breeze2) / (norm(breezel) *

norm (breeze2))

println(cosineSim)

THAAS BISCR AR BXAULRE KA 20,06 -

0.060250114361164626

AMEA AR T, ESCAEE TR R — A ] S R A A S R R e . PR,
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FRATAT LATA g RV 7R 8 AR ] 375 R ) SRS A T REAS A6 /0 AR ) B3], R T2 A5 AR A A A0

YESXF IR, FAT Tl AR — T g R s, Herp—AS S0k [ i HERRSCRS, 155 —3C
PAREBLIZERE Fl comp.graphics B4, 58 2AHIR A 7% «

val graphicsText = rdd.filter { case (file, text) =>
file.contains ("comp.graphics") }

val graphicsTF = graphicsText.mapValues (doc =>
hashingTF.transform(tokenize (doc)))

val graphicsTfIdf = idf.transform(graphicsTF.map(_._2))
val graphics = graphicsTfIdf.sample

(true, 0.1, 42).first.asInstanceOf[SV]

val breezeGraphics = new SparseVector (graphics.indices,
graphics.values, graphics.size)

val cosineSim2 = breezel.dot (breezeGraphics) / (norm(breezel) *
norm (breezeGraphics))

println(cosineSim2)

REZANIEEIERAR, J£0.0047:

0.004664850323792852

e, AR A SO, — s Sh AT DGR A ZH 1) SCRYAR T RE 2 M AR R SCR A
B HOARLLRE o HFRATI A BR VRIS R BR Y SRS BZ AR S MR BRI SRS 2 A0 L. T T i 5
MR ERT 1 2E FEAILAT 21 4T SR AR BRSO A AR DL SRR R A At -

val baseballText = rdd.filter { case (file, text) =>
file.contains ("baseball") }

val baseballTF = baseballText.mapValues (doc =>
hashingTF.transform(tokenize (doc)))

val baseballTfIdf = idf.transform(baseballTF.map(_._2))
val baseball = baseballTfIdf.sample

(true, 0.1, 42).first.asInstanceOf[SV]

val breezeBaseball = new SparseVector (baseball.indices,
baseball.values, baseball.size)

val cosineSim3 = breezel.dot (breezeBaseball) / (norm(breezel) *
norm (breezeBaseball))

println(cosineSim3)

b, IEMIRATHORE R, FRATH F] % BRORD R R SCR Y R AR AR L J20.05. 5
comop.graphics SURYAH L EL 28R, AHJR D) — i AR BR SCRSAH LU I AAIR -

0.05047395039466008

9.3.2 ET 20 NewsgroupsHIEEFE A TF-IDFIIZXX AR 7 K8

4 JHTF-IDF [ By, FA T BT SOR R IL B A TRITE R TS A s AR LR, AT SCpi =2
[AIRARBARE o ZRfelit, FRATnT BEAL A B i ff AL AR~ SIS ( LLan— A2 ) ~ ) 43> i
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TALEE, SRAFRIRLE IR B (AT ) RO RS E TR 5 T LU DX AN R] Y 5T
o WHGEYL, BOZAT LA 2] B — A MIELE TR L (R ) 3R e ERR LG &R .

1£20 Newsgroups[fiFHr, RE—ANH1 ALK F B E—A28, FRATREM I TF-IDF 45 11
AR N A ZR—A 28

PR FR AT ZAL R R —A 24025y I, FRAT T FIMLLbH AN DU 53, sxXph o vk
KR B, BB R Sparks
import org.apache.spark.mllib.regression.LabeledPoint

import org.apache.spark.mllib.classification.NaiveBayes
import org.apache.spark.mllib.evaluation.MulticlassMetrics

ZJ5, 20 FEUFHE A TR B RL  AT LRI EGE 1 gnt HoIseE, 4 2RI 7 —
/SN T

val newsgroupsMap =

newsgroups.distinct.collect () .zipWithIndex.toMap

val zipped = newsgroups.zip (tfidf)

val train = zipped.map { case (topic, vector) =>

LabeledPoint (newsgroupsMap (topic), vector) }
train.cache

1 RS, WHTRIZ4IRDDIF LG, Hph oo R & — G, i 21 p R EEE & Al
TF-IDF[al it £1df RDDA G o SRJE XEHT A B z 1 pped RDD A% 41> BE(EDGT 38 A L 5 pR
Al —"PLabeledpPoint X4, HEMlabel — M2 Fhn, FRFH & TE-IDF[A &,

A B zipL TR —ARDDA MR S EH 5 K, F BN B 5 H AR

% HEFOILF. R REAE LSRN, KT AT LR, RRAFLL

Q tfidf RDD#enewsgroup RDD#E A &A1 %I 48 F 9 RDDAK T — £ 7 Imap itk a
F3)6, HRGToREM,

MAEFRATA TH&IER 5 ARDD, AT LA AL EAEBIANR DL i e raindr i
val model = NaiveBayes.train(train, lambda = 0.1)

TEFRATEMR S F IS — TR PERE . FRATKEE M 20news-bydate-test U432 HH gk 5 4k
A B, AR5 d FwholeTextFiles & — 4515 B L BN RDD HF A0 5% o i J A4 2]
newsgroups RDDAH[A] 52 M SO BB hR 2%

val testPath = "/PATH/20news-bydate-test/*"

val testRDD = sc.wholeTextFiles (testPath)

val testlLabels = testRDD.map { case (file, text) =>
val topic = file.split("/").takeRight (2) .head
newsgroupsMap (topic)

}
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i AT ZRSE AR ] () 5 2 A B B 4R Hh B SO ——X BURE I FHFR AT T tokend ze s,
SRJG RIS B, 2 5 F O 58 A0 IR MV 2R 85 i B A5 2 AUIDF, JETF I mf5
TE-IDF[i 4, 5, SR pR2E MITF-IDF A, BRI 1HMARDD [LabeledPoint ] :

val testTf = testRDD.map { case (file, text) =>
hashingTF.transform(tokenize (text)) }

val testTfIdf = idf.transform(testTf)

val zippedTest = testLabels.zip(testTfIdf)

val test = zippedTest.map { case (topic, vector) =>
LabeledPoint (topic, wvector) }

EE, A—SARE L, RAME AN 4 EGIDF RN GKE, XA LTI

% B A S A FWRAE T, B I RIERE EOSI GRRIEA D LR H9,

Q dn Bk T EEFH T AIDFE 24 ‘I3, AR EFZE, A ALt
1 R SUBRE = A A B AR A AE B E g AR AE T

IUAEFRA A TR 25 SR FRAT TR AL ) FL SR  FRATHE i FHRDD A R 38 et
FZ 53 A IALF-F515 :

val predictionAndLabel = test.map(p => (model.predict (p.features), p.label))

val accuracy = 1.0 * predictionAndLabel.filter

(x => x._1 == x._2).count () / test.count()

val metrics = new MulticlassMetrics (predictionAndLabel)

println (accuracy)
println (metrics.weightedFMeasure)

3 -3 AT — A2 AT e 5o B 13 £ 3547 (X 2 EAUROCH &, T @ #
Q} BAR, SRR A EIF AIL), Hilit k2 A A

AR R, AR 270 AR DB R R A 41 [l 345 80% -

0.7915560276155071
0.7810675969031116

9.4 IPEXARLIERARRIER

SCARRE PR FNTE-IDF AR RHIEAL BEE AR B S0, 2k 1 X A SCAS B P 248 B 4 B
BELCZERE B o HOBE T X S U SO K I A5 2 AR I T 285 b P TF-IDF AR A 21 )
BRI GR AR, ] LT BT IX 240 PR B2
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7£ 20 Newsgroups##& £ L bL R IR 4 AEFN AL R i B TF-IDF43F1E

TERXAEIFH, FAIAEFHZS M o0 Tl Ab B ) JU6 SCAS L0 G A Bl R e e . AT PR
LEOR EYIZRBERY, IR A TR TE-IDFAFAE VI SRR B ey, PEAG7E DA b poe Bt

val rawTokens = rdd.map { case (file, text) => text.split(" ") }
val rawTF = texrawTokenst.map(doc => hashingTF.transform(doc))

val rawTrain = newsgroups.zip (rawTF) .map { case (topic, vector) =>
LabeledPoint (newsgroupsMap (topic), vector) }

val rawModel = NaiveBayes.train(rawTrain, lambda = 0.1)

val rawTestTF = testRDD.map { case (file, text) =>
hashingTF.transform(text.split (" ")) 1}

val rawZippedTest = testLabels.zip(rawTestTF)
val rawTest = rawZippedTest.map { case (topic, vector) =>
LabeledPoint (topic, vector) }

val rawPredictionAndLabel = rawTest.map(p =>

(rawModel .predict (p.features), p.label))

val rawAccuracy = 1.0 * rawPredictionAndLabel.filter(x => x._1 ==
X._2).count () / rawTest.count ()

println(rawAccuracy)
val rawMetrics = new MulticlassMetrics (rawPredictionAndLabel)
println(rawMetrics.weightedFMeasure)

GERTTRES S NIV, SO VERG A48 b5 LLIRSE TE-IDFRAUR LA [ 2 i, SRR YR
RIS X W e 7 — g, BRI R DL - S AU BEAR e b i FH T S A T A =X
5 -

0.7661975570897503
0.7628947184990661

9.5 Word2Vec {&E#!

B HATM Ik, FRAT— B RRAS ) E AR R R R SO, R B F — 2k =L, tean
TE-IDF, B—2&5it WA RAT BB R 20— B 28R i — AN 1A &

X SRR — B Bk T A SO p 5 R LB S S ok i i . — L R, winT
PIGAd FH TF-IDF [ s — A P SeAE A (Bl anflfi e AT IVE Pl 27 ) BRI ). — > EuBGE Y
5127 P B3] 0 o e 8% B BRI 9 B SRS SR A RS

Word2 Vec it J& i Le A Hp 1) — AN LR SCEE, W FRAE 277 @18 & 7 . MLIibAE B F —Fh
skip-gram#EAY , X JE—Fh T FRE H BLAY bR SORAE 2T TR ] R AR AR
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-2 Word2Vecty a1 LA T A F4Ti4697CE, Sparkty XA TALE T @
&9 ) 1 #%. 2 : hitp://spark.apache.org/docs/latest/mllib-feature-extraction.html#word2vec,
HPasTELSHAEmY, TAMKEINGEE,
. * F Word2Vec #) — /A~ £ ¢ 52 K36 3% Tomas Mikolov, Kai Chen. Greg
Corrado #= Jeffrey Dean# “Efficient Estimation Word Representations in Vector
Space”, 20134 ZEICLR# T4 = #9F] L& & . X B 38 7T vA fEhttp://arxiv.org/pdf/
1301.3781.pdf F #.
7 — AU A0 19 ) & & T 69 B A E GloVe, T VA £2 http://www-nlp.stanford.
edu/projects/glove/4X 2| A~43 .

#T 20 Newsgroups# #EElIZxWord2Vec

7ESpark 1l Z5—>Word2 Vec B BUAHXT T B, FRAT T ELA% 16— RDD, H&—IoR e
— AR P o AT DA FHFRATT 2 B 20 5 4318 I B SCRRAE AR A A

import org.apache.spark.mllib.feature.Word2Vec
val word2vec = new Word2Vec ()
word2vec.setSeed (42)

val word2vecModel = word2vec.fit (tokens)

3 EEHRAVE A setSeed R ik B —ANAUFE-FAF A B DI 25 69 58k, AT A BAD
Q RN GALFE AR LR,

WNZERAYS , FRATHRE 2 — 2L T Ak i -

14/10/25 14:21:59 INFO Word2Vec: wordCount = 2133172, alpha =
0.0011868763094487506

14/10/25 14:21:59 INFO Word2Vec: wordCount = 2144172, alpha =
0.0010640806039941193

14/10/25 14:21:59 INFO Word2Vec: wordCount = 2155172, alpha =
9.412848985394907E-4

14/10/25 14:21:59 INFO Word2Vec: wordCount = 2166172, alpha =
8.184891930848592E-4

14/10/25 14:22:00 INFO Word2Vec: wordCount = 2177172, alpha =
6.956934876302307E-4

14/10/25 14:22:00 INFO Word2Vec: wordCount = 2188172, alpha =
5.728977821755993E-4

14/10/25 14:22:00 INFO Word2Vec: wordCount = 2199172, alpha =
4.501020767209707E-4

14/10/25 14:22:00 INFO Word2Vec: wordCount = 2210172, alpha =
3.2730637126634213E-4

14/10/25 14:22:01 INFO Word2Vec: wordCount = 2221172, alpha =
2.0451066581171076E-4
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14/10/25 14:22:01 INFO Word2Vec: wordCount = 2232172, alpha =
8.171496035708214E-5

14/10/25 14:22:02 INFO SparkContext: Job finished: collect at
Word2Vec.scala:368, took 56.585983 s

14/10/25 14:22:02 INFO MappedRDD: Removing RDD 200 from persistence
list

14/10/25 14:22:02 INFO BlockManager: Removing RDD 200

14/10/25 14:22:02 INFO BlockManager: Removing block rdd 200_0
14/10/25 14:22:02 INFO MemoryStore: Block rdd_200_0 of size 9008840
dropped from memory (free 1755596828)

word2vecModel: org.apache.spark.mllib.feature.Word2VecModel =
org.apache.spark.mllib. feature.Word2VecModel@2b94e480

NZRSERZ IR, ARAE SN FA BRI A RT20- AT A TRI (U st o 3] ) e 3 SRR 52 A0
LA B A F A AR 53 ). it , A Tl A US4 3 Ahockey e A 18119201~ B -

word2vecModel . findSynonyms ("hockey", 20).foreach(println)
WR TR, RS SRR Fllhockey B HHAth— Lz By = JTAH G -

(sport,0.6828256249427795)
(ecac,0.6718048453330994)
(hispanic,0.6519884467124939)
(glens,0.6447514891624451)
(woofers, 0.6351765394210815)
(boxscores,0.6009076237678528)
(tournament, 0.6006366014480591)
(champs, 0.5957855582237244)
(aargh,0.584071934223175)
(playof£f, 0.5834275484085083)
(ahl,0.5784651637077332)
(ncaa,0.5680188536643982)
(pool,0.5612311959266663)
(olympic,0.5552600026130676)
(champion, 0.5549421310424805)
(£ilinuk, 0.5528956651687622)
(yankees, 0.5502706170082092)
(motorcycles, 0.5484763979911804)
(calder,0.5481109023094177)
(rec,0.5432182550430298)

YER 75— 15, FefiThlegislationFF 41~ 2013 Sin) :
word2vecModel . findSynonyms ("legislation", 20).foreach(println)
TEXAMGFr, FRATT AR B e fin] 56 . BORTRDLRRIE 5 A0 G .

(accommodates, 0.8149217963218689)
(briefed, 0.7582570314407349)
(amended, 0.7310371994972229)
(telephony, 0.7139414548873901)
(aclu,0.7080780863761902)
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(pitted, 0.7062571048736572)
(licensee, 0.6981208324432373)
(agency,0.6880651712417603)
(policies, 0.6828961372375488)
(senate, 0.6821110844612122)
(businesses, 0.6814320087432861)
(permit, 0.6797110438346863)
(cpsr,0.6764014959335327)
(cooperation, 0.6733141541481018)
(surveillance, 0.6670728325843811)
(restricted, 0.6666574478149414)
(congress,0.6661365628242493)
(procure, 0.6655452251434326)
(industry, 0.6650314927101135)
(inquiry, 0.6644254922866821)

9.6 g

TEX—F T, FATERAM T T ZIHSORAE B , FFHRE T MLIbE SCAR AL HURE
J1, FEIETE-IDF SR AT o Fefi127 2] 1 (I TE-IDFARE A9 25 SRR T H R SCA R R EE I 11 25
B T R T B, i) T B A TR Y Word2 Ve B BR HH58 — AN SUA
HrEATE R R, TN 2R AR R B AN 25 5 i) b 3G SRR 4R] o

TEF—EH, AR Ti#fEgess>], WSl il Spark Streaming R I ZRAE L~ KA



Spark Streaming7E =B #1355
FI ERNA

ABE F A 1k — B P R B WAt T BT RHIE S BRI I 244K
BN T —2H 1 A BB o ARG L ] T Spark W RDDAAZ L5, RIS Al 22 ) A1 204
YELE o AT AT LA I Spark (56 e pRECIIA T 21 51 IR BYRDD A AEEHTRDD |, {HIERDD— H A1,
Herp & B A 2

AT — B PR LA 2= B, I AT i [ 78 I 2838 2 — M REE ]
(7B IR ] 1R JEARAE ) IYRDD,
TEARTE, FATH -

Q NMAFELE I REE, OHrEdE Iy, BRI 2R T8T
Q 2% [ Spark Streaming i AL ;
Q APkt Spark Streaming i i FEL2%>] .

10.1 EZES]

AR AL g7 T RROCTE A I C A TE AR & . — ORI, X5kt
AR, BIEYIZREE b S0t 22 48 A B B SR B A

AL T REZITE, fgsy ] LI I GREo e i 58 4 e p S0y b BE— i g Sk (e
Yi, —UHINGE—EED] )o A BESE R — D UNZREEAS , B2 R (0 A -5 2] T A Y
ity (AT 2R bRE s B A ESE A bR ), 7EZRS: 1 Jn B RR L ARt 5 F i 2
AT EAWTEDET A C, A AR B A Z— R E R 2%

TERFHBCE T, SRR, sl A O i R PR AR LRI e, Ry ) 7 ik
AT DAPR R SE I H R N, TN B LS A P SR BRIk
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IR, FELR 7 I RIS RN e e i 7 U T, S5 b, HIRATAEFIBEYLIEEE TR
AT LIS JEMN IR, CLge ] TS RIREE T il I E L2 I BRI )1 . ERAb B 5E
— RG], SGDHEUH—ARAY , SR, O TSR A p AR, AR XT AL B T2
U, AR SR A Y25 2R

TESERAELINE T, BAIAS (BHEWVFAGE ) XGRS, NS5 ARk
AT ZE S 2 B, TELIT LIS AT/ MR ATk, AR B — A, TR —
ANt YIRS -

TELMBE LT EAE B s Wl IS i, JATaT LUK (HOO5 SRR ) ]
T IEEAEH I GRAEY . SRIS(ELE P 3RE B IR, I HIAE L7 A Sy BORT R ( RIE
X—RZH, TERRK LRI Z ] ),

WNTEA T FR], TR TG WIS S AL PEAI Spark StreamingHEAL .

[ P %X TAELF T A http://en.wikipedia.org/wiki/Online_machine learning., ]

10.2 RALIE
TE27 2 WA dE I Spark EA T7E L 2 Z 0017, FRATT I Jee B 1 M T AL PR A HEA IO 41 Spark
Streaming /% .

% T Spark AP APIHIpR%L, Spark®il H il 7 — D FE W FHIH (FIMLIb—FE ), 1Y
Spark Streaming, %11 57 ST A R

BRI ELERNFAC T o 5 ULAY T~ 045 MR SO AIRS Bl s AR Shini Bcdie | i Tl B
B G, BB O B M ARSI

AL R 7 1 — AR AR B — IR I B 7 R S8 (ATHDFSEEURE ) FITEAFfif
PO s AT HE AL B . S T AR R A R, it A BRI Y AT R L R s A T
(R, Bhmp, ERJL—I),

AR, TRACEE TG R s A R G b B, B SERT (A R — P8 Lor 2 —Fb, i
R ERR LMt . ik R, EER R ).
10.2.1 Spark Streamingst4A

AEFRRE TS LRI R HAR, b W AR R
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Q fLb B ARIC SR, JREAETE S B a7 Z A B
Q R G I MIERAESS, 7T LGE ] SR SeE I R EE D 2 ik

Spark Streaming i &5 —Fp ik, HAZ O EIE B i, iDStream ( Discretized Stream ).
— P DStreamSe8 — A~/ MR )T, BE—/MitEAE L F7R8 h—A>Spark RDD, 41[&10-1
JI7R :

BRILIR
( RDD w | RDD W ( RDD w W
L L J J{ J J
"""""" WEAW

Kl10-1 BRI R R

R R A A AR IR U P b2 4 28180 1% 14 I [B) 787 151 28 5 SCHY o A B o3 ORIt Ak
HHRIBAAH SRS B CARHITFAGTRATITAR Do i 4— T RDD¥1 75 M Spark Streaming 7 JHFE 7
FWCRN B — AL BRI AL B A AT SR o WSRAE T 25 I 18] Be N B4 8l 4E , #5155 — 125 iURDD.

1. BN
Spark Streaming#2 i 1 5T B IR IR K -4 45 i fh Spark RDDAH A [ DStream.,

Spark Streaming SZAF AP AR, AFEIETSCATE (FRomTER AN B SRR i, e
MO S BN 229701 EEDStream ) FN3ET W45 A% AR ( $diE ik [ Twitter APTIR . Akka actors
oI B BAS S T M B A B TR, BE Flume . Kafka, Amazon Kinesis%43 75 20 M H 7k
FEHIHEZR ),

apache.org/docs/latest/streaming-programming-guide.html#input-dstreams .

[ XTI SMNBRAO DT A BEA P ZRMNER, HAEX L. http://spark.
I~

2. iR

IEAFRAIESE 1 T HAD B FY, Spark SZHEXRDDIA T4 M50, A A DStream/& HiRDD
A, Spark Streaming$2fit T —/N1] LIZEDStream F 8 AL E G X ehE 54L& FIRDD |
] FH B, @,?ﬁmap . flatMap. joinflreduceByKey,

S5EXRDDIF#:25{L), Spark Streaming et/ EDStream @ & AU . B2 UL, X oLkt
5 F DStream Y 4:4~-RDD, #1717 3 FRDDI AR TCE I
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Spark Streamingif #2 it T reduce Mcount XHEMEF, EATRIBIH—1I0ER (Rt % H )
ZH A DStream X 42 . IEAMERDD L A#RAE, XSRS B il & DStreamit 5 . LR UL,
ENIARIE, AR, Fh2sik I S —4-DStream,

(1) BRI

AL PERDDAYAE TR, e AR — VIR R AR AT LMEASIRZS (CAnfERY %A
aH) TP , S5 1T 1AL f i RIS BRI T BT RS . — Ok U, FATTT LG FIRDD
5 TR BT RS m RS, SRR HE T 2 Rk

fdi FHDStream S X AL YRV A fUE AR, OB T AR R T4 T BB S B RS
Spark Streaming#fit T updatestateByKey FREUH TALBIDStream BB XS, L&y 8t A 3%
e 73X AP R 33X AT 3 B FRA TR A RS AE BRI, IR U B AT 55 1 5
B X AR LU B— DM T DI L, BT S i i, B— 1P kR
HOHESCHO T, B R S 0 SE R UCE

(2) Erim e

Spark Streaming i) APTULER A T — M 46 R K5OK 7 (i P 1 [l 3 v 45 RDD & A 1 L 54
Pt o W 5 2 Bmap ¥ —>DStreamf% 464 73— ~DStream, KA T0T LA FHRDD 5§ o i n-F- B A H
A — B N & 2 A7 AE AN TR AT streaming i i ( 7] B & Sparkal Z HA £ 48 ) 4= AYRDD.,

apache.org/docs/latest/streaming-programming-guide.html#transformations-on-dstreams..

[ T BB o RP) R A i e R L B G 0943 BAE A X AN A hitp://spark. ]

. PITETF
Spark Streaming 7F i1 #l| count AL FH , AN MALEERDD A TH4E . Spark Streaming

A A —EAEDStreamZ_FHATRHTHIMEE . SATH T4 B35 T, JHN 2l & DStreamz _E /Y
. T EILA.

O print: fHAELBETION TR BER G, — SRR L,

O saveAsObjectFile. saveAsTextFilesHlsaveAsHadoopFiles: LA PREHE A —
HEHE 4 1 B Hadoop i SR R GEH, At - Bt A T LA I RIBOR A 44

Q forEachrDD: XANE-TJedm i I, VAP X DStream i f— ML i X 1 - RDD
A B AT B . 2% AR AEBEMACR , HARAEER BN R G . ATERIL . S ih
H RS
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7E E b4 AR B Spark#t & AL B2 — 4, DStreamB-F A& W15 69, RATVE AR E A
jil APATHETF , 1 ERDD LA count VARIELA 45, HAVEZHR L@ AT
P iy — ANk fik % DStream L 93 . 5 oh, EAVRY X B SR A A6 HATAEAT

.

4 BOHEF

[A hSpark Streaming&FAsf [H] P4tk S AL FRECIE R, FTLABIA T — i REE, n/ERTEE .
A [) 8 R BT AE I AT B i 1 R B e e

T O R RN shialBe e o #lin, 10FRPAY T H AISERAY M shiblba nl LIe X—AN 1,
ERSFHA — AT 10FM I DStream&dis . BN, 1T LATHERT 108 h PV b HE4
1M sl O A SFPE S —IK .

FE10-2J7R T X Fh i [ DStream :

A e
‘RDDW (RDDW (RDDW (RDDW (R,DW
L
—
o —— 1
[LRERN:

l10-2 ¥ 3)7 HDStream

10.2.2 {# M Spark StreamingZZ7F &4

FSpark(YRDD—#f, DStreamt i] IR ZZAFTENAFH . GEAF Il I3 S W FIRDDE, 4
Rt E 2 Wi DStream P HYEHE (HATZ A FE BT MERS 80 B 2 MR R S ), &
A RARKAFAL . REHKME T, fffiwindowrki B flupdatestatebykey, MR

ZHIPI RDDEA T AR B G, IT i A SRR A K 2% (lineage ) & X FTIEZEHE, #t
JENFHFIRDD | AR F R TR T RIS & . RDDH RS, w2 PR o 1y s e I 5 30k
P ZJHIRDD ( #(RDDIT R ).
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A A DStreams B A B B A RDD, 1] DU E 3 LA G B9 s 8 Ol o SR, XA T
H ABCHRARER AT F o ISR B AR B2 2548 10 91 HARF A AL B9 ( HDFSEE — B A A 255 5 R R ),
B4 DStreami 7] LA E A,

WEARBER R A IR B T RZ (XFRALFRAR UL ), Spark Streaming¥RINRE A AL T7 20k &
SHEAR RPN S BXERIE T M8 DStreams 7] IFE RIS L T B3 . SR 2=, ]
T RV EE I AT 52 ) A s A mT BEAE T s R MO e 222k

Spark Streamingth 32 KFJ IS ARSI 15 ;KA o (HRAEAL PR ZE I ABIR I, AR A7
R B2 T, (M, Spark Streaming7EBR ST s 8 AR RN AR BE SR e A4

%% 29 % i A A http://spark.apache.org/docs/latest/streaming-programming-guide.
html#caching-persistence #= http://spark.apache.org/docs/latest/streaming-programming-
guide html#fault-tolerance-properties .,

10.3 Blli# Spark Streaming [z FH

FA P38 L A 25— Spark Streaming i F SR8 7 Z B2 [ Spark Streaming #H 5 A FEAAE 2

e FRBA RS VT R GIRR Y o YRR A A T — A7 504 T I S0 Sl R S Al 2 -
FEX AT, FRATTPHE O EE—AN a7 B 0% PR BEHL = A= 306 sh it W48 &% . SR, R ald LA
Spark Streamingi %% W e Ab FEIX A S35 o

AT I H SO AL B (A0 . T H 44 Y scala-spark-streaming-app, 7% —{>Scala
SBTHi H & X3 . FEBIFR AT Filsrc\main\resources H & F 1 names.csv i %I Sk .

build.sbt LA LUTF I H E X

name := "scala-spark-streaming-app"

version := "1.0"

scalaVersion := "2.10.4"

libraryDependencies += "org.apache.spark" %% "spark-mllib"

% "1.1.0"

libraryDependencies += "org.apache.spark" %% "spark-streaming"
% "1.1.0"

HEREFATIN T XF Spark MLIibAISpark Streaming (4KHS T, H:rb B2 4405 T X Spark N & UMK .
names.csv3CPF AT 20FERL A (1 P 44 o FRATTR-AT FH oc 26 22 28 R i B = A o FH B gk 2B
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SRR — 0

Miguel, Eric, James, Juan, Shawn, James, Doug, Gary, Frank, Janet ,Michael,
James,Malinda,Mike,Elaine,Kevin, Janet,Richard, Saul, Manuela

10.3.1 HEYEim

TH Ak s 2R — A MR %, FFRERLAE SO SK T s B Pl i i ks i & B
J, AT OF G M F kgL SR)5 Mnames.csviIR 2 ABHLIE A #E— AT M ES, Ak
BERIL™ fh i 3 -

/**

* MMAER FERERT 0 LR
* HAFR SO, RBiEE RE&EEKE
*/

object StreamingProducer {

def main(args: Array[String]) {
val random = new Random/()

/] EAYRKE A

val MaxEvents = 6

[/ BT R #98 AR
val namesResource =
this.getClass.getResourceAsStream("/names.csv")
val names = scala.io.Source.fromInputStream(namesResource)
.getLines ()
.toList
.head
.split(", ")
.toSeq

/] R RPN T RS

val products = Seqg(
"iPhone Cover" -> 9.99,
"Headphones" -> 5.49,
"Samsung Galaxy Cover" -> 8.95,
"iPad Cover" -> 7.49

)

M i 4 7R S TS 0 48 A A, T A B — > R B I S Bl P A L™ b
TR, A RS R R WA S 5

/** kR SRER */
def generateProductEvents(n: Int) = {
(1 ton).map { 1 =>
val (product, price) =
products (random.nextInt (products.size))
val user = random.shuffle(names) .head
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(user, product, price)

}
i, BIHE— WS EREFIFBEE T B AR T X A
HWRH TN ), A 2 LLOE] SEEBENL A AT R A i REAIL A A -
/] R R ERE

val listener = new ServerSocket (9999)
println("Listening on port: 9999")

while (true) {

val socket = listener.accept()
new Thread() {
override def run = {
println("Got client connected from: " +
socket.getInetAddress)
val out = new PrintWriter (socket.getOutputStream(),
true)

while (true) {
Thread.sleep(1000)
val num = random.nextInt (MaxEvents)
val productEvents = generateProductEvents (num)
productEvents.foreach{ event =>

out.write(event.productIterator.mkString(","))

out.write("\n")
}
out.flush()
println(s"Created Snum events...")
}
socket.close()

}
}.start ()

— BER) CAFRATTY

‘ ANH 8 2B R 35 09 45) T 2 K T Spark Streaming ¥ PageViewGenerator # 4
%

N

IEME 1 F LR, S YR H Sk #scala-spark-streaming-app, - H i FSBT iz 1 71X H -

>cd scala-spark-streaming-app
>sbt

[info]

>

HFH runfiy S HA XN «

>run
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% AEFR BT Tk i -

Multiple main classes detected, select one to run:

[1] StreamingProducer

[2] SimpleStreamingApp

[3] StreamingAnalyticsApp
[4] StreamingStateApp

[5] StreamingModelProducer
[6] SimpleStreamingModel

[7] MonitoringStreamingModel

Enter number:

St reamingProduceri®I, FEFEITIRZIT, LIRS FimadkH .

[info] Running StreamingProducer
Listening on port: 9999

A LLE B AE LA IEAE T 99993 11, SERFFRATTTY 2 H BT 4

1032 Bl BIRIEIER

TR — N RAL PR o FRATTRE R PR A AN AT B I B — R N 2 AL B
RASUNT

/**
* B Scalaf #y—ANf £ #ySpark Streamingi
*/

object SimpleStreamingApp {

def main(args: Array[String]) {

val ssc = new StreamingContext ("locall[2]",
"First Streaming App", Seconds (10))
val stream = ssc.socketTextStream("localhost", 9999)

[/ B RHATEPH R I E
/] FEIBAT

stream.print ()

ssc.start ()
ssc.awaitTermination ()

}
}

B AR, X FESE K Spark Streaming 2 WAL T &2 Z4nid #e . BRI tRib—
A~ streamingContext Xf £ ( — >l sparkContext 2l B R AL FEXF £ ), & & M Z Al
sparkContext HHAIACE I, F BN TFFZ SR AL PR A B R] Rl F, X BB 10FD
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SRIGAE I U TR B R TR socket Text Stream@| @ — MR TR , NEEF RS a5 BUCR
B —Dstream[String] M4 . SRJGFEDStream i Hprint %L, FTERH EHEEIRRTIL
ML,

ADStream LA Aprint £ T AERDD LA A take, R#HITIUATE,

LA SBTIa TRy o TP A 2w 1, (bR riaty, MR5i81Tsbe

>sbt
[info]
>run

IRJGFAT IR B LA AT LR 1

Multiple main classes detected, select one to run:

[1] StreamingProducer

[2] SimpleStreamingApp

[3] StreamingAnalyticsApp
[4] StreamingStateApp

[5] StreamingModelProducer
[6] SimpleStreamingModel

[7] MonitoringStreamingModel

iz17simplestreamingrppM T2, VRMZA 2IRIHTH BRI GZT, STEN 720N
LT

14/11/15 21:02:23 INFO scheduler.ReceiverTracker: ReceiverTracker

started

14/11/15 21:02:23 INFO dstream.ForEachDStream: metadataCleanupDelay =
-1

14/11/15 21:02:23 INFO dstream.SocketInputDStream:
metadataCleanupDelay = -1

14/11/15 21:02:23 INFO dstream.SocketInputDStream: Slide time = 10000
ms

14/11/15 21:02:23 INFO dstream.SocketInputDStream: Storage level =
StorageLevel (false, false, false, false, 1)

14/11/15 21:02:23 INFO dstream.SocketInputDStream: Checkpoint
interval = null

14/11/15 21:02:23 INFO dstream.SocketInputDStream: Remember duration
= 10000 ms

14/11/15 21:02:23 INFO dstream.SocketInputDStream: Initialized and
validated org.apache.spark.streaming.dstream.SocketInputDStream@ff3436d
14/11/15 21:02:23 INFO dstream.ForEachDStream: Slide time = 10000 ms
14/11/15 21:02:23 INFO dstream.ForEachDStream: Storage level =
StorageLevel (false, false, false, false, 1)

14/11/15 21:02:23 INFO dstream.ForEachDStream: Checkpoint interval =
null
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[

TEJA

14/11/15 21:02:23 INFO dstream.ForEachDStream: Remember duration =
10000 ms

14/11/15 21:02:23 INFO dstream.ForEachDStream: Initialized and
validated org.apache.spark.streaming.dstream.ForEachDStream@5al0b6e8
14/11/15 21:02:23 INFO scheduler.ReceiverTracker: Starting 1
receivers

14/11/15 21:02:23 INFO spark.SparkContext: Starting job: rundob at
ReceiverTracker.scala:275

IR, BOZAE Ba T A s i 2 1 1R I 2

Got client connected from: /127.0.0.1
Created 2 events...

Created 2 events...
Created 3 events...
Created 1 events...
Created 5 events...

10080 2 J5, X R A Tt A B B B (] [B] B, Spark Streaming 763 L fih & — ¥kt
RN Torint 81, SOESRR A EdE R LGS, BT

14/11/15 21:02:30 INFO spark.SparkContext: Job finished: take at
DStream.scala:608, took 0.05596 s

Time: 1416078150000 ms
Michael, Headphones, 5.49
Frank, Samsung Galaxy Cover, 8.95
Eric,Headphones, 5.49
Malinda, iPad Cover,7.49
James, iPhone Cover,9.99
James, Headphones, 5.49
Doug, iPhone Cover,9.99
Juan, Headphones, 5.49
James, iPhone Cover,9.99
Richard, iPad Cover,7.49

(& THAANRAGER, BhEREEH RS0 5T R A,

A LMZCrl+CE R TR R P 7. AR E, W KIS B R (B2 S, W
T — MR Z AT RERS ).

10.3.3 BRSO

N, AR AR AT AR . AT 15 220%™ Sl SRR T LA
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ittt ARG ME— PR SRR B A (SR SRS BORLERA ).

TERXAGIF o, A PR AEN S St 2 B SR p R bs . B AR e T XSGt HE 2 1%
SRV QIR B I THI

FA VBT X R S TSR T -

/ * %

* Mg t)Streaming AppS A, HHHDStreamy A —FLeIGIRHFATIILE R
*/
object StreamingAnalyticsApp {

def main(args: Array[String]) {
val ssc = new StreamingContext ("locall[2]",
"First Streaming App", Seconds (10))
val stream = ssc.socketTextStream("localhost", 9999)

/! RTFRIEIARAAEFEREN R

val events = stream.map { record =>
val event = record.split(",")
(event (0), event(l), event(2))

}

ﬁf’ﬁ ?fﬁﬂ]ﬁ']@?ﬂlzmlfcé*mﬁ]E@StreamingContext*ﬂg:‘%?“ﬁo T RAE IR SOAR
N map A RAL, SCARH IR — S50 SRR — M 54 BRI SEIE 3 . map BREUT R SCA TR
A CCHP, e, )" St X HER T AT 7EDStream F i fimap, FIFATTZERDD |1
EAEAIE
ZJ5, i foreachrRODPRECR XTI _L A RDDA L RAL B R AL, 1A IRA TR ZE 4545
IFTENAE R B 5
o+

HHE Ak A AR S, B AN KAA A RRDD, FrA£DStreamn kif A
forEachRDD, M B %134 Fid 69-%id ¢9RDD K 44

*/
events.foreachRDD { (rdd, time) =>
val numPurchases = rdd.count ()
val uniqueUsers = rdd.map { case (user, _, _) => user
}.distinct () .count ()
val totalRevenue = rdd.map { case (_, _, price) =>

price.toDouble }.sum()
val productsByPopularity = rdd

.map { case (user, product, price) => (product, 1) }
.reduceByKey (_ + _)

.collect ()

.sortBy (-_._2)

val mostPopular = productsByPopularity (0)

val formatter = new SimpleDateFormat
val dateStr formatter.format (new Date(time.milliseconds))
println(s"== Batch start time: $dateStr ==")
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println("Total purchases: " + numPurchases)
println("Unique users: " + uniqueUsers)
println("Total revenue: " + totalRevenue)

println("Most popular product: %s with %d
purchases".format (mostPopular._1, mostPopular._2))

}

// Fre&ATSpark EF L
ssc.start ()
ssc.awaitTermination()

}

X foreachRDDHIRDD_E AR R FIEH 1 F 0l B9 58 2R A R O . X BERT 1T LAE
A HAEH A Y RDDAEJ T H AL AT RDDAH DG YL, A4 N B A S O T3

PFHsbt runfREBITRITERF I 1EFESt reamingAnalyticsApp,

[ Q iznﬁ“’d ZWMAELET RS, ERETRHETAR . AN ELERRITHELESZ

RENOFE G, NOZRER BT T i -

14/11/15 21:27:30 INFO spark.SparkContext: Job finished: collect at
Streaming.scala:125, took 0.071145 s

== Batch start time: 2014/11/15 9:27 PM ==

Total purchases: 16

Unique users: 10

Total revenue: 123.72

Most popular product: iPad Cover with 6 purchases

A LU F Ctr+ CHRR & 1 T AR

10 3 4 ¥§4*bL»Eq ILV+
YEREJEHIBIF, AT HupdatestateByKey BREE TR TR E WO AR H 16

L XA~ ek A, H A A 10RP AL s R — Ik . FefT1AstreamingStateAppfE
FUF .

object StreamingStatelApp {
import org.apache.spark.streaming.StreamingContext._

T E X—"updatestateRBORIETIEF PR EFH A Y AT R BAE T APPSR
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TERXFMEO TR —A “O7andds, B Jod, ST . g ST 20 0 SRt Uom 2
BURZSEY “07h, W)™ XTRSES, HHERRRRE.

M HPRASPEALEE Hoption, FAERRERE M (BH—HtEdE ), IF HF2Ee L—180A
{H, Wi P getorElse3R LR .

def updateState(prices: Seq[ (String, Double)], currentTotal:
Option[ (Int, Double)]) = {
val currentRevenue = prices.map(_._2) .sum

val currentNumberPurchases = prices.size
val state = currentTotal.getOrElse((0, 0.0))
Some ( (currentNumberPurchases + state._1, currentRevenue +

state._2))
}
def main(args: Array[String]) {
val ssc = new StreamingContext ("local[2]", "First Streaming

App", Seconds (10))

/) ARREGHRSE, BRRE—AAES

ssc.checkpoint ("/tmp/sparkstreaming/")

val stream = ssc.socketTextStream("localhost", 9999)

/) ETRIELAAE EREFNR
val events = stream.map { record =>

val event = record.split(",")

(event (0), event(l), event(2).toDouble)
}

val users = events.map{ case (user, product, price) => (user,
(product, price)) }

val revenuePerUser = users.updateStateByKey (updateState)
revenuePerUser.print ()

/] B LT X
ssc.start ()
ssc.awailtTermination ()

}

TEAE FH A Z A o) 7 rp AR R ) 2457 R U e e ¥, el 1#EDstream BIEH T updatestate
ByKey, f?/\updateState@ﬁo %Jﬁjﬁ%%ﬂﬂjﬂﬁ:fﬁﬂﬁo

ffiflsbt rundfikff (4] streamingStaterpp /g ShiTEMFIT (WA NE, BT
THEAE R RT ).

RENOMBP)E, THREFIE RS ES . HEF1088E T — S, WA
PP IRES
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Time: 1416080440000 ms
(Janet, (2,10.98))

(Frank, (1,5.49))

(James, (2,12.98))

(Malinda, (1,9.99))

(Elaine, (3,29.97))

(Gary, (2,12.98))

(Miguel, (3,20.47))

(Saul, (1,5.49))

(Manuela, (2,18.939999999999998))
(Eric, (2,18.939999999999998))

Time: 1416080441000 ms

(Janet, (6,34.94))

(Juan, (4,33.92))

(Frank, (2,14.44))

(James, (7,48.93000000000001))
(Malinda, (1,9.99))

(Elaine, (7,61.89))

(Gary, (4,28.46))

(Michael, (1,8.95))

(Richard, (2,16.439999999999998))
(Miguel, (5,35.95))

A LAFE BN T B0 SR FLE AR LA N T .

AL, &AL VAR XA F k4% Spark Streaming#9windowHi% .
Q Bl dm, STANEEAR P ASOPAEA S & @it L L —o4r AR eg it

10.4 {F M Spark Streaming I#{THEZFS)

RS, i Spark Streaming 5 A THAERDDAY 5 AR BT, AbFREPE R ARG L T
fdi FH Spark Y i Ab BT £ 25 & MLIbIW L T SGD I FE L F T B 1, 1T AR SR Al A LR S i
YRR 3] R S B 2 S AR

10.4.1 RMEY

Spark?’jEStreamingLinearAlgorithm%’*‘%@@? AR AL AN SRR My HSePl T
ZPEMIT ( streaminglinearRegressionWithSGD ), ASEMRMAKAL &5,
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UL VAR B P ATk

O trainon: XN HEHINDStream[LabeledPoint IMENSE, SEEGFEAITE A —A>
i ARYDStream [ YIIZ5HAY 0] LABE R H 2 R AEAR R 3 %

U predictOn: XN EEI DSt ream [LabeledPoint 1/ENSEL, SBUE YRR A
AYDStreamfi T, IR [Bl— A F DSt ream [Double], S AT 45 5

TIPS Al foreachrRODFImapAeSE ML EIARAE . [RI, IZBAII AR PSS
PR R B T VIR, FRFA T LA S FH P (A I B el B AR (A S I

FIBRAE R i T — A, U [ A g 2 R AR R TT LU it S B, 8 R A
[l FeATTIRIAE AT L B A i P AN R ) o

RN, T LS B UG A D 2 ) el LA o), sl A — B LN ZRAy 4G
s R, AT LR P AR R A7 RSN R ST, I ELAE A el OB RDAR A S I 1
Cftn, AE—A1 G s R AR O T ER ).

10.4.2 —NEREARREYVATREF

KT HERTEENE, TR0 PRI — AR BT — AR R T, 22 R 7% B P ) S
o TRATHES — A TR ST A UL A AT i 0 [ B B, 4 o 1 0 8 A ] 410
IR0 T 5 AR5

AT B E LA 2SRRI | Y25, SRR BRUEIR T . — AR ild, 3%
F R T EN T (R T

1. BIETRBIBE R 28

B S ST S TS S R TR ST R, — R — AU
T FI—ANEAE R 2 A (B Tl I A A w T ) TR0 A F SS0lés (o P 38 2 1 2
U [ SRR A BT 1 7= A A RO . A BOR 52 A B S Il AR RN 2, LA T
THFRATT 0 T TR FRDSE 2 AR 25 5 25 ) 3 TE A A A 1) i

Foe, R AR ENE SR AR (U1100 ) FUHE R B R (2100 )

) xx
* R ) )3 B ) R 3
*/

object StreamingModelProducer {
import breeze.linalg._

def main(args: Array[String]) {

/] BARBEH R KIA
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val MaxEvents = 100
val NumFeatures = 100

val random = new Random /()

generateRandomArray PREEIHE— N K/MfE RIS, HP R oR @ EAS A REHLA
o TP XA R B A A B E AN BIA R [0 o, AR R S A A A R I P 5 . R4
MR B — N BENLA IR RS (8, b % 1 5 AR [ 42 TV RS (DR 2 0 oFe A e v A A — AN 58
/%% & BRARMIESS 9 69 AR ) & 69 Fx /

def generateRandomArray (n: Int) = Array.tabulate(n) (_ =>
random.nextGaussian())

/] ER—AHRGEIER TR E
val w = new DenseVector (generateRandomArray (NumFeatures) )
val intercept = random.nextGaussian() * 10

FA T 2> sREOR A 1 E KR A BE LB 5 B — DA S & — D BEPLARRAE ) o
e 3 A R e i e BRI AE s AR I (i B8 A ED0T 10 BY FAR{EL

/Fx AR EENBEF S </
def generateNoisyData(n: Int) = {
(1 ton).map { 1 =>
val x = new DenseVector (generateRandomArray (NumFeatures) )
val y: Double = w.dot (x)
val noisy = y + intercept
(noisy, x)

}
JE, M FZ A A A R R A — N W 2 4%, I LASCATE R0 &k BEHLEL
i (FE0EN1002Z 1] ) AEHE A -
/] AR AR B
val listener = new ServerSocket (9999)

println("Listening on port: 9999")

while (true) {

val socket = listener.accept ()
new Thread() {
override def run = {
println("Got client connected from: " +

socket .getInetAddress)
val out = new PrintWriter (socket.getOutputStream(),
true)

while (true) {
Thread.sleep(1000)
val num = random.nextInt (MaxEvents)
val data = generateNoisyData (num)
data.foreach { case (y, x) =>
val xStr = x.data.mkString(",")
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val eventStr = s"S$y\ts$xStr"
out.write(eventStr)
out.write("\n")
}
out.flush()
println(s"Created S$Snum events...")
}

socket.close()
}
}.start ()

}

PRAT LAE S H sbt runBii)a shaE ilids, Pk T st reamingModel Producer
ko PO SECH AL, X R AR AR R AT B [V N ) i

[info] Running StreamingModelProducer
Listening on port: 9999

2. QR E)IREY
T2, FRAPREBIER AL IR Py o FEA el 1 RISE AN 2 AT A IR 234 A 9] A T -

/**
AN G Bk Y3 Tk B ANk A9 TRANME
*/

object SimpleStreamingModel {
def main(args: Array[String]) {

val ssc = new StreamingContext ("local[2]", "First Streaming App", Seconds(10))
val stream = ssc.socketTextStream("localhost", 9999)

X LR ST R AR AE R DT RO A WAL SRR o FRAT PR B — N 1) R AR S U [l
AR RS A B o Fiee, B PRI AR

val NumFeatures = 100
val zeroVector = DenseVector.zeros|[Double] (NumFeatures)
val model = new StreamingLinearRegressionWithSGD()

.setInitialWeights (Vectors.dense (zeroVector.data))
.setNumIterations (1)
.setStepSize(0.01)

SRIG, BRRAE Fmap PREHEDStream P74 Hf RN B0 s il Labe 1 Point L4, A%
HAR B FRRAE ) £

/] R —ARE EAR
val labeledStream = stream.map { event =>
val split = event.split("\t")
val yv = split (0).toDouble
val features = split(1l).split(",").map(_.toDouble)
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LabeledPoint (label = y, features = Vectors.dense(features))
}

fiJa — A el IR AR 4 J= ) DStream A0 2k, DL R T4 DStream B — It A fif )L
ANTCER P FAE «

/) AR EONVEREAER, FATep RN 4 RAR N BT
model.trainOn (labeledStream)
model .predictOn (labeledStream) .print ()

ssc.start ()
ssc.awaitTermination ()

B A4 R T 5 22 P MLIb— AR A K A28, RN TARFER G EH—
AP gD 4 EIE (2 % AMLabeledPoint 4 # s 89RDD ) E#AT % ki,
S XE, ZAVEEREERREAIREAEMELFT, TP, RTUEE
Q F 09RO B, A2 EEA PR AT DI LR At 18] B 38 e, e RAEASBRR GG D) 25 A 1R
XK&HTINER G, RERELFE TRIBEAGERE
ERZEUECR W & wmﬁgkﬁm%,&%ﬁW£mmlﬁﬁﬁuw
gt FAR A 0 AT B R AR AN A

PUTE, HERTESE A imid O i fsbt runidfTSimpleStreamingModel, IEUEFTAE
s —AE CIefEHASBT AR TIEMAY £ ) — HIRACPRREF FFIRETT, BNOATE A A
il 5 2T A

Got client connected from: /127.0.0.1

Created 10 events...
Created 83 events...
Created 75 events...

RENORENG , BLHZITHRE BIRIBINEERIT 46 B R PR PP 5 -

14/11/16 14:54:00 INFO StreamingLinearRegressionWithSGD: Model
updated at time 1416142440000 ms

14/11/16 14:54:00 INFO StreamingLinearRegressionWithSGD: Current
model: weights, [0.05160959387864821,0.05122747155689144, -
0.17224086785756998,0.05822993392274008,0.07848094246845688, -
0.1298315806501979,0.006059323642394124,

14/11/16 14:54:00 INFO JobScheduler: Finished job streaming job
1416142440000 ms.0 from job set of time 1416142440000 ms
14/11/16 14:54:00 INFO JobScheduler: Starting job streaming job
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1416142440000 ms.1 from job set of time 1416142440000 ms

14/11/16 14:54:00 INFO SparkContext: Starting job: take at
DStream.scala:608

14/11/16 14:54:00 INFO DAGScheduler: Got job 3 (take at
DStream.scala:608) with 1 output partitions (allowLocal=true)
14/11/16 14:54:00 INFO DAGScheduler: Final stage: Stage 3 (take at
DStream.scala:608)

14/11/16 14:54:00 INFO DAGScheduler: Parents of final stage: List()
14/11/16 14:54:00 INFO DAGScheduler: Missing parents: List()
14/11/16 14:54:00 INFO DAGScheduler: Computing the requested
partition locally

14/11/16 14:54:00 INFO SparkContext: Job finished: take at
DStream.scala:608, took 0.014064 s

Time: 1416142440000 ms

-2.0851430248312526
4.609405228401022
2.817934589675725
3.3526557917118813
4.624236379848475
-2.3509098272485156
-0.7228551577759544
2.914231548990703
0.896926579927631
1.1968162940541283

WKE RELBIE TR — MR e T R
PRATLATERE A28 1 4% Cerl + COR RN (B 275 AL A o

10.4.3 RK-$1E

MLIibiA £ & — N RAC PRI AS I K-II{E B S, 44 M StreamingKMeans., Xia—A/MMitEK-
PHEEEY BRI, —HEdERIR e, B SREE Z Bt A 20 A0 R U A 241
HEUIT A2 RIS PO R TR

StreamingKMeansfij%# | ii?gr%ﬁalpha (1§ﬁHSetDecayFactorﬁ7£§Eﬁ§ ), TZT%
TR H R RAUE R . — N MO0 alpha BRE BRI S ATH 8, 12a1pha
SRR, B S N 6 5 i BT A 28 -

XERMNASAGEZ X TIRAK-HENE ( Spark L http://spark.apache.org/docs/latest/
mllib-clustering. html#streamingclustering i % 1 8 Z 4015 FFI+ ). Br T 0] LA H Z i it i [m1 )= %5
Pa e b st reami ngkMean st AIA: Btk ABAE, 36 ] ISR AR AN FH i st reamingkMeans.,

ARSI R — 3 2R H KOR B SRR A AR, SRJ5 T8 1T A A R A S o
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Q FEPLEEE— R TR,
Q XA R AR (IR S S50 AL . B R KRB AN I &a
—ANBUETT 228, 5 Zlgenerat eRandomArray BREZELAY 15 1AL LAY
[
X, BT AR R AR IR M AR A 20 A, i AFRATT 437 3 SR A — B ) ) o 2% R A%
FERAIRZE L

10.5 FEZKIERITY

Hlie=s > MSpark StreamingZH AR AR ZIEAEMI BT . AAE PRIEBI AIBUREE 5 7E T
HOPIEER 6w G P52 L TN ST I Sy S Tl VA ol N 775 =3 1 D ol

73— IS B RI0R AR T SCBR ER R R 2 MR A PR R, 2 28 ] ESEI A TR R 1k
£, NINTE R IR BE R 4 AR A A Ak R ) Tt 245

T AR XS AU “A/BIIR” , s FIRTIT A 7E SRR~ S BOR A, 4 DL it Jiip
SEH A Banditi vk . AT DLADRAE LA RI R PERE , A0 R IR 2t S A R RERR AR o m] LS
R A 157 T2

AR fay B — N IR B ARSI, B ORI BRI A AL, AT
B LI AR SR A AL SRR

£ Spark StreamingEb A& B 14 BE

EOVFR 1202 2 O PR I VRS (DA I, Tl 1 R B
SEFPRIERLR R G T 120 A BEBUSE ).

P, Bl AR AR 2, BT RR S BOR IR . FAT THLREME HIARHERY [l R4
PR LB R P RE

TEXAMEFrh, FRATPREAE FHASTR] ) 2 2T SRR A AR e AR IR 8 de o %k, F&AT)
PEXTREABERUS ] , X G TR iR 2 (MSE ) AR 1225 (RMSE ) #6845,

TR R AR A

/**
AR XA R RCEGX AR A RE Ak A AR T HE B 6 M R 40t
*/

object MonitoringStreamingModel {
import org.apache.spark.SparkContext._
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def main(args: Array[String]) {

val ssc = new StreamingContext ("local[2]", "First Streaming
App", Seconds(10))
val stream = ssc.socketTextStream("localhost", 9999)

val NumFeatures = 100

val zeroVector = DenseVector.zeros[Double] (NumFeatures)

val modell = new StreamingLinearRegressionWithSGD ()
.setInitialWeights (Vectors.dense (zeroVector.data))
.setNumIterations (1)
.setStepSize(0.01)

val model2 = new StreamingLinearRegressionWithSGD ()
.setInitialWeights (Vectors.dense (zeroVector.data))
.setNumIterations (1)
.setStepSize(1.0)

/] AR E SR

val labeledStream = stream.map { event =>
val split = event.split("\t")
val y = split (0).toDouble
val features = split(1l).split(",").map(_.toDouble)
LabeledPoint (label = y, features = Vectors.dense(features))

}
TR0 AT i PR 22 AR AT AT Y foy LR R 1) 1 — A . AR, FRATRIE TP

StreamingLinearRegressionwWithSGDAYSER], — 2% E0.01, H—MFTFRKEL0,

RIE, AT AE R A EINZRtg— AL, I H]Spark StreamingfJt rans formpkil, A
BIEE—AH & B MR A R Y DStream:

/] BB AR L X AR
modell.trainOn (labeledStream)
model2.trainOn (labeledStream)
/] RSB T A OB RE R
val predsAndTrue = labeledStream.transform { rdd =>
val latestl = modell.latestModel ()
val latest2 = model2.latestModel ()
rdd.map { point =>
val predl = latestl.predict (point.features)
val pred2 = latest2.predict (point.features)
(predl - point.label, pred2 - point.label)

}
I, R foreachRDDRIHTHMSEHIRMSESS R, Iif45 Rk i BRI 6

/1 FEFEARREASLK, Hr i MSEARMSEL 714

predsAndTrue. foreachRDD { (rdd, time) =>
val msel = rdd.map { case (errl, err2) => errl * errl
}.mean ()
val rmsel = math.sqgrt (msel)
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val mse2 = rdd.map { case (errl, err2) => err2 * err2
}.mean ()
val rmse2 = math.sqgrt (mse2)
println(
gnnn

"m"vostripMargin)
println(s"MSE current batch: Model 1: Smsel; Model 2:
Smse2")
println(s"RMSE current batch: Model 1: S$rmsel; Model 2:
Srmse2")
println("...\n")

}

ssc.start ()
ssc.awaitTermination ()

}

WRARZ P T =4 4%, $dTsbt rundfifEfist reamingModel Producer ®HH 8, 4
WA ERIB TR, 7R ALt AT sbt rundf Hi%$# £J5 HMonitoringStreaming -
Model,

TRIEEFIRAL BRI 3, 2910805 55 — AR AL FIoE e, it U TR

14/11/16 14:56:11 INFO SparkContext: Job finished: mean at
StreamingModel.scala:159, took 0.09122 s

Time: 1416142570000 ms

MSE current batch: Model 1: 97.9475827857361; Model 2:
97.9475827857361

RMSE current batch: Model 1: 9.896847113385965; Model 2:
9.896847113385965

[FIRE MBI IR AL T U, FATT7E B A D 2 — R 1 S AR RS0, B A R Y
FEIRR

WARAERE Pt Lo, feJn BDZAE B — BT IR IS, FRRAGEORA, 55—
AU LA et vy 1) 2 ) AR [l AR X A2

14/11/16 14:57:30 INFO SparkContext: Job finished: mean at
StreamingModel.scala:159, took 0.069175 s
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Time: 1416142650000 ms

MSE current batch: Model 1: 75.54543031658632; Model 2:
10318.213926882852
RMSE current batch: Model 1: 8.691687426304878; Model 2:
101.57860959317593

WARAERE P IE AT RN ], W %R BIER — R B BRI AR

14/11/16 17:27:00 INFO SparkContext: Job finished: mean at
StreamingModel.scala:159, took 0.037856 s

Time: 1416151620000 ms

MSE current batch: Model 1: 6.551475362521364; Model 2:
1.057088005456417E26
RMSE current batch: Model 1: 2.559584998104451; Model 2:
1.0281478519436867E13

3 B A RIERAE R, RED SR TR —AF, B8RSR EiE—5. H—
Q Pend, BERHANR 9IRE, REH AR T Ao ey R

10.6 hE5

TEX—FH, WATTHE THELMLES 2 > AR B B - . B B4 T Spark Streaming
FEFIAPL, i FHAIRDDALEY BRECKR 4T 7 2 R AR B, SEBR T 37840 R FH ) — A~ 91 -8
R~ T ERIIEE.,

R Tl RSP 1) T MLIROYE B, {2 AR R 150 Hoe 7S
TR
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