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Q J£F Hadoop YARN: YARN % #FR{E NextGen MapReduce.

BN R SOk i D A E s

O N4 Spark —iFHlRRAS, FHERE—MNEAMPHUEX T BT I LS, A&
INBIERAE I N 1817,

Q ilid Spark AY3E H ALK T i © I gn IR K APL,

Q 43 Scala, Java, R fil Python ifi 5 K 4w 5 55— Spark £+ .

O 7F Amazon ] EC2 ( Elastic Cloud Compute ) V{5 221 —> Spark £E#f, AH LA,
ZAEREAT AN EE R R . T AR 55 o

O &8I Amazon Elastic Map Reduce 255 At it—1~ Spark £

IR My i d Spark FREEIFEAEAE ¢ Spark FEP4n 5 I FEAH 0N, AT Ak AR

1.1 Spark A ZE SR E

Spark AEi it A B A LRI IR LS e A U R as 7o ey, B B Spark BEREHR RS
IBATTER—A> Java EIBLH o XICPR A TE T—ar . ZARERARRY Spark FRbE . A HIAH
AT I SR FRE, Bl Tl L 2 RO TR Sebr it

Spark HYA MR SAERFR A e A%, TEARHI RS AU it R A R B AV r i B g
TR FisTT,

AR Spark PREERYER— R T EILECH I RA . 25 MUAS I MUAAL S IR RS Y- GitHub
Huhk AT AE Spark Wi H A9 N3 5T +% %) . http://spark.apache.org/downloads.html,

Spark #9782 X #% ( http://spark.apache.org/docs/latest/ ) i £ T #t—F 5 3
Spark P & &9 & AP FAt, 3B A ik A

4 T Vilal Hadoop 3R &% (HDFS ) LA N ARHESEE H1) Hadoop % A, Spark 114
2L Hadoop MIRUAKT N . iR T 30t 4t 741X Cloudera ) Hadoop &47hR ( CHD ),
MapR 1Y) Hadoop &1 THUFI Hadoop 2 ( YARN ) Y TiZmik — i, BRARRAEAE EEN X A
Hadoop 1Y Spark, 75 MIE IR 4N 454 . Apache #if% T2k Hadoop 2.7 T4 iR hUAN »
http://d3kbcqad49mib13.cloudfront.net/spark-2.0.2-bin-hadoop2.7.tgz,,

Spark I i Scala 4ifEiE F (GYEARNE R 2.10.x 5L 2.11.x i )o  BF7E Pl i i — 3 1]
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AP E AL Scala B3 7R, FRANTATFE R INL S Scala (F1]iz17 Spark, {Hi&, RGBS LSEL
Java IZ{TEFERE (JRE) B Java A& T EE (JDK ),

8 AR 89 %K A8 T AU B RAD @ b ey SRR 5] R, HAEA R3.1 KA E
WA

TERGE LIRS, AR A 0T 4R A B A AR SO

$ tar xfvz spark-2.0.0-bin-hadoop2.7.tgz
$ cd spark-2.0.0-bin-hadoop2.7

P RS Spark Bt FBUBIATEZ H 38 bin SCIFT o Al 0T 543217 Spark B4l i9—
AR BRI B — VI IEH -

$ ./bin/run-example SparkPi 100

A A B AE AR M AU R 3217 SparkPi X AR B, FEIZRAT, FrA W) Spark HEREYETT
FlRl—A~ IVM AT A PR i 2 2Rk S, BRINEOL T, R B2 a8 S A
HARGH CPU KLOEHAMFE, mEEF5e)a, Nl fEk H ZE R A BT R .

16/11/24 14:41:58 INFO Executor: Finished task 99.0 in stage 0.0
(TID 99). 872 bytes result sent to driver

16/11/24 14:41:58 INFO TaskSetManager: Finished task 99.0 in stage
0.0 (TID 99) in 59 ms on localhost (100/100)

16/11/24 14:41:58 INFO DAGScheduler: ResultStage 0 (reduce at
SparkPi.scala:38) finished in 1.988 s

16/11/24 14:41:58 INFO TaskSchedulerImpl: Removed TaskSet 0.0,
whose tasks have all completed, from pool

16/11/24 14:41:58 INFO DAGScheduler: Job 0 finished: reduce at
SparkPi.scala:38, took 2.235920 s

Pi is roughly 3.1409527140952713

RS IEAT org.apache.spark.examples.SparkPi 2,

WKL local INIMEZOREZ M ASEL, Hodb N FomE 8 FLIRECH o Hedn R4 P2
TR, R T s

$ ./bin/spark-submit --class org.apache.spark.examples.SparkPi
--master local[2] ./examples/jars/spark-examples_2.11-2.0.0.jar 100

A, Keam A Local (21808 Tocal [+ WISl FIAHLITA W] FIAIRZ L o

1.2 Spark &E&f

Spark SEREH PSRRI — DS M2 N PITREY . 7EARMECT, ey A gERe AT
IBATER—A IVM N, ISR i, B Tl W s AT e A R A 8 Lo
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ZRYL, — RN Spark BERE ( RIET] Spark P4 & RS BIBTHL ) J8 W A4 -

Q —Nizf7 Spark FAHL I HEREFNBK Sl FR P 9 32755 5

Q % Histr— PR P R 24 AR A

TEARATH, FRATPREAIT Spark AYAS s FAHUSL A BEA TS FR RIS BB RH , (BT A A Qs mT
IBATTE Spark JERE Lo EANTE—> Spark HALEERE LizdT Bk, 2 A J 1Y £y URL B AT .

$ MASTER=spark://IP:PORT --class org.apache.spark.examples.SparkPi
./examples/jars/spark-examples_2.11-2.0.0.jar 100

Horp g 1 A PORT 3 32719 A 1P kA 5o 1S U Spark LR IR AR 295 ST
Xt EERE B AT

Spark FEFHE BB B ST BAEARBRITHETERIN . HE, AFEE SN Amazon EC2
SERE YU B A R AR 220 .

Spark 4 B3 F A9 AE-B A48 7T A T he T 4k 4

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

1.3 Spark #RiZ1EEY

TEXT Spark BT AT AN 0T, AT sparkcontext X4 PIK Spark shell,
Je PR S BAT IR 1 Spark S AR (1 BERT RN TR,

HIRIXHLX] Spark WA BEAT T 2 GO R BUR B, (AFRA THERF I 0 i a0 R SRR
SRR

W HF e Tk,

8 O Spark Hei& X 17 http:/spark.apache.org/docs/latest/quick-start.html,,
Q 45T Scala, Java, Python #= R %9 Spark 437245 % : http://spark.apache.org/docs/
latest/rdd-programming-guide.html,

1.3.1 SparkContext 5 sparkConf %

11477 Spark FEF M dmE #R =M Sparkcontext (B Java i G H 1Y JavaSparkContext )
JFAE ., SparkContext HIHIIALTTE Sparkcont MEA—D], JF#E A& T Spark SEREAL
B FISE, A 315 50 URL,



1.3 Spark Zaf2 AR 5

SparkContext JEJHH Spark e — 1 FE AL, — SparkContext XRFEHS—
Spark SERERYIESE, EREA TR RDD X4 . Rinegsal e BN #E4 =

A~ IVM A HBER — sparkContext X4, TEQIE—SHROXT AT, DZE A %)
21 stop () PREL.

WtRtbIS , R sparkcontext X GTALE AR AR BIEAHRAE 7 s 4R Atk
AN, Spark shell (7€ Scala fl1 Python FrILL, {HARZHF Java) 8 Hsh5E i Lidwitafth. A%
JH Scala XA SZBLATE, AT SRR H AR

val conf = new SparkConf ()

.setAppName ("Test Spark App")

.setMaster ("locall4]")
val sc = new SparkContext (conf)

BRI A — 4 BN Sparkcontext X, F¥HARN AN R4 N Test
Spark APP, WAEIINF K IHH Sparkcontext MIRIEAIE EEL, LIBRIARISEUE RG]
ARG , HACR AN E R 58 A0 [ .

val sc = new SparkContext ("locall[4]", "Test Spark App")
TERBIHS
8 AR T AN https://www.packtpub.com T #HARMKS ) KT 9 Packt B 5 6 74 KX,

A B KR AW F 64, W) VT 42 https://www.packtpub.com/books/content/support
EM, AR A RAD S AR R B ARG B TR A

1.3.2 SparkSession

SparkSession [AIf % DataFrame FISFEHELE API, T —5—1 API R

BT B sparkcont ZRAYSLH], ARG EREIE sparksession S, %W /R A
R

val spConfig = (new SparkConf).setMaster ("local").setAppName ("SparkApp")
val spark = SparkSession
.builder ()
.appName ("SparkUserData") .config (spConfig)
.getOrCreate ()

SRIE, HH Spark X4 kA —4> DataFrame X4 :

val user_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "|").schema (customSchema)
.load (" /home/ubuntu/work/ml-resources/spark-ml/data/ml-100k/u.user")
val first = user_df.first ()
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1.3.3 Spark shell

Spark 375 Scala, Python B R REPL ( read-eval-print-loop, 3 H.3{ shell ) K113 H A
PG . BT A ST BT, shell BEAEST AACRS B R ALSERT [ i . 7F Scala shell H7,
AT PATE R A SRR T 8 R 2 R Hik

Fi i Scala efdi ] Spark shell, H 75 M Spark (1) 32 E%Tﬂﬁ /bin/spark-shell, BE&H
3fj Scala shell I #JIH1E— SparkContext X4, FATATLLE sc XA~ Scala (&8 F XX}
% 1E Spark 2.0 LA Spark 8 LI T —4> sparksession i),

A B LSl AR

$ ~/work/spark-2.0.0-bin-hadoop2.7/bin/spark-shell

Using Spark's default log4j profile: org/apache/spark/log4jdefaults.properties
Setting default log level to "WARN".

To adjust logging level use sc.setLogLevel (newLevel).

16/08/06 22:14:25 WARN NativeCodeLoader: Unable to load nativehadoop library for your
platform... using builtin-java classes where applicable

16/08/06 22:14:25 WARN Utils: Your hostname, ubuntu resolves to a
loopback address: 127.0.1.1; using 192.168.22.180 instead (on
interface ethl)

16/08/06 22:14:25 WARN Utils: Set SPARK_LOCAL_IP if you need to
bind to another address

16/08/06 22:14:26 WARN Utils: Service 'SparkUI' could not bind on
port 4040. Attempting port 4041.

16/08/06 22:14:27 WARN SparkContext: Use an existing SparkContext,
some configuration may not take effect.

Spark context Web UI available at http://192.168.22.180:4041

Spark context available as 'sc' (master = locall[*], app id = local-
1470546866779) .

Spark session available as 'spark'.

Welcome to

/ /__
-/ 7 '/
/ / «_/_,_/_/ /_/_ version 2.0.0

Using Scala version 2.11.8 (Java HotSpot (TM) 64-Bit Server VM,
Java 1.7.0_60)

Type in expressions to have them evaluated.

Type :help for more information.

scala>

FAHYE Python shell H{ii ff] Spark, H4%i21T. /bin/pyspark fir2EIT] . Y5 Scala shell 25181,

@ P dT:quit 1B H Spark shell, FJiJH Pyspark, —— %11
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Python F ) SparkContext XTIl T Python 54 sc KPR A I s i _
I

~/work/spark-2.0.0-bin-hadoop2.7/bin/pyspark
Python 2.7.6 (default, Jun 22 2015, 17:58:13) [GCC 4.8.2] on linux2
Type "help", "copyright", "credits" or "license" for more
information.
Using Spark's default log4j profile: org/apache/spark/log4jdefaults.properties
Setting default log level to "WARN".
To adjust logging level use sc.setLogLevel (newLevel).
16/08/06 22:16:15 WARN NativeCodeLoader: Unable to load native hadoop
library for yourplatform... using builtin-java classes where applicable
16/08/06 22:16:15 WARN Utils: Your hostname, ubuntu resolves to a
loopback address: 127.0.1.1; using 192.168.22.180 instead (on
interface ethl)
16/08/06 22:16:15 WARN Utils: Set SPARK_LOCAL_IP if you need to
bind to another address
16/08/06 22:16:16 WARN Utils: Service 'SparkUI' could not bind on
port 4040. Attempting port 4041.
Welcome to

!/ /__
/ '/
/_ version 2.0.0

~
~
- N

-/
/ VA Sy S A

Using Python version 2.7.6 (default, Jun 22 2015 17:58:13)
SparkSession available as 'spark'.
>>>

RoE—[ 19w, IRt T EmEIE Tzt rm e . E—1 GNUTH, J&
STEF (VRS ST A ) B—MANIR S B

RELHE THETT (LRMERIARLIEAREE 2 G I WE AT . r 2R ) DL
R, AEMRB AT RN,

Bl RO Spark, #ATUN T 542k JA H Spark-R shell B A]

$ ~/work/spark-2.0.0-bin-hadoop2.7/bin/sparkR

R version 3.0.2 (2013-09-25) -- "Frisbee Sailing"

Copyright (C) 2013 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditiomns.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
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'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

Launching java with spark-submit command /home/ubuntu/work/spark-
2.0.0-bin-hadoop2.7/bin/spark-submit "sparkr-shell"
/tmp/RtmppzWD8S/backend_porta6366144af4df

Using Spark's default log4j profile: org/apache/spark/log4jdefaults.properties

Setting default log level to "WARN".

To adjust logging level use sc.setLogLevel (newLevel).

16/08/06 22:26:22 WARN NativeCodeLoader: Unable to load nativehadoop library for your
platform... using builtin-java classes where applicable

16/08/06 22:26:22 WARN Utils: Your hostname, ubuntu resolves to a
loopback address: 127.0.1.1; using 192.168.22.186 instead (on interface ethl)

16/08/06 22:26:22 WARN Utils: Set SPARK_LOCAL_IP if you need to
bind to another address

16/08/06 22:26:22 WARN Utils: Service 'SparkUI' could not bind on
port 4040. Attempting port 4041.

Welcome to

version 2.0.0

SparkSession available as 'spark'.

During startup - Warning message:

package 'SparkR' was built under R version 3.1.1
>

1.3.4 BHSHABIESR

M HINBIESE (RDD, resilient distributed dataset ) 4 Spark fU#%.0 &, RDD ftER—F
HIRIER MR UL RSP 52 ), XL SR A B el o X B SERE R 241 i b (FEAS
BTR, ATLA s B o B R i 22 | ), Spark ') RDD HA 245, R R4

VBTG RO (i P AR AR R Z AN B R G RS, AR kB . I8 N3E 5% ), RDD 23 7EAR
T B A ShE R, MRS .

1. 6/ RDD

RDD "] AL EE G Qg . HLUNFE Scala Spark shell H7:

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

RDD ] LIFETF Hadoop MUHMAVRAIE, A SCF %%t . HDFS fl Amazon S3. #&F
Hadoop ) RDD 1] LA FEASCEE T Hadoop TnputFormat 2 1 HI AR, EHESCASCH: . H
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fih Hadoop #r#ERS ., HBase. Cassandra £ Tachyon %,

DL 28061358 BRG] FH — S b SCPE R 40 BLAY SO/ RDD -

val rddFromTextFile = sc.textFile("LICENSE")

FIRRAS R cextrile BREL (715 ) 23R l—A~ RDD X4 X R R — Kl kA2 —
IR A S HE—ATSCF M string CFAFH ) X5 BRIz A 1 s

rddFromTextFile: org.apache.spark.rdd.RDD[String] = LICENSE
MapPartitionsRDD[1] at textFile at <console>:24

W N AR T AT hdafs : / /B HDFS Hrig— S0 SCHA E—> RDD:

val rddFromTextFileHDFS = sc.textFile("hdfs://input/LICENSE ")
WA IR T W35S s3n: / /MU Amazon S3 H1 1) —ANSCARSCHEGIE#E—4> RDD:
val rddFromTextFileS3 = sc.textFile("s3n://input/LICENSE ")

2. Spark #4E

B3 RDD J&, AMEA Tl fEAER A0k 4E . 78 Spark 4aFii il ~, Frf iy
YERE 7 M4 (transformation ) FIHHAT (action) Wiff, —Bkit, HEudlE R — AR
AT A IC SR PAT R PR, DT SR A AR U 5 TR T3l i A T iR SR BRG0P
45 IR [Mi84T sparkContext HIARMIKSHARF o

Spark FHAETE H R H pREGUAUAE . X TIIBLL#ERH Scala, Python I§, Java 8 1) lambda 38
IR T PREC R R R T DR, W AKERER BRI PREGU SRR S , WAL, Spark
API HSARA S 1 F

Spark F2 ¥ H e B — PP E 2 map (BRSS ). Z35/EXT RDD B AR — 2510 AR
FFHREAPRE, MRS ABRET A 0% H o Fedin, T 1k B RS (5 X — A AR i SCAS SO Y
RDD #1744 . ‘EX1Z RDD H B 5—FKIE kAR AT size REL. ZHIFRATE Q1AL — X FERY
AT string #AY RDD X4, i85 map REL, FRAOPHE—DFAF RS — 50 (1nte ),
TR [E—A 1 25T Int #8089 RDD X4 .

val intsFromStringsRDD = rddFromTextFile.map(line => line.size)
Hln i 5~ 2L, Hrp €78 17 RDD RYZEAL:

intsFromStringsRDD: org.apache.spark.rdd.RDD[Int] =
MapPartitionsRDD[2] at map at <console>:26

RIS )= >/ Scala T /R B2 RAIITET: o BE 2 PRACFS IR L AT 46 72 pRER A 1) PR AR,
Heln Scala 5§ Python H1 ] de £ SCHESE AT PR,
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B % &40y Bk R ERFITRTEEAN, 29 T €414 Scala, Python
DA B Java 8 T R AL A (=B RILE B F AL ), FIR— LI HH I,

5% line => line.size R T VA=>AFM A D93 p0AE AN, *TH I
AF—AFE, FA=SBEFAARDHBIITER A, XA TP, A

ﬂ A line, #WHENZ line.size B APIITE R, £ Scalaid =z P, XFF—A

String A& B4 A —A Int ¥ REMETH String => Int,

B AL IR RAE A de map AP F SRR, FORE L F SRR L — AT H,
B R R FAE N — R e (R —HER ), XA XARA A

BAEFATAT LA —A 8 WA THRAE count, SRR IR RDD Hiic 4 H -
intsFromStringsRDD.count

PAT B R LZ A0 -

resO: Long = 299

IREH XA SO S B A T A R B, FTRSEMT sum BB A I s
FESRAN, SRIE PR LLEAIC R -
val sumOfRecords = intsFromStringsRDD.sum

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

BERPOZANT

scala> intsFromStringsRDD.count
res0: Long = 299

scala> val sumOfRecords = intsFromStringsRDD.sum
sumOfRecords: Double = 17512.0

scala> val numRecords = intsFromStringsRDD.count
numRecords: Long = 299

scala> val aveLengthOfRecord = sumOfRecords / numRecords
aveLengthOfRecord: Double = 58.5685618729097

TELZHIHN T, Spark FUFAEAR 2R 01—/ RDD, {HZZE0A A THAVE N2 0R [R5 i 25 1
( Hean B+, count iRIFI—A> Long, sum RA—4> Double ), XHLEME Z M H#AEN L
R B AR R RERE, ML EARAS S R s i 1 28k UE, FT A —1 rACAS AT LA 20 A0 L w3
ERi: | GSERE

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

EAREER)— U2, Spark FPAYVHARERE RIS R WHLRUL, 75 RDD iRl — it
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IS RVl Z AR BT . AL, XS E SRR, I RAEA P THAERE FHE A 9k
AT . XRE, RS ERE T LIZESERE IR TP T, RADER ARSI LR [ 453K
ShFER, MIM$EE T Spark FIRCE .

BOERE , WRFANTHY Spark T e WA — M PATHAE, sASl SCPrrit s, R
SAFEUEMTE R . FEAn T A AR AL R [l — R — R R AR BT RDD

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

L PR % S 1 A

transformedRDD: org.apache.spark.rdd.RDD[Int] =
MappedRDD[6] at map at <console>:26

R, XHESPR B MR, WEeA S RPuR . WERIRATIAEAE A RDD Lk
= PETHAE, T sum, 2R SHMA -

val computation = transformedRDD.sum
MAEARA] LB B —> Spark AR5 85 2, & 10T Ze v i -

computation: Double = 35006.0

RDD L #694 BAn AT 09 T AR E im0 6 -F, AL Spark
#2348 #& (http://spark.apache.org/docs/latest/programming-guide html#rdd-operations ) ¥A
% Spark API ( Scala ) 3 4% ( http://spark.apache.org/docs/latest/api/scala/index.html#
org.apache.spark.rdd.RDD ).

3. RDD &R

Spark B WA AE —(ERAEA IR B (ESERAR 17 L 508 4 T RDD 1) cache
ORI

rddFromTextFile.cache
resO: rddFromTextFile.type = MapPartitionsRDD[1] at textFile at
<console>:27

JHH—1> RDD #J cache PRELK 22 VF Spark H4iX 1> RDD A7 1ENAFH . 7E RDD 1 U]
— AT, AR AT 27 BT, A 2 MBS DR L H O R OR AP BN AT . Rt
HWIA cache PREUITH ZAYISH], FRITIERT Spark M A PR EE R Bty ZEAYI ] (EUZ
4= IREE R B CHCAnE e S R AT AR, LML I B A ik AR ),
s T LB EE A, IRIAMIRRR) VO B4, bl tia, 2SN T, X S g
(3§ T

MHAE FIARESAE T HY RDD _Fi count B{ sum PREXHT, % RDD B 3k A NAE:
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val aveLengthOfRecordChained = rddFromTextFile
.map(line => line.size).sum / rddFromTextFile.count

Spark X 4% % 4 atb ey % Kk 183 persist F3 T VA4S E Spark 89 4%
9 % B Re, % T RDD % A6 %45 87T A JL: http://spark.apache.org/docs/latest/
programming-guide.html#rdd-persistence.

1.3.5 "#HRT=MEM:3
Spark [ 5 —AMZ 0 Ty RE S S B R P PR R R AR e ) RS BERT B0 32

I3 E (broadcast variable ) SN RiEAH, P HiE1T sparkContext MIIKSITEFAIES,
RIEG S 5T S SRSB4 TAE Y s st s [n) A0 R8s 0 i i S, Hedn A
XAES, XIEHFH M. Spark FAIE #EAH HFEFE sparkContext FIEH— Ak RIm] .

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

] AR AT AR AR IR SRR AR B TS CED AR 220 Uin), Uil 5 R AR AR & 1
value 7:7/215

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

KBS M (1, v2n, 3 XANES (—A> Scala List ) B, BrEE—NiE 3 &id®
B RDD, map PRECEAMRIGER E—ANHH) List MR, XAX% B AYC 5 Z aire g a4~
broadcastAList HAYICESHHEA) RDD B 3 4 543l PH e

resl: Arrayl[List[Any]] = Array(List(a, b, ¢, 4, e, 1), List(a, b,
c, d, e, 2), List(a, b, ¢, 4, e, 3))

b, BRI T collect pR¥k, XJ&—> Spark BUUTHREL, K% RDD L Scala
(5 Python B} Java ) 2E& LR FIEKSIFEY

AT L AGR [0 KSR T3 s LAEASHAR BEIE, A ] collect pR%E.

EE, —BAE N E TR AR F B QISP RAT G AR,
AL collect Jf, WmRAE—ANEFRGHBEE LARZ 2K, T
RIR AL 04 7T Al WA, dbm F8A2 5 41 i
0 = AT 0 AR RTT R M e A SRR B B AT N8 o IR B AR R A B AL
., RMERVELT, HERKER KI5 A LB, R SMEFT
Hixe kR f212 8 TR EH L,

M EREER AT, A RDD AL S 3 Jkidsk, Hrb & — kil sl & —A i ok
JURER) List AR RMIIN— DT R IR ETC s (WAL, Bl 10 2, 3 4R ).
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EMeE (accumulator ) W& FE B TAET SR A8 5. FINEE5 1 #5285 5t 1Y SCHAN ] 2
Je # RBREEHUNTRT & ART 200 o (H 2450 R EA —e iR . BV, XX By —
P SRR ERAE, BRI B 15 RE PR IEAE 22 R Bl 9 R Sk A (E e g LE A b I T4 T 380010 (a1 9K B F
J¥o B TAET S LRV A E I A AL R Ina%, 45 Fmas ] 2 i ik sh 2y i)
FmEsFEIFERT AYE Spark AU value VilAl,

@ XTI #BEZRREMBEGL L8, THIL Spark %4246 d : http://spark.

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

1.4 SchemaRDD

SchemaRDD %54 T RDD F1%5#4 (schema ) {58 . ‘B4 T FE Hg T APLiZO, H
DataSet API, 2.0 i H1 3% %4 SchemaRDD, {H DataFrame Hl Dataset 1 API PNF#FHR
T'_‘_’O

SH R AR B2 48 2 a2 o FEARIUZAR B5 , SQL 515 AT SCREX AR I 1 £
PEIA TN LA ] . Dataset APIEAR T )5 Spark SQL Parser FINRE . ‘EARME T UG TE P2 A4
JELER A FRNEE T Spark SQL BY#%.0iZ 8., ATLIYE, Dataset APISZEL T AN SQL A if)5¢
LA A AL T RE

SchemaRDD & RDD A)—/~F25, YFEF 1 pataset APIAY, —/NH1AY SchemaRDD X} 4
AR, (AR, e AR A R R B SRR S, A T A e R
Ww|AiR)EE. 1 RDD —#Ff, Dataset API WL FFIFAE. HEHMAIT,

SRR BAEARCHY AP R THe0E

AREE 2o 1 il 1 B O3 T T2 34h, DCHIAM T — AT 288AEmt, —4> Spark
155 A S ATt K BIERE EAET, XA RDD —#F,

1.5 Spark data frame

TE Apache Spark H', £/~ Dataset XX — A X EdE4E . Dataset & H Spark 1.6
REGEEAS AN 1, e 5t T Spark SQL $AT5 RIS TIAE . XX LA IVM X R A,
SRIGAE PLE A I REAFedt (W map. flatMap. filter %) HEAT#AMIRAE, Dataset APIUK
¥ Scala Fl Javaifi 5 , ASSZFF Python Fll R,

—/> DataFrame XX — 5144 IECESE o B 55 A 5C R B 1 (19 2 51 R/Python
H A data frame X%, {HUMLTE £, DataFrame A MNZEGRIEIE SCIF . Hive BIFEHS . AN SR
JESIAA 1Y RDD Al . H API SZ### 5 Scala. Python. Java fll R,
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B DataFrame KXW %R, FFEE VG sparkSession:

import org.apache.spark.sqgl.SparkSession
val spark = SparkSession.builder ()
.appName ("Spark SQL") .config("spark.some.config.option", "")
.getOrCreate () import spark.implicits._

ZJ5, 5B spark.read.json PREUA—~ JSON SCHFRBIEIZIERT 4 .

scala> val df = spark.read.json (" /home/ubuntu/work/ml-resources
/spark-ml/Chapter_01/data/example_one.json")

HE, TEMA Spark Implicits ZERERIHLE RDD #4#th DataFrame 25!,

org.apache.spark.sql

Class SparkSession.implicits$

Object org.apache.spark.sql.SQLImplicits
Enclosing class: SparkSession

Scala $24E T X 2o & R BN ULAY Scala X5 5445 DataFrame 25X 4,
iR A R N S5 AT 2R

df: org.apache.spark.sqgl.DataFrame = [address: struct<city:
string, state: string>, name: string]

e, Wil af . show AT K /RN HAE DataFrame FIHITEAHER.

scala> df.show

B e +-—-———- +
| address| name |
Fommm e m e Fm=————— +
| [Columbus, Ohio] | Yin]|
| [null,Californial |IMichael]|
Fmmmmmm e Fm—————- +

1.6 Spark Scala ZRFEAI]

AT BT B N AR S — &Y Spark AHEALIRAERT . AR AR
Scala. Java Fll Python iX 3 FIE F RS o it AR & FH P AEAE LR I I R b Sk s o I8
HFHE—MESHRE (CSV, comma-separated-value ) (1, £4°4 UserPurchaseHistory.csv, i%
SCAFAAAEBE AR ALY data HSE T

HA WA IR U R TR R — 45Kl 5%, A BIA 1 8 SIMEHIR A T 44
T i 24 PR LB i A o
John, iPhone Cover,9.99

John, Headphones, 5.49
Jack, iPhone Cover,9.99
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7i1 Sameung Galaxy Cover,s.95 1
$FT Scala B2 /R =, FEANEMN M. Scala fCHESC8: DL IR H fk @il & Sk, W0 35
{§if] Scala WET R (SBT Scala build tool ) 4%, ji’@?ﬁﬁﬁ# AROEHE N ER I

scala-spark-app. %I HLAY data H® FELE T ik CSV 30, DB R ER G
LR SBT (B AR AR RIRA N 0.13.8 ),

FeE SBT FFAREAFITHIEEN, 1235 T A hitps://www.scala-sbt.org/
release/docs/Setup.html %3] # % 13 &,
FAT10 SBT FC & X2 build.sbt, AU FHFTR (R, ST Z RS20 ):
name := "scala-spark-app"
version := "1.0"
scalavVersion := "2.11.7"
libraryDependencies += "org.apache.spark" %% "spark-core" % "2.0.0 "

e — AR Spark B INEAIIT H AUHASE .

AANLY Scala F£JF7E ScalaApp.scala XN SCAFHL, 42 F R AT &2 — AL 215845
B, FAFTEN Spark 25

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

/**
* f Scala %5 #¥)—A ki #£45 Spark B R
*/

object ScalaApp {

TEFREVE , BRATEVITRILTTE Y sparkContext X4, JFHMATHEIT textrile FRECE
Vil) CSV im0t ZJ5 DhZ SR 0 afs o il —A7 R a7 e, SRR AR 44 L 7=
AR L, DA 98 OO S 46 SCAS B B Sft

def main(args: Array[String]l) {

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

// & CSV X RIEHARSEN A (user, product, price) #X#ie k%

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

.map (purchaseRecord => (purchaseRecord(0), purchaseRecord(1l),
purchaseRecord(2)))

PAE, FA1A T—4 RDD, HAKICFARH (user, product, price) =AFEAIAM., &
ATRT IR S A0 e

0 IS A
0 AT A L S
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Q S
Q FlAE R

HRIRET

AR S 38 E -3

val numPurchases = data.count ()

/) KA EIATRAR P B ELH

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

/) KAk ok BN

val totalRevenue = data.map{ case (user, product, price) =>
price.toDouble }.sum()

/] R S RAT 4

val productsByPopularity = data

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

.collect ()

.sortBy (-_._2)

val mostPopular = productsByPopularity (0)

s AR B A B i AR T T4 T Map/Reduce B4R, 145 RE HadOOp
MR T B9, FATE (user, product, price)MaNAYIC RSN (product, 1) 48, 4R
Ji, PUT—" reduceBykey #4E, BESXETMEY 1 EIEFTRAL,

B 1) RDD AL 5 A AR A SE B, A 73X RDD &, FATAT LA collect pR%K,

B HAT A R LA Scala S5 AL ZGR MRS . 205, TEIRSIFLF B A H b ik 20 5%

e RO SE R BGHATHEY o (TR, fESCPRAbBER S8R, FATEW @ sortByKey XIHRAE
KHATIATHETY . )

Wi, AITEL i L TEN I 4G

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))
}
}

A RATESH 93 H s T sbt run ar@Rs TX MEFF . WERIRMEA T IDE B35, tdn]
PAM Scala IDE E 21T S04 IV I% S T T AN 2R -

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

Total purchases: 5
Unique users: 4
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Total revenue: 39.91
Most popular product: iPhone Cover with 2 purchases

AILLER], R)ERBIA 4N PE 5SS, BIAH 39.91, Bl 850 R ShJ& iPhone Cover,
MRS 2 YK,

1.7 Spark Java #BIENIT]

Java AP1 5 Scala API AJii FARAEL, Scala ARAS AT LIAR 5 Mo )8 FH Java fRAD, {HHLE Scala {065
HICAE Java IEHH, FEi 2Rl T BRaCSe it | BRIASEORMBELE Scala BFHLTH AYICAS

— Bk, XEEREETE Scala P SHE) IZ M. XA WA B 5 A AR E LI S A
WA Java BiAS, Hilt, Sparkcontext A T XMW Java fliAS JavaSparkContext, if RDD N
X JavaRDD,

Java 8 S ZHRRA 1) Java I AN SCReHE 44 oK, 76 sREEgn AR B 7™ 4% i iR e . T2,
£ %) Spark 1) Java AP I (1) BREA N EL S — N AT call BREZE A wrappedFunction #
Mo XM, ArAFRA 125 SOG4 2 G845 Spark #/E . X BEAE S
YERTR BT LI call pREL, DAHASAN Scala 445 HHAH A AR .

Spark $2{1EXT Java 8 & 4% pREL (TX lambda ) 1EIERISCHF. M ATIZEDRELL Java 8 55 A
F EFARMBEE Scala it

JH Scala 45}, FEXTICKA RDD RECRF—SL4 el #AE (LA reduceBykey #il
saveAsSequenceFile ), XELHAET] LU i BRI A s 8 . Java gi 5 1), DTG
FURPIAZERIN TavarDD ZEORSZRFXSEERE . X5 FRMEXT Y gavarairrDD, I TFEUE
185 HY JavaboubleRDD,

K R BRAR AN Java AP14E %, % T Java T #4349 RDD vA % Java 8 lambda
REXNIFHOE 428, TAHAIN Spark %4 #2485 & . http://spark.apache.org/
docs/latest/programming-guide.html#rdd-operations.,

TEJGTY Java By, FRATAT IR BRI 25 . XSRS & 7EA TR G4 CAS Y
java-spark-app H% T~ . 1% HEM data 730 A& Bk CSV il .

X2 Maven ME T HARGIFFEI TN H o RAMBBEES C A E RS B2y
TTH,

Maven # % £ A B B 3 R EA B IHETEE N, il € Tl Linux 24P
8 &% 72 % %, Mac OS X ¥ %) HomeBrew 2 MacPorts 7 1& ¥ % .
Fimeg & E 35 d AL http://maven.apache.org/download.cgi.
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Wi H & —A~44 4 JavaApp.java [ Java I SC1F

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

import org.apache.spark.api.java.JavaSparkContext;
import scala.Tuple2;

import java.util.*;

import java.util.steam.Collectors;

/**
* F Java %5 #9—/ i £4) Spark B A
*/
public class JavadApp {
public static void main(String[] args) {

IE47E Scala T H 1 —#¢, FATELTEYIRL A RO R ERERRE, KR
(P JavaSparkContext KA Z R SparkContext. Zefeldh, BAT A JavaSparkContext
B, P cextFile BBORVIHEEE, RIEHSATHAD TR A7 B TR T AR
FHF 7 2 e A FH T 42 R iE L — 2 BRI o %R0 e T AT X 847 2 A5 R gEAT 2331

JavaSparkContext sc = new JavaSparkContext ("locall[2]",

"First Spark App");
// VACSV #& X B4s 5, H¥F LN (user, produce, price) Xtk 4
JavaRDD<String[]> data =
sc.textFile("data/UserPurchaseHistory.csv") .map(s -> s.split(","));

BAETT LV — T Scala BRI 048FR . 13X BLA PSS EASE R —/& N Java AP 4L
PR (HLln distinct Ml count ) SEPR_FHIZE Scala API H—Af, —JEFATE LT — 1 EA4IHT
B HAL Y map PREL, FEAZRAGE L7 2XnT 2 AR (TR ER 7

/] KRR E K
long numPurchases = data.count () ;
/) RE S PATRRR P B ELE R
long uniqueUsers = data.map(strings ->strings([0]) .distinct () .count () ;
1/ KAtk BN
Double totalRevenue = data.map (
strings -> Double.parseDouble (strings([2]))
.reduce( (Double v1l, Double v2) ->
new Double(vl.doubleValue() + v2.doubleValue())) ;

N AR B T TSR S e A R b, HOP RS Scala nBIIARIAL. 2 AR EE AL
%, HENTKZ S Java POIEESY KK, SKPrIhRe 5 H Scala I —Ff.

/R4 ey F R4

List < Tuple2 < String, Integer >> pairs = data.mapToPair (strings - >

new Tuple2 < String, Integer > (strings[1], 1))
.reduceByKey ( (Integer i1, Integer 1i2) - > il + 12)
.collect();

Map < String, Integer > sortedData = new HashMap < > ();
Iterator it = pairs.iterator();
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while (it.hasNext()) {
Tuple2 < String, Integer > o = (Tuple2 < String, Integer > ) it.next();
sortedData.put (o._1, o0._2);

}
List < String > sorted = sortedData.entrySet ()

.stream()

.sorted(

Comparator.comparing (
(Map.Entry < String, Integer > entry) - >

entry.getValue()) .reversed())

.map (Map.Entry: :getKey)

.collect (Collectors.toList());
String mostPopular = sorted.get (0);

int purchases = sortedData.get (mostPopular) ;
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 EFAS T LA, Java (OB AI Scala fUASAH L IR L T il [ 44 N ARSOR A B AS B
PRAERERRAHS , (B BRSSO B AT Bl 2k~ X PIRPRRAS BOACARS , JF: e — Tt
SR — AR BRI P F AR R IR B TE

AR AT LGE s A H 3 SR T I fAis T
$ mvn exec:java -Dexec.mainClass="JavaApp"

A LA B A Scala ARAARIEAL, i HIHA 4 R o8 e —H

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

1.8 Spark Python 4RFEN|]

Spark [ Python API JL-T- B 3 T~ Scala API AT RESR ALY &FFDIRE, (AG SRR AR S2RE, Hodn
GraphX {19 & 4b BEAN AR 2 A Hp B BE 26 T fE . HAKR AT 2 UL Spark 2w A2 45 Fd A9 Python #4):
http://spark.apache.org/docs/latest/rdd-programming-guide.html,

PySpark T Spark (1) Java API A, $diiif it J5i/E Python RALFEIFAE JVM LSRG AF
(cache ) FlIF55l (shuffle ), Python BRSIFEJF I SparkContext ilid Pyd] KJHs—1 VM Ji-41
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H—~ JavaSparkContext X4, ZFEFiEId Pyd] K 5ZPL Python 1 Java SparkContext X4
Z A HIE 5 . FH Python fT 4’5 (1) RDD FASARAE S b AR I Java WY Py thonRDD X4
B AE . PythonrRDD X420 I RE TAE T 5 A Python FiF#E, -l E (pipe) SH:
WIE . XL HERR I BT & 2% FH P AR R i b 2

5 ER2L, X RS — AR DI BERY Python RFRIT . FRAMBIKIEE RE P T %% 2.6
S S IR Python ( 24X Linux 2481 Mac OS X 2. 7ii%¢ Python ).

W AR ENRAS AT LLAEAS B S Y python-spark-app H s T 4831, AR CSV Bl S 7%
Hkn data ¥ H s, 30 HAURS7E—124 4 pythonapp.py FUBIAC I, HNZWT .

""F Python %5 #)—/A & # Spark mA"""
from pyspark import SparkContext

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

# o CSV XA R HIEHA (user, product, price) # XL FE

data = sc.textFile("data/UserPurchaseHistory.csv") .map (lambda line:
line.split(",")) .map(lambda record: (record[0], record[l], record[2]))

# Ky E Bk

numPurchases = data.count ()

# KRS TRARAFHERTH

uniqueUsers = data.map (lambda record: record[0]).distinct () .count ()

# KAefd ok BN

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

# KRB R 2

products = data.map(lambda record: (record[l], 1.0)).
reduceByKey(lambda a, b: a + b).collect()

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

o

print "Total purchases: %d" % numPurchases

o

print "Unique users: %d" % uniqueUsers
print "Total revenue: %2.2f" % totalRevenue
print "Most popular product: %s with %d purchases" % (mostPopular[0], mostPopular[1l]

X} Scala JiUFT Python ifCAS, AHERER Java BB KEGANE . EEAEE T B4 KRB £
KT, B 44 BREIE Python i 55 IR lambda PR%Y, lambda 1 21875855 FAYSEEEF ] Scala
G, — R x B AR v ML REERR A x => v, 1E Python FIIJE lambda x :
vo TELTHACRSAIIRLER 73, FATE LT — RPN a F b B — N A 24 pRAL 31X
P AP — AR, X BRI eR gL, 5 lambda a, b : a + bo

IBATZIIA B R IT IR A A H SR T st i R -

$ SPARK_HOME/bin/spark-submit pythonapp.py

RRASH ) sSPARK_HOME AR W AZ R A # SEPR Y Spark () 32 H 5%, WUREARTE I 1R
Spark Pl g 13 fift R AR BUARAS H 5% o

JHAIZFT5E A% B N Z BT Scala A1 Java RS AOZS(EL, Has RERARE .
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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

1.9 Spark R RIENIT]

SparkR J&—~ R A1, B4 R LS 45 Apache Spark ) A I . 7E Spark 1.6.0 it , SparkR
PRAE T B BRSO A RAHEAESL . SparkR AR BEM T MLIb K37 Hp 0 A Les ], i
AT RS T T ah Pk — T .

SparkR DataFrame

DataFrame J8¥%C A4 BIFIRAFER 3 AR RS o XML T 2601 T 2 R AR
PEEUE R HAEERAE, (Hegad m2iiit. BaRENERIET LS CSV. TSV, Hive RAEEUE
AH R A EHAE S5

Spark XN A EIAEE AT AN N4 . . /bin/sparkR shell,

[, FRATH RORIH_ERTetnnfil, ik BRI ELE KRG H T %% R Il R Studio, XA
4 3.0.2 (2013-09-25)-Frisbee Sailing 51 I,

AN T LATEAS B AR Y r-spark-app H ¢ F4RF], YRR CSV Ll SCHFEIAE data ¥~ FH 5

o R IE ALEE — 440 r-script-O1.R BIASCHR, AT S8 ks iU Y paTa
AR EERCA [ CIT R PR A H .

Sys.setenv (SPARK_HOME = "/PATH/spark-2.0.0-bin-hadoop2.7")
.libPaths(c(file.path(Sys.getenv ("SPARK_HOME"), "R", "lib"),
.libPaths()))

# A SparkR &

library (SparkR)

sc <- sparkR.init (master = "local",
sparkPackages="com.databricks:sparkcsv_2.10:1.3.0")

sglContext <- sparkRSQL.init (sc)

user.purchase.history <-
" /PATH/ml-resources/spark-ml/Chapter_01/r-sparkapp/data/UserPurchaseHistory.csv"
data <- read.df (sglContext, user.purchase.history,
"com.databricks.spark.csv", header="false")
head(data)
count (data)

parseFields <- function(record) {
Sys.setlocale("LC_ALL", "C") # necessary for strsplit() to work correctly



22 % 1% Spark #9IREHE L IEAT

parts <- strsplit (as.character(record), ",")
list (name=parts[1l], product=parts[2], price=parts[3])
}

parsedRDD <- SparkR:::lapply (data, parseFields)
cache (parsedRDD)
numPurchases <- count (parsedRDD)

sprintf ("Number of Purchases : %d", numPurchases)
getName <- function (record) {
record[1]

}

getPrice <- function (record) {
record[3]

nameRDD <- SparkR:::lapply (parsedRDD, getName)
nameRDD = collect (nameRDD)
head (nameRDD)

uniqueUsers <- unique (nameRDD)
head (uniqueUsers)

priceRDD <- SparkR:::lapply (parsedRDD, function(x) {
as.numeric (x$pricell])})
take (priceRDD, 3)

totalRevenue <- SparkR:::reduce(priceRDD, "+")
sprintf ("Total Revenue : %$.2f", s)

products <- SparkR:::lapply (parsedRDD, function(x) { list(
toString (xSproduct([1]), 1) 1})
take (products, 5)
productCount <- SparkR:::reduceByKey (products, "+", 2L)
productsCountAsKey <- SparkR:::lapply (productCount, function(x) { list(
as.integer (x[2]1[1]1), x[11[11)})
productCount <- count (productsCountAsKey)
mostPopular <- toString(collect (productsCountAsKey) [ [productCount]][[2]])
sprintf ("Most Popular Product : %s", mostPopular)

7£ Bash 28y P AT U T i 2 0T 38 1 T A .
$ Rscript r-script-01.R

FHRL B AT -

> sprintf ("Number of Purchases : %d", numPurchases)
[1] "Number of Purchases : 5"

> uniqueUsers <- unique (nameRDD)
> head(uniqueUsers)

[[1]1]

[[1]1]$name
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> sprintf ("Total Revenue :
[1] "Total Revenue :

[[1]]1$name[[1]]
[1] "John"
[[2]1]
[[2]]$name
[[2]]1$name[[1]]
[1] "Jack"
[[3]1]
[[3]1]1$name
[[3]1]1$name[[1]]
[1] "Jillv
[[4]1]
[[4]]$name
[[4]]1$name[[1]]
[1] "Bob"

39.91"

> sprintf ("Most Popular Product :

[1] "Most Popular Product :

%.2f", totalRevenueNum)

%s", mostPopular)
irPad Cover"

1.10 7£ Amazon EC2 i&41T Spark

Spark I H #2481 £ Amazon EC2 _FAGHE—4> Spark SEREATTT HUIIAS, (7T ec2 SCIFJ T 4l

NUNT i A5 ] I8 FH 2SO F Y spark-ec2 AR .

>

M S EETT
Usage:

./ec2/spark-ec2

<action> can be:

Options:

—

launch, destroy,

SRR, oy WoRIZa 2

EL NS ENSE

spark-ec2 [options] <actiom> <clusber_ name>

login, stop, start, get-master

TR EE—1 Spark EC2 ZEHEAT, FRATHE—1 Amazon K5,

&

WAL, RATA TR —1 Amazon EC2 4% FIAH 1222 1E

AR R

1R B T4 —/> Amazon EC2 ZFA T, il id & 245 H] & B AR e Amazon Web
Services k5 )5, & £ 4 FALE P 8y Key Pairs 4248, K )5 41 7 5T T 848 269 A8 40 A
Wit ssh iZA27 P EC2 B, &% %422
(Bp RAART A B A ), & 0237 P KK,

LIZ B EEAN R G5 P AR IR

4 R % 7 Amazon Web Services 5, 7T VA f£ https://aws.amazon.com/cn/iE .
AWS #9832 424 & Hupk 52 https://aws.amazon.com/cn/console/

E, Spark SCE4#R %] T 7 EC2

%2 Ay 600
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L E2A4E F spark-ec2 By ART, & EiXE AWS_ACCESS_KEY_ID #» AWS_SECRET
ACCESS_KEY AR EEF, €14 % A1k49 Amazon EC2 4% 19 Z$AFRIR (Key ID ) #=
xt 69 BEEA RS (secret access key ). iX #43 B T A AWS £ R _EARK & & Account |
Security Credentials | Access Credentials 3£ 1% .

Bl —EPII, RUFE N FC 2 TR 4 . X HLUBBCE YIS spark, XY
YIS FRR spark.pem, W1 ETIHERIAY, FATH ERTIABE YR TI RAERIFBOE 4 Prfs B30

it

> chmod 600 spark.pem
> export AWS_ACCESS_KEY_ ID="..."
> export AWS_SECRET_ACCESS_KEY="..."

ER TN AR AP SO R ABE T 2k (RIFERI RIS ), SO HBE 22 PR A7 U2
FAS N8

HEE, =1 H—1 Amazon BC2 HERE, X STEVRAY AWS K-S T P EAHIL 9 B H]

B5fi— EC2 Spark &£ &
BAETRATOT LUR 8 — /N8 Spark 4R T JAghE HgiEA ec2 HE, SREHIA

$ cd ec2
$ ./spark-ec2 --key-pair=rd_spark-userl --identity-file=spark.pem
--region=us-east-1 --zone=us-east-la launch my-spark-cluster

BOKHE 81— 1244 test-cluster BHTEERE, HA1 m3.medium Z5] 1Y £ 5 AT S 44—
IZEREPT Y Spark JRAIEEL T Hadoop 2. FRATIH %)% 4H 44 F% BH SO 43 il & spark Al
spark.pem, ( ISRAREG B I TR 5, 805 A BEAEE) AWS 280X, sl x4 7K. )

LR TE )R SRR IR L T B —Lemf ] . fEisfT)a s e, ROZSSr BVE BT s
N

Setting up security groups...

Creating security group my-spark-cluster-master

Creating security group my-spark-cluster-slaves

Searching for existing cluster my-spark-cluster in region
us-east-1...

Spark AMI: ami-5bb18832

Launching instances...

Launched 1 slave in us-east-la, regid = r-5a893af2

Launched master in us-east-la, regid = r-39883b91

Waiting for AWS to propagate instance metadata...

Waiting for cluster to enter 'ssh-ready' state...........

Warning: SSH connection error. (This could be temporary.)

Host: ec2-52-90-110-128.compute-1.amazonaws.com
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SSH return code: 255
SSH output: ssh: connect to host ec2-52-90-110-128.compute-

1l.amazonaws.com port 22: Connection refused

Warning: SSH connection error. (This could be temporary.)

Host: ec2-52-90-110-128.compute-1.amazonaws.com

SSH return code: 255

SSH output: ssh: connect to host ec2-52-90-110-128.compute-
1.amazonaws.com port 22: Connection refused

Warnig: SSH connection error. (This could be temporary.)

Host: ec2-52-90-110-128.compute-1.amazonaws.com

SSH return code: 255

SSH output: ssh: connect to host ec2-52-90-110-128.compute-
1l.amazonaws.com port 22: Connection refused

Cluster is now in 'ssh-ready' state. Waited 510 seconds.

UNSRAEREIS S, B Al A2 i A BN A i -

./tachyon/setup.sh: line 5: /root/tachyon/bin/tachyon:
No such file or directory

./tachyon/setup.sh: line 9: /root/tachyon/bin/tachyon-start.sh:
No such file or directory

[timing] tachyon setup: 00h 00m Ols

Setting up rstudio

spark-ec2/setup.sh: line 110: ./rstudio/setup.sh:
No such file or directory

[timing] rstudio setup: 00h 00m 00s

Setting up ganglia

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

ec2-52-91-214-206.compute-1.amazonaws.com

Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ OK ]
Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ OK ]
Connection to ec2-52-91-214-206.compute-1.amazonaws.com closed.

Shutting down GANGLIA gmetad: [FAILED]
Starting GANGLIA gmetad: [ OK ]
Stopping httpd: [FAILED]

Starting httpd: httpd: Syntax error on line 154 of /etc/httpd
/conf/httpd.conf: Cannot load /etc/httpd/modules/mod_authz_core.so
into server: /etc/httpd/modules/mod_authz_core.so: cannot open
shared object file: No such file or directory [FAILED]

[timing] ganglia setup: 00h 00m 03s

Connection to ec2-52-90-110-128.compute-1.amazonaws.com closed.

Spark standalone cluster started at
http://ec2-52-90-110-128.compute-1.amazonaws.com:8080

Ganglia started at http://ec2-52-90-110-128.compute-
1l.amazonaws.com:5080/ganglia

Done!

ubuntu@ubuntu:~/work/spark-1.6.0-bin-hadoop2.6/ec2$

ORI AR 7 FE Y Spark 95 A TAE T 4, ZEAUH00 ml.large, 4L #A]
NS
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;l er by tags a
Name v Instance ID ~ |Instance Type -+ Availability Zone ~ Instance State + Status Checks -
my-spark-clu...  i-35e1b5b4 m1.large us-east-1a @ running = Initializing
rd-app i-f13c33de t2.micro us-east-1e @ running & 2/2 checks ...
my-spark-clu... i-f4e3b775 m1.large us-east-1a @ running b4 Initializing

SR SRR AR, AT LU AT A2
$ ssh -i spark.pem root@ec2-52-90-110-128.compute-1.amazonaws.com

TR, %M rooteFHAY 1P Hihl 52N /R H O Amazon EC2 /A THEAS o 135,
#4 AR 3 B AEFERT AO Lt A R 2

J3Ah, AT LA A i A5 B A TFEA, -
> ./spark-ec2 -i spark.pem get-master test-cluster

IR ssh ApSPATIINE, RSEES] BEC2 I Spark SERFA It [RIRT 2 sim i AN 5
INEESCE

ec2-52-91-214-206. compute-1.amazonaws. com
./tachyon/setup.sh: line 5: /root/tachyon/bin/tachyon: No such file or directory
./tachyon/setup.sh: line 9: /root/tachyon/bin/tachyon-start.sh: No such file or directory
[timing] tachyon setup: 00h @0m 01s
Setting up rstudio
spark-ec2/setup.sh: line 110: ./rstudio/setup.sh: No such file or directory
[timing] rstudio setup: @@h @@m 00s
Setting up ganglia
RSYNC'ing /etc/ganglia to slaves...
ec2-52-91-214-206. compute-1.amazonaws . com
Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ oK ]
Shutting down GANGLIA gmond: [FAILED]
Starting GANGLIA gmond: [ oK 1
Connection to ec2-52-91-214-206.compute-1.amazonaws.com closed.
Shutting down GANGLIA gmetad: [FAILED]
Starting GANGLIA gmetad: [ oK 1
Stopping httpd: [FAILED]
Starting httpd: httpd: Syntax error on line 154 of /etc/httpd/conf/httpd.conf: Cannot load
/etc/httpd/modules/mod_authz_core.so into server: /etc/httpd/modules/mod_authz_core.so: cannot open shared object file:
No such file or directory
[FAILED]
[timing] ganglia setup: @@0h @0m 03s
Connection to ec2-52-90-110-128.compute-1.amazonaws.com closed.
Spark standalone cluster started at http://ec2-52-90-110-128.compute-1.amazonaws.com: 8080
Ganglia started at http://ec2-52-90-110-128.compute-1.amazonaws.com:5080/ganglia
Done!
ubuntu@ubuntu:~/work/spark-1.6.0-bin-hadoop2.6/ec2$

RN B IEMBL E Spark 2145, v DIVIE] Spark H R, SRJF IR ETT
— IR .

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

Foanth NOZ S 1EAR A O EAL R 2
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14/01/30 20:20:21 INFO SparkContext: Job finished: reduce at SparkPi.
scala:35, took 0.864044012 s
Pi is roughly 3.14032

AR T A& 2 R B SR, AT B9 Spark 1 AT E— Y
MRS L "WHI_JEI’J/TWJO Fram M LA, {HFZETY 5089 URL 12 MASTER H9{H -

> MASTER=spark:// ec2-52-90-110-128.compute-
1.amazonaws.com:7077 ./bin/run-example SparkPi

9 EE, RELHF LR TN EHHARE TH,

lﬁﬁ‘i, A2 I RO AN A BB AT L. AR, XA H BN B R IR IR sh e
4R Spark FERFAY T A

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-1.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

PR A hZh], AZ&— T Scala [958 5. X% I
$ ./bin/spark-shell --master spark:// ec2-52-90-110-128.compute-1.amazonaws.com:7077
A5EE, B exit MR S0, HAMITT LIE LT Ay 4R K 5 PySpark 2 .

$ ./bin/pyspark --master spark:// ec2-52-90-110-128.compute-1.amazonaws.com:7077

i3 Spark F=AT AL BT, AT RIS B A 50 RTEM T RLER T IS LT ec2-52-90-110-
128.compute-1.amazonaws.com:8080 ( [AFf, FTFERAFFIEL B ARE CH ),

(HASE RN, Amazon SHRHEERERE TG OISR . BT AE( FHSE 5SS, 10 1kl
LB RE . B RIZERE, WTLUETEIRAR RSN ssh TR exit, RIFHHEA
WMHas.

$ ./ec2/spark-ec2 -k spark -i spark.pem destroy test-cluster

JiZ%R] AR B R A i S -
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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 SRR, (T2 RZIERE

INE WAERE LM EB) T i Spark £8F, IFEE _LIETT T — 522 TR /R Bl R
¥, el Tk A ERE. WA ) R Ses id, RAEEERE st R plsi/R A ST,
AT LA s SE A 48 e AR B A SRR R A B . (R — T2, IFRiCA i oe 5em o6
EATHAT. )

1.11 7 Amazon Elastic Map Reduce tF2 & Hiz1T Spark

X i%ﬁ\ B & B EMR ( Amazon Elastic Map Reduce ) 23 Fi—~4 & Spark (1) Hadoop
Vi T APRRR S,

(1) J3 38—/~ Amazon EMR Cluster.
(2) 7EUT R Ho4ikFTFF Amazon EMR UI Z%3i: https:/console.aws.amazon.com/elasticmapreduce/home
(3) WA NN, #E#E Create cluster ( QIEEERE ).

(T} AWS ~ Services v

Welcome to Amazon Elastic MapReduce

Amazon Elastic MapReduce (Amazon EMR) is a web service that enables businesses, researchers, data
analysts, and devel to easily and cost i process vast amounts of data.

You do not appear to have any clusters. Create one now:
How Elastic MapReduce Works

Upload Create Monitor

Upload your data and processing Configure and create your cluster by Monitor the health and progress of
application to S3. specifying data inputs, outputs, your cluster. Retrieve the output in
cluster size, security settings, etc. 3.

Learn more Learn more Learn more

(4) LA T #ETR, 4% Amazon AMI 3.9.0 B{HHTAA
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AWS Services v

Elastic MapReduce v Create Cluster

Create Cluster - Quick Options  ao to advanced options
General Configuration

Cluster name My cluster

# Logging ©
3 folder s3://rd-emr-1/ =
Launch mode (@ Cluster € | Step execution €

Software configuration

Vendor @ Amazon MapR

Release [ emr-42.0 e
Applications () All Applications: Ganglia 3.6.0, Hadoop 2.6.0, Hive

1.0.0, Hue 3.7.1, Mahout 0.11.0, Pig 0.14.0, and
Spark 1.5.2
Core Hadoop: Hadoop 2.6.0 with Ganglia 3.6.0,
Hive 1.0.0, and Pig 0.14.0
Presto-Sandbox: Presto 0.125 with Hadoop 2.6.0
HDFS and Hive 1.0.0 Metastore

@ Spark: Spark 1.5.2 on Hadoop 2.6.0 YARN with
Ganglia 3.6.0

Hardware configuration

(5) User Interface FHE{E T Application Fil ¢33, Mt Spark 1.5.2 B HMIA, Jfa
i Add #%4.
(6) HR AT ZE A AL 3500
O Instance type: FHLISH
Q Key pair: T SSH (#58%t
Q Permissions: Y[R
Q IAM roles: IAM ffiff, Default ( 2RIk ) i Custom ( HE X )

A #A

Software configuration
Vendor @ Amazon MapR

Release [(emr-4.2.0 DK:]

Applications (' All Applications: Ganglia 3.6.0, Hadoop 2.6.0, Hive
1.0.0, Hue 3.7.1, Mahout 0.11.0, Pig 0.14.0, and
Spark 1.5.2

Core Hadoop: Hadoop 2.6.0 with Ganglia 3.6.0,
Hive 1.0.0, and Pig 0.14.0

Presto-Sandbox: Presto 0.125 with Hadoop 2.6.0
HDFS and Hive 1.0.0 Metastore

@ Spark: Spark 1.5.2 on Hadoop 2.6.0 YARN with
Ganglia 3.6.0

Hardware configuration
Instance type [ m3.xlarge B

Number of instances 2 | (1 master and 1 core nodes)

Security and access

EC2 key pair | rd_spark-user 4] @ Leam how to create an EC2 key par.

Permissions @ Default Custom

Use default IAM roles. If roles are not present, they will be automatically
created for you with managed policies for automatic policy updates.

EMRrole EMR DefaultRole €

EC2 instance profile EMR_EC2 DefaultRole €

Cancel Create cluster
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(7) #iifi Create cluster ¢4l . SEHEH SIFHEVIMRIL, TR EFTR,

Rajdeep = N.Virginia =  Support ~
Elastic MapReduce v Cluster List > Cluster Details EMR Help

Add stop

Clone | | Terminate | | AWS CLIExport

Cluster: My cluster  starting c
Connections:
Master public DNS:
Tags: == View Al / Edit
Summary Configuration Details Network and Hardware Security and Access
ID: j-122BTZQYS3414 Release label: emr-4.2.0 Availability zone: -- Key name: rd_spark-user!
Creation date: 2016-01-13 16:04 (UTC+5:30) Hadoop distribution: Amazon 2.6.0 [EC2 instance profile: EMR_EC2_DefaultRole
Elapsed time: 2 seconds Applications: Ganglia 3.8.0, Spark 1.5.2 ioning 1 m3.xlarge EMR role: EMR_DefaultRole
Auto-terminate: No Log URI: sg://rd-emr-1/ B o 1 maxiarge Visible to all users: Al Change
Termination protection: Off Change EMRFS consistent Disabled Security groups for ElasticMapReduce-master
view:
Security groups for ElasticMapReduce-slave
Core & Task:
» Monitoring
» Hardware

Steps

Configurations

Bootstrap Actions

(8) BsRFE T, M EMRER LS, fnliit SSH ARG FE7 5
$ ssh -i rd_spark-userl.pem hadoop@ec2-52-3-242-138.compute-1.amazonaws.com

HA B .
Last login: Wed Jan 13 10:46:26 2016

b _1_ )
1« / Amazon Linux AMI

https://aws.amazon.com/amazon-linux-ami/2015.09-release-notes/
23 package(s) needed for security, out of 49 available

Run "sudo yum update" to apply all updates.

[hadoop@ip-172-31-2-31 ~]$

(9) J3 8l Spark Shell,

[hadoop@ip-172-31-2-31 ~]$ spark-shell
16/01/13 10:49:36 INFO SecurityManager: Changing view acls to: hadoop
16/01/13 10:49:36 INFO SecurityManager: Changing modify acls to: hadoop
16/01/13 10:49:36 INFO SecurityManager: SecurityManager:
authentication disabled; ui acls disabled; users with view
permissions: Set(hadoop); users with modify permissions: Set (hadoop)
16/01/13 10:49:36 INFO HttpServer: Starting HTTP Server
16/01/13 10:49:36 INFO Utils: Successfully started service 'HTTP
class server' on port 60523.
Welcome to

/ / /7

_/ _/ _ &grave;/ __/ '_/
/[ «_/_,_/_/ /_/_ version 1.5.2
/1

scala> sc
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(10) i217T EMR -/ Spark FEAR ],

scala> val textFile = sc.textFile("s3://elasticmapreduce/samples
/hive-ads/tables/impressions/dt=2009-04-13-08-05
/ec2-0-51-75-39.amazon.com-2009-04-13-08-05.1og")

scala> val linesWithCartoonNetwork = textFile.filter(line =>
line.contains ("cartoonnetwork.com")) .count ()

FCo AR -

linesWithCartoonNetwork: Long = 9

1.12 Spark BRAE
Spark &It T —~ Web Ftifii, BT W SHEMZITHE, PIEE1T SQLArs .

SparkContext iHid 4040 3 0 & Ai—1 Web FLHIK B~ 5 4a5 W A FAER .. XLE&E
BT

Q AR BB BRI 55 151 3

O RDD K/INFI A 17 0 A M2
Q HEEEE

Q IEAEET TR T ER AR5

S AT https:/<driver-node>:4040 7EXI Wi as 5] o A Al—FHL A £ sparkContext
TEIZAT, WM 4040 FRIAHIR A FCRRI A0 T, 404041, 4042, DIE2EHE.

IR R T Web FHHEIIHRBERYERME B, -

€ @ localhost:4040/environmen v | B~ coogle aQwse ¥ a5
Sporfz son Spark shell application Ul
Jobs  Stages  Storage = Environment = Executors  SQL
% i
Environment
Runtime Information
Name Value
Java Home /nome/ubuntuwork/idk1.7.0_60jre
Java Version 1.7.0_60 (Oracle Corporation)
Scala Version version 2.11.8
Spark Properties
Name Value
spark app.id local-1480683409191
spark.app.name Spark shell
spark driver.host 192.168.22.238
spark driver port 28559
spark.executor.id driver
spark home /home/ubuntuwork/spark-2.0.0-bin-hadoop2.7
spark jars
spark.master local[*]
spark.repl.class.outputDir pispark-4013153d-c44c-4df

Spark Z1T 5T R BLHT
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(- @ localhost:4040/executors/ v C| B~ Google
Spor 2do Jobs Stages Storage Environment Executors saL
Executors
Summary
RDD Storage Disk Active Failed Complete Total Task Time
Blocks Memory Used Cores Tasks Tasks Tasks Tasks (GC Time)
Active(1) 0 0.0B/366.3 0.0B 4 0 0 0 0 0 ms (0 ms)
MB
Dead(0) 0 00B/0.0B 00B 0 0 0 0 0 0ms (0 ms)
Total(1) 0 0.0B/366.3 00B 4 0 0 0 0 0ms (0 ms)
MB
Executors
Task
Time
Executor RDD  Storage Disk Active Failed Complete Total (GC
ID Address Status Blocks Memory Used Cores Tasks Tasks Tasks Tasks Time)
driver 192.168.22.238:46734 Active 0 00B/ 00B 4 0 0 0 0 Oms
366.3 ()
MB ms)

Q%8 3 & 3

Spark shell application Ul

Shuffle  Shuffle
Input Read Write
00B 00B 00B
00B 00B 00B
00B 00B 0.0B

Shuffle Shuffle Thread

Input Read Write Dump
00B 0.0B 0.0B Thread
Dump

Spark Executors PR &L AT

1.13 Spark I Z#FRIHRFEIEE
Spark ML SRR &%
0 HEEE

m XEFNZFE (ALS, alternating least squares ) . PRI IEH FH THERE RS, XLbH;
AR ETETHE W i O AE P R I OCHK OC R o spark.mllib HATSCRERE T
MRl E . FEHSEE, P R R A e T RSB - (latent factor ) ZH AUAY
EERITR, FEMPERE AR . spark.m11ib il ALS Sk 7 X 2L

JRPH T

Q |3, REBTRALI—FhIC B 7~ A, BV i SR (D0 1) B A AN ) A ) 52 4
(826 o BIH M TRRIED A N2 B 2 I R — sy 58 Mgl 2
XA SN G AR, AR AE S0 i [l AL . Spark FRSCER T ANR REBATL

m K918 (K-means) . BORH IR RILEZ —, R Bl mB2E R 24028000+,
HIEI SRR H B BiSe e aF, B 82 . spark.m11ib BN SEBAL & T

HAT A B 7% K-means++,
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n SEPRA. BHNRAHA! (GMM, Gaussian mixture model ) $§—Fh4&404, Hrp
BEHE RN E TR Z P EUER . ST amEA A O MRS
spark.mllib [RXFRSEEUE ] T AR i KA (expectation-maximization ) 575 4K i
S EREARI R KASA (maximum-likelihood ).

m FIEREA (PIC, power iteration clustering ) s HI TR INAT &l o B T GHEA TSR 1Y
— BT R o 1 B B AR I R i T AR BIPE . ZR g e R Ok
THELEL XS B 3 — Ak J5 A AR UK B, affinity matrix ) P84 AE 7] &t ( pseudo

eigenvector ),

TR R — PR A . S — R X, 2B R B — D 8UE A (RRE(E)
M—AEE v (FHERE ), 15 Xv=1v,

SE P4 R O ARAE 1) B nT A T ARSE RS ( nearby matrix ) FOAFAE [ & DWARAE 7] B 1R E
P&/

W AN miT nFIRSERE, E AT R\ E|| = €R95E 1S, R4 A BOThRHIE R & A+E /Y
FRAEIR) & IR 1) A B R I A TIOS A T 3R 2k

spark.mllib A& T PIC F—FhsEEl, ZEBIET GraphX, ‘B LI (tuple ) A RDD

A, F A R 2RER (ARZE) BORCEL . ARRIMERIFRR AU AR SR . PIC Al
LLRE R X FRAY

(FEGEit2erf, A RIR B s DL pR RSO — P A P X G 22 I AR RURE 1 SRR
R S KB . — P LA R I BRECR AR XA )

i src1d Fl dst1d Jr R RPN TS, W (sreId, dstId) 7Edm ABE i
SRREMAK, FHES (@stra, sreta) FAl

m [2ENFITE S (LDA, latent Dirichlet allocation ) J& M — Z 3 SCA SCRY HR T T
FH (topic) M—MARY, JEREBIARIN)—Fh, FHHRET

TR, T8 SCASNT R AR TR P B A REAS TR SO AR T —1
FEIEZS TR, 3% B AR AE T I R R A ] Bga] H BV 1) ( RIAAARAY | bag of words ).

LDA G X SCAS R AT A A, BRI, AR L SRR %R o

m Z 45 K-¥{E (bisecting K-means ) j2—F LRI 2R R EE D, BREESHT (HCA,
hierarchial cluster analysis ) 2 BTN /rZ M HE AR Z RIS (X145 ) o FEXRHE
2, A R SONE— 20T, s = T o 2405

JRRERL T TR BRI R IR G5
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m R K-EER 2 (steaming K-means ) o YACPEEAE AR TERT, T 2RI i EcdE
KNSIHE I E A IR, , spark.mllib CFFRI K-ERIS, AL
KBS EORERI TR . B —Fz e rd /Mt i K-YI(E T B R

a o3

m R (decision trees ). HERH AR (ensemble ) ST 2 [l )5 i —Fifs
A, PSR A AR R . RRAL 2SI E M LUK T R B 2 A s i s, TR
Sz, BT ERMESE I ( feature scaling ) , 111 ELAET $R LM AE FURIE 2
W] () OCHE AR R E . BEAHLARARAN Boosting J& 432 B W T vh 2 de A i J LR

spark.mllib FRPRSERBIRISCRE 02 . ISR =R, SOFEg e
AR (ISR Rk IRSEBIEAT BRI AT 701X, NG SERPRC 3 92 Bl B A A 5K
k.

m AbRDIHET (naive Bayes ) s —JSN I DL ST BGOSR 2 AUAT — 1 5
(FhE) fBisE, RIAANREAEZ AR AT

AN DR —Fh 2502050, B E Z I PR . W25 i — 2 N 2085080
EH R E bR I BN RAE B S5 R S0, SRS R DL 3 R T334 e A
MBI SRR, I A R AT . spark.m11ib SCRPZ IR R DLt
1 ( multinomial naive Bayes ) FA%SFIFNE DI ( Bernoulli naive Bayes ), X #6457
TIOR3,

m BEER 5B (probability classifier) o FEHLENZFET T, HERAZEENH T 0 45 5 5 A
B AE— 280 L RIRER G, AR B T RG] . BRI 2RIHE By
ATREME . T REMEA B 2 R X, RE A HAb A SRR R R

m logistic EIYAH T =JC (&) HIWr. Bt —A> logistic PREGH IR R B 1t 5hr%s
A RAGF TG ORAS 7 1Y B . IZPREUE — > 2 logistic 431 ( cumulative logistic
distribution ) PR,

BRI AR, T X &M AER (GLM, generalized linear models ) f)—F444)
AT SRS AT AT UL spark.m11ib H 5 logistic [A]J-AH I H SCARY
GLM X 7E f (IR 25 30 AR IE A0 gt PRI 0 S 4tk LA i — iz 4k

m BEHLARM (random forest ) F17:i i) 4 2 USRI SR E DR AL . BEALARARSS 51
ZYRI, MRS T 4553814 (overfitting ) XU .

Spark ML PSRRI L LR oM Z 20 2K 580G, W T2k sibn 2 | 12
HH.
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O P£% ( dimensionality reduction ) E/PEHRAEREE (FRIEEH ) poadfe, Hig b ats el
wEES] o EREH T B AR ERAE R BURORAFIE , SR ORI LIRS A4 A R4 X B s R 1 7
JE45 . MLIib 7E RowMat rix SRl FERIL T R4 SR .

m FHF{EHE (SVD, singular value decomposition ) FJRE XA : L/ E—MTHECH (m,n) H.
TURE N SRR RN M, 3 e an vzv+, kb U, T H VN 5180y
B (m,R). (R,R)Fl (n,R), H ZHIXIAAITRNIENIRL, VIPLIHER:, R4 THE
ME Mk (Rank ) o V*FoR VIR E

m £S5 4T (PCA, principal component analysis ) J&—f& 1221, BIERIHHE%
B S AR —2E I A2 St KA e S o X Wl FSAE Je e 2R Ry 22 S5 e R
ko TEFEFERE RIS REFR N ST . PCA J&—Fhi FHRREE ik o

MLIib #2475 HFER PCA 5. 15745 RowMat rix N A, HARFELIAT
oo XAt o Spark [RIRE SCREFFIE SR BUR 4%, BRI TF-IDF . ChiSquare. Selector,
Normalizer 1 Word2 Vector,

Q SMEARNIZHE

m FP-growth. FP >} frequentpattern (M ZEMA ) M5 . ZEEE i BEEAEHYi 0
IR CJRPE-REEXT ) IR AR Rk % (header table ) o

AR, el AL (P, B items R ) KA EE FP-Tree Z544 . RS040
XERLEIZ AP, S8 A7EEER A AR IR P HES o ik A RE DR A B
I, TR R/ NIR BUELR ) A 2 BeEBR o X T 2R il rh R B )
A A TSRS AL, FP-Tree fEFRUTMAR A 23 SCHEAT 1 g BEJRAH .

m SREXHN (association rule ) JHRALINE ] BTER IREF AR & MRFIEZ HIUHLE R
BT NI T AR AR SR A S S AR BRI, 20 LA B Ry
Q PrefixSpan. i J&—F 7SI AIZ IR % .
O & 4545 (evaluation metrics ). spark.mllib ¥t T —E4855, FHTIEGE .

O PMML #&8#H . PMML ( predictive model markup language, FlAEIFRICIET ) 22—
FPET XML BN AR A A 2 B AT 20 FH RE RS A A IR B A e i L7
2B A U TR

spark.mllib L PMML 5528 2R 5 B a8 2 ST AR R
0 SRMHEE
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m BEHERE RFEE (SGD, stochastic gradient descent ) . SGD il i L fudh B~ Bk i/ Mk
—A~EAReREL I PREC T AT R A AL

BT FREEFBEHLAR R B R REEL . MLLDb 1R)2 50, R H A AR L=~ 5
T A

Q Limited-Memory BFGS ( L-BFGS ), iXs&—f ik, HIE T i1 ( Quasi-
Newton methods ) F{—Ff, %2512 %} BFGS ( Broyden-Fletcher-Goldfarb-Shanno ) 554
IR, BRSNS B, HTHLE2E T b SEdhit.

BFGS #A AR AR A AT L, ZM€ILEE (hill-climbing optimization techniques ) FJ—F .
T A 5 R SR AR 20 5 PRELA) SRR, ( stationary point ) XX SR 5, L fbr)—
M EE RN

1.14 Spark ML B934

T KA TR 43R AMQ 5286 %7E Amazon EC2 65 F 1 B — 250 S8 LA K P ) 3
HEMI, X} Spark F1 RDD #EfT T34 .

O FAMNEE: logistic M K-2{H.,
Q Al ERERmEZRER

A IR ml . xlarge EC2 1o ZIWAAAE 4 MZOLII 15GB NfE. FAfitieT
HDFS, HK/Nh 256MB. 5 HABZER e nT WF . FEX T Hadoop 1 Spark [ logistic [E]
VATIETE B UGEA G S22 R i BE

logistic[=])3

160

140

120

100

80 i s HRER
&0 Jagk
-

20

X —
Hadoop HadoopBM Spark

TN K-S {ERRI AT TR A LA
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K-131E

200 ¢
1o | || - Bkt
140 | ! - JEE 3P
120 1 r
100
a0 1 I
60 1 I
40 1 I
20 1
o

Hadeop HadoopBit Spark

SRS RFRWIT LA

Q XL FIE N M 5, Spark FIPERE L Hadoop 7, I hem i 20 f5. sk
H Tl VO .45, DISCEEELL Java X ZIE U RAFAE A, N 1 O+ .

Q H Spark %5 RN A BB PERERIATY Pt . XTE Hadoop, Spark HE AT 2 ini
40 1%,

Q 477 S, Spark AUFE ) RDD 431X, WA AR E KR

Q Spark BETE 5~7 FPUEIR P SE KT 1TB i 1938 B0 if) .

0 % %43 8.4 http://people.csail. mit.edu/matei/papers/2012/nsdi_spark.pdf.

Spark 11 Hadoop 7EHEF L[ FEAENITE L #——2014 4F, Databricks AIBAZ N T —I1 SORT %
HEMA (http:/sortbenchmark.org/ ). %M H %S R /N A 100TB, Hadoop i217 F—1 %)%
Bl e b, 1 Spark MR, EC2 _E /) 200 24~ 453 H HDFS #4373 2017

AR ] Spark HY# b Hadoop P 3 £, 1 i FHAUHLAR AN 1/10, Gn R EIFR

LZRIETIE (S8 ERAnROHE ERNNRHE
80 7 60000 2500 7
:: 50000 2000
50+ 0000 1500 +
a0 - ‘ 30000 )
30 20000 ) 000 +

20 i ] :
0000 : 500 -

1 -_, 1

0 . 0 - 0

Hadoop Spark Hadoop Spark Hadoop Spark
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1.15 £ Google Compute Engine £ Dataproc #J%& Spark &%

Cloud Dataproc f&—Fiz47F Google Compute Engine [ Spark £l Hadoop iR %5, ‘& 4&—Fh
ZEWIMRSS o Cloud Dataproc H 31 {bA B THGHEIERE, JrEXTERFHA TR, JHAEAS N

H sh AR T A 3
AR 25 2] Qnfaffi ] Dataproc AR5 R AEE—A~ Spark £ERE, IFEH Fiaf/R B,

T B e —1 Google Compute Engine k5, F14¢%% Google Cloud SDK.,

1.15.1  Hadoop #1 Spark kg Z<

Dataproc S F# I Hadoop 1 Spark iAs, {H-2x BT RRAS (4 A A7 1A T el As -

Q Spark 1.5.2

QO Hadoop 2.7.1

Q Pig 0.15.0

Q Hive 1.2.1

0O GCS connector 1.4.3-hadoop2

Q BigQuery connector 0.7.3-hadoop2

¥ % 4% B35 & JL https://cloud.google.com/dataproc/docs/concepts/versioning/
dataproc-versions,

T B AE Google Cloud Console AT, i P AL 1E AT Spark SR AT 55 (1)
$252,

1.15.2 GIE&KH

HJYE Cloud Platform Console & —~ Spark FEfE, EHAHN T H , 57 Continue %
HLLIFTIF Clusters DU . XA 7] 7 25 /& %51 H 19 Cloud Dataproc S/, WIRRE 244
TS

M5 Create a cluster #%4H LA ] Create a Cloud Dataproc £/ 7L, 4N F R
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c&, Cloud Dataproc Clusters

f Clusters

Jobs

Cloud Dataproc
Clusters

Google Cloud Datapree lets you provi
connect 1o underlying analytic d

Cre

n Hadoop clusters and
y slores

pour first cluster to get started

Create a cluster

Jiiti Create a cluster ¥ H12 J5, (4 WaR—MFEANR0FRM, WFEFIR,

Name

cluster-1

Zone

europe-west1-d

Master node

Contains the YARN Resource Manager, HDFS NameNode, and all job drivers
Machine type Primary disk size (minimum 10 GB)
n1-standard-4 (4 vCPU, 15.0GB ... ~ 500 GB

Worker nodes

Each contains a YARN NodeManager and a HDFS DataNode.
The HDFS replication factor is 2.

Machine type Nodes (minimum 2)
n1-standard-4 (4 vCPU,15.0GB ... ~ 2

Primary disk size (minimum 10 GB) Local SSDs (0-4)
500 GB 0 x 375 GB
YARN cores YARN memory
8 24.0GB

> Preemptible workers, bucket, network, version, initialization, & access options

L EJ@/R T Create a Cloud Dataproc £EHE Ui, HE HZMHE T — 128 cluster-1 BUFTEERE
KFE— T NSRRI
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Clusters

Create a cluster NG

Clusters
Name ~
& europe- 2 dataproc-2beale6a-ee8d-48fb- Jan 28, 2016, Running
cluster-1 west1-d 80df-dda5fc46c169-eu 3:26:49 PM

JEJT Workers, Bucket, Network, Version. Initialization £l Access Options FL1fi, {5 o] fic & T.
YE5 55 . Staging bucket. M4 . ®IEHILIKEHE . Cloud Dataproc BfZ AN . PUATHIEEAE RN RERY I
B imIsems ., AR R ER e X e, SCBARIT,

RIMER T, ERAEE TAEN A, HA5 BRI Staging bucket FMMZE % E . [FIFHIL 2R
HEH &A1) Cloud Dataproc BERIUA . X SEERINAL B I B ek, 4 s .

Clusters

« C  Delete

@ cluster-1

Overview Jobs VM Instances Configuration

CPU utilization - 1 hour 6h 12h 1 day 2d 4d 7d 14d 30d
CPU
% CPU

40

20

20

10

Jan 28, 2:45 PM Jan 28, 3:00 PM Jan 28, 3:15 FM Jan 28, 3:32 PM

®cpu: 0327

Equivalent REST

FeESERE, i Create AR ANEREAERE . RN ZFRE B RTE Cluster LA o 24
st , HARAESTHA Running,
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Sk RN SRR AR, (AT IR RS VR . % U IR Overview FR&s BTN _
CPU utilization & .

AR FR2E 50T LA AT 55 S 5545 8 o

1.15.3 EBXESFH

j# 1 Cloud Platform UI, {# 1] M\ Cloud Platform Console 3238 —/MT45 2R . {E1Z 0 HiEHE
AR B3 H Ff 055 Continue #5241l #7220 — RIS, 2 W W F XHGHE :

“

Submit a job
Cluster

cluster-1 -

Job type
Spark S

Jar files

file:///usr/lib/spark/lib/spark-examples.jar

Main class or jar

org.apache.spark.examples.SparkPi

Arguments
1000 %
l I

Properties

I 4+ Add item I

st Submit FAREEASAT S5, WFEIIIR

Submit a job eoe Stop Delete

Jobs

@ 1ed4d07f-55fc-45fe-a565-290dcd1978f7 Spark cluster-1 Jan 28, 2016, 3:34:21 PM 23 sec Running
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BOEATREGIE S, S BT AP PRES Submit TU

(1) MEEREFI R rh e —ERE A o

(2) %X B Spark [t Job type.

(3) 7E Jar files H /il A file:///ust/lib/spark/lib/spark-examples.jar . X H!, file:///’ Hadoop
LocalFileSystem i#5%; Cloud Dataproc 7EQIEELERERT 224 /ust/lib/spark/lib/spark-examples.jar
LEHNERE R N b WATRE, HPnTsE s jar SCAR) Cloud Storage #6458 ( gs:/my-bucket/
my-jarfile jar ) B{—~ HDFS 4% ( hdfs://examples/myexample.jar ) 2| F & LA,

(4) &% & jar B Main class N org.apache.spark.examples.SparkPi,

(5) & Argument 524 1000,

sl Submit ¥R RIS
S ITF R IEE2EmE] Job SR g, W F#&l.,

Jobs

4« C Clone

@ 1ed4d07f-55fc-45fe-a565-290dcd1978f7
Jan 28,2016, 3:34:21 PM 36 sec Running

Output Configuration

Line wrapping Equivalent command line

16/01/28 10:04:29 INFO akka.event.slf4j.S1f4jLogger: Slf4jlLogger started

16/01/28 10:04:29 INFO Remoting: Starting remoting

16/01/28 10:04:29 INFO Remoting: Remoting started; listening on addresses :[akka.tcp://sparkDriver@10.240.0.4:53682]

16/01/28 10:04:29 INFO org.spark-project.jetty.server.Server: jetty-8.y.z-SNAPSHOT

16/01/28 10:04:29 INFO org.spark-project.jetty.server.AbstractConnector: Started SocketConnector@0.0.0.0:33345

16/01/28 10:04:29 INFO org.spark-project.jetty.server.Server: jetty-8.y.z-SNAPSHOT

16/01/28 10:04:29 INFO org.spark-project.jetty.server.AbstractConnector: Started SelectChannelConnector@0.0.0.0:4040

16/01/28 10:04:31 WARN org.apache.spark.metrics.MetricsSystem: Using default name DAGScheduler for source because spark.app.id is not set.
16/01/28 10:04:31 INFO org.apache.hadoop.yarn.client.RMProxy: Connecting to ResourceManager at cluster-1-m/10.240.0.4:8032
16/01/28 10:04:34 INFO org.apache.hadoop.yarn.client.api.impl.YarnClientImpl: Submitted application application_1453975062220_0001
[Stage 0:> (0 + 0) / 1000][Stage 0:>

ece

EFERG, FRESRESE, WTEPUR:

Jobs

NIWEN C

Jobs

0 1ed4d07f-55fc-45fe-a565-290dcd1978f7 Spark cluster-1 Jan 28, 2016, 3:34:21 PM 1 min 1 sec Succeeded
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AWiE T Sob A% o
FHAHBLEY Job ID 7EZ S h AT i 2 o

EVEEIXE, JobID N 1ed4d07f-55fc-45fe-a565-290dcd1978£7, ProjectID N rd-spark-1.
PACRF L [ i 2 A«

$ gcloud beta dataproc --project=rd-spark-1 jobs wait 1ed4d07f-
55fc-45fe-a565-2904cd1978£7

Hih (WA ) e

Waiting for job output...

16/01/28 10:04:29 INFO akka.event.slf4j.Sl1f4jLogger: Slfd4djLogger
started

16/01/28 10:04:29 INFO Remoting: Starting remoting

Submitted application application_ 1453975062220_0001
Pi is roughly 3.14157732

WAl st SSH % 5% Spark 5244, F-LASZ HAE A 5l spark-shell,

1.16 &

ARFEPER T AT FEA AL, Amazon EC2 F) i e & Spark M58, A4 1 Wnfa 7€
Amazon Elastic Map Reduce ( EMR ) 3217 Spark, DA Un{fi#iid Google Compute Engine i) Spark
R 55 KA — N ERI S TR BIFEY . BLAMNAIE T Scala 28 H A8 T Spark Za a5 4 Ik
RHHIEAT APL, Jf43 3 Scala, Java, R Fl Python i 5 9m5 T — A1 HLAY Spark B2/ . Fefaibx)
I 1 Hadoop HI Spark 7EA 1AL~ 5 L & SORT HEHEMIA I PERETE R

A A LA IR,




W28 5 S £t

BLER2E 2T P B AR M S RS AT —E B . Bt e L I B 2 —. TRl
AT PRI T S A HE S RZE MR S G . BB, FRATTTR LA B ECE R PR LAY 2 T )
FHSEME S AL, NI 2R, DL R R AR AR A & . RT3 B &
FEPRIER PR, SR E AR . AT SN AL T Z M R BURIRER 43 1 SL At
AL,

TR AYAEATT -

0 ZeAEL
Q FREERE
m it & Intelli] Scala P
m LB 41T Scala FREE
Q 4%
Q [
m [ 55 (]
m [ A
o WA hr
o Fiib ]
e Spark H ¥ [A] i
w [ EHRAE
L R R]
m ALasaE > )
Q HHEFE
m {4
m A
o ARSI
o CSCHEFF (B H4aHiFF )
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o Spark YRS
m FH AR
m 17515
w REAE(E R [ 12
m A SHE S
m HLEREE T YRR
Q pREL
mE X
m pRACEA]
o ZKME PR
o i R
o fHLEPR%L
o HEPREL
o MRS PREL
o [ iTRRAL
m KA G
w i
m BRI
m CERHER . ISR AS AR
Q MY
m Ay
m
w FAE ) H 3T
a Tk

2.1 MR

LB TN ey BRI AR 2 B R G A . HIEAR T H it | JERERIT810, T
2 &) Breeze 24332421 ©A11. Breeze f&=— > TEUE T ML MACEUE . AV Y Spark X4
SEPRIEXT Breeze MR, FFLIATFHE O UL . X (H1FEE Breeze WHA L, 1/55REE
IE Spark ML J iy —25:

2.1.1 BLE Intellid Scala If 5

%5 Scala U, e REATBIAN Intelli) X ALY IDE, BATTERME T PRAGTF A T HARES P
Bl A A gh5e A A BE RN T A g AR S R . ML ER G TETE S ST Bl > RH OGO AL
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PR AR L

IntelliJ 2016.3 L) Scala I N} Akka. Scala.meta, PWAFKGAL . Scala.js Fil Migrators $ it
T Hr. IEFRAH U T AP TR AL E Intelli) Scala [T A MG .

(1) #ii% Preferences | Plugins, #fitA Scala ffif:T. %%¢, SBT j&—F Scala f£ T H, RATER
INECE, WNEFTR,

Q Plugins
» Appearance & Behavior Q- Show: | All plugins v
Keymap
» Editor Sort by: name ¥ | Scala

= & Kotlin X Uninstall
» Version Control

v Build, Execution, Deployment £ Markdown Version: 2.1.0
v Build Tools (=] = Scala, SBT, SSP, HOCON and Play 2 rt.
" | % Maven Integration e SRR EnC Ry L SNenY)
» Maven (=] Vendor
> > o i ;
> gradle E & Plugin DevKit Tl
ant ) htp:/www jetbrains.com
SBT 2% Properties Support
=2 Plugin homepage
loud Test L.
» Eo d'le Hha Ccl i http:/mwww jetbrains.net/confluence/display/SCA/Scala:
- e
el #& Settings Repositor
Coverage B | |48 gs.kep Y
» Debugger $& Subversion Integration
Required Plugins B
» Languages & Frameworks #& Task Management
> Tools $& Terminal v,

> Other Settings

(2) 5.3% File | New | Project from Existing resources | $GIT _REPO/Chapter 02/breeze or $GIT REPO/
Chapter_02/spark, H:H', SGIT _REPO J&iS# s A CADAAD E 45

(3) HEHE SBT R TFAIIH, W FEFR.

[ JON } Import Project
") Create project from existing sources

© Import project from external model

& Eclipse
(& Gradle
M Maven

(4) PAE8 SBT BRIAFLE , Jf s Finish,
(5) %51 SBT M build.sbt =AM H, 0 FEFTR,
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name := "maths-for-ml"
version := "1.0"
val sparkVersion = "2.0.0"

libraryDependencies ++= Seq(
// other dependencies here
"org.scalanlp" %% "breeze" % "0.12",
// native libraries are not included by default. add this if you want them (as of 0.7)
// native libraries greatly improve performance, but increase jar sizes.
// It also packages various blas implementations, which have licenses that may or may not
// be compatible with the Apache License. No GPL code, as best I know.
"org.scalanlp" %% "breeze-natives" % "0.12",
// the visualization library is distributed separately as well.
// It depends on LGPL code.
"org.scalanlp" %% "breeze-viz" % "0.12",
"org.apache.spark" %% "spark-core" % sparkVersion,
"org.apache.spark" %% “spark-mllib" % sparkVersion

resolvers ++= Seq(
// other resolvers here
// if you want to use snapshot builds (currently @.12-SNAPSHOT), use this.
"Sonatype Snapshots" at "https://oss.sonatype.org/content/repositories/snapshots/",
"Sonatype Releases" at "https://oss.sonatype.org/content/repositories/releases/"

)

scalaVersion := "2.11.7"|

(6) B, mialy AR A HEEEFRIRSCHE, SR)5 ik Run “Vector”, MR EIFR .

RETUTTITAat CUUT TosT 7]
v [Edvector L _ |
OV Optimize Imports AXO YA
g VR
scala-2.10 Delete... ®

scala-2.11 | El Mark as Plain Text
t

's1
Make Module 'maths-for-ml'
sbt Compile 'Vector.scala' 0 88F9
§¢ Debug 'Vector' ~40D
»% Run 'Vector' with Coverage

212 FEE@S1T Scala g
LS AR AR — AT % PR3
(1) #EA Chapter 2 FORR F 3, SRJF BEREAHR A9 SCHEE .
$ cd /PATH/spark-ml/Chapter 02/breeze
YiAh, AT
$ cd /PATH/spark-ml/Chapter 02/spark
() AR

$ sbt compile
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,

B) BATHRIEIE RS, JHEBAIN R RZTT (M3HE sbt run JE27E breeze ifJ& spark H
SEFHAT, R Z AR ).

$ sbt run

Multiple main classes detected, select one to run:

Enter number:

21.3 if
BURBEETP IR TRIE RUE LFEARZER . RIS/ g — S WA SEA A
1. 23

S ETRATTREAE B L AT BEAREE (0, 1.2, 3). AHE(2/6, 0.768 . 0.222...
M»ﬂ%@ﬁ<m3%¥ﬁﬁ%%ﬁﬁuﬁﬁﬁ TR 0, RO 5 —FhEL, wm1m¥
Tt R, R (BFRETEFE /N ) AIETEL

2. 8%

ﬁmLﬁ%ﬂ%%,*Aﬁ%¥ﬁTT%‘xﬁ %Wﬁ?%ﬁz&??ﬁﬁﬂﬁ%*ﬁi
AL SREAS SR AR, B x =31, Wi, —i. 31 F1 2271 SXAERERR M BB, — S Sedon—A> i %k
W&TQAEﬁD

SR = RO + BEGT i
A IR T WAl Breeze $EAT I BB RO -

import breeze.linalg.DenseVector
import breeze.math.Complex

val 1 = Complex.i

// Ak

println((1 + 2 * i) + (2 + 3 * 1i))
/o wik

println((1 + 2 * 1) - (2 + 3 * 1)
/] ik

println((5 + 10 * i) / (3 - 4 * 1))
// ik

println((1 + 2 * i) * (-3 + 6 * 1i))
println((1 + 5 * i) * (-3 + 2 * 1i))
/] BB

println(-(1 + 2 * 1))

// %Ak

val x = List((5 + 7 * i), (1 + 3 * i), (13 + 17 * 1))

println(x.sum)

/] FRR
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val x1 = List((5 + 7 * i), (1 + 3 * 1), (13 + 17 * 1))
println(x1l.product)

/] % RHA

val x2 = List((5 + 7 * i), (1 + 3 * 1), (13 + 17 * 1))
println(x2.sorted)

XTI A5 SRATE

3.0 + 5.01

-1.0 + -1.0i

-1.0 + 2.01i

-15.0 + 0.0i

-13.0 + -13.01

-1.0 + -2.01i

19.0 + 27.0i

-582.0 + 14.01

List(1.0 + 3.0i, 5.0 + 7.0i, 13.0 + 17.0i)

3. [@E

R PP ECA O . ESERARM, (RS EUEATFR . b iBd i,
n AR L BN n e [ R A —A il AR R () WFTTIR .

rean.

[2, 4, 5, 9, 10]
[3.14159, 2.718281828, -1.0, 2.0]
[1.0, 1.1, 2.0]

4. [EIE 58]

LMK ) 2= (A AR R o SRl S Bl (4 4% 1y T AN, il S h it o AR
1T A AE A o

(e (1P R 1 7 D s v S e e = L1 S = ] 4 e e 7
AR AT R o )i as [ 2 BERA T 22 IR 10 s ] g 23 [l SOA Bl T4 8=
EPERYS~T, Hean, BA—PIARRT T . —ZERJLEAS (Euclidean ) %3 [A] v Y ) A 5 (42
== a1 19 et 1 O T = [ €0 0 = e S 1 i

Q mEnk: R v+w, Hepy filw B2 ViooE.

Q FrEdE: Rk a*y, Hih o & FHITE,

Q46 FrAut(vrw)=(u+v)+w, Hiru, vl wd Rz vppgocs.
Q . FRAv+w=wt+y,

Q HEEE: FRMa*(viw)=a*v+a*w,

TEMLAR 2T H, R AR R ] H 25 [B] R 4R
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5. [EERE

& Scala 4, FeA 1] Breeze R R [tk o [a] ik ] 37 Oy 5 4 1o R 1]

6. Breeze F a2

Breeze fifi HPIRISEA Y 0] 1 2 ADRFR EIRMIFP )i, B breeze.linalg.Densevector

Zill breeze.linalg.SparseVector,

DenseVector JeXf CRIAHIZH BN —FhEl%e, THEEHE MEEMRMNITAE, B
Bl Breeze QI — ML MBS, RIETEHRLIN 3 MITR I,

import breeze.linalg.DenseVector

val v = DenseVector (2f, 0f, 3f, 2f, -1f)

v.update (3, 6f)

println(v)
HE5H N Densevector (2.0, 0.0, 3.0, 6.0, -1.0).

SparseVector F/REZHUCE N 0 HIFFE B M In &, HRmmE. T
Breeze Q& | — gt i, SREXSH A B &A1

import breeze.linalg.SparseVectorval

sv:SparseVector [Double] = SparseVector(5) ()

sv(0) =1

sv(2) = 3

sv(4) =5

val m:SparseVector [Double] = sv.mapActivePairs((i,x) => x+1)

println (m)

HZERY . sparseVector((0,2.0), (2,4.0), (4,6.0)),
7. Spark R E =

Spark MLIib i ] Breeze il jblas FRAME)ZLMAEGZH . B HE X T org.apache. spark.
mllib.linalg.Vector ZT.) BIACRAIEMF /R MR, AH ARG 0 FFaREaIE iR
Heo Hh A ELIBORE BE 2R o A i AEAE 7R ST i, HORBEIR R B HALY 5. Spark MLIib
P& e SRR R LY N 0 R P (BT B B Y 2 5= el 98

AN BB BE T WAITE Spark Hh R R WA 6] &

val dVectorOne: Vector = Vectors.dense(l1.0, 0.0, 2.0)
println("dVectorOne:" + dVectorOne)
// #FEE®E(1L.0, 0.0, 2.0, 3.0)xmIFRER
val sVectorOne: Vector = Vectors.sparse(4, Array (0, 2,3),
Array (1.0, 2.0, 3.0))
/] RBE—AHHEEE(1.0, 0.0, 2.0, 2.0) H#2HLERED
val sVectorTwo: Vector = Vectors.sparse(4, Seg((0, 1.0), (2, 2.0), (3, 3.0)))
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X B EE AN

dvectorOne:[1.0,0.0,2.0]
sVectorOne: (4,[0,2,3],[1.0,2.0,3.0])
sVectorTwo: (4, [0,2,3]1,[1.0,2.0,3.0])

Spark $2{tt 1T ZF0 07 R V5 R AL R BUE, L.

val sVectorOneMax = sVectorOne.argmax

val sVectorOneNumNonZeros = sVectorOne.numNonzeros
val sVectorOneSize = sVectorOne.size

val sVectorOneArray = sVectorOne.toArray

val sVectorOneJdson = sVectorOne.toJson
println("sVectorOneMax:" + sVectorOneMax)
println("sVectorOneNumNonZeros:" + sVectorOneNumNonZeros)
println("sVectorOneSize:" + sVectorOneSize)
println("sVectorOneArray:" + sVectorOneArray)
println("sVectorOnedson:" + sVectorOnedJson)

val dVectorOneToSparse = dVectorOne.toSparse

HAH I

sVectorOneMax:3

sVectorOneNumNonZeros:3

sVectorOneSize:4

sVectorOneArray: [D@38684d54

sVectorOnedson: {"type":0,"size":4,"indices":[0,2,3],"values": [1.0,2.0,3.0]1}
dvectorOneToSparse: (3, [0,2]1,[1.0,2.01)

8. mERE
[ AR . AR S bR AT . HABERAE LRGSR . IEWfE . R LA R
Q k. AR RER T A e B TR TR AN,

!/ BEAFEAAM

val vl = DenseVector (3, 7, 8.1, 4, 5)

val v2 = DenseVector(l, 9, 3, 2.3

def add(): Unit = {
println(vl + v2)

}

RS S5 5K . Densevector (4.0, 16.0, 11.1, 6.3, 13.0).
O sREMSAT. XMPREGE R DERERPNERLA WA, il — e Rk, B2
WNB TR A, HBCAFRUWTT .
/\ a

la| b

L \i W

a - b=|a|x|b| x cos(9) a + b=ax x bx+ay x by
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import breeze.linalg.{DenseVector, SparseVector}

val a = DenseVector (0.56390, 0.36231, 0.14601, 0.60294, 0.14535)
val b = DenseVector (0.15951, 0.83671, 0.56002, 0.57797, 0.54450)
println(a.t * b)

println(a dot b)

XL EIEE A «

0.9024889161, 0.9024889161
XAn:

import breeze.linalg.{DenseVector, SparseVector}

val sva = SparseVector(0.56390,0.36231,0.14601,0.60294,0.14535)
val svb = SparseVector (0.15951,0.83671,0.56002,0.57797,0.54450)
println(sva.t * svb)

println(sva dot svb)

Xof L A 25 5 A -
0.9024889161, 0.9024889161

Q KREHE: ZEEREE—-DICRANER N 1 4R R & e R P, HEey
FKINN
import breeze.linalg.{DenseVector, SparseVector}
import breeze.stats.mean

val mean = mean (DenseVector(0.0,1.0,2.0))
println (mean)

X N7 PR A

1.0
X

import breeze.linalg.{DenseVector, SparseVector}
import breeze.stats.mean

val svm = mean (SparseVector(0.0,1.0,2.0))

val svml = mean (SparseVector (0.0,3.0))
println(svm, svml)

Xof IO FA) i E A
(1.0,1.5)

Q EEMME: BATEEA KD, =sqrt(x’ + )" + ). KD
S DS 2 ] o 7 A Y LS Wmi%ﬁ$ﬁl lia) 3 IE AR ) i A Tk e
DA AR 1, R Mﬁmﬁﬁﬁﬁﬁmﬁﬁﬁaolﬁ,Ewmﬁﬁﬁﬁﬁﬁ
AL, (HYEE (norm, RIHKRE) S 1 AYmE . BN X JFE SCATE
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. X
|X]

Horb, | X R X8, i dipR o 7 ) 6

import breeze.linalg.{norm, DenseVector, SparseVector}

import breeze.stats.mean

val v = DenseVector(-0.4326, -1.6656, 0.1253, 0.2877, -1.1465)
val nm = norm(v, 1)

// ERARE, EATEHRHN 1.0

val nmlize = normalize (v)

/] REBEERETENSENEHRAEN 1.0

println (norm(nmlize))
XoF JE P 1 R

Norm(of dense vector) = 3.6577

Normalized vector is = DenseVector(-0.2068389122442966,
-0.7963728438143791, 0.05990965257561341, 0.1375579173663526,
-0.5481757117154094)

Norm(of normalized vector) = 0.9999999999999999
fi 14 ) P A R KRR /N R

import breeze.linalg._

val vl = DenseVector(2, 0, 3, 2, -1)
println(argmin(vl))
println(argmax(vl))

println (min(vl))

println(max(vl))

Xt Rz 2 2R A -

LS. AP AR

import breeze.linalg._

val al = DenseVector(l, 2, 3)
val bl = DenseVector(l, 4, 1)
println((al :== bl))
println((al = bl))
println((al = bl))
println((al :< bl))
println((al :> bl))
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XRLAEE R

BitVector(0)
BitVector (0, 1)
BitVector (0, 2)
BitVector (1)
BitVector(2)

Q AR R (IR D,

P .

9. BY¥mE

B KT 30, SEm X EL T, TRV ARSI, ok (46 ) FoniEE
n4EzSa] o il v TR, Zeid i w AUSRAY LT P IR AYZAS L I R7R oA .

L={u+t|teR}

ERIPADAEE B u v, EHENAE—FL b, HHh— AR ) — [ B R bR 5
WVEARTBAE — AP0 P 1 2 A e e 1 e — i FEATEAR B = A RSB AR
v FE—AFE P, WA AE R —F i o P T w AT v 7R 9 ] RE SO -

{P+su+tv|s,teR}
HET, —A> n 4B AT R —A> R ) x A SRS X PRI, Hi i<

(P+X,X=Y2v, |4 €R)
1

10. HlEEF IPHEE

TERLER TR, FFAEH] n e RN o TEALES 20, B R Z B AR, DUE
PATAEBRAGEToAr, HLAnAME R RN B A
214 ZBR%

F 3B 4E h F I i e R 4R . L S b i — AR T Ry

O HEERAFFE WSS X TR R T . —RFE
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1 2 3
10 20 30

IR 217 38, BERRRh 2 x 3 HERE . AT E AR TR, AT 120 23), 1T
2 J2(10 20 30); 41 1J&(1 10), 51 2 J&(2 20), 51 3 /&3 30). #EH, —A m 1T n HIEREFR A
mx nJEFE. XFAERE A, HITRG, ) SChSE 175 jFIot R, I 4,80 4, k%R .
JEEEN AN 248 R ] Python XUtk , E[]A[z o AT i 2T (AL, 0], A[i, 1], A[i, 2], A[i, m—1]),
1) j 2[5 (A[0, /1, A[1, /1, A[2, /1,++, A[n—1,/])-

1. FBFEAE

Jr%E Scala fUIRKHE T Breeze PEARF NI . R AT 2 A A4 CSC (FIRAAMET )
%Ely'_{o

Q B %400 Ml ot U8 A 1 s BCk . oo R gev sl . HLIBIE e
( column major ) FEAAH, HEEF AT e,

val a = DenseMatrix((1,2),(3,4))
println("a : n" + a)
val m = DenseMatrix.zeros[Int] (5,5)

// &%\ vk Dense Vector 7 XiFFl, WM THEH Dense Matrix K7 E

println( "m.rows :" + m.rows + " m.cols : " + m.cols)
m(::,1)
println("m : n" + m)

O FEREEEE . HFFHE (transposition ) SRR FEMFRATRIFIE TR . XT—0 Px QO JH
i, HEGE MT3E—A O x PHikE, Horp MT,=M;,, S TALE ieP,je Q. R EN
A — TR

m(4,::) := DenseVector(5,5,5,5,5).t
println (m)
AR
a :

12

34

Created a 5x5 matrix
0o 0 0 o0 O

0O 0 0 o0 O

0o 0 0 o0 O

0O 0 0 o0 O

0O 0 0 o0 O

m.rows :5 m.cols : 5
First Column of m :

DenseVector (0, 0, 0, 0, 0)
Assigned 5,5,5,5,5 to last row of m.




L ST R RO

(9,
(@)
5
[\®]
e
=
W
4l

U1 © o o o
U1 © o o o
U1 © o o o
U1 © o o o
U1 © o o o

0O CSC %EFE: ENFIELEFHT ( compressed sparse columns ) FEF4 . HAE—F X — i 5 7]
i, CSCHM ZHFFrE MR, i Builder JAIHE,

val builder = new CSCMatrix.Builder[Double] (rows=10, cols=10)
builder.add (3,4, 1.0)
/] FF

val myMatrix = builder.result ()

2. Spark HH%ERE

Spark HAYASHIAE FERYFT IR G N EEEL, OCE(E N AUREE (double ) Y. FIrAT (EIIAEAELE
AN 5 . ML SRR R AR R

Q &M HATR LB A 7E A SR LR

Q BERFERE . HAAEZ TR USRI A-E 0 CSC &=, Heln, s KR/ANR(3, 2)r % 5k
SRS — 4 %R 2.0, 3.0, 4.0, 1.0, 4.0, 5.0]MH:

NN
oo o
oo W
oo o

PATR 5Vl B 3K PRI REL A 1 A

val dMatrix: Matrix = Matrices.dense(2, 2, Array (1.0, 2.0, 3.0, 4.0))
println("dMatrix: \n" + dMatrix)

val sMatrixOne: Matrix = Matrices.sparse(3, 2, Array (0, 1, 3),
Array (0, 2, 1), Array(5, 6, 7))
println("sMatrixOne: \n" + sMatrixOne)

val sMatrixTwo: Matrix = Matrices.sparse(3, 2, Array (0, 1, 3),
Array (0, 1, 2), Array(5, 6, 7))
println("sMatrixTwo: \n" + sMatrixTwo)

HA R

[info] Running linalg.matrix.SparkMatrix
dMatrix:

1.0 3.0

2.0 4.0

sMatrixOne:

3 x 2 CSCMatrix

(0,0) 5.0
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(2,1) 6.0

(1,1) 7.0
sMatrixTwo:

3 x 2 CSCMatrix
(0,0) 5.0

(1,1) 6.0

(2,1) 7.0

3. Spark FHY 3 N EEFE

Oy EAERE A TR G IR (long ) B, JTEE XGRS, H AR A7t e — 15
Z/> RDD - Spark "3 1 USSR, EAI1¥°0 DistributedMatrix W52, WIF

KT o

Q RowMatrix: RIS TRt p AU, E3A A BT RG (1E
e nsi i 8L, B—1T AR TR AL NAF ARG Y . ) RowMat rix SEBUN HAS
17—~ RDD. H—17T/e— A it . HAE HLAUNTET 2%, DUE A A )

scala.Serializable

I

org.apache.spark.milib.linalg.distributed
DistributedMatrix

T 7 LT

RowMatrix

IndexedRowMatrix BlockMatrix

CoodinateMatrix

il R KRR s, A ARAE S R PR A st A TR A
AT AESEZR T A vector ZRBIEE—AMTHERE (R ABIAIRET AL ).

val

spConfig = (new S

parkConf) .setMaster ("local")

. setAppName ("SparkApp")
sc = new SparkContext (spConfig)

val
val

val

denseData = Seq(
Vectors.dense (0.
Vectors.dense (3
Vectors.dense (5.
Vectors.dense (9

sparseData = Seq(
Vectors.sparse (3,
Vectors.sparse (3,
Vectors.sparse (3,
Vectors.sparse (3

o O o O

1.0, 2.1)

2.0, 4.0),

7.0, 8.0),

0.0, 1.1)
Seqg((1, 1.0), (2, 2.1))),
Seq((0, 3.0), (1, 2.0), (2,
Seq((0, 5.0), (1, 7.0), (2,
Seqg((0, 9.0), (2, 1.0)))



F 2% WMBFIHFEM

val denseMat = new RowMatrix(sc.parallelize (denseData, 2))

val sparseMat = new RowMatrix(sc.parallelize(sparseData, 2))
println("Dense Matrix - Num of Rows :" + denseMat.numRows ())
println("Dense Matrix - Num of Cols:" + denseMat.numCols())
println("Sparse Matrix - Num of Rows :" + sparseMat.numRows ())
println("Sparse Matrix - Num of Cols:" + sparseMat.numCols())
sc.stop ()

A
HEanTr .

Using Spark's default log4j profile: org/apache/spark/log4j defaults.properties
16/01/27 04:51:59 INFO SparkContext: Running Spark version 1.6.0

Dense Matrix - Num of Rows :4

Dense Matrix - Num of Cols:3

Sparse Matrix - Num of Rows :4
Sparse Matrix - Num of Cols :3

IndexedRowMatrix: 5 RowMatrix L, (HUATHAESI ARG %R H TR
RITUMNPATERE (Join) #E. W FCHSE/R TAIE— NN ITRGIH 4x3 1)
IndexedMatrix 7k,

val data = Seq(
(0L, Vectors.dense(0.0, 1.0, 2.0)),
(1L, Vectors.dense(3.0, 4.0, 5.0)),
(3L, Vectors.dense(9.0, 0.0, 1.0))
) .map(x => IndexedRow(x._1, x._2))

val indexedRows: RDD[IndexedRow] = sc.parallelize(data, 2)

val indexedRowsMat = new IndexedRowMatrix (indexedRows)

println("Indexed Row Matrix - No of Rows: " + indexedRowsMat.numRows ())

println("Indexed Row Matrix - No of Cols: " + indexedRowsMat.numCols ()
S 20 A

IR RS AE

Indexed Row Matrix - No of Rows: 4
Indexed Row Matrix - No of Cols: 3

CoordinateMatrix: ZIHFFELILFRFE (COO, coordinated list ) #&F0FF &I 40 Ai K
HiAFfig7E—1> RDD H1,

COO RFET — (row, column, value) =JCHMIHNFE. BILHEMKIRIATRT | FIIERT]
Hepad, IRTHRENLUTIPERE . 475 2 i R M Sl A — A e, XA =R T3

val entries = sc.parallelize(Seq(

(0, 0, 1.0),
(0, 1, 2.0),
(1, 1, 3.0),
(1, 2, 4.0),
(2, 2, 5.0),
(2, 3, 6.0),
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(3, 0, 7.0),

(3, 3, 8.0),

(4, 1, 9.0)), 3).map { case (i, j, value) =>
MatrixEntry (i, j, value)

}

val coordinateMat = new CoordinateMatrix(entries)

println("Coordinate Matrix - No of Rows: " + coordinateMat.numRows ())

println("Coordinate Matrix - No of Cols: " + coordinateMat.numCols())
A

HEg s .

Coordinate Matrix - No of Rows: 5
Coordinate - No of Cols: 4

4. 3EFEIR(F
TR SRR 25

Q JBITLEME. CHPNERE a F1 b, KEAIFM, (a+b), EMEREPIAFEREAR R & 47
HoCE AN .

1E Breeze F{UHS Hy .

val a = DenseMatrix((1,2),(3,4))
val b = DenseMatrix((2,2),(2,2))
val ¢ = a + b

println("a: \n" + a)
println("b: \n" + b)
println("a + b : \n" + c)

Hathi -

+
o

ua we DD WER
[ N

(o)}

Q B ETE. BB PN ERES AR RO B A TR AR
1E Breeze HUCi% 4
a :* b

val d = a*b
println("Dot product a*b : \n" + d)

Fhathih -
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F 2% WMBFIHFEM

Dot product a*b :
6 6
14 14

R EREE . RPN RO E ERITE
1E Breeze H{CI5 0 .

val d = a :< Db
println("a :< b \n" + d)

Hfmh .

a :< b
false false
false false

FRBALINGE. X EWEABER SN TR IS EE (Fban 1 ).
1E Breeze LS Ny

val e = a :+= 1
println("Inplace Addition : a :+= 1 \n" + e)

Holin 4«

Inplace Addition : a :+= 1

2 3

4 5

KITREM. X EARE BRI TCER AN
1t Breeze UL :

val sumA = sum(a)

println("sum(a): \n" + sumA)

Holin 4«

sum(a) :

14

KRAURRARE. FHRIEMEHEERICE:
1E Breeze F{LHL A .

println("a.max: \n" + a.max)

HhhiH

a.max:
5
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0 Sk iR EICR A E .
£ Breeze RSN :
println("argmax(a):\n" + argmax(a))
Hih .

argmax(a) :
(1,1)

O [ EBUEE (ceiling ), kT HITHE KA HR/INEEL
TE Breeze LIS A .

val g = DenseMatrix((1.1, 1.2), (3.9, 3.5))
println("g: \n" + g)

val gCeil = ceil(qg)

println("ceil(g) \n " + gCeil)

BERTH S
g:
1.1 1.2
3.9 3.5
ceil(g)
2.0 2.0
4.0 4.0
Q [ TEEE (floor ), %7 HITRE/INEKIEEL.
& Breeze HFRAS R «

val gFloor =floor(g)
println("floor(g) \n" + gFloor)
Higm i

floor(g)

1.0 1.0
3.0 3.0

5. 175X
tr(M)FE /R IERE M B (trace ). B2 EXTALE B ICRMR . 30038 B F R A AE R K/
92 det(M)M Jg X FZk AR TCERYIRFR, T s .

a b
de‘{ }zad—bc
d

Cc
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THREFEHTFERETERRGE T ERERSIZERMEME, I BT M0
(inverse ), X T RHFFEINTF, HATHIA b hr e F=L (Laplace expansion ) 3K it .

val detm: Matrix = Matrices.dense(3, 3, Array (1.0, 3.0, 5.0, 2.0, 4.0, 6.0, 2.0,
4.0, 5.0))
print (det (detm))

6. HHEEMFEEE

Ax=b R TEAME R — MR FHEE (eigenvalue ) AT R sh 258, Rk 4
FE— R H x h—AN i, R S AR AR AR B T R, Ax = Ax.

M4 Rl x B, mE x BB TERT . (BAES TS Ax R MmGE, RIBHER S
(eigenvector ), BT 2T 4

Ax=Ix
16 B, M8 Ax & T AL x, AR R, FRAE(E A FE0H [ Ay 7 ) S S A
TR
Ax =)x I8 det(4 - D=0, HAo I 475 (identity matrix ), XHAE T HFRER S 7,
FRAFAE )R SN

Ax=Ix
Ax—-1x=0
Ax—Ax=0
(A-AHx=0

IR xAEE, ERTTRRACYIA - AL = 0 A — M. TR, AT R B SRHIEE

val A = DenseMatrix((9.0,0.0,0.0),(0.0,82.0,0.0),(0.0,0.0,25.0))
val es = eigSym(A)

val lambda = es.eigenvalues

val evs = es.eigenvectors

println("lambda is : " + lambda)
println("evs is : " + evs)
RS ZE RN

lambda is : DenseVector(9.0, 25.0, 82.0)
evs is : 1.0 0.0 0.0

0.0 0.0 1.0

0.0 1.0 -0.0

7. GREDR

FEIE M B3y SE5 % (SVD, singular value decomposition ) & XK. mxn (SEEEE4L)
B v R0, b U R—A mx R, 2 & —1 R x R HIE X FARERE ( rectangular
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diagonal matrix ) H XMLk EICHSZE, VE—A nx r P9 (unitary matrix ), 25 T4ERE MRk
BRI FTCE 2, W M A8 . ULV B4 BIRR R MY 22 2 5 ) A 2 5

)8

R J& Apache Spark FF SVD A—4M31 1

package linalg.svd

import org.apache.spark. {SparkConf, SparkContext}
import org.apache.spark.mllib.linalg.distributed.RowMatrix
import org.apache.spark.mllib.linalg. {

Matrix, SingularValueDecomposition, Vector, Vectors

}

object SparkSVDExampleOne {
def main(args: Array[String]l) {
val denseData = Seq(

Vectors.dense(0.0, 1.0, 2.0, 1.0, 5.0, 3.3, 2.1),
Vectors.dense (3.0, 4.0, 5.0, 3.1, 4.5, 5.1, 3.3),
Vectors.dense(6.0, 7.0, 8.0, 2.1, 6.0, 6.7, 6.8),
Vectors.dense (9.0, 0.0, 1.0, 3.4, 4.3, 1.0, 1.0)
)
val spConfig = (new SparkConf) .setMaster ("local") .setAppName ("SparkSvVDDemo")

val sc = new SparkContext (spConfig)
val mat: RowMatrix = new RowMatrix(sc.parallelize(denseData, 2))
// AT 20 AN F AL xt B A9 F K@%
val svd: SingularValueDecomposition[RowMatrix, Matrix] =
mat .computeSVD (7, computeU = true)
val U: RowMatrix = svd.U // U B-FH—/> RowMatrix
val s: Vector = svd.s // B FFEKGLE—NAEEE T
val V: Matrix = svd.V // VEFH MK FEIEE
println("U: \n" + U)

println("s: \n" + s)
println("V: \n" + V)
sc.stop ()

}
8. #2885 S havREmE

TESPRIBLAR 2 AL 55, ARSI Bl . B A MIBUERS S5, R
VRIS BRI G .

X HLDLRFAE it DA 97 308 3o it DR R A e 3 e — P, R Ay L B P 2 M X 52

WNIF)BERORT 3 B R, SRR BRI 0 o I 28K — I AR i D AR i) A
FHIE(E

FEWE A RRFIE B v 3 5 A RS v iR R, B
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Av =2y
bR A BEFROMIZ IR ]t AR . A BYRFIE 2R -
A=V diag(A)V -1
JE R B REIE RN S R MRS B BT 2R B N o 2 BSOS AR R AT B AR AE(E AR O B,

AR AT S o BSOS RRAE AR AE 23 T T RS A R A A R AR 1 e R

(RI=RIENSEISRE 278 K 1
QR B R T A {f FH—4> DenseMatrix FRFFE(EFRHE ] i :
VAR €7
val msData = DenseMatrix(
(2.5,2.4), (0.5,0.7), (2.2,2.9), (1.9,2.2), (3.1,3.0),
(2.3,2.7), (2.0,1.6), (1.0,1.1), (1.5,1.6), (1.1,0.9))
def main(args: Array[String]): Unit = {
val pca = breeze.linalg.princomp (msData)
print ("Center" , msData(*,::) - pca.center)

2.1

/) BT £ AT

print ("covariance matrix", pca.covmat)

/] YTy E AR HERT A 0945 AEAL

print ("eigen values",pca.eigenvalues)

/] AFERE

print ("eigen vectors",pca.loadings)
print (pca.scores)

}

HAERT -

eigen values = DenseVector(1.2840277121727839, 0.04908339893832732)
eigen vectors = -0.6778733985280118 -0.735178655544408

5 EHE

BE L — MR DX R B E 0 2, B A 24 EES (set).
BREGTIRIFREE, i S={-4,4,-3,3,-2,2,-1, 1,0}, WRES SIHIELHE, W

FISPRFRHICE AL, BIESAIF (cardinality ). W15 4 1 BAEARAES, WA 4A— B|=
|4 — [B|, BIHi-RJLER ( Cartesian product ),

XT A R NRAITR, — R XN R S — 4R B B — Mot ER o 4 5K

F PR E X3 ((domain ), B WK AEIR ( codomain ). PREUEAT T(x, ITHIES, Hb x &4
*HI‘E]O

tehn, SN, 2,3, - YRR, PR ASRIEXT LR {(1, 2), (2, 4),(3, 6), -}
X0, HAERECH 2 HE SR {1,2,3, - Y eREL, HWRAEES R {((1,1),1),((1,2),2), -,
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((2,1),2),((2,2),4),((2,3),6),+,((3,1),3),((3,2),6),((3,3).9),* "} »

20 E i AR R PR IZA A BB . g TERRERL S BRI N fig). TR Alg) = s, M
g & fWS s, GHE g — 5o WE AR SO EE

A f D — F RN eRER f e — 1 SCONESS 350 DR F i R %
1. REAE

O FESERH

SUREPRY R RN (iU A, A — M

PR IR AN W Ay D25 i AT SRR A o

XA A, ATREA 2R R IE .

TE— TR, [/l — AT REXS N 21 i

FTAEDY Breeze TR G A AR B H A TBFR A RS, (HX B FZ IR F R B R ECH
POE

O 53K % (one to one function )

fiD— FRBS, MR fix) = ) WG x=y, WS x My #LT D,
O #5TE % (onto function )

£ D— FIEigt, WRMF FiR—AIC%E z, 16 D PHEE—AICE a flifd fa) =z 7.
A BRI IRF LAY ELTEAR D22 R BCA T 390 R

O SMRE. LR BmEIER N E—4EZ (WTED, HESOPU z = fx) = a + bx, £
PERRBUUA — AR M —A AR, A7 x, AR 2.

g1

¥

y =

2 4 6 8 10
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2%

WU 3] 0 2 A ah

Q ZURERE: 2R B M x BAETUREREEE R, Ty . =Ty k5%, AT
o5 B 2 R B —BCE XRIE IR . — 1 n 2R E UM ) =a, X" + ap X+ - +
a X +ayx+ag, HH a BEI SR, WK 2R R

Fefm, fix)=4x —3x*+2 (WWFE):

Q BFRE: X TEEE X D, idD: D — D BE

-

L

=

3.0 A

2.5

2.0 A

1.5

1.0

T
0.2

K)o

KA E LHOTR d Wy d AR5 (1L

BRE: —FRIRA AL, HIEIBRR A —20K P4 (LT ),

_ J=c
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O MRS ERE . H T RS 2R R R X TRt . & BT REr 4
AT — AR . A T RESS SR AUMER Z FL o 1, 3l UL, MR 46, B
BT RELE R MEREAAA] . SRR A, WTRERIZESR R 1. 2. 3. 4. 5. 6, BN
2%} Pr(1) = Pr(2) = Pr(3) = Pr(4) = Pr(5) = Pr(6) = 1/6.,

O SHTERE: SRR EARZHS, Al R R ORI 280 . il A Je i 8 iR AL,
WARIERS Mo IR M I EEAF T AL, AR T DR

2. IR¥AEE

EIRE £ A— BRI g B—C, B A gHA (g o H: A— C, itfE(g o H¥) = g(fx))-
Fedn, R £41,2,3) — {A,B,C,D}, g:{A,B,C,D} — {4, 5}, M g(y)=2y Ml fix) =x+ 114
BH@E o H=2x+1)

PR B — A R EE RAT O O — iR BU A . I, 7E(g ° N) = g, J
TR A, TR 200 A LERRET I N P B B TR LAY RAL

3. Rig

L X ORI AASE, WARR AL, y A ZEHE A ek AR . o)X IZREEA, ]
T BB R m DVNZFEAR RIS, ()} R IR . X WHPRIR i A2 iR (E
S Ta], Y WIZeoRka A BEROELEY 23 0] o 4558 — DRI, TRk T — DB A, i i X— Y,
Forb h(xyte: y (ER TN RS, XY BRI 1 BRI (hypothesis ).

RN PRy A bR AL SR L AN, 125 ) LR A [l I Rl 25 y A UE DR R i
WK R 3 T

R FRATH x BIZeME PREORIE KR AR v o
AL RE AT 5 LR
hy(x) =6, +6,x, +0,x,
TE R B eRECh, & O hSE, BIAGE ., BATHE TN X2 Y it sREUITTE R 28
b, MRS, A5 AR xo=1 (FRAEEE ), JRf bR A

h(x)=Y 6x =0"x
i=0

PR A 6 7 x v R, T e R A

TEURSE 7 ) Z i, i R A T MRl P 2~ > B b DA sRicRn > 6 32
PR AR LS > Tk B R
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WE—DINGEIRSE, W2 S8 67 —F Al BER T 275 A(x) R4 I 24
Y yo BT 2 E S BREOR AR TS 0, h(x() SN y A7 ZHGT . IXAE REE
SN =AU PREL:

ﬂ@=%iMAW%W®Y
2.2 tHETE
B T b B LB T VRt 2 R A 0 B 56 SR 02 S e i —
WOy, PR — b
%iMM&JJ
TR R, TR
1S,
pIe
S minipatchFraction $5 THAMRE FITIIGEOBAR BT A H . B0 T4k
BB R

1 :

R
BN . Hrh S Bk, K/NH| S| =miniBatchFraction,

WA R T AT — A/ MR B AP BEALRE L R ok A Rk o iR Y
i 0 Ry — AR i e R

object SparkSGD {

def main(args: Array|[String]): Unit = {
val m = 4
val n = 200000
val sc = new SparkContext ("locall2]", "")
val points = sc.parallelize(0 until m, 2)
.mapPartitionsWithIndex { (idx, iter) =>

val random = new Random (idx)
iter.map(i => (1.0, Vectors.dense(Array.fill (n) (random.nextDouble()))))
}.cache ()
val (weights, loss) = GradientDescent.runMiniBatchSGD (
points,
new LogisticGradient,
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new SquaredL2Updater,

0.1,

2,

1.0,

1.0,

Vectors.dense (new Array[Double] (n)))
println("w:" + weights(0))
println("loss:" + loss(0))
sc.stop ()

}

2.3 SKRIBEER. PAMEBIRETER
S 7S TESUSEP
TSR = SR M * Lok

B EIRHN P(4|B)=(P(B|A)* PA))/PB), HH P(4 | By R4 E B A MR, RIS %
HER

O SETBEE s JUBCR I FR (E AR B KB X Z HT, AOBC A 0 T A Ao
%‘l‘i o

O I SR SR (A BN 25, TR R PR AL

O ASR: ORISR

AR

p(y1O)p@)  p(y|O)po)

1) = -
PEITT0) T T Tee oypeae

2.4 WERD

TR e 1] FHIBIF S S5 T 25 A e T L AR T X A A5 B0 1 R G A Tt
FORESE I REHRE T H 200 T
241 AN S

SRR BB o BRE SO A RE PRI PR RS B A2 o 14 22 A T A0 1 o 22 1
o T REAITETA R o UL, G0 2R s B SR HLAE S5 i AT E S, NZE R
RN REEZ R EIEVIZR R

OB AR, A Z N IR B b, IR IR B RO EE, M
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JEEGS ] 64 S RS I B o B30 P TSR A R A AR R /M

BLAR T T e R, R i AR AR RO AERE BT b T o BT i R ek e i A i 4
JE R, SRR R L RS IR R — R R AR AT T — R e, —
BRI o SR — M, PROVMIE (Hessian ) AR

Tff ol B RN R FERE AT BT SO RERY DT [0 IR, MNMIARFN AN 7E R B ss ) h 22 gl , LIRS
ShE AR L, BRI R MEIZ PR B

NHEA TR AL R B AR, Hoh WO b R E R

JUKMz%WW—%Z

Pk W1 H e 715 BRI oo T A 282 RN SR ek i R A slidme M Y — R AR T 1

242 R4y

43 (integral calculus ) K/ Bei IF 38— kR B4, WHRM S (anti-differential ),
MMty (differential ) 7543 B0/ NG R B Ao Han ] el As
24.3 HitEBEAHERT

TEFCAR AL RS A, Rikg R H 261 ( Lagrange multiplier ) J2&:— e 45 & 2 020 R T SR fift pRi
BUR R AAE S MBI T . TEREART, SR A —A 7.

Bl B R Bh UL . O FRATE R AL K(x, y)= - =%, Hy=x+1,
AR PREN g(x, y)=x—y+1=0, W LIFFAN.
L(x,y,4)= —x? —y2 +A(x—y+1)

Xt x. y A4 B IR 0 AT

a—L(x,y,ﬂv) =-2x+Ax=0

ox

a—L(x,y,/l) =2y+Ax=0

y

L (ry.A)=x-y+1=0
Ox

it FR T EME IS5 x=—-0.5, y=05LI M A=—1,
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25 Tk
ARATAZB Wl i ] Breeze M\ Densevector B2 i BLAYZRIE o

Breeze fif 1 T Scala 225 TEAYIHRIrUIRE, 1H APLAFTAIE . T F] T b2 QId w4
FLEEER R <1 My, SRESH—RE, IRHARAER]—1 PNG AL

package linalg.plot

import breeze.linalg._
import breeze.plot._

object BreezePlotSampleOne {
def main(args: Array[String]): Unit = {
val f Figure ()
val p f.subplot (0)
val x DenseVector (0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8)
val y DenseVector (1.1, 2.1, 0.5, 1.0, 3.0, 1.1, 0.0, 0.5, 2.5)
p += plot(x, vy)
p.xlabel "X axis"
p.ylabel "y axis"
f.saveas ("lines-graph.png")
}
}

R AN R LRI

8]

/ \

y as

/) /
/\ / \‘\ /
1 \\////// \\ //

X axis

Breeze 13 H 7B . FHIIACHSAZ L T 100 000 NFEEAS, SR 5B S8 TF 282047 1 Bt B L5 )
5 100 XA EL (IR ).

package linalg.plot

import breeze.linalg._
import breeze.plot._
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object BreezePlotGaussian {

def main(args: Array[String]): Unit = {
val f = Figure()
val p = f.subplot(2, 1, 1)

val g = breeze.stats.distributions.Gaussian (0, 1)
p += hist(g.sample(100000), 100)
p.title = "A normal distribution"
f.saveas ("plot-gaussian-100000.png")
}
}

A normal distribution

40000
35000
20000
25000
20000
15000
10000

5000

5 -4 3 + 1 3 4 5

100 ANTTES R A i 20 A1 4 P -

A normal distribution

20

15

10

2.6 NG

AT T AR TR, e T AL AR L, DR 1 1] 8 MR PS5 R AL
WA T WA Spark F1 Breeze 7EIXLE45H b RATHAERAR . FRATHR S T —LE455, W] SVD
KA TIINE AT T LA BRI T B . fe e~ T AN Breeze il
AREEZER . TR LAY~ REE . A .



=3 2wt
ol

ARERG R — DR R A AL g2 ) RGBT RZ A %R GURE Spark /18 HAZ LIRS 1%
FA TR 2T AT BUAT B T 10 DT A4l 55 BEAT FORTSETE, LIS JLRERIT A shibplas -~ REek
s 55 H SRR T

TEPRRZON. 55 T, BT el A R B AL 7~ AT A
2, Rex

Q SR 5555

Q AT

O R FIBLAR ] RGOSR IR 55 DR T R
O HR4E EIRNE, B

B2 AMEID €175 g IR (1 A

Q WAIRES RGRHAMAN RS, JOHRBIR AR TIAAE R GE . T AR, LR
A

Q % TP R HSHAA XS BAAEOCT , RN R AP R BTy k.

Q R RGE TR R AT, RIBLAS 7 Rk A M T

Q el RE R SR AL BRI 2R 2

il —AHERL, Spark ACEHIEWE L FAmoR ., AT B A R T B F LA ) R4
LR Rk . AT IS AR S | % RO, AR FEAEIE I A SRR
ARSI KT

3.1 #HBFFIRM4A

BHAZIAER 50 ZAEMAREL . Hldvr d R T —, e M HREN A N R
IR RN R A AP IURI o
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Plarse ] SRS OIAC . B S HeA I RO, AR i | BEAN F
HLasr I TES PGB MG A REMEAT AT RAT 55 oA Iz 0 o SR A 7 P A 38 R it
I8 e PTG (OCR ), R SIERITHRALIGE . Pk TG I FEEIZ BT, HEE i)
WRVEEI 2T, ISFRICHE BT

Bt~y ) R R] AR AR IR PEAR], PS> RGEnl 730 3 Ff o o > B0k e Bl A\ Kt
MINTES e . BT LA HAR (B iia), dnl DUR A BUFAE A —Fig 2

0 FMEES 3 RGN AR TR SRS (SRR ), T B
$5 A TR ARG PO TESS

0 MBS RAE A AN I RG0S A A )

0B RESHETRE, TACE IR, A AK B AR 1
(EHSEZ E R

SR SR NN B B R S ROC W B 2]
3.2 MovieStream 743

SRR T UL TR AT A 2R BT, X BB — ML B A . RIERNZ s
MovieStream F{#iFEl2# AN . MovieStream J&—FABAE I BRI A R, NP #ALEL B fH
T HRI N A RS -

MovieStream FIELA REE T HEHE A T .

ST Webgii i
DA P
MovieStream

RS £g | Iz Gkt

JHFN
s

I e ) i

MovieStream I A RG24
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WE TR, P HERERL B AT H DRSS S a A R, HRETERH MovieStream PN 4S
S HI BN 57 o %A BAIA 11 580 MovieStream LSS B9 IG SRR N2, ALHE FE IR A A B
FHIRE . BB, MovieStream DU BB AORIEE P BY s SZ M ic ¢, IFRevn—2e P
W PIT S B TERE . BEAN, MATTIA BE DT [R) LT IAC SR Y H R Y — S A ST RS

MovieStream it F 4k H 55 i A 78 AT BA 92 53 197F 22 D5 i o

3.3 HEFIRGEEIAG
PRI LB 7

A EHATI AN T 07 50Ok 3CFF MovieStream? i HIBLER 2= > RBRHAIRZ CREFTRYIE
FREAIRZ ), R oA E = n LA

Q WK B BIE R E RS 5 2MKEE N TAEBESAR TR AN | MovieStream 4 i ;

Q Pl AGE T MR R SE I FRIR )y URE R RS (B AR &R JR i ad vy ) MELA
RIS

O FEFR R R NSO A L ( HZE0 B 2 2.0 FLIER ).

SR, B AEAT B R D TR AL T N T AR BRI REI A7 Leln, PF2planssd &
SR AR IC BRI ZREEL . R oRUL, FricBdefUn s A . AR AT S S . SOREE
SRERISCA B B PUE ARG B0 7 VF 2 BRSO ) R G R IR N TALHDR A Edl: (2=
SERRMEE ) AR bRAE, P TIN5, IXLERTINERE BITE LR R G, TR
S DRI

7E MovieStream FYZE B Hf, FA AT BHH UL T 5 AR N RIS 2 st b,
FAMTHY FAR A LHLE 7~ R AR AR HALAHER BIAESF, Il WA AT BA SR Bt T B IR B AT ]
FEGF L PRAE T RIS, LEANE B A TR E 1o B2 P ORI R B 52 R AUt &, IR
kg5 BREE ),

3.3.1 ML

Xt MovieStream D55 Kl MEALT RIS 2A S e M B ABAEN FHZ — . — Bk,
APEAL SR AR 3 25 A PR 220 e FH P R BE A S2 B A FH P O N 2% o X BB R 2T e A4S P AT Bl
FIAMIRIRZ

#7#F (recommendation ) MARAS F e MBI —F, &8 1 H o BB — A T 0] BEESER
FIP g2 . AT T (LU ANAEFEAR DG ). PR eE . oAt B A Sl sl RS sh v FH 4

APEACHERE 3 AML, (EHERA 0 3 e 16 1) AP B R PR fh sl N 2, i PEA AT i
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Wil Rz HEanid, % MovieStream IR IIAEMEM, LIRS 2@ HI P OB R R 2,
Ho LR T RE AL THEAVROE (TR RSN RN ), ] RECL s B A B A R D)
SBEEHABHE R . A REA W i Bt B R AR, XA T f ] B A SR

332 HIFEMHMERMES

FIARE T SR AR T M PR R BEE AR B — ROk UL, HEFE A ML AY 1E
s I — X —, W% 483 WKL o AN RN B o H o R P AR et A, ]
RESHAT IR . IXFPIT VAT RE LA 5, AT REAA AR pLER 7 I AL, LeansRE. BEie
Unfey, HASREEX A0S A0y o X LLAN 7 AT B T B A 2R m 3k | [RIZH T 22 1)
BRI, LARCARRIZH 2 ] A 28 57

LR HERS B MovieStream BRI A7 08 5 AZIHL. AH L MPERI A —X— &4, BT
Z A BT SR AR T DA 2 I B SR

HEA CARCEE I AR Le N AR PER RS ) I, X875k RERS Bl 2 6 B 5Rms , T
JERI—TIVIR 5 o

3.3.3 FMMERSHH

BLER - > 50 = AN U S AT o XA TR VB AR Bz, L2 KSR X iiid
SEIERE . AR EARE B . B ERMEE R T Al A B XN, X B AR ( predictive
modeling ) HFR7R HAMFI AL, — M7 RXF—EBBT R, FEAT A SEPR B A 7 REA ¢
BEwT, WAL IR BRI G . (RBITE shid sk . WA BRI R N @, MovieStream
A LA EE— B YF4EEY ( regression model ) S FIIMNET HL R T M 30

54N, ol {di 4> 458 ( classification model ) X H A FB 50 AHT S EH B BohnZs .
PSS

3.4 HLEESHER ML

PAE MovieSteam HY{l 551t T HLak27 T B —Le R g5, (HIXSEIFAE 48, J5 mJLERTES
LA FRILAS 7 A 55 I b 2R 3 — SR 11

PAE FHIAITT 1 RET 50 U R PR IL AR )

O B3] (supervised learning ): XA 7L EfRig iRz . HEES 1% RIS Z
KA. eI A RC B s v T LU P XS SR IE (RHERR DL ). SRR
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(X RT3 ) BRI AT CXF AT ), FRATEAESS 5 5. 4 6 AL
7T EVHE MBS .

Q MBS (unsupervised learning ): —EERAY )2 > W AT Bbnic B, FRAIFRHN
ToM B 2% 2] o X AR R 2 o SR B 75 J5 450, SO il B e o B B (R R AIE
R RN SCA AL R F B E AR R B 22 ) RATKAESE 8 75, 45 9 BAEH
10 F5r5IA 4],

3.5 HURIEINHINLZRF S RGRYER

M RBTRE, FATRIBLE 7~ REAVAE AT FFR, HA R T L2 iR .
R TARBCS AR, 2R R B e o il T AL T BB IE 2 R B ER T A I
G, MEAAFNSEFARL, DUBCRE e MBS E B R GE D . AR = A N I B A% AR

%ﬁéﬁf ]—'[ BRI ]—> BRI ]—»l T ]

A

HOLAHL AR ) TR

3.5.1 HIBEIKENEFME

Pl D TR A S — P RPN AR e Bl . SHABA FI2EML, MovieStream FYEHE
R AP HABRSE Gl PRAELE A S Bl ) AN R IR ( LLane A Dl
AL R TR 5 I A ),

ARHOX LR A IRARARZ , HEANCRD SEAS LA P BTG Se % . B sh i S H S S0 it
HMERZE APT AR BUB B B R R

ARHOEE 58 T HAA R . BB (A IR . Zeid rh A B R, LA
Ll T A RS i A A R

BARAr AT, nIREW P RS, SUIFRYE, U HDFS, Amazon S3 5%; SQL Hfii/%,
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1 MySQL % PostgreSQL; 43 4fiz NoSQL ¥ f#fifi, Ul HBase. Cassandra Fll DynamoDB; %%
%% 40 Solr # Elasticsearch; i%UE 245, Ul Kafka. Flume 1 Amazon Kinesis.

AL E BRI , XAETRAT T RE & TEAE AR e S A A B AR Y

352 WEHESHIR

RAEBIT WL 2 ST RS T D B EERFIE ( feature ), ARRAF I 5 2 i AR f25 7% Rz (19 T 45
R R RR

BIRTA A BELRERS TR I 1E] FH T AL AR S B BUR R, o LR i A AR MR ) i 2
JEaRE S, @Bt D AR i, FATAIREICSR T —2eHI P FFRIARTY, AP AR A
SOV FIE ) UL SR RS2 AN RIS 45t S Bt IR ] 45 o FRAT Tl T RENAAR T —28AMRIE L, L
WA CGE AT 1P A2 ), X Sesf 4 H A5 B b — 28307 s a5 B4l il (ifn]
RESE A A Kl FC I AR5 33 ),

GRFITIEOUT , X LC R B A B2 AL BEA RE R BT . P BRAY T Bl vl fiE
FELLT LA,

Q BiRE: BRI s h s v B — R, AU fe it LA H 89T
SR T A E AR SRR

O WIBHIRERK . FRBRERE: FZLHREIE AR AR ERE . X
A RE AR EE SR CHLUI P BEA A ), BORAFER RGBS (AR SR sl 7 it
AsEDR, BORPIEEIR , LA ), v REEL PR H I E R A, o i M s
HORIFFEBR R B A ( EC s B 4R 1 PR E AR BRI R (ED ).

O AIBATRERYSFE . SHIRFIFEE: FHRSGR W RS T REAA TEBIRY YIS, P AT 2
I, BRI AT R AR B

Q SFSANEIRIR: HANATHER 2R A B SR S A R R RS (Al st )
s SNBSS (CANHBRAIE | RAFZETEdE ) Gf.

Q HRICE: FLOBAE 2 A B BE AT RS, Heangeit#5 1 2 D id w26
R SECH

SRR AT U A B, TR 2O e o — FhiE S iLas 2 I R Fon B XHFZ
RETUETIACASE , AP R il 35 RS R P 1o R R o EA T RS S B AR S B 3 DLk
AL LA X AR I

Q R K (st P BT 7 ) [ R B2 R RO ) b S s I B2

O MSCREE R S B
Q AP PR SR .
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O B BUEERE A B dE, DI FeA AR S T BEE R A H o 1K AE 8 LA B
(bban 25~35, 45~55%% ),

Q XPEEFAE A TR, HE AR AR B PR 4, X B AR BRAEISRAR I AR o

Q XEUEFRHEHATIENIE . Fruffl, DAPRUE R 0 [l A AR & (AR R . 7 2241
avir IR LA EIL A A

Q FEAE TR, ORI AR A T A B3 DU AR OB RAE A A8 o 51 A At i oK 1
L, AGORFEAH P B AR ]

KT IEAR AR BRI BT R

XU KRR . RE A LIR, #Rfgilit Spark #%.0» APL, SparkSQL 7| ZEFIHAh A1
#B Scala . Java 5%, Python f 5%, f& Bl Spark ) Hadoop TIREML RESL L ik ZFIFE6E R GE LIRS .

M A BHRRE, AREE B Spark Streaming SRARHE,

3.5.3 RANIZGSMIXTEIR

B o T TARRIIE S, AT AR IR, e —Br B, AT EE
ERERYER S, X ] LAV ZE AR AT 55 e AR i e 8, sl iR e i A e R S 80 ik
PR, FEFZIE00T, BTSRRIk B R BLEAT AR (SRR T Sk
SR ), I, “BRSERE” XN RFERRSE 2w Rl B AR E RN R . TEXNBEL, BRRE
AMRAIHE (WFREMF )%, ensemble method ) FIRCRWARH L.

TEVNGRE G L Is BRI EAE I R A2 ( BPAPEA AR 77 751 B AR , AE DI ZRB BBl i
Mot iz gds ) BIRHACR , XA R — AR B, BEFRAE R R&IE ( cross-validation ).

Rt AP A T FIEAR IR A A TR], BRI ] BE 2 ) i LA SAS BEIR SR

MLAR27 2] F1 Spark Hr 2l ad 2R 77 (CAnBR BE SR TSR FIBENLARAR ) ekt it #45.

SR, FRATTIT AL PR B30 5 B R AVEAESE , Fr LS e B R E i/ IME AR B 45 _ L i T o A 1)
WNZR-IERPEER, BT REI AT IR AR A, AR T s Bh .

Spark P& BIHLAER 2%~ £ MLIib 58 2 REWEAT XA Be AOT5 2K o AR 45K R B e i ey i B MLLib
I Spark 120 DI REN SLEUXT 25 AL a2 21 5 i RSN S . DAL DL R Ae SUIRAIE
354 MEEIMEHELS

LINZ-MAPER R R RS, B e A B SC R B, B TR AR B AR AR
g
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Ei

XA R B N ZRAORE I S AR BB P o IR LB A ™ R GEARBOHTRRA )
W5 o kAT, S eSS R GEREAE I SR B A T R P S

3.5.5 HAMIESRIR

AN ] RGAE AL IR T R 2 AR T RICINGRIBALS , FeiT2A8%
EHAESEPR R BRI . BT RRTIE O E AR R AT S Ul HEf B okt A
TR PSS T, A0S B B A E— 5 R R LB A AR P PR T YR

BRI AR R RIS , 3875 7% S Bl Spark Streaming PRI , Ji5 3 HAT SERF AR PE

R FEAT R A, AR if B R T RO SR LS b R R IR — 0 G W B N T
FAtlb 55 855K CHEIMSC AR AR ) S P RS ( Hedns s S A (a0 P SRR ) ARG
fobr . ZBARO0 M ARMER EA T SRR T AE ) BRI HErF R ATl HARE 8 R GUAIMER 5 nT BE
REZ, e SRATEESCRIIRLAEIR (A RS | TRERIE LA S A ) [RHEAG .

FFLL, B R AT s B R Rl S5-457 . FRA IR T R A 7= R
B ARFIRIB, BN DRI S35 bR, SaBh, SO HETEL /M EIR (live split test)
HEFT. ORI, (ORI R 5 . eI TS R i, T AR A, R &
{5 PRV (1 TAT B R [ S0 R ), S B 220 P P o RS A 0 £ T30
B 5

AWTEE AT 7T EASER 18 (model feedback ), F3i P (4T xR it
HEFTR IR . FEBUSCR ST, A o PSR P 0 D M RIAE AT . AT R o ek MR
A% BRI [ SR RIS

R, RIS T — MR R G, Srsehi L BR T P (T Het, MR T
FUREER . Tl 1S P OB PR SR R OB, ST B 5 1 e 2 5 Ao AT 78 1
Bl TR AT LIS R R . T A B Y T AR B TT SRR R, OF
BRI TR M) 25 b R A

ST 0 — B L R A 52 5 L B O R 0 T PR — B T 0 L R e
SRR R B R BT PY, SUaR 7E— TP Ui % B 30 R 75 T 43 44 e 1
P EEHLRA BT X PR BB . R DR E A B2 R T R G

55 11 BRG] 2 G SN A ARSI BT A3 0 A 2

3.5.6 AL LE 7 RAYIERE
BELY ARG 18 DLASHEAR BT 3 o AEXIT7 86T, ORI Al ol — 50 o Rttt A7 A
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WITEREE ISR, T BRI S AR 9 BMTIA], SR A AL 7 e LA Rdh 2 ik iv S7.
BV SE AL Y B

B FEGHEHAE IR = D00k, (HIBFE— 284 N7ELF S (online learning )
RILAS 7 > 71 o BRI B A M RE S, B SRR, MM SE R T RE . — W
(] TR A AR LR AL Tk, INBENLEEIE R Rk o JRATn] LU il 7ok ) 0k . X
FITERIAAET , HRGORREX B 5 B AURIZAT B0 ( RV A KOS AR5 AE B A 23 BT
84, BRSE P AL RER IGO0 T AR AN ) A5 DR A S 0 R B

{EAESEBRAE IR, Egesy A S PR BOPR I LA, XS A BRI g af LA
RIS o FE— AR IR T VeIl 2 BRI AR 5 o P2 RIS Y e 1 e T8 B B S
IR ] BEXE AT A2 SEF PR R ( HEANFEZR) ™ S XHE R B R R 2 LM ). B, AR BRAEZRAN
TS A A I RS A TS A B

SEUF Spark $AE T SERFRALFRZH A Spark Streaming, K SZEFHLES 2 AT 55 H A EE 1Y 1k
o 55 11 FRARY] Spark Streaming FITEZk 2% > [A] /8,

B B S LS 7 ) RGEHA KA 2, BB R 23 1 R GEAR LA SR A
BT AR XR—MRA T, EIFAEORE —E AU BRI S RVSERT . AR, B s 2
OB/ ML I ZRE, AR TEL = D30k KEMEOUT , 205 kS R A T3
PR TR, PEINTERE A Bln e b ERT S, BRSO A J R AL B L SR A e A, ok
AEPRAE SIS R A R BN 22 BE I TR RS 17T 22 25

T3 — R T IE , (E A SR AL PR AP AT EOR TSN, AR i s B xR
AR A T LT o R AT MR AR P ~) , (HA R AER (Gl A A0, denlRELL
OPBP Do PO, T AR F R 5 2> B N TR RS 1T T o (EURT PR M A i A 5t
EEH AR RE TR AN — A

3.5.7 Spark ¥iEEE

Un_L3& MovieLens ZE 61 F I WL, #3847 — R I &R~ BIEARXBAE A T AL BRI Hh 2 > 2
AR ILEY o SCAAE P RS — PP LR, B R LB :

Q B SOR T 73  Hie] 5

O Kk 28 BRI A S ELRs RSR[5

O ARFIE [ HE AR AE g ) — PR

Spark MLIib $3X Ff TAEGRFLFR N4 1E ( Pipeline ), B T B BB, &M B i 4
7% (transformer ) B{fii1%% (estimator ) YRR, If-fe—EMIRNFETT,
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—MEIEH— RIV BT E o BB BUR — R A SOP A AR o B s 2ok — 4
DataFrame (¥dEMi) #4# ) —A> patarrame, fliitaslle—F2 5k, SEHEMBA T

JaH, #iAR pataFrame WITEM B 2 IR

TR B, &% DataFrame M transform () R, FfHiHasbrEr, WHEAMA tic O &K
Bk A R — ey (B4 N PipelineModel {28 Pipeline 1)— #8743 ). FEH et 2%

DataFrame M transfomer () BRI,

3.6 WEFEFIRGFEN

BAEFRATE 28 T A T AT 7E MovieStream T SR RIBLER 27~ R 48, HATRERYZEF 4N 5]

VNS

i .

Ak

=i
Bl A fits

_________ ti i
Kbl |
fegkbon | '
125 5%
D T
A
T
RN A
B 1B
MovieStream F{) A R HEF4)

WEFTR, ZRGAE T R I R R BRI A E, HAMEELSE .
Q YRS . P AT 9 e AR AR 5

Q KX BRI 5
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O BANIZ, SRR A R EL

O BRI AR R B E AR IR S5 R 5e, T 4P

Q Sl HEE R H bR 0T PR R 25 2R R 158 MovieStream ¥ 55 ;

Q B 45 R 0] 3] MovieStream PR AL S FH UR1E 5

Q BB MovieSteam (451 BASRHE T H., DIRSBH IR P i . WAH
SRR AR 55 A B BR B R 22

T2 IR MovieStream JHEEIA 4 Spark H EHLAR 7 I R MLIib.

3.7 Spark MLIib

Apache Spark J&— 1 H T A O FEA T IRMESR . S A4S+, 40 RDD, {15
1 A FEARLER2: 24T 55 o MLLib J& Spark HLAF24 2 P . BIRAUE T 2R B e B 2= 2 5k,
P gt AR B . ‘©Rf Spark —d kA, PIMAMRELLLFEIRRERS I3 4% . MLIib
TR R E RS, W0 Scala, Java, Python Al R, MAMNEMREAL T —ANE 2 API 458 DAL
FEHLAR 2 > TR R

MLIib 5 Spark 3G 1437 54k o Spark AR EAGIRT T, RS 2% > Bk
WA EREE, IR & e e E RIS R S5 .

Spark A& e 25+ B9 AL BB (d MLLb H 552 %5 . Spark 58 K A4 X 5Tk & e AW 32
TR MLIb.

KRtz 4, Spark 4244t T Pipeline. GraphX %% APL, B TABIT5 MLIib (074, Wi
f& MLIib _EHIF % o

3.8 Spark ML B4 EEIR T+

Spark 2.0 {fi[ TE ( Tungsten engine ). TE ff§ ByBACERIFAS A MPP B4 RIS i . EAEiS
Tt RIS I 555 (bytecode ), MTRKG AR G Ak R BRAS R I, G0 T KB HL R A I
TE i F CPU FF Al A0 Pl s

XA ARFR A 2 BAES A AY, ( whole stage code generation ), T K27~ T Spark 1.6 £ Spark 2.0
i) TPC-DS PERENIIRZY
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Preliminary TPC-DS Spark 2.0 vs 1.6 — Lower is Better

B Time (L5}
M Time (2.8}

Hurard (SRCOnGE)
¥

. |.II Lib Ll L__Ll.__ll..mllu

]
FPIPIIIILFRPPPIPIEISPFEIIPEE

ok« https://databricks.com/blog/2016/05/11/apache-spark-2-0-technical-preview-easier-faster-and-smarter.html

TE K FEERT M Spark 1.6 714451 Spark 2.0 i}, Bk B PLALE I o

Spark 1.6 0 Spark 2.0
1000 Il Spark 1.6
Il Spark 2.0
750
£
*i\ 500
%
A
250
0
N g‘o\@ | g‘o&? “\0\“ « o‘ﬂ\ A 0@;\ y \0\0
«\0 W o b(‘o-{\e ‘(\e‘
B B 5&\\‘5 5 @ !
RIERIE
RIEIRE Spark 1.6 Spark 2.0
filter 15 1.1
sum w/o group 14 0.9
sum w/ group 79 10.7
hash join 115 4
sort (8-bit entropy) 620 5.3
sort (64-bit entropy) 620 40
sort-merge join 750 700
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3.9 MLlib Z#HEERI LR
AN T MLIb AR R Rk

391 H&

T+ 3] 1.6 KIE, Spark 2R 10 2432581k, MifE Spark ML 1.0 fiUR AR, {SZRE 3 FiE
(L),

= Spark kR

HikRE R 1. 1.3.0 1.4.0 1
Binary Classification y
Naive Bayes

Linear Regression
Logistical Regression
RandomPForrest Classifier

=)
-
o
=
e
=)
=
=)
~
=)

<

< < <

Probabilistic Classifier

GBT Classifier

SVMwithSGD

Decision Tree Classifier

Multi Layer Perceptron Classifier

<|<|<|<|<|<|<|n
<|<|<|<|<|<|<|>

<
<

s|s|<|3|3|s <5< |<|e
s|s(<|3|3|s <<= |<]|N

<|<|l<x|<<|<x|<|<x|<|<|B

sla|<|3|z|z |<|< <<=

Olw o uNolu s wm-
S|o< |3 >
S| €€ o< W <<

=

392 BR=*E

Spark 7EBHE T FHIRARK S, 1.0.0 i, Spark {2 H5 1 hEREEE:, 2 1.6.0 T 2
Fr6ofh (WWFFE).

S Spark A&
kR IR 1.0.0 1.1.0 1.2.0 1.3.0 1.4.0 1.5.0 1.6.0 2.0.0
E-ES 1|K Means Y Y Y Y v Y Y Y
2 |Bisecting K Means n n n n n n y y
3|LDA n n n Y Y Y Y Y
4 |Powerlteration Clusting n n n y Yy Yy Yy Y
5|Streaming K Means n y y y Y Y Y Y
6|Gaussian Mixture n n n y Yy Yy Yy y

3.93 [EY3

B4 Fol, el OGR4, {HM Spark 1.2.0 £ Spark 1.3.0, 3441 7% 3~4 i
B ER (T ).

e Spark HRZ&
Eik AR SR 1.0.0 1.1.0 1.2.0 1.3.0 1.4.0 1.5.0 1.6.0 2.0.0
E3 1 |GeneralizedLinearAlgorithm y y y y y y Y Y
2 | Isotonic Regression n n n y Y y Y Y
3 | LassowithSGD y Y Yy y Yy Yy Yy Y
4 |Linear Regression Yy Yy y y Yy Yy Y Y
5 |Ridge Regression y Y A Y Y Y Y Y
6 |Ridge Regression with SGD y y y Y y y A Y
7 | Streaming Linear Algorithm n y y y y y Y Y
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3.10 MLIib Z3FHYEREFNFF £ E API
MLIib $24L T ZFh2: 3 Bk i s A 2L B, A AR AT X2 B T 48 A 2 R MEAR R | b
Z 0. SVM. BEHLARAR .

/N5 % (leastsquares, NIRRT ) T UMRLSNE, W2 R e T RISFRELER) K-2
HAER S 57 (PCA),

PR T — LR JR TR A SR B T Al . AT AR (SCRpm AR ), 5t
o (Gilid Breeze MUHAWANER pR&L ). HFAEERIR, JF 3525 VO MK, AL4E LIBSVM #5:X,

‘B L Spark SQL Al PMML ( Guazzelli et al., 2009) SRMEHEZ A, A XK PMML X
FHE O 245 8., 2L https://spark.apache.org/docs/1.6.0/mllib-pmmI-model-export.html,

RAEZE. MLIb =46 T 2R AT EA B R 70 A 20 2T A

WA A ALS S FHRI X (blocking ) SRFFAE TVM B3 I a4, IR H B ZERkk
PEACEORAE . RSN T PLANET 35 H 348, 3G B i i R e B iifk, R
R 2B AF T4, A7 [T ZEAS P9 A SR 2Z 8] R T T AR 2~

AL NS S AL B k2R 2 . R RR BT RO TE, IR AR S L=
MRS CHERMEACEUE

E . KRN EREEFRIERZ 5. 20k, F T ARG R SASH
L,

R BT E DB 0 TAESY s BBt R ZFﬁﬁ%%ﬁ%ﬁoﬁﬁi%M¢T%%
TEE TAE R, MR, XL R B R A B IRIRER T — N EE g, Feax TR K24 X H
BiEdE .

(ZF AT %82 https:/databricks.com/blog/2014/09/22/spark-1-1-mllib-performance-improvements html., )

Pipeline API, & H%% T SZrblasr I mAE b S sy, Feangicdia i fnab B | RRiE SRR
PR FDIEIE 25 B B

AR AL T LA AR T MO REdR A 328 o A BT AR, 'S —
JlﬂﬁE’Jmﬁ X EAH R TAE R A28 TS

FIF Spark £ &%, MLIb 24t T — US40, BFEM DL S[n]i

spark.ml fAifb T2 =B TAE, B4R T —E5% —M 52K API (https:/arxiv.
org/pdf/1505.06807.pdf ). ‘&N BELLFH T H 2 A AR b e 51k 11 APL,
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Spark &

MLIib HEFIFH Spark A= 75 25 H AU HABZLF . Spark core P FIFAITH 1 48 S 15 80 ZRHAE
IXSSHERET] TR A (CBAREERREIEAL ).

MLIib 7] {ii F Spark Fifit i) Hofl =5 )2 UK %2, U Spark SQL. Spark SQL HIt T Rl & 1hfit .
SQL FNZEtfb B nab e 71, Mmifaifb T4 B A3 . B 5HF DataFrame flI%R, XXf
spark.ml AR FE A

GraphX SCHRFFRHUALEIAN IR, FF RS IR L m] B A R AR it 1] () J ) 2 ~) 330 (4n LDA )
UL T Y)BEMR KR APL

Spark Steaming {7 SEIT AR AL TRRE Ty, TFEISIT AAEL A I BN RE . XA
Ul Freeman (2015 ), G2 RS PFRIZNE .

3.11 MLlib [E&

MLIib ) SR — Al P R P2~ - 6, DSCRF AR HE, [RIREAT H Hadoop
ZRIIA RS R BIRCR

EREC TRV ATREZ (B FC B 2 Rk, W Rar2e. RIS AR,

3.12 MLlib R AT F
AT ELEE ML AR RARR 225, TR FFEThEe.

Spark 1.6 £ Spark 2.0
FF DataFrame W) APDEF2 R A AP,

FF RDD 1 API A HEA LI4ES 4 T 9 MLIb FERHAE T £ (5 . http://spark.apache.
org/docs/2.0.0/ml-guide.html,

Spark 2.0 7] A T4 FeE

Q ML A : 3T pataFrame AY API X ML BRI R % MERA , L Scala, Java, Python
1 RiE S T Pipeline BRAEHR AL T 30,

O MLIib B9 RES ¥ SparkR 34§ MLIib iz LR PR | ANZR DLl . K-SR 2E A
A7 (survival regression ) [ API,

Q Python: PySpark 2.0 SZ Y MLIb 575, 41 LDA . JZfbZetkmIH | SR AR 4,
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FLF pataFrame B APLHHE TN S8 4y K-P#{EHFZEH MaxAbsScalar 47 AF R
(=R 8

3.13 &

AT T EAR IR A S AP g7 2] RGPS A 18, AR T — A E R G RY T BE
ANy, HCAMAHEL T Spark UHLAN 2 % MLIib FHAMESEPERE . Fe/e A T M Spark 1.6
Spark 2.0 FYHIREAS 1T .

T —EAR TS U AR A TR LU T3 AL >R 55, 085 T A EaiaAb B 35 BRI
FRARIRAT A — LA S . G ik Se3R 1y, B n] LUH T INZRLaR B 1



Spark £ ##ERIIREN
W38 5%

BLas= 2D e — O T Z A4, R HIFE B s Web FIRZZHRIHT . MUHRRG | F2REM%5 |
GRS . BEST RO ABRHIFTR, T sid FUR o —/ Nl )

1L, AT AL G T AR R IR o T2 o AR A5 R B AT ORTERIL &7 S PR R M AT B T
AU R T Rt R AU R ( FEnG R WSS o s ) LRSI RO (i
Rl TR B R AR X ) A

VISE 3 BB 0 EL K I 2 ] MovieStream S 1], S5 3= 52 3] PR SR EICHE A0 45 vl S P AL 1y Wl 52 0
P RS A5 BB LR AT s o X OB O S A OGN 2 (ELanpnil . 25, ik, A
R A ), HAEE CERan P g A A S ) DU P s shgds ( Heang ot
RO e B TSR ROAREURIUR B . P, P, DI 2 ERrk s K dE , 645 14 Facebook
F1 Twitter Z 229438 25 Jg 1 ).

HANE BRI AT BE A F5 KA HL B E 7 iRk, LA 4 IMDB #1 Rotten Tomatoes 2 21
=T TER S TEE v A

— BRI, ARHSL BRI B SRS A P e A R, PR A 65 EARBURR (UL IASE
s, P E AT R R AT S ), e RELANBAERNS . XWX 2R N Lg%
TR S Z AL . —A ORGP T 5 DA B ( Netflix Prize F1 Kaggle [ AL#
2> U BRI I ISR AR G ) LAIE )o

AR FH AT LA TRV [l A 55 e AR RS i b BERHIL AR 27 > AR (P AF DRARE 25

AR NAAFE:

Q HEARBLER 2~ 2w T2 A
Q 2L AT AR BRIBUBO SR A R A (aa 3 i IR BRI ), o — B2 ] T A A
Vo RAR AL 5
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Q TR VERE . BRE AT
Q S GPRE R AR R LI R BLAS~7 ~) FE A B2 R 5
Q 2% Wfal i FI AN BR Spark PN B pRECK 1E WAL ARHIE .

4.1 FKENAFEIEE

Tl BRI F SR ME AR, ARG AEATi A AR 25 2 B T AT L eI A IR
YRR AR 7 > TR A HEE R o H DL BB AT LU TR LA

Q UCL HlLas2e 2 HRE : AdEIE 300 SAFED/NZERI RS, vTHIT26. mH . &
PR RGAT S5 . BAREES R AT hitp://archive.ics.uci.edu/ml/o

O Amazon AWS ATFEESE A& Bl 2 KRB EESE . ATl Amazon S3 Jiln], X 4E%y
PEEAFEANEEH AT H . Common Crawl P TTIERIE | 4EIL EHEMIEF Google Books
Ngrams, XEEEHEERIAHC S B 02 L https://registry.opendata.aws/,

O Kaggle: XHAES T Kaggle 251 TR FHLAS - > Sa BT AR AL . BT w525, [IE .
HE . HEER G S G Araidak, TA Competitions X8 F#k: https:/www.kaggle.com/
competitions,

0 KDnuggets: X FALE—MEMB AT EIRESIR, Hrp—202 gy Z5RAL
T https://www.kdnuggets.com/datasets/index.html

A4k B B AR S IE F IS, MAHF S HeATHIEE, 72 4kA
AL HE ik B — 2 A ARG 2 R KT b3,

YR Spark HHEHEAR B | FARFURFAEFEIBOR OGBS, FRATTRG BT 8 — A A T
TP A5 MovieLens. B RENLH THEVE R GERHABHLE 2~ AL 55, E SR BEdEE .

MovieLens 100k #1E &
MovieLens 100k a8 607 2 HI P A ZERHUSEAY 10 J7 55 0F908di , o ta & i g on Bl fn
FPEMAE . ZEIREAK, 8 MM Spark B/ p Pk AN, SGE A SH# 7R 61
n] M http://files.grouplens.org/datasets/movielens/ml-100k.zip F 2 X 4L
TEJE, AR A
> unzip ml-100k.zip
inflating: ml-100k/allbut.pl

inflating: ml-100k/mku.sh
inflating: ml-100k/README
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inflating: ml-100k/ub.base
inflating: ml-100k/ub.test

X AAEE— 4 ml-100k B9 SCHge . #0411 H AR RiZ H 5, RigaFEHNE, HiE
BRSO wouser (FPBPESCHE ). witem ( HLEEICEEE ) Ml udata (JH P RTELEZRITELL ).

> cd ml-100k

KT E L5 B & README SCIF, ffif4s M SO LAY e Lo FRATAT L
i1 head A RER/ AN MFHIINE.

eanid, rIRLE R vuser XA user.id. age. gender. occupation Ml ZIP code
R, Atz BEEERS (1) b,

> head -5 u.user
1|24 |M|technician|85711
2|53 |F|other|94043
3123 |M|writer|32067
4|24 |M|technician|43537
5133 |F|other|15213

witem XA NELS movie id. title. release date KAMZT5 IMDB link FTHL 524325
MR B, SN e W 115554505

> head -5 u.item

1|Toy Story (1995)|01-Jan-1995]| |http://us.imdb.com/M/titleexact?
Toy%20Story%20(1995)|0l0jol1l1l1l0l0|0lO0lO|OlOlO|OlOIO|OlO

2|GoldenEye (1995)|01-Jan-1995]| |http://us.imdb.com/M/titleexact?
GoldenEye%20(1995)|0l1l1]0l0l0l0l0l0lOlOlOlOlIOlOlOI1|OIO

3|Four Rooms (1995)|01-Jan-1995]| |http://us.imdb.com/M/titleexact?
Four%20Rooms%20(1995) |0|0|0l0|OJOlO|OlOlO|OlOlOlOlOIOl1IOIO

4|Get Shorty (1995)|01-Jan-1995]| |http://us.imdb.com/M/titleexact?
Get%20Shorty%20(1995) [0|1]0[0j0l1l0l0l1l0l0lO|OlOlO[OlOIOIO

5|Copycat (1995) |01-Jan-1995]| |http://us.imdb.com/M/titleexact?
Copycat%20(1995)|0l0l0lololol1]ol1]0l0lOlOlOlOlOI1IOlO

b idlE ks R

movie id | movie title | release date | video release date | IMDDb
URL | unknown | Action | Adventure | Animation | Children's |
Comedy | Crime | Documentary | Drama | Fantasy | Film-Noir |
Horror | Musical | Mystery | Romance | Sci-Fi | Thriller | War |
Western |

WA 19 FIFORTIR, HIZHEEIRIRIZRIR, WXAER 1, ZHh 0o —HBH Rl [F] i
HJ&Z AR

FELEZ A0 1D #H F u.data UG EE . IZBHEEML S 943 P XT 1682 HRELEZAY 100 000 YK IFL .
B 2N 20 FREEIFS S, P REEAN | FFiRiES GRS, (B BV . &
SBHESAFN Z B | 43P -
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user id | item id | rating | timestamp

B B N UTC BHE] 1970 4E 1 A 1 H AR Unix 258 0F ] A BRI
FEA T w.data B AR

> head -5 u.data
1962423881250949
1863023891717742
223771878887116
244512880606923
1663461886397596

4.2 BRZEEFHILEE
AT W OVEAAS AT LLE PATH/spark-ml/Chapter04 3k %] .

Q AHN Y Python 13 F/MYPATH/spark-ml/Chappter _04/python
Q FAR Y Scala £LA% 17 F/MYPATH/spark-ml/Chappter 04/scala

Python 7~ /A A5 I AL T 4% 1.6.2 F12.0.0 A, 735, FRATETH 2.0.0 it .

I— movie_data.py

I— plot_user_ages.py

I—— plot_user_occupations.py
I— rating_data.py

I— spark-warehouse

I— user_data.py

I— util.py

—1.6.2

| F— com

I I F— __init__.py

| | e sparksamples

| | F— __init_ .py

| | F—— movie_data.py
| | I— plot_user_ages.py
| | I— plot_user_occupations.py
| | b—— rating_data.py
| | I— user_data.py

I I F— util.py

| L—  init_ .py

F——2.0.0

| L— com

| I— __init_ .py

| e sparksamples

| I—— __init__.py

|

I

I

|

I

I

|

I
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Scala 7~ FIAS A H SELEM 0T

—1.6.2
F—— build.sbt
F——— spark-warehouse
src
L— main
L— scala
L— org

— sparksamples

CountByRatingChart.scala
exploredataset

—— explore_movies.scala

F——— explore_ratings.scala

e — explore_users.scala

—— featureext

F——— ConvertWordsToVectors.scala
b— StandardScalarSample.scala
— TfIdfSample.scala
MovieAgesChart.scala
MovieDataFillingBadValues.scala
MovieData.scala
RatingData.scala
UserAgesChart.scala
UserData.scala
UserOccupationChart.scala
UserRatingsChart.scala
Util.scala

T

T

Scala 2.0.0 RRAS /R FIARAS A Z5 a0 T

F—2.0.0

F—— build.sbt

f— src

L— main

L— scala
L— org
— sparksamples

CountByRatingChart.scala

— ar

exploredataset

—— explore_movies.scala

F——— explore_ratings.scala
explore_users.scala

featureext

F——— ConvertWordsToVectors.scala

F——— StandardScalarSample.scala

e — TfIdfSample.scala

MovieAgesChart.scala

MovieDataFillingBadvalues.scala

MovieData.scala

RatingData.scala

UserAgesChart.scala

UserData.scala

UserOccupationChart.scala

UserRatingsChart.scala

Util.scala

;

T
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AR A BT E AR F I Fst s piAes -

$ cd /MYPATH/spark-ml/Chapter_04/scala/2.0.0
$ sbt compile
$ sbt run

421 RERPHIE
B ek A MovieLens JH P BUARE .

m Bk, BAERS I 755500, AT E L—1 custom_schema PRECEAS X LLE
T A—A DataFrame 71, AHN A% Python {3 F com/sparksamples/Util.py H.

def get_user_datal():

custom_schema = StructType ([
StructField("no", StringType(), True),
StructField("age", IntegerType(), True),
StructField("gender", StringType(), True),
StructField("occupation", StringType(), True),
StructField("zipCode", StringType(), True)

1)
frompyspark.sgl import SQLContext
frompyspark.sqgl.types import *

sgl_context = SQLContext (sc)

user_df = sgl_context.read
.format ('com.databricks.spark.csv ")
.options (header = 'false ', delimiter = '[|")
.load("%$s/ml-100k/u.user" % PATH, schema =
custom_schema)

returnuser_df

ZJ5, user data.py it 40 N ACAG IR % Rk
user_data = get_user_data()

print (user_data.first)

AR ) AR

u'1l24 M| technician|85711"
FRASFIRANT

Q https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/python/2.0.0/com/spark
samples/user_data.py

Q https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/python/2.0.0/com/spark
samples/util.py
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RPN ) Scala fCASH T Util.scala W, 4N°F .

val customSchema = StructType (Array (

StructField("no", IntegerType, true),

StructField("age", StringType, true),

StructField("gender", StringType, true),
(

StructField("occupation", StringType, true),
StructField("zipCode", StringType, true)));
val spConfig = (new
SparkConf) .setMaster ("local") .setAppName (" SparkApp")
val spark = SparkSession
.builder ()
.appName ("SparkUserData") .config(spConfig)
.getOrCreate ()
val user_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "|").schema (customSchema)

.load (" /home/ubuntu/work/ml-resources/spark-ml/data/ml-
100k/u.user")
val first = user_df.first()
println("First Record : " + first)

HA B .

u'l|24|M|technician]|85711"

x5 e KA AL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_04/scala/2.0.0/

src/main/scala/org/sparksamples/UserData.scala,

R BATH P BRI SE —AT, IWHRRTLUE R, 8 75520k

first J45 collect R EM, {12uH R &I 342 5E = RDD 68 A
T, BRANLTER take (k) 3 R IRh425£ 5 RDD #98] K NTE .

N FATE H 2 BT AR DataFrame WU’(LJ‘; groupBy. count () fll collect () FREK
T ‘ﬁ%’]\ W2 AR O o 3k AT i R AR S B, TR, EACFRAEIR IR A R,
Wi B A T AR

num_users = user_data.count ()

num_genders = len(user_data.groupBy ("gender") .count () .collect())
num_occupation = len(user_data.groupBy ("occupation") .count().collect())
num_zipcodes = len(user_data.groupby ("zipCode") .count ().collect())
print ("Users: "+ str(num_users))

print ("Genders: "+ str (num_genders))

print ("Occupation: "+ str(num_occupation))

print ("ZipCodes: "+ str (num_zipcodes))

XL FR i AR
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Users: 943
Genders: 2
Occupations: 21
ZIPCodes: 795

X o 0 AR B AL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/2.0.0/
src/main/scala/org/sparksamples/UserData.scala,

iy, FTHANT Scala fURRGETHHI . M) . B AR ) H -

println("Distribution by Occupation")
println (user_df.groupBy ("occupation") .count () .show())

POPNAIBECTRAR/ I

num_users: 943
num_genders: 2
num_occupations: 21
num_zipcodes: 795

N BN ELTT R T P AR A L

H Python SZERRT, Jo¥f DataFrame ff AZE i user_data 1, ZJFHH select (rage') B
BOPK SR AITINFN S, ARG R BUHE AR5 BIFFAR] user_ages_list H1,

HARVERI 25383 Python matplotlib FEFH hist PRECLHL.

val num_genders = user_df.groupBy ("gender") .count () .count ()
val num_occupations = user_df.groupBy ("occupation") .count () .count ()
val num_zipcodes = user_df.groupBy ("zipCode") .count () .count ()
println("num_users : "+ user_df.count())
println("num_genders : "+ num_genders)
println("num_occupations : "+ num_occupations)
println("num_zipcodes: "+ num_zipcodes)

(

(

user_data = get_user_datal()

user_ages = user_data.select('age').collect ()

user_ages_list = []

user_ages_len = len(user_ages)

for 1 in range(0, (user_ages_len - 1)):
user_ages_list.append(user_ages[i].age)

plt.hist (user_ages_list, bins=20, color='lightblue', normed=True)

fig = matplotlib.pyplot.gcf ()

fig.set_size_inches (16, 10)

plt.show()

x5 o KA AL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/python/
2.0.0/com/sparksamples/plot_user_ages.py.
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X hist B ASEA ages B4 . EITIEIRY bin B0 H (EIIEEL, X H 20 ). [R]m
IR T normed=True ZHCRIEMALE 5 #, RILERAS 7 2 FR AR X TH] N B0 7
Hdlit Py b

A REE RN R IR E B . MAFRTLI 1 MovieLens FH FRAFSE, KR LT 15~35 %

0.05

0.04

0.03

0.02

0.01

0.00
0

10 20 30 40 50 60 70 80
FHPAF e iy 53

FHN Y Scala A A & B — 3T JFreeChart Y EIRSEER , ACBERTBEFEE 430 16 X [H] 5K i
TN

HAKRAT {4 Bh https:/github.com/wookietreiber/scala-chart J4 31 M\ Scala map 28R m_sorted A8
AR E

ﬁf’ﬁ, HH select (" age") IEI%(M userDataFrame FHEHUH ages_arrayo

ZJa ) mx AARIARA, BT RREA X X mx HEF AT —A> ListMap X4,
E@iﬁﬁﬂéé{a\ DefaultCategoryDataset %iﬂﬂ/ﬁﬂxﬁﬁ ds )@ME

val userDataFrame = Util.getUserFieldDataFrame ()
val ages_array = userDataFrame.select ("age").collect ()

val min = 0

val max = 80

val bins = 16

val step = (80/bins).tolInt

var mx = Map(0 ->0)
for (i <- step until (max + step) by step) {
mx += (1 -> 0)
}
for( x <- 0 until ages_array.length) {
val age = Integer.parselnt (
ages_array (x) (0) .toString)
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for(j <- 0 until (max + step) by step) {
if(age >= j && age < (j + step)){
mx = mx + (J -> (mx(3) + 1))
}
}
}

val mx_sorted = ListMap (mx.toSeq.sortBy (_._1):_%*)

val ds = new org.jfree.data.category.DefaultCategoryDataset
mx_sorted. foreach{ case (k,v) => ds.addvalue(v, "UserAges", k)}
val chart = ChartFactories.BarChart (ds)

chart.show ()

Util.sc.stop ()

SERLA RIS TE UserAgesChart.scala SC/4H,

s KA T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_04/scala/2.0.0/
src/main/scala/org/sparksamples/UserAgesChart.scala, #7446 A 2|4 T AT =69 B 7 B .

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

m UserAges

HitERA 5
TN BB A I
A]E A0 R AP /A XN ) DataFrame, S8R5 A HAE, 22 )5 ] Matplotlib K 27R .

(1) 3B user_data.

(2) ] groupby ("occupation") RIEHNMMER A, RGH count () #ATIHEL, MM H
Aok 3 A o

(3) MATF) L tuple ("occupation®”, "count ") ¥ 3,

4) BIE—N5 x_axis Ml y_axis [EX A numpy $04H .

(5) Z IR

(6) Wiz,

SERAASINT
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user_data = get_user_datal()
user_occ = user_data.groupby ("occupation") .count ().collect ()

user_occ_len = len(user_occ)
user_occ_list = []

for i in range(0, (user_occ_len - 1)):

element = user_occ[i]

count = element. __getattr__ ('count')

tup = (element.occupation, count)
user_occ_list.append (tup)

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

y_axisl = np.array([c[l] for c in user_occ_list])
x_axis = xX_axisl[np.argsort (y_axisl)]
y_axis = y_axisl[np.argsort (y_axisl)]

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=45, fontsize='9")
plt.gcf().subplots_adjust (bottom=0.15)

#fig = matplotlib.pyplot.gcf ()

plt.show()

A i E R 5 R B2 WKL, Bk WA HERAD A student . other | educator . administrator ,

engineer Fl programmer,
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o o oo o o ‘»‘”\‘ ,«ﬁ\“&;«é v“‘“\o e e ,cﬂ““‘ 6“@‘,9«\“‘4“ & o »*
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xR o R AL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/python/
2.0.0/com/sparksamples/plot_user_occupations.py.

A Scala SEELRT, WG AE9R

(1) KM userbataFrame,

(2) BB 151 -
userDataFrame.select ("occupation")
(3) RAATHEHME 21 -
val occupation_groups =userDataFrame.groupBy ("occupation") .count ()

(4) % count XA THEF -

val occupation_groups_sorted =occupation_groups.sort ("count")

5) Jfl occupation_groups_collection N DefaultCategoryDataset 2848 H as M,
(6) @/ JFreeChat FEIRA

SERMUTT

val userDataFrame = Util.getUserFieldDataFrame ()

val occupation = userDataFrame.select ("occupation")

val occupation_groups = userDataFrame.groupBy ("occupation") .count ()
// occupation_groups.show()

val occupation_groups_sorted = occupation_groups.sort ("count")
occupation_groups_sorted. show ()

val occupation_groups_collection = occupation_groups_sorted.collect ()
val ds new org.jfree.data.category.DefaultCategoryDataset
val mx = scala.collection.immutable.ListMap ()

for( x <- 0 until occupation_groups_collection.length) {
val occ = occupation_groups_collection(x) (0)
val count = Integer.parselnt (occupation_groups_collection(x) (1).toString)
ds.addValue (count, "UserAges", occ.toString)

val chart = ChartFactories.BarChart (ds)
val font = new Font ("Dialog", Font.PLAIN,5);

chart.peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart.peer.getCategoryPlot.getDomainAxis.setLabelFont (font)

chart.show()
Util.sc.stop()



42 Wk L TAKE

101

ARE B AT

R Homm e +
| occupation|count]|
o +om- - +
homemaker| 7]
doctor| 7|

none | 9|

salesman| 12|
lawyer| 12|
retired| 14|

|

|

[

|

|

|

|  healthcare| 16|
|entertainment| 18]
| marketing| 26|
|  technician| 27|
| artist| 28|
| scientist| 31|
| executive| 32|
| writer| 45|
| librarian| 51|
|  programmer|  6&6&]
| engineer| 67|
|administrator| 79|
| educator|  95||
| other| 105]
B +om--- +
only showing top 20 rows

TEA Ea S A ALY JFreeChat 4],

i

200
175
125
100
75
50
25
0
TR R R R
5% 6 E & = 8§ s o E B8 E £ © E ® @ S
UEEWm‘i)LE“"Emuja‘“EELUQg
© 5 o = £ = £ ¥ E ] 8 8 2 8B 3 2
g @ § E 3 g I = 5 3 E B &
o 2% e 2 2 £
< 2 5 s
@
IlUserAges
xF 5 g AR A A T

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/UserOccupationChart.scala,
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422

RER R

TR, AT T — PR IBIR A RIE . AN AIREE, FAl Tl USRS — FRATIE R,
SRIFFHGUT L B

*

T2 EHIE A DataFrame ¥4, X<i@ 38 com.databrick. spark.csv If

BENTRAT R, 25, FANUEH customSchema RGIZIT R E, SRFIRFIE .

def getMovieDataDF () : DataFrame = {

}

I

val customSchema = StructType (Array (

StructField("id", StringType, true),

StructField("name", StringType, true),

StructField("date", StringType, true),

StructField("url", StringType, true)));

val movieDf = spark.read.format (
"com.databricks.spark.csv")
.option("delimiter", "|").schema (customSchema)
.load (PATH_MOVIES)

return movieDf

Ik Scala X2 MovieData A

AT A BRI DR B U S AR A vear XTR.

(1) BEE—A> TempView,

(2) ¥ Util.convertvear MREUEM A sparksession.Util.spark ( HEXE) Tay—
4~ UDF,

3) MU TS, 7Ei% sparksSession FHUAT SQL 1M,

(4) B ATE A% vear ZPHITF count () PRER,

SERMAUTE

def getMovieYearsCountSorted(): scala.Array|[ (Int, String)] = {

val movie_data_df = Util.getMovieDataDF ()
movie_data_df.createOrReplaceTempView ("movie_data")
movie_data_df.printSchema ()

Util.spark.udf.register ("convertYear", Util.convertYear _)
movie_data_df.show(false)

val movie_years = Util.spark.sqgl ("select convertYear (date) as year from movie_data")
val movie_years_count = movie_years.groupBy ("year") .count ()
movie_years_count.show(false)
val movie_years_count_rdd =

movie_years_count.rdd.map (row => (Integer.parselnt (row(0).toString),

row(1l).toString))

val movie_years_count_collect = movie_years_count_rdd.collect ()
val movie_years_count_collect_sort = movie_years_count_collect.sortBy (_._1)
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return movie_years_count_collect_sort

def main(args: Array[String]) {
val movie_years = MovieData.getMovieYearsCountSorted()
for (a <- 0 to (movie_years.length - 1)) {
println (movie_years(a))

}

Hfmhanr .
(1900,1)
(1922, 1)
;i;98,65)
S R AR AGAL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/MovieData.scala

TP RS DT E BN M. fEH Scala SEELRY, & Bh JFreeChart, M
MovieData.getMovieYearsCountSorted () B GRH org.jfree.data.category.
DefaultCategoryDataset MXTLMKIHE .,

object MovieAgesChart {

def main(args: Array[String]) {
val movie_years_count_collect_sort = MovieData.getMovieYearsCountSorted ()
val ds = new org.jfree.data.category.DefaultCategoryDataset
for (i <- movie_years_count_collect_sort) {
ds.addvalue (i._2.toDouble, "year", i._1)
}
val chart = ChartFactories.BarChart (ds)
val font = new Font ("Dialog", Font.PLAIN, 5);
chart .peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart.peer.getCategoryPlot.getDomainAxis.setLabelFont (font)
chart.show ()
Util.sc.stop()

TER, REBHSZK 1996 4F . i I T s .
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HLZ A0 0 A

x5 oy KA AL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_04/scala/
2.0.0/src/main/scala/org/sparksamples/MovieAgesChart.scala.

423 BHERIFREHE
AR B — NP . XA ARAS A T RatingData I

object RatingData {

def main(args: Array[String]) {
val customSchema = StructType (Array (
StructField("user_id", IntegerType, true),
StructField("movie_id", IntegerType, true),
StructField("rating", IntegerType, true),
StructField("timestamp", IntegerType, true)))

val spConfig = (new SparkConf).setMaster ("local") .setAppName ("SparkApp")
val spark = SparkSession
.builder ()
.appName ("SparkRatingData") .config(spConfig)
.getOrCreate ()
val rating_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "\t").schema (customSchema)

.load("../../data/ml-100k/u.data")
rating_df.createOrReplaceTempView ("df")
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val num_ratings = rating_df.count ()
val num_movies = Util.getMovieDataDF () .count ()
val first = rating_df.first()
println("first:" + first)
println("num_ratings:" + num_ratings)
}
}

ot -

First: 196 242 3 881250949
num_ratings:100000

LA BRSO EIEA 100 0000 5351, SHIPBHR BRI AR, PPEGCRMN e 70k,
TRATREREARE, FATAAMEE ARG, JEHLIFEE A ETT . shFIE!

T ESRITR A IR | o/ IMEFFE(E, LUK HP 45 R - X PR A R A5 B
Yprek., BAhoxiiid Spark SQL SRERIBHR TR . f/MEFIPFII(E

val max = Util.spark.sqgl("select max(rating) from df")
max.show ()

val min = Util.spark.sqgl("select min(rating) from df")
min.show ()

val avg = Util.spark.sqgl("select avg(rating) from df")
avg.show ()
Higy i nn
Fommmmm - +
| max (rating) |
Fmmmmmmm - +
| 5 |
e +
Fommm - +
| min(rating) |
Fommm e +
| 11
Fmmmmmmm e +
e P e +
| avg(rating) |
Fommmm e +
| 3.52986 |
Fommmmmm oo +
x5 69 AR A T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/RatingData.scala,
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1. IR AR E

EERATH, P XS RPERITFECN 3.5 73 7e 4 o 1] REE 7R DT B0 20 A 2R e i 1) 1 7

o FATRAAZ AT A2 ER, B — TP R KRG B2 15 At

RGN R A Z BRSNS , 42T CountByRatingChart.scala 71,
object CountByRatingChart {

def main(args: Array[String]) {

/*val rating_data_raw = Util.sc.textFile("../../data/ml-100k/u.data")

val rating_data = rating_data_raw.map(line => line.split("\t"))
val ratings = rating data.map(fields => fields(2).tolInt)
val ratings_count = ratings.countByValue()*/

val customSchema = StructType (Array (
StructField("user_id", IntegerType, true),
StructField("movie_id", IntegerType, true),
StructField("rating", IntegerType, true),
StructField("timestamp", IntegerType, true)))

val spConfig = (new SparkConf).setMaster ("local") .setAppName ("SparkApp")
val spark = SparkSession
.builder ()
.appName ("SparkRatingData") .config(spConfig)
.getOrCreate ()
val rating_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "\t").schema (customSchema)
.load("../../data/ml-100k/u.data")

val rating_df_count = rating_df.groupBy ("rating") .count ().sort ("rating")

// val rating_df_count_sorted = rating_df_count.sort ("count")
rating_df_count.show ()
val rating_df_count_collection = rating_ df_count.collect ()

val ds = new org.jfree.data.category.DefaultCategoryDataset
val mx scala.collection.immutable.ListMap ()

for (x <- 0 until rating_df_count_collection.length) {
val occ = rating_df_count_collection (x) (0)

val count = Integer.parselnt (rating_df_count_collection(x) (1).toString)
ds.addvalue (count, "UserAges", occ.toString)

}

// val sorted = ListMap(ratings_count.toSeq.sortBy (_._1):_*)

// val ds = new org.jfree.data.category.DefaultCategoryDataset
// sorted.foreach{ case (k,v) => ds.addvValue(v,"Rating Values",

val chart = ChartFactories.BarChart (ds)
val font = new Font ("Dialog", Font.PLAIN, 5);
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chart.peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart.peer.getCategoryPlot.getDomainAxis.setLabelFont (font)

chart.show ()
Util.sc.stop()

}
EIRACRS AT AR AT -

34,000
32,000
30,000 {f
28,000
26,000 1|
24,000
22,000
20,000 {f
18,000 |
16,000 1}
14,000 1}
12,000
10,000 {f
8,000
6,000
4,000
2,000 |

B UserAges

23RBS T
R, WAl LUE T4 P 4 MIFR BRI il . AEZATRiEh, RATE T tab 73 bR
TR R PFRAR E, HMRS T —A rating_data [ RDD. IS E % RDD.

X EEARAG A F UserRatingsChart.scala SCH4-H7 . T2 M u.data UG DataFrame X4,
‘B tab 43PE . SRIGARYE user_id 8 GroupBy /41 #4E, 25 PR Mk B H P IR HER

JREER AR S AEIN T Y main pRELA -

object CountByRatingChart {
def main(args: Array|[String]): Unit = {

}
}

T SCITEH X LKL

val customSchema = StructType (Array (
StructField("user_id", IntegerType, true),
StructField("movie_id", IntegerType, true),
StructField("rating", IntegerType, true),
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StructField("timestamp", IntegerType, true)))

val spConfig = (new SparkConf).setMaster ("local").setAppName ("SparkApp")
val spark = SparkSession
.builder ()
.appName ("SparkRatingData") .config(spConfig)
.getOrCreate ()
val rating_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "\t").schema (customSchema)
.load("../../data/ml-100k/u.data")

val rating_nos_by_user = rating_df.groupBy ("user_id") .count ().sort ("count")
val ds = new org.jfree.data.category.DefaultCategoryDataset

rating_nos_by_user.show(rating_nos_by_user.collect () .length)
FTENSRNT
+-—-———- +-—---- +

o ———— t-———- +
| 6361 201
| 5721 201
| 926 | 201
| 4051 7371
fommm———— - +

T RAE B JFreeChart K4 il HoAHR . XF5 Z 5 N rating_no_by_user XA~
DataFrame $ A %] DefaultCategorySet H1:

val step = (max / bins).toInt
for (i1 <- step until (max + step) by step) {
mx += (1 -> 0);

}

for (x <- 0 until rating nos_by_user_collect.length) {
val user_id = Integer.parselnt (rating_nos_by_user_collect (x) (0).toString)
val count = Integer.parselnt (rating_nos_by_user_collect (x) (1).toString)
ds.addValue (count, "Ratings", user_id)

val chart = ChartFactories.BarChart (ds)
chart.peer.getCategoryPlot.getDomainAxis () .setVisible(false)

chart.show ()
Util.sc.stop()

HLE AT
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EEA, x B A ID, 0y S PR AR IRE, 4 T R TTRRY
737,

B by 20, %

>

4.3 HERIAIE 55

N T LIRS EE nT TGS 2 I Rk, FRA 15 BeR B T IE B, JF HoaT R 2 745 Rl
e, ZIRA REMNFARR 1 Rs B BCA T ARAIE o 200 A AR ISR HIUBE 22 5K 5 RSBl T,
— BERGHOAR B (R AR U i 7

TEZ AL PR SRR AR, FRATTE 4R BRI B 2 . — Bk, BUSE P A RdE 277
TEfR BRI | Bl s RS (R R, BRSO T, AT B AR . AR Btk
VR T — xS B AR R (LA 463 Sh B AL I e i ), Besibr EaxELMBER . (H
BRI H AR W, HACHT7 T SAL AR BBl BARUL, REWAHEINEIT .

O FIE MR IEME LB ERKNEIE . XEHRLHEN, HAH 25X L R
BELFAE S

O EFRAFMESERKRIIIRE T LIRS A A Bt R SO A AU sl Bk OBt . T A 4%
ZAE . 2)e PR E R ER T, sORHRYE AR S A K RO A (i 51T
IR ) A5 EEIEMITFORAE Y, EaREdE . AR LKA,

O xS EEMIREAIE. FHEREZRBET, WEEITEMREEA—ERREN. 7
JEREREHRE R ARME N B . SR BT PRI, (EAFAE RS EOR (AnFadd el )
AT AR S (O A (E

ER#tX&R ChenyangGao(2339083510@qq.com) E= EEhR
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O X AT RERY SRR EFITHGR . O — LB B (E b (L D7 I R A T . XIRLE T REAT
TE S (EL O S R AORAHIE, BEAT O BRI e e . IR BE A B TR A
TEREBRERFEM , ARG ARZR I R AN IERY o

IEMBEIRINR R I IRAYEATT
A PR IFRIEG, I HE TR

EHEE 2 AN R E R R )1 U LR, T T AR AT B A TR R
a7 eSS, BUHZ T R TIEe. (R el 24T H A 80RETE -

Util.spark.udf.register ("convertYear", Util.convertYear _)
movie_data_df.show(false)

val movie_years = Util.spark.sqgl ("select convertYear (date) as year from movie_data")

movie_years.createOrReplaceTempView ("movie_years")
Util.spark.udf.register ("replaceEmptyStr", replaceEmptyStr _)

val years_replaced = Util.spark.sqgl ("select replaceEmptyStr (year)
as r_year from movie_years")

IR I replaceEmptyStr PREUE LK :

def replaceEmptyStr(v: Int): Int = {
try {
if (v.equals("")) {
return 1900
} else {
return v
}
} catch {
case e: Exception => println(e)
return 1900
}
}

TR SRBUBAREESE 1900 4F125H , H Array [int 1RER array [Row] FHFIHE AT F a5

Q &% iy

m ) EREPST

Q £ AYFH(E

Q FH P AAE

Q S5 1S AR R
0 1900 41 5% H L

RIS
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val movie_years_filtered = movie_years.filter(x => (x == 1900))
val years_filtered_valid = years_replaced.filter(x => (x != 1900)).collect()
val years_filtered_valid_int = new Array[Int] (years_filtered_valid.length)
for (1 <- 0 until years_filtered_valid.length - 1) {
val x = Integer.parselnt (years_filtered_valid(i) (0).toString)
vears_filtered_valid_int (i) = x
}

val years_filtered_valid_int_sorted = years_filtered_valid_int.sorted
val years_replaced_int = new Array[Int] (years_replaced.collect () .length)
val years_replaced_collect = years_replaced.collect ()
for (i <- 0 until years_replaced.collect().length - 1) {
val x = Integer.parselnt (years_replaced_collect (i) (0).toString)
yvears_replaced_int (i) = x
val years_replaced_rdd = Util.sc.parallelize(years_replaced_int)

val num = years_filtered_valid.length

var sum_y = 0
yvears_replaced_int.foreach(sum_y += _)
println("Total sum of Entries:" + sum_y)
println("Total No of Entries:" + num)

val mean = sum_y / num

val median_v = median(years_filtered_valid_int_sorted)

Util.sc.broadcast (mean)

println("Mean value of Year:" + mean)

println("Median value of Year:" + median_v)

val years_x = years_replaced_rdd.map(v => replace(v, median_v))

println("Total Years after conversion:" + years_x.count())

var count = 0

Util.sc.broadcast (count)

val years_withl900 = years_x.map(x => (if (x == 1900) {
count += 1

1))

println("Count of 1900: " + count)

PR o OO 1900 45 2% F R SR FRATT A AL B AR TR .

Total sum of Entries:3344062
Total No of Entries:1682

Mean value of Year:1988

Median value of Year:1995

Total Years after conversion:1682
Count of 1900: 0

X L AR T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/MovieDataFillingBad Values.scala.,
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R HLREISR T AATAR R AP B AP AL . WAt BT B 2, A ATAR0 70 A (4 fid 1] (45
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(E’ WOFE AR 6 AR A, RATT LA THBIABECR KP4, AR
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4.4 MNEIEDIREVE F4SE
TESEROER IR . AR RIS , 5 T M i BT (M L2 ST 5 T AT
51 ( feature ) FHABLL A FREANIZRA T & . B—178dE 0 & ] SR IR Zrtt A b i) &5

JLF- B BLas s I R 55 ) i B BB R IR ST 58 . R, FRATT7 2 I n Bt 4%
B
IR AT DAL 23 0 R I LR
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R PR Rl R I X SRR

O TAYFE (text feature ): ‘B TIRA AR STARNE, HLUHEZ Y . #RSEHE

O HAMFHE: KR HAWRE e A R m A EUE . L an IR . USR03 T 4 3Rs
BHERES, HPEA BN AT i 246 st B ( geohash ) FIR .

AT FATRARBVBAGRAL . ZEBIRFAE L SCAFAE o

441 HEHE

JEU R BB AEUE R IE Z R B DO AT A7 SEbr b, AR E B AR R T i A o (R
Bl IR b o > B A AR AE AR [ fat o ACEE /S AL (E 2 i 1 ol H A2 i (AR A o
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BRI AL T IR AT 2RE, ] ARG, B RT AL N B A R R B, (8
R,

ARG O B AR R (LA E RN ), AR ] e~ D AR5 SRR
ZIBIA SRR, ORGSR AT AR, BRAFBE B REE  SRIT, XL BT 5R
ke (R — DT e E S, i n] RERIREE fi i 2 [RI77 AE SR S

442 ZEFFHE

LR GIVERAEA A E AT S, FEEBUE SR A P T REBUE TR RS, A R— 8T,
HORBEVE A o Z B i P RO AR 2 — AR B RRE AR i, T RERUE A 24 E . Ry
AR

XRERIZE RN ARVES X (nominal ) A8 &, BIVHAAS AT BEBUE 2 [0]5A T2 5. A,
ABLLAAAENI PO R (LA AR BN A PE, ME Ui 5 & m ToUR TR 1) WIPEFR
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Fal HTFHLES S RS ER, BRI k2 1 el FER . A P i R LG v BE Rk BE
ERA, (Hl g Mg R —RER nigab B
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] R ORI N — N BUE . 7R e B, I BUEXT N TS TR TR N 1, HAboR
R 0,

FLanER. student XF1 IS A 0, programmer X1 514 1, A4 student 1 programmer
X I B 73531 A [ 1,010,117

I AR SR IR R B9 —e38R , BEJR B 21 B9 “JTRHE )

val ratings_grouped = rating_df.groupBy ("rating")

ratings_grouped.count () .show ()

val ratings_byuser_local = rating_df.groupBy ("user_id") .count ()
val count_ratings_byuser_local = ratings_byuser_local.count ()
ratings_byuser_local.show(ratings_byuser_local.collect () .length)

val movie_fields_df = Util.getMovieDataDF ()

val user_data_df = Util.getUserFieldDataFrame ()

val occupation_df = user_data_df.select ("occupation") .distinct ()
occupation_df.sort ("occupation") .show()

val occupation_df_collect = occupation_df.collect ()

var all_occupations_dict_1: Map[String, Int] = Map()
var idx = 0;
// for HEIiF I & A IR (occupation)
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for (idx <- 0 to (occupation_df_collect.length - 1)) {

all_occupations_dict_1 += occupation_df_collect (idx) (0).toString() -> idx
}
println("Encoding of 'doctor : " + all_occupations_dict_1("doctor"))
println ("Encoding of 'programmer' : " + all_occupations_dict_1 ("programmer"))

ERAEE R print1n 8] H R

Encoding of 'doctor : 20
Encoding of 'programmer' : 5

N A T ICRIE R A

var k = all_occupations_dict_1.size
var binary_x = DenseVector.zeros[Double] (k)

var k_programmer = all_occupations_dict_1 ("programmer")
binary_x(k_programmer) = 1

println("Binary feature vector: \n" + binary_x)
println("Length of binary vector: " + k)

A N

ﬁﬂﬂjjqz

Binary feature vector:
DenseVector (0.0, 0.0, 0.0, 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, 0.0, 0.0, 0.0)
Length of binary vector: 21
x5 o KA AL T
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/
scala/2.0.0/src/main/scala/org/sparksamples/RatingData.scala,

4.4.3 REFHE

AT AR 2], MWBLA 1— el et IR A BT AR R 3 FOR A B . BARIS DL T, IRAE
HERAIEBE LR RS AR 2R R

e, Tuﬁ%ﬂﬁﬁﬁﬁﬁﬁ FUEA PR -8 SO REA R i AT XA TR P g4~
PEACHFRAE (FE b, X B HTIEIERS ). 1R SCPIRATH R IR A PFE R B 158 B ARRE LA
272 AR

MR RS IR A SR A O TR TSI PO, J72e. T, 22 SR (s ME L &
L fﬁ'ﬁﬁuﬁﬁﬂ\]ﬁ* FATE A BT LR B R AT AR FLS B4R IR A ) T8 movie age
FRAE o X IHARTT o A REE A X B R AT R, LA A B 25 5y o o) KB RRAIE

BUEFE BB FAE A AR B WL, E a4 R IX TR RRAIE RELH I H WA A A
A AV B FIHA]
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15 B () B AR R 0 ZE I HHAE
o RIELEAH

NP A RIS TR A, L AT B E BRI SR E . AN 2T 2 L —> R
HORKITH 8 () 60— datatime ZERON4E, DIMEREH BIANRTR], SR HRECY
KNSR B S ATRHAE PR REA — s AR Y KB LR RDD

’ﬁf’ﬁ, KHEX*/I\IZ&W, EM?@% HEH???% EP%EX&XTTEWJ,‘\E\W@ currentHour:

def getCurrentHour (dateStr: String): Integer = {
var currentHour = 0
try {
val date = new Date(dateStr.toLong)
return int2Integer (date.getHours)
} catch {
case _ => return currentHour
}
return 1

}
e, B SCMSRA I FH i R AL

val customSchema = StructType (Array (
StructField("user_id", IntegerType, true),
StructField("movie_id", IntegerType, true),
StructField("rating", IntegerType, true),
StructField("timestamp", IntegerType, true)))

val spConfig (new SparkConf).setMaster ("local") .setAppName ("SparkApp")

val spark = SparkSession
.builder ()
.appName ("SparkRatingData") .config (spConfig)
.getOrCreate ()

val rating_df = spark.read.format ("com.databricks.spark.csv")
.option("delimiter", "\t").schema (customSchema)
.load("../../data/ml-100k/u.data")

rating_df.createOrReplaceTempView ("df")
Util.spark.udf.register ("getCurrentHour", getCurrentHour _)

val timestamps_df = Util.spark.sgl ("select getCurrentHour (timestamp) as hour from df")
timestamps_df.show ()

RS, ghUE—NZ N af 1Y Tempview, FRJEXTHINAT SQL 15 A 15 3

timestamps_df,
S L 89 AR A A T

0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/
2.0.0/src/main/scala/org/sparksamples/RatingData.scala
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o M EAP SIS BRI B
DR ISR TR A A I ) e 5 DA A 4 i B

FAE B TR T WAL W R FEARNE , REE— iz e . FRATTAT LLRE A5 b B h— Ko
R iNT 2

Fedn, 7~11 SRR B, 11~13 ST A4 XRER Gy, FRATTAT LS 2 0 s B
R A O PR S ] %

fE Scala "1, FISE SCANR &%, BELL 24 /NI AL XS SO A, i R ORI AR I TR B

morning. lunch. afternoon. evening B{ night., fUABUIT .

def assignTod(hr: Integer): String = {

if (hr >= 7 && hr < 12) {
return "morning"

} else if (hr >= 12 && hr < 14) {
return "lunch"

} else if (hr >= 14 && hr < 18) {
return "afternoon"

} else if (hr >= 18 && hr.<(23)) {
return "evening"

} else if (hr >= 23 && hr <= 24) {
return "night"

} else if (hr < 7) {
return "night"

} else {
return "error"

}
A TR Z R EGE N —A~ UDF, 81— select R NH Tempview:

Util.spark.udf.register("assignTod", assignTod _)
timestamps_df.createOrReplaceTempView ("timestamps")

val tod = Util.spark.sqgl ("select assignTod (hour) as tod from timestamps")
tod.show()

%} 5 8 A5 F
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/2.0.0/
src/main/scala/org/sparksamples/RatingData.scala.

FA T Re o ) RS R o A PP, P il 1IN R) B, MR 2 T — NI . 3.
ITAT U B Z B ER 20 k22 1 g7 ok A AR B B ek &

444 SLARYEME
MR X, ARt — R AR B IR AR AR AE . R I LA S R (TR R
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AT IZEE ) ARG, RIMERAR NS, IR RSO ANRE B, RO R4
HATRIERJE— R T BEAYIRE , T4 T BE L BLAY FRIR)ZH G LA OB . X B AR LB AS 2145 AR TR
AORAIE R B, 55 BORICRAAE AN BRAE . Il AR H, FRATTA B IR Y SO 0 o — b T
ETFHLAR T R

SCARAL BRI AR ZFP . A SRIE A PRS2 L T SUR N A AR TR | F7R R ) — >4
W, KRFICARLBA TEENEIEATERBTHETE BN, (HIRATESA 20— a7 5 bR SRS
NEREUT . 2R R4S (bag-of-word ) Frni:,

TN — B i b A BRI AR (Il R B TRl ) 4R Y545, UGB R T

Q %7 (tokenization ): T 52 W AN 4iR] 5 20 SCAR 0 E —A i ia] (—fBanepin) |
BFSE ) AR ES . T ERNZS AR . R RTEZS HAR SCAR ST,
AT B AT M R AR A5 A5 A A E R s 45 o

Q MIBR1E A ( stop words removal ): ZJ5, ‘Tl H SMIBRE WLAYEAIE, U the, and 1 but
(X ST AR LS R 3R] ),

Q BEUAT (stemming ): F—ZMJEARBGRAT . X R FEHEAAN R A R HIEA I el
FE R0 B0 A Bk (AN dogs 72 A dog 4% ). HREUEITRY T A £,
SCA QL FREE PE A ARG Z A0 TR IO, Fbin OpenNLP, NLTK 45, i) T4 HK
PRI R T AR BRTHETE R, 528 T AT TR LR

Q mE (vectorization ): )i — & M ) H R TR AEPREF Y IRI5T, — 0 m] 5 0] BE 2 f M 8
HFRR T BRI 10 KT E BRI, MRA L, X522 Fries| i
kZ 1 gnts A, i B — AR S R SR B B 5 | 75 (A Bt o 368 1] (14 1) T 1
Z, A FE R H AT REA R ECE T ( RMEZEMI B AR H 2 i) TR I IS ). L,
i ARG B A R R F R AR Ok . IXRh SRR Hg SRR TR & B, DT & A7
Wi AsE), ARG AR A]

F 105413 F A4 5 2 AN IR &k, G361 ERAA %,
I Ty IR I R Z AT A F 0 = A A 2

1. 1R BN &) B By ST A4 AE

FRATUIE G (A AR ], SR sV AT $2 B T8 m) 5 e 7m Hp Y SCARRRAE

BT — A PR ECR 2 PR H AR R 0] REAEE I B A TR o WSRARE P AL R ATAEAY, R
R 24 FR

AT HIE Nk A0k T4 AR B A SRS 5 AR5 S o an SRR 3] 5 8k LT e )
FEB, BB RGN B ( BUAERE STERALE ) ZETHYHB
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HEAIE R, ZRB DA, N IENZA AT IR B

def processRegex(input: String): String = {
val pattern = "~ [ (]*".r
val output = pattern.findFirstIn (input)
return output.get

}
SRJ5 M DataFrame "' HAZBCH AR H AR, IO —A4 K titiles A TempView, Fifl

J&i , 7€ Spark HTEME FIRIAY R, SV select W/AIRXS S A N 28R 122 R 8

val raw_title = org.sparksamples.Util.getMovieDataDF () .select ("name")
raw_title.show()

raw_title.createOrReplaceTempView ("titles")

Util.spark.udf.register ("processRegex", processRegex _)

val processed_titles = Util.spark.sql ("select processRegex(name) from titles")
processed_titles.show()

val titles_rdd = processed_titles.rdd.map(r => r(0).toString)
titles_rdd.take(5).foreach(println)

println(titles_rdd.first())

Hg s .
// raw_title.show()é&#rh& xR
o mmmmm e +
| UDF (name) |
o mmmmm e +
Toy Story
GoldenEye
Four Rooms
Get Shorty
Copycat

Shanghai Triad
Twelve Monkeys

Babe

Dead Man Walking
Richard III

Seven

Usual Suspects, The
Mighty Aphrodite
Postino, Il

Mr. Holland's Opus
French Twist

From Dusk Till Dawn
White Balloon, The
Antonia's Line
Angels and Insects

// titles_rdd.take(5).foreach(println)
Toy Story

GoldenEye

Four Rooms

Get Shorty

Copycat
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AR AR AR LS L T PR, A o PR R T FAT PR R A 2
S 0Tl

# ticles Jp WA HH
val title_terms = titles_rdd.map(x => x.split(""))
title_terms.take(5).foreach(_.foreach(println))

println(title_terms.count ())
(R Bl (I

Toy
Story
GoldenEye
Four
Rooms

Get

Shorty
Copycat

2T kX Bgnl ) RDD JEA 74, 145 21LE s B, BIRAS e Binl i) 42 & L M Dead Al Rooms
XN ARG

Scala fXAS 41T

val all_terms_dic = new ListBuffer[String] ()
val all_terms = title_terms.flatMap(title_terms =>
title_terms) .distinct () .collect ()
for (term <- all_terms) {
all_terms_dic += term
}
println(all_terms_dic.length)
println(all_terms_dic.indexOf ("Dead"))
println(all_terms_dic.indexOf ("Rooms"))

Xt R R 2 2R A -

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

FIF Spark /) zipwithIndex PREUAT LAE St se i b 0R . % R AZSHER) RDD i
A, SHEHATEIFLA R — R B EXT RDD, HAE AR, (A a5 e )b b i 55
AT collectasMap ¥fiZ RDD LA Python Y dict PREUE R [ BRI FEF

Scala fRAZUNT .

val all_terms_withZip = title_terms.flatMap(title_terms => title_terms)
.distinct () .zipWithIndex () .collectAsMap ()

println(all_terms_withzip.get ("Dead"))

println(all_terms_withZip.get ("Rooms"))
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HAERTF .

Index of term 'Dead': 147
Index of term 'Rooms': 1963

2. \NirER G R 2

%F—i%@@—%uﬁoWuﬁ%—Aﬁﬁ%A%ﬁﬁ—A%ﬁmiﬁmoAW%ﬂM
BATEBE— N AT . 2R RA 1T, FVBCh FHrp ) SR, 2 R R SE
ﬁﬁA%ﬁ*%ﬂ—%ﬁm,Ebmaiﬁﬁ%ﬁ¢om%ﬁ,ﬁ%ﬁ%iﬁ@?ﬁ@ﬁ%ﬁg
WRAE 1

FEIGRIY Scala ALASANT

def create_vector (title_terms: Array[String],
all_terms_dic: ListBuffer([String]): CSCMatrix[Int] = {
var idx = 0
val x = CSCMatrix.zeros[Int] (1, all_terms_dic.length)
title_terms.foreach(i => {
if (all_terms_dic.contains(i)) {
idx = all_terms_dic.indexOf (1)
x.update (0, idx, 1)
}
1)
return x
}
val term_vectors = title_terms.map(title_terms => create_vector (title_terms,
all_terms_dic))
term_vectors.take(5) .foreach(println)

X2 AT 5 AHREE )

1 x 2453 CSCMatrix
(0,622) 1

(0,1326) 1

1 x 2453 CSCMatrix
(0,418) 1

1 x 2453 CSCMatrix
(0,729) 1

(0,996) 1

1 x 2453 CSCMatrix
(0,433) 1

(0,1414) 1

1 x 2453 CSCMatrix
(0,1559) 1

x5 0 AR A AL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/exploredataset/explore_movies.scala,



4.4  INFIE P RRIR R AFAE 121

B — AR o — M gL . Al LR R, ARSEREUE 1 2 ANl AR
X R A e e AR 2 AR TR, 1 AR I T 1N A ARl HO R T 1 NEERITR , FA

2%, bE@TsRK AP Spark 69 broadcast BRI ET — AN EAER
FROTHBEE, AEZTP, ZFETRAOBK, WRESEATHEE.

445 IEMMLEHE

TERFRAESE O B 2R, —Fhd WA HTAd 35 2R B (E AL (normalization ).
FER A B AR A BRI A T, LIRS E AT TR (LS 2 — AR T P o TE AR T7

VAT R LA _
O EMMEAAE: SXSBR bR RO oh i SRR AR, LR RSt 5 )
SR BRI E RS (LA AR I PR (AT h R 22 40 5 0 1 1),
O EMEASER R 0 3 XS b 5T B A BT A4, DAL (A
R R bR, BRI B AT LI RSO 1 (98 L1 5%
o L2 J0%0),

PR AR ARSI o e E A AT numpy #Y norm BREORSEIL. HAOKRIE,
St — P REHLI Y L2 Wk, AR5 i P A — D ou s R LA R, s 2 S
e

// val vector = DenseVector.rand(10)

val vector = DenseVector (0.49671415, -0.1382643,
0.64768854, 1.52302986, -0.23415337, -0.23413696, 1.57921282,
0.76743473, -0.46947439, 0.54256004)

val norm_fact = norm(vector)

val vec = vector / norm_fact

println (norm_fact)

println (vec)

HEH T .

2.5908023998401077

DenseVector(0.19172212826059407, -0.053367366036303286,
0.24999534508690138, 0.5878602938201672, -0.09037870661786127,
-0.09037237267282516, 0.6095458380374597, 0.2962150760889223,
-0.18120810372453483, 0.20941776186153152)

F3 MLIib IE {1k 454E

Spark 7£H: MLIib AL#82% > FEH N & T — L8 o8O THHE 48 ORI EAL , A045 B FH AR IE
DAWH) standardScaler, LINERHEE LR GIAH R A9 FRRAE ) BN B Normalizer,

TR LR, FATSHRIX RN Tk. (HBE, AT LS —TF MLIb 1)
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Normalizer 5ATHC BRE S

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

ESAFENZEE, BYiEIE Normalizer (HEVAEH S ZATHEREIR L2 {550), HE
Spark i}, KERIMEN T Normalizer Fids i A N—1 RDD (‘B4 numpy £02Ha¥ MLIib [i]
7 ), MERZEH], MM x mEEE— I 0K ) RDD,

ZIE A3 IRATH RDD A Normalizer B transform FR¥, 1 T1% RDD H&H —1
i, EAE first PRECK: MR BB IREERY . EE W toarray PRECKIZIN SN
numpy 504 .

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

= RIS SEAL + N '
w5, AT AR, IS

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)

HAR M ZHHFAT A SRR A58 2R (EAEERE, MILA CRSpRgL,
MLIib PN E Y R BTG SE 2 BT A Ak | 2544 Scala SEBRANTE

object FeatureNormalizer {

def main(args: Array[String]): Unit = {
val v = Vectors.dense(0.49671415, -0.1382643, 0.64768854, 1.52302986,
-0.23415337, -0.23413696, 1.57921282,
0.76743473, -0.46947439, 0.54256004)
val normalizer = new Normalizer (2)
val norm_op = normalizer.transform(v)
println (norm_op)
}
}

POY VAL R e I

[0.19172212826059407,
-0.053367366036303286,0.24999534508690138,0.5878602938201672,
-0.09037870661786127,
-0.09037237267282516,0.6095458380374597,0.2962150760889223,
-0.18120810372453483,0.20941776186153152]

x5 o KA T
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/
2.0.0/src/main/scala/org/sparksamples/FeatureNormalizer.scala.
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4.4.6 FEMHEREEHE

AR BT 243 TADEESR O, (AR RS A X e WAT 55 2 5 ARSI E AR, 2
SR, AT LA Z AT R A A, (R AT DR A 19 T B AR . Spark SZ4F Scala.
Java 1 Python FUZHE, FrLAFRATAT AR FHIX L6155 Bt & b, (B rh o n) THA R
SRR A AL PRI L S ) s o AT RRIE SRS, TSR0 scikit-learn, gensim
scikit-image . matplotlib, Python ) NLTK . F Java 4i5 1)) OpenNLP, LA} Scala 45 %) Breeze
il Chalk, B3 I, Breeze H Spark 1.0 FFAHAN Spark MLIb 1)—#43 1o 5 JLEWR S/ 4340
frffifi 1] Breeze IZEPEACELIIRE -

1. IDF

IDF 2 %54 inverse document frequency, HIiisCAMINA, & H Tt —A- Fial iy (5 B i
BLA: EEERE R WA e UL B TERHZE B B SR ECH D), HoA B 12 ] ¢ 1)
SCAYBCH DF(t,D), W IDF(s,D) }|D|+1 B L)L DF(t,D)+1 FrfS SR log {H.

2. TF-IDF

TF-IDF ©FK M term frequency-inverse document frequency, BR{RSA—33 SUARNIR B 2— i
BYHE, H TR A%t T — A SRR SEE R A — A SO W BB . EEF R
FRNSCARIZY R A H FHAEALEE . TF-IDF AE- 5 AH R Bl 7E 3 SCR i R B R B BE L, 5 HAE 3
A SR BB L, DT DL A BRI R T I

TEAR RGNS AL FEG % rh, TF-IDF HI7F 0 SO 55 1P A i) 4 SCIRRE BE HEA T AR

R AR HE P 7 22 0 A TR P A AR Y TE-IDF RRAT . HAb S 52 2R O HE R J5 vk %
TR A RRAS o

TEVHEAASS , B0 TE(td), 7T LARHZIATE RS B SCR B9 IRt . 3l « 73RS d b il BERY
U ARG ¢ YRR fied), R4 $0 TF 2R TR(Ld)=ft.d.

Spark ', TF(t,d)ZHIEFAF o SRS 2 BE ARG Z IR RS F5 . s
ZZFRGITHE

G =2 RS

Q https://spark.apache.org/docs/1.6.0/api/scala/index.html#org.apache.spark.mllib.feature. Hashing TF
Q https://en.wikipedia.org/wiki/Tf-idf
Q https://spark.apache.org/docs/1.6.0/mllib-feature-extraction.html

TF-IDF 225 %217 TF {55 IDF {H 1R F .

TF-IDF(t,d,D) = TF(t,d)*IDF(t,D)
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W R AU T Apache Spark P45 README.md ({4451 id) i) TF-IDF {4

object TfIdfSample {
def main(args: Array[String]) {
// ¥ file PAL 2 # A1k e9 AdL_E README . md #9 52 IR¥412
val file = Util.SPARK_HOME + "/README.md"

val spConfig = (new SparkConf).setMaster ("local").setAppName ("SparkApp")
val sc = new SparkContext (spConfig)

val documents: RDD[Seqg[String]] = sc.textFile(file).map(_.split(" ").toSeq)
print ("Documents Size:" + documents.count)

val hashingTF = new HashingTF ()

val tf = hashingTF.transform(documents)

for (tf_ <- tf) {
println(s"S$tf_")

}

tf.cache()

val idf = new IDF().fit(tf)

val tfidf = idf.transform(tf)

println("tfidf size : " + tfidf.count)

for (tfidf_ <- tfidf) {
println(s"S$tfidf_")

}

}
}

%} 5 K A F
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/
2.0.0/src/main/scala/org/sparksamples/featureext/TfldfSample.scala,

3. Word2Vec

Word2Vee PISCASELR A, it A RS RRE ) i & AT T ZRA SRR Bl —
AN, e J iR RN . EIRREAE R AT T B ARTE S AL BRI LA T R SR

R T~ R AR T HCR (Y e (A BT P A X T, FREBIFERAIE )i 2 Bl 1]

Spark ") Word2Vec ST MR 0 A i R R . AHIET Google IUHAHLSEEE, %
SCERRY AT MR . LSS L https://code.google.com/archive/p/word2vec/ .

Word2Vec AJ 3 iz A > SR SEB . RSl AS A SE skip-gram AR
4. skip-gram f& %!

skip-gram B 1145 F bR HRA1A T T — N Sohis A 7 A& R 75 4 om0
TSI s Wy i, -y Wi VBRI IALIT R A% RO

1 t=T

- > log,(w,,/w)

t=0 —c<j=<c,j#0
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Horp e JEUNGR B SCi RN CIZERT AR w, B BREL ), ¢ Bk, YIgRREARZ , ISR
FEhE e, (HUNZRAf i, skip-gram AFEAE LA softmax BREUCKR p(w,; | w)):

exp(v, T, )
p(wa/wl): w=W —

> exp(v,T, )
Vi VT w o w IR AR, ORISR RES IR
25 %€ 5iA) w;, Spark SR T Hierarchical Softmax 77K il w;.
W R 78 T AE Spark A ] 1) i) ] 4 .

object ConvertWordsToVectors {

def main(args: Array[String]) {
val file = "/home/ubuntu/work/ml-resources/spark-ml/Chapter_04/data/text8_10000"
val conf = new SparkConf ().setMaster ("local") .setAppName ("Word2Vector")
val sc = new SparkContext (conf)
val input = sc.textFile(file).map(line => line.split(" ").toSeq)
val word2vec = new Word2Vec ()
val model = word2vec.fit (input)
val vectors = model.getVectors
vectors foreach ((t2) => println(t2._1 + "-->" + t2._2.mkString(" ")))

xR 0 AR AL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/

2.0.0/src/main/scala/org/sparksamples/featureext/ConvertWordsTo Vectors.scala,
HE s .
ideas --> 0.0036772825 - 9.474439E-4 0.0018383651 - 6.24215E-4
-0.0042944895 - 5.839545E-4 - 0.004661157 - 0.0024960344 0.0046632644
-0.00237432 - 5.5691406E-5 - 0.0033026629 0.0032463844 - 0.0019799764
-0.0016042799 0.0016129494 - 4.099998E-4 0.0031266063 - 0.0051537985
(5.3287676E-4 1.983675E-4 - 1.9737136E-5
5. standard scalar
standard scalar W& HEIL . EASRYL, &2 MUNZRER A th A5 th B — 51 s ok
RPEIEATT 22, SRIE N BT A I R8s B0z B M 2 2 (T ik ) JRFFRRLT 22, ATl
Rz m b A . R WA T AP R 2 —
PRUEAAT B TOUAE B BEROIS, 53 AN 107 2EAR A X R A5
StandardScalar ZEMMIE BREUNSEANT .

new StandardScaler (withMean: Boolean, withStd: Boolean)
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O withMean: #RIA False. FESTBCATKEEIES BOEAEH DX 5. FEbbid R 22 il 4R
RU s, AR AR 25 & S5
O withstd: BRI True. BEURELEHERES

RIS

object StandardScalarSample {
def main(args: Array[String]) {
val conf = new SparkConf ().setMaster ("local") .setAppName ("Word2Vector")
val sc = new SparkContext (conf)
val data = MLUtils.loadLibSVMFile (sc,
org.sparksamples.Util.SPARK_HOME + "/data/mllib/sample_libsvm_data.txt")

val scalerl = new StandardScaler().fit(data.map(x => x.features))
val scaler2 = new StandardScaler (withMean = true,

withStd = true).fit (data.map(x => x.features))
// scaler3 b scaler2 . A4RF, WHiiT4 B bgiE4eiets

val scaler3 = new StandardScalerModel (scaler2.std, scaler2.mean)

// datal H#Efzx £
val datal = data.map(x => (x.label, scalerl.transform(x.features)))
println(datal.first())

/] BEAVNIEHATERE, HROBALEHMEH 0 MR

// data2 h¥fsF £, ¥EHR O

// data2 will be unit variance and zero mean.

val data2 = data.map(x => (x.label,
scaler2.transform(Vectors.dense (x.features.toArray))))

println(data2.first())

s 4R ABAL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 04/scala/
2.0.0/src/main/scala/org/sparksamples/featureext/StandardScalarSample.scala.,

4.5 1IN\

AREENG T AT AT I T2 FL AR T B A DL AT, 2] TAnfaf e A AR B
TR, LSS P L5 32 R D e R e e D el ) e AU R 2

T EN G RGNS, SRRk, I ARSI, N
PN



Spark faZ 5|2

BIJLEA T RCm A BRIV PRI — SR ARE & . MAREETH IR, FA PR MHERE S 12T
TEART A R LA = TR

7T | BE o AR A B AL 2 SR 2 — o AT TR I AN A B 2R 4, (B1E
f# ] Amazon. Netflix. YouTube. Twitter. LinkedIn 1 Facebook Z3fifTul fi R, wiAE T fE
B4 fud 7. S S 5 R O 2 —, A B R — A A KR,

HERET VB )5 A AL 2 TN A T ] BB 47 11 i a0 2o TR 00 i 2 ) A R F R A B X it
Fito WX AL ESRUL, EMFEREAL SN iR RS AR, W EEEE A (HS5RG | EEAR,
RS B AT 2 BU AR A BFEA—E R AT R, HR [l ) RS R 2= {160
BTl
— kU, HERES SR P SR 2 R R R A, LA, £f 3 B MovieStream [
Zprh, FATR R ES | R VR P A TR AR T AT RE B, APRIX SR GF, wiAE
W5 | P RSl RN TR IR SS o XX X5 #RATLFAL o [RIRE, QSR AEHER 5 R I A RLE f 52 5 5T
—HUZHIOC, AURETTSE ] P ek i EAR B 2 EOGRAfE R . X WRER T AR . S 5L
Lol iR P S 1
Jebr b, HEAET | I EABR TR | PRESTE ™ ih o ARNEFFEHTHP S5YinZ
A1) SC R kA M 4 P S TP Z B9 OC R, HE 7 il P A A AT Ti] BEUAREOGTE R
AT | ARG S AT PSR W5t (PIE IR ).
Q ALEBIARS . R, P 0B B A M b o AR R fb TR A
A, MBATERBEA BT SRS & B AETE A - BT e il o X, Jliad
[ P AR A G , R BELE R REHI SN, A5 BEHE B A A LR it o
QRDMAZE: HANTEERIE D AN BRI, SRR AR 2, R
HoAtAT FARh 4y F P A5 B AR B T R BT A i

AFRW AT N
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Q S4B

Q FHH P b i s — A 5

Q A _E R S TP HEA T A E AR A 5 W i BOSEARI i  C RIARSCH L )
Q BHFRERTPEAS R PR PG 2R A T E )

51 HEFERBEWSLE

ARSIV C AN, WAAEARZ BT, Hoh i T iR i 2 2 TN A
Bk g AR I8 . 3oh, HEARR S HAD T R B2 RIS . SR T RIRZ LR
PERY, ENTPRZRINEMITR G2 — R P iR 5

51.1 ETARABHILIE

FT AR DER I i 9 A AR sl SR A S L SRS 5 3, SR 5z ah 2 Bl
Yol o IXLEJE P TR SR NZE, AR, HFK . AR Sz i i HAboC R . % ZBHACK
Ui, ATRELHY S E A e B Al T

FeARhsty, Xk FH P AR AT AR SR P SRR R Y, 2 P s A ] A AR RURE s SR
S ah YOI, e, HP AT IR b T b B A M R PR ER G o IR nTE %]
P —FA . 25T LU E RS e BE AT L, RIS R B PRI o

BRI S s B PR BT

O R EMSE T R . WK, AT E

Q R EMERTFA OS24 5 B B R (]t 2%

O H Bl g8 AN ZS, DL H P Al oI E 2R o

Q RS P E AR . ERTARYE P & 0 CH R, ] Dice &% ( Dice
coefficient ) Frn. WAFTEHAM I T,

512 thEEIE

PMFE IR IR R TN, A PR Ese 5y . TR AR LR (9 7E 5L

HIA R B P 20 it AT BRI o i 23R B AR 2 9 P A K 1) Fiv
LIRSSV

TEFET R BT R, QSRS R B AR e, RIXEAR R0 4 i - KRR ], R
SO AT TG o AT P g — AP s — RN s, e n] BB S IR
P IR TR B S X S D R LR S50, FHRISAF I RAET Db o AR A2 R
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SR P WA R Ly, AR X L AR ] RE(EATHESE o

[FIAE, UL AT LA B T4t B T R GRS o o7 125308 MR AT T o 0 il ) i 4 izt
PR UL, AT b Z [A] A BERRARADUE o Sk, ARRUR P PR R AR LE 1) ity 2 BN N AT
— HA TYh Z B BORIRLEE , (RT3 i P iR ORI P, SRR AN L 2 )
st R LI ah , IR e ARG L o RRE, S EA WAL S BRI AR R — 2R 545
gy, MZA TR AR B BLEE

ST s T AR5y, O T P S a2 TS AR DL RE P A JE ) B (RIS
JE), BB BR S Rl SRR

— PP GE R DM R B A 2 FH P B X LA ) N ZET i, N AR L
I A TCER R L PO S Y =4 2R R i i ah , ZREE R 2 XS TR LR
FewmiRs, A AR AWAT B A ARG . P 2RO PR U, R0, Bk
WG P AR L SR AR S . BB PSP Z AU , % DL R D5 R i i P
I 22 [A1 e A AR TR AL

/\a

la| b

L \iw)

W5, WAAEARDRET R ) gk B0 P -t e, ke, XRm P -
Yot G RUATZAAY, E AR RO S o

Pl g WA 227
Q JrefiEE

w i P A, HRLU R P 22 IR R OBk
m A TS, B T PR 52 P RG22 ] Y DK
m FHARTZEZR B PGBk, % (H R B /RiEME < 223 ( Pearson correlation coefficients )

O REERE

w2 A B AR B R A AR P X TR

m XS, FEMNaE R d R 8RS, R,

m XTI, FHEWES, R,

m LAY SRR B2 I 4% . BB kR 5EEr 4341 (latent Dirichlet allocation ) FIEE B 73

TR S THE R R
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5.1.3 ZERESTR

Spark HEFAREA ZE 24 fif H A& K FAEME 4% ( matrix factorization ) FYSEEL, b1 dufsE
SRR, EATEW S AT . B e, XEERAE DN E L g P R I e, ThIAE
Netflix Prize 251144 38 o (1) R IAMARIR RS o

R A B

Q BN AHRN n ANRYESCRE . Hean, 58— NREIE AT RO RS P X S R R
ﬁ%%ﬁ%go

Q BT 0 ARYESRE ., 0, B, B NMRHETT DI A R S
2SR BT

Q B FH PR oG IO B TR AR fE SR A, A T REARHEE FH P S XA TR

T Netflix Prize FLFE R GHIRREF 245 B, 712 UL https:/medium.com/netflix-techblog/
netflix-recommendations-beyond-the-5-stars-part-1-55838468f429 ,

1. BRIEME SR

Y EERE H R R TR L B S R, X SRR R A U R . X6
BARGIE P ITI H . EUEE P XA BT

BRI T UFAS O LIRS R AT W0 o 9 B e R o R A — DR R A D X
%E%uuﬂ’]ﬂﬁﬁ% KO T A RS AT Wy adtieih, BT RLZAE M A D Bl
» BNZHE AR B

ZEAT YT, BT AR P X R A PR -

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

EATTATE AR PR -

W

z;l CHRURGEY  CRERAEY (FHERS)
Z

ED T

Tom

— AT B R



51 EHEERe K 131

XX RS, W] LR AR i (OB ) A977300 B 4 AR AE B2 i
B, AR ENTRRBURIFIR BRIt — R REAEROAR o BFAT T80 L R il B 3 23531
S UM, ABXERIEY “FHP-Hpih” FEFERZAERED U x 1, QRS

|
(B |
N | u
N
| u
u
u
|
n
| EEE REE
L/ |
u
R
LB u
| B |
[ [ | |
| |
S | |
NEEEN N
— L PP

ZHRBIM “HIP-W0ah” FERRTA & 48 CIREY ) 2EFE, A ZORMITPAER: —
TP U x k43R, LIR—DRIEDIAh Y 1 x K 4ERERE . XA PR I 5 R
ENTBIRFRME S AR PR MR A — L (EARE R, UG Ml F AR B, H T JE
FEEERRE R, AR PR,

FHP DR R R ARy it PR 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 BT BRAFERR B R R AN e B e, (BT RERR TS 3, 1t
WA PRSI | B XU R 0 5% A 4

HETXE =l FERE A, s e R AT AR B O RAR E
FEAPah AT, WM AR A e DR SR B S R L AT CHP Pt ) 5
F) (it A1), SRR TR B S AR AT

AT R SR D T A R

ll?l-ll

PR PR R A it R T R T e

X Tt Z (AR BLE A THS, T L fpcale SR Hh FH B AR LR Al i ik . AR, X
SR LA EAEA I A T 1, AR LR TSRS A X P IR 1 e i 2 (AR R 5, R
KR

ki

PR TR RS AR B
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TR AL E T, — BT TR, WHEFER SR RIS 25 5 o (EHAAT Wiy,
RIS P A i B 22, X IS2 A4t T B DR 1o T RESA BT T, X2 R Ak
A RREIT PR S — DAL, X ISBORL A R B H AR

Oryx #= Prediction.io % B % /2 TR XML EIR S, RSN ZLIELT
FE R R 0 A

PP oM R A AR 58 T o A MU AR, X ISR T 7 B R ] A e LM RE AT AT
FEsEin. Ak, ARG B TR R AR

2. B RERE 7 R

X AR PR 2 S S e A , LRSS B A i e Lt 2 B0 R R Bt
Bl EXSREE T, Rk R A S BRI, TRES R S anscazh. =
JUEE CHEAnA PR TR R R IR T AR ) AR (HEan i B 2
HURZIOUCEL ) X IS8

AR ABHR A A £ . MLLb SEP T — MRS e, B AR PR BRI N
Mg — A ZICIRIFAERE P L N — ME AR C,

PR, B Z RN - PPRSbs B E S U, R Lk
PIFEFE BT R . Hom, R P Ros PR A Ry, iR € W DU M
BORFTRAF ORE . — ok Ud, HoA P A SR B2, FA TRHZH] ™ A= 0%
MIE O AREE

AP  (IRIERR)  (ERRAH) (RERRS) RP/n&E  (IREERR)  (ERAHD) (SRERRES)

Jane PELT]

Tom Tom

B A O

U BTSSR 2 B — 1 P DR S B R — 0 il PR R R o (L2, RS0 P oK it 2 s R
FETEAE PP B B Lo 2SRk, sHeRs FH P DR [t R0 o PRI ) ) SRR A 280 7 29 B AN 1
S X PER AR, XS S F P RS — ) O G A A . 3% (8 ) BB B AN ™ A bbb T
0~1, {H-+s3aiE TiX A X ),
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MARAS F156, R TSGR R 28 i IR i i, 5 P A IR =2 1)
FEEA, WA RN E— MR . PIAD 3 2 R8s 2 i R 20 o et s i, Heh & ke
Wirg (AMEAERERIR ), JE& LAyl s RISk . WY DT R ALE AR (TSR
FN Do

3. SR IREVEAIER

FHP AP AR 2 W B — A RIS S s [|], P -0 Z [A] A4 5 FR N ek SRy 2 1]
W, Pl i MR g, g @i @ TEABR/E R FARREE . TP o MIXT R i p, p M7 P
XT%DD E’J 7 /\@*EEFX_‘O

g Mp S g p, FoRT w Ml i Z RSB, BIFHPT B XSERE . AR ) Se A R PR B RE Y
5] g F po

BT X RE AR, TR R 22 A B BR A SR B X AT S A R R R X )
—MERAEFER RN, BXHGETT SVD 4rffoksk 0. S FI P, SRIEHG S BIAEREREARE] £ 4, AT
2 g fp,

0,5,(4").8,P.(p)
PUAERF TR
=4, p,
BT EAWHRIO RS, RIRAE, T PR REGEE AL b MEIZE R I7 iR
e 1R BaI i g N po
min Y (r,—¢'p,) +2

q.p (u,i)ek
R EARENL S E RBEEM RN TRE,
4. N 3RIE
/N 3&% (ALS, alternating least squares ) J&— R AFESE I 2 M B AOAGAL s B i

SRR AR BB HAGEW XA S I T, XA EARE AU Spark XRS5 TEARB G
i, Bt Spark ML A SC B ME—HERAARAY

ALS 5 B R AU OR i — R /D — e mDHRNEL, edg—YGR U, [ A N
M sl Wi IR R R B —A SRS T RE BTN RE R LA B P ok ST 05— RS . 25,
PR RO R E A, PSR A — DR . ANk AR, B RIBRISL (SRR T IR
UHL),
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min Y (r,—¢'p,) +2

ap (u,i)ek

HIT g F1p KA, FARPRECIE s (RSB P 2 — B S FiE R, WHZ AL i
fift o ALS {3 S8 iR RBORIE AR o

HA oy 2L R A LA G A8 R R AR % ik . BR AL http://spark.apache.org/docs/
latest/mllib-collaborative-filtering.html

ARSI T A MK SEEE ALS 53k

ﬁ Spark A% #9H Rl i 83051 A T ALS ket o L, 3 B X H3EA 1 X

object AlternatingLeastSquares {

var movies = 0

var users = 0

var features = 0

var ITERATIONS 0

val LAMBDA = 0.01 // EN4LEF

private def vector(n: Int): RealVector =
new ArrayRealVector (Array.fill (n) (math.random))

private def matrix(rows: Int, cols: Int): RealMatrix =
new Array2DRowRealMatrix (Array.fill (rows, cols) (math.random))

def rSpace(): RealMatrix = {
val mh = matrix(movies, features)
val uh = matrix(users, features)
mh.multiply (uh.transpose())

def rmse(targetR: RealMatrix, ms: Array[RealVector], us: Array[RealVector]): Double = {

val r = new Array2DRowRealMatrix(movies, users)

for (1 <- 0 until movies; j <- 0 until users) {
r.setEntry (i, j, ms(i).dotProduct (us(j)))

}

val diffs = r.subtract (targetR)

var sumSgs = 0.0

for (i <- 0 until movies; j <- 0 until users) {
val diff = diffs.getEntry (i, 3j)
sumSgs += diff * diff

}

math.sgrt (sumSgs / (movies.toDouble * users.toDouble))

def update(i: Int, m: RealVector, us: Array[RealVector], R: RealMatrix): RealVector = {
val U = us.length
val F = us(0).getDimension
var XtX: RealMatrix = new Array2DRowRealMatrix(F, F)
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var Xty: RealVector = new ArrayRealVector (F)
[/ A RH RGN P PHAT T 5 BE
for (j <- 0 until U) {
val u = us(j)
// ¥Hu * utt ped XtX
XtX = XtX.add(u.outerProduct (u))
// ¥u * IF%eE Xty
Xty = Xty.add(u.mapMultiply (R.getEntry (i, 3)))
}
// st fa A LIE M ALE F
for (d <- 0 until F) {
XtX.addToEntry (d, d, LAMBDA * U)
}
// Cholesky 5k KM
new CholeskyDecomposition (XtX).getSolver.solve (Xty)

def main(args: Array[String]) {

// M E S
movies = 100
users = 500
features = 10
ITERATIONS = 5
var slices = 2

// #1446 Spack Context

val spark = SparkSession.builder.master("locall[2]")

.appName ("AlternatingLeastSquares") .getOrCreate ()

val sc = spark.sparkContext

/] RRAAEA] e T K69 A RSB

// WwHEEME: 100 x 10

// HFAEFEME: 500 x 10

/] R RHAEE AR P AEE G E

// (100 x 10 ) x ( 10 x 500) = 100 x 500 4M&

val r_space = rSpace()
println("No of rows:" + r_space.getRowDimension)
println("No of cols:" + r_space.getColumnDimension)

// FEAMATEEA ms = us
var ms = Array.fill (movies) (vector (features))
var us = Array.fill (users) (vector (features))

[/ ERX LA AR P

val Rc = sc.broadcast (r_space)

var msb = sc.broadcast (ms)

var usb = sc.broadcast (us)

/) BTAERAMEEER KR ms Fous fe LR LE
// Cholesky & fif ik Kfg
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for (iter <- 1 to ITERATIONS) {
println(s"Iteration Siter:")

ms = sc.parallelize(0 until movies, slices)
.map (i => update (i, msb.value(i), usb.value, Rc.value))
.collect ()
msb = sc.broadcast (ms) // Re-broadcast ms because it was updated
us = sc.parallelize(0 until users, slices)
.map (i => update(i, usb.value(i), msb.value, Rc.value.transpose()))
.collect ()
usb = sc.broadcast (us) // Re-broadcast us because it was updated
println("RMSE = " + rmse(r_space, ms, us))
println()

}
spark.stop()

}

PA— S ECSEHIXT N 3 AN 3 F P BOSERA ], MOHG Hh bt il B2 AOR gAY A «

Array2DRowRealMatrix

{{0.5306513708,0.5144338501,0.5183049},
{0.0612665269,0.0595122885,0.0611548878},
{0.3215637836,0.2964382622,0.1439834964}}

F—UGEAUN, AR RE LA

ms = {RealVector[3]1@3600}

0 = {ArrayRealVector@3605} "{0.489603683; 0.5979051631}"
1 = {ArrayRealVector@3606} "{0.2069873135; 0.4887559609}"
2 = {ArrayRealVector@3607} "{0.5286582698; 0.6787608323}"

FHP R L 2 BRI -

us = {RealVector[3]1@3602}

0 = {ArrayRealVector@3611} "{0.7964247309; 0.091570682}"
1 = {ArrayRealVector@3612} "{0.4509758768; 0.0684475614}"
2 = {ArrayRealVector@3613} "{0.7812240904; 0.4180722562}"

BB PR us BSE—17, T xex CREFE) M xey (ml), W7F a9 HmR .

m: {0.489603683; 0.5979051631}

us: {Lorg.apache.commons.math3.linear.RealVector;@75961f 16}
XtX: Array2DRowRealMatrix { {0.0, 0.0}, {0.0, 0.0}}

Xty: {0; 0}

j: 0

u: {0.7964247309; 0.091570682}
u.outerProduct (u) :

Array2DRowRealMatrix { {0.634292352, 0.0729291558}, {0.0729291558, 0.0083851898}}

XtX = XtX.add(u.outerProduct(u)):

Array2DRowRealMatrix { {0.634292352, 0.0729291558}, {0.0729291558, 0.0083851898}}

R.getEntry(i, j)): 0.5306513708051035
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u.mapMultiply(R.getEntry (i, j): {0.4226238752; 0.0485921079}
Xty = Xty.add(u.mapMultiply(R.getEntry (i, j))): {0.4226238752;
0.0485921079}

PRI P AERE us M55 AT, JREEHME] xex (FEFE) F xey (ljdt ), Wt s .

j: 1

u: {0.4509758768; 0.0684475614}
u.outerProduct (u) :
Array2DRowRealMatrix { {0.2033792414, 0.030868199}, {0.030868199, 0.0046850687}}
XtX = XtX.add(u.outerProduct(u)):
Array2DRowRealMatrix { {0.8376715935, 0.1037973548}, {0.1037973548, 0.0130702585
1}
R.getEntry(i, j)): 0.5144338501354986
u.mapMultiply(R.getEntry (i, j): {0.2319972566; 0.0352117425}
Xty = Xty.add(u.mapMultiply(R.getEntry (i, j))): {0.6546211318;
0.0838038505}

j: 2

u: {0.7812240904; 0.4180722562}
u.outerProduct (u) :
Array2DRowRealMatrix { {0.6103110794, 0.326608118}, {0.326608118, 0.1747844114}}
XtX = XtX.add(u.outerProduct(u)):
Array2DRowRealMatrix { {1.4479826729, 0.4304054728}, {0.4304054728, 0.1878546698}}
R.getEntry(i, j)): 0.5183049000396933
u.mapMultiply(R.getEntry (i, j): {0.4049122741; 0.2166888989}
Xty = Xty.add(u.mapMultiply(R.getEntry (i, j))): {1.0595334059;
0.3004927494}
After Regularization XtX:
Array2DRowRealMatrix { {1.4779826729, 0.4304054728}, {0.4304054728, 0.1878546698}}
After Regularization XtX:
Array2DRowRealMatrix { {1.4779826729, 0.4304054728}, {0.4304054728, 0.2178546698
1}

T ms SH—ATHIMHE (xtx Fl Xty £ Cholesky F it fm X iz i HL SE AR ):
CholeskyDecomposition{0.7422344051; -0.0870718111}
X us RIS LR REE, 195

ms = {RealVector[3]@5078}

0 = {ArrayRealVector@5125} "{0.7422344051; -0.0870718111}"
1 = {ArrayRealVector@5126} "{0.0856607011; -0.007426896}"
2 = {ArrayRealVector@5127} "{0.4542083563; -0.392747909}"

xR ag RAHAL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 05/2.0.0/scala-

spark-app/src/main/scala/com/spark/recommendation/AlternatingleastSquares.scala,
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52 EHEAEREHE

XH, FOTERASRIERESE, A HEALE P s S oo dE A . P -EhT 38
HEE. X, Fri s A SR R SR AR EER R ID . A ID FUEARRY R,
M MovieLens 100k %5 & 2 BR4FE

JRSEARS AN | — 2 F AR Y MovieLens £diudi . IR A L ARAFIZEE L M AR /1o 1
AR A A B S R

PN w
JeE T IR PR AR -
object FeatureExtraction {
def getFeatures(): Dataset|[FeatureExtraction.Rating] = {
val spark = SparkSession.builder.master ("local[2]") .appName ("FeatureExtraction")
.getOrCreate ()

import spark.implicits._

val ratings = spark.read.textFile("/data/ml-100k2/u.data") .map (parseRating)
println(ratings.first())

return ratings

}

case class Rating(userId: Int, movieId: Int, rating: Float)

def parseRating(str: String): Rating = {
val fields = str.split("\t")
Rating(fields(0).toInt, fields(1l).toInt, fields(2).toFloat)
}

x5 0 AR A A T
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/FeatureExtraction.scala.
o R AR PR

16/09/07 11:23:38 INFO CodeGenerator: Code generated in 7.029838 ms

16/09/07 11:23:38 INFO Executor: Finished task 0.0 in stage 0.0 (TID
0). 1276 bytes result sent to driver

16/09/07 11:23:38 INFO TaskSetManager: Finished task 0.0 in stage 0.0
(TID 0) in 82 ms on localhost (1/1)

16/09/07 11:23:38 INFO TaskSchedulerImpl: Removed TaskSet 0.0, whose
tasks have all completed, from pool

16/09/07 11:23:38 INFO DAGScheduler: ResultStage 0 (first at
FeatureExtraction.scala:25) finished in 0.106 s

16/09/07 11:23:38 INFO DAGScheduler: Job 0 finished: first at
FeatureExtraction.scala:25, took 0.175165 s

16/09/07 11:23:38 INFO CodeGenerator: Code generated in 6.834794 ms

Rating(196,242,3.0)
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Zhrtdesd, B ID, A 1D, RN AR B A A, 4% Bl il i 3
FEor R o AR AR GRS, i (e A R AN 2R, I LAFRATT TR B R M iy 3 > Be T,

Bl userID. movieID Ml rating:

case class Rating(userId: Int, movieId: Int, rating: Float, timestamp: Long)
def parseRating(str: String): Rating = {

val fields = str.split("\t")

Rating(fields (0) .toInt, fields(l).toInt, fields(2).toFloat, fields(3).toLong)
}

% 80 AR A A T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/FeatureExtraction.scala,

X SRR RO FHRIERAT \ o SRArEI & B nME, 158 —1> String 04 . JF IS T{H
RO JF ROR R B RT 3 Ie R . XEETT R HIXT R userID, movieID Ml rating.

5.3 IIGHEFRE

ISR I B S fa] BURHIE S, T II SRR . MLIDb B SEBBRYIZRAAR T, XA
BEFRATAHC o FRAT TG BRI G i A 1 A e AT i A KRR AR L B SR S 40

BB AT 8 = 2 BB B USRI AL . AU AR

def createALSModel () {
val ratings = FeatureExtraction.getFeatures();

val Array (training, test) = ratings.randomSplit (Array (0.8, 0.2))
println(training.first())

}

5 0 R 4 T
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/ALSModeling.scala,

Hg s .

16/09/07 13:23:28 INFO Executor: Finished task 0.0 in stage 1.0 (TID
1). 1768 bytes result sent to driver

16/09/07 13:23:28 INFO TaskSetManager: Finished task 0.0 in stage 1.0
(TID 1) in 459 ms on localhost (1/1)

16/09/07 13:23:28 INFO TaskSchedulerImpl: Removed TaskSet 1.0, whose
tasks have all completed, from pool

16/09/07 13:23:28 INFO DAGScheduler: ResultStage 1 (first at
FeatureExtraction.scala:34) finished in 0.459 s

16/09/07 13:23:28 INFO DAGScheduler: Job 1 finished: first at
FeatureExtraction.scala:34, took 0.465730 s

Rating(1,1,5.0)
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5.3.1 {¥H MovieLens 100k ¥1E &) Z1EH
PUAETT LIFFAE VIR T, B i Hb S 806 LR LA,

O rank: %W ALS BRI 78, Wl & AP DU e b i B S R e M, -1
By Al RSB RII 2RO TR MR RS, LR TERT
MYARZ e, PRI SC B S ECRE R IIZROR 5 RETTE Z MR 250 @
L, HAABBUEE Ry 10~200,

O iterations: XMW IBFTITAYEICIREL . ALS BEFIIREFUGECHERBE AR PR JE M i EE R
2%, (H— R PEGEUE ALS BEEUE L RRINEICH— > WAL A BIRYAFREARL . ke, R
IO R EEEARZ I (10 A4 —FBOERS ).

O numBlocks: XL VRIS KE S A A TR A HEL CBRIACH 10 ), IZBURT TARRFIY
T BRI A S B T =

Q regParam: XIh ALS (IENEZSEL (BRIAK 1.0 ). WAL A BFCN IENI LS8, AT L,
TP B i A B A R, B NIRRT OB AR AR, T LA _
S I AR IE AT

O implicitPrefs: XJ W AR FEH MEE R R a2 B R E, WA o 3l 2
ALS B SBATARA ( ALS-WR ) F /R SUBHT A AR A, BRI False, HIi =X
B A

O alpha: X/ ALS RABHEIAIA— D24, BRI T RBI I EERTF L, BRIk 1.0,

0 nongeative: fHERGHTIAERAR KM BRI false.

%éﬁ rank. maxIter Fl regParam ﬁj\?ﬂ]ﬁ 10 (Eﬁﬁ\fﬁ ). 5 f10.01, fﬁi’ﬂﬂ”%ﬂtﬁgﬁﬂ?

/) DA B4R R ALS Sl AR

val als = new ALS()
.setMaxIter (5)
.setRegParam(0.01)
.setUserCol ("userId")
.setItemCol ("movieId")
.setRatingCol ("rating")

val model = als.fit (training)
AR R AT

0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/ALSModeling.scala,

X 25k [El— ALSModel X%, BERE AN userFactors Ml itemFactors B
Ik LYo

Hedn, #TEJ model .userFactors ki .
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16/09/07 13:08:16 INFO MapPartitionsRDD: Removing RDD 16 from
persistence list

16/09/07 13:08:16 INFO BlockManager: Removing RDD 16

16/09/07 13:08:16 INFO Instrumentation: ALS-als_lca69e2ffef7-
10603412-1: training finished

16/09/07 13:08:16 INFO SparkContext: Invoking stop() from shutdown
hook

[id: int, features: array<float>]

U\EF'EIU\E@J, ﬁ%%ﬂ"]?@ﬂj‘] Array[float],

TR, MLIb H ALS (145280 r A R AR R AR M B 40 . T A, RS P R Pk
YA FRYLE R RDD WA T HITERAERT, SEPRAITEA S KA . Bamfl A48, W iE A
Spark [ THEAE, U0 count:

model.userFeatures.count
TR fih A RH N )T A AT e

16/09/07 13:21:54 INFO Executor: Running task 0.0 in stage 53.0 (TID
166)

16/09/07 13:21:54 INFO ShuffleBlockFetcherIterator: Getting 10 non-
empty blocks out of 10 blocks

16/09/07 13:21:54 INFO ShuffleBlockFetcherIterator: Started 0 remote
fetches in 0 ms

16/09/07 13:21:54 INFO Executor: Finished task 0.0 in stage 53.0 (TID
166). 1873 bytes result sent to driver

16/09/07 13:21:54 INFO TaskSetManager: Finished task 0.0 in stage
53.0 (TID 166) in 12 ms on localhost (1/1)

16/09/07 13:21:54 INFO TaskSchedulerImpl: Removed TaskSet 53.0, whose
tasks have all completed, from pool

16/09/07 13:21:54 INFO DAGScheduler: ResultStage 53 (count at
ALSModeling.scala:25) finished in 0.012 s

16/09/07 13:21:54 INFO DAGScheduler: Job 7 finished: count at
ALSModeling.scala:25, took 0.123073 s

16/09/07 13:21:54 INFO CodeGenerator: Code generated in 11.162514 ms

943

TE T A count, HP.
Model .itemFactors.count ()
ORISR T i

16/09/07 13:23:32 INFO TaskSetManager: Starting task 0.0 in stage
68.0 (TID 177, localhost, partition 0, ANY, 5276 bytes)

16/09/07 13:23:32 INFO Executor: Running task 0.0 in stage 68.0 (TID
177)

16/09/07 13:23:32 INFO ShuffleBlockFetcherIterator: Getting 10 non-
empty blocks out of 10 blocks

16/09/07 13:23:32 INFO ShuffleBlockFetcherIterator: Started 0 remote
fetches in 0 ms
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16/09/07 13:23:32 INFO Executor: Finished task 0.0 in stage 68.0 (TID
177). 1873 bytes result sent to driver

16/09/07 13:23:32 INFO TaskSetManager: Finished task 0.0 in stage
68.0 (TID 177) in 3 ms on localhost (1/1)

16/09/07 13:23:32 INFO TaskSchedulerImpl: Removed TaskSet 68.0, whose
tasks have all completed, from pool

16/09/07 13:23:32 INFO DAGScheduler: ResultStage 68 (count at
ALSModeling.scala:26) finished in 0.003 s

16/09/07 13:23:32 INFO DAGScheduler: Job 8 finished: count at
ALSModeling.scala:26, took 0.072450 s

1651

TR, B P AR AR X 80 (4338 943 N1 1651 AT ),

53.2 fERRARFHIREINNGEE

MLIib Hbm o (A 5B B o3 f A R F S ST B o b 3 8 A PR RS CRH ,  J0m] fef 1)
trainImplicit PREC, HIHH T ARRER train B, (B2 T —PAEE K alpha &
B CEFE, IENMESE 1anbda N8 M AIAE G IE R B ).

alpha ZHEEE 115 DA BT NLE B A EELL 20080, WIET I BB BB - 5
b FIT PP ) L5 Z AL BT AR

M Spark 2.0 JFiR, ANSRPPFHUE MR DA BRI RIY,  BIMIALE SHEwmmk, Fq1mT
WH setInplicityPrefs N true FRIRMGHELFMLER . Han:
val als = new ALS()
.setMaxIter(5)
.setRegParam(0.01)
.setImplicitPrefs (true)
.setUserCol ("userId")
.setItemCol ("movieId")
.setRatingCol ("rating")
YEA %3], RF LA 69 MovieLens 203E £ 468 A — A e X BB L —FrF %
R CEA U R EYE (0F2 1), X Tl id s8R B X AP BML R E .
ﬂ B —Fr 7 KAR PR E, (WF3t, KIPRERERAS 04
ER R, MLIb L #HEXA5 K. )
FEEEREIEE LD B — AR S5 T — Y e BAMOL &,

54 ERHEFRE
BORIRAE 5 T TR
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541 ALS {&58IH#E

M Spark 2.0 FF4fi, org.apache.spark.ml.recommendation.ALS FraZPiad2—Fhsrbe
A PR BE . B users A products 4 ~He, AN ASR]Y 15 22 6] 538 15
Bk, BUGERET, HEi A FH P 1) ) —A> B A R 3% 3055 25920 P it 951 products
P, Wi eE

TR SR IR . 284 T—1TH user. movie. rating FIE [ E S Be2H
o ARJE PR R it B (implicitPrefs 4 false) SKillZh—14> ALSBHL, BIHIAYRL
e Sikunse SUN[REOp PSP =S 3 15 (1

object ALSModeling {

def createALSModel () {
val ratings = FeatureExtraction.getFeatures();

val Array (training, test) = ratings.randomSplit (Array (0.8, 0.2))
println(training.first())

/) BOEEAE LR ALS Al A B

val als = new ALS()
.setMaxIter (5)
.setRegParam(0.01)
.setUserCol ("userId")
.setItemCol ("movieId")
.setRatingCol ("rating")

val model = als.fit(training)
println (model.userFactors.count())
println(model.itemFactors.count ())

val predictions = model.transform(test)
println(predictions.printSchema())

%R R AT
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter _05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/ALSModeling.scala,

AU R AR

16/09/07 17:58:42 INFO SparkContext: Created broadcast 26 from
broadcast at DAGScheduler.scala:1012

16/09/07 17:58:42 INFO DAGScheduler: Submitting 1 missing tasks from
ResultStage 67 (MapPartitionsRDD[138] at count at
ALSModeling.scala:31)

16/09/07 17:58:42 INFO TaskSchedulerImpl: Adding task set 67.0
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with 1 tasks

16/09/07 17:58:42 INFO TaskSetManager: Starting task 0.0 in stage 67.0
(TID 176, localhost, partition 0, ANY, 5276 bytes)

16/09/07 17:58:42 INFO Executor: Running task 0.0 in stage 67.0 (TID 176)

16/09/07 17:58:42 INFO ShuffleBlockFetcherIterator: Getting 10 non empty
blocks out of 10 blocks

16/09/07 17:58:42 INFO ShuffleBlockFetcherIterator: Started 0 remote
fetches in 0 ms

16/09/07 17:58:42 INFO Executor: Finished task 0.0 in stage 67.0 (TID 176)
. 1960 bytes result sent to driver

16/09/07 17:58:42 INFO TaskSetManager: Finished task 0.0 in stage
67.0 (TID 176) in 3 ms on localhost (1/1)

16/09/07 17:58:42 INFO TaskSchedulerImpl: Removed TaskSet 67.0, whose
tasks have all completed, from pool

16/09/07 17:58:42 INFO DAGScheduler: ResultStage 67 (count at
ALSModeling.scala:31) finished in 0.003 s

16/09/07 17:58:42 INFO DAGScheduler: Job 7 finished: count at
ALSModeling.scala:31, took 0.060748 s
100

root

| -- userId: integer (nullable = true)

| -- movieId: integer (nullable = true)

|-- rating: float (nullable = true)

|-- timestamp: long (nullable = true)

| -- prediction: float (nullable = true)

FERGF B AERT, HiEEw T AP -5 5K %R Spark 1.6 A
ﬁ # Mllib, & A AR & P 6948 7 % 3K B4E A org.apache.spark.mllib. .
recommendation.ALS #4735 694012 B,

542 BPHERE
TP e RS 28 T e . TE R L BT KA TR B, HDSE i Rk e Al
R S T K AN 0 B e T A AN 1 T A543 14 BRS04 54

o

P

=

m

HARSEHU e T FrR BB o AR AT P By, 2R AR ABLA - 34
RATEXSHEA T BOHERE o TR L Tt ARERL, DU 2 AREE T e fhaed B9 ot S e e ) i 2
[ ) AR DA E SR AT IR

FHFE IR, S BT PR AT S, P ASSUH A0 R AR B 7 PR
AN ity PR [ P B

1. M MovielLens 100k #iEEL KR

MLIib ARSI THE i, PR AT TR IR A 84 DR 3SR RS 58 P X i B
P R A HA] MovieLens H b B MAEERITEIE , T BB 177 1455 Z AT o
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MatrixFactorizationModel 4L — /\predlct BRE, DTS e P X4
TE WS THATS 53«

val predictedRating = model.predict (789, 123)
A
iiﬁﬂﬂjﬁﬂji:

14/03/30 16:10:10 INFO SparkContext: Starting job: lookup at
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)

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

AILABR R, AR P 789 XL R 123 MITE R 3.12 4%,

ALS BER 9 A0 S50 AR, X TR LR AR W& R e X 2 RE, £FRE,
R BAT AR P AN IEFALATRE

predict PREEIRETT PALL (user, item)ID XFZEAIA RDD %4 kA, XBTEE NE—XF
FRA AR I FINAS 530 FRATTAT LAE B AN sRECK [R] i) Sh 24 FLP ) it 4 5 10

TR P A KRR K DMEEY N, "TEB MatrixFactorizationModel Fr4Eftfy
recommendProducts PRECESLH, IZIZ&W%%W/I\%/\%%& user Ml num, HHF user FEMAF
ID, Ifii num ZZHEEP A4

AR [l IR e i AR num N7 o X LE R PSR T o %A AR
JUPR T R AN i DAL i 8 R

PUTE, B RA 789 HELERIHET 10 N5 -

val userId = 789
val K = 10
val topKRecs = model.recommendProducts (userId, K)

BOHLRAT T 789 BT REHES A i B s LTS 73 o Rk Sf5 BATEN DR LUE AT -

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(789,584,5.449949837103569)
Rating(789,750,5.348768847643657)
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Rating(789,663,5.30832117499004)

Rating(789,134,5.278933936827717)
Rating(789,156,5.250959077906759)
Rating(789,432,5.169863417126231)

2. WEHEFAR

L LA IR ARG, AT DL B P TR () LS A ASUR E A  IR  rL B
4. B, RINTERABREEE (XA F—EER s IEE ). XBEIRES AN
Map [Tnt, String]Z&AY, HIMEEFE ID RFRE L .

val movies = sc.textFile("/PATH/ml-100k/u.item")

val titles = movies.map(line => line.split ("\\|").take(2)) .map(array
=> (array(0) .toInt,
array(l))).collectAsMap ()

titles(123)
A

}i%uﬁjﬁﬂ1<:

res68: String = Frighteners, The (1996)

ZTHP 789, FATATLAHRIAITIGL R | 45 i ST AT 10 S XA TR, HARSE
BiRs}, W4 Spark Ay keyBy BRECEM ratings RDD SRAEE—AMEE ST RDD, HFE4HF P 1D,
SRIGHIH Lookup pRECK HaR M1 45 SEA ( RIVREE FH - ID ) XA A ARSI 4540 29K S0 R -

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

KB TXMHPTEN T2, XSHE] moviesForUser MY size FREL:

println (moviesForUser.size)

ALVER], AN 33 FHH A0S R

HToR, BATEPBOF R AHT 10 # R . HASOE RN Rating XRE rating J&
PERXS moviesForuser EHFHITHNT, IFEEIMHARZAT 10 B9PE CEAANEEE ID ). ZJa A
A, MRB) cicles WU “(wH ok, RMRIRR) 7 B PREATRE BRTHATEIHDE

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

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

AR TXHZHDA BT 10 MR, IFFH_ AR 20RE R BN YS (HEIXLE
HEAEEHEF ):

topKRecs.map (rating => (
titles(rating.product), rating.rating)).foreach (println)

HA B anr

(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)

PR A ORI, AR XL RCR I,

543 YImiEdRE

YRS R a1 8N )it — A, WREE S e AL X, AR BRI
B SCBET BTl IR jﬁ%@( F/RT AL S 38 o A 7 3K LA 3R P it ) o 1T A
B H DAL A R )5 A4S B R AR OC 228 (Pearson correlation ), 1 S i A AX X
AL ( cosine similarity ) FEFXF —JT ) & AIAS-REEAIIAREL (Jaccard similarity ).

1. M\ MovieLens 100k ##E5 4 A AH{A BB 5%

MatrixFactorizationModel 4HiHY API ANRE B LT i 22 [l AR U 3138, BrAFRAT]
THOYEH,

X Lo AR LA BE R A B ARBLEE o S5 AR jblas LMEACELZE ( MLIib BRI EZ — ) R
SRR, XEEHIINA i) predict Ml recommendProducts PREAISEIN T RIS, BRI
Jﬂ?ﬂéﬁ—ﬁ'z*ﬁ“rﬁﬁr1lfl/\iekﬁ N o

BRATTREUR A A% 5% AR ARLE SR X 48 22 W b 1 IR 7 o) i 55 LA S R AL 3 . AT R MR EIGT3
i, FEHLEMNHA TR EAE—1 Array [Double] ZEMIHMEXTE . JBLAS 2K DoubleMatrix
HIRE 1 PR S ER Array [Double] 88, S AZZEAYCHLANT

import org.jblas.DoubleMatrix



54 AERIEFAER 149

T AN 4 32 pRBOR N — B IR AL — > DoubleMatrix X4,
jblas &2 /A Java % 5 69 X AR E % . €& T BLAS #» LAPACK, JF &35
A LS A ATLAS 5, MM AE4T jblas i& 1R He . BLAS #= LAPACK % 4B 43t 5

F e E L AT AR,
€ EIFAS BLAS = LAPACK #9—#P32 % 3135 . J& ™4 /R T Fortran #£ X

ﬂ DoubleMatrix ¥ & X X4

public DoubleMatrix (double[] newData)
B4 3 — /~3) @& newData YEAHIEH 4 P4 49 DoubleMatrix X%
A F AT, AL F AR 3N 69 M NHL 4 newData Fo

fgﬁﬁﬁﬁu@*/l\ DoubleMatrix:

val aMatrix = new DoubleMatrix (Array (1.0, 2.0, 3.0))

A
E%Ulﬂﬂﬂ?:
aMatrix: org.jblas.DoubleMatrix = [1.000000; 2.000000; 3.000000]

EE, 1A jblas B, w1 EASEMEA A T A — /> DoubleMatrix £t %, {2

8 WA A — 0T e H A

FRATTTT B L—A PRBCRIT A 1) 2 (0] B AR SEARLEE o AXSZAR LR PR W) i 7E n k%S
(8] e M A R, BRI ) s S AR S A e VSR (B ) SR FRAIRT . (A 9% AR U Y
JHCH L2-95%k, B L2-norm, )

TELRMEARER, W v AR ERITEEL (norm ), FHEISHRBLAEE. XH, K&
XA v X —A A F AT

V=,V v, €C,i=12,,n)
— A W v i — B84 [ AR Ll-norm 23 2584 ( meannorm ) | &

The T, EENXAEAEZGLIEZ o,

n
ol = 2wl
i=1

SR A ., @ F v 89 ST AALAR L2-norm , 3% 7 A 544 ( mean-square norm )
F T FARTE 4 (least-squares norm ), H & T4 T .

I+,
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sk, CR AL EA K BAAE T T Aty T AR

n
_ 2
. =21
i=1

eI, ARFXAMU B R E NS A s AL EI’JEX{E(EEIT I~1o 1 FoRsEemiil, 0%
AN HAASE CEITEARINE ). M D iAARA #E Y, DU B REREFE SRR OCHE . tumlteiid,
A1, AMUFTRPIEAM, RN ENsEeAlm. HE T

ZAB

similarity = cos(8) = =
IAIIIIBII .
DN
i=1 i=1

THRAIEHIX A cosineSimilarity PREL:

def cosineSimilarity (vecl: DoubleMatrix, vec2: DoubleMatrix): Double = {
vecl.dot (vec2) / (vecl.norm2 () * vec2.norm2())
}
AT, XEENTZAHeBE KA A Double, 12X FFIF44F  Scala by £
R BLE AL B Sh 4l X ANE S, 125 9 F Ay e K AR A A By

N AL 567 ], AR R R Ao X AT LUGE AT Lookup PRECR S,

Z I L R RO R R P IS B R IE M T head pREL, IO 1ookup
PRECR T T — e, MIFATAFTR—AE (PR L, AR R A —AME, Wiz m
HF ),

XA FHIZERAN Array [Double], FrLAG TS EREIH#E—1 Double [Matrix] ¥4,
SRIG P HZA SR A S 5 B O RARUE .

val itemId = 567
val itemFactor = model.productFeatures.lookup (itemId) .head

val itemVector = new DoubleMatrix(itemFactor)
cosineSimilarity (itemVector, itemVector)

— MBS AR BTIZREF S A )t A A 2L AR AR E o AT ) 6515 1] LA
BE, REXAMARER R I LEY i o) b 2 (] AR IR o X IE R TR TR R R

resll3: Double = 1.0
IAESRASA it (A XA EE

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

}
TR, WY A REHRT, SRIRBUE 590 567 A RLIHT 10 47k -

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

FIRACHSHLAEA] T Spark ) top PR, M collect pRECHERLR NIRRT, KA
HAMHEF, cop REGEM TN “B KA 4558, HmE ek, (R, HEF R
L ANy H T REIR BT T )

Spark 5 ZHITA WX sims RDD B (item id, similarity score) ¥HEF. Mk, F&
TIHIMEANT — S84 cop L. XPSEUE—1> Scala Ordering X4, B4k Spark M
P E A (WA similaricy #E5 ).

RS, ATENHX 10 D545 7E W Skl LR ) i

println(sortedSims.take(10) .mkString("\n"))

BT

(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)

ANHETRE, HEA S — MU A R FRA 120 B o ) (R LU (RLREHE R A A2 AL
Yoo

2. EHEFNEIS

KE PRI E R ATRE T A
println(titles (itemId))

UTHREPSE

Wes Craven's New Nightmare (1994)

IEAE R e T B i, FRAT AT IE R IR i S A A4, T EDUL A A —
TEETYIRAEF SR . X —RIATIET 11 FREAUA R, DIRRRZ E RIS . FrLd, "L
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BN R RIS 1~11 10

val sortedSims2 = sims.top(K + 1) (Ordering.by [ (Int, Double), Double] {
case (id, similarity) => similarity })

sortedSims2.slice(1l, 11).map{ case (id, sim) => (titles(id), sim)
}.mkString ("\n")

O 28 H A RS S i 52 B 24 PR LA B AR I RO AL RE -

(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)

FIAE, B AR 4941 45 AL 2 BAALEY , BEvAIX B B 784 48 B T AL S5 4R 54713 3]
HERATARR,

[ EFRAIE AR AR LA AR o T LA IR , A BT e R
HSEE M PRI AR

55 HHFERIRAITES,

L B Y 2 R A BB R — AN AR e R B AN 2R PPAL & B S SOR WA HE A
(‘evaluation metric ) 5 APLEAT A AL TN 2 7 S HER BE B 1. B AT T S8 42 B e AU X H AR
i (e r2E ) BEINGER, A L) AR IR L - AR XA A, (8 a4 LS
MR Ee 1 (HEan-F2ERI %2, mean average precision ),

PR AR T A — R RIZECT VERE , S0 LR RIBRPERE R AR DT 12 . 18
AL IXBEHEAR, AATAT LU R OB iR R B AP AR

X BURE 2 s Qe TS R G D [l SEASTR B TR PN 865 . 9752 (MSE, mean
squared error ) DA M K EFIEHHZE (MAPK, mean average precision at K ).
5.5.1 ALS &AL

M Spark 2.0 FF45, XFEIHAEI2{# ] org. apache. spark.ml.evaluation.Regression-
Evaluator. [EIHPPAl (regression evaluation ) & Tt — M A 7E Al BA ()04 ds b2
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—FEbR, X ARSI R, B MSE BF R
object ALSModeling {

def createALSModel () {
val ratings = FeatureExtraction.getFeatures();

val Array (training, test) = ratings.randomSplit (Array (0.8, 0.2))
println(training.first())

// A& ALS A e LA

val als = new ALS()
.setMaxIter (5)
.setRegParam(0.01)
.setUserCol ("userId")
.setItemCol ("movieId")
.setRatingCol ("rating")

val model = als.fit(training)
println(model.userFactors.count())
println(model.itemFactors.count())

val predictions = model.transform(test)
println(predictions.printSchema () )

val evaluator = new RegressionEvaluator ()
.setMetricName ("rmse")
.setLabelCol ("rating")
.setPredictionCol ("prediction")

val rmse = evaluator.evaluate (predictions)

println(s"Root-mean-square error = Srmse")
}
def main(args: Array[String]l) {
createALSModel ()
}
}
x4 R A AT

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 05/2.0.0/scala-
spark-app/src/main/scala/com/spark/recommendation/ALSModeling.scala,

HA BT .

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Getting 4 non-empty blocks out of 200 blocks

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Getting 2 non-empty blocks out of 200 blocks

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Started 0 remote fetches in 0 ms
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16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Started 0 remote fetches in 0 ms

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Getting 1 non-empty blocks out of 10 blocks

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Getting 1 non-empty blocks out of 10 blocks

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Started 0 remote fetches in 0 ms

16/09/07 17:58:45 INFO ShuffleBlockFetcherIterator:
Started 0 remote fetches in 0 ms

Root-mean-square error = 2.1487554400294777

FEYRLE R i J6 B N, HiEE 4 TR P4 Su i HAX A1 R 4952 Spark 1.6
0 WA H Mllib, F A AR & P eg4R 7 Rk FERIE A org.apache.spark.
mllib.recommendation.ALS #ATHEF w12 8,

552 FE

¥1772 (MSE, mean squared error) EL#EMfifi “F P8 TPHURMEMERIRZE, EHE
— SR B IR ] 0 de/ MU RS R B, Rl e VP2 36 R 287712, [ ALS, BRIk, B T
BAFRNIHIE .

BRYE AT IT iR 2R S DA H AR . b PR 22 2 48 T 2 0 F S I PFn 22
{17 o

THELHF 789 Rk, BAEMNZ AT moviesForUser X4~ Ratings A B
HIZH P S — PP

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

iy 3 -

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

ATLAE S P AHZ RS IITCR 4. ARG, SRR TIFL .

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

Hhmih 2
14/04/13 13:01:15 INFO SparkContext: Job finished: lookup at

MatrixFactorizationModel.scala:46, took 0.025404 s

predictedRating: Double = 4.001005374200248

AR BB BN PR ZE A A 4, MR OSBRI e, AT SR
GORB PP F-T7 1R 25 -
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val squaredError = math.pow(predictedRating - actualRating.rating, 2.0)

R
squaredError: Double =

T ERBANEESE A MSE, T35 X4 —4% (user, movie, actual rating, predicted
rating) ICSRARTHAZOF IR 2%, SRESRA, FERLLUE IR BRI .

1.010777282523947E-6

AT KA A Apache Spark #» 4245 & F 49 ALS ¥R %~ http://spark.apache.org/
docs/latest/mllib-collaborative-filtering.html,

B ratings RDD BB A AY 8 ID, 34 model . predict XF&A “HF-
a7 XS, ArASR) RDD L R P RS, ID” SRR T8, X A TR AE (e

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)

}

FEERPGE P, [FIEF, X ratings RDD MBI LLE “FP-Pah7 X1k 5, 56
BRIFLCR RN A . IXRE, S 30 T P B2 AR Y RDD, M Haik, LIAITE#E—1
i RDD, X~ RDD W F58ER “FHP-Y0ah" X, S8E AR A SEBR PR P9

val ratingsAndPredictions = ratings.map{

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

e, SR IR MSE, HARJEH reduce KX iRZR M, SRIGFBRLL count pRETRTS
A B SRR :

val MSE ratingsAndPredictions.map(
us

case ((u product), (actual, predicted))
}.reduce (_ 7) / ratingsAndPredictions.count

println (" Mean Squared Error = " + MSE)

o7 P S T
Mean Squared Error = 0.08231947642632852

WhiiR2: (RMSE, root mean squared error ) Ffd AR, H T8 HF57E MSE
JrARRIAT o ORHMERRAE, PUOAWE S S &R (RIPPEEdE ) AR &4 A TR Prgeom
SEBRIPR A ZERIAREZE . A FARASE TSR

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

((user, product), rating)

=> math.pow( (actual - predicted), 2)

= " + RMSE)
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Holay th A B AR R 22 0
Root Mean Squared Error = 0.2869137090247319

ZERZIRZEIE SORXT RS R T R . 5 RMSE TRZZREAR,  RIVEEAS ST & 1) BAR 0L
o TIHMLTETE TR SEPR R B R B AN B/ MEL

553 KEFHEMmE

KA-F341ERE % ( MAPK ) 1 2 UM 4E B0 K (B2 ( APK, average precision
at K metric ) FY34(H . APK 215 SRR T H I — M 8b5. © M T e i) ik B R
KA SCRBY PR o % TR i), N T2 45 R b i K A5 SEBRAR SE B SO AT LA

JI APK HEARITR, 45 R SR AHER 0 B APRES SR SO A S BRAR A s ELHE
AWHEEAT, A8 APK ZMEW AR . ditt, EWARE SIS EERR, ROAEE R Gt ait
BEOCRT KA HMEEY), RS B . WORAE TSR rp AR e (7RSSR PR s e
B ) AP Sebn B S P AR SE, AR AR MR A . APK AUHABIE THEY B FE AR R A
W E AP BB A L ROHETE . X HUAT MSE HIX BEAIR A1

T APK RO AR, B— PR T, E— "8 KA iy
AR WA S T — & B SCREREE S o X 52 1 S PR PR A 0 72 SR A S P 56
Pho XK, APK FrisIR i i 5 JE A0S F P SN RT 2 2-4 fk )y s A 0N

VATF i+ H 35 e ok B o9 R A 2L T https://github.com/benhamner/Metrics .
0 % F MAPK # & %13 8 7T A JL https://en.wikipedia.org/wiki/Evaluation measures
(information_retrieval)#Mean_average precision,

T APK (A CHSSEBLANT

def avgPrecisionK(actual: Seqg[Int], predicted: Seqg[Int], k: Int): Double = {
val predK = predicted.take (k)
var score = 0.0
var numHits = 0.0
for ((p, 1) <- 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
}
}



5.5 MEFHAER R GIRAE 157

ATUER], R B FE N . — LA S PR NS, o5 — A LASERL i 0 1)
Vi LHPP O NS

THERITRLGH T 789 HEER APK F8PR/EARE . B Jeheiith P SCPriFgit i a2 Y ID

val actualMovies = moviesForUser.map (_.product)

FanT .

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)

RFARBUBHER PSR, K BE N 10:

val predictedMovies = topKRecs.map(_.product)

B

predictedMovies: Array[Int] = Array(27, 497, 633, 827, 602, 849, 401, 584, 1035, 1014)
SRJE T T AU R A i o

val apkl0 = avgPrecisionK(actualMovies, predictedMovies, 10)

By

apkl1l0: Double = 0.0

XHL, APK HYT353 0, X R BTZARITE g2 P ORI S R S 1L i) B AN BEAE

42 J5) MAPK HSR A LR — N 89 APK A543, FERESER) . 3o 8o B — S 4R
A AR RHERE SN R o BN RBEE AL BRI, XISy, (HIEATA LLdd Spark 7341 Uit A7
IR Ak, ot —ARE, RIS AR R SERE A T HERE, AEEN A fE
M7 SIS e A A W e (ARSI o SRS R AR, B A
AINAF T REPRAFAS X ANERE . e, 3 BR A it 1 [l

F 5 b SRR A A S 0 1 AR R R A ANF . — AT Ak ey o XL R
8 55—t st A KoM X 7T @ 3T By B AR S F ik (locality sensitive hashing )
FREA.

THEAE—FBWAR . G5, B H T I E R E—> DoubleMatrix XA :

val itemFactors = model.productFeatures.map { case (id, factor)
=> factor }.collect ()

val itemMatrix = new DoubleMatrix (itemFactors)

println(itemMatrix.rows, itemMatrix.columns)
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T .

(1682,50)

XL i temMatrix FIFTHIEST 9K 1682 Fil 50, XARIEH, A 240 H A 45055 51
WIEXAZ . 82Tk, RATEZIERELL AT AR g =0 &2, DMERAS T AR S A&RRE DT
i) ] .

val imBroadcast = sc.broadcast (itemMatrix)

PRFsE B0 i

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)

BAE T LI R R— P R . XX — P T T—IK map #4E. EXMERAE
HL AF FH P R AR R AT S R TR ROl A, HEE RN — TR S0 PR (K
R 1682, HIHEZAEEEH ). Zia, HBITTERAT e 1HET .

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 (-_._1)
val recommendedIds = sortedWithId.map(_._2 + 1).toSeq
(userId, recommendedIds)

}
Hig s,

allRecs: org.apache.spark.rdd.RDD[(Int, Seq[Int])] = MappedRDD[269] at
map at <console>:29

RFERUA T — B 1D K45 FARXS LAY R 1D B3R A Y RDD . JXSEL5E 1D ##1
BT PPR A mARHER o

o aT @ADL R B F A e R g B, By ID E&ek 1, XRRA
Won B FHEME 6 %5 K 0 46, MR B H 6% 5T 1 FFHsag,

INTFENGEEN PR AR 1D 5 RAENEAE] APK BB actual S50, &ITELH
ratings RDD, Frll HFEMWAHEREH P FE 29 1D BT,

ffiff] Spark 1) groupBy FRYEMEN%]—-# RDD. % RDD &4 N ID FTXER T
(userid, movieid) Xt (A} groupBy #RAEAT I £ EH - ID ):
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val userMovies = ratings.map{ case Rating(user, product, rating) =>
(user, product) }.groupBy ( 1)

HA B .

userMovies: org.apache.spark.rdd.RDD[ (Int, Seq[(Int, Int)])] =
MapPartitionsRDD[277] at groupBy at <console>:21

fea, LA Spark f join #AERX B4~ RDD DA ID MG . XkE, X TFE—1H
P RS AS BB AOIREEIBHY 1D, Bk 1D WTEUEY APK sRECHNIA . 5315
MSE P00, TR reduce HRMEAAHEE APK 4RA, YRGB ELAROIT B , B
allRecs RDD FJ K/

val K = 10
val MAPK = allRecs.join(userMovies) .map{ case (userId, (predicted,
actualWithIds)) =>
val actual = actualWithIds.map(_._2).toSeq
avgPrecisionK (actual, predicted, K)
}.reduce(_ + _) / allRecs.count
println("Mean Average Precision at K = " + MAPK)

IRRAS S A E KA R XA HER
Mean Average Precision at K = 0.030486963254725705

FRATERAY MAPK R0 A MK (EIETER, ETERAE 55 OIS 0l H AR, ey
Pt RO

IEY lanbda Ml rank (A alpha, WERREE RN ALS) 308 HALAE, &—
TRAETS $ 2 —1~ RMSE Fil MAPK 1543 5 G- AR Al

5.5.4 £ MLIib AERITME R

BERANTNEIFEXHEAIFEFT T MSE. RMSE il MAPK = 5 AT . 1% e —BARA Y
23], [6lkE, MLIb Ff RegressionMetrics ZEMl RankingMetrics ZFSWRHE T 40 i BRER
DA AR PEAL

1. RMSE #1 MSE

Be, i ] RegressionMetrics KR MSE Fil RMSE 184% . SE4[fb—4> Regression
Metrics XRTTE—MREXTZEA) RDD, Hfg— i s B4 a5 AR R i T 5 5
FRfd, CRSSZERan T . X AR SHRIZ B 2B A rat ingsAndPredictions RDD:

import org.apache.spark.mllib.evaluation.RegressionMetrics

val predictedAndTrue = ratingsAndPredictions.map { case ((user,

product), (predicted, actual)) => (predicted, actual) }
val regressionMetrics = new RegressionMetrics (predictedAndTrue)
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ZJET AR SRR R AT L, 245 MSE Hl RMSE, T X SEFEPRATEN R «

println("Mean Squared Error = " + regressionMetrics.meanSquaredError)
println("Root Mean Squared Error = " + regressionMetrics.rootMeanSquaredError)

ATLAES], Huth i) MSE Al RMSE 455 Z Bi3Ai 143 2 1Y 56 24 -

Mean Squared Error = 0.08231947642632852
Root Mean Squared Error = 0.2869137090247319

2. MAP

514 MSE 1 RMSE —#4£, AJLAM#i ] MLIib A RankingMetrics JERITHERTHEZ BT
flifbr, Z5Mlih, 52 IATZ AT T EEG R R B A— D HE XA RDD, HAEA 45 5E
FP BN AR B TD B2, (e SERR 4 1D %54 .

RankingMetrics Y KB R R A SE B S R AT A AR, R Es R AT
B4 JREIHERT R ( MAP, mean average precision, FJFANBEERHE K) 212 KEAEK (i
BB ECE ) BRI B AR SRA ]

B4, i rRankingMetrics FiTH MAP:

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)

Hhmth s
Mean Average Precision = 0.07171412913757183
R ORI Z A58 AR A T 2ok THR MAP, (HJ24 KBRS, el 2000:

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)

WRERI, HXF AR RH) MAP 51 H RankingMetrics A H) MAP AH[] :
Mean Average Precision = 0.07171412913757186

EE, AFFATRARIIIE, MEASGTEFMPL, ARG ERAET
A TR AARA 6 AR IS AT IR | X B IS AT 6,45 K542 5] 49 MSE. RMSE = MAP,
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5.6 FP-Growth &3k
T i FP-Growth B4k B S i L 52 .

ZE PR P 7E Han 28 ARYIE3C “Mining frequent patterns without candidate generation” H13%
#, FP UK frequent pattern, RS8R, 454 TS iL5%, FP-Growth (5 — 213
AR IR R A o SR A RAG M (suffix tree, tHFKHK FP-tree ) K4iiS4555 55 %
IR i A R A AR, PRI A X0 AT Rl AR K

5.6.1 FP-Growth BYE 75+
Sk F Ao B F BENLECR B A B 4

val transactions = Seq(
z h k p",
wvuts",

X
onzr",
vy mtsqge",

NN X BN R
S Nox K

zy rqtp")
.map (_.split (" "))

el mimyyih CXEIETHT ). Bt P M —4 sparkcontext X4

val sc = new SparkContext ("local[2]", "Chapter 5 App")
PR EE S A — 1> RDD:

val rdd = sc.parallelize(transactions, 2).cache()
It —A> FPGrowth S :

val fpg = new FPGrowth ()

FP-Growth F-i% T Al 4n F AR ELE |
O minSupport: AFIR—ANM A SR BT E AR ADME, de, — MRl
10 RGP HIT 3k, HxF /24 support 144 3/10=0.3,

Q numPartitions: B¥AELERI AN Z VAR, 4TI,

W E FP-Growth ST ) minsupport M4 XAL, JERIAI#] Fik RDD X4 I, 43X EU
OEBHRER I A, RV R A i AR s H o ARSI .

val model = fpg.setMinSupport (0.2) .setNumPartitions (1) .run (rdd)
FRH e 3 P et ST TER

model.freglitemsets.collect().foreach { itemset =>
println(itemset.items.mkString("[", ",", "]") + ", " + itemset.freq)

}
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AR R AR . TGRS, (z) AR .

[s1, 3
[s,x], 3
[s,x,2], 2
[s,z], 2
[r]l, 3
[r,x], 2
[r,z], 2
[yl, 3
[y,sl, 2
[y,s,x]1, 2
[y,s,x,z], 2
[y,s,z], 2
[y,x1, 3
[y,x,2z], 3
[y,tl, 3
[y,t,s]l, 2
[yv,t,s,x], 2
[y,t,s,x,2], 2
[yv,t,s,z], 2
[y,t,x], 3
[yv,t,x,z], 3
[y,t,z]l, 3
[y,z], 3
[ql, 2
[a,y], 2
[a,y,x1, 2
[a,y,x,2z], 2
[q,y,t]l, 2
[a,y,t,x], 2
[q,v,t,x,2], 2
[q,v,t,2z], 2
[a,y,z], 2
[a,x1, 2
[a,x,z], 2
[a,t], 2
[q,t,x], 2
[a,t,x,2], 2
[a,t,z], 2
[q,z], 2
[x], 4
[x,2], 3
[t1, 3
[t,s]l, 2
[t,s,x], 2
[t,s,x,2], 2
[t,s,z], 2
[t,x], 3
[t,x,2z], 3
[t,z], 3
[pl, 2
[p,xl, 2
[p,r,z], 2
[p,2], 2
[zl, 5
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5.6.2 FP-Growth 7£ MovielLens ##E& FRSCE
TFTETE MovieLens BB 4 [ FZE k8 T i B 5% 44
(1) @ S AAS LML sparkContext:

val sc = Util.sc
val rawData = Util.getUserData()
rawData.first ()

(2) ARG, IETEN L 54

val rawRatings = rawData.map(_.split("\t").take(3))
rawRatings.first ()
val ratings = rawRatings.map { case Array (user, movie, rating)

=> Rating(user.toInt, movie.toInt, rating.toDouble)
}
val ratingsFirst = ratings.first ()
println(ratingsFirst)

(3) AR AE IR

val movies = Util.getMovieData ()

val titles = movies.map(line => line.split ("\\|").take(2))
.map (array => (array(0).toInt, array(l))).collectAsMap()
titles(123)

(4) {3 FP-Growth B3, $3X1R5 5K 501 ~ 900 [3X 400 44 H P S Ui i 2 i e 52
(5) B el an MRS KA FP-Growth #5571 .
val model = fpg

.setMinSupport (0.1)

.setNumPartitions (1)
.run (rddx)

(6) Her 0.1 2P RE% e R I/ ME, rddx s B3R 400 44 F1 P Y HLSZATZOM Y RDD. 4
B, MPIRLARIBAC, FFFTERZ R

S IpiiBoR/ (I ARSI

var eRDD = sc.emptyRDD
var z = Seql[String] ()

val 1 = ListBuffer()
val aj = new Array[String] (400)
var 1 = 0
for (a <- 501 to 900) {
val moviesForUserX = ratings.keyBy (_.user) .lookup(a)

val moviesForUserX_10 = moviesForUserX.sortBy (-_.rating).take(10)
val moviesForUserX_10_1 = moviesForUserX_10.map(r => r.product)
var temp = ""

for (x <- moviesForUserX_10_1) {
if (temp.equals(""))
temp = x.toString
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else {
temp = temp + " " + X
}
}
aj(i) = temp
i +=1
}
z = aj
val transaction = z.map(_.split(" "))

val rddx = sc.parallelize(transaction, 2).cache()

val fpg = new FPGrowth ()

val model = fpg
.setMinSupport (0.1)
.setNumPartitions (1)
.run (rddx)

model.fregIltemsets.collect().foreach { itemset =>
println(itemset.items.mkString("[", ",", "]") + ", " + itemset.freq)

}

sc.stop ()

T

[302], 40
[258], 59
[100]1, 49
[286], 50
[181], 45
[127]1, 60
[313]1, 59
[300], 49
[50], 94

XLEEHE LT P ID AT 501~900 Fé)FH P A i 41 e 52 FAR N A %R
3t 5 #g KAD AL T

ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 05/1.6.2/scala-
spark-app/src/main/scala/com/sparksample/MovieLensFPGrowthApp.scala.

5.7 NG

A, FATH Spark A9 MLIib FEYIZE T — MR SEHERAR R A TH22 4 T ey fii i
PRI 1] F P HERAAL T T e = - na i, LR B ATE E Wi 2e it . &)a, FA1H—ik
WL A FEBR A HZ AR TR e ) T T A

N —= RPN AT (i Spark SN ZR— MR LARIEIE 025, LA SRR AE A BEAS HL ] St i i
R PERE



Spark 13 77 K= A

AREE, RRE: 2] S SR AR AT L AN Aey 1645 b S il X ey o 732888 ke 3
Yy oy AN RIS o FEr 2R rp, FRATT0 AR — LRI PN S 2 501, X S AEARSR T
Wi Xg L FFECE SO ENE (22 ),

IR R RIE 0 A2, B2y, —Bek b —2RAnic N IESE (iKh 1), %
Hh—FhRic e (ICh-1 80 0). FEIER T— A" 02K R0 1. B3 i AR R IEAT
g, SR xR y BN R AR (E . AT ARG R, B ] ORI A TS )

ST SN UARGE TR B _
3 ° to &
%’
% ° ¢
. l~‘: L]
L] .‘ .

— AT — a2 )

WERAIEPZE, WIFR N 22507328, KIFHIZE—BN 0 THRZEA TR (Hedn, 5428500
BT 0~4 3R ). Z0RARBIL T FRE, T ITEBE, BUEim A RS AR
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o
N
o%aa
098
- .‘ oo
@
LI
e @ -
" L
@ ° ° . -
g & s ®
L] L] -
o o
o0 “e .'!:"ﬂ. .
® e . e iva
° o %
8

—AMRTERLRR 22 5531 73 2 )

IIAJE B A W — R, FATHIAR A Jebmic sl 280 Hh A VIR AR ISR iy (ot fEid
i i 4 AR B B R AR Y ).

PIRREHTARZAEE , — 2L WAH T E .

Q TN ELIGR W P RS AE L) A e R, AR o E R — > SR (i sl A il );
Q R TE, X R — D 2R RVESGE A ZIRTE );

Q T X HERR (o JEmls );

Q X IEE AR (RO R203, IFHATFZ AR );

Q X L R e AL A AARC R S T ThRAE (2028);

Q KBBDRIRCE . BRI WA ARMHACE ST (Z &2 03);
ol 2 Y o e SRR O o € ol

OO R B i P P A K it B (0 P A 55 O R 5 0 A TR T R 5

Q TN BT s PP A ] RS L RS i R 55

A2 T S n] REA I, SEBR b, FERRA R IR R A R, Aol LA
LA 2 MG Sl fd i) 2 R 2 — .

AFE, TATHE

Q i MLIib Hr 4] F 8 SR ;

Q i Spark MR IR A FFAHEUEE BUERIE 5

Q f#FH MLIib Y| 2 T3 250508

Q HUNZRI ) 53 SRR ;
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Q N —SEBRAE R PP 7 IR AT AR A ) FT0 1 RE 5
Q FEERE 4 &P AYRAIEAREOT R I ] A A R E 5
Q WHESEOROUS BRI PERERY AN, T B2 > Qi) A2 SO E R s e L OB 28

6.1 ARAEERIFE

FATPREATIE Spark H ULAY 3 Fhor2Spe iy . ARPERORL | DRSRAIAN R DU il . 2R A
RS RT 5, T ELARRX 22 50 B B R AR s DR R — R RAYARZMEROR , IIZkid it
IO HBHMEY R (SEsfffe, MLIb 2B A5 &Y AR ), (FORIERZIFO T 1ERE
AR5 AR DM A o S Igk, JIF HHEA RBADH TR (SEbrrp, BRI AT 208
DIEEABAEER— K)o R G BORFAE AR, X SERORFEAR 2200 AR RE IR B AN RS BOPERE
FINER DU PSR i ] LA A — MR AR IR i, T P i AR PR

FIRT, Spark B MLIib FEfE it TR FARNMERIR | PR AN ER DLS0r i) — o026, A gk
TIRARIFIAD I DL 22200 73 MR . A4 TP IL, KT — o2 m] i,

6.1.1 LisRy _

LRI AR O AR XA R BN EE R CRF O B B8 H BT E ) TR, Rixt
AR CRRAEERE [ ASRE ) ] fa] S B2 PRI R

y=f(w'x)

Hrpy 2 HAVER, wiZunh (BRI ERE ), x ZMARERE, (w'x) B THER
T ow AR & x BOZMERTNAS (SRR B ) XNXANERPERI AR, FRATOH T —4> %L £
( MFRERREE )

SePR b, R RS A R S, RPN U T 2RI FT LU TR BRIk
PERNE (DR —35 ) XAz pR %L (identity link, RPEHEEMH y = fiv"x ), M=o
T 1) (2 12 PR R

WA RE — L) E W0 B, GnsRRGT RR i) 5 B g (FOvRRSE ),
W EARAE AR IC R 0 (FERCEFR @R (-1 ); SRR fil, W B ARASRARich 1o kiR
JCARAIE [ e B EAR S YR S 2 A ( LEAn ST L BT, T A & ARG SRE, L
LSRRI AN R, HnBes 2ol | ], sPEr 555 ),

TR, FATENG— R, Rean e fa ARRFAE )i () Bt ) BT BI P po s il (i
i E AR o W T —DHREHE R, FATRAFR— B RRAE [ (R AN JE B ) H AR s
i), IR SRR T R SRR SRR A SRR AR pR B, SR R0 45 RS 2
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B (FE—Sefii oo 45 RBE — N BIE ).

203 7 i AU BOARPAIE ) R AR AR o, A TAE A 2 REAS X B A T de AU, B O )
PG A A RV MR R i S S B 1R 22 o XD ERAORR RO U ZRalcE it

HASRYE, FANTH ZHR BN —ME E &, B R R/ MUBTA YRR th 451 sREO T ok
MR (1R22) Z 1, R BT AR VI GREA AR [y it . RPAIE o s A SEBRRT e, i
MR o SEPR b, 405K PRECILBI S SO sRE, A0 S [ VT pRAR A7 X L PR3 PRI o

EERH—F T BEREA MK DG @Y, TAE ) Spark 4235 & P

LTy ik — P & T =5 K 893845 http://spark.apache.org/docs/latest/mllib-linear-

0 methods.html#binary-classification #= http://spark.apache.org/docs/latest/ml-classification-
regression.html#linear-methods.

BlAF, LT ALY G F 9 5 5 generalized linear model ( )~ L& MAABEA ),

ARPBASTHELMAL R RE A0, HA 28 MLLb S AR P18 A A3 2 4 2k
PREC (B ZNATE A Spark XY ), ZH—~2 logistic 5128 (logistic loss ), S5#T logistic [E]YFF
B, BARE T (hinge loss ), SMFLMELZ#FREIENL (SVM,  support vector machine ).
T g e, XHK SVM KRR T SRR A e HESE , (R 48 452k pR AR
M RE AR I 7k A

TR T5 0-1 #1RAHICHY logistic #18 FI-G DIHI A . X /02K, 0-1 #5158 BY(EAERIAY

IERA A 0, TERARIBAT RN 10 SR, 0-1 BRIFAHE T, TIN5 BRECR ]
ooy, FHAABREAR R R ELXMERLEAL . i HAR A5 % s 0-1 58 0% A Aol m] AEA T

8 T T
— 0-1fik
7+ —  SVMATIHi%k
—  logisticifisk
6l
Er 5
Sa
24
&
B3
2t
1
0 I L 1 n
-4 -3 -2 -1 0 | 2 3 4
PSR B Ax)

logistic 2 REL, 75 DUBR R 2 0-1 512K R AL
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LBk A scikit-learn #94£4] . http:/scikit-learn.org/stable/auto_examples/linear
model/plot_sgd loss_functions.html,

1. logistic [E]Y3

logistic [H1JJE—PREARBIA , /2 ULz R T A5 SR A (ECA (0,10 X5 T 02kt
logistic [ =1 A% HH 254 TR Y TN 580080 AU T IEZRAERAG T . logistic [BIFZRZEME A
BRIl T 2 B —

FHEEEIE, logistic [0 1 pRECN logistic 4% -
1/ (1+ exp(—w" x))
logistic [H1 A9 $5 2% BRI logistic #5125 «
log(1 +exp(—yw" x))
Horpy s SCPrmda il (IS8 1, $ZEh-1),
2. %42 logistic [=Y3

2432 logistic [71)9 ( multinomial logistic regression ) %} £ 025 mI, & 4% 2 N2EHILL
Ffar s As i . 5 4038 logistic [FIHZEML), £5C logistic [F1H [RIFE( FH B AUSRAT T2 ( maximum
likelihood estimation ) A5 /02K

2732 logistic [0 )38 JH T UL i (ER I 4 F% (nominal ) BYTEDL. B2 REMEE 1T ML
FRFEMBRINANEA G, TR IR REE 7 MR A 0 &R

bR R T MovieLens 4545, (HEREH T8 HA R, AT S
— AR EERSE . AR FREEESE R 1 Kaggle 3698, ‘& StumbleUpon #2438, Xtz ] 51
SRR BT NS, FIWTZA E 0L T R 2 i —— AR PR AN AT, R —E T,

F L 7T AN https://www.kaggle.com/c/stumbleupon/data F #., fE4&% 48 % P
WG, BT FHRMN%A4IE (traintsv ), AFZWENE SZEZETAL.
https://www.kaggle.com/c/stumbleupon.
0 NTTRADAL T
https://github.com/ml-resources/spark-ml/tree/branch-ed2/Chapter 06/2.0.0/scala-

spark-app/src/main/scala/org/sparksamples/classification/stumbleupon

i Ff] Spark SQLContext #f StumbleUpon 57 A—Mimif 22, He5 i E T .
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| url|urlid| boeilerplate|alchemy_category |alchemy_category_score|avglinksize|cemmonlinkratio_1|commonlinkratio_2|cemmonlinkratio_3|commonlinkratio_4|
|http:/ /www. conven 7018 |{"url":"convenien... | T ? B 0.745454545| 9.581818182 0.2909089091 | 0.018181818|
|http://www. inside 3402 i ? ?]1.883333333| 0.71969697 | 0.265151515 0.113636364 | 8.0815151515|
DLLD:/ el VA LETH, 477 [4 7]9.471582591 0.1998721649| B.836082474 8.0 6.0
NELD /L ww, NOWSWE, 6731 ¥ 7| 2.41011236 0.469325153 | 0.101226994 0.0 0.
hitp://www, thedal 1063 ? ? e.8 e.a| e.e e.e 0.8
DLEp./ /i MONICE 8945 S 7]4.327655311 @.978757515| B.895791583 0.669138277 0.422044088
Il lp://bL babb...| 2839 ? 7]1.786407767 8.552631579| 9.149122807 0,052631579 8.01754386
http://humer.cool 2949 ? 7(3.417910448 0.541176471 | 0.270588235 9.176470588 08.117647059
hitp://sportsillu 4156 ? 7]1.1547619085 0.504424779| B.427728614 8.A2350882 0.0
1L/ Sww, Chican 8064 ? 7|1.292682927 ©.421965318| 8.306358382 8.011568694 0.0
hitp://nerdsmagaz...| 3201 ? ?|1.880888889| 8.59375| 2.171875 0.0625 0.046875
hitp://hitten.hlo. 6704 ? 7|2.6189@2439 0.787317873| @.3364336 0.119241192 0.851490515
Dttp://www.peta. o 3561 ? 7|2.881944444 0.54822335| 0.23857868 0.106598985 0.040609137
hitpi//wwe, refine 8138 ¥ ?| 1.76969697 0.381818182| 0.181818182 ] L]
http://sportsilly 1754 o] 2 ?]1.158208955| 6.50591716| 8.428004083 0.0923668639 0.0
hitp://twentylf.com/| 4881 | ? 712.133333333| 8.655737705] 0.213114754 0,196721311 0.196721311
|http://allrecipes...| 5483|{"title" | 7] ?7{2.326502415| 0.427777778| 0.205555556 | 0.061111111| 0.019444444
\http://hypersapie. .. | 4781|{"url" N 7 7| 2.85483871| 0.428571420| 0.103896104 | 0.838061039 | 0.0
1 ! 7053 |{"tit | i 712.278481013| 8.552419355 | 0.266129032 | 9.052419355| 2.02016129|
|ttp://wew. comple. . .| 1033|{"title" il 7 ?|1.127516779] 9.636363636| ©0.040484848 | E]] 0.0
jonly showing top 20 rows

3. AT# £ StumbleUpon ¥iiE&E

FIH A E S —2e2 88, T USRI R oo 24>, Min ] DA 48 b ] #iAE,
B B ST RO

object DataPersistencelApp {

def main(args: Array[String]) {
val sc = new SparkContext ("local[l]", "Classification")

// Ao TFHuAEFE I StumbleUpon 44 % . https://www.kaggle.com/c/stumbleupon
val records = sc.textFile(SparkConstants.PATH
+ "data/train_noheader.tsv").map(line => line.split("\t"))

val data_persistent = 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 == "?") 0.0 else d.tobouble)
val len = features.size.toInt
val len_2 = math.floor(len / 2).tolInt
val x = features.slice(0, len_2)

val y = features.slice(len_2 - 1, len)
var i = 0

var sum_x = 0.0

var sum_y 0.0

while (i < x.length) {

sum_x += x(1i)
i+=1
}
i=0
while (i < y.length) {
sum_y += y (i)
i +=1
}
if (sum_y != 0.0) {
if (sum_x != 0.0) {
math.log(sum_x) + "," + math.log(sum_y)
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} else {
sum_x + "," + math.log(sum_y)

}

} else {

if (sum_x != 0.0) {
math.log(sum_x) + "," + 0.0

} else {
sum_x + "," + 0.0

}
}

}
val dataone = data_persistent.first()
data_persistent.saveAsTextFile (SparkConstants.PATH
+ "/results/raw-input-log")
sc.stop ()
}
}

BB — Y, Sz, ORI XU D3.js 22181, AR EFTR . 28
Koo i, RSt S AR SR AR IR A BEAS PR BOR R BRI 7

N W e U N ® ©

4. )\ StumbleUpon #3E & R EVFE

IR Z 0T, Sl Bl SCFmsE —17 (RI%14% ) MHBR . X REMIfL/S2E Spark LRI, HiA
cd frd, FHEABHEFER H S (XK PATH), BT N2 R MBREE—17, JEEEs RN
—~44 A train_noheader.tsv A8 SCIF

> sed 14 train.tsv > train_noheader.tsv
PUAESE ] 3 30 Spark shell ({013 Spark 2% H 51247 F B4 ):
> ./bin/spark-shell --driver-memory 4g

ARG LA RG] H4%AE Spark shell A
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MZ AL, e AR AR — RDD H, PGS FE1T:

val rawData = sc.textFile("/PATH/train_noheader.tsv")

val records rawData.map (line => line.split("\t"))

records.first ()

Hig B,

Array[String] = Array("http://www.bloomberg.com/news/2010-12-23/
ibm-predicts-holographic-calls-air-breathing-batteries-by-2015.html", "4042", ...

M HT A AT A SRR SR 2R BT S XE R R BT A URL A1 ID. T —31 4 55 AR o3 5t
IRRSCOR N . Z R it B B . 1T ORAY 22 SR FEUE SR BIRFIE . s —510)
XFPRENEE A RS, 1 Fon—EAT, 10 Fm—HHiT.

BAEACEFE T AT A EEAF AR R B o i T NG B A PR, A1 E &
TIXSCRFIER NI k Z— 2t , SO P B — 2D AR ARSI

MBS AR, TERI iR AL B e e 2 e B, DML BRZ RS AT (). B
PP WA, BN TR0, KB, FRATRH P ses M 0 10

import org.apache.spark.mllib.regression.LabeledPoint
import org.apache.spark.mllib.linalg.Vectors

val data_persistent = 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))

}

1E FE RS, TR GG — SR 1abel A8, WA 5~25 FI4RHCH 7 BE - 4b B
RAGSG FRFIEEUA . 1abel ARG — A RBUE, 0 LR W4 R Array [Double]
HEM, Bn, H— Labeledpoint SEMIXT 1abel Al FRFFIEFEATHEISE B BRIERERL —A>
MLIib [m]

RIS, LR AN m i R B A A

data.cache
val numData = data.count

T LIE | nunbata MI{EH 7395,

Ja S — R BB, (B FRATT 03 o SR AE B 8 W2 AT, AR
DU ARG S S AR AR, A B St R TR, X BRI A SRR a1 R
B BT 0,
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val nbData = 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).map(d => if (d < 0) 0.0 else 4d)
LabeledPoint (label, Vectors.dense (features))

}

5. stumbleUponExecutor

StumbleUponExecutor XA REH FAIN /BRI RLZ T, HWiEfT Logistic-
Regression., HUT logistic MIHFE, LASHFRFSERE N LR X T HABMS, ST

def executeCommand(arg: String, vectorAssembler: VectorAssembler
, dataFrame: DataFrame, sparkContext: SparkContext) = arg match {
case "LR" => LogisticRegressionPipeline
.logisticRegressionPipeline (vectorAssembler, dataFrame)

case "DT" => DecisionTreePipeline
.decisionTreePipeline (vectorAssembler, dataFrame)

case "RF" => RandomForestPipeline
.randomForestPipeline (vectorAssembler, dataFrame)

case "GBT" => GradientBoostedTreePipeline
.gradientBoostedTreePipeline (vectorAssembler, dataFrame)

case "NB" => NaiveBayesPipeline
.naiveBayesPipeline (vectorAssembler, dataFrame)

case "SVM" => SVMPipeline
.svmPipeline (sparkContext)

}

THEUIZRZF StumbleUpon 4L 8 « 2 43 Ml ZREds FniliA%dE . I cogistic-
Regression, fﬁ Spaﬂ&FPE@ TrainValidationSplit jfftﬂé*@iﬁﬁﬁﬂﬁ, ;?%EWMﬁ&%&ﬂEJ:ﬁ%iU?F
flifgtn.

// 4% LogisticRegression %

val lr = new LogisticRegression|()

ﬂ?j7ﬁUfg**4\U”§%ﬁﬁ$%X¢§§, %Eﬂ]é?ﬁﬁfﬁ ParamGridBuilder, ParamGridBuilderfﬂ;F$@
HSEINE (param grid ) SEMR —DNSEIR, IS (estimator ) M A RIS AR
Fay s b (AR TR A S50 T A5 BT 2 UL« https://spark.apache.org/docs/2.0.0/api/java/org/apache/
spark/ml/tuning/ParamGridBuilder.html

// J ParamGridBuilder k% & A%k

val paramGrid = new ParamGridBuilder ()
.addGrid(lr.regParam, Array (0.1, 0.01))
.addGrid(lr.fitIntercept)
.addGrid(lr.elasticNetParam, Array (0.0, 0.25, 0.5, 0.75, 1.0))
.build()

val pipeline = new Pipeline () .setStages (Array (vectorAssembler, 1lr))
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T2 Trainvalidationsplit RMGBESEERIL. ©XENSEEH GG —K, 1M
B4 crossvalidator AREETFAL kIR BSGIERABIIZG-DLEdEXT, HERaEES R
R (trainratio B%0) KHITHY.

TrainValidationSplitEiEstimator EstimatorParamMaps2%§QV§A\E@4*ﬂiParamMaps,

DI Bvaluator MHIA . 25 EIES% W N 654 http:/spark.apache.org/docs/latest/api/scala/
index.htmli’aforg.apache.spark.ml.‘runing.TraanahdatlonSphtO RS

val trainValidationSplit = new TrainValidationSplit ()
.setEstimator (pipeline)
.setEvaluator (new RegressionEvaluator)
.setEstimatorParamMaps (paramGrid)
// 8 REAERT I, &TF 2 & A THIE

.setTrainRatio(0.8)

val Array (training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)

/] EATIRAE B
val model = trainValidationSplit.fit(training)
val holdout = model.transform(test).select ("prediction", "label")

/] EBHELMIW A RegressionMetrics
val rm = new RegressionMetrics (holdout.rdd.map(x => (x(0).asInstanceOf [Double],
x (1) .asInstanceOf [Double])))

"Test Metrics")
"Test Explained Variance:")

logger.info (
logger.info(
logger.info(rm.explainedvariance)
logger.info("Test R"2 Coef:")
logger.info(rm.r2)

logger.info("Test MSE:")
logger.info (rm.meanSquaredError)
logger.info("Test RMSE:")
logger.info (rm.rootMeanSquaredError)

val totalPoints = dataFrame.count ()

val lrTotalCorrect = holdout.rdd.map(x =>
if (x(0).asInstanceOf[Double] == x(1).asInstanceOf[Double]) 1 else 0).sum()
val accuracy = lrTotalCorrect / totalPoints
println("Accuracy of LogisticRegression is: ", accuracy)
Higr s

Accuracy of LogisticRegression is: ,0.6374918354016982
Mean Squared Error:,0.3625081645983018
Root Mean Squared Error:,0.6020865092312747

RS FUN R #4475« https:/github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/
scala-spark-app/src/main/scala/org/sparksamples/classification/stumbleupon/LogisticRegressionPipelin

e.scala,



6.1 5 RAEA ey 175

TE AR P T I A 0 SE Pt HEEE AT R B

Classo [l
Class1 [

T H o

Classo [l
Class1 [

SERR¥ AR

N W A OO N o ©

6. & EEN

SVM L[R5 2ET7 ThE— R K ELATRIEOA . Al logistic [FIIAANF], SVM JFASJEHE A
B, (B AT LU AR T 67 A A 051

SVM 3% 4 PREICE — XA FE R, PRI TIO (% i 1 20 R -
y=w'x

B, 24w’ x BB R T2 T BE 0 B, SVM SEERSFRCH 1, BFRICH 0 (i
fHE SVM AT L 38 W AR RIS 500,

SVM M 2k BRECHAR N & Tk, R
max(0,1—yw" x)

SVM E— e RIEam s, EIXENG—MEREVR T GE T BB [ . fEIRZ )
FAEF, SVMAUPEREZR I, T HARE RS B R 2 i
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SVM A &K BW ik X4, AHRYGTE, S5 TAREELATH, RiF
Fl4e TR AT A E S A8% %97 hitp://www.support-vector-machines.org/.

TE R, ZETFISER) 2 sae], FATmH 1 logistic [BIH (#£k ) MZAE SVM (4L
2) YRR pRAL

MTFERAT LI, SVM AT LA R0 (37 3] dr i 10T e 3 ek B ) i a5 (DR 4R AL (2 ) R 2%
PN ):

logistic [FIAFILEPE SVM X 432 i H 5 pR 5L

T Spark (19 SVM S5 B M g5, 7F StumbleUpon SRS FHFATIIZ:, JEA3 3 7E it
BAEEE L PEAE AR

def svmPipeline(sc: SparkContext) = {
val records = sc.textFile(
" /home/ubuntu/work/ml-resources/spark-ml/train_noheader.tsv")
.map(line => line.split("\t"))

val data = records.map { r =>
val trimmed = r.map(_.replaceAll("\"", ""))

val label = trimmed(r.size - 1).tolnt
val features = trimmed.slice(4, r.size - 1)
.map(d => if (d == "?") 0.0 else d.toDouble)

LabeledPoint (label, Vectors.dense(features))

}

// SVM A¥



6.1 XA E 177

val numIterations = 10

[/ AR
val svmModel = SVMWithSGD.train(data, numIterations)

[/ FREARMA
svmModel .clearThreshold()

val svmTotalCorrect = data.map { point =>
if (svmModel.predict (point.features) == point.label) 1 else 0
}.sum()

/AR
val svmAccuracy = svmTotalCorrect / data.count ()
println (svmAccuracy)

}

HAHIF .

Area under ROC = 1.0
DR AW T ivAS

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/scala-spark-app/src/
main/scala/org/sparksamples/classification/stumbleupon/SVMPipeline.scala,

6.1.2 FhEIIMHHTER

FINER DUt — AR AR , e 3 5 2 Kt U TN RO RESR BT B . AR D
ISP RIS 25 IR 2 ()0 70 RS MA AR FL ST (fRGE 2 MR 2 6] 25 P F AR ST )

HTIRAMBBE, JBTRASBNIBER TR A TR AR, Hoh X SO A LR A
MEAELG E RSB A T BRI CARIFER ), DURGZZERATHER (SRR ). X HEFT
RN ZRAR 3 R HL o) TR B . 250 4 S S B A RS AE A 2% VAR 0T LA i Kl i R A 14443
B R PR TR E RFIE AR BT O T ek nT RERIZE]

TIINEA — DR TR, RISEAE Tk A5dE . MLIb S0 T 25062 DL 4
( multinomial naive Bayes ), HA BB R E > i 2 2T A0, FLLRIRERIE B3R R S 1]

EARBRAE RS G OCRHE (L k22—, k4EREIEET A 148 1, HAbh 0), JFHE
il FHFSCA 28 (56 4 B G A IR AR J2 — A S —STRHIERR ).

docs/latest/ml-classification-regression.html#naive-bayes., 4% & FF ¥ iF 4m ¢4 4

T VA& —A& Spark A% ¥ MLIib-Naive Bayes #{%-: http://spark.apache.org/
ﬂ FN XA,
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TR TR DUMSIE — 3 AR B R R

FNER DU R — 3 2 1) AL f RS R

N Spark HYANER DU OR MR, 78 StumbleUpon #idla sk LA TiIZk, JF32I7E
AR EROEAG AR, [RIRE, B2t lE 9« 1 2 I ZRECE AR .

def naiveBayesPipeline(vectorAssembler: VectorAssembler, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// & & Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labellIndexer = new StringIndexer ()
.setInputCol ("label")
.setOutputCol ("indexedLabel")

stages += labelIndexer

/7 AIANE R AR

val nb = new NaiveBayes ()

stages += vectorAssembler
stages += nb
val pipeline = new Pipeline () .setStages (stages.toArray)

// ¥4 Pipeline

val startTime = System.nanoTime ()

val model = pipeline.fit(training)

val elapsedTime = (System.nanoTime() - startTime) / 1le9
println(s"Training time: SelapsedTime seconds")

ER#tX&R ChenyangGao(2339083510@qq.com) E= EEhR
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val holdout = model.transform(test).select ("prediction", "label")

// #%# (prediction, true label) H+HH MK % ZE

val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")

val mAccuracy = evaluator.evaluate (holdout)

println("Test set accuracy = " + mAccuracy)

}

HA B .

Training time: 2.114725642 seconds
Accuracy: 0.5660377358490566

SERAY ARG AL T 40 Huhk

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter _06/2.0.0/scala-spark-app/src/
main/scala/org/sparksamples/classification/stumbleupon/NaiveBayesPipeline.scala,

TE —HE R R AT T A SE bRt , A RATR B

Classo [l
Class1 [
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6.1.3 Rkt

PR S — i R AR RERAERL , & n] ISR R IR AR IEA B G R o BRI AE
REATS5 LRI PERRARAT , FHXS 25 50 AR ANARRE , ] AL B IR E FIAE AL, [RIREANE
R AKHGIH— A E PRI . PR AR RIS G DA, AN P i (FRo R
FR IR )

IRAERIBIRI L L — R, T AGER(ED 0 5 1 192028, MBUSRAHIE . T IRER T —FR T
FRPSRR, ook e CTRER R R IR, RRENLR R,

[EESPS )

DRFATLIE—Fh [ BT AY . U6 TR (BARAE ) BTk, TEfe— P BR il i Al
ey FIRE B3 g, eth EI B R U RRAE . (5 S Sl i 3 R Al (R Shnse A
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AR AN R BT R EE ) W6l 2540 RIS A A5 sSSORSEEE IR, XT3 284855, A PIRTAG 77
BT TR 0 o8 . FEJE A4 (Ginid impurity ) F1# (entropy s

Tt —H T RERME e R EAET, HAFH Spark mAEIH T
0 “MLIib-Decision Tree” #E4: http://spark.apache.org/docs/latest/ml-classification-
regression.html#decision-tree-classifier,

W EFR, MZATHRBEI—E, AT TR . WTLUER], JORRGE
1 W S A AR AR AR

PRI AE 7SS AN (Y DR 5R pR KL

N Spark PSR SRS HAR R, 7 StumbleUpon B4 FHEATUIZ:, JFAREI7EDA
Badk EROPFRE SRS . TRIRE, BRI 9 1 2 N ZRBic A .

def decisionTreePipeline(vectorAssembler: VectorAssembler, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// & & Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label")
.setOutputCol ("indexedLabel")

stages += labelIndexer

val dt = new DecisionTreeClassifier ()
.setFeaturesCol (vectorAssembler.getOutputCol)
.setLabelCol ("indexedLabel")
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.setMaxDepth (5)
.setMaxBins (32)
.setMinInstancesPerNode (1)
.setMinInfoGain(0.0)
.setCacheNodeIds (false)
.setCheckpointInterval (10)

stages += vectorAssembler
stages += dt
val pipeline = new Pipeline () .setStages (stages.toArray)

// 44 Pipeline

val startTime = System.nanoTime ()

val model = pipeline.fit (training)

val elapsedTime = (System.nanoTime() - startTime) / 1e9
println(s"Training time: SelapsedTime seconds")

val holdout = model.transform(test).select ("prediction","label")

// ##¥ (prediction, true label) #F i+ H M K% ZE
val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")
val mAccuracy = evaluator.evaluate (holdout)
println("Test set accuracy = " + mAccuracy)

}

AR

Accuracy: 0.3786163522012579
LIRS T

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/scala-spark-app/src/
main/scala/org/sparksamples/classification/stumbleupon/DecisionTreePipeline.scala,

TE AR B R AT AL BT il AN Se i, FCAERAE PR o

Classo [l
Class1 [l

T B
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Classo [l
Class1

SERREE

=N W A O e N

6.1.4 MWEMEE

B USSR BRI ZH & R —AMBEL . Spark SCRFPIFP EBEAGEE UL . BEHLARARRIBS
JEFETIA o

1. BEHLARHA

BEDLERAR RN R A AR, B2 PSS T A ANPRIFEA—FE, BEHLARARAEAL B2 5]
FHIE . SCRF2 26 HANT ZRH AR

Spark MLIib AYREHLARARIT I RN SR R IEN 2k, ASGES RIS RIRFAE 1 1Y
GRS

N Spark FYBEHLARMRE A ABIAL, 7E StumbleUpon $cdii e FHEATUIZR, JHA437EN
B L ROPAGR bR [RIRE, Bt IR 9 1 2 i it A o

def randomForestPipeline (vectorAssembler: VectorAssembler, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// & E Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label")
.setOutputCol ("indexedLabel")

stages += labelIndexer

val rf = new RandomForestClassifier ()
.setFeaturesCol (vectorAssembler.getOutputCol)
.setLabelCol ("indexedLabel")
.setNumTrees (20)
.setMaxDepth (5)
.setMaxBins (32)
.setMinInstancesPerNode (1)
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.setMinInfoGain(0.0)
.setCacheNodeIds (false)
.setCheckpointInterval (10)

stages += vectorAssembler
stages += rf
val pipeline = new Pipeline () .setStages (stages.toArray)

// 44 Pipeline

val startTime = System.nanoTime ()

val model = pipeline.fit (training)

val elapsedTime = (System.nanoTime() - startTime) / 1e9
println(s"Training time: SelapsedTime seconds")

val holdout = model.transform(test).select ("prediction","label")

// ##¥ (prediction, true label) #F+HH M K% £
val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")
val mAccuracy = evaluator.evaluate (holdout)
println("Test set accuracy = " + mAccuracy)

}

Hg s .
Accuracy: 0.348
RS T

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/scala-spark-app/src/
main/scala/org/sparksamples/classification/stumbleupon/RandomForestPipeline.scala,

TE R B AT A N B Sl , A RANR B
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12 1 Classo [l
Class1 [
11
10
9 [ J
87 eg
7¢
6 o
5 @ ©
4
3 I
SEPREE
2 )
1 % ‘
1 0 1 2 3 4 5 6

2. BB EEIRFTH

BREEARTI IR PSR ORI i AU DR SR AT VN ZR L e/ MUK pR K. B AR B2 53]
TIRAIE . SCRF 20N 0 I8 HANT ZRFAEARTR

Spark MLIib HA 5§ 2 iod BRAT BRSBTS B o BRI S Rp 02l

N Spark YRR THR ORI ERIR , 7 StumbleUpon £idladE EiEATIIIZR, JF32I7E _
IR AR EROIERE R bR . AR, BURSIR 9 = 1 2 2R Al it . ARRSanT

val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// & & Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label")
.setOutputCol ("indexedLabel")

stages += labelIndexer

[/ BB R AR

val gbt = new GBTClassifier()
.setFeaturesCol (vectorAssembler.getOutputCol)
.setLabelCol ("indexedLabel™")
.setMaxIter (10)

stages += vectorAssembler
stages += gbt
val pipeline = new Pipeline () .setStages (stages.toArray)

// 44 Pipeline

val startTime = System.nanoTime ()

val model = pipeline.fit(training)

val elapsedTime = (System.nanoTime() - startTime) / 1e9
println(s"Training time: SelapsedTime seconds")
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val holdout = model.transform(test).select ("prediction", "label")

// E¥HEREH RegressionMetrics

val rm = new RegressionMetrics (holdout.rdd.map(x => (x(0).asInstanceOf [Double],
x (1) .asInstanceOf [Double])))

logger.info("Test Metrics")
logger.info("Test Explained Variance:")
logger.info(rm.explainedvariance)
logger.info("Test R"2 Coef:")
logger.info(rm.r2)

logger.info("Test MSE:")

logger.info (rm.meanSquaredError)
logger.info("Test RMSE:")

logger.info (rm.rootMeanSquaredError)

val predictions =
model.transform(test) .select ("prediction") .rdd.map (_.getDouble(0))

val labels = model.transform(test).select ("label").rdd.map(_.getDouble(0))
val accuracy = new MulticlassMetrics (predictions.zip(labels)) .precision
println(s" Accuracy : Saccuracy")

A .
Accuracy: 0.3647

SERAEZS LA Hohk «

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/scala-spark-app/src/
main/scala/org/sparksamples/classification/stumbleupon/GradientBoosted TreePipeline.scala,

TE R B AT A TN B Sl , A RANR B
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12 Classo [l
Classl |
11
10
9
8
70
o e
5 b ®
4
3 o
SEBREHE
2 ]
1 % b
1 0 1 2 3 4 5 6

3. ZRBMT IR

PR R — B IE AIEN RS, B s B RGE WA B AR5 B, SEmekas A m
INTRZEHE o £ X 2 )2 Mz 45 iR A AL id FE R N 52 [B115 3% ( backpropagation ), S A& 4G#E H
TARBIHSTER, S0 M as R BRI AR AR

ZZBA5254% (multilayer perceptron classifier ) 3T [ 5 ( feed-forward ) A T fHiZE X
%o EHEMMAIZMI, BEMS T — 228, H A JZ B985 S A% s . HAY A5
FRO T 22T A B A A EE T B ( bias )BTRS, T FH—N80E PR activation
function ) BIEFEPRES , WS A A4 o

T Spark B2 2B 3 AR AR AT AR, FE libsvm AEBIEIEAE LA TUNZ:, 14532
TEMHRBHEE F TS bR, [RAE, BOESTRIR 6 © 4 4 MIIZRBEE M EdE . AR an T .

object MultilayerPerceptronClassifierExample ({

def main(args: Array[String]l): Unit = {
val spark = SparkSession
.builder
.appName ("MultilayerPerceptronClassifierExample")
.getOrCreate ()

// ¥ LIBSVM # X #9#4B | N\ 54 K —A> DataFrame
val data = spark.read.format ("libsvm")
.load (" /Users/manpreet.singh/Sandbox/codehub/github/machinelearning/spark-ml
/Chapter_06/2.0.0/scala-spark-app/src/main/scala/org/sparksamples/classification/
dataset/spark-data/sample_multiclass_classification_data.txt")

/] EHE B Ky ) R B AR A M X A

val splits = data.randomSplit (Array (0.6, 0.4), seed = 1234L)
val train = splits(0)

val test = splits(1)

/] ABERAPZ R R
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}
}

/] BN A AR, TR 6 E AR 5 AMFAEA 4 ANEAE
/) BB AR KON 3
val layers = Array[Int] (4, 5, 4, 3)

/) RIEAREINGE
val trainer = new MultilayerPerceptronClassifier ()
.setLayers (layers)
.setBlockSize (128)
.setSeed (1234L)
.setMaxIter (100)

WARE =%

val model = trainer.fit(train)

/) E AN R BAEE RS

val result = model.transform(test)

val predictionAndLabels = result.select ("prediction", "label")

val evaluator = new MulticlassClassificationEvaluator ()
.setMetricName ("accuracy")

println("Test set accuracy = " + evaluator.evaluate (predictionAndLabels))

spark.stop()

iy
Precision = 1.0

SERAEZS LN Hohk

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 06/2.0.0/scala-spark-app/src/

main/scala/org/sparksamples/classification/stumbleupon/MultilayerPerceptronClassifierExample.scala,

FWREEZ AT, iR e TAFAEIR B e 5 ) BT R 69 24Ok A Spark 1.6 89

0 MLIib, # A mRB-Fs0e94X4, 48 Spark 2.0 49 % T Dataframe #) API, Spark 2.0

¥ 3T RDD # API £ A BEAERB A ThP KR E,

6.2 MR IS ERVHFHE

[BER 4 55, W] LUK BRI BLas 7 I A LU o] B A2 XAk PREC R R . 38k, X35>
FERNE A S B 2 ) i, it R R AL AR i (sl 22BN O0 T AL ) AR ) i

MLIib 32 AGE T LabeledPoint XM E#AE, HidE T HirddE (5% ) FIEHIE

I

=

case class LabeledPoint (label: Double, features: Vector)
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BIRTEAT 7 A AR AR 1) b 2ol 3 1) Ee A SRR B 4, (BAESEPR AR R, i W I 2
MR K PR BCRFE . TEANRTLEANA0Y, XA EPR IR L | A0l IR, DL
I ke 2 — SR 28 B R IR A5 T ab AR

6.3 gk KEE

THE GRS PRI T AR LRI THIA RDD., 2 FRTFIATILH & R ORI,
AT HER RS, TR IIZ logistic 1. SVM . HhE DUM-ER R RRHER . fR 2k
PRI LT — e, IR BRI 2 ) C A TTRCB IO S MLIb K2
SRS T 2B B HOBRIAE, (LSCRR |, SRR SO0 B A A RS, X2
LR TR

7£ Kaggle/StumbleUpon evergreen B4 BB E i)l % 7 L&A

BUAE AT AR i AR L] MLLb (R T o G, f B AL, FEX R MR e —
BEELA A SEL, Horh, T7 250 logistic [FIJHFT SVM B8 A AIREL, PR3 S s MR EE

import org.apache.spark.mllib.classification.LogisticRegressionWithSGD
import org.apache.spark.mllib.classification.SVMWithSGD

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, ARUNZREEO 1555125 logistic [A] AR .

val 1lrModel = LogisticRegressionWithSGD.train(data, numIterations)
PRI B N s

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,

PR, Y%k SVM B

val svmModel = SVMWithSGD.train(data, numIterations)
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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,

P RYNZANR DU SR A Sl AR PR A 90 SRR IR (A K -

val nbModel = NaiveBayes.train (nbData)

T .

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

= N v
B VIR -
val dtModel = DecisionTree.train(data, Algo.Classification, Entropy, maxTreeDepth)

T

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

HE, PR RR AR e Algo F'E N Classification, FHMH T MM AL

6.4 fERTEIRE

BAEFATAH 4 DAERASRZEFRFAE T UIZRAF OB 12 F TR B ATl X SR 47 7
o 3 HUAEEFH RVAE A I 2RSS A R R g AR B P T 2
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6.4.1 7t Kaggle/StumbleUpon evergreen ##B& Ei#{T5M
XL logistic [FIJARIRI A5 ( HAdAIARY ) Ab 3 5 752540 ):

val dataPoint = data.first
val prediction = lrModel.predict (dataPoint.features)

FanT .
prediction: Double = 1.0

" AR B T UIGREEE P S — A, BRBSTOMEDY 1, Rie—EiAT. bR —
TR FLIE AR -

val trueLabel = dataPoint.label

FRanr

trueLabel: Double = 0.0

ATLVES], ARG FA TR B SR 5 1!
FRATAT LA ROD [Vector ] FUAE M AJASHTI -

val predictions = lrModel.predict (data.map(lp => lp.features))
predictions.take(5)

BT

Array[Double] = Array(1.0, 1.0, 1.0, 1.0, 1.0)

6.4.2 Tl RARBAIERE

FEfST AT ARL A A, A o] S FNAS B R A G We 7 e iE v, NOZRIE B AT
PEBE . HAE PR PEAE I G . O E R RIS BOR | MERRRR A R AE R
BEERAL T REEL, ROC (receiver operating characteristic ) ffizk. ROC £k FrymEFf (AUC)
Fl F-Measure

6.4.3 FUMRYEFMERMEIRE

YRR TN T R AT RE S A AR SR A I T 3 AR AE TUIZREAS rh e 20 26 p0 % H
PRULEREAKL ., it FHRARETUNAEA PR JIREA R H B LLEFEARL

I T S X AR A T T RS BT SE PR AR T AL, T AR E IR
IEFR X IER S EAREARE SR A FER A SR, 18 R IER R .
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val lrTotalCorrect = data.map { point =>

if (lrModel.predict (point.features) == point.label) 1 else 0
} .sum
val lrAccuracy = lrTotalCorrect / data.count
AN
i an T .

lrAccuracy: Double = 0.5146720757268425

AR T S15%RYIERR, ZORERARA RIS . BRI T —F Rl g8,
BEMLEINZEAZ

EE, BAFM AT RZEIFA 1 XK 0 TR 69 4 3R A8 R E A, KRB
b IR EE A A TR KR BT SR B R R BRRIT RBP4 B R
SEHLE

Yodm =25 K89 logistic M )AX MEFREA ST R R PAR KA A 1 694

0 R, R R AR BMER 0.5, TR, e RER 1 9 FAET R 50%,

AR DREAEAATIT A LA 1, GRUARTAER O

AP BMAAR G L FA& T AR AR AR ATIAMK . BT RRATE
& B BLA A T kPRI TR,

FCHOR A WE? LERATI AL 3 ARG E R

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

TR, DRSBTS AR LA, A0 T AR A BT R
val dtTotalCorrect = data.map { point =>

val score = dtModel.predict (point.features)

val predicted = if (score > 0.5) 1 else 0

if (predicted == point.label) 1 else 0
}.sum

PAERE B HA 3 BRI IERR R

e E SVM A .

val svmAccuracy = svmTotalCorrect / numData
SVM A ) Fm s o 40

svmAccuracy: Double = 0.5146720757268425

FEAEFNER DU ST
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val nbAccuracy = nbTotalCorrect / numData
FINER DU AP A A

nbAccuracy: Double = 0.5803921568627451
e, RN R SR Y IR % .

val dtAccuracy = dtTotalCorrect / numData
S BT U

dtAccuracy: Double = 0.6482758620689655

XTHERBE, SVM FIANR DB B P REAR S 22, IR BB A IERARIK 65%, [Hib A2

6.4.4 HEHEMBER
TEfE B R, BRI W TP as R A B, A 3 DRI 25 1 A S8 e 1

FEZ 2RI, HERf e OB (true positives ) FIZLH bR LAEL B A B BHME: ( false
positives ) FYEKC, HA PSR BOERM BTSN 1 BIREA, (BIPRS00 1
AOREAS o ANSRERS B IR N 2000 1 AREAS R S 200 1, IR AUERFRIBE] 100%.

HEER (recall ) E R EBHME RS H 5 LAECBHPEFR B R, Horp BR800 1 20
BEF A 0 FUREAS o ANSRATART—ANZEH N | OREAS A B A R T A 2851 0 C BPBEA R ), B
2 [FREE] 100%,

W, WERRARAIA IR GANSCRY, R AR XN A 1R, IR O T BiX —
s BEBA TG T — A, R e ks 2280 10 PROA SR Tt Gy (250 1, P ARG
FMZERA L BRI, XA SRS 1 A . T, MR 41 [l 52 1.0,
707, RS AER R, X R R R AR ARSI Bi 4 T i DI AY 7A
L )

VR AR [ AR AR O RN AR AR, (B EA T W & —E M TR G el - P i
T TR AR AR SR R A L

EE ERDE, HBEMRT AR, SRR FIEE RGN 1. P, BORAY A [ 5
1, ABSEAER AR ATREARMG . RS, Y BIERAERNT, BERAGFIMZE R i 2 2280 0. LR,
BRASAY A 01550 0, PUORRRUAN REFAEATT FECFHPEROREAS , BT LR AT RE AR Z ORI PEREAS
A, R XARESL T EHPERE Y 0, BrAJGHE R SR R R %

TEPRAERE-BEZR (PR) Lk, Fongr@bialbis R ER S, MR R
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HIOHBER . PR T OB TR, 15, PRI F I B 1 560 F— A5
B, LA 2RI 35 5] 100%.

MR- A SR i 2 (i 2 TRYTAR40.69)

HE

B 5% TAaHE Bw i PR WA T @R T4, 3 & 14 : https://en.wikipedia.
0 org/wiki/Precision_and_recall F= https://en.wikipedia.org/wiki/Evaluation_measures_
(information_retrieval)#Average precision,

6.4.5 ROC ph%kFn AUC

ROC EZAEME &S EA PR ISR, B 7 i O LB PR AR~ FHPE R A AL i e

HPAMER (TPR) ZHFHPEAREAS LR DL PR E EAPE AR A, )i i5E, TPR &
FLFRVERCE 5 B A IEREA R L o SR Z BT 20 5943 A2, 58 WA BURYE ( sensitivity ).

FRPRMEZ (FPR) JEMRBHPERIREARER LUB I PE AL BATE (e, B 250 0 AREARE0)
IREA R A, il FPROJEMRBHPEREAK G Frf TR B HE il

FIHERR A [ 3R 2AL, ROC Mk (R ) FRoRs T 0 arEREAEARIR A (E T TPR X FPR
AT o M R RN SRR IR BB PAN [R) Y R
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ROCHh£k (ih£k THIHIF40.70)

1.0+

0.8} -7

0.6} 7

HERD

0.4} .7

0.2} -

0.0 L L L L
0.0 0.2 0.4 0.6 0.8 1.0

BRI

ROC FHYHEIA CIEH PR AUC) Fon-FI9(E. [FIFE, AUC T 1.0 3R —158 61 70K ds,
0.5 MFR—ABEULIPERE. T, —EEIRY AUC Jy 0.5 IFRIBERLAS IECR —Ff

B4 PR W& F oy @mAde ROC W& Feg@mmzida— (ZMEH 0, R K
1A 1), BT BAI TR X F 7 kb RE AKFLE THRED, £ 52T
WA AREGER, B, X\EAF HEER PSR ELRE A,

MLIib N & T — R80T 502509 PR I F TRV ROC #hZk F AR, T3
1% g — A I LR -

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 = new BinaryClassificationMetrics (scoreAndLabels)
(model.getClass.getSimpleName, metrics.areaUnderPR, metrics.areaUnderROC)

}

FMTZ AT 2k TANK DU RO+ T Erf R, P A B2 nbpata FiUA,
X R BRI 2R EE R

val nbMetrics = Seqg(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)
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}

val metrics = new BinaryClassificationMetrics (scoreAndLabels)
(model .getClass.getSimpleName, metrics.areaUnderPR,
metrics.areaUnderROC)

}

K" DecisionTreeModel FEBIVEA STIHAD 3 MEMIERA Y classificationModel 3%
F, B DAFRAT TR i A s AR 4 5 Gn R AR AT 545

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 = new BinaryClassificationMetrics (scoreAndLabels)
(model.getClass.getSimpleName, metrics.areaUnderPR, metrics.areaUnderROC)
}
val allMetrics = metrics ++ nbMetrics ++ dtMetrics
allMetrics.foreach{ case (m, pr, roc) =>
println(f"S$m, Area under PR: ${pr * 100.0}%2.4£f%%, Area under
ROC: S{roc * 100.0}%2.4£f%%")
}

AR Bl 1 AN T

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%

BATTUESR, a0 e R 22 R L,
logistic [A] 9 H1 SVM [ AUC 45 5RA7E 0.5 247, %%LmAﬁﬂﬁﬁw%Mﬁ AN D4

FERYFN PSRRI PR REFE -2, AUC 35102 0.58 1 0.65, {HJE, 7E —4r28nli B~ HERe
FARTRAE T4
X EBAVEA T S EAN 5 LA, MLIb #AET —/AS KMt Frkakeg £
MulticlassMetrics, R PRETHF S F LG EEH &,

6.5 HIARBIERELIRSHIBM

FI IR S TR A ATRATARE R Gt A e RS B LRSS A 45 SR FRA T AR Y
MR L A7 ] R 2

AR, TOTVUZR PHAE AR A D TR N2, S50 b, FANDFBCAEIrA BRI

IANVIANY

TERRI T, FUR T b B TR EUERR 23 o [RIS, A T BT XX SE R R AOR 2 70 #r



6.5 AR RE AR ABGRNL 197

6.5.1 FHEMREN

A T AR AR 0 A 0 53T RS 6 — 2L A i, Horhase s W R BB =K
SERHIEE R IER T o T EFRATHE— PR AT 73 A0 7

i, FATHRAFE M RowMat rix 8RR MLLb H 53 UH . RowMatrix f&—
A AR RDD,  Herp A ) B2 o0 A U R — 17

RowMatrix FHVA —SJy (EA R R s, Hoh— N7k n] IR PR R0 i Se R -

import org.apache.spark.mllib.linalg.distributed.RowMatrix

val vectors = data.map(lp => lp.features)

val matrix = new RowMatrix(vectors)
val matrixSummary = matrix.computeColumnSummaryStatistics/()

T T AR FT L A RS P A4 £

println (matrixSummary .mean)

R
[0.41225805299526636,2.761823191986623,0.46823047328614004, ...

I T AR A R ) B /M-

println(matrixSummary.min)

it 25
[¢.0,0.0,0.0,0.0,0.0,0.0,0.0,-12.0,0.0,0.0,0.0,0.045564223,-1.0, ...
I T PR AR i R 80 Y B KA

println (matrixSummary .max)

sy
[0.999426,363.0,1.0,1.0,0.980392157,0.980392157,21.0,0.25,0.0,0.444444444, ...
T AR R R RS T 22

println (matrixSummary .variance)

it -

[0.1097424416755897,74.30082476809638,0.04126316989120246, ...
A RS R AR SRR

println(matrixSummary .numNonzeros)
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A Ny
iﬁuﬂjj‘?:
[5053.0,7354.0,7172.0,6821.0,6160.0,5128.0,7350.0,1257.0,0.0, ...

computeColumnSummaryStatistics ﬁ({lﬁ“ﬁfﬁ‘ﬁzﬁﬁl@ﬂ AN lﬁ]éﬁﬁ‘@(% s @?ﬁﬂjﬁ
2, A G HEE RS — I8 7 AEAEAE— A 1) b CREFRAT TR 91 rh B AN RRIE XS o — 3T ),

NLEERIT TR S AN 7 22 A%, AT DATR BT s 2 B0, 56— MR AR 7 22 A He A ) 7 5 g
(PRE BB — L AR AT AL A 25 5, 1T HL AT SEARR AR S i o ) PR R 3R AT S R ) af B =X
T, BRI A SRR S A . O T AR AR A AL, AT DA N REEE
bl (AR R O YHE AL AR iE2E . HARMOL 2 X R N R (DR 25 9 B8, AR5
R LB R bR o 22 DA A T4 B«

(x — ) / sqrt(variance)

SEBR b, X FEARE PR R R, FRATAT DS I ) BRI ASORE, SRR R FE
B DVRFE PRI 2Z 0] 0 o A 25 ) 1T DA PR 22 ] 2 O RRI0R S A 21

WEANFRATAESS 4 LR, W LIE ] Spark i StandardScaler FR 1 i3 58 Al X L
RAE

Standardscaler M TAE M 4 ZH Normalizer FREAIRZISMIHTT .~ T Ui
2, WNMEAWANSE, —AFREENEIEPIREE, 5 — D FRE RN FREZES . X
ﬁ@ii@f StandardScaler *ﬂ&ﬂ‘]%%ﬁ/\fﬁlﬁ*ﬁf§o %}ﬁ, #%?ﬁ‘ﬁ/\rﬁl%ﬂ%%ﬂ%ﬁ@ﬁ, J'JFE_JBIE
H—fbiym . BRI AT o FRATE A map PRECK IR B SR MIPRE .

import org.apache.spark.mllib.feature.StandardScaler

val scaler = new StandardScaler (withMean = true, withStd = true).fit (vectors)

val scaledData = data.map(lp => LabeledPoint (1lp.label,
scaler.transform(lp.features)))

BAEFRAT T EE CARUErL . ERSE—ATARUEAL BT FIARIEAL 5 B Il i o T T LR SR — A TR HEfL
P RAAE 1] 2 2

println(data.first.features)

Z5RW

[0.789131,2.055555556,0.676470588,0.205882353,

T A TRRIEAR S B E [

println(scaledData.first.features)

ZPRNE

[1.1376439023494747,-0.08193556218743517,1.025134766284205,-0.0558631837375738,
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LR, SR C 20 s EZ A AR 1o MTIAX —xi, AT RS — Rk
FHEME (ZATHH), SRIRERLAREZR (J7 22/ FIOr iR ):

println((0.789131 - 0.41225805299526636)/ math.
sqrt (0.1097424416755897))

R A RN ZE T T [ R A — TR
1.137647336497682

IAEFRA AL R L A s FOBrI Rl . X U)K logistic [IUSRERY (PR HRIEA FIAR
DU A Z R EAR AL R ), IR AR HEAL AR -

val lrModelScaled = LogisticRegressionWithSGD.train(scaledData, numlterations)
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 1lrPr = lrMetricsScaled.areaUnderPR
val 1lrRoc = lrMetricsScaled.areaUnderROC
println(f"${lrModelScaled.getClass.getSimpleName}\nAccuracy:
S{lrAccuracyScaled * 100}%2.4f%%\nArea under PR: S${lrPr *
100.0}%2.4f%%\nArea under ROC: S${lrRoc * 100.0}%2.4f%%")

HRERWT

LogisticRegressionModel

Accuracy: 62.0419%

Area under PR: 72.7254%

Area under ROC: 61.9663%

MEERTT LA, Gl A s X R bR EAL , BHE R T logistic [PIHAYTERGR, Jf¥F AUC M
FEALAY S0%$2 T3 62%.

6.5.2 Hth4FE

RMEAFD, 78BN TR I —f, XA RE W] e S B, 75X
ATRB, FAALE ] T H M RAE, 058420 T 25 A8 S AR ( boilerplate ) 7251 3C
ENEa

XFEMOE N T T4 BRI — T AIEARAIE (HLAnSERRenE ) XHERERY

R

B, WAPRERIAISN, FExHEAIM— ARG IR, X BT T LU T2k
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'ﬁﬂ k Z—gﬁﬁ%o
val categories = records.map(r => r(3)).distinct.collect.zipWithIndex.toMap
val numCategories = categories.size
println(categories)
= S B[ 0
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 AR AR SR R E
println (numCategories)
AR

14

P, FATHZAE— Ny 14 B R FIRERIRHE, KRR AR TR R
XA A AR RERAEA 1, HA R 00 FRAIMBGE IXANHT A FF AL i F HUHAW A BB RAAIE 1) — A

-

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

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)

PRIEZAT LAE BN T s, s —R 2 — KOy 14 iymat, [ 2R R RS IR
—gﬁﬂ‘j 10

LabeledpPoint (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])

[FRE, PUMTRATE RIS A briEAL, B AXE NGk AT R B 4E 2 air, ROzl [RAE )
StandardScaler X HiFf ThrUEL 5 .

val scalerCats = new StandardScaler (withMean = true, withStd = true)
.fit (dataCategories.map(lp => lp.features))

val scaledDataCats dataCategories.map
(lp => LabeledPoint (1lp.label, scalerCats.transform(lp.features)))
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A LA RS BhR A 2 BT RRAE -

println(dataCategories.first.features)

iy A5 R
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 ...
A LA RIS BRI 2 5 Y RRAE «

println(scaledDataCats.first.features)

i

[-0.023261105535492967,2.720728254208072,-0.4464200056407091,
-0.2205258360869135,
BRRAGIFIERM T ( RIS 0), 2 —TmEHE2E, #
#R =AM (A% ) WA ESEAT, e L@meys T,
BAEHIABECE I iR, A B AE R A% A R AR, 42 58 B F AR AR K ALBESL
0 PR FTHESY, BAF SHIE (BT SRy ), suit, RENE
KRB AE TN, B A AR R 6 BRI E B N At B 2RI K
XA HRATT A StandardScaler # withMean B A false Rk FiXANFA,

BAE, LAY RIS BRFEAR VNGB logistic AR T, ARG FRFAELPERE :

val 1lrModelScaledCats = LogisticRegressionWithSGD.train(scaledDataCats,

numIterations)
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 1lrRocCats = lrMetricsScaledCats.areaUnderROC
println(f"s{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%%")

PREZ AT LA 240 Ak i -

LogisticRegressionModel

Accuracy: 66.5720%

Area under PR: 75.7964%

Area under ROC: 66.5483%

X R AR TR A, BURIUERR AT RISE T, AUC M 50%4R 5] 62%. 25,
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RTINS ARAE, SRR HE— D528 66% (HHUHTZR NI RFAE AR T R A ).

TP AR AT AL R 69 AUC 4 0.88906 ( https:/www.kaggle.com/c/stumbleupon/

leaderboard ).,
A= HRRILFER S S0 X 2 https://www.kaggle.com/c/stumbleupon/
discussion/5680,

FERI e, ARBIERMNREA R, FHZFRE T PO RFIE,
0 FR P AR S REA E B4 R T AR AR L BOR T IOR A e AR R AR
B MATE 89 EIET A, T EAFIERRAREZE, RFPZTEAST
TR HR 2 E AR 6, A2 SRR e T Ak AR E
B ] ECR P IR RIFERE G ik, TUARR — B &, e A AR PR R w4
JET AR M e AR E S,

6.5.3 ERAEMIBIEER

ERIVERE R I3 50— SBT3 X AR (8 FH TE 0 0 KA 5o TR X S e e B2 AN 2K
DU R T AR R 22025 R, SOMEIE A [ B (kA 7

TEIXHL, FRATAIIE MLIb 523 T 2R, I HiZzte i o] DA B B0 A BoE . X a4
TICFRRHIZENERE (LRI R k 2 —FRoR ) BB ( Hean—SSoR R Y
W o FAT TR BRI AT S BUE BRI A M, BT IR REA I OB 2

N T LU, FATALE FHSRAE , 1T & 2 — bt IS RAIE SEAF A AN R DL il
FA VAT AR F R a4k «

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))

}
TRk, FRATECBIZRAN R DU R I3 & PR BE R T PPA «

val nbModelCats = NaiveBayes.train (datalNB)

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)

}
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val nbMetricsCats = new BinaryClassificationMetrics (nbPredictionsVsTrueCats)
val nbPrCats = nbMetricsCats.areaUnderPR

val nbRocCats = nbMetricsCats.arealUnderROC
println(f"${nbModelCats.getClass.getSimpleName} \nAccuracy:

S{nbAccuracyCats * 100}%2.4f%%\nArea under PR: S${nbPrCats *
100.0}%2.4f%%\nArea under ROC: ${nbRocCats * 100.0}%2.4f%%")

HRERWT

NaiveBayesModel
Accuracy: 60.9601%

Area under PR: 74.0522%
Area under ROC: 60.5138%

AU, (RS CIE R RO AR, MR IR A PERE A 58% 2] T 60%.

6.5.4 1RESHIEMN

BJL R TRSEIPE R D 28 ARSI, RRIEE R | S AR A ORI R 48 73
A ARBE . EEE A FY Ik, AT EIS T Hog—alid, msipr B EX TRAPERER
MR K o

MLIib FRINH train Jrikxfa MRS HCERE A 5 T AEFRATIRA T i — T ix st

1. L iRE

logistic [AIJH A1 SVM A MF IS8, TR R B AT TERME FHREHLAEE T (SGD ) 1E A 3Eht
HALB AR . ARRLEAET 3 RAEIL BB . MLIb 2T logistic [MIH2EH5E XATF

class LogisticRegressionWithSGD private (
private var stepSize: Double,
private var numIterations: Int,
private var regParam: Double,
private var miniBatchFraction: Double)
extends GeneralizedLinearAlgorithm|[LogisticRegressionModel]

N

TTIES, stepSize numIterations. regParam Ml miniBatchFraction FEiEITS%L

b B E R gD, X ER T regParam LIAMFFIHEA I ILALEARR K

T HE logistic [FIHASZHALAICHS, fCASHIERIL T Gradient . Updater Ml Optimizer, LA
J optimizer MHRHISE (X HJE GradientDescent ):

private val gradient = new LogisticGradient ()

private val updater = new SimpleUpdater ()

override val optimizer = new GradientDescent (gradient, updater)
.setStepSize(stepSize)
.setNumIterations (numIterations)
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.setRegParam(regParam)
.setMiniBatchFraction (miniBatchFraction)

LogisticGradient #3. T X logistic [HIHABIRI Y logistic 512Kk PR

SRACH T 09 3% fndh ik 2 A8 K 5097, MLIib A KA A R T ;A
HALH AR : SGD A= L-BFGS. L-BFGS i % kit LM, T Adi ),
SGD £ Ff A #£ A A ey AL R, @ L-BGFS % &7 X 4t i@ it
0 LogisticRegressionWithLBFGS H# A T logistic ®)2, #RT Az F EI5F
W —TF ZH R E . £ % ¥ T vl ¥ http://spark.apache.org/docs/latest/mllib-
optimization.html,

N T WA R, A 17 20— B ek, 1E4E SRR IZk logistic a1
A, B o B AL

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 SURBIPREL, RIS E R A VI SRR .

def trainWithParams (input: RDD[LabeledPoint], regParam: Double,
numIterations: Int, updater: Updater, stepSize: Double) = {
val lr = new LogisticRegressionWithSGD
lr.optimizer.setNumIterations (numIterations) .
setUpdater (updater) .setRegParam(regParam) .setStepSize (stepSize)
lr.run (input)

}
i, SR T AMBI R, IR AR I R, AR AUC:

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)

}

H T IR R RIYN SRR, T AR AR A8 (20005 B ):
scaledDataCats.cache

(1) R

REBH 72T W IETFR IR, JF B4t —E iy R JF WS 5 i (R
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HA 2 BRECH HO AT it ). SGD WCBGEI AT 0 B RO UCRCRIA e, (RT3 —
WTHERENF T UL, hor R, X BB AR %I nunTterations, AR
B AUC 45

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"$param, AUC =
S{auc * 100}%2.2f%%") }

BIZ A AR BIA0F B -

1 iterations, AUC = 64.97%
5 iterations, AUC = 66.62%
10 iterations, AUC 66.55%
50 iterations, AUC 66.81%

TATTLAKRI, — B SE MR BT, B R RR BT S5 AR s/
WERS

TE SGD ", FENZRas AT BUBTR A AU ER [ N, 25 K AR i A A e BER B RE T
o) ERDZRTHEZ 0T o BRI RS R, (R KRR T g S 20 S R i e A . 52~
R TR (AR ) /MBI RPN XA R T B, 78 F AR R £ 2 1Y
R, WA REAGEPR IR A A7 10 R, R R R,

2R NG N AR

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"S$param, AUC =
S{auc * 100}%2.2f%%") }

PEIBISSRATTS o W] LA P RIS X REA TR 20

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) IEMHE
T logistic [ AAAS R & 2042 & T Updater 28, 1%257E MLIb 28 1T ENL, 04k
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e 3 PR A AR ) 52 2 B i S AU AV Rl rhad PO o HERR MO SR AE A0 R iR B R I — A T
RIS [ ) PRI, AT 2 A3 3

TENAEAEBLSE R L A5 09, AR AR A T NZRREAS RO AR 5 e (I 5 227 2T 1Y
AR A RO AR RO ) JEHE R

HIEMAAFAAESE AR, BORAS G . RSB BA IENHE A O T 2 AE
RBE L o IS WA AN A S SUISIE RO R S B N, S SR IE 23 8 i 1T 1

M4

N

ARLLZ Fir, TS SO A ZGE I US FIAUAS o a PLE TR T I 5 s Hh B 4819 i
P AR RO R R B . BBzl TG A I REE SR . TS K AE I, AERE
SRR L BRI Sl B R B A

FAE, BARIEA AT ARSI — AN ] S8, (EIE ALK 7] e S B AL, AT (AR A
PEREAL TR ARMEAE o

MLIib H o] FEENEIE A R LA,

Q simpleUpdater: XM THAIENIL, J& logistic [FIHPBRIARCE -

O squaredL2Updater: X IENMIFIEFACE A EAY L2 IEN{L, J& SVM BRI ERINE,

O L1Updater : XA IE IR FAE W] 59 L1 IENE, 2 S80S 38— 58 A [a] (A
EEABEE FEEET 0 ).

E AR FARASE — A" 2 Fe E R AT AT, T @2t — A0 X 89 J4
O i@ A e EN Lz https:/en.wikipedia.org/wiki/Regularization (mathe- matics).
Q L2 :EN 4L https://en. wikipedia.org/wiki/Tikhonov_regularization,
0 Q i MAFe K04 https://en.wikipedia.org/wiki/Overfitting .
ETE AR L1 A= L2 ER LI GG F @A . http://citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.92.9860&rep=rep1 &type=pdf.

THEHH squaredL2updater BT IENALSEUT 50 «

val regResults = Seqg(0.001, 0.01, 0.1, 1.0, 10.0).map { param =>
val model = trainWithParams (scaledDataCats, param, numlIterations,
new SquaredL2Updater, 1.0)
createMetrics (s"Sparam L2 regularization parameter",
scaledDataCats, model)
}
regResults.foreach { case (param, auc) => println(f"Sparam, AUC =
S{auc * 100}%2.2f%%") }

SRR
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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%

LA, AREER A IENE X RE RSN AN . SR, SERIENIARmE, A& 2 38
RAEIIPERE.

6
6

A K IAE T L1 N RALA4FF) K4 R TTvliXiX4k A Lk 4R 69 3%
fEF X, HERRE LI ENAST AUC 8948
2. R

PRI E— TR 6 IR BRI SR RA8 T el iOPERE . SIS T 24 maxDepth
AW PRI ) e RIREE , PTG S AR BT . IR ROTRBE R, 13 B AOBIRL AT 2%, (HAE
5 T M UL R

X Or2EIR, Bl 175 B PRI e LA PIAR AN SRR B 73 S Je ANl el i
o RHGIRE Ao R L Z A

N2 A logistic [l AR FR ALY J5 ZORBEIA R AR B Y 520

T 5EAE Spark shell H it — M Bl R %L -

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)

}

B, MR R T AUC, PR B BAR bRl FFATRN 1446
FHRE G SRR RO SR

EFE R RN T R E B AR AT — 1L, R B R R A R AT =
LYY

B, R A SR T S A TR EE Y R .

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)
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}
val metrics = new BinaryClassificationMetrics (scoreAndLabels)
(s"Sparam tree depth", metrics.areaUnderROC)

}

dtResultsEntropy.foreach { case (param, auc) => println(f"Sparam,
AUC = ${auc * 100}%2.2f%%") }

N +

TSR T

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%

HR, FAPRAIEEADEBATRMATTH (U LR, BRI BUNGS H R C52
B, (HAT DI b B ). TSR LZA T 260 -

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 = 64.89%
10 tree depth, AUC = 78.37%
20 tree depth, AUC = 98.87%

MEER AT IR, R AR ol LIS 2 SRS i AR A XM — 2, RO AE R
ORI IE B 2 AN 2R o SR B TR BB, BRI GRS i U5 A R B ™ o, e
AR AR RE T IR R B2 B3 T AR . ik L2 AL R 8 B AR ok iod e b e B

5340, WRARGEEE Ir X R A MR 22 S 85N

3. AhR DU H iR B

W), IEENFEFR lambda SEANER WM A2 o %S B0nT DL H A= i
(‘additive smoothing ), ffRAHE - AN B AR A ZH 5 BAT TR L LAY IRl

0 % & TAammX TR 69 1 5235 JL : https://en.wikipedia.org/wiki/Additive_smoothing.

FZATAISL—FE, B o ZadE— I (R A B e, FRIIZEAN ) 1ambda 4051 T
AR .

def trainNBWithParams (input: RDD[LabeledPoint], lambda: Double) = {
val nb new NaiveBayes
nb.setLambda (lambda)
nb.run (input)
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}
val nbResults = Seg(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%%")
}

YIZRAYE AT

0.001 lambda, AUC = 60.51%
0.01 lambda, AUC = 60.51%
0.1 lambda, AUC = 60.51%
1.0 lambda, AUC = 60.51%
10.0 lambda, AUC = 60.51%

MEERAFAT A 1ambda BEXPEREBAT RN , Hh AT DO o 5 AR AN 2R 1 19 41
B AFFAER A R

4. 3Z X IEIE

B EFCN L, A R0 R S 1S IAE RN RAEA MY TR o 52 SCRIE = S Prbl g >
HE SRR 7y, RN E SRR PSRRI b A O

A SR ) H R AR R AR R R R b A VERE . AN JITE I 2R A A ST 00 Bl et
RE, MBS PR BE (LLAa TR RSE ) ATl RARSG R A Rl o TE i v £ 1) A4 i
fescsit, TATHIBES ] REFE R8T 2t a1, TRAEARPINZRAH RS h i R 2
R

B S UELEFAT I —3B 0 BRI SRR, K 55 Sh— o R A B LR RE . A ALl
BRSBTS Tt AT T, BRAT M T L phy A TSR R R i AL e

FRATHEEL G o AN s A A s, S — AT B R 2 XRIE S AR . FRAT KR £ s o e
MAESHEIRE . B ERERRIZ, FRANIZE (training set ). 55— MEHRE MK
& (testset) BEIREEE (hold-outset ), FRIEAGBIAIAELS PRI I i T APERE . SEBrrba HIY
KI5 J7 4G 50/50, 60/40., 80/20 4, W BN A R AR/ VAT Glsr, SERREAZE
B 50% B H T2 ).

TEARZAGOUT , 200 3 M Bide . UIZkte . PSR (SR ERINAE, TSR
I, AN lambda ALK ) AL ORI TERBINZGMS LR, D TR BB s
HHEYPERE ).
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AP R E R RIS AV G EARKE LR P LR S EmE LR
LIEH AR
—FP R AT O 7 ik K-3TB 3 X BEIIE ( K-fold cross-validation ), 3 ¥ $c 4% %4k
S K ATRE &I, BEET G K-1 I AR, FTF—30 0 T 0lXAE
0 A, e EH K R, R R F M A X XBIEGF 5 W R 5%
SE Aol R AR 09 7 ok T AR AR 247 & S UBE
H ATk aLds “8— X XLHIE” Fo “FAALRAE". £ % FAHEN https:/en.
wikipedia.org/wiki/Cross-validation_(statistics),

B IR BAE 1 60% I ZREERT 40% I IERAE (B T 7 R, X BLAAE S i —A~
& € HUBEHLRP T 123 AARIE AR SLH REAS 2 AH R 9 25 51 )-

val trainTestSplit = scaledDataCats.randomSplit (Array (0.6, 0.4), 123)
val train = trainTestSplit (0)
val test = trainTestSplit (1)

FE T ORAEAF R IE NSO AR B PERE (X BARSRAEFT AUC ), 3, FRAIZEENIfE
SR RE TR, R HfR R AUC ZE A IENMES BT 197481k, ] X4~ 171
T AUC WA fE AR/

val regResultsTest = Seqg(0.0, 0.001, 0.0025, 0.005, 0.01).map { param =>
val model = trainWithParams (train, param, numlterations, new
SquaredL2Updater, 1.0)
createMetrics (s"Sparam L2 regularization parameter", test, model)
}
regResultsTest.foreach { case (param, auc) => println(f"Sparam,
AUC = S{auc * 100}%2.6£f%%")

}
IR TR B ROREIERE, BRSERANT

.0 L2 regularization parameter, AUC = 66.480874%
.001 L2 regularization parameter, AUC = 66.480874%
.0025 L2 regularization parameter, AUC = 66.515027%
.005 L2 regularization parameter, AUC = 66.515027%
.01 L2 regularization parameter, AUC = 66.549180%

e, BRI — T AEUIZRAE - AIBORPERE (SALZ BT BT A Bt A T N A i i i
(o PUMARESEML, BT LA LA BARSS HARH 1T (T RIFEACURS 2 4k 2] ).

© ©O o oo

.0 L2 regularization parameter, AUC = 66.260311%
.001 L2 regularization parameter, AUC = 66.260311%
.0025 L2 regularization parameter, AUC = 66.260311%
.005 L2 regularization parameter, AUC = 66.238294%
.01 L2 regularization parameter, AUC = 66.238294%

© O o oo
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MBS A, SRR ZRAE A AR R, 38 % 7 IE NS B R 6L
TR R A PERE o RPN BAT T AR AR AR A IE I A T 2 > 1 FeA Bt RIRT RA7EE
A BITEOL T IA B S RITERE

FABC, S UNZRAEATCEAE AR, 38 ey A4 TE U AT LA 245 s R A

TESSUHER , FANT— e PR IR rP PR RER IR O SR . (AR IE AL L SO K55
FRNBRESE). SRIG XSS HE T A BRSBTS, fefm T TR fdin HE O el

% 5318 A Spark M IEHF R G SR A IR LUE, 2R AR T UR A
0 TN T W ratings IEE R 2RI G EFMRE, RS A% E PR
REWAFERE, BAAEMNKE LiF4E MSE f= MAP 89 h4k, #EERK— T

6.6 /&

AT Spark MLIb FHRBERG & FIANKBIR | S8 T T 7E2 5 i A SR P Zksin |

DI R AR EI S bR T VAR RO PERE . T8 T AT 2 R4 2R A AR KA B AE L 759 B 4

(RS TR e T 60 SO RS SRR A . T8 2 U280 . BRI B8ORS 38 URIE _
SR RE AU

TR SRS i F 5T MLLib ) [l A



Spark 3£ [E]/Ft=

AERETH 6 YA AFARLETHE B, J) ISR AR B RIS H W B B L, 1 [ 5
TADN Gb BE AT AP B RY FARAS R o (EU A A ISR, R i — A, e
NFAERSS BB ) FARAS G o (] YA A 3 SRR R AR B = > i — I

[ YA AT LR AT A b i, R T2 LA

Q Tl B S g A 28 B AR DG R 2R

Q I BEEGE 5 B (o] AR RIS G, Sl e, [l 9 Ay
UNBRESE PR

Q WHERGE (5 5 ISR /D3R I iR A g A R AR AT 1 etk 1115 ),

Q FET AP RAT ANE S, T TR . B hscE A IR S AEE M

R RMJLYY, FRATE:

Q 441 MLIib H (145 F [l AR ;

Q S EERER YRR AE LU B bRAS A AR 5

Q {i il MLI1ib Il 25 [m] AR5 ;

Q A28 an ey U2 A A A T

Q i A IR 5 % B AN RSB P RE A I

7.1 [EVFRBRIFHRE
SRR B0 SR X REA RO BIINAS S GBI H R R B it ) LT AR,
XAt RIS F1 st ) BT S L T B
y=fw'x)

Horb, y R FAAVER, wiRSHuaE (REEE ), x BRMASFERE . (' x) 2R TRERE w
FRFAE ) i x BOZR TN A% ( SRR R o XA ZAETI &%, FRATNHT T — > eR %/ ( 3Bk
L PR ).



7.1 w)aBER ey R 213

b b, SAERTRIBE AT T2 rT T e, P PR A RO ] o el
SR AR R ( RV RERIE Y y = fw’ x ), T3 2l A 2 FiT 1180 B T4 PR A

Spark MLIib #4341 Z2Fh [a] 957 .

Q Lk EH

Q SR

Q logistic [A] 5

Q IR

Q BRI

Q B RESE T

Q A=A7H (survival regression )
Q R EIE (isotonic regression )
Q i [m] 5

AR L — NS — el AR Z R R B B 7EM R RE RIS Rk
FIAS B AR

LR IR 5 43 A (4 SVM I logistic [11F ) AR, BRI X EA AR R,
AR RS

LM (] AR AR AR J5 1 X 7 (A 2 M A AR — A, I — (74 X1 S 2 1 [V A A T %) 462 2 b
B, FHDREFE pRECFI R PRECA ] . MLILib 343t T AR HERY B /N — T [l AR A (LA™ LRk [RIH
R TEAE TR S ),
711 sm/p3kEYT

5 6 TR AR A RERY I BBV T SCER AR AY  die/N 3R 1A A1 9 R B 5%
EXT

%(wa -y)

AR A R, Hod y 2 B AR (X RS0, wAE AR, x &
R M)

AH I B 7% 42 PRECRID R PRBUE R A5 15 R, [R1IEASE A 3  S FH E BAE,  PRI LAY g )
PREH R AT y = w' x o

7E MLIib H, ARifER /N 3 BN RIE NI . IEA R T T phead 5 R R o (E R
FHENFERTUE AR R PRECRE R MCT 7, IO AR o Xt R fie /s —3fe [l 3 4l o
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F S s LA AR R BUER . PRI T3 28288, FRAT T30 A S b P o A0 — s R EE A TE AL
et mIEFER L2 15 DA s 5 Ak A 1) ( ridge regression ), i H L1 IEMALESFR A lasso

(least absolute shrinkage and selection operator ).

MBAREAKEAEAIRDET, BIRSEIE AT REMAR . Bk, Tl L1, L2 8§
elastic net regularization X FF Y 1E W ik

B ERTEBRR DR BEER G FH, #HE A Spark MLIb L 4% .
8 http://spark.apache.org/docs/latest/mllib-linear-methods.html#linear-least-squares-
lasso-and-ridge-regression,

7.1.2 REREYS

AT LNE [T AR AR 5 A FH X o 63 2 PRI, DRk S A 7 [ U s el R0 17 B A 2
ik, XH, AaiER7FE (variance ) E 2, i/ IR&NERIHMRERE 7 #R07
ﬁ_‘#o

B %k T R A e R G B E 7 ik 09 0, 3L Spark SUA% ¥ MLIIb 3 A
/%~ http://spark.apache.org/docs/latest/mllib-decision-tree.html

TEE—AEIE AR B, b Ay x i, AbRE R p Rl B A s

M Cratr EI5 R ) LLEBE TR, DRSR B ek BT (R ) SR LFoR . FTIEH,
PRI T U A 2 A L MR R AU 5 B
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7.2 VHEEVIRE R RE

o5 6 FVEA 7SRRI (SO TE Tt S AN SE BRI o X T A T —oo4s
A, HEAREAR TN A IER SR AEEL, FRATH S0 PSS R IE AR B R R A0SR

XA, PO FARAS S RAR R, B AFRA TSN R n] RS i PN 1) F AR i
SR, FRATAT LIS BN AN S PRE R R 22, JF ISR BT s T IPA

— S I FPAL B BE AR E T 4G . ¥9751RZE (MSE, mean squared error ), 1575
#RIRZE (RMSE, root mean squared error ), F34E3H1R%E (MAE, mean absolute error ), R-F75
Z 3 ( R-squared coefficient ) %5,

721 PIFREMNBFIRIRE
B (MSE) SV iiit, FITERN TR mI fdR g sd, AT
v (W' x() - ()
Z( n )
A AR I BT REAR B T A S BRI 22 20, B IR AR B

YIJiRiR2: (RMSE ) & MSE AR o B8 X e AN SEBRE 9 22 B9-F- J R A, IR
SFEECGRE MSE, RMSE NEIZ-FHR i, Bk sREE S mi . v AE
XTI, BRI

AT AR RTINS iR 2 FoA T SE TN RDD 5249 LabeledPoint WA NMRAE A 5,
SRIGHHETRINE 5 SCPRE iR 22 I —1 Double $X4H1Y RDD, f¢J5 i mean it & irg
Double {HAYFEIIE,

A 1R 22 PR B Scala SEELANTF «

def squaredError (actual: Double, pred: Double): Double ={
return Math.pow( (pred - actual), 2.0 )
}

722 FHBEINRE
PR xtiR2E (MAE ) S BRI BR R A 22 26 X0 B ~F- XM

w' x(i)— y(i)|

i=l1 n

n
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MAE 1 MSE KK, XHITET MAE X KRR A TS
i1 MAE 1Y Scala f8HS4NF .

def abs_error(actual: Double, pred: Double): Double = {
return Math.abs( (pred - actual) )
}

723 BIRRIMBORE

XFEE TR RARIEA MSE Ml MAE RT3, B8 T Kaggle LA bike sharing 1 %54
B HEPE . P RATEGRZE (RMSLE, root mean squared log error ) ] LATA AN FUM{ELAN H bREE
TS 1Y RMSE 0FP B &7 161E F T HAR S S (EIAR K, I H A B e i (A B FR{E
A B AR KIS X ARARZE A TARST AE O . 53 4, B ARaE T RR 2200 B R A IR 22 4 XA

ﬂ Kaggle 52 & #93FM R & :  https:/www.kaggle.com/c/bike-sharing-demand#evaluation.,

715 RMSLE 19 Scala fCAS 0T

def squared_log_error (actual: Double, pred: Double): Double = {
return (np.log(pred + 1) - np.log(actual + 1))**2
return Math.pow( (Math.log(pred +1) - Math.log(actual +1)),2.0)
}

724 RIEFEH

RV 280, WARHIE RZ%L (coefficient of determination ), HIRPFALBIRILI A BdE 94T IR,
TG E . RV RECEMN & AR & 0728 5B (degree of variation ), FRZ45HH 0~1
BI—AME, 1 R AENS 58 IS K

7.3 NEHEH A IERFHE

IR Ay [ U ) R R RN AR —FE T LAFRATT ] LA IRIRE R il A B A BURFAE . SEFR
FRE—AANTE:, [l A T B A S i, Wﬁﬁj\*@mﬂﬁ?ﬁ{) Hbmede &, b Tie
PFPEDL, MLLb ) LabeledPoint ZEEAHIE T iX— ., KA Llabel FEA# H Double 281,

M bike sharing ##E & BUFAE

BT BRAR T () — LS, FRATIERE T bike sharing ZHAEMELE , X AEHEAEICE T bike
sharing ZGE45/ N A7 420 R AHOCER, D3 AMB A0 Fs HLY L IRFR] 0, ZE R i H SRS (E R
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IXANKCHESE 69 T 3 ak . http:/archive.ics.uci.edu/ml/datasets/Bike+Sharing+
Dataset,
& Data Folder 4% 4 F # Bike-Sharing-Datase.zip X4+
0 % /R B K 52 %9 Hadi Fanaee-T 7& bike sharing 2 ¥ £ #4M A T KR A A EH
AR H A, ABR AL
FANAEE-T H, GAMA J. Event labeling combining ensemble detectors and
background knowledge [J]. Progress in Artificial Intelligence, 2014, 2( 2-3 ): 113-127.

T#Jtf#E Bike-Sharing-Dataset.zip, 23—~ & Bike-Sharing-Dataset i C{F3, Hf
£ % day.csv. hour.csv Fll Readme.txt 553014,

Horp Readme.txt SUIFABARERIHICHE R, AFFLEA MR, FIF3CH, MBS

F.cvo

Q instant: icsE ID

Q dteday: H

O season: PUZ{FHE, U spring, summer, winter £l fall
Q yr: 4 (2011 80# 2012)

d mnth: H’ﬁj\

Q hr: RATZ

O holiday: 2@ Tk H

QO weekday: FJL

O workingday: M¥KEHFNTIEH

Q weathersit: FRKIIFEMAISEL

Q temp: iR

O atemp: HEGRE

Q hum: B

Q windspeed: K&

Q cnt: HbEGR, /NN EIT4EMATE

AL SN PR hour.csve FTIFSCME, B—ATREFINCHET . W MUSEIZ
FTENEATAIRGT 20 474504 -

val spark = SparkSession
.builder
.appName ("BikeSharing")
.master ("local[l]l")
.getOrCreate ()
// B csv LH
val df = spark.read.format ("csv").option("header", "true")
.load (" /dataset/BikeSharing/hour.csv")
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df.cache()

df.registerTempTable ("BikeSharing")

print (df.count ())

spark.sqgl ("SELECT * FROM BikeSharing") .show ()

Xof oz R I AR B2 P )

root

|-- instant: integer (nullable = true)
|-- dteday: timestamp (nullable = true)
|-- season: integer (nullable = true)

|-- yr: integer (nullable = true)

|-- mnth: integer (nullable = true)

|-- hr: integer (nullable = true)

|-- holiday: integer (nullable = true)

| -- weekday: integer (nullable = true)

| -- workingday: integer (nullable = true)
| -- weathersit: integer (nullable = true)
|-- temp: double (nullable = true)

|-- atemp: double (nullable = true)

|-- hum: double (nullable = true)

| -- windspeed: double (nullable = true)
|-- casual: integer (nullable = true)

|-- registered: integer (nullable = true)
|-- cnt: integer (nullable = true

|instant| dteday |season| yr|mnth| hr|holiday|weekday|workingday |weathersit|temp| atemp| hum|windspeed|casual|registered|cnt|
| 1]2011-01-01 00:00:... | 1] o 1] o] 0| 6| 0| 1]0.24|0.2879|0.81| 0.0] 3] 13| 16|
| 2|2011-01-01 00:00: ... | 1] o 1| 1| 0| 6| 0| 1]0.22|0.2727| 0.8| 0.0| 8| 32| 40
| 3|2011-01-01 00:00: ... | 1| o] 1] 2| 0| 6| 0| 1]0.22|0.2727| 0.8| 0.0| 5| 27| 32
| 4|2011-01-01 00:00: ... | 1| o] 1| 3| 0| 6| 0| 1]0.24|0.2879(0.75| 0.0 3] 10| 13|
| 5|2011-01-01 00:00: ... | 1] o 1| 4| 0| 6| 0| 1]0.24|0.2879(0.75| 0.0| 0| 1] 1|
| 6|2011-01-01 00: | 1| o] 1| 5] 0| 6| 0| 2|0.24|0.2576|0.75| 0.0896| 0| 1| 1]
| 7|2011-01-01 00: | 1] o 1| 6| 0| 6| 0| 1]0.22|0.2727| 0.8| 0.0| 2| 0| 2|
| 8|2011-01-01 00: | 1 o 1] 7] 0| 6| 0| 1] 0.2]0.2576|0.86| 0.0] 1] 2| 3|
| 9|2011-01-01 00: | 1| o 1| 8| 0| 6| 0| 1]0.24|0.2879(0.75| 0.0| 1] 7| 8|
| 10|2011-01-01 00:00:... | 1] o 1| 9| 0| 6| 0| 1]0.32|0.3485|0.76| 0.0| 8| 6| 14|
| 11|2011-01-01 00:00:... | 1| o] 1| 10| 0| 6| 0| 1]0.38/0.3939|0.76| 0.2537| 12| 24| 36|
| 12|2011-01-01 00: | 1] o] 1] 11| 0| 6| 0| 110.36/0.3333|0.81| 0.2836] 26| 30| 56
| 13]2011-01-01 00: | 1] o] 1] 12| 0| 6| 0| 1]0.42|0.424210.77| ©0.2836| 29| 55| 84|
| 14|2011-01-01 00: | 1| o] 1] 13| 0| 6| 0| 2|0.46|0.4545(0.72| 0.2985| 47| 47| 94|
| 15|2011-01-01 00: | 1| o] 1| 14| 0| 6| 0| 2/0.46|0.4545|0.72] 0.2836] 35| 71|106
| 16|2011-01-01 00: | 1| o 1] 15| 0| 6| 0| 2|0.44|0.4394|0.77| ©0.2985| 40| 70|110
| 17/2011-01-01 00: | 1| o] 1| 16| 0| 6| 0| 2|0.42|0.4242|0.82| 0.2985| 41| 52| 93|
| 18|2011-01-01 00: | 1| o] 1] 17| 0| 6| 0| 2|0.44|0.4394|0.82| 0.2836] 15| 52| 67|
| 19|2011-01-01 00: | 1] o] 1| 18| 0| 6| ol 3|0.42]0.4242|0.88| 0.2537| 9| 26| 35|
| 20|2011-01-01 00: | 1| o] 1] 19| 0| 6| 0| 3/0.42|0.4242|0.88| 0.2537| 6| 31| 37|
only showing top 20 rows

ARF G LN A2 Scala e S BRG] o X0 1 TR AR AL T U0 N 442 : https:/github.com/
ml-resources/spark-ml/tree/branch-ed2/Chapter 07,

HRBRARE, ARSI, MRS RTARE, FRBOC SR ABI TR

print (df.count ())

HAmh s -

17,379



7.3 IR P IR AE A AT 219

HOBHRAE A 17 379 S5/ DT . A TZATCAB LS4 . T HRKE2 28 record ID (12
SEID) Migs)sls B, RIS Z0% casual Ml registered XBFATTEL, (HICHERKTT
B one SIME. cnt B EARPIFIRGAL, XGRS 1251, XPhy 12 85, |/ 8
SUE, J5 4R IENAG)E SR

// %% record id, date, casual #» registered 7|
val dfl = df.drop("instant")

.drop ("dteday")

.drop("casual")

.drop ("registered")
dfl.printSchema ()

AR A A AN E

root

|-- season: integer (nullable = true)

|-- yr: integer (nullable = true)

|-- mnth: integer (nullable = true)

|-- hr: integer (nullable = true)

|-- holiday: integer (nullable = true)

| -- weekday: integer (nullable = true)

| -- workingday: integer (nullable = true)
| -- weathersit: integer (nullable true)
|-- temp: double (nullable = true)

|-- atemp: double (nullable = true)

|-- hum: double (nullable = true)

| -- windspeed: double (nullable = true)
|-- cnt: integer (nullable = true)

Tﬁﬂgfﬁﬁ%ﬁg}/’:}{%}sﬁﬁﬂ E‘Jﬁ%’éﬂ%y‘? Double 5'@@
// ¥%&3|% % Double £ A

val df2 = dfl.withColumn("season", dfl("season").cast ("double"))

.withColumn ("yr", dfl("yr").cast ("double"))
.withColumn ("mnth", dfl("mnth").cast ("double"))
.withColumn ("hr", dfl("hr").cast ("double"))

(
(
(
.withColumn ("holiday", dfl("holiday") .cast ("double"))
.withColumn ("weekday", dfl("weekday").cast ("double"))
.withColumn ("workingday", dfl("workingday") .cast ("double"))

(

(

(

(

(

(

.withColumn ("weathersit", dfl("weathersit").cast ("double"))
.withColumn ("temp", dfl("temp").cast ("double"))

.withColumn ("atemp", dfl("atemp") .cast ("double"))
.withColumn ("hum", dfl("hum").cast ("double"))

.withColumn ("windspeed", dfl("windspeed") .cast ("double"))

.withColumn ("label", dfl("label").cast ("double"))

df2.printSchema ()
X R AR

root
| -- season: double (nullable = true)
|-- yr: double (nullable = true)
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|-- mnth: double (nullable = true)

|-- hr: double (nullable = true)

|-- holiday: double (nullable = true)

| -- weekday: double (nullable = true)

| -- workingday: double (nullable = true)
| -- weathersit: double (nullable = true)
|-- temp: double (nullable = true)

|-- atemp: double (nullable = true)

|-- hum: double (nullable = true)

| -- windspeed: double (nullable = true)
|-- label: double (nullable = true)

ZBARSEA B 2R R, T Vector Assembler #11 Vector Indexer Z:JRUN T A BRANF

O Vector Assembler: —FZ MG I H— DB EH 2N REBRIES IR
— AR, DT BE A T U ZRg M [T A S 2 2R ML 2 S R

O Vector Indexer: XZEHFFEHFTRT], XHEFEM Vector Assembler 15 (ARSI HIFFE
B2 H s e MR SRS BERE , IR L PR (eSS MM RE .

XH, df2 R label MR IIERSE VectorAssembler M rawFeatures,

BE—NPEBN vector B AFTIF—1ZEL maxCategories, VectorIndexer ZARYE
AR B R MR RE R AR DL 2R A . SRR A3 2K B 2 maxCategories Ffi,

// %F label #HAlZHird &

val df3 = df2.drop("label")

val featureCols = df3.columns

val vectorAssembler = new VectorAssembler ()
.setInputCols (featureCols)
.setOutputCol ("rawFeatures")

val vectorIndexer = new VectorIndexer ()
.setInputCol ("rawFeatures")

.setOutputCol ("features") .setMaxCategories (4)
FAR AT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

BikeSharingExecutor.scala

7.4 [BlYIHRBIRY)IZF0 2 B
I TR PR P I 25 BN A KRR ], 5 S A ) R R T

7.4.1 BikeSharingExecutor

—

BikeSharingExecutor A FHFEHEAEITAHRA EIEAA, HAETT LinearRegression,
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PATERPERERRE . WEBEFSECN LR_<types>, HH type BEWEMEA . Hiad IS 0L
TARAS A B

def executeCommand (arg: String, vectorAssembler: VectorAssembler
, vectorIndexer: VectorIndexer
, dataFrame: DataFrame
, spark: SparkSession) = arg match {
case "LR_Vectors" => LinearRegressionPipeline
.linearRegressionWithVectorFormat (vectorAssembler, vectorIndexer, dataFrame)
case "LR_SVM" => LinearRegressionPipeline
.linearRegressionWithSVMFormat (spark)
case "GLR_Vectors" => GeneralizedLinearRegressionPipeline
.genLinearRegressionWithVectorFormat (vectorAssembler, vectorIndexer, dataFrame)
case "GLR_SVM" => GeneralizedLinearRegressionPipeline
.genLinearRegressionWithSVMFormat (spark)
case "DT_Vectors" => DecisionTreeRegressionPipeline
.decTreeRegressionWithVectorFormat (vectorAssembler, vectorIndexer, dataFrame)
case "DT_SVM" => GeneralizedLinearRegressionPipeline
.genLinearRegressionWithSVMFormat (spark)
case "RF_Vectors" => RandomForestRegressionPipeline
.randForestRegressionWithVectorFormat (vectorAssembler
, vectorIndexer, dataFrame)
case "RF_SVM" => RandomForestRegressionPipeline
.randForestRegressionWithSVMFormat (spark)
case "GBT_Vectors" => GradientBoostedTreeRegressorPipeline
.gbtRegressionWithVectorFormat (vectorAssembler, vectorIndexer, dataFrame)
case "GBT_SVM" => GradientBoostedTreeRegressorPipeline
.gbtRegressionWithSVMFormat (spark)

FEARE LT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

BikeSharingExecutor.scala

7.4.2 £ bike sharing #i#z5% _L1)IIZk[[E])IHRE

1. Z&MEE)3

2o Mk S R el A o RN BT 0 2 — SRR LA B v . b R R R
y=c+bxx, HHy WATHISRRA R, c MHEE, b EIERE 1 x A E,

TR 8 23 AR A% , 15 B Spark FR Y [EIHIEAE ] LinearRegression
KR EARAY, FEAEMAE R LA E A5 5PR . 1ineRegressionWithVectorFormat PR%L
{# FH28840E, 1 1inearRegressionwithSvMFromat {#i ] bike sharing ZUHE4EAY libsvm 4% 2,

def linearRegressionWithVectorFormat (vectorAssembler: VectorAssembler
, vectorIndexer: VectorIndexer
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, dataFrame: DataFrame) = {
val lr = new LinearRegression()
.setFeaturesCol ("features"
.setLabelCol ("label")
.setRegParam(0.1)
.setElasticNetParam(1.0)
.setMaxIter (10)

val pipeline = new Pipeline().setStages (Array (vectorAssembler, vectorIndexer, 1r))
val Array(training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)
val model = pipeline.fit(training)

val fullPredictions = model.transform(test) .cache()

val predictions = fullPredictions.select ("prediction") .rdd.map(_.getDouble(0)
val labels = fullPredictions.select("label").rdd.map(_.getDouble(0))

val RMSE = new RegressionMetrics (predictions.zip(labels)).rootMeanSquaredError
println(s" Root mean squared error (RMSE): SRMSE")

def linearRegressionWithSVMFormat (spark: SparkSession) = {
AR K- €
val training = spark.read.format ("libsvm")

.load("./src/main/scala/org/sparksamples/regression/dataset/BikeSharing/lsvmHours.txt")

val 1lr = new LinearRegression()
.setMaxIter (10)
.setRegParam(0.3)
.setElasticNetParam(0.8)

/] WA
val 1lrModel = 1lr.fit(training)

[/ AT otk AR 69 R BoAe K JE

println(s"Coefficients: ${lrModel.coefficients} Intercept: ${lrModel.intercept}")

/) DR AV %R RN, AT — LA

val trainingSummary = lrModel.summary

println(s"numlterations: S${trainingSummary.totallterations}")
println(s"objectiveHistory: S${trainingSummary.objectiveHistory.toList}")
trainingSummary.residuals.show ()

println(s"RMSE: ${trainingSummary.rootMeanSquaredError}"

println(s"r2: ${trainingSummary.r2}")

—

HE BT, HEE, residuals EBREE,

| 32.92325797801143|
| 59.97614044359903]|
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| 35.80737062786482]
1-12.5098864680510751
1-25.979774633117792]
1-29.352862474201224
1-5.9517346926691435]
| 18.453701019500947|
1-24.859327293384787|
| -47.14282080103287]
| -27.50652100848832]|
| 21.865309097336535]
| 4.037722798853395]
1-25.691348213368343|
| -13.59830538387368]|
| 9.3366917270803361
| 12.83461983259582]
| -20.5026155752185 |
| -34.83240621318937]|
| -34.30229437825615]1

only showing top 20 rows
RMSE: 149.54567868651284
r2: 0.3202369690447968

AR T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/

2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

LinearRegressionPipeline.scala. -
7
2. T X MR

VERNH IR S A0, B X & MHRR (GLM, generalized linear models ) f&—F4544],
g 7 A% i AR N FE B0 A SR R (R R oA

FHEEEGEE 8 ¢ 2 4 ARl S, f5Bh Spark FAYEIEIEAGH Generalized-
LinearRegression JEIEARA, FHAEMIREHELE LS4 IFALTEPR

object GeneralizedLinearRegressionPipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def genLinearRegressionWithVectorFormat (vectorAssembler: VectorAssembler
, vectorIndexer: VectorIndexer
, dataFrame: DataFrame) = {
val 1lr = new GeneralizedLinearRegression ()

.setFeaturesCol ("features")

.setLabelCol ("label")

.setFamily ("gaussian")

.setLink ("identity™")

.setMaxIter (10)

.setRegParam(0.3)
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val pipeline = new Pipeline() .setStages (Array (vectorAssembler, vectorIndexer, 1lr))
val Array (training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)
val model = pipeline.fit (training)

val fullPredictions = model.transform(test) .cache()

val predictions = fullPredictions.select ("prediction") .rdd.map(_.getDouble(0))
val labels = fullPredictions.select("label").rdd.map(_.getDouble(0))

val RMSE = new RegressionMetrics (predictions.zip(labels)) .rootMeanSquaredError
println(s" Root mean squared error (RMSE): SRMSE")

}
def genlLinearRegressionWithSVMFormat (spark: SparkSession) = {
AR N ES &
val training = spark.read.format ("libsvm")
.load("./src/main/scala/org/sparksamples/regression/dataset/BikeSharing/lsvm

Hours.txt")
val lr = new GeneralizedLinearRegression()
.setFamily ("gaussian")
.setLink ("identity")
.setMaxIter (10)
.setRegParam(0.3)

/] AR
val model = lr.fit(training)

/) AT LR AR T 4 R Sk AR SR
println(s"Coefficients: ${model.coefficients}")
println(s"Intercept: ${model.intercept}")

/) BEER | Gk by RN ATEp— A5 AR
val summary = model.summary
println(s"Coefficient Standard Errors:

S{summary.coefficientStandardErrors.mkString(",")}")
println(s"T Values: ${summary.tValues.mkString(",")}")
println(s"P Values: S${summary.pValues.mkString(",")}")

println(s"Dispersion: ${summary.dispersion}")
println(s"Null Deviance: ${summary.nullDeviance}")

(
(
(s
println(s"Residual Degree Of Freedom Null: ${summary.residualDegreeOfFreedomNull}")
(
(
(
(

println(s"Deviance: ${summary.deviance}")

println(s"Residual Degree Of Freedom: ${summary.residualDegreeOfFreedom}")
println(s"AIC: S${summary.aic}")

println("Deviance Residuals: ")

summary .residuals () .show ()

}
HA B .

N GeneralizedLinearRegression. fitIntercept N true, MEXT#RIEHILE,
e 2R 1] A ARG 1 A

EIRACRS A 2R KRN -
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1.1353970394903834,2.2827202289405677,0.5060828045490352,0.17353679457103457
,7.062338310890969,0.5694233355369813,2.5250738792716176,

2.0099641224706573,0.7596421898012983,0.6228803024758551,0.07358180718894239
,0.30550603737503224,12.369537640641184

Ak ZBNEIER T 4iiHE ( Tostatistic ) UWIF -

T Values: 15.186791802016964,33.26578339676457,-11.27632316133038
,8.658129103690262,-3.8034120518318013,2.6451862430890807
,0.9799958329796699,3.731755243874297,4.957582264860384
,6.02053185645345,-39.290272209592864,5.5283417898112726
,-0.7966500413552742

A R ECFARIE XU P {E ( two-sided P-value ) W1F :

P Values: 0.0,0.0,0.0,0.0,1.4320532622846827E-4
,0.008171946193283652,0.3271018275330657
+,1.907562616410008E-4,7.204877614519489E-7
,1.773422964035376E-9,0.0,3.2792739856901676E-8
,0.42566519676340153

B 7= (dispersion ) UIF -
Dispersion: 22378.414478769333
ST 3R oA Amia AN oA Rk, PAVEPTAFAEA 6 Dispersion BAAR 1.0,
8 H A SUN] A 554 % R#FF (residual Pearson’s chi-squared statistic ) 574 B
B & (residual degeress of freedom ) #J 7 .

RIS AFAY Null deviance H:

Null Deviance: 5.717615910707208E8

FRAR F BT

Residual Degree Of Freedom Null: 17378

1 logistic [MIJA73#rHh, fW2E (deviance ) XA G-I FIAYTHE. . &0 T —1>
LMD B A 22 R . S YAFAE— MM (saturated ) AR (BEIE 158 SeUA %0 )
I, 2 i 25 e R R A ISR Y FUARAT Y o

Deviance: 3.886235458383082E8
0 AL https://en.wikipedia.org/wiki/Logistic_regression.

o HWE

FI H BE 2 BB A A TR AR GE T HRRIE I A A% O A o G 3 1 SR REA RS 5 i R i A
w2, S A df (degrees of freedom ),

AT LLRE df B I — D GET A58 55 —Ge i Il 2055 R A R 2% . B UT RO i o -
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Residual Degree Of Freedom: 17366

Frs EEN] ( AIC, Akaike information criterion ) J&—FXT45 EEIRLE ARG HHAIAH
SRR, 25 5TV —BE 45 i TR, ATC A58 458 2 [R] A ARG andT . Fhatk,
AIC 243 T — R R PR A 73 -

0 £ https://en.wikipedia.org/wiki/Akaike information_criterion.

ST BRI AIC s an R .

AIC: 223399.95490762248

| 32.385412453563546]
| 59.5079185994115]|
| 34.980374911408961
1-13.503450469022432]|
1-27.005954440659032]
1-30.197952952158246|
| -7.039656861683778]|
| 17.320193923055445]|
| -26.0159703272054]|
| -48.69166247116218]|
| -29.50984967584955]|
| 20.520222192742004 1
| 1.6551311183207815]|
1-28.524373674665213|
1-16.337935852841838]|
| 6.441923904310045]|
| 9.91072545492193|
1-23.418896074866524 |
1-37.870797650696346|
1-37.373301622332946/

only showing top 20 rows

FAR DT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

GeneralizedLinearRegressionPipeline.scala.
3. REREYT
R Ry . ARRERAY I, BRI A 2 AR R MR U IESZ H ( feature
interaction ), TEVFZAESS L, YRR RIURES, MRS PR ARRE, REALBRISFBEIYRAIE

1 HANTG ZEXP A T A i bl o EAT7ESE B B R BEAR A (Lo, PRSI ZEAL, BBk
HARA )
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PRl [ i R RT5E, MR AL CRRAE ) JHER, B AR PR REX Kdla 5
HEATE A E] CEIEIEARAE 2RI S8 4R ) RORAIE. (5 B0 63 iz sl ARSERE (RIS RipR
BEAHAL AN R AR ) 980 25051 B9 A5 R AN S B InBSCRIA 21

WF AR E SCT AT, 4303 8 < 21 7 3B, ¥ bike sharing ZXHREE > Ml 2
WS, {5 B Spark H 9 [EH AL ] DecisionTreeRegression JAIEAERY, F-AEN
G | PSR 7 T

object DecisionTreeRegressionPipeline {

@transient lazy val logger = Logger.getLogger (getClass.getName)

def decTreeRegressionWithVectorFormat (vectorAssembler: VectorAssembler
, vectorIndexer: VectorIndexer
, dataFrame: DataFrame) = {
val 1lr = new DecisionTreeRegressor ()
.setFeaturesCol ("features")
.setLabelCol ("label")

val pipeline = new Pipeline().setStages (Array (vectorAssembler, vectorIndexer,

1r))
val Array (training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)
val model = pipeline.fit(training)
[/ HATEM 7
val predictions = model.transform(test)
/] BB FTRET
predictions.select ("prediction", "label", "features").show(5)
// Select (prediction, true label) and compute test error.
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label™")
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate (predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)
val treeModel = model.stages(l).asInstanceOf[DecisionTreeRegressionModel]
println("Learned regression tree model:\n" + treeModel.toDebugString)
}
def decTreeRegressionWithSVMFormat (spark: SparkSession) = {

YN
val training = spark.read.format ("libsvm")
.load (" /Users/manpreet .singh/Sandbox/codehub/github/machinelearning/spark-ml/" +
"Chapter_07/scala/2.0.0/scala-spark-app/src/main/scala/org/sparksamples/" +
"regression/dataset/BikeSharing/lsvmHours.txt")

/) B RAMAE, ST AT
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/] R, A AAVAEREBAR A AL Y i S A A
val featureIndexer = new VectorIndexer ()
.setInputCol ("features")
.setOutputCol ("indexedFeatures")
.setMaxCategories (4)
.fit (training)

/) BT 3 K0 el X SR
val Array (trainingData, testData) = training.randomSplit (Array (0.7, 0.3))

// WE%—/~DecisioTree A

val dt = new DecisionTreeRegressor ()
.setLabelCol ("label")
.setFeaturesCol ("indexedFeatures")

// ¥ Indexer feiffifiE#| —/A Pipeline F
val pipeline = new Pipeline()
.setStages (Array (featureIndexer, dt))

/] WEGER X RE LA K Indexer WiEfT val model = pipeline.fit (trainingData)

/] BATTRM

val predictions = model.transform(testData)

/] aBFRITHET

predictions.select ("prediction", "label", "features").show(5)

/) #FE (RAME, AEME) 2, HFHaKRE
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate (predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)

val treeModel = model.stages(l).asInstanceOf[DecisionTreeRegressionModel]
println("Learned regression tree model:\n" + treeModel.toDebugString)

}
HA b anr

Coefficients:
[17.243038451366886,75.93647669134975,-5.7067532504873215,1.5025039716365927
,-26.86098264575616,1.5062307736563205,2.4745618796519953,7.500694154029075
,3.7659886477986215,3.7500707038132464,-2.8910492341273235,1.6889417934600353]
Intercept: -9.85419267296242

Coefficient Standard Errors:

1.1353970394903834,2.2827202289405677,0.5060828045490352,0.17353679457103457
,7.062338310890969,0.5694233355369813,2.5250738792716176,2.0099641224706573
,0.7596421898012983,0.6228803024758551,0.07358180718894239,0.30550603737503224
,12.369537640641184

T Values:

15.186791802016964,33.26578339676457,-11.27632316133038,8.658129103690262
,-3.8034120518318013,2.6451862430890807,0.9799958329796699,3.731755243874297
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,4.957582264860384,6.02053185645345,-39.290272209592864,5.5283417898112726
,-0.7966500413552742

P Values:

0.0,0.0,0.0,0.0,1.4320532622846827E-4,0.008171946193283652,0.3271018275330657
,1.907562616410008E-4,7.204877614519489E-7,1.773422964035376E-9,0.0
,3.2792739856901676E-8,0.42566519676340153

Dispersion: 22378.414478769333

Null Deviance: 5.717615910707208E8
Residual Degree Of Freedom Null: 17378
Deviance: 3.886235458383082E8

Residual Degree Of Freedom: 17366

AIC: 223399.95490762248
Deviance Residuals:

| 32.385412453563546/
| 59.5079185994115]|
| 34.980374911408961
1-13.503450469022432]
1-27.005954440659032]
1-30.197952952158246|
| -7.039656861683778]
17.320193923055445]|

-26.0159703272054|
-48.69166247116218]|
-29.50984967584955]
20.520222192742004|
1.6551311183207815]|
1-28.524373674665213|
1-16.337935852841838]|
| 6.441923904310045]
| 9.91072545492193 |
1-23.418896074866524 |
1-37.870797650696346|
1-37.373301622332946/

only showing top 20 rows
KT UMTIREEE R, WS AT ) SCRMERIET #755,

TERAET
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

DecisionTreeRegressionPipeline.scala,

7.4.3 RERBIER

L (ensemble ) E—FLas 5k, EoOIE— MR AR . Spark
SCIFPIRR AR IBIRE . BENLARARFIBE RE ST o
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1. BEHLARIREIRE

BEHLARMIE: Hoer T DR A SR MR R o QRS —HE, BELARAR L REAL IR HIRRAE | S fy
Z IR HAT ZRHEAE L

AR AR SE ST RN T, 434k 8 1 2R 7 1 3L, ¥ bike sharing FCHEEE SN AN
MRS, &8 Spark FAYIIHIEASH RandomForestRegressor AR, FFAEMA
IR FA RIS PSR R

object RandomForestRegressionPipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def randForestRegressionWithVectorFormat (vectorAssembler: VectorAssembler
, vectorIndexer: VectorIndexe
, dataFrame: DataFrame) = {
val lr = new RandomForestRegressor ()
.setFeaturesCol ("features")
.setLabelCol ("label")

val pipeline = new Pipeline().setStages (Array (vectorAssembler, vectorIndexer, 1r))
val Array (training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)
val model = pipeline.fit (training)

// BT

val predictions = model.transform(test)

/) RBFERT R AT

predictions.select ("prediction", "label", "features").show(5)

// ##F (FRAME, AFEM) *, SFtHEalXEz
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate(predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)

val treeModel = model.stages(l).asInstanceOf [RandomForestRegressionModel]
println("Learned regression tree model:\n" + treeModel.toDebugString)

def randForestRegressionWithSVMFormat (spark: SparkSession) = {
/] BADEAAE
val training spark.read. format ("libsvm")
.load (" /Users/manpreet .singh/Sandbox/codehub/github/machinelearning/spark-ml/" +
"Chapter_07/scala/2.0.0/scala-spark-app/src/main/scala/org/sparksamples/" +
"regression/dataset/BikeSharing/lsvmHours.txt")
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/] BMARIRRA A, FFE LR
// % E maxCategories #9{d, ®AH 4 ML LTFBAL 945 LEARAL K % 4 4% [
val featureIndexer = new VectorIndexer ()

.setInputCol ("features")

.setOutputCol ("indexedFeatures")

.setMaxCategories (4)

.fit (training)

/] BEIER T 03 k0| GhAe ] K B4R
val Array (trainingData, testData) = training.randomSplit (Array (0.7, 0.3))

// W% —A~ RandomForest A&

val rf = new RandomForestRegressor ()
.setLabelCol ("label™")
.setFeaturesCol ("indexedFeatures")

// ¥ Indexer Ao L iX A 15—/ Pipeline
val pipeline = new Pipeline()
.setStages (Array (featureIndexer, rf))

[/ DEHBER, XRH LM A Indexer #ELT
val model = pipeline.fit(trainingData)

[/ HATTR
val predictions = model.transform(testData)

// #EBFERT BT MR

predictions.select ("prediction", "label", "features").show(5)

// ##F (FRAME, AEM) &, FtFalREE
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate (predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)

val rfModel = model.stages(1l).asInstanceOf [RandomForestRegressionModel]
println("Learned regression forest model:\n" + rfModel.toDebugString)

}
X RO Pl A

RandomForest: init: 2.114590873
total: 3.343042855

findSplits: 1.387490192
findBestSplits: 1.191715923
chooseSplits: 1.176991821

| 70.75171441904584| 1.0 |(12,[0,1,2,3,4,5,...1
| 53.43733657257549| 1.0 |(12,[0,1,2,3,4,5,...1
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| 57.18242812368521| 1.0 |(12,[0,1,2,3,4,5,...1
| 49.73744636247659| 1.0 |(12,[0,1,2,3,4,5,...1
156.433579398691144| 1.0 |(12,[0,1,2,3,4,5,...1
Root Mean Squared Error (RMSE) on test data = 123.03866156451954
Learned regression forest model:
RandomForestRegressionModel (uid=rfr_bd974271ffe6) with 20 trees
Tree 0 (weight 1.0):
If (feature 9 <= 40.0)
If (feature 9 <= 22.0)
If (feature 8 <= 13.0)
If (feature 6 in {0.0})
If (feature 1 in {0.0})
Predict: 35.0945945945946
Else (feature 1 not in {0.0})
Predict: 63.3921568627451
Else (feature 6 not in {0.0})
If (feature 0 in {0.0,1.0})
Predict: 83.05714285714286
Else (feature 0 not in {0.0,1.0})
Predict: 120.76608187134502
Else (feature 8 > 13.0)
If (feature 3 <= 21.0)
If (feature 3 <= 12.0)
Predict: 149.56363636363636
Else (feature 3 > 12.0)
Predict: 54.73593073593074
Else (feature 3 > 21.0)
If (feature 6 in {0.0})
Predict: 89.63333333333334
Else (feature 6 not in {0.0})
Predict: 305.6588235294118

R AN RIE B AN R A (R A i — S DR SRR

TR AL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

RandomForestRegressionPipeline.scala,
2. BHEREFHEYD

BREEARTI R ORI B LR/ MBSk R0 B AR, bR Zhaesfeit . &S et
HBIRFAE . SCRF 2R AT ZRH AT

Spark MLIib fi B BUAT B PSR S B S BURS E BT, JFIRII S fp 26 Al

W ACHD 3 T AR, Ar e 8 2 F1 7 1 3 AU LR, K bike sharing RS> A
S FEGEE, HAEMREHEE F15RS e
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object GradientBoostedTreeRegressorPipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def gbtRegressionWithVectorFormat (vectorAssembler: VectorAssembler, vectorIndexer:
VectorIndexer, dataFrame: DataFrame) = {
val 1lr = new GBTRegressor ()
.setFeaturesCol ("features")
.setLabelCol ("label")
.setMaxIter (10)

val pipeline = new Pipeline().setStages (Array (vectorAssembler, vectorIndexer, 1r))
val Array(training, test) = dataFrame.randomSplit (Array (0.8, 0.2), seed = 12345)
val model = pipeline.fit (training)

// AT

val predictions = model.transform(test)

/) HBERT BT AR

predictions.select ("prediction", "label", "features").show(5)

[/ &AF (FRAME, AEME) 2, FitFalXizd
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate(predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)

val treeModel = model.stages(l).asInstanceOf [GBTRegressionModel]
println("Learned regression tree model:\n" + treeModel.toDebugString)

def gbtRegressionWithSVMFormat (spark: SparkSession) = {
/) BN S A
val training = spark.read.format ("libsvm")
.load (" /Users/manpreet.singh/Sandbox/codehub/github/machinelearning/spark-ml/" +
"Chapter_07/scala/2.0.0/scala-spark-app/src/main/scala/org/sparksamples/" +
"regression/dataset/BikeSharing/lsvmHours.txt")

[/ B RIRA KA, LR
// & E maxCategories #J4d, EARA 4 MNA LR R 694 FEAAL K & B4 4
val featurelIndexer = new VectorIndexer ()

.setInputCol ("features")

.setOutputCol ("indexedFeatures")

.setMaxCategories (4)

.fit (training)

/) BT 3 5 A HAem KR &
val Array(trainingData, testData) = training.randomSplit (Array (0.7, 0.3))

// D %—/~GBT # A&
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val gbt = new GBTRegressor ()
.setLabelCol ("label"
.setFeaturesCol ("indexedFeatures")
.setMaxIter (10)

// ¥ Indexer #= GBT A 15| — A Pipeline F
val pipeline = new Pipeline()
.setStages (Array (featureIndexer, gbt))

/) DHER, ER LMK Indexer #JiEAT
val model = pipeline.fit(trainingData)

/) BATIR

val predictions = model.transform(testData)

/) BBFBERTF RT A AT

predictions.select ("prediction", "label", "features").show(5)

/) #BF (AL, BEME) 2, FiahAdalXiEi
val evaluator = new RegressionEvaluator ()
.setLabelCol ("label™"
.setPredictionCol ("prediction")
.setMetricName ("rmse")
val rmse = evaluator.evaluate (predictions)
println("Root Mean Squared Error (RMSE) on test data = " + rmse)

val gbtModel = model.stages(1l).asInstanceOf [GBTRegressionModel]
println("Learned regression GBT model:\n" + gbtModel.toDebugString)

}
HA B anr

RandomForest: init: 1.366356823
total: 1.883186039

findSplits: 1.0378687
findBestSplits: 0.501171071
chooseSplits: 0.495084674

E b t=———- o ———— +
| prediction|label]| features|
oo 4o B L e P +
|-20.753742348814352| 1.0 |(12,[0,1,2,3,4,5, o
|1-20.760717579684087| 1.0 | (12,[0,1,2,3,4,5,...1
| -17.73182527714976| 1.0 |(12,[0,1,2,3,4,5,...1
| -17.73182527714976| 1.0 |(12,[0,1,2,3,4,5, o
| -21.397094071362| 1.0 |(12,[0,1,2,3,4,5, .
o 4o B e e P +

only showing top 5 rows
Root Mean Squared Error (RMSE) on test data = 73.62468541448783
Learned regression GBT model:
GBTRegressionModel (uid=gbtr 24c6ef8f52a7) with 10 trees
Tree 0 (weight 1.0):
If (feature 9 <= 41.0)
If (feature 3 <= 12.0)
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If (feature 3 <= 3.0)
If (feature 3 <= 2.0)
If (feature 6 in {1.0})
Predict: 24.50709219858156
Else (feature 6 not in {1.0})
Predict: 74.94945848375451
Else (feature 3 > 2.0)

If (feature 6 in {1.0})
Predict: 122.1732283464567
Else (feature 6 not in {1.0})
Predict: 206.3304347826087

Else (feature 3 > 3.0)
If (feature 8 <= 18.0)
If (feature 0 in {0.0,1.0})
Predict: 137.29818181818183
Else (feature 0 not in {0.0,1.0})
Predict: 257.90157480314963

THER AT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/
2.0.0/scala-spark-app/src/main/scala/org/sparksamples/regression/bikesharing/

GradientBoostedTreeRegressorPipeline.scala

7.5 HUHEBIERENMSEOEMN

TESS 6 Torh, ATV R TR e e RE B BORMEREA BRI . A TR B i he 53 b —
P72 X AR AT AR

751 THEIFTE

VFZALAR ST BRSNS A FU AR B A R RS, PR RS2 B i A i A
IS

(HRAEVFZLBRIEOLH , MR AR XA A IR BT AL, A b 3 17 43 a sk
AGEATTREA B o IXWRIIIES MR IRBAFAE RIS . O 1 S AF s PR FARAS B o0 A1, 8
5 R AR R A BT A

RG] T AR R oA A

object PlotRawData {

def main(args: Array[String]) {
val records = Util.getRecords()._1
val records_x = records.map(r => r(r.length - 1))
var records_int = new Array[Int] (records_x.collect () .length)

print (records_x.first())
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val records_collect = records_x.collect ()

for (1 <- 0 until records_collect.length) {

records_int (i) = records_collect (i) .tolInt
}
val min_1 = records_int.min
val max_1 = records_int.max

val min = min_1

val max = max_1

val bins = 40

val step = (max / bins).toInt

var mx = Map(0 -> 0)
for (i <- step until (max + step) by step) {
mx += (1 -> 0);

for (1 <- 0 until records_collect.length) {
for (j <- 0 until (max + step) by step) {
if (records_int (i) >= (j) && records_int (i) < (j + step)) {
print (mx(j))

print (mx)
mx = mx + (j -> (mx(j) + 1))
}
}

}
val mx_sorted = ListMap (mx.toSeq.sortBy (_._1): _*)
val ds = new org.jfree.data.category.DefaultCategoryDataset
var i = 0
mx_sorted. foreach { case (k, v) => ds.addvalue(v, "", k) }
val chart = ChartFactories.BarChart (ds)

val font = new Font ("Dialog", Font.PLAIN, 4);

chart.peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart.peer.getCategoryPlot.getDomainAxis.setLabelFont (font)

chart.show()
Util.sc.stop ()

}
ot 0 R R -
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2 R 4B B AR W KA A T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/1.6.2/
scala-spark-app/src/main/scala/org/sparksamples/PlotRawData.scala

— P b B AR AN 7 R F AR AR R BEA T A 4, B B A ) X R T AN 2 SR L X
Tk RO XA (2B REN T4 (E ).
.

A AR X E AR A AT R, I R X RO B T

object PlotLogData {

def main(args: Array[String]) {
val records = Util.getRecords()._1
val records_x = records.map(r => Math.log(r(r.length - 1).toDouble))
var records_int = new Array[Int] (records_x.collect().length)
print (records_x.first())
val records_collect = records_x.collect ()

for (i <- 0 until records_collect.length) {

records_int (i) = records_collect (i) .tolInt
}
val min_1 = records_int.min
val max_1 = records_int.max

val min = min_1.toFloat

val max = max_1.toFloat

val bins = 10

val step = (max / bins).toFloat

var mx = Map(0.0.toString -> 0)
for (i <- step until (max + step) by step) {
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mx += (i.toString -> 0);
}
for (i <- 0 until records_collect.length) {
for (j <- 0.0 until (max + step) by step) {
if (records_int (i) >= (j) && records_int (i) < (j + step)) {
mx = mx + (j.toString -> (mx(j.toString) + 1))
}
}
}
val mx_sorted = ListMap (mx.toSeqg.sortBy(_._1l.toFloat): _*)
val ds = new org.jfree.data.category.DefaultCategoryDataset
var 1 = 0

mx_sorted. foreach { case (k, v) => ds.addvalue(v, "", k) }

ChartFactories.BarChart (ds)
new Font ("Dialog", Font.PLAIN, 4);

val chart =
val font =

chart.peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart .peer.getCategoryPlot.getDomainAxis.setLabelFont (font)

chart.show ()
Util.sc.stop()

—

}
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object PlotLogData {

def main(args: Array[String]l) {
val records = Util.getRecords()._1
val records_x = records.map(r => Math.log(r(r.length - 1).toDouble))
var records_int = new Array[Int] (records_x.collect () .length)
print (records_x.first())
val records_collect = records_x.collect ()

for (i <- 0 until records_collect.length) {

records_int (i) = records_collect (i) .tolInt
}
val min_1 = records_int.min
val max_1 = records_int.max

val min = min_1.toFloat

val max = max_1l.toFloat

val bins = 10

val step = (max / bins).toFloat

var mx = Map(0.0.toString -> 0)
for (i <- step until (max + step) by step) {
mx += (i.toString -> 0);

for (i <- 0 until records_collect.length) {
for (j <- 0.0 until (max + step) by step) {
if (records_int (i) >= (j) && records_int (i) < (j + step)) {
mx = mx + (j.toString -> (mx(j.toString) + 1))

}

val mx_sorted = ListMap(mx.toSeqg.sortBy(_._l.toFloat): _*)
val ds = new org.jfree.data.category.DefaultCategoryDataset
var 1 = 0

mx_sorted.foreach { case (k, v) => ds.addvalue(v, "", k) }

val chart = ChartFactories.BarChart (ds)
val font = new Font ("Dialog", Font.PLAIN, 4);

chart.peer.getCategoryPlot.getDomainAxis () .
setCategoryLabelPositions (CategoryLabelPositions.UP_90) ;
chart.peer.getCategoryPlot.getDomainAxis.setLabelFont (font)

chart.show ()
Util.sc.stop()

}

MRS I7 HRAE S SRR, AR BT (LR D) #R SRR 5 BARIX
P I AARIRAS R IEZS A, ERE 28 st F AR S i T IS A 1
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ST TR RN
TR B AR AR AR P AT MR RE s e 2 T TH 2 AR B RS ARk T, (L HEL 2 R fot

ek B — TR . BARSN D LabeledPoint RDD i label FI 5 MR, X
X BAR AR s e, AR R AR 6

AR AN S B N REERY Al —A (FRmME, A 548 XTHI ALY RDD,

RIS T HipAs e, BAIS R A Tm G R BOS A . L, b T IR GE
T B TR G BT RS 2 ) SO E L [ R AR O E, X HLUH Math . exp () SEHE.

G A AR MSE. MAE #il RMSE 547

Scala fUASUNT -

object LinearRegressionWithLog {
def main(args: Array[String]) {

val recordsArray = Util.getRecords()
val records = recordsArray._1

val first = records.first ()

val numData = recordsArray._2

println (numbData.toString())
records.cache ()
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print ("Mapping of first categorical feature column: "
+ Util.get_mapping (records, 2))

var list = new ListBuffer[Map[String, Longl] ()

for (1 <- 2 to 9) {
val m = Util.get_mapping(records, 1)
list += m

}

val mappings = list.toList

var catLen = 0

mappings.foreach(m => (catLen += m.size))

val numLen = records.first().slice(1ll, 15).size
val totallen = catLen + numLen

print ("Feature vector length for categorical features:" + catLen)
print ("Feature vector length for numerical features:" + numLen)
print ("Total feature vector length: " + totalLen)

val data = {
records.map (r => LabeledPoint (Math.log (Util.extractLabel (r))
, Util.extractFeatures(r, catLen, mappings)))
}
val first_point = data.first()

println("Linear Model feature vector:" + first_point.features.toString)
println("Linear Model feature vector length: " + first_point.features.size)
val iterations = 10

val step = 0.025

val intercept = true

// LinearRegressionWithSGD.tr
val linear_model = LinearRegressionWithSGD.train(data, iterations, step)
val x = linear_model.predict (data.first () .features)
val true_vs_predicted = data.map(p => (Math.exp(p.label)
, Math.exp(linear_model.predict (p.features))))
val true_vs_predicted_csv = data.map(p => p.label + " ,"
+ linear_model.predict (p.features))
val format = new java.text.SimpleDateFormat ("dd-MM-yyyy-hh-mm-ss")

val date = format.format (new java.util.Date())

val save = false

if (save) {
true_vs_predicted_csv.saveAsTextFile("./output/linear_model_" + date + ".csv")

}
val true_vs_predicted_takeb = true_vs_predicted.take(5)
for (i <- 0 until 5) {
println("True vs Predicted: " + "i :" + true_vs_predicted_take5(i))
}

Util.calculatePrintMetrics (true_vs_predicted, "LinearRegressioWithSGD Log")

}

(NEL TR IR
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LinearRegressioWithSGD Log - Mean Squared Error: 5055.089410453301
LinearRegressioWithSGD Log - Mean Absolute Error: 51.56719871511336
LinearRegressioWithSGD Log - Root Mean Squared Log
Error:1.7785399629180894

A8 AR A T
Q https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 07/scala/2.0.0/

scala-spark-app/src/main/scala/org/sparksamples/regression/linearregression/Linear-
ﬂ RegressionWithLog.scala

Q https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_07/scala/2.0.0/

scala-spark-app/src/main/scala/org/sparksamples/regression/linearregression/Linear-
Regression.scala

TSR LRSS RANE UG F AL I A R, 2R 3 MR T

LinearRegressioWithSGD - Mean Squared Error: 35817.9777663029

LinearRegressioWithSGD - Mean Absolute Error: 136.94887209426008

LinearRegressioWithSGD - Root Mean Squared Log Error:
1.4482391780194306

LinearRegressioWithSGD Log - Mean Squared Error: 60192.54096079104

LinearRegressioWithSGD Log - Mean Absolute Error:
170.82191606911752

LinearRegressioWithSGD Log - Root Mean Squared Log Error:
1.9587586971094555

7.5.2 RESHEFMR

A~
A

o

FHHEEN IR, AFRIE TTER— DR EXT MLb i) [ BRI TN ZARPPAG Y SE A
TR, BAME A ST A A A R SRR RE R 5

1. QIR INGEFRMXERITESE
S 2P0 A USRI SR B AN A
TE Scala ", JEFPPEIAHMESLIL, FIANEA —IAH) randomSplit PRECRSIIZIIRE:

val splits = data.randomSplit (Array (0.8, 0.2), seed = 11L)
val training = splits(0).cache()
val test = splits(1l)

2. PER R o RUFAE
e Jr— 28 TRV RE A9 7 10 1 DR S RS 7R o B B3] R R A
Scala fUABUNT -
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val splits = data_dt.randomSplit (Array (0.8, 0.2), seed = 11L)
val training = splits(0).cache()
val test = splits(1)

3. SR E LM RAFT

BT O 288 0 1 I GRBE A A, BRAE PT AR [ O S0 A RE RS2 1 R
T SEHTTE S BB B LM 2 . 2 B — Rl B s BRI AR SR E T, filz
IZENGR)GE, AEMAELE iR PERETE bR .

FA T2 RMSLE Ri¥Ali . B Kaggle lWFE PRIl d LA B3RR, Xk, AT
HFA TR AR L PEHEA TRY_L A ST LR

PPk BRI ALY Scala 5 SLUNTE

def evaluate(train: RDD[LabeledPoint], test: RDD[LabeledPoint]
, lterations: Int, step: Double
, intercept: Boolean): Double = {
val 1linReg = new LinearRegressionWithSGD () .setIntercept (intercept)
linReg.optimizer.setNumIterations (iterations) .setStepSize(step)
val linear_model = linReg.run(train)

val true_vs_predicted = test
.map (p => (p.label, linear_model.predict (p.features)))
val rmsle = Math.sqgrt (true_vs_predicted
.map { case (t, p) => Util.squaredLogError(t, p) }.mean())

return rmsle 7
}

ERT RO IUE P, BAHHA SGD BATERI % . MM AT R4 5]
WO R 25 R, A2 R AR T IR

(1) A EL

BT Zr ZEER (PP R, SR EE ] SGD NI Ry R b, BEE AU N
AU AR PERE , (ERPEREEE A QRBUA B — 5 B F 242 T ok g . F mpo Ui &
AR 0.01, HEEN T 4 A UE o

T Scala AL H T T AR C AL

val data = LinearRegressionUtil.getTrainTestData/()

val train_data = data._1

val test_data = data._2

val iterations = 10

// LinearRegressionCrossValidationStep$

// params = [1, 5, 10, 20, 50, 100, 200]

val iterations_param = Array(l, 5, 10, 20, 50, 100, 200)
val step = 0.01

// val steps_param = Array(0.01, 0.025, 0.05, 0.1, 1.0)
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val intercept = false

val 1 =0
val results = new Array[String] (5)
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until iterations_param.length) {
val iteration = iterations_param(i)
val rmsle = LinearRegressionUtil
.evaluate(train_data, test_data, iteration, step, intercept)
// results(i) = step + ":" + rmsle
resultsMap.put (iteration.toString, rmsle.toString)
dataset.addvalue (rmsle, "RMSLE", Math.log(iteration))
}

Scala BYSEPH FH T JFreeChart XJ W ¥ Scala fliAS . iZEBLAE 20 %5 HL 2 f2/) RMSLE

Map(5 -> 0.8403179051522236, 200 -> 0.35682322830872604, 50 ->
0.07224447567763903, 1 -> 1.6381266770967882, 20 ->
0.23992956602621263, 100 -> 0.2525579338412989, 10 ->
0.5236271681647611)

EIRACHS ks A0 T (B

LinearRegressionWithSGD : RMSLE vs Iterations

RMSLE

0.0 1.60... 230.. 299.. 39l.  460. 5.29..
Iterations - Log Value

— RMSLE

(RS
BAVE A0 AR XA K AT AR 8T
Scala fCAZUIT

val steps_param = Array (0.01, 0.025, 0.05, 0.1, 1.0)
val intercept =false
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val 1 =0
val results = new Array[String] (5)
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for(i <- 0 until steps_param.length) {
val step = steps_param(i)
val rmsle = LinearRegressionUtil.evaluate(train_data,
test_data,iterations, step, intercept)
resultsMap.put (step.toString,rmsle.toString)
dataset.addvValue (rmsle, "RMSLE", step)
}

IRACHS A AR

[1.7904244862988534, 1.4241062778987466, 1.3840130355866163,
1.4560061007109475, nan]

Xof B IREE R B AT R

LinearRegressionWithSGD : RMSLE vs Steps

0.50 ||

0.45 1

0.35
; 0.30 ||
E 0.25

0.20
0.15
0.10
0.05

0.00

-4,6051... -3.6888... -2,.9957... -2.3025... 0.0
Steps - Log Scale

— RMSLE o

MEERERT LR A A AR KR GRE MR A . P AL KOy 1.0, 13511
RMSLE 5280 nan, XIEH EWHE SGD MEIELE] | —MEH 2R R U . X Fris oL
REBRIHEA S B, 5 I EFRECR R TA RERS B R AR .

TAN, RS A N AU (Hen BT 10 YC) XPRE RGNS RE— R 22
AL/ N AR S BRI AU 3 ] LIS SR (i o

R, A FE AU BEE & ZAU . BUMOD R R W SOR BN, ORI
ARUREL (RRBOR IR QB IR, A fE KRR e .
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RBFSENAHR NI LR, FEERR G AKME T IHER Fik

BRIFHER, BRERGINGHREZER, IALRTETRKLEFTLN, £

8 KB LA R, B A 4513 25 R H R LR K, AR Y IRIF 4B
R M Ao B BT B 84 B 3R A S ) R X A ANt AR

(3) L2 1EN4k

% 6 FARFI, IEMARANIN— 5 TR EE [ 1 sREE AR I, AR 5 2R
PTG Herp L2 IEDIAR IR XA [y AT L2083, i L1 IR T L1-M s

M, FEEENREES, NIGRERTINIERES FIE, POVBORANREAR A Mgl 5 Kt -
HE, BATABRESIERIENCSE, REBIENNLE LR R R rrERe, R mal— Mz eht
TR

AT W B9 Python AU HIFAG A ] L2 IEM S HO PERER 0 -

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, 'l2',
False) for param in params]

print params

print metrics

plot (params, metrics)

fig = matplotlib.pyplot.gcf ()

pyplot.xscale('log"')

IEQURTEF AT, AFAE— IS4 | RMSLE PERE A Y IE M AL 28

[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 HEEMWHLRE R AR, BATVR R, Rl i) e WSRO T 1 X R i -

154

152

150

148

146

la4

142}

140 s s s
107 10" 10° 10" 10?

AFRIENESECT itk hE



7.5 AR MG ALGRAK 247

(4) L1 T4k
AR Python {URS i F [RIRE A6 7 2 AR [R] L1 1E AL S HC 1 RE )52 1)«

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, '1l1',
False) for param in params]

print params

print metrics

plot (params, metrics)

fig = matplotlib.pyplot.gcf ()

pyplot.xscale('log"')

[FRE, b T M R R R, RAVE AT B . WEHh T LIE S|, RMSELE BUETE S 2
WA — NPT, ZJG0E parans BUEIGIN, A —PDRKRIBKER BT, Frisiy L1 IE
IS HL L2 2ok, (H2 SAPEREEZE

[0.0, 0.01, 0.1, 1.0, 10.0, 100.0, 1000.0]

[1.5384660954019971, 1.5384518080419873, 1.5383237472930684,

1.5372017600929164, 1.5303809928601677, 1.4352494587433793,
4.7551250073268614]

5.0

45

a0
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lo I I 1 I
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AR L1 IENESHO PERE RIS

J3h, R L1 ERAE AT DA BIRR s R [0 B, O TR B RRE, S DRGS0
im0 B

model_11 = LinearRegressionWithSGD.train(train_data, 10, 0.1

, regParam = 1.0, regType = 'l1l ', intercept = False)
model_11_10 = LinearRegressionWithSGD.train(train_data, 10, 0.1
, regParam = 10.0, regType = 'll ', intercept = False)
model_11_100 = LinearRegressionWithSGD.train(train_data, 10, 0.1
, regParam = 100.0, regType = 'll ', intercept = False)

print "L1 (1.0) number of zero weights: "
+str (sum(model_11.weights.array == 0))
print "L1 (10.0) number of zeros weights: "
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+str(sum(model_11_10.weights.array == 0))
print "L1 (100.0) number of zeros weights: "
+str (sum(model_11_100.weights.array == 0))

T HRES R AT LA Y, AR —2, g L1 B ENALS B R, AR R4 &
)i 0 B4 H WO R
L1l (1.0) number of zero weights: 4

L1l (10.0) number of zeros weights: 20
L1l (100.0) number of zeros weights: 55

(5) fkiE

LR i J5 VT LA B S EERR 2 SIS #EE (intercept )o FEESZ AN IR [n) 12 1 5 4K
Wi, TR B I E . iR EdE C Sgid—1k, #kEEN R A, (BRI -,
R R I AN S R IR AL

NI Scala RS P DA XA (R 52 -

object LinearRegressionCrossValidationIntercept {
def main(args: Array[String]) {
val data = LinearRegressionUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2

val iterations = 10
val step = 0.1
val paramsArray = new Array[Boolean] (2)

paramsArray (0) = false
paramsArray (1) = true
val i =0

val results = new Array[String] (2)
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (1 <- 0 until 2) {
val intercept = paramsArray (i)
val rmsle = LinearRegressionUtil
.evaluate (train_data, test_data, iterations, step, intercept)
results (i) = intercept + ":" + rmsle
resultsMap.put (intercept.toString, rmsle.toString)
dataset.addvalue(rmsle, "RMSLE", intercept.toString)

val chart = new LineChart (

"Intercept",

"LinearRegressionWithSGD : RMSLE vs Intercept")
chart.exec ("Steps", "RMSLE", dataset)

chart.lineChart.getCategoryPlot () .getRangeAxis () .setRange(1.56, 1.58)
chart.pack ()

RefineryUtilities.centerFrameOnScreen (chart)
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chart.setVisible (true)

println(results)

}
3R G R ) AT RCR AR PR -

LinearRegressionWithSGD : RMSLE vs Intercept

1.580
1.578
1,576 |
1,574 |
1,572
1,570

RMSLE

1.568
1.566
1564 ([

1.562

1.560

false true
Steps

- RMSLE

M EEEH, Y4 intercept=true BX} A RMSLE Lt intercept=false I &

LI R ERF SRR ORI E T T HRA:

https://github.com/ml-resources/spark-ml/tree/branch-ed2/Chapter 07/scala/1.6.2/
9 scala-spark-app/src/main/scala/org/sparksamples/linearregression,

T4 %1%F & LinearRegressionUtil.scala, LinearRegressionCrossValidationlterations.

scala #= LinearRegressionCrossValidationStep.scala iX 3 47k 25,
4. BHOKBEFDRERMERERISZIT

ORI TP EEASHL: FORIWTREE R Ry Heli, T TS Z AR 5 ok
AR SECT IRAMB R PERE . S, e 20— MR R PG PR R, X5 Z ATt [ul
AR AR A FH A ARAL . XFREY Scala ACASANTE -

def evaluate(train: RDD[LabeledPoint], test: RDD[LabeledPoint],
categoricalFeaturesInfo: scala.Predef.Map[Int, Int],
maxDepth: Int, maxBins: Int): Double = {
val impurity = "variance"
val decisionTreeModel = DecisionTree
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.trainRegressor (train, categoricalFeaturesInfo, impurity, maxDepth, maxBins)

val true_vs_predicted = test

.map (p => (p.label, decisionTreeModel.predict (p.features)))
val rmsle = Math.sqgrt (true_vs_predicted

.map { case (t, p) => Util.squaredLogError(t, p) }.mean())
return rmsle

}

(1) PR

Fell 1o A BT A 2% (TR ) IO R PR THRRE B I PERE o 1B/ NI R SR L IE I A 3K
ANERAERRAL Y L2 F0 L1 IENAL, AF7E— DU AA R B RETE IR b A5 R AR TERE o

T, AT A AR, DA TR BRI EE  RMSLE PEREMSZM, [ 5E 4] 73 £
HFERIME 32

Scala fUHBUNT :

val data = DecisionTreeUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2

val iterations = 10

// params = [2, 4, 8, 16, 32, 64, 100]

// val steps_param = Array(0.01, 0.025, 0.05, 0.1, 1.0)
// DecisionTreeMaxBins$ params = [1, 2, 3, 4, 5, 10, 20]

val bins_param = Array (2, 4, 8, 16, 32, 64, 100)
val depth_param = Array (1, 2, 3, 4, 5, 10, 20)
// val maxDepth = 5
val bin 32
val categoricalFeaturesInfo = scala.Predef.Map[Int, Int] ()
val i =0
val results = new Array[String] (7)
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until depth_param.length) {
val depth = depth_param(i)
val rmsle = DecisionTreeUtil.evaluate(train_data, test_data
, categoricalFeaturesInfo, depth, bin)
resultsMap.put (depth.toString, rmsle.toString)
dataset.addvValue (rmsle, "RMSLE", depth)

}
val chart = new LineChart (

"MaxDepth",
"DecisionTree : RMSLE vs MaxDepth")
chart.exec ("MaxDepth", "RMSLE", dataset)

chart .pack ()
RefineryUtilities.centerFrameOnScreen (chart)
chart.setVisible (true)

print (resultsMap)

SR AL B -
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DecisionTree : RMSLE vs MaxDepth

RMSLE

MaxDepth

— RMSLE

(2) TR X EK

e RATAG 73 RO USRS PERE RS2 . R O TRBE— e, SR 7 X R R AR SR
I HA B THRTHRE SR EE B AR A PERE « 70 XRGR B — B R 2 i , XMERERI BT B AR,
Febr b, T A AR N 2 S BN TR 22

Scala fRAS 41T

object DecisionTreeMaxBins {
def main(args: Array[String]) {

val data = DecisionTreeUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2
val iterations = 10
val bins_param = Array (2, 4, 8, 16, 32, 64, 100)
val maxDepth = 5
val categoricalFeaturesInfo = scala.Predef.Map[Int, Int] ()
val 1 =0
val results = new Array[String] (5)
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until bins_param.length) {

val bin = bins_param(i)

val rmsle = {

DecisionTreeUtil
.evaluate (train_data, test_data, categoricalFeaturesInfo, 5, bin)
}

resultsMap.put (bin.toString, rmsle.toString)
dataset.addvalue (rmsle, "RMSLE", bin)
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}

val chart = new LineChart (

"MaxBins",
"DecisionTree : RMSLE vs MaxBins")
chart.exec ("MaxBins", "RMSLE", dataset)

chart.pack ()
RefineryUtilities.centerFrameOnScreen (chart)
chart.setVisible (true)
print (resultsMap)
}
}

Xk Rz 8 T AR SECR AN P -

DecisionTree : RMSLE vs MaxBins

RMSLE

2 4 g 16 32 64 100
MaxBins

— RMSLE

MARTE W, AER AN A A BERE, 2420 XECH R E] 30 S X PERE WP B
M, WEERBART, wefUi 7 XA E T FI7E 16~20 LI .

b B AROEE A AR T4 T AR
https://github.com/ml-resources/spark-ml/tree/branch-ed2/Chapter 07/scala/1.6.2/

0 scala-spark-app/src/main/scala/org/sparksamples/decisiontree.,
B 4 A1 4f & DecisionTreeUtil.scala, DecisionTreeMaxDepth.scala #= Decision-

TreeMaxBins.scala iX 3 13- /R 24
5. ¥ E X EIRA WA

FEEIRTME 3 DEESEG B iteration. R E maxBins i KFFEE
maxDepthe [ FETHUEA R 52 m 4nfa]

(1) EARREL
Scala fXASZANT
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object GradientBoostedTreesIterations {

def main(args: Array[String]) {
val data = GradientBoostedTreesUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2

val iterations_param = Array (1, 5, 10, 15, 18)
val maxDepth = 5
val maxBins = 16

val 1 =0
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until iterations_param.length) {
val iteration = iterations_param(i)
val rmsle = GradientBoostedTreesUtil
.evaluate (train_data, test_data, iteration, maxDepth, maxBins)
resultsMap.put (iteration.toString, rmsle.toString)
dataset.addvalue(rmsle, "RMSLE", iteration)

}
val chart = new LineChart (

"Iterations",

"GradientBoostedTrees : RMSLE vs Iterations")
chart.exec("Iterations", "RMSLE", dataset)
chart .pack ()

chart.lineChart.getCategoryPlot () .getRangeAxis () .setRange(1.32, 1.37)
RefineryUtilities.centerFrameOnScreen (chart)

chart.setVisible (true)

print (resultsMap)

}
o 1 AT RSN T P B

GradientBoostedTrees : RMSLE vs Iterations
1.370

1.360 {[=
.345

RMSLE
—

1.335

1.325

1.320

1 5 10 15 18

lterations

— RMSLE
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(2) BRI IX L
FHEA AR5 K X B0 RMSLE {8 Y540
TTEIAY Scala fURAR K IR KA XL 10, 16, 32 Fl 64 A EAl ks .

object GradientBoostedTreesMaxBins {

def main(args: Array[String]) {
val data = GradientBoostedTreesUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2

val maxBins_param = Array (10, 16, 32, 64)
val iteration = 10
val maxDepth = 3

val i = 0
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until maxBins_param.length) {
val maxBin = maxBins_param/(i)
val rmsle = GradientBoostedTreesUtil
.evaluate(train_data, test_data, iteration, maxDepth, maxBin)
resultsMap.put (maxBin.toString, rmsle.toString)
dataset.addvalue (rmsle, "RMSLE", maxBin)
}

val chart = new LineChart (

"Max Bin",

"GradientBoostedTrees : RMSLE vs MaxBin")
chart.exec ("MaxBins", "RMSLE", dataset)
chart .pack ()

chart.lineChart.getCategoryPlot () .getRangeAxis () .setRange(1.35, 1.37)
RefineryUtilities.centerFrameOnScreen (chart)

chart.setVisible (true)

print (resultsMap)

}
X A AE SR AT AR AR AR BB -
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GradientBoostedTrees : RMSLE vs MaxBin

1.370
1,268
1.366
1.364

1.360 |

RMSLE

1.358
1.356 {[

1.352

1,350

10 16 32 64

MaxBins

~— RMSLE

(3) FKBIR
T Y Scala fAS5>F1K T 4 MO maxBin {EXTR Y RMSLE {H :

object GradientBoostedTreesMaxDepth {

def main(args: Array[String]) {
val data = GradientBoostedTreesUtil.getTrainTestData ()
val train_data = data._1
val test_data = data._2

val iterations_param = Array(l, 5, 10, 15, 18)
val iteration = 5

val maxDepth_param = Array(l, 5, 7, 10)

val maxBin = 10

val i = 0
val resultsMap = new scala.collection.mutable.HashMap[String, String]
val dataset = new DefaultCategoryDataset ()
for (i <- 0 until maxDepth_param.length) {
val maxDepth = maxDepth_param(i)
val rmsle = GradientBoostedTreesUtil
.evaluate(train_data, test_data, iteration, maxDepth, maxBin)
resultsMap.put (maxDepth.toString, rmsle.toString)
dataset.addvalue(rmsle, "RMSLE", maxDepth)

}
val chart = new LineChart (

"MaxDepth",

"GradientBoostedTrees : RMSLE vs MaxDepth")
chart.exec ("MaxDepth", "RMSLE", dataset)
chart.pack ()

chart.lineChart.getCategoryPlot () .getRangeAxis () .setRange(1.32, 1.5)
RefineryUtilities.centerFrameOnScreen (chart)

BRt#tX<R ChenyangGao(2339083510@qq.com) TE EEhRiY
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chart.setVisible (true)
print (resultsMap)
}
}

SR ATAACRCR AT PR -

GradientBoostedTrees : RMSLE vs MaxBin

1.370
1.368
1.366 |
1.364
1.362 1|
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1.354 1|
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LR E SRR E AR T T RN
https://github.com/ml-resources/spark-ml/tree/branch-ed2/Chapter 07/scala/1.6.2/
0 scala-spark-app/src/main/scala/org/sparksamples/gradientboosted.,
B 534 & GradientBoostedTreeslterations.scala, GradientBoostedTreesMaxBins.
scala #» GradientBoostedTreesMaxDepth.scala iX 3 15/ 7 .

7.6 N

AREJETR T WM& Bl Spark ML FEXTEMARAY | SR FIRRRE BT SCF, 1T Scala FEEAH
KBRS SRR ERISEI, LR FARAS AT A8 et MU B2 . Befe, Sl
TEFMERETEAE bR, TR EAPREGT T3 SUIHIE S, WFFE MR R SRR AR i AN ] 25
BCE XA L PERERYRZIE o

T ERAHE BRI T . R R, R R



Spark i R KiRE

RTDLE, FA 1 1B, HrP I GRBHR A RTE 1 e 2 A 1 Se e ( Fandfiers &
LTI o0 SRS, s R SR A bR i ).

PRk, AR FE B A A v G O, BRI RAVE T 4B 5 5] (unsupervised learning ),
RIS AU it B i A B B AR 2 B . SEBRI Y, CM B eyl rAEw & 0L, JRHRETFZ R
S, AREEEE A IRBCIEH RE, sEARNEERE R CHean, AT o dSBmibriE I 240 ).
A, FRATMTISRAR B BT v 2 ] BEAS A5 R4 FH R AR .

LR TC B 7 > 07 1 R RO TIE o G O o S B B oA o, Eanfli e
SRR M B AR TR A B 1) i AR RE A A o

TEARZAGIL T, R (clustering ) BRI T IR IC B . O 2EmTik, Bl
AP LASE S R SRR, U Z E M GRS JR T2 o X MBERIAR B L it — AR SRR 2 Y
RS o

TEREH, TADS BRI T8, XA R A 2w T3, BN 2638 (cluster ), _
PR E T2, N A RIIE H SR

RIFAR AR I AR RAEI —F, Hedn.

Q FETAT AR sH ORI P 8505 & 7 e AN R A 5

QO X ol 3t 1 P 7 s 2 B B v e o EA 0 4 5

Q HRBFH DI 5

Q fELE A PR TIEA T 5

Q ARG E T RGN, R .

AE, FHATH -

Q R ITE—SE R YA ;

Q MBI PR BCRAIE, ELARR LR RS AR f) i ) 25 4 SR ST B i A RFAE 5



258 % 8% Spark MR EAA

Q YIZRIRAAR AL HLAT 5
Q BHPEREIEAL MBSO PE R AL B LI ISR

8.1 BRIFIRRpAR

WP IR LR, RS E ZeH8 4 . Spark MLIib JE A RTHHE T K-IAEHBRE D, X2
IR BRI R 2 —, (AR AL, 1A BRI 5 RS A 25 D) B AR

8.1.1 K-IHEELE
K-PHEEERE R — RV RIS K DAFRIZERE (o KRR R ASE),
AR, K-BIERIEN B RS MUITA 28 i 7 222/, FOB00n B bR R EPR o 26
FERRIAZEFR (WCSS, within cluster sum of squared errors ):

3 (x() - uli))

AL, SRR REAR SO T 22, SR

FRUER K-SSEE R K A28 CRYRAN SRR I REARREY M &), 5 A
Wi B 52 3RS TE P IR

(1) BEFEASTE] WCSS F/MRZERFET . R 25 2 FUARR R B 00, Br A a 5540 T4
FEANREA T 2 RR LG IE B S A2 s o

Q) ARG — L ERE W TR BRI

K-PMEEARBIR S R A Mk Bl i R A ARk B sl 5 M 88 ( convergence ) o WTESUEME 55—
RN Z G A A, Ktk WCSS B H AL,

BT ME %158, hE Y Spark AP X TR KM% (http://spark.apache.
0 org/docs/latest/mllib-clustering.html ) 2 # 4 % & #F ( https://en.wikipedia.org/wiki/
K-means_clustering ),

T U K-BIE RS, FA I 6 B0 0 PR B4R, bl 50528,
WFE R
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XL -

Q K-PEAFOE AU 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. s s %
K-ERIBMERI I A7 58 W AR I BENLIT 5, BITETT IR 455 MR A BEDL i — 125K .
Spark MLIib PN B T iZAIIR KT LM FATSEBUMA , 1Y K-means++, X UUEBRIARIRIIRIETT 4

¥ % FAE & A https://en.wikipedia.org/wiki/K-means_clustering#Initialization
methods F= https://en.wikipedia.org/wiki/K-means%2B%2B .

T K-means++IIERATT E TR . WESHRRE, A N ABIRE A RZEIER

°
%5
o
° n"ﬂﬂoo
o o%
o o 0o
°
]
° S
° -.- °
° -]
-}

° ° ° e ©
20 ..0: ° ° ".: °
...... °e .l:". °

° e 8 o °
° °
b ° © %0,
L]
K-means++1 32545

2. K-H{EZE

K-PHEREAAEVF 2R, e E R TR A B RO . e — e LAY
ARRIEAER K-11E ( fuzzy K-means ), X MEIIBEA R K-SEARRER B REA ML — D 2e0E (=
BRI ), AR, B K-BERPOTECRA , Bl MEA AT LR T 2RI ke
REEASROMXIER, TR, YEBECH KB, BMERSHERIRN K AR b, |0
P R TR R X T SR
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8.1.2 R&tEH

RERBUA LRA K-ERY T, (R IR A EIE E th BRI A AR 1
e, FATAT MBAEASE f K AN A R AR AT AR I o SRR B OIS, P LA AR
A K MR AL E R

0 F % tm Y Ao SRR B 5 69 4538 L https://en.wikipedia.org/wiki/Mixture model.

8.1.3 RXREH

B R B2 (hierarchical clustering ) /& — MRS T, AT LIS B2 E RIS,
H AR & 220 PEVEAFRBERSCEES:, U IE B iR B
2 (tree clustering ),

JERBZA M WiFh . BB B3 (agglomerative clustering ) F143 2B 2 ( divisive clustering ),
BERREM HPZEA TN ERY:

Q BAEA [ B — 2R

Q S HABEFR AR (RS );

Q HRERANBIRIIERE, KI5 IR IHE ;

Q fE Bk, ARl ERERE TP,

DRARLEEA LM, SRR FEER RIS . WO T A AR T— 2%,
TR PR BN, Ba BRIITA EEARTERIZM A 5 — 128k

B LM TR R IEH N A2 2R 25 A~ Pk R 2000, Frli2x AR B R
Ao ERRRIET, HATEERAER ARSI —LAKFRE, HAR TR,

0 ¥ % FAtiE A% https://en.wikipedia.org/wiki/Hierarchical clustering

8.2 MEIEIRENIEHAVHFE

R T REEHLaS IR, K-IERET LR AR A, TR T 026 BUH s
MESRBCRAE BT LTS T TR

K-BHE AR/ N T 22 00—, (D7 22 8oL b, NI 5 32 BB HEE (outlier )
RT3 28 HFFAE BT
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BIHES T R ARZ IR, TR IERE I T I EL RGN .

XTI AR PSRRI B, LR AL AT L s R A A — A FBR AR A, X [R] I ] fiE
BY TRETHERE . (HIRRELENGOL T, AT REA A A An L, FEAARTE R R AR AE 4R 3
Xof 2R

M MovieLens ¥ #E5E 12 EVHFE

AREELSHBNG 5 BHELES VI H B IFFRIRAE . XA 3250 H P YRR
(u.data). APEIE (u.user) FIREEIE (u.item) 35T

T2 ALS AR PR SE OB E RVRAE , AR5 XIS
(1) H9eH u. data FAZF|—A> DataFrame H':

val ratings = spark.sparkContext
.textFile (DATA_PATH + "/u.data")
.map (_.split("\t"))
.map (lineSplit => Rating(lineSplit (0).toInt
, lineSplit (1) .toInt
, lineSplit(2).toFloat
, lineSplit(3).toLong))
.toDF ()
ratings.show(5)

(2) FrAdin etk 8 « 2 Lo Al gt A Al s 48 «
val Array(training, test) = ratings.randomSplit (Array (0.8, 0.2))

(3) Wiiffk ans MR, WERKBIRECH 5, IENLSHON 0.01:

val als = new ALS()
.setMaxIter (5)
.setRegParam(0.01)
.setUserCol ("userId")
.setItemCol ("movieId")
.setRatingCol ("rating")

(4) QAR5 T -

val model = als.fit(training)
val predictions = model.transform(test)

®) HEH PR MY EKAT, B userFactors Ml itemFactors:

val evaluator = new RegressionEvaluator ()
.setMetricName ("rmse")
.setLabelCol ("rating")
.setPredictionCol ("prediction")
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val rmse = evaluator.evaluate (predictions)
println(s"Root-mean-square error = Srmse")

val itemFactors = model.itemFactors
itemFactors.show()

val userFactors = model.userFactors
userFactors.show()

(6) R FH P 1Ry it R 1540 libsvm A% 3, SRR TFFAMAFREE— 30 0, X HLE
E SR/ Y S K | SO EV L Y e 18

val itemFactorsOrdererd = itemFactors.orderBy ("id")
val itemFactorLibSVMFormat = itemFactorsOrdererd.rdd
.map(x => x(0) + " " + getDetails(x(1l)

.asInstanceOf [scala.collection.mutable.WrappedArray [Float]l]))
println("itemFactorLibSVMFormat.count () : "
+ itemFactorLibSVMFormat.count ())
print ("itemFactorLibSVMFormat.first() : "
+ itemFactorLibSVMFormat.first())

itemFactorLibSVMFormat.coalesce (1)
.saveAsTextFile (output + "/" + date_time + "/movie_lens_items_libsvm")

movie_lens items_libsvm HYHHUTT :

1 1:0.44353345 2:-0.7453435 3:-0.55146646 4:-0.40894786
5:-0.9921601 6:1.2012635 7:0.50330496 8:-0.23256435
9:0.55483425 10:-1.4781344

9:0.2220822
10:-0.70235217

(7) PR EAE (B i Rini2E ) AL — 30

var itemFactorsXY = itemFactorsOrdererd.rdd.map(x => getXY(x(1l)
.asInstanceOf [scala.collection.mutable.WrappedArray [Float]]))
itemFactorsXY.first ()
itemFactorsXY.coalesce (1)
.saveAsTextFile (output + "/" + date_time + "/movie_lens_items_xy")

movie_lens_items_xy B an .
2.254384458065033, 0.5487040132284164
-2.0540390759706497, 0.5557805597782135
-2.303591560572386, -0.047419726848602295

-1.4234793484210968, 0.6246072947978973
-0.04958712309598923, 0.14585793018341064

(8) T4 userFactors, JFBFHEELH libsvm #52

val userFactorsOrdererd = userFactors.orderBy ("id")
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val userFactorLibSVMFormat = userFactorsOrdererd.rdd.map(x => x(0) + " " +
getDetails (x (1) .asInstanceOf[scala.collection.mutable.WrappedArray[Float]]))

println("userFactorLibSVMFormat.count () : " + userFactorLibSVMFormat.count ())

print ("userFactorLibSVMFormat.first() : " + userFactorLibSVMFormat.first())

userFactorLibSVMFormat.coalesce (1)
.saveAsTextFile (output + "/" + date_time + "/movie_lens_users_libsvm")

movie_lens_users_libsvm MG :
1 1:0.75239724 2:0.31830165 3:0.031550772 4:-0.63495475

:-0.719721 6:0.5437525 7:0.59800273 8:-0.4264512
9:0.6661331

(6]

5:-0.61448336 6:0.5506227 7:0.2809167 8:-0.08864456
9:0.57811487 10:-1.1085391

(9) FEBEGTINHFAE, I AR — D3

var userFactorsXY = userFactorsOrdererd.rdd.map (

X => getXY(x(1l).asInstanceOf[scala.collection.mutable.WrappedArray|[Float]]))
userFactorsXY.first ()
userFactorsXY.coalesce (1)

.saveAsTextFile (output + "/" + date_time + "/movie_lens_user_xy")

movie_ lens user xy HYFHUNT .

-0.2524261102080345, 0.4112294316291809
-1.7868174277245998, 1.435323253273964
-0.8313295543193817, 0.09025487303733826

[y

-1.9222962260246277, 2.8779889345169067
-1.3799060583114624, 0.21247059851884842

JREEE R xy FAERIT X AR TR, SRR SREAE R L) — A 4P |

LR RABIL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter_08/scala/2.0.0/
src/main/scala/org/sparksamples/als/ALSMovieLens.scala,

8.3 K-HEINZGRALEIRE

1E Spark MLIib H Il Zx K-{E A9 732 AHARBE AR, HEE AL S I 2R 5 HY DataFrame 1%
A KMeans X GG R BRI TT

8 X B A% A libsvm 49 2B X
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8.3.1 gk K-1E B AKIER
I THPRE S 22 B AR A AR T T A By LR A PR3 A SR A SRR

BRRLEATI, T ZAE APIASHL: R DK R T AR ARGk S H B —
AR FAR BB 22 (/D THEAAVRIREE (BRIA 0.0001 ), EEDRESIEDIZE, BURFSEBRik
ARURECH 22/ N TS TR AR

Spark MLIib 1) K-S4{H$2 M 1 BEHLA K-means| IR IG5, JE & RBRIARIIRIL . IR
MOTIEARIERENLRI IR, BT DL AR TN ZR A 25 SRR A —

K-S 18 5 A RENC S B A R i At , BT A S B B v 7 28 22 I 0 e I O AR 2
MLIib $244 152 URRIIZRAY 7 vk . Gead 3k sRB PG , R PE BB 9 — RV SRt e A fe
KINERRY

(1) B et —1 sparksession 4], I HEHRIFLA novie_lens_users_libsvm Hdf:

val spConfig = (new SparkConf).setMaster("local[l]").setAppName ("SparkApp")
.set ("spark.driver.allowMultipleContexts", "true")

val spark =
.builder ()
.appName ("Spark SQL Example")
.config(spConfig)
.getOrCreate ()

SparkSession

val datasetUsers spark.read. format ("libsvm") .load (
BASE + "/movie_lens_2f_users_libsvm/part-00000")
datasetUsers.show(3)

T .

P B e e P +
|label | features|
- o mm - +

| 1.01(10,[0,1,2,
| 2.01(10,[0,1,2
| 3.01(10,[0,1,2

~ 0~

only showing top 3 rows
(2) SR B — A

val kmeans = new KMeans () .setK(5).setSeed(1lL)
kmeans.setMaxIter (20)

(3) EJa TP i BE AR U G — A K-F{E A .

val modelUsers = kmeans.fit (datasetUsers)
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8.3.2 MBRABREI I
REINZk K- ERRE I RIAE, FZ AT 45 B 7SR a5 AR
V4 HERE Y DataFrame XL 45 1ZA MY cranform pREL, RITTXFZANE AT ;

val predictedDataSetUsers = modelUsers.transform(datasetUsers)
predictedDataSetUsers.show(5)

A R XA EE S B2, BRI T prediction 4.

e o mmmmm - dmm—— - +
| label| features|prediction]|
e e Fommmmm - +
| 1.01(10,[0,1,2,3,4,5,...1 2]
| 2.0l(10,[0,1,2,3,4,5,...1 0l
| 3.0l(10,[0,1,2,3,4,5,...1 0l
| 4.0l(10,[0,1,2,3,4,5,...1 2]
| 5.0l(10,[0,1,2,3,4,5,...1 2]
O e e P Fommmmm - +

only showing top 5 rows

EE, TR, EE MR LR FRM 69 K A3 T e AR —4F, Bk
RB TINGNER TR L@ R—HF ., FLHLAME, K0 ID RANES
L, AR O TFHEALE A
0 LR B AT fRiE R K6 R RS https:/github.com/ml-resources/spark-ml/
blob/branch-ed2/Chapter 08/scala/2.0.0/src/main/scala/org/sparksamples/kmeans/Movie-
LensKMeansPersist.scala,

8.3.3 MRIZFUMLER

BT 25 1 Ay — 2351 g AR 64 7 T , (ELRAnArp o) 0 A 285 R EA TR e 7 356 oReks
PHEEREPFINTETR , (HJESORA A Al il N T EORM RS K-BI(E RS20 0 .

JUE T B 7 R B A A IR AR T BN R EAE RO PE 3, HE YA R 2N TR R4S
Ho N THE—PATIRISHIEER, W H BT E N BRI E — LR s JONAHE B e

Hehn, o TR RS RRMER, B2 MR B R IR RA T U R 35 3L, H st
MuE . BRIrEARS, X AR R R P AR e P DR — L . AT e
AL LB X BT BC AR S Ui/, I HLRREA UR AT I h A A LR sl i A A a5
FA T LIPAG B SR A I R

YERGI-, NHESH 78— P& 4, BAARBIE R XL & 44 i BE 4R
IR AR (Join) BRAE. RHANT
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Cluster : 0

| GoldenEye (1995) |
| Four Rooms (1995) |
| Shanghai Triad (Y...|
| Twelve Monkeys (1...]|
|Dead Man Walking ...|
|Usual Suspects, T...|
|IMighty Aphrodite |
|Antonia's Line (1...]|
| Braveheart (1995) |
| Taxi Driver (1976) |

only showing top 10 rows

NS XTEARE SFEAATI , TR R IRATAE— DSOS, fem il AR R Y —
HEHA AL

AR SIS T PIIE ORI, 2 B R P A A CETRLEE Do Jm SO B P A L

object MovieLensKMeansPersist {
val BASE = "./data/movie_lens_libsvm_2f"
val time = System.currentTimeMillis()
val formatter = new SimpleDateFormat ("dd_MM_yyyy_hh_mm_ss")

import java.util.Calendar

val calendar = Calendar.getInstance()
calendar.setTimeInMillis (time)
val date_time = formatter.format (calendar.getTime())

def main(args: Array[String]): Unit = {

val spConfig = (new SparkConf) .setMaster ("local[l]")
.setAppName ("SparkApp") .
set ("spark.driver.allowMultipleContexts", "true")

val spark =
.builder ()
.appName ("Spark SQL Example")
.config(spConfig)
.getOrCreate ()

SparkSession

val datasetUsers = spark.read.format ("libsvm")
.load (BASE + "/movie_lens_2f_users_libsvm/part-00000")
datasetUsers.show(3)

val kmeans = new KMeans () .setK(5).setSeed(1lL)
kmeans.setMaxIter (20)
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val modelUsers = kmeans.fit (datasetUsers)

// JA Within Set Sum of Squared Errors ##F{ERE4 X
val predictedDataSetUsers = modelUsers.transform(datasetUsers)
print (predictedDataSetUsers.first())
print (predictedDataSetUsers.count ())
val predictionsUsers = predictedDataSetUsers
.select ("prediction") .rdd.map(x => x(0))
predictionsUsers
.saveAsTextFile (BASE + "/prediction/" + date_time + "/kmeans-users")

val datasetItems = spark.read.format ("libsvm") .load(
BASE + "/movie_lens_2f_items_libsvm/part-00000")
datasetItems.show(3)

val kmeansItems = new KMeans () .setK(5).setSeed(1L)

val modelItems = kmeansItems.fit (datasetItems)

// B Within Set Sum of Squared Errors (WSSSE) +F{& K L4 %

val WSSSEItems = modelItems.computeCost (datasetItems)
println(s"Items : Within Set Sum of Squared Errors = SWSSSEItems")

/] ATERER
println("Items - Cluster Centers: ")
modelUsers.clusterCenters. foreach (println)
val predictedDataSetItems = modelltems.transform(datasetItems)
val predictionsItems = predictedDataSetItems
.select ("prediction") .rdd.map(x => x(0))
predictionsItems
.saveAsTextFile (BASE + "/prediction/" + date_time + "/kmeans-items")

spark.stop ()

def loadInLibSVMFormat (line: String, noOfFeatures: Int): LabeledPoint = {

val items = line.split (' ')
val label = items.head.toDouble
val (indices, values) = items.tail.filter(_.nonEmpty).map { item =>

val indexAndValue = item.split(':"')
/] AL TTAEEYF 4 AR 0 TS
val index = indexAndvValue(0).toInt - 1
val value = indexAndValue(1l).toDouble
(index, value)

}.unzip

/] RERINRTRAMNL A A %BTH
var previous = -1
var i = 0
val indicesLength = indices.length
while (i < indicesLength) {
val current = indices (1)
require (current > previous
, "indices should be one-based and in ascending order")
previous = current
i +=1
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(label, indices.toArray, values.toArray)

import org.apache.spark.mllib.linalg.Vectors
val d = noOfFeatures
LabeledPoint (label, values))

Vectors.sparse(d, indices,

}
TR T PR KBS E

- KMeans Movie Lens Data Users 2 Features, 10 Iterations
Clusterl [l
Cluster2
1.5 Cluster3 [l
Cluster4
Clustero [l
1.0
0.5
(@]
0.0
-0.5
o @
-1.0
(]
-1.5
-2.0 1.5 1.0 -0.5 0.0 0.5 1.0 1.5 2.0 ‘
N = i oun | AN =Sy
TR T YRR K-BIE SRR
5 KMeans Movie Lens Items 2 Features
4 Clustero [l
Cluster2
Cluster3 [l

Cluster4
Clusterl [l

3.0

TR TP BERIBARAE, 7E—UGE S B9 K-BIEIFERI MG O
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KMeans Movie Lens Data Users 2 Features, 1 Iterations

Clusterl [l
Cluster2

1.5 Cluster3 [l
Cluster4
Clustero [l

1.0

0.5

o
0.0 ®
-0.5
o) @
1.0
(]
1.5
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

T RS TR EEE AN, 78 10 YOk AUSHY K- EZERERIMEDN . 5 E— iR Exy
e, HERERAA LD,

KMeans Movie Lens Data Users 2 Features, 10 Iterations

Clusterl [l
Cluster2
1.5 Cluster3 [l
Cluster4
Clustero [l
1.0
0.5
(@]
0.0 ®
-0.5
o @
1.0
®
1.5
|
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

8.4 VHERAIERIRIMERE

S UE Jr 2Ry 5 | SRR, REHTNMAREZ I IR T B vk Rg, LUK
PGB AEAS AU BE o SRZERY PGB B 70 PR 7y RIS AR P-AG o BT AL AR
AR N RSB I AN ZRkicdls , HMERPIAG I NSt =2 S A Kl

8.4.1 MWEBIEfHIEFR

W PN FE bR FE WCSS ( Z AT K-Y(ER HAReE%X ). Davies-Bouldin $5%1
Dunn T88UF%E 2L 240 (silhouette coefficient ), T iX LEFE B FRER & 25552 N BRI REAS IR B R
NTREFET,, A[RIZEFE AREAS AR X e
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0 P 5 m¥ ik A4 T A https://en.wikipedia.org/wiki/Cluster analysis#

Internal_evaluation,

8.4.2 SMERIH(HIERR

PR RPN R IC B 02, B AAIARA — B bR AR , (o nT Lk SepR A8 A 2R
PR, AT LU TR ISR (IAR4E ), T FBR A2 AR 7 15 Al Tt {E AL 5
PrgEiRzs (B ER PR BB TR ).

HARJ 4345 Rand measure. F-measure. TEF/RZ%L (Jaccard index ) %,

0 F %X TREIFEG AR, 5 hitps://en.wikipedia.org/wiki/Cluster

analysis#External evaluation,

8.4.3 1 MovieLens #iE&E EitE RIS

Spark MLIib $2 it/ computecost PREAT L7 HEHITHEE 45 %€ DataFrame () WCSS, T T
VXA i A s A P U i Ve Re -

val WSSSEUsers = modelUsers.computeCost (datasetUsers)

println(s"Users : Within Set Sum of Squared Errors = SWSSSEUsers")

val WSSSEItems = modelIltems.computeCost (datasetItems)
println(s"Items : Within Set Sum of Squared Errors = SWSSSEItems")

SRR

Users : Within Set Sum of Squared Errors = 2261.3086181660324
Items : Within Set Sum of Squared Errors = 5647.825222497311

it WSSSE AR i DT SR 2 AN R B ARR AR M iZds b 22 (e oL, BT,

8.4.4 &KX WSSSE KIS/
A FiECRET MovieLens $E4E | WSSSE HUI . A RIS RIEACKECT 1)
WSSSE fH, Jf&xiilix e if
Scala SCHLUNT -
object MovieLensKMeansMetrics {
case class RatingX(userId: Int, movieId: Int, rating: Float, timestamp: Long)

val DATA_PATH = "../../../data/ml-100k"
val PATH_MOVIES = DATA_PATH + "/u.item"
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val dataSetUsers = null

def main(args: Array[String]): Unit = {
val spConfig = (new SparkConf).setMaster("local[l]").setAppName ("SparkApp") .
set ("spark.driver.allowMultipleContexts", "true")

val spark =
.builder ()
.appName ("Spark SQL Example")
.config(spConfig)
.getOrCreate ()

SparkSession

val datasetUsers = spark.read.format ("libsvm") .load(
"./data/movie_lens_libsvm/movie_lens_users_libsvm/part-00000")
datasetUsers.show(3)

val k = 5

val itr = Array (1, 10, 20, 50, 75, 100)

val result = new Array[String] (itr.length)

for (i <- 0 until itr.length) {
val w = calculateWSSSE (spark, datasetUsers, itr(i), 5, 1L)
result (i) = itr(i) + "," + w

}

println("---------- Users---------- ")

for (j <- 0 until itr.length) {
println(result (j))

}

println("----------------------——~ ")

val datasetItems = spark.read.format ("libsvm").load/(
"./data/movie_lens_libsvm/movie_lens_items_libsvm/part-00000")

val resultItems = new Array[String] (itr.length)

for (i <- 0 until itr.length) {
val w = calculateWSSSE (spark, datasetItems, itr(i), 5, 1L)
resultItems (i) = itr(i) + "," + w

println("---------- Items---------- ")
for (j <- 0 until itr.length) {
println(resultItems(j))

spark.stop ()

import org.apache.spark.sqgl.DataFrame

def calculateWSSSE (spark: SparkSession, dataset: DataFrame, iterations: Int, k: Int,
seed: Long): Double = {
val x = dataset.columns
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val kmeans = new KMeans () .setK(k) .setSeed(seed).setMaxIter (iterations)

val model = kmeans.fit (dataset)
val WSSSEUsers = model.computeCost (dataset)
return WSSSEUsers

-

LEr s anF

\

1,2429.214784372865
10,2274.362593105573
20,2261.3086181660324
50,2261.015660051977
75,2261.015660051977
100,2261.015660051977

1,5851.444935665099
10,5720.505597821477
20,5647.825222497311
50,5637.7439669472005
75,5637.7439669472005
100,5637.7439669472005

LR AT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 08/scala/2.0.0/
src/main/scala/org/sparksamples/kmeans/MovieLensK MeansMetrics.scala

NSRRI, DA A R (AL ):

Users : WSSSE vs. Iterations

2500 — WSSSE

2420

2340

WSSSE

2260

2180
20 40 60 80 100

Iterations

JA P BE F WSSSE 53508z Al )56 £
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KMeans - Iltems : WSSSE vs. Iterations

5880 —— WSSSE

5810

5740

WSSSE

5670

5600
20 40 60 80 100

Iterations

HL BRI WSSSE 5k Al 1) 5% &

PRI, XA A R =, BARREI N 18 F1 20 JT4h, WSSSE P43 .

8.5 4 K-131E
4y K-¥9{E (bisecting K-means ) J& K-Y{EA—FhfiTAE B
0 % k09 4m 7 T A% https://archive.siam.org/meetings/sdm01/pdf/sdm01_05.pdf.

HAPBRIF
(1) BEMLERE—A 5, e, e R?, THE ML S (centroid ) w, ZRIFTHA

c, €N’ cp=w—(c,—w)

FRID RUEIHRA L s RO U — R, B ICR XN — VR, A IR EN %

7 T USRI ) AR EE‘JﬂJ{Eo
() B M =[xy, xa, =, x, I APIDT2E M AT My, )53 RIA0TE

fretc ¢ n-cd<ls-ol
xeMy i [xi-e]>|x-cf

3) g 2 4, VA MR MR R S, w Rl weo
(4) ﬁn% WL:cLH WR=CR, U”%‘&%Eﬁ JUIJ CL—WL, CR=WR, %Féli?d;ﬁﬁ 2 5
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8.5.1 & K-HE—IIG— 1M RERE

H Spark ML Kl Zx—1~ 43 K-P{ERRIFII G HABIR A, BRKEA & I 2Rz 1) DataFrame
f£45 BisectingKMeans LA PREL. THE, THEEIEAKIE libsvm #% 20,

(1) #IhE 1k Spark £EH7E

val spConfig = (new SparkConf)
.setMaster ("local[l]")
.setAppName ("SparkApp")
.set ("spark.driver.allowMultipleContexts", "true")

val spark =
.builder ()
.appName ("Spark SQL Example")
.config(spConfig)
.getOrCreate ()

SparkSession

val datasetUsers = spark.read.format ("libsvm") .load(
BASE + "/movie_lens_2f_ users_libsvm/part-00000")
datasetUsers.show(3)

show (3) BRELAYH H AR

B o mmmmm e +
|label| features|
+-———- o — - +
| 1.01(2,[0,1]1,[0.37140...1
I 2.01(2,[0,1],[-0.2131...]
I 3.01(2,[0,1],[0.28579...]
+-——-- o +
only showing top 3 rows

A7 BisectingKMeans W%, FHEEIHESEL.

val bKMeansUsers = new BisectingKMeans ()
bKMeansUsers.setMaxIter (10)
bKMeansUsers.setMinDivisibleClusterSize (4)

(2) VIZRAEinY .

val modelUsers = bKMeansUsers.fit (datasetUsers)

val movieDF = Util.getMovieDataDF (spark)

val predictedUserClusters = modelUsers.transform(datasetUsers)
predictedUserClusters.show(5)

b anT .

+-=-==- o o +
|label| features|prediction|
B o mmmmmmm e Fmmmmmmmm +
| 1.01(2,[0,1],[0.37140...] 31
| 2.01(2,[0,1],[-0.2131...] 31
| 3.01(2,[0,1],[0.28579...] 3]
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| 4.01(2,[0,1],[-0.6541...] 1]
| 5.01(2,[0,11,[0.90333...] 2]

only showing top 5 rows
(3) FERFAN LR -

val joinedMovieDFAndPredictedCluster =
movieDF.join (predictedUserClusters
, predictedUserClusters("label") === movieDF ("id"))
print (joinedMovieDFAndPredictedCluster.first())
joinedMovieDFAndPredictedCluster.show(5)

T .

| 1] Toy Story (1995) |101-Jan-1995| 1.01(2,[0,1]1,[0.37140...13]
| 2| GoldenEye (1995) |01-Jan-1995| 2.0](2,[0,1],[-0.2131...[3]
| 3] Four Rooms (1995) |01-Jan-1995| 3.01(2,[0,1]1,[0.28579...]3]
| 4] Get Shorty (1995) |01-Jan-1995| 4.01(2,[0,1]1,[-0.6541...]1]
| 5| Copycat (1995) |101-Jan-1995| 5.01(2,[0,1]1,[0.90333...12]
fmmmmmm e Fommmmm— - N et L e e +

only showing top 5 rows
ANYHEIIFE P S TEN SR HT 10 FRHLEE

for (1 <- 0 until 5) {
val prediction0O joinedMovieDFAndPredictedCluster

.filter ("prediction == " + 1)
println("Cluster : " + 1)
println("—--==—m e )
predictionO.select ("name") .show(10)

}
FErp e — N 2EFRXS L A R AT

Cluster : 0

|Antonia's Line (1...
|Angels and Insect...
|Rumble in the Bro...
|Doom Generation,
| Mad Love (1995) |
| Strange Days (1995) |
| Clerks (1994)|
| Hoop Dreams (1994) |
|Legends of the Fa...|
|Professional, The...|

only showing top 10 rows
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114 WSSSE:

val WSSSEUsers = modelUsers.computeCost (datasetUsers)
println(s"Users : Within Set Sum of Squared Errors = SWSSSEUsers")

println("Users : Cluster Centers: ")
modelUsers.clusterCenters. foreach (println)

BT

Users : Within Set Sum of Squared Errors = 220.213984126387
Users : Cluster Centers:
[-0.5152650631965345,-0.17908608684257435]
[-0.7330009110582011,0.5699292831746033]
[0.4657482296168242,0.07541218866995708]
[0.07297392612510972,0.7292946749843259]

T TS LR T B -

/) BRBRAEFATE S 3 ALK

val datasetItems = spark.read.format ("libsvm") .load(
BASE + "/movie_lens_2f_items_libsvm/part-00000")

datasetItems.show(3)

val kmeansItems = new BisectingKMeans () .setK(5).setSeed(1L)
val modelItems = kmeansItems.fit (datasetItems)

/) BE RN IREF G AR RERR
val WSSSEItems = modelIltems.computeCost (datasetItems)
println(s"Items : Within Set Sum of Squared Errors = SWSSSEItems")

// HRER

println("Items - Cluster Centers: ")
modelUsers.clusterCenters. foreach (println)
spark.stop ()

Xt ROE PRl £ 4

Items: within Set Sum of Squared Errors = 538.4272487824393
Items - Cluster Centers:
[-0.5152650631965345,-0.17908608684257435]
[-0.7330009110582011,0.5699292831746033]
[0.4657482296168242,0.07541218866995708]
[0.07297392612510972,0.7292946749843259]

LR R T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 08/scala/2.0.0/

src/main/scala/org/sparksamples/kmeans/BisectingK Means.scala.,
(4) MTRLALH P L2267
TSN RFIE T2 025 TP FH LR AR L 1 60 «
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object BisectingKMeansPersist {

val PATH = "/home/ubuntu/work/spark-2.0.0-bin-hadoop2.7/"
val BASE = "./data/movie_lens_libsvm_2f"
val time = System.currentTimeMillis()

val formatter = new SimpleDateFormat ("dd_MM_yyyy_hh_mm_ss")
import java.util.Calendar

val calendar = Calendar.getInstance()
calendar.setTimeInMillis (time)

val date_time = formatter.format (calendar.getTime())
def main(args: Array[String]): Unit = {
val spConfig = (new SparkConf)

.setMaster ("local[l]")

.setAppName ( "SparkApp")

.set ("spark.driver.allowMultipleContexts", "true")
val spark = SparkSession

.builder ()

.appName ("Spark SQL Example")

.config(spConfig)

.getOrCreate ()
val datasetUsers = spark.read.format ("libsvm").load/(

BASE + "/movie_lens_2f_users_xy/part-00000")
datasetUsers.show(3)
val bKMeansUsers = new BisectingKMeans ()
bKMeansUsers.setMaxIter (10)
bKMeansUsers.setMinDivisibleClusterSize(5)

val modelUsers = bKMeansUsers.fit (datasetUsers)
val predictedUserClusters = modelUsers.transform(datasetUsers)

modelUsers.clusterCenters. foreach(println)
val predictedDataSetUsers = modelUsers.transform(datasetUsers)
val predictionsUsers = predictedDataSetUsers
.select ("prediction")
.rdd.map(x => x(0))
predictionsUsers
.saveAsTextFile (BASE + "/prediction/" + date_time + "/bkmeans_2f_users")

val datasetItems = spark.read.format ("libsvm").load (BASE +
"/movie_lens_2f_items_xy/part-00000")
datasetItems.show(3)

val kmeansItems = new BisectingKMeans () .setK(5).setSeed(1L)
val modelItems = kmeansItems.fit (datasetItems)

val predictedDataSetItems = modelItems.transform(datasetItems)
val predictionsItems = predictedDataSetItems

.select ("prediction")

.rdd.map (x => x(0))
predictionsItems
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.saveAsTextFile (BASE + "/prediction/" + date_time + "/bkmeans_2f_items")
spark.stop()

}
TR T BUT BPIANEE R 2R R A A I O o

B Bisecting KMeans gfovie Lens Users aFeaOtures o Clustel! | |
Cluster2
Cluster3 [}l
Cluster4
Cluster1 [l

o
o
k|
2
30
TR T B B ANEE R 2R R A A O o
= Bisecting KMeans Movie Lens Items 2 Features
! ° Cnators 1
Cluster4 [l
3 Cluster0
Cluster3 [l
2
1|0
]
)
-1
-2
[}
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 '

8.5.2 WSSSE FliE
X—THF— FERECT 3 K-¥{ERRI) WSSSE 520
Scala JRAZUNT .

object BisectingKMeansMetrics {

case class RatingX(userId: Int, movieId: Int
, rating: Float, timestamp: Long)

val DATA_PATH = "../../../data/ml-100k"
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val PATH_MOVIES = DATA_PATH + "/u.item"
val dataSetUsers = null

def main(args: Array[String]): Unit = {

val spConfig = (new SparkConf)

.setMaster ("local[1l]")

.setAppName (" SparkApp")

.set ("spark.driver.allowMultipleContexts", "true")
val spark = SparkSession

.builder ()
.appName ("Spark SQL Example")
.config(spConfig)
.getOrCreate ()

val datasetUsers = spark.read.format ("libsvm")
.load("./data/movie_lens_libsvm/movie_lens_users_libsvm/part-00000")
datasetUsers.show(3)

val k = 5

val itr = Array (1, 10, 20, 50, 75, 100)
val result = new Array[String] (itr.length)
for (i <- 0 until itr.length) {

val w = calculateWSSSE (spark, datasetUsers, itr(i), 5)
result (i) = itr(i) + "," + w

}

println("---------- Users---------- ")

for (j <- 0 until itr.length) {
println(result(j))

val datasetItems = spark.read.format ("libsvm")
.load("./data/movie_lens_libsvm/movie_lens_items_libsvm/part-00000")

val resultItems = new Array[String] (itr.length)

for (i <- 0 until itr.length) {
val w = calculateWSSSE (spark, datasetItems, itr (i), 5)
resultItems (i) = itr(i) + "," + w

println("---------- Items---------- ")
for (j <- 0 until itr.length) {
println(resultItems(j))

spark.stop()

import org.apache.spark.sqgl.DataFrame
def calculateWSSSE (spark: SparkSession, dataset: DataFrame
, lterations: Int, k: Int): Double = {

val x = dataset.columns

val bKMeans = new BisectingKMeans ()
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bKMeans.setMaxIter (iterations)
bKMeans.setMinDivisibleClusterSize (k)

bKMeans.fit (dataset)
model .computeCost (dataset)

val model
val WSSSE
return WSSSE

}
}

Bl PR AN TR -

Bisecting KMeans - Users WSSSE vs Iterations

2500

2460

4
2420
g
2380
2340
20 40 60 80 100
Iterations
FH P8 | WSSSE 5k Rz Rl C &R
Bisecting KMeans Iltems : WSSSE vs Iteration
6300
6150
5 6000
£

5850

5700
20 40 60 80 100

Iteration

MU A | WSSSE Sk fRUCECZ IR 5 &
AMER AR AR B, R RKAON 20 IR R T 5L WSSSE.
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8.6 SHTEAEE

RGBSR — DA TR R o] BRI BRI S JSBORAR s C N R AR
R DT RERRI G

SHPR AR (GMM, Gaussian mixture model ) E—FRAIEL, B HEZ S5 E KL
( Gaussian component densities ) FJZEPEMIAL IR KR 0 =38, Horh R4S sk Bk  — A 41
( component ), £ I REGHE T ECAHAE {R AL (EM, expectation-maximization ) 5{fFIH#EZ
&A% (MAP, maximum a posteriori estimation ) TEYIZrEHE FIZR1GH .

Spark ML fifi F§ EM 533k 528 GMM.,
HZH00F

Q k: ML

O convergenceTol: WCSEIME, YAHSRMIUEAC PR Y25/ N TR (ERT, A EARIE
2 G|

O maxIterations: FRRIERUEL HIE—BEARNEL, HmEZEARIN%EZ R,

O initModel: WEZEL, EM WAL, BARTRE , WISBEHLAEE Q18— SORTT G
pllE

8.6.1 GMM B4
A B P R S B LA AR R e A 1A A
HARSRATT

(1) ZRAH P X RAY libsvm SCHAF .
(2) B3 GMM 3241, iZSEBIRg AT B B S ENT

final val featuresCol: Param[String],
Param for features column name.
final val k: IntParam
Number of independent Gaussians in the mixture model.
final val maxIter: IntParam
Param for maximum number of iterations (>= 0).
final val predictionCol: Param|[String]
Param for prediction column name.
final val probabilityCol: Param[String]
Param for Column name for predicted class conditional probabilities.
final val seed: LongParam
Param for random seed.
final val tol: DoubleParam
max threshold for convergence
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(3) ik B KL E w0 A B BRI 54
val gmmUsers = new GaussianMixture().setK(5).setSeed(1L)
(4) BT P .

for (i <- 0 until modelUsers.gaussians.length) {
println("Users : weight=%f\ncov=%s\nmean=\n%s\n" format
(modelUsers.weights (i), modelUsers.gaussians (i) .cov
, modelUsers.gaussians (i) .mean))

}
SEREARALUNT
object GMMClustering {

def main(args: Array[String]): Unit = {
val spConfig = (new SparkConf)
.setMaster ("local[l]")
.setAppName (" SparkApp") .
set ("spark.driver.allowMultipleContexts", "true")

val spark =
.builder ()
.appName ( "Spark SQL Example")
.config(spConfig)
.getOrCreate ()

SparkSession

val datasetUsers = spark.read.format ("libsvm") .load(
"./data/movie_lens_libsvm/movie_lens_users_libsvm/part-00000")
datasetUsers.show(3)

val gmmUsers = new GaussianMixture().setK(5).setSeed(1L)
val modelUsers = gmmUsers.fit (datasetUsers)

for (i <- 0 until modelUsers.gaussians.length) {
println("Users : weight=%f\ncov=%s\nmean=\n%s\n" format
(modelUsers.weights (i), modelUsers.gaussians (i) .cov
, modelUsers.gaussians (i) .mean))

val dataSetItems = spark.read.format ("libsvm") .load(
"./data/movie_lens_libsvm/movie_lens_items_libsvm/part-00000")

val gmmItems = new GaussianMixture().setK(5).setSeed(1L)
val modelItems = gmmItems.fit (dataSetItems)

for (i <- 0 until modelItems.gaussians.length) {
println("Items : weight=%f\ncov=%s\nmean=\n%s\n" format
(modelUsers.weights (i), modelUsers.gaussians (i) .cov
, modelUsers.gaussians (i) .mean))

spark.stop()
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def loadInLibSVMFormat (line: String, noOfFeatures: Int): LabeledPoint = {
val items = line.split(' ')
val label = items.head.toDouble
val (indices, values) = items.tail.filter(_.nonEmpty).map { item =>
val indexAndvalue = item.split(':")
val index = indexAndvalue(0).toInt - 1 // A 1 F4&569% 314 HM 0 Frds

val value = indexAndvalue (1) .toDouble
(index, wvalue)
}.unzip

/] KBFERINREMNL F4E, LHAHAA
var previous = -1
var i = 0
val indicesLength = indices.length
while (i < indicesLength) {
val current = indices (i)
require (current > previous
, "indices should be one-based and in ascending order")
previous = current
i +=1

(label, indices.toArray, values.toArray)

import org.apache.spark.mllib.linalg.Vectors
val d = noOfFeatures
LabeledPoint (label, Vectors.sparse(d, indices, values))

8.6.2 T GMM X9 %
TR IR N 22 845 T P RIS B 2, 4 R TR
T GMM BB P 255 5 s I o

- GMM Movie Lens Users 2 Features
4 o Cluster1 [l
Cluster2
Clusterd [
Cluster0
Cluster3 il

3.0




286 % 8% Spark MR EAEA

TE GMM BRI

oK

IR B O

= GMM Movie Lens Items 2 Features
4 Cluster1 [l
Cluster2
Cluster4 [l
3 Cluster0
Cluster3 [l
2
1
(<]
0
K|
-2
3.0 '
8.6.3 IAMURHXAFRIAFHIFNT
HETOREFER GMM QU X R0 A2 -
TR T HGEUR P 2SR 01
“ GMM Movie Lens User Data - 1 Iteration Cluster] Il
Cluster0
1.5 Cluster4 [l
Cluster2
Cluster3 [l
1.0
0.5
@
0.0
-0.5
o o
1.0
[¢)
1.5
-2.0 1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
TR T 10 kAU 207 o
- GMM Movie Lens User Data - 10 Iterations Cluster1 Il
Clu:te:z
1.5 Clustero [l
Cluster4
Cluster3 il
1.0
0.5
)
0.0
-0.5
® (]
-1.0
(<)
1.5
-2.0 1.5 1.0 -0.5 0.0 0.5 1.0 1.5 2.0 '
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TEEAR T 20 YAk AU 23 1

GMM Movie Lens User Data - 20 Iterations

Clusterl [l
Cluster2
Clustero [l
Clusterd
Cluster3 il

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

8.7 NG

ARFEREGE T — PR, e ORI R b T ~), R ) o FfiT2) T
T Ak B R AR« RAIEAR A, DA — R (FRAT T R HERA R ) (ks th 4 7
Hh— AL (K-SEIREET ) WA B, FRATITAR RSB APERERS, AU T 38R
NLfgke, Wl T BRI R Ir ikt AT e R

T—FR e — R R TE N ), 7R PR O B e BB AR AE O 1o A2
LSt




Spark [ F T #EEY%E

ARER RSk ) To B 2 S R B iR PS4 ( dimensionality reduction ) Y777

AR TIHATZ AT T R B 32RHRZE, BRI R R MR Y o 4T 7R
— DY CRAAEm R ) B AL k43R, k—Ramim/NT D, NI, FEAET Ik
R BRI BT, B B — R AR A T, AN AR B FY T i

WEAEIE N BB — R, WO B 4 B2 2 IZ AT RE O B Dy 0 TS o 4y ] AR
o XIRT—MHEARE L KRR IRAL 5 B TREE L, X APLEHA — R URAR AN CHEAR
MRS RFAE SO AEARAE ), (HANSRAEA IASHY A —SERRAE, FRATAVBLRYEE AT LAy ) X5 K I
MRS, TIAS A S A MR R ) B Rl rp e T B o 5 2, R mT DASHEBR B
FRRSEFS O P RO A AR 454

AT, SRR A AR BE T TR B ANRRAE, BRI RS DB AED A LA
) AR R, DUNT EAU A SO H R TUNEA AR O SRR, XA
IS BATE AN 1= v T TE DA T AR ) ).

PAR 2 —Se i P AR AR 1975«

Q HEMERAE T

Q FRIPURFIE LN GRHARNLAS 7 T B 5

O R BIBRIAE T B B RO A7 AR AN SR AR (i, — PR IE a4 2 48 );

Q JE R SO A I — 2L R A i R R A

Q SRR AE AR i, (AR I FOHE) BRI Sy (Biln, SYARBISCA | L IR
PR AEAE e AR AR I ).

AREEH, FRATRE -

Q A~Z37E MLILib Hra] LU FH A R GER Y 5
Q X 1 R B R A0 YRR TE A TR 4
O {i#i ] MLIib I 2k 4EAR Y ;
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Q A HAEERZE I
Q X TR R T SR

9.1 [EHETTIERIFRA
MLLib $243L T Fifh a5 UIAH S 1) (R 4ERRY . £ RR 4> 9 #5% ( PCA., principal components analysis )
MEFRESMEE (SVD, singular value decomposition ),

9.1.1 ERTT

PCA Kb B— R, IPUERE oA, ERERIAME, TRaRT, F—1
Sl RN AL R RAR T 1 o 2SR BREAS FE AR AR AN [ A5 B BT A 7 )
5 K AE AT 7] o

P, R 8 kA R AR TR AR T RER R . SR b, B R
A A AR RO AR ) AR BE o PRI 00 P RS oA i — ORI, TR R K e 5 32 3
RN & 4EZS(E]

9.1.2 HFRENHE
SVD I EPRE—A m > n QERIFEFE X 70fift Ry 3 A FE LT HE R -

Q mxm 5L FE U
Qmxn 4GS, STHTEESTRE
Q nxn 4E5ERE VT

X=UxSxV"T

W AR, Tl I— A AT IR REROLEIE , P U, S 71 VAT, TP
TR, F50 1, — PRI SVD, WHUREEL, RIRRI &AL SRR _
Wi A, TIRAAF R 7, SRR X 192K -

X~U xS, xV,

— AW SVD EFan R I TS

n k _k n
ko AR
m i m
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PREERT kA7 SEAIE PCA AR BT &2, S50 1, SVD F1 PCA 24 HARIKR
1, AEFZaREIX— .

PCA #= SVD #9 & F e 3R H T K HEHE .
T VAL T @ 649 Spark A% WP 3.3 e 4 77 ik 69 4734 ¢ http://spark.apache.org/docs/
latest/mllib-dimensionality-reduction.html,
0 TEEEES)AEETE PCA o SVD A8 X4 £ hnif tn b R F S ift
https://en.wikipedia.org/wiki/Principal component analysis #= https://en.wikipedia.org/
wiki/Singular-value decomposition.,

9.1.3 FIEFESRRHIRR

PCA Fll SVD 2R MR, BRI S ERUE, AT TR IEOR BORE I 70 il — S 4 2
(5fk ) BARIHERE . R FEAER AR AR IS THEFE S

PRUVFICRAE R 55— B, wUR bR IE, 76565 6 SmFA TR R . e FE g6
T, R ST PR R R AP R 23 . PP R AR SRR . PR BAT LSRR R
RIHERE , T LA S5 5 I I AR O

A& % A w AT a9 R AL U8 kAR 6.4 SVD 4%, Simon Funk 3t VA AR 77 &
343 T Netflix 2, £J. http://sifter.org/~simon/journal/20061211.html,

9.1.4 ZBIMEANEAERNFE
IR IR TT DU SRR A, 7T LA TR =
O B FRATT T v2n 20k AT [ Fob () K-S M G kAN 2EHR, 45 kR kAN rh O 2

PANN
= BK1

Q FATAT LRSS AR s 53 & A OAYIEiE (HgtE it B s B 2R O YRR RS )
PR, SRR R A —4H kU

Q X AR T OB — BT & 4w, BATHU HOR B 4 B AR BB i s 1
K

AN R B R ER, FRATTr LASE B R AR AL et o mT DALEFRA Tl ad ik

R R A2 AR R TR > S A ZR AR o {5 v S R A 2 e LA S B R 2 AR
MR
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9.2 MHHEFMEEEFHE
R T3] A LB AT B 7 B — R, AR T L P KRR 1 R0

AZEIRATI R P AN bR 4E (LFW, labeled faces in the wild ) 1A F1 &5 Ab R A4 T 5L
EAFAEEA S 13 000 25K T2 N H B _EARAGFAG AR AT F o X S8 E A A4 0515
THRHES

M LFW BiE & i BUE

R TG T BRI IEE T RS, FRAT AP S — TR, IR E LT AT
SRR R R F o i T T AR ] DL 80X NMIdELE : hitp:/vis-www.cs.umass.edw/1fw/Ifw-a.tgz.

HIRFE S0 mY e i F 3T G $IB L, HiFFI Mk, http:/vis-www.
cs.umass.edu/lIfw/,

JRAE AR
0 HUANG G B, RAMESH M, BERG T, et al. Labeled faces in the wild: a database
for studying face recognition in unconstrained environments [R]. Amherst: University
of Massachusetts, Ambherst, 2007.

A 2T T P i K

> tar xfvz lfw-a.tgz

XA 1w BSCPE, H & RF3C Rk, AT SRR R — A A
1. EEE AR

N2 Spark BRI AT . IR DR B ISRV AN T B9 data FISRE

Chapter_09

|-- 2.0.x

| | -- python
| | -- scala
| -- data

AR EA AR F python H AN, SEFRAUICHEA. T scala HFEW -

scala

|-- src

| |-- main

| |-- java

| | -- resources
| | -- scala

| | |-- org
|

|
|
|
|
| | | -- sparksamples
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| | | | -- ImageProcessing.scala
| | | |-- Util.scala

| | |-- scala-2.11
| |

IAEFRANTE 2t Rt 1 8l , (EmG— /R AR Spark 24 1 ERCCASCAF AT Hadoop
AR Tk, (BRI SR B R Fr SO B RE

Spark $2{1t T — 4440 wholeTextFiles M5k, FRFHATRIMRIEREASIIF, AR T
I—EAEMHIN Textrile Jrik, Ja# HAEE—DEE DSOS P TIZTAR BE

FA T wholeTextrile JEVIMERN PRI ALE . M X SESCPF#AR, FATHT LA
F s SRS I A BEER . 7E T mE R g, AT parn RMIE 1w 73015
O} E

i AR BCAF I BEAEAR IR T A R Boh i = ) Sk Spark 78 1w ST s a1 A4~ SO
Je BRI
val spConfig = (new SparkConf)
.setMaster ("local[l]")
.setAppName ("SparkApp")
.set ("spark.driver.allowMultipleContexts", "true")
val sc = new SparkContext (spConfig)
val path = PATH + "/lfw/*"
val rdd = sc.wholeTextFiles (path)

val first = rdd.first
println(first)

N Spark EAE 208 T ARMUITA AT SO MR 2RI A H BS54, T UETT first i
AIREAER e —LEmfa] . —HSERL, BHZAT LA BIAn T r i -

first: (String, String) = (file:/PATH/lfw/Aaron_Eckhart

wholeTextFiles ¥R Bl —A>fEE XA RDD, HAEUESCAAIE, FEREA SR
A, XTIRATRIUL, RFEESCgAE, FEAIRNIARE B LA R I BR800 (TR, 3K
PEvi Rl TR X —ooE” ),

AT RDD 72 . [FIRFEER, SO LD “file:” JFUR, XAHTZ0E Spark
FRIX 53 MR8 SO R G B AR (il file:/ SR AR MBSO/ RS, hdfs:/J& hdfs, s3n:/
J& Amazon S3 X RS, 5% ).

AT TR0 FH A 2 SUARRAS SR B e, BT LAIRAT TN T B SO AR B oo PR AT T3 ik
Y map PR R AT T4

val files = rdd.map { case (fileName, content) =>
fileName.replace("file:", "") }
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B BRBEER T file:RiT 2R Y SCIF B8 A% -
/PATH/1lfw/Aaron_Eckhart/Aaron_Eckhart_0001l.jpg
TS WoRTRATEA 2/ DA SR PR

println(files.count)

IBATIXAME 2 Spark Y shell HUAARZME A, DO T A B2 SCPF R AR AR 2 i
o AR NZ AN, (A hdT o e i A R T TR -

.., /PATH/1lfw/Azra_Akin/Azra_Akin_0003.jpg:0+19927,
/PATH/1lfw/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

XHEINTERIA 1055 S0/ 2ARHL,
2. AT BRI

SR Scala fil Java i —2 ]l T HORJE/RE R, {HIXJ& Python Ml matplotlib HHK,
A TR Scala SRAS PR HURMG AP 121747, RIS TE IPython "R /R SZBRAIE Ao
AT AFT T 000 Y 25 1 E1 R 37 3247 —1> IPython NoteBook :
> ipython notebook
2, 4o RARAEAE A Python NoteBook, & 2t & iZHAT T @ 694K 1 Bk A%
PEE K T KA notebook H A (LA F ) N# 2T spylab inline,
AT DA Sh A D g8 1Y A7 B IPython 283, FH RN ARSI pylab £Hl3HE
> ipython -pylab

TEEARFRIHE, FEAEFARLE MLIb H X578 Scala il Java 1555, FrLAFRAT4RZLM ] Scala
Sparkshell SRz 7H5AY, HIL, VRATFEAERE G HHiztT PySpark.

A FATVA Python A F= TPython NoteBook 97 X324 T F7 A % Python 4,
., % T4 IPython #9442, AR [Python X% &, .

i matplotlib AY imread Ml imshow 472, W A1 Z ATHEEUA A4S, 7T LURR I A

from PIL import Image, ImageFilter

path = "/PATH/1fw/PATH/1lfw/Aaron_Eckhart/Aaron_Eckhart_0001.jpg"
ae = imread(path)

imshow (ae)
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PRIIZAER BNUN T Frzs A5 -

def main():
path = PATH + "/1lfw/Aaron_Eckhart/Aaron_Eckhart_8601.jpg"

im = Image.open(path)
im.show()

tmp_path = PATH + "/aeGray.jpg"
ae _gary = Image.open(tmp_path)
ae gary.show()

pc = np.loadtxt(PATH + "/pc.csv", delimiter=",")

print(pc.shape)
# (2500, 10)

plot_gallery(pc, 58, 58)

3. AR E R {EARE

FUGAL BRI I N T AR RIS, (HFA 175 ZRE — e ml M OR kS ] . 45
— MR AT AR A = AR R . TS, R .y 2R, FOREMERR
e, H=AYEEFRREMERVLL, 85, % (RGB) =Jutififi.

—IKEEF B B MR RAUH Z—ME (AT RGB H) KR, IR AR Ry
AR ARZ ERAL BN S R SR AL e AR 5 A AR EIORBE I Ao FRAT PR SR
R KB P 7 s XA H Y

TENLER AR5 T, A — i I D7 SORAE I R Fom l— i, AR . Ff Tl i
SR E—1T (S E—5) R REE (FROVEZE ), XK A2
PR E I i, VRO I B AR A

FAMRIZ, Java BRI AWT CGHREOTREE ) WS RZHAR EGA B R L F07H
i Java. awe JEE L—LEDIREPREORAEHIE Ao

(D) HBAE R
A BREM S R ERA

import java.awt.image.BufferedImage

def loadImageFromFile(path: String): BufferedImage = {
import javax.imageio.ImageIO
import java.io.File
ImagelO.read(new File(path))

}

AR T Util.scala H1,

KRB~ java.awt . image.BufferedTmage KIYSHI, EAFHEE A LI RHRE
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BT, TN T7E Spark shell Hizk 55— 1@ K H Kl e .

val aePath = "/PATH/lfw/Aaron_Eckhart/Aaron_Eckhart_0001.jpg"
val aeImage = loadImageFromFile (aePath)

P27 3 shell Hr 57 AR A 2075

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

BHARZARE o X HA PRUURIA SRR B T R SEAI RIS 250 (7K. JFHIRATAT LA
B, PO (BUE RGBH) HOh 3.

(2) et b IR P 7 I F s TR R R
FeA 17 LAY T — A eRACR R ICIT— > sREOM B I R, SEIER WAL IRIE , IFBUE R R

B G T o

X HANEUTFR, (RN THCREREZ Y w XSRS X, T RGB # @ F i
ANJE IR JE P R 2 (o A B R 50 B 388 = 3% St , e R P Rt R R in 1 A R A T 4H
ALY 250 x 250 B BRIEAL S 187 500 M H = I (A i85t o % T 1055 IR i =, 3k
& 197 812 500 8 H i o BV LB AA A%, B — A G H 4 FANAE, s b H 800 MB INAF
WEER, FURABMT SR 2 o HFER & N IS o

IR R E R A, IR A RNSE,  Feln 5012 x 5018 E K/, FAUUNFTFE 2500 4
ol SR A R IR R o 1055 5K IE 7 RMESER T 10 MB IYINAE, TS A FRA /R 975 22 .

T AR, AT Java. awt . image f—25 M58 K BE A5 AR ST 2R

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

}
PRE S —ATRIEE T —MRE S MUK EBTE BRI o 28 =47 MUsUiR IR R 22 i K
JEK o drawImage J7rik AT ORI T, faBA TR T — B B A IR A

I P R B o oA IR BE 1A R K RO 238 O 100 f85% x 100 18K

val grayImage = processImage (aelmage, 100, 100)
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Pl 5 R BLZ R BELL S i

grayImage: java.awt.image.BufferedImage = BufferedImage@2l1f8ea3b:

type = 10 ColorModel: #pixelBits = 8 numComponents
java.awt.color.ICC_ColorSpace@5cd9d8e9 transparency
false isAlphaPre = false ByteInterleavedRaster:

100 #numDataElements 1 dataOff[0] = 0

1l color space =
1 has alpha =
100 height =

IR S, BRSSO 100, BUEHAMFRRAM T 1.
SRR R AL B 1 B R SO I B, IXAEFRATTAT LAZE Python [ H FSeHREIR I i/

import javax.imageio.ImageIO
import java.io.File

ImagelO.write(grayImage, "jpg", new File("/tmp/aeGray.jpg"

))

PRIIZAE BTG BR T true, UEBHIRATRINIEKEE E R aeGrey.jpg RATEN T /tmp SCH-2
HJ5 7E Python Hii FH matplotlib S2HU: 7R [El - o 7E IPython NoteBook 5% # shell H4i AT I

B X SEBAE TIPS 1 1 ):

tmpPath = "/tmp/aeGray.jpg"
aeGary = imread(tmpPath)
imshow (aeGary, cmap=plt.cm.gray)

et Ban i B R (R, BATE B ERE R T ). T RAE B K EE IR A S Lo
SRR 220 73k, AR RBLARR R AR, 250 x 250 A5G RO 28908

100 x 100 A4 N~
XA IR

def main():

im = Image.open(path)
im.show()

tmp_path = PATH + "/aeGray.jpg"
ae_gary = Image.open(tmp_path)
ae_gary.show()

pc = np. loadtxt(PATH + “/pc.csv”, delimiter=",")

prmt(pc shape)
# (2500, 10)

plot_gallery(pc, 56, 50)

path = PATH + "/Lfw/Aaron_Eckhart/Aaron_Eckhart_0001.jpg"

(3) PRBUFFAE [ 1

Ak P R A fi S — 2P PR S AR ) i AP oA T TR AERE B A i A o TE AN Z RTER R A, 4

IR BEAR Z R E AL o A PR 1 4T 4R iR SR AL i —
POt T — T HRIE, ATRERA TR sRECh (] -

Ak [ [n) i . Buf feredImage
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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)

}

2, BATE—NIIRERE P A X 3 eR%L, 52— AR SO E LA B R A 5 Fl
R Al — ML E G E R AEH Array [Doubel 1 {H:

def extractPixels(path: String, width: Int, height: Int):
Array[Double] = {
val raw = loadImageFromFile (path)
val processed = processImage(raw, width, height)
getPixelsFromImage (processed)

}

FERX A PREON I 5 18] 4200 RDD fYR— 03 A4 —S8i RDD, i) RDD
A5 B KIE A R B . LR T AU E B TR LA TR

val pixels = files.map(f => extractPixels(f, 50, 50))
println(pixels.take(10) .map(_.take(10)
.mkString("", ",", ", ...")).mkString("\n"))

RSB BN B i -

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,

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,

RJF— e KK B MLLb i 52, FATHZE A7 RDD RNk 2 J5 it

import org.apache.spark.mllib.linalg.Vectors

// setName &3 A% R —ANAW LA, #Z LA R TA Spark Web UI b
val vectors = pixels.map(p => Vectors.dense(p))
vectors.setName ("image-vectors")

/] RAREHZTEFRRE

vectors.cache

KA EE A setName F4ik% RDD 32 —AN4LF, X2, RAMALLH
image-vectors, XA Z 5 JE Spark #9 Web @ ¥+ £ 5 575 € .

4. IEM{L

TEIBATRERAERIAY (JUHAE PCA ) ZHT, 38 % 2 i ABURIEAThREfl o IEANFRATHESS 6 Fiffi
I Spark A& FAIRIAFAREY , FRA T MLLb FRRE 2L N & standardscaler PR
TEXAFIF R, BATPHE B P S P 1 -
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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)

Standard Scalar: 85D 428 5 F WAf a9 425 15 &, A E— AN
FEAE R K LTS 030, B4 K2 £42% £ ( unit variance ),
8 withMean 540: BiAH False, R4 AT T BH 4B -FI9ME 7.
BB AR B R E, IR T AMRESE, TR EFF
withstd 2%: BiAA True, BARKT B A Gt liy £ éﬁﬁi’kﬁ;?}%

StandardScalar ZKAE XN :

class StandardScaler @Since("1.1.0") (withMean: Boolean,withStd: Boolean)
extends Logging

W £ic RES S 3IET ROD [Vector ] BT, VRIIZ AT LB BN T 1%

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

EE, ST MARIETARRT A, ERBRALE P, MAKIELA
8 Wy, BAFEMEEIRA ML, 22 THHEHE, REREHYEFLIEZT
T, 3T TG YN, XA T AT A WA TR, PTVAR R EDUE B8,

i, AR scaler RS ARG, TEFTA a8 2 A5 A1 {E -

val scaledVectors = vectors.map (v => scaler.transform(v))

AT Z A4 BN AR RS IR BE GO 25 R AE 10 MB A NAE . S35 1, ARATLIFE Spark
o WA S A DU B BN IS AL hitp://localhost:4040/storage/ .

A FRATZ T EUZ & RDD — AU A image-vectors, FTLMRNIZEE BT E
FRfEE (EERMEEM )R vector [Double], H—ItR G 8 F ﬁjﬁTKIE 4
FA1, ISR E 20 MB AT ).

e 0o

Spark shell - Storage x b o
[\(_-/ @ lacalhost.4040/storage/ c * Coogle OB & a| =
Spafiz Stages = Storage = Environment  Executors Spark shell application Ul
Storage
RDDName  Storage Level Cached Partitions Fraction Cached Size in Memory  Size in Tachyon  Size an Disk
image-vectors  Memory Deserialized 1x Replicated 2 100% 202 MB 008 008

AP ER R
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9.3 IZkpEYEIERY

MLIib Y FRAERE RIS B a A A . (B2, JEAG RIS AP RoD [Vector], PCA
A1 SVD HYiH A E R LT RowMatrix AUEESEERY (X B E BRI AR, RowMatrix
AU SE— RDD [Vector ] BT HLEF2E ),

7 LFW 5 L1517 PCA

RAFATE 2 W E - B9% Z80s iU T, BU7E T IR R —AS8TY RowMatrix,
FHIHH computePrincipalComponents HITHEIRATAG A0 XA RERIRT & 4> F LT

P computePrincipalComponents FRENT, HEFERIEITRIN ARRIMWEL (FEAS ), %41
RFARFAS R (R ). JEFERT T8 IEATEZE SO 5F, & 808 0 I AT 2 —
FEN 0o (HAERERFIVEBRRETT 65 535, ZPREMISEL x XFRGR EIRT kA~ F sy, R EME N —
n AT kBN, ZR WA A A . A — BRI —FE Ry, HA S R AP HE
5, Scala WU :

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

dn R A B IX A 494, WARN LAPACK: Failed to load implementation from:
com.github.fommil.netlib.NativeSystemLAPACK 24 WARN LAPACK: Failed to
load implementation from: com.github.fommil.netlib. NativeRefLAPACK, 4% ¥ ¥Az&
3 NSRS e
B0 ML 4% A 89 S REE R b mBAN R, X8F, AT Java
W& B AWAL D, RRAR— 5, 12 KA1 6] F R B — SRR A2,

BRRIVNZRESRR , A 5 & BIPERL T hAYZS

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
-0.02525998879466241 -0.014602750644394844
-0.025494722450369593 -0.014678013626511024
-0.02604194423255582 -0.01439561589951032

-0.025942214214865228 -0.013907665261197633
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-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. ATRRALHFAERS
BERAICZINZR T A C 8 PCA B, BEERINT? LEFRATHT— T 45 R B [RIERE .

val rows = pcC.numRows
val cols = pc.numCols
println(rows, cols)

TEAPRAEE ) 65 i B RUROZER, MR 2500 7. 1051

(2500,10)

PR BRI R AOZEREE 50 x 50, PR ATRAIAFE) 7T 10 DR, B— i a4 R
AR B AERE—FE . n] DA I 88 R — AL 1 IR an Ko 2 2 e i e (Rt )
FHIE

A ARIAA Fo EAR AL ZE P XM E R B F AR A FHER, X2 R A PCA
0 o JR A B A T Ty £ S TR0 A ARAAL O MR 94 % . AL https://en.wikipedia.org/
wiki/Eigenface 35 #. % 20 .
R Ry > E R T AR R AR R AT, BT LA — D AR B LB 5K A, X
FHARIRATTT TEEA mT AR A P RE

IEANZ AiA AR h 2 5 i , 3418 H Breeze 2k pR %% LA J2 Python [ numpy & matplotlib
) PRICR AT AL R TE A

B, FTAIMFAZEE pe (—4> MLIb%E[F ) £]E—1 Breeze DenseMatrix:

import breeze.linalg.DenseMatrix
val pcBreeze = new DenseMatrix(rows, cols, pc.toArray)

Breeze [) 1inalg RO T — SRR, oI LHEHERSE] CSV SCF . AR ]
EAL B R T — I CSV SO

import breeze.linalg.csvwrite
csvwrite(new File("/tmp/pc.csv"), pcBreeze)

ZJii, FATHTE IPython HOIMARER:, I LA R e 0T b 2oy o S22, numpy 2
BET I CSV SCHF AR RO P4 (Y D) RE PR -

pcs = np.loadtxt ("/tmp/pc.csv", delimiter=",")
print (pcs.shape)
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PRIEZAE BT T, A A SRR M A ORAF A R R 4 B AT [
(2500, 10)

FA 17 ZE I RE REL AR A o RIXHERE SLPRAL:

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 1 in range(n_row * n_col):

plt.subplot (n_row, n_col, 1 + 1)

plt.imshow(images[:, 1].reshape((h, w)), cmap=plt.cm.gray)
plt.title("Eigenface %d" % (i + 1), size=12)
plt.xticks (())
plt.yticks(()

XA FHICH scikit-learn A #) LFW 45 S5 A£61 4K 8, W 3k 2 - http://scikit-
learn.org/stable/auto_examples/applications/plot _face recognition.html,

BAE, FRATPRHE FHIX A PR AT 10 MRHIER :
plot_gallery(pcs, 50, 50)

SERAT TR -

FRERSS

RS FHER2 FFAERS3

FHER:6 FRIERLT FRAERS ##?E9 FFAERE10

2 b

HiJ 10 ALK

2. WEFHIERR
S R F, FATAT AR 2 PCA BAUA OB U T RO AR, 3%
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BT TR A B ASRRIE . BUECRSAR A —HE RS SRR T DU
FIERE—HE, JFA G RE ELHNE i B i SR R XL

ML LEIE R R 3R AT AT, A LERRAFERERE 107 M PEARRAE (InER 6 FiE& 9),
AR T AR (BlAnESR 4, B S, IR 7 AR 10), ARG P AR AR
K, CAHREG « SerFimE ClanEg o, S 7 IR 9 ).

9.4 {EHpEHEI=EE

P A7 AT — R RO 45 SR RARA A0 5 (R B4R 7 1 e 00 B 2 284 3 Bl
FMEGELIZoR , JFREEL & IR Be 2 i B 2 AR A AL . O TR — i, A7 2
N ZRby Ay, JE IR0 B 2R 2R OB A IR 2 0 L

9.4.1 7ELFW H#E&E LIFH PCA #5231

FATRAE B — LFW BURESZE] 10 48/ ) LR R XS . AR MR et MG AR
RN 32 A R R AR TR SE R 5 o DR MG R 2 70 A X B MLLib RowMatrix, LA Spark #5 B
BATEI T A 0 TE A multiply BREL

val projected = matrix.multiply (pc)
println (projected.numRows, projected.numCols)

TR 7 A I T ) A

(1055,10)

TER IR 2500 4EFE I EHR C e oy — /N 10 i i . tERATEFRIL M hE
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,
604.6680021092125,-224.16600191143075,-228.0771984153961,
-110.21539201855907]
[-4690.549692385103,241.83448841252638,-153.58903325799685,
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-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 AR BB IS AR AT LI 5 — L ae ST B RS . ot FATrT LA

A Il FHIX LEBER i B S 433 %&?E%ﬂeﬁb&ﬁﬂ"éﬁ@fﬁfﬁiﬂﬁi‘&%ﬁ%,/\HUII — N IHIAR A

BB, ST I Zh—A 22l de, B NJE—D2, A BIE— M RBIRA i A2
TRFA N AIE

9.4.2 PCAFISVD#EBIFXZ

M ZRTHER] PCA 1 SVD AEFVIMKR . HI:E, wfLAHH] SVD KA HARTE I E 0oy
g, I ELS AR R BB AR M B B 3 i 25 1]

EFRATEITF, SVD HE A B4 25 S 1) ﬁ%lﬁ]ﬂ:‘&ﬂ‘]ﬁ%ﬁﬁ%@] M ERST . ATLAE TR
RIGAERE B4 SVD JF A 45 S f PCA U5 SR UL X — ., M PCA —EE, SVD piHa
A LA A 3 RowMat rix SEHER) pREE

val svd = matrix.computeSVD (10, computeU = true)

println(s"U dimension: (${svd.U.numRows}, S${svd.U.numCols})")

println(s"S dimension: (${svd.s.size}, )")
println(s"V dimension: (${svd.V.numRows}, ${svd.V.numCols})")

ALAES], SVDIR[F—A 1055 x 10 4ERYHEFE U, —NMKJE R 10 FIAFSE R S Fl—> 2500 x
10 4k A 27 SR FERE Ve

U dimension: (1055, 10)
S dimension: (10, )
V dimension: (2500, 10)

HEiFE VI PCA WZE RS —FE ( T%fﬁﬁﬁ%%ﬂi?ﬁ%&ﬁ% Jo T LASE 1 I — AT RE RAL
RS A AR AR 4 1] R A f S I —

def approxEqual (arrayl: Array[Double], array2: Array|[Double],
tolerance: Double = le-6): Boolean = {
/) E&X Bekk T ERAAHE (Sign)
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 B b X A PR -

println (approxEqual (Array (1.0, 2.0, 3.0), Array (1.0, 2.0, 3.0)))
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T
true
R0 — I -
println (approxEqual (Array (1.0, 2.0, 3.0), Array (3.0, 2.0, 1.0)))

iy an e

false

B, TRA AR AT A AH 55 R g

println (approxEqual (svd.V.toArray, pc.toArray))

i an T .

true

SVD il PCA #FHETTE RS AN AU a2 S8 TR M i, 2 Xt 22
FEFE AT B ] RE 2 ABUE A A iR22 (numerical round-off error ), PCA 75 B4 Ha 217 rha0 e, HD
EI(EALER, 17 SVD JCIER

TEM— RSB . JFE U R S (S Mok UE, XHAERE S) RIRBUN PCA
FHAAL Sty PGB B 21 10 4> R348 LA 25 18] P B B R I AR 25

PSR B R BATE JCH Breeze ol Ui a5 S midfe (XRDITERANE ). K5
FLEL PCA 862 B4 10 B 5 SVD 862 H BUARRE 6] B, R A A5 A o] 0 )5

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 (projectedSVvD) .map { case (vl, v2) =>
approxEqual (vl.toArray, v2.toArray) }.filter(b => true).count

BATZERIE 1055, RIFEARR] LIS E PCA #5525 MAE—17H1 SVD 8% 5 B —F7 A4
0 EEAT @GR, ey < iE F AR TS ERATH R A E RO E R E,

9.5 1M PEHEIRE

PCA I SVD #RIEHAE MRS, WXt Tar@Eim AR, ST AE 4P R aoR . O
IZATE BIBARZ A —LeREP LA R AR (R Eiﬂ*%“ﬁ’]?ﬂﬁ“ﬁﬁﬂiﬁgffﬁ 2L,
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X PSR AT LAGR 8] 224> 32 sl sl i, DR Pl R o — S RO ko EIRORE

PR, BN k& SRV IR SR R (X TR, BIAEMXRZEREUE; X F PCA I
SVD, BAKRIARREERIAE kD B ). PHit, %38k fEFE T, BEREMASRELZN
BIREMIGE R, BB B BRI YEE

£ LFW EiES&E Efhit SVD W k&

I,

T AR FAT T R SRR BT SVD A3 BIRY& S0, 7T LA E B as 1T rh a3 S AR A
I HIE IR A P [B1FY 40 7F Bz

val sValues = (1 to 5).map { 1 => matrix.computeSVD (i, computeU =
false).s }
sValues. foreach (println)

XA BN T

[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]

AHE
TEFELERT, A7 S E eV Al R BGE IS, TEFRATTAE S ) 2 [ 2 TR U-FA
N TARSE SVD (Fl PCA ) ERZEMEY &, PA— DR k BRG] — A S (E

SEARA R WTLFRR], S n— A a2 B R AR A

B R AR 300 47 S -

val svd300 = matrix.computeSVD (300, computeU = false)
val sMatrix = new DenseMatrix(1l, 300, svd300.s.toArray)
println(sMatrix)
csvwrite (new File(
" /home/ubuntu/work/ml-resources/spark-ml/Chapter_09/data/s.csv"), sMatrix)

FHERT SEX LAY )i S SRR CSV UM (IEANZ FTHA T7E AL BRI IS (43 K IR R A )

I HLAE TPython £ 5 FR2(nl, SAEA k 22l %S L A&7 S0 ]«

file_name = '/home/ubuntu/work/ml-resources/spark-ml/Chapter_09/data/s.csv'
data = np.genfromtxt (file_name, delimiter="',"')

plt.plot (data)

plt.suptitle('Variation 300 Singular Values ')

plt.xlabel ('Singular Value No')

plt.ylabel ('Variation")

plt.show ()
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PRBLIZ AT LI BN IR IR B2 28 -

i 300 27 FHH
TER] 300 a1 (E K BRI LI rh il LIB B — A2 UAA CFRATTXT y FlHLT log XF48):

plt.plot (cumsum(data))

plt.yscale('log")

plt.suptitle('Cumulative Variation 300 Singular Values ')
plt.xlabel ('Singular Value No')

plt.ylabel ('Cumulative Variation')

plt.show()

IR ER 52 Python {CASZ L. https:/github.com/ml-resources/spark-ml/tree/branch-ed2/
Chapter 09/2.0.x/python/org/sparksamples.

Hi 300 a7 S RN 2 T PR

HiJ 300 4>ar SH{E Y AR
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WUER], 18 kR XEZE (RIS 100), BIBEALY-. XEWSE— &
(EARX LAY Y S (B (Bl oy ) nT R AL DU RE UG Bt A 22 1K

B R, o RAL A B 2 R A B BN 3 5 — AR B AE, AT VA4 R o AR

AR AR R 49 P BE AL R A B BATVEBE kAE, Hlde, EAVT LA AUC F547740

8 TSR, kA 4 FALR AR S diFo A e e BER R 45 kA 128 X QA48T
%yt TR, B A EAN LI E AR 69 )] Sh Al KT AR

9.6 /&

TEIX—, Ff12 2] TSR] TREZER O G B 2~ B8, B PCA R SVD. FRATT Tl T
Jnfar TR PGS AR R AE RN ZRAE I i RS T LA B RS 2R 22 2] 1 A ] FiTASE
R IEIR R e BN An I AR L SR 9k, FFIETE T PCA FI SVD Z [H] I SR &

T, FATEIRAS: ] Spark 7E SCALEBEAN 347 5 T AR




Spark SR 3A AR AN

TE5 4 T, JRATTIHE T A RAFAESR IBORIEIR AL B A 224 T, He A 455 SCAR S Hh 4 B
FFAE R SERE AN, FEX —Zarp, FRATEA43 MLILib *F 8 S U B AR, R B R4 1 14X K
AR SCA LB

FEARTEH, FA 14 -

Q 22 JUDASCAREHEAR AR AL PR | R SO A BOR L R TR (]

O AR SR R B S HE B SRS AR (DA 5

Q AR SORFFIEAR D 70 BB B VI ZRA A 5

Q IV IE A Y AR A B A 3] ) e AR R Al i Spark Y Word2 Vec £
RURAR 7] LA A R A A (B

TS HE A Spark MLIib DL & Spark ML S SCAS AR EE PR SCRY SRk

10.1  CARBERLIERIFFA Z 4L

SCABARAL PR 52 2 PE BTN RN o B —, SORFIE S AR EMEaER, R
BOSCAARAET P22 (fan, & 3C, ER3C, ARIAPERYIATE | AREES AR RIS, X2
B RAJLATTH ). Ik, FRAlR RSB R B RRACR .

SR, UM A AR B — PR R TR . 1 — R IGE T A A . BT A
FRIAL AT ARIBAERREOE 220, SRJE N b HAbE SRS T AR IR AR B SOA R,
BIEEER N AR b, SOR B IR A 2E LA T LU by B T 7 B B A s it
Common Cawl ZHls S g2 ML LA IR, 75 T 8400 124 LRy His]

N T RER AR, BT EARBOE ZRISSHRHIE, TR 2 aT DIAR B R4 B2 SCAS B
U rRv S
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10.2 M\BUEFHEAERFE

BHAIES A1 (NLP, natural language processing ) ST 7% SCAAL BRI A, ALFGHRIUCRHE |
ABFIHLES S o ek —ixrh, RATE E1HE Spark MLIib 1 Spark ML H63 & 4 W6 R AR AF 4R B
A TRSA-ESCASNZE (TF-IDF ) Wi inA R~ FIFHERF ( feature hashing ).

il it~ TE-IDF BB, bl DL i T HRIBCRAIE A SCARKE B iRl R S8R, B3
IR AL A ZERE , I E SR R R AE R £ S S AT

10.2.1 1AMNERR

TES 4 wp, JfT 1522 TR, B SO EAERR SN B R BR ) e A inl i s, Sk
R H 2 R 7 — R AR -3 A ( TF-IDF, term frequency-inverse document frequency ).

TF-IDF %5—B A (MAESTHE ) i a— Ml — AUH . X AUE R I T B 7ESCAR
P ERAOAR (1R)37, term frequency ) THEAFEIAY, [RIAFIA N I SCA SRR 4 R i) IH—1k .
A STASRER 2T B 7R T A SO (BT AT SCRY AR S5 X0 g 1 B 438 8 FRAEERE S, corpus)
FAIRIT A A 2R . TF-IDF AObRIEEE LT

TF - IDF(t,d) = TF(t,d) x IDF(f)

XHL, TF(t, d)Z& 500 ¢ 7E3CRY d SR (HBLIREL ), IDF() 2 RHE H Bgn] ¢ 19386 SCABINR
BN .

IDF(¢) = log(%)

BCHL N R SCRR) B, o i B BRR] ¢ B SOR R

TF-IDF A SO A TAE—A SO A i R D ry Fn], B SR BUAR 22 110 B3] i
IZAE T[] 2R AR B B S AU 17T IDF I3 — R 2 7 98l D78 I SOR Hh SR A B a] 1AL
HAVER o B Ja A SR, B B E B i FRIRI 45 7 1 S AR, T S AN DL ) B3] (
NN RO ELEE ) WA 2% EASCER 1) I A 3/ N 5
F 3 EARAA (XA REETENER ) —MLERRE (B ETiE), © m
Christopher D. Manning, Prabhakar Raghavan #= Hinrich Schiitze % .
9 EHPAIT ML T LALERER, @659, BIRERA, AREK, @
B A BEAL, AR KM TF-IDF EAF R E £ *,
X4 — AR B2 . https://en.wikipedia.org/wiki/Tf-idf.,

O ZATC A REB AL R RAT RRR. —— 2 T
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10.2.2 4F{EELS

FHIERZ ( feature hashing ) Z—F AL B AERUR IEAR , AR BN AL SCA o JE i 4
b, SRR AR AE AT LIBUR Z AR ME (W R LA TAME ). BJLE T, FA12w fii]
kZ— (1-of-k ) #ih 75 PEAL BAIFE SRR 7 JEAFAE . XN IR TR SAAE, (HER TR = 4R 1%L
ARG

FE A & 2 — RS T 2 — A ) i P 4 A — ] BE A AR S AR, 55
A, A XA BRI 1) 5 AR B 2 DT B A AR SR A T — UG T , X AR AT S T 4 LRI
FIBAE L, RATC LM T —Fh a7 SR p T PORIEEAR R BRI, FFEX S A —4 T hrdl
BRI NRE AR TR SCR o XIS SR B35 (b S 3R n AL
o & BB Spark AbFE ) BN TAET A

B2, AbBESCRI 2% 2283 1 TO7 BB AL AYRFAL, XX Akt R_ 18, JFH
Spark [ 395 81 (R — A1 AR THEEAE AL ) FITAE T RUER S THAE E AT (O T XA i A
EE D) A DL AY , F 2 RW A R B — N TR R, FRRAE AT ) B8 BT

RO S0 0 P A7) BR SOOI 3 o) T , 3 1) B el i PRI X (A A
B CBROREEE ), B, X JFAE 0 56 X AU E RS B BIE S 342, AL
FHBEMEAE B AR, XAER 1.0, Fon “RE" EMRERB T fHR S & Bb i
Je—H (PR, X T — e, BUGR R E A ).

A 20 i 1) AR5 2N T B B A — e, AN 5 U e b R i R/ TR B
i B PRESGER [0 8ESREBUR N AR R AR, T AFRATPRASE AR (modulo ) $#8AEARBR T HRAY{H
B —ANFEE RN, T8I N T REOS RN (RIETREBULT HEILE T ),

FHEH R PESAE T A AT ZA WS L B RN o FREBBIIR A 5 5B, JFEAR
TR, T RATELE SR, AT B i — i A o B, DUOMFRATELHE T4
/N TG BOE AR AR e, B T BEII SRR B i N AE SRR, BT AN A TR A
SRR e R P 3 i o

SR, HFAEHEIHKORA AT B BRI

Q B FATBA QVERHE B T AR AOBRSS , QAN REASGY [ S48 N R s RFIE . i,
UnA AR L A AT AR rP AR B B R R 2L 1 LRI M

Q R FRATT BRI T AR 1] B9 RN, BT LA PSS R R 4 8 38 ) — 4> B 2™ A
BREIMSR . SN, HEFRATHESE T — AR5 B RHIE o] B YERE , X Rh
LS TR ORI R KRBIFEN o HO Il RO, bG8 )y, HIESE (gain) 5237R
Ko BAERS L http://www.cs.jhu.edu/~mdredze/publications/mobile nlp feature mixing.pdf.
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AT &AM T TARB] X THRINFE AR E 5458 http://en.wikipedia.org/
wiki/Hash_function,
X BA — o E T A R A AR A L 35 5 5] 68 L
0 WEINBERGER K, DASGUPTA A, LANGFORDJ, etal. Feature hashing for
large scale multitask learning [C]// Proceedings of the 26th International Conference on
Machine Learning, Montreal, Canada, 2009.

10.2.3 M 20 Newsgroups ##E&F$2E TF-IDF 43E

N T AR LS, AT — DR AR . AE 20 Newsgroups, ZEHE4E
— AR, Bt —AN 1 20 AR BT 2 S SR &, AR Z AR A%
Pl XTIATHMESS KU, W LM IR H ISR EARAE o 76T T A ™ol T 208tk -
http://qwone.com/~jason/20Newsgroups.

BB AR T R 53 B 2R B A P43, 0 Ml &5 I B A 1Y 60% A1 40% . 1
TR BT T 4 B R AR R RIFE VI 2R 22 ) o XA BR AR B HERR T FHIC 2398 BT i LS5 [ 4 1
HESLEE . B, &I AR A B rh R I AR A3 B 4R -

BT IZHBENG R $15.8, FAF UCIHLE S T 4% %« http:/kdd.ics.uci.
edu/databases/20newsgroups/20newsgroups.data.html,
NHEFATITG, E e LU 4 T S I
> tar xfvz 20news-bydate.tar.gz

BT AN EIE . —AN & 20news-bydate-train, 3 —J& 20news-bydate-test, &H— Fill
AR H SN TS0 e 254

> cd 20news-bydate-train/

> 1ls

A LESIEAEREZ 730, BASERE ARk .

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

comp.sys.mac.hardware rec.sport.baseball sci.space

talk.religion.misc
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B HRA SR N IRZ S, A — A E

> 1ls rec.sport.hockey
52550 52580 52610 52640 53468 53550 53580 53610 53640 53670 53700
53731 53761 53791

FAPARE Herp— 20 SRR A LA T A% 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.

FANTEBVEERH B S — N Ek, AR | BT, K5 B
RN

1. &%& 20 Newsgroups ##&
T2 > Spark FEFFREAI M TIZ B -

object TFIDFExtraction {
def main(args: Array[String]) {

}
}

MEHE B H SRS A5, BARER 2 LB i SCPHE CORAF Y, AN B I — 3 X
MZ il Fik, [FIFEA Spark B wholeTextFiles JikilaE N SCFAY N 2L HE] RDD 1
#/I\-LE%EP o

PUFACHS s Y pATH $8 18] B B8 A5 S/ R 20news-bydate 46 005 A S
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val sc = new SparkContext ("local[2]", "First Spark App")
val path = "/PATH/20news-bydate-train/*"

val rdd = sc.wholeTextFiles (path)

/7 ATERL R

println(text.count)

AR 2 Spark & B SCAFEEE |

FileInputFormat: Total input paths to process
11314

MBI ARG, HMSERNSILAIE R E, XANEENIZMZATR “Total input paths to
process” JitEd th—2

11314
AT B M A 1 RDD Y5 — TR

16/12/30 20:42:02 INFO DAGScheduler: Job 1 finished: first at
TFIDFExtraction.scala:27, took 0.067414 s
(file:/home/ubuntu/work/ml-resources/sparkml/

Chapter_ 10/data/20news- bydate-train/alt.atheism/53186,From:
ednclark@kraken.itc.gu.edu.au (Jeffrey Clark)

Subject: Re: some thoughts.

Keywords: Dan Bissell

Nntp-Posting-Host: kraken.itc.gu.edu.au

Organization: ITC, Griffith University, Brisbane, Australia
Lines: 70

RGN — 3B HT I

val newsgroups = rdd.map {

case (file, text) => file.split("/").takeRight (2) .head
}
println(newsgroups.first())
val countByGroup = newsgroups.map (

n => (n, 1)).reduceByKey(_ + _).collect.sortBy(
println (countByGroup)

K2 R T A A L

(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)

_2).mkString("\n")
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(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)

FA PRI B RCR A

2. ERIALE

FAMTSCAAL BEFAR B S — AL RAT B SO B IR SCAR N A D)3 2211 (e /R,
token ) 4UMIEES o XA FEMFESMT (tokenization ) o FRATTHEARSLHLE M B 2= B oM, JHHE
AN SO BT AT B 2SR /NG

val text = rdd.map { case (file, text) => text }
val whiteSpaceSplit = text.flatMap(t => t.split(" ").map(_.toLowerCase))
println(whiteSpaceSplit.distinct.count)

B A EZRATIR BN, A L@RBFEAIER nap, mALAT

8 Flatmap S, AR, SR TSR AR S5 %, B
BAE ) map F AL
BITSEZ RIS BB, VRB 25343 18) 2 5 AN [R) ) i) 45 i
402978
WEARET L, B AR M iERE , SRR AN (i R TR AT TR ) B 4R )
WAl RES AR

T HEBEV R SCRAE T, X2 %] RDD ) sample PREL:

println(whiteSpaceSplit.sample(true, 0.3, 42).take(100).mkString(","))

EERAEL sample RJEME /A, —ANMHMIAT, ZATEREBECH
8 42, XM AEFELAN sanple SFFMEGLEER, RN ERLEZAH
T Hg AR

Ly 2x 7R T T A5 AR -

atheist, resources
summary:,addresses,,to,atheism
keywords:,music,,thu,,11:57:19,11:57:19,gmt
distribution:,cambridge., 290
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archive-name:,atheism/resources
alt-atheism-archive-name:,december,,,,ssrrrr1r0r1r11:+.,2addresses,addresses,,,, s,
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

3. Bt AR

ZHfT B 3 A TARZ A, T EF AR AR AT (RS ) B i g
ZRO T SRR AT L P AT RS o BT T LUt P T U 2k s U0 20 S SO R RS Bk 26 £
AT

val nonWordSplit = text.flatMap(t =>
t.split ("""\W+""") .map (_.toLowerCase))
println (nonWordSplit.distinct.count)

ORI AN [v] HR] A R

130126

WM —FHEULA I, SRMIRMTE L LR T XA I A T 745 -
println(nonWordSplit.distinct.sample(true, 0.3, 42).take(100).mkString (", "))
R AR

jejones,ml5,wlw3sl,k29p,nothin, 42b,beleive, robin,believiing, 749,
steaminess, tohc4, fzbvlu, ao,
instantaneous, nonmeasurable, 3465,tiems,tiems, tiems, eur, 3050, pgva4d,

warms,ndallen,gd45,herod, 6w8rg, mgh0, suspects,
floor, flqlr,io21087,phoniest, funded, ncmh, c4uzus

GBI AR B E MRS U 70 SCAS SR AN , RTS8 AR Z 5 e 15 B vy o
o TEALEAEOLT, BFa O SO R R BRI N A . (EXTTRADRUL, T —Plitid s s
A5 R LR

i 55— TE Rk AT DU B Al val regex = "v[~0-9]* v r IXPEFHIR
VT RC ) HR]
val regex = """[~0-9]*""" 1

val filterNumbers = nonWordSplit.filter (token =>
regex.pattern.matcher (token) .matches)
println(filterNumbers.distinct.count)
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XIS/ T ERIAEE YR

84912

LIBT3 — 1> ik 52 in) f5 1 1)1 -
println(filterNumbers.distinct.sample (true, 0.3, 50).take(100).mkString(","))

HA B anr

jejones,silikian, reunion, schwabam, nothin, singen, husky, tenex,
eventuality,beleive,goofed, robin,upsets, aces,nondiscriminatory,
underscored, bxl,believiing,believiing,believiing,historians,

scramblers,alchoholic, shutdown, almanac_, bruncati, karmann, hfd,
makewindow, perptration,mtearle

MBS, AR TITA 74T RIS A — S B n i fl T, HE 2 LIEZ T,
4. BIRERIE

ERRRISE— DR (FIRZEGRRHE ) BOJLF AT SCR v H AR 22 Uy Tl I
A TR RS and | but, the. of %o SEHCTAKFARABRIEAE S AR 1) FhHERR 45 1

2MdiH TF-IDF A, AR E 2 171X — 5. 15 H1ER) IDF 2 8U7R K, 4 TF-IDF
FUEWARME, R AR, ALnteE, ST E BRI RES, S FHFEWE,
(AR, Sl e SR BCRRAE A RS B I IR], BRI SR 3K ] DARRAI B J SRR A [ o 10 208 3 AN 2 a1
KA,

HKFER A SRR RS, BRI B T 2L BRI HTIA -

val tokenCounts filterNumbers.map(t => (t, 1)).reduceByKey(_ + _)
val oreringDesc = Ordering.by [ (String, Int), Int] (_._2)
println (tokenCounts.top(20) (oreringDesc) .mkString ("\n"))

DB, FATHIE USSR AT 2 A B A il — A B SOR v S BUR A B
Fo BUAERT LI Spark B cop PRECRTFEIFT 20 I BB Z A9 B, R, T4 cop KK
BRIt —AHEF s, & F Spark 40faf%5 RDD H R Y . 7EXFMEOCT, FoATH 24 IRk
B, DB E AL IR A28 TR

BAT RIS, RSB B R 2 1) 20 /> EAE

(the,146532)
(to,75064)
(of,69034)
(a, 64195)
(ax, 62406)
(and, 57957)
(i,53036)



102 MEHE P I BCE-IE a9 45 40 317

(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)

ANFRATATRL, AR 2 ATl AT LARcbRd 5 A o I s8] vp S S FUHCAR 6 A2 5 il —
AMET IS, B R 2 S5 AT AR BRI A ]

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
(H\nu) )

FranT .

(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)
(all,9310)
(will, 9279)
(we,9227)

(one, 9008)

PRATRETE R T, fanth BLBRA — L8 i) 2 b, JAIIRA — D K2 AERIAES
(X IR PR/ NI TR IR IR RN 1 22 J5 €7 TF-IDF AASCu T4 FA A 520 ),
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R ERIRER AL T — e H WS RS ER : hitp:/xpo6.com/list-of-english-stop-words/

T2, BATRMERARLEALS S A — DR B X BTSRRI B B 2L kst
BAPAF BRI R AT R S R AR B o R AT LI B & T Tk B R AR A 4 B RIS A )N

val tokenCountsFilteredSize = tokenCountsFilteredStopwords
.filter{ case (k, v) => k.size >= 2 }
println(tokenCountsFilteredSize
.top(20) (oreringDesc) .mkString ("\n"))

PR A — Tk g2 Ja T By R

(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)

BR TIRLE A R 228 BRG], WIT AR B — 2860 5 B 20 AR (R B R Y 1A

5. BT IR AR BT

TESS TG, 53— ECRR RS B 25 B3R BP0 907 122 5 P e TR v 1 B AR ARG ) 1
o BN, & TR B A IR ] (R Rk BA AR B 7 3, iR TR
G L5 ):

val oreringAsc = Ordering.by [ (String, Int), Int](-_._2)
println (tokenCountsFilteredSize.top(20) (oreringAsc) .mkString("\n"))
ERE I

(lennips, 1)
(bluffing, 1)
(preload, 1)
(altina,1)
(dan_jacobson, 1)
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(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)

IENFRATAE B, AR Z1A7E R M ERE tp HO B —0C 0 X Tl 3R BURHIE R S8 AR 55, L
UNSCAARRLBE LA A L T B, O 3 — IR A PR R B (B, PR R i 4 P 3]
FA 1B LRIV ZREG o 7T AR DS — 1~ ie 1 pR SO HERRK SEAR /Dt B 5 35)

rareTokens = tokenCounts.filter { case (k, v) => v < 2 }
.map { case (k, v) => k }.collect.toSet
val tokenCountsFilteredAll = tokenCountsFilteredSize
.filter { case (k, v) => !rareTokens.contains (k) }
println (tokenCountsFilteredAll.top(20) (oreringAsc) .mkString ("\n"))

PR e 2/ BT A BRG] «

(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)
(mmg, 2)
(margitan, 2)
(defiance, 2)

WA, HEAFR G 20

println(tokenCountsFilteredAll.count)
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o7 B T 4 -

51801

AT E SR R PN R I AT X e A B, RPIE R 4R DA 402 978 FEF] T 51 801,
BAESE T PSR A5 3 e Bih, IR HIE] RDD i 4~ 308 «

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

}

A 3 TR A AR FT UG A X eR B 75 20 H R ) ) i S -
println(text.flatMap(doc => tokenize(doc)) .distinct.count)
G2 51801, XMFA]—L—LPATBATRS R MR 22,
FATRTLAXT RDD Hh it > SR 2 B T 5 20035 -

val tokens = text.map(doc => tokenize (doc))
println(tokens.first.take(20))

IR 2B BT R i, X HURR T SO R — R i AR -

WrappedArray (mathew, mathew, mantis, co, uk, subject, alt, atheism,
faqg, atheist, resources, summary, books, addresses, music, anything,
related, atheism, keywords, faq)

6. X THEEAT

FREUATF (stemming ) 7ESCASAL RN A3 ia] o HEAE R F o 3002 — PP ag A~ B 4t o — B AR
X (base form) , JEMIAMR (word stem ) W7k, Biln, BEIEATT LA AL (dogs A8
B dog ), 14 walking Fl walker IXAERITEA T A walk, BRI TRE 4%, —Bo@EdbriER)
NLP /s F 18 R 515 F (440 NLTK., OpenNLP Fl Lucene ) 5281, 7EX HAGHIFH, FA]
P JEFEIGR T,

0 FHM I T4 AR T R BB T @ 60 kP B B
56945 8

B¢ https://en.wikipedia.org/wiki/Stemming .,
7. ¥HERT
SR DA A RRERS ), LA S 5 i T — 19 ) TF-IDF #i8
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ARG — 745 A IR o — e KRB e, DARE AR

Spark Hij{# H Austin Appleby A MurmurHash3 5.7 ( MurmurHash3 x86 32 ) & SUANHF )
A PR R ET

FESCEIE

private[spark] def murmur3Hash(term: Any): Int = {

term match {
case null => seed

case b: Boolean => hashInt (if (b) 1 else 0, seed)
case b: Byte => hashInt (b, seed)
case s: Short => hashInt (s, seed)
case 1: Int => hashInt (i, seed)
case 1: Long => hashLong(l, seed)
case f: Float => hashInt (java.lang.Float.floatToIntBits(f), seed)
case d: Double => hashLong(java.lang.Double.doubleToLongBits (d), seed)
case s: String =>
val utf8 = UTF8String.fromString(s)
hashUnsafeBytesBlock (utf8.getMemoryBlock (), seed)
case _ => throw new SparkException (

"HashingTF with murmur3 algorithm does not " +
s"support type S${term.getClass.getCanonicalName} of input data.")
}
}

5 R, hashInt. hashLong ZFREEH 3 Util.scalas
8. )l TF-IDF 1&8Y

BUAE AT F MLIib 45 55 Ab 2 A iR 00 X 09 SCR e e b ) e . 58— Rl
HashingTF SEBL, ‘B FRRAEECIIHE S A SCA B BEA RIS A — AR ) 1 T b . 25,
A I FH—A~ 450 IDF [w) s 4 Al [v) i 74484 TF-IDF [a] 4

T AT AR AT AR (U SRR ) e A AN AERE o TR (A B
() TF-IDF ALHEE (R A3 3 L 3 SCAHRAR ),

B, BIAIRMTEER, I0d— HashingTF 2, 16 AZEESE dime BRIARF4E
L 20% (B BSE—E 7)), HIIRATEEE 2" (852 26 000), F M 50 000 /4~ Bia % m
AEFERARZEE 2, iB/CR4ERE 5 A /DI RS E I 5 .

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
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EE, ZAVERAMN L sv 5IANT MLIb # Sparsevector &, XZHAAZ
8 )& HZAH¥AE A Breeze #9 linalg B3k, L P43 T Sparsevector &, EAF
5T VAR o o 4 1) B o R
HashingTF M) transform PREFEAENMHIASCEY ( RIEITAFE] ) M 5] —> MLIb [#)
vector X%, AT cache RIEIERIFAENAEH LUINEZ J5 H#AE

IEFRATIES— P Fe i R A2 — oK

HashingTF #J transform F#i& B —/A~ RDD [Vector] 495 A, HHKEA]
T VAJe R ] 0 45 R 453 px, MLLib #9 SparsevVector R,
transform 7 % T VAEK Tterable A4k (#ldn—/MVA Seq[Stringl FH R
HIGG LAY ) AHEAA AT, REBE—ANERGLERGE,
val v = tf.first.asInstanceOf[SV]
size)
println(v.values.size)

(v.

(v.
println(v.values.take(10).toSeq)

(v.indices.take (10) .toSeq)

println (v

println (v
O 23 s T TH A

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)

RATTURR], AR B 1) B4R 262 144 CIEMNFRATIERRY 2% ), SR
HRYAEERIUA 706 4> it A S A TR T 1) iR LA B R AR AU

PRAE 1 B EEHT Y IDF SE3F5 0 RDD FRAY £ic J53, F R i ks AR HERI4E
8BRS BRR) B SR . 2 5 {dTH IDF B9 trans form J7 ¥ ialAi [a) & 5540 4 TE-IDF [ &

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)

% #r— T TF-IDF [mEAHE—I0R, BB AL

706

WrappedArray(2.3869085659322193, 4.670445463955571,
6.561295835827856, 4.597686109673142, ...

WrappedArray (313, 713, 871, 1202, 1203, 1209, 1795, 1862, 3115, 3166)

AILUE BHEZ B IRA S (B 706), Il i P AR . AR (2 45 1% g
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HIE . Z XS R AR BT E SR B RO, T PRAEET RU{E 2278 IDF R INAUIUR
WP RIS 2 5] A IDF AL :

val idf = new IDF().fit(tf)
val tfidf = idf.transform(tf)

9. 97 TF-IDF X &

BTk, BRATWEILA IR TF-IDF BUE, 28— il & el 5 /00 B9 155 B2 %
TF-IDF {8 7= H 4 FERY 200

B RN iR/ MK TF-IDF AUH -

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)

EWMIRATE RN, /MY TF-IDF {H2 0, KM TF-IDF fE&— P HER KAv%EL:
(0.0,66155.39470409753)

BAEFA PRGN F 31 TF-IDF AUE . fEZRT— 1 R TR RIHE T, JATid s 1
ARZ W i o CRHRAT DA BEER A AR E R ], Rt P R T —2k, L)
0] LLE 2 TF-IDF A2 A 250

Xt 22 Fi AR B (45 % B s 1 LRI Y TR-IDF R T3+, o] LB 3| TF-IDF IiALes %t
FIAR T HARAIAUE, AN you, do Fl we:

val common = sc.parallelize(Seqg(Seg("you", "do", "we")))
val tfCommon = hashingTF.transform(common)
val tfidfCommon = idf.transform(tfCommon)

val commonVector = tfidfCommon.first.asInstanceOf [SV]
println (commonVector.values.toSeq) m
WEIE R T 3% A 3R TE-IDF [ Ros, & 2T il > il e, EERAEAT

FEOIERS, It LB B 2 X LU (H 55 FR B2 it (HUR, SXSEE10 I R 45 1k 26 1] () AL

AHXF A«

WrappedArray (0.9965359935704624, 1.3348773448236835,
0.5457486182039175)
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BAE, LEFRATR LA IR Bl AR Rl B et . 98 b, FRATIA A X L) AL Le T st
TR :

val uncommon = sc.parallelize(Seqg(Seqg("telescope", "legislation","investment")))
val tfUncommon = hashingTF.transform(uncommon)

val tfidfUncommon = idf.transform(tfUncommon)

val uncommonVector = tfidfUncommon.first.asInstanceOf[SV]

println (uncommonVector.values.toSeq)

M TEAYZE ST A, 3 S63R] 1% TE-IDF () Sug i & IR 4E i) -

WrappedArray(5.3265513728351666, 5.308532867332488,
5.483736956357579)

LR R T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/scala-2.0.x/

src/main/scala/TFIDFExtraction.scala.

10.3 {#F TF-IDF t=%8Y

BIRFANTE UL ZR TF-IDF A8, (s AT RAF AR B ek, A2 INZRpLE:
IR TE-IDF AR R AR | 73 R In] IS SRR A Pkt B 3R

AT 7R TF-IDF BOTAE s, Feli PEr2s I AN 320, 58— 249 {di i TF-IDF [a) 42 2k 11443
AABMBLEE , Wi — AN ] TF-IDF [0 R ARRE S G bR i
10.3.1 20 Newsgroups ¥#EE RIS AHELE F1 TF-IDF 4FE

95 5 TEHLBIIE, LU RSP RO RS PP R AHBLIE . P o B AR
PERSHARARI ) BB, 3Ot — TP AU A R ARSI

TR E LA AR, LT BLHEBIA SR ORI . FATE £ TR-IDF 413
A REFRR , PRUREIT DL OB B o A AR H S SCARAFARE

FEE FOREE, ST TSR, BT, 2 ARG, PhTef i
LA R0 A O SEA AR , 74— S e SOReh (0, B34 ]
T SR AR t S

SAEACAT TE-IDF AT AHEAEA . el TATBATIONE , AR R A SR T e AR
0038 1130 CAPEITLR) ), AT, A% TE-IDF ALEEAR, BOR il R b BUOLE R K
B, LB R AR (03507 A

B, FA TV P I AERROET ) H BEALSE £ BT R L BAR L. SRS — TR ARk
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val hockeyText = rdd.filter { case (file, text) =>
file.contains ("hockey") 1}

val hockeyTF = hockeyText.mapValues (doc =>
hashingTF.transform(tokenize (doc)))

val hockeyTfIdf = idf.transform(hockeyTF.map(_._2))

A B S e AR R A RDD, i R Ak B R ER S A B . SRS IR
N ARl ARG R . TE B Y trans form 7R FHPAANN Y (KN seqgstring]
B WA, A EAEPRALE rA SO A9 RDD AIRRUA .

i), FRAMEH] IDF $ee (200 2 20k TR ERHE TR R AR TR] 4 IDF {6 ).

AT nockey XA E, BT LAREHLEES L A e a, I FE SN TRASSZAIRUE (1E a0
ZHTT ), AT Breeze WU TEACEPREL, HIJCHE MLIb [v)mFE 4 pl, Breeze F ¥

SparseVector ifﬁﬂ ):

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(breeze?))

println(cosineSim)

THRAF RPN SRS A AR 52 AR R A2 0.06:
0.06700095047242809

BOMEREARARMC T, ESOREE TR E— B ] S S AR R A A R R . P, TR
TR A, IV PR Ve A [ 308 4 SOt mT AT 26 0 AR ] B i), DRGSR B ARL
BEITHL

YERXT R, FRATTAT LAFN S5 — i FR S R b e, Hih—A S0k B hockey SCRY, 1 53—~
SCRYFERLIERE H comp.graphics Hr4L, 15 FH5¢ A0 R A0 72 .

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)
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val cosineSim2 = breezel
.dot (breezeGraphics) / (norm(breezel) * norm(breezeGraphics))
println(cosineSim2)

AEARUEIE R R, AE] 0.002:
0.001950124251275256

RS, MR R LIR B R SRS, — 128 gl b A Y SCRAR T RE 2 AN i AR BRSO AT B0
BUARBAE o (HFRATHI RIS BR A SCRIAN 2 FHRIE MR BRI SCRIAR AARL. T T 5 A Bk
I A BEALAS 2 8T S AN AR R SCR B AR LB R 2 TR A«

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)

HYL, EMIRATHORNY, FAT A SRR BRSO AN BRSO R R BZARUEE 2 0.05, X5
comop.graphics SCRIAH HLEZAR G T, EZAN S5 — e - HEER ORI LA I «

0.05047395039466008

LR R T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/scala-2.0.x/
src/main/scala/TFIDFExtraction.scala.

10.3.2 ET 20 Newsgroups #IEEFER TF-IDF IZ AR5 22S

Y{HH] TE-IDF [, Fofl 14 BT SOR A i Bl H B s AR, ATRTAR AT SO
ZIAIBARURE o 280, FeA T B LS I A ( HEIn— >3 2Ry ) 27 2] 4 H ]
AU 5 33X mT AR DX AN ) R SO o il b, B0 2] LA ) 31— R LE LA 5 1
BRI ) BIRE BB C R

f£ 20 Newsgroups H £, R—A-FrEA Y E8giE— 125, FATREMTH TF-IDF #4)s
) ] AR A AN ZR— o 28 -

R FRA PR EE AL R 2 — 25 2 Il R, Bt DAFRAT M FH MLLib kR zR DU Hir i, X
T2, B0, sIANBHINY Spark 2
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import org.apache.spark.mllib.regression.LabeledPoint
import org.apache.spark.mllib.classification.NaiveBayes
import org.apache.spark.mllib.evaluation.MulticlassMetrics

TR B RIS 2] — 44 A DocumentClassification BIXTHRH,

object DocumentClassification {
def main(args: Array[String]) {
val sc = new SparkContext ("locall2]", "")

}

ZJ5, FH 20 A FROHE A TR B UR . ATLUMRTE & Z—FHEgmiHoiset:, S0
KT — AT T4

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

E EmRASH, M newgroups RDD JFih, HHRATEE— MG, i zip REGE
‘EMIH TF-IDF [ 4l A cfiaf RDD 416, SRIEXTHTAE A zipped RDD H &R~ E(E YT,
38 1o i PR AR HE— A LabeledPoint X4, HH AR 1abel 2—"2K ok, F#iFsLZE TF-IDF

li 8

A%, zip BFBEHE— A RDD AHMRAK T LN, FAEAT RS KA
MEHETHILTE, R RIS LM, X EHRANTAX LMK, ZHAFSE
Lt tfidf RDD ## newsgroup RDD #f2 &A1 48 F 49 RDD # T — % 71 49 map
BEFR, MRGT 2R &M,

PAEFA T T8 UERI AV A RDD, AT LART A A B AL BIANR DU Y crain 5kt

val model = NaiveBayes.train(train, lambda = 0.1)

EFRATEEMNAE A L IPAS— TR MERE . FRATIEM 20news-bydate-test SCHJ& )5
HARGTIBBER , SRR ] wholeText Files JUAE 45 B HUN RDD Hidic . P RS S
newsgroups RDD FH[A] 477 M SO REAE PR B PRAS -

val testPath = "/PATH/20news-bydate-test/*"

val testRDD = sc.wholeTextFiles (testPath)

val testLabels = testRDD.map { case (file, text) =>

val topic = file.split("/").takeRight (2) .head

newsgroupsMap (topic)
}

i AN BRI ZRAE A [ 5 T 1AL B SR R A SOAS . X BUR I FRATTHY tokenize J5
%, RIS EEATRURAS, Z5 RO I ZREE i AR 2 58 AR IDF, 48 TF [l 4%
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¥k TF-IDF [a . fe)5, &3 ASbR& M1 TR-IDF [m &, QI3 1090L ROD [LabeledPoint ]

val testTf = testRDD.map {

case (file, text) => hashingTF.transform(tokenize (text)) }
val testTfIdf = idf.transform(testTf)
val zippedTest = testlLabels.zip(testTfIdf)

val test = zippedTest.map {
case (topic, vector) => LabeledPoint (topic, vector) }

EE, A—SRER, BAVEAD %L IDF ki8nX4E, XAEHK

BEEFA P mATHEALT, RANORELE LOSINEELAI %L

3 1, deRATRRXEEHITH IDF gEai “Ro57, BE 2692, A TH
SeF il At 3 SUISHE = A G AR AR A B F R T e AR AE T,

IRAEFRA A 153 PO 25 SRS AR () LS . FRATTRH ] RDD A B3 e Bl 2
IAEINAL F-458%5 ( weighted F-measure ):

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)

IR F-#5 AR — 456 T FEH EFe F-35AR00 3547 (X 2 £/ ROC W&, T 89
AR, BRI 1.0 BABIFGEI), FFidid £ A i P s,

ATAE R, FATHREY 2273 AN DL s R it 5 R 0] 1 P40 80%:

0.7915560276155071
0.7810675969031116

LR RABALT
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/scala-2.0.x/

src/main/scala/DocumentClassification.scala.,

10.4 THESIARLIBRARBIER

SCAAPEFE AR FN TF-IDF AR ESR I AR WS, 3531 B i7E TR R AG SCAREE 1Y 4
PRI PR BB ZE R (5 B, FE A T LG SOARE )1 2645 2] AR AU I T 203 A PR K. TF-IDF
IS B GBI 25 R B AT LA 07 T 30 e b B A ) B0
b 55 R I8 45 (E RO AL TR T AY TF-IDF 434iE

TEXAMIIFrh, FRATT7E S AR Ab PR B UG SCAS N T Bl iR e, FoAl PR 7E X 2L
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SRS EYNZREERY, FETATHAEDRAE BRI, wtSX ] TF-IDF RRAEDIZR BB B s .

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(" ")) }

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)

ZERTTRESS S NI, A MER SR F48 45 L TF-IDF AU E 40l JRIARTU AR
FESABANE o LA B T — 25, RIVRNZR DL IS B9 REAR A b i T B i s 2R el -

0.7661975570897503
0.7628947184990661

10.5 Spark 2.0 EHISTA S

X—148 5 LL Spark DataFrame “AFEREAY AP, X libsvm #5305 HY 20newsgroup 4554
HOCAIYZE . YRTHY Spark RRASKT libsvm v3.22 #2487 4% (https://www.csie.ntu.edu.tw/~cjlin/
libsvmtools/datasets/ ),

WA FEERE R 2K libsvm %2040 5 %, KA 1 output H SEE 31 Spark-2.0.x H3E T .

libsvm #% AL )5 1Y 20newsgroup %41V F: https://onedrive.live.com/?authkey=%21ADiq5SUO
clzoboM&id=FE688BD099939FFE%211119&cid=FE688BD099939FFE

%1 Scala {CHi% M org.apache.spark.ml T AMICHID, FEEHEE.

package org.apache.spark.examples.ml

import org.apache.spark.SparkConf
import org.apache.spark.ml.classification.NaiveBayes
import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator

import org.apache.spark.sqgl.SparkSession

object DocumentClassificationLibSVM {
def main(args: Array[String]l): Unit = {
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[/ X EE G 8 B E KA
}
ZJ5, & libsvm A% XK dE 5 A #1|—~ Spark DataFrame H

val spConfig = (new SparkConf)
.setMaster ("local")
.setAppName ("SparkApp")

val spark =
.builder ()
.appName ( "SparkRatingData")
.config(spConfig)
.getOrCreate ()

SparkSession

val data = spark.read.format ("libsvm")
.load("./output/20news-by-date-train-libsvm/part-combined")

val Array (trainingData, testData) = data.randomSplit (Array (0.7, 0.3), seed = 1L)

TFHESEHIE— NaiveBayes MR, HUIZZMHRL, i%FHKH org.apache.spark.ml.

classification.NaiveBayes,

val model = new NaiveBayes ()

.fit (trainingData)
val predictions = model.transform(testData)
predictions.show ()

ik show () PREUEHE T

B e ittt o mmmmm e Fmmmmmm e Fmmmmmmmm +
|label| features | rawPrediction | probability |prediction]|

10.01(262141,[14,63,64...1[-8972.9535882773...1[1.0,0
10.0] (262141, [14,329,6...1[-5078.5468878602...][1.0,0
10.01(262141,[14,448,5...1[-3376.8302696656...1[1.0,0

.0,1.009147...1 0.0]|
.0,0.0,0.0,...1 0.0]
0,2.138643...] 0.0]

10.01(262141,[15,5173,...1[-8741.7756643949...1[1.0,0.0,2.606005...] 0.0]
10.01(262141,[168,170,...1[-41636.025208445...1[1.0,0.0,0.0,0.0,...1 0.01

H i MR Y ) A 8

val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")
val accuracy = evaluator.evaluate (predictions)
println("Test set accuracy = " + accuracy)
spark.stop()

AT i 0 AT R AR (0 R A 0.8 LA

Test set accuracy = 0.8768458357944477
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AL, AHH Spark 1.6, Spark 2.0 HANE DU 3R RE T 4T

0 ik K A4 T . https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/

scala-2.0.x/src/main/scala/DocumentClassificationLibSVM.scala,,

10.6 Word2Vec t&#!

FIEFTHIE, FoA]— E RS A AR R SOAS, JE B F— 2 kX, Heim
TF-IDF ., 5 —Z85ilt LA IA T AOR AL A — A BAa) R /R B — 4 ) i

SR — i T — T RE T R R B ST R i . — B R, BT L&
filiJH] TE-IDF [ i —FEAE X L8 i) fit (FAnks e VR AL 2 T B A RRAE ) — > HUASH L
A2, A P B3] 4 i s 6 T BRI A9 5 SO B PI FRLIRI A RHABLRE

Word2Vec # /& X S A v ) — AN HARSC I, WRRER TN mE R R (distributed vector
representations ), MLIib A F—Fh skip-gram FH], X2—Fh % T BAR H BAY B SOR2: 2]
i) ] 2 N AR

Word2Vec #9487 LIA B T KBt 095E B, Spark 69 XAS T VAL T @49 M
3 2] http:/spark.apache.org/docs/latest/mllib-feature-extraction.html#word2vec,
EPaeT RS kmY, TAMKKILEE,

% F Word2Vec #)—# £ 265 Rit e T :

0 MIKOLOV T, CHEN K, CORRADO G, et al. Efficient estimation of word

representations in vector space [C]// Proceedings of Workshop at ICLR, 2013.

7 — /NG9 @ & R AR Z GloVe, 7T A 4E https://www-nlp.stanford.edu/
projects/glove/#& 2|42 .

BT AR S =07 PRSI PERR T ( parts of speech tagging ). FLAN, Stanford NLP J#
R FE A F] Scala fOISH . WITFBEHEER AL T 2 S A 194075« https://stackoverflow.com/
questions/18416561/pos-tagging-in-scala,

10.6.1 {&Bf Spark MLIib Y% Word2Vec &%)

1E Spark "FIlZE—A> Word2Vec BEHAIARX R 5, FeAi 17524518 —4> RDD, HrP&EIoRAZ
— AR EA o AT DM FRATZ A 20 A 431 S B SORRAE AR A A

AR, I

val sc = new SparkContext ("locall[2]", "Word2Vector App")

val path = "../data/20news-bydate-train/*"
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val rdd = sc.wholeTextFiles (path)
val text = rdd.map { case (file, text) => text }

val newsgroups = rdd.map {
case (file, text) => file.split("/").takeRight (2) .head

}

val newsgroupsMap = newsgroups.distinct.collect ()
.zipWithIndex.toMap
val dim = math.pow(2, 18).toInt

var tokens = text.map(doc => TFIDFExtraction.tokenize (doc))
A2 TF-IDF AbBES , HEEAT11E R Word2Vee FIHE . # F R A1 EZ Word2Vee HISEHI, JIf:
WEEA 2%

import org.apache.spark.mllib.feature.Word2Vec
val word2vec = new Word2Vec ()
word2vec.setSeed (42)

PR RO R, P i sRBCRIIZRR .

val word2vecModel = word2vec.fit (tokens)

TENGRd e, BiZef —L 3

Wb, RS 4 E TR RHT &R SCA) (IS 3200 LAAY SZARRURE TR0 L Ay ) ) A
AR AT RLE] ). el iR phiosophers MR 5 AL, FHAN T ARAS R

word2vecModel . findSynonyms ("phiosophers", 5).foreach (println)
sc.stop ()

Hfgr s .

(year,0.8417112940969042)
(motivations, 0.833017707021745)
(solution,0.8284719617235932)
(whereas, 0.8242997325042509)
(formed, 0.8042383351975712)

LR R T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/scala-2.0.x/
src/main/scala/Word2 VecMllib.scala.,

10.6.2 &8/ Spark ML JliZ Word2Vec & 8!
X— A F Al i Spark ML DataFrame Al Spark 2.0.x f{)SE LKA EH—~ Word2Vec #i ,

HAENE LA DataFrame SE441 :

val spConfig = (new SparkConf)
.setMaster ("local")
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.setAppName (" SparkApp")

val spark = SparkSession
.builder
.appName ("Word2Vec example")
.config(spConfig)
.getOrCreate ()

import spark.implicits._

val rawDF = spark.sparkContext
.wholeTextFiles("../data/20news-bydate-train/*")

val textDF = rawDF.map (x => X._2.split(" "))
.map (Tuplel.apply)
.LODF ("text")

Z At wordavece 2, JFHfE Eik textDf DataFrame [l &Y .

val word2Vec = new Word2Vec ()
.setInputCol ("text™")
.setOutputCol ("result")
.setVectorSize(3)
.setMinCount (0)

val model = word2Vec.fit (textDF)

val result = model.transform(textDF)

N $k H hockey i 5 NI ALLIA ;

val ds = model.findSynonyms ("hockey", 5).select ("word")
ds.rdd.saveAsTextFile ("./output/hockey-synonyms")
ds.show ()

spark.stop()

HA B .

| Fess |
| guide |
|validinferencel
| problems. |

| paperback | m
AT, 5 Spark MLIib BHAHLL, S AT IR KORF] . iXJ&h Spark 1.6 55 Spark 2.0/2.1
F1 %) Word2 Vector 554 L IANAHTE] o

LR RABIL T
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 10/scala-2.0.x/
src/main/scala/Word2VecMl.scala,
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10.7 IN&

TEX—rh, ATHERAM T 722 SO BREOR , JFRR T MLIb B SCARHIE S E
71, 5552 TF-IDF S inkor X, Bl 177> 1 (1 TF-IDF Ak ) i 25 Rk SO AR I
IZAHT R IR S 1] 7, DS AT 9 Word2 Vee BERDR T — M ERHE R
By R, I ZRa AR R4 3 N 25 5 B in) bR SO SN A) . FRATIEA 41 1 g {1
Spark ML 1) Word2 Vec £ .

T3, AT TREL 42T, IR infal i Spark Streaming S YINZRTELLF I FRY



Spark Streaming SERTH1.25

F 3]

A2 HAGA 1k — S U e Ri A B, R TITA BT« RHIE S IBORI AL I 2
B T — 2 AN E R B . X +4rE M T Spark X RDD fRZCANER , BN ATZAZ A 7041 5K
Bllate . SAS AT LU ] Spark B33 7 FEAE T35 ISR RDD @J# %7 RDD , {HJE RDD —
Halg, Hrpa & det A 2L,

ZHTAYE AR R T LA IR, YIRS B T E I 2R 18 B s o — MR ) (7
B s IR AR ARSE ) (1) RDD.
AE, AT

Q MATELF TS, BRI, AL I 2R TR 5
Q ~~>J i Spark Streaming 5 AL FH ;

Q 4nfelks Spark Streaming b H FAEZ %> 5

Q 4147 Structured Streaming .

JE S/ NP RDD 244E50 7 s0E 4  DataFrame 1 SQL At AT i Uy =R ERA R R A

DataFrame #= SQL #4449 % %12 8.4 .. https://spark.apache.org/docs/2.0.0-
preview/sql-programming-guide.html,

1.1 HEZLES]

ZHTE T PR AL A LA > R O TEAL PR EAAAERY B E VIZREE . —BOkUL, X 4eT7
RIS, RITEDIZRAE -9t 2 e Ak PR A RS e Ui

FALE TR, T2y ]2 LI UG i 58 4 i i i 00U b BE— i o Sk (e
Ui, — K AU DHEA ), HABSERE— DN UNAEA S, AR S R A i I 45 21 1
Ak (AN 2 73R O BR A B T A B LS AR Do FEZR7 T 1 I A B B Y B 2 i 2
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BEH AW A 2, AR LN — K E RIS

FLEROUT, HREE AR, ol A s i R U A LR, e 2] Tk nl
DAPRIE | FZAT SO BRI G20 s e > — Bt A AU s & B Bl k.

SR, AL ITIEF AR S e 27 s . S b, 3R] SGD fLfkdr
TEINGRor AR, B 2227 2] 1 7ER AR PN Tl AR IR 19 1 BRAb B 58—
A%, SGD BB — A, SR1NT, S TSR A ER, FRA IR RT ARG BT T 22

TESERAELIRE T, FAIAS (BFWIFARE ) XM IIZREME NS, PRI 5 A Sk
AT B 2R B FEAT LS MR ATk, DR R B — A, T2 RHR
Ak HE A/t IR

TEL BRI IEAE B S Wl A SR filan, FRATa] AR ( 5 didR )
Pt R DT VR B R ERT IR, SRS TE A R PN R, I P72 ik S ( I7EX —
Kz, TEMR B AR 8] ) SRR UE R R Y22 4E . X 5 Lambda A8 E R AHL,
Lambda 444 2 —Fh R SCHFHEAL B S S 45U Ak B ) 5 Ak AR A

ARERNHESER, FEL2E IR R G A AL Spark Streaming HESE

0 £ 5 XTAELEMNSEFIHFTHAI: hitps://en.wikipedia.org/wiki/Online

machine learning,

11.2 AR

FE2E Ui ] Spark #FATFELRS: > ZHT, FRATE Jef 2 1 A i AL B A9 JERE AR Spark
Streaming [,

B T #%0 APLAIZIRE, Spark 1 Hid & 5 — A FEMWFIH (1 MLIb—4 ), %k Spark
Streaming, 32171 U7 SCHT AN FEAE I

BRI EELEAIE ST o UL AT 4G I AN sl FH AR B sl s . B el H
B R, R o R MR AR

AL PR 7 v — A FR B i R 2 — I B A6 R 40 (U HDFS S8 & ) FIZEA7 ik
BRI st HEA B, b T A T AR, AL BRAAZITHE B i o] R R LRI M iz AT (141
WEER | BN E LA —IR ).

FHEC, WAL BT R R HE AR AL B, s (A B —Fb 2Ly —#, T
FEHEALBER LM /N REEZE AT ),
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11.2.1 Spark Streaming 1143
AP LR E R HoR, Herb e WA AR R

Q fAb B ARIC SR, JRAETE S B A7 Z A B
Q R G I MIERAES, 7T LGE ] SR SR I R EE D 2 ik

Spark Streaming i 28 —Fp ik, HAZOMES R ERLR ( DStream, discretized stream ), —
A~ DStream J&35— A~/ MR FH , B— /MMt E L 2878 H—A> Spark RDD, 411 F EIF7= .

BRI
[ RDD J [ RDD J L RDD }
----- B
AL

B R R A B TR VR AL IR EIRR ( batch interval ) AORSEI BT 135 XK. $d
WA BURNAE A R ] B AR A5 RIS (MRS TR AT IR Do T A —4 RDD K12 M Spark
Streaming 1 FAE PR A9 — AL BRIBI BE Y B30 5% UNSRAE BT 25 Ak ) [ b P9 %A B 7=
$A53 3| —1~25 1) RDD,

1. SINIB

Spark Streaming $3USTim 1t 57 A BUHRIRFLSCEAE T4 40l i Spark RDD 41 i DStream.

Spark Streaming SCRFE AR, IR T SCUAIRE (IORTER AN B E R, R
MHT SR BUN 259104 DStream ) FIFE T2 1 i A TR (Bl 1 56T M 45 B4 A U

Twitter API i . Akka actors B¢ B.FA%F, LLK Flume. Kafka. Amazon Kinesis 25504 27 M H &
fEHIHESR ),

0 KT B SMNRG P AR ZEAMNR, FHAFX D, http://spark.

apache.org/docs/latest/streaming-programming-guide.html#input-dstreams

2. Eftn
TEANFRATHESS 1 S A HALZEF FIAY, Spark SZ45%F RDD #7445 Fb e,

[ A DStream f&H RDD ZH ALY, FrLL Spark Streaming #24it T —4~7] LI 7E DStream | fifi ¥
MRS CEEEAGRN RDD I ] A, 46 nap. flatMap., join Ml reduceByKey,
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Spark Streaming fY 4% ( L n] i H T RDD AYIRLE ) #4F DStream 03 &R . sl 210,
XS T DStream AY41> RDD, 311 % F T RDD 40 % [

Spark Streaming 842t T reduce Ml count XAEME T, BATREIH—ICE (NEHLAY
BH ) 4 DStream X4, 5 RDD LA, XSRS EH AL DStream 115,
PRV, EITARPITET, BRERE T, BEAENILRIEY—> DStream,

(1) TRASRE

AbFE RDD BRI, HE3P AR — AR B LUACRT . T RLMESIRES (i &L
HA) IHh, RS A ul s B AT AT BUBRX MIRES . — ok, AT AR
RDD HIPATI TR BB R s AR, SRS BB 2Rk

i DStream B IXFEMIRAESA MR, AT LIRS RTEE T BRERHE S B0 IR
Spark Streaming $&{it T updateStateByKey PREORALFE DStream H K EEXT,  Hodss 53t 3
e TRl SRS B A TR AR S B AR, IR RO B (T 55 T
. e, WETLRESD Key &I 2 R Sk g, ik, X B ApRETT DUg&— 1M 5t
BT R ER, BT SR RS, B P R RIS, BCE N K
HREL

(2) — ekt

Spark Streaming [} API 324t T — 8 transform BREL, LIJ7 Uil 41 RDD &%
At EEdE . WPUEE, R RE (41 map ) $¥—1> DStream #4255 —1> DStream, i
transform LEFRATATLLK—A~ RDD %) pR %N FHEN 75 —A~ RDD Lo filn, FRATAT LA RDD #Y
Join FFWHH B B—HLEHE I E ZAFAE A SETRATHY streaming W ( 7T HESE: Spark 52 HiAth
R4 ) AU RDD BEA#ER

0 TR F 3 R P R e i e B0 B %45 895 A% Spark SA%: http://spark.

apache.org/docs/latest/streaming-programming-guide.html#transformations-on-dstreams
3. MATHET

Spark Streaming H1AYHLER T (U1 count ) AMEHLE RDD HHRHEI T8 T Spark Streaming
H O A —£7F DStream Z _F A THFIIBEE . STHE =25 H 57, TS flk DStream 2
R, R E LA

O print: fHANHEEAEEHET 10 MTRBFEGG, — BRI,
0O saveAsObjectFile. saveAsTextFiles Ml saveAsHadoopFiles: iXJLA~ RS E—

& 2] Hadoop MSCHERGE, I AR R AT R TR Ok fiv 44
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O forEachRDD: XA R I, RVFH X DStream 35—k £ 8 %5 b 1Y) RDD
ARG MAT EEAE . W TR AEMHIRCR , ek B PR AF 2/ R g . FTERIL . &
B P R
E %, #A% Spark d 4k 22 —#F | DStream - F & 1549 . st K A1E £ RDD
PARAPATEF (4o count ) VRIEAE 45, RNMBAAEEZ AR L@GIITET
g — ARk Z DStream L& F R, R A6 A X B B 5 RA A PATAEST
i‘l—ﬁ_o
4. EOEF
“} Spark Streaming 3B [ 5L i A BRECHE I, AT AS I T —ASBimES:, ny/ERT )&
(windowing ). window PRECH LN FHAE S L (43 2l i 1 A A5t e 4ot

T 1 FR o B R sh ] B e S o il 10 BR g o 1A S BRad i shial e nT DA X —AN 1,
TE 5 FME—KRET 10 #HEIL) DStream g . F101, 7 LITHERT 10 R0 o i) Y Alce T
F s HESS , T ST 14 5 AP —IK

TEERT X% 0 DStream:

BRI
[RDD J [RDD J [RDD } [RDD } [RDD }
— !
& B H PR
"""""" wOkE
N J

% 1 DStream

11.2.2 Spark Streaming & F I FEHLH

i1 Spark () RDD —#f, DStream 1] LAZAFTENAEHL . GAFRIf 1 5t A RDD 25480, 4n
RAWTEZ Wi DStream FAYEHE (WIHEHITZUORE TR G SCE B 248 R
), BAFRIBKAAL . REHEWE T, 55 window PREUR updatestateByKey, Mk
FRCRI A

ZHiEE RDD B SR B S, F i ABEEASERE (lineage ) 2 . FNEAEE,
HUZNHIE] RDD _E AR FIAT T 10465 o RDD AP A A SE R0 S D O A1y S




340 % 11 % Spark Streaming 5 B L% 52 5]

EJ:H) RDD ( 2§ RDD A941H )

[A A DStream A B ZALE ) RDD, FrLLEAT Al LIRS LIRNG TAETY S ma i e . SR,
AR T ABCIEAR T o SR B RAS B2 2545 10 9T B R R ALY ( HDFS s — 2 Ay
FAERAEIR ), R4 DStream gin] IEEHE,

QBRI RISk B T M4 (FERAEEEARE UL ), Spark Streaming FYBRIAHF A AL T7 2k
R EEE R BIPIA TAET S SOAAIE T R4 DStreams 7] LAIZESUBE IS O R B . SRIMTH 2
g, AR E R R A S AT B AR AT RELE T SR A I %

Spark Streaming 3 R 5 FERT M BR ST 55V E o (HRAEAL BRI 4 A AR RS, TAETT S A
e R IA SRS R Ik, Spark Streaming 7E 9K 2)) 5 s ol 35 F2 T 20 B AN BB SR8 4=
754 . Lambda ZEAGREN X125, Hodn, fEBIBZEIFHEIR (nightly batch ) SRIERIXISHFES | ALY
I\Eﬂ Hﬁo

¥ %@ # 4L http://spark.apache.org/docs/latest/streaming-programming-guide.
0 html#caching-persistence #= http://spark.apache.org/docs/latest/streaming-programming-
guide html#fault-tolerance-properties,

11.3 Bli# Spark Streaming [ F

AR L A S — Spark Streaming W FH R /R Z Hi /230 Spark Streaming 15 iy FEAS
o

FEFORIRATY S 1 SERIREIRRIT o YBTFRATH T — 8150 7 S ) S0 B R R 4
TEX AT, FRATAEE HE S EIRSE , TE B —A 0 2R a0 R BEHLAE BE s T8 1 P 4% &
%, RJE, BBl LA Spark Streaming J1 2% & N FHARAL B NS FIA

AR H SO AL rEs i . W H 24 F 0 scala-spark-streaming-app, HH L F—A>
Scala SBT I H 5& 304 . FREHFR P ACHS Fil\sre\main\resources H 5% F Y names.csv B9 %R S

build.sbt AL E LA T H 2 X

name := "scala-spark-streaming-app-11"
version := "1.0"
scalavVersion := "2.11.7"

val sparkVersion = "2.0.0"

libraryDependencies ++= Seq(
"org.apache.spark" %% "spark-core" % sparkVersion,
"org.apache.spark" %% "spark-mllib" % sparkVersion,
"org.jfree" % "jfreechart" % "1.0.14",
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) )

"com.github.wookietreiber" % "scala-chart_2.11" % "0.5.0",

"org.apache.spark" %% "spark-streaming" % sparkVersion

)

R, FA1n T % Spark MLIib i1 Spark Streaming KA, H AP 44008 T X Spark N 1Y
A

names.csv SCIFEA 20 ANREALAE B 45 o FATTIE FH 330 88 44 S Az i iR KScdis A i o
B —&R 4y

Miguel, Eric, James, Juan, Shawn, James, Doug, Gary, Frank, Janet,Michael,
James,Malinda,Mike, Elaine,Kevin, Janet,Richard, Saul,Manuela

11.3.1 HEYER:E

TH A A T EA M %4z, T HBENLAE SO0 KI5 s A Il kxS ik i 2o
Hoe, WATEE SR MERE . SR M names.csv T ABEHLIES IR — 7= IS S,
A LRI S5 B

/ * %

* MAMAER FERER HIHEERSE

* AAR S AR S A, REEiE REEEKE
*/

object StreamingProducer {

def main(args: Array[Stringl) {
val random = new Random()

/] EA R K E AR

val MaxEvents = 6

[/ BT ARk % 7 A
val namesResource =
this.getClass.getResourceAsStream (" /names.csv")
val names = scala.io.Source.fromInputStream(namesResource)
.getLines ()
.toList
.head
.split (", ")
.toSeqg

/] AR AT TR S

val products = Seq(
"iPhone Cover" -> 9.99,
"Headphones" -> 5.49,
"Samsung Galaxy Cover" -> 8.95,
"iPad Cover" -> 7.49
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X o i P 20 B BRI i 4 R BN OOAR WSS, BN PREQIE— RS, M I Se R BRI+
FERRFIAARR A B E RO A ST 3

Jrx A REAESRES */
def generateProductEvents(n: Int) = {
(1 ton).map { 1 =>
val (product, price) =
products (random.nextInt (products.size))
val user = random.shuffle(names) .head
(user, product, price)

}

i, QMRS B AR I N . — HIEHE (AIRATTAY
HPHE VL ), T B A AR R 22 LLRERD 0~5 AN A BERLAIAR A A IR AL F -

/] RIER R 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 productEvents = generateProductEvents (num)
productEvents.foreach{ event =>
out.write (event.productIterator.mkString(","))
out.write("\n")
}
out.flush()
println(s"Created S$Snum events...")
}
socket.close ()
}

}.start ()
}
}
}
AT B & R B 09 F 2 A T Spark Streaming ¥ PageViewGenerator #
BT B,

WEUNFRATAESE 1 SEATAY, 8 VIR H 53 scala-spark-streaming-app, F Hf#i ] SBT %Kiz
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(FE=SAWVAEE

> cd scala-spark-streaming-app
> sbt

[info]

>

EH run A HATIX AN -

> run

EIRETR BT v Fr) 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:
PEPE streamingProducer I, N AR IGETT, VRATLIE 2R i .

[info] Running StreamingProducer
Listening on port: 9999

WLAER], ARERIEAEREIT 9999 di i, SERFHAT AT B NS

1132 S BIRLIEIER

TR — N RAL PR o FRATTRE R PR A AN AT B I A — R N 2 AL B
RASUNT

/‘k‘k
* J Scala B#—A-f %6y Spark Streaming B A
*/

object SimpleStreamingApp {

def main(args: Array[String]) {
val ssc = new StreamingContext ("local[2]",

"First Streaming App", Seconds (10))
val stream = ssc.socketTextStream("localhost", 9999)

/] B RRAT R FH— S AT LA L E
/] MEFET
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stream.print ()
ssc.start ()
ssc.awailtTermination ()

}

F AR, X EE KN Spark Streaming &2 FA T IR T B M2, B eIt fb—
A4~ StreamingContext X4 (*Aﬂl SparkContext ZE{UAYIRALBEXTE ), W& MZ Al
SparkContext MMIRYECE W, HE, FRAITZEHRAHUEHE I ER AR, XHEERh 10570,

SR E IR R EAER socketTextStream GIE— IR, MEREFIR S 4HEECT
AFFBE— DStream[String] X4, ZJGTE DStream i print K%, FTENHAEHEIERY
AL E,

9 /£ DStream L8 print £ T /& RDD LA take, R#HaTUATE,

LU S SBT /7Ry . TP A&t 1, ik isty, RiRists

> sbt
[info]
> run

IRJGFAT IR B LAS 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

51T SimpleStreamingApp W FEH, VRNV IZEFIFITERF I GE T, FTENE TR N
AL IR .

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 =
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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@ff£34364
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

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

SRS, BOZE BEaAT A s A2 1 1 R R B2

Got client connected from: /127.0.0.1
Created 2 events...

Created 2 events...
Created 3 events...
Created 1 events...
Created 5 events...

R 10 Bph2 ), AR AL PR KO A I TE] ] B% - Spark Streaming H7E3 1 il &
—UHE, RN T prine 85 SRR HIXAEARORTUL NG S, MWibanr.

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
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8 RTHRAAZN TR LER, BAEREFDH AR TSR A,

MLE Cul+C St PR RIS T, RIER, Wl AGEdOE BAE s (45 R,
BB T — AR Z AR RS ).

11.3.3 BRI

N, AR N ARITT AR . FA RS 1| JE O 2™ I SR8 T LA
Giitie, QAWK E—F PR BRI B 7 (SO SE SEOHLEA ).

XA, AT AENG G Stz EiHEARR AR bR . OGS A [FIFE TiX 2ot HE 25 4%
MR I o
FAUR T X S AT .
/**
* f B %) Streaming BA, A DStream ¥ A —hLayIGIRHATERL 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)

/] ETRIELAAE EREHR

val events = stream.map { record =>
val event = record.split(",")
(event (0), event(l), event(2))

}

e, AT T Mz RT5E A0[RI st reamingContext FEBITW ., # T RIERIGSIA
R map R eREL, SURTPIE— KD AR — M SRR R, ARRIAETE S, map
PRE T B SCASIEBI R —A < (A 7, &, k)7 Jodl. X HER T A 7E DStream E# ] map,
FFATHE RDD _FAYERAEAATR]

2, M foreachrop pRECR X LAYEED RDD W AMERAL B, THEHRATH Z ARG
PRIPR AR TEN R 6 5 -

/*
S h HE—ARR GRS, B A SIS LK RDD, FiVA 4L DStream Eif A
forEachRDD, R A% 1 ¥ AL ay-£:8 49 ROD &%
*/
events. foreachRDD { (rdd, time) =>
val numPurchases = rdd.count ()
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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: S$dateStr ==")
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))

// FF¥sAT Spark ETF X
ssc.start ()
ssc.awaitTermination ()

}

XK foreachrRDD H' RDD | W#AEE FFI%E 1| Ffli A 5E 22 AH R RS . X 1B T il 1L
W ERVE R P Y RDD ZEFE T N FE ] RDD AHSCHUALER, (45PN & 0 m g a 8k

WH sbt run FKEBITRITERF IS StreamingAnalyticsApps.

TALHFE? JeRARZIATLLT RS, FLERBHEERE . AN ZERBIR
i HAR A TR

RE10 #8hE, ARRCZRER BIA0 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 RMEH] Ctrl+C PR LRI ARRT



348 % 11 % Spark Streaming 5 B L% 52 5]

11.3.4 ﬁ*lkn..\ﬁ’] u.'l?|'

e R, AT updatestateBykey PREL, N HBRSHIG A,
AW ARG P SE XN RPIRA, mHSHE S 10 BagtE IR om—k ., JAIT0
StreamingStateApp P UIT :

object StreamingStatelApp {
import org.apache.spark.streaming.StreamingContext._

B EE X —> updatestate PREORIE T PIRASE A S ALK A3 BdE T RHOIR S, RAS
TEX PO T R—1 “(FR4E, KN Jod, XA 480 SR 20 St ocom 2
BURZESHY “ (e, MN)” XTHES, HEEIERIRE.

B, BT S HPRES ALY option, BN EFRER 1Y (5 —4HEdE ), I Hf%
%X—/l\%jtm{ﬁ, ORHE S R getOrElse R :

def updateState(prices: Seql (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))

/) T HREGEE, FRRAE-AAES

ssc.checkpoint ("/tmp/sparkstreaming/")

val stream = ssc.socketTextStream("localhost", 9999)

/! ETFRIEIARAAETEREN R
val events = stream.map { record =>
val event = record.split(",")
(event (0), event (1), event(2).toDouble)
}
val users = events.map{ case (user, product, price) => (user,
(product, price)) }
val revenuePerUser = users.updateStateByKey (updateState)
revenuePerUser.print ()

/] B ETF X
ssc.start ()
ssc.awaitTermination()

}
TE A Z 56 AR B P57 BB U e 5, FeATI7E DStream FJHMH T updatestate
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ByKey, f&AE XUfH) updatestate REL, ARSFHELIRATEN SRR 5

i sbt run JiEFE (4] StreamingStateapp KA SIFITHEIGIT (WRALE, BE
JaTH B AE AR TR Do

R 108G, KITRE B —ORER N ES . PSR 10 S B BT — M4,
I 2376 BB RTAY 2 RpR S

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 BT B0 SR FLE AR AN T .

WA, FAAAE TN XA F &AL Spark Streaming #9 window F1%,
Blde, TASHEAR PO 30 AEA RS G vit i L—a b anmed it i,

11.4 {FH Spark Streaming #{TELF 3]

WIRTAT 7S, ffi ] Spark Streaming 53 {14524 RDD A7 =UAR 2T, A PRECH R AR R 5 T
ffiFH Spark AYIRALBEICE Z5A MLIb f3ET SGD RITEL2~ 2T HE 1, FATTnT ALt iy bLasr
SIREARY, IR EE BRI S I T2 2 R
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11.4.1 REY

Spark 7E StreamingLinearaAlgorithm ZEH ML | EERY AN LA = T B, T H S
TR (StreamingLinearRegressionWithSGD ), AFAIMAK L&,

Il EIR AL TIN5k

QO trainon: XN HEREIL DStream[LabeledPoint IMENZSEL, & JFi B 7E i A B9
DStream H1 R — LR YIS, FT LI R 2 IAEA R it 2%

O predictOn: XN IR DStream [LabeledPoint IMENSEL, B VFHRIG 6 AR
DStream & H I, 3% [Fl—~Hi Y DStream[Double], HA Al SR A4 F 45 5

Tl EITE IS (4] foreachrDD Fl map K 5EM EIRHERAE . R, IR AR LS
SRR A, IR R N ZRAORERY , SEFAT AT AT A L oo ol PG R i A
RSN

FIBRAE R I 0 — A, U [ A g 2P R (U] LU it S B, (T s
R FATTFIAE AT LS B A U AR R T [

RN, n] LA E IR A o 2 ) S sl BEALAY [l e, B8 M — s et b 1
A2 R MBI OB o AT ARSIV E AR PR AP BISNAR R BT, B IR A BERLAR S e
s (R, A=A s R A 1S 00 T EE AR o

11.4.2 — N EREAREYVATREF

N T HORGLEE A, T PR R — N0 2 BT — AR BB B T, 22 T A % 10
TR . FRATHE S — A AR, AR 2 [ 52 1 B AR ) e A SR B L A AF 1 e i
FRAs R, IHEYIGREAR T A R4,

TRATHIY 2o LA 2HB A FR IR, 45, SRJE IR . S — R B
T B O T 25 SR TEN R

1. BIEHBIBE R 2

B R IE AT R S G B RS, OSSR 5 At LR AR [ i w
FI— AR B x AOSRIELL S (B S A wie Do FRATTA0 A S b i [ 52 ) 0 AL
[ LA B AE P2 A R B . BB S8 S A A LR I RN 2 LA
FRATTA 1T BRI AR 25 5 2 > S T B A AL R )

Ho, BRI R IOE R (M0 100) FUAE A SR (2 100 ):
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/**
* AL ) 3 B 6 R B
*/
object StreamingModelProducer ({
import breeze.linalg._

def main(args: Array[String]) {

/] EAREARKEH A
val MaxEvents = 100
val NumFeatures = 100

val random = new Random /()
generateRandomArray PREBIE—NK/MMAE RIS, HAa o EA0m LA
o FRATREAE XA sRERI A A B E I A [l i w, B AR B AR A A i B 3 AR
AR HE—ABEVLR B, B 9l [ 2 o A [m) i AN 2 R AR B0 A B — A5t -

/xR AR RS T 0 AR E R g o B r/
def generateRandomArray (n: Int) = Array.tabulate(n) (_ =>
random.nextGaussian())

/] ER—ABRGEIER TR E
val w = new DenseVector (generateRandomArray (NumFeatures) )
val intercept = random.nextGaussian() * 10

FA LT 21> pREOR A 1 E KR A BED LB 5 o B — TG S & — D BEHLARAAIE [ 8 LA
K AR i 353 2 0 e S BELRAIE ) s B O LA S A 3) ):

Jrx R EMEALG S E R )
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 LISCATE X RD &k BEHLEL
i (7E 0~100 JE[EIA ) AEd i .
/] ARk R 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:
val out = new PrintWriter (socket.getOutputStream(), true)

" + socket.getInetAddress)
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while (true) {
Thread.sleep (1000)
val num = random.nextInt (MaxEvents)
val data = generateNoisyData (num)
data.foreach { case (y, x) =>
val xStr = x.data.mkString(",")
val eventStr = s"Sy\tSxStr"
out.write(eventStr)
out.write("\n")
}
out.flush()
println(s"Created S$Snum events...")
}
socket.close()
}
}.start ()

}
PRAT LB sbt run SRUUR SIAE A, RIGIEFEIIT streamingModel Producer F
Tk, K SECR A, X I A RS AR E SRR FRATT A 3 [ U R A i

[info] Running StreamingModelProducer
Listening on port: 9999

2. G R mE)IREY
T2, BATH IR R SRR . FEAR R B S Z BRI 2B (] AR T «

/**
* AR 6 R e 3t ok A ANk A TR AR
*/

object SimpleStreamingModel {

def main(args: Array[String]) {
val ssc = new StreamingContext ("local[2]", "First Streaming App", Seconds(10))
val stream = ssc.socketTextStream("localhost", 9999)

13X FLRE B I AR TIE R VT FC i A B T P g SRR o oA PR B — 2 ey R A it 1]
IARERL R IR EL I i s, SRR AR K

val NumFeatures = 100
val zeroVector = DenseVector.zeros[Double] (NumFeatures)
val model = new StreamingLinearRegressionWithSGD ()

.setInitialWeights (Vectors.dense (zeroVector.data))
.setNumIterations (1)
.setStepSize(0.01)

SRIG, FRRAE map PRELIE DStream FPE4F R R B ME SR U, LabelPoint XM,
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Ferpf & R ELRIRFAIE [ 4

/] RIE—AMRE B R
val labeledStream = stream.map { event =>
val split = event.split("\t")
val y = split(0).toDouble
val features = split(l).split(",").map(_.toDouble)
LabeledPoint (label = y, features = Vectors.dense(features))

}

I Je R AR E 3455 1Y DStream _EASUNZRANNL, Jf40H DStream H—HtE AT LT E
PR T -
[/ R LD AR KA, FATERTAN 4 RAE N BT

model.trainOn (labeledStream)
model .predictOn (labeledStream) .print ()

ssc.start ()
ssc.awaitTermination ()

W AR T 522 P MLIb —Af a9 488 KA 2207, PTARAT T A2
BEFF— BRI HIE (382 S A Labeledpoint S4I#m49 RDD ) LhAT
REK,
TP, BN LEERRIEA | R EAEMELZFT, FRP, RTAEE
8 F 5 0 EARE, AZFABL G D G5 0T 1R B MG e o e SRAASBL A DI 2R B T8
XKZTINERE G, RERELRE TRIBRGERE
ST VAB AR, Y AR OR S, g AP AL IR 1A e, K F HEm Spark TAE Y B LG e
AT AL 09 AT R AR R X AN A,
WAE, RS A Zms O] sbt run 1817 SimpleStreamingModel, 1EUNEFT

Al —tE (iEHE SBT TﬂEEﬁE’JEﬁ%ﬂGﬁL )o — ELRAC PR FEITIRIZ AT, BUNIATE A AL
et 57 BN A

&
%

Got client connected from: /127.0.0.1

Created 10 events...
Created 83 events...
Created 75 events...

REI10 #BIIE , BHZIT IR A SRR FENZS SR B 0 AR P i 65 L

14/11/16 14:54:00 INFO StreamingLinearRegressionWithSGD: Model
updated at time 1416142440000 ms
14/11/16 14:54:00 INFO StreamingLinearRegressionWithSGD: Current
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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
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

K RE I8 TR — M UTEEk oy S R |

PR DIAERE i B 4% Ctrl + C SR (B AR s o

1143 RN K-H91E

MLIib A & — M RALFRUAS Y K-Y9EIRIE, #4°0 streamingKMeans . iXJ&/Mita K-#{E
R RE R AR RA IS , BRI T 2 At YO H A5 2 A SR 28 b O 2 itk
TR BRI PR E

StreamingKMeans T —-MESESE alpha (A SetDecayFactor FHERKE), ©

P B A AR A AR . alpha 4 O I EMCE B2 HHESE , 10 alpha h
1Ak R ZE AL AR 4 A 25
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KEASHNFELET RN K-BEMNE (Spark SCFY http://spark.apache.org/docs/latest/
mllib-clustering.html#streamingclustering 7 | 24055 FIIF ). SR, B 1 AT LAZEE I Z /i
AT I B AR B 25 4 st reamingRMeans ARAIAR BCf AR , VR AT AR A 190 051 1o F St i

StreamingKMeans,
SRR AR A A, AT USRNSSR E K, SRS T 2D R AR R A

Q BEPLIERE— 25 T s,

Q WP P4 E IE S A 25U — AN ML . il K DNRIEM A28
LA —MEMT 228, 5207 generateRandomarray PREXSELAY T A B bl
GINSIE=

ROKE, TR R A% A AR AR R B 20417, i AFRA 1000 i R 21 — Bt [l J5 % RET T
FIIERRISEAE G

11.56 FEZKERITY

MLAR~%>J Fll Spark Streaming ZH & A KA TR Z WAL IR 5 , LG R R AR S5 A e BT
S PIT 2~ 7 o [ B 2 0T P T i =S S T [V Sl @ 775 =4 W P Al

T — A R SE B LR LR BRI AN LA AR P fe B n RESER P AR A 1 5
NI S FH P RE B i AR TR Sfe A e 2 558 A Tl 5 5

] DL RIS “A/B R, 5 FIRT T B se B R4 I FoR A, filan bl nf
THHT 5 M Bandit B9 o 0 n] DUFRSER WS R O PERE , 0 SR PR A B8 JE PR RE Rt T LA
e B e o7 TR 3

AT Y R — IR BB F . XA Frh, BEE SOk BRI AR AR, FRAT]
B LB B AN RSB TR ) AR 1 AR 1

£ Spark Streaming EL % #& B {4 &

T T T PR P 0 1 TR 3 oy B A e T 17 2 s
S BT T (AT TR 2 A LA ).

L, B AL & | MR 2 A A T A B T R m
FRoK e M R P

ERAIIT T, Tl S TR IR 3 AR OUR BAME | AR OB LRI %
o P AR BRI, IR TR 2 (MSE ) R 2% (RMSE ) $5b7.
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B RS T

/**
AR AR, RARICEE AR AR, Sk A ANBR T LB 4 B Gt
*/

object MonitoringStreamingModel {
import org.apache.spark.SparkContext._

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 R R
val labeledStream = stream.map { event =>
val split = event.split("\t")
val v = split (0).toDouble
val features = split(1l).split(",").map(_.toDouble)
LabeledPoint (label = y, features = Vectors.dense(features))

}
TR, BUTHHR 23 B R A R A BRAT B0 foy BRI (1)~ — A . AR, FRATRIE T4

StreamingLinearRegressionWithSGD SEf]: — F3FRE 0.01, H—FRKE 1.0,

Tk, BATEACH AR DI GE— AR, FF# ] Spark Streaming ) t ransform PR%Y,
SIS HT 1AL B R B R R Y DStream:

/] R —ANR B G A A
modell.trainOn (labeledStream)
model2.trainOn (labeledStream)
/) AR R BT OB BIRE 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)
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R, XM H] foreachrDD K143 MSE F1 RMSE #8545, JERAE5 A% B2 5 -

[/ SFFAEAER G E SR, Hrh MSE A= RMSE 487k
predsAndTrue. foreachRDD { (rdd, time) =>

val msel = rdd.map { case (errl, err2) => errl * errl
} .mean ()

val rmsel = math.sqgrt (msel)

val mse2 = rdd.map { case (errl, err2) => err2 * err2
} .mean ()

val rmse2 = math.sqgrt (mse2)

println(

gnnn

"rr o stripMargin)
println(s"MSE current batch: Model 1: Smsel; Model 2:
Smse2")
println(s"RMSE current batch: Model 1: Srmsel; Model 2:
Srmse2")
println("...\n")

}

ssc.start ()
ssc.awaitTermination ()

}

WRARZ R TS, BT sbt run H%EPE st reamingModel Producer HFH N, 4
BB TG , TR A2t AT sbt run 3 Hik$E 325 8 Moni toringSt reamingModel »

AR R 3, 2910 B —diab g5, i an s .

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

N PAMSEREER A R R AR (AR [ T4, BT ATRAT 1R 2B AT TR 5 — A i 1 oe 2
FHFE T, RRAE DR ARTR

WARAERE Pt Lol fea BLZAE B AR — BT IR IS, FHRAGBORIAR, 55—
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PRI PR Sy > 23 ek ey I A

14/11/16 14:57:30 INFO SparkContext: Job finished: mean at
StreamingModel.scala:159, took 0.069175 s

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

USRS ERE Bt T R R], %2 B — MR A R IR R AR TR

14/11/16 17:27:00 INFO SparkContext: Job finished: mean at
StreamingModel.scala:159, took 0.037856 s

MSE current batch: Model 1: 6.551475362521364; Model 2:
1.057088005456417E26
RMSE current batch: Model 1: 2.559584998104451; Model 2:
1.0281478519436867E13

B A B AU ), PT AR A B0 2 R TR R —H#, A2 SR A S i —
B H—odeed, BAMMREMR, RJEH AR R FARMA

11.6 ZHWnR

Spark 2.0 Frf 2 FFEE# AR ( Structured Streaming ), %7 =\ T N A9 Fc & AR TERA
FERl AT —ASB B HEAL BRAS B (R Z5 R . S5 AL XS BT 5 NN S5 4 R 38 B AR — oA
ALAEME R SRR — A R B HE AL NS 4 APL,

PP SEsSEEA TR AR, DL S AR %A . SRS REUIE T2 ), TR ORESE 2 8 R0
RERMRGHE PR, IFIRESRAEI N A - — B, 4555

2ERALI B AELL Spark Streaming I i i AL AU AR LER R Ay Jeht: | $2A— A0 S A R FH Y 5 A
TR PR, {HYE Spark 2.0 /1, 25F)1kiAb T alpha M EX .
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11.7 Ihgh

e — i, RATIHE T HLEE > RIORUR T IO RIR A . SRS/ T Spark Streaming
FEA APL, {FFT RDD ML BEGHEAT T S0 BRI SE, iR S20 T 40T IR 9 — Al T
FEBOR T E AL,

R, AR P T MLIb B R, 5 AKERE o T e T4

TUFPERE




Spark ML Pipeline API

AR 2x i Spark ML Pipeline FEERIEITR , MILAEZ R 5 T AU ], Pipeline (4516 )
MU . TR Spark - &5 RIHLEE 7 2 R HR LA R A4 5] RGE T I CAERe I, NI
[EElR )csug i
12.1 Pipeline @&y

Pipeline API ) 58K [ scikit-learn, [ Spark 1.2 fi5IA, BFEMLHLERE T AR B
PP

JEF DataFrame, ML Pipeline #2fit T —41 52 APL, LUHE B H P QIR AR LA > e
ZA> Spark Hlaw > 55 A LU G BN

ML Pipeline i % FH— R AOECE TIAC BE . FRAEFEEC, SRS FNIGHIE B B A o

PISCARAY IR, SCRYEEZa A BRI Be, Heun il . s BeAE e . 2 BCRpE M, DL
&SGR LR AR, B gl S A B 21~ L 3Rl 3d s Pipeline ATHEELR . Pipeline i
WITHERE I EZ -, UMERRIEA TAER AR
12.1.1 DataFrame

Spark Pipeline H—ZR I Bk al, HH RSB BO N — Mgy (transformer ) 53— MPEAh
% (estimator ), A MrBUKIKIZTT, %A DataFrame F45 W BERIDEA T I R i44e

DataFrame %52 J& 51 25984 Pipeline M FE AR 25 55K i ( tensor ). DataFrame $8/0— 4%
TBIREE, I3 MBdats =, CIngER) Fa5eh . kg, AR BN HSER =X
12.1.2 Pipeline B

—> ML Pipeline 2 ML TARiAE fi— R 51 B 7E ARG 25 % S A Ba S A0 e e e FpP A
L)
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12.1.3 E#ss

A dn R —P S, AR gs F2e I AR BB T transform () PREL, RWF—A
DataFrame #%# i % —~ DataFrame,

FRIEFASER LA—1> DataFrame X[ 5 A A, UL SCARNZS, WU h— 009581, fJakmth
—A~H ) DataFrame,

BRI —> DataFrame XFZR NI, SEHCELSRFAE I BRSO d—NRRAIE 1) B i
P&, deaan i — B BAR % 1) DataFrame %42

e P s it BRI T~ 229

(1) ¥ transform () BREL,
2) 85€ inputCol M outputCol,
(3) A DataFrame X4 M4 A, FRIPHZIEXT L

A 5 =, transformer J&—> DataFrame |55 —/~A9WLS), Bl DataFrame=[transform] =>

DataFrame,

12.1.4 1{hEs

LR RGP0 K RFA<IE(IE SN ¥ SRVAVEEY S €T Sk (Y ee y R IS

PG ES R T EI £ic () BREL, ZPRELI— DataFrame XI5 RHiA, AEBR— R,
LogisticRegression fHEXFEM—FaE > Bk,

M H 2, PHGRSEH N DataFrame BB . DataFrame=[fit]=>Model,

AT HIFrH, PipelineComponentExample 5| A T HA g FITTAL 25 FIMEE :

import org.apache.spark.ml.classification.LogisticRegression
import org.apache.spark.ml.linalg.{Vector, Vectors}

import org.apache.spark.ml.param.ParamMap

import org.apache.spark.sqgl.Row

import org.utils.StandaloneSpark

object PipelineComponentExample {

def main(args: Array[String]): Unit = {
val spark = StandaloneSpark.getSparkInstance()

/] Zm—A (label, features) LU %,

/] VAZ AR NI S dR

val training = spark.createDataFrame (Seq(
(1.0, Vectors.dense(0.0, 1.1, 0.1)),
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(0.0, Vectors.dense(2.0, 1.0, -1.0)),

(0.0, Vectors.dense(2.0, 1.3, 1.0)),

(1.0, Vectors.dense(0.0, 1.2, -0.5))
)

)).toDF ("label", "features"

// #l#—A LogisticRegression (LR) %4,

/] RIS

val lr = new LogisticRegression()

/) AT R AR, TAAE S RIAE

println("LogisticRegression parameters:\n" + lr.explainParams() + "\n")

// &R setter &R KB E A%
lr.setMaxIter (10)
.setRegParam(0.01)

/) B 1lr PHREGREEN % —/ LogisticRegression # &

val modell = lr.fit(training)

// modell &—/>Model X35, Bplp—ANiF4E BAERMEHLETF,

/) BMTAIIE A £ic () FALF E AP R G A%

// F@4vh(name:value) 34 XATH A4, HF name &% LR £ 497 —4RiR
println("Model 1 was fit using parameters: " + modell.parent.extractParamMap)

// % 3PLT F ParaMap 3 £ &5 2 &A%, T I ST ERE AR

val paramMap = ParamMap (lr.maxIter -> 20)
.put (lr.maxIter, 30) // H{HE—ANAH%, ZFELT RKH TmaxIter
.put (1lr.regParam -> 0.1, lr.threshold -> 0.55) // X $ /ML

// ParamMaps *t % T VI4-5f

val paramMap2 = ParamMap (lr.probabilityCol -> "myProbability")
/] REHr 65

val paramMapCombined = paramMap ++ paramMap2

/] AR R BRI B KB RBORE T —ANFeER

// paramMapCombined & & £Z A% 1lr.set HEFT R B WA A%

val model2 = lr.fit(training, paramMapCombined)

println("Model 2 was fit using parameters: " + model2.parent.extractParamMap)

/] AP KR

val test = spark.createDataFrame (Seq(
(1.0, Vectors.dense(-1.0, 1.5, 1.3)),
(0.0, Vectors.dense(3.0, 2.0, -0.1)),
(1.0, Vectors.dense(0.0, 2.2, -1.5))

)) .toDF ("label", "features")

// B Transformer.transform() & ¥k Al X 4 E il
// LogisticRegression.transform ¥ 2% 2&4EH features iX —7
// E&model2.transform() #9769 444 myProbability, wmif
// 'probability', XARHAHZAME4G & T lr.probabilityCol
model2.transform(test)
.select ("features", "label", "myProbability", "prediction")
.collect ()
.foreach {
case Row(features: Vector, label: Double, prob: Vector, prediction: Double) =>
println(s" ($features, $label) -> prob=$prob, prediction=$prediction")
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}
HA BT .

Model 2 was fit using parameters: {
logreg_158888baeffa-elasticNetParam: 0.0,
logreg_158888baeffa-featuresCol: features,
logreg_158888baeffa-fitIntercept: true,
logreg_158888baeffa-labelCol: label,

logreg 158888baeffa-maxIter: 30,
logreg_158888baeffa-predictionCol: prediction,

logreg 158888baeffa-probabilityCol: myProbability,
logreg_158888baeffa-rawPredictionCol: rawPrediction,
logreg_158888baeffa-regParam: 0.1,
logreg_158888baeffa-standardization: true,

logreg _158888baeffa-threshold: 0.55,

logreg _158888baeffa-tol: 1.0E-6

}

17/02/12 12:32:49 INFO Instrumentation: LogisticRegressionlogreg
158888baeffa-268961738-2: training finished

17/02/12 12:32:49 INFO CodeGenerator: Code generated in 26.525405
ms

17/02/12 12:32:49 INFO CodeGenerator: Code generated in 11.387162
ms

17/02/12 12:32:49 INFO SparkContext: Invoking stop() from shutdown
hook

([-1.0,1.5,1.3], 1.0) ->
prob=[0.05707304171033984,0.9429269582896601], prediction=1.0
([3.0,2.0,-0.11, 0.0) ->
prob=[0.9238522311704088,0.0761477688295912], prediction=0.0
([0.0,2.2,-1.5], 1.0) ->
prob=[0.10972776114779145,0.8902722388522085], prediction=1.0

LR AL T
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/

spark-ai-apps/src/main/scala/org/textclassifier/PipelineComponentExample.scala.

12.2 Pipeline T{ERIE

FA 1zt — R IV B E BRI E N 2 IR FEINTESCAR 732, 0B 45 3R 7y

FIIR], SRJE RO BE AR i, 5 (I S 1A H X B R R A e > — S TR 2

Spark ML 24X Fh TAERARZR N A— Pipeline, ‘& H 2 M4 E 7121 TR PipelineStages

(CREAEAIPEAG & ) AR,

PipelineStages " Y k— M BOW M — e sll— D IGid . 2 DB BELURE RN 1T

i A DataFrame 51 5545 I BEZ A o
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0 4o F B K B A . https://spark.apache.org/docs/latest/ml-pipeline. html#dataframe.,
N E)SCAS L FE Pipeline JE7R T — 1~ Tokenizer ( 43 #% ). HashingTF ( #81) R] A4 HE $2H

#% ) Fl LogisticRegression XS4 A4 i SCAR AR . Pipeline. fit () BREUER T IRIRSCAR
813 7% Pipeline ##f)id F2

(};%;}eﬁhgr%e) - HashingTF ‘ LogisticRegression
logistic
— — — S0

46 FHIE
&S Ir) &

e x)

Pipeline.fit ()

TES—FrBt, Pipeline.fit () WIS SCAL Tokenizer Fe4feds s Z A Hinl; 78
BB, B R AR R g B AR ) i PR — B B, DURRAE ) O d A, X
LogisticRegression Pl M £it () %L, MIMAERK logistic [FIJH#5EAY ( PipelineModel ).

1% Pipeline /& — P PAL %, 7EA A £1it () BREUS , &2E—1 PipelineModel. i% PipelineModel
gy (W ED,

N logistic
ipelineMode Tokenizer ] [ HashingTF ] EVE
(hetis) - - =* e
" - - = B = 8
PipelineModel
.transform() JE#G R T
XA Il

XM BHE LV PipelineModels. transform PREL, JFASFEIANT AT Z5

Pipeline nJ DIJEZRMELAZI, BIRANBYBOrr /e fErigamiak, Wl LURBARZMER, U s e
W—"1BEFEIFE (DAG, directed acyclic graph ), Pipeline 1 PipelineModel 7£3ZPrizfTHj 2
11181 THAAT (runtime checking ).
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DAG Pipeline {7~ 1&" .

Tokenizer HashingTF Word2Vec OneHotEncoder VectorAssembler  LogisticRegression
O cview

review .
. . rating N
. review rating H
. review . words H
review X rating words H
N rating | | .~ | ' |wods | « | _T____ _ tf \
rating words tf i |
words ---1---, ! w2v \
wtf W2y -==--1- '

L ) rc 1 Model
re ------4-4 !
------- ~features -----*
DataFrame

N TextClassificationPipeline G| A T s FIPEAL 28 AL S

package org.textclassifier

import org.apache.spark.ml.{Pipeline, PipelineModel}

import org.apache.spark.ml.classification.LogisticRegression
import org.apache.spark.ml.feature.{HashingTF, Tokenizer}
import org.apache.spark.ml.linalg.Vector

import org.apache.spark.sqgl.Row

import org.utils.StandaloneSpark

object TextClassificationPipeline {

def main(args: Array[String]): Unit = {
val spark = StandaloneSpark.getSparkInstance()
/) ER—AN(id, text, label) TiB&7| &,
ARV ES L PN ES -

val training = spark.createDataFrame (Seq(

(0L, "a b c d e spark", 1.0),

(1L, "b d", 0.0),

(2L, "spark £ g h", 1.0),

(3L, "hadoop mapreduce", 0.0)
)) .toDF ("id", "text", "label")

// BE—AML Pipeline, €Y =MHB Mk : tokenizer, hashingTF #= lr

val tokenizer = new Tokenizer ()
.setInputCol ("text™")
.setOutputCol ("words")

val hashingTF = new HashingTF ()
.setNumFeatures (1000)
.setInputCol (tokenizer.getOutputCol)
.setOutputCol ("features")

val 1lr = new LogisticRegression()
.setMaxIter (10)

O EHEs SCFEIRE: review (PEIR) 5 rating (PFZ%) 5 words (3]) 5 tf (3lJil) ; w2v (Word2Vec ) 5 re ($#FZ%

[ ) ; features (4F1F ) ; Model (%) , —FF
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.setRegParam(0.001)
val pipeline = new Pipeline()
.setStages (Array (tokenizer, hashingTF, 1r))

// B Pipeline &#A&I| % 4%
val model = pipeline.fit (training)

/) LT ARIAAT ) Pipeline A2 # A

model ..write.overwrite () .save("/tmp/spark-logistic-regression-model™")

// AiA#d Pipeline TR 45 8|5 &

pipeline.write.overwrite() .save("/tmp/unfit-lr-model™")

/] EFTSEE, BADZEY
val sameModel = PipelineModel.load("/tmp/spark-logistic-regression-model")

/) EEMELA, CMARAREL (1d, text) LA
val test = spark.createDataFrame (Seq(

(4L, "spark 1 j k"),

(5L, "1 m n"),

(6L, "spark hadoop spark"),

(7L, "apache hadoop")
)) .toDF ("id", "text™")

/) A A AR

model.transform(test)

.select ("id", "text", "probability", "prediction")
.collect ()
.foreach { case Row(id: Long, text: String, prob: Vector, prediction: Double) =>
println(s" ($id, Stext) --> prob=S$prob, prediction=$prediction")
}
}
}
Xof I S T

17/02/12 12:46:22 INFO Executor: Finished task 0.0 in stage

30.0 (TID 30). 1494 bytes result sent to driver

17/02/12 12:46:22 INFO TaskSetManager: Finished task 0.0 in stage
30.0 (TID 30) in 84 ms on localhost (1/1)

17/02/12 12:46:22 INFO TaskSchedulerImpl: Removed TaskSet 30.0,
whose tasks have all completed, from pool

17/02/12 12:46:22 INFO DAGScheduler: ResultStage 30 (head at
LogisticRegression.scala:683) finished in 0.084 s

17/02/12 12:46:22 INFO DAGScheduler: Job 29 finished: head at
LogisticRegression.scala:683, took 0.091814 s

17/02/12 12:46:22 INFO CodeGenerator: Code generated in 5.88911 ms
17/02/12 12:46:22 INFO CodeGenerator: Code generated in 8.320754 ms
17/02/12 12:46:22 INFO CodeGenerator: Code generated in 9.082379 ms
(4, spark i j k) -->

prob=[0.15964077387874084,0.84035922612125921,

prediction=1.0

(5, 1 m n) --> prob=[0.8378325685476612,0.16216743145233883],
prediction=0.0
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(6, spark hadoop spark) --> prob=
[0.06926633132976247,0.9307336686702374]1, prediction=1.0
(7, apache hadoop) --> prob=
[0.9821575333444208,0.017842466655579171,

prediction=0.0

THER AT
https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/
spark-ai-apps/src/main/scala/org/textclassifier/TextClassificationPipeline.scala,

12.3 Pipeline #1855 3] /=4l

WZH/N PRSI, B ML SRR I Z —82 51 A T Pipeline, ‘EXTHLA Y A
BT mEG, IR TR ARG R
28 StumbleUpon $0454E 47~ — 1> Spark Pipeline f4EE .
X F AT R 09 33 42 7T A hittp://www.kaggle.com/c/stumbleupon/data F # . T %,

W AZAERE (trainesv ), TERAFLBTAXGFR A TRRO L SEETA
% . http://www.kaggle.com/c/stumbleupon

FH Spark SQLContext ¥ 8B AAAE—MImIT R 5, AT —EanT .

| urljurlid| boilerplate|alchemy_category|alchemy_category_score|avglinksize|commonlinkratio_1|commonlinkratio_2|commonlinkratio_3|commonlinkratio_4|
http://www.conven...| 7018|{" ? ? 119.0 0.745454545 0.581818182 0.290909091 0.018181818
http://www.inside 3402 ? ?|1.883333333 0.71969697 0.265151515 0.113636364 0.015151515
http://www.valetm...| 477|{"ti ? ?7|0.471502591 0.190721649 0.036082474 0.0 0.0
http://www.howswe...| 6731 ? ?| 2.41011236 0.469325153 0.101226994 0.018404908 0.003067485
http://www.thedai 1063 ? ? 0.0 0.0 0.0 0.0 0.0
http://www.monice...| 8945|{"ti ? ?7|4.327655311 0.978757515 0.895791583 0.669138277 0.422044088
http://blogs.babb...| 2839 ? ?|1.786407767 0.552631579 0.149122807 0.052631579 0.01754386
http://humor.cool 2949 ? ?7|3.417910448 0.541176471 0.270588235 0.176470588 0.117647059
http://sportsillu...| 4156|{"ti ? ?7|1.154761905 0.504424779 0.427728614 0.02359882 0.0
http://www.chican...| 8004 ? ?11.292682927 0.421965318 0.306358382 0.011560694 0.0
http://nerdsmagaz...| 3201|{" ? ?7|1.888888889 0.59375 0.171875 . 0.046875
http://bitten.blo...| 6704|{"ti ? ?7|2.618902439 0.707317073 0.33604336 0.119241192 0.051490515
http://www.peta.o 3561 ? 7|2.881944444 0.54822335 0.23857868 0.106598985 0.040609137
http://www.refine...| 8138|{"ti ? ?| 1.76969697 0.381818182 0.181818182 0.048484848 0.006060606
http://sportsillu...| 1754 ? ?7]1.158208955 0.50591716 0.428994083 0.023668639 0.0
http://twentylf.com/| 4881 ? ?]2.133333333 0.655737705 0.213114754 0.196721311 0.196721311
http://allrecipes...| 5483|{"ti ? ?7|2.328502415 0.427777778 0.205555556 0.061111111 0.019444444
http://hypersapie...| 4781 ? ?| 2.85483871 0.428571429 0.103896104 0.038961039 0.0
http://www.phoeni 7053 ? ?|2.278481013 0.552419355 0.266129032 0.052419355 0.02016129
http://www.comple...| 1033[{"ti ? ?|1.127516779 0.636363636 0.048484848 ] 0.0
lonly showing top 20 rows

StumbleUpon 454 il AL LN BT
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0°
e]

StumbleUponExecutor

StumbleUponExecutor X RREEFEAHET TAHN A ISR, ST LogisticRegression, A
17 logistic []H Pipeline B B ¥ IS ECH LR, HAthar 4, 52 WA M B,

AREEZ 1T, SCRIBAANET LogisticRegression PEAfi % . LogisticRegression £ % JL-F- 1] DL £k 4]
SRS IEIRIA B AERAE S (] A R AR SR B Spark FRSCRERA logistic [ PEAL A5 -
—JC logistic []JH ( binomial logistic regresswn ), B —A~ 5 ZIT logistic [A]1H
( multinomial logistic regression ), FHill—~Z2 /0286 H .

def executeCommand(arg: String, vectorAssembler: VectorAssembler
, dataFrame: DataFrame, sparkContext: SparkContext) = arg match {
case "LR" => LogisticRegressionPipeline
.logisticRegressionPipeline (vectorAssembler, dataFrame)
case "DT" => DecisionTreePipeline
.decisionTreePipeline (vectorAssembler, dataFrame)

case "RF" => RandomForestPipeline
.randomForestPipeline (vectorAssembler, dataFrame)
case "GBT" => GradientBoostedTreePipeline

.gradientBoostedTreePipeline (vectorAssembler, dataFrame)
case "NB" => NaiveBayesPipeline

.naiveBayesPipeline (vectorAssembler, dataFrame)
case "SVM" => SVMPipeline.svmPipeline (sparkContext)

THRABILT
ﬂ https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/
spark-ai-apps/src/main/scala/org/stumbleuponclassifier/StumbleUponExecutor.scala.,

RER Pipeline: 1EAHALA S TAER B —ERS, Pipeline 2 FH— NSRS PEAR 28 K %
StumbleUpon HHEHE /72
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Spark H B IRB PEAL s AT FHARRT S PR AL (axis-aligned linear decision boundaries )
PRHEAS IR Gy 2 as ], SR AT R — N BB R Ltk R

package org.stumbleuponclassifier

import org.apache.log4j.Logger

import org.apache.spark.ml.classification.DecisionTreeClassifier

import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator
import org.apache.spark.ml.feature.{StringIndexer, VectorAssembler}
import org.apache.spark.ml.{Pipeline, PipelineStage}

import org.apache.spark.sqgl.DataFrame

import scala.collection.mutable

object DecisionTreePipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def decisionTreePipeline(vectorAssembler: VectorAssembler
, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame
.randomSplit (Array (0.9, 0.1), seed = 12345)

// & E Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label™")
.setOutputCol ("indexedLabel")

stages += labelIndexer

val dt = new DecisionTreeClassifier ()
.setFeaturesCol (vectorAssembler.getOutputCol)
.setLabelCol ("indexedLabel")
.setMaxDepth (5)
.setMaxBins (32)
.setMinInstancesPerNode (1)
.setMinInfoGain(0.0)
.setCacheNodeIds (false)
.setCheckpointInterval (10)

stages += vectorAssembler
stages += dt
val pipeline = new Pipeline().setStages(stages.toArray)

// 44 Pipeline

val startTime = System.nanoTime ()

// val model = pipeline.fit(training)

val model = pipeline.fit (dataFrame)

val elapsedTime = (System.nanoTime() - startTime) / 1e9
println(s"Training time: SelapsedTime seconds")

// val holdout = model.transform(test).select ("prediction", "label")
val holdout = model.transform(dataFrame).select ("prediction", "label")
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}

// ##% (prediction, true label)# i+t FH WK% £
val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")
val mAccuracy = evaluator.evaluate (holdout)
println("Test set accuracy = " + mAccuracy)

Hg s .

Accuracy: 0.3786163522012579

AR T

0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/

spark-ai-apps/src/main/scala/org/stumbleuponclassifier/DecisionTreePipeline.scala.

T B A — AE R AT R AT AR LT 4T

Class0 [l
Class1 [

e e
T 4E
3
Classo [l
Classl |
@
e o
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& DINHER Pipeline: 5 RS, i BLAIARER DT PEAE 282k %) StumbleUpon £ 4R 7325

BV 5 B P R TSR E RO AE S HA R AR S o SR R 5, 4
B A RIEHEAE -

package org.stumbleuponclassifier

import org.apache.log4j.Logger

import org.apache.spark.ml.classification.NaiveBayes

import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator
import org.apache.spark.ml.feature.{StringIndexer, VectorAssembler}
import org.apache.spark.ml.{Pipeline, PipelineStage}

import org.apache.spark.sqgl.DataFrame

import scala.collection.mutable

object NaiveBayesPipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def naiveBayesPipeline (vectorAssembler: VectorAssembler, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// BE Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label™")
.setOutputCol ("indexedLabel")

stages += labelIndexer

val nb = new NaiveBayes ()

stages += vectorAssembler
stages += nb
val pipeline = new Pipeline().setStages (stages.toArray)

// ¥4 Pipeline

val startTime = System.nanoTime ()

// val model = pipeline.fit(training)

val model = pipeline.fit (dataFrame)

val elapsedTime = (System.nanoTime() - startTime) / 1le9
println(s"Training time: SelapsedTime seconds")

// val holdout = model.transform(test).select ("prediction", "label")
val holdout = model.transform(dataFrame) .select ("prediction", "label")

// ##% (prediction, true label) H#++H MK % £
val evaluator = new MulticlassClassificationEvaluator ()
.setLabelCol ("label™")
.setPredictionCol ("prediction")
.setMetricName ("accuracy")
val mAccuracy = evaluator.evaluate (holdout)
println("Test set accuracy = " + mAccuracy)
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HAH AR .

Training time: 2.114725642 seconds
Accuracy: 0.5660377358490566

TERBILT
0 https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/

spark-ai-apps/src/main/scala/org/stumbleuponclassifier/NaiveBayesPipeline.scala.

TR A — 2R T T AR L T T

Classo [l
Class1 [
9
8
7
o ®
5 [ ] @
4
@
3 N
TR B
2 @
1 % s
1 0 il 2 3 4 5 6

Classo [l
Classl |

SERREE

BREEIRF Pipeline: 5 FmZs{el, T~ FHEREEHE TR PEAG %8 2K %) StumbleUpon #4532

T BEARTHRIPEAL 8502 —F T LA A2 28R B HLAS 27~ 7 i, BEREER TR (GBT ) FiL
ARMRER S ] T2 ST MR, . GBT XA SR I TN, Dl ME— 0k sl
Spark MLIib 37 ¥ GBT.
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package org.stumbleuponclassifier

import org.apache.log4j.Logger

import org.apache.spark.ml.classification.GBTClassifier

import org.apache.spark.ml.feature.{StringIndexer, VectorAssembler}

import org.apache.spark.ml.{Pipeline, PipelineStage}

import org.apache.spark.mllib.evaluation.{MulticlassMetrics, RegressionMetrics}
import org.apache.spark.sqgl.DataFrame

import scala.collection.mutable

object GradientBoostedTreePipeline {
@transient lazy val logger = Logger.getLogger (getClass.getName)

def gradientBoostedTreePipeline (vectorAssembler: VectorAssembler
, dataFrame: DataFrame) = {
val Array (training, test) = dataFrame.randomSplit (Array (0.9, 0.1), seed = 12345)

// &% E Pipeline
val stages = new mutable.ArrayBuffer[PipelineStage] ()

val labelIndexer = new StringIndexer ()
.setInputCol ("label")
.setOutputCol ("indexedLabel")

stages += labelIndexer

val gbt = new GBTClassifier()
.setFeaturesCol (vectorAssembler.getOutputCol)
.setLabelCol ("indexedLabel™")
.setMaxIter (10)

stages += vectorAssembler
stages += gbt
val pipeline = new Pipeline () .setStages (stages.toArray)

// 44 Pipeline

val startTime = System.nanoTime ()

// val model = pipeline.fit(training)

val model = pipeline.fit (dataFrame)

val elapsedTime = (System.nanoTime() - startTime) / 1e9
println(s"Training time: SelapsedTime seconds")

// val holdout = model.transform(test).select ("prediction", "label")
val holdout = model.transform(dataFrame) .select ("prediction", "label")

// XA # 3% KN RegressionMetrics
val rm = new RegressionMetrics(
holdout.rdd.map(x => (x(0) .asInstanceOf[Double], x(1).asInstanceOf [Double])))

logger.info
logger.info

("Test Metrics")

(
logger.info(rm.explainedvVariance)

(

(

"Test Explained Variance:")

logger.info("Test R"2 Coef:")
logger.info(rm.r2)
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logger.
logger.
logger.
logger.

info
info
info
info

"Test MSE:")
rm.meanSquaredError)
"Test RMSE:")
rm.rootMeanSquaredError)

val predictions = model.transform(test)

.select ("prediction") .rdd.map (_.getDouble (0))
val labels = model.transform(test).select("label").rdd.map(_.getDouble(0))
val accuracy = new MulticlassMetrics (predictions.zip(labels)) .precision
println(s" Accuracy Saccuracy")

def savePredictions (predictions: DataFrame, testRaw: DataFrame
, regressionMetrics: RegressionMetrics, filePath: String) = {
predictions
.coalesce(1l)
.write.format ("com.databricks.spark.csv")
.option("header", "true")

.save (filePath)
}
Him e .
Accuracy: 0.3647

ﬁ AR T

https://github.com/ml-resources/spark-ml/blob/branch-ed2/Chapter 12/2.0.0/spark-
ai-apps/src/main/scala/org/stumbleuponclassifier/GradientBoosted TreePipeline.scala,
TR 2 P T SCR LR

Class0 [l
Class1

SEBRECHE A — AR AT T AR LT 4T
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ARFEFIS T Spark ML Pipeline M HAH Y FEARTIR . 43 T ] 7E 55 A\ DataFrame | )l 2345
A, DIAGE T ML Pipeline (48 APLRIZTTENT, IFHPREFRRPRR IR PERE . 5 IMATR
T anAe] A R G fa] i B 25 FOPEAL A8 SO IE . IR, N R [R]A9ROR X Kaggle 1Y
StumbleUpon AL 177028, /R T Wifulfi ] Pipeline API,

BLES 2= 2L P A-I TR B R o BN V2 ik R B . AR re sk B a0
IR R AR, X2 ) AR BE A SR ZI M PRAR . CTFHLAR2# > A1 Spark 14 58 2252 B AN TR}
512 https://www.kaggle.com 1 https://databricks.com/spark/.,
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