(SparkZmFEZ:A)

284 B ™. http://dblab.xmu.edu.cn/post/spark/

HBHLR: GBI R, T LS AL TIPPT J9 18 Afe AR AN 5
e - .
8E8E Spark MLIib
(PPThHREZAS: 201842H8)

S|
RITRETEHBER

E-mail: ziyulin@xmu.edu.cn »

EMW: http://www.cs.xmu.edu.cn/linziyu

B TR ENEEE R



»e

z»::f,f, f:%ﬁ 3—«3‘*‘*‘*“”’"‘?’“?&

.....
o evall A7 J‘T\q:g: ?.J"v".

IRIE(E S SaitbiL - http://dblab.xmu.edu.cn/post/10482/

(SparkZm T2 Al ) FE TR HENREER



8.1 Spark MLIibf& 4y
8.2 ¥ I TIER
8.3 $FEHHEN . FEFiEEF
8.4 433¢5[m)3

8.5 BAHE

8.6 HEEFHE

8.7 HEF=FEIJSHABIR

IR AEIRE
~ H Bk 5 ¥ A
B RS TR SR =R T A

(SparkZm T2 Al ) FE TR HENREER



8.1 Spark MLIib{& 4}

8.1.1 H4 ~Alds]
8.1.2 F& T REHE Kbl 485
8.1.3 Spark #l#s > FEMLLIb

(SparkZm T2 Al ) B TR HENRE &R



8.1.1 frAagilzz=E>]

Ples 7 LA MR — TN LR BRI R, i) 322
BER R NTE . PlaszIFAERRUERNE,

DL ARALTH BN B 1 RE A v

-
J

&k | > g | —

Al

4

f = =— <

PLas 7 > mii = ootin] . Fvk. &, ThAe

(SparkZm T2 Al ) B TR HENRE &R



/N A y=a+b*In(x)

o JEidf 5 B(y=10+1.5In(x)) BT
— A& E: y=-9.76+-1.49In(x)
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Torture the data, and it will confess to
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8.1.3 Spark #la85 S EEMLIib

SparkfE it | — I TiFEHENISFEIE, gt
T PN S 2] SR o0 A 22 T

Itk F RTFEA Spark At IF H 1 ##HLEE 7 > FA R R
H, PLUEIFEMRZS IS 3 wa] DURRR 38R i
FHN B AP SR S 3 T 1 2 20 HOU AL a8 2 > 1A

-Spark-Shell B & th 2 — i, Sk LRI
LA AR LIE1T, WEER

(SparkZm T2 Al ) FE TR HENREER



8.1.3 Spark #la85 S EEMLIib
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8.1.3 Spark #1285 S EEMLIib

Spark HL#% 5 21 FE 1.2 FAS BLJG 85 93 NAL:

spark.mllib &7 2% T RDDI R4 H%APIl. Spark MLIib
PisRbeadc, 7E1.0 LRTRRAR Cas8 s 1, RENHE
VESEILAR 2 T R UG 1) RDD

spark.m| ML 7 3T DataFrames = =X HIAPI,

A DL SRR L2 2% ] TAEJ (PipeLine) . ML
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Classification.

LogisticRegression(with Elastic-Net),

SVM. DecisionTree,
RandomForest, GBT. NaiveBayes,
MultilayerPerceptron, OneVsRest

Clustering, KMeans,
GaussianMixture, LDA.
PowerlterationClustering,
BisectingKMeans

(SparkZm T2 Al ) B TR HENRE &R

A\

EELEENE

Regression.
LinearRegression(with Elastic-
Net). DecisionTree,
RandomFores. GBT.
AFTSurvivalRegression,
IsotonicRegression

Dimensionality Reduction, matrix
factorization, PCA, SVD. ALS,
WLS
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8.2.1 Hlzaz= I TIERM =

Transformer: BHIFEREHES, 22— M LB —
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8.2.1 &5=F 3] TR &

Estimator: HiEMAL a8t ey, Bt HikE
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8.2.1 Hlzaz= I TIERM =

‘Parameter: Parameter #Hkix & Transformer &

Estimator 11241, WAE, BrE MG = AT
e ESHHIAILAPI. ParamMapie—4 (&%, E) *f

‘PipeLine: #iFNTAEMEEEIE. TIEWKZA T/ER
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8.2.1 ¥lzz=FI T1EREL &

B — Pipeline T/EdL, B4R E & X Pipeline H1[1) %
N TAER M BtPipelineStage (FIFEFHHasfiEML2S) ,
MTEFrie AL i Y 2055 . A 1 X L8 A0 HRE g [n) i ) 4%
Beas MV A, W n] DU BRI b B2 55 iy 20 27
PipelineStages H 6% —>Pipeline

val pipeline = new Pipeline().setStages(Array(stage1,stage2,stage3,...))

SRR AT AR Iz S AE A ANZ2, A Pipeline 2451
1) fit 77 v R 46 LA B0 77 2O AL BRI 8 dE . XN F
2R Bl —> PipelineModel 52151, 2 4k A & Fil a8 25
PE PR 2
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8.2.1 =5 S T1EmiE =

EEEENLE, TAERAGHE LIEMZE — Mbit3s. 7F
TAER it O 7‘7?2‘@%?2}5, B 4 —/MPipelineModel,
B — MTransformer. 1XAME B AN AR B E s 1R
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PipelineModel [ Tokenizer ] =) [HashingTF] m) | Regression
(Transformer) Model

i l = @ > 8 - 8
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.transform() Words Feature Predictions
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8.2.2 E—lzF I TIER

A5 LR B A0, My — A IR R L g a2 S T AR,
K BEARS Y — N AR W] v )
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8.2.2 HME—1HzazEITIER

« FEfFHSparkSessionXt %

 Spark2.0LL F A ftspark-shell#E j2 3hif <= E sh i 2
—/N42 Nsparkff]SparkSession®f %, X FHEETF LA
I5f, SparkSessionn] LA HHAEA X R Fbuilder() /52
G ok, W RIEEBFTR:

Import org.apache.spark.sqgl.SparkSession
val spark = SparkSession.builder().
master("local").
appName("'my App Name").
getOrCreate()
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« (D SIANZEGEHEIFEIIgRETEE

import org.apache.spark.ml.feature.

import org.apache.spark.ml.classification.LogisticRegression
import org.apache.spark.ml.{Pipeline,PipelineModel}

import org.apache.spark.ml.linalg.Vector

import org.apache.spark.sgl.Row

scala> val training = spark.createDataFrame(Seq(

| (OL, "a b c d e spark”, 1.0),

| (1L, "b d", 0.0),

| (2L, "spark f g h", 1.0),

| (3L, "hadoop mapreduce”, 0.0)

| )).toDF("id", "text", "label")

training: org.apache.spark.sql.DataFrame = [id: bigint, text: string, label: double]
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(2) EX Pipeline F A TAE BT Ee PipelineStage, BLFE
EE PR ES AL 2%, HAAkHh, f-5tokenizer, hashingTFAIIr,

scala> val tokenizer = new Tokenizer().

| setinputCol("text").

| setOutputCol("words")

tokenizer: org.apache.spark.ml.feature.Tokenizer = tok_5151ed4fa43e

scala> val hashingTF = new HashingTF().
| setNumFeatures(1000).

| setinputCol(tokenizer.getOutputCol).
| setOutputCol("features")
hashingTF: org.apache.spark.ml.feature.HashingTF = hashingTF_332f74b21ecb

scala> val Ir = new LogisticRegression().
| setMaxlter(10).
| setRegParam(0.01)

Ir: org.apache.spark.ml.classification.LogisticRegression = logreg_28a670ae952f
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8.2.2 HME—1HzazEITIER

(3) & BRI A2 5 Fr 2] 21 PipelineStages, JF
fIl @ —Pipeline.

scala> val pipeline = new Pipeline().
| setStages(Array(tokenizer, hashingTF, Ir))
pipeline: org.apache.spark.ml.Pipeline = pipeline_4dabd24db001

HLLE R4 i Pipeline A & —/NEstimator, £ HIfit()
TiEBITZ G, eIt A — 1 PipelineModel, &&—
Transformer,

scala> val model = pipeline.fit(training)
model: org.apache.spark.ml.PipelineModel = pipeline_4dabd24db001

A LUE #], model#)ZEM &2 —/PipelineModel, X4~ TA1E
A AR AR IR 1 I i 58
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(4) Fo 5 A

scala> val test = spark.createDataFrame(Seq(
| (4L, "spark i k"),

| (5L, "I m n"),

| (6L, "spark a"),

| (7L, "apache hadoop")

| )).toDF("id", "text")

test: org.apache.spark.sgl.DataFrame = [id: bigint, text: string]
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(5) WHZ T ZF K PipelineModeljtransform() /7%, ik
IR E R F2 0y 3 I 400 B AR, AR BTl 45 R

scala> model.transform(test).

| select("id", "text", "probability”, "prediction").

| collect().

| foreach { case Row(id: Long, text: String, prob: Vector, prediction: Double) =>
| printin(s"($id, $text) --> prob=$prob, prediction=$prediction”)

| }
(4, spark i j k) --> prob=[0.5406433544851421,0.45935664551485783],

prediction=0.0

(5, | m n) --> prob=[0.9334382627383259,0.06656173726167405], prediction=0.0
(6, spark a) --> prob=[0.15041430048068286,0.8495856995193171], prediction=1.0
(7, apache hadoop) --> prob=[0.9768636139518304,0.023136386048169585],
prediction=0.0
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8.3 FF{EMEN. FE{LFNikIE

8.3.1 K EL: TF-IDF

8.3.2 Bk EN: Word2Vec

8.3.3 ¥F{EHhHL: CountVectorizer
8.3.4 KA k. FREEANR 5| 1AL
8.3.5 FIEIEH: RITIEFES

(SparkZm T2 Al ) B TR HENRE &R



8.3.1 #F{EEN: TF-IDF

Ay

o “THIR— R SCHEZER”  (TF-IDF) 2 —FhE e ATZ
o TV A P B AE [ B A TV, AT DRI — A e Ay ]
TEAETE R A ) B AR

JAE RN, XRHdER, BEEBDERR. 1

TF(t,d) & ] Bt SRS d R LR IR B . SCIHFEITZR DF(t,D) A&
B TR R SCRS AN E

*TF-IDFg 2 EAE NS E B, e mifnesett 2 ME
BLAX 70308 HoE ke

D|+1
IDF(t, D) = log Dbl(t]g)+1

*TF-IDF EEEEZ/RUT -
TFIDF(t,d,D) = TF(t,d) - IDF(t, D)

a0
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8.3.1 #F{EEN: TF-IDF

fESpark MLZE A, TF-IDFA 25 1l 859
*TF (+hashing)
* IDF

TF: HashingTF & —/NTransformer, 7E XA, 4
1A 2 R EE 5 98 Ja T LE 5 5 H8 A B ] e K 8 IO ARRAIE 17 =

XA FLVRAERS A B [F] B 25 Ge i 24 1] o 1 ]

|DF: IDFZ&—{ Estimator, £ —¥IEE N HE
5V, rE4—/~IDFModel. 1ZIDFModel 3 HE-E

FIfit()
[r1]

(HHashingTF=4) , SR E A — MR 78 SCRY A
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S

(SparkZm T2 Al ) FE TR HENREER



8.3.1 #F{EEN: TF-IDF

A FERIR -

fE T RSB, FATRL—H A IR

B S fd FH 43 2% Tokenizerdt /) X1 4 BN TR
ST G4, fEHHashingTER: &) 130y
AL 7]

i Jri 5 IDF B A B A AL Ir) . (AR 0 % ] LA
i {5 FH SCAVRFAE ) 1 7
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8.3.1 #F{EEN: TF-IDF

(1) S ATF-IDFATFEZE AL,

Import org.apache.spark.ml.feature.{HashingTF, IDF, Tokenizer}
T J5 RDDHY Fa 25 e

Import spark.implicits.__

(2) f@d— R DataFrame, &— /M) AE—A SRy

scala> val sentenceData = spark.createDataFrame(Seq(
(0, "I heard about Spark and | love Spark"),
(0, "I wish Java could use case classes"),
(1, "Logistic regression models are neat")
)).toDF("label", "sentence")
sentenceData: org.apache.spark.sgl.DataFrame = [label: int, sentence:
string]
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8.3.1 #F{EEN: TF-IDF

(3) /A HEE)E, BIA] Htokenizerk )+ 34T 434

scala> val tokenizer = new
Tokenizer().setinputCol("sentence").setOutputCol("words")
tokenizer: org.apache.spark.ml.feature.Tokenizer = tok_494411a37f99

scala> val wordsData = tokenizer.transform(sentenceData)

wordsData: org.apache.spark.sgl.DataFrame = [label: int, sentence: string, words:
array<string>]

scala> wordsData.show(false)
+-mem- S SRS o e +

|label|sentence |words |

+-mem- S SRS o e +

|0 |I heard about Spark and I love Spark|[i, heard, about, spark, and, i, love, spark]|
|0 |I wish Java could use case classes [[i, wish, java, could, use, case, classes] |

|1 |[Logistic regression models are neat |[logistic, regression, models, are, neat] |




8.3.1 #F{EEN: TF-IDF

(4) 153053 5 X5 JE, BRI n] {8 FH Hashing TR
transform() 7 VA0 A FRe A BAFIE M &, X BRI E WA RN
f%92000

scala> val hashingTF = new HashingTF().

| setinputCol("words").setOutputCol("rawFeatures").setNumFeatures(2000)
hashingTF: org.apache.spark.ml.feature.HashingTF = hashingTF_2591ec73ceal
scala> val featurizedData = hashingTF.transform(wordsData)

featurizedData: org.apache.spark.sgl.DataFrame = [label: int, sentence: string,
words: array<string>, rawFeatures: vector]

scala> featurizedData.select("rawFeatures").show(false)

(2000,[240,333,1105,1329,1357,1777],[1.0,1.0,2.0,2.0,1.0,1.0]) |
(2000,[213,342,489,495,1329,1809,1967],[1.0,1.0,1.0,1.0,1.0,1.0,1.0])|
(2000,[286,695,1138,1193,1604],[1.0,1.0,1.0,1.0,1.0]) |
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8.3.1 #F{EEN: TF-IDF

(5) 1 HIDFRXS B4 ) ia] SRk o) & kA T3 1E, fHd
PRIUAS [F]RIVE XS SCAS 1 X A 68 )

A
I
ao)>
A

scala> val idf = new IDF().setInputCol("rawFeatures").setOutputCol("features")
idf: org.apache.spark.ml.feature.IDF = idf 7fcc9063de6f

scala> val idfModel = idf.fit(featurizedData)
idfModel: org.apache.spark.ml.feature.IDFModel = idf 7fcc9063de6f

IDF & —>Estimator, 1 HIfit() /7 iEH R ia i &L A, B~
4= —/~IDFModel
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8.3.1 #F{EEN: TF-IDF

IDFModels2 —>Transformer, M & Mtransform() /772, Bl
A 453 25—~ HE 0 S TR-IDF A 218

scala> val rescaledData = idfModel.transform(featurizedData)
rescaledData: org.apache.spark.sgl.DataFrame = [label: int, sentence: string,
words: array<string>, rawFeatures: vector, features: vector]

scala> rescaledData.select("features”, "label").take(3).foreach(printin)
[(2000,[240,333,1105,1329,1357,1777],[0.6931471805599453,0.69314718055994

53,1.3862943611198906,0.5753641449035617,0.6931471805599453,0.69314718
05599453]),0]
[(2000,[213,342,489,495,1329,1809,1967],[0.6931471805599453,0.69314718055
99453,0.6931471805599453,0.6931471805599453,0.28768207245178085,0.693
1471805599453,0.6931471805599453]),0]
[(2000,[286,695,1138,1193,1604],[0.6931471805599453,0.6931471805599453,0.
6931471805599453,0.6931471805599453,0.6931471805599453]),1]
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L P 8.3.2 fF{EHEL: Word2Vec

%,
% &

*Word2Vec & —Fh3& % WAl #ik A (Word Embedding) HV%,

AT DL AR MR E L S VR R R R 1 4 A 23
o 37 [ B e R T DATE — B AR b 2 A B A [1E X

o T SRR RE SRS, B AT I R 1 2 ] o b
Wordovee 2 —ANEstimator, &R — & FIALHE Y 19iE

)| Zrword2vecmodel

1A DML B A 1R] 18 B S 31]) — A ] 8 RN TA) B
*word2vecmode 1 {5 F SCRY H &N 18115 11 22 2R SCRY %
o, NEXA A &R DAE AT B RRE, SRiH 5L
R AR T A S A
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8.3.2 45 {FHHEN: Word2Vec

%k
USRS AN AR E SR XA
SR, TSSO — MR . LA
T DL L A2 T Bk
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8.3.2 45 {FHHEN: Word2Vec

(1 EHSeFAWord2Vecli 75 Z )W, FFEIE=AMa75 7
A, BRSS!

scala> import org.apache.spark.ml.feature.Word2Vec

scala> val documentDF = spark.createDataFrame(Seq(
"Hi | heard about Spark".split(" "),
"l wish Java could use case classes".split(" "),
"Logistic regression models are neat".split(" ")
).map(Tuplel.apply)).toDF("text")
documentDF: org.apache.spark.sgl.DataFrame = [text:
array<string>|
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8.3.2 45 {FHHEN: Word2Vec

(2) FaE—"1Word2Vec, &R, & —Estimator,
WEAMANPESE, X EEERHE R E 4 N3

scala> val word2Vec = new Word2Vec().

| setinputCol("text").

| setOutputCol("result").

| setVectorSize(3).

| setMinCount(0)

word2Vec: org.apache.spark.ml.feature.Word2Vec =
w2v_e2d5128bal99
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8.3.2 45 {FHHEN: Word2Vec

(3) AL, Hfit)77E4 i —1~Word2VecModel

scala> val model = word2Vec.fit(documentDF)

model: org.apache.spark.ml.feature.Word2VecModel =
w2v_e2d5128bal99
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8.3.2 45 {FHHEN: Word2Vec

(4) F)FHWord2VecModelF 3z 44 45 2% pi 4 4F [ B

scala> val result = model.transform(documentDF)
result: org.apache.spark.sgl.DataFrame = [text:
array<string>, result: vector]

scala> result.select("result").take(3).foreach(printin)
[[0.018490654602646827 ,-

0.016248732805252075,0.04528368394821883]]
[[0.05958533100783825,0.023424440695505054, -
0.027310076036623544]]

[[-
0.011055880039930344,0.020988055132329465,0.0426
08972638845444]]
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44 FHMEN : CountVectorizer

«CountVectorizer & 7R8I T EURFG — AN UL H o4 7] =
UANTEAE SIS 7 LI, CountvectorizerfE ~NEstimator#z BX

VAT
fit A L ) A
“iZAR A

2, JFHER—CountVectorizerModelFH T 1%
VI 7] &= 4 [

ECER T AR IR RS, HRos Al DAL

7 H ARG, BIAnLDA

{£ CountVectorizerModel il Zxid FE2 4, CountVectorizer
W AR A 1 RLEE H R R A B AT e B, 1RVEER Y
& K& & HvocabsizeB S H ke €, #ZHminDF, N

8 TRV ZR A B RE 22 /DB 22 /DA AN [ SO A R
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8.3.3 43 {FMEN: CountVectorizer

(1) B4 5 A\ CountVectorizerfi & 2 11 £l .

Import org.apache.spark.ml.feature.{CountVectorizer,
CountVectorizerModel}

(2) {Ri%E W T ffiDataFrame, H A4 idfiwordsp %),
] PUE Be — MRV IS ST PR AR E R

scala> val df = spark.createDataFrame(Seq(

(0, Array("a", "b", "c")),

(1, Array("a", "b", "b", "c", "a"))

)).toDF("id", "words")

df: org.apache.spark.sql.DataFrame = [id: int, words:
array<string>|
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8.3.3 43 {FMEN: CountVectorizer

(3) i#EICountVectorizerk EBZSE, % —
CountVectorizerModel, X B ¥ @RI KE NS, WE
VR A i) 22 /D AR 2N SO R I, PAIL JE AR Le AR A8
LR

scala> val cvModel: CountVectorizerModel = new
CountVectorizer().

setInputCol("words").
setOutputCol("features").

setVocabSize(3).

setMIinDF(2).

fit(df)

cvModel.
org.apache.spark.ml.feature.CountVectorizerModel =
chtVec 237a080886a2
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8.3.3 43 {FMEN: CountVectorizer

(4) fEilgrgswa, v LLEIT CountVectorizerModel [t
vocabularyJi% 72 3k 15 28 A 98] 73R

scala> cvModel.vocabulary

res7: Array[String] = Array(b, a, c)

MITERGE RBATILLE R, HICRPH “a”, “b”, “c
=ANA],  HIX=ANAERE2A e e (A sCiee 1
minDF ~2)

(SparkZm T2 Al ) B TREFIT AR R



8.3.3 43 {FMEN: CountVectorizer

(5) ff X — BRI X DataFrame 4728 #, 7] L1323
PR =R

scala> cvModel.transform(df).show(false)
S T e +

lid [words [features |
S T e +
0 |[a, b, ] |(3,[0,1,2],[1.0,1.0,1.0])|

11 |[a, b, b, c, a]|(3,[0,1,2],[2.0,2.0,1.0])|
S —— S +

(SparkZs fZ 3L B TR HAL



8.3.3 43 {FMEN: CountVectorizer

A Transformer A [5], CountVectorizerModeln] DL it
TR E — MR REREA R, WU M, BREdRE
?E%H@&ﬁ% ((au’ ((bu’ {4 ”E‘/\iﬁj:

scala> val cvm = new CountVectorizerModel(Array("a", "b", "c")).
| setinputCol("words").

| setOutputCol("features")

cvm: org.apache.spark.ml.feature.CountVectorizerModel =
cntVecModel _c6al7c2befee

scala> cvm.transform(df).select("features").foreach { printin }
[(3,[0,1,2],[1.0,1.0,1.0))]
[(3,[0,1,2],[2.0,2.0,1.0))]

(SparkZmFE L) BITREFITE



7%
&

C i
i TAS k“e

0 8.3.44FETH#r: FREMES|NEEL

N

AENLIEZE ST AL T, A T O E ARSI, G T B R
P (R BAREBRIRT, SRE R R RS
S TR A AR A

Spark MLELH AL T LN Heds, 5. Stringlindexer.
IndexToString. OneHotEncoder. Vectorindexer, ‘184 T+ /7 #

PR IE L He ThRE, X ELFE a8 SR # L Torg.apache.spark.ml.feature t

MESFENE, H TR s M H A L2 S BE—FF, W
J& ML Pipelinef< B4 i —#8 50, 7T LA SRR L8 5= S ik &k, LA
StringIndexer A1, HAAEE HATIREZZEAA L BRI S5, &—
A~Estimator, X H 18 Ffit(..) 752 R A] A gAH B 1 i A
StringindexerModelZs, 1REIR, EAf7-iE 1 FT-DataFrameif 4748 b 3
(1) Z%0, &2 — " Transformer (AWK Hds 2[R —R3E)

(SparkZm T2 Al ) FE TR HENREER



8.3.4 Y {ETHE: FrEMETIAVGEL

Stringlndexer

-StringIndexeri #2457 LAE— 2R F) B K HRHE (BiARZE)
AT RIS, (EEEELL, REIFVERIMNOT UG, %I FERT LA
1540 B FIRFIE R 514k, 145 e TE vk 42 52 8 0 B ARk 1)
BERT DM, JEHE vl d R SRR S ML 2 S BE R

2R SRR PRSI, S g A AT K (AR R
FIT LA HH B e i I AR 22 N0

WERF AR BB K, RIS e, RE
FEX H AT G i
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8.3.4 FF{ELR: FRILFNE T[RVAEL

(1) BRIINLERNE, FFEIE—H R
DataFrame, ‘& R@&—/MdFFl— MrZsEFl category

import org.apache.spark.ml.feature.{Stringindexer, StringindexerModel}

scala> val dfl = spark.createDataFrame(Seq(
(0, "a"),
(1, "b"),
(2,"c"),
(3, "a"),
(4, "a"),

|

|

|

|

|

| (5, "c"))).toDF("id", "category")

dfl: org.apache.spark.sgl.DataFrame = [id: int, category: string]

(SparkZm £ 34 )



8.3.4 FFIEZ#: FREMZESIAVEEL

(2) BE)5, A& —A Stringindexertt %, W& N4
1%, HRSECRHBOAME, HX XA DataFramedt AT
Y2k, reA:StringindexerModel X %

scala> val indexer = new Stringlndexer().
| setinputCol("category").
| setOutputCol("categorylndex")

Indexer: org.apache.spark.ml.feature.Stringlndexer =
stridx_95a0a5afdb8b

scala> val model = indexer.fit(dfl)
model: org.apache.spark.ml.feature.StringindexerModel
= strldx_4fa3ca8a82ea

(SparkZm £ 34 )



8.3.4 FF{ELR: FRILFNE T[RVAEL

(3) M )5 B AT A iZ 56 & %6 DataFrame ik AT i g /g, m
LLE 3], StringIndexerModel{f (x% 18 H B A2 1 &1k,
FRARZEHAT T AP, BIHIm 20 “a’#ids 5 %0, “c
A1, HImADH “b” N0

scala> val indexedl = model.transform(dfl)
indexedl: org.apache.spark.sgl.DataFrame = [id: int, category: string,
categorylndex: double]

scala> indexedl1.show()
S AT L — S SRR +

| id|category|categorylndex|
S AT L — S SRR +

| 0] a| 0.0|
| 1| b| 2.0|
| 2| c| 1.0]
| 3| a| 0.0]
| 4] a] 0.0|
| 5] c| 1.0]
S S S S S +
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8.3.4 HF{iETTHL: FREFES|IHIEE

sIndexToString

5 StringIndexer X i, IndexToString4E F /& AR ES
TR | ) —F EE R [B] 5 B R AR A

H F B H g — AR Z M StringIndexerfic &, JtH
StringIndexerfin W FR AR 51, AT AL ZR, 28
J& B T AR 2 T A B S EAR 22 R 51 F A R E  FRAR 2
AR, ARWA] LA 5 b e CHAR AR
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8.3.4 HF{iETTHL: FREFES|IHIEE

(1) B4, MStringindexerfI LG AH R, FATTH
Stringindexeri AR £ 11 “category”dl|, 747 TUFRZS
AL RG], Rk E] “categorylndex” I, #EEH
HiDataFrame

(SparkZm T2 Al ) B TR HENRE &R



8.3.4 FF{ELR: FRILFNE T[RVAEL

scala> val df = spark.createDataFrame(Seq(
| (0,"aY),
@),
| (2,7cY),
| (3 ),
|
|
|

(4, "a"),
(5. "c")
)).toDF("id", "category")
df: org.apache.spark.sgl.DataFrame = [id: int, category: string]

scala> val model = new Stringindexer().

| setlnputCol("category").

| setOutputCol("categorylndex").

| fit(df)

indexer: org.apache.spark.ml.feature.StringindexerModel = stridx_00fdeOfe64d0

scala> val indexed = indexer.transform(df)
indexed: org.apache.spark.sqgl.DataFrame = [id: int, category: string, categorylndex:
double]

(Sparkgm 224l



8.3.4 HF{iETTHL: FREFES|IHIEE

(2) BéJa, flgIndexToString*f %, H “categorylndex”
FRERS, FREEAHIEEN AR, A )E
2| “originalCategory”%1l . /5, #iLHiH
“originalCategory”#1|, W] ULE 2IEHE S H R KR/ e
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8.3.4 FF{ELR: FRILFNE T[RVAEL

scala> val converter = new IndexToString().

| setinputCol("categorylndex").

| setOutputCol("originalCategory")

converter: org.apache.spark.ml.feature.IndexToString = idxToStr_b95208a0e7ac
scala> val converted = converter.transform(indexed)

converted: org.apache.spark.sgl.DataFrame = [id: int, category: string,
categorylndex: double, originalCategory: string]

scala> converted.select("id", "originalCategory").show()

e TR S ——— +

| id|originalCategory|

e TSR +

| 0] al

| 1] b]

12| c|

| 3| al

| 4] al

| 5] ¢l

e TR +

(Sparkgm 224l



8.3.4 HF{iETTHL: FREFES|IHIEE

OneHotEncoder

JhF LAY (One-Hot Encoding) ZF&4E— 51128 Rtk 45
1iF (ERR AR HE4FME, nominal/categorical features) Mt
SR — BB e SR RE, A SRR A
JUPRATREBUAE , X —HRF OB 2 B Bl ) LA oG 2Rk
T MIEGER — M EUE, xR iz 5k, WEL
1, &IERO

*One-HotZi i & — LL I B B R IE i SRR I O 5592k,
LU e 38 i ] VA 25
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8.3.4 HF{iETTHL: FREFES|IHIEE

(1) HHAliE—/-DataFrame, A& —F2KR1EEHAE,
EHELENE, (E{FFHOneHotEncoderift T #E R,
DataFrame & 2 45 {3 i StringIndexert 5 46 PR 2 BB AL, -

(SparkZm T2 Al ) B TR HENRE &R



8.3.4 FF{ELR: FRILFNE T[RVAEL

import org.apache.spark.ml.feature.{OneHotEncoder, Stringindexer}
scala> val df = spark.createDataFrame(Seq(

(0. "a"),

| (3,"

|2, e

(3, "a"

| (4, "a"

(5, "
(6, "

(7, "d"

| (8, "d )

| (9, "dY),

| (10, "e"),

| (11, "e"),

| (12, "e"),

| (13, "e"),

| (14, "e")

| )).toDF("id", "category")

df: org.apache.spark.sgl.DataFrame = [id: int, category: string]

(Sparkgm 224l



8.3.4 FHEZLHR: FREMEFT|AVAEL

scala> val indexer = new Stringlndexer().

| setinputCol("category").

| setOutputCol("categorylndex").

| fit(df)

indexer: org.apache.spark.ml.feature.StringindexerModel =
stridx_b315cf21d22d

scala> val indexed = indexer.transform(df)
indexed: org.apache.spark.sqgl.DataFrame = [id: int, category: string,
categorylndex: double]

(SparkgmFEFA) BITREFITE



8.3.4 HF{iETTHL: FREFES|IHIEE

(2) MiJE, FA1612OneHotEncoder it % % AbH 5 i)
DataFrame it 174mt, nJLLE W, Zwbd )5 a0 — 3t Frak 2
=L, 5StringIndexerdm B i FEIE, Fiks
)2 B o —NCategory ("b") #mid N4E0m &, &8
"ot 5 — AN T EEHIRRIE, AT 7RG OneHotEncoderkyf
5 7E setDropLast(false)
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8.3.4 FF{ELR: FRILFNE T[RVAEL

scala> val encoder = new OneHotEncoder().

| setinputCol("categorylndex").

| setOutputCol("categoryVec")

encoder: org.apache.spark.ml.feature.OneHotEncoder =
oneHot bbfl16821b33a

scala> val encoded = encoder.transform(indexed)

encoded: org.apache.spark.sgl.DataFrame = [id: int,
category: string, categorylndex: double, categoryVec:
vector]

R ARARHS IR — T
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8.3.4 HF{iETTHL: FREFES|IHIEE

scala> val encoder = new OneHotEncoder().
| setInputCol("categoryIndex").
| setOutputCol("categoryVec")
encoder: org.apache.spark.ml.feature.OneHotEncoder = oneHot_bbf16821b33a

scala> val encoded = encoder.transform(indexed)
encoded: org.apache.spark.sql.DataFrame = [id: int, category: string, categoryIndex: do
uble, categoryVec: vector]

scala> encoded.show()

s LT 4mmmmmmmmeoa- 4mmmmmmmmea-- +
| id|category|categoryIndex| categoryVecI
e Sl e il

| o] al 2-9|(4:[2] [1. 9])|
| 1] b| 4.0] (4,[1,ID]
| 2] c| 3.0[(4,[3],[1.0])]
| 3] al 2.0|(4,[2],[1.0])]
| 4] al 2.0[(4,[2],[1.0])|
| 5] cl 3.0[(4,[3],[1.0])]
| 6l d| 1.0 (4,[1],[1.0])]
| 7] d| 1.0|(4,[1],[1.0])]
1 d| 1.0 (4,[1],[1.0])]
| 9] d| 1.0|(4,[1],[1.0])]
| 10| el 0.0|(4,[e],[1.0])|
| 11] el 0.0](4,[e],[1.e])|
| 12] el 0.0](4,[e],[1.0])|
| 13] el 0.0](4,[e],[1.e])|
| 14] el 0.0](4,[e], [1-9])|

e R LT L L e



w 8.3.4 4 FTHe: FREFZES|BVEEL

\Vectorl

ndexer

« 2 HI AR StringIndexersg £t X AN 7)) AR E 4T 3%

e, WE A RIEE C QWAL — AN rEFR, AENE
Hh R AN R T AL RS, Spark MLERGL T

Vectorln

dexerJR ARt ] 5 5 5 I R PR RFIE e 0

e fitmaxCategoriesti Z 44, ‘& 1] LLHE 3R 5]

SRR RS R ), BB R E R R R el . B
T A FRFAEAE P 2 B R AR ] R LR AR AIE 75 B4 2R 1k, Rk
B AH 7] e T i 2 AN id maxCategories i AE 75 224 A
N AT
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8.3.4 fFEEL MR : FRILFNE T[RVAL L

E NPT, FATEA—DN RS, AEFH
Vectorindexerill Zx B LAY, >R b e PSR 75 BEMiE A
FAE, BRPFEF ARG, XBEE
maxCategories N2, Bl R MAE/NT 208 EA A&
TR, 15 BN N A IE SR RHIE

Import org.apache.spark.ml.feature.Vectorindexer
Import org.apache.spark.ml.linalg.{Vector, Vectors}

scala> val data = Seq(

| Vectors.dense(-1.0, 1.0, 1.0),

| Vectors.dense(-1.0, 3.0, 1.0),

| Vectors.dense(0.0, 5.0, 1.0))

data: Seq[org.apache.spark.ml.linalg.Vector] = List([-1.0,1.0,1.0], [-1.0,3.0,1.0],
[0.0,5.0,1.0])

Pl RACHS WL — 1
(SparkZm £ 3l




scala> val df =
spark.createDataFrame(data.map(Tuplel.apply)).toDF("features")
df: org.apache.spark.sgl.DataFrame = [features: vector]

scala> val indexer = new Vectorindexer().

| setinputCol("features").

| setOutputCol("indexed").

| setMaxCategories(2)

indexer: org.apache.spark.ml.feature.Vectorindexer = vecldx_abee8lbafba8

scala> val indexerModel = indexer.fit(df)
indexerModel: org.apache.spark.ml.feature.VectorindexerModel =
vecldx_abee81lbafba8
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8.3.4 FHEZLHR: FREMEFT|AVAEL

1] LLiE i VectorindexerModel i categoryMaps % 51 >k #1548
FEH RHAIE e LS, 3 B AT DU B AN R A e 4t

05 25

scala> val categoricalFeatures: Set[Int] =
IndexerModel.categoryMaps.keys.toSet
categoricalFeatures: Set[Int] = Set(0, 2)

scala> println(s"Chose ${categoricalFeatures.size}
categorical features: " + categoricalFeatures.mkString(", "))
Chose 2 categorical features: 0, 2

(SparkZmFE L) BITREFITE



8.3.4 FF{ELR: FRILFNE T[RVAEL

o DLES], OSHE R A-1, OFEUE, 43 B4R ET ko,
1, TI2540E RALRMEUE, BB 5) B O

scala> val indexed = indexerModel.transform(df)

indexed: org.apache.spark.sgl.DataFrame = [features: vector, indexed:
vector]

scala> indexed.show()
S SR S AR +

| features| indexed|

S TSR S R +
[-1.0,1.0,1.0]|[1.0,1.0,0.0]|
[-1.0,3.0,1.0]|[1.0,3.0,0.0]|
| [0.0,5.0,1.0]|[0.0,5.0,0.0]|

(SparkZm £ 34 )



w 8.3.5 ¥F{iEitEL: FHI%

JEAFIEFE (Feature Selection) F81 & 28 E-F A &= ik

BEHBEL “AR 757 BEFE, HRCHI. 5 A5 BUURAE
R EAEEEERE 2 A —ﬂd%%ﬁi
“TURT T CTEIR” WIRHE, RIS IESTITERE

RREIR BT VAR RV E— R, R NE B
(Supervised) FITLIEE (Unsupervised) Hiff
RTINS B R — Mg B R 5772,
U N R LS AR RS Z AT R OTRE S, R A Wiz
(EAN B SRR B R BRAE S, b i o A 7 0 Ho AT 1k ¢

(SparkZm T2 Al ) FE TR HENREER



FIMLIZE PR 2805 2 J71—FF, MLH IR IEREN
& Llestimator+transformerftJE A B, H 32 H
ChiSqSelectorfChiSqgSelectorModel >k sz 31

o (1) ERATIRIH, BT AENKRE. 5IANKT
e A T e A FH 3K

Import org.apache.spark.ml.feature.{ChiSgSelector,

ChiSgSelectorModel}
Import org.apache.spark.ml.linalg.Vectors

(SparkZm £ 7L i) B TREFIT AR R



8.3.5 $F{EIEEY: *H1EHFRS

(2) e, GLEseinddh, XE2—PMEA =1,
PUANFFHELEIZ H A 4 *T&@ﬁ“l, O Ff, FATTHRFAELL
WAt LT R %:
scala> val df = spark.createDataFrame(Seq(
| (1, Vectors.dense(0.0, 0.0, 18.0, 1.0), 1),
| (2, Vectors.dense(0.0, 1.0, 12.0, 0.0), 0),
| (3, Vectors.dense(1.0, 0.0, 15.0, 0.1), 0)

|)).toDF("id", "features", "label")
df: org.apache.spark.sql.DataFrame = [id: int, features: vector ... 1 more field]

scala> df.show()
S T S — +

| id| features|labell

S T S — +
| 1/{0.0,0.0,18.0,1.0]| 1]

| 2|[0.0,1.0,12.0,0.0]| O]

| 3|[1.0,0.0,15.0,0.1]| O]

S T S — +
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8.3.5 $F{EIEEY: 1k

(3) WAE, H-RITGFEHATREE SIS, AT
?ﬁ‘ﬁﬂ%%'ﬁ, PAT B R I AR 25 ORI B o R —
fE (Af PLiE i setNumTopFeatures(..) /7 VAT IX B -

.H.
o

scala> val selector = new ChiSgSelector().
| setNumTopFeatures(1).

| setFeaturesCol("features").

| setLabelCol("label").

| setOutputCol("selected-feature")

selector: org.apache.spark.ml.feature.ChiSqSelector =
chiSqSelector_688a180ccb71

scala> val selector_model = selector.fit(df)
selector_model: org.apache.spark.ml.feature.ChiSgSelectorModel =
chiSqSelector_688a180ccb71
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8.3.5 $F{EIEEY: *H1EHFRS

(4) FHIIZRH B RD R s e b AT A0 3, AT LB L,
o = BRI AF i T R AE A -

scala> val selector_model = selector.fit(df)

selector_model: org.apache.spark.ml.feature.ChiSgSelectorModel =
chiSgSelector 688a180cch71

scala> val result = selector _model.transform(df)

result: org.apache.spark.sgl.DataFrame = [id: int, features: vector ... 2
more fields]

scala> result.show(false)
S R S S +

id [features |label|selected-feature|

S T S S +
|1 ][0.0,0.0,18.0,1.0]|1.0 |[18.0] |

|2 ][0.0,1.0,12.0,0.0]|0.0 |[12.0] |

13 [[1.0,0.0,15.0,0.1]|0.0 |[15.0] |
S N — S N +

(SparkZm £ 34 )
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ZHR AT (logistic regression) &4ttt > H R4 i

/\7%7?/2 J& T AT E e R . logisticla] 3 B A AL &= 1] LA
ORI, AR 002K

—IilogisticEl)A&E &GN T -
. __exp(w-x+b)

P(Y = 1lx) = 1+exp(w-x+b)
_ — 1

P(Y = 0Olx) = 1+exp(w-x+b)

Hl, x €eR" %A, Y€0,1 2L, wirthtEaE, bMARE, w-x AwWHxBIAR,

(SparkZm T2 Al ) B TR HENRE &R



8.4.1 1235 75 o] = &Y

PY =1lx) =n(x), PY =0x)=1-7n(x)

M) A “BARAUSRIE R TTwHlb, {AFAREN:

[T, [2G)Pi[1 — m(xi)]

NAEKXKE, NEXITELR"#HITEIT:

Lw) = ¥ ¥ [yi log m(x;) + (1 — y;) log (1 — m(x;))]

MY L(w) RIERKE, [2 w BEITHE. RKIRENTARUZME A, BELAES.

(SparkZm T2 Al ) B TR HENRE &R W



F55- 4k DlinsBdigE Gris) ABIHEAT 8T Ciris F#X
k. http://dblab.xmu.edu.cn/blog/wp-
content/uploads/2017/03/iris.txt)

iris LA &5 EACAFE/E AR kIR, BdREE 515014
JaEE, N33, BB TR, BN EIERFAN BN,
R Bl R AR AL . %4k,
HNTETE, XBEERHERANESE EITKEA

TERE ) RHAT 2K,
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120 THIE e 2 [
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/N /N /N

fi
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fitr

P A

D S =Y 5]
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(SparkZm 22 i)

B TR HENRE &R

]

A (gD
A (gD



] Z T 25 R 3 Bl VISR fEIR — 47 2K o) @

B e BRATT S UL R i Ja PSS, T IS AR 2 [m] A ik

AT R0
1. FAFTERNE

import org.apache.spark.sgl.Row

import org.apache.spark.sgl.SparkSession

import org.apache.spark.ml.linalg.{Vector,Vectors}

import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator
import org.apache.spark.ml.{Pipeline,PipelineModel}

import org.apache.spark.ml.feature.{IndexToString, Stringindexer,
Vectorindexer,HashingTF, Tokenizer}

import org.apache.spark.ml.classification.LogisticRegression

import org.apache.spark.ml.classification.LogisticRegressionModel
import org.apache.spark.ml.classification.{BinaryLogisticRegressionSummary,
LogisticRegression}

import org.apache.spark.sgl.functions;
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s
i

O

AR ARIR — 53 o]

2. BB, MESH

scala> import spark.implicits.__
import spark.implicits._

scala> case class Iris(features: org.apache.spark.ml.linalg.Vector, label:
String)
defined class lIris

scala> val data =
spark.sparkContext.textFile("file:///usr/local/spark/iris.txt").map(_.split(","))
map(p => |
ris(Vectors.dense(p(0).toDouble,p(1).toDouble,p(2).toDouble,
p(3).toDouble), p(4

).toString())).toDF()

data: org.apache.spark.sgl.DataFrame = [features: vector, label: string]

R AARHS IR — T
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8.4.1.1 F Il 45 & ol YAk fE IR — 53 2K o) &t

scala> data.show()

R —— R +
| features| labell
R —— R +

[[5.1,3.5,1.4,0.2]|Iris-setosa|
[[4.9,3.0,1.4,0.2]|Iris-setosa|
|[4.7,3.2,1.3,0.2]|Iris-setosa|
|[4.6,3.1,1.5,0.2]|Iris-setosa|
[[5.0,3.6,1.4,0.2]|Iris-setosa|
|[5.4,3.9,1.7,0.4]|Iris-setosa|
|[4.6,3.4,1.4,0.3]|lris-setosa|
[[5.0,3.4,1.5,0.2]|Iris-setosa|
|[4.4,2.9,1.4,0.2]|Iris-setosa|
[[4.9,3.1,1.5,0.1]|Iris-setosa|
|[5.4,3.7,1.5,0.2]|Iris-setosa|
|[4.8,3.4,1.6,0.2]|Iris-setosa|
|[4.8,3.0,1.4,0.1]|Iris-setosa|
|[4.3,3.0,1.1,0.1]|Iris-setosa|
|[5.8,4.0,1.2,0.2]|Iris-setosa|
|[5.7,4.4,1.5,0.4]|Iris-setosa|
[[5.4,3.9,1.3,0.4]|Iris-setosa|
[[5.1,3.5,1.4,0.3]|Iris-setosa]
[[5.7,3.8,1.7,0.3]|Iris-setosa]
[[5.1,3.8,1.5,0.3]|Iris-setosa]
S R — T —— +

only showing top 20 rows
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KON BATIAEAL K 2250 28 1) &, Py PARAT T AN 7 B 4
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scala> data.createOrReplaceTempView("iris")

scala> val df = spark.sql("select * from iris where label !="Iris-setosa")

df: org.apache.spark.sgl.DataFrame = [features: vector, label: string]

scala> df.map(t => t(1)+":"+t(0)).collect().foreach(printin)
Iris-versicolor:[7.0,3.2,4.7,1.4]
Iris-versicolor:[6.4,3.2,4.5,1.5]
Iris-versicolor:[6.9,3.1,4.9,1.5]

(SparkZm £ 34 )
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3. IEMLpipeline
(1) 7 AEBRBURZEHIMRIES], #HATRG], HHAT T Han s

scala> val labelindexer = new
Stringindexer().setlnputCol("label").setOutputCol("indexedLabel").fit(df)
labelindexer: org.apache.spark.ml.feature.StringindexerModel =
stridx_e53e67411169

scala> val featurelndexer = new
Vectorindexer().setlnputCol("features").setOutputCol("indexedFeatures").fit(
df)

featurelndexer: org.apache.spark.ml.feature.VectorindexerModel =

vecldx _53b988077b38

(Sparkm f 7 B TR HAL
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(2) TRk, TATEEIEERENL 2 BONGEMN L, H
HIlZREE HT70%

scala> val Array(trainingData, testData) =
df.randomSplit(Array(0.7, 0.3))

trainingData:
org.apache.spark.sgl.Dataset[org.apache.spark.sgl.Row]

= [features: vector, label: string]

testData.:
org.apache.spark.sql.Dataset[org.apache.spark.sgl.Row]
= [features: vector, label: string]

(SparkZm £ 34 )
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(3) g, HA1xElogisticHIZ%, XEERI15—H
setterf) FVE RN E, tHn] I ParamMap ki E (EAR)
] LL&EEspark mllibfIE M) o X BIRATRE T IR IRE
N10K, I1EM4ETN0.3%%

scala> val Ir = new

LogisticRegression().setLabelCol("indexedLabel").setFeaturesCol("index
edFeatures").setMaxlter(10).setRegParam(0.3).setElasticNetParam(0.8)
Ir: org.apache.spark.ml.classification.LogisticRegression =
logreg_692899496¢23

(Sparkéi L) & TR ELRL
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(4) X HERANTEE — labelConverter, H 12 M &)
SR BT H A T AT AL

scala> val labelConverter = new
IndexToString().setinputCol("prediction™).setOut
putCol("predictedLabel").setLabels(labelindexer.labels)
labelConverter:
org.apache.spark.ml.feature.IndexToString =

IdXToStr _c204eafabf57

(SparkZs fZ 3L B TR HAL



8.4.1.1 B IniZ s Hr & B3k IR — 43 35 |o] i

(5) Fygpipeline, ¥ &stage, 2R)o i FfitO)Sk)I 2R

scala> val IrPipeline = new Pipeline().setStages(Array(labellndexer,
featurelndexer, Ir, labelConverter))

IrPipeline: org.apache.spark.ml.Pipeline = pipeline_eb1b20l1afle0

scala> val IrPipelineModel = IrPipeline.fit(trainingData)
IrPipelineModel: org.apache.spark.ml.PipelineModel =
pipeline_eblb20laflel

(SparkZmFE L) B TREFTHEALE
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(6) pipeline4~Jii I & — Estimator, %4pipelineifi Hfit()
B 42 7 —/ PipelineModel, A5 F2&—A
Transformer. #XJ5X{~PipelineModelzt 7] L H
transform()>RIEAT TR, A B— > #r i )DataFrame, RIF]H
Y2545 21 AL 28 ek I 8 34T B iiE

scala> val IrPredictions = IrPipelineModel.transform(testData)

IrPredictions: org.apache.spark.sqgl.DataFrame = [features: vector, label:
string ... 6 more fields]

(SparkZm T2 Al ) B TREFIT AR R
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(7)) HJaFRAT0] Dl B Aol p 25 5, Hdselectik B 5 4
HHI%, collectsk BT H1THIEHE, HforeachiEEATFTEN
ok AT BN H SR PEAR IR 73 A AR R AZAT 2 3E 11 H 5L 7y
FFVEHIEE . T8 A A 0 SRR LTI 1) -2

scala> IrPredictions.select("predictedLabel", "label", "features”,
"probability").collect().foreach { case Row(predictedLabel: String, label: String,
features: Vector, prob: Vector) => printin(s"($label, $features) --> prob=%$prob,
predicted Label=$predictedLabel")}

(Iris-virginica, [4.9,2.5,4.5,1.7]) -->
prob=[0.4796551461409372,0.5203448538590628], predictedLabel=Iris-
virginica

(Iris-versicolor, [5.1,2.5,3.0,1.1]) -->
prob=[0.5892626391059901,0.41073736089401], predictedLabel=Iris-
versicolor

(Iris-versicolor, [5.5,2.3,4.0,1.3]) -->
prob=[0.5577310241453046,0.4422689758546954], predictedLabel=Iris-
versicolor
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4. BEBIEAG

61# —~MulticlassClassificationEvaluatorszfy|, Flsetter/j
VAR R A R B SE R AT IR B R ETE
TOUIN ZHE fiff 2R A0 B R 2R

scala> val evaluator = new
MulticlassClassificationEvaluator().setLabelCol("indexedLabel").setPredictio

nCol("prediction™)
evaluator: org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator

= mcEval _a80353e4211d

scala> val IrAccuracy = evaluator.evaluate(IrPredictions)
IrAccuracy: Double = 1.0

scala> printin("Test Error =" + (1.0 - IrAccuracy))
Test Error = 0.0

ML T AT DA 21 T30 D R 274 31 100%
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2 T ORBATTAT PLd I model Rk S B IRA T 2545 21 1 32 45y
A HUﬁE?Zéw‘éx_modelmﬁ/\PipelineModeI, Al e
AT LB 1 & i stages SR B RS, BARTN R .

scala> val IrModel =
IrPipelineModel.stages(2).asInstanceOf[LogisticRegressionModel]
IrModel: org.apache.spark.ml.classification.LogisticRegressionModel =
logreg_692899496¢23

scala> printin("Coefficients: " + IrModel.coefficients+"Intercept:
"+IrModel.intercept+"numClasses: "+IrModel.numClasses+"numFeatures:
"+IrModel.numFeatures)

Coefficients: [-
0.0396171957643483,0.0,0.0,0.07240315639651046]Intercept: -
0.23127346342015379numClasses: 2numFeatures: 4

(SparkZm £ 34 )
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PP (decision tree) & —MEARI R E5HIFGE, X
BEENAHT 2R RN . R ERIE SN, H
HREANNE TS AE RSN ES B, BN ARE—A
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1. BRARERNE

import org.apache.spark.sgl.SparkSession
import org.apache.spark.ml.linalg.{Vector,Vectors}

import org.apache.spark.ml.Pipeline
import org.apache.spark.ml.feature.{IndexToString, Stringindexer,
Vectorindexer}

(SparkZm FEE:A ) B TR AR 5
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2. IR, RIZESHT

scala> import spark.implicits.__
import spark.implicits._

scala> case class Iris(features: org.apache.spark.ml.linalg.Vector, label:
String)
defined class Iris

scala> val data =
spark.sparkContext.textFile("file:///usr/local/spark/iris.txt").map(_.split(",")).m
ap(p => Iris(Vectors.dense(p(0).toDouble,p(1).toDouble,p(2).toDouble,
pP(3).toDouble),p(4).toString())).toDF()

data: org.apache.spark.sgl.DataFrame = [features: vector, label: string]

R ARARHS IR — T
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scala> data.createOrReplaceTempView("iris")

scala> val df = spark.sql("select * from iris")
df: org.apache.spark.sgl.DataFrame = [features: vector, label: string]

scala> df.map(t => t(1)+":"+t(0)).collect().foreach(printin)
Iris-setosa:[5.1,3.5,1.4,0.2]
Iris-setosa:[4.9,3.0,1.4,0.2]

Iris-setosa:[4.7,3.2,1.3,0.2]
Iris-setosa:[4.6,3.1,1.5,0.2]
Iris-setosa:[5.0,3.6,1.4,0.2]
Iris-setosa:[5.4,3.9,1.7,0.4]
Iris-setosa:[4.6,3.4,1.4,0.3]

(SparkZm £ 34 )
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3. H— DR EREAIRSE, D REHESA

I 23 TR Y FFF IS, AT T FEAHTT T HE i 4 o

scala> val labelindexer = new Stringindexer().setinputCol("label").setOutputCol(
"IndexedLabel").fit(df)

labellndexer: org.apache.spark.ml.feature.StringlndexerModel =
stridx_107f7e530fa7

scala> val featurelndexer = new Vectorindexer().setinputCol("features").setOutpu

tCol("indexedFeatures").setMaxCategories(4).fit(df)
featurelndexer: org.apache.spark.ml.feature.VectorindexerModel =
vecldx_0649803dfa70

R ARARES I — T
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X BF 7% & —MabelConverter, H HIZ T I 7 E Fr F 1L k777 271 o
scala> val labelConverter = new IndexToString().setinputCol("prediction™).setOut
putCol("predictedLabel").setLabels(labelindexer.labels)

labelConverter: org.apache.spark.ml.feature.IndexToString =
idxToStr_046182b2e571

7T, BN THE A FERER 715 G FE R i, A 2545 770%

scala> val Array(trainingData, testData) = data.randomSplit(Array(0.7, 0.3))

trainingData: org.apache.spark.sgl.Dataset[org.apache.spark.sgl.Row] = [features:
vector, label: string]

testData: org.apache.spark.sql.Dataset[org.apache.spark.sql.Row] = [features:
vector, label: string]

(SparkZm £ 34 )
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4. TR HRSRA 7 AR A

II-FA Ny i B HI

import org.apache.spark.ml.classification.DecisionTreeClassificationModel
import org.apache.spark.ml.classification.DecisionTreeClassifier

import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator

I |45 e ¢ i P2, 38 2B 6 11T 1 LU i setter /Y 777 0 i B A e P HI S 40, 1A AT LY
HParamMap K i & CA KT Ll 2 gspark mllib 775D o ALK A L& HT
ZHn] Lig lexplainParams() F2E 4K

scala> val dtClassifier = new
DecisionTreeClassifier().setLabelCol("indexedLabel
").setFeaturesCol("indexedFeatures")

dtClassifier: org.apache.spark.ml.classification.DecisionTreeClassifier =
dtc_029ea28acebl

Il pipeline #1771 &

scala> val pipelinedClassifier = new Pipeline().setStages(Array(labellndexer,
featurelndexer, dtClassifier, labelConverter))

pipelinedClassifier: org.apache.spark.ml.Pipeline = pipeline_a254dfd6dfb9

Pl RACHS WL — 1
(SparkZm £ 34 )




8.4.2 RFERI

I &5 e g o 2

scala> val modelClassifier = pipelinedClassifier.fit(trainingData)
modelClassifier: org.apache.spark.ml.PipelineModel = pipeline_a254dfd6dfb9
11T i

scala> val predictionsClassifier = modelClassifier.transform(testData)
predictionsClassifier: org.apache.spark.sqgl.DataFrame = [features: vector, label:
string ... 6 more fields]

11 227 5577 T 9 225 -

scala> predictionsClassifier.select("predictedLabel", "label",
"features").show(20)

S S T S T +

| predictedLabel| label| features]

S S T S T +

| Iris-setosa| Iris-setosal[4.4,2.9,1.4,0.2]

| Iris-setosa| Iris-setosal[4.6,3.6,1.0,0.2]

| Iris-virginicallris-versicolor|[4.9,2.4,3.3,1.0]|

| Iris-setosa| Iris-setosal[4.9,3.1,1.5,0.1]|

| Iris-setosa| Iris-setosal[4.9,3.1,1.5,0.1]

(Sparkgm 224l
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5. PHd LSRR 2 SRR

scala> val evaluatorClassifier = new MulticlassClassificationEvaluator().s
etLabelCol("indexedLabel").setPredictionCol("prediction").setMetricName("accu
racy")

evaluatorClassifier:
org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator =
mcEval_4abcl19f3a54d

scala> val accuracy = evaluatorClassifier.evaluate(predictionsClassifier)
accuracy: Double = 0.8648648648648649

scala> printin("Test Error =" + (1.0 - accuracy))
Test Error = 0.1351351351351351

scala> val treeModelClassifier = modelClassifier.stages(2).aslnstanceOf[De
cisionTreeClassificationModel]

treeModelClassifier: org.apache.spark.ml.classification.DecisionTreeClassificati
onModel = DecisionTreeClassificationModel (uid=dtc_029ea28acebl) of depth

5 with 13 nodes Tl 4 ACHD R —
(Spark¥mFE 1) EITR
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scala> printIn("Learned classification tree model:\n" + treeModelClassifier.toDebugString)
Learned classification tree model:

DecisionTreeClassificationModel (uid=dtc_029ea28acebl) of depth 5 with 13 nodes

If (feature 2 <=1.9)
Predict: 2.0

Else (feature 2 > 1.9)
If (feature 2 <=4.7)
If (feature 0 <= 4.9)
Predict: 1.0

Else (feature 0 > 4.9)
Predict: 0.0

Else (feature 2 > 4.7)
If (feature 3 <= 1.6)
If (feature 2 <= 4.8)
Predict: 0.0

Else (feature 2 > 4.8)
If (feature 0 <= 6.0)
Predict: 0.0

Else (feature 0 > 6.0)
Predict: 1.0

Else (feature 3 > 1.6)
Predict: 1.0

(SparkZm £ 34 )
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6. FIER B SRAN [ AR

II-FA Ny i B HI

iImport org.apache.spark.ml.evaluation.RegressionEvaluator

import org.apache.spark.ml.regression.DecisionTreeRegressionModel
import org.apache.spark.ml.regression.DecisionTreeRegressor

1925 e 7 P L ZEY

scala> val dtRegressor = new
DecisionTreeRegressor().setLabelCol("indexedLabel")
.setFeaturesCol("indexedFeatures")

dtRegressor: org.apache.spark.ml.regression.DecisionTreeRegressor =

dtr _358e08c37f0c

Il Fpipeline #1771 &

scala> val pipelineRegressor = new Pipeline().setStages(Array(labellndexer,
featurelndexer, dtRegressor, labelConverter))

pipelineRegressor: org.apache.spark.ml.Pipeline = pipeline_ae699675d015

T ARARES I — T

(SparkZm £ 34 )



8.4.2 REH AL

I &5 e g o 2

scala> val modelRegressor = pipelineRegressor.fit(trainingData)
modelRegressor: org.apache.spark.ml.PipelineModel =
pipeline_ae699675d015

1277 700

scala> val predictionsRegressor = modelRegressor.transform(testData)
predictionsRegressor: org.apache.spark.sgl.DataFrame = [features: vector,
label: string ... 4 more fields]

1| 22 75 77 T 22 R

scala> predictionsRegressor.select("predictedLabel", "label",

"features").show(20)
S SRR S SRR S SRR +

| predictedLabel| label| features]|

S SRR S SRR S SRR +

| Iris-setosa| Iris-setosal[4.4,2.9,1.4,0.2]|

| Iris-setosa| Iris-setosal[4.6,3.6,1.0,0.2]

| Iris-virginicallris-versicolor|[4.9,2.4,3.3,1.0]|
| Iris-setosa| Iris-setosal[4.9,3.1,1.5,0.1]

| Iris-setosa| Iris-setosal[4.9,3.1,1.5,0.1]

(Sparkgm 224l
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7. VPG GLSRAR [ AR

scala> val evaluatorRegressor = new RegressionEvaluator().setLabelCol("ind
exedLabel").setPredictionCol("prediction”).setMetricName("rmse")
evaluatorRegressor: org.apache.spark.ml.evaluation.RegressionEvaluator =
regEval _425d2aeea2dd

scala> val rmse = evaluatorRegressor.evaluate(predictionsRegressor)
rmse: Double = 0.3676073110469039

scala> printin("Root Mean Squared Error (RMSE) on test data =" + rmse)
Root Mean Squared Error (RMSE) on test data = 0.3676073110469039

scala> val treeModelRegressor = modelRegressor.stages(2).asInstanceOf[Deci
sionTreeRegressionModel]

treeModelRegressor:
org.apache.spark.ml.regression.DecisionTreeRegressionModel =
DecisionTreeRegressionModel (uid=dtr_358e08c37f0c) of depth 5 with 13 nodes

T ARAREE IR — I
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scala> printin("Learned regression tree model:\n" + treeModelRegressor.toDebugString)
Learned regression tree model:
DecisionTreeRegressionModel (uid=dtr_358e08c37f0c) of depth 5 with 13 nodes
If (feature 2 <= 1.9)

Predict: 2.0

Else (feature 2 > 1.9)

If (feature 2 <=4.7)

If (feature 0 <=4.9)

Predict: 1.0

Else (feature 0 > 4.9)

Predict: 0.0

Else (feature 2 > 4.7)

If (feature 3 <= 1.6)

If (feature 2 <= 4.8)

Predict: 0.0

Else (feature 2 > 4.8)

If (feature 0 <=6.0)

Predict: 0.5

Else (feature 0 > 6.0)

Predict: 1.0

Else (feature 3 > 1.6)

Predict: 1.0

MR gE AT DLUE SR G FRE R 228 0.3676073110469039 LA J% )1 Z5 1 1 55 i A
R ZE R
(Sparkgm 224l
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MLEL T HIKMeans /5 V:47 T
org.apache.spark.ml.clusteringfl I, Hid
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W& A R 2R (g 3R SR

5.1,3.5,1.4,0.2,setosa
5.4,3.0,4.5,1.5,versicolor

7.1,3.0,5.9,2.1,virginica
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EREFHAT, ST ERE:

import org.apache.spark.ml.clustering.{KMeans,KMeansModel}
import org.apache.spark.ml.linalg.Vectors

JF )5 RDD RS U8 4 -

import spark.implicits._

N T ST A kR B DataFrame, X B E X —4& N
model_instancelfJcase class{f ~DataFramef:—1T

(—PNEIEREA) HE s

scala> case class model_instance (features: Vector)
defined class model _instance
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TE 8 XEHR R T G, Bl A
RDD[model_instance] {5, Jfifid RDD R 4%
#.toDF() /712358 il RDD#|DataFrame [t #% k..

scala> val rawData = sc.textFile("file:///usr/local/spark/iris.txt")
rawData: org.apache.spark.rdd.RDDJ[String] = iris.csv MapPartitionsRDDI[48]
at textFile at <console>:33

scala> val df = rawData.map(line =>

| { model_instance( Vectors.dense(line.split(",").filter(p =>
p.matches("\d*(\\.?)\\d*"))

| . map(_.toDouble)) )}).toDF()

df: org.apache.spark.sql.DataFrame = [features: vector]

(SparkZs fZ 3L B TR HAL



EEREdEE, A TEIMLE R EGRE: Gl
Estimator 3 1 H Hfit() 75k A A B2 Transformer X %,
REAR, 7EiX EKMeansZK ZEstimator, 1 T{#1E 25
G AR i K MeansModel25 ) J& T Transformer

scala> val kmeansmodel = new KMeans().

| setK(3).

| setFeaturesCol("features").

| setPredictionCol("prediction”).

| fit(df)

kmeansmodel: org.apache.spark.ml.clustering.KMeansModel =
kmeans d8c043c3c339

(SparkZmFE L) B TREFTHEALE



S5MLIibF A F, KMeansModelfEN—4

Transformer, ANFH$Eftpredict)F:zNHIJ7%, MmASRREE 7
— &t transform() J7v%, H T ¥ A7 4i& /£ DataFrame 9 [
Y5 T B A AT BAR AL B, A BT A T S AR 25 ) B AR

scala> val results = kmeansmodel.transform(df)

results: org.apache.spark.sgl.DataFrame = [features: vector, prediction: int]

(SparkZm T2 Al ) FE TR HENREER



AT ENEE, FRATTAT LAME Fcollect() i, Z 75K
DataFrame ! FT A B EE 20 2R pli— > Array Xf 3471 [9] -

scala> results.collect().foreach(
| row => {
| printin( row(0) + " is predicted as cluster " + row(1))

|}
[5.1,3.5,1.4,0.2] is predicted as cluster 2
[6.3,3.3,6.0,2.5] is predicted as cluster 1

[5.8,2.7,5.1,1.9] is predicted as cluster O

(SparkZmFE L) BITREFITE



0] LLiE i KMeansModel2E B i ) clusterCenters )& £
Sk B B4 ) Bl TSP OV I -

scala> kmeansmodel.clusterCenters.foreach(

| center =>{

| printIn("Clustering Center:"+center)

B

Clustering
Center:[5.883606557377049,2.740983606557377,4.388524590163936
,1.4344262295081964]

Clustering
Center:[6.8538461538461535,3.076923076923076,5.71538461538461
4,2.053846153846153]

Clustering
Center:[5.005999999999999,3.4180000000000006,1.46400000000000
02,0.2439999999999999]

(SparkZm £ 34 )



5MLIb sz HAHE, KMeansModelZE i fit 15
EHHIRZE T (Within Set Sum of Squared Error,
WSSSE) 775K E &R RIA R, A H LKA ARA
P IL T, ZAE PR AT DE i B A S KA ) — N B
i =

scala> kmeansmodel.computeCost(df)

res1l5: Double = 78.94084142614622
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3. ETRECHIN RS (Association Rule-based
Recommendation) s&CASCECHIN AT, 48 SR &
VE RN SL, BRI A HEFEXT G
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Spark MLIIbSEIL 1 22 # 2/ ey (ALS) SR&z > IX LERa 415
XA
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8.6.1 EINFNPa k&

BAE AT BRI R S Y B A BIAT O,
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FeFRERE 0 A0 P R RL D8 HORRAE DTV, — RO FH T e iy
EL L NI N (BN E D APS N T R TR G T/

(SparkZm T2 Al ) FE TR HENREER



8.6.1 RINFf2 M4 & Tx

£ MLIlib H i

1) B Ak B AP 1TV K
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TEr AR S
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8.6.2 ALSE X

| 1. sAmEHE:
scala  [MTARIZ

import org.apache.spark.ml.evaluation.RegressionEval
uator

import org.apache.spark.ml.recommendation.ALS

(SparkZm T2 Al ) FE TR HENREER



“ 2. IRIFEIRLS IR IEENRLTE -

832 —1"Rating=kE, Bl[Int, Int, Float, Long];#A/E21E— TEBIEFE—
1THR L BXRating AU R £ .

€ <>

scala> case class Rating(userId: Int, movieIld: Int,
rating: Float, timestamp: Long)
defined class Rating

scala> def parseRating(str: String): Rating = {

| val fields = str.split("::")

| assert(fields.size == 4)

| Rating(fields(9).tolInt,
fields(1).toInt, fields(2).toFloat,
fields(3).tolLong)

|}
parseRating: (str: String)Rating

(SparkZm FEE:A ) B TR AR 5



3. IRENENIE:
S Aimplicits, 1EEXMovieLens#iz5, EEEFRNRating=LH! ;

scala & <

scala> import spark.implicits._
import spark.implicits.

scala> val ratings = spark.sparkContext.textFile("fi
le:///usr/local/spark/data/mllib/als/sample movielen
s_ratings.txt").map(parseRating).toDF()

ratings: org.apache.spark.sql.DataFrame = [userlId: i
nt, movieId: int ... 2 more fields]

(SparkZm T2 Al ) FE TR HENREER



3. tiEIREY
iEMovieLensEUHREE %191 SR FNM &

scala

e <>

scala> val Array(training, test) = ratings.randomSpl
it(Array(0.8, 0.2))

training: org.apache.spark.sql.Dataset[org.apache.sp
ark.sql.Row] = [userId: int, movieId: int... 2 more
fields]

test:
org.apache.spark.sql.Dataset[org.apache.spark.sql.Ro
w] = [userId: int, movield: int ... 2 more fields]

(ERALSKEVHERE, XBEB(IMWE TMITRE, —TEEMRR, —
TERMERE

(SparkZm T2 Al ) FE TR HENREER



(ERALSREV HEFRE, XBRME TR IRE, —1
TRREERR

€ <>

scala> val alsExplicit = new ALS().setMaxIter(5).set
RegParam(©.01).setUserCol("userId"). setItemCol("mov

ieId").setRatingCol("rating")
alsexplicit: org.apache.spark.ml.recommendation.ALS
= als 05fe5d65ffc3

scala> val alsImplicit = new ALS().setMaxIter(5).set
RegParam(©.01).setImplicitPrefs(true). setUserCol("u
serId").setItemCol("movieId").setRatingCol("rating")
alsImplicit: org.apache.spark.ml.recommendation.ALS
= als_ 7e9b959fbdae

(SparkZm T2 Al ) B TREFIT AR R



£ ML RRYSCI A W FRISEX:

e numBlocks ERATHITHIHTENBFRTBERINDIRTE (BAIAN10),

e rank ERBAPRIENEFHTE (BRIAR10) .

e maxIter @EMEDRER (ERIAN10) .

e regParam RALSHIIEMMEZE (BKIAR1.0) ,

e implicitPrefs JRE T @A EMKRIGALSHIMRA R 2B ERRM R ImE
EEMNIRE (BXiAZEfalse, BIEEMRIR) .

alpha B—M R FEM KRR ALS lRAKNSE, XNSERE T RIF
TREENEE (BAIAN1.0) .

nonnegative REEEBXN&/N_FAEBIFAIRT] (FOAN

false) .

o BUARIXLESE, AU ER, A EZ/), Bl imaxiterii X,
regParamitlk /)\, BIAHESH/, EEFESRRBRM,
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R, IEEERETEIZREE L2k

scala & <p

scala> val modelExplicit = alsExplicit.fit(training)
modelExplicit: org.apache.spark.ml.recommendation.AL
SModel = als_05fe5d65ffc3

scala> val modelImplicit = alsImplicit.fit(training)
modelImplicit: org.apache.spark.ml.recommendation.AL
SModel = als_7e9b959fbdae

(SparkZm T2 Al ) FE TR HENREER



4. =BT

ERNIGFNHEFERENINRPNAF @M TS, SEFUNTD
HIEIES

€ <>

scala> val predictionsExplicit = modelExplicit.trans
form(test)

predictionsExplicit: org.apache.spark.sql.DataFrame
= [userId: int, movieId: int ... 3 more fields]

scala> val predictionsImplicit = modelImplicit.trans
form(test)

predictionsImplicit: org.apache.spark.sql.DataFrame
= [userId: int, movieId: int ... 3 more fields]
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BAELSRBE L, NE—TRILERSFUNLER:

scala> predictionsExplicit.show()

tommm—- e - L e +
|userld|movield|rating| timestamp| prediction]|
e e e e T +
| 13| 31] 1.0]|1424380312| ©0.86262053|
| 5] 31] 1.0]|1424380312|-0.033763513|
| 24| 31| 1.0]|1424380312| 2.3084288|
| 29| 31] 1.0]|1424380312| 1.9081671|
| 9| 31] 1.0]|1424380312| 1.6470298|
| 28| 85| 1.0]|1424380312| 5.7112412]|
| 13| 85| 1.0]|1424380312| 2.4970412]|
| 20| 85| 2.0]|1424380312| 1.9727222]|
| 4| 85| 1.0|1424380312| 1.8414592]|
| 8] 85| 5.0|1424380312| 3.2290685|
| 71 85| 4.0]|1424380312| 2.8074787|
| 29| 85| 1.0]|1424380312| ©.7150749|
| 19| 65| 1.0|1424380312| 1.7827456|
| 4| 65| 1.0|1424380312| 2.3001173|
| 2] 65| 1.0|1424380312| 4.8762875|
| 12| 53] 1.0|1424380312| 1.5465991]|
| 20| 53] 3.0|1424380312| 1.903692 |
| 19| 53] 2.0|1424380312| 2.6036916|
| 8] 53] 5.0|1424380312| 3.1105173]
| 23| 53] 1.0]|1424380312| 1.0042696|

e e +------ et e +



5. IR

BT EREY A RIRERNRE TG, A RIRES), REHE
i

scala> val evaluator = new RegressionEvaluator().set
MetricName("rmse").setLabelCol("rating”). setPredict
ionCol("prediction™)

evaluator: org.apache.spark.ml.evaluation.Regression
Evaluator = regEval bc9d9lae7bla

scala> val rmseExplicit = evaluator.evaluate(predict
ionsExplicit)
rmseExplicit: Double = 1.6995189118765517

scala> val rmseImplicit = evaluator.evaluate(predict
ionsImplicit)
rmseImplicit: Double = 1.8011620822359165

(SparkZm £ 7L i) B TREFIT AR R
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8.7.1 S PEMARIE

MLIibSZ #7732 X BiF (CrossValidator) Flil| Zx561E
1E| (TrainValidationSplit) PRI GEEE T ..

145 a8 RPN B IEEE 28

2. —RAIBHFE (ParamMaps) : AliEZ%,
M “ 0 Ag " 0% 2]

3Pt d . PR AU S A5 B 1 W B 7 7%
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8.7.1 S PEMARIE

f A T B TAE R0 T

1.0 N B &1 43 )l 2R g A 2 s

2. X TR GlZg, kD X7, iﬁé)ﬁ*éﬂParamMapso
‘!:~/\ParamMap§%§5£§€ﬂ/\1'EiJr =, BRI R
A, BT PR AR SR A A A R I

3.1 RE R I A BRI WS HK
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0 871 BEEIEMHRE

7%
&

A2 X Bk CrossValidatori 25 G2 V) 0 ik T S HEE G, FF9%
i BTN ZRAR A
%40, k=3, CrossValidator&4: %31 (IIgrEds, WilEHE> X,
= il 2 s 213, MR EE 5 1/3.
N T PG —NParamMap, CrossValidator 211 5iX3 M AFH G4k,
ML) BN EEstimatorfil & H FIAE A E 1P PP Fa 45

e & 4 fJParamMap)5, CrossValidator <1 x4
ParamMap 12 1) £ 35 2 K g Ul & Estimator .
o P i 58 IR E TR B AR ParamMap, | FH i ParamMap 7 3
ﬁﬁll%%iﬁ CLIlZx (fit) H—M2AREJI5%, 15 2 AR XN B9 ) de A4
M,
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0 871 BEEIEMHRE

XA L S &, Nk Spark i N S A
REEHE 7 Il Zk-3uE Y] 4 TrainValidationSplit.

TrainValidationSplit@J& . —) GJIIgx, MWD Edm

Xt B E HltrainRatioZ HUR i 52 1) 70 M &8 70 -
mlin, %41k EtrainRatio=0.750F, TrainValidationSplit# <>
BEIEY) 7 T5%E AEFIELE, 25%1E NSRS, RA R
25 MREEXT, ﬁBﬁ%ﬁﬁﬁBﬂ?H’]ParamMaﬁﬂ R
PEEE RIS VPG 2R

FAXT T CrossValidator X & — /N S E ATk Ik P-4
TrainValidationSplit 2 X 5 NS H G L 1R Bl B PEAS AN %
HIX 4G, B Y INGBIREAG R 5 ah LA AT {5,
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8.7.2 F AR X {TIR B LR+

8%, SALENE:

import org.apache.spark.ml.linalg.{Vector,Vectors}

import spark.implicits._

import org.apache.spark.ml.feature.{HashingTF, Tok
enizer}

import org.apache.spark.ml.tuning.{CrossValidator,
ParamGridBuilder}

import org.apache.spark.sql.Row

import org.apache.spark.ml.evaluation.MulticlassCl
assificationEvaluator

import org.apache.spark.ml.feature.{IndexToString,
StringIndexer, VectorIndexer}

import org.apache.spark.ml.classification.{Logisti
cRegression,LogisticRegressionModel}

import org.apache.spark.ml.
{Pipeline,PipelineModel}




8.7.2 (E 3z I iEF1 TR BV AT

USRS, A BIKBUFETIRIEAED), BT, s,
FEULELpL 282 2] T AR

@& <>

scala> case class Iris(features: org.apache.spark.ml.linalg.Vector, label: String)

scala> val data =
spark.sparkContext.textFile("file:///usr/local/spark/iris.txt").map(\_.split(",")).map(p
=> Iris(Vectors.dense(p(@).toDouble,p(1).toDouble,p(2).toDouble, p(3).toDouble),
p(4).toString())).toDF()

scala>val Array(trainingData, testData) = data.randomSplit(Array(©.7, ©0.3))

scala>val labelIndexer = new StringIndexer().setInputCol("label™).setOutputCol("indexe
dLabel").fit(data)

scala> val featureIndexer = new VectorIndexer().setInputCol("features"”).setOutputCol("i
ndexedFeatures").fit(data)

scala> val 1lr = new LogisticRegression().setLabelCol("indexedLabel").setFeaturesCol("i
ndexedFeatures").setMaxIter(50)

scala>val labelConverter = new
IndexToString().setInputCol("prediction").setOutputCol("predictedLabel").setLabels(labe
1Indexer.labels)

scala> val 1lrPipeline = new Pipeline().setStages(Array(labelIndexer, featureIndexer, 1
r, labelConverter))




8.7.2 F AR X {TIR B LR+

{8 FH ParamGridBuilder /5 {# #41& Z UM %

HrregParamZ 4 X HVEAL TR E ; elasticNetParam &
Elastic net %, BUEA ?O%HlZlEﬂ elasticNetParami% &2
ME, regParameB/\@ KA (3 * 2) = 6 AF A
xRl
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e

scala e <>

scala> val paramGrid = new ParamGridBuilder().
addGrid(lr.elasticNetParam, Array(0.2,0.8)).
addGrid(1lr.regParam, Array(©.01, 6.1, 0.5)).
build()

paramGrid: Array[org.apache.spark.ml.param.ParamMap] =

Array({
logreg_cd4ael30834c-elasticNetParam: 0.2,

logreg cd4ael30834c-regParam: 0.01

b o
logreg cd4ael30834c-elasticNetParam: 0.2,

logreg cd4ael30834c-regParam: 0.1

b o
logreg cd4ael30834c-elasticNetParam: 0.2,

logreg cd4ael30834c-regParam: 0.5

b o
logreg cd4ael30834c-elasticNetParam: 0.8,

logreg cd4ael30834c-regParam: 9.01

b A
logreg cd4ael30834c-elasticNetParam: 0.8,

logreg_cd4ael30834c-regParam: 0.1

b A
logreg cd4ael30834c-elasticNetParam: 0.8,

logreg_cd4ael30834c-regParam: 0.5
}

(SparkZm F2 LA B ]2



) 8.7.2 FERAZNEIEHITIRBIEEE

FHE ROR, /@t B plae s > -

RS E A

Ry EXEAESA ., ZHMRE, PUNEIEETITEEL

JE R FIROT TR 2

oA, 0T Bl V3 r) A s ]z

RegressionEvaluator, —

\

ERAEETIPrine:

BinaryClassificationEvaluator, 2742 ] B A] 7 %

MulticlassClassificationEvaluator.
£ E ) 0] 38 3 setMetricName /5 72 B

:ﬁr (ETS
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8.7.2 (E 3z I iEF1 TR BV AT

scala> val cv = new CrossValidator().
setEstimator(lrPipeline).
setEvaluator(new MulticlassClassificationEvaluator().setLabelCol("in
dexedLabel").setPredictionCol("prediction")).
setEstimatorParamMaps(paramGrid).
setNumFolds(3)
cv: org.apache.spark.ml.tuning.CrossValidator = cv_6a92251¢c1281

scala>val cvModel = cv.fit(trainingData)
cvModel: org.apache.spark.ml.tuning.CrossValidatorModel = cv_6a92251c1
281
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B K, Eabtransform73 A MR BERHAITION, FHITEERMEBE.

scala & <>

scala> val lrPredictions=cvModel.transform(testData)
lrPredictions: org.apache.spark.sql.DataFrame = [features: vector, lab
el: string ... 6 more fields]

scala> 1lrPredictions.select("predictedLabel”, "label", "features", "pr
obability").
collect().
foreach{
case Row(predictedLabel: String, label:String,features:Vector, pro
b:Vector) =>
println(s”($label, $features) --> prob=$prob, predicted Label=$pre
dictedLabel™)
}
(Iris-setosa, [4.4,2.9,1.4,0.2]) --> prob=[0.036318343660463034,1.5386
309810869498E-4,0.9635277932414283], predicted Label=Iris-setosa
(Iris-setosa, [4.4,3.0,1.3,0.2]) --> prob=[0.02309982419551813,8.13369
7579147449E-5,0.9768188388286903], predicted Label=Iris-setosa
(Iris-setosa, [4.5,2.3,1.3,0.3]) --> prob=[0.295171926064505,0.0028121
52256808639,0.7020159216786864], predicted Label=Iris-setosa
(Iris-setosa, [4.7,3.2,1.3,0.2]) --> prob=[0.01621563015044659,3.62193
3015640408E-5,0.983748150519397], predicted Label=Iris-setosa
(SparkZm FEFEAH) FIIRZHE




8.7.2 (E 3z I iEF1 TR BV AT

scala> val evaluator = new MulticlassClassificationEvaluator().
setLabelCol("indexedLabel™).
setPredictionCol("prediction")
evaluator: org.apache.spark.ml.evaluation.MulticlassClassificationEval
uator = mcEval_d56fa096e993

scala> val lrAccuracy = evaluator.evaluate(lrPredictions)
1rAccuracy: Double = 0.9773399014778326

i ] DISREU s O B2 45 s [l A A, HEE H BRI S4.
XTI, HxiiZ2HUE £ regParam=0.01,
elasticNetParam=0.2.
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scala> val bestModel= cvModel.bestModel.asInstanceOf[PipelineModel]

bestModel: org.apache.spark.ml.PipelineModel = pipeline_656a51f0@8dc4

scala> val 1lrModel = bestModel.stages(2).
asInstanceOf[LogisticRegressionModel]

1rModel: org.apache.spark.ml.classification.LogisticRegressionModel =

logreg_b3490372f4dd

scala> println(“"Coefficients: + 1lrModel.coefficientMatrix + "Interc

ept: "+1lrModel.interceptVector+ "numClasses: "+lrModel.numClasses+"num

Features: "+lrModel.numFeatures)

Coefficients: 0.8354793833288098 -90.8387183954210289 0.10818320355

08958 -0.0

0.054256275295321135 -1.9426755118201342 ©.8538718077791957 3.0072

40263438064

-0.3972137619684629 2.81491190520912605 -0.9001646661509906 -1.972

6757956849224 Intercept: [0.18591575015360287,-0.2846540294397142,0.0

9873827928611131]numClasses: 3numFeatures: 4

scala> 1rModel.explainParam(lrModel.regParam)

res8: String = regParam: regularization parameter (>= 0) (default:
9.0, current: 0.01)

scala> 1lrModel.explainParam(lrModel.elasticNetParam)

res9: String = elasticNetParam: the ElasticNet mixing parameter, in ra
nge [0, 1]. For alpha = 0, the penalty is an L2 penalty. For alpha =
1, it is an L1 penalty (default: 0.0, current: 0.2)
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EHBUD: T

AL BITRFIHEIEE &
E-mail: ziyulin@xmu.edu.cn
AN NPT : http:/lwww.cs.xmu.edu.cn/linziyu
B PR S uG == k. http://dblab.xmu.edu.cn
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