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Spark MLlib 1.6.174%%1 23

7.1 TF-IDF

TF-IDFR—FFEaEM 5% , MG EAZSBETXAZE | BEEET LR N HEEERE
FEAMEIHNEEN, XEPIEIERt, XEIEAd, IBREISAD ATt d) 213t £
FHEIBIR S, XAHSRRDF(L,D) 2IBR EF RTINS, NEFERRAESEF BIHISTUR
ETANEERE , BARTZNERA , BELRATHIVIRERMEZMERE, 1,"a",
“the” , “of"

o MR—MAEENEFPHIVARS , RAEERFEXHEREEEMRME. WIXIUX (inverse
document frequency ) 2IEFFBEIRENEEEN—FES !

W

IDF(t, D) = Wlog WHrac{|D| + 1}{DF(t, D) + 1},

W]

b4t |D| RIBHESRSHINEE , FEE , 2 FERlogRE , HEEMEFREXETE , B
IDFMEZENO0. L5IDFII—NBALE LB R NS840, TF-IDF EEERTUT ¢

W
TFIDF(t, d, D) = TF(t, d) ¥cdot IDF(t, D).
W]

IFFTF #1 IDF EXBEZH |, spark.mllib & , S9FFENXTF FIIDF,

Spark.mllib FsCIFSARSEIHFE R EhashU A, |, [RIGAVISEEIThashXE] |, BRETEI—
MNRSE, FERBESRITNXLRSIERSRR , Y LUAREX RIARRER, X E 0 IR —
NEBIXT1REEIZRS ST , XN EMST AZENENFTEXEF KNG, BEFETE

, @iThashi A o s aT2IE—MENER , BIAREMRBEEEITHashi s FE2E—ME
o ATHEEXMEREMHIERR , BRI REIFERSHE, ie.,
hashZRAUMEEL , BUALSE4EE R 2/20 = 1,048,576.

FE2 : spark.mllib RZHEXARSER , 1# W Stanford nlp group http://nlp.stanford.edu/f
scalanlp/chalk : https://github.com/scalanlp/chalk

TFSCfR 245 iFhash2 [ER3EMSIR | SIEMHashingTF 753435 \RDD[Iterable[ ]] ,
IDF BEEAIDFTE, BELE , BRICSETiterablefI TRy ETRA,

import org.apache.spark.rdd.RDD

import org.apache.spark.SparkContext

import org.apache.spark.mllib.feature.HashingTF
import org.apache.spark.mllib.linalg.Vector
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val sc: SparkContext = ...

// Load documents (one per line).
val documents: RDD[Seq[String]] = sc.textFile("...").map(_.split(" ").toSeq)

val hashingTF = new HashingTF()
val tf: RDD[Vector] = hashingTF.transform(documents)

HashingTF 752 RFEE—IXEIERE , MIDFEEMXEHIERE | F—IXITHIDFAE , FIXFHE
EMASUX R

import org.apache.spark.mllib.feature.IDF

// ... continue from the previous example
tf.cache()

val idf = new IDF().fit(tf)

val tfidf: RDD[Vector] = idf.transform(tf)

spark.mllib>Z 5 FREIESE T A E&/NEL , FEIEminDocFreqiX MEUELSIDFAZREREL, LS
T, WRAIIDMEIRE SO ,

import org.apache.spark.mllib.feature.IDF
/1 ... continue from the previous example
tf.cache()

val idf = new IDF(minDocFreq = 2).fit(tf)
val tfidf: RDD[Vector] = idf.transform(tf)

7.2 Word2Vect (32T &)

Word2Vec it ERRAQEN D , XHF T LAF BEUEIERNARES B ESIENEE S E
, FAUREZ TFEHEER | BREAMNINREHESZERE. 20T EERESLEHFER
EAMN , BFERGBZTEIRG , BXERR , iAot , @M nC v 2EEE,

7.2.1 &R
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Word2vec FISLILA |, FAiERskip-grami&EEY, Skip-gramiVillZ& Bin@EIJRARAEEESD
5, XML RN FRRERNER, 8F L, fE—H)lZ&Ew_1, ... w_T ,skip-
gramiE B BirEm AN FEiSlog-U AR,
W
WHrac{1{T} Wsum_{t = 1IMTIWsum_{j=-k}\{j=k} Wog p(w_{t+j} | w_t)
W]

b4k k ESGEREO,

fEskip-grami&Eith |, P RFw KB EEu_w Fv_w
, HPu wEBREwWHNRERTR , vWEREXNNES, WMFEERNEEwW
, ITEFNZE RV IEHBIZR B LA T softmax &2,

W
pw_i | w_j) = Wfrac{Wexp(u_{w_i}Wtop}v_{w_jhHHWsum_{I=1}V} Wexp(u_I"{Wtop}v_{w_j})}
W]

b4tV iR 5%
B softmaxit&Eskip-gramiZERIRFER , EA$Wlog p(w_i | w_j)$IELL FSVSRIK/NFBRE
SHXE EERITE, A THEWord2Vec , BAiEA$ Bsoftmax,
AT LABREITEERE , NERRSWog p(w_i | w_j)$Z] $O(Wlog(V))$.
7.2.2 BIF
TIFFIZAMANNE LA |, B AN B FHEIRDD[Seq[String]] , MRDDAiE—Word2
VecSLfhl |, SSEANSIEIXNLLLA| 218 EIWord2VecModelt#E Y, =22 , ENIETIFE1RRI8140
MNENXIE, ATIETZXMIF , B5 T Hitext8(http://mattmahoney.net/dc/text8.zip)
IR BEIRENERT, WEIMMRIRBEED R G EMtext8 , FEESRER,
import org.apache.spark._
import org.apache.spark.rdd._
import org.apache.spark.SparkContext._
import org.apache.spark.mllib.feature.{Word2Vec, Word2VecModel}
val input = sc.textFile("text8").map(line => line.split(" ").toSeq)
val word2vec = new Word2Vec()
val model = word2vec.fit(input)
val synonyms = model.findSynonyms("china", 40)
for((synonym, cosineSimilarity) <- synonyms) {

printin(s"$synonym $cosineSimilarity")

}
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// Save and load model
model.save(sc, "myModelPath")
val sameModel = Word2VecModel.load(sc, "myModelPath")

7.3 standardscalerfr/gE{

ENRBIT RS RN MIERERIRMASE |, B FRHIERFEINEN0 (MNREHIED
BEARN0 , FEXRFIIEKREEARDYE , BREMERZEAYE , BEEISENONFTEEE )

o

Ban , XIFEENIHIRBF # , siL1FIL2ZSEIRIIEM 4R E | iXFAIFREERARIEIE |, 2
SRR B IR EREE R BRI R,

ENEREE | ERMNTEFSERKS , BB SEREI)IZR LT ZEXNEE
TR IR M.

7.3.1 HRES S

EXEERELILTSH

1 withMean EHA 2R (false), EINVENXZ BB RBEIRLISEAGL , XESFEINELEH
HIESHENEFL , XM ENESTRHRVRNHESE  SNsMASRE,

2 withStd EHARE(true) , BEREEIRINVELEIBR S E,

fEStandardScaler IR {t—MIUES 7 EERDD[VectorlfE RN , FIMANKITER , &
MNESTIRBEMINEE |, THRERTRE (B OREAR ) 9EAN0 |, BidEEStandardScaler
%;EJHUO

EBTiFVectorTransformer |, o LA InER ST F @S |, oi&ERDD[Vector]
T ZEIHFTFIRDD[Vector],

NREIEEEMEENAZER0 , MR ESX M ENTIRE RI7A20.0
7.3.2 {5+

TR I NElibsvmiBzUEIE | BEIBEIRENEREIFNRE | IHOENTEER
, ETRE (RETREFRZE) 0,

import org.apache.spark.SparkContext._
import org.apache.spark.mllib.feature.StandardScaler
import org.apache.spark.mllib.linalg.Vectors
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import org.apache.spark.mllib.util. MLUtils
val data = MLUtils.loadLibSVMFile(sc, "data/mllib/sample_libsvm_data.txt")

val scaler1 = new StandardScaler().fit(data.map(x => x.features))

val scaler2 = new StandardScaler(withMean = true, withStd = true).fit(data.map(x => x.features
)

// scaler3 is an identical model to scaler2, and will produce identical transformations

val scaler3 = new StandardScalerModel(scaler2.std, scaler2.mean)

// data1 will be unit variance.
val datal = data.map(x => (x.label, scaler1.transform(x.features)))

// Without converting the features into dense vectors, transformation with zero mean will rais
e
// exception on sparse vector.

// data2 will be unit variance and zero mean.
val data2 = data.map(x => (x.label, scaler2.transform(Vectors.dense(x.features.toArray))))

7.4 IEFY

B BIEEARIERNE SBASLApSTEL ,
BEXADEMBRAPLEEFER, Flan, $SLA2$=SEIEM TF-
IDFAEM SR, FLAEER N EERI cos-BIUE.s

ER B ESH -

1) p X$LAp$==[B)AZIERL , BAIASp = 2%

EREITFFVectorTransformer , LU IR ER S TIRAFTHIME , 5i&ERDD[Vector]
T EFTRIRDD[Vector],

NRWMALETE N0 , WEFREBARE
7.4.1 B+

TR TRIINElibsvmiBTCEIE | SSEIRIEMMISLA2$TBEL , $LAWInfty$ SEEL
import org.apache.spark.SparkContext._
import org.apache.spark.mllib.feature.Normalizer

import org.apache.spark.mllib.linalg.Vectors
import org.apache.spark.mllib.util. MLUtils

5/9



<Lir b g e Spark MLIib 1.6.1Z 4 EsMENFI 2T 1
Spl*lﬁ!aﬂﬁw%ﬁtjioj%or?, Spark K#IEEZ - https://www.iteblog.com

val data = MLUtils.loadLibSVMFile(sc, "data/mllib/sample_libsvm_data.txt")

val normalizer1 = new Normalizer()
val normalizer2 = new Normalizer(p = Double.PositivelInfinity)

// Each sample in data1 will be normalized using $LA2$ norm.
val datal = data.map(x => (x.label, normalizer1.transform(x.features)))

// Each sample in data2 will be normalized using $LAWinfty$ norm.
val data2 = data.map(x => (x.label, normalizer2.transform(x.features)))

7.5ChiSqgSelector(ChiSqi&i®g8)

ERRENGIEN R |, FHEEREMNEFEOETRMRBXNEE |, BINRESEH TS | X&T
DUINEIECETE | FHEFF IUE,

ChiSqgSelector SLIE Fchi-squared
HIRHEEESE , BAIBITAREENZEIFE |, ChiSqSelector £FChi-Squared I X T4FEHITHEF
, MABEEBSAONERE]T , SEEFREINSIRE , RAX LR EOERFHIRESE
RS, XHMFLLIERN D REREBEXNFILE,

FELfR |, GBI S T LM IER S E,
7.5.1 =BG

ChiSqSelector Ei£ELE numTopFeatures 2HRfERDHIZRIZ D M IEE,

IS LR 2 VAS4FERIRDD[LabeledPoint] , BITZFI4IHER , IR[EIChiSqSelector
ModeltRE! , X MEET LA F XSS B TiR%E, XMREELTT AL R A\ Vector, S EIMR4 S
HVector , B & XTRDD[Vector]i#H{T &4,

LA, B LME—NMHERS| (R IEAFHES)
IHX/NER S |9 LRI 2R ChiSqSelectorModeli&EEY,

7.5.2f81F
T BIFEILChiSqSelectorrIERMN R , MINERHENITRAVERE 0~ 255,
import org.apache.spark.SparkContext._

import org.apache.spark.mllib.linalg.Vectors
import org.apache.spark.mllib.regression.LabeledPoint
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import org.apache.spark.mllib.util. MLUtils
import org.apache.spark.mllib.feature.ChiSqSelector

// Load some data in libsvm format
val data = MLUtils.loadLibSVMFile(sc, "data/mllib/sample_libsvm_data.txt")
// Discretize data in 16 equal bins since ChiSgSelector requires categorical features
// Even though features are doubles, the ChiSqSelector treats each unique value as a category
val discretizedData = data.map { Ip =>
LabeledPoint(lp.label, Vectors.dense(lp.features.toArray.map { x => (x / 16).floor } ) )
}
// Create ChiSqSelector that will select top 50 of 692 features
val selector = new ChiSqSelector(50)
// Create ChiSqSelector model (selecting features)
val transformer = selector.fit(discretizedData)
// Filter the top 50 features from each feature vector
val filteredData = discretizedData.map { Ip =>
LabeledPoint(lp.label, transformer.transform(Ip.features))

}

7.6 Hadamard3efR(ElementwiseProduct)

ElementwiseProduct¥ A A EMN BN TERU—MNEQENE N TTE , T@AQEED
TTERBEMNMHEITHRYGE. XNFRAXNEAEEY FlETitmEscalingVec fEFBHadamard
product(fIiXI9FR)AITEME , REFE—NFHNEE, AEE w Rk scalingVec , MHadamard
productaf AR A

W[ Wbegin{pmatrix}
v_1 WW

Wvdots W

v_N

Wend{pmatrix} ¥circ Wbegin{pmatrix}
w_1 WW

Wvdots W

w_N

Wend{pmatrix}

= Wbegin{pmatrix}

v 1w 1T WW
Wvdots W
v._Nw_N
Wend{pmatrix}

W]

Hamard SRIRFEZER E— M@ E scalingVec
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1) scalingVec i@ =

ElementwiseProduct3EI)] VectorTransformer
A%, MU EEkRUNXEE |, SEIFTHEE , 5kEXTRDD[Vector]
Fe A @ =15 ZIRDD[Vector]

7.6.1 B+

BRI @ Ei#TElementwiseProductZE it

import org.apache.spark.SparkContext._
import org.apache.spark.mllib.feature.ElementwiseProduct
import org.apache.spark.mllib.linalg.Vectors

// Create some vector data; also works for sparse vectors
val data = sc.parallelize(Array(Vectors.dense(1.0, 2.0, 3.0), Vectors.dense(4.0, 5.0, 6.0)))

val transformingVector = Vectors.dense(0.0, 1.0, 2.0)
val transformer = new ElementwiseProduct(transformingVector)

// Batch transform and per-row transform give the same results:
val transformedData = transformer.transform(data)
val transformedData2 = data.map(x => transformer.transform(x))

7.7 PCA
PCAT] LUSASAE ) 248 2 FIMRLES(8) , SCHIXTASAE A RHIPRLE,
7.7.1 BF

THIRTINAH B IERESENERD |, EREMD T RERFTEMR4EE , BRRER
ERIEITRE,

import org.apache.spark.mllib.regression.LinearRegressionWithSGD
import org.apache.spark.mllib.regression.LabeledPoint

import org.apache.spark.mllib.linalg.Vectors

import org.apache.spark.mllib.feature.PCA

val data = sc.textFile("data/mllib/ridge-data/lpsa.data"™).map { line =>

val parts = line.split(',")

LabeledPoint(parts(0).toDouble, Vectors.dense(parts(1).split(" ').map(_.toDouble)))
}.cache()
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val splits = data.randomSplit(Array(0.6, 0.4), seed = 11L)
val training = splits(0).cache()
val test = splits(1)

val pca = new PCA(training.first().features.size/2).fit(data.map(_.features))
val training_pca = training.map(p => p.copy(features = pca.transform(p.features)))
val test_pca = test.map(p => p.copy(features = pca.transform(p.features)))

val numlIterations = 100
val model = LinearRegressionWithSGD.train(training, numIterations)
val model_pca = LinearRegressionWithSGD.train(training_pca, numlIterations)

val valuesAndPreds = test.map { point =>
val score = model.predict(point.features)
(score, point.label)

}

val valuesAndPreds_pca = test_pca.map { point =>
val score = model_pca.predict(point.features)
(score, point.label)

}

val MSE = valuesAndPreds.map{case(v, p) => math.pow((v - p), 2)}.mean()
val MSE_pca = valuesAndPreds_pca.map{case(v, p) => math.pow((v - p), 2)}.mean()

printin("Mean Squared Error =" + MSE)
printin("PCA Mean Squared Error =" + MSE_pca)

MathJax.Hub.Config({ TeX: { equationNumbers: { autoNumber: "AMS" } } });

// Note that we load Math)ax this way to work with local file (file://), HTTP and HTTPS. // We
could use "//cdn.mathjax...", but that won't support "file://". (function(d, script) { script =
d.createElement('script'); script.type = 'text/javascript'; script.async = true; script.onload =
function(){ MathJax.Hub.Config({ tex2jax: { inlineMath: [ ["$", "$"], ["WAFAHA(","WWWWW)'T ],
displayMath: [ ["$$","$$"], ["WWH", "WW]"] ], processEscapes: true, skipTags: ['script’,
'noscript’, 'style’, 'textarea’, 'pre'l } }); }; script.src = ('https:' == document.location.protocol ?
'https://' : 'http://') + 'cdn.mathjax.org/mathjax/latest/Mathjax.js?config=TeX-AMS-
MML_HTMLorMML'; d.getElementsByTagName('head')[0].appendChild(script); }([document));
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