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3.1 pEEX

PRBZETHRERNFY  FRAXFECHMAIERET — D EREE D EIRE | N
DEIRE | BeiCEIREREE PSRRI EHRH TIA2E. DEREHRESEFE—IEENE
5% BeifEsl ENARS [ ENRNHENAZSERATIN. BHEH. ZFRREI. M
miF%E, MLib BRIIFSEREZES | BERIF. ZFREN. FMRUHEFIRZEMN,

26 - SNGEUES | AREIIGE EHITIGEZE | REERSRE EFHTTFF
ITEIERE.

import org. apache. spark. SparkContext

import org. apache. spark. mllib. classification. SYMWithSGD

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

// DNEAORET IR

val data = sc. textFile("mllib/data/sample svm data.txt”)

val parsedData = data.map { line =>

val parts = line.split(C )

LabeledPoint (parts(0). toDouble, parts.tail.map(x => x. toDouble). toArray)
}

/] RBEIERIREL

val numlterations = 20

// TSR

val model = SVMWithSGD. train (parsedData, numlterations)
// GEit o REERAVEEAEL )

val labelAndPreds = parsedData.map { point =>
val prediction = model. predict (point. features)
(point. label, prediction)

1

val trainBrr = labelAndPreds. filter(r => r. 1 !'= r. 2).count. toDouble /
parsedData. count

println("Training Error = 7 + trainErr)
3.2 ARG E
RIPREEZETEEXES  SMEESE— NS BXENCHrS  FERIIFER
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EHRATRIXLSLARRIEUERHESS | ATl AR ER VR BB A SE R E. MLIib B
BISFFEIAEES - ZtEE. RET. Lasso FIRSRIN.

ZH SANNGHESE BEBEFTHAFTHRE[N RDD |, £ H
LinearRegressionWithSGD HiEE N —/MERRIZMHEESRITUAERNE &eHEISS
ERHETIESEMENYSE.

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

/1 DREANRRTEIES

val data = sc.textFile("mllib/data/ridge-data/lpsa.data")

val parsedData = data.map { line =>

val parts = line.split(',")

LabeledPoint(parts(0).toDouble, parts(1).split(' ').map(x => x.toDouble).toArray)
}

/] REIERIRE

val numlterations = 20

/1 TSR

val model = LinearRegressionWithSGD.train(parsedData, numlterations)
/1 GEtEFERATE AL

val valuesAndPreds = parsedData.map { point =>
val prediction = model.predict(point.features)
(point.label, prediction)

}

val MSE = valuesAndPreds.map{ case(v, p) => math.pow((v - p), 2)}.reduce(_ +
_)/valuesAndPreds.count

printin("training Mean Squared Error =" + MSE)
HR\ pd :
3.3 BREZX

REXEZETIFRENFS , BERATRRENDHT , 2IRE "MLESEER" fRE
BAERERINEARENABNE  XEN—AHENRISESIUEE A ENE—
X TIARITIE. CRIBMNRESETR—RIEARZENIZ R  TARER
BEARNZBEAEL ERNABNARSEEFAS . ZEFHR. Hiads . MEFE.
MLIib BRI 2RI KMmeans BR2EEE,

=0 - SN)IGEIESE | (£ KMeans SSFGEERETIRNKEST |, BRI
BNBSBEEEF LT ARITEERITEGERH (WSSSE) AILABIS SNSRI EL k
fpvNRE. EfRL  REAREHEERE 1, HAX—/RBEZE WSSSE B "fS
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5"

/N o

import org.apache.spark.mllib.clustering.KMeans

/1 DREANRRTEEES

val data = sc.textFile("kmeans_data.txt")
val parsedData = data.map( _.split(' ').map(_.toDouble))

/] REIERIRE

val numlterations = 20

/] RERERINEL

val numClusters = 2

/1 TS

val clusters = KMeans.train(parsedData, numClusters, numliterations)
/] Gt EBREREERAYEE AL

val WSSSE = clusters.computeCost(parsedData)
printin("Within Set Sum of Squared Errors =" + WSSSE)

3.4 WEIDE

INETIEERNATHEERSR XERASEA T AP -BamXEER P ATREAIERS .
MLIib HRISHFETRENERIE , EhAFIEmEE —/MERIEX BAFHRHITRA 7
EiXERFB AT INERARITTER .

26 : ENIGEES | #RE—TH— AP, — " EmiENAToEK. RIT
DREEMURY , EABIARY ALS.train()73)% |, BE BN BT S8 ZRITHUEXME
A,

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

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

/1 IREANRETEIESL

val data = sc.textFile("mllib/data/als/test.data")
val ratings = data.map(_.split(',') match {
case Array(user, item, rate) => Rating(user.tolnt, item.tolnt, rate.toDouble)

)

/] REIERIREL

val numlterations = 20

val model = ALS.train(ratings, 1, 20, 0.01)
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/] SHEFREH TR D

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

val ratesAndPreds = ratings.map{

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

val MSE = ratesAndPreds.map{

case ((user, product), (r1, r2)) => math.pow((r1- r2), 2)
}.reduce(_ + _)/ratesAndPreds.count

printIn("Mean Squared Error =" + MSE)

4. Spark MLlib S ( A HLAZERIEREZAH )

ZIEMARA T HBE TEEERI K weight BIRUHE
Z48MmE]3 cost function

Trl

J(0) = _l[Z-"1“}'rf{f}fi'-ff(i*-"”};'-Hl—.U"fi};'lraﬂlzl—hﬁ(:r?'r":';']
m4

1

=

3 okesEaRREy YT

/I

4.1 GradientDescent

R NREEEIHIT . 94 Gradient #EITES weight update MEERIT
=5

FTto
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for (1 <- | to numIterations) {
// Sample a subset (fraction miniBatchFraction) of the total data
// compute and sum up the subgradients on this subset (this is one map-reduce)
val (gradientSum, lossSum) = data.sample(false, miniBatchFraction, + 1)
.aggregate((BDV.zeros[Double] (weights.size), il

seqlp = (c —vr-medch { case ((grad, loss), (label, features)) ==
val 1 es, label, weights, Vectors.fromBreeze(grad))
(grad, 1@

}F

combOp = (cl, c2) == (c1, c2) match { case ((gradl, lossl), (grad2, loss2})) ==

(gradl += grad2, lossl + loss2)
}

l'I,l‘------
* NOTE(Xinghao): lossSum is computed using the weights from the previous iteration
* and regVal is the regularizhtion value computed in the previous iteration as well.
*/

stochasticlossH append(lossSum / miniBatchSize + regVal)

val update € updater.compute(
welghts, VectOTs—fromd e(gradientSum / miniBatchSize), stepSize, 1, regParam)

weights = update. 1

regval = update. 2

}

4.2 Gradient

RMEEZEZBEEITE , 88 7 LogisticGradient . LeastSquaresGradient .
HingeGradient =##EEITESTIN , AXEEN R LogisticGradient AISCIR
}
He data AAHFEI x , label AAXFBy , weights ARTLHRIO
gradient HiEXS JO)KRSMIHTELER .  loss B IORITEER

4.3 Updater

fE weight HEREFHFITE . 88 7T SimpleUpdater . LlUpdater .
SquaredL2Updater =FhEEHT AL,
(1) SimpleUpdater

7&BER regularization , weights EFTHINI :
stepSize

v iter
Hep : iter FRXEHTAISEURER

weights 1= weights — gradient
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class SimpleUpdater extends Updater {
override def compute(

welights0Old: Vector,
gradient: Vector,
step5ize: Double,
iter: Int,
regParam: Double): (Vector, Double) = {

val thisIterStepSize = stepsﬁze J math.sgrt(iter)

val brzweights: BV[Double] = weightsOld.toBreeze.toDenseVector

brzAxpy(-thisIterStepSize, gradient.toBreeze, brzWeights)

(Vectors.fromBreeze(brzWeights), ©)

(2) LlUpdater

A7 L1 regularization ( R(w) = [|w|| ) ,FIF soft-thresholding 75iEKA& , weight
EFTHNA

. stepSize
shrinkageVal = regParam * p—\;‘t—
iter
stepSize stepSize

weight = signum(weight— —yrmfiffnt):nma:r:([l. 0. abs(weight—

Viter Viter
signum 2FfFSEEL , SRBYENT :

yr'mﬁcmt)—.‘shrin.ﬁ:tagﬁl’ﬂ!}

r>=0 1
signum(z) =¢x=0 0
r<0 -1

class LlUpdater extends Updater {
override def compute(
weights0ld: Vector,
gradient: Vector,
stepsize: Double,
iter: Int,
regParam: Double): (Vector, Double) = {
val thisIterStepSize = stepSize J math.sgrt(iter)
ff Take gradient step
val brzWeibhts: BV[Double] = weightsOld.toBreeze.toDenseVector
brzAxpy(-thisIterStep5ize, gradient.toBreeze, brzWeights)
Sf Apply proximal operator (soft thresholding)
val shrinkageVal = regParam * thisIterStepSize
var i =
while (1 <= brzWeights.length) {
val wi = brzWeights(i)

brzWweights(i) = signum{wi) * max( , abs({wi) - shrinkageVal)
i +=
}
(Vectors.fromBreeze(brzWeights), brzNorm(brzWeights, } * regParam)
T
(3) SquaredL2Updater
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§EA 7T L2 regularization ( R(w) = 1/2 ||w||*2 ), weights B :

stepSize

weight 1= weight — # (gradient + regParam % weight )

Vviter
class SquaredLZUpdater extends Updater {
override def compute(
welghtsOld: Vector,
gradient: Vector,
step5ize: Double,

iter: Int,
regParam: Double): (Vector, Double) = {
// add up both updates from the gradient of the loss (= step) as well as
[/ the gradient of the regularizer (= regParam * weightsOld)
ffw' = w - thisIterStepSize * (gradient + regParam * w)
Jf w' = (1 - thisIterStepSize * regParam] * w - thisIterStepSize * gradient

val thisIterStepSize|: stepSize / math.sqgrt(iter)

val brzwWeights: BV[Double] = weightsOld.toBreeze.toDenseVector
brzwWweights :#= |{ - thisIterStepSize * regParam)
brzAxpy(-thisIterStepSize, gradient.toBreeze, brzWeights)

val norm = brzNorm(brzWeights, )

(Vectors.fromBreeze(brzWeights), * regParam * norm * norm)

5. Spark MLIib FkE2E
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