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1. Spark MLIib

1.1, 4 =2Spark MLIlib ?

MLIib@SparkiIes=> (ML) FE, EEBHASRFINIELETE  HoET BRIEAIE,
MLIibEE—L@ANFIEEMNTRAR , BiFsK. BE. RE HWEIDE. FES  BERTEEER
EREISENEIEAPI,
MLIibB R AR MUEE

e spark.mllib @& ETFRDDRIRIEEIEAPI,

o spark.ml MR T EFDataFrames BERAIAP! , ALARSRISZNEEFIEIE.
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1.2, ZISAIEIRERE

MLIbSZIFEIREBELVRFERN . NEEARISparkEUEEERDDRISREEER P EEMEN , HEF
SAFEEEA T BN PR ER .

K2 i B X

Local vector A AR, FE () Spark SR n] BEATHRAE M B E S
Labeled point D T I e N DL E e N

Local matrix ACHUHTPE . B 25 DR W TR 3 A7 i £ A H i1 5L
Distributed matrix SrAT AR . R RO A A LU P T 2 A A S0 A 28T

1.21, FEREE

MLIibfERINAIMCEERBERE | XENEEFTERHZEME | HERELEIREEE (sparse ) IR &ER
HEEE (dense) .

S AMLIibAYKE :

1 <dependency>

2 <groupId>org.apache.spark</groupId>

3 <artifactIid>spark-ml1ib_2.12</artifactid>
4 <version>2.4.3</version>

5 </dependency>

1.2.1.1, BEREIESE

1 package cn.itcast.spark;

2

3 import org.apache.spark.mllib.linalg.vector;

4 [dimport org.apache.spark.ml11ib.1linalg.vectors;

5 dimport org.junit.Test;

6

7  public class SparkMmLTib {

8

9 @Test
10 public void testbense(){
11 vector vd = Vectors.dense(9, 5, 2, 7); //iE X EEM R
12 double v = vd.apply(2); //FHCTHrA2HME
13 System.out.println(v); //2
14 }
15  }
16

1.2.1.2, RGBIEESE
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1 @Test

2 public void testSparse() {

3 int[] indexes = new int[]{0, 1, 2, 5};

4 double[] values = new double[]{9, 5, 2, 7};
5 vector vd = Vectors.sparse(6, indexes, values); //5& X isiiZii G
6 double v = vd.apply(2); //FHCTHrA2H1E

7 double v2 = vd.apply(4); //HITHrANAKIE

8 double v3 = vd.apply(5); //FHCTHRASHIE

9 System.out.println(v); //2
10 System.out.println(v2); //0
11 System.out.printin(v3); //7
12 }

1.2.2, AEFE

AEFREATMLLBRHRFITAMIRC. EDXKAETS , ILUSTRNEIEESRETD | LB
B0, 1. 2#HTHRIC. A0 : SHRERMERICTIT |, REARERMEHRIC /0,

1 @Test

2 public void testLabeledPoint(){

3 Vector vd = Vectors.dense(9, 5, 2, 7); //&E LM R

4 LabeledPoint 1p = new LabeledPoint(1l, vd); //i& XhpZslia
5 System.out.printin(lp.features());

6 System.out.printin(lp.label());

7 System.out.printin(lp);

8 System.out.println("'------------ ")

9
10 int[] indexes = new int[]{0, 1, 2, 3};
11 double[] values = new double[]{9, 5, 2, 7};
12 Vector vd2 = Vectors.sparse(4, indexes, values); //i& X Fimi/n &
13 LabeledPoint 1p2 = new LabeledPoint(2, vd2);
14 System.out.printin(1p2.features());
15 System.out.println(1p2.label());
16 System.out.println(1p2);
17 }

1.2.3, FHuiEE

AEIBEEF , AT EFHRATENR | I ESEREMEEE R TEIRGE, BEEREVPHAER
MR R — MRIFHIFEME TSR, B NERAGF |, FIan— 1 8BArray (1,2,3,4,56) , BED M2
1735189 :

1 @Test
2 public void testMatrix() {
3 double[] values = new double[]{1, 2, 3, 4, 5, 6};
4 Matrix mx = Matrices.dense(2, 3, values);
5 System.out.println(mx);
6 }
ETER

1 1.0 3.0 5.0
2 2.0 4.0 6.0
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1.2.4, $HVEER

PITUERE R KERYTIIERS [FINUE R F R BYEEURAER . D HVFEE— &S PRDDF , MFEX
IR TTUERERS | G IERRFMERAREEE | §— O hIVEFRC AR I EREER
FE(shuffle) , BEAUNRES. EMLIbSEI T IS hzUERZEET.  D5IR

o {THEFE ( RowMatrix )

o 7&E5|%EM% ( IndexedRowMatrix )
o AMTEERE ( CoordinateMatrix )

o HHREERF ( BlockMatrix )

1.2.4.1. 175E%

TR R REARN—MIEREEL, (TRRMERLUTIEAERSRRTEMFHEREI  ZIREREXRN. &
LU EIEEATEMR— T EXRIRENSES. 85— 1THE— 1T EEHEREENRELRE  BE—
1TRIRERTEB I LARMRE H S TIERE,

a.txt:
123
456

public void testRowMatrix() {
Sparkconf sparkcConf = new SparkcConf()
.setAppName("SparkML1ib™)

1
2
3
4
5 (@Test
6
7
8
9 .setMaster("local[*]");

10 JavasSparkcContext jsc = new JavaSparkContext(sparkcConf);
11

12 JavaRDD<String> rddl = jsc.textFile("F:\\code\\files\\a.txt");
13

14 JavaRDD<Vector> rdd2 = rddl.map(vl -> {

15 string[] ss = vl.split(" ");

16 double[] ds = new double[ss.length];

17 for (int i = 0; i < ss.length; i++) {

18 ds[i] = Double.valueof(ss[i]);

19 3

20 return Vectors.dense(ds);

21 I3

22

23 RowMatrix rmx = new RowMatrix(rdd2.rdd());

24

25 System.out.println(rmx.numRows()); //2

26 System.out.printin(rmx.numcols()); //3

27 }

1.2.4.2, 7%E5|%EM%

An IndexedRowMatrixZ{lFa RowMatrix{BEEBBEENXHTES|. BHRES|{THRDDE , FttET
FBHEZES| (long-typed ) FIASIhRIERTR,

1 (@Test

2 public void testIndexedRowMatrix() {

3 Sparkconf sparkcConf = new SparkcConf()

4 .setAppName("SparkML1ib™)

5 .setMaster("local[*]");

6 JavaSparkcContext jsc = new JavaSparkContext(sparkcConf);
7
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JavaRDD<String> rddl jsc.textFile("F:\\code\\files\\a.txt");

JavaRDD<Vector> rdd2 rddl.map(vl -> {
string[] ss = vl.split(" ");
doubTe[] ds new double[ss.length];
for (int i = 0; i < ss.length; i++) {
ds[i] = Double.valueof(ss[i]);

}

return Vectors.dense(ds);

)8

JavaRDD<IndexedRow> rdd3 = rdd2.map(vl -> new IndexedRow(vl.size(),
v1)); [/ R LI AT

IndexedRowMatrix irmx = new IndexedRowMatrix(rdd3.rdd()); //i1T7%5

JavaRDD<IndexedRow> rdd4 = irmx.rows().toJavarRDD();

List<IndexedRow> collect = rdd4.collect();
collect.foreach(indexedrRow -> System.out.println(indexedRow)); //4I

AT 4%
}

1.2.4.3, H4573E0%

CoordinateMatrix; 2 HEZBIIRDD DA SN EBEZE—1 7td(: Long, j: Long,
value: Double) , HFRIZ1TRS| , jBFIFRE| , valueRFKBE. REAEENRNMEEEREAHBHEME
EERRE |, AROIZERTE.

@Test
public void testCoordinateMatrix() {

SparkcConf sparkcConf = new SparkcConf()
.setAppName("sparkmLTib™)
.setMaster("local[*]");

JavaSparkContext jsc = new JavaSparkContext(sparkconf);

JavaRDD<String> rddl = jsc.textFile("F:\\code\\files\\a.txt");

JavaRDD<MatrixEntry> rdd2 = rddl.map(vl -> {
string[] ss = vl.split(" ");
return new
MatrixEntry(Long.valueof(ss[0]),Long.valueof(ss[1]),Double.valueof(ss[2]));
h)E

CoordinateMatrix matrix = new CoordinatemMatrix(rdd2.rdd());

List<Matrixentry> collect = matrix.entries().toJavarRDD().collect();
for (MatrixEntry matrixeEntry : collect) {
System.out.println(matrixEntry);

1.2.4.4, R%E%

BlockMatrix @32 FF M SRRO DAY TZURERE , EAERESREA((int int), matrix)ToEATA R
(intint ) Ri%&850 FEMETALAIRERFRIZRS IAE , MatrixZRNZZR5 I E EAYFAERE
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PEIBRSTFFEMIL ARG L | FHR AR EGIE AT R EREMRE S IRE .

@Test
public void testCoordinateMatrix() {

Sparkconf sparkcConf = new SparkConf()
.setAppName("SparkML1ib™)
.setMaster("local[*]");

JavasSparkcContext jsc = new JavaSparkContext(sparkcConf);

JavaRDD<String> rddl jsc.textFile("F:\\code\\files\\a.txt");

JavaRDD<MatrixEntry> rdd2 = rddl.map(vl -> {
string[] ss = vl.split(" ");
return new
Matrixentry(Long.valueof(ss[0]),Long.valueof(ss[1]),Double.valueof(ss[2]));
I3 H

CoordinateMatrix matrix = new CoordinateMatrix(rdd2.rdd());

/ /Al B

BlockMatrix blockmatrix = matrix.toBlockMatrix();

[/ FEZAPUERERATALLS, MINZ R A IER, WA AR S
blockMatrix.validate();

Blockmatrix addBlockMatrix = blockMatrix.add(blockmatrix); // #n

List<Tuple2<Tuple2<Object, Object>, Matrix>> collect =
addBlockMatrix.blocks() .toJavarRbDD().collect();
for (Tuple2<Tuple2<Object, Object>, Matrix> tuple2MatrixTuple2 :
collect) {
System.out.println(tuple2MatrixTuple2);

}
// ((0,0),5 x 6 cscmatrix
// (1,2) 6.0
// (4,5) 12.0)

ZE5RR
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1.3, RDD, DataSet, DataframeX3IAziE{L

RDD(Spark1.0)--->DataFrame(Spark1.3)---->DataSet(Spark1.6)

SparkSql#2{tY Dataframef1DataSetfU&UEIHS: , DataFramegi@RDD+Schema , AILUARE—IK—
HRIZ. EHSBREREZRANREPNFRHFAITHRENGE, Eiz/THIERE, DataSet@SparkeHT
HUEHSR |, SparkfIRBESZE L EDataSetf AT EREIEMS: , 55(LRDDFNDataFrame, DataSetB&
T DataFramefrBRILIEHNEI. BRIEZ IMRIE T LAEEGIZE/SchematRBUAGRSREY,

i
package cn.itcast.spark;
import java.io.Serializable;
public class Student implements Serializable {

private Long 1id;
private String name;
private Integer age;

public Long getid() {
return 1id;

}

public void setId(Long id) {
this.id = id;
}

public String getName() {
return name;

}

public void setName(String name) {
this.name = name;
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public Integer getAge() {
return age;

public void setAge(Integer age) {
this.age = age;

@override
public String tostring() {
return "Student{" +
"id=" + id +

, hame='" + name + "\'' +
", age=" + age +
i
3
}

users.txt:

1,zhangsan, 20

2,Tis1,21

3,wangwu, 19
4,zhaoliu,18

@Test
public void testbataset() {
SparkSession sparkSession =
SparkSession.builder().appName("sSparkMmLTib") .master("Tocal[*]").getOrCreate

OF

// EECCHE
JavaRDD<String> source =
sparksession.read().textFile("F:\\code\\users.txt").toJavarRbD();

JavaRDD<Student> rowRDD = source.map(line -> {

non

String parts[] = Tine.split(",");

Student student = new Student();
student.setId(Long.valueof(parts[0]));
student.setName(parts[1]);
student.setAge(Integer.valueof(parts[2]));
return student;

)8

Dataset<Row> df = sparkSession.createDataFrame(rowRDD,
Student.class);
// df.show(Q);

df.select("id", "name").orderBy(df.col("id").desc()).show();
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o)

- ik

BEIREE , JLATEEME |, BREkT , FIMRERE/ LM MVEEASE | HTHEER ?

o [E|EEERIEF : K-neighborhoods
o ETHEUEITHERYSBRE : Threshold-based neighborhoods
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REBRNEE (ALS) RETHITPREBNEAEN—MEL  EXBIHEEREERERERR

AJREMIEITESLAE R, MALSHIERTE

BRANTSRE (LS
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ETTMREORDHEREZTEF |, WRFEHH—FRELMXERIAZIREIE , BPAREERRN—1T
EEREXYEREIELEER) , WABHENSRERNATT

f(x)=ax+b
0 = Z(f(x;‘)_yf)z

XEMOREZAFIEAT , BRFTRIBEFRY  EXEFESTRIEZRNES/)  RE=1
RMEKRFEREZEZAES | (TS REER/IMVE.

7.2, ZTERIMFE

LR, BmABREE , — M ETRPS , YMmRAIBF I REME AT LIS a2 N/ NBMLAIRE
P&, BIM=URYEEERERE*V,

User Feature Matrix (F x N)

8 €8 &

f, 1 -4 1
Rating Matrix (N x M) )
B = " B
: E X £, -2 0 3
£} s 3 5 f, 0 5 1
& 4 2 1 i
s Movie Feature Matrix (F x M)
0 3 3 & (e
w : Iy ‘
) f, -1 0 -2
f, 4 -4 1
f, 0 2 2
User Feature Matrix (F x N) Movie Feature Matrix (F x M) Rating Matrix (N x M)
” : = -
8 € ¢ ! B B ¢ B &
f, 1 -4 1 f, -1 0 -2 5 3 5
1 , " 0
f, -2 0 -3 f, 4 -4 1 - s 2 1
f, 0 5 f, 0 2 2 & o 3 3

EXEBEUFVH BT BFFImATRERE , EMLUIbAIALSESEF | BSeR IURE VAR . Z/5
BEIER—MIERINSR | KRS —PRIETLATER IR,
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Z R FSKERAURER ISR KBENACABEXI R, REF MNSERIENITE | KNSLIRERFESIAER)
EFRERRI\NBIENE.

BEIRHRSEE U |, REYV , AEBEREVEMFBKERUER , —EXHRBEAITEEIIRE
IRE—ERIREFR M EE AR NIERRER LR,

7.3. ALSES LR

[?ﬂflﬁﬂi Spark —'ﬁﬁﬁ%]

SRR

Il %k ALS B

AiHEE R

[—ﬁiﬂ%%

#EE K]

ALS HiEiifEH

7.4, ALSEHiXELER
7.4.1, EEiREA

EHEEAF. B, FoREEE  HPREPE943A  BEE168288 , iF/1151000005%. 4T
B/H,

1 196 242 3 881250949
2 186 302 3 891717742
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3 22 377 1 878887116
4 244 51 2 880606923
5 166 346 1 886397596
6 298 474 4 884182806
7 115 265 2 881171488
8 253 465 5 891628467
9 305 451 3 886324817
10 6 86 3 883603013
11 62 257 2 879372434

12 286 1014 5 879781125
13 200 222 5 876042340

14 210 40 3 891035994

15 | coocoocoooooaoooos

7.4.2, BIEER

ALSEERE SR REUERE | HSLEMLUIbEXEPE R BERERANIGEL | ALS.tranf5 XIRS
WF:

1 def train(

2 ratings: RDD[Rating], Yokt 3 ERik e

3 rank: Int, / /R S R T, rank— ok 7E 83202 1]
4 iterations: Int, [ /AR, —MRLOWKEP AT

5 Tambda: Double, //ALSHRIEN LS4, —M#%EO0.01

6 blocks: Int, / /AT b lock ¥ (-1 8 BB E)

7 alpha: Double, / /ALSEE R AR A 2 H T 4Rl R A A2 T e 2
8 seed: Long / /IR B R BT 2

9 ): MatrixFactorizationModel = {
10 new ALS(blocks, blocks, rank, iterations, lambda, true, alpha,

seed) .run(ratings)

11 }

7.4.3, Ak

package cn.itcast.spark;

1
2
3 dimport org.apache.spark.Sparkconf;

4 dimport org.apache.spark.api.java.JavaRrDD;

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

6  dimport org.apache.spark.mlTib.recommendation.ALS;

7 1import org.apache.spark.ml1lib.recommendation.MatrixFactorizationModel;
8 dimport org.apache.spark.mlTib.recommendation.Rating;

9

10  public class MyRecommend {

11

12 public static void main(string[] args) {

13 Sparkconf sparkconf = new SparkConf()

14 .setAppName ("MyRecommend")

15 .setMaster("local[*]");

16 JavasSparkContext jsc = new JavaSparkContext(sparkcConf);

17 jsc.setLogLevel ("WARN"); //¥E H . E2:5)

18

19 JavaRDD<String> rawbData = jsc.textFile("F://ml1-100k//u.data"™);// k&
EAETE LS

20 JavaRDD<String[]> rawRatings = rawbData.map(vl -> vl.split("\t"));//

LR CEE AN
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/ /¥ ARatingg ), S HPid, RBsid, -

JavaRDD<Rating> ratings = rawRatings.map(vl -> new
Rating(Integer.valueof(vl[0]), Integer.valueof(vli[1]),
DoubTle.valueof(v1i[2])));

/ /BB GRAEY
MatrixFactorizationModel model = ALS.train(ratings.rdd(), 8, 10,
0.01);

/ /9789 FHERELOANF
Rating[] recommendProducts = model.recommendProducts (789, 10);

//FTEREE 45 R
for (Rating rating : recommendProducts) {
System.out.println(rating.user() + "->" + rating.product(Q+":
+ rating.rating());

}

7.4.4, flifteiid

£ EMEAYSLEL | rank, iterations, lambdaS##EPR 5 , IRIEARIMENSUEESZTE(FH AR ,
FRUEAIR B ESRENS S, FrE52IREN)I4E.

package cn.itcast.spark;

import org.apache.spark.SparkcConf;

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

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

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

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

import org.apache.spark.ml1ib.recommendation.MatrixFactorizationModel;
import org.apache.spark.ml1ib.recommendation.Rating;

import scala.Tuple2;

import java.util.List;
public class MyRecommend2 {

public static void main(String[] args) {
Sparkconf sparkcConf = new SparkcConf()
.setAppName ("MyRecommend")
.setMaster("local[*]1");
JavasSparkcContext jsc = new JavaSparkContext(sparkcConf);
jsc.setLogLevel ("WARN"); //UE H .25

JavaRDD<String> rawbData = jsc.textFile("F://ml1-100k//u.data");//%
B AR S

JavaRDD<String[]> rawRatings = rawbData.map(vl ->
vi.split("\t"));// K Ea i\t %

[ /BB B, H e —4ITimestampHU SR 10 R 2fE vkey, RatingHiH,
HI(Int, Rating)

JavaPairRDD<Long, Rating> ratings = rawRatings.mapToPair(vl -> {

Rating rating = new Rating(Integer.valueof(v1[0]),

Integer.valueof(vl[1]), Double.valueof(v1l[2]));
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return new Tuple2<>(Long.valueof(vl[3]) % 10, rating);

s

//HERAR H O R (R ID-> U AR )

List<Tuple2> movies = jsc.textFile("F://m1-100k//u.item") .map(vl -

String[] ss = vl.split("\\|");
return new Tuple2(ss[0], ss[1]);
P .collect();

/ /Gt R B A R R R DL N L I R4 £ E
Long numRatings = ratings.count();
Long numUsers = ratings.map(vl -> ((Rating)

vl._20)).user(Q)).distinct().count(;

Long numMovies = ratings.map(vl -> ((Rating)

vl._2(0)).product()).distinct().count();

1w

//

//

System.out.printin("f/: " + numusers + "HiZ:
+ numRatings);

n

+ numMovies +

"

//ASREAES R Ukey (1 R3S, AHATUILG (60%, FIMAR ), Bk
(20%), and W (20%)

/ /BT B R 2 B I B, BT blcache® A

Integer numPartitions = 4; // 7rIX%

// g%

JavaRDD<Rating> training = ratings
filter(v -—> v._10 < 6)
.values()
.repartition(numPartitions)
.cache();

// A
JavaRDD<Rating> validation = ratings

filter(v => v._10 >=6 && v._10 < 8)

.values()
.repartition(numPartitions).cache();

// W&

JavaRDD<Rating> test = ratings
.filter(v -> v._10 >= 8)
.values()

.cache();

Long numTraining = training.count();
Long numvalidation = validation.count();
Long numTest = test.count();

system.out.printin("JIZ%: " + numTraining + " K& " +
numvalidation + " JHA%E: " + numTest);

[/NGAFESE TR, FHERKREDRIE, FPURESH TR

int[] ranks = new int[]{10, 11, 12};

double[] Tambdas = new double[]{0.01, 0.03, 0.1, 0.3, 1,

doubTe[] Tlambdas = new double[]{0.01};
int[] numIters
int[] numIters = new int[]{8, 9, 10};

MatrixFactorizationModel bestModel = null;
doubTle bestvalidationRmse = Double.MAX_VALUE;

new int[]{8, 9, 10, 11, 12, 13, 14, 15};

3};



int bestRank = 0;
double bestLambda = -0.01;
int bestNumIter = 0;
for (int rank : ranks) {
for (int numIter : numIters) {
for (double lambda : lambdas) {

MatrixFactorizationModel model =
ALS.train(training.rdd(), rank, numIter, lambda);

DoubTle validationRmse = computeRmse(model, validation,
numvalidation);

System.out.printIn("RMSE(Z%:4E) = " + validationRmse +
", rank =" + rank + ", Tambda = " + lambda + ", numIter = " + numIter);

if (validationRmse < bestvalidationRmse) {
bestModel = model;
bestvalidationRmse = validationRmse;
bestRank = rank;
bestLambda = Tambda;
bestNumIter = numIter;

}

}
}
3

double testRmse = computeRmse(bestModel, test, numTest);
System.out.printTn("lREHEEAE wENLEEE rank = " + bestRank + ",

lambda = " + bestLambda + ", numIter = + bestNumIter + ", RMSE = " +
testRmse);

// HEE
Double meanRating = training.union(validation).mapTobouble(v ->
v.rating()) .mean();

// HEARHERZEE

Double baselineRmse = Math.sqrt(test.map(v -> (meanRating -
v.rating()) * (meanRating - v.rating())).reduce((vl, v2) -> (vl + v2) /
numTest));

[/ EEERRREA T 20
double improvement = (baselineRmse - testRmse) / baselineRmse *
100;

system.out.printIn("mfEUIZBR HEM 23T T " +
String.format("%.2f", improvement) + "%.");

[/ FRAEI G
bestModel = ALS.train(ratings.values().rdd(), bestRank,
bestNumIter, bestLambda);

Rating[] recommendProducts = bestModel.recommendProducts(789, 10);
[ /FTENER 45
for (Rating rating : recommendProducts) {

System.out.println(rating.user() + "->" + rating.product(Q+":
+ rating.rating(Q);
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<RS0 TN B RN S s B 2 ) 34 7 R R 2
w5/
public static Double computeRmse(MatrixFactorizationModel model,
JavaRDD<Rating> data, Long n) {
// AT
JavaRDD<Rating> predictions = model.predict(data.mapToPair(v ->
new Tuple2<>(v.user(), v.product())));
JavaRDD<Tuple2<Double, Double>> predictionsAndRatings =
predictions
.mapToPair(v -> new Tuple2<>(new Tuple2<>(v.user(),
v.product()), v.rating()))
.join(data.mapToPair(v -> new Tuple2<>(new Tuple2<>
(v.user(), v.product()), v.rating()))).values(Q;
DoubTle reduce = predictionsAndRatings.map(v -> (v._1 - v._2) *
(v._1 - v._2)
.reduce((vl, v2) -> (vl + v2) / n);
//IEFITR
return Math.sqrt(reduce);
3
}
R
. 943H52: 1682¢Fit: 100000
YIZREE: 60024 KRUG4HE: 20435 Jilik4E: 19541
RMSE (B:5364E) = 1.9042189155615398E-5, rank = 10, lambda = 0.01, numIter = 8
RMSE (Ki364E) = 4.241470253244084E-5, rank = 10, Tambda = 0.01, numIter = 9
RMSE (K:364) = 1.4449138813397543E-5, rank = 10, Tambda = 0.01, numIter = 10
RMSE (#2964%) = 6.082115231352825E-5, rank = 11, Tambda = 0.01, numIter = 8
RMSE (K:#4) = 7.053700942035736E-5, rank = 11, Tambda = 0.01, numIter = 9
RMSE (K:364) = 2.6551033361283012E-5, rank = 11, Tambda = 0.01, numIter = 10
RMSE (K364) = 3.31869548209156E-5, rank = 12, lambda = 0.01, numIter = 8
RMSE (K25364) = 7.16881674580905E-5, rank = 12, lambda = 0.01, numIter = 9
RMSE (B:364E) = 4.8896811754448735E-5, rank = 12, lambda = 0.01, numIter = 10
MREAR A HBENZ%#A rank = 10, lambda = 0.01, numIter = 10, RMSE =
1.4925418704176325E-5
ARV TR 242 T 1. 81.34%.
789->1598: 9.396627380043618
789->1368: 8.14482648449507
789->1466: 7.38882286732828
789->1462: 6.81871292883074
789->1059: 6.795506701087147
789->337: 6.780524189917936
789->267: 6.772379061916583
789->1184: 6.688179558303117
789->906: 6.528331428606722



26 789->854: 6.466069010345999
27

MIBITHERKE -
o SHBIINAF , 16821 HE ( BEEE ) , 10000057 FDEIE ;
o WIRER , HANEABESURD =2
o 60%FITFIIIZ. 20%AFRIe. 20%FAFHEE ;

o BREEARRESETRIYSIRIRE (RMSE) B , DIRNNASE , &IAISEERYGIRIRE
( RMSE ) /NS EE---BIRMSEURESEY ;

o {FEA20%ATMI BT EIESENERIANIFR | BRI RIZRE (RMSE) |, ERISEERIERM
HRFT81.34% 8 MR,
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