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MapReduce의 설계 개념 및 특성입니다.

먼저 분산컴퓨팅 환경에서 운영되어야 하기 때문에 함수형 프로그램의 특성을 가지고 있습니다.

MapReduce는 물론 실시간 처리도 가능은 하지만 앞서 언급했다시피 분산컴퓨팅 환경에서 
운영되기 때문에 배치형식의 데이터 처리 시스템으로 설계가 되었습니다.

사용자의 NEED를 파악하지 못하고 개발한 프로그램은 사실 쓸모가 없을 것입니다.
MapReduce는 여러 어플리케이션 로직의 주요관심사들을 파악했고
이러한 요소들을 최대한 반영하였습니다.
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Your program

sc=new SparkContext
f = sc.textFile("...")

f.filter(...)
.count()

Spark client
(app master)

RDD graph

Scheduler

Block tracker

Shuffle tracker

Cluster
manager

Spark worker

Task
threads

Block
manager

X

HDFS, HBase, ...
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® Process & Scheduling

RDD Objects DAGScheduler TaskScheduler Worker

Cluster

manager Threads |
Block
manager

rddl.join(rdd2) split graph into launch tasks via execute tasks

.groupBy(..)
Filter() stages of tasks cluster manager

| submit each retry failed or store and serve
build operator DAG stage as ready straggling tasks blocks
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® Data Process Model MapReduce

HDFS HDFS HDFS HDFS
read write —— read write

Input

| result 1

result 2

result 3

[ Slow due to replication, serialization, and disk 10 J
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® Data Process Model

one-time
processing

e

Distributed
memory

[ 10-100% faster than network and disk J
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® Spark runs on Hadoop Cluster
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® Example : Log Mining

Load error messages from a log into memory, then
interactively search for various patterns

Ba = Cache1
lines = spark.textFile(“hdfs://...") BEESIERESERS \ 7/ -lco
errors = lines.filter(_.startswith(“ERROR"))" |
messages = errors.map(_.split(‘\t’)(2)) e

cachedMsgs = messages.cache()

cachedMsgs.filter(_.contains(“foo"”)).count -
cachedMsgs.filter(_.contains(“bar”)).count

Result: scaled to 1 TB data in 5-7 sec
(vs 170 sec for on-disk data)
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® ‘d55 : Logistic Regression
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$ bin/pyspark --master local[N]
- Shell& 2ddt= 22 HAO|A, NS Z=EMAMZ Spark0| HH=Z M &
- Spark/PySpark Shell 25& 7t
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$ bin/spark-shell --master spark://master.host:7077
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$ bin/spark-shell --master mesos://mesos.host:Port
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- ROIMI(E) : summary()

Descriptive statistics via summary( )

Min.
1st Qu.
Median

Mean
3rd Qu.

Max.

mpg

—.—>

B ’|= S (Descriptive Statistics)
- XAI2E 294%t= 7|=Hel 4

- JlEsAE: E1|0|E1* 7H¢ B, &

:10.4
154
:19.2
:20.1
:22.8
:33.9

- 7l 84, g A FF HOlZ, 7t g3, 2t

> summary(mtcars[vars])

Min.
1st Qu.
Median

Mean

3rd Qu.

Max.

hp

:52.0
:96.5

:123.0
:146.7
:180.0
:335.0

Min.
1st Qu.
Median

Mean
3rd Qu.

Max.

wt

:1.51
:2.58
:3.33
:3.22
:3.61
:5.42
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1. Data Model

1) Data Model
« MLZ ¢{lsll 283t Data Typel| &7

(1) Spark Basic Type

- vector, matrix, array
- list, dataframe

(2) MLIib Type

- LabeledPoint

- Rating

- 1 2|E'E Model Class
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1. Data Model

1) Data Model

» Spark Basic Type
(1) Vector
- ST Type2| H|O|E| N7H, 1XI, 174 ZO0|
// Create a dense vector (1.0, 0.0, 3.0).
val dv: Vector = Vectors.dense(1.0, 0.0, 3.0)
[Note] =St 02| ekt A7[& 7HA[ 2 U= OIO|HE 2|0[5HA| =
(2) Matrix
- SY¢e Type2| [O|E], 2X}3, M7H2| d3} N7He| €2 FE(M*N 8 E)
// Create a dense matrix ((1.0, 2.0), (3.0, 4.0), (5.0, 6.0))
val dm: Matrix = Matrices.dense(3, 2, Array(1.0, 3.0, 5.0, 2.0, 4.0, 6.0))
(3) Array
- YT Typel| HIO|E, NXFI(1XHY, 2K, ... NAHY), D ZOf

var z = new Array[String](3); z(0) = "Zara"; z(1) = "Nuha"; z(2) = "Ayan"

var z2 = Array("Zara", "Nuha", "Ayan")
(4) List
- S9¢ Typel| HIO|E, 1A, 7HHZO|
(5) DataFrame

- C}eFgt Type2| CI[O|E], 2X}2, A Sheet or HIO|E{H|O| 2 H|O| S =} FA}
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1. Data Model

1) Data Model

» Vector Type
(1) Vectorl| 25
- 1L : Dense -> MH| HIO|E{E double typel| 17 Z 0| H{H 0| %
- M2 & : Sparse -> 0.00] o Zfta 1 Q™A XF
(2) Example
// Create the dense vector <1.0, 0.0, 2.0, 0.0>;
val denseVec1 = Vectors.dense(1.0, 0.0, 2.0, 0.0)
val denseVec2 = Vectors.dense(Array(1.0, 0.0, 2.0, 0.0))

// Create the sparse vector <1.0, 0.0, 2.0, 0.0>;

val sparseVec1 = Vectors.sparse(4, Array(0, 2), Array(1.0, 2.0)) //(int size, int[] indices, double[] values)
(3) Vectors M2 E

apply argmax asinstanceOf compressed copy

foreachActive islnstanceOf numActives numNonzeros  size

toArray toDense toJson toSparse toString
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1. Data Model

1) Data Model

« LabeledPoint Type
(1) LabeledPoint = ( Labeled : double, Features : vectors )
- Labeled ->
1.Classification : 85 & Z}(classes) -> double
Binary( True, False ) -> 1.0 / 0.0
MultiClass -> 0.0 1.0 2.0 .... N.O
2.Regression : &5d ZH(FXY), double
- Features -> &7} Vectors(double)
HE=A Feature?| 22 double type2 2 H2ls| of St
(2) Example
scala> val examples = MLUtils.loadLibSVMFile(sc, "file:///data/spark-1.6.0/data/mllib/sample_binary_classification_data.txt")
examples: org.apache.spark.rdd.RDD[org.apache.spark.mllib.regression.LabeledPoint]

scala> println(examples.take(2).mkString("#n"))

(0.0, (692, [127,128,129, ... ,656,657], [ 51.0,159.0,253.0, ... ,141.0, 37.0] ) )

(1.0, (692, [158,159,160, ... ,682,683], [124.0,253.0,255.0, ... ,253.0,220.0] ) )

scala> val data = sc.textFile("file:///data/spark-1.6.0/data/mllib/sample_binary_classification_data.txt")
scala> printIn(data.take(2).mkString("#n"))

0 128:51 129:159 130:253 ... 657:141 658:37

1 159:124 160:253 161:255 ... 683:253 684:220
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2) Hjo|& Xz
- Mal2{'d S7H Hjo[e A
1. UCI HIO|E| XMTa
- 300047 2| H|O|E{ M(classification,regression, clustering, recommender systems)

http://archive.ics.uci.edu/ml/
2. OfOtE S 7H Ci|o]E{ Al
- Human Genome Project, Common Crawl web corpus, Wikipedia data, Google Books Ngrams

http://aws.amazon.com/publicdatasets/
3. 712 (Kaggle) H|0|E{ Al
- MM Bd CH3], classification, regression, ranking, recommender systems, image analysis
http://www.kaggle.com/competitions
4. KDnuggets GO E{ 4l
- S/ oA ==

http://www.kdnuggets.com/datasets/index.html


발표자
프레젠테이션 노트
MapReduce의 설계 개념 및 특성입니다.

먼저 분산컴퓨팅 환경에서 운영되어야 하기 때문에 함수형 프로그램의 특성을 가지고 있습니다.

MapReduce는 물론 실시간 처리도 가능은 하지만 앞서 언급했다시피 분산컴퓨팅 환경에서 
운영되기 때문에 배치형식의 데이터 처리 시스템으로 설계가 되었습니다.

사용자의 NEED를 파악하지 못하고 개발한 프로그램은 사실 쓸모가 없을 것입니다.
MapReduce는 여러 어플리케이션 로직의 주요관심사들을 파악했고
이러한 요소들을 최대한 반영하였습니다.


2) ClIOJE Xz

« Spark Examles C|O|E{ A

1. X

$SPARK_HOME/data/mllib/
2. Y ZE( Line 7}, Word 7l File Size)

2000
6
1000
6
19
100
6
99
12
100
501
1501
150
11
322
569
1000
67

4000 63973
18 72
11000 197105
12 24
57 164
13610 104736
34 68
100 1598
132 264
13610 104736

5511 119069

1501 14351
737 6953
36 95
5474 39474
569 115476
2000 42060
536 10395

gmm_data.txt

kmeans_data.txt

Ir_data.txt

pagerank_data.txt

pic_data.txt
sample_binary_classification_data.txt
sample_fpgrowth.txt
sample_isotonic_regression_data.txt
sample_lda_data.txt
sample_libsvm_data.txt
sample_linear_regression_data.txt
sample_movielens_data.txt
sample_multiclass_classification_data.txt
sample_naive_bayes_data.txt
sample_svm_data.txt
sample_tree_data.csv
Ir-data/random.data
ridge-data/Ipsa.data



발표자
프레젠테이션 노트
MapReduce의 설계 개념 및 특성입니다.

먼저 분산컴퓨팅 환경에서 운영되어야 하기 때문에 함수형 프로그램의 특성을 가지고 있습니다.

MapReduce는 물론 실시간 처리도 가능은 하지만 앞서 언급했다시피 분산컴퓨팅 환경에서 
운영되기 때문에 배치형식의 데이터 처리 시스템으로 설계가 되었습니다.

사용자의 NEED를 파악하지 못하고 개발한 프로그램은 사실 쓸모가 없을 것입니다.
MapReduce는 여러 어플리케이션 로직의 주요관심사들을 파악했고
이러한 요소들을 최대한 반영하였습니다.


2) HIO|E] Mg
. HlojE| =g
1. HIO|E &2

- 24 DA AE

- BAIUAIAR  HDFS, OtORE S3 &

- RDBMS / NoSQL : Mysq|, Oralce, 7ttt =2}, HBase, ElasticSearch & -> JDBC Driver2 H4
2. upd =5

- Text File

- JSON File

- CSV File( CSV is ",", TSV is "Wt" )

- Key/Value(Hadoop Format) File

- Object
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2) Olo|E{ X2
- HoJH 29
3. Text File E2{ 27|

val data = sc.textFile("file:///data/spark-1.6.0/data/mllib/pic_data.txt")

printin(data.take(3).mkString("Wn"))

data.first()

data.count()

4. 2™ 22|( BackSpace, CSV, TSV )

val initData = data.map { line =>
val values = line.split(" Ymap(_.toDouble)
Vectors.dense(values.init)

}
printin(initData.take(3).mkString("#n"))

val lastData = data.map { line =>
val values = line.split(" Ymap(_.toDouble)
Vectors.dense(values.last)

}
printin(lastData.take(3).mkString("#n"))

val firstData = data.map { line =>
val values = line.split(" Ymap(_.toDouble)
Vectors.dense(values(0))

}
printin(firstData.take(3).mkString("#n"))

val tailData = data.map { line =>
val values = line.split(" Ymap(_.toDouble)
Vectors.dense(values.tail)

}
printin(tailData.take(3).mkString("#Wn"))

—1

-
-
.
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2) HIO|E X2
- C|OJE{ EFM
1. RDD 7| X E4|

scala> val second = data.map { line =>

| wval values = line.split(' ').map(_.toDouble)
| (values(1))
| }
second: org.apache.spark.rdd.RDD[Double] = MapPartitionsRDD[23] at map at <console>:36

scala> printin(second.collect().mkString("#n"))
1.0
2.0 ..

scala> second.stats
res42: org.apache.spark.util.StatCounter =
(count: 19, mean: 7.526316, stdev: 4.649487, max: 15.000000, min: 1.000000)
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2) H|O|E| X2|
- O|OJE EfA
| 2. RDD[Vector] 7| X E4

scala> val features = data.map { line =>

# MultivariateStatisticalSummary A E S5

asinstanceOf count isInstanceOf

max mean min

normL1 normL2
| val values = line.split(' ').map(_.toDouble)

numNonzeros toString variance

| Vectors.dense(values)

|}
features: org.apache.spark.rdd.RDD[org.apache.spark.mllib.linalg.Vector] = MapPartitionsRDD[30] at map at <console>:41

scala> printin(features.take(3).mkString("#n"))

[0.0,1.0,1.0]

[0.0,2.0,1.0]

[0.0,3.0,1.0]

scala> import org.apache.spark.mllib.stat.{MultivariateStatisticalSummary, Statistics}
scala> val summary: MultivariateStatisticalSummary = Statistics.colStats(features)

scala> summary.mean

res56: org.apache.spark.mllib.linalg.Vector = [5.789473684210526, 7.526315789473685, 0.9526315789473684]
scala> summary.variance
res57: org.apache.spark.mllib.linalg.Vector = [21.953216374269005, 22.8187134502924, 0.04263157894736842]

scala> summary.numNonzeros

res58: org.apache.spark.mllib.linalg.Vector = [16.0, 19.0, 19.0]
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2) Cllo|E] X 2|
. HO|E| T
3. RDD[Vector] Correlations
scala> val correlMatrix: Matrix = Statistics.corr(features, "pearson™)

correlMatrix: org.apache.spark.mllib.linalg.Matrix =

1.0 0.8814343025316858 0.14417085866598092
0.8814343025316858 1.0 0.1787639407161585
0.14417085866598092 0.1787639407161585 1.0
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- Ci[OJE{ tHgt

1. H|AE H3 . TF(Term Frequency)

CIO|E{ Al : http://qwone.com/~jason/20Newsgroups/ - 207H2| w2 &
scala> import org.apache.spark.mllib.feature.HashingTF

scala> val data = sc.wholeTextFiles("file:///data/spark-1.6.0/data/train.electronics/*")
scala> val text = data.map { case (file, text) => text }

scala> text.count

res3: Long = 591

scala> text.first()

res4: String = "From: keith@radio.nl.nuwc.navy.mil ...

scala> val tf = new HashingTF(numFeatures = 10000)
scala> val termF = text.map(txt => tf.transform(txt.split(" ")))
scala> termF.first()

res5: org.apache.spark.mllib.linalg.Vector =
(10000,[0,22,43,45,54,73,145,182,334,434,866,1015,1075,1563,1577,1666,1691,1786,1818,2266,2284,2752,2932,3159,3355,3480,3502,3521,3524
,3543,4145,4262,4304,4468,4773,4801,5240,5475,5636,5848,5853,5936,6048,6051,6216,6852,6979,6988,7118,7285,7525,7817,7865,8056,8642,8
661,8786,9011,9131,9467,9493,9792],[7.0,1.0,1.0,7.0,2.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,3.0,2.0,1.0,1.0,2.0,1.0,1.0,1.0,1.0,2.0,2.0,1.0,1.0,1.0,1.0,1.0,1
0,1.0,1.0,2.0,1.0,2.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,2.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,2.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0])


발표자
프레젠테이션 노트
MapReduce의 설계 개념 및 특성입니다.

먼저 분산컴퓨팅 환경에서 운영되어야 하기 때문에 함수형 프로그램의 특성을 가지고 있습니다.

MapReduce는 물론 실시간 처리도 가능은 하지만 앞서 언급했다시피 분산컴퓨팅 환경에서 
운영되기 때문에 배치형식의 데이터 처리 시스템으로 설계가 되었습니다.

사용자의 NEED를 파악하지 못하고 개발한 프로그램은 사실 쓸모가 없을 것입니다.
MapReduce는 여러 어플리케이션 로직의 주요관심사들을 파악했고
이러한 요소들을 최대한 반영하였습니다.


"

2) H|o|E{ X2
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2. &2t ME¥S} . StandardScaler

scala> import org.apache.spark.mllib.feature.StandardScaler

scala> val example = sc.textFile("file:///data/spark-1.6.0/data/mllib/ridge-data/lpsa.data™)
scala> val data = example.map { line =>

val parts = line.split(’,")

LabeledPoint(parts(0).toDouble, Vectors.dense(parts(1).split(' ').map(_.toDouble)))
}.cache()

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

scala> val scaler2 = new StandardScaler(withMean = true, withStd = true).fit(data.map(x => x.features))
scala> val datal = data.map(x => LabeledPoint(x.label, scaler1.transform(x.features)))

scala> val data2 = data.map(x => LabeledPoint(x.label, scaler2.transform(Vectors.dense(x.features.toArray))))
scala> val summary: MultivariateStatisticalSummary = Statistics.colStats(data.map(x => x.features))
scala> val summary1: MultivariateStatisticalSummary = Statistics.colStats(datal.map(x => x.features))

scala> val summary2: MultivariateStatisticalSummary = Statistics.colStats(data2.map(x => x.features))
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2. 4%t HEe} : standardScaler

scala> summary.mean

[-0.030983588171116905,-0.00661741108409053,0.11823713020843973,-0.01993077331580595,0.01784020089424 1987, -
0.024915030703527408,-0.029404560602868696,0.06691288828053416]

scala> summary1.mean

[-0.029388629245711173,-0.005948318727428181,0.11733735411196436,-0.019755816802758758,0.017585582898541785,-
0.024870818742510403,-0.029955039130781458,0.06440613582227006]

scala> summary2.mean

[0.0, -2.220446049250313E-16,1.1102230246251565E-16,1.1102230246251565E-16,5.551115123125783E-17, -
1.1102230246251565E-16,1.1102230246251565E-16,2.220446049250313E-16]

scala> summary.variance

[1.111487960445174,1.2376212760140817,1.0153953695719211,1.0177903265464625,1.0291672192693442,1.0035584882413895,0.9
635840566524871,1.079356884436503]

scala> summary1.variance
[1.0,1.0,1.0,0.9999999999999998,1.0,1.0000000000000004,0.9999999999999998,1.0000000000000004]
scala> summary?2.variance

[1.0,1.0,1.0,0.9999999999999996,1.0000000000000004,1.0000000000000002,0.9999999999999996,1.0000000000000004]
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= Process
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3EHA : St&(Training)
ATHA - HIt
SEHA - B XqE
6CHA : MH|A =&

HO|E/ "7t HIO|H=Z =2
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3. MLlib Example

® Spark MLIlib Of| x|

- MLIbE &%t 2F77|9| 7+ Of|X| : | AHZ ™ELIE (Decision Tree Classifier)

EEH— scala> import org.apache.spark.mllib.tree.DecisionTree
Import

scala> import org.apache.spark.mllib.tree.model.DecisionTreeModel
scala> val data = MLUtils.loadLibSVMFile(sc, "file:///data/spark-1.6.0/data/mllib/sample_libsvm_data.txt")
PEIERRCEelllel  scala> val splits = data.randomSplit(Array(0.7, 0.3))
scala> val (trainingData, testData) = (splits(0), splits(1))
scala> val numClasses = 2
scala> val categoricalFeaturesinfo = Map][Int, Int]()
scala> val impurity = "gini"
scala> val maxDepth = 5
scala> val maxBins = 32
scala> val model = DecisionTree.trainClassifier(trainingData,
numClasses, categoricalFeaturesinfo, impurity, maxDepth, maxBins)
scala> val labelAndPreds = testData.map { point => val prediction = model.predict(point.features)
| (point.label, prediction) }
scala> val testErr = labelAndPreds. filter(r => r._1 != r_2).count.toDouble
scala> model.save(sc, "'myModel_DTree")
scala> val DTModel = DecisionTreeModel.load(sc, "myModel_DTree")
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3t MLlib Example

® MLIlib Example

= NaiveBayes 237] (1)
scala> import org.apache.spark.mllib.classification.{NaiveBayes, NaiveBayesModel}
scala> import org.apache.spark.mllib.linalg.Vectors
scala> import org.apache.spark.mllib.regression.LabeledPoint
scala> val data = sc.textFile("file:///data/spark-1.6.0/data/mllib/sample_naive_bayes_data.txt")
scala> printIn(data.collect().mkString("#n"))
scala> val parsedData = data.map { line =>
| val parts = line.split(’,")
| LabeledPoint(parts(0).toDouble, Vectors.dense(parts(1).split(' ').map(_.toDouble)))
'}
scala> val splits = parsedData.randomSplit(Array(0.6, 0.4), seed = 11L)
scala> val training = splits(0)
scala> val test = splits(1)

scala> training.count()
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® MLIlib Example

= NaiveBayes =& 7((2)

scala> val model = NaiveBayes.train(training, lambda = 1.0, modelType = "multinomial")
scala> val predictionAndLabel = testmap(p => (model.predict(p.features), p.label))
scala> val accuracy = 1.0 * predictionAndLabel filter(x => x._1 == x._2).count()
scala> test.count()

scala> printIn(predictionAndLabel.collect().mkString("#n"))

scala> val trainPrediction = training.map(p => (model.predict(p.features), p.label))
scala> val trainAccuracy = 1.0 * trainPrediction. filter(x => x._1 == x._2).count()
scala> training.count()

scala> printIn(training.collect().mkString("#n"))

scala> printIn(trainPrediction.collect().mkString("#n"))

scala> model.save(sc, "myModel_NaiveBayes")

scala> val NBModel = NaiveBayesModel.load(sc, "myModel_NaiveBayes")
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3t MLlib Example

® MLIlib Example

= DecisionTree 25 7| (1)
scala> import org.apache.spark.mllib.tree.DecisionTree
scala> import org.apache.spark.mllib.tree.model.DecisionTreeModel
scala> import org.apache.spark.mllib.util. MLUtils
scala> val data = MLUtils.loadLibSVMFile(sc, "file:///data/spark-1.6.0/data/mllib/sample_libsvm_data.txt")
scala> printIn(data.collect().mkString("#n"))
scala> val numClasses = 2
scala> val categoricalFeaturesinfo = Map[Int, Int]()
scala> val impurity = "gini"
scala> val maxDepth = 5

scala> val maxBins = 32
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® MLIlib Example

= DecisionTree 2F7]| (2)
scala> val splits = data.randomSplit(Array(0.7, 0.3))
scala> val (trainingData, testData) = (splits(0), splits(1))

scala> val model = DecisionTree.trainClassifier(trainingData, numClasses, categoricalFeaturesinfo,
impurity, maxDepth, maxBins)

scala> val labelAndPreds = testData.map { point =>
| val prediction = model.predict(point.features)
| (point.label, prediction)
'}
scala> val testErr = labelAndPreds.filter(r => r._1 !=r._2).count.toDouble
scala> testData.count()
scala> model.save(sc, "myModel_DTree")

scala> val DTModel = DecisionTreeModel.load(sc, "myModel_DTree")
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® Spark MLlib €12|§ S5

logistic regression and linear support vector machine (SVM)

» classification and regression tree
» random forest and gradient-boosted trees

» recommendation via alternating least squares (ALS)

= clustering via k-means, bisecting k-means, Gaussian mixtures (GMM), and power iteration clustering
= topic modeling via latent Dirichlet allocation (LDA)

» survival analysis via accelerated failure time model

» singular value decomposition (SVD) and QR decomposition

= principal component analysis (PCA)

= linear regression with L1, L2, and elastic-net regularization

= sotonic regression

» multinomial/binomial naive Bayes

» frequent itemset mining via FP-growth and association rules

» sequential pattern mining via PrefixSpan

= summary statistics and hypothesis testing

» feature transformations

= model evaluation and hyper-parameter tuning
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° Spark MLlib &12|&
. 252 939
linear models (SVMs, logistic regression, linear regression)

decision trees

naive Bayes

ensembles of trees (Random Forests and Gradient-Boosted Trees)
isotonic regression

« ZF¥(Collaborative filtering)

alternating least squares (ALS)
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k-means, bisecting k-means, streaming k-means
Gaussian mixture

power iteration clustering (PIC)

latent Dirichlet allocation (LDA)
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singular value decomposition (SVD)

principal component analysis (PCA)

. Sigk Of= 0fo]'d (Frequent pattern mining)
FP-growth

association rules
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Binary Classification

Multiclass Classification

Regression
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logistic regression,
decision trees,

random forests,
gradient-boosted trees,
naive Bayes

logistic regression,
decision trees,
random forests,
naive Bayes

linear least squares,
Lasso,

ridge regression,
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random forests,
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Isotonic regression
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