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The JVM

Akka
Breeze
Algebird
Spire & Cats

Intelli)IDEA

B .
=eclipse




Big Data Ecosystem

Apache Kafka

A high-throughput distributed messaging system.
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Example: Inverted Index

Inverse index

Hadoop provides
MapReduce and HDFS (.../nadoop,1)
(.../hbase,1),(.../hive,1)

wikipedia.org/hbase

HBase stores data in HDFS

wikipedia.org/hive
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Example: Inverted Index

Web Crawl Compute Inverted Index

wikipedia.org/hadoop

Hadoop provides
MapReduce and HDFS

wikipedia.org/hbase

HBase stores data in HDFS

wikipedia.org/hive
P 9 wikipedia.org/hive
S O P —
HBase tables with SQL

inverse index

(.../hadoop,1)
(.../hbase, 1),(.../hive,1)
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Web Crawl

wikipedia.org/hadoop

Hadoop provides
MapReduce and HDFS

wikipedia.org/hbase

HBase stores data in HDFS

wikipedia.org/hive

Hive queries HDFS files and
HBase tables with SQL

wikipedia.org/hive

Compute Inverted Index

inverse index

.../nbase,1),(.../hive,1)
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Inverse index
iolock

ﬂes". hadoop

hbase
hdfs

hive

block
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dpedia.org/hadoop Hadoop provides...
<

ipedia.org/hbase HBase stores...

<

ipedia.org/hive Hive queries...

Inverse index

i:)lock

hadoop

(.../nhadoop,1)

hbase

(.../hbase,1),(.../hive,1

hdfs

(.../nadoop,1),(.../nbas

hive

(.../hive,1)
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import java.lo.IOException;

import java.util.x; Java MaPReduce
import org.apache.hadoop.fs.Path; Inverted |nd€)(

import org.apache.hadoop.10.*;
import org.apache.hadoop.mapred. *;

public class Linelndexer {

public static void main(String[] args) {
JobClient client = new JobClient();
JobConf conf = new JobConf(LineIndexer.class);

conf.setJobName("LineIndexer") ;
conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(Text.class);
FileInputFormat.addInputPath(conf, new Path("input")); 19
FileOutnputFormat.setOutnutPath(conf. new Path("output")):



public static void main(String[] args) {
JobClient client = new JobClient();
JobConf conf = new JobConf(LineIndexer.class);

conf.setJobName("LineIndexer") ;
conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(Text.class);
FileInputFormat.addInputPath(conf, new Path("input")) ;
FileOutputFormat.setOutputPath(conf, new Path("output")):;
conf.setMapperClass(LinelndexMapper.class);
conf.setReducerClass(LineIndexMapper.class);
client.setConf(conf);

try {
JobClient.runJob(conf) ;

} catch (Exception e) {
e.printStackTrace();

¥
}

pA



public static class LinelIndexMapper

extends MapReduceBase

implements Mapper<LongWritable, Text, Text, Text> {
private final static Text word = new Text();
private final static Text location = new Text():;

public void map(

LongWritable key, Text val,
OutputCollector<Text, Text> output,
Reporter reporter) throws IOException {

FileSplit fileSplit = (FileSplit)reporter.getInputSplit();
String fileName = fileSplit.getPath().getName();
location.set(fileName) ;

String line = val.toString();
StringTokenizer 1tr =

new StringTokenizer(line.toLowerCase());

S R | ( =S 4= LS M o e o~ T A e 0
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public void map(
LongWritable key, Text val,
OutputCollector<Text, Text> output,
Reporter reporter) throws IOException {

FileSplit fileSplit = (FileSplit)reporter.getInputSplit();
String fileName = fileSplit.getPath().getName() ;
location.set(fileName) ;

String line = val.toString();
StringTokenizer 1tr =
new StringTokenizer(line.tolLowerCase());
while (itr.hasMoreTokens()) {
word.set(itr.nextToken());
output.collect(word, location); Actual business logic.

¥
} 22



public static class LineIndexReducer
extends MapReduceBase
implements Reducer<Text, Text, Text, Text> {
public void reduce(Text key,
ITterator<Text> values,
OutputCollector<Text, Text> output,
Reporter reporter) throws IOException {
boolean first = true;
StringBuilder toReturn = new StiringBuilder ()
while (values.hasNext()) {
it (!first) toReturn.append(", ");
first = false;
toReturn.append(values.next().toString()); ' Actual business logic.
¥
output.collect(key, new Text(toReturn.toString()));
¥
¥
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Problems

Hard to implement
algorithms...
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Problems

Only "Batch mode”;
What about streaming?




Problems

Performance needs
to be better







Productivity?

Very concise, elegant, functional APIs.
e Python, R

e Scala, Java
o...and SQL!



Productivity?

Interactive shell (REPL)
e Scala, Python, R, and SQL

Notebooks (iPython/Jupyter-like)



Flexible for
Algorithms?

Composable primitives support wide
class of algos:

[terative Machine Learning & Graph
processing/traversal



Efficient?

Builds a dataflow DAG:
e COombines steps into "stages”
e Can cache intermediate data



Efficient?

The New DataFrame API has the
same performance for all languages.



Batch +
Streaming?

Streams - "mini batch” processing:
e Reuses "batch” code
e Adds "window” functions



Resilient Distributed
Datasets (RDDs)

Cluster

RDD

| Partition 1 I Partition 1 I Partition 1 |




DStreams

DStream (discretized stream)

Time 1 RDD Time 2 RDD Time 3 RDD Time 4 RDD

R TR B R e T ey

Window of 3 RDD Batches #1

SR Nl b RN TR e

Window of 3 RDD Batches #2




Scala?

I’ll use Scala for the examples, but
Data Scientists can use Python or R,
It they prefer.

See Vitaly Gordon's opinion on Scala for Data Science



http://event.scaladays.org/scaladays-sanfran-2015%23!%23schedulePopupExtras-6529

Inverted Index
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w import org.apache.spark.SparkContext

import org.apache.spark.SparkContext._

| object InvertedIndex { - e
. def main(args: Array[String]) = { E i 2®
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val sc = new SparkCaontext("local", "Inverted Index")

sc.textFile("data/crawl")
.map { line =>
val array = line.split("\t", 2)
(array(0), array(l))
}
. flatMap {
case (path, text) => 4



import org.apache.spark.SparkContext
import org.apache.spark.SparkContext._

object InvertedIndex {
def main(args: Array[String]) = {

S - s z P ""_

val sc = new SparkCaontext("local", "Inverted Index")
sc.textFile("data/crawl")
.map { line =>
val array = line.split("\t", 2)
(array(0), array(l))

}
. flatMap {

case (path, text) => »



import org.apache.spark.SparkContext
import org.apache.spark.SparkContext._

object InvertedIndex {
def main(args: Array[String]) = {
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val sc = new SparkCaontext("local", "Inverted Index")
sc.textFile("data/crawl")
map1tine =>

val array = line.split("\t", 2)

(array(0), array(l))

}
. flatMap {

case (path, text) =>

45



SR F_i - " C Faw .
.map { line =>
val array-= line.split("\Cimas

(array(0), array(l))
}

'\.' . R
@ &) .

case (path, text5f=>
text.split("""\W+""") map {
word => (word, path)

¥

¥

.map {
gase (w, p) => ((w, plasd)

E .reduceByKey { 4



sc.textFile("data/crawl")
.map { line =>

val array-= line-split!Eamma &
(array(0), array(1l)) i
1 PR N
; .flatMap { * e

case (path, text) =>
text.split (""SW+R"" ) maped

word => (word, path) (word1, path1)
i (word2, path2)
.map 1 e R
gase (W, p)-=> ((w, Pl

}
. reduceByKey { 2



}

& S o
. Mapssl

case (w, p) => ((w, p), 1)
} g N
. reduceByKey 1 | ((word1l, path1), N1)

(n1, n2) =5 nl#4=02 ((word2, path2), N2)
}
.map {

case ((word,path),n) => (word, (path,n))
}
. groupByKey
.mapValues { iter =>

1ter.toSeq.sortBy {

case (path, n) => (-n, path)
1 mkString(". ")

48



¥

I
.map {
case (w, p). =>—CGws=p- e
. reduceByKey { | ((word1, path1), N1)
(nl, n2) =3"nl =g ((word2, path2), N2)
¥ Eear
.map 1 (word1, (path1, N1))

case ((word,path),n) => (word, (path,n)) (word2, (path2, N2))

I
. 2T OUPBYREY
.mapValues { iter =>
1ter.toSeq.sortBy {
case (path, n) => (-n, path)
1 mkString(". ")
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|

}

imap {
case ((word,path),n) => (word, (path,n))

et f s

. groupByKey

.mapVatues {1 1ter
1ter.toSeqg.sortBy {
case (path, n)==> (-n, path)
} .mkString(", ")

}

.saveAsTextFile("output/inverted-index")

R L L e e L T S B P R T

(word, Seq((pathl, n1), (péthz, n2), (p;ath3, n3), ...

sc.stop()
it

50
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¥

imap {
case ((word,path),n) => (word, (path,n))

J
. groupBykKey —.
.mapValues { 1iter => s SN
iter.toSeq.sortBy { E
case (path, n)==> (-n, path)
ek STring€! s %
}

. SaVEASTEXTF1 te("output/inverted—1ndex™)

sc.stop()

R N R T RN e e T e e e e L SO P 4

(word, “(path4, 80), (path19, 51), (path8, 12), ..”

51

)



- T

.map { .

case ((word,path), n)." '

} |

. groupByKey

.mapValues { 1ter =>
1ter. toSeg+SortEs
case (path, n)*miz?l
} .mkString(", ")'5_;

.saveAsTextFiTe("output/inverted—index")

sc.stop()




import org.apache.spar | _-4§§§g?f;A..
import org.apache.spark.Spa N’ e A e

object InvertedIndex {
def main(args: Array[String]) = {

val sc = new SparkContext(
"local", "Inverted Index")

sc.textFile("data/crawl")

’ .map { line =>

vakrareay, =sldnetsp T CT\VON, 2
(array(0), array(l))

}
.flatMap { R 5.3 _
- - case (path, text) => ’;‘f;’jj??_ . v e o - -~ : | Ehic
r{ 2 SRR EEX EASp Lt (" " \W+ W) ZmEp L A e Y v = s i - " > 5 AR BN -
g word => (word, path) e T O <oy i «.f“; :
Vgt } : B it ¢ ' | '-
ol -
i;cf_ + S Ll . _
~+  Altogether
case (w, p) => ((w, p), 1) o Rt - 4
et ) N . ;
e .reduceByKey { .
%";‘."-', CRIegsn?) =501 %/ n2
B - | N v
" .map { ' .
- case ((word,path),n) => (word, (path,n))
af ]
. groupByKey .
1apValues { iter => R e
~ iter.toSeq.sortBy {
case (path, n) => (-n, path) R M, g o
-mkString(", ") S .
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wora -- (word, pdatill)

}
}
.map {1

case (w, p) => ((w; p)yeis Powerful
} s
.reduceByKey. { composable
AR L “operators”
.map {

case ((word,path),n) => (word, (path,n))
}
. groupByKey
.mapValues { iter =>

1ter.toSeq.sortBy {

case (path n) => (-n, path)
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Spark SQL

e Use HiveQL (Hive’s SQL dialect)
e Use Spark’s own SQL dialect
e Use the new DataFrame API



Spark SQL

e Use HiveQL (Hive’s SQL dialect)
#Use Spark’s own SQL dialect
#Use the new DataFrame API



import org.apache.spark.sqgl.hive._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

sglc.sqgl(
"CREATE TABLE wc (word STRING, count INT)").show()

Sq Lc e
LOAD DATA LOCAL INPATH '/path/to/wc.txt'
INTO TABLE wc""").show()

s@itas S e "
SELECT * FROM wc
ORDER BY count DESC""").show() 9




import org.apache.spark.sqgl.hive._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

sqlc.sqgl(
"CREATE TABLE wc (word STRING, count INT)").show()

Sq Lc e
LOAD DATA LOCAL INPATH '/path/to/wc.txt'
INTO TABLE wc""") .show()

s@itas S e "
SELECT * FROM wc
ORDER BY count DESC""").show() 60




import org.apache.spark.sqgl.hive._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

sqlc.sqgl(
"CREATE TABLE wc (word STRING, count INT)").show()

Sq Lc e
LOAD DATA LOCAL INPATH '/path/to/wc.txt'
INTO TABLE wc""") .show()

s@itas S e "
SELECT * FROM wc
ORDER BY count DESC""").show() -




e Prefer Python??
o Just replace:

import org.apache.spark.sgl.hive._

e With this:

from pyspark.sql import HiveContext

eand delete the vals.



e Prefer Just HiveQL??
e Use spark-sql shell script:

CREATE TABLE wc (word STRING, count INT);

LOAD DATA LOCAL INPATH '/path/to/wc.txt'
INTO TABLE wc;

SELECT * FROM wc
QRERY B count DESC;




Spark SQL

e Use HiveQL (Hive’s SQL dialect)
#Use Spark’s own SQL dialect
e Use the new DataFrame API



import org.apache.spark.sqgl._

val sc = new SparkContext(...)
val sglc = new HiveContext(sc)

val df = sglc.read.parquet("/path/to/wc.parquet")
val ordered_df = df.orderBy(S$"count".desc)

ordered_df.show()
ordered _df.cache()

val long_words =
ordered_df.filter ($"word".length > 20)
long_words.write.parquet(“/../long_words.parquet”)

65



import org.apache.spark.sqgl._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

val df = sglc.read.parquet("/path/to/wc.parquet")

val ordered_df = df.orderBy(S$"count".desc)
ordered_df.show()
ordered _df.cache()

val long_words =
ordered_df.filter ($"word".length > 20)
long_words.write.parquet(“/../long_words.parquet”)
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import org.apache.spark.sqgl._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

val df = sglc.read.parquet("/path/to/wc.parquet")
val ordered_df = df.orderBy(S$"count".desc)

ordered_df.show()
ordered _df.cache()

val long_words =
ordered_df.filter ($"word".length > 20)
long_words.write.parquet(“/../long_words.parquet”)
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import org.apache.spark.sqgl._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

val df = sglc.read.parquet("/path/to/wc.parquet")
val ordered_df = df.orderBy(S$"count".desc)
ordered_df.show()

ordered _df.cache()

val long_words =
ordered_df.filter ($"word".length > 20)
long_words.write.parquet(“/../long_words.parquet”)
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import org.apache.spark.sqgl._

val sc = new SparkContext(...)
val sqlc = new HiveContext(sc)

val df = sglc.read.parquet("/path/to/wc.parquet")
val ordered_df = df.orderBy(S$"count".desc)

ordered_df.show()
ordered _df.cache()

val long_words =
ordered_df.filter ($"word".length > 20)
long_words.write.parquet(“/../long_words.parquet”)

69
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import
import
import
import
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nark.
hark.
hark.

hark.

mllib.clustering.StreamingkMeans
mllib.linalg.Vectors
mllib.regression.LabeledPoint
streaming.{

Seconds, StreamingContext}

T T o
werlaEssaE .=

val trainingData

new SparkContext(...)

new StreamingContext(sc, Seconds(10))

= ssc.textFileStream(...)

.map (Vectors.parse)
val testData = ssc.textFileStream(...)
.map(LabeledPoint.parse)

val model

Ry S.m &

= B

new

StreamingKMeans ()
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val trainingData

new SparkContext(...)

new StreamingContext(sc, Seconds(10))

= ssc.textFileStream(...)

.map (Vectors.parse)
val testData = ssc.textFileStream(...)
.map(LabeledPoint.parse)
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.map(LabeledPoint.parse)

val model = new StreamingKMeans ()
.SetK(K_CLUSTERS)
.setDecayFactor(1.0)
.setRandomCenters (N_FEATURES, 0.0)

val f: LabeledPoint => (Double, Vector) =
lp => (lp.label, 1lp.features)

model.trainOn(trainingbData)
model.predictOnValues(testData.map(f)).print()

ssc.start()
ssc.awaitTermination()

76



.map(LabeledPoint.parse)

val model = new StreamingKMeans()
.SetK(K_CLUSTERS)
.setDecayFactor(1.0)
.setRandomCenters (N_FEATURES, 0.0)
tval f: LabeledPoint => (Double, Vector) =
lp => (lp.label, lp.features)

L Y

|

model.trainOn(trainingbData)
model.predictOnValues(testData.map(f)).print()

ssc.start()
ssc.awaitTermination()
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.map(LabeledPoint.parse)

val model = new StreamingKMeans()
.SetK(K_CLUSTERS)
.setDecayFactor(1.0)
.setRandomCenters (N_FEATURES, 0.0)

val f: LabeledPoint => (Double, Vector) =
lp => (1lp.label, lp.features)

P

model.trainOn(trainingbData)
model.predictOnValues(testData.map(f)).print()

ssc.start()
ssc.awaitTermination()

78



.map(LabeledPoint.parse)

val model = new StreamingKMeans ()
.SetK(K_CLUSTERS)
.setDecayFactor(1.0)
.setRandomCenters (N_FEATURES, 0.0)

val f: LabeledPoint => (Double, Vector) =
lp => (lp.label, 1lp.features)

model.trainOn(trainingbData)
model.predictOnValues(testData.map(f)).print()

ssc.start()
ssc.awaitTermination()

79






GraphX

e SOcial networks
e Epidemics
e Teh Interwebs

e "Page Rank”




import scala.collection.mutable

import org.apache.spark. _

import .spark.storage.StoragelLevel
import .spark.graphx. _

import .spark.graphx. lib._

import .spark.graphx.PartitionStrategy._

val nEdgePartitions = 20

val partitionStrategy =
PartitionStrategy.CanonicalRandomVertexCut

val edgeStoragelevel = StoragelLevel.MEMORY_ONLY

val vertexStoragelLevel = StoragelLevel.MEMORY_ONLY

val tolerance = 0.001F

val=anput- s ="
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import org.apache.spark. _
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val vertexStoragelLevel = StoragelLevel.MEMORY_ONLY

val tolerance = 0.001F

val=anput- s ="
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val 1nput = ".,.."
val sc = new SparkContext(...)

val unpartitionedGraph = GraphlLoader.edgelListFile(
sc, 1nput, numEdgePartitions,
edgeStoragelevel, vertexStoragelevel).cache

val graph = partitionStrategy.foldLeft(
unpartitionedGraph) (_.partitionBy(_))

println("# vertices = " + graph.vertices.count)

println("# edges = " + graph.edges.count)

val pr = PageRank.runUntilConvergence(
graph, tolerance).vertices.cache()
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val 1nput = ".,.."
val sc = new SparkContext(...)

val unpartitionedGraph = GraphlLoader.edgelListFile(
sc, 1nput, numEdgePartitions,
edgeStoragelevel, vertexStoragelevel).cache

val graph = partitionStrategy.foldLeft(
unpartitionedGraph) (_.partitionBy(_))

println("# vertices = " + graph.vertices.count)

println("# edges = " + graph.edges.count)

val pr = PageRank.runUntilConvergence(
graph, tolerance).vertices.cache()



unpartitionedGraph) (_.partitionBy(_))
println("# vertices = " + graph.vertices.count)
println("# edges = " + graph.edges.count)

val pr = PageRank.runUntilConvergence(
graph, tolerance).vertices.cache()

et op. ranks: )
pr.sortBy(tuple => -tuple._2, ascending=false).
foreach(println)

pr.map {

case Chas = id vl oy o
}.saveAsTextFile(...)
sc.stop()



unpartitionedGraph) (_.partitionBy(_))
println("# vertices = " + graph.vertices.count)
println("# edges = " + graph.edges.count)

val pr = PageRank.runUntilConvergence(
graph, tolerance).vertices.cache()

et op. ranks: )
pr.sortBy(tuple => -tuple._2, ascending=false).
foreach(println)

pr.map {
j case Chas = id vl oy o
}.saveAsTextFile(...)
sc.stop()
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1 Map step + 1 Reduce step

Map Task
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1 Map step + 1 Reduce step
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