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The datacenter is the computerI -
s Whats the mstructlon set?
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What’'s the solution?

Design a higher-level language

Write a compiler



Hadoop is great, but it’s really waaaaay too low level!

YaHoOO!

What we really need is a
scripting language!

facebook.

What we really need is SQL!

Answer: Answer:
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Pig Scripts

Both open-source projects today!
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Pig: Example

Task: Find the top 10 most visited pages in each category

Visits URL Info
cnn.com cnn.com News

Amy bbc.com 10:00 bbc.com News 0.8
Amy flickr.com 10:05 flickr.com  Photos 0.7
Fred cnn.com 12:00 espn.com  Sports 0.9

(~} @

(*} @
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Pig Slides adapted from Olston et al. (SIGMOD 2008)



Pig: Example Script

visits = (user, url, time);

gVisits = visits by url;

visitCounts = gVisits url, count(visits);
urlinfo = ‘/data/urlinfo’ as (url, category, pRank);
visitCounts = visitCounts by url, urlinfo by url;
gCategories = visitCounts by category;

topUrls = gCategories top(visitCounts, 10);

store topUrls into ‘/data/topUrls’;

Pig Slides adapted from Olston et al. (SIGMOD 2008)



Pig Query Plan

load visits

group by url

foreach

generate count load urlinfo

join on url

group by category

foreach
generate top(urls, 10)

Pig Slides adapted from Olston et al. (SIGMOD 2008)



Pig: MapReduce Execution

load visits

orniin hv iirl
—

te Rl o e

foreach

generate count

Reducé)

Pig Slides adapted from Olston et al. (SIGMOD 2008)

urlinfo

Map\

2

)

ioin on url

Pl ot Y

generate top(urls, 10)

Reduce,

Map;

Reduce,



visits =

gVisits = visits

visitCounts = gVisits
urlinfo = ‘/data/urlinfo’
visitCounts = visitCounts

gCategories =
topUrls =

visitCounts
gCategories

(user, url, time);
url;
url, count(visits);
(url, category, pRank);
url, urlinfo by url;
category;
top(visitCounts,10);

store topUrls into ‘/data/topUrls’;

import java.io.I0Exception;
import java.util.Arraylist;
import java.util.Iterator;
import java.util.List;

inport org.apache.hadoop. £a.Paths
import org.apache.hadoop.io. Longlritahle;

iuport org.apache.hadoop.io.Text:

import org.apache.hadoop.io.Writahle;

import org.spache.hadoop,io.UritableConparable;

import org.apache.hadoop.mapred. FileInputFornat:

import org.apache.hadoop.mapred. FilelutputFornat;

import org.apache.hadoop.napred. JobCont

iuport org.apache.hadoop.nhapred. KeyValueTextInpurFornat;
import org.a  pache.hadoop.mapred.Mapper:

import org.apache.hadoop.mapred. HapReduceBase;

inport org.apache.hadoop.napred, CurputCollector:

import org.apache.hadoop.napred,RecordReader;

inport org.apache.hadoop.mapred, Reducer

import org.apache.hadoop.mapred. Reporter;

inp ort org.apache.hadoop.mapred.SequenceFileInpucFormat;
import org.apache.hadoop.mapred. SequenceFiledutputFornat;
inport org.apache.hadoop.napred, TextInputFornat:

import org.apache.hadoop.mapred. jobcontrol. Job;

iuport org.apache.hadoop.mapred. jobcontrol. JobC

import org.apache.hadoop.mapred. 1ib. Identityfapper;

public class MRExample {
public static class LoadPages extends MapReduceBase
implements Mapper<Longilritable, Text, Text, Texts |

public woid map(Longiritable k, Text val,
OutputCallector<Text, Text: oc,
Reporter reporter] throws IDException {
/¢ Pull the key out
String line - val.toString():
int firstComma = line.index0f('

3tring key = line.sub string(0, firstComma);

string value = line,substring(firstComna + 1);
Text outKey = new Text|key):

/7 Prepend an index to the walue so we kmow vhich file

/4 it came from.
Text outVal = new Text("l
oc.collect outkey, outval);

"+ walue);

i

i
public static class LoadindFilterlsers extends MapReduceBase
iuplements Mapper<Longiritable, Text, Text, Texts

public woid map(Longritable k, Text val,
Outputfollector<Text, Text> oc,
Reporter reporter] throws I0Exception {

/4 Pull the key out
$tring line = val.toString(:
int firstComma = line.index0f£('
string value = line.substring(
int age = Integer.parselnt(value):
if (age < 18 || age > 25) return;
String key = line.substring(0, firstComma):
Text outKey = new Text[key):
/¢ Prepend an index to the value so w
/4 it came from.
Text outVal = new Text("2" + walue):
ac.collect(outKey, out¥al):

}

¥

public static class Join extends MapReduceBase
implements Reducer<Text, Text, Text, Text» {

public woid reduce(Text key,
Iterator<Text> iter,
OurputCollector<Text, Text> of
Reporter reporter) throws IDException

{
/4 For each walue, figure out which file it's from and

atore it

Or this?

reporter, setStatus ("0K"} ;

/4 Do the cross product and collect the values
for (String sl : First)
for (String 52 @ second) (
String outval = key + ", + sl + 7,7 + 52;
sc.collectimull, new Tex\:(ou:valj],
reporter. setStatus("0K") ;
+

1

i

public static class Loadfoined extends MapReduceBase
implements Mapper<Text, Texrt, Text, LomgWritables {

public void map(
Text k,
Text wval,
OutputColle ctor<Text, Longliritshle oc,
Reporter reporter] throws IOException {
// Find the url
String line = val.ToStringl):
int firstComma = line.index0f ;
ontrol; int secondfouma = line. mdafot‘ ', first Couma) ;
Frring key = line.substring(firstComma, secondComma);
// drop the rest of the record, I don't need it anymore,
// just pass a 1 for the combiner/reducer to sum instead.
Text outkey = new Text(key):
oc.collect{outRey, new LongWritable(1L));

}

i
public static class Reducelrls extends NapReduceBase
implements Reducer<Text, LongWeitable, WritableComparable,
Tritables |

public woid reduce|
Text ke

V.
ItE[atnr<LDngHr)t.ablE> iter,
Outputfollector<WritableComparable, Writable» oc,
Reporter reporter] throws IOException {

44 hdd up all the values we see

long sum =

wh ile ()t.E[ hasMext()) {
sum += iter.next(}.get (),
reporter. setatus ("0K"}

}
oc.collectikey, new Longlritable (sum)j;
}
i
public static class LoadClicks extends MapReduceBase
i

uplements Mapper<UritsbleComparable, Writsble, Longiritable,
Textx {

firstComma + 1);

public void wap(
UritableComparsble key,
Uritable wal,
OutputCollector<longliritable, Texts oc,
Reporter reporter) throws IDException {
oc.collecti{longliritable)val, (Textikey):

e know which file

}

i

public static class LimitClicks extends MapReduceBase
inplements Reducer<LongWritshle, Text, LongUritable, Texts |

int count = 07

public woid reduce(
Longlritable key,
Tterator<Text> iter,
DutputCollector<Longiritable, Text> oc,
Reporter reporter) throws I0Exception |

/J Onlv output the first 100 records

1p. setOutputKeyClass (Text.class);
lp.setutputValueClass (Text.class)
1p. setMapperClass (LoadPages. class) ;
FileInputFormat.addInpucPath{lp, new
Path("/ user/gates/pages”||;
FileOutputFormat. setOutputPath(lp,
new Path|"/user/gates/tmpfindexed_pages”)):
1p. setluuReduceTasks (0)
Job loadPages = new Jobilp):

JobConf 1fu = new JobConf (MRExample.class):

1fu.s etlobNane ("Load and Filter Users”);

1fu. setInputFormat (TextInputFornac. class);

1Eu. setQutputkeyClass (Text.class)

1fu. setutputValueClass (Text. class) ;

1fu. setMapperClass (LoadAndFilterUsers. class) ;

FileInputFormat.add InputPath(1lfu, new
Path{" /user/gates /users")| ;

FilefurputFormat. securputlath(1fu,

new Path|"/user/gates/tup/filtered users”||;

1fu. setiuReduceTasks (0) ;

Job loadUsers = new dob(lfu];

JobConf join = new JobConf ( MRExample. class) ;

Join. setdobName ("Join Users and Pages™);

join. setInputFormat (KeyValueTextInputFornat. class) :

join. setutputKeyClass (Text.class) ;

join. setOutputValueClass (Text.class) ;

10in. setlapperclass (Identi tyllap

join. setReducerClass (Join.class) ;

FileInputFornat.addInputPath(join, new
Path(" /user/gates /tup/indexed pages”));

FileInputFornat.addInpucPath(join, new
Pathi"/user/gates/tup/filtered users™));

FileOutputFormat. se toutputPathijoin, new
Path("/user/gates/tup/ioined™] ] ;

oin. se tiunReduceTasks (50) ;

Tob joindob = new Job(join:

joindob.addDependinglob(loadPages) ;

joindob.addDependinglob(loadUsers) ;

per.class);

TobCont group = new JobConf (MEE
group. setdobNane {"Group URLs");
group. setInpucFornar (KeyValueTexcInputFormat. class) ;
group. setOutputkeyClass (Text. class) ;
group. setOutputValusClass (Longliritable. class) ;
group. setutpucFornat | SequenceFi
group. setlapperClass (Loaddoined. class) ;
group. setfombinerClass (Reducelrls.class);
roup. setReducerClass (Reducelrls. class) ;
FileInputFornmat. addInpucPath(group, nev
Path{" /fuser/qgates/ tup/joined”) ] ;
FileQurputFornat. setdutputPath{group, new
Path{" juser/gates,/tup /grouped”] ) ;
group. setimReduceTasks (501 ;
Job groupdch = new Jub{group):
groupdeb. addDependinglob(joindob) ;

dobConf toplO0 = new JobConf (MRExauple.class);

+topl00. setiobName ("Top 100 sites™):

£opl00. setInputFornat (SequenceFileInputFornat. class) ;

topl0n. setdutpucKeyClass (Longliricable. class) ;

£opl00. setOutputvalueClass (Text. class)

topl00. setQurputFornat | SequenceFilelurpuck

topl00.setMapperClass (LoadClicks. class)

topl00.setCombinerClass(LinitClicks.class):

topl00.setReducerClass (LinitClicks.class);

FileInputFornat.addInputPath(topl0d, new
Path("/user/gates/tup/gronped) ) :

FiletutputFormat, set0utputPath (coplol, new

Path("/user/gates /topl00sitesforusers18toZs”) ) ;

£opl00. sethumReduceTasks (1)

Job limit = new Job(topln):

limit. addbependinglob (groupdob)

zample.class):

leburputFormat. class) ;

ormat.class):



But isn’t Pig slower?

Sure, but c can be slower than assembly too...




Pig: Basics

Sequence of statements manipulating relations

Data model

atoms

tuples
bags
maps



Pig: Common Operations

LOAD: load data (from HDFS)
FOREACH ... GENERATE: per tuple processing
7
FILTER: discard unwanted tuples * Map
‘“ GROUP/COGROUP: group tuples
redUCe” : .
JOIN: relational join

STORE: store data (to HDFS)



Pig: GROUPINg

A = LOAD 'myfile.txt” AS (f1: int, f2: int, f3: int);

(1, 2, 3)
(4,2,1)
(8,3, 4)
(4, 3, 3)
(7,2,5)
(8, 4, 3)

X = GROUP A BY f1;

(1,{(1, 2,3)})
(4,{(4,2,1),(4,3,3)})
(7,1(7,2, 5)})
(8,1(8, 3,4), (8,4, 3)})



Pig: COGROUPINg

A: B:
(1, 2, 3) (2, 4)
(4, 2, 1) (8, 9)
(8, 3, 4) (1, 3)
(4, 3, 3) (2,7)
(7, 2, 5) (2, 9)
(8, 4, 3) (4, 6)
(4,9)

X = COGROUP A BY S0, B BY S0;

(1,{(1,2,3)}1{(1, 3)})
(2,{, (2, 4),(2,7),(2,9)})

(4,{(4,2,1), (4,3, 3)},{(4,6),(4,9)})
(7,{(7,2,5)}, {})
(8,1(8, 3, 4), (8, 4,3)},1{(8,9)})



Pig: JOINIng

A: B:
(1, 2, 3) (2, 4)
(4, 2, 1) (8, 9)
(8, 3, 4) (1, 3)
(4, 3, 3) (2,7)
(7, 2, 5) (2, 9)
(8, 4, 3) (4, 6)
(4,9)

X =JOIN A BY SO, B BY SO;

(1,2,3,1,3)
(4,2,1,4,6)
(4,3,3,4,6)
(4,2,1,4,9)
(4,3,3,4,9)
(8,3,4,8,9)
(8,4,3,8,9)



Pig UDFs

User-defined functions:

Java
Python
JavaScript
Ruby

UDFs make Pig arbitrarily extensible

Express “core” computations in UDFs
Take advantage of Pig as glue code for scale-out plumbing
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MapReduce Workflows

‘ HDFS \
h 4

map map map map
reduce reduce reduce reduce

HDFS HDFS HDFS HDFS

What's wrong?




Want MM?

‘ HDFS \ ‘ HDFS \

\ 4 v \ 4
map map map
map

[ j o
HDFS HDFS




Want MRR?

‘ HDFS \ ‘ HDFS \
Y

v v
map map map
reduce reduce reduce reduce
|
A A

HDFS HDFS HDFS
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Spark

Answer to “What’s beyond MapReduce?”

Brief history:

Developed at UC Berkeley AMPLab in 2009
Open-sourced in 2010
Became top-level Apache project in February 2014



Spark vs. Hadoop

November 2014

\

Google Trends

Source: Datanami (2014): http://www.datanami.com/2014/11/21/spark-just-passed-hadoop-popularity-web-heres/



