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Hadoop Programming — Map/Reduce
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Pig (Latin)

e Procedural dataflow language (Pig Latin)
for Map-Reduce
=L SQL
e group, join, filter, sort ...

“ I SQL




Pig Script Example

e Top sites visited by users aged 18 to 25

Users = LOAD'users.in’ AS (name, age);
Fltrd = FILTER Users by age >= 18 and age <= 25;

Pages = LOAD'pages.in’ AS (user, url);

Jnd =  JOIN Fltrd BY name, Pages  BY user;

Grpd = GROUBNd by url;

Smmd = FOREACHsrpd GENERATEroup, COUN®Nd) AS

clicks;

Srtd = ORDERSmmMd BY clicks:
Topl00 = LIMIT Srtd 100;

STORET0op100 INTO ‘topl00sites.out’;




Pig script — Map/Reduce
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import java.util.List; ' reporter.setStatus("OK"); Ip setJobName( Load Pages")
Ip.setinputFormat(TextinputFormat.class);
import org.apache.hadoop.fs.Path; Ip.setOutputKeyClass(Text.class);

im orl Joly apache had P.i0remg bl // Do the cross roduct and C ct the values Ip.setOutputValueClass(Text.class);
l | S p. | AD u S e rS AS n a g sl: Ip.setMapperClass(LoadPages.class);
pa(ﬂad g s FileInputFormat.addinputPath(lp, new

|mport org.apache. hadoop io. ertableComparable. Strin outval +""+82; Path("/user/gates/pages"));

|mpo org.apach Op.Ma oc.coll new Text(oulva 1)): FileOutputFormat.setOutputPath(Ip,

p mapre —ﬁpo tus| — L] new Path("/user/gates/tmp/indexed_pages

i mapre J Cun S e rs a e > a n a e < — Ip.setNumReduceTasks(0);

import org. apache hadu op.mapred.KeyValueTextinputFo ) Job loadPages = new Job(Ip);

import org.apache.hadoop.mapred.Mapper;

import org.apache.hadoop.mapred.MapReduceBase; JobConf Ifu = new JobConf(MRExample.class)
import org.apache.hadoop.mapred.OutputCollector; public static class LoadJoined extends MapReduc eBase Ifu.s etJobName("Load and Filter Users
import org.apache.hadoop.mapred.RecordReader; implements Mapper<Text, Text, Text, LongWri table> { Ifu.setinputFormat(TextinputFormat.class);
import org.apache.hadoop.mapred.Reducer; Ifu.setOutputKeyClass(Text.class);

import org.apache.hadoog. mapgeehRepgter; publlc void map( Ifu.setOutputValueClass(Text.class);
cheﬂmi. oot ma @ e c - Ifu.setMapperClass(LoadAndFilterUsers.class
ché‘ﬂ!ﬁoo ey utp FilelnputFormat.add InputPath(lfu, n

rt org.apache.hadoop.mapred.TextInputF Output oIIector<Tex: ngertabIe> oc, Path("/user/gates/users"));

import org.apache.hadoop.mapred.jobcontrol. Job Reporter reporter) throws IOExcepti on{ FileOutputFormat.setOutputPath(lfu,
import org.apache.hadoop.mapred.jobcontrol.JobContr ol; I Find the url new Path("/user/gates/tmp/filtered_user
import org.apache.hadoop.mapred.lib.IdentityMapper; String line = val.toString(); Ifu.setNumReduceTasks(0);

int firstComma = line.indexOf(',"); Job loadUsers = new Job(lfu);
public class MRExampIe ( int secondComma = Ilne |ndex0f(' !, fir stComma);

public static class [X .sub: onpma, secondComma); JobConf join = new JobConf( MRE
J n |mplelﬂEHTs Mapjd Iv {r B n am e p re need it anymore, join.setJobName("Join Users and Pages");
er to sum instead. join.setinputFormat(KeyValueTextinputFormat

public void map(LongWritable k, Text val, y = new Text(key) ), join.setOutputKeyClass(Text.class);

OutputCollectgr<Text Text> oc,collect(uutKey. new LongWritable(1L) )i join.setOutputValueClass(Text.class);
Repester refj @ roy) ti . } join.setMapperClass(ldentityMap
rp [/ Pull tre=key & n y u r } join.setReducerClass(Join.class);
tring line = val.toString(); ) public static class ReduceUrls extends MapReduc eBase FilelnputFormat.addinputPath(join, new
int firstComma = line.indexO! implements Reducer<Text, LongWritable, Writ ableComparable, Path("/user/gates/tmp/indexed_pages"));

Smnmi kafgg'-'"::;i‘REACHnGrpd GENERATE group, COUNT(IRAFAS...

Il Prepend an index to the value so we know which file Text key, Path("/bser/gates/tmplj ned"))
Iteralor<LongWr|tabIe> iter, join.. setNumReduceTasks(SO)

// it c: . fro
'1 + value); OutputCollector<WritableComparable, Writable> oc, Job joinJob = new Job(join);
Reporter reporter) throws IOExcepti on{ joinJob.addDependingJob(loadPages);

/I Add up all the values we see joinJob.addDependingJob(loadUsers);

publlc static class LoadAndFlIterUsers extends MapReduceBase long sum = 0; JobConf group = new JobConf(MRE
1ts Mapper<Long' , Text, Text, Text>{ while (iter.hasNext()) { group.setJobName("Group URLs");
sum += iter.next().get(); group.setinputFormat(KeyValueTextinputForm
public void map(LungWritabIe k, Text val, reporter.setStatus("OK"); group.setOutputKeyClass(Text.class);

Output r group.setOutputValueClass(LongWritable.clas
Srtd SORDER Smm BY click
// ul l*ey, new LongWritable(sum)); group.setMapperClass(LoadJoined.class);

Strlng Ilne vaI toStnng() group.setCombinerClass(ReduceUrls.class);

mt = Ilne |n exO ) group.setReducerClass(ReduceUrls class);

& 1); publlc static class LoadCIlcks extends MapReduc eBase FilelnputFormat.addin| group, new
O m egs-pursel 1tV r 1ts Mapper<Wwri omp . Writa ble, LongWritable, Path(" /userlgatesltmpljolned )N

It (age < 18 || age > 25) retur Text>{ FileOutputFormat.setOutputPath(group, ne

String key = line.substring(0, flrleom Path("/user/gates/tmp/grouped"));

Text outkey = new Text(key); public void map( group.setNumReduceTasks(50);

/I Prepend an index to the value so we know which file WritableComparable key, Job groupJob = new Job(group);

Il it came from. Writable val, groupJob.addDependingJob(joinJob);

Text outval = new Text("2" + value); OutputCollector<LongWritable, Text> oc,

|l itk lVaI) Rep rter reporteg) throws IOExcepti on{ JobConf top100 = new JobConf(MRExample.c
aBle)val, (Text)key ) top100.setJobName("Top 100 sites");
’g top100.setinputFormat(SequenceFileInputForr
public static class Join extends apReduceB top100.setOutputkeyClass(LongWritable.class
implements Reducer<Text, Text, Text, Text> publlc static class leltcllcks extends MapRedu ceBase top100.setOutputValueClass(Text.class);
implements Reducer<LongWritable, Text, Long Writable, Text> { top100.setOutputFormat(SequenceFileOutputF
public void reduce(Text key, top100.setMapperClass(LoadClicks.class);
Iterator<Text> iter, int count = 0; top100.setCombinerClass(LimitClicks.class);
OutputCollector<Text, Text> oc, public void reduce( top100.setReducerClass(LimitClicks.class);
Reporter reporter) throws IOExcepti on{ LongWritable key, FileInputFormat.addinputPath(top100, new
11 For each value, figure out which fil eit's from and Iterator<Text> iter, Path("/user/gates/tmp/grouped"));
store it OutputCollector<LongWritable, Text> oc, FileOutputFormat.setOutputPath(top100,
1 accordingly. Reporter reporter) throws IOException { Path("/user/gates/top100sitesforusers18to25"));
List<String> first = new ArrayList<Stri ng>(); top100.setNumReduceTasks(1);
List<String> second = new ArrayList<Str ing>(); 11 Only output the first 100 records Job limit = new Job(top100);
while (count < 100 && iter.hasNext()) { limit.addDependingJob(groupJob);
while (iter.hasNext()) { oc.collect(key, iter.next());

String value = t.toString(); } 18 to 25");
} jc.addJob(loadPages);




Why (NOT) Pig?
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Sweet spot between SQL — M/R

Programming
style

SQL Pig Map-Reduce

Large blocks of declarative

: 4
constraints

“Plug together pipes”

Built-in data
manipulations

Group-by, Sort, Join, Filter,

Aggregate, Top-k, etc... €

Group-by, Sort

Execution
model

Fancy; trust the query
optimizer

Simple, transparent

Opportunities
for automatic
optimization

Many

Few (logic buried in
map() and reduce())

Data Schema

Must be known at table
creation

Not required, may be
defined at runtime




Pig Performance vs Map-Reduce
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Execution and Syntax




Pig Example

e Show users aged 18-25

Users = LOAD'users.txt'

USING PigStorage(',') AS (name, age);
Fltrd = FILTER Users

BY age >= 18 AND age <= 25;
Names = FOREACHFItrd GENERATHmHame;

STORENames INTO 'names.out’;




How to execute

e Local:
pig -Xlocal foo.pig

e Hadoop (HDFS):

pig foo.pig
pig -Dmapred.job.queue.name=xxx foo.pig
o hadoop queue -showacls




How to execute

e Interactive pig shell
$ pig
grunt>




Load Data

Users = LOAD'users.txt
USING PigStorage(',') AS (name, age);

e LOAD ... AS ...
e PigStorage(’,’) to specify separator

name age
John 18

John,18
Mary,20

Bob.30 Mary 20
Bob 30




Fltrd= FILTER Users
BY age >= 18 AND age <= 25;

o FILTER ... BY ...
constraints can be composite

name | age name

John 18 John

Mary 20 Mary
Bob 30




Generate / Project

Names = FOREACHFItrd GENERATHame;

e FOREACH ... GENERATE




Store Data

STORENames INTO 'names.out’;

e STORE ... INTO ...

PigStorage(’,’) to specify separator if multiple
fields




Command - JOIN

LOAD‘users’
LOAD'pages’
JOIN Users

AS (name, age);
AS (user, url);
BY name, Pages

Users =
Pages =

Jnd = BY user:

name

age

John

18

Mary

20

Bob

30

user

John

Mary

Bolb

DINg




Command - GROUP

Grpd = GROUBNd by url;
describe  Grpd,;

name | age url yhoo |(John, 18, yhoo)
(Dee, 25, yhoo)

John |18 yhoo

Mary |20 |goog (Mary, 20, goog)

Dee |25 yhoo

(Kim, 40, bing)

Kim |40 |bing (Bob, 30, bing)

Bob |30 bing




Other Commands

e PARALLEL- controls #reducer
e ORDER- sort by a field

® COUNT- eval: count #elements
e COGROUR structured JOIN

e More at
http://hadoop.apache.org/pig/docs/r0.5.0/
piglatin_reference.html







Parameter Substitution

%odefault TYPE 'view '
%declare ID '18987
A = load '/data [/ $DATH $ID/ $TYPE

Dig  a.pig
nig -param DATE=20091009 a.pig

0ig -param DATE=20091009 —param
TYPE=click a.pig




RegEx Comparison

e itsyou = FILTER urls by
($0 MATCHESttp :/[.* \\.yahoo \\.com

e MATCHE®natches ‘whole’ string
‘aaaa ' MATCHES ‘aaa .* ' Is true
‘bbaaaa ' MATCHES ‘aaa .* ' Is false

® pattern syntax. java.util.regex.Pattern

N




User-defined Function (UDF)

(John,171) (JOHN,171)
(Mary,165) (MARY,165)
(Bob,183) (BOB,183)




UDF — user function part

my T

Java. o, [ Ubxception;
org.apache . pig. bEvalFunc;
org.apache . pig.data. Tuple;

oub |l ic class UPPER| extends EBEvalFunc<strings
|
oublic String exec(Tuple in) throws |0Exception {
it (in == null || in.size() == 0) return null;
Btring str = (String)in. get(0);
return str.tolpperCasel ),
I
I




e http://hadoop.apache.org/pig/docs/r0.3.0/udf.html
e http://hadoop.apache.org/pig/javadoc/docs/api/

e PiggyBank
Pig users UDF repo

http://wiki.apache.org/pig/PiggyBank




Embedded Iin Java

/* create a pig server in the main class*/
{
PigServer pigserver = new PigServer(args([0]);
runMyQuery(pigsServer, "/user/viraj/mydata.txt")
}

/* submit in function runMyQuery */

runMyQuery(PigServer pigServer, String inputFile) throws
TIOException {

pigServer.registerQuery("A = load '" + inputFile +
"'as (f1,f2,f3);");

pigServer.registerQuery("B = group A by f1;");

pigServer.registerQuery("C = foreach B generate
flatten(group);™);

pigServer.store("C", "/user/viraj/myoutput");




References

o FAQ
http://wiki.apache.org/pig/FAQ

e Documentation
http://hadoop.apache.org/pig/docs/r0.5.0/

e Talks & papers
http://wiki.apache.org/pig/PigTalksPapers

http://www.cloudera.com/hadoop-training-pig-
Introduction




Questions?




Backup slides




Parameter Substitution

$ pig -param myparam=val foo .pig

B = filter A by ($0 eq ‘ $myparam’) |

e pig -dryrun produces processed script

B = filter A by ($0 eq* val )




Parameter Substitution

e Params In file instead of command line
e $ pig —param file myparams .txt a.pig

#myparams .ixt
DATE=20081009
TYPE=clicks




UDF — build user function

® javac
-cp $PIG_HOMHb /pig .jar
-sourcepath Src
-d classes
src /myudf /UPPERjava

e jar cf myudf .Jjar -C classes
myudf /UPPER.class




UDF — pig latin part

eregister  myudf .jar ;

foreach A generate
myudf .UPPER(name) ,height ;




SQL vs. Pig Latin
Pig Example

Load SQL: from X;
file(s) Pig: A = load ‘mydata’ using PigStorage(‘\t’)
as (coll, col2, col3);

Foreach SQL: select coll + col2, col3 ...
Pig: B = foreach A generate coll + col2, col3;

generate

Filter SQL.: select coll + col2, col3
from X
where col2>2;

Pig: C = filter B by col2 > ‘2’;

(adapted from Viraj’@ ’
.



SQL vs. Pig Latin

xample

Group + | SQL: select coll, col2, sum(col3)
foreach from X group by coll, col2;
Pig: D = group A by (coll, col2);

E = foreach D generate flatten(group),
SUM(A.col3);

generate

Filter SQL.: select coll, sum(col2) from X group by coll
having sum(col2) > 5;
Pig: F = filter E by $1 > '5’;

SQL: select coll, sum(col2)
from X group by coll order by coll;

Pig: H = ORDER E by $0;
(adapted from Viraj's @ ’
.




SQL vs. Pig Latin

SOL |[Pig |Example

Distinct | Distinct | SQL: select distinct coll from X;
Pig: | = foreach A generate coll;
J = distinct [;

Distinct | SQL: select coll, count (distinct col2)

In from X group by coll;

foreach Pig: K =foreach D {

L = distinct A.col2;

generate flatten(group), SUM(L); }

adapted from waj’s@’
-




SQL vs. Pig Latin

Pig

Example

Cogroup +
flatten

(also
shortcut:

JOIN)

SQL: select A.coll, B.col3
from A join B using (coll);
Pig:
A = load ‘datal’ using PigStorage(‘\t’) as (coll, col2);
B = load ‘data2’ using PigStorage(‘\t’) as (coll, col3);
C = cogroup A by coll inner, B by coll inner;
D = foreach C generate flatten(A), flatten(B);
E = foreach D generate A.coll, B.col3;




Debug Tips

e Use sma pig -x loca
o LIMIT
A = LOAD'data ' AS(al,a2,a3)
B = LIMIT A 3;
e DUMP DESCRIBE




e hitp://wiki.apache.org/pig/FAQ
can assign #reducer
support regex

can use allocated HOD cluster




pIig.vim

e hitp://www.vim.org/scripts/script.php?script _id
=2186

A = load as (f1,f2,13);

dump

E = foreach A generate t1,13;

dump | .
store B into using PigStoragel )




