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* map (in_key, in_value) —>
(inter_key, inter_value) list

. reduce (inter_key, inter_value list) —
(out_key,out_value) list
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« MapReduce YR 32 map &HAH Ol A
upper case &=
let map(k,v) =

emit(k.toUpper(). v.toUpper() )

('foo', 'bar') > ('FOO', 'BAR")
('Foo', 'other') —-> ('FOQO', 'OTHER')
('key2', 'data'’) —-> ('KEY2', 'DATA')
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let map(k,v) =
foreach charcinv : emit(k, ¢ )

(IAI, Icatsl) _> (IAI, |C|), (IAI’ Ial),
(IAI, |tl), (IAI, ISI)



let map(k, v) =
if( isPrime(v) ) then emit( k,v )

(‘foo', 7) —> ('foo', 7)
('test', 10) —-> (nothing)
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let reduce( k,vals ) =

sum=0
foreach intv in vals :
sum +=vV

emit( k, sum )

(‘A', [42,100,312]) —> (‘A', 454)
('8, [12,6 ,-2]) -> ('B',16)



Large amount of input data...

Data loading step
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map (String input key, String input value):
// input key: document name
// input value: document contents
for each word w in input value:

emit(w, 1) ;

reduce (String output key, Iterator<int> intermediate values):
// output key: a word
// output values: a list of counts
int result = 0;
for each v in intermediate values:
result += v;

emit (output key, result);



1. MapReduce

The overall MapReduce word count process
Input Splitting Mapping Shuffling Reducing Final result
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Client computer

HDFS-Aware Application

POSIX API

HDFS API

HDFS NameNode

!

HDFS DataNode

/

Regular VFS with local and Separate HDFS view
NF S-supported files
Specific drivers... Network stack

HDFS DataNode




NameNode:
Stores metadata only

METADATA:
fuser/aaron/foo 2 1, 2, 4
/userfaaron/bar =2 3, 5

DataNodes: Store blocks from files




Application

GFS client

(file name, chunk index)
P

(chunk handle,
chunk locations)

(chunk handle. byte range)

GFS master

File namespace ,*
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Instructions to chunkserver

Chunkserver slate
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chunk data
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GFS chunkserver

Linux file system

Linux file system
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Zookeeper

LGS Bigtable
Gateway MapReduce / GFS
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Cloudera’s Distribution including Apache Hadoop

Sqoop Pig & Hive —
Flume G TERLED




Ecosystem

Getting crowded...

Apache Hadoop
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How Apache Hive operates as an enterprise DWH.

BUSINESS USERS
& Y | G |
S s | S50 | S | e
Reporting
Hive
Hive Thrift
ANALYSTS Client ;?:f' g:)::

T~

; M Hive Web Hive

M"‘EE o Interface Server
o o ‘ FileSystem &
e o o o




 HIOIH-& &
— "Pig Latin"
- &g, A2t

- OIOIEE &

AHHE L £

JIE AJEE I

ch

clot= ot0l 8 AHO

&, Tuples2 HIO|EHE

B2z S&et AT

= A
=z

« OF=0t JhE



A Real Pig Script

| L
users = ‘users.csv’ {username:
users 1825 = usars dgg =

pPages = ' pages.csv’ {username:

joined = users 1835 USErname, pages ﬁ Information ﬁ Knowledge
grouped = joined

url;
summed = grouped
sorted = summed views
top 5 = sorted 5;

Data Data Repositories Front-end
Cleansing P Analytics

"top 5 sites.csv';
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Oozie

Word Count
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Purple: Map/Reduce Job
Blue: Java Job
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