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MapReduce

Mar “SHUFFLE “REDUCE

city=3, age=5 3 \ 5

city=1, age=2 L 1 | 2

city=3, age=7 3 7 1 2 3 5/2=25
city=4, age=9 4 9 2 3 3/1=3

city=4, age=9 49 3 5 7 12/2=6

city=1, age=3 L 3 4 9 9 8 26/3=8.66
city=4, age=8 \ 4 | 8

city=2, age=3 | 2 | 3

Person

“Compute the average age of people in each city.”
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MapReduce

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result
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Comments

MapReduce as a computing paradigm is not new in
the field of Distributed system.

Google gives a standard way for this kind of
processing.

The MapReduce main power is in implementation of
the JobTracker and TaskTracker .
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Questions
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RDF Structure

Alice is the creator of the resource http://www.cs.indiana.edu/~Alice.

“ —
Resource

Creator

http://purl.org/dc/ e_lements/ 1.1/creator .
http://www.cs.indiana.edu/~Alice ’ Alice

Can you imagine the number of triples.




Graph Pattern Matching

SELECT ?x ?y WHERE { '-,' .............

1knows ?x . et - v[8] v[9]
- vi2] | v[4]

...........



SPARQL Engine & Join

* Compute first statement ‘ |
then the second one.

» Compute both statements o =

then JOln } ;xk:::;nix?;,
- Bought 4
1 Knows 8
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SPARQL, Hadoop and MapReduce

There are very large number of RDF Triples.

We can use Hadoop technology to store this amount
of data.

MapReduce is optimal to query data from Hadoop
Store.

Can we convert SPARQL Query to MapReduce.
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SPARQL & MapReduce - 1

Retrieve the name of Vendors, the country where the
vendors are located, and their product Offers

One MapReduce request

for each statement.
SELECT ?vlabel, ?vcountry ,?prod

WHERE { ?v :label ?vlabel.
One MapReduce for each ?v :country ?vcountry.
Join ?0 :vender ?v.
?0 :product ?prod. }

Total of 7 in this example.



SPARQL & MapReduce - 1

SELECT ?vlabel, ?vcountry ,?prod
WHERE { ?v:label ?viabel.
?v :country ?vcountry.
?0 :vender ?v.
?0 :product ?prod. }

/_ | label t /_| country | /— vendor E r‘ product 1
s |p 0 s |p 0 s [P o |[|s [r 0
S1 | label |01 ‘ S1 |country [01 || |51 |vendor [S2 ]| |S1 | product [ 01

52 |label |02 | |S2 |country |02 || |52 |vendor |S1 || |S2 | product | 02
s |p o |s |p 0 S |p o |s |p 0
S1 | label |O1 |S1 |country |O1 51 | product | O1 | S1 | vendor |52
S2 | label |02 |S2 |country |02 S2 | product | 02 [S2 [ vendor |S1

Ts [p o |s [p o s [p o [s [ep 0

S2 | product | O2 | S2 | vendor | S1 [S1 | label 01 |S1 (country [O1
l S1 | product |01 | S1 |vendor | S2 | S2 | label 02 (S2 |country |02
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MapReduce cycles and mid results

The previous solution is very simple

There is a problem in the number of MapReduce
cycles.

There is a problem in storing the mid results

we should improve the number of MapReduce cycles
and the size of mid results.
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Reduce MapReduce cycles - Pig

Apache Pig has a LOLoad and LOSplit operations.
allow to load the first set of data in one cycle.

SELECT ?vlabel, ?vcountry ,?prod
WHERE { ?v :label ?vlabel.
?v :country ?vcountry.
?0 :vender ?v.
?0 :product ?prod. }

Reduce the e
I|_LOLoad
number from . |
[ .
i| LOSplit |
4 to 1. !
/—‘ label i’ country | ya vendor % /—‘ product
s |p 0 s |p 0 s |P O {[|s |P 0
s1 | label | 01 S1 | country | 01 S1 | vendor |S2 S1 | product | O1
s2 | label | 02 S2 | country | 02 S2 | vendor |S1 S2 | product | 02
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Comments

SELECT ?prod
Where { ?v :lable ‘any value’ . ?0 :vender ?v
?0 :product ?prod}

?0 :vender ?v, will have too many mid results.

We have to choose between running on parallel or
reduce the mid results.
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Questions
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Nested TripleGroup Algebra

A TripleGroup tg is a relation of triples ti,t2,...tk,
whose schema is defined as (S, P, O).

Any two triples ti,tj € tg have overlapping
components i.e. ti [coli | = tj [colj ]
where coli, colj refer to subject or object component.

SELECT ?vlabel, ?vcountry ,?prod
In our example we have WHERE { ?v :label ?viabel.

2 triple groups. ?v :country ?vcountry.
?0 :vender ?v.

?0 :product ?prod. }



- Nested TripleGroup Algebra —

MapReduce cycles.

SELECT ?vlabel, ?vcountry ,?prod

e NTGA provide provide a WHERE { ?v :label ?vlabel.
% : ?v :country ?vcountry.
GroupBy operation which 20 ~vender v.
find all triple groups. 70 :product ?prod. }

( we have 2 groups ) T Toe ot

:country |02

* We can get all groups in one s2 [:product | o3
MapReduce cycle. vendor | s1

s2 |:product |03

* In this example we have only raor o1 [aaber et
2 MapReduce Cycles. v par




Test Example

@LECT ?hpage, ?price, ?ratl \
WHERE{ ?v homepage ?hpage.
v country ?vcountry,
70 vendor ?v.
?0 price ?price .
20 product ?prod .
?r revFor ?prod .
?’r reviewer ?rev .

K ?r rating1 ?ratl .} /




.

RAPID+

RAPID+ is an extended Apache Pig system that
integrates the NTGA data model and algebra

[t provides operations like: LOLoad, LOFilter,
LOCogroup, LORDF]Join.



Apache Pig vs RAPID+

: 2. Input Triples
' 1.Example SPARQL query |1 :labelo1.
1| SELECT ?vlabel, ?vcountry , 2prod s1 :country 02.
.| WHERE { ?v:label ?viabel. s2:producto3. =
I ?v:country ?wcountry. || ¢9 -yendor sl . =
] ?0 :vender ?v. .
: %0 :product ?prod. ) :i ::3 2‘; : 3. The int. result of LOFilter
3. The int. result of LOSplit 1 5 :reviewFor 06. <1 dlabel o1 .
- sl:country o2 .
ya f— Vi }' A B i e )- ittt » Suiuiniulaiiai > i s2 :product 03 .
s e Jo |[s [r o |[s |P oll[s|r 0 :LOL N ) s2 :vendor s1.
oad i1
s1 |label |01 |||[s1 | country |01 | [S1 |vendor |S2 ||| Sk [ product [O1 '[__,]"M] :
! - i gt " 4. The int. result of LOCogroup
52 [1abet |02 52 | country | 02 52 | vendor | S1 S2 | product | 02 4—: LOSplit 1 —
1 1= ===. |_LOFilter j=— s1 [:label  |o1
4.Thei resultoflOJJln#l 5. The int. result of LOJoin #2 ,---:;-_-‘: | :country |02
] |LOJom #ll 'l LOCogrou | o B B
s e Jo [s [p 0 s [P 0 |s [P o Pttt .'L group J| s2 |:product |03
51 | label |O1 s1 MN 01 s1 woduct 01 | 51 | vendor S2 '———V}————| .......... .wmr sl
s2 [label [02 [s2 [eountry |02 s2 | product |02 [ 52 [vendor [s1 .LOJonn#Z: :
........ . & 5. The int. result of LORDFJoin
6. The int. result of LOJoin #3 ! R o ) cassssasas -
s |p o [s [r ols [r o [s [r ) :[LOJO'n #3 ]::[LORDFJO”‘J s2 |:product |03
I .
= — RS s — | Il :: O wvendor sl |:label ol
S1 |product | O1 |S1|vendor |S2 |52 |label |02 [S2 |country |02 :[ LOStore ].l[ LOSTORE l: i :country |o2

(a) With Pig Latin Operators. (b) With NTGA Operators.
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RAPID+ Filter Example

RAPID+ has TripleStorage operation| seLect

?vliabel ?prod ?price
where {

?v :label ?vilabel.

This operation specially for RDF v scountry 2veountry.

20 :vender ?v.
20 :price ?itsprice.

[t filters data during the load 20 ilellvDays 2dors
operation. ?0 :product ?prod.

?r :reviewFor ?prod.
\ ; : : ?r wratingl ?ratl.
This reduce execution time and mid | 1ex gavs <= 2 ae

results data size. 2vcountry = "US" &&
‘ratl >=4)}
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Comments

Generating Map and Reduce function is more
complicated.

Executing the GROUPBY MapReduce function will
take more main memory.

Filtering data during the load process is great
improvement.
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Questions
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MapReduce Tables Join.

Normal database can do join magically by defining
primary key and foreign key

There are no relation between tables in Hadoop.

In order to do Join between tables you should
implement this manually in your Map and Reduce
functions
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Reduce Side Join.

e Customer Information:
CustomerID, NAME, Phone

¢ Orders Information: 3,A,12.

: 1,B,88.
CustomerlD, OrderID, Price, B . 3200, 30-Nov-2007

3,D,25.

Purchase Date.

* Join based on
CustomerID

1,Stephanie Leung, 555-555-5555

2,Edward Kim,123-456-7890

3,Jose Madriz,281-330-8004

4,David Stork,408-555-0000

95,02-dJun-2008
25,20-May-2008

02,22-dJan-2009

1,Stephanie Leung, 555-555-5555,B,88.25,20-May-2008
2,Edward Kim,123-456-7890,C,32.00,30-Nov-2007
3,Jose Madriz,281-330-8004,A,12.95,02-Jun-2008
3,Jose Madriz,281-330-8004,D,25.02,22-Jan-2009



Reduce Side Join.

Customers Orders
1,Stephanie Leung,555-555-5555 3,A,12.95,02-Jun-2008
2 Edward Kim,123-456-7890 1,B,88.25,20-May-2008
3,Jose Madriz,281-330-8004 2,C,32.00,30-Nov-2007
4 David Stork,408-555-0000 3,D0,25.02,22-Jan-2009
map() map()
Group key Tag

Customers 4 Orders

1,Stephanie Leung,555-555-5555 3,A,12.95,02-Jun-2008

Customers 1 Orders
2 Edward Kim,123-456-7890 1,B,88.25,20-May-2008

Customers Orders

3,Jose Madriz,281-330-8004 2,C,32.00,30-Nov-2007

Customers Orders

olelole

4,David Stork,408-555-0000 3,D,25.02,22-Jan-2009

shuffle()
Customers Customers
@_ 1,Stephanie Leung,555-555-5555 3,Jose Madriz,281-330-8004
Orders Orders
1,B,88.25,20-May-2008 3,A,12.95,02-Jun-2008
Orders |
Customers 3,D,25.02,22-Jan-2009
2,Edward Kim,123-456-7890
Orders @ Customers
>.C.32.00,30 Nov-2007 4,David Stork,408-555-0000

reduce() reduce()



Reduce Side Join.

Customers
3,Jose Madriz,281-330-8004

Orders
3,A,12.95,02-Jun-2008

Orders
3,D,25.02,22-Jan-2009

reduce()

Customers

3,Jose Madriz,281-330-8004

Customers

3,Jose Madriz,281-330-8004

Orders

3,A,12.95,02-Jun-2008

Orders

3,D,25.02,22-Jan-2009

combine()

3,Jose Madriz,281-330-8004,A,12.95,02-Jun-2008

combine()

3,Jose Madriz,281-330-8004,D,25.02,22-Jan-2009
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Reduce Side Join.

Joining doesn’t take place until the reduce phase

We shuffle all data across the network first, and in

many situations we drop the majority of this data
during the joining process.

[t would be more efficient if we eliminate the
unnecessary data right in the map phase



~ Map Side Join —

Problem

Customers

1,Stephanie Leung,555-555-5555
2, Edward Kim,123-456-7890
3,Jose Madriz,281-330-8004

4 David Stork,408-555-0000

map()
Group key Tag
X -
(1 \ [Customers 4
\ ) |1,Stephanie Leung,555-555-5555
’ 2 \ |Customers
\ ) |2,Edward Kim,123-456-7890
( 3 \ |[|Customers
\ ) |3.Jose Madriz,281-330-8004
(- a \ |Customers
) |4.David Stork,408-555-0000

Multiple

appers

Orders

3,A,12.95,02-Jun-2008
1,B,88.25,20-May-2008
2,C,32.00,30-Nov-2007
3,D,25.02,22-Jan-2009

map()

3 \_|Orders

) |3.A,12.95,02-Jun-2008
] "\ |Orders

) |1.B,88.25,20-May-2008
2 Orders

) |2.C,32.00,30-Nov-2007
3 Orders

) 13.D,25.02,22-Jan-2009




Map Side Join

Customers

1,Stephanie Leung,555-555-5555
2,Edward Kim, 123-456-7890
3,Jose Madriz,281-330-8004

4 David Stork,408-555-0000

Orders
3,A,12.95,02-Jun-2008
1,B,88.25,20-May-2008

map()
Customers
1,Stephanie Leung,555-555-5555
Orders

1,B,88.25,20-May-2008

Customers

3,Jose Madriz,281-330-8004

Orders

3,A,12.95,02-Jun-2008

Customers

1,Stephanie Leung,555-555-5555
2, Edward Kim, 123-456-7890
3,Jose Madriz,281-330-8004

4 David Stork,408-555-0000

Orders

2,C,32.00,30-Nov-2007
3,D0,25.02,22-Jan-2009

map()

()

Customers
2 Edward Kim,123-456-7890

Orders

2,C,32.00,30-Nov-2007

()

Customers

3,Jose Madriz,281-330-8004

Orders

3,D,25.02,22-Jan-2009




Map Side Join

map()
Customers
1,Stephanie Leung,555-555-5555
Orders

1,B,88.25,20-May-2008

Customers

3,Jose Madriz,281-330-8004

Orders

3,A,12.95,02-Jun-2008

map()
Customers
2 Edward Kim,123-456-7890
Orders

2,C,32.00,30-Nov-2007

Customers

3,Jose Madriz,281-330-8004

Orders

3,D,25.02,22-Jan-2009

Customers

1,Stephanie Leung,555-555-5555

Orders

1,B,88.25,20-May-2008

Customers

2,Edward Kim,123-456-7890

Orders

2,C,32.00,30-Nov-2007

shuffle()

Customers
3,Jose Madriz,281-330-8004

Orders
3,D,25.02,22-Jan-2009

Customers
3,Jose Madriz,281-330-8004

Orders
3,A,12.95,02-Jun-2008
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Map Side Join

Map side join is good when the size of the table is
small so it can fit in the memory

You can use Distributed cash technology in Hadoop
to load the table in Distributed RAM.



Hadoop - Information Passing
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eriment Results
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Comments

Both of papers talked about using Hadoop only. There
should be something about using a structure above
Hadoop like Hbase or Lucence.

Nothing mentioned about how to store data in
Hadoop. Saving the same kind of triples near each
other will reduce the MapReduce execution time.
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