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Semantics:

map(key, value) -> set of (ikey, ivalue)

reduce(ikey, set of ivalue) -> (fkey, fvalue)




Google-Use Case:

Web-Index

map(key, value)
->
set of (ikey, ivalue)




map(doclD, document)
->
set of (term, doclD)

map(44,
“This is text on a website!”

("This”, 44),
(Cis”, 44),
("text”, 44),
("on”, 44),
("a”, 44),
("website”, 44)

map(42,
“This is just another website!”

("This”, 42),
(Cis”, 42),
(Cjust”, 42),
("another”, 42),
("website”, 42)




map(43,
“One more boring website!”

("One”, 43),
("more”, 43),
("boring”, 43),
("website”, 43)

reduce(ikey, set of ivalue)

->
(fkey, fvalue)

reduce(term, set of doclD)
->
(term, (posting list of docID, count))




reduce(" This”,
{42,
43}
)
->
("This”, ([42, 43], 2))

reduce(is”,
{42,
43}

)

->
("is”, ([42, 43], 2))

reduce( boring”,
{43}

)

->

("boring”, ([43], 1))

etc.




Other Applications:

Search

rec.a==42 or:
rec.contains(’ "bla™") or:
rec.contains(0011001)




Search

rec.a==42 or:
rec.contains(’"bla"™") or:
rec.contains(0011001)

Machine Learning
k-means, mahout library

Search

rec.a==42 or:
rec.contains(’"bla™") or:
rec.contains(0011001)

Machine Learning
k-means, mahout library

Web-Analysis
Sum of all accesses to page
Y from user X

Search

rec.a==42 or:
rec.contains(’ "bla™") or:
rec.contains(0011001)

Machine Learning
k-means, mahout library

Web-Analysis
Sum of all accesses to page
Y from user X




map() and reduce() with

Big...

HDFS

HDFS
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HDFS
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HDFS

horizontal partitions
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Failover

HDFS

Balancing

HDFS
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Balancing ﬁ

HDFS
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Map Phase ¥

Map Reduce map(doclD, document) -> set of (term, docID)
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Shuffle Phase ¥

MapReduce group by term
HDFS
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Reduce Phase #H reduce(term, set of doclD) -> set of

(term, (posting list of doclD, count))
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Reduce Phase ¥

reduce(term, set of doclID) -> set of

MapReduce (term, (posting list of doclD, count))

HDFS
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Spill Process Overview

Data is sorted
and partitioned

5

spill 1
: spill 2
MapOutputBuffer! 4—»

Map-side Merge |—>| Map Output

[spit 4 ]

spill 4

Spill Process Overvi

!

Data is sorted
and partitioned

.
[ spill 3 |

spill 3
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e

Map-side Merge I—Dl Map Output

10.sort.mb = 100

(by default)




Spill Process Overview

Data is sorted
and partitioned

-

[ MapOupuBuiers K< = > —
MapOulputBuffer!

io.sort.mb = 100

(by default)

Map-side Merge |—>| Map Output

io.sort.spill.percent = 0.8 (by default)

Spill Process Overview

Data is sorted
and partitioned

MapOutputBuffer io.sort.spill.percent = 0.8 (by default)

Map-side Merge |—>| Map Output

MapOutputBuffer}

Metadata Raw Data |

| |
io.sort.mb = 100 (by default)

Spill Process Overview

Data is sorted
and partitioned

MapOutputBuffer io.sort.spill.percent = 0.8 (by default)

Map-side Merge I—Dl Map Output

MapOutputBuffer}

y

Metadata Raw Data |

| |
io.sort.mb = 100 (by default) io.sort.record.percent




Spill Process Overview

Data is sorted
and partitioned

MapOutputBuffer io.sort.spill.percent = 0.8 (by default)
Raw Data |

Map-side Merge |—>| Map Output

MapOutputBuffer)

| Metadata

| |
io.sort.mb = 100 (by default) io.sort.record.percent = 0.05 (by default)

Spill Process Overview

Data is sorted
and partitioned

MapOutputBuffer io.sort.spill.percent = 0.8 (by default)

Map-side Merge |—>| Map Output

MapOutputBuffer}

y

Metadata Raw Data |

| |
io.sort.mb = 100 (by default) io.sort.record.percent = 0.05 (by default)

Optimal is:
=16/ (16 + recordSize)

Spill Process Overview

Data is sorted
and partitioned

MapOutputBuffer io.sort.spill.percent = 0.8 (by default)

Map-side Merge I—Dl Map Output

MapOutputBuffer}

y

Metadata Raw Data |

| |

io.sort.mb = 100 (by default) io.sort.record.percent = 0.05 (by default)
Optimal: Optimal is:

= BlockSize + 16*#recordsPerBlock =16/ (16 + recordSize)




Spill Process Overview

MapOutputBuffer)

MapOutputBuffer

| Metadata

Raw Data |

| |
io.sort.mb = 100 (by default)

Optimal:

Data is sorted
and partitioned

Map-side Merge |—>| Map Output

spill 4

io.sort.spill.percent = 0.8 (by default)

Better:

=10
io.sort.record.percent = 0.05 (by default)

= BlockSize + 16*#recordsPerBlock

Optimal is:
=16/ (16 + recordSize)

But... there are

many more parameters!

name value
hadoop.job.history location

hadoop.job.history.user.location

io.sort.factor 10
io.sort.mb 100
i0.sort.record.percent 0.05
io.sort.spill percent 0.80
i0.map.index.skip 0
mapred.job.tracker local
mapred.job.tracker.http.address 0.0.0.0:50030
mapred.job.tracker.handler.count 10
mapred.task.tracker.report.address 127.0.0.1:0

mapred.local.dir

${hadoop.tmp.dir}/mapred/local

mapred.system.dir

${hadoop.tmp.dir}/mapred/system

mapred.temp.dir

${hadoop.tmp.dir}/mapred/temp

mapred .local.dir.minspacestart

0

mapred local.dir.minspacekill

0

mapred.tasktracker.expiry.interval

600000

mapred.tasktracker.instrumentation

org.apache.hadoop.mapred.TaskTrackerMetricsInst

mapred.tasktracker.memory_calculator_plugin




name value
hadoop.job.history location

hadoop.job.history.user.location

io.sort.factor 10

io.sort.mb 100
io.sort.record.percent 0.05
io0.sort.spill.percent 0.80
i0.map.index.skip 0
mapred.job.tracker local
mapred.job.tracker.http.address 0.0.0.0:50030
mapred.job.tracker.handler.count 10
mapred.task.tracker.report.address 127.0.0.1:0
mapred .local.dir ${hadoop.tmp.dir}/mapred/local

mapred.system.dir

${hadoop.tmp.dir}/mapred/system

mapred.temp.dir

${hadoop.tmp.dir}/mapred/temp

mapred .local.dir.minspacestart 0
mapred .local.dir.minspacekill 0
mapred.tasktracker.expiry.interval 600000

mapred.tasktracker.instrumentation

org.apache. hadoop.mapred.TaskTrackerMetricsInst

mapred.tasktracker.memory_calculator_plugin

Tuning Job Parameters

Starfish

Overall Goal: find out the right parameter settings
for arbitrary MapReduce jobs.

[H. Herodotou and S. Babu: Profiling, What-If, and Cos

Still
many more...

sed Optimization of MapReduce

Programs. PVLDB 2011.

Tuning Job Parameters

Starfish

Overall Goal: find out the right parameter settings
for arbitrary MapReduce jobs.

Contribution: Cost-based optimiser based on a
what-if engine.

[H. Herodotou and S. Babu: Profiling, What-If, and Cost-based Optimization of MapReduce

Programs. PVLDB 2011.]




Tuning Job Parameters

Starfish

Overall Goal: find out the right parameter settings
for arbitrary MapReduce jobs.
Contribution: Cost-based optimiser based on a
what-if engine.

{ Input data & cluster |
: resources

MapReduce Job l Jjob configuration
_I—{ Cost-based Optimiser ]—)

get estimation complete description of job execution

What-If Engine

Sample data &
cluster resources

timings and
resource usage

MapReduce
Framework

dynamic instrumentation

[H. Herodotou and S. Babu: Profiling, What-If, and Cost-based Optimization of MapReduce

Programs. PVLDB 2011.]

Automatic Job Optimization

Manimal
Overall Goal: optimise MapReduce jobs by statically

analysing their map functions.

[E. Jahani et al.: Automatic Optimization for MapReduce Programs. PVLDB 2011.]

Automatic Job Optimization

Manimal
Overall Goal: optimise MapReduce jobs by statically

analysing their map functions.
Contribution: static code analysis of MapReduce jobs.

[E. Jahani et al.: Automatic Optimization for MapReduce Programs. PVLDB 2011.]




Automatic Job Optimization

Manimal
Overall Goal: optimise MapReduce jobs by statically

analysing their map functions.
Contribution: static code analysis of MapReduce jobs.

[7logs/iog 1 [ 7logs/.log.1.idx [selectsrc... |
[Togsfiog.2 [ Tlogs/.log.2.id; | selectsrc... |
|

Manimal catalog

(SELECT, logl.idx,

(SELECT, V.rank(),

V.rank() > 1) V.rank() > 1)
Optimization Descriptors Execution Descriptor
Analyser P P Optimiser a Executor
Manimal actions

””””””””””””””””””””””””””””””” Useractions ______ ¥ " TTTTTTT!

varload 'value’ void map(key, value) {

invokevirtual emit(value.rank(), value) topurls 230708

ifeq ... )
Compiled MapReduce code Index-generation program MapReduce program

for later use. output file(s)

plus user's parameters
Figure 1: Architecture of the MANIMAL system.

[E. Jahani et al.: Automatic Optimization for MapReduce Programs. PVLDB 2011.]
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Default Layout

User Visits Log

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124 .34, vidb .org,.2011/12/03, 296.02, database

upload ?
HDFS A

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vldb.org, 2011/12/03, 296.02, database




MapReduce

HDFS
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125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vldb.org, 2011/12/03, 296.02, database

,‘ [\ map (offset, tuple) {
) if (sourcelP == 120.115.124.34)

output(sourcelP, pageURL)

MapReduce  [—

HDFS

.__.-" \."\"‘-

125.102.135 45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vldb.org, 2011/12/03, 296.02, database

&

i map (offset, tuple) {
if (sourcelP == 120.115.124.34)
outputSourcelP, pageURL

MapReduce

HDFS

.._.-“ _

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vldb.org, 2011/12/03, 296.02, database




| map (offset, tuple) {
if (sourcelP == 120.115.124.34)
outputourcelP, pageURL

o e s e e

DN/

125.102.135 .45, espn.com, 201
101.132.121.13, cnn.com, 2011
120.115.124.34, vldb.org, 2011

1/12/01, 123.35, football
/12/02,365.98, crisis
/12/03,296.02, database

i map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output¢SourcelP, pageURL)

TTn

125.102.135.45, espn.com, 2

120.115.124.34, vldb.org, 20

101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis

011/12/01, 123.35, football

11/12/03,296.02, database

MapReduce

i map (offset, tuple) {
if (sourcelP == 120.115.124.34)
outputSourcelP, pageURL

TT n

read

101.132.121.13, cnn.com,
120.115.124.34, vldb.org,

'125.102.135 43, espn.com 2011/12/01123.35; football




Data Layouts in MapReduce

Data Layouts in MapReduce

Initial

Row

Read Unnecessary
columns

Column Layout

[D. Batory: On Searching Transposed Files. ACM TODS 1979]
[G. Copeland, S. Khoshafian: A Decomposition Storage Model. SIGMOD 1985],




Column vs Row Layout
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Selected bytes per tuple

SELECT al, a2, ... FROM Lineitem
WHERE predicate (al) yields 10% selectivity

[Harizopoulos et al.: Performance Tradeoffs in Read-Optimized Databases. VLDB 2006] 77

Column Layout in
MapReduce?

Column-wise File
(CFile)

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing
in the MapReduce Framework. SIGMOD 2011.]




Data Upload

User Visits Log

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124 .34, vidb.org, 2011/12/03, 296.02, database

§

HDFS %

I

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.]

Data Upload

User Visits Log
125.102.135.45 espn.com 2011/12/01 123.35 football
101.132.121.13 cnn.com 2011/12/02 365.98 crisis
120.115.124.34 vldb.org 2011/12/03 296.02 database
¥
HDFS --

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011 ] 80

Data Upload

User Visits Log Vertical Group 1 (basic group)
| 125.102.135.45 espn.com 2011/12/01 123.35 football |
i1 101.132.121.13 cnn.com 2011/12/02 365.98 crisis
i 120.115.124.34 vldb.org 2011/12/03 296.02 database|:

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.] 80




Data Upload

...................................................

User Visits Log Vertical Group 1 (basic group)
;-}25.102.-1-35-.45- ---+espir.cont - -- - 2011/12/04-| - - -- 1 123 :35-{-- - -{ feotball-é
5-10-1-.1-32.-1-21-.13- ---Lenncom--f---12011/12/021-...1365.98- |- .. crisis---§
-120-115:1-24-:34-} - - - L vldb.org - - - - -} ] -1296.02- {---- databasel;

HDFS

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.]

Data Upload

User Visits Log Vertical Group 1 (basic group)
1101:132:12443.|  fespncom-|---[2011/12/01 }----1123.35----- football -|
1120:115.124.31 |-} enn.com --| .| 2011/12/02 | ----| 365.98- |- - - - ferisis - - |
5-1-25.-}02-.1%5.457 “tvidboorg - -f---12011/12/03 |- 1296.02- {- - - - - database|:
.......................................................... e

HDFS o

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011 ] 80

Data Upload

User Visits Log Vertical Group 1 (basic group)
1101:132.12143-] --- fenn.com -} ---[ 2011/12/02} ----[365.98 - -- -] crisis -~
i1120:115:124 .3 - | --- | vldb.org - -| - - -} 2011/12/03} - - - - 1296 .02 - {- - - - database];
11125:102:135.45-{ - -- 1 espn.GOM - | - - - 1 -2011/12/01 { - - - - 1123 35 {-- - -- footballs|;
R s e

HDFS it

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.] 80




OCFile-sourcelp [ CFile-adRevenue
[ICFile-pageURL []CFile-searchWord
[ CFile-visitDate

Data Upload

...................................................

User Visits Log Vertical Group 1 (basic group)
1101.132.121.13 em.comy--f---1 2011/12/02}----1 365.98 ----1 crisis i
i1120.115.124.31 vidb.org --| ---| 2011/12/03} ----1 296.02 ---- database;
1125.102.135 45 espn.com-f---{ 2011/12/01}----1 12335 ----| football !
"""""""""""""""""""""""""""""""" g

HDFS -

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.]

Data Upload

OCFile-sourcelp [ CFile-adRevenue
[l CFile-pageURL []CFile-searchWord
[ CFile-visitDate

User Visits Log Vertical Group 1 (basic group)
1101.132.121.13 enn.com--|---| 2011/12/02}----| 365.98 ----1 crisis |
i1120.115.124.31 vldb.org --f---| 2011/12/03}----1 296.02 ---- database;
1125.102.135 45 espn.com-f---| 2011/12/01}----| 12335 ----- football ;

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.]

OCFile-sourcelp [ CFile-adRevenue
[ICFile-pageURL []CFile-searchWord
[] CFile-visitDate

Data Upload

User Visits Log Vertical Group 1 (basic group)
;101.132.121.13 €1H}.CORY --12011/12/02}----1 365.98 ---- crisis
:1120.115.124.31 vldb.org --f---1 2011/12/03}----1 296.02 ---- databaseg
11125.102.135.45 espn.com-f---{ 2011/12/01}----1 12335 ----1 football |

HDEFS block 1 replica 1
from all CFiles

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.] 80




. Compress picture: http://
CFile Format openclipart.org/detail/68671/compress-
by-buggi

File Header
Row Group 1

Row Group 2

Row Group n
Row Group
Offsets
Indexed Value
(Optional)
File Summary

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce

8l

Framework. SIGMOD 2011.]

. Compress picture: http://
CFile Format openclipart.org/detail/68671/compress-

Version

. by-buggi
File Header Column Type
..... Compression Scheme

Row Group 1 " | #Values per Row Group

Row Group 2

Row Group n
Row Group
Offsets
Indexed Value
(Optional)
File Summary

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce

8l

Framework. SIGMOD 2011.]

. Compress picture: http://
CFile Format [ openclipart.org/detail/68671/compress-

e Version

Column Type by-buggi

File Header ‘ .
T Compression Scheme
Row GI'Oup 1 :D | #Values per Row Group
Row Group 2 V' ]

|| Row Groups are compressed

Row Group n £
Row Group
Offsets
Indexed Value
(Optional)
File Summary

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce

8l

Framework. SIGMOD 2011.]



. Compress picture: http://
CFile Format openclipart.org/detail/68671/compress-

Version -
: ) Column Type by-buggi
File Header :
— Compression Scheme
Row Group T | #Values per Row Group

Row Group 2 %]

|| Row Groups are compressed

L[‘

Row Group n

Row Group
Offsets
Indexed Value FTotal Records
(Optional) #Row Groups
File Summ Offset of
ay i Row Group Offsets
) Offset of Indexed Value

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce

Framework. SIGMOD 2011 .] 8l

HDFS Blocks for CFile-adRevenue

Column Type: float (4 bytes)
#Total Values = 130,000
Row Group = 1,000 values
HDFS Block Size = 64MB

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
82

Framework. SIGMOD 2011.]

HDFS Blocks for CFile-adRevenue

Column Type: float (4 bytes)
#Total Values = 130,000
Row Group = 1,000 values
HDEFS Block Size = 64MB

HDFS Block 1

File Header

Row Group 1

Row Group 2

Row Group 66

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
82

Framework. SIGMOD 2011.]



HDFS Blocks for CFile-adRevenue

Column Type: float (4 bytes)
#Total Values = 130,000
Row Group = 1,000 values
HDFS Block Size = 64MB

HDFS Block 1 HDFS Block 2
File Header Row Group 66
Row Group 1 e
Row Group 2 Row Group 130
Row Group Offsets
Row Group 66 File Summary

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce

Framework. SIGMOD 2011.]

[ CFile-sourcelp [ CFile-adRevenue
[ CFile-pageURL []CFile-searchWord
[ CFile-visitDate

13

-
LV

Job Execution

MapReduce

[ ]

HDFS block 1 replica 1
HDFS from all CFiles

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011 ] 83

[ CFile-sourcelp [ CFile-adRevenue
[ CFile-pageURL []CFile-searchWord
[ CFile-visitDate

Job Execution

—— , map (offset, tuple) {
I o if (sourcelP == 120.115.124.34)
. . output(sourcelP, pageURL)
run JOb
MapReduce | ——

- Y ]

HDFS block 1 replica 1
HDEFS from all CFiles

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.] &




JOb Exe Cuti on OCFile-sourcelp [ CFile-adRevenue
[ICFile-pageURL []CFile-searchWord

|:|CF11e visitDate

\'%
Input Split = ({CFile-sourceIP, 0, 1000}, w
{CFile-pageURL, 0, 1000}) ] T map (offset, tuple) {
Ly 1 if (sourcelP == 120.115.124.34)
....... 5 ‘ output(sourcelP, pageURL)
-------- - run job )
MapReduce N

i

HDFS block 1 replica 1
HDFS om all CFiles

[Y.Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.]

HCFile-sourcelp [ CFile-adRevenue
[ CFile-pageURL []CFile-searchWord

HEFite-visitDa
map (offset, tuple) {
if (sourcelP =x120.1 4.34)
outpu{sourcelPfipageUR!
} /
.

Input Split = ({ CFile{gourceIP)0, 1000},
(CFilfé&E%ge Rﬁo, 1000})

HDFS block 1 replica 1

HDFS from all CFiles

Job Execution

~~~~~~ A

N

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011 ] 83

[ CFile-sourcelp [ CFile-adRevenue
O CFile-pageURL [J CFile-searchWord

u\A The=visitDate

Job Execution

yl e q \
Input Split = ({ CFile{gourceIP)0, 1000}, w
{CFile¢pageURD), 0, 1000}) ot map (offset, tue) {
...... T .. Ly if (sourcelP =%120.1 4.34)
- outpu{sourcelPfhageUR

J/

HDFS block 1 replica 1
HDEFS from all CFiles

[Y. Lin et al.: Llama: Leveraging Columnar Storage for Scalable Join Processing in the MapReduce
Framework. SIGMOD 2011.] &




Column Layout in MapReduce

SELECT al, a2, ...
FROM table30Atts

0 Row Layout © Column Layout

Data Access Cost [s]

5 10 15 20 25 30

Number of Referenced Attributes (out of 30)

[A.Jindal, J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Elephant.

SoCC 2011]

Column Layout in MapReduce

SELECT @@ We vary the number of attributes
FROM table30Atts

o Row Layout © Column Layout

Data Access Cost [s]

5 10 15 20 25 30

Number of Referenced Attributes (out of 30)

[A.Jindal, J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Elephant.

SoCC 2011]

Column Layout in MapReduce

SELECT@Ia2--- We vary the number of attributes
FROM table30Atts

© Row Layout © Column Layout

Data Access Cost [s]

5 10 15 20 25 30

Number of Referenced Attributes (out of 30)

[A.Jindal, J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Eleph:

SoCC 2011]




Data Layouts in MapReduce

Initial

Row

Read Unnecessary
columns

Data Layouts in MapReduce

Initial 2009
Row CFile

Read Unnecessary
columns

Tuple

Reconstruction

High network costs

[A. Ailamaki et al.: Weaving Relations for Cache Performance. VLDB 2001]




User Visits Log
125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vidb.org, 2011/12/03, 296.02, database

102.192.235.245, voici.com, 2011/12/19, 630.30, queen
145.111.145.1, sports.com, 2011/12/20, 365.98, basket
123.95.100.24, abc.com, 2011/12/21, 26.02, politics

[A. Ailamaki et al.: Weaving Relations for Cache Performance. VLDB 2001]

User Visits Log

Recap
125.102.135.45, espn.com, 2011/12/01, 123.35, football

Row Group /7 | 101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vidb.org, 2011/12/03, 296.02, database

102.192.235.245, voici.com, 2011/12/19, 955.83, people
Row Group n | 145.111.145.1,  sports.com, 2011/12/20, 630.30, basket
123.95.100.24, abc.com, 2011/12/21, 26.02, politics

[A. Ailamaki et al.: Weaving Relations for Cache Performance. VLDB 2001]

User Visits Log

Recap
125.102.135.45, espn.com, 2011/12/01, 123.35, football

Row Group /7 | 101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
120.115.124.34, vidb.org, 2011/12/03, 296.02, database

102.192.235.245, voici.com, 2011/12/19, 955.83, people
Row Group n | 145.111.145.1,  sports.com, 2011/12/20, 630.30, basket
123.95.100.24, abc.com, 2011/12/21, 26.02, politics

Size of a Row Group = Disk Block Size
(but can be any arbitrary size)

[A. Ailamaki et al.: Weaving Relations for Cache Performance. VLDB 2001]




User Visits Log

Recap
125.102.135.45,| espn.com, |[2011/12/01, | 123.35, |football

Row Group / | 101.132.121.13,| cnn.com, |2011/12/02,| 365.98, | crisis
120.115.124.34,| vidb.org, [2011/12/03, [296.02, |database

102.192.235.245,| voici.com, |2011/12/19,]955.83, |people
Row Group n | 145.111.145.1, [sports.com,|2011/12/20,|630.30, | basket
123.95.100.24, |abc.com, |2011/12/21,]26.02, |politics

Size of a Row Group = Disk Block Size
(but can be any arbitrary size)

[A. Ailamaki et al.: Weaving Relations for Cache Performance. VLDB 2001]

PAX in MapReduce?

Storage in Cheetah

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce.
PVLDB 2010]




Data Upload

Row Group /

Row Group n

User Visits Log

125.102.13545,
101.132.121.13,
120.115.124.34,

espn.com,
cnn.com,
vldb.org,

2011/12/01,
2011/12/02,
2011/12/03,

123.35,
365.98,
296.02,

football
Crisis
database

145.111.145.1,
123.95.100.24,

102.192.235.245,

voici.com

abc.com,

sports.com,

, [2011/12/19,
2011/12/20,
2011/12/21,

26.02,

955.83,
630.30,

people
basket
politics

HDFS

gf

l\‘

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010]

Data Upload

Row Group

Row Group n

User Visits Log

125.102.135 .45,
101.132.121.13,

120.115.124 .34,

espn.com,
cnn.com,
vldb.org,

2011/12/01,
2011/12/02,
2011/12/03,

123.35,
365.98,

296.02,

football
Crisis
database

145.111.145.1,
123.95.100.24,

102.192.235.245,

voici.com,

abc.com,

sports.com,

2011/12/19,
2011/12/20,
2011/12/21,

26.02,

955.83,
630.30,

people
basket
politics

HDFS

upload

t

lu‘

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010]

Data Upload

Row Group !/

Row Group n

User Visits Log

125.102.135 .45,
101.132.121.13,

120.115.124 .34,

espn.com,
cnn.com,
vldb.org,

2011/12/01,
2011/12/02,
2011/12/03,

123.35,
365.98,
296.02,

football
crisis
database

145.111.145.1,
123.95.100.24,

102.192.235.245,

voici.com,

abc.com,

sports.com,

2011/12/19,
2011/12/20,
2011/12/21,

26.02,

955.83,
630.30,

people
basket
politics

HDFS

upload

[S. Chen: A High Performance,

Custom Data Warehouse on Top of MapReduce. PVLDB 2010]
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HDFS Block Format

Average Record Size: 100 bytes
#Total Records = 1,000,000

Row Group Size = 200,000 records
HDFS Block Size = 64MB

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,

HDFS Block Format

Average Record Size: 100 bytes
#Total Records = 1,000,000

Row Group Size = 200,000 records
HDFS Block Size = 64MB

HDFS Block 1

Row Group 1

Row Group 2

Row Group 3

Row Group 4

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,

HDFS Block Format

Average Record Size: 100 bytes
#Total Records = 1,000,000

Row Group Size = 200,000 records
HDEFS Block Size = 64MB

] Version
HDFS Block F Rows
Row Group 1 Pointers
sourcelp
Row Group 2
Row Group 3 searchWord
Row Group 4

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,




HDFS Block Format

Average Record Size: 100 bytes
#Total Records = 1,000,000

Row Group Size = 200,000 records
HDFS Block Size = 64MB

Version
HDFS Block 1 o
Pointers
Row Group 1
P sourcelp EE
Row Group 2 ‘i
Row Group 3 searchWord E
Row Group 4

+ Columns in Row Groups are compressed

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,

HDFS Block Format

Average Record Size: 100 bytes
#Total Records = 1,000,000

Row Group Size = 200,000 records
HDFS Block Size = 64MB

Version
HDFS Block 1  Rows
Row Group 1 Pointers ;
sourcelp [L
Row Group 2 T
Row Group 3 searchWord E
Row Group 4

+ Columns in Row Groups are compressed
+ Further compression at the HDFS block level

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,

Job Execution ‘1’

MapReduce
[ ..... ) . ]
HDFS

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,




Job Execution &
] map (offset, tuple) {

L if (sourcelP == 120.115.124.34)

MapReduce , output(sourcelP, pageURL)
-

® ... [0 .. (0

TT 1 TTi TTn
A J

HDFS

DN/ DN i DN n

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o,

Job Execution

MapReduce

[ (® @) |
T
A J

HDFS

map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output(sourcelP, pageURL)

[S. Chen: A High Performance, Custom Data Warehouse on Top of MapReduce. PVLDB 2010] o

Job Execution
| map (offset, tuple) {

N1\ if (sourcelP == 120.115.124.34)
: output(sourcelP, pageURL)

MapReduce

o e e e e

DNn

Row Group 1

Row Group 2

Row Group 3

Row Group 4

[S. Chen: A Hign reriormance, Custom Data warehouse on Top of MapReduce. PVLDB 2010] o5



Job Execution

map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output(sourcelP, pageURL)

MapReduce i
HDFS

Row Group 1

(1) read and decompress HDFS Block

Row Group 2

Row Group 3

Row Group 4

[S. Chen: A Hign rerrormance, Custom Data warehouse on Top of MapReduce. PVLDB 2010] oy

map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output(sourcelP, pageURL)

¥

©)

TTn
J
N\

---------------- DN n
Row Group 1 J

Row G 2 (1) read and decompress HDFS Block
ow Group (2) for each Row Group

Row Group 3

Row Group 4

[S. Chen: A Hign rerrormance, Custom Data warehouse on Top of MapReduce. PVLDB 2010] o

Job Execution

MapReduce run jo ;

map (offset, tuple) {

It if (sourcelP == 120.115.124.34)

output(sourcelP, pageURL)

o e e e e

DNn

Row Group 1

(1) read and decompress HDFS Block
(2) for each Row Group
(3) decompress sourcelP and pageURL

Row Group 2

Row Group 3

Row Group 4

[S. Chen: A Hign reriormance, Custom Data warehouse on Top of MapReduce. PVLDB 2010]




Job Execution

map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output(sourcelP, pageURL)

MapReduce wnjob] }
( N\
m ‘ Mi .
- I TTn
k J
HDFS read
( N\
.................. =
J

[S.

Row Group 1

Row Group 2

Row Group 3

Row Group 4

@

rerrormance, Custom pata warehouse on Top of MapReduce. PVLDB 2010]

(1) read and decompress HDFS Block
(2) for each Row Group

(3) decompress sourcelP and pageURL
reconstruct tuple and feed to map()

Data Layouts in MapReduce

Initial

2009

Row

Read Unnecessary
columns

CFile

Tuple
Reconstruction

High network costs

Data Layouts in MapReduce
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2009 2010

Row

Read Unnecessary
columns

CFile Cheetah

Tuple
Reconstruction

Tuple
Reconstruction

High network costs

Block level
compression

Poor 1/0 Saving




Row Columnar File
RCFile

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in
MapReduce in MapReduce-based Warehouse Systems. ICDE 2011]

fset, tuple) {
—— . map (offset, tuple) {
YA if (sourcelP == 120.115.124.34)

MapReduce : , output(sourcelP, pageURL)

r N\
@ C2 0

- _ TTn

\ J

HDFS read

r N\
................ DN n

Row Group 1 J

Row G 2 (1) read and decompress HDFS Block
ow Group (2) for each Row Group

(3) decompress sourcelP and pageURL
(4) reconstruct tuple and feed to map()

Row Group 3

Row Group 4

[Y.He et al.: it Data Placement Structure in MapReduce in

MapRcducc—bziscd Warehouse Systems. ICDE 2011] 9

Row Group 1 (1) read and decompress HDFS Block

(2) for each Row Group :
Row Group 2 (3) decompress sourcelP and pageURL
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group 4 || e

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]



RecordReader i ReadingHDFS

Row Group 1 (1) read and decompress HDFS Block
¢ (2) for each Row Group i
Row Group 2 (3) decompress sourcelP and pageURL
Row Group 3 (4) reconstruct tuple and feed to map()
| Row Group4 || 7 ::Z::ZZf:ZZ::Z:::ZZ::ZZ::ZZ::ZZ::ZI:ZI:ZI:‘ """" ’
g Reading HDFS

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]

RecordReader i ReadingHDFS

Row Group 1 i (1) read and decompress HDFS Block

(2) for each Row Group

Row Group 2 i (3) decompress sourcelP and pageURL
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group4 || 7 :ZIZZI:Z:::Z:::::::Z:f:::f:::f:::f:::f:::f:: """"

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in
MapReduce-based Warehouse Systems. ICDE 2011]

RecordReader .. ReadingHDFS

Row Group 1 (1) read and decompress HDFS Block
(2) for each Row Group :
Row Group 2 (3) decompress sourcelP and pageURL
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group4 || :.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.': """"
Reading HDFS
RCFile Format
Sync Marker
Metadata i
sourcelp
pageURL
searchWord

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]



RecordReader i ReadingHDFS

i Blocks with Cheetah |
Row Group 1 (1) read and decompress HDFS Block
(2) for each Row Group :
Row Group 2 i (3) decompress sourceIP and pageURL !
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group 4 .
:  Reading HDFS :
i Blocks with RCFile '
RCFile Format :
Sync Marker
Metadata :
J sourcelp
7) pageURL i
1] searchWord

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in
MapReduce-based Warehouse Systems. ICDE 2011]

Row Group 1 nlidadaiid-docompross-HES-Block=
(2) for each Row Group :
Row Group 2 i (3) decompress sourcelP and pageURL
Row Group 3 (4) reconstruct tuple and feed to map() i
Row Group 4 X
Reading HDFS

i Blocks with RCFile

RCFile Format (1) for each Row Group
(2) read sourcelP and pageURL

Sync Marker
Metadata
sourcelp

1] pageURL

<l

g searchWord

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]

RecordReader .. ReadingHDFS

i Blocks with Cheetah :
ROWGFOMp] E (1) rood ond do 2 HLNDES R1 1
(2) for each Row Group
Row Group 2 (B)docomp: ) IR-and-pagelRi.
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group4 || l.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.': """"
__________ Reading HDFS @
‘ . Blocks with RCFile |
RCFile Format (1) for each Row Group
Sync Marker (2) read sourcelP and pageURL
Metadata (3) decompress sourcelP
a] sourcelp
] pageURL
@] searchWord

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]




RecordReader i ReadingHDFS

Row Group 1 “read-and-decompross HRES Bloclk
i (2) for each Row Group
Row Group 2 : (N4 a3 ureelR-and seg LIDL
Row Group 3 i (4) reconstruct tuple and feed to map()
Row Group 4 e ::IZZI:ZIf:ZZ::ZI.ZZZIZII:Z:IZIZ:Z:IZIZ:Z: """"
! | ¢ Reading HDFS :
: i Blocks with RCFile

RCFile Format (1) for each Row Group

Sync Marker :(2) read sourcelP and pageURL
Metadata (3) decompress sourcelP
sourcelp i(4) for each sourcelP value
1] pageURL {(5) i sourcelP == 120.115.124.34
) searchWord

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in

MapReduce-based Warehouse Systems. ICDE 2011]

RecordReader i ReadingHDFS

Row Group 1 | “Dreadanddecomprors-HDES-Block-

¢ (2) for each Row Group
Row Group 2 (3)—docompross IR-and-pagelRL
Row Group 3 (4) reconstruct tuple and feed to map()
Row Group4 || 7 :::::Z:::Z:::Z:::ZI:Z:::Z:::ZI:I:ZI:ZI:: """"

RCFile Format (1) for each Row Group

Sync Marker (2) read sourcelP and pageURL
Metadata (3) decompress sourcelP
X sourcelp (4) for each sourcelP value
,E pageURL (5) if sourcelP == 120.115.124.34
| 1(6)  decompress pageURL 5
!'_] searchWord @) reconstruct tuple and feed to map()é

[Y. He et al.: RCFile: A Fast and Space-Efficient Data Placement Structure in MapReduce in
MapReduce-based Warehouse Systems. ICDE 2011]
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Column Input Format
(CIF)

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce.
PVLDB 2011]

Remarks on Cheetah-Storage and RCFile

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]
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[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011] )
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(1) I/0 elimination becomes difficult
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Remarks on Cheetah-Storage and RCFile

(1) I/0 elimination becomes difficult
(2) Tuning the row-group size becomes critical

(3) Overhead for per-Row Group metadata

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]



Remarks on Cheetah-Storage and RCFile

(1) I/0 elimination becomes difficult
(2) Tuning the row-group size becomes critical

(3) Overhead for per-Row Group metadata

CIF Approach:
CFile + Cheetah Storage (or RCFile)

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]

Data Upload --- Upload User Visits ---

User Visits Log
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101.132.121.13, cnn.com, 2011/12/02, 365 .98, crisis
120.115.124 .34, vldb.org,.ZOl 1/12/03, 296.02, database
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Data Upload --- Upload User Visits ---

User Visits Log

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365 .98, crisis
120.115.124.34, vldb.org,.2011/12/03, 296.02, database

o)

upload &
HDFS -

101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis Dataset uploaded at
120.115.124.34, vldb.org, 2011/12/03, 296.02, database hde'//MyData/UserVisits/

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]




Data Upload --- Run Parallel Loader --- HDFS

%Dataset uploaded at
‘hdfs://MyData/User Visits/ g E E
e DN/ SN DN DN 1

101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis
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Data Upload --- Run Parallel Loader --- HDFS
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Data Upload - Run Parallel Loader --- HDFS

Dataset uploaded at
hdfs://MyData/UserVisits/ E E E
e e DN 7 [ DN DN n

125.102.135.45, espn.com, 2011/12/01, 123.35, football
101.132.121.13, cnn.com, 2011/12/02, 365.98, crisis

Row lGTOOUP 120.115.124.34, vldb.org, 2011/12/03, 296.02, database
((sp it 224 .
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Data Upload --- Run Parallel Loader ---

iDataset uploaded at ‘
‘hdfs://MyData/User Visits/

Row Group
((split 22

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]

HDFS
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cnn.com | 2011/12/02 [ 365.98 |crisis
vldb.org |[2011/12/03|296.02 |database
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Data Upload --- Run Parallel Loader --- HDFS

iDataset uploaded at |
‘hdfs://MyData/UserVisits/

Row Group
“split0”

v
hdfs://MyData/User Visits/splitQ/sourcel P

NATS:// e /pageURL

hAfS:// oo /visitDate <«——
hAfS:// oo /adRevenue
hAfS:// oo /searchWord<
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Data Upload --- Run Parallel Loader --- HDFS

%Dataset uploaded at
hdfs://MyData/UserVisits/

125.102.135.45 | | espn.com | | 2011/12/01| |123.35 | |football
101.132.121.13 | | cnn.com 2011/12/02 | 136598 | |crisis

Roleroup 120.115.124.34 | | vldb.org 2011/12/03 | |296.02 | |database
“split0” . . . . .

v \_<’\
hdfs://MyData/User Visits/splitO/sourcel P
hAfS:// e /pageURL
hAfS:// oo /visitDate <——
NAFS:// oo /adRevenue
NAFS:// oo /searchWord
NAFS:// oo, /MetadataFile

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]

J()b Execution Hsourcelp HadRevenue
OpageURL [searchWord
[visitDate
19

o

MapReduce
[ ]
HDFS Row Group split0

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011] 102

J()b Execution Hsourcelp HadRevenue
OpageURL [ searchWord

[visitDate
%
*— , map (offset, tuple) {
Ly 1y ,x" if (sourcelP == 120.115.124.34)
un JOb output(sourcelP, pageURL)
}
MapReduce  [——-

[ ..... m ..... ]

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011] 102




J ob Execution Osourcelp HadRevenue
[pageURL O searchWord
OvisitDate

ColumnInputFormat.setColumns(
job, “sourcelP, pageURL”);

map (offset, tuple) {
if (sourcelP == 120.115.124.34)
output(sourcelP, pageURL)

MapReduce e ;
0.0 . (&
TT1 TTi TTn
~ J
HDFS Row Group split0
( =
DN / DN i
~ J

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]

J()b Execution Hsourcelp HadRevenue
OpageURL [searchWord
visitDate

T

ColumnInputFor: t.sgtColumns(
job, GourcelP)pageURLY);

MapRedce ™22

AN

102

map (offset, tule) {
if (sourcelP =x120.1 4.34)
outpu{sourcelPfipageUR!
) -

/

HDFS

Row Group split0

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]

J()b Execution Hsourcelp HadRevenue
OpageURL [ searchWord
[visitDate
‘ﬁ?’

~

ColumnInputFor t;'s/’e’tColumps(
job,@@ *“ map (offset, tule) {
----------- —— .l if (sourcelP =%120.1 4.34)
) - outpu{sourcelPfhageUR
- /

Row Group split0

DN /

[A. Floratou et al.: Column-Oriented Storage Techniques for MapReduce. PVLDB 2011]
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PAX Layout in MapReduce

SELECT al, a2, ...

FROM table30Atts
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[A.Jindal,J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Elephant.

SoCC 2011]
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Far from Optimal Layout
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Far from Optimal Layout

SELECT al, a2, ...
FROM table30Atts

o Row Layout © Column Layout PAX Layout

o Optimal Layout
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Trojan Data Layouts

[A.Jindal, J. Quiané, J. Dittrich: Trojan Data Layouts: Right Shoes for a
Running Elephant. SoCC

m HDFS

11]
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125.102.135.45
101.132.121.13
120.115.124.34

espn.com
cnn.com
vldb.org

2011/12/01
2011/12/02
2011/12/03

123.35
365.98
296.02

football
crisis
database

Job(D)

map (offset, tuple) {

}

if (sourcelP == 105.102.135 .45)
output(sourcelP, pageURL)

[A. Jindal, J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Elephant.

SoCC 2011]



m HDFS

.-""" .\\__-._

125.102.135.45 |espn.com |2011/12/01 [123.35 | football
101.132.121.13 |cnn.com [2011/12/02 [365.98 | crisis
120.115.124.34 |vldb.org |2011/12/03 [296.02 | database

layouti 1)

Job(1)

map (offset, tuple) {
if (sourcelP == 105.102.135.45)
output(sourcelP, pageURL)
}

[A.Jindal, J. Quiane, J. Dittrich: an Data Layouts: Right Shoes for a Running Elep

SoCC 2011]
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Jmap (offset, tuple) { map (offset, tuple) {

if (sourcelP == 105.102.135.45) if (“vldb.org” equals(pageURL))
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-~

}
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Block Replica

( Column groups Filter

Novel Column Group

=see our paper for details: [Trojan Data Layouts, SoCC’11]
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Multiple HDFS
Block Replica

[A.Jindal,J. Quiane, J. Dittrich: Trojan Data Layouts: Right Shoes for a Running Elephant.
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Multiple HDFS
Block Replica
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Multiple HDFS

Block Replica

]
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SoCC 2011]

Trojan Data Layouts Results
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Which Layout to Use?

... It depends on your
query workload
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Indexing

DBMS as Data Storage
(HadoopDB)

[A. Abouzeid et al.: HadoopDB: An Architectural Hybrid of MapReduce and
DBMS Technologies for Analytical Workloads. PVLDB 2009]
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[A. Abouzeid et al.: HadoopDB: An Architectural Hybrid of MapReduce and DBMS Technologies

alytical Workloads. PVLDB 2009] 12!
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[A. Abouzeid et al.: HadoopDB: An Architectural Hybrid of MapReduce and DBMS Technologies

for Analytical Workloads. PVLDB 2009]

Index Creation

ITB of Data | =7\

Wiap: TaskTracker 1 TaskTracker m TaskTracker n
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Index Creation

Data Loader
1TB of Data
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TaskTracker 1 TaskTracker m TaskTracker n
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[A. Abouzeid et al.: HadoopDB: An Architectural Hybrid of MapReduce and DBMS Technologies
for Analytical Workloads. PVLDB 2009]

Index Creation
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[A. Abouzeid et al.: HadoopDB: An Architectural Hybrid of MapReduce and DBMS Technologies X
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HadoopDB Results (Selection Task)
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for Analytical Workloads. PVLDB 2009] 123
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Indexing in MapReduce
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File-Level Indexing

(Blocks Directory)

[D. Jiang et al.: The Performance of MapReduce: An In-Depth Study. PVLDB
2010]
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File-Level Indexing Results (Selection Task)
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Full-Text Indexing

[J. Lin et al.: Full-Text Indexing for Optimizing Selection Operations in Large-
Scale Data Analytics. MapReduce Workshop 2011]

Index Creation

Tweets Dataset

“Mexico won the gold medal in soccer”
“Hadoop summit was awesome!”
“Hello from the other side of the world”

“Visiting Istanbul today!”
“Come in numbers to the HAIL talk!”
“I released our Hadoop-based system today”’

[J. Lin et al.: Full-Text Indexing for Optimizing Selection Operations in Large-Scale Data Analytics.
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(1) for each Row Group
(2) create pseudo-document

[J. Lin et al.: Full-Text Indexing for Optimizing Selection Operations in Large-Scale Data Analytics.
MapReduce Workshop 2011] 133

Index Creation

Tweets Dataset

“Mexico won the gold medal in soccer”
Row Group / | “Hadoop summit was awesome!”
“Hello from the other side of the world” ]

“Visiting Istanbul today!”
Row Group n | “Come in numbers to the HAIL talk!”
“I released our Hadoop-based system today”’

(1) for each Row Group
(2) create pseudo-document ;
(3) index the pseudo-document in Lucene

[J. Lin et al.: Full-Text Indexing for Optimizing Selection Operations in Large-Scale Data Analytics.
MapReduce Workshop 2011] 133
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Hadoop Aggressive
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