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ABSTRACT

An Effective Data Process Method for Improving the
Processing Performance of Massively Small Files on Hadoop

Based

Chulwoong Choi

Advisor @ Prof. PankKoo Kim, Ph.D
Department of SoftWare Convergence
Engineering

Graduate School of Chosun University

With the proliferation of smartphones and expansion of social networking
services (SNSs), various types of data are now being generated and the big
data era has arrived. Due to various types and sizes of data, and the short
period of big data generation, existing systems are unable to process big
data. Thus, an appropriate new system to process big data is required.
Hadoop is a representative technology that stores and processes big data. It
is a distributed parallel processing system consisting of the Hadoop
Distributed File System (HOFS) that stores big data and MapReduce that
processes and analyzes big data. Hadoop is optimized to store data in files
with relatively large size and thus suffers from disadvantages of memory
insufficiency of name nodes and increased scheduling and processing time for

a large number of small files.

This study proposes a performance improvement method for MapReduce
processing in which the CombineFilelnputFormat method and the reuse method

of the Java Virtual Machine (JVM) are employed together. Existing methods

_Vi_
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create a mapper for every small file. Unlike these methods, the proposed
method reduces the number of created mappers by processing large number of
files that are combined by a single split using CombineFilelnputFormat. It
also improves the MapReduce processing performance by reducing the creation
time of JW by reusing a single JVM for a large number of mappers rather

than creating a JVM for every mapper.
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- HDFS NameNode
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Map Task

0

=
—
doty &g
=S

80l
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Input File Map Reduce Qutput File

4 ™
oen 1 L )
(#1,iloveyouy [ {love, 1) G 1>
\ 4 % o 12 ,\ Clove, 1 <i, 2>
{you, 1 | {love, 1
G, 1> {you, 2>
( E G, 1D W/ {hate, 1> {hate, 1>
{#2,ihateyou) |+ {hate, 1> you, 1>
\ 4 % i J \_ _) R =4

[O& 2-9] MapReduce 'WordCount' Z=22d X2l A

[08 29]= ols2 &XotH J|2dez HEolse 22X £ MHI| ZZ 7)ol
"WordCount' Z 22| Ml UHAES LIEIHW D QUCH. MapReduce= 2= GIOIEE
Key/Value EEIZ Xelot=0 [O8 2-9]2 &H(,)E JIEL2 20| Keylt &
SOt Valuedt €CH. Input FileOl SHRH Map SHUHM= SE2| Space(SH)
JESZ U0 ™2l & Output=S Reducell Input2&E MISB8HCH. Reduce= MapOl

LIS =2 Z2UESS HdSE2EH =XAESZ2 Count oH0 OQutput Z2UES o=

1
=
=2

ZEHAH=E StS0HAN Malc= &M &(Job)2 AANESES 2eldtn 2UHES
Ct. ScOIHED ddls RAGte YelxA T2 H0lcts otLtel &g &
P2 2elH, ots SHAHMAM & & e EMotl) YEHECZ 6t WS

S MBIOIM ASECH ABRI B2 23
SBX HAGID, 2% BAIEHHNN BS TYSC BAIEUHES ZEcHH
O 2HS B MeEA T2IS MMEITHS).

b. ENAIAE e (TaskTracker)

EHADECNHE ot HOEHEEWAM #SEMH, G2
Mel 8tCh. A= AIESXOF &&8 Wit 2lsA T2 s 0/otH, o EHA
A% 2FA HAIZ P JI2HCE tHAd= 22 BHAIECHAH 0 2004
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MAMECH, mapred-site.xml SAEE MLUAH [E 2-1]9 Ol2t0IEHHE £=Ao6I0
BHAT &2 ZES 2 JACHS][7]
[E 2-1] EiA3 = =& Li2t0lE
IetolH JlZ 3t BIE=2
mapred.tasktracker.map.tasks.maximum 2 Map EHA T ==
mapred.tasktracker.reduce.tasks.maximum 2 Reduce EHAZ £
3. JWM MAIZ
JW THAIS 2HE12 JIE0 elA3I00 MHE= JWMS ole SF&8F 0 ot
20l g2 £=38otd, Chx=2 EIA3AIF sl JWS =XE O Z MAIEsis &
BHOICH. ol S#AALAAMIML (mapred-stie.xml)OIA [E 2-2]9 3B1m =2 1utetol
Bl mapred.job.reuse.jvm.num.tasks® 22 AIEX2C=Z +=HGIH AISE = U
CH9].
[E 2-2] JUM THAtE T}t2H0IE (mapred-site.xm|l AL XIY)
etol |
<configuration>
<property>
<name>mapred. job.reuse. jvm.num. tasks</name>
<value>3</value> // && gt
</property>
</configuration>
[E 2-3]2 WM THAI2 2tES AlE0lD| {8t 30X Edgts BEWFED o
AAZO == SHLIS JWM LHOIA =X&o=z2 Aldg = EflA39 £0ICH JI2
ol 12 JWN2 MAISSHX &2=Ck= 2010112, -12 &Lt JUWMEHS AlE6td 2
EHATE ASHSIHCH= 2I0|0ICH. OIXIYSZ AIEA 322 AIEXIE do=2
ole s UoIH a5t 0t29| EfA D} LIS JUIME THAFE &HCH 9]
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[E 2-3] mapred.job.reuse.jvm.num.tasks II2t0IE A& gt
&5 gt W =
1(Default) JUINS TALEG6HA 23
-1 2HEe=Z WM MAIE
ANET &F Qladst 4012 JUM THAIZ
s 1 Stage -——-—-—- %0 s 2 Stage e
llr/ \\ r{ ‘1
i \ | _— JVM 01 '\ |
i i i Map Task 01 i
: : | | ap las | cee
| Split 01 . (Split 01)
| b
| o
: L Map Task 02
! Split 02 — R
| i | (Split 02)
! I
| —
' : | Map Task 03 ves
| Split 03 | (Split 03)
| ~_ v |
! I
! |
| i
I e |
: | Map Task 04 —
Split 04 | (split 04)
b
| |
. [ | Map Task 05 I —_—
Split 05 I | (split 05) |
N |
| | |
; i | Map Task 06 [ Ve
Split 06 T (split 06) |
1 |
| | r|

[Og 2-10]2 JWM
LD QAUACHSG]. 2

JUWM 10IlAl Map Task 2= JUM 20l A A E QLUXICH, JUM XHAF
G [Og 2-10]2t 20l 342 TaskJt StLES] JUMOIA =XHH

Collection @ chosun

|_7E|:!|'/\|9
o T

[OE 2-10] JWM THALS

JUPNE=
Map TaskOFCH

HE

ez A
HMOZ JWMO| 2

=kl
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Map Task 1=
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4. CombineFilelnputFormat

CombineFilelnputFormat2 2JI&0l= I OHCH

otLEel SpliteZx FO AtEot= ZE-O0ICH. 2
Split M= Z2F6IH, =5 AJI2t HI=<&t 64MB,
HDFS

SmallFile 01
Combine File Input

SmallFile NN
Format: 64MB

nio

2

MAC = Splits Ch=9 mY
Node2t Rackll <®IXIE 12iat
128MB S = AIEsStCt.

l ‘,

Split 01 Split 02

SmallFile 12MB
SmallFile 10MB
\ SmallFile 13MB /

SmallFile 7MB

l

Split 03

SmallFile 17MB
SmallFile 12MB
\ SmallFile 14MB /

MapTask 01

(D2 2-1

U

ov

=13 =5
==

X2l okl

2-11]2 Combine File Input Format
Ol 64vMBOt & MiNHXl mEe KO
HH XelokH
2 Xelds
220101 W20
RecordReader () HIAEE 2SOk

0
£

PELI

m
=

e

=2
=

2
>
W
WY in
o o

A

0z
i
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MapTask 02

11] Combine File Input Format X2|& (64MB)

o Ml MES 2010 UL
T,

o A
T/n\_-II
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B. otS0lA ASW0 H= SHE

SISOIA CHZFel ASDIU0l 2= 2HES IH WYLES K2t 2=s
SHIE D MapReduce® AHZEZ L M2l A0l ZItsts SRFOI UCH
1. ot& 2=W¢

StES HOFSHl DHUS MEE [ LFE 3|9 22502 UH0f IHUS KEE
Ch Jl2 S=A0IXES 6MBR, (18 2-12]9 20l SEA0XR0 X2 NUS
2 =20ME ASDNN0IZID BICH 12O AZDIUO0IR S=A0IXRC X
3019 WOl 243 L0l EWEE AHS A0IECH

Input Data

==

4

SmallFile 01(6MB)
SmallFile 02(6MB)
SmallFile 03(6MB)

|

HDFS Block

] Block A(64MmB)

] Block B(64MB)

] Block C(64MB)

J

2. UELE ozel

ots HDFSOI ML=
OO =50 MNE =
[(Og 2-3]2 20l

HEe] ASME S
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E N2t £FE 2HMEOl LMSHCH21]. CIOIHL-S0 OOIHE HME WS
3201 UCctE HEHHIOIEHE MEots UWYET-ES N2t BF
OlEIE NEE == 8IC+. 012

Ct&H

& ot
g2 ZHME S oiiZotdl /g JIE H1=2

in
rr
@

3=

rr
ol

OF2I0IE Lt Sequence g1} 2

3. ¥el=A AA=E & HMelAl2t S 22Xl

ol

}

-

ol

tS MapReduceOlA CIOIHE HMe2lg © [ 2-13]2 20| JI=2Xez 5
tE Map Taskob 1OH& MADO XMel=lCh. g2l A=smgu 20| Ch=

I'UO

MapReduceZ XclotH & ASMY 2t S Map TaskIt 24

WY o
G

rH
2

=S

L=

| M2lAIRI0l Btoks 2HEOl 2MBICH 019 22 SHMES HZ 6t
22E 28 WA =

10
o

=
2, Spil Ity HE I+ =& S0 UL,

(¢S§'E§Jlln;(c£1}1) Map Task 01 e

"

(¢%)12:%?%2) Map Task 02 . v
= I'

(¢S¢§)u'foa?33) Map Task 03 . &

Split 999
L (Aot 999) )

-

[ split 1000
L (2¥ntel 1000) |

Collection @ chosun



Bt oHAl DI

HIH3J| =&,

=
=
i

()3
=

o A0 me

ot
E
)
o0

KJ

7l
70
ol
B0
oll
=

Sequence File
Al GIOIE It
o

BigFile 02

Tl Of

(Hadoop Archive),
2 ASHA

=
o« 8t

SmallFile 10
SmallFile 12

A
T

Or2+0l

GIlEHCI O E

—

[—

BigFile 01

o

GO = =0l

—

D LS00 HES

SmallFile 01
HEE

SmallFile 03

(O3 2-14]2 20l t
o)

N

L

2
[=]

o

oll
fal

-
1o

u
o

2-15]et ZCH14].

2|
=

]

o

[—

FLF2 Layout

CH10].

AN

o

0

S

cC
=

Jtot=

=<

OF2101E (HAR: Hadoop Archive)

42l Al2H0]

X

=
=

ot

[¢)

Ct
a.
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Cte=2l A=Y= MapReduce X2l U&= HH == HEol] HAR MY =S A
Aetlh, ol OPIoIBEs IS s WM [Og 2-15]2F 20| Master indexet
index 2812 WA S S5t =HESOZ J|IE2 HDFS BC} IS A= Al2H0] =
JtstCH14]120].
Master index
Index
Data File File File File
[O& 2-15] Hadoop Archive Layout

2. =4 Al B

24 Al 22 Z2I0IHEQ HOIEHL-ES HAIE Aol gHo=z 2+
OIHL-ES9 A0 Z2H0IAHEI} K= AIE26ts ASTYES SXIcts 20| CY.
Ol2ZM OIOIEE XMelE& M dolIeH==9 2el&Eol A3 &2 545 2AAA
HeldssS AL 221010 E HAIBH A2l [11]9 A0 M CIOIEL-E
Ol HAIZ &N AMES= [12]9 2 02110 EHI20H= UWLLS-SHAM =2 Al
HEHHIOIEE 2telat=[13]2 HRNA &HHGtH EAMoz XS QJACH. oAl
Ot IO -E9 24t Al 22 ot NS AI=ZEHCE H JHAIN Sl A
SIS LAl HI0IEHLEE CAZNA S2{240F ot22 Hit ratiodl 2A=H0|2t
&0l QACH 10]1[13].
3. JIEt Hg=

O EE g 24 JHAl 28 210 ole AS2IHY 2ME HZ6HD| A8t C
st BRSOl HARE D QUCH. append BHS HE&o ASHHYS ofLEel IO
HE HEW JI8st =& Meldles A0 A=W 0l 1000012 UCHH 10001 2
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/é|3|'|

S &Z0|7|0¢
Gzip, b2|p2

Xcelot=

S </ 01 OF
ALK,
CHS].
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St2=2 20IJt gl YH™OoICH?2]. dOolH Lsgge

0 & et &= ZES AE0t0 A= s Y=ot}
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H2rol ASTHY

2 0 M= ot MapReduceOl M CHEC| AT

| Melds s e

LISl Splite2 S0 Xc2lot= CombineFilelnputFormat 280 JI&0 EHA3A
MAMEE JUIMES HAIESHH Cha=9 EHA D LS JUMOIA =XIE o=z A

&M AFEZ8H MapReduce X2l&ds SAYtHS HMICHSHCE.

JW THALE 2=

A. NIAE 2HE

==0A Heot= MapReduce XMcilds S&EHS Xl

A 0ICH.

Fixed Size SmallFile

Mixed Data(SmallFile)

Mixed Data(Big, SmallFile)

v

HDFS
(Storage of Data)

v

Data Splitting
(Input Data)

CombineFileInputFormat

v

Mapping

(Data Transformation)

Reuse JVM

v

Shuffle
(Sorting, Merging)

v

Reduce
(Data Aggregation)

|:| DataSet
[ 1 HDFs

v

Output Data

|:| MapReduce
I rioposed Framework
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2 =20lM FMetole Melds SFaZEo AlAE el ndE2 TS 20
@ DFE TI|Q A=2UY, E8 AS0Y, 2Ol ASME0 4o =&
o2 HOIHMEZ ArSSHC

@ @2 UIOIEHNIEE HOFSOl 2522 M &SHCE.

@ HOFSOl MZ&EE OIOIH === =42 CombineFilelnputFormat & & gtol
D182 StLES| Split22 KO Map TaskOll &< StCt.

@ Map Taske= E&E JWM MAIE ZFgt0l et JWME THALESHH Xtellth 2
QUM Mgt MtAsSs WS (Transformation)stCt.

® Map TaskS| E=22 H&(Sorting)ot) HE(Merging)stCt.

® Shuffle BtES HE CIOIEHNA ARSI JAdt= 28 =& L A SHC.
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B. g2 A=Y Xeld

oIr
oo

o 2H

2 ZUMdMeE 220 AJHSt CombineFilelnputFormat SHE 0 JVM THAIE 2EIZ2

M AtEst otls el A=Y MapReduce XMclds el SES N HEtC.

1. CombineFilelnputFormat & & &t

CombineFilelnputFormat &S JI=0 MY SILUE SplitE MAHGIH oIS
CtE Input Format g8 ilt= CEA, G2 IS otLS SpliteE FH HMeal
FCH. CombineFilelnputFormat 282 AIsSoIH Sl A

==1
&2 =2 O =2 =0 HIHS MAAI2ZHS 2AAIF110, MapReduce AHZEH

ron

meds tadez dd

I
2L Xeldss gag = UL
1. public class smallcombinefileinputformat
2. extends CombineFilelnputFormat<smallcombinewritable, Text> {
3 public smallcombinefileinputformat (){
4 super ()
5 setMaxSplitSize(134217728); // 128WB & &gt
6 }
7. public RecordReader<smallcombinewritable,Text>
8 createRecordReader (InputSplit split,
9. TaskAttemptContext context) throws |0Exception {
10. return new
11. CombineFileRecordReader<smal lcombinewritable,
12. Text>((CombineFileSplit)split, context,
13. smal lcombinerecordreader.class);
14. }
15. protected boolean isSplitable(JobContext context, Path file){
16. return false; // 25 ©I2 2 UsH st
17. }
18. }

[O& 3-2] CombineFilelnputFormatS A6t {8t Combine S A
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[0& 3-2]= Combine =& ZeHAS AAD=O0|CH CombineFilelnputFormat
o 2dHAYe=Z AEoH| RIiM=E [O8 3-2]9 201 2HAS MEG6HD,
RecordReader MIAEE F&GHOF 8HCH. [OE 3-2]2 AA WHE2 S ZC.

581M = setMaxSplitSize= CombineFilelnputFormatll H&gts H&dt=
Z O=2 mgs stttz F= Splite IJE &FHSHCH [O8 3-2]= 128MB=
SZHULCH.

7HM =2 RecordReader A S= smallcombinewritableZ &
InputFormat Ol (Ctet MapperJt Xelotdl E&k Pair(Key, Value) EAMlo=2 ™
stS BHCY.

15810 =2 isSplitables 23 L% ScHAMNAM Xot= HMMEZ truelOlH
E5 92 MYsS LA splitotd, falseOl™ I MIE StLtZ X el &tt.
CombineFilelnputFormat2 Ct=2l mMtYS otLI2 Split22 SO Xeldtdl ol
[0& 3-2]0M= falseE returndtd ULH.

=

i
0
Ol
o
10

=
o o
i o

1
o
o

o

rr

ot

L}

2 =RlMe gdEg, 242 2D S2XH HA4E WR|FA T2
T2 (DepartureDelayCount )0l  CombineFilelnputFormatS AtZolD| ol [O=
3-2]12t 22 CombineFilelnputFormat Z2eciAS MAHBHD RecoreReader OIA

SOt HdotAtt.

=]
=
=
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2. JWM THAIE 2H

ots YWelmsA= OOIHE =24tHEXloH) o OHIHOCH E=2 JUM(Java
Virtual Machine)Ol MASI GIOIEHHE XMelstCh. JUM THALE 22 LAHEH 29
_I

RO 2 A6 JIZ0 OHIHOHCH Mz S gynel A

HIHE ofLte JWMOIAM =X o
AAIZEES 2AAI110 HeldssE =0l= 2-O0IC.
1. <?xml version="1.0"7>
2. <?xml-stylesheet type="text/xsl|" href="configuration.xsl"?>
3.
4, <I— Put site-specific property overrides in this file. —>
5.
6. <configuration>
7. <property>
8. <name>mapred. job.tracker</name>
9. <value>oracle:9001</value>
10. </proper ty>
1. <property>
12. <name>mapred. job.reuse. jvm.num. tasks</name>
13. <value>-1</value>
14. </proper ty>
15. </configuration>

[O& 3-3] JWS THAIE6ED| st St3EH I+ (mapred-site.xml)

[08 3-3]2 2 ==20lM JW THAIS Zgol Ads X6 | L8t
mapred-site.xml SA&EHE THLOICH. 8HM =2| mapred.job.tracker LtetOIE=
SECHAHS F=AE 20I6tH, HIOIHS=S= mapred.job.tracker il YelsA &
2= RFSEILH. JWM THALEES AME0H)| flioid= S3&F Mo 128 =2

_l
mapred.job.reuse.num.tasks II2tOIEHE ALolot] 13BHM =2 Valuell 22 €(§
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3. Mletst 2E XMelud

b

[0 3-4]= 2 =20 A Hetstes Melds a2l Mel ot

ULCH.

1S LIEHLH D

0

CombineFilelnputFormat: 64MB
VM TALE: 3

.~ % of )
Split 01 \ VM 01
/ (64MB) |
/ Smallile SmallFile 04
I [ (15MB) ][ (14MB) ] et
| smallFile 03 |( SmallFile 04
| (12MB) (10MB)
| SmallFile 05 Map Task 02
| (13MB) (5plit 02)
|
I S K
plit 02
Map Task 03
| (64MB) (Splt 03)
I SmallFile 03 |(~ SmallFile 07
| (12MB) (14MB)
SmallFile 08 SmallFile 09
| (10MB) (6MB)
| [ SmallFile 10 ][ SmallFile 02 ]
| (15MB) (7MB) Map Task 04
| (Split 04)
I Split 03
| (64MB)
| SmallFle 05 SmallFle 13 Map Task 05
| (15MB) (9MB) (Split 05)
I SmallFile 06 |(~ SmallFile 15
| (11MB) (15MB)
| - Map Task 06
SmallFile 16 (Split 06)
| (14MB)
\
\
AN
~

[O0& 3-4] HMerered MelE (CombineFilelnputFormat 64MB, JUM THAFZ 3)

[D8 3-4]2 mMergte Mel nde TS
HOFSOI HEZIH U=
£ HOIHNEE CombineFilelnputFormat & & 2t (64MB) Ol
otLtel Splite 2

el

e R

s,

(3) 64MB 2012 R0 Split LWLES Mapper2 HS6HCEH,
(4) JUM THAF2 S Z2H3)0l W2t 302! Mapper b SHLES] JUMOIIA =XI& o2
ASHE )
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HAM &9otH, 1HHl= HFSOH 2522 MEE g A=
2 OIOIE Al &0, L3 CombineFilelnputFormat &&gte! 64MB2l AJIZ
ASMYS GtLIS Splite2 S=C0 64MB AJI2 BHH KO SplitRH X2
Map TaskZ ZLHAICH. 2EHH= Splite2 SO BUA tL==S WS THAIEGHH
Map TaskZ Xcl8tCh. JWM MALE &&F3gt0l 30101 20 3JH2l Map TaskJt SkLE
O JWOIM =XtEe2 AHEH, JW 010l M Map Task010l S XMl Xelot
S E[H Map Task02Jt & CH. Map Task022| &S0l 2Z &/ Map Task030| &
HECH Map TaskOlAM XMelE 2= USHEL2 BUEALCH
CombineFilelnputFormat &It JWM THAIE ZHEES SN ASE22ZM HE2
ASTLZ Qo JIEN Ct==2 Map Task2b JUMO| &

o
Tasket JVMS| MHAIZSE =20 AH=EE 2 MeldsS Sae

2 4
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‘ Client \
\

Secondary
NameNode
DataNode

D Computer JobTracker

o
TaskTracker

B MapReduce \ )

Computer 01

[0 4-1] ot& AAMZMR2E FEE

Client

Secondary
NameNode

JobTracker

DataNode 01

[:] Computer Computer 01 TaskTracker 01

B ors

B MapReduce Computer 02
A4

A Y

DataNode 03 DataNode 04 DataNode 05
TaskTracker 03 TaskTracker 04 TaskTracker 05

Computer03 Computer 04 Computer 05 Computer 06

DataNode 02

TaskTracker 02

(02 4-2] 3l SANBARE AT
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[H 4-1] [E 4-2]= 22 Gts2A al
[O8 4110 [O8 42l [H 4110 [E 4-2]2 AEHEBS MESH =8
ol AAZAMRESR 2EBARES AAE FHZOICH AAZMRE= [
-1]0t 201 8t CHel M CHOIA WIS, Mdelulgd=E, ol :
cHH, BHAIENHI RF & Sot= 2

QE0IT. HNMBAMRE= [OE 4-
2|

0
0
rr

StLtel 2HAHZ |0 AI2ole 28 SMHEXHANAEOICH. ols 224
2EE= JIZUA Stss 5 M AIEcte REZM ZUM= 6012 AR
B0l VWMware JtAHAIS AFESHO, [D8 4-2]2 20| dtLtel SHAHZ |0 2
ZOICH [O8 4-2]9 AMA8 RAEe [O8 2-1]2 ot OIIEHe e &
2 [ 4-2]2 Computer2, & MZAC2IUL-S0 CIOIEHE=S2k EHATECHHIT
SOt HOICH [O8 4-2]12 201 =60 & olsS Adsie e 02 22X
Ot SiCH. Ci2t EE JIY0IL) AENOR GIES AEHBAZER PEFIH AIZo}
£ RUM=E MZH2IULLE=EE [0 2-1]2 &t OB HHE MBH 10H0IA
=0 =% AMSSHLD UCH 0l AIAECS ord It EI%H%EI(Recovery)% </ &0l Ct.
Ol QAMNSUDER AXZAMRE 2IHX 2F SL6HH 2 HMAH = Cent0S 6.6
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B. A8lUOIEHIE(Data Set)

OIEHMIE= 0I= =283l (American Standards Association)Ofl
N H3dte 0l= =8 28 SH COIEHZ 19879 =2 H 2008E S=NHKl & 2204
o MYT AL UA2M, 2F 116B AJI0ICH. MYHAIS &HT(,)2 FEINZ
St= CSV(Comma Separated Value)&Alol BIAE MO, DHLOLCH 29009 2
(Column)22 FHEN UACH. [ 4-3]0IA LHAES = UCH15].

a—

ASA Sections on: [ Computing, Graphics ]
P . [ Awards, Data expo, Video library ]
StﬂtlStlcal Com QUtlIlg [ Events, News, Newsletter ]

Statistical Graphics

Search|

Data expo

Airline on-time performance

Data expo 09

Posters & results

Competition description
Download the data

Supplemental data
sources

Have you ever been stuck in an airport because your flight was delayed or cancelled and
wondered if you could have predicted it if you'd had more data? This is your chance to find out.

The results

Using a database

Intro to command line
tools

We had a total of nine entries, and turn out at the poster session at the JSM was great, with
plenty of people stopping by to find out why their flights were delayed.

The data

The data consists of flight arrival and departure details for all commercial flights within the USA,
from October 1987 to April 2008. This is a large dataset: there are nearly 120 million records in
total, and takes up 1.6 gigabytes of space compressed and 12 gigabytes when uncompressed.
To make sure that you're not overwhelmed by the size of the data, we've provide two brief
introductions to some useful tools: linux command line tools and sqlite, a simple sql database.

[OE 4-3] 0I= RAESWAM MEct= 0= &38 28 SH dlolg

[E 4-3] Linux Split H&O

H3E0 W =
Split [Option] [Filenamel]
_ Ol) Split -b 6m 2008.csv 6mb_
Split

2008.csv Y2 6mbE S SHCH.

=&tE O 6mb_aa, 6mb_ab, 6mb_ac,
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MapReduce =2 S 20| AI2oIH 204, CombineFilelnputFormat B2 0l= 3%
o [O& 3-2]2 &0l CombineClassS 2A&odt1D RecordReader HMEESE FII2 &

ot dgs MAGHALH,
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[D8 4-4]% [ 4-5]= CombineFilelnputFormat &&gt2l XMelAlZ2t2 Gts
SIAZAEER 2AMZAR2EUHA Bl EItet g Z 00l
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[O& 4-4] Combine EX20l ([}
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[O& 4-5] Combine E&20l ([

Collection @ chosun



a) 4MB Xl Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB 04246= 17104
64MB 03=23= 864
128MB 02=239= 434
256MB 02=22=% 224
512MB 02211 1101
1024MB 02=212= 6H

b) 5MB X2l Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB 04=28= 1574
64MB 03217= 844
128MB 02=239= 434
256MB 02216=x 224
512MB 02209 1101
1024MB 02=210= 6H

c) 6MB X2l Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB 04=29= 1534
64MB 03219=x 83
128MB 02=239= 424
256MB 02217= 224
512MB 02209 1101
1024MB 02=212= 6H

[O& 4-6] CombineFilelnputFormat A& g0l (12 HMElAIZHAAIRARE)
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a) 4MB Xl Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB M4241= 3584
64MB 04=02= 17904
128MB 03=20= 904
256MB 03 454
512MB 03=36= 234
1024MB 03251=x 124

b) 5MB X2l Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB 04215=x 3294
64MB 03246= 1764
128MB 03217= 894
256MB 03215 454
512MB 03=25= 234
1024MB 03=42= 124

c) 6MB X2l Al2t

CombineFilelnputFormat & &gt X 2lAl2t Map EHA3T =
32MB 03248= 3204
64MB 03=24= 1744
128MB 03207= 884
256MB 028257 454
512MB 03=36= 234
1024MB 03=52= 124

[O& 4-7] CombineFilelnputFormat A& g0l (12 HMElAIH2AFE2ARE)
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[0 4-11]2 2 =20A HMotst 2ol HelAIZ2E0ICH. JWM HAIE &3g2
e 28t Xeldss 2%C -12 24 &£ &6t], CombineFilelnputFormat &
2 32, 64, 128, 256, 512, 1024 & 6JtA=2 HEHGIH A4S XHGIACH. &
&Z 1 CombineFilelnputFormat &&= 1288 L= 256MB=Z & &Sk, JUM THAL
g dE¥s -12 450 eE M 1Y £E2 45 20, [O8 4-12]%H [2
g 4-17]10H K= [O8 4-11]2 DY £2 452 20 Mo HelAlztg EO
2 JIEXCIAIZED Mot XelAl2b, CombineFilelnputFormat 2H& 2 JUM THAE
2 2Hs 22 HO0IHNME €2 dlwdt= e Z0ICt.

a) Metstee el Alz2h 1

CombineFilelnputFormat X el Al

234 M 5B 6MB

32vB 03240= 03201= 03229=%
64MB 02254% 02&256= 02=258=
128MB 02254% 02249 02E52=
256MB 02251 03205% 02254=
512MB 03203= 032 15= 03Z21=
1024MB 03247 = 04203= 03=240=

b) MotstEE XelAl2t 2
CombineFilelnputFormat X el Al2t
23s! g8 ASDIY 97: AS3 83 A ST
32vB 032 13=x 042 04226=
64MB 03207= 03&250= 04223%
128MB 03=205=x 03205=x 03230=x
256MB 03212x 03&235= 03=245=
512MB 03243= 04235%= 04=203=
1024MB 03243= 04217= 04=230=
(D8 4-11] Metst S MelAl2t Hn(2EZAL2E)
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BOoMH, JdUS2Z= CombineFilelnputFormat 28, JWM THAISEY =2z =
2 Hdss B0 Mottt JIEXelAlIZtS HIuUFHE I 2H= oA A
= 10UHMA SAtE A2 B0l HAS & = UL
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3. HMelds HiD 2 B
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HOHCH JIE ®emA XMelAlztd bl 79%2 As0| staE HS
o o~ UCH.
[E 4-12] 4B ASIY MHelds sax
o= HelAZHE) HelN2HE) ed=%)
J|IE WMeEA Ml 815 79.0
CombineFilelnputFormat 180 171 5.0
JUM THAFZ 336 49.1
[E 4-13] 5B ASIIY Melds &at
v e HeIAZHE) HelAZHE) S
J|IE WMeEA Ml 674 74 .9
CombineFilelnputFormat 195 169 13.3
JUM THAFZ 285 40.7
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[E 4-14] 6B ASTIY XHelds sace
o= HelAZHE) HelN2HE) S
J|lE MeEA Hel 591 70.8
CombineFilelnputFormat 177 172 2.8
JUM THAFZ 264 34.8
[E 4-15] &8 AS0lY XHelds stals
- & Kot SALC
T = MelAZHE) | melA(x) | BEEM
J|IE WMeEA Ml 706 73.7
CombineFilelnputFormat 194 185 4.6
JUM THAFZ 287 35.5
[E 4-16] EE MY (BI7:AS3) Xelds staT
v H2IA2HE) H2IARHE) ==l
JlE WMeEA Hel 362 48.8
CombineFilelnputFormat 215 185 13.9
JUM THAFZ 186 0.5
[E 4-17] EE LY (BI3:AE7) Xelds stax
- & Kot SEALC
o= HelAZHE) HelA2HE) Sei)
J|IE WMeEA Ml 625 66.4
CombineFilelnputFormat 242 210 13.2
JUM THAFZ 281 25.2
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[E 4-18] B2 Xll&s o
-+ 2 B SAE(%)
JIE WelsA XMel 68.9
CombineFilelnputFormat 8.8
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HAGE 128B = 256MBZ &St JWW THAIE HF3E2 18 4F5AS W
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S (2= WY =2 OoIe AJI0 [+E CombineFilelnputFormat & JWM
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