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T foiigdiep é éeanne+anéel daeyoeliiti nénoaial didaaeaiey daca-
ie aaiind (PNOAA) Hadoop €840 dya 10ee+e0aeiilo Tiiaaiiinoaé:
lafigoas T adadoeéacuiial: a éearire-

i0élaéuita efieliciaaiéa Hadoop idaaiiéadaao iefl
e iifaiédaoiia ~oaiéa aaiitd, 6daiyuedny 1aéaoir.
AN Asr O 7N A
2.2.1. Eliitiaiod Apache Hadoop
|87adaiiit Hadoop 18danoaaeyao fiaié iadid 1810annia-aaiiiia ia
dacée+ild nadaddad éeanoadiié fnaoe. 1ada-eneel éacaaidee aaiiia:
1) NameNode &eaai(ié aaiii-aefniao+ad idifodaifioaa éiai 6aéeiaié



3)

4)

5)

T

JobTracker &

TI64486Y40, 6aded 6aéd0 0034040y 1404410
cada+e, facia+ado caa
A0&aeyaony ia

A N AN

J
i 1084601006 iacia+aiind caaa+ ia éiliésaocind
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iaioaié Hadoop iddanocaaeaia

2.2.2. bafidaaaeaiiay 6aéetaay nefoaia HDFS
HDFS (Hadoop Distributed File System) 0aéé&iaay rniéfoaia, idaaiacia-

+aliay aey 6oaiaiey 1+aid

foiélaié fnoaiié ainooia é iéi a ééanoasad 1a0+iad iagei [34].

Naiénoaa HDFS:

féliged Tanaiia dafioaadeaiins aaiias e i

c

Reed

fadaaioée &aiito ia HDFS
HDFS, éaé & Hadoop a 0aéfi, ia o6aasdao aioiaifioiyuadi iaiodaiaaiey
fi adfiélé iadaeeiiiolp, 0aé éaé fefoadia fidiaéoediaaia agy daaiol

ainoodia
laia e¢ Titaind éiivdioeé HDFS  aéi+iinol 08aieind daéeia
aaiiao (oaiaasoiteé daciad asiea 64 1aaco). Agiée 1ailal 6aéea iieeil
doaieol danidaaasaiil, +oi efifelcoaony a oii ~efead aey daieeéascee, a
aafoocagsey agléa aianoi aanodaéoee daééa 6iditado ianenoaio doaiaiey
(beéfiediaaiité daciad iicaieyao eaaét ai+eneyol éiee+anoal aeiéna, éioi-
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U Taania+eaaaony eniie
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a faip 1+adadau, aiéaeil 1018aaeyol 10+aod 1aieéi NameNode. 14846140

70 aéoeaiial 6céa NameNode é dacadaiiié 6idadéeyao oaé factiaaaité
gliooieead iddiaieaiey nalaa
2.2.3. ladadeaia MapReduce
bendiié 2 Noaia daaiod MapReduce
l4ia ec Aaseidéwed 60ieoeé Hadoop caiofé idiadaii MapReduce.
MapReducg10] yoi idiadaiiiay ifaaéi oaniddaaéaiiié 1adaaioée

aeieoeal 1adaaioée aaiilic & MapReduce yoi danidaadéecdéee 6a-
a06€0i00, aéy 1016006 Tidaaaéypony flloadonoadpuea 66iédee Tada

|deieoeal Afanoaaiit aaiiio fienée e 1adl éep+/cia+aied
Aéy adieiaiey cazaiey MapReduce ideieiado adiaita aaiita yoi-
ai cadaiey, dacideaado eod ia fiieeol 6eénediaaiiial daciada é filcaado
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& 53a68015aIe AAIT06 daeed Alciice(l I5AAAEAIEA O6ieDEe-ETIASTA0T0,
Aiesatapuaé a0ata Safisaaaeeoasy
[a 6acA BaA6EHEE 14024200AAPORY T5TIAce60T-104 BAC6EUOA0D, TTE6-

~8ii08 4 5AMiBAAA6E0AEY0 & AABAALSTIAAINA A Aiefie 1ad[(k2, [v2])]
5 o

T

Ooiéoey-08a080
iifioe & 618ied64ao i1aop iad

3 (reduce() ) 140342008340 Gazeadp 1230 Aiefiea i

7
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0aaél-
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2.3. lasa+iay ieaoodidia Microsoft Azure HDInsight

Microsoft Azure HDInsight[52] Taea<ité nadaer, i
eaiil dacaadolaaol éeanodsl Hadoop & i6aainoadeypueé idiasaiiiop
fnodasd aey fiadaceé oidaaeaiey :
i06. HDInsight Tiéitnoup Al
Hadoop é iieedo 1adaaaotaaot
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[81adaiiina dangedaiey HDInsight aii06iit a8y ycliéia C#, Java, .NET,
Python, JavaScript.

laéneiaédit ainoagiiia éiee+~anoar 6cela iddainoaaeyaiial éeanoasa
32 6¢ea, 16é+ail 1eaoa aceiadony oieliél ca ddaeuii eniélcoaita ad+enee-
0aeli0a danosna. lined ficaaiey éeanodsa, ifeihé ainoor,
a oii ~e ; alfooiiT 6idaaeaies aaieienooediaaiey,
870154y 4 Ofi ~efsa TcAleya0 Micaaaa0l cada-e 46y daf+a0a fa eBanoa-
da. ESNA cada+ MapReduce, 14480223401y eidddacoeaiay eliflel aey

yoed 0aeaé lieell enifelictaaolu Azure CLI (éi0ad0aén
Azure) eéé Azure PowerShell.

JobHistory, NameNode, Oozi
T0€e+i00 10 Java, daaéecoaony indaanoail oiiiyiooial alga Hadoop
Streaming API.
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A 10883 6idaacaiey & eco+aiey Adianélal 1atanoadiial odainiigoa
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AAANA
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ia+e0 didlanéea nedsedl oidaaeaiey 1asiiiti éiee+anoan aaiits, a
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415144 116080 eGIAdYOURY AAMYORAIE Ae42Aa60 & 41684, T-aAcalT, ase+ea
8480141 &if0B6IAI0AGEY Tadaaloee/alaseca TicATeed ecadaeadl fieielifiods
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odainiiooa
Panfi-eolaaai 1adaiaod iaydoaéoeaiinoe (& dacdaaioed), daisee-
d6ail aiaianéed oaélih 1 aaiilio éseoddep. lie6+adi fienié
daéiiia e ed cia+aiey yoaéoeaiinoe i oi+itioup ai 1adaoiiai
iioyaéa fiienéa
2) Téti-aodélina dacéenoaond, ndaaiaied sacoeloaoia iaciaeé
SNin AM N s\ O N ANANATA N \NISIIANN
3.1. lienalea enolaiud aaliuo
N A \N/sA O \N s/ 0O
3.1.1. Odainrooita aaiita
Epaay eidpus Aia aidianéia AiiTal odaini Il n

GTFS (General Transit Feed Speci cation) [51] 10€d000¢€ € iioeie-
cediaaiité aey oadéee~iial ivdanoadediey 61diao aey safienaiey T1aua-
foaaiital odaifiidoa e Al alioifodainoaaiiié eidioiacee,

filcaadaol noaiaadoecediaaiita 1aédol 0daifiiidoilo aaiitd (0aé iach-
aaaita éaiaél) e 16aeeéiaaoi &6 a naiaiaiii ainodia éaé 16esceaeuili
jaddaic+eéai, oaé e épadi ifelciaaonaéyi.

Any i&iadiagiay eioisianey GTFS-aiagia 0daifitdoité fenoail
gliédaociial aiolaa danidaaaeéaia it 13 CSV-6aéeai i dafigedaieal .txt &
iddanoaaeyaony a ied a aeaa nooié, dacaaéadiito caiyodie, ca fi=ao +aai fia
fidaaieoaéuil eadéa aey idiadaiiiié 1adaaioée, oaé éaé iaiadiaeit éeal



A \AAA

i190i1é eididiacee, eod flaadeeelia dieaeil Ma+eiyouny aeadfnoél caaaiiié
086&0084a. adaay nodiéa éaaeaial daééa niaddseeo eiaia 1ieaé aaiitd
barifiiodel yoé 6aéel 11 f1oadeuiiinoe (i6eiddl niaadeeeiial éasedial
Oaééa . a ideéizediee 3.7)

1) agency.txt  Taycaoaélitié oaéé fi déacaieai eididiacee Tai
anao éiiiaieys-iadaaic+eéad, 16aainoaaeypued aaiida aéy aaiitan
GTFS-éaiaea.

2) calendar.txt  Taycaodéuité d6aéé i daocaié ey iadgdooia, 06ié-
oeliedopued it idaaeuitl adadeéal; Tientaadony ia+aél é éiiao

(@)
g_)/
D~
MD:
D/
=
D
(D:
T
D
D
D~
Q:
(D:
<
Q-
Qx
S

3) calendar_dates.txt  idfaycaocaéuité
80074 éc calendar.txt . Afiéé 6aéeé calendar_dates.txt  4é&p+ado
ana aaol aey 1adgddoa, o s i

4) fare_attributes.txt iataycaodeuité oaée i cadeodaie, 6noaiia-

5) fare_rules.txt i

6) feed_info.txt [ataycaocaeuiné 6aée n aiifeieoaedi

7) frequencies.txt  idlaycacaeuité oaée eioadaae
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9) shapes.txt idlaycaodéuiné daéé idadeeé ioiadaseaiey 00adéoioeé

10) stops.txt ~ Taycaoaelité daée f eididiaceaé

1100i0a fidaarnoaa MMOUANoaeypo i

11) stop_times.txt

12) transfers.txt ataycaodeliné d6aée idaaee nouanoaeaiey 1aoa-
fiadié iaeead iadgddoaie.
13) trips.txt faycaoaeuiné oaéé 6aénia, naddwaailo éaseali 1adge-

. ey .e ..;I\ P A T LS .e T AN~

806011, 16aanoaaéyaita a aeaa i

Aéaddaiia naycaé idsead daéeaie GTFS-aiaea iddanocaaéadia ia oeé-
fi6iéa 4

Aaiita, danisinodaiyaita a 6idiacd GTFS, Tiéiifioup 1Médtaapo
i6aeal aaiiial effieasiaaiey, neaalaaoaédit itaoo efiielciaaouny a éa-

. N\ A

iadaaic+eéll TTC &lataa Oiaiiol, Eajaaa a 10€00011 4ifiooia ia i100aés
100aéd GTFS Data Exchange [47]. Aaél
. (3
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c
Qo
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]
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<
.|.
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2
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x
Q_)A
-
o
o

N srA A~

T 1aéa0a ¢caadoaeaiilo 4aiitnd daciada 265 1aaco aey 6agaé
aeil 5 6aééia: routes.txt , shapes.txt , stops.txt
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A éa+8noad enoi+ieéa aaiilo 1a oee+il-aidieeiié fidoe aidiaa OaNio]
efifélciaaeny éasoiascadoe+anéeé naoaen OpenStreetM p [48], 1aéaaapueé

&ciaiaiey.

22504 OpenStreetMap 21830 ofiteiae+afech f05680686 4ai06 & 6da-
ieOfy & XML-0a684 fi dafigedaiedl .gpx; afy eiaplayhy eioidiasey
AadaeRa Tofificony @ Tailé ec 0BA8 AAcials AGUIHOAE: Oi-eal, seiey-
ifeeaiz XML-04838, AT0a&0R0AAIT,

i/lieediiai e 1oifgaiéyi, atdaseadildl a
<node> <w ay>e <relation> . Epaay &

O/

dia<tag>, éaaealeé e

\
>
[e]
>

hY

ciaraied v="value" . A +anoiifnoe, a&y éeieé

vO
§
Oz
=)
Q
Q
3
(Df
o ©
AN D

1ae (<tag k:"highway"v:"reS|dentiaI"/> ), iaéiditaaiea aioiae ( <tag
k="name"v="Clipstone Street"/> ) e
é aea 10ifioaéma s
iofeeiidi ¢ é

A

laue
01+é0 ai

jaéa e é

<?xml version="1.0" encoding="UTF-8"?>
<osm version="0.6" generator="CGlmap 0.0.2">
<node id="1831881213" changeset="12370172" lat="54.0900666"
lon="12.2539381" user="lafkor" visible="true">
<tag k="traffic_sign" v="city_limit"/>
</node>
<way id="26659127" user="Masch" uid="55988" visible="true"
changeset="4142606">
<nd ref="292403538"/>
<nd ref="298884289"/>
<tag k="highway" v="unclassified"/>
</way>
</osm>

rA 7 N7\ O

Noaiaasoilé eioadoaén caddocée &aiiid i Hitaildo nadaddia
OpenStreetMap 6aaiiéadaac néa+-eaaiea ifefi



Thifaa 1einodaifioaaiins oaaee 06+i1a
fiaychaaiea e 140aaioés, aiiéieoasuii i6aaifoadsyy aiciiaeiiiolu daaée-
caoee fofiborioadpuddi isiadaiiiial 6oiéoetiaga naiiedidie itaseyie

fa ycliéao iaiadaiiediaaiey Python & C++ ca fi=ao iage+ey idiadaiiiial
API QGIS. Oaéeed a0 cazdénoaiaai neaadpueé einodsiaioadeé
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~NAAAN A O . /I\

AA 1CO éamané. Oadaed Ai61ai0a 6¢éd
aéfiéaié SSD Taudiaie 200 AA.

ICO éazedlié
3) Taueé T1andi 4enétal ooaieeena, adadéaiital ifa aaiioé eeanodd
8 OA.

y fnefdaia ééanoada Ubuntu Linux 12.04 LTS.

. 7IA AN . I\/I\\

Aduanoaeyaony 6aaéaiii Mmicaanoaii

(-
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D

(D~

claaieai ycléa ioiadaiiediaaiey Python e &
ElementTree € pyshp.

a. N yoié odeéup iaiasiaeil ie

é
ailio éc¢ &iefaiid 6céia éeanoaca e aliieieol ai6odaiipp éfiaias

foiaoeou, ~oi 6aééiaay fiefiodia HDFS éeafoada it oiié+aiep iadiaeony
a 0oaieéeud BLOB-1auaé
SRV A H

A s s AN N 7

ofa Azure, Tiyoiié aey aifodia é aeda

D
S
ox
(D~
<

VS

DFS efiietcoaony fieaadpueé neioaé

)]
D
=1}
-
2,

wasb([s]://<container>@<account>.blob.core.windows.net/<path>
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1) Oaéé stops.txt : stop_id , stop_name stop_lat , stop_lon .
2) Oaééroutes.txt :route_id , route_short_name, route_type .
3) OQaéétrips.txt :route_id , trip_id , direction_id , shape_id.

4) Qaééstop_times.txt : trip_id , arrival_time , stop_id ,
stop_sequence

5) Oaéé shapes.txt : shape_id, shape pt_lat , shape pt_lon,
shape_pt_sequence
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1) Caadoocéa: +~odied aaiiio aey Tacaaioée ec 6Gaééial 2
ifitaap énaiad LOAD ‘'wasb:///[path/' as (fields:type); DUMP
<data>;. Dac6euoaoii 6aaiol fiadacida LOADyaeyaory ioiigaied,

Y

101504 Ao &g 164 & AOBI-

7 s\

2) [6aiadaciaaiéd: a aaiili ned+ad i6eiad Oeelodacee Oaééa
stop_times i



iieaé, Afoiyued ec 1eadé 11 6 eiadénal a noadié R0B6E06AA.
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€éa aey aaeu-
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‘wasb:///path/'; QUIT

N\ an

3.3.4. Adiléiaied caaaieéy MapReduce

—_—)
N
>

stop_id, stop_name, stop_lat, stop lon,
[(route_short_name, [arrival_times])], times_num
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<data> GENERATE $0, $1, $3, $48i0i0ay fifoaasyao fAod6e0686

e f ilifudp éfaiad STORE RESULT into



7N s AN

iTéép+odi
éép+6 iiey trip_id . Aéy adi 7
efiifélicoaomny 1aédoorg.apache.hadoop.mapreduce.join . Efioi-

T Y

éfaiey i

a
A eap=Ti cla~aiéy sys.stdin  (Alaaiaiial 6aéea) & cia=aieai i
fi

~ ~A ~n 7

oaéea. Aldia 66ievee faddaeeo fiehié fodie 6acea aac iledé

trip_id e route_id fiéaadpua
stop_id, stop_name, stop_lat, stop lon,
(route_short_name, arrival_time), 1

fiaeiadee, a 6iaa 1adaié ec é
fadie gia+aieyie ey  stop_id addadedopory a

o) A

iaéiaoee ana ciazaiéy ifey arrival_time i faéia-

ANA

~A

&y  route_short_name addaaedopony a fiiefié, a a 6ia

Qo

edopony ana 1adfroute_short_name,
imes]) i 1aeiaéiadie cia-aieyie iiey  stop_id .

stop_id, stop_name, stop lat, stop lon,
[(route_short_name, [arrival_times])], [ones]

Agy filnoaaeaiiial élaa MapReduce a éfifiiee Taifal é¢ aietaits ocela
oaaediiiar eeanoada atctaaaony fAffoadonoadpuay casa+a i imiuup éi-
iaiad yarn jar /usr/hdp/current/hadoop-mapreduce-client/hadoop-
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streaming.jar -files mapper.py,reducer.py -mapper mapper.py
-reducer reducer.py -input wasb:///input/path/ -output wasb://

hadoop streaming.jar efifélicéaony ide adieiaiee fiadaoeé ii-

¢ 14d0a4aa+e MapReduce. Yoa +afnol 14afia+eaado acaeiiadénoaea

O «x

(
Hadoop fi 16a4ifioadédiitl aiaeiel &ial MapReduce.

~A

aeill 6éacaiitia d6aéed, éioiata ideeil fiéliediaaol ia ana daai+ea
Océd

-mapper fiifataao Hadoop T ofi, éaéié d6aéé feaadao enielciaaol
a éa+anoaa iiascey sarnidaaaeaiey

4 6a+3M0A4 11a6ey daacetee
Jnput , -output  ABTAITé dade & ANGIAITE BadATA
A&y caadocee dasea i BAcosloacaie ec Tasa:ilal BLOB-6daieeela
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