A131a89n197euludineuuNTTUIUINNITNTELEUR Y
An Office Work Simulator Based on the Oozie
Workflow Management System

vilug1 WsnuEna

Kanittha Promsakul

amaﬂﬁwuéﬁﬁﬂw%unﬁsﬁanmﬁuwéhgmsﬂ%qggﬂ
AAINTFUAFATUWIVAGNN F1U1IVIIAINTTUADUNIADS
UAINYIAYFIVATUATUNS
A Thesis Submitted in Fulfillment of the Requirements for the
Degree of Master of Engineering in Computer Engineering
Prince of Songkla University
2560
SuavSva I duEaTUASUNS



A131a89n197euludineuuNTTUIUINNITNTELEUR Y
An Office Work Simulator Based on the Oozie
Workflow Management System

vilug1 WsnuEna

Kanittha Promsakul

amaﬂﬁwuéﬁﬁﬂw%unﬁsﬁanmﬁuwéhgmsﬂ%qggﬂ
AAINTFUAFATUWIVAGNN F1U1IVIIAINTTUADUNIADS
UAINYIAYFIVATUATUNS
A Thesis Submitted in Fulfillment of the Requirements for the
Degree of Master of Engineering in Computer Engineering
Prince of Songkla University
2560
SuavSva I duEaTUASUNS

(1)



=

3

AR Weauliug) nenLana
A191397 AAINTTUABUNADS

(2)

(958078 nauAlsSR)

AMZNIIUNSADU
................................................... UY5¢51UNTIUNIT
(3.1 YNE32A)
................................................................ N35UANT
(958078 NauALsSHL)

NSIUNIS

({HA1mans19138 A3.AYY Aeudied)

A3IUNTT

({vremansn19138 asifeuiiey NYNIINA)

(%

JaudinIngde unIngrdeasvaiuasuns ayddtitduing dnusadull

dmsumsfing anunanansuIyaImnssumansuUngin a1wivieInssuaeNines

I's
2

(599M1@M513158 AT.A159ANA TI3ea19)

v

AMUAUUTNINGIRY



(3)

Y95U59971 NaUATeUNINNFNYITevetinfnyes waglduanianuveunuunnani
dutiemdena

(P58 NaNALTTHL)
919159NUS NI DNUSUAN

(W9a TG WInNaNa)
YnAN®



(4)

(%
[

i1vesusesi naaidellinedudiuniduniseudfvsyailussaulauineu uaz

o

Llagnlelunisiuveeudfusayaluuei

(U9auiiyg) weviana)
InFEN®EN



(5)

Fadnendnus Mrasamsvhanuludinauuussuudannszuauged

a

bUYU UNﬁ'l'JGU‘Ij‘E@’] NINUANG

eXe

#1917 AAINTIUADUNHDS

Un1sAnen 2560
UNANED

Wetinusatuil 1rdninTsuun1T91a0enIzuausalula Naunsnsessy
N15U18AINTBLAULATUTDITE ULV TINUTe lUBIANT Wielissuuauisadingly
¥ d‘ = U lél -] o
nulaledinsusurualngau Ineiszuunsuszananaluunszaeulgdluszuunisdnasy
mansiiudeya insesdladmsudnnisnszianuauan waznsuszanana 3uideilez
F1899UAAINTHATAIUINITIIY elFluNTATLILLAT USELIaNAN TEUANIY NAGNS
Y93 ITgdutduiisnisasiatanuatiasveIatnuiasyanaldlunissenaunis
Ussanananszuany wWislinisuszanananisnseyivesnssuanulunndunsuliiinaiiy

| v o @ vy g X
atuazUszinanadnialasinsitu
o = & o ] d‘

seuunsPasdilsidunsvinunldlunsaivaunisyssinanavensyia
1 Paflandusy vga neansvinaudlvae Juiinnisussinanalaznisdseeandeya oy
Alivsedauaszuudinsiauihuivdnwisdedldau dwnsesnwuunmsiivdeyaiiieli
anunsasesiudeyaniduiuuindu Judenld Apache HBase Wuandnanssugiudeyai
I 1 v v W [ v A 1 14
Juswuulifiauduiusiu inlvlianugangusazanunsaveneunale n1sUssuiananszud
NuULaenlTiATa UNITEUUNITUTENIANALUUNTE 18R Apache Oozie Way Apache
Hadoop TuA13TANITNTZ LA UM ILAIRUNAILEZ UTZUIANANTZLANIU NOANEVDINITINAS
100 N3zuany wuANa Wewnyaaatuunumauna iy 2 au vauldiunaiuay

ArANa1T Y 0%



(6)

Thesis Title An Office Work Simulator Based on the Oozie Workflow
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Author Miss Kanittha Promsakul
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Academic Year 2017

ABSTRACT

This thesis presents a simulation of automatic workflow management
system to support any office or organization expansion. The goal of this research is the
scalability of workflow simulation which can be utilized even the system of
organization is scaled. Distributed processing system is used for both data collection
and workflow execution of the simulation system. The number of person and work
roles is considered to be applied in this proposed workflow simulator for the purpose
of execution and processing workflow to make the simulation more accorded to
business conditions. This research focused on decreasing of delay time which is waiting
time of each person before working. Therefore, the overall process of workflow has
less delay time and succeed.

We proposed the simulation system to control the workflow simulation
processing. The main functions are start, stop, pause, log, and export data. User or
administrator controls the simulator via the web user interface. Data storing is designed
and implemented to support big data processing. Therefore, the Apache HBase was
adopted to store the workflows and workers data for the flexibility and scalability. The
Apache HBase is a database which has non-relation of storing data architecture.
Furthermore, we considered to adopt both the Apache Oozie and the Apache Hadoop
which are the workflow engine for workflow simulation execution on distributed sys-
tem. We tested by running 100 workflow simulation. The results showed that it causes
the delay time in some of the work roles in workflow process. In addition, we added
2 peoples into the work roles which has maximum delay time, and then retesting. The

retesting result showed delay time is 0%.
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n1saginliesdnsuszavaudisuazlufudnungegrasinss &
UszAnBnmuazUszaning fe301/un13uTnnsdnnisia Wy msuimnsdanimmineins
yana MuImMsdanisnszuaunands waznsuimsdanisian Wudu Sanisuimsdanis
ey wand nddldenansiiesegaderlunissiiunu Suemnneniinnedldidn
funuwlumsvhauannty Ssunsuvssgnaildmiuluesdng uazldlinmatamnisif
Toyalagldn1sianisseuugiudeya (Database Management System: DBMS) (Wil van der
Aalst 1998) uinsviaudalifiussansamluFosmesmsimununummihfiuagnisiva
yostoya (dataflow) lurasl aa. 1970 BufimsihunanuAnyesszuumsiansnsziany
(Workflow Management System: WfMS) 11118lun199an15A 52 UIUNITYI9IUYD999ANS
\leLfinUszAnsainnazUssansualviuszuunisinaulussdns (Edward AStohr wag
J. Leon Zhao 2001) FauunAnvedszuunsinnisnseuaue nsdsdoyadnlusianiiu
yaranisludayanands vieruedotisnenfinneinielureesdns mungszifoudld
fvunlfvesesdnstug TnefendsvasdluiFesweansdadisuduneunisinnn madenld
suimzdmivyana voiludeyafiisadestuianssuiingsyh szuunsdanisnszua
sudfiragyilinisuimsnaifiaunmity Maanhauanas dsgndadilding auau
anugndesls wazglinuiaufianelalunisufiAniivesnues (SHI Meilin uazany
1998; Edward A.Stohr lag J. Leon Zhao 2001)

Tuiligtuimaluladnszuanulngldszuunmsdanisnssuanusaluif® fnns
ggnpuaznsiildldiiunntulunansveunau essnnsyuanudalut R dudud ey
Tumsdfiusu dmsuianngsiavesesdnslag ielussaimunegeandidunld iile
fufumaifiunandnuasgramnssuliiuniu vienseitdldszuudanisnszuasuiieiamn
sruvatiuayun1sanaula (Decision Support System: DSS) d1115UN15IANITNTNEINTN
SITUBIANTONSINAUNU (Sergey V. Ivanov tazaaly 2013; Adela Bara wagatz 2014)
uananifosnisssuunssuanuiiianudangugs iesnnszuvauluiagiuduuy

Taurdn wsedinsilasuuadlassadsluniusssusfuesesansninuasy A1 NI



welulad uazmsideulumuiausssuvegaars IWinnsihszuudansnssuanulszgnd
saufunsianisesdaiuiuesyananionddns (Knowledge Management: KM) titaLdu
wuInalunsTnnisnssuIunITnIegIfakazaienuiianelaluivyaainslusedns
(Ricardo Anderson wag Gunjan Mansingh 2017) waruenainimaluladlédnswauaia
1ty gunsaididnnsefindviedumesidndundunumuasdinsldnuuniuluilagty
nadulaesesdnavinliszuunssuanuvasesdnsvensTuguiu Sainldnisdafudoyad
$ruaundy feyadvuialvgiu waeiinisveenmafvieyauiielisessumaiiuiuves
Usinateya maluladvesiadesnisAuianiieszananateyanuunguius (Cloud
Computing) niaLaTavievesdeiiiusinududecld (Internet of things: IoT) (Li Liu wae
Aoy 2014) gnihanlflumsilesginasuidgmusstoyals wu uitymiesnoviniled
msUszananateyavalnguazduiuinn videieifiuanaunislunsuszinanaiduluy
nszane Ingendeszuudnnisnssuanuiiivdninasimidineimans (Scientific Workflow
Management System: SWfMS) Faduiasosilefitefinuszansamdmsunisussuiana
nszuanuuarlidnnisgnvesdoyafiisiuauunnduluilagiiu (i Liu uagane 2015; Ewa
Deelman wazAay 2015; Xiu Li wazane 2016) uonainiszuunissnasausniadssiled
Paglunsiiasgigunn uastiinuszansamueanszuaunsdiduauld Taslawiznns
$1a0sszvudanisnszuanuiieldlusiudusiiag 1wy nmsdraesdanisnszuanuiile
atvayusruumMIdndulas Sassmsinuremingnsuanaluasinsliliussdnsningegn
LayMISasssEUUIANINSEuaMUATudnInainIIn1mans lunisusssnanauuszuui
Wuuuunszane 1Judu (Anne Rozinat wazAtdg 2009; Ying Liu wagAuy 2012; Weiwei
Chen ag Ewa Deelman 2012; Sergey V. Ivanov Uazany 2013) FasruUNITTIADINTTLA
muiifiegludlagtuiu Siliaunsnsesiuniaiulaviovssimesssuuaulussdnsvio

meaule

o
A

IneninusiisinnuadlafiazoonuuuiazimunszuunssiassnseuanuYes
0sAnsla Wedurdesiielumsiinsinissauvesyanatisuiiaveve Tmnzalubes
unumuthkazanundenlunisvhay widym anseauisuinveuuinvietesludmu
yaRatu nszenumuMihfianuiuiiaseulvituyaainslussnsldegrainilon uasile
finsvenenuvesssuvanasavildhetu ddulligiunuitessuuianmanssuasudiuann
HunvuszuugFuuazdliuinig (Client-Server System) sinldiidesrAniilonsAnsvens

£
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A1305093UTTUUNTE LA BULIAYesesAnsTuawIAnle (Scalable and Extensible
System)

ATeilTgnUszasd Wewauinisdaesszuuianisnszuanusalud
dnfuesdnsvieniisnulag isesunisusureneruinviedsuulanisuinisdanis
NITUANUYDIBIANT FIT8TlABBNUUULATIAILINITINADITEUUTANITNTERANUBY UY
FEUUNIATNIULUUNGUNY N15USENaNaLUUNSEa1e (Distributed Processing) lasaniuy
maivdoyalunisitaesuazradnsveinisuszianansyuanulunuulifinnuduiusiu
dielvitinmdanguvesssuunazannsafiuteyalsdiuiuann lunsimuinisdasssuy
Fansnszuacudalugiid dwsuliussnanansnssyhuesnszuanu M15aeaneinnsan
mi%’mmimzLmemm{hLLmjwﬂ']ﬁﬁ%'Uﬂmawaqqﬂa’mi ‘lﬁmwwmmﬁwqiﬂu n1g
nszvivesnIELANY RnsanFowesnaildlumsdiiunu wu narfiudazyanaltluns
seufioarUsrananan1nTziueInTzuay Lagna1TulunsUsvanara eI TE kA
uenaniazinsandnuasresnssuanuUszanie lunmsaes weldlunsiesesinig
vhauvesyanaludesiarlunsUssnananszanuiu dusunisinnsanuiuddeul
yanaduiiiviniauiufinreuioatunvieutuwnulunsdinisUssaana nufina
19 sidefinnsanfiuaurheuresiundsnuiulunsdilyanalifisame WedelfiAa
Uszdngnnuazysyaninagegalunisaiiuauveauninluesdns wzariun1aaes
srvuinnisnsenaudaludai awnsoldiduundaiugiudmiunisiauesdnslid
UseAnBnm wagsessusruunuvesesinsivensiulgluouae

o/

1.2 Inguszasd

1. WBIABITEUUIANISNTLLANUIUDIANTOMIULR  Wa¥IaISUNISILNe
YUINVDITEUUNULUBIANT LR
2. LieT189IYAAATULARTUNUIMINISYINIUMIETZUUINNISNTZWENY  LaY

AFIATIZRANIANNTTNDUNITUTEUANE
1.3 Uszlevifianadnazlasu

1. WWuwndaiugiulunisianisduniswesssuunssuanuluesing

2. Hlun1TIATIEANOINUTRANTILIUYAAINTVDIBIANT LA



uni 2
NN UAUANNIT

luunilagnafsssuudnnisnssuanu Useialueinauiadagiuesssuy
IAN1INTLUANY UINTTIULALUTLLANVDITLUUIANITNTLUANIY WALTTUUNITUTENIANE

% A a 1 =2 = = d A o w
LuuNIEAevestayanivwining sulufsmsdseuiisuiniesiiedmivussuianassuy

[y

a v A a ~ ° ) a X
NTELEAUY warnIsiaentdiAsaddlalunisussunansekanuusaudnsuanuidedl
2.1 STUUINNISNSTSHENU

psAnsazludadmaneiidalednafivssansamm avdeadssuunisdnnsg
NTELAUTATI8dnn1TnTEUIUNITNeETAY Weaanatas Usendaanlddne auau
arugndadlanniu uarainnuionelavesuiifnuinniy Sufuusnaisaensiuis
AMNTINVBITFUUNTERANUIINBANNITITU U1ATTIUVBINTIANIINTLUANY TINTINTS

WU TZLANVDITEUUATELENTY Bzl lULUI8U8958 UUTIANITNTELEN Y

2.1.1  algny

JEUUIANIINTZUEIY (Workflow Management System %38 WIMS) A
funeumsvsznananusnluifvessruunu Ssseneudeifuduneuresiansusou
Suduauduganssuiuns flhmneildniglussdnsuiossniniesdng doganioauves
uiazAanssuargnUszananalasyaraviereufinne smungazfouilddilivosesdnsdus
el iiAnuszlomigegauazussqiimuneuesesdng (Edward A. Stohr uag J. Leon Zhao

2001; SHI Meili uwazAniy 1998)

2.1.2  UsaRU9953UUINNISNTEHENU

AMNUTLNOUN 2-1 WAAIDIIIRIUINITVBITLTUVANSAUNA (Information

System) YALSuAUNBUILHTEUUTANIINTERANWAATY NTUBAAAILAT A.A. 1970 FUD4
Ua9Uu Feaziludssloviduazadvayunssuiunisnisgsialudagiu wuslaseadne

druusenouvesssuuteyasandu 4 yameiu el



appl.

OS

1960

3

YA 1960  dlusunsuuseynd  (Application) ﬁﬂszmamaaguu
seuuURtAng (05) warlifinadoudetuiniesnoufinmesdun luns
Uszaanatoya szdnfiuuavisenidtoyalu Data Storage w3eisundn
Standalone Application

Up.a. 1970 ladnsiaunsyuudnnisgudeya Database Management
System (DBMS) anlgsauriussuulusunsudssgnd

Un.a. 1980 lfimsWaundruvesmadensefugldnuvdeiionin User
Interface Management System (UIMS)

Y., 1990 auistagtuldianndiuyadds (Software) nsguaIY

lUsunsudssendgnitaunduiventsaiiiununiegsia - Miiinssuy

Y
[%
=

INNNTNTLLANUIY
UIMS Umis
appl. |@ 2! 2|9
219 1™ B B3 2
a A E =
08 05 0s
1970 1080 1000-Now

AUsEnaudl 2-1 UseiRszuudanisnseuacu (Wil van der Aalst 1998)

213 mmsg'mszuu%’ﬂmsnsmamu

UINTFIUVBITEUUTANIINTLUANIURADLDIANTAAMUUANFIITY LD IH

NITUANUIENINDIANTANTOIIUTINAULS Falinquariusindelunisadiwnnsgiunig

IANTITNTLLAIUTU G?iaﬂizﬂaulﬂﬁaammgmsuaqaqﬁm"l,éfm WFMC, BPMI, OMG, W3C wag
OASIS (Jan Mendling 2006)

WFMC (Workflow Management Coalition) Juesdnsusniifinisdsady
UINIFIUNITUFIUY uazdln1wn XPDL (XML Process Definition

Language) \Uunnsgiu



(%
LYY

- BPMI (Business Process Management Interface) Juesdnsfidass
UINTFIUNITIANITNTEUIUAITNNGIND - UNITIHEUNTNIY1  Business
Process Modelling Language (BPML) ez XML-based ol

- OMG (Object Management Group) lasdiiu BPMI wazdiniuw
mmgmﬁa BPMN (Business Process Modelling Notation)

- W3C (World Wide Web Consortium) #MSHgunsvanss 1nsgiu
dwsugliusnisiivled

- OASIS (Organization for the Advancement of Structured Information
Standards)  Haudniduusemuuiavateuseniey IBM,  Microsoft,
Adobe war Hewlett-PackardOracle lusiu Ineiifvunsnnsgiud
138A71 BPEL (Business Process Execution Language) %QLﬂummg’lu

LUUBEALS NsTdauRadasiienlgane

dmfuauidelatuayuuinsgiu WIMC tosarnifuuiasgiuuuuila

[V 7
1w =2

(Open Standard) Mignnesnstunielnduaina Tiauisafnsdedeasuazyinnusiuiuled
& & av o ° < o a i o A 2
waziluasAnsilduarmmanils wagielaundnaiglungduaiunsaiinusenineiule
(WFMC 2017) @undnvesesans WIMC Usenounae IBM, Hewlett-Packard, Fuijitsu, ICL,
Staffware wazuUIENdUY 8n 300 NI1UTEM ladin1seanuuuausmiioveutnsgiuly
I3 R S o | = v ]
93ANT NilATosdlenanseuanuiargutoyadiunans Weuseiudiuseusza (interface)

5 @ sanandlun nUsenaun 2-2 aasalul

- Interface 1 Process Definition Tool Lﬁumiﬁﬁ’mm%aﬂﬁam%ﬁmm
NSLUIUNTINIUVDINTLLEY

- Interface 2 Workflow Client Application %ﬂLﬁuIUiLmiuﬁ;ﬂ%mu%fawa
msliusnmsiiiefaretunszuanuluszuy uasinseiuinisslszunana
n5zLaU (Workflow Engine) wialagldisuuesusazay

- Interface 3 Invoked Application Interface %ﬂLﬂuWﬁ’lﬁqﬁm%ama
Wednldlsunsunseusnsaeuenszuy

- Interface 4 Other Workflow Enactment Services %ﬂLﬁummgﬂﬂumi
FeusniureaedesUssinananssuany  Aviliusevvdessnnsd

wRNANNUAILNSawaNUATUNTEhaunule



- Interface 5 Administration & Monitoring Tool tugnrdaesasiloves

v o

AuaszuvdmTugualazilndunanisal

Process

Definition Tools

Interface 1
Workflow API and Interchange formats Interface 4
Interface 5
Workflow Enactment Service Other Workflow

Administration

Enactment Service(s)

Workflow
Engine(s)

& Monitoring
Tools

Workflow
Engine(s)

Interface 2 e # Interface 3
Wor‘kﬂow Invoked
Client Applications
Applications PP

AMUsENOUR 2-2 UINTFIUTLUUNTEUAIUYDY WFMC (David Hollingsworth 1995)

2.1.4  USSLANVBITEUUNITSHEITUY

msﬁ@umﬁwuﬂizLLamuﬁagmjwmaLﬁ@iﬂuﬂszmummasﬁwLﬁumimq
qsﬁﬂmaé’m‘luﬁﬁ %qﬁﬁugmmmﬂszwfﬁ'@miwﬂms AM5UTENANANIW NNTUTTUIANE
LLUUW@%@JLLazéﬁu?ﬁuﬂ Tuau3dy (SHI Meilin wazauy 1998) lana1iieuseinnaeeseuunis
Fannsnszuaay wardnussiannssuanuldselud
- nsTMANULUULATIASTS (Structured) WagASTLAULUURNIEAY (Ad-
hoc) ﬂssLLaafluLLUUIﬂsaa%fNLﬁuﬂizLLamuﬁﬁIﬂiaa%”mLLﬂuaumaﬁaqﬂa
ﬂgwmiuﬂismumﬁﬂizmawa A1311509 PNNANTIATIEHLUUT 18D
ﬁ’mﬂi%LLﬁ\‘i’mLL‘U‘ULQ‘W’wﬁﬁ]L'fJ‘L!SSU‘UﬂS%LLﬁﬂ’mﬁﬁﬂﬂ’J’]ﬂJ%’]‘g@u%m‘ﬁauﬂa
Hunszurunmsdsunlasiuunaln drusnnaglalusyuunssuanu

LUUIY



- nssuanuiilfienatsidundn (Document-centric) wagnsruanuldng
Uszsnawaidumdn (Process-centric) nszuasuildionansidundniie
TnensUssananansslanumslenasolannseing  AsUsERann
Amea uaznsvuanuildnIsUssnanadundn awiulufinssuiunis
VYBINTANLUNNTNINEGIND

- Email-based way Database-based NSEUaIIULUU Email-based agidu
nsnszedeyalunisUssaianavenssuany tngasilunisdsioniny
Wleudafieu @amnszianuLUY Database-based N3UszINANATBINN
%umau%Lﬁuﬁagaawuizwmﬁﬂmsgm%’aga

- Task-pushed uay Goal-pulled n3gLEULUY  Task-pushed Ju
nssUILMsThumEd iUt uReu  azlidannsardunsuseluladmn
Funoureuntidslieds dmunnarlifunssuanulagldionasdundn
AUNTTHANULUY  Goal-pulled mmizmizmﬂmmwiag%umuiﬂ
Usrananandoniuld viliussvdanatlunisuszinana deynduneu
Uszananaauiiodadanisvingu

Tutagtunuifonsunssuanuiiuun ity Wesnssuumelulad

peufmesidnlufiunumlunsinuiounnesdns Juwnliunsidessuuinnanssua
ulullagiu 1w nsasiessuunszuanulindunuunadn (Wanjun Huang wasaaz 2004)
nszuanudanudaneuaiisofiazvensvuinvesszuuanuld nsdanisnszuanudiiy
STUULUUNTZANY (G. Alonso kazaniy 1994) Wudu Fdineninusidararadussuunszua
suuvulassaisuduey uifinsuimsdansouldmunganiuassnuidegveadlday
nsshanwenarsilunan dnsiiudeyavugiudeyauuunizaiy Lazn1591a83818750

Uszananan1snsevindaunule

2.2 Apache Hadoop

dosnszuunszuanuluagiudnlngduandnensmunuuiaiosiu-
193013 (Client-Server) leasdnsvensauadflfruiuiu shlinssauvesssuuiiuiu
STUUINNIINTZUANUTInOUAUDILATIA %ﬂé’ﬁﬂmLf’ﬁ]qymmwizmamamaﬁagaﬁﬁﬂmm
Tnajiu Tasthanitmenssunseuanuiuung (Clusten) Warldnuunussuuandnenss

WUULATDISU-LRUSNNS (Kwang-Hoon Kim wagauy 2005)



n1sUsrananateyarunlvginisldanuegneninewanwindu wu ey
a a ¢ & v o= oa o < | & v i
n193u Bwwmedile Wusdu Feadanuvimeduegraun Tunisinudeyavuialugiinig
Wwulnedrananiaesldls ladwsuisafie Apache Hadoop Fatdutsuiisafildlunns
Usrananadeyanvunlng lneni1suszuranailuwuunssane (Anand Loganathan wag
Aty 2014; The Apache Software Foundation 2017) #i99fA® Hadoop Wurenduisi
ansainlglunsiauilusinsuussgnalans dnsdeunnududeulunisussuanauas
TANUNUNIURDAMNAILMAT LazaunsadanIsTaRananlaledlnesnlulf uenanidsd
1 A A (% 1% = % @ s a
AMNUITelakazaNITaUsueIeuuIala Ine Hadoop in1sdnnisiiulwadiuunszaiei
i36n71 HDFS (Hadoop Distributed File System) @sagiiudeyauazsosiunisdedeyadnuiu
WINTENINNGN biNIsAIUMINaaNSIANTINEITY ewwnwuIingunisuseulana
Wunarengy uenandiisnisussuiananuuruIueesyadoyavuinlugisendd
MapReduce (Jeff Dean W@ ¥ Sanjay Ghemawat 2008; Seema Maitreya wag CK. Jhab
2015) §3il91u3987111 MapReduce anlalun13a51952UUNTELAULUUNTZAE (Yang Ruan
warAE 2012)
[ '3 1 < v I [ 1
n133nn1slnduuy HOFS asuvaiuteyavuiniveludadvungesqlussuy
994 Hadoop tlavinisuszananateyadzidunisussuiawuuvunufie MapReduce 3l
TunpulunsUszananasy 2 Tuneusieiufe Tunaunns Map Wewladayavunlngluinu
Y ] Yy & ) fu A Q{' o A v A o
Falvupsine win AgdeilendurielusunsuiivgUssuianalydilvuaninudoya wevinis
Ussananadannesnis Wumstesiuldliinenevialuszuu deluduneu Map dagiduns
nsodayanifeIn1svieUssinanadnsvaAazlnunenil NAIINTUATdINadNEANTod
auaeanyl lWuaTaenauianeslun1ssIuTINTeyanvun LaIUssulananIA1ney

Y
ATefifeIn15oanuT Feduneutlizoniinis Reduce Toyasonunlunadnsgavined

e N =1

99N15 AINNUTTNOUN 2-3 F8E19N15UTZUIBNALUVIUIY MapReduce F9A99N15AUNT

AENNA1IN “John” 9ndeyavuinlvg (Big Data) Funeunis Map sxila3esnouiianes
dnsuldlunisussananaionun 5 3o Fedeyauunilvgduszgnuiadu 5 dnlvifu
LA3DIABLAIABSTY 5 1A3es FrufuUsrurananAdny “John” dauduneuaasnis
Reduce fiflinSasnoufinmodnaiun 5 1n3es dmsulszaianasiumneuildsuaindunoy
115 Map 3ebdnadnsvesnisfumdidnidain “John” FedeRvein1suseurananuy

MapReduce 3gnumuADALaLLIaIve9TEUUlan
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MAP REDUCE

Big Data

AMUTENOUT 2-3 N1TUTTUIANALUUTUIY MapReduce (Thomas Seidl 2009)
2.3 1AT09NRd NS UUTENIANANITIEIY

Tunsdudumsimunszuunszuanu findesiiofianunsadidunisssuy
nszuanuaguaeiiiety ThuatesdefliluBondyd dosdialiisuarlidedaldine
Faadesilefifidvaulefe inTesilonszuanuilogiuuiog uusruunisUssaiananuy
N3¢y

a15799 2-1 1Junnsilsuiiisuiaiesilelunisaieszuunszuaay Fald
Wisuisuaauifsneg uiaziedesdlefiyaidugadesiuandaiu enSsuiisudeyaly
Fosnwveanseuainy XML 1uarenfidlaseazaansadluldlaiunnlusunsy
uwwanesulunguuandenld Hadoop Liesaniluzendurfuuudaes Tindegudils
wiuey uazdimsliuimsivisazazenlunsinauaniuznsUszianaresnseuany Tu

av =

nuidedslaaeniaiestiedmsuldlunisussuianansyuanu A Apache Oozie 1iip93n

A [ [ =

WumIesdlefdiednszuunisdnaisiswesnseianu Jadusendiasamnsaldimuinssua
nulaas ddeffeaunsalsvrgisvunladioszuuivualugu wasiinuiiieiioves

seuudamumusionudumadléd (The Apache Software Foundation 2017)
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A9 2-1 WIBULBULATeIBNTZ a1 (Anju Bala wag Inderveer Chana 2012)

Workflow Workflow Cloud Dependency Event Requires Web
Engines specification Platform mechanism notification installation service
language
Hamake XML Hadoop Data-driven No No Console/log
message
Oozie XML Hadoop Explicit No Yes Web Pages
Azkaban Text file with Hadoop Explicit No Yes Web pages
key/value
pairs
Cascading Java API Hadoop Explicit Yes No Java API
Orangescape MYSQL, Goosgle app Data driven Yes No Web pages
Studio Oracle, Engine,
DB2 Microsoft
Azure, IBM
JBOSS Java Octopus Explicit Yes No Java API
Pegasus Java Eucalyptus, Explicit Yes Yes Java API
Amazon EC2,
Open Nebula
and so on
YAWL XML None Data driven Yes Yes Web Pages
2.3.1 Apache Oozie

Apache Oozie #38138n31 Oozie (Mohammad Islam wagaty 2012) 1u
\A30adlod IMTUUTLLIANANTERAIIUANNLIAT F895UNTSUTLUIANAIIULUUNTEANEUY
Hadoop %Qﬂ’]iﬂi%ﬁ?sﬂaﬂﬂi%LLﬁﬁ’]UQﬂ@%U’]Uﬁ’wﬂi’]WLL‘U‘UiZ‘U‘ﬁﬂV}’N (Directed Acyclic
Graph; DAG) uenantiu Oozie ussuuisasiunisvenssa fanuuniede waviiaang
favguvosszuugs nsenldenlumsdinszuanuliuszinanaiiuaiesiuiniaiy
(Web Service) lngi3anldyndds JSON/REST uagmsuszananansziaulagdamasm
Command line

nsTuANUFeINsUsTIIaNaS BN ILTaINTELANY (Workflow Job) uag
Inuadnsun1sUszaianalionI1n15nIev11999nIElasu (Workflow Action) @nsunis
oonuuvaninenssuues Oozie fanmusznouil 2-4 yaddsansnsaizyiemdons fu
Wa58UU (nstrumentation) Lol uvesnszuanuduniosiens i (DAG Engine) vz

arvaeulnansruanueglusisuuilanvualinield dwmnnlidnszuanuldlaegly

sULUUNMMUATDY Oozie Avzudstoranan HTTP Status 400 wazdnlndanszLaUgNADY
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< Q’.JI [ o I3 o QIJ
SEUUNALUTTUIANANTLWAIIUNY LA NBUENITV19IULLTUAIFY Command Tu
ASEUIUNITANTUIIU wazdl Command Queue MIAUAINITI9Y Fevinldiarunse
Uszanananfouiulivianuiiaiiininue waz Oozie § SQL DB lusiesdmsuiudeya

NNTUTEUIANANTE LAY

Web Services (JSON/REST API)
222

amUsznaudl 2-¢ anlnenssuves Apache Oozie (Mohammad Islam Lagaguy 2012)

Uszinnvadlnuansvinulunssianuves Oozie Usenaume 2 Iuanan
mufume nunaluaunsiva (Control flow nodes) karlnunvainiinseyia (Action nodes)

dwsulnuamivaumslvavednseianuavlsenoumeluunawioluil

- Start Control Node fio InunfimugudmsuBufunureInszuany 39
sedearmuslulndueanszuanuiios 1 nuawintiu

- End Control Node fig qumﬁmugumi?{u@mmmmﬂizLLm'm waYHDa
Smunlulngvesnseuasnuiion 1 Tuumwindy

- Kill Control Node fio Tnuafinuvssnszuanudusesliiansnunge
Fues Wesndansaumainszuiunisveansussanana Wioduns

& oA 1 Kav v
AUNNTUTEUIANAIUYDINTLLLEINULU QSNMi@IMﬁIﬂU@Uﬂl@
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- Fork and Join Control Nodes dm3u Fork Control Aieluuannaueniiaz
Uszananalnunvesnszieelu waz Join Control Aelnuaiisaufumes
n3nsesi nmsadalaun Fork wag Join dusndudesainegiu inszdes
ISGHY
dnsulnupesnsnszyiae TnusdisenlddmsumsmunamseUsyaiana
114 §9lu Oozie veilnunvsanisnszyinliiSenlde1u 1wy MapReduce, Pig, FS, Sub-
Workflow, SSH 18usu wavinitaunaunsafinzadislnuanisnsevininduls weldanunse
UszanananIsLanunufifesn1si3enan Custorn ActionExecutor 9¥nanssazidonnis
519 Custom  ActionExecutor lutfateit 3.3.1

d1m15U ActionExecutor 9958UU Oozie Usznoumalnun 2 Luuauiume
LUU Synchronous &g Asynchronous WiuaLuy Synchronous Aonsiiluunnisnseinaes
ASTUAIUIZIONISTIY SuReuntFeuasanouiissUssunananudnll ddennely
audemdnennsvesszuvlunisuszanana @aulnuawuu Asynchronous Wulwuanis
nIryiveInTELaUaIIsaandunisiunious ﬁuléfmmgﬂuwmusuaqmmmmﬁmm
Uszanana deasiiflasdulunisasiadevaniusnisvinauvesuiasey fdeffeaiuise
Uszananawuuvuunule dmsuluanuidesyuunisinassarasna ActionExecutor WUU

Asynchronous TuaLiieavinn1sUszalananszlasu

2.4 WebObject API

[

L9DIANTNIDNUIINUVLNYTLUUNULATVUIALAUTVUY TOUAVDITLUULNY

v Y
¥
[

YIATU NstAvTeyaret0iAnslusz UL Ndoyan 9T UIUANTUR TNV IV
& 4{' [ < £ o a a X < a =t

Wuq wesesdunisiiudeyadnuinumeanaziiudulusuian NoSQL 1udnnils
an1Unenssuguteyaiiluwuuliufinnuduiusiu Senudavguiazanunsaiudiuaumg
%ad%agalﬁﬁﬂﬁué}wum Apache HBase (Mehul Nalin Vora 2011; Dorin Carstoiu ka
Az 2010) Aesyuugiudeyasuunszaiefsessunisiivleyavuinlg (Big Data) uaziiu

Foyauuu NoSQL 9stiudeyalagld HDFS a3 Hadoop 33 HBase 9¥5095UN15IAUTBYA

a

Y0909ANINVEBVUIATWRE1IMENEeIlILE wanInllfiaunsndnnisteyalaieuassinga

(%
=]

4%’ a o = &S v < ¥ ) val a o
Ju Turudfeiifadenld HBase lumsiiudeyasruunisdnaenseiany wagladnuide

'
o

as19lusunsuammdalvgldaunsasenldaruiiaidiudauauu HBase 138A91 WebObject

9 Y Y
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API (Nitiwat Thongkao ta¥ Somchai Limsiroratana 2014) WebObject API L{Ju%mﬁﬂ &
WwosIauuy REST fvianuegiuuuves Hease Tngnsifiuteyaazeglusuuuy key-value

w3a3UlUU JSON
2.5 Directed Acyclic Graph

N1595U8TUABUNITHNIIUVBINTEUAIUUY Oozie WuIzaSUIelaely
Directed Acyclic Graph %38 DAG {JunsIkUUsEYAANINITIIUARILEY Fea1u150
Walanisvirnulddeiesaindfienisveduuaiiuiusy DAG a1uisaasiansinlaivane

| a o o v o . o I o w &

JULUU WU nsmiRssymsviaumuasuduneu (Sequentials) azvianuluaduduneuly
HUNIBAEY NTMATEULEUNIINISIOuYRIUiY (Parallels) dganansansgagnsviinulv
Uszananandouq duls waznsmiszynisvirnuluwuuingdnsnserusou (Cycles) u
o (% a = 8 v 1 . 1 [ a o I [
dmsunsesilefliusvinananuet1s Oozie aglisossunsminssymviuduwuuingdng
W30 INT1waziinn5ulidau Aslunsmvise DAG Nldlunuideasdunsmiissynis

UAUARUTURBULAZN S INATEYLAUN NIV LA U TY
2.6 Workflow XML

n157119ulusEUUN1591a0INTEREIIUVDY Oozie AgaSuruaIulilg
workflow.xml Gsazauisneiurefetunounisdniuauresnseuanuynduneuld Tu
workflow.xml IWdamsaszyudin (Tag) tleusnuszinnveslnunaiuaunisinauainug
yeamsnsziidesnisdniiuau vieszywinifiedumsfinesdmiunsuszananaly
Tsnunnsnsevinld dmsuudiniseylu workflow.xml i aedesaenndasiulsznmvadiviun
Mseuues Oozie dsldnandsludefi 2.3.1 3o Apache Oozie azaSursuiiniiiuiiufe

Aunlfiduni1sntmasluni15Uszuanavrodluuan1snseyin AN nUsENaun 2-5 9

Usenaunig actionname Aa ILUUAYBINITATLIN, role Av NUNMIVDIIY, actiontime AB

A v

nalgUsERIaNadY, transfertime, AolaNlUsznINEUN, objectid account AaUey

o

Aldluvineu uae project Aolusianiiiionazyinau @ objectid_account wag project vJu

AwUsEmSURlgMInsUsEInaransELaY



<action name="....">

<async xmlns="uri:oozie:async-action:0.1">
<actionname>....</actionname>
<role>....</role>
<actiontime>...</actiontime>
<transfertime>...</transfertime>
<objectid_account>

S{objectid_account}

</objectid_account>
<project>S{project}</project>

</async>

<ok to="..."/>

<error to="fail"/>

</action>

ANUTLNBUN 2-5 W51TLRa5NITIY 1 IAUANISNSLYINUDINTELEIUY

15
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UNN 3
AT HUNTISIVY

TuunE 98N8 1NAUUIAANITIIBINITHNU @01TRENTINYDITLUUNNS
$1a09n52RANUSIIWTA 1a3osdod miusniunIsuazUssuIanansELEIUAINNIAaT A3
m’%au%’a;ﬂaﬁﬁi’wL"f]uiuisuumaaﬁ’waaqmzuamu N1398NLUULAZNISANIUNTES19TEUUNTS
aesdmiuldlunszUssinananssuany waraanIeisn1INAAeUTTUUNITINGBIALNIT

UTrUIaNaNILhaEIU
3.1 LUIAANISIABINITNNNY

N15AHUIUTDI0IANTLAY A2 UTTNDUAILTUADUNITHIUNLANAISAY
wangtunau Jsluusaztunsuiaziiyaraiiiieadesiuunumvesinusazaunsarineuiule
A9 LU N1TVEANYANNNOUVININIIU FanmUsenaudl 3-1 dTunaunail

- Juppudl 1 nnnundensainieunsentuunasuveamyn lnasey

FIUIUIUNABINTAMYAINTUTUAUTIIUGATINEVBINITAMEN LY

Y o

LNE1INTVEAMEANNNBUAUTINT N UNVToRT S ylRa mgaly

3 ;
Tupoud 2

- dupeud 2 shuthununasraevandeuvie waznmvasuidanuly
Fumisany auiseiuvess luthsiunafveifismenieli il
finsanBouiosfasteeyivielioys® mneyiAfazduiosnisvom
ngalUlitheyeaa Wetufindoyalussuulutunoudi 3

- dumeudl 3 dheyaraasuiinssandenvesiuamesliundney T

FPUUNUVIMITIENU WaglkdsHan1svoavgannHouliiundnau

I1NAIDYNTUADUNITVDAIMEAVBINLNIIU BIANTILATIINTBUNITNINY
oI URTUNISENIINTTILEIY (workflow) laaivualvdl 3 Jumau (action) Tuusas
TUADUAAUAUNUIMATONUINVD UL (role) tu TunsiifiunumAe wiingw #inin

wun kagidminidigyana wenanidaiesimuanseuiatnldlunisinnuveusas
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Funau (actiontime) NSBUNIAMIHLUNITASENULARZTUNDY (transfertime) Lol TUWUULNY

TunsvihnukazmuANAMAINNITINNY

YURBDUN

nsaun1sulunsewaau (workflow)

dunaUn 1
role: WHNITU
actiontime: 1anlunns

nsoNUUUNBSUTDANER

transfertime: anluds
L@NENS LUSIINTLNUN

A 4

unaUN 2

role: WInLEUA

actiontime: 1anlunis
#sauneudRnITa

transfertime: anluds
wwnansiudadminee
UAAA

Jumauil 3
role: liwthilrheyana
actiontime: 11a1lunns
JuUnWalazLaIHaun
NHENITU

N1AMYANNNAUVBIUNE N (job)

[ )
wW1g N (WUN9IU)
processtime : 20 U

transfertime: 10 w9
J delaytime: 2 Tl

U8 U (WIRUILLNUN)
processtime: 10 119

transfertime: 15 Wi

delaytime: 30 w1

w1 A (eynna)

processtime: 20 19

AUsENaudl 3-1 fegrsdunsunisairgninydeu

nseunMsinnulunszuany (€1e) warn1samegavesung n (¥37)

lantinanu (user) 1Y WY N LFUNTENRUUNOTUNITVOAIMEA ARDNISIN

'
a

uAAaRe (sennstunaud 2 ludatunauil 3) dumnnisdudugluuuienaisnsgaivasl

z:i 1 & a & a s ) =~ 19 v 1
L'Ja']ﬂa']ﬂLﬂa@u&nﬂﬂ'ﬂ"]ﬂqiaQLUUL@ﬂa'ﬁ@Laﬂmi@uﬂEﬁiu{jﬁ]f\!Uu LLagLWQVLlJSLVa\‘]Nam@ﬂqi

1 3adun1sBurieu (ob) munszuanuinineld Jeszeznatlunisdsuunesuly

v o 4 1 :’1 d‘ (7 g.JI Qll b} LY 4 v 1% 4 d‘l
EIVINUINUN (SEWINVUNBUN 1 TUdstumaun 2) W30 1NTVLLEUN ML TR e
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AATILINNTTINUVDIAU FUABNIIRDUIANNITAINIULARLTUADUAINAT transfertime 9
o = =3 | a o a 4
Auua A lunseswany w@ilouwdunisauenaisadnnsedng
N13N39NLUUNBSUYOAIMEAYRIUNY N NITHAITU LB ULRIUA YAl
wig N Yasimvthuaun waznstuiinfuamealvuig n vesdminndieynna AvLIa1R3
THlunsviaureaurazduneu (processtime) #9193z lsiilulununsounaiilanivuall
Tunszwany (actiontime) T1N159119U93 9920 U998 11a1898197N87TD9NUIAYNEU LU
ANNENNNTNVRIAN UsEAUNTTRINSYINIL ANuwmilesdn wavensualveadiinny va Tunis
31809 DIATIENATIAS19VBINTL AN UL MUTAY FIFRUTe AL N bUkasINNUA b
° I o Ao 2 ° ~ a a P
LA1NSYINUNAURTMUA L TUNSEwaIY ElauAuyinuiUsEanSnnagi
Tuvramanisalaulandouiiazyinautuluiuiiiieannfinn1seiadu e
11359 bUTENINTUABUNITINNY (delaytime) Tunsaliagnedl dimvthununinisuseyu
waiiunglusedandn Jupeuluniseydfiuamenvecng n Aaza1t vy waziliesanus
azdumoulunsziauiinatnirauliwindu wsizidusuruazdszan tdaiuise
Wsuieuatvean1sinaulaensald 3slaauianieuidudasidusvaaianivinau fu

naildseseni Wesidudauaitnvesnu (%delay) Asaunis (1)

delaytime x 100

%delay = (1)

processtime

n15d1aesmsvihnulussaztuneu Tunuideildasiavunnisnseiiiuy
Miawiednasen1sihauluaniunisalieuaiionass lneanunseunisviinulunse ua
NUFENI AsyncAction (g5gazidealuiite 3.3.1) dmduldussanananulunsaztuneu

AININUTELNOUN 3-2 daumif\i’waawzé{aam‘%awﬁ’fa;{ga%iqa%ﬁwaamﬁmimﬁmLﬁ‘iﬂ,u

giudeya doyatitiuasysznoumeynaINIveIIAnsLasANENTRR1 Va3yAaIns Ussny
YOIUNUIMNNNTIINURT oA NLEA199 TuaeAns 1w wie n Sunuimundnay we o 9
2 W % P~ & % v A <2 v
UNUMLUUIAUILNUN Wazle A UUNUIidunuviieyana lWuau
wan3a1nlun1sesungnsaunIsinauveInsELay Izdeunseulviagly
sUBUU XML L& (workflow.xml) tiieeSungddurestunaun1sitauluguuuun Oozie
Wilanazgiludszananala delunisdnaeananisainile dudunisavgaveuns n i

eAv9iin15TzyYloyanmuanUAveI91U (ob properties) lun1sussulananie el
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AsyncAction n3uistioyalussAnsfimasszanana Milunumeylsthaidedilasiiieades
funuiifdsuszananaogtns

nnalnnisdiaesiinanuni azdesdifnaradeldfnniseiendeya
Fandn wardanisdanuludadidunisssananiuduneuuy Oozie Yufifo Simulator

91N Oozie AgT1aRLUMIEY AsyncAction menisasnuluusyananauu Hadoop mely

A1NIUINADY

U1 N (WUAIL)
UNY U (I EUN)
we A (Wgymaa)

Oozie
workflow.xml #

AsyncAtion

Simulator

job properties ' Hadoop

AMNUTENBUN 3-2 WNARTDITZUUNITIIA8Y
3.2 d@01UnenIsuvaITEuUNISINa0Y

dielinissasadunisiuiaiioudithaiuresesdnsads 39ldesnuuuy
A01UA8NIIUVDITEUUUTENOUMIY 4 dIUn8nU d1rsuaitilun1susEUIananseuay A
Simulator, Oozie workflow engine, HBase wag HDFS FanmUsenoud 3-3

a01Un8NIINVDITZUUAITS1809d9UVes Simulator azifudruiianseiu

1 v ) v a | v o A o 3 [ v
senIEpuaTEUUTTeNltNY Andedussuunisinass iiesninanlndnseuanuluinulivy
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HDFS iiudoyavesynainsludinauvedesdng uasiiflsiduiiiosdsuszuiananszuasy
rumaiuadudnsefugld Taefigldauiinnsiadedu Simulator dumaiuiwefivuuy
REST ﬁmmamﬂﬁ'au%@aﬁauw JSON #@3uwes Oozie worfklow engine Huesesilodniu
30N15 N19ATIRY LarUTENIaNaNIINTENYRINTELAIY tnen1sAnfeas Oozie iU
Simulator siumawesIeuuy REST ¥ee Oozie Lilawisudayatasiiazysyanananszuay
wazduiindoyalunisuszanana wendintu Oozie axfinsiaffu HOFS LiioUsvananansyua
s Tngldnszuany workflowxml) flagldlunisuszanana axdesgndnivanluiiulily
HDFS Tnegfldnureursiinisuszanananszuanuiu doyavesszuunmsiaesianuaazgn
Avoglugiudeyade HBase nsAnsefugiudoyaves Simulator lnge1dayarids
WebObject APl wazdaugavine@e HDFS u MapReduce d1m3uni1sussaianauuuy
ns¥aEY89 Oozie warldadeilafdunsyeuaes Oozie Windu Ao AsyncAction Lilefiay

TdUszu2aNaR LA UDINTE LAY

[Tt TTT T T m T T T T m (. :

| Web Service (REST APV/JSON): 1 !

1 ! |
1 1

; bl ;

: | 1Job/Logging/Data !
1

: Simulator E l Oozie !

| tQ Workflow Engine !

| i 1

Lemcem oo ! :

1

| 1

1 WebObject AP !

AsyncAction

AMNUSENBUTN 3-3 donUnenssuYe9sEuUNITIaDd
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3.3 1A909NFMSUUSEUIaNANTTRESU

ww3asiinlunisuszunanansziadnuld Oozie Wulasasiladmsudnnig
NTELANUAIULIANTY Lazaunsabitnwmunasialnunnisnseyinlu Oozie windula weld
Uszanananseaulukuunfeans uanumiaainiseuuved Oozie Sbmsanly luuanns

nszyifaunsaas1iulalsenin Custom ActionExecutor #99¢Na1I8ALLDEALUTD 3.3.1

3.3.1 Custom ActionExecutor

dwsun1ssiassnisinauluesdng sxdinisfmuaunuiveasntifives
yaansiilunszuanu Sassuuiieanuuuazdassyaainsuazseynisnisyililunseuany
Tneagdosdewiuaimisdmesaiag Asnduu unum nafildlunisiau Wudy
(sreazidemiinlude 3.4.1 13eswesnisadielidnszuau) dmsunisadiaagldnaln
Custom ActionExecutor w84 Oozie tiediflunuuazUszananansyudny luauiseils
ponLUUAMAAmMIUNIIa0ININTzYYeInsLANUBEnI AsyncAction dagneanuuuly
Hulnuanisnszsiuuy Asynchronous tissainnszuanuiildadadudunssuiunisves
nsnsevhtinTunsenfuld AsyncAction dunenunannaana ActionExecutor 383 Oozie

WAAITUMDUNITANTUINUAININUTENBUN 3-4 wardHINTUNITHIULALENUITOLANNNS

andiunistule sasalull

- start(.) Wudleifunsndl AsyncAction  ieidenyanaluunumaui
Muupuhnulasaudemiouazyia. yaralidnslunmsinuise
unheuiuazimdoushe Sodenyanadmiuumieudy ds
ﬁﬂé"ﬂ context.setStartData(externalld, trackerUri, consoleUrl) Lﬁa
Aol Asynchronous Wy context.setExecutionData(external
Status, actionData) [ioUsanaLay SNANEN UL

- check(...) Gumwszmamaﬁi‘?ummamizLLamuagﬁ?u SEUUNILMIIVADUY
anugmsyhauiasaudwseld Seudldiadansenisnsiaseudaly

nsiANULATILAIALFIAIAY  context.setExecutionData (external

Status, actionData) ieddluynauileidu end() doly
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- end(.) dloflaidu check) msradounsvheIuEsa fHasdu end() fas
Uszanananuselnedernds context.setEndDatalstatus, signalValue)
LﬁaéuqmﬂWiﬂﬁzuaawaiu%ummaammmm waztiutoyanis
Ustananavesnssiautiy

- Kl Eiledidu check) msvadeuanuzudInuInTinsAsuLUaus
Duaausaulddnda  fezaunmsvhauseileidy k) Tnoddds
context.setEndData(status,signalValue) Lﬁaamﬂ'ﬁﬂszmamaiu%’jumu

PUKAZAUNITVINIUNTEWRINU

Weaannsvheuiuy Asynchronous Wunisviauiuuvunuiu 3eladinng
4519 Thread Funiiveldnssudoya dmTusoyuAnanazuvineu uae Thread NgnNasaun

[ 1 @ v A A [ a [ 1% ' X
‘USLHUBQSLH“Q@WU“U@NU@ LABNAZAIANTITLIULALAUNITNIUYDY Thread VL@ﬁSWJﬂLLﬁSQ']EJEU‘L!

4

Processing of AsyncAction

Proceed

Failed

check(...)

kill(...) Succeeded

A 4

—»| end(..)

AnUsENOUN 3-4 TunaunIsALILIUYIAAaNE ActionExecutor



23
3.4 nswssudayalunisdnaes

ANTUNITUTEIANANTEUANUITUTENBUAIEY TOYAVDINTLUAITUAD
workflow.xml waznisaerlulig job.properties ﬁm%“umié?wh%Uszﬂaué’wsﬁagaﬁum
yanadm$UTinau (user) unuimdwmisesau (role) YeyadaadiuAinuvesnszuau
Aoen1sUTELIaNA (queue) %qwéfaam%awﬁauﬂammﬁdaumidmﬁzLLamulﬂﬁmﬁumi
Uszanana wazgavneilonszuiunisdiduauiaiaud Aazfuteyalunisuszunana

nsgiauaunug 13 (log)

3.4.1 nsadinadnszuaany

Tunssasuitedinssuanuliussnananmuiiv sunuulndveInsEuaNuaL
Ju xML Inlduaznszuanuegluinnsgiu WMC Falwdnszuanuainsainlsunsy
DAGGEN (DAGGEN 2017) DAGGEN Julusunsutnelunsdauasizinginueasuy nsnd
a¥1atudunsmuuy DAG wingdmduldlunisussainananseuanu weussfiusane3iy
nslraveenseuauLarialalunsvieuy axiluunnisvineu 4 wuusedufe ROOT,
COMPUTATION, TRANSFER wag END d@nudulnun ROOT wag END tHulvumsuduuas
Auganisiiauresnsmaiudidu Tuus COMPUTATION Aalnuniiszyinaildlunis
Usza2anave991u uazluun TRANSFER iWulnuafiszynarludumaifuyeansin &

ANUSLNBUN 3-5

TRANSFER TRANSFER

COMPUTATION COMPUTATION

TRANSFER TRANSFER

amUsENoUR 3-5 sUuuUlnuANs MYes DAGGEN
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lunsassldnsuaanuiuieinanldlunsinass asdmualuuaiisyyiaa
d1miun1sussatanaduiy 10 nue wasfvuaainududRed1sduduansuiuves

Wsunsu Idnsmifiadsadoudrdsuandunmusznauil 3-7 neguuuuunazussinvesting

n3MAzgnasuIElnuANITInuRInMUsENaUT 3-6 dalull

NODE <andiui> <lnungn> <Uselanvadnun> <A11ia1> <Anparallelization overhead>

AmUsEnaun 3-6 sUkuulanadnslannsdLATIERve DAGGEN

NODE 0 1,2 ROOT 0.0 0.0

NODE 1 19 COMPUTATION 1798485812 0.16
NODE 2 3,4 COMPUTATION 549755813888 0.09
NODE 3 5 TRANSFER 536870912 0.0

NODE 4 6 TRANSFER 536870912 0.0

NODE 5 19 COMPUTATION 1640177522 0.17
NODE 6 7,8 COMPUTATION 2297570555 0.19
NODE 7 9 TRANSFER 209715200 0.0

NODE 8 10 TRANSFER 209715200 0.0

NODE 9 11,12 COMPUTATION 68719476736 0.04
NODE 11 15 TRANSFER 134217728 0.0

NODE 12 16 TRANSFER 134217728 0.0

NODE 10 13 COMPUTATION 1073741824000 0.01
NODE 13 14 TRANSFER 838860800 0.0

NODE 14 19 COMPUTATION 887851624 0.14
NODE 15 19 COMPUTATION 134217728000 0.15
NODE 16 17 COMPUTATION 170520209604 0.03
NODE 17 18 TRANSFER 134217728 0.0

NODE 18 19 COMPUTATION 28991029248 0.14
NODE 19 - END 0.0 0.0

ANUsENBUN 3-7 Megrabidnsnilaannsdaunsizvivalushnsy DAGGEN
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n1swdadlndnsanain DAGGEN ulnd workflow.xml agsieteglugluuy
InupnIuaunsivakaglunn1snseyives Oozie Aesildeyalussdusznau (element) Ly
wWlUlunszuanu@e actionname Wudavedluuanazuszuiana role Wuunumuntnalu
o . . PN =& ga ~
n15%11914 actiontime 3afildlun1sussuranadenAelnuaiseyialunisussuiana
transfertime Aalia1vedAfludunInAuasnun objectid account Paswaligldaumse

auasyuU way project Wulusianfisieanisldlunisussuiananssuwau

ey

A19E19N31MDINTTRANY N1sauLRyAAaad lUdmSUNITYINY way

'
o o

AT NUANITNTLYINUIEIUVDI09AUSENBU workflow.xml wanslun wusznaui 3-8

gNAIBY1LMUANITATEIIIN 5 actionname AB actions, role v A, actiontime A 164,

transfertime fie 0, objectid_account wazan project tUudnusvaadldnuniegguaszuu

AT

Start <workflow-app name="async-time-wf"
xmlns="uri:oozie:workflow:0.2">

<start to="action0"/>

<action name="action5">

<async xmlns="uri:oozie:async-action:0.1">
<actionname>action5</actionname>
<role>A</role>
<actiontime>164</actiontime>
<transfertime>0</transfertime>
<objectid_account>

${objectid_account}

</objectid_account>
<project>${projecti</project>

</async>

<ok to="join2"/>

<error to="fail"/>

</action>

<end name="end"/>

</workflow-app>

P

End

AMUsENOUN 3-8 FIRE19FURUUVRINTEIAIU (1Y) UWay AdLsaUTTTIAYeN

workflow.xml (9731)
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3.4.2 wd2gvanlun1sInass

An¥urmineae a1 flFlusEUUN191809NTELETIU LALLIIAITDILAS DY
AU AaslulanmIutduase ANl irUI81Ia1vITEUUNISINABINTEWAIU
AnUsEnaudl 3-9 FeAandilauiannlndnsimees DAGGEN Wuainisussuianaves
cPU TumtheunTuiundivilfdiaeiilduniuisiuiunn ddddaenndssiunissiassian

Favatduiu 10 lulasiuid neunazudasindansiwidu workflowxml vivelalunnsg

Uszanananseiausaly

1 JUN9U8958UUNI591804 = 10 TadIuN7ivaA59ARURLADS

ANUSENDUN 3-9 MUIBNALUTTUUNITINGD

3.4.3  nseenuuunsiiudeya

iielwiszuusessunisiivteyadifiainudaveuldlusuan dsligrudeya
HBase \Audoyaiidonsdsulunisuszanananszuany Bonldiumeyads WebObject
APl nsasrafuesiauuy REST dWiolvanunsadenlduinisldiety Budumaiuieya
wApeas UL (AccountName) dmsunislidanluszuunsinass uwazaselusianves
159197 (ProjectName) s¥UUN1s31a0szad amesIanie Tuunlisnlui® Ysznoude
Leﬁa‘ﬁaﬁﬁﬁialﬂﬁ User Service, Role Service, Workflow Service, WorkflowJob Service,

Queue Service Uy Log Service wanslunnusznauit 3-10

- AccountName iflasannyadds WebObject APl filaddudianangn
amziloumsldnuverldudazunnald  svuunisdtaesaslaadadyd
fdTudmiusruunsiiaoanssuay

- ProjectName Tuusiazdydildauazanansaasmsedansiusianlunis

F1a94ls Feluwsazlusianiin1syinauinenainiy
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User Service Wuweasianlisenldiienisinudeyaynainsluesding 1y
UNUIMNIYINU Bafldhng Quidou Lavan usran1sinny

Role Service WuM@IIaNseUAIRILALINITINIUYDIUAAINT IUBIANT

9 9

Workflow Service Huwasianlddmsusnlnannszwaauluiulilu
HDFS

v v A

WorkflowJob Service ilunisissendeyaiefiulnyddlduazlusniiag

Y

(%
' tY

UTZUIANATDINTLLEAITU LL@SLﬁU%@&JﬂﬁLﬁu%ﬂﬂﬂ@ﬂsﬂ@ﬂﬂizLLﬁ\‘]'Wuu‘NU‘u

Y

€

HDFS leseisonlddmiunsUssanananssianuiy
Queue Service FlfnuaiiuAwesnszuanufazainGenldiwesian e
{fiurn job.properties uazta3INSIUNIUSEANANANUTBINTEUANY
du defldnudonfnuauszinana  masiiunisasEumunai
fstualilufanuiy

Log Service Ilpuszanananszuanudoyalunisuszananafiazgniivey

Tuigeiall Weddeyalulaseinsalivausely
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asegH aydedy v@@mmmupmdwrcr/r\mmvw@w 07-¢ WNEURERMLY

DINIDS
ERIIVE]S -
807
N aweN1D3loid T awen13loid

SUIENIUNODDY

DINIDS

GOIMOPHIOM

EBIUVISIS

MO\ PO

EBIVVISIS

910y
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Tunsdenldauiiefiasndsudeyaiu §3fuldaaduiiadetudlda
(Web User Interface) itelvgjlinuviedauaszuvazmnlunsiionldioesia Seileddusiag
YoINNWosIa (AllService) Usenaunie CREATE, SET, GET, DELETE way LIST uazigosia
n3EUAIY (WorkflowService) axdiilaridu UPLOAD FILE 1w wedwlvanlyd workflow.xml

TUAUIAT HDFS uanawesiawuu REST dannusenaudt 3-11

AllService WorkflowService
- CREATE - CREATE
- SET - SET
- GET - GET
- DELETE - DELETE
- LIST - LIST
- UPLOAD FILE

AMUTENRUT 3-11 YamdaugeTiauuy REST dmsuwioudayanisdnaeinseuwany
3.5  nseenuuuwazn1saniiun1sasne Simulator

Simulator gneenuuuiduiiviwesianaifiunisegun Apache Tomcat 7

wagfndany Oozie H1u REST AP Wladin1sdaviuvesgldiedinssuanuludssunana
2 v < v & sa . &

n1siiudaya waviiunaansveeniIsusvatana lwesiaved Simulator 1Uu Serviet wuv

Application scope #9azgnasisduluaausniigldanusenldau HTTP request uazyinau

1 '
A 1Y Y] [

ot omdinaeanan aunseitinsassiuazgnyinaneviosunisvanuly
Fogldudaenszuanululusafuiaegnainaliudy wielilannis
Frdoufuvesnsldnineinsisoenuuy Simulator 1y Singleton Pattern wananids
sonuuuulwesiawuy REST 138091 SimulatorService T ldiSuniuivdiufinfeves
fléarunagdl SimulatorManager #wiudanisuazaiuau Simulator fididuaulileads

AN519 Oozie USEUIaNanIEwadIU handlunInusenauf 3-12 LWazaLaSUIgTUNBULAY

NS2UIUNITINADIVDINTELAINUAIAD LUT
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Simulator Simulator
<:> <:> Simulator <:> Oozie

Service Manager

22

ANUTLNBUTN 3-12 JUADUNSITINUDIIANITINEDY

3.5.1 Singleton Pattern

Singleton pattern gnianldluszuunisdiasanszuacu WegldiFen URL
wiivludufnnevesdldiu wazadalusandmsurzdnassdniunisveanssainu ssuy
Ravadne Thread Tuniiloisunissiass Tnen1slasurinad (cetinstance) lu Singleton
pattern ilo1funnsosiunisaina Thread msviauveslusianiignaiisliuds nsdraes

nszuanuraslusiantulzgnasunsundliivoyamolunsausniissn s ity

3.5.2 SimulatorService

d1w3u SimulatorService Wumasiauuu REST AluinsgldiFonldamuile
dsszuunissnassnszuanu ssUszneumeileidudilifldeuie (Su (START) nga (STOP)
%q@%ﬁmn (PAUSE/UNPAUSE) wag#@n1ugn13¥i191u (STATUS JOB) Lﬁammﬂumumaq
nsd1aes edduBumduilsddudmivEudunsinuresszuunisdiass efidanisds
nszuanuluArnuigliidenluyszananalu Oozie fladduBudannsaFonltifiegeya
anurveInsUsTInananunszuasly Wedeanmyanisdinszuanuluusziana vie
FosnisAuaanisiaesazdoaienldiliidungn wasilsidunisvganissaadunismyads
nszuanulUUszinanativae viodesnsdiiunisdsnssuanulivssanase onld
flerdungaiangn dmuilsiduaniurauiiefoin1snsivaouan LY 8INTTUAIL LAY

a ] sa = ] Y a
1888LR8AYBINTTUTLUIANAVDINTL LA UL L‘U@i'ﬂaﬂ'ﬁLﬁEJﬂI?N'WU@Qﬂ']W‘Ui%ﬂE]‘UV] 3-13
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SimulatorService

- START

- STOP

- PAUSE/UNPAUSE
- STATUS JOB

ANUITENBUN 3-13 933aluU REST d15Ud991UnNIINa8Inselanu

3.5.3 SimulatorManager

SimulatorManager d@15Uli3nAN15uazAIUANNITATIUTIAYBITEUUNIS
T189INTTUANIY UAZNITAFNAIAINVET Singleton pattern vadlusianfazgnadialudiuves
n159an158 wona1nil SimulatorManager Saludineedanisd1ususuaideaunain

SimulatorService Wadalyt Simulator AfiunIsANAIANIURD LY

3.5.4 Simulator

Simulator WWudundnvesnisianuiiesidiunmsdnszuasululsyanana
Ty Oozie dmfudumounszuIun1sANdusIures Simulator L%'mmﬂmim’maam’fa;ﬂa
ﬂizLLaaﬁquﬁaﬁ;ﬂ%’qwudquﬂLﬁaﬂizmama wntuTesddunsenaeuluAIniLnan
fvunidusuiazlddsluussutananszuau nEol3eIdIRURILNIERATIUNEI9INNNT
Uizmama%qmzLLamuﬁawﬁﬂLa%éJuamyizﬁ dlossaddunszuanuludndouiosud f
Susunisdsnszuanulilszaiananiuiiouly Tngldiwesiauwuu REST Ansafu Oozie

= 1% . = o @ A
Wolw Oozie Uizmamamwisumaﬂ’ﬂumwﬂmﬂisLLamu LaZLIBYNG NUVBINTTLLEIU

(%

<

Tufussananalasa Aazduaanisieuwes Simulalor AN musznaud 3-14
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| Start I

A

Queuelist

By Time

Sort Queuelist

ArrayList JobName ArrayList JobTime

No
Waiting

No
Waiting

JobTime == Scheduled time

(JobName == JobBefore)
&& (JobBefore.isDone)

Submit to
Oozie by REST

ANUSENBUN 3-14 JunsunsaInsehanulumluussulanauy Oozie
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3.5.5 N3TUIUNITIZUUINEDINITZUEIY

funounasnszuaunsvesssuuaeansruany Wedldamedeunieidng
sruunmsaesnssanunaiudindedlinu afwsniidrssunasieadlunaaield
Tun1sdrassnszuany visdledesnsairslusiaaiienndiassynainsvesesinsluguuuy
39 sruunIaesa e sianan Funsrlutd wazSudunsruiunislussuumssiass

NTLLANUAINNUTENBUN 3-15

- dupoudl 1 esfimawdeudeyavesyeains  deyasumimiifluns
yhanluesdng wazssynihilituyeanns itelddusuniskenlulug
job.properties wazwdealndnszuanuiioselunsusyanana

- dupoud 2 WawSeuteyayamnsuasnssuanuisuiosuda adsiany
wazfunszuanuluiuliludn wdewiairadunsinulunssua
muﬂfw] asasiunsTRanUldiInng 1 nszuanud iy 1 ey

- dupoudl 3 duneunisdiees Borldiwesiaves Simulator Lieddls
Bududanszuanuluvszananalu Oozie waznadnsueans duduay
favmmasfudoyalu HBase wavanunsoesnuesdoyanisUszutana
Fulwd Csv vaizmsdaesaninsadavganisdnaesinasmld aunseis
Minuddnadafiodidumahoudell  ideynelufiUszanana
nszuANUEIafIzaUTEUUMSTIans  siReldnudsausruunisdiaes

NITLLENU



| Start I

A

1.Preparation of workflow and

configuration

A 4

2.Add workflow

to queue (start time)

A 4
Waiting

UNPAUSE

Output .
Oozie

A 4
HBase
) 4
Export CSV > e

End

AMNUsENaUN 3-15 NTTUIUNITINABIVBINTE AU

34



35
3.6 2NIINATBUTZUUNITINADINIZUAITY

TuvatlusenaunIeLA309iaN I ENAABUTZUU kay NSNAABUVDITEUUNNS
F1ADINTEWAINUIA UL AT 2 @9U A AULIANITNAADUITLUUNITINGDI WALAIUN 2 NS

NAFDULAYIATIZANITUTEUIANANTL LAY

3.6.1 AS09daNldnNndaUusIUUY

3093 lgluN1591899 AElanzwand LIS UNITRAILIIUSLNSUYDINS

o 1 gj d! '3 6 % d‘ = Y @ = Y v = %
d1a0W11Y Gewordwisnndinifenldiduiuuias arursaldimuilans seesunns
UIEUIANAKUUNTZANY hazausaldnusiuiule FsUsenause 5 sanawls el

1. 3zuuUiRnig Ubuntu illesannidussuulfifnisiidunuuied wassessu
FANAWISTLUIUNITUTLUIBNANTE LAY
foNAWIS Hadoop d1mSUNITUTEINANALUUNTZY

¢ ¢ . ° o & A N

A5 Oozie MU ULATDILIBNITUSEUIANANTE AU

BoNdwI$ HBase dwiuldinudeyauu HDFS vad Hadoop

AR N

woNALI5 Tomcat el duasadliusnisdmsuivdufnseorldiu

3.6.2 NISNAEBUTZUUNISINEDY

\HeeNsyUUMITaesiiy gnasi@uiewsenyaa1ng Murisuluesens
a 3 o [ [ £

waznsesealnansvuanuy dmiuiludeyaltlunsussuiananssuannu n1snaaauves
JEUUNMIaesUsEnaUme 3 dumeiufe duwsnidunisnagaulng workflow.xml ng

A v X A Y o a Y .
nszianunas@uielylunsussinang azfeslnunniunuignAewmIusUkuUYes Oozie
Y o o v A o . = Y o« 12
waydzRollnunn1sNsEinNgndewusUkuLTIAmualY AsyncAction Jasadingiaaeulug
sannsneuadindulid workflowxml dauit 2 1lunisvaasuilsddunisldauves
SimulatorService Miilviusn15u84e Simulator d1msunisisenldanuiladdusy vaa vge
1Y) [ 1 N < = ¥ ca d'
IR wazan1uEN19NNY wavdiun 3 Wunisnaaeuniswseudeya weosiawuu REST
flisenldiieiudeyaatlugiudeya HBase lnisaninuynadds WebObject APl Liveldu
N139539aUNNIYINNUTRHINTY N15asne 81w wAly wazaudeya Fanan1snaaauwandy
unil 4 9o91 4.2.1 Feanan1snaaaulng workflow.xml 9a7 4.2.2 \Seswanisvaaeuileidy

¥84 Simulator kagde?l 4.3 130HaNITNAADUNSITURTIad T uLASsuToyalunIg

Uszanana Auanfu
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3.6.2.1 n1snadaulnad workflow.xml

Henlnansinvse DAG Nlaasnstuainlusunsy DAGGEN agai1ansu

[ & v o = ¥ v = v ¥ =
n1sinunlusuuigdnsviesuseulvuicie Jedesaiilusunsuiiionsiraavuas
ARNTBLANIZNTINATYINNULUULEUATY kagnsvin1siausuuruIuvity teagld
gnAsInusULuUIMUAAIUANTRINTEIaIUlY Oozie ULarAainsIvdauatAUsznauvedlnun
n13nsevi1 lamualigndenaivselinunseylily AsyncAction Nlaasetu neunay

wilaslwdidu workflow.xml

3.6.2.2 WanTuN15ITIIUVDY Simulator

dmsunsnaaeuilandunisidisy vgn ngatIns1 waranIuENTYINUNG

Isenldlu SimulatorService Wan1snagaun1sVinaUveLweialignaes Tnenisasiadu
| a i P v s 1 1Y ' & . P v

dudnsieveldiialdnuileidusieg denan wenainidiuves SimulatorManager Liveld
dnsuazauaun1sIassivelilusaanas@ulifennugdeuiu Fdldveaaulnaasng
TUstaduanlglunisInassatnatelusianneiy @un1syineured Simulator taasnaan
Nusaziiunselanunazdslivszanaldifulilual Weneasunisvinaiuees Simulator

1399N1599N15d9NTERaNUlUUsSZINaNaUY Oozie ANUAPUTDIAINLANINUA

3.6.23 nssvudaya

A o

dmunswieudeyalasiasavedaddng ABUARINTUAYUNUIMAILMUINTT
yhau teldlunisdassnisUszanananszuanu §iduldaiavesianuy REST dmsu
Fonldlumsiiudeyaiionin AlService 1esanlassairsnsifiuteya dosinsameidou
msldnuuazldeanuuunsiaediaunseaslusaadmiuiiaendussinsvsediiinau
109 Faaunsaairelusiannisitassldnarslsiaatiiendnassyanaiunndiadu 3q
Fududesmsaaeunimgnieswes Allservice ldlunsifutiufindeyavesusiarlusian Tng

nMsnsradouileitu @519 91w wily wazau uanwadwsnisviauluminivdneldiu
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3.6.3 NINAFDUNITUISUIANANITSHEIY

lummegeukazInTIEiMIUssatanavensewanu gIdeleaieusanly
nMssapsadelassaiawosesdnsuuIAna eldszuusansiiunsinseinssuaauing
A lutuneulatng esfnssiassiiisuau 5 wwun lusdazununinssuanuyssan
$1UIU 20 NSTUANY FUVAUIIEFBI1ABINTLUANUIIMUATILAY 100 nzuay Tngly
LAAZNsELANUTTANIFUTouUuNaNS 8l iU uReUNSINsIuUsTI 10 Tuneu
My karoankuulaTIEseeeAnsilyAaINTLazUNUINNITINIUAR Tunlin1sviney
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”[,umimaamzL?fmnmi"mam@mm@?%mﬁqaz 1 AU $1899N1599TUITS
100 nszLaNULEIRwMmANUosFudaIuad (@unsd 1 Tunihd 18) Wiensieiin
Srunuauiiomevioll uaznszuanulaitidumaiildfnnnuaditng antuasnnass
induuyaansluunumiaiinige enauiniszau wdiananisdasaiiogin

lananuanuRguvsely
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unil 4
HaN1TIATIENdaYa

TuunifagnanissganBentenTMAAeUTFUUNTIIR0INTLUATIY HANTT
NAFEUNNTINUTEUUTIAR i duisy vgn nyndaAs1a waranILuEAINNL NANTS
nedeuwesIanisiuteyaluuiazlusianuein1sdnass Lasnan1SAeuNIsUIELIaNATeY
nszuanuTavan Weldlnszinsfuyaesluusunuinvesiundsny yeagideanis

naaaudusasaluil

4.1  $19aBYANIITNAGDU

51888198l UNNTANIUNIITNAGEU SLUUNITIABINTEUANUDALULRFNSU
asAnsla Hu IEsnrhIuuuaiesneninmediaiou Oracle VM VirtualBox $113u 1 1a3es
TagldszuudiRnis Ubuntu 14.04.5 LTS 64 Bit 14 CPU Intel® Core™ i5-2500 A3131452
3.30GHz wihoUsvanana 4 Core Wazwiigausn 8 GBs Andweniuiin1sUssananauuy
n5%918 Hadoop 154U 1.2.1 finka HBase L1854 0.96.2 Andain3adliusnis Tomcat
nesu 1.7.0 151 wazfnseensuasdmiulundesionisussanananssuaiu Oozie
95T 3.3.2

S18ALLDYANTITNAFDULAL ILATIZINITUTEUIANATDINTLUAIIUY TIUIUNTELE
suilddmsunagounsUszinana sULUUesAnsYIegULIUA TN NUNE IR ILILYAATINS
Tuunu i fnuildlunissians S1uuATweINIMARDUNSUSELIANANTELEIY B9
$rnunszuanulunveaeuldlndnszuanuiiomn 100 nszuay wavlunismegouausi
UNUMIAUANISNSEYINVDINTEUANIUE 5 Unumalenu auudaudmsurinaululnagunum
oA 1 AU N1SNAABUYITEINANANSELAIILNT 100 NEuay TnemsassmnuLazLiy
nszuasusa 100 nsvuanuluiAuliluds dersudunsienuvesusasnssuanulunuy
AU NUVBINTEUAIUTIRITUA LAZNTELANURBUNTNE DU INaNALESD S1UIY
adilunisvadeunisusvananseuanusimusludiiuie 1 afs Sinsizvinansenduauly
TrunnisnseiluusasureInsELasuRa 100 nszuany Tnseiesifudanuardnly
LARZUNUIMOIUYBINNNTEUEAIY mﬂ"]Lﬂais‘fmﬁmméwﬁwgqqﬂium’awmmmﬁwmnﬂ

nsvuanuUszanana Weldiasuiivyaraluunumndlesidudnnuadigean wao
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UszaaNansewanutudnAse oA zuiuasidudsaua i lulsas unuINUeINTE LAY

NUszUIANATNTUDNASS
4.2  HANISNAFBUNISHIIIUTZUUIIADY

ADULSUAUNITINADILAZUTLUIANANTEBAIIU AIN1THNOSUA D SNWLIDSUDY
Tomcat T duasalriusnisdmsuaiiiunislunisanass 111999152 UUN1TIN80I00N MUY
JuivdiuAndedudlddeasdniiuniseguu Tomeat wazranisnagauvaIn1svinauly

o I3 [ 1 dy
SEUUNMTINABINTEhaulunmalul

4.2.1 wan1snagaulnad workflow.xml

{10997 Oozie ldsosdunsmvesnszuanuiidunuuiping ualdsunsu
DAGGEN #ldlunsduasigyinamiu duuazadresnsmmives DAG Teanunnguuuy vinls
Idnsmilduuuiginadunadwseanuse Smuanilid workflow.xml Adeanisldlussuy
nsdaeadudmauiomn 100 dnseuany deldvedeuduasanisdunsesilndnsm
a¥sar 100 T8 Touvaslndidy workflow.xml mavesnisutasiidlidusuaulszana 25
Wosidud fianunseldnulfuarivdduegludoulunsmves Oozie Aorfunsmuuuidunss
uagnsuuurLuiy Jeldmageudunsgsiludnswiiisfuitelile workflow.xml Asu
100 Tidnsuasunuiifiosnis nansmaaoudesduaiisindnsiniediuou 405 Tid Fsagle
asuiazegluteulunisiauues Oozie agudmuesidudlndnssuanuiiulasesnin
INN13ENATIZRVE DAGGEN wazanunsaldlunisuszananald@e 24.69 iWesidud

dethlvdnszuaruiifuiuuigdnsumaasy Tasdnisivuesileidy
Sudiulu SimulatorService iiedanszuanuiululszunana aninauianainduds

AmUsenault 4-1 Aegldaudsdayaiiielyi Oozie Ussaianaligndes uavluvueiheniu

WHIBATIEBUNNTAIUTEUIANANTLHANUAINAIIUTEUUVDY Qozie ENUANURANAIALAYT

49AUAD EO701:XML Schema error sabandlunInyusenaud 4-2 Fainanluansenanuy

workflow.xml {Juwuuigdns ldfanugnesnssnuszuun Oozie awnsauszunanals
\WesnlruamiuAunisivavesnseuau Fork kag Join liasualueulvvadnunnis
197U 1l T8UUY0e Oozie ATIILAINUTBHANAINAINGTY Tauduinvaranainnduuids

wasialdu status 400 wazliaunsauszanananIEausInadle
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POST http://localhost:11000/00zie/v1l/jobs?action=start returned a response status of 400 Bad Request

AMUsENOUN 4-1 Yafinnainves SimulatorService Wauszanananswinduwuuindng

-

oozie.log [Read-Only] (/usr/local/oozie-3.3.2/logs) - gedit

n_ P Open ~

| '] oozie.log

2017-11-11

X

PRI IV

16:19:21,966 WARN ViJobsServlet:542 - USER[-] GROUP[-] TOKEN[-] APP[-] JOB[-]

ACTION[-] URL[POST http://localhost:11000/o00zie/v1/jobs?action=start] error[E0701], E0701:

XML schema

error, cvc-complex-type.2.4.1: The content of element 'fork' is not complete.

'"uri:oozie:workflow:0.2":path' is expected to occur a minimum of '2' times. One more
instance is required to satisfy this constraint.

org.apache.oozie.servlet.XServletException: E0701: XML schema error, cvc-complex-type.2.4.1i:

The content of element 'fork' is not complete. '"uri:oozie:workflow:0.2":path' is expected

to occur a
at
at
at
at
at
at
at

minimum of '2' times. One more instance is required to satisfy this constraint.
org.apache.oozie.servlet.ViJobsServlet.submitWorkflowJob(ViJobsServlet. java:185)
org.apache.oozie.servlet.viJobsServlet.submitJob(ViJobsServlet. java:80)
org.apache.oozie.servlet.BaseJobsServlet.doPost(BaseJobsServlet. java:100)
javax.servlet.http.HttpServlet.service(HttpServlet. java:637)
org.apache.oozie.servlet.JsonRestServlet.service(JsonRestServlet. java:286)
javax.servlet.http.HttpServlet.service(HttpServlet. java:717)
org.apache.catalina.core.ApplicationFilterChain.internalDoFilter

(ApplicationFilterChain. java:290)

at

org.apache.catalina.core.ApplicationFilterChain.doFilter

(ApplicationFilterChain.java:206)

at

org.apache.oozie.servlet.AuthFilter$2.doFilter (AuthFilter.java:126)
PlainText + Tab Width:8 ~ Ln3, Col 23 INS

AmUsznaudl 4-2 JeRanannues Oozie MiinannisUszananansmiduwuuindns

4.2.2 wan1snagaaunenTUvas Simulator

ANNSUNANISNAABUNITANTUINUYDINITINEDY SimulatorService Tuns

AUANLElA Oozie Aliun1suszanananseiauiy ssdflsiduSudmiugldanuiedsdi

nlevunszuanuludszanana Heaidudmiungadinsniuaganiunisdinssianulufan

widelUuszanananoly wazilsidunganisinulunisveadanssuanulufluyssaiana

lu Oozie MMwUsznaui 4-3 uaninsisenldiuveageiia Seegnsouldulseauuuteves

JUN M wagSsadduilandunsviiauangeluri (3u ven uasneating?)
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STATUS SIMIITATOR

Please select queue for
simulator

Queue List : | -----Select QueueList----- v |

CLOSE

AMNUSENBUN 4-3 MINTUN159N91UYae Simulator

Woldmudenarvenseuanuiazdsluussuiana lagsuilanduly
SimulatorService a3 SimulatorManager fazasiageulusiaafidwiioniiiunis a1inis

[ & Y & 1 1 PN LY 4 ca 1Y 1 &
Vl’]\i']usU’eNIﬂiLQﬂu‘UBQLLa’Jﬂ‘ﬂ%ﬂﬂﬁqﬂﬂﬂmﬂﬂiﬂiLﬂﬂﬂaﬂ‘&l’ﬂ% bR LLWQWIﬂﬁLQﬂQﬂﬁQ&I’]ﬂiQ

a

wsnfiadrarasiituanlminaunisiisuaes Singleton pattern Lilof1nuaAAsAlAiU
Tusiam udearntulu Simulator agvaunuddsitldsunanngesia dmnglHiSududs
nszwasulufnUssuiana Naznsiadeuidnszuanuegdnuiumilvg udseedsiu
nszuanuludy wesenatlunisdenssuasuiuludszananauy Oozie (1uazidenly

AMNUSENOUT 3-14 Tunaunsainsewanulualliuszaianauu Oozie) Warfng19Haans
A1sLSudUUsTINaNanseauLanslunnusenau 4-4 1Wun1suszananansenasuly

TUS19ABITTUIUNT AN UNINLA 3 NTELaEIUTUAR

AMNUTENOUN 4-5 WanINaveIn1snaaauilendu ey liszuunisinasy

ngAN13ANTUNUTIATY kagdldarunsasenldilaiduiaudnasaielissuunisdnass

ANAUUADLY waznNUSLNaUN 4-6 WANKNAYDINISNAARUNISYINULBSanTdHanduLie

ngan1saniunulusruuiaed
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Nov 12, 2017 3:21:16 PM api.SimulatorService <init>

INFO: SIMULATORSERVICE INIT GET SERVLET

Nov 12, 2017 3:21:16 PM api.SimulatorService startSimulatior

INFO: SIMULATORSERVICE startSimulator

Nov 12, 2017 3:21:16 PM api.SimulatorManager startSimulator

INFO: SIMULATORMANAGER: new simulator NEW

Nov 12, 2017 3:21:16 PM api.SimulatorManager startSimulator

INFO: SIMULATORMANAGER: run simulator NEW

Nov 12, 2017 3:21:16 PM api.Simulator run

INFO: SIMULATOR : START RUN THREAD Project7 PJ= Project7 objectID= f9e4795c-07c9-4a56-a742-df1la93bbf4ce ¢
Nov 12, 2017 3:21:16 PM api.SimulatorService <init>

INFO: SIMULATORSERVICE INIT GET SERVLET
TIME::Job191-0-<configuration><property><name>user.name</name><value>hduser</value></property><property>«
NAME: : Job404-Job391-<configuration><property><name>user.name</name><value>hduser</value></property><prope¢
NAME: : Job391-Job191-<configuration><property><name>user.name</name><value>hduser</value></property><prope
Nov 12, 2017 3:21:18 PM api.SimulatorService getStatus

INFO: SIMULATORSERVICE statusSimulator::RUNNABLE

TIME::::SUBMIT JOBNAME Jobl91 © JOBID 0000001-171111155508748-00zie-hdus-W 2017-11-12T15:21:23.178+07:00

ANUSLNBUN 4-4 NINTUBUN1YINIUYD9 Simulator

Nov 12, 2017 3:23:52 PM api.SimulatorService <init>

INFO: SIMULATORSERVICE INIT GET SERVLET

Nov 12, 2017 3:23:52 PM api.SimulatorService pauseSimulator

INFO: SIMULATORSERVICE pauseSimulator api.SimulatorManager@b70e8ab
Nov 12, 2017 3:25:09 PM api.SimulatorService <init>

INFO: SIMULATORSERVICE INIT GET SERVLET

Nov 12, 2017 3:25:09 PM api.SimulatorService pauseSimulator

INFO: SIMULATORSERVICE pauseSimulator api.SimulatorManager@b70e8ab

AmUsEnaui 4-5 Manduneanisinanuting1ives Simulator

INFO: SIMULATORSERVICE INIT GET SERVLET

Nov 12, 2017 3:25:54 PM api.SimulatorService stopSimulator
INFO: SIMULATORSERVICE stopSimulator

Nov 12, 2017 3:25:54 PM api.SimulatorManager stopSimulator
INFO: SIMULATORMANAGER: stop simulator

AUsenauil 4-6 Mendungan1svinauues Simulator

uenaniluvazfivszanananszuanuludiu amnsaganiurauves
nszuanulumlel Tn SimulatorService wazFonrunthivdunsovesilinu leldlu
MsmsIRdeUIIILIBINsELANUTIUsTInanaLasaSuuTeudd wasiiloganiurnsvihny
yosnsEuacuiimamsyanana nadnsnsiSonganiusnsUstananaveInsELanUiuans

Tunwusenaud 4-7
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4.3  wanimagaunsldauweiadmiunssudayalunisussuiana

wan1snaasunsiudeyalu AlService iletn3oudayadmiuldlunis
nageuarInTzinsindunuvesnszuanuluesdng lumsnaasuiileldameaidou
szuuAazadns AccountName tHusiaiieldly URL msifivdeya uazdléaudesaing
TUstamdte ProjectName Fusndmsuldlunissnans

fegnsnageuiutoyayana ausnsenIueeFIafegULuy URL A9
amUsznauil 4-8 Tae object_name Aedoyanafidesnis lunsdiiife userl daldiufing
AnuautAves userl i status = “free” Aew¥ouflazyinanu salary = “15000” Aeeiiuiiou
workingtime = “1” ATITNUBINTTIeIL way role = “A” fifunisnsvheuiiieatiu

UNUM A WelsengUayalanadnsianimusenaun 4-9 muneanuingeialldenulagndes

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/user/{object name}

4' & v
AMwdsenaun 4-8 Lsﬁai')aLﬂU%a%aUQar}ﬂﬁ

non

{ "object name": "userl",

"property": {
"status": "free",
"salary": "15000",
"workingtime": "1,
"role": "A" },

"path": "/Project1/user/userl",

"created": 1507482894139, "'modified": 1509365369175

AmUsENOUN 4-9 naansiwesiaiutoyayaains
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A108 19N INAFBULAUTBYAUNUIMA MUY d1015058nHILgeTIame

JULUU URL fanmusenaudl 4-10 ag object_name Fiauvuimitdaanis lunsdifie A galg

JUANAIAUANURYDY AL userl = “6fdad664-e38b-4de9-931c-3512alab521d” Aol

9

userl wagshaves userl agluunum A WaliengUayalinadnsfininusenoudn 4-11

mnganuiwesialldaulagnees

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/role/{object name}

AMUsTNOUN 4-10 WwoTaiudoyaunuIvamumiany

"object name": "A",
"object_id": "297f2bcf-d99d-4c8a-ad00-e3ee6913c5ec,
"is_file": false,
"object type": "',
"property": {
"userl": "6fdad664-e38b-4de9-931c-3512alab521d"
2
"path": "/Projectl/role/A",
"created": 1507482952734,

"modified": 1507482959842

Amilsznaudl 4-11 kadnsiesiaiutayaunuImeumusy
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Meg1en1svageuiudoyanssway ausalsuniIuesianis LUy
URL fennuUsznaufi 4-12 Tae object name Aedensuaudidesnis lunsdlide
Workflow002 %Qlﬁﬁuﬁﬂm@mauﬁjﬁ%a\‘i Workflow002 & path = “/user/hduser/apps/
f9e47 95c-07c9-4a56-a742-df1a93bbfdce/Projectl/workflow/Workflow002/” ABLaunng
voslidnszuau uay workflow name = “workflowxml” AeludfioSuredunaunis

oy Waisengloyalanaansianimdsenauil 4-13 nunernuinwesiatldnulagndes

URL: http://{hostname}/OozieWebServicesAPI/simulate/AllService/

{AccountName}/{ProjectName}/workflow/{object_name}

d' ca I3 v
Awdsenaun 4-12 MBIIANIILNUUBDYAVBINTS LU

'object name": "Workflow002",
'object_id": "e009dd0c-158e-44ee-8367-887501ddef5f",
"is_file": false,
"object type": ",
"property": {
"path": "/user/hduser/apps/f9ed795c-07c9-4a56-a742-
df1a93bbfdce/Projectl/workflow/Workflow002/",

"workflow _name": "workflow.xml"
2
"path": "/Project1/workflow/Workflow002",
"created": 1507483646634,
"modified": 1507483646747

A mUsEnaufl 4-13 Hadnsigesianisiutoyanseiay
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A19819N1INAFDUAUTIYAITUVBINTZRAIIU AUTDFTENRULRSIARE
sULUU URL fanmuszneudl 4-14 Tag object name Aadouvasnszuanudisosnis u
n3diiife Job002 dsldtufinArnmautAues Job002 i objectid account = “f9ed795¢-
07c9-4a56-a742-df1a93bbfdce” ﬁaiﬁmaa;ﬂ%’mu path = “hdfs://localhost:8020/user/
hduser/apps/f9ed4795c-07c9-4a56-a742df1a93bbfdce/Prjectl/workflow/Workflow002/”
Aovdunisveslidnssuasuuy HDFS way project = “Projectl” Aedelusianfiadianis

o o dl ! fa dy £ ¥ ¥
91999 AININUTENBUN 4-15 “VI?,J’WEJF’TJ’]?LI’J’]L%@i?ﬁﬂi%ﬂ?ﬂlﬂ@ﬂmaﬂ

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/workflowjob/{object_name}

nilszneaull 4-14 weoilan1sinudeyanuueinssuany

"object name": "Job002",

"object id": "1de8b825-0d9b-453b-b65c-03e13ea803c7",

"is_file": false,

‘object type": ",

"property": {
"objectid_account": "f9e4795c-07c9-4a56-a742-df1a93bbfdce",
"oozie.wf.application.path": "hdfs://localhost:8020/
user/hduser/apps/f9e4795c-07c9-4a56-a742-df1a93bbfdce/
Project1/workflow/Workflow002/",
"project": "Project1”

2

"path": "/Project1/workflowjob/Job002",

"created": 1507483646885,

"modified": 1507483646972 }

AMUsENOUT 4-15 HadNSesIan 15 iuToLATILUDINTLUAIY
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fogan1snadeuiutayad aunsaiseniIugesianisgusuy URL A

a d’\'LSJQJd

A MUszNaUNl 4-16 18 object_name AaTaAI7IABIN1T Tunsdliiie QueueAll Fsladuiin

AAnanTAY89 QueueAll i starttimesim = “2017-09-09T13:42:24.239” Aotaaniliiusiy

Uszanaranszuanulufl danindseneudl 4-17 mneanuitwesialldeulagndes

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/queue/{object name}/

AMUsENDUN 4-16 WwoTlansiiuteyafy

"object name": "QueueAll’,
"object_id": "3c634074-6ceb-4884-ba7f-45b277d2303d",
"is_file": false,
"object type": ",
"property": {
"starttimesim": "2017-09-09T13:42:24.239"
2
"path": "/Projectl/queue/QueueAll’,
"created": 1507531350078,

"modified": 1507531350159

A v 6 ca < ¥ a
AwUsenaun 4-17 NAANTLYRIIANITINUYBIAAT

fegnsnadeuiuioyayAnalnuAgNUedAl @unsseNEIuEeIIan e

sUWUU URL slanmusenauil 4-18 1ag queuename §o%ed3 QueueAll kae object_name

A A aaa

Aotelnungnuesdi Fudunuvesnszuanuidenisiiuludd Tunsdiiide Joboo2 la

v =

JuinenaaudRves Job002 il starttimejob = “0” ApLiasuAuNnTERaUTuYIMuly

A7 jobproperty fAonuaudivasuldivumioUseuiana FeasUsenaunie <property>
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£
a

U <value> Tuffisgusglu Job002 munnUsenount 4-15 Alanardluual uwag jobld =

9 Y

"0000000-171026142235986-00zie-hdus-W" ABNUELAVUDINITUTEUIANANTY LL?N']H‘S‘U

LAYALANITOWLANLLDLSUAUNITYINIIUVDINTLEIU AININUTENDUN 4-19 NUIYAIUIN

fa dg’ £ v v
woTiatildnuldgnaes

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/queue/{queuename}/{object name}

PN sa & v a
Andsgnaun 4-18 L‘U'E]i')ﬁﬂ'ﬁLﬂUT@HaﬂquﬂJ@ﬂﬂﬁgLLa@7u1UIWUWQﬂGU@Qﬂ3

{ "object name": "Job002",
"property": {

"jobld": "0000000-171026142235986-00zie-hdus-W",

"starttimejob": "0",

"jobproperty": "<configuration>
<property><name>user.name</name>
<value>hduser</value></property>
<property><name>objectid account</name>
<value>f9ed795c-07c9-4a56-a742-

df1a93bbfdce</value></property>

<property><name>oozie.wf.appliction.path</name>
<value>hdfs://localhost:8020/user/hduser
/apps/f9ed795c-07c9-4a56-a742-df1a93bbfdce
/Project1/workflow/Workflow002/</value>
</property><property><name>project</name>
<value>Project1</value></property></configuration>" },

"path": "/Project1/queue/QueueAll/Job002",

"created": 1507818500610,

"modified": 1509003615546

amUsznaufl 4-19 madnsiwesianisiutoyanuvenseuanululnunanuedy
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et 1NMIMAgeUUTeaN1sUTEIIaNansERaY amnsalsendugeia

MEFULUY URL fen1nusenauil 4-20 1ag object name ABdenineiavvaIn1sussdiana

aaaA

nszuauigosns lunsaliae 0000000-171026142235986-007ie-hdus-W dslaTudinen
AuauURY starttimejob War endtimejob ﬁanmﬁﬁmﬁuuazLaaqﬁéuqmﬂﬂiﬂizmaawa
NIYUANIY status AvdnIuNIsUsTIIaNa appname Aanisuszulanalulnum AsyncAction
apppath Aatduvedlndnszuasuildlunisuszutana project name folusiandild

Uszunana jobid ABNINULav8IN1TUTENIARANTEUASIY AININUIENDUT 4-21 NUEAIY

TugeFiailldnulagnees

URL: http://{hostname}/OozieWebServicesAPl/simulate/AllService/

{AccountName}/{ProjectName}/\log/{object name}

= sa & v
Andsgnaun 4-20 L‘lj@ﬁ'}ﬂﬂ'ﬁm‘UﬂJ@Hﬁ%@ﬂﬂ?iﬂi%ﬂﬂamaﬂﬁzLL?N']‘U

"object_ name": "0000000-171026142235986-00zie-hdus-W",
"object id": "b836c6ad-5990-479f-881c-9bd0ddb7d7c9",
"oroperty": {
"starttimejob": "2017-10-26T14:40:15.267+07:00",
"endtimejob": "2017-10-26T15:10:07.009+07:00",
"status": "SUCCEEDED",
"appname": "async-time-wf",
"apppath": "hdfs://localhost:8020/user/hduser/apps/f9ed795c-
07c9-4a56-a742-df1a93bbfdce/Project1/workflow/Workflow002/",
"project_name": "Projectl”,
"jobid": "0000000-171026142235986-00zie-hdus-W" },
"path": "/Project1/log/job/0000000-171026142235986-00zie-hdus-W",

"created": 1509005405220, "modified": 1509005407278 }

AMUsTNOUN 4-21 KadnSigaian sl utoyaveInIsussuIananszwaI
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WANAADUNITUTEUIANANTLLAIUY TUANINBINAUNNTINaRIN AUt Ty
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4.4.1 wWan15UITUANITTHEAIIU 100 NITHEUY

MANAENENTUTELIHAN TELEIUT A lngdnanaunaInTALneas 1
AU annsodmnsnUeiidudaudiiivesuazyanalundardunouldanaunisd 1 us
oty 1 ﬂisLLamuqﬂﬂaﬁuﬂ oy manetunou e adsefidusaiy
8191 (Ave. %delay) Tuusaznszuany tdanaunisd 2 e n Ae s1wuduneuiiunumdy

Aoy Wieldlumslenenyanalunisyinnu

>, %delay
Avg. %delay = ”)T 2

¢ 1 a

nadnsAadslasidusauattiveslulazunuIna 100 NSELaEINY

'
oA

wandluns19il v - 1 eglundl 78 wuitAfiasanvesanadelesidudmnuaidiluusiaz

YNUINNITYINGIU @IASUUNUIN A LAATUNGU Job147 UNUIM B 1ARTUNIU Job391
UNUIN C 1ANTUNIIU Job380 UNUIN D 1ARTUTINU Jobl4d wagunum E 1iadunau

Job178 a5t 4-1

a

A15099 4-1 ARAuUasEUAAILAI T NAEAYDILARZUNUIN LU DINT LAY

Y 9

Jobname Role A Role B Role C Role D Role E
Job144 0.40 0.00 0.00 79.38 0.00
Job147 32.84 0.00 0.00 0.01 0.00
Job178 0.00 0.00 1.69 0.00 101.32
Job380 0.00 0.00 136.54 0.00 0.00
Job391 0.00 119.80 0.00 0.00 2.67
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M3 4-2 Aadslesiduinuartidediinyanalussazunuiv

Jobname Role A Role B Role C Role D Role E
Jobl4d4 0.38 0.00 0.00 0.00 0.00
Job147 0.00 0.00 0.00 0.01 0.00
Job178 0.00 0.00 1.69 0.00 0.00
Job380 0.00 0.00 0.00 0.00 0.00
Job391 0.00 0.00 0.00 0.00 0.06
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Jobname Role A Role B Role C Role D Role E
Job029 0.07 0.00 1.38 0.00 0.00
Job144 0.00 0.00 0.00 54.24 1.52
Job319 0.00 0.00 291.04 0.00 0.00
Job370 0.00 0.00 0.00 0.00 24.99
Job391 0.00 80.49 0.00 0.00 1.40

mmauﬁdfl%ﬁqjaqmLLazLﬁuuﬂﬂaiuUWU1mqwu A
Job147 0.00 0.00 0.00 0.00 0.00
Job178 0.00 0.00 1.08 0.00 0.00
Job380 0.00 0.00 88.21 0.00 0.00

WILDURY WazUSTUIaNaNITEhAIUNIALS LANAANSAILEAIAIIN 4-4 FIANPUUNUIN B

4.4.3.2 wayanaineuluunum B

d' a o [ o = o
LQJ@LWNuﬂﬂaVI’N’HﬂuUVIU'Wl B 1Uu 2 Auyineu Tagunuimaududsas 1 au

fifuafisoidudnuartigeanfonu Job391 (lum1snedl 4 1) fidn 119.80% waaainiiia
Y

apaviraudnluriliranasdu 0% wasvinliganluunum B wasmdy Job0d9 &l

AloENINAD 0.01% wansitduauauluunuIm B Wi Wiganeden1sinaukalunnnseua

uLAdmsvUnuImdudiadldiiisane wwsizanadeosidudniuaitidigeed wluig

UNUIMAZIAIaAaARNY weliladtaseitainisanasilliineidasiunistiuauluunum B

wisztduauanaznin N lllaina1nnN1T59UNUIN B WALARAINAISATTUABUNITYIN9U

a % 1 (Y J g Yo Y a (% = I V1
UNUMLAEINU AYUIUNU wagAanlsdsulndimesiuunn mmwmﬂuiﬂimwswu

& 3 & g v ° v ! | ]
ﬁ']ll’]iﬂl’a@ﬂﬂ']uﬁlﬂﬂll']ﬂigll'gaﬁ\la Vi']ﬂLa@ﬂiﬂu@misﬂnaqmq@quu@E’Jﬂ')r]ll"lﬂigll']aw aNau AN

WosigusanuatnAazanad 1w Job144 Job147 Job159 wag Job380



13799 4-4 AnadelasidudrnuatiggnrensyuanuilouuanaluunuIv B

59

Jobname Role A Role B Role C Role D Role E
Job049 0.02 0.01 0.00 0.00 0.00
Job144 0.32 0.00 0.00 63.01 0.00
Job147 25.61 0.00 0.00 0.01 0.00
Job159 0.00 0.00 0.00 0.00 50.88
Job380 0.00 0.00 107.93 0.00 0.00

MULaﬂJﬁﬁ’Fﬁ%ﬁﬂqmLLﬁzLﬁNQﬂﬂﬁiﬂU%Uﬂ%ﬂ’]u B
Job178 0.00 0.00 1.40 0.00 0.00
Job391 0.00 0.00 0.00 0.00 1.65
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Jobname Role A Role B Role C Role D Role E
Job070 0.00 0.00 0.83 0.00 0.00
Jobl44 0.35 0.00 0.00 69.08 0.00
Job147 27.62 0.00 0.00 0.01 0.00
Job206 0.00 0.00 0.00 0.15 33.71
Job391 0.00 109.73 0.00 0.00 1.87

NuRNiishgegauazfivyanaluunUImaI C
Job178 0.00 0.00 0.00 0.00 0.00
Job380 0.00 0.00 0.00 0.00 0.00
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Jobname Role A Role B Role C Role D Role E
Job147 22.08 0.00 0.00 0.00 0.00
Job187 0.00 0.00 0.00 1.57 17.53
Job206 0.00 0.00 0.00 0.00 26.43
Job380 0.00 0.00 92.11 0.00 0.00
Job391 0.00 86.06 0.00 0.00 1.50

mutﬁuﬁdw%ﬁgﬁmLLazLﬁuqﬂﬂaiuuwmmm D
Jobl4d4 0.29 0.00 0.00 0.00 0.00
Job178 0.00 0.00 1.17 0.00 0.00
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Jobname Role A Role B Role C Role D Role E
Jobl4d4 0.28 0.00 0.00 56.26 0.00
Job147 23.32 0.00 0.00 0.00 0.00
Job251 0.00 0.00 5.10 0.00 0.01
Job380 0.00 0.00 99.64 0.00 0.00
Job391 0.00 89.76 0.00 0.00 0.00

muLauﬁa'ﬁhqqqmLLazLﬁmqﬂﬂaiuuwmmm E
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1. amzdoudldau

n1389neLd8u URL http://{hostname}/OozieWebServicesAPl/login.html
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SIGN IN SIGN UP
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Email address
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lunswieudaya User, Role fannsenauil n - 3
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DefaultProject

+ Add Project
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\was3a User Uag Role dwmSuinleudayaynainsiazdayaunuinminnuy
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1Y

= = o & A
HYURNBDUNTITILANBUNU WqMGUUWQUIUﬂWWUﬁgﬂ@UW n-4

Name Delete

= Add User

User Name: user

1 3 suswmir lclose
1

AMUsENaui n - 4 maliiudeyayanalunisinass

gunsasiuAENURYRIUAAATIL LY [UFBY a01UsNISYINNY kaghannty
Duardminlunisiienu Wusu Asaimdszneud n - 5 dauunuimutiivenisinnuas
gnimualuliy Role Fadunauni1simuaunumninfinisintnuvesyanaty wansly

AMnUsEnauN n - 6

»

Project1 user - 8

Name Delete
user1

I object_id : 6f4ad664-e38b-4de9-931c-
11 uen B ' 351201805210
———————————————————————— | status : busy

salary : 15000

workingtime : 1

role: A 2 &) !

MwUsenauil n - 5 nsmruamRuaudRd niuyang



Role Name Delete

8 Add user to role

c 1 Role Name
Select User
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#09n159zonluantuuy HDFS tiiasaUseulanansewadnulang Oozie TUADUNITITINUY

wasId workflow AINIWUSENBUN A - 7

[ — [ ————————— !
Workflow Name Delete
Workflow002 -
Workflow003
.- - Upload Workflow _ _ _ ____
1 1
okl 1 3 choose file workflow.xml Choose File | workflov.xmi 1
_____________________ F]
Workflow015 FP=———— 1
1 q UPLoad I close
workflowo2e L ___
T
Workflow028 (<]
Workflow029 <]
Workflow031 [x]
Workflow038 B

AMNUSLNBUN N - 7 NMSonlunanlnanIewaau
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dasnlnanlndnszwasruluuy HDFS waa wwasia Workflowlob AwwSey

Poyanszuanudmiuldlunisussiianadianinmyseneud n - 8

Workflow Job Name Delete

Job002
Jo003 Add Workflow Job
e - - e e e m e ————————
Job011 1 3 Workflow Job Name WokrflowJob !
1 Select Workflow Workflowl91l ] !
____________ |
Job0ls e e - —— 1
1
, 4 susmr ! close
Job026 1
______
Job028 8 L
Job029 ]
Job031 g
Job038 ]

AMUTENOUN N - 8 MIWTEUTRYANTE A

AMSULesI@ Queue WIBLASUUAINIULAZIALNTLHAINUIUAT MTUAAILIAN

a a A | a ' Y] P
MsulunsUszanananselay Weazdsdnulszananasaly sanndsenaui n - 9

Queue List Name Delete

QueueAll Add Workﬂow JOb to queue

Queue191

Queue list name
QueueAll2 3 Wokflow job:
Select Workflow Job

Set start time
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TuAaunsaiiunszhauIuls tneviiauduseulunnusenauil n - 10

wara UNsanNuUAALSUAUlA luUSEINaNan e waUle

1
QueueAll QueueAlll 1 + !

Queue List Name Delete Workflow Job starttimejob

- Add workflow job to queue ook

QUEUETS] = e e e = -
Job403

1

quevearz |
1 Job003
1

1
1
1 Job400
1
1 Job399

1 )
13 SUBMIT ICLOSE Job397

- Job3e? Job396

Job396 Job391

Inh391 .Inh3R3

AMNUSLNBUN N - 10 NstALNseLaulu@l

4. N5UTTUIANANTSUETULASNAGS

Tunrsafiunisuseulanansenanuazldeasid Simulator LDNLSUAY
NSTUIUNNTAIAINUL AR NaYSEURaNaNSehaaulu Oozie aald sananslun ndsenaui

n-11

1
Project1 : 2 > :" n

STATUS SIMI I ATOR

- Please select queue for
.- -Simulator_________ ,

1 3 N
1 Queue List QueueAll v| 1

dl gj a
AMUIZNBUN N - 11 TumeunsUTEINananselaulum?
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®

dvsuLeesia Simulator §981U150AARNNADIULYBINITUTEUIRNANTE LA

Status SUCCEEDED
Project] |JobID:0000000-171012223759927-00zie-hdus-W mz:ﬁ’:ﬁﬂ;’"e 1:3 gz: :g igl; zsogggggg
MendTime Thu, Oct 12 2017, 23:20:28.3710

action19 OK Oct 12 2017, 23:20:18.5400 Oct 12 2017, 23:20:28.3710 c user3 0 1 0

action14 0K Oct 12 2017, 23:20:06.7020 Oct 12 2017, 23:20:17.3740 D userd o 1 880

action18 OK Oct 12 2017, 23:07:29.6620 Oct 12 2017, 23:08:08.6150 A userl 0 1 28990

action16 0K Oct 12 2017, 23:01:57.8730 Oct 12 2017, 23:07:29.2590 A userl 1890 1 170520

action15 OK 0ct 12 2017, 23:01:57.8130 Oct 12 2017, 23:04:29.6420 A userl 0 1 134210

action10 OK Oct 12 2017, 23:00:36.5530 Oct 12 2017, 23:20:06.3630 D userd 925 1 1073740

action9 0K Oct 12 2017, 23:00:36.5090 Oct 12 2017, 23:01:57.2510 D user4 0 1 68710

actionb OK 0Oct 12 2017, 23:00:18.3210 Oct 12 2017, 23:00:36.0100 ) user4 0 1 2290

action5 0K Oct 12 2017, 23:00:18.2600 Oct 12 2017, 23:00:32.5080 A userl 0 1 1640

action2 OK Oct 12 2017, 22:50:49.6900 Oct 12 2017, 23:00:17.7210 A userl 0 1 549750

MNUsENauil N - 12 @01UrNSUTEUIANANTE LAY

\o33d Log NMskaninaansreen1sUszanananszuau lngaunsadon
wUaslwddeyaaniugvesnisuseuranadulug csv e weldlunisimseinasely was

a1u1saLaennshanuduArnursensiay JoblD 19 sanansluninusznaun n - 13

Log QueueAll
Queue Name JobiD
1 ke
: 2 QueueAll ] 0000000-171026142235986-00zie-hdus-W
________ )
Queue191 142235986-00zie-hdus-W
ExportCSV  ________
QueueAll2 1 142235986-00zie-hdus-W
|3 ExpoRTCSV  pLos!
———————— ! 142235986-00zie-hdus-W

0000005-171026142235986-00zie-hdus-W

0000006-171026142235986-00zie-hdus-W

0000007-171026142235986-00zie-hdus-W

0000008-171026142235986-00zie-hdus-W
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AMMTUNANITNAADUNITUTTUIANAVDINTZUAINUTIUIU 100 NTTUEITUY

518821 98ALU DS T URAINNANTIVDINITUTLUIANA L ULARZUNUINVDINTEMAIY kandlum1s19

fia-1
an5197 0 - 1 Wesidudmuadvesusazunumlueuuenssuany
Jobname | Role A Role B Role C Role D Role E
Job002 0.20 0.00 0.00 0.02 0.00
Job003 0.00 0.00 0.00 0.00 16.00
Job011 0.00 0.00 32.94 0.00 0.00
Job015 0.49 0.00 0.00 0.00 0.00
Job026 0.00 0.00 0.00 0.00 0.00
Job028 0.00 0.00 0.00 0.17 0.00
Job029 0.50 0.00 1.96 0.00 0.00
Job031 0.00 0.00 8.42 0.00 0.00
Job038 2.98 6.62 0.00 0.00 0.00
Job039 0.19 0.00 0.00 0.00 0.00
Job042 0.04 0.02 0.00 0.00 0.00
Job047 0.00 0.00 0.06 0.00 0.00
Job049 0.05 0.27 0.00 0.00 0.00
Job058 0.34 0.00 0.25 4.07 0.00
Job061 0.66 0.00 0.00 0.00 0.00
Job070 0.00 0.00 1.43 0.00 0.00
Job078 0.00 0.00 0.00 0.00 0.31
Job079 0.00 0.76 0.00 0.00 0.00
Job083 0.00 0.00 2.40 0.00 0.00
Job086 0.00 0.00 0.00 4.45 0.00
Job095 0.00 0.00 0.00 0.00 0.23
Job100 0.00 0.00 71.86 0.00 0.00
Job103 9.34 0.00 0.01 0.00 0.00
Job107 0.00 0.00 9.35 0.00 0.00
Job108 0.00 6.51 0.00 0.00 0.00
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Jobname | Role A Role B Role C Role D Role E
Job110 0.00 0.00 39.68 0.00 0.00
Job112 0.00 0.06 14.80 0.00 0.83
Job120 0.00 0.00 0.00 0.22 0.00
Job121 0.00 0.00 0.00 1.47 0.00
Job122 0.00 0.01 0.00 0.00 0.00
Job125 0.00 0.00 0.00 0.00 0.00
Job129 0.00 0.00 0.10 0.00 0.00
Job135 0.00 0.00 0.00 0.00 0.00
Job144 0.40 0.00 0.00 79.38 0.00
Job147 32.84 0.00 0.00 0.01 0.00
Job149 0.37 0.00 0.00 0.00 0.00
Job151 0.00 0.00 0.00 0.82 0.00
Job153 0.02 0.47 0.00 0.00 0.00
Job157 0.00 0.00 0.00 0.00 0.00
Job159 0.00 13.98 0.00 0.00 65.04
Job171 0.00 0.00 0.00 0.00 0.00
Job174 0.06 0.16 0.03 0.00 0.00
Job178 0.00 0.00 1.69 0.00 101.32
Job184 0.00 0.00 0.00 0.00 4.74
Job187 0.00 0.00 0.00 3.99 25.28
Job191 0.00 0.00 0.00 0.00 0.00
Job193 0.00 0.00 0.00 0.00 0.02
Job195 0.00 0.00 0.00 0.00 0.36
Job198 0.01 0.00 0.01 0.00 0.00
Job201 0.00 0.00 0.00 0.00 0.03
Job202 0.00 0.00 0.24 0.00 0.00
Job206 0.00 0.00 0.00 0.15 37.94
Job215 0.01 0.00 0.00 11.92 0.00
Job218 0.00 0.04 0.00 0.00 1.70
Job221 0.10 0.00 0.00 0.00 0.00
Job223 0.00 0.00 0.00 0.00 0.00
Job228 0.00 0.00 0.00 0.00 0.00
Job234 0.00 0.00 0.00 1.55 0.00
Job243 0.00 0.00 0.00 0.00 0.03
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Jobname | Role A Role B Role C Role D Role E
Job246 0.00 0.00 0.00 0.00 6.55
Job251 0.00 0.00 6.77 0.00 0.08
Job253 0.00 0.00 0.00 2.44 1.49
Job263 0.00 0.00 0.00 0.00 3.47
Job264 0.00 0.00 0.00 0.00 7.15
Job267 0.00 0.00 0.00 0.00 0.00
Job277 1.16 0.00 0.00 0.00 0.02
Job278 0.00 0.02 0.00 1.45 0.00
Job282 0.00 0.19 0.00 0.00 0.00
Job292 0.00 0.00 0.00 0.00 0.00
Job295 71.28 7.74 0.00 0.00 0.00
Job296 0.00 0.34 0.00 0.00 0.00
Job304 0.00 0.00 0.00 0.00 0.00
Job313 0.16 0.00 0.00 0.00 0.00
Job316 0.00 0.00 0.00 0.00 0.00
Job317 0.00 0.00 0.03 0.00 0.00
Job319 12.68 3.48 0.00 0.00 0.00
Job323 0.34 0.00 0.00 7.45 0.00
Job327 0.00 0.00 5.79 0.07 0.00
Job332 0.00 0.00 3.99 0.00 0.00
Job334 0.00 0.00 0.00 14.67 0.00
Job336 0.34 0.00 0.00 0.00 0.00
Job337 0.00 0.00 0.00 0.00 0.00
Job348 0.00 1.58 0.00 0.00 0.00
Job349 0.00 0.00 0.00 0.00 0.00
Job351 0.00 0.00 0.00 0.00 0.00
Job353 0.00 0.00 0.00 0.52 0.00
Job363 0.00 0.06 0.00 0.00 0.00
Job366 0.00 0.24 4.17 0.00 40.21
Job369 0.00 0.50 1.61 0.00 0.00
Job370 0.00 0.00 0.00 0.00 37.18
Job380 0.00 0.00 136.54 0.00 0.00
Job383 0.06 0.00 0.00 0.00 1.05
Job391 0.00 119.80 0.00 0.00 2.67
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Jobname | Role A Role B Role C Role D Role E
Job396 0.00 0.00 0.00 0.00 8.81
Job397 0.00 0.00 0.00 0.00 0.41
Job399 0.00 0.00 0.00 0.00 0.00
Job400 23.53 0.00 0.00 0.00 1.10
Job4d03 0.00 0.17 0.00 0.00 0.00
Jobd04 0.00 0.00 11.25 0.00 0.00
Job4d05 0.00 0.00 0.61 0.00 5.92
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Workflow Simulation based on Cloud Platform for
Office Automation System

Kanittha Promsakul
Department of Computer Engineering, Faculty of
Engineering, Prince of Songkla University
Hat Yai, Songkhla 90112, Thailand
5510120112@psu.ac.th

Abstract— This research focuses on improving business process
worked under workflow simulation. In the business process, there
are several properties to be considered such as person, cost, time.
The current workflow simulation cannot combine these properties
to simulate the situation for business decision making. In this
paper, the improving business workflow simulation is proposed by
adding the business properties to the workflow simulation. Then,
our simulation is able to si his/her work and monitor/collect
status data for analysis. Both Apache Oozie and Apache Hadoop
are used in this work as fundamental framework. Oozie is a
workflow engine job scheduler system which is performed by the
Apache Hadoop. Apache Hadoop is big data framework that
provides distributed processing and storage. As a result, our
workflow simulation can increase the efficiency of workflow
management and scalable for solving the big business workflow
process.

Keywords- workflow; simulation; distributed system; Apache
Qozie; Apache Hadoop;

L. INTRODUCTION

Workflow is a process of operation from starting to ending
that follows the business rule of organization. Present
organization works base on computer and manage by workflow
management system. Workflow simulation is widely used as a
tool to analyze and improve business process [1][2][3][4].
Simulation can analyze the past data and use its result to develop
current workflow system. Advantages of workflow simulation
are to reduce cost and to manage workflow system for optimal
efficiency.

Workflow is almost used by organization to manage human
and work. The workflow simulation can demonstrate how the
system flows. Manager can attain maximum benefit by using the
workflow simulation without performing the real work on the
person. Workflow systems are complex, particularly when it
needs multiple different workflow simulators to solve a
problem. The work in [1] are presented using the YAWL
workflow management system and the ProM used process
mining framework in simulation for analyzing to simulate
operational decision making. Research of [2] based on the
Extended Xinpai Driven Workflow Model to descripted and
analyzed quantitative the business process. WorkflowSim [3]

978-1-5090-4834-2/17/$31.00 ©2017 IEEE

Somchai Limsiroratana
Department of Computer Engineering, Faculty of
Engineering, Prince of Songkla University
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used CloudSim (framework for simulating cloud computing) for
providing fault tolerant clustering of workflow. Finally, in
research using RealView™ [4] is business process tools to
automate maintenance and analysis task of workflow. However,
these workflow simulators cannot fully support adding more
properties, scalable and extensible organization system.

Workflow engine is a tool for processing workflow. This
research requires flexible, scalable and extensible workflow
engine. The paper in [5] compared a workflow engine working
on cloud platform including Hamake, Apache Oozie, Azkaban,
Cascading, Orangescape Studio, JBOSS, Pegasus and YAWL.
Apache Oozie is selected to use in this work because it is an
active open source project, scalable and extensible base on
Hadoop, developed by well known Apache Foundation, active
project on website and good performance [6]. Moreover, large
organizations use the Oozie for their workflows system such as
Yahoo, IBM Biglnsights, Cloudera, Hortonworks and Amezon
EMR etc.

This paper presents simulation of a business workflow
management system. To create simulated person working
models that has role in the work and supports scalable system.
The simulation can store job status data in order to analyze and
optimize workflow system. This paper uses both Apache Oozie
and Apache Hadoop for workflow scheduler and distributed
processing respectively. The Qozie engine manages the
workflow and sends action executor of each workflow node to
Hadoop for execution [7]. Hadoop is a library framework for
distributed processing of large data sets across clusters of cluster
computing. The advantages of Hadoop is that if an error or
failure occurs, Hadoop can handle it automatically. It can also
be used to sort out complexity and hence is tolerant to failure. In
addition, Oozie is scalable, reliable, extensible system and its
architecture can be developed into a real organizational system.

The proposed workflow simulation system in this paper is
expected to be a tool for optimizing organization's workflow
suitable for individual allocated capacity by reducing its
working time and cost. Section II presents architecture of
simulator on Oozie engine. Designed and implemented of the
simulation system is described in Section III. Results of the
simulation system are in Section IV. Section V is discussion
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performance of workflow simulation. Finally, in Section VI,
conclusions and feature works on the usage of this simulation
are discussed.

II.  SIMULATION SYSTEM ARCHITECTURE

Architecture design shown in figure 1 is the proposed
simulation system which has 4 parts including simulator, Oozie
workflow engine, HBase and Hadoop distributed file system
(HDFS). The simulator is web interface to establish connection
between the system and users. The administrator or users can
connect to the interface by REST API with JSON data. Oozie
workflow engine manages task activity according base on Oozie
by simulator through Oozie REST service. All system data are
stored in HBase through the WebObject API [8] running on
HDFS. WebObject API is NoSQL API service for interfacing
with HBase. It provides storage of hierarchical structure of key-
value base objects on very large table which supports a big
general organization. Finally, in last part, HDFS has the
MapReduce that parallel execute jobs form Oozie engine. The
flow of Oozie job compose of action nodes. The main important
action node that designs for person working simulation is
SyncAction. The SyncAction was developed by deriving from
custom action executor, ActionExecutor class in Oozie which
described detail in section IILA.

Web Service(REST API/JSON)

vy

Simulator
Workflow Engine

1
1
!
1
1
1
Oozie :
!
1
!
|
1
1

Figure 1. Simulation system architecture.

III. DESIGN AND IMPLEMENTATION

In this section, the detail of our design and implementation
are described including SyncAction, system data storage,
workflow execution and monitoring. The SyncAction supports
adding properties to execute in Oozie. The system data storage
provides the WebObject API to store the necessary data and
configuration in HBase. The workflow execution is used to
prepare and execute the custom workflow and the monitor is a
tracking module of simulator.

A. SyncAction

Oozie [9] has a collection of actions for containing control
flow nodes and action nodes of workflow. Control flow nodes
are nodes to define starting, ending (end, kill node), execution
route (decision, fork and join node), execution of a computation

and processing task (Hadoop MapReduce, HDFS, SSH, Pig, and
JAVA action) and Oozie also support additional type of actions
by custom action executor.

In this work, we develop custom action executor called
SyncAction for purpose of simulate person working models and
deployed on Oozie server. Each person working model has role
of person, duration time, cost and other properties etc. Role of
person is condition to choose the work. If the person is not in
role, that means the person is not eligible in work. Duration time
is amount of working time of person. Person has ability
difference to work. Amount of cost is communication and
expenses of system. These properties assigned in workflow and
configuration file to submit job for Oozie server. When
simulator start, workflow in queue is sent to Oozie server. Qozie
manages and processes workflow and sends to Hadoop for job
execution, SyncAction. The SyncAction simulates the addition
parameter and record a workflow result in Hbase.

B. System Data Storage

HBase is a NoSQL distributed database of big tables. It is
developed on top of Hadoop HDFS. The work in [8]
implemented WebObject API based on HBase for storing data
and information of university. The WebObject API is REST
service to collect tree structure data. The advantage of the
WebObject API is to support storing large data. It is easily
designed to create, read, update and delete (CRUD) general
objects. We used the WebObject API to store all system data
and parameters for simulator such as configuration, workflow
file, queue and status of job. Configuration consists of person,
role, property to be parameter for SyncAction. Workflow files
are definition action nodes for execution on HDFS. Queue is a
list of workflow for submitting to simulate on Oozie. The last
information is status for showing the state of the job in
processing and completion from Oozie.

<workflow-app name="sync-time-wf"
xmlns="uri:oozie:workflow:0.2">
<start to="action0"/>

<fork name="fork3">
<path start="action4"/>
<path start="action6"/>
</fork>
<action name="action5">
<sync xmlns="uri:00zie:sync-action:0.1">
<actionname>actionS</actionname>
<role>manager</ role>
<duration>1640177522</ duration >
<cost>209715200</cost>
<objectid_account>
$ {objectid_account}
</objectid_account>
<project>$ {project} </project>
</sync>
<ok to="join10"/>
il"/>

<join name="join10" to="action10"/>

<kill name=""fail">
<message>Java failed, error
message</message>
</kill>
<end name="end"/>
</workflow-app>

Figure 2. Workflow model (Left) and outline of workflow.xml (Right).
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C. Workflow Execution

1) Workflow Preparation

Workflow management system (WfMS) [10][11] is recently
used to support management and execution for workflow
processes. There are several of standardization for workflow
description such as, WIMC, W3C, OASIS, OMG and BPMI
[12]. In this research supported WfMC because it is open
standard, non-profit, standard organize by workflow
management coalition (WfMC) and Oozie also support.
Workflow model defines actions from beginning to ending for
processing. Oozie workflow is directed acyclic graph (DAG).

Preparation of workflow and configuration, the flow of
actions (person working) must be described in workflow.xml
file with WfMC format and upload into HDFS. The parameter
for each action must be prepared and stored in HBase. For
examples, the workflow of 10 actions show in figure 2 (left) can
be described as XML file shown in figure figure 2 (right). For
simulate a person working No.5, the parameters for execution
action No. 5 such as role ‘manager’, duration 1640177522, cost
209715200, etc. are prepared and store in HBase.

1. Preparation of workflow
and configuration

2. Add workflow
to queue (start time)

Waiting

E&, Oozie Qutpwt
v
HBase
O¢—mMmMm

Figure 3. Process of workflow simulation.

2) Executor

This part describes simulator and process of simulation. The
simulator is a web service running on Apache Tomcat 7 and
connects to OQozie by REST API. The simulation service has
application scope, that has thread away running on background.
Therefore, the simulator design uses a single thread for

protecting thread safety. The simulator prepares workflow
execution by loading properties from HBase and send to Ooze
with execution command.

Process of simulation from beginning to ending shown
figure 3. The first step is a preparation of workflow and
configuration which already described topic in workflow
preparation above. The system allow user to prepare/store
multiple workflows. The 2™ step, we can choose any prepared
workflow to add in queue and assign the start time. Then, 3dd
step is starting simulator. Simulator load workflow in order of
start time and send each workflow and parameters to Oozie for
workflow execution. Each SyncAction execute and store output
to HBase that can be read from simulator for monitoring and
tracking or using REST API to download data for analysis later.
We can control the started simulator by pausing or stopping for
more real-time tracking and diagnosis problems. After finish
execution all workflow in queue, simulator and status.

D. Monitoring

Simulator starting and running can be tracked the status of
job (create time, start time and end time), status of SyncAction
(action name, status, start time, and end time). The status shows
in real time on web service. All of Monitoring values of are store
in HBase which will be very useful for analysis and optimization
of person working model.

IV. RESULTS

In this simulation system, we test the system by random
generated workflow using Daggen [13]. The Daggen supports
DAGs and proposes synthetic graph to reach of simulation.
Output files from Daggen were converted to workflow.xml files,
100 workflows were generated.

User or administrator can select and upload workflows file
to HDFS prepare for simulation shown in figure 4.

workflow015 A
Workiow Nae ouee
wortouto L]
worktowoo2 8
workowtos 8
R
Upload Workflow

Choose File

UPLOAD CLOSE

™

Figure 4. Upload workflow file to HDFS.

Adding workflows to queue and set start time for execution
in simulation shown in figure 5.
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Quee List Name Delete

queuedod

Add workflow to queue

9002 )
03/28/2017, 11:14:52.229 AM

SUBMIT  CLOSE
e —

Figure 5. Adding workflow to queue.

Selected list of workflows in queue, sent to Oozie for
processing shown in figure 6.

STATUS SIMULATOR

Please select the queue for
simulation

Queve List [queucotwortiow 2

Figure 6. Selected workflow in queue to Oozie.

Figure 7 shows a status and a tracking of the job in
simulation. Start time, end time and status parameters can be
used for analysis. The user can request to the web service for
detail of job. Figure 8 shows the detail of job in JSON format.
The user can also request the detail of each action from web
service shown in Figure 9.

STATUS SIMULATOR
Staws  RUNNING
.28 Apr 2017 04:17:42 GMT
Toszm IR stantTime  Fri,28 A:znnnnuz GMT
endTime
Name  Suts  SudTeme EndTime wsmon e
stan OK  FA28ApZ0VTOMITASGMT  FAZBADZ0ITOLITAAGMT actond  START
actond OK  FAZBAN20VTGAIZSTGMT  F.28 AP 2017 G184 GMT forko e
forko Ok FA20Ap2017041924MT £ 28 Apr 2017 041924 GMT . some
sctont OK  F2APr2017041925GMT  FA28API2017042047GMT actiond e
acton2 OK  F28Ap2017042006GMT  Fi,28 Apr 2017 042047 GMT Joo oyme
sctond OK  FA2BAMIZITOS204TOMT  FAZSADIZOITOS21I21GMT  action? oyme
scoon?  pREP e
ctons  pREP ome

Figure 7. Status of workflow simulation.

“object_id": "32cd2c55-e4cB-48ef-ba6f-80b54bb1336e”,
“parent_objectid”: "9fd89f38-a9b8-485a-82c1- l%d%fgﬁlbz
“object nane '9068994 170428100217135-00zie-hdus-W",

'createtmejob': H
starttme)ob' P

Syl
'hdfs //localhost Eszs/user/hduser/apps/febzﬂde -84ad-49f3-9¢
i )ob\d *9006604-176428180217135-00z1e- hdus-W

Figure 8. JSON file of job.

“object_name”: "action7”

ob]e:t id": "ai5fdcel- 2506 49e8-9a61-17a6639838417,

“is_file": false,

ob]ect type

proverty
getact\ontme
Tcost™: "25660°,
“actionnane”

"Fri Apr 28 11:22:14 ICT 2017",

(tion7'.

“endactiontime

“status”™: “PREI

“accountname”: testS 3797,

“role”: "studen

"accountid” a15c9259 188f-4c54-b81a-b88d93728486",
“duedate” »

“workingtime™: "25660",

“startactiontime™: "Fri Apr 28 11:22:14 ICT 20177,

“priority

"actionid™: ‘esésesa~ 170428100217135-00zie-hdus-W@action7”

;’)ath /Test/log/job/%%%ti»176423189217135~oozit—hdus~H/action7',
“created”: 1493353343428,
'nod\ﬁed' 1493353345025

h

Figure 9. JSON file of action7.

V.  DISCUSSION

Since our simulation system is designed to support the large
workflow scale. The organization which requires to enlarge its
workflow can reach the goal by using our simulation system.
Our simulation system bases on Oozie engine conducting on
Hadoop which is big data framework. Although this work does
not provide a performance testing because of lack large
resources. However, the performance is related to the Oozie
performance which already proved that it has good enough
performance [6] on Yahoo production system. The results
showed that the Oozie can process 1250 jobs per minutes with
640 threads. There were 52k job to be submitted to the Oozie
and the jobs finished with in 8 hours. The number of action can
increase to 50 actions per workflow and the large number of
actions per workflow did not affect to the Oozie performance.
The overhead per action decreased when the number of action
increased because the overhead of action to prepare and launch
is more than the overhead to transit the action between nodes.

VI.  CONCLUSION AND FUTURE WORK

Workflow simulation presents relevant information about
process which is useful for analyzing to diagnose business
process, especially research on large scale office automation. In
this paper, we proposed and developed workflow simulation
system which supports scalability and extension based on Oozie
and Hadoop jobs. The workflow simulation fully supports the
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workflow represented in DAG under WfMC format and adds
working person models of workflow simulation system.

In the future work, we would like to improve efficiency of
our workflow simulation system by optimizing the person
property. Since the current person property has only few
parameters. The extra parameters such as potentiality or working
queue of each person will be added to the person property, then
the simulation efficiency can be increased.
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