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2.2.1. Taverna
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] ] i 1

' ot | Taverna Workflow Taverna Data 1

] | 1| Object Model Object Model | *

| LSID Based Clients - :

" ' '

'_1 LSID Authority Interface ":_1 . I Workflow Submission Interface | _______________________
L FreeFluc Warkflow

Ouzo / MIR 5torage

9 ]
' Sl & i Taverna Task Implementations E Enactor Service 1
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' ™ | «| Biomoby Java ' FreeFluo Enactor 1
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1% 7. Taverna T4 %=
experi ment myExperiment makes it easy to find, use and share scientific
workflows and other Research Objects, and to build
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| E— | )

First time visitor? Try these videos: (e P P ———

[ Project Introduction

[l Bioinformatics Case Study reem— or Login:
[ | |
- L2 Username or Email

Use myExperiment to...

[ [

3 Find Workflows.

Password
[ Find Files e [ v [ ]
@ Share Your Workflows and Files Remember me: D
[ Create and Find Packs of ltems Or use OpeniD:
‘About myExperiment
£ Create and Join Groups e 3
Join the Mailing List (eq: name myapenid com)
2 Find People and Make Friends Give us Feedback |
(=7 Send Messages PIELENE LT
Ll Th Forgot Password?
¥ oot Feechack Taverna Workflow Workbench
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< Write Reviews and Comments R

7 Build your Profile and Reputation
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2.2.3. DAS
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2.2.4. Wildfire

Wildfire[4] = 47159 A*STAR Alsl vlo] @ Q1w A~ A7 A 20051 &=
of e AHAR YAZTZ ] A\ ~EloTA Felo|AE/ Y ol E R I
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User uses Wildfire to create
workflow as GEL script

Execution on
(1) local,
@ Cluster, or

@3) Grid N
[LsF |
[fore ]
Qﬁl;’ Cluster Laptop
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NumProc: |
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Cancel
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2.2.5. Pegasys

Pegasys[7]+= 2004 =0 7yttt UBC AlE oA dxdt AYAR HAZ2 ALFHoRA
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2.2.6. BioWMS
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2.2.7. Biowep
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WebWFlow, JaWE
XML Process Definition Language

Workflow API and Interchange formats
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Administration &
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Hermes GUI Multi Agent System
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Hermes Middleware
Workflow Client Invoked
Applications Applications
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WebWFlow Service-Agents
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22. LEEA 7] o]dH AWAE oy FF
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o Znbell M AREH 7] AlAFERal ool WS JidAde] &Rkl Atk o]
19931 Gruber’} “&E2A= ofWl FadEopollM el 7igel APsted HASolt
(An ontology is a an explicit and formal specification of a conceptualization of a
domain of interest)’[12]2}= EE HLJ3}Glal, o]F W2 T FofollA] RrolEof
A SgEHn Juh. 2EZA M A4e FdX(class), ¥A(relation), T
(function), & 2] (axion), $12=®l~(instance)®] HHA 714 845 o] &3sto] A shd
o Edlae dubdqer Jideld sigE, A= NdEs

g& Auidt. s AV 54 #@e M W A"E s Aold, Y=
A F29] 277 sH= Aoem Fow JAAH= 22 ]
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ol@ A Aeol®l OWL Ed 9US Z21¥9 3coi AEdstr] a4 E Jena
o 7o 2E=7x g AP/} L&tk

<?uml version="1.0"?=>
<rdf. ROF
#mins="http: /A, biowork s, org/bioentry#
wming: rdf="http: e w3, org 19990202 rdf- sy ntax-ns#"
wrnlng: owl="http: Seenne. w3, org/ 2002007 fowl#"
#mins: ksd="http:Aeewner w3, org/2001 4L Schema#!
xming:rdfs="http:faan w3, org/ 200001/ rdf schema#”
uml:base="http: A bioworks. org/bioentry"=
<owl: Ontology rdf about=""/>
<owl:Class rdf. ID="EMEBLF ormatReport">
<rdfs:label rdf:dataty pe="http: /A w3, org/2001XMLE cherm a#string”
=EMBL farmat report</rdfs: label>
<rdfs:comment rdf. datatype="http: /A w3, org2001XMLS chermafstring”
=EMBL format report</rdfs: comments
<rdfs: subClassOf=
<owl:Class rdf ID="EMBLF armat"/=
</rdfs:subClassOf=
<fowl: Class>
<owl:Class rdf ID="EMZYMEEntry"=
<rdfs:label rdf:dataty pe="http: /A w3, org/2001XMLE cherm a#string”
=ENZYME Entry</rdfs:label=
<rdfs: subClassOf=
<owl:Class rdf. ID="SwissProtFormatReport"/>
</rdfs:subClassOf=
=rdfg;comment rdf. datatype="http: M. w3, org/2001MLE chemafstring”
=ENZYME Entry</rdfs:comment>
<fowl: Class>
<owl:Class rdf. ID="BtwistedReport"=
<rdfs:comment rdf. datatype="http: /A w3, org2001XMLS chermafstring”
=htwisted report</rdfs: comment=
<rdfs:label rdf:dataty pe="http: /A w3, org/2001XMLE cherm a#string”
=htwisted repart</rdfs:label>
<rdfs: subClassOf=
<owl:Class rdf.ID="GeneralReport"/>
</rdfs:subClassOf=
<fowl: Class>
<owl:Class rdf ID="PFAMFarmat"=
<rdfs:label rdf:dataty pe="http: /A w3, org/2001XMLE cherm a#string”
=PFAM format</rdfs:label>
<rdfs: subClassOf=
=owl:Class rdf.|ID="DatabaseEntry"/=
</rdfs:subClassOf=
=rdfz:comment rdf: datatype="http: M w3, org/2001MLE chema#®string”
=PFAM format<frdfs: comment >
<fowl: Class>

<a.’.réd:RDF>

<19 17>& Jena APIE AF&3to] Foj¥l OWL 3HdS 9Hste] A AR Ho]
B Aol tig AsA EY 725 AL Java EY FE S8 HolFa Utk
Jena APIE AHEsHH AR EAE=F 1He] =9 AA Al dHlolg ¢ AT
A 33s fJA AAE 4 2tk 7Fd,  ProteinFASTASequences<}
DNAFASTASequences”} =&24] AT “dollX 55 FASTASequences®| 3¢ &
#~2tar sk o, ProteinFASTASequences®-i= DNAFASTASequences 329 &9
k2 FASTASequences 212 dggtoz thlwo] A 4= ) o] u Jena APIS]
OntClass =2 2~¢] hasSubClass W AE=E AFE-H}.

23. XML 7|9t AgAR B4 & 5
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@ Type Select ]

MIAL HoIH
OwWL ot

Jena

OWL API

S

[Lok. | [ Concal

H]O] E1 OWL J].)\l =1

aHoE BFas] 98 4 mA meldor & He
% Agel

i I o =i ] R A B

o
A delEel s sl ARYRE AL xR AT 99
HlA

e} ng AYAR B
HAE oleld td W WAL ndse] FA% BF ~70hE
oho<7d 18>St AAWHS wed RN B4 57 292 A3 o)

2

BioTool

+beforeExecutel)
+execute()
+afterExecuted)

CommandLineBioTool

WebServiceBioTool

ScriptBioTool

+beforeExecutel)
+executel)
+afterExecuted)

+beforeExecutel)
+executel)
+afterExecuted)

+beforeExecutel)
+executel)
+afterExecuted)

a9 18, A

WAR BHET Fes thelojng

b Egte] e w2 M= BioTool Z#|229] 31¢]E @22 (CommandLineBioTool,
WebServicesBioTool, ScriptBioTool 5)¢] Ae|&m Z+zte] ste]& e oA Fozl

A= kS AFE3}o] beforeExecute, execute, afterExecute &4 WAE=E -3 st}
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A o]FdA & F ko] Azt WAiss A A, =7 A, A F
H 5|

g ukel o]l H A *ﬂ‘l‘ 3} ‘ﬁOk 7103 EE 04?7]%2
7] 42 Fye ¥ow AR BA =pES sjusta wj¥Es] gr] wiEel o
21gh o] F A A ETEY] TS AT FHH oL FaAd T 27wt 2
a3tk XML o214, AAHe4, B4, a&4el diolE wE o ojdg zta
Ao o] AA L PR BA B SFS 98 Asetrt

XML(eXtensible Markup Language)[22]:= Hlo|E]¢] %3}, A%, FEuds ¢
g W3Cel g/l B qreFeRA 1 o]FomiE XMLY 4o ¥ 54S 4F &
9T} 2, Extensible® AL8 49 €79 £4e ALET 4 glo] 2T HolE
2ol mel whgE Ao 75kl Markup> $HE B2 BAE FR3Ea
ST W Sk el Language's B4 £ i 20 ot
T olth XMLY Fo 4He Avnd, A5 XML it 8iE BARA &
o, Eddofel Zy Aoy, wEkA AlxE EE S8 Eilaﬂ kel g dloly
2l

ko] &olsith. =4 wAY W& Y-S sty stye] XML wAE Y
gt el = Formatting 344 Display & 4 Utk A4l XML 744 mds <
o 4 b A8 Aol B Fol Ao mE welle] AWe F4E @
T Atk

AaeE Roll HE XMLE B3 A4 onse Fas d77) B o)
AX A Yot <3E>= AP S Fofo A o] AR =l XML HYES A
Ao,

=5 = Aol &
BIOML DNAS} gl g
Al 2~ Elo| A AL&-T] glo]lEe A~ }\Oaﬂ_! Z A

sequence/  lpas DAS ATAM AE 0, eld 2, A 74
A ) ‘IT & feature 52 AY

nnotation GAME A4 AL

RNAML RNA 2 +x 2 A4
InterPro A family, domain, functional site %
Protein PROXIML ol el digk HdakAd gx
SP—ML SwissProt Hjo|EjH|o]~ A=
Analvsis BlastXML NCBI Blast output
Y Seq—entry NCBI Entrez HloJE|H|o]~ HZE
CML
i Petri Net Marku
Physical P Petri neto] QA4 =
Language
- . GEML SAA are ol
pression  IMAGE-ML mfol S sojdo] fxlAt Wwd Ad =9 9 golH

3 2. A Fopo A o] XML o) 27w}
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<I1¥ 19> AEAR EAE=T TS #1%F XML Fdel g sty 45 1
o) FEI He 7t7te] & dolE €Y AWAR doly A ush
OWL %& stdejr el 2524 Fgj2 28 (OntClass URD)E et Zloj,

1<?xmwl wversion="1.0" encoding="UTF-gm7:
2<!'DOCTYPE heans FUBLIC "-//ZPRING//DTD BEAN//EN" "http://wyw.springframework.org/dod/ spring-heans. dod™s>

3 <beans>

4<!l-- gai --»

5

[ <hean id="c2i " class="org. bioworks.domain, bioservice, CommandBioServicelescriptor™s

7 <property nawes="zame" value="cai'/ >

5 <property name ="description"s<valus:>ChI codon adaptation index .</value»</propertys
=] <property name ="copyLevel" wvalus="i"/>

<property name ="editable" value

rus"/ >
'referenceLocation” wvalue="underconstruction. html"/ >
rarailable™ value="true"/>
<property name ="commandPath"s<values>§{bioworks.tool.path}/cai.run</value></propertys>
<property name="imputDescriptors™s
<list>
<hean class="org.bioworks.domain. bioservice, CommandBioServiceInputDescraptor™s
<COnSTEUCTOC-arg>
<valuergegalla/valuex
</ CONSTrUCTOr-aros>
<CONSTrUCTOC-arg>
<valusr§{biovorks.ontclass.nst #FastaSequences</valus>
</ CONSTEUCTOr-args
<constructor-arg:
<ref bean="cai"/»
</constructor-args

<property name

<property name

<property name="description"s
<value>Nucleotide sequence(s)</valuex>
</property>
<property name="reguired" value="true"/>
<property neme="valueSeparator” value=" "/:
<property name="nonValue" value="false"/>
<property neme="asFileOnExecution" wvalue="trae"/ >
</hean>

<hean class="org.bioworks.domain. bioservice. CommandBioServiceInputDescraptor™s
<CONSTrUCTOC-arg>
<valuergfile</valuss
</ CONSTEUCTOr-args
<CONSLEUCTOC-Arg>
<wvalusr§{bioworks.ontclass.ns}#CodonlUsageTakhle</valus:
</ constructor-srgs
<gonstructor-arg:
<ref bean="cai"f:»
</ ConsStructor-srgs
<property name="description™
<value>Codon usage table name</wvalues
</property>
<property name="reguired” value="true"/>
<property neme="valueSeparator” value=" "/
<propercy name="zorValue" wvalue="false"/>
<propercy name="asFileOnExecution™ wvalue="trus"/>
<property name="defaultValueAsText" wvalue="Eyesst cat.cut"'>
</hean>
</ lists

</propertys
</heans>
58</beansy

I
fuiu)
—
o)
ox
of
o
T
M
i
k1

o digk XML F 9 o

24. 9AZES A3 A7 24
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5. Process®} A2 Processors ZEAl # T &b Processort ‘3¢l ProcessE ©
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(ink} /Outpul\ Fit + Local SeriptsiBioRer
i -D@?DES% Fles gy
ordion I7 \—/ - < HTTP Prosy
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OutputPort

Link

+predicate
1
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1 1
1
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2 5o ole] 7HA Wy

A= g Ak o T tlolE o]zl A RS
o7 AT & e e AHEES v g IT A" oAM= b
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292 9 EE

Workflowel] th 3k —ir }3} A2 ProcessorE Vertex@®

WorkflowModel 3t LinkE Edge® }-‘:— 'Directed Graph"

-

Processor oo] A ¢ Lo )3k A
o

o = s 4
Processs o] 7‘3*&@ Z TERHIANS

g O}E] AF9] Linked
uf ey

Transformer 7y B =FE5 283t Delegated SIE|H o]~ Fa~
InputPort/OutputPort Processor®] 1=9 dlo]lgo] sl F43 =d
Link Workflow Grap ph 2o A Edgedl a3t Processor F
deoly 258 %9
Filter Link Z3A]ol| A 2]

olE
Link ZA#¢] dolg #

Predicate Processort dlo|ly && Al

olfHlo] 9t AFsle] trefE Hl=Us 2AS T HolEHolA ATe e
, A Bpshs gl ARt Al 8-S FAkskAl "ok kel H ol Ho] &

E3|, oA AAT YIZE2 L 2o MAATT 7|ES AFRsta 9= o dbE], b
ool 2= WA @ dlolE RHS o] &stA HW ol® Q& A A"} v
o dole 2l Apolo] AWE BAA s H1, Ad wE A28 7
D FA BT Qo] AZbeE FEY ERE BES wtA "o olgd £AES
shdstz] fl=l AA = dlo]g o] 2~ R ElS OR(Object-Relation) 3 S &3l
AEshel] o oS 1T 7]%501 T4} ©] ¥ Hibernatew A AAIA o=
7HE e S vk 9lE Java 7]HEe] OR =3 <lzlo|t}. IBTS+= 2 A A8k 2 <l
gole o] ~E Fd317] 98] Hibernate 73S A}-8-3}9 T} Hibernater= XMLZE
A AAAF dolg EAS #A F dojguo] 9 WEE F UEF g
ol=x A ]
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W)
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e e AN doleE 7 vk waw

ot
d

5] BHS] f88 A

1<?xml version="1.Q"7
2<!DOCTYPE hibernate-mapping PUBLIC

3 v/ /Hibernate/Hibernate Mapping DTD 3.0//EN"

4 "hrtop://hikernate. sourceforge. nec/hibernate-wapping-3 .0, ded">
5

G<hibernate-mapping package="org. bioworks.domaizn. worksl ow's
.

8 <joined-subelass nawes="BioServiceliorkflow" extends="org. bioworks.domain. Abstractiserfata™ table="BIOSERVICE WORKFLOW™
2 <key oolwn="WORKFLOW ID"/ >

i

11 <ocomponent name="status" class="WorkflowStatus"s
1z <property name="statas"

13 type="integer”

14 coluwn="STATUS"

15 not-null="true"/>

16 <property neme="stztusText"

17 type="string"

18 column="STATYS TEXT"

19 not-null="tras"/>

20 </ Component>

21

22 <property neme="startedDate"

23 Lype="times tamp"

24 colunn="STARTED DATE"

25 not-null="Ffalse" >

z6

z7 <property neme="finishedDate"

28 type="timestamp"

29 column="FINISHED DATE"

30 not-null="false"/ >

31

3z <list name="tasks"

33 cascade="all delete—orpkan"

34 lazy="true">

35 <key colwms="WORKFLOR T0"/ >

36 <list-index colurnn="TASK TNDEX"/:>

37 <one-to-wany class="BioServiceTask"/ >

35 </ lists

39 <property name="skarelrputBioEntryValues"

40 type="boolean"”
41 column="SHARE INPUT VALUES"
42 not-null="false"/ >

43 </ joined-subelass>

44

45</hibernate-mappings

a9 22, AZEEF S92 29l thek Hibernate OR 3 ¢

2ot dolEE Polulslrt M4l A4 Aol

10PF
1PF =
B S 0|5
e )
AT i
FHUFE 1007F
o
Ay
10TF+
1 1 1 1 J
Atom Protein Cell Tissue Organ Organ system
=z|37| 10%m 10°m 10°m 10°m 10'm & organism
== Protein Cell Tissue Anatomy Physialogy
=]
My 2T
Gene Pathway models Stochastic models Ordinary Continuum models Systems models
Networks Differential (Partial Differential
Equations Equations)
A I I 1 1 I 1
XIS AIZH
10%s 10% 10% 10% 10% 10%
molecular events diffusion motility mitosis protein human
(ion channel gating) cell signalling turnover lifetime

% 23, AE Abel= Fbel mE AFE AL L7
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olegt AP AFR Ao it +4 875 A9 BeoBLAST[23] Z =7
oA A HAZ A=HAT. 22} o] A 2" % BLAST 2Rt 34
Aoldth <2 24>& dte] AWAR aZe$ wdd ¥3y 7 B &
THHFE 7N oA APs s AHE =435t 3 Aoty Seho|dEd
3 AAE YIAZTRS mEe 93ZT29 A AAZe o Ay ZHzte
S AdES dolEuo]xd AT JAERS A 2AFEE AAEES
= 43k Processordll Al Frxste EA =T 50 tidk AaS PBS(Portable
Batch System)¥} 2 wjx]5F Al&®le] o] Atz wxAd o S5 1)
A5 A 2='e 7 oA S AR FeaE SANA EAHem Adgsta 7hzt
o] #4¢] AHd AEjel AyEEL JobMonitorell o)l ¥ I tlo]EHHo] e A%
oV H

ulx17
PAES:="
Job 1 2oi~F AFEY ==
#3E=s 2% =MOE
Job submit | | 9B 2
@21 e
(9 = -
Job 5

2 S, Z ot
TEEE

JobMonitor
Thread

A b,
2itat ME

a9 24, FAAS el A== 3 Nd =
ARGAE Ao AAHE ST B 24ET 3 dEE AA Al deoly wg &
AHES s34 AYS e 2AHE do] A3 Adxlo] Hasitt ~AIHE
A A AEE gholHeg s g TR o2 FAd AEo] BAA
gk o} 7] A= Java dolE A iﬂ%‘f-i APAX epol Bk thFaal g
th WA Java doj2 AHE 2AHEES AFPsty] 93 tEAQ] gdelregre

BeanShell[24]°] 91t} BeanShell- 76‘%‘[«] Java =23 HY <x o

2dE 2~3¥EE JVM(Java Virtual Machine) 3744 FHo=2 ey,

BeanShellZ 24 ® A3 HE:= W¥HEO W F7y 3% 3=

JVM fleiA sAom Aedsol A 5 7] wEel 719 Java Aol A E =

2% 3= WAl A glel FA BeanShell 2= HE <dxlo] ojaf 43 5o]

2 g Atk 3o =E Ruby A2 AAHHE ~2AHEE Java 7IRFO=E 57 A3}
2398 <Az ghe]B £ JRuby[25]7F AT JRuby® Ruby IHZZHE
2 T AEF Java 7|HHo 2 FHI Ao R Ruby F=9} Java ZEE

Sl

ofe] AHE HUE AL 5 A AAE vk Ruby =
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£ Java Z 23 Yol Ags7] YA E WA Java ] ZE Interface
eI oAl tigk i W AE Ruby A= 2Ad3to] Java ol
Foll A JRuby A HY AWS S8 T 7d A= AA JdxdA =
AbEgtt) miA9t o2 Python o2 AAdH ~AHE FEE Java 7|HFOE 54
A= At 7|0k 23 HE AR o2& Jython[26]0] At Jython Python®] =}
v PO R oMol Python #EE 7E olFel wet JPythonths olFo= A
HT7F 20000 O] FHE Ens TRAE JHEO R Jythonol gk 9]
o] XY= Yt Jythons ©]-&ste] Aup =18 koA Python
2 Agst7] fafiA= Jython 7| Aol EZ3% Pythonlnterpreter =2
t}. PythonInterpreter A& Ayl = Ulo| Al AA3taL o 7]o] Python Z=& 7
Aot AP 5 Ay s Aol Wtk

Ot 23 HE floj(Java, Ruby, Python &)& A} 7]uke] 54
= fal Folry asfor & A AlA=E Kk thgk Aotk Tt

AHEN AN S FRAY T3 Bt sk AE=7F ¥%
AR Aol obd 4 ok wmEkA, AREA Ao AAH e
28 Zpdoll Ao HeE Aol Aoty Apnp Z]Hbe] AJAE g7 of A
O = ApupH o7 gl oAl A Y3l Security Managerg AH&3te] 34, U ES
9 UFEe] gaze tid SFholdE :":9] Hs Alolgt}. Security
Managert javalangSecurityManager S~ (52 °& 4% =
St E sEo A dsk= AjlEo] A ]ﬁoﬂ =
|H=A AFE AAbele 988§tk S8oldE =74 A Security Manager
o] Alof sloll A AdPwH A Bl A #(Security Policy)oll o3 &-&H AA=wE
F3)E ¢ 9o o] uj x%iﬂ(poh y)% Z|ERow dnt BAE B FH AW
A (policy file)Z 7]=4HTt Z8to]AE F =7} Security Manager ShollA] Eo}l7HA|
ske A A g SEelJE =S Java QIHEZZHE Ay o

i (m il
I fil
[l

{1

O

W > o [

-Djava.security.manager A< AAsh= Ao RE shgshy AH gd AA] o
v ogsE odtHER 40 wE 4 Atk O8e JRuby® A48 FeeldE
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grant codeBase "file:’lhome/bioworks/works/bioworks_server/site/\WEB-INF/lib/jruby.jar

{

permission java.util.PropertyPermission "*", "read";

permission java.lang.RuntimePermission "accessDeclaredMembers";
permission java.lang.RuntimePermission "createClassLoader";

permission java.lang.RuntimePermission "defineClassinPackage.java.lang";
permission java.lang.RuntimePermission "getenv.*";

permission java.util.PropertyPermission "*", "read,write";

permission java.io.FilePermission "${user.home}/.jruby", "read,write";

permission java.io.FilePermission

"file:/home/bioworks/works/bioworks_server/site/WEB-INF/lib/jruby.jar!/-", "read";

permission java.lang.reflect.ReflectPermission "suppressAccessChecks", "public";

2.6. 2TO|AE-AH 3 HolE F713 HAs3}
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4 wHom FAs: 9 Zeody m9e wan Y 9 23] 9

HTML5[28] #E =4l WebSocket 715 Sl Ad¥o] 7/ 7le= AL 9}
Tl Comet 7|9 222 UWHA S92 Long Polling WA o2 Zeto]qETE A
ol & o Mul= AS HAES FAS v AW S olHETZE TAEd
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2] il Jetty Continuation 7]&=< o7 28 IS Ao 4 M=o Fe 7Id W&
= HojFTh
Web 2.0 +
Formula Web 10|  Web 2.0+ Comet +
Comet . .
Continuations
Users u 10000 10000 10000
Requests/Burst b 5 2 2
Burst period (s) p 20 5 5
Request Duration (s) |d 0.200 0.150 0.175
Poll Duration (s) D 0 10 10
Request rate (reqg/s) |[rr=u*b/20 2500 4000 4000
Poll rate (reg/s) pr=u/d 0 1000 1000
Total (reg/s) r=rr+pr 5000
Concurrent requests |c=rr*d+pr*D 10700
T=c -
Min Threads
T=r*d 875
Stack memory S=64"1024"T 57MB
¥ 4 Continuation 7]¥F Comet 7]& A 8A] AW AU AL (&FH:
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