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% Vision: Collaboratory
A collaboratory is

...a center without walls, in which the nation’'s
researchers can perform their research without
regard to geographical location, interacting with
colleagues, accessing instrumentation, sharing
data and computational resources, and
accessing information in digital libraries

William Wulf, 1989
U.S. National Science Foundation
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. Vision: The Grid

Grid computing has emerged as an important new
field, distinguished from conventional distributed
computing by its focus on large-scale resource
sharing, innovative applications, and, in some cases,
high-performance orientation...we [define] the "Grid
problem?”...as flexible, secure, coordinated resource
sharing among dynamic collections of individuals,
institutions, and resources - what we refer to as
virtual organizations

From "The Anatomy of the Grid: Enabling Scalable Virtual
Organizations" by Foster, Kesselman and Tuecke
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- Knowledge workers, fluid
o communities

« Capturing, T
generating, gathering / n
integrating, sharing, :.tjﬂ
processing, P
analysing, weeding, |/ f
cleaning, correlating, .m o O
arChiving retiring “':-ll;;;;;;::_:_________---#-*"' Geor [orer
knowledge « Know-how as
* Much of it not theirs & important as know-
not of their creation what
» Much of it destined ¢ Know-why, when,
for others Where, who as
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 Part 1

— Application context

 Part 2

— Architecture

— Information and
Workflows

— Semantics and
provenance

e Part 3
— Wrap up
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Application Testbeds

Grave’s Disease

« Simon Pearce and Claire Jennings, Institute of Human
Genetics School of Clinical Medical Sciences, University of
Newcastle

«  Autoimmune disease of the thyroid

 Discover all you can about a gene: Affymetrix microarray
analysis, Gene annotation

« Services from Japan, Hong Kong, various sites in UK

Williams-Beuren Syndrome

* Hannah Tipney, May Tassabehji, Andy Brass, St Mary’s Hospital, l"' iai';"i

Manchester, UK d
F

e Microdeletion of 155 Mbases on Chromosome 7

« Characterise an unknown gene: Gene alerting service, gene and
protein annotation

« Services from USA, Japan, various sites in UK

=t Trypanosomiasis in cattle
b= . Steve Kemp, University of Liverpool, UK

=™ . Anpnotation pipelines and Gene expression analysis Services
from USA, Japan, various sites in UK
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p:“ Life Sciences: knowledge

o generation

* |nformational
Science

» Large Scale

* Distributed

* No one organisation
owns it all

 |Integrating across
scales, models,
types, communities

« Small groups
drawing on pooled—
resources
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processing bottleneck

Metabolic Pathways
Pharmacogenomics

Human Genome \

Combinatorial
— Chemistry

ESTs \

X Multiplier
|

Genome Data

1990 . 2000 2010
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. Union of lots of small
experiments

billions

Protein-Protein I

o Interactions Physiology i
9 ‘D etaboliem Cellular biol
pathways -+ TN Resrobiolooy
1 receptor-ligand ~ POlymorphism Endocrinol
miliions 40 structure and Variants nhdocrinology
orotel genetic variants millions|:
r(s)eeISche individual patient S
HundrEd 20 Sqtructure epldeml0|ogy &s = Nt PSS FO AR
thousands ESTs

30 structure

MPMILGYWDIRGLAHAIRLLLEYTDSSYEEKKYT,.. CEnetics and Maps

Expression patterns
Large-scale screens 2

Linkage
DNA sequences g . Cytogenetic
billions| alignments Clone-based

...atcgaattccaggcegtcacattctcaatteca. ..
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Descriptive as
well as
numeric

Literature

Analogy/
knowledge-
based

File Yiew Go  Communicator  Help
L
Database InterPro d
Accession IPROOO0ZS; Melstonin_receptar (matches 22 proteins)
Hame Melatonin receptor
3 -
o= Faimily @
Dates 05-0CT-1999 (created)
27-MAR-2000 (last modified)
Signatures PROOESY; MELATOMINR (22 proteins)
parent @ PRO00ZYE; Rhodopsin-ike GPCR superfamily (3990 proteins)
tree]

Children @

tree]

IPRO0227E; Melatonin 1.4 receptar (12 proteins)
IPRO0227S; Melatonin 1C receptar (5 proteins)
IPRO022E0; Melstonin-related 13 receptor (3 proteins)

Function @

melatonin receptor (GC:0005502)

Abstract @

Examples

membrane (GC:001 60207

G-pratein-coupled receptors (GPCR=) constitute a vast protein family thet encompasses a wide range of functions (including various autocrine, paracrine and
endocting proceszes). They show considerable diversity at the sequence level, on the basiz of which they can be separated into distinct groups. We use the term
clan to describe the GPCRs, as they embrace a group of families for which there are indications of evolutionary relationship, but between which there is no
statistically significant similarity in sequence [1]. The currently known clan members include the rhodopsin-like GPCRs, the secretin-like GPCRs, the cAMP
receptors, the fungal mating pheromone receptars, and the metabatropic glutamate receptor family.

The rhodopsin-like GPCRs themselves represent a widespread protein family thet includes hormone, neurotransmitter and light receptors, all of which transduce
extracellular signals through interaction with guanine nuclectide-hinding () proteins. Athough their activating ligands vary widely in structure and character, the
amino acid sequences of the receptors are very similar and are believed to adopt & common structural framework comprising 7 transmembrane (Th) helices [2, 3,

4].

Melatonin iz secreted by the pineal gland during darkness [5]. | regulstes a variety of neuroendocrine functions and is thought to play an essential role in circadian
rhythms. Drugs that modify the action of melatoning and hence influence circadian cycles, are of clinical interest (for example, in the trestment of jet-lag). Melatonin
receptors are found in the reting, in the pars tuberaliz of the pituitary, and in dizcrete areas of the brain. The receptor inhibits adenylyl cyclase via a

P45255 ML1C_CHICK
P45255 ML1TA_CHICK
P45219 ML1C_KEMLA
P45217 ML1A_PHOSU
Wigw Bxamples

References

. Attwood T, Findlay JB.C.

ingerprinting G-pratein receptor

Protein Eng. 7: 195-203(1994) . [MEDLIME: 94224751 ] [PUBO0004961 ]
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The bottleneck is not computation
Its integration

GGF Summer School 24th July 2004, Italy

rv
-3
2
-0
-




o

4PN ) .
Syndrome Microdeletion

c = c ©
/] [} [ =
¢ ¢ & K
(&] < [11] (&S]

| L Pom121

o
a
© o g X b
O N N - N - ¥ Qo
=2 B5L 550
't?)n. oz 0 oZLuw
] - L
=» Bee =
Block A Block B Block C
° i) - = —
g £ g 9 3
m < m < O
> > € ‘_ E

NCF1

i .
t GTF2IRD2 ...

E 3

Patient deletions

X

WBS

SVAS

Physical Map

Gap

CTA-315H11 r

Chr7 ~155 Mb

GGF Summer School 24th July 2004, Italy

N CTB-51J22

r
C
-

g




wBS Workflows:

| N
Pink:  Outputs/inputs of a service
= Purple: Taylor-made services

O Green: Emboss soaplab services
O Yellow: Manchester soaplab services
(]

Grey: Unknowns

Query nucleotide
sequence

A 4

RepeatMasker

Interoperability

Translation/sequence file. | ] prettyseq
Good for records and :
publications !
______________________ 1 Amino Acid translation <
ITT -~~~ T~~~ TT~T~T~T~-~-=°—° 1
Identifies PEST 1
entifies seq 4 epestfind ]
1 —
1
e
Identifies FingerPRINTS |
< pscan 4+—
1
1
e
MW, length, charge, pl, !
otc J 2 2 1< pepstats | €—
1
1
e
Predicts Coiled-coil 1 .
regions n pepcol
1
1 B 'i
tblastn Vs nr, est, !
est_mouse, est_human ncbiBlastWrapper <
databases. .F_
Blastp Vs nr 1
1
ettt SignalP
. 1 TargetP
Predicts cellular i
location e PSORTII DE—
_______________ |
Identifies functional and L InterPro
structural 1 PFAM <
domains/motifs | Prosite
! Smart
‘Hydrophobic |
ydrophobic '€ Pepwindow?
regions ummer Schod Octanol? 2007 Italy
_____________ 1

sixpack

transeq

T T

ncbiBlastWrapper

'

GenBank Accession No

v

URL inc GB identifier

v

GenBank Entry

v

Sort for appropriate Sequences only

Coding sequence

it

restrict

v

Seqret

v

Nucleotide seq (Fasta) = =

v

RepeatMasker

¥

GenScan

cpgreport

=

RepeatMasker

1 1
1 1
> and % 1
1 1

Ly

ncbiBlastWrapper

_,: Blastn Vs nr, est databases. ;-|.
' :
1
|
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J The problem

Two major steps:

Extend into the gap: Similarity searches; RepeatMasker, BLAST
Characterise the new sequence: NIX, Interpro, etc...

GGF Summer School 24th July 2004, Italy

Numerous web-based services (i.e. BLAST, RepeatMasker)
Cutting and pasting between screens

Large number of steps

Frequently repeated — info now rapidly added to public databases
Don’t always get results

Time consuming

Huge amount of interrelated data is produced — handled in lab book and
files saved to local hard drive

Mundane
Much knowledge remains undocumented
Bioinformatician does the analysis
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Data Analysis - Microarray

Import microarray data to Affymetrix
data Mining Tool, Run Analyses and
select

T =]
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Study Annotations for many different Genes

T

)

EEAERARE TS ﬁ e :
————— -— = s
B = T . i

HEHEH T LR

Select Gene and Visually examine SNPS

lying within ——

Experiment Design to test Hypotheses
Find restriction sites and design primers by eye for

Tan

e b
t
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Microarray data | ___,
Storage + analysis

|

Annotation Pipeline| —

l

Gene & SNP
Characterisation

l

Experimental
Design
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o

420 EXperiment life cycle
Forming 1 —.—

/ Personalisation

Discovering and

reusing e me
experiments and | 1 S~
resources R (RETESS Executing and
pe $ monitoring
\\ | b experiments
Sharing Managing lifecycle,
services & provenance and
experiments —— results of experiments

The Grid is a technology; the scientist wants a solution.
GGF Summer School 24th July 2004, Italy
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"

. S Scientists...

* ...Experiment

« Can workflow be used as an experimental method?
 How many times has this experiment been run?

* ...Analyze

 How do we manage the results to draw conclusions from
them?

o ...Collaborate
 Can we share workflows, results, metadata etc?

 ...Publish
« Can we link to these workflows and results from our papers?
e ...Review

« Can | find, comprehend and review your work?
* How was that result derived?

GGF Summer School 24th July 2004, Italy
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el Madel [:l:p oror 1 Avdilable wervices

el wveEslon="1.0" encoding="UTF=-§
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1B strirg k2 e
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£ seufl Workbench

File Taools and WorkFlow Invacation

i. Service Registration

=101 x]

,:J Available Processors
= 4 Internal Services
ﬁ =tring constant
J Local Java widgets
—% Concatenate two strings
—ﬁ et image URLs fram HTTP documert
—ﬁ =tring lizt intersection
—ﬁ =tring list union
—ﬁ i>et weh page from URL

—JF TEST - always fails
—ﬁ et image from LIEL

| »

—ﬁ Fiter lizt of strings by regex JIL
= 4 WSDL @ kit Mhanee ebiac ukicollabimygridiser
E4 porttype: GoViz [RPC)

createseszion
—i destroySession

—3F getChildren
—i addTerm
—i ClearColours
—i getdncestors
— 3P gethot

—i getParents
—i triark Tern

-4 Soaplab @ Kt Mindustry ebi ac ukisoapsoaplak
J slightnent_consensus
CONE
Megammerger

Resister | Annotats | Query |

SEMYICE hEme IGnVizSewice

=ervice description

=ervice endpoint location Ihttp:ﬁwww.ehi.an:.uk!cnllah!mygrid!sewicm IovizhzoYiz jws

=ervice interface location Ihttp:mmww.ehi.Eu::.ukIn::n:nIIahJ‘m\_.fgridiservin:m IoviZIGONVIE Jovs Twesdl

Driganization natme

Service type S0L semvice

Mine metadata

i Register |

=

=tatuz [Service detailz incomplete

{® informatics _domain_concept

(3 collection
_iojxi|




[ Stefs portal: test page - Mozilla

;Eile Edit Wew Go Bookmarks Tools  Window  Help

Back,

@ v Q - @ Q l! http:ffarcher, cs.nott, ac, uk: 3080, WoarkflowPortalfportal; jsessionid=E422 785687 20E15: | ¥ |

=

ﬂHDme CiBu:u:ukmarks lDuwnlnad lMarkethace

=

= e
Ay ~
Prinkt

weorkflow

Welcome to myGrid!

Welcome test test

My Pages: | testpage

]

Workflow status

| Submission date | Status |Execution time(h..h:mm:ss) | Links

R kfl
SRR DT 06/07/2004 10:47:55 COMPLETE |0:00:05

|l:lelete provenance report results

D6/07/2004 15:08:23 |COMPLETE |0:00:03

|de|ete provenance report results

07/07/2004 11:19:05 |COMPLETE |0:00:05

|l:lelete provenance report results

13/07/2004 13:49:27 |COMPLETE |0:00: 16

|l:lelete provenance report results

13/07/2004 13:51:16 |COMPLETE |0:00:03

|delete provenance report results

Custornize: HTML WML

Edit account: test

Apache Jetspead Portal - Yersion 1.4
@ Apache Software Foundation 1999-2003

Support and Additional Information

Logout

e T 2 Eal @ Done

| == =5 &




Scufl Workbench
Tools and YWarkFlow Imvacation

Taverna Workbench

=101 x|

Advanced model explorer =10l x|

Warktlosns ] ]
Load | Load from web @ |Save |5 |Mew subseaorkflow i Reset 3
=10l x|
Warkflow object | Retries | oelay Backofi |
Result
o Workflowy model = By
L) Workflow inputs Y St MR
=l = Wiorkflow outputs ElastService
A sequence
=l~|y Processors
+ -@ probeSetid ;1001 _st o u] 1
= -@ execute il u] 1
A2 probeSetid
ON getSequenceReturn
= 3 Data links
27 probeSetld: value-=execute: probeSetlc fro
,"_f' execute: get=SequenceReturn-»zequen j

Service description

- =10l x|
Save as M Show types | |Bound ports - [ Fit to weincowe

£
probeSetld
value
Service endpoint location |
ZER;:Z::::. Service interface location |
Crganisation name |
et i Service type || :I
ELIEIE % Operation Marne |
getSequenceReturn

sequence




Views

File

Enactor invocation

CPE2-DROPS
CP=2-LIMPD
CFE2-HEHSA
CPz2-2CHGR
CPE2-PATYE

X NP FYY &

c
&

NEFI e

= e R P X PP P S T

CPE2-DROPS

CPE2-LIMFO
CPE2-HEWSA

CPE2-DROPS

CP=2-LIMFD

CPE2-HEWSA

EFFDODNI FIYH

TOI

OP=2-DROPS

EPRDERAATENTFTADFEYI

K1

HYRLGI

SEVNGPTYEREKI Y QRNPI

applicationfoctet-stream, imaaelipng

E]

—
@ applicationfoctet-siream.imace/nng




Fila  Took: srd Workfiow Irreocation
Run Workflow

TLTITS ALLEI282. 2
5623927 ACOOTI94, L7

4401
44,1

Ba4a37d, L
AL133523. 5
AKL26986, 1
ACOG3363, 40
ACOSAGI0, §
ACOL2568,7

ST57554 ACO0T074, 2
LIS ACo0diad, L
4191263 ALOILETL. L

LS
a4, L
a4.1

ALIE5123. 7

2039108 AT042090, L
2828772 ACO0ANTE, L
AT30443 ALDAAA05, L6

44 L
4L
42,1

= | x| wil Maded Explarer 0 X - Avadlable services

Homg 3aplens cheomodome 21

Homws sapiens LI3q22 BAC RFCI i

44,1 Homo aspiena shik: B " Lecal Jeve waigeln

4.1 Hiuman chiomosons 1d 3 Fmer kst of sirings by rege

Fr Homa saplens cDHA F I s1ing et rtermection

44,1 Howo sspiena chrome EH'“”'““‘“'

44.1  Hemo sapiens BAD el Fering bl Lot

441 Homo 3aplens cheomo mﬂ:&mmu“

Homo sapi=na FAC clones RFI- .TEET-HH'HI“

Hoan dapiena chiosadoss 4 ¢ Lo np—

Human THL sequence from ole FE et maps LFLs from HTTP docusent

44,1 Husan DHA sequence 348 | e —p—

Homo sspiena chromozome Ilg |

Hams daplend choaadone L7,

Human DHA sequence from closs
3

Enstiar invocalion

Everd brneitamg Evvird el
39 ol 0008 16: 2053 |
31 e 3008 153054 |
"8 . 2000 130 4 |

O -t X008 1 54 |

uutmmm:mnmm:m:m
CTCRACTETTRAGC CRAGCTRCLAGRARCTTTELA
TGGOTEOTGCATTCTCTGOATTCAGGGAGRAACACACAAGAGE




i) - A
s Enactor invocation

Statusl Resurtsl Fesults as }(MLI Provenance Te::ct' Provenan

* Enactor invocation

1™ =] E3

Status l Provenance Tree ] Process report ]

~Processor stati

Type Matne Last evert Everit timestamg Evert detail
4 camparer Processscheduled 09-Jul-2004 232404
sitnplifier ServiceErrar 09-Jul-2004 232457 Message="Output 'outp..
repestmasker ProcessComplete 09-Jul-2004 232418
nchikblast ProcessComplete 09-Jul-2004 23:24:53

ehi_hlazt_nchi 09-Jul-2004 23:24:18

GLIErY _Sequence ]

Intermediate inputs I Intermediste outputs

;I processor name="string2"
_‘J processor name="failincgthing"

EI—_| workfloweReport weorkflowy|D="FlowID:org ermbl.ebi ezcient 1
=] processorlist
;I processor name="string1"

Flnnamnediegl
L0 GCTTTTCTGGCACTGTI TCCTTCTTCCTCATAAC CAGAGALGGAL ARG

GACCTT

GGCALGCCCTGTCCTCCTCCGGECTTCACTCTGCACACCTGTAACCT GGG
GTTAAATGEGCTCACCTOLACTCTTGAGL GLAGCTEHEAGAGGTCT L

— # ProcezsComplete TimeStamp="13-Feb-2004 13:56: 25"
— % Irvoking TimeStamp="13-Feh-2004 13 56:25"
[—]—;l AtternateProcessScheduled TimeStamp="13-Feb-2004 13:56:25"

—# Ihvoking TimeStarnp="13-Feh-2004 1356:22"
EI—_l ProceszsScheduled TimeStamp="13-Feh-2004 1356 22"

IJ:'I—_l zlocal maxretries="0" retrybackoff="0.0", retrydelay="0", xmins: =="http:dorg.embl.ebi esciencelxecuflil 1 slpha"
# org.embl.ebi.escience.scuflworkers.java. StringConcat
— % ServiceError Message="This processor always fails!", TimesStafyp="13-Feh-2004 13.56:25"
— % WaitingToRetry MaxRetries="2", Retryhumber="2", TimeDelay="2800", TimeStamp="13-Feb-2004 13585 23"
— # ServiceError Message="This processor ahways fails!", TimesStamp="13-Feh-2004 13:56:23"
— % WaitingToRetry MaxRetries="2", Retryhlumber="1", TimeDelay="1000", Time=tamp="13-Feb-2004 1356 22"
— # ServiceError Message="Thiz procezsor always fails!", TimeStamp="13-Feh-2004 13 56:22"

IJ:'I—_l zlocal maxretries="2", retrybackoff="2.0", retrydelay="1000", xminz:=="http: forg embl ebi esciencelzzcufl0 1alpha"
l—I org.embl.ebi.escience. scuflworkers. java. TestAlwaysFailingProcessor
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Formatted content is available for this resource
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Type
Format

This resource represents content in PDI
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Launch... || Save As

Type
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This resource represents content in PDI
No application is reqgestered to view this

Save As

urn:lsidipdb.org:pdb: 2ace-fasta
Type
Format

This resource represents content in FAS
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Type

Format
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T urn:lsid:ncbi.nlm.nih.gov.lsid.i3¢c.org:genbank:ac009070:12

File: awwary

Rename L =

Wiew in QMal = Pubmed E Sequence Summary —

Mone specified; click here to add Edit =
2 ! Mame: Mane specified; dick here o add x
Relevant contexts
Mo suggestions 2 urn:Isid: ncbi.nlm.nih.gov.lsid.i3c.org: pred... urn:lsidinchi.r ACO03070
v n e e P ~ Fazoon: 9606 Edit = ©
X
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R b based on

Fname the schema
Relevant contexts receacher ownad by /
Mo suggestions — J previous_gap. a_!'.'-.-'ailal:ule atrows
IF you are not seeing the I‘_Elr' Provenance
infotrnation you need, thy owned by Graph
checking one ar rare of the
abowe boges,
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Available views J——
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Eepeathdasker

ELA STHrembl

EiLA ST sy
DA sequence

ELASTiswissprat

TCCOTAATCOTAATGCOOATTAGCTAGCTAGCOCTOACTAATCOT AATOCOOAT TAGCTAGCCTCOC TOACT AATCTAGCOCTOACTAAGCTCTOATCTIGOATCGGCAA

EL& STHrembl

Repeathlasker

Defeult consensus

TCCETAATCOTAATGCOOAT TAGCTAGCTAGCECTOACTAATCOTAATGCOOATTAGCT AGCCTCECTOACTAATCTAGCOGCTOACTAAGCTCTOATCTOATCGGC AN

Eepeathiasker

ELASTHrembl

ELA STIsWizanm

DA sequence

EL& STiswissprot

ELASTHrembl

Fepeathiasker

GATCTOATCOOGCTAGCTAGCATGCOOATTAGCTAGCAGC T AGCAT GCATCOGOCTAGCTAGCATGCOCTOACTAAGCTCTGICTGATCOAGCT O

Default consensus

|G.“\TCTG.“\TCGGCIAGCTAGCATGCGG.‘\TT.‘\.GCIAGCAGCTAGC.‘\I GCATCOOGCTAGDCTAGCATGCOCTIGOACTAAGCTCITIOGICTOGATCODAGCTOD
| »|

4
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. WBS Life Cycle

 Worap services as web services

« Register them o~ =
 Build a workflow using the services _
« Evolve the workflow e |
 Run it over and over again in case \m:::::: izm::::::
data has changed e e R
« Record results & provenance - -
« Inspect and compare results & E
provenance =
« Set up event notification to fire the e \
workflow e T
« Set up a portal to run the workflow
- Publish the workflow template in a == -
registry to share with the world -

GGF Summer School 24th July 2004, Italy
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S Delivering results

William-Beuren Syndrome

« Cuts down the time taken to perform one pipeline from 2
weeks to 2 hours

* Much more systematic collection and analysis. More
regularly undertaken. Less boring. Less prone to
mistakes.

 Once notification installed won’t even have to initiate it.
* Possible lead already found — but | can't tell you.

« Benchmark: first run though of two iterations of workflows
— Reduced gap by 267 693 bp at its centrmeric end
— Correctly located all seven known genes in this region
— lIdentified 33 of the 36 known exons residing in this location



220 Delivering results

« Easy to get started with Taverna
« Sharing happens

— IPR issues, and suspicions still abound
« Network effect necessary and happens

« Managed the transition from generic middleware
development to practical day to day useful
services.

* Architecture is solid.
« SOA —good idea

GGF Summer School 24th July 2004, Italy
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8 e ST
2.0 Virtual'organisations

Service & Platform o .
Administrators Bioinformaticians
’ Serwce @ @
Providers - I
Workflow\. a fion i

Reuse

e ) ﬁ
@ gistrie IRs Qu rces @
Annotation -

g@' x providers @ Biologists
o Tool & middleware : @
@ developers -
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& Collaborative e-Science

* High level services for e-Science =
experimental management; A
— Provenance i N
— Event notification @fw s
— Personalisation Annotate .
_ _ Registry
« Sharing knowledge and sharing
components g

— Scientific discovery is personal & 3
global. a\ﬂ L FTY

— Federated third party registries for &
workflows and services

— Workflow and service discovery for

reuse and repurposing
GGF Summer School 24th July 2004, Italy
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 Part 2

— Architecture

— Information and
Workflows

— Semantics and
provenance

GGF Summer School 24th July 2004, Italy
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"

-~ Key Characteristics

Data Intensive, Up stream analysis
Pipelines - experiments as workflows (chiefly)

Adhoc exploratory investigative workflows for
individuals from no particular a priori community

Openness — the services are not ours.
Low activation energy, incremental take on

Foundations for sharing knowledge and sharing
experimental objects

Multiple stakeholders
Collection of components for assembly
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S Openness

* Openness
— Oopen source
— open world of services
— open extensible technology
— open to wider eScience context
— open to user feedback
— open to third party metadata

GGF Summer School 24th July 2004, Italy
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» Putting the user first

User-driven end to end scenarios essential
Whole solution that fits with them

Users vs Machines (vs Interesting computer science)

— Mismatch for information needs
« Scufl instead of BPEL/WSFL
 Layers of Provenance
« Service/workflow descriptions for PEOPLE not just machines
« Bury complexity, increasingly simplify
— Bioinformaticans HARDLY EVER want to have their
services automatically selected
« Except SHIMs, Replicas, User specified equivalences

Service providers and developers are users too!

GGF Summer School 24th July 2004, Italy
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Bioinformatics toolkit
Open (Web) Services

— "™YGrid components and external

domain services

— Publication, discovery,
iInteroperation, composition,

decommissioning of ™YGrid services
— No control or influence over domain

service providers
Metadata Driven

— LSIDs, Common information model,

Ontologies, Semantic Web
technologies

Open extensible architecture
— Assemble your own components

— Designed to work together
— Loosely coupled

In a nutshell

Semantic Haystack

Discovery™ \peqrof ~ Provenance

Feta Browser
View Gateway

upDl ( Taverna ™ R CHEF
registry WIDE Portal

Event

Notificatig LSID
Info.
Model Soaplab mIR

Gowlab

lan
I
N
)
e
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5 Platform

Standards based

(Web) Service Oriented Architecture

— Publication, discovery, interoperation,
Composmon decommissioning of ™Grid services

— Web services communication fabric
— XML document types
— LSIDs for identifying resources

Implemented in Java using Axis and Tomcat
— WS-I -> OGSA / WSRF

Extract of service classification

e Metadata driven () similarity search service
— RDF-coded metadata w protein data service
— OWL-coded ontologies BLASTp service

GGE §Jm99ggm%h|&f@’matg9n model —() InterProScan service



* Middleware for

* Tool Developers
* Bioinformaticians
» Service Providers

* Biologists are
iIndirectly supported
by the portals and
apps these develop.

GGF Summer School 24th July 2004, Italy

Stakeholders

myGrld users

oIo ists ecialists
g /’\
tool systems
nfrequent \ builders administrators
problem

specific b|0|nformat|C|ans service %
provider n..e.l‘-'

b|0|nformatlcs

@ tool builders

annotators {{=
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Service
Providers

SCientiStS@ Storage
Data
Management

GGF Summer School 24th July 2004, Italy

Building

Enactment

Bioinformaticians@

Description

@ Annotation
providers—

Provenance

Finding
Querying
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.~ Investigation = set of
- experiments + metadata

* Experimental design

components T
e
 Experimental instances i = |
that are records of enacted \I -
experiments N | [

» Experimental glue that
groups and links design
and instance components {

. Life Science IDs, URIs, S
RDF

GGF Summer School 24th July 2004, Italy
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EXperimental entities

1
0. h
sl as paricipants

ProgrammeResource

0.*

0
LahBuuk‘u"iuw.

D"1 StudyParticipation | , . 1
7=t boorM participates
* 1
initiates

selected studies |

1
- Programme
0.+ contain |

Investigation

TE

Experimentinstancd o>

StudyParticipationEpisode

0. *acts in

1
StudyRole

Operation | , 0.+ | Exp&rim&nt[!&signl - 0.
melhoE II II instances
Workflow

P — ]

example operation wped\_\l

WebServiceOperation

LY
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Tool Providers Bioinformaticians

Service Providers

" YGrid Service Stack
Taverna Web Portal Haystack LSID
Workbench Launch pad
e-Science Mediator
v
UDDI Feta Service & WF Event Notification
Registries Discovery Provenance Mgt Service
Ontologies Ontology Mgt
Views LSID : :
Metadata Store
Authority Information Repository

FreeFluo Workflow
Enactment Engine

OGSA-DQP
Distributed Query Processor

Web Service (Grid Service) communication fabric

SoaplLab

GowLab

A\ 4

A

4

Legacy apps

Legacy apps

. AMBIT
Native Web .
. Text Extraction
Services )
Service

suoneolddy

S9JIAIBS 9100

#8FOINIDS [BUIBIXT

e



Apps

Core services

External

services

o

e-Science
process
—patterns

30 Service stack
Taverna LSID Launch
workbench Pad Haystack Web Portal

l \k \\‘ / X / ,/ l e-Science
Mediator

=

Service & workflow Q— c"c;)

discovery o

Metadata Q— %

management O

Data Q_ 2

management Work i:%

orkflow (» o

enactment @

Web Service (Grid Service) communication fabric

SoaplLab GowLab
v v
Legacy apps Websites

Native Web

Services

AMBIT
Text Extraction
Service




@i

ﬂm Semantic
20,000 feet DIy
) & Registration
Provenance and SRR 5 ﬁ
Data browser § g
Haystack or Portal § | _
5 Taverna <:> View
_________________________ ﬁ ] Workbench ; Service
LSID Authority
S UDDI
mIR <£> Freefluo
g I Store Service <:> Workflow
| miR | Engine
. |metadata ﬁ B
e I N I SO

cord Event Notification Service

Web services, local tools
User interaction etc.




P
e

v e-Science Mediator

1. Application oriented: directly supports the e-
Scientist by:
 providing pre-configured e-Science processes templates (i.e.
system-level workflows)

* helping in capturing and maintaining context information (via the
information model) that is relevant to the interpretation and sharing of
the results of the e-science experiments.

 Facilitating personalisation and collaboration

2. Middleware oriented: contributes to the synergy
between ™YGrid services by:

 Acting as a sink for e-Science events initiated by ™Grid components

* Interpreting the intercepted events and triggering interactions with
other related components entailed by the semantics of those events

« Compensating for possible impedance mismatches with other
services both in terms of data types and interaction protocols

GGF Summer School 24th July 2004, Italy
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v Supporting the e-scientist

Find Workflow Find Workflow

/ Use-case
* Recurring use-cases

can be ca ptu red Find an interesting

workflow for experiment
 Then correspondin
process templates f
can be authored »

 e-science mediator
makes processes
available to the user

Process

Create exp. Context
for this user

A 4

launch semantic
Search facility

Examine and modify
if necessary

A 4

Launch workflow
Editor for selected WF|

Store to personal repository v
For later re-use

Enable MIR browser
For storage with context

GGF Summer School 24th July 2004, Italy

I
N
)
e

M



-

« E-Science process templates maintained by the

mediator can derive the GUI generation and

Interaction with the user

GUI

——————————

L
E-Science Mediator

——————————

——————————

GGF Summer School 24th July 2004,
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D
2. Mediating between services

Example: mediation during a workflow execution

2: Establish experiment/user context
[*]4: link process trace to context

7: get WF results 1: Execution started
[*]3: intermediate process completed
6: workflow completed

E-Science Mediator <

9: notify WF completion to subscribers

Notification [*]5: Store intermediate process trace
' : WF I
Service 8: Store results | I B
MIR

GGF Summer School 24th July 2004, Italy
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w0 Simplified Architecture

A 4

WEF Enactor

Client Side GUI (e-science workbench)
3 |
23 Client-side
- = e-science E-Science Mediator client-stubs
g _5 process logic
QT
e E
8 o
“e
23 M e e >
50 : Server-side ——» E-Science Mediator Service
9 e i e-science i :
' | process logic ! !
Service Notification MIR
The Registry Service
Grid

GGF Summer School 24th July 2004, Italy
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 Publish/subscribe
model

— Topic based (cf.
JMS topics, CORBA
channels)

— Hierarchic topics

— Persistent event
storage

— Subscription leases

— Federation for
scalability &
reliability

— Event filtering

http://cvs.mygrid.org.uk/notification-stable/downloads

Event notification Service

Workflow Client
Subscriber

Waorkflow Client

Publisher

Subscribe workflow events

Workflow Subscribe
Processor

Publish workflow events

Workflow Publish
Processor

&

|Pub|isharlmpl| | Subscriber Impl | |SarviceBruwserlmpl

myGrid NOTIFICATION SERVICE

Virtual Topic Durable Topic
Handler Handler

Hierarchical Topic
Handler

JMS Server

R Repository ~epository

=
MGNS Repository handler
-
JMS
Repository
handler

I
N
)
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s Portal toolkit for

‘ bl ] f tl |}
[ [] [ Stef's portal: test page - Mozilla
« Target application

9-©-0 @ == T ) () 0 - [
— Williams-Beuren Syndrome [ s s s -
‘ stpag B
" ' Welcome to myGrid! Customize! HTHL WHL
— Fixed set of workflows g
arkflo -

WD;k:LDuVIkaE ubi n dat (h..h:m )] Links

! delete provenance report results

« Extra ™YGrid portlets
— Configurable
— Workflow enactment
— Workflow scheduling
— Completion naotification

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

O

Portlet %ontainer

O

itk Vel w2 B3 @4 Done

)

Lahe=l=y

— Results browsing

« Based on CHEF & Jetspeed-1

— Portlets for team collaboration

GGF Summer School 24th July 2004, Italy
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Portlet Portlet
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User Client

A

Text Services

XScufl workflow definition

Workflow Server
+ parameters

—

Clustered PubMed Ids

+ titles

Initial Cluster
Workflow

Abstracts
Swissprot/Blast Workflow 3

Term-annotate
Medline abstracts

PubMed Ids
Medline: pre-processed

offline to extract biomedic
terms + indexed

GGF Summer School 24th July 2004, Italy

record

Medline Server (Sheffield)

—

o o
o o
o o
o o

Extract
ubMed |

PubMed Ids

v Enactme

et Relate
Abstracts

et Medlin
Abstract

Medline
Abstracts
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 Part 1

— Application context

 Part 2

— Architecture

— Information and
Workflows

— Semantics and
provenance

 Part 3
— Wrap up

GGF Summer School 24th July 2004, Italy
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2 Information Model vZ

mYGrid components form a loosely coupled system
An Information Model for e-Science experiments
Based on CCLRC scientific metadata model
XML messages between services conform to the IMv2

O similarity search service

BLAST protein data service
Domain specific {iﬁ e

i e { } —O InterProscan service

oooooooo

ing [ selected studid | iitrin] '2PBOOKS

Domain neutral

1 hasinstanceso..| B
mmmmmmmmmmmm

http://cvs.mygrid.org.uk/cgi-bin/viewcvs.cqgi/mygrid/MIR/model/
Nick Sharman, Nedim Alpdemir, Justin Ferris, Mark Greenwood, Peter
GGF Summer School 24th July 20 Li, Chris Wroe, The myGrid Information Model, Proc UK e-Science 2nd

All Hands Meeting, Nottingham, UK 1-3 Sept 2004.




o Information Model v2

mYGrid components form a loosely coupled system
An Information Model for e-Science experiments
Based on CCLRC scientific metadata model
XML messages between services conform to the IMv2

P

Molecular Biology
Domain specific | Bioinformatics

€

Scientific data and the Life Resources and Ids
Science |dentifier Domain neutral , ,
Types, Identifier Types, Provenance information

Values and Documents

Annotation and Argumentation
e-Science process, experimental methods

GGF Summer School 24th July 2004, Italy People, teams and organizations cog
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J Layered Semantics

 Domain Semantics layered on top of domain neutral but
scientific data model

* Reducing the activation energy, lowering barriers of
entry.

Ontologies Domain Semantics Data Metadata
IMv2 _ — | Workflow metadata
Format Experiment Semantics| g, .- Metadata
XSD types Provenance metadata
MIME types Syntax
Workflow
OGSA-DQP

GGF Summer School 24th July 2004, Italy
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Subject]
Object
Resources.Resourc

"

’ Ng.

+getld:URIString
'

1

ProgrammeResourc

uses 0.*

+name:String

EXperimental entities

<<Resource>>
Operations.Operatic

1

contains
1 Programme)
L @
0..* uses 1.%
. o
<<Resource>>
1 0..* | ExperimentDesig
method

GGF Summer School 24th July 2004, Italy

method

<<Resource>>
Study
1 has participants 0..
*+name:String * scminvestigat
+description:String LabBookViey| . 9
+startTime:DateTim{ o 1 —1 9
+endTime:DateTime +name:Stringl™  |abBooks
+status:String selected studieg| trule:String
0.*
0.
Annotation.SemanticConc; Investigatiml
initial
Agent]
ol e Tl 5T
S e Wy, 2
Ll JITv
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Search list

ﬂ Ifarmation Model
= B Ariit Mukherjes
) Address

=) Affiliation

) Labbook

= | =y Studyparticipation

= = Works in MyGrid

) Per=son
= | Stucy

= E= Avijt's 13t Study
) Labbook
) Studyparticipation
= | = Experimentdesign
@

A= Works in MIR

Workflow Context

L arijt Mukherjes

'I'l:‘ Mo organization selected
2 Updated Enactor Scenario
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N . Life Science IDs

« Each database on the web has:

— Different policies for assigning and maintaining
identifiers, dealing with versioning etc.

— Different mechanism for retrieving an item given an
ID.

 Life Science IDs designed to harmonise
the retrieval of data.

* Emerging standard for bioinformatics
— 13C, OMG Life Sciences Group, W3C

 Defines:
T. Clark, S. Martin & T. L|efeld Globally d/str/buted object ldentlf/catlon for biological &3¢
knowledge bases Brleflngs in B|0|nformat|cs Vol 5 No 1 PP 59-70, March 2004 t— I JIhS



% "What'is an LSID?

urn:lsid:AuthoritylD:NamespacelD:ObjectID:|
RevisionID]

» LSID Designator: A mandatory preface that
notes that the item being identified is a life
science-specific resource

« Lautharity dentifier: An Internet domain owneg by
e Brganization that assigns an LSIDtoa £P9

|7 P oW o W L oW N
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‘5 LSID Properties

» Unique authority for each identifier

* Multiple resolution services, supporting:

— Data retrieval — data immutable: data returned

for a given LSID must always be the same
» caches

— Metadata retrieval — mutable and resolver-
specific
« annotation services. More on this in Part 4
* Resolution discovery service
— Implemented over DNS/DDNS (Optional)

* Authority commitment: must always

sAnaintain.an authority at e.g. pdb.org thaty
can point to data and metadata resolvers.

m,
=4
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Application

2. Where can | get data and metadata
for urn:lsid:pdb.org.1AFT

1. Get me infk: for:

urn:lsid:pdb.org:1AFT

g LoE

LSID client

2. Get me the data and metadata for:

urn:lsid:pdb.org:1AFT
GGF Summer School 24th July 2004, Italy

<§l

.

r
-
N
<)
Y




’\

S LSID Components

* IBM built clientand . .. _ ... :
server —_—
iImplementations Iin
Perl, Java, C++ e

« Straightforward to
wrap an existing e
database as a
source of data or
metadata

* Client simple to use

« LSID Launchpad
adds LSID

http://lwww-124.ibm.com/developerworks/oss/Isid/ PSR
Inferneat Fynilnrer -

Save As

el



cor Sund@@non s5arid, laforpation Repository (MIR)

’\

.5 Use within ™Grid

Needed an identifier for our own
experimental resources

— workflows, experiments, new data results etc
All and everything identified with LSIDs

LSID saves us having to invent our own
conventions and code.

Can pass references to data around and be
reassured the other party will know how to
resolve that reference

Resolution services:

'

™
¥
i L

— Metadata: ™Grid Metadata Store (RDF-based) * .

%
23
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S Information Access

RDF aware client

LSID aware client

Taverna/ data
Freefluo

v

aoepIBUI Ysliand

metadata

GGF Summer School 24th July 2004, Italy

AN t
Query LSID interface
MIR
Metadata Store
RDF MIR
Data store
XML
W
Query
W
XML aware client
i
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Data )
LSIDs =)

Metadata

Requests _.,

1. Data sent/
received from
services

LSID Assignment

4. Data and metadata

Services =

retrieved
Client application
LSID Assigning LSID LSID Metadata LSID Data
Service Authority Resolver Resolver
T 2. New LSIDs - .
assigned to data

Enactor

Store plug-in _ | IEEG—

mIR

Metadata plug-in L

Metadata

Workflow
design %

GGF Summer School 24th July 2004, Italy
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| 11 ]
L

< Information Storage
« The MIR data St?—ﬁea NN —— T m——
» Stores experime _. i
ot on soecs ac | IS
— Workflow specs as*"
XML Scufl docs I
— Data, XML notes 1
— Types: XML docs, =
Relational s

» Every entry has Dublin Core provenance

attributes

* Every entry can have (multiple) ontology

expressions

: RA. .12 1 - 1P
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2. Metamodel for Types
* Necessary to identify the type and format
of each datum of interest so that it can
(only) be input to type-compatible viewers,
services and workflows.

-— h‘-‘,L I:" LI‘:‘ - R N e I-II:IA‘. :I‘ . AR AR AR A wm m N e I-IAI
0.+ LifeScienceDocument 0+ 1 TransferTl.rpeI - 1 FormatType 1 CarrierType
has type I has format carried as ey

SimpleLSDoc umentl KMLD::-CurnentTypeI

|
0..1 | LSDocumentCollection Te:-r.tDm:umentTypel
element |

BinaryDocumentType I
|

I




[ B[] - Awsilable services
§ Aoenlable Procasiong
# Wn T rfernad Sereces
= ] Local Jove wadgels

IE zving ben e section

IE et web page v omLFL

Iﬁ.lrghﬂl.rm
Corcalenals Ted ErrgE

1E e5T - sbeewrs tnids
E et mage tromur

o TF vy coninre

T Faer st o strings by rege

Filer bd of sivinge adracing malch 8o s regll

E et mage UFLs from HTTP docusent
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3 - 2008 15 5H 4T

[t 008 185054 |
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ACOG9363,10 44,1 Homo aspiena chrome u::'“’
ACOOAES0, § 44,1 Hasa sapiena HAC el | rr———
| ACOLZSEE, 7 44,1  Homo saplena cheoms prasiy
5757554 ACOO7074, 2 44,1 Homo mapi=na PAC clone RFI- il
ALTEIES ACOOS509, L . L Homo aapiena chromoaoms 4 © || J—
Marme I Size I Type = I Date Modified
ﬂ gap_border_fasta_query_sequence.fasta 2FKB FASTA File 03/01§2004 09:01
ﬂ gap_border_masked_query_sequence.f.., ZKB FASTAFile 03012004 09:03
i] masked_novel_sequence fasta 126 KB FASTA File 1210172004 17;30 T
i] novel_sequence.fasta 122 KE FASTA File 1z2f01/2004 17:16 e
masked_novel_sequence.fasta- 0KEB FASTA~ File 03/01/2004 02:04 PR
novel_sequence.fastas OKE FASTA~ File 03/01/2004 09:04 Teot
novel_sequences.fastas Z99KE FASTAS File 12001)2004 16:56 :
E changed_gap_border_blast_results.bxt 1 KE Text Docurment 0301 2004 0901 1
E complete_gap_border_blast_resulks, bxk 44 KB Text Docurment 0301 2004 0901 :
a gap_border_gene_1_est_blast_result, bt 172 KB Text Document 0301 2004 09:01
?l gap_border_gene_1_nr_blast_result, txt 124 KB  Text Document 0af01 2004 09:01
?l gap_border_gene_2_est_hlast_result, bt 53 KE  Text Document 0af01 2004 09:01
E gap_border_gene_z_nr_blast_result, txt 33 KE  Text Document 03012004 09:01
E gap_border_gene_3_est_blast_result, txt 181 KB Text Document 03/01)2004 09:02
E gap_border_gene_3_nr_blast_result.bxt 190 KB Text Document 03/01)2004 09:02
a gap_border_gene_4_est_blast_result, txt 217 KB Text Document 03/01)2004 09:02
a gap_border_gene_4_nr_blast_result,bxt 115KE Text Document 03012004 09:03
E gap_border_gene_5S_est_blast_result, txt 161 KB Text Document 03012004 09:03
2 gap_border_gene_S_nr_blast_result,bxt 7S KE Text Document 03/01/2004 09:03
@ gap_border_gene_&_est_blast_result, bt 71KE Text Document 03/01/2004 09:03
@ gap_border_gene_&_nr_blast_result,bxt 66 KB Text Document 03/01/2004 09:03
E gap_border_query_sequence.txk 3KE Text Docurment 03012004 09:03
E genbank_records_for_new_hits_on_chr. .. 43 KE  Text Document 0301 2004 0904
?l predicked_genes_ouk, txt SKE Text Docurment 0301 2004 0904
a predicked_pephide. bxt ZKE Text Document 0301 2004 09:04
?l previous_gap_border_blast_resulks, bxt 7KE  Text Document a1 2004 09:04
?l scanreport, bxk 4 KE  Text Document a1 2004 09:04
E simplified_gap_border_blast_resulks, bxk 7KE Text Document 03012004 09:04
E WS _FTP.LOG 1 kKB Text Document ZZ2/04)Z2004 13:37
E@intermediate_results.zip 344 KB WinZip File 03/01)2004 16:37
@prnvenancegart_b.xml 3KB XML Document 03/01)2004 09:04
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4.0 Results Management

Taverna/Freefluo
WIEE agnostic
about the data
flowing through it.

As objects progress
through tagged with
terms from
ontologies, free text
descriptions and
MIME types, and
which may contain
arbitrary collection
structures.

Using the metadata
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%2 1pcii4.ce.man.ac. uk - Remote Desktop EJ EHE
& Scufl Workbench =1

Tools and Workflow Invocation

Advanced model explorer | _[ofx]

vailable services

Workfiow | | Enactor invocation
Load = |Load from weh @ |Save Eﬁ‘__l | Newe subwvorkflow 5 Reset 36 L_'ﬁ':lsa\"e all resutts :
I J J ! I vailable Processors
Wiarkil hject Retti Del Backaff ) i
L LSS =AY sl Status Restlts ] Provenance Treei Process report] - Lheal Serviees s
. Winrkflow mocel - i | Soaplab @ hittp: dncustry ebi ac uks
E"'L3 Warkflow inputs - Worldliw: Teas hiodaaletUr ] T out peptide ] Pretty Translation | COPYRIGHT l PrettyORFs ) Biomoby @ hitp: fmobyeertral.chr n
- Blastn nr mouse, out 1 Tess tableCut Rtbl] Tess tableUt 1 CpG Composition ] peptide | RM out | Tess paissonlr = WSDL @ htp: bhoshus c3.man ac.
. B londimpite [ e ot MRNEWLEE 38 Remova Blastn rr owt | TS outtable | Tess modeiowt | G5 Report | Tess poissorouwt | 75 ot par | Listerowt || (& porttype: FastaLister [RPC]
- NI Results] Tess modellr ] Al ORFs | comparer cos ] Cpiz Islandsi Tess smaldppletUr] 1 CDS} Tess annotatedr| L a lister
| Input Document = Load @ Laad from URL comparer gene | RM masked | GORF Transiaion | sionslsean ot | Blastn est mouse out =) Soaplab @ it iphosbus o3 fan.a
V tasta_out T _out_cds Tess_annotatedOut ] Restriction_Map Elastn_est_out Promotorscan_out 5|5 adaptar
== Warkfiow outputs & ; :gms_ﬁ'\l’ tgcccagtoctggagtycaggggtgtgatotte = List t':“'| ) database
...... ‘a\ Blaztn_est_out H v descri;_ation ctcctgygttcaagtgatictoctgoctocagt : ] e ; SC_ ) documentation
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------ A chs tggygttiogtoatyttygccaggotyytote | sed_analysis
,,,,,, A 6= Report totocoocatototgasaaggagasanactc gi| 14458769 |gb |BIOS1E39. 1|BI0S1235 CM4A-GNO367-110101-664-e02 GHO... d blaztcomparer q
______ A Listerout e Rabitoanaget s ot tao angand 1| 26430541 |dbj|BY249028. 1|BY249029 BY249029 RIKEN full-length e g blasthelp
...... A Blastr_nr_out s | 4il26414151 | dbi|EY233041. 1|BY233041 BY233041 RIKEN full-length e... gl blastsimplifier
...... A RM_masked L R 4il26411480|dbj |EYZ30370. 1|BY230370 BY230370 RIKEN full-length e... —| g menbankretrieve
A RM_out R i | 26407984 | dbq |BY226875. 1 |EY226875 BY226875 RIKEN full-length e... ||| = genscan
""" éa Rihl tggtotactgggggacotitoatagacaage: gl| 26368441 |db] |BY192371.1|BY192371 BY192371 RIFKEN full-length e... -@ gen.sc:ansplrﬂer
------ £\ PrettyORFs 4] | 0i|21856503 | gb |BQ717606.1|BQ717606 AGENCOURT 8305092 Lupski_symp... s nchiblastwrapper
""" A AILORFs gi|16527352 | gh |BMO12998.1|EN012938 £03637780FL NIH MGC_47 Homo s... gl repestmasker
""" A CpG_Islands - B> Runi® 7i|11058209 | gb |BFL80067.1/BF180067 601806426F1 NCI_CGAP Mau3 Mus... e il
""" A CpG_Compostion B 118893024 db3 |BE224412.11BB224412 BB224412 RIKEN full-length en... "'"3_’330”“""’3’3’39’
""" ‘f zrejﬁ’_:_ans';"U” ]- 9116224086 | gb|AVL155217. 1| AVL55217 ugie000ZHO3E Rice blast infect... _____d'fp:mtwappe:] "
i SR gi]3054106 | gh|AA914714.1|AA014714 vz03e08.rl Soares mamuary glan. .. st S e
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. Results Amplification

 Automated annotation workflows

One input produce lots of heterogeneous data
« The workflows changed how scientist
. works.

sy

« Before: analyse results as go along

e  After: all results, all the analysis, in one
go

ST
v
T
sl Y tpi
e T/
Tin_o w| |g 0L_oata | ciana
LASTH 1 | 57
Oufped ] | ul
/ bl et
vevall werkfipl ourpurs ! *\
Rl /J\ e . ’( o
< GE_RApot -, " pagihde ™, " Blamn_pr_eutl ™ "Bl s oal ™., L™ P
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= scherma.ad

' 1] sehema, ad

A& Urnelsd meD e, i, Qo 1510, &30, ok igenbanks acUUHU AL L XK

F Y
[Uﬁl urn:lsid:nchi.nin
T urn:lsid:ncbi.nlm.nih.gov.lsid.i3¢c.org:genbank:ac009070:12

File: awwary

Rename L =

Wiew in QMal = Pubmed E Sequence Summary —

Mone specified; click here to add Edit =
2 ! Mame: Mane specified; dick here o add x
Relevant contexts
Mo suggestions 2 urn:Isid: ncbi.nlm.nih.gov.lsid.i3c.org: pred... urn:lsidinchi.r ACO03070
v n e e P ~ Fazoon: 9606 Edit = ©
X
il = Y \l / = Choose an art. .,
. 1/ Ertracted - N .
‘7 EETITE bssabehii J (a5 scufl J Retrieve J novel_sequen i
oup document Service BioinFarmiatic:
Commands R number 1 CliEie
®
Add existing itams \ Erl:lvlinance
. rap
Add new ikem » Instanice & ) show
Clear callzction/lisk E"VE"*;S
- - N ased on

Create checkbox J Williams Scufl J Williams Scuf] J discovery_ser the: onitalogy

aspect Parks . Parkd . {:} Sth

Fille away Irvacationl Irvacationd arroms

R b based on

Fname the schema
Relevant contexts receacher ownad by /
Mo suggestions — J previous_gap. a_!'.'-.-'ailal:ule atrows
IF you are not seeing the I‘_Elr' Provenance
infotrnation you need, thy owned by Graph
checking one ar rare of the
abowe boges,

i i 71 Designs
Available views J——
Browse view “ Hannah — Services

11 mare it,..
Calendar v|4] | M
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 Native WSDL Web
services

— DDBJ, NCBI BLAST,
PathPort

* BioMOBY Web services
— Single function stereotype

* Wrapped legacy services

— Stateful interaction
stereotype

— One button wrapping

— SoaplLab for command-line
tools

cersme\athea Bfoy IBreen scraped
web paaes

S Domain Services

For each application
Createdob
Run
WaitFor
GetResults
Destroy

'
~3J
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e
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Lots of them ~ 300

Open world: we don’t own them
Many produce text not numbers
Many are unique, single site

Need lots of genuine redundant
replica services

Unreliable and unstable
— Research level software
— Reliant on other peoples servers

Services in the wild rare -
significant time to wrap
applications as web services
(licensing, installation,

N L Domain Services

Domain Services
in WBS

 Repeatmasker

« NCBI_BLAST

* Modified BLAST
« (GenScan

« PSORTII

« IPSORT
 TargetP

 Various EMBOSS
services

* InterProScan
« BLAST?2

« NIX

« TESS

« TWINSCAN

° Alihaha9



o Can you guess
what it is yet?

<?xml wversion="1.0" encoding=T"UTF-8 7>
<definitions name="'Blast ">
<message name=TexecutelIn >
<part name=Taccession' type=Txsd:string’/>
< /messager
<message name=TexecutelOut -
<part name="Besult' type=Txsd:string'/>
< /messager
<portType name='Blast ">
<operation name='execute' parameterOrder=Taccession'>-
<document ation>Execute Blast</documentations>
<input name="executelIn' message='tns:executelIn’'/>-
<output name=TexecutelOut ' message=Ttns: executelOut /=
< /operation:
</portType>
<binding name='Blast "™ type=Ttns:Blast ">
<soap:binding style="rpcg’
transport="http: //schemas. xmlscap. org/soap/http ' /=
<operation name='execute >
<soap:operation soaphAction='execute' style=Trpc'/>
<input name='executelIn' >
<soap: body use='encoded'/-
</input>
<output name=TexecutelOut -
<soap: body use=Tencoded ">
< foutput
< /operation:
< /binding>
</definitions>

GGF Summer School 24th July 2004, Italy
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’ 5 SHIM Services

Main
Bioinformatics
Services
SHIM
P \ Services
blastcld_d'rect_nfém blastnew_direct_data
output

Explicitly
capturing the
process

Unrecorded
‘'steps’ which
aren’t realised
until attempting
to build
something

Services that
enable domain

services tetic o

i Oitl
toaether - -



= Scufl M lthJ ik mr

FE

5 J-w:-wm

E ootisgen 1 e ek

d enactme ngzw

!En!ln&ue -:-ME.

* Freefluo workflow enactment engine

—Processor & event observer plugin
support

Iﬂﬂl:ml.'-‘

.
» Taverna development and execution
“environment

= —Workbench, workflow editor, tool plug-
= EE in support

-—-----

-  http://taverna.sourceforge.net

+ -« Simple conceptual unified flow
language (XScufl) wraps up unit§‘ef




Tools and “workflow Tnvocation

T T
[ O

e es
myGrid teaim. | Search list - | I wwatch loads

A Advanced model ex e e | |—ﬁ plartspGetRML, =l

ok k floa | Ohject proaperties | weweny pathbase net .
Load [ |L|:|ad from web G |Save = tree Structure explorer :_ = arabigip:izrit‘:lfo SerV|Ce palette ShOWS a range Of
oo cbect | vewes ) weer ) weenen D e oot operations which can be used in
—-ﬁ getirabidopsisimage_by_Heyword g

0P GetiASC_codeby AT locus the composition of a workflow
—-a getPhenotype_by_ MNASC

—ua gettrabidopsisimage_ by PNLASC

i get_insert_names_ky_MGl
et 8TH im=ert e Bl&SC code

Wiorkflosns moclel

C ) workflowe inputs
YWiorkflow: outputs
A file _idt

A tilel _namespace
A file1 _walue

A tile _restrictout
A file _name

A tileD_images

=5 Enack wocak

= Processors | 5| save all results
@ file0_id : cho
filel_namespace | DragonDB: &llele Status  FResults I Provenance Tree I Process report I

fileO_Create_moby_data

filel _harmespace I file _icd I filel _wvalue I filel _parme  file0_images I filel _restrictout I
fileO_Parse_moby_data

file1 _mamespace © AS|_LocusCode | = List

filed _id @ At2m17350 — applicationfoctet-strearm imageipegy
g fileO_Decode_base64_to_byte

= ]

AT basebd — applicationfoctet-stream imagefpen

.\, bytes

file1_Creste_moby_data — I applicationfoctet-stream imagefpen

file1 _Parse_moby_datal

file1l _Par=se_moby_data | | I
file1 _backiransedg

— I applicationfiocte
— I applicationfoctet-stream imagefpeg

applicationfoctet-stream imagefpegy

5| Save tafile

= Il5oun Results in enactor

graphical invocation window
diagram
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Workflow environment

Taverna Workflow Workbench User Interface  ° Taverna API aCtS dS adn
| semantieseach Ul | | Emeteetl | intermediate layer between
S — [ Seieernel| [ M| < USET level applications and

o . workflow enactors such as
Local JYM Object References
- FreeFluo.
Taverna Core Data Model ] .

Haystack RDF . des object models using
Environment Taverna Workflow Taverna Da’ra

| Object Model oneamod@ [Standard MVC design for

LSID Based Clients

both workflow definitions and

LSID Authority Interface : Workflow Submission Interfan:_
ou/uhscese (7] INARANRNES @tﬁ“@bjﬁb’ts within a workflow
— Al e e ]'an|C|t iteration and data flow

and nested flows
Irable failure handling

; Biomoby Java '
Metadata Store :
1 o ]
i JiIv

................................ __- _________________________-___I__:£A_OAIA|¢\AA II \ mf\f\t\l -I- ~
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Scufl-Taverna-FreeFluo

 SCUFL - Simple Conceptual
Unified Flow Language

» Started with WSFL ® ...
SCUFL provides a much
higher level view on
workflows, and therefore
simpler and more user-
focused.

« Simple — relies upon an
inherently connected
environment to reduce the



* Conceptual — one
Processorin a
SCUFL workflow
maps as far as is
possible to one
conceptual
operation as viewed
by a non expert user
— Wrap up stateful

service interactions
Into custom
Processor

GGF simplﬁmuemthSely

— | nmarare tha harriar

S CUT

Taverna

Workbench

<>

Scufl language

parser

Processor

Processor

<

<

Web
Service

Soap
lab

Processor

<

Bio
MOBY

Processor Processor
L
ozl Enactor
App
~=rmireermas
== S Wy O
=l JIv
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 Unified Flow
Language — SCUFL
does not dictate how
the workflow is to be
enacted, it Is
iInherently
declarative in intent.

» Can potentially be
translated to other
workflow languages.

* ol @B -aspitrarly

nhetrart Anvy AN

SCUTl

Taverna

Workbench

<>

Scufl language

parser

Processor| | Processor
Web Soap
Service lab

Processor

<

Bio
MOBY

Processor Processor
L
ozl Enactor
App
~=rmireermas
== S Wy O
=l JIv




D

‘5
* One input, three - -
outputs and eight == [ewarnissmm
Processors.
» All the processors R
are labeled top to |
bottom with input  [sseeeses

ports, processor
name and output
ports.

getDotF romyiz
getDotReturn

» All the processors
here are standard —— ———~ ———— coordina
WSDL-described /

standard web o sessin

P —_——.,em o=l £ .




Toolz and *Workflow [nvocation

A Workflow diagram
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— == Workflow In 'and Outs

script
Ve L
Failure policy | _
: Service
> Services Di
iscovery
Alternates list yY yY
Invocation
Metadata ~ + *+Data v
template >
Vol
Enactor
LSID -
LSID + LSIDs +
Events
LSID Data Metadata
__________________________ A 4
! v
Data Event
> Notification
! Data Servi
! Store SN

_______________________________________

GGF Summer School 24th July 2004, Italy

'
~J
U
e

e



"

s 50 Fault tolerance

 Failure of workflow Femzmez=
engine

Wiarkflove cbject Retries

Drelay

— P2P architecture :
o i Retry, delay .

— XML serialisation and backoff \
o configuration 1000

— Checkpointing

 Failure of services oo e
or network R
v failingthing:urgle-}cnncat\snatinn
— User defined retry o
policy

— Alternate replicas

Alternate
Processor

— Alternate list
GGF Summer RtSHAATIL ¥Ka1EdE or

Adnmain cervicac

r
I
N
)
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alternate \ 4

available /
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can
iterate

done \

A 4

complete

iterating/

T ose
()

allow
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i) - A
s Enactor invocation

Statusl Resurtsl Fesults as }(MLI Provenance Te::ct' Provenan

EI—_| workfloweRepor weorkflowy|D="FlowID:org ermbl.ebi ezcien
=] processorlist

;I processor name="string1"

;I processor name="string2"

-] _‘J processor name="failincgthing"
— # ProcezsComplete TimeStamp="13-Feh-2004 1
— % Irvoking TimeStamp="13-Feh-2004 13 56:25"
=] AternateProcessScheduled TimeStamp="13-F

= Enactor invocation

. Save all results

Status I Provenance Tree I Process reportl

rProcessaor statii

ehi_klazt_nchi 09-Jul-2004 418

Type I Marne | Last event Event timestatng Evert detail
» campaErer ProcessScheduled 09-Jul-2004 23:24:04
zitnplifier ServiceError 09-Jul-2004 232457 Meszage="Output 'outp..
repeatmasker ProcessComplete 09-Jul-2004 252418
nichiblast ProcessComplete 09-Jul-2004 235:24:53

quEry_Sedquehce |

Intermediste inputs | Intermediste outputs

o wiew...

lnnamedSegl

LA GCTTTTCTGGCACTGTTTCCTICTTCCTGATAMC CAGRGALGRALL LG
1

1

1 GACCTT
GLCALGCCCTETCCTCCTCCGGGCTTCACTCTGCACACCTGTAAC CTGGE
GTTaALTGHFECTCACCTGEACT GTTGAGC GRAGC THHFEAGFAGGTCTRGA

—# Ihvoking TimeStarnp="13-Feh-2004 1356:22"

—# ServiceError Message="Thiz processor always failz!", Timests
— % WaitingToRetry MaxRetries="2", RetryMumber="2", TirneDelay="
— # ServiceError Message="This processor ahways fails!", TimesStamp="13-Feh-2004 13:56:23"
— % WaitingToRetry MaxRetries="2", Retryhlumber="1", TimeDelay="1000", Time=tamp="13-Feb-2004 1356 22"
— # ServiceError Message="Thiz procezsor always fails!", TimeStamp="13-Feh-2004 13 56:22"

IJ:'I—_l zlocal maxretries="0" retrybackoff="0.0", retrydelay="0", xmins: =="http:dorg.embl.ebi esciencelxecuflil 1 slpha"
# org.embl.ebi.escience.scuflworkers.java. StringConcat

="13-Feh-2004 13:56:25"

00", Timestamp="13-Fek-2004 13:36:23"

EI—_l ProceszsScheduled TimeStamp="13-Feh-2004 1356 22"
IJ:'I—_l zlocal maxretries="2", retrybackoff="2.0", retrydelay="1000", xminz:=="http: forg embl ebi esciencelzzcufl0 1alpha"
l—I org.embl.ebi.escience. scuflworkers. java. TestAlwaysFailingProcessor
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X Whither BPEL?

* Focus: scripting simple request/response
services vs. choreographing business
processes

« Complexity: Scufl is simple enough for
bioinformaticians to develop workflows

« Generality: Extensible processor support
vs. Web Services only

* Provenance generation

GGF Summer School 24th July 2004, Italy
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| Nal VWhat needs to be done

* Free-standing web service

* Long-running workflows
— Computationally-intensive services

— Access to a reliable high performance BLAST service
that reflects NCBI Blast — NCBioGrid?

« Scalability
— Large documents — data staging
« Debugging environment — services / workflows
are brittle.
* |Interactivity

— Version 1 had user proxy as an actor

— The Original Process split into 3 steps:
GGF Summer Rgeqatifitiadibr?@f datydidate overlapping nucleotide sequeﬁ@{ﬂ.
. . Li JIh L
« Characterisation of nucleotide seauence :



KADQP Client- User Mode
File Edit View

e | ]| bl

[ o join 3 s s g [

4] 9_join_3 Plan *

Query Expre: |

select go.name, p1.ORF, .ORFZ,
p2.moleculariveight,
p3.5equence
from pl in protein_gaterms,
i protein_interactions,
o in goterms,
p2 in protein_propertys,
p3 in protein_sequences
where p1.GOTermldentifier=go.icl
and p1. ORF=i.0RF1
and p1.ORF = p2.ORF
and p3.0RF = p2.ORF
and p1. ORF="YBLO19W"
and go.id like "GO:00062%",

Execute Query

[{] 6_simple_select_6 Results & H

i

[}

HTML XML |

protein_property. ORF
TALOGOW
TALOSTW
YALO36C
YALO32C
YALO12W
YARO73W
YELOS1W
YELO3Z2W
YELO2SW
YBLOLGW
YBLOL3W
YBRO1BC
YBROZ5C

o DELIER
protein_propery.nolecularieight
protein_ssquence sequence,
goternrane,
protein_interaction. ORFZ,
protein_gatern.0RF
BICHANGE f, 2,3 -» {1
L23 | projer
gotm.nane,
protein_gatern.ORF,
protein_interaction. ORF2,
protein_p raperty.nolecularieight,
protein_sequence sequence
HesH Join
protein_gotern,ORF = profein_property ORF
BICHANGEN, 3, 20> 11,2, 3
HASHJON HASH O
provin_sequence 08 = protein_propery ORF proten_gater COTerm dentfier = goterm
FROJEC @ FROJECT EXCHANGE (1) -+ {1, 2. 3
protiin_sequence. sequence, protein_property.n olecularieight,
ratein_sequence ORF vatein_propery.ORF
prominy prowigrepeny BCHANCE (2, 3> (1,3, 2
PROJECT
gotern name,
gotern id
TABLE_SCAN TABLE SCAN L
protin_sequence ORF = VELDLW protein_praperty ORF = YELDLSW protein_gatern.ORF = protein.interacton.ORFL
i
| TABLE SCAN
| goterm id UKE GO:00062%
I
: |
|
! protein_sequence protein_properyy  E(AANGE B3 -» 12,3 EXCHANGE (D) -» (3 2)
\
| gotern
L FROJECT BROECT
protein_interaction. ORF2, protein_doterm GOTerm| dentifier,
proten_nteraction, ORF4 proteln_gcterm. ORF
TABLESCAN THBLE_SLAN
protein_interaction ORFL = YBLO g L. Protein_gotern ORF = YBLO13H
i
| I
I
! protein_ineraction | Protsin_gotem
)

http://www.ogsa-dai.org.uk/dgp

OGSA-DQP

_sed in Grave’'s
Isease

ses OGSA-DAI

data access services

to access individual

data resources.

* A single query to

access and join data

from more than one
OGSA-DAI wrapped

data resource.

* Supports

orchestration of

~omniitatinnal ag=

--“




 Part 1

— Application context

 Part 2

— Architecture

— Information and
Workflows

— Semantics and
provenance

 Part 3
— Wrap up
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Finding and selecting
services

Activation energy gradient
Unregistered services

Tools and Workflow [revocation

Search list [xmi "

E8 Available services

=lalx

¥ Watch loads

=

il L) LIRS
5 interproscan
g drattnl
\J dnararn
g dnatable
-ﬁ dnaxml
g proteinktral
g proteinra
\J proteirtatle
@ proteinml
[+ testing
3 Biarnoky @ hitp:dnobycentral chr nrc cafcgi-binMIOBY DS maby central pl
) bicvveb pasteur fr

) prometheus bromow edu
) schematikon.ory

L) e hapinap oty
il=t i el

{ £ avaitabe services

e Scavenging

 URLs and Soaplab endpoints
— Introspection

Registered services

* Word-based searching

Semantic annotation for later
discovery and (re)use by friends
and strangers in your VO (Part 3)

Drag and drop services onto
Taverna workbench

GGF Summer School 24th July 2004, Italy

I available

@ ] wsDL
@ I TSerip
@ [T TSerip

@ 3 Soapld

o

leic_restriction__restrict__detive

FE tscr

§:§ Add new Soaplab scavenger...
3E Add new WSDL scavenger...

compare_testrictxml

FE tscr

T R e create_mutant_sequence xml

§:§ Add new rkflow scavenger...

@ [ nu
& [ pro
& [nu

@ Collect scavengers from web...

% Collect scavengers from maodel

@ [ alignrment_local
@ [ nucleic_cpg_islands
e nucleic_transcription
& [ nucleic_primers

EH

i

—@ gethASCCodeBy ATHMumber

—‘ii getlhserionz &2 GFFBEy AGICode

—@ getTranscriptCodesBy AGICode

g HEtGOTertnsBy AGICoe

—@ getABRCCodeBy ATHMUmbEer

—@ getTranscriptZequenceBy TranscriptCode
—@ getinsertionMamesByAGICode

g getGOAcesByAGICode

—@ getTargetPResukBy TranscriptCocde
[+ o) coe01 ucalgsty oa

[_]__'Ef_WSDL @ hittg: ygrid nolac ukiaxisizervicesEmbl Poesdl

3 porttype: Embl [RPC]
g addSnpFeature
g addSNEWIthPrimersFeature
—wii addESnpWithRestrictComparelnfo
5 WSDL 0 hitp: Mmyarid nclac ukfaxisiservices/Compute=Snpharistions Pwsd|
_lET— 4 poritype: ComputeSnpiariations [RPC]
g CresteMutantSsgusnce
) WSDL @@ hitp: fhnyarid .nclac ukfaxisfzervicesMovbasze Tueadl
5 WSDL @ hitp: Mmyarid nolac ukfaxisiservices!SrsEbiQuery Twsdl
_lET— 3 porttype: SrsEbiGuery [RPC]
wg cjueryByid

RTINS T RN




v Registry View Service

* Regqistry
« Third party registries
==e * Third party services

AFFYMAPPER
CPEMBGS 07

BLAST

- =] * Third party annotation
(RDF)

YEML

OPENBQS

GOQUERY

 Views over federated

registries
« UDDI interfaces
extended with RDF

BLAST 04

@Q@ » Federated views

The infatmation in
Personalized Registryl is ki

. i n OPENBAS .
e — Updated via

- 1 Notification Service
— Personalized based on
Annotation

GGF Summer School 24th July 2004, Italy e Authorisation and IPR




Find from regesx ;

J Available ontologies ;

IJ:'|— J roct:internal test artology
® global distribution

—H® hicinformatics conce pt

higinfarmatics application
—H@ bioinformatics data

Select from ontology or manually edit term below:

£
@ hicinformatics databaze

® hicinformatics disgram
@ gapped alignment cortinuity
+— generic proceszs

® bioinformatics recaord id

hittpx Aty rrygiricd org ukdortology#nuclectide _sequence

User chooses services

A common ontology is
used to annotate and
query any ™YGrid object
iIncluding services.
Discover workflows and
services described in the
registry via Taverna.

Look for all workflows that
accept an input of
semantic type nucleotide
sequence

Aim to have semantic

discovery over public view

on the Web. CoCD
Ll JIhW




— @ PARAMETER -_dalabase-

@ PARAMETER .- probaSefid. fesrvicaMama I.iiiﬁiifm‘""'rl:"nﬁiﬁi:"rﬁ?m‘“‘m‘ SRED] VWork TIow

— @ PARAMETER: - _results_AffyMapper_seq-

“— & PARAMETER - _resulls_Biastn. I Mew
hip fiews iy grid ong uscufliafyldToBlastnEmbliA 1 yidToBLastnEmbl saml Browse..,
hkt'M-ﬁMMSﬂ MempkegisterWSDL2EITS tmp Browse..,

Tm‘
E“t‘:h Iaﬁzaenaarusac-nsn.ancsmﬁm
I MNew
fperviceQuiputs
I Mew —
FserviceTask
FeerviceResource
I -
4 | 2]l | ,;IJ
ml

Adding structured metadata to a workflow registration to enable

others to discover and reuse it more effectively. E.g. what semantic
type of input does it accepit.
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o Can you guess
what it is yet?

<?xml wversion="1.0" encoding=T"UTF-8 7>
<definitions name='Blast '
<message name=TexecutelIn >
<part name=Taccession' type=Txsd:string'/>
< /message
<message name=TexecutelOut -
<part name='Result ' type=Txsd:string'/>
< /messager
<portType name='Blast ">
<operation name='execute' parameterOrder="accession >
<document ation>Execute Blast</documentations>
<input name=TexecutelIn' message=Ttns:executelIn'/>
<output name=TexecutelOut ' message=Ttns: executelOut /=
< /operation:
</portType>
<binding name='Blast "™ type=Ttns:Blast ">
<soap:binding style="rpcg’
transport="http: //schemas. xmlsoap. org/scap/http " />
<operation name='execute >
<soap:operation socapAction='execute' style='rpc'/>
<input name='executelIn' >
<soap: body use='encoded'/-
< /input:>
<output name=TexecutelOut -
<soap: body use="encoded ">
< foutput
< /operation:
< /hbinding
</definitions>

GGF Summer School 24th July 2004, Italy
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Tools and Workflow Invocation

File

£ Available service

J Available Processars
= 4 Internal Services

String conztant
T Local Java widgets
—JF concatenate tweo strings
—ﬁ et image URLs from HTTP document
—JF String list intersection
—JE String list union
T et weh page from URL
—JE TEST - always fails
—JF et image fram URL
—ﬁ Fitter lizt of strings by regex |48}
[E  wWSDL i@ hitp: Mheewear ebi ac ukicollabimygridizer
=4 porttype: Goviz [RPC]

CFES 1

— 3 destroySession =
—3E getChildren
—3F addTerm
—3F clearColours
—3F getincestors
— 3 getDot
—3F qetParerts
—3F markTerm

H

£ Service Registration

Register | Annotate | Query |

Setvice narme IGDVizService

Service description

Service endpoint location Ihl'tp:J'.l‘\-vww.ebi.au:.ukJ'u:u:ullah.l‘rnygrid.i’servicm TyovizIGoiz jwws

Service interface location Ihl'tp:ﬂwww.ebi.au:.ukIu:nllab.frnygridiservicm TgowizGaIz jwes Pwwsdl

Organisation harme I

Service type h“-ISDL service

Register |

Status [Service details incomplete

[E 4 Soaplab @ hitp:Sindustry.ebi.ac ukizoapizoaplsk
_ﬂ alignment_conzensus

—JF conz

—J F megamerger

informatics_domain_concept

® collection
=T
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o

W

Ssemantic Discovery

Tools and Workflow Invocation

=10ix]

Warkflow

Load Load framweb & |Save [H] |Mew subworkilow E:

Resst 3

Wiorkflow object Retries

Deky | Bockott |

| Workflowe mocel
) Wiorkflow inputs
=1 Wiorkflow outputs
A sequence
=+ Processors
- g probeSetid : 1001 _at
execLte
A2 probesetid
®, getSequenceReturn
5 Data links
7 probeSeticvalue-=execute:probeSetlc
7'execute:getSequenceReturn.>sequen

]

=101

FRiE ] BT
[Save az u7_-1| i= V¥ Showtypes |[Bound ports

v [ Fit to window

probeSetld

value

esctiplain’
extiplain’

Y
probeSetld

execute

getSequenceRetum

extiplain’
extiplain’

‘WaorkfloweOutputs

' sequence .

N

Service description
S endpoirt location |
Service interface location |

GGF Summer School 24th July 2004, Italy

« Drag a workflow

entry into the
explorer pane
and the workflow
loads.

Drag a service/
workflow to the
scavenger
window for
Inclusion into the
workflow
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w0 MYGrid and Semantics

« Workflow and service discovery
— Prior to and during enactment
— Semantic registration

« Workflow assembly

— Semantic service typing of inputs and outputs
Provenance of workflows and other entities
Experimental metadata glue

Use of RDF, RDFS, DAML+OIL/OWL

— Instance store, ontology server, reasoner
— Materialised vs at point of delivery reasoning.

myGrid Information Model

GGF Summer School 24th July 2004, Italy
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! !””E!EIHE” Service
Providers

Interface
Description

Vocabulary

&

Annotation
providers

Annotation/
description

Registry

Registry
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Vocabulary

| Haystack
Anno’fatlon -------- » Provenance
providers Browser
Annotation/ Scientists
description
— T
\ /

3
=0
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Providers

Vocabulary

Registry

Registry
Registry
Workflow
Execution : :
invoking

P
Store data &
GGF Summer School 24th July 2004, Italy metadata mIR
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J Layered Semantics

 Domain Semantics layered on top of domain neutral but
scientific data model

* Reducing the activation energy, lowering barriers of
entry.

Ontologies Domain Semantics Data Metadata
IMv2 _ — | Workflow metadata
Format Experiment Semantics| g, .- Metadata
XSD types Provenance metadata
MIME types Syntax
Workflow
OGSA-DQP

GGF Summer School 24th July 2004, Italy
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Model of services

GGF Summer School 24th July 2004, Italy

Operation Service
Parameter
nanlze, description | Masinput_ name
tas . . .
ethod hasoutput | NAME; c_Iescrlptlon description
semantic type author
nestobines format organisation
application transport type
collection type
1 1 collection format -
subclass
subclass
| |
WSDL based |, WSDL based
operation Web service
| | | |
workflow bioMoby service| |Soaplab service| |Local Java code
|
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N

Current work: Joint development on an Open Biological Ontologies £8B D
BioService Ontology. http://obo.sourceforge.net/ - .J

4.0 5ervice Ontology Suite
parameters: input, output, precondition, effect
performs_task

Upper level uses-resource
ontology is_function_of Inspired by DAML-S
Task Informatics Molecular Publishing | | Organisation
ontology ontology biology qntology ontology ontology
Web service |  Bioinformatics
ontology ontology
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v Workflow metadata

Three stages in lifecycle: 3 \yorkflow harmonization

1. Workflow creation  Reconciling parameters
Service discovery « Format transformations
2. Workflow resolution « Invocation and
. Caviica calaation harmaonization

Stage of DBJ BLAST Soaplab BLAST
invocation  'service | service
Creating a job n/a createEmptyJob()
Configuring the set database(database,
service job)
Setting input simpleSearch set_query_sequence(qu
data (program, ery, job)
Running the job | database, query) |run(job)
Getting output getSomeResults(job) B
data

= W e Bl e



Q"

Task

Classes of services
Domain “semantic”
“‘Unexecutable”
“Potentials”

|

Sequence

search

|

Tiered specifications

Service class

similarity | —)

BLAST
service

| =

|

Instances of services
Business “operational”

“Executable”

GGF Summer Scht “Actuals”

Specific services

SOAPLAB service

createJob()

run()

getResults()

or

IBM Life Sciences service

setProgram()

setDatabase()

setE_value()

blastQuery()

'
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200 Stratified metadata
« Service Type and Class (OWL)

Extract of service classification Example OWL description on which

classification is based
O simnilarity search service
F Y

BLAST protein data service
_ Class(BLASTpSewice complete WebService
BLASTP service - restriction{input somevaluesF rom(P rotein)
_ restriction{usesResource somevaluesFromiprotein sequence database))
—[:j InterProscan service restriction{isFunctionOf somevaluesFrom{BLAST)

« Service Instance (RDF)

<profile:qualityRating>
<profile:QualityRating rdf:1D="NCBI-BLASTn-Rating">
<profile:ratingName>Recommendation</profile:ratingName=>
=profile:rating rdf:resource="http://www.mygrid.org.uk/quality_concepts.daml#recommended”/=
</profile:QualityRating >

</profile:qualityRating>

GGF Summer School 24th July 2004, Italy
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N :
. Seven types of service

metadata

Conceptual

Configuration

Provenance

Operational

Invocation model

Interface

Data format

GGF Summer School 24th July 2004, Italy
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.~ Service and Workflow
registration

Description
scheme

« RDFS &
DAML+OIL / OWL
T~ ontologies of
o = services & biology

Sy L « Based on DAML-S

e.g. XML data types |
Descriptions i Syntactic

Inputs, I descriptions [N RDF

Ta ottt * Reasoning over
Component ¢ “5””5””5““& . .
owt[-oneodel OWL descriptions

* Query over RDF
| Dcefsctn;z)tlggs ; o Aim to have
e OWLIRDF semantic discovery

Workflow registration allows peer
review and publication of e-Science
methods.

entry

o A over public view on

Authors, ﬁﬁ
D ] the web.
- swrsunmer School 24th July 2004, ltaly Coconr
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Reflections

Human @”
oo

UDDI style advertisements

Machine

|

Weak semantic descriptions

Rewriting views

X
* Multiple
descriptions, .
multiple e
interfaces -
— Users needs -

— Marhina naade

Elaborate
Semantic descriptions

Simplification views

Syntactic descriptions
Interface descriptions

Invocation descriptions

Semantic mining

 The dimensions of Service Class

substitution

— Biologists choose experimentally meaningful services
and do not want “semantically similar” substitutions;
only substituting one instance for another

— Experimentally neutral “glue” services that can be
substituted are comparativelv few



" 'Reuse and Repurposing

» Describing for reuse is challenging

— Reuse depends on semantic descriptions and
these are costly to produce

— Describing for someone else’s benefit
— Reuse by multiple stakeholders

 Licensing workflows for reuse.
* Authorisation models
* But reuse does happen!

 Metadata pays off but it needs a network
effect and there is a cost.

GGF Summer School 24th July 2004, Italy
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0 S0 far, Using Concepts

« Controlled vocabulary for advertisements
for workflows and services

* Indexes into registries and mIR
— Semantic discovery of services and workflows
— Semantic discovery of repository entries

* Type management for composition

— Semantic workflow construction: guidance
and validation

* Navigation paths between data and
knowledge holdings

— Semantic “glue” between repository entries
— Semantic annotation and linking of workflow

i o1 (0111 o - lor M (o] o
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s
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s S Provenance

Experiments being performed
repeatedly, at different site,

different time, by different users
or groups;
.
L& <= .
T - A large repository of
— records about
| experiments!!
== sverification of data;
== - * “recipes” for
R experiment designs;
Scientists == - explanation for the
— == impact of changes;
* ownership;
N _ * performance of
GGF Summer School 24th July 20441 §ifiCO experiments: services, r
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dataAnother

—— Process provenance
-~ Data provenance

data2

Provenance Web

¢ Organisation provenance

— " Knowledge provenance

(Genomic

Project

_datad

rm
-
2
2
s
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270 Representing lINKS

= ==

urn:lsid:taverna.sf.net:datathing:45fg6  urn:lsid:taverna.sf.net:datathing:23ty3

* |dentify each resource

— Life science identifier: URI with associated
data and metadata retrieval protocols.

— Understanding that underlying data will not

GGF Sumcr;nbrécrh]cg §4th July 2004, Italy
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"~ Representing links i

http://www.mygrid.org.uk/ontology#derived_from

urn:Isid:taverna.sf.net:datathing:45fg6  urn:lsid:taverna.sf.net.datathing:23ty3
* |dentify link type
— Again use URI

— Allows us to use RDF infrastructure
* Repositories

* Ontologies
GGF Summer School 24th July 2004, Italy
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Provenance Pyramid

A
=3
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2

Organisfpn level provenance Process level provenance
. ” runBy Service
Project e.g. BLAST @ NCBI
—[ Experiment design ] 4[ Process }
partOf —[ Workflow design J componentProcess
e.g. web service invocation Event
] of BLAST @ NCBI
instanceOf
componentEvent
e.g. completion of a

web service invocation
Workflow run at 12.04pm

Data/ knowledge level provenance
knowledge statements
run for e.g. similar protein sequence to

User can add templates to each Data item
workflow process to determine
links between data items.

‘ Organisation \ Data item ] [ Data item
ol 24th July 2004, Italy — 4™ !} ir*

data derivation e.g. output data derived from input data ¥ %




J Provenance fracking

..masked_sequence_of

_ . < project %
.. hucleotide_sequence
i 1IgbIACODS089.3 Homo . ..part of ﬁ qanlsatlon
S e . Automated
urn:lsid:taverna:datathing:13 > - -
Cpommnsasanes generation of this

CACCTGGACTGT%GCG V b f I . k
\ @ webD OT IINKS
..similar_sequences_to

\ Kdmype « Workflow enactor |
generates

..created_by _ L SIDS
e — Data derivation links
_ \ _

Relationship BLAST report has with oﬁﬁ@&é’ﬂ?%%ﬂﬂiﬁ%n related
other items in the repository to | qb?«é'b@ggt”nks

GGF Summer School 24th July 2004, ltaly rFmerm
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Il Haystack - predicted_genes_out.txt -

File Edit

Mawvigate Search  Project

Haystack Run  Window Help

Haystack (IBM/MIT)

GenBank

|5 -2

G le e a0 mm| -

¢|]% @~ =

2

o]

£ Extracted resources

| metadataf, ad

| 4] schema,ad

[ e |

| = metadataf,ad

& urnitlsid:nchi nlm. nibgow.dsidai,.. X l 2 schema.

record

/——

_ - N EE

[Uﬁl urn:lsid:nchi.nin
Commands urn:lsid:ncbi.nlm.nih.gov.lIsid.i3c.org:genbank:al133523:5

File away

Rename » Eukaryota; Metazoa; Chordata; =]

Wiew in QMo B Pubmed E Sequence Summary J

Mare specified; click here to add . s
Marme; Maone specified; dick here to add x
Relevant contexts
A5 sggastinte El External Reference Eenbank CH01DVE
- oL
IF you are not seeing the tagor 6o
infarmation wou need, try Length: 173039
checking one or more of the
abave bores, Strandedness not-set
Available views :
= T

Debug view Tapology: nesr
Explare relationships = Diivision: PRI
Show all information
wiah Brousicor X Date Last 21-0CT-2001 -
2 Messaging and news ... | 2 Life Science Tdentifisr. .. | 2 urnelsid:ncki nlm, b, ﬁl 2 My documerts, Fles a... 2 urn:blastresulksimplifi. ..

= z
| % Favorites

-
| predicted_gene
Commands

File away

Renarme [

Relevant contexts

Mo suggestions

IF you are not sesing the
inforrnation you need, try
checking one or more of the
above bores,

Available views

Debug view

Explore relationships
Shaw all information
Wieh browser

i Click on the links in the boxes below to navigate the graph.

T Ty

CrES

| " | changed_gap. |

‘ | wrnigenbanke |

by derive

|_framderivéd. From

" | urn:blasteame ‘

| | previous_gap. ‘

‘ | simplified_gap |

|

derived_frarmderiv

“From created by

" | complete_gap ‘

" | urn:blastresul |

cre%wmﬂ%ence

provenance

Portion of the

() Bininformatics arrows

() Show arrows based on the
ankology

2 Show arrows based on the
schema

Oy Untitled Collection

® mygrid

Web of

-

=10i x|

& Tasks x

ﬁ sequences to review

gap_border_gene_1_est_blast_res.
gap_border_gene_1_nr_blast_resul
_/ experiment notes

P Mavigate to anitem of interest, then click
here to add predicted_genes_out.txt
to sequences to review

} Open sequences to review in a new
window

» I'm Mone working with sequences to

avorites
simplified_gap_border_blast_results

to anitem of interest, then click
dd predicted_genes_out.txt
tes

rites in a new window

orking with Favorites

Managing
collection of
sequences for
review
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= scherma.ad

' 1] sehema, ad

A& Urnelsd meD e, i, Qo 1510, &30, ok igenbanks acUUHU AL L XK

F Y
[Uﬁl urn:lsid:nchi.nin
T urn:lsid:ncbi.nlm.nih.gov.lsid.i3¢c.org:genbank:ac009070:12

File: awwary

Rename L =

Wiew in QMal = Pubmed E Sequence Summary —

Mone specified; click here to add Edit =
2 ! Mame: Mane specified; dick here o add x
Relevant contexts
Mo suggestions 2 urn:Isid: ncbi.nlm.nih.gov.lsid.i3c.org: pred... urn:lsidinchi.r ACO03070
v n e e P ~ Fazoon: 9606 Edit = ©
X
il = Y \l / = Choose an art. .,
. 1/ Ertracted - N .
‘7 EETITE bssabehii J (a5 scufl J Retrieve J novel_sequen i
oup document Service BioinFarmiatic:
Commands R number 1 CliEie
®
Add existing itams \ Erl:lvlinance
. rap
Add new ikem » Instanice & ) show
Clear callzction/lisk E"VE"*;S
- - N ased on

Create checkbox J Williams Scufl J Williams Scuf] J discovery_ser the: onitalogy

aspect Parks . Parkd . {:} Sth

Fille away Irvacationl Irvacationd arroms

R b based on

Fname the schema
Relevant contexts receacher ownad by /
Mo suggestions — J previous_gap. a_!'.'-.-'ailal:ule atrows
IF you are not seeing the I‘_Elr' Provenance
infotrnation you need, thy owned by Graph
checking one ar rare of the
abowe boges,

i i 71 Designs
Available views J——
Browse view “ Hannah — Services

11 mare it,..
Calendar v|4] | M
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N Reflections

 Visualisation of results usually domain
specific

* Provenance browsing and querying needs
to fit with that visualisation

* Generic graphical presentation limited to
small, low complexity result sets

* Layered provenance for different purposes
and different stakeholders

— Detailed process for debugging and usage
statistics for QoS

— Data and Knowledge for the Scientist
GGF Summer School 24th July 2004, Italy

 Migration with data objects
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HTML _
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to provenance
study or data in
this workflow
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« Qutside objects
— RDF store

« Within objects
— LSID metadata.

GGF Summer School 24th July 2004, Italy

v Provenance metadata

URI

»LSID

e

e

LSID

URI

LSID metadata

r
I
N
)
e



B¢ Moxzilla

—1ofx

Fle Edit Vew Go Bookmarks Tools Window Help

Back T Forward T Reload étnu

L& http:flocalhost/provenancef AffyId ToEmblwithsnpsf Ay Td ToEmblwithSnps.xml J éSear(h| i -
Fir

“7h Home ‘ wBookmarks ¢ The Mozila Organization ##Latest Bulds ¢ COHSE demo page 4205 Control ¢ Ontology Service 2 provenance

The subsumed

4 #httniflocah, . withSnps.xml |‘[Dhse annatations running. . | # Select Databanks to Search | ¢ Explanatory MNotes for the .. I x
+ COHSE DLS B ST VIGE Ty grrenTT YIRApPET Twaar
e 3 o o g concepts
? Operation getAccessionhumber
Status COMPLETE
+ Link Status Start Time 2003.06.27 09:12:32:430
Added 2 (from 2) generic links
& Added 1 (from 1) annatation i End Time 2003.06.27 09:12:34:373
) Mo links were suppressed [
‘ersion 1.0 Build 115 INFUT DATA SET L 1 k h I
Name Type I n O e Og
4 probeSetid string .
CUTPUT DATA SET lymphocyte X t t d th
annotated wi

A type of white blood cell. Lymphocytes have a number of roles in
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. RDF in a nutshell Lﬁa

Resource Description Framework

W3C candidate recommendation
(http://www.w3.org/RDF)

Graphical formalism ( + XML syntax +
semantics)

— for representing metadata

— for describing the semantics of information in a
machine- accessible way

RDFS extends RDF with “schema vocabulary”,
e_-g(.)iass, Pr-nerty hasColleague

— type, su.'®" 4ssOf, subPropertyOi !

— range, domain

Statements are <subject, predicate, object>
triples: —r oL
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. W3C Web Ontology =&
language OWL C?%

 The Ontology Language de
jour

» Continuum of expressivity
— Concepts, roles, individuals, . | == .. ===
axioms -
— From simple frames to ] =
description logics .
— Sound and complete formal
semantics
e Supports reasoning to infer
classification

— Based on the SHIQ description

lnAie

http://www.w3.0rg/TR/2004/REC-owl-features-20040210/

e L-.AO\ITI1 ) LU TALTIIU Allu TVUIVT
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% A'pioneer of the...
The Semantic Grid is an B
extension of the current N

Grid in which information -
and services are given |c
well-defined and explicitly

represented meaning,

better enabling computers Semantics in and on the
and people Grid

to work in cooperation

L

GGF Summer School 24th July 2004, Italy
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o The semantics of
knowledge

« Semantic Grids

HlP — Grids and Grid middleware that makes
gty use of semantics for its installation,
deployment, running etc.

— l.e. Semantics IN the Grid FOR the
Grid.

®- | Knowledge Grids

— A virtual knowledge base derived by
using the Grid resources, in the same
spirit as a data grid is a virtual data
resource and a compute grid a virtual
computer. Knowledge Grids include

e summer sehool 24 g3 PiPiCES for knowledge mining. EPSR(C
| A CArmAantine NNl tlhA P riA AriceinA frAarmA
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 Part 1

— Application context

 Part 2

— Architecture

— Information and
Workflows

— Semantics and
provenance

e Part 3
— Wrap up

GGF Summer School 24th July 2004, Italy
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-~ Key Characteristics

Data Intensive, Up stream analysis
Pipelines - experiments as workflows (chiefly)

Adhoc exploratory investigative workflows for
individuals from no particular a priori community

Openness — the services are not ours.
Low activation energy, incremental take-on

Foundations for sharing knowledge and sharing
experimental objects

Multiple stakeholders
Collection of components for assembly
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» Putting the user first

User-driven end to end scenarios essential
Whole solution that fits with them

Users vs Machines (vs Interesting computer science)

— Mismatch for information needs
« Scufl instead of BPEL/WSFL
 Layers of Provenance
« Service/workflow descriptions for PEOPLE not just machines
« Bury complexity, increasingly simplify
— Bioinformaticans HARDLY EVER want to have their
services automatically selected
« Except SHIMs, Replicas, User specified equivalences

Service providers and developers are users too!

GGF Summer School 24th July 2004, Italy
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s G Security

* Single sign-on to myGrid services

« Credentials mapping to external services (though most
are open and free)

* Policy-driven authorization

e Solutions?
— PERMIS, Shibboleth, WS-Security, XACML, SAML
— FAME/PERMIS, SAM

GGF Summer School 24th July 2004, Italy
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N Reuse

« Describing for reuse is challenging

— Reuse depends on semantic descriptions and these
are costly to produce

— Describing for someone else’s benefit
— Reuse by multiple stakeholders

 Licensing workflows for reuse.

* Authorisation models

« But reuse does happen!

« Other genomic disorders (e.g. sick cows)

« Metadata pays off but it needs a network effect
and there is a cost.

GGF Summer School 24th July 2004, Italy
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’ 5 Personalisation

* Dynamic creation of personal data sets.
* Personal views over repositories.

* Personalisation of workflows.

* Personal notification

* Annotation of datasets and workflows.

* Personalisation of service descriptions — what | think the
service does.

GGF Summer School 24th July 2004, Italy
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. 5 Standards

« By tapping into (defacto) standards (LSID, RDF,
WS-1) and communities we can leverage others
results and tools

— Haystack, Pedro, Jena, CHEF/Sakai.

« The Grid standards are confusing and volatile
— The choice of vanilla Web Services was good.

— We didn’t jump to OGSI. We won’t jump to WSRF
until its necessary.

* And workflow standards have been untimely.

GGF Summer School 24th July 2004, Italy
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. Where is the WSRF?

There isn’'t any — vanilla Web Services

GGF Summer School 24th July 2004, Italy
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v Computational processes

* Most service are quick pipes

* Long running services

— Gene expression clustering service in Hong Kong

 parking the data at a URL & notification through polling or
email (GridFTP, event notification, data staging!

— Integrative Biology e-Science pilot follow-on to include
simulation services

— High throughput BLAST with NCBI update profile
o Stateful interactions

GGF Summer School 24th July 2004, Italy
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N Observations

« Show stoppers for practical adoption are not technical
showstoppers

— Can | incorporate my favourite service?
— Can | manage the results?
« Service providers are a bottleneck
» For every user dedicate a technologist.
« Caution against technology push.
« Rapid prototyping, deployment, feedback crucial.

GGF Summer School 24th July 2004, Italy
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.~ Grid Computing
o trajectorv e

Virtual organisations
with dynamic access to
unlimited resources

/ For all

% . Sharing of apps and know-how
|'~| | / With controlled set of
L unknown clients

process and data, sharing
of common infrastructure
/ Between trusted partners

CPU intensive workload
Grid as a utility, data Grids,

robust infrastructure  Intra-company, intra community
/ e.g. Life Science Grid

CPU scavenging

P
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http://www.myqgrid.org.uk

Tutorial
http://twiki.mygrid.org.uk/twiki/bin/view/Mygrid/NeSCmyGridTutorial
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