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e Data Integration & Mediation (DI)

* Challenges with Scientific Data

* Knowledge-based Extensions &
Ontologies (DI+KR)

» Scientific Workflows (SWF+DI+KR)
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 Scientific Workflow Design - -
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An Online Shopper’s Information Integration Problem =

El Cheapo: “Where can | get the cheapest copy (including shipping cost) of
Wittgenstein’s Tractatus Logicus-Philosophicus within a week?”

addall.com 2

“One-World”

Mediator (virtual DB) Mediation

(vs. Datawarehouse)
NOTE: non-trivial
data engineering challenges!

SENOBLES
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A Home Buyer’s Information Integration Problem iy 1o

What houses for sale under $500k have at least 2 bathrooms, 2 bedrooms,
a nearby school ranking in the upper third, in a neighborhood
with below-average crime rate and diverse population?

=

?
Information “Multiple-Worlds”
Integration Mediation

GrimeeStats
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Biomedical'Informatic

A Neuroscientist’s Information Researth Network

Integration Problem SRt

What is the cerebellar distribution of rat proteins with more than
70% homology with human NCS-1? Any structure specificity?
How about other rodents?

. “Complex
Information Multiple-Worlds”
Inter-source links: Integration Mediation

« unclear for the non-scientists
« hard for the scientist

protein localization ~ sequence info morphometry  neurotransmission
(NCMIR) (CaPROT) (SYNAPSE) (SENSELAB)
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The Problem: Scientific Data Integration
or: ... from Questions to Queries ...

What is the distribution and U Pb zircon ages of A-tvpe plutons in 1’47
>

How about their 3-D geometry
How does it relate to host rock strucnires?

domain = X2

knowledge

Knm:iedsge Representation: ? ) “Com p Jex
ontologies, concept spaces Information Mul ﬁP le-Worlds”
‘!\) = Integration

Databdse mediation
Data modeling

/ \‘\’”m' tion

Dt I [si02 7222 ™
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L | K20 4.88 g w0 . \
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Geologic Map GeoChemical GeoPhysical  GeoChronologic  Foliation Map
(Virginia) (gravity contours)  (Concordia) (structure DB)

G E . J CYBERINFRASTRUCTURE FOR THE GEOSCIENCES www.geongrid.org 2 @ti




»  Kepler

Interoperability & Integration Challenges e

/- System aspects: “Grid” Middleware
¢ distributed data & computing, SOA
* resource discovery, authentication, authorization

Synthesis
* web services, WSDL/SOAP, WSRF, OGSA, ...
_ e (re-)sources = services, files, data sets, nodes

e Syntax & Structure:
Structure (XML-Based) Data Mediators
* wrapping, restructuring
Syntax e (XML) queries and views
e sources = (XML) databases
e Semantics:
Model-Based/Semantic Mediators

System Integ. |

> reconciling $° » conceptual models and declarative views
heterogeneities » Knowledge Representation: ontologies,

> “gluing” together description logics (RDF(S),OWL ...)
resources * sources = knowledge bases (DB+CMs+ICs)

> bridging information and e Synthesis: Scientific Workflow Design &
knowledge gaps Execution
computationally » Composition of declarative and procedural

components into larger workflows
* (re)sources = services, processes, actors, ...
Bertram Ludascher, UC DAVIS

Information Integration Challenges:  Swucrre |
S* Heterogeneities | sy

L Sy,
e System aspects
— platforms, devices, data & service distribution, APIs, protocols, ...
= Grid middleware technologies
+ e.g. single sign-on, platform independence, transparent use of remote
resources, ...
e Syntax & Structure
— heterogeneous data formats (one for each tool ...)
— heterogeneous data models (RDBs, ORDBs, OODBs, XMLDBs, flat files, ...)
— heterogeneous schemas (one for each DB ...)
= Database mediation technologies
+ XML-based data exchange, integrated views, transparent query rewriting, ...

e Semantics
— descriptive metadata, different terminologies, “hidden” semantics (context),
implicit assumptions, ...
= Knowledge representation & semantic mediation technologies
+ “smart” data discovery & integration
+ e.g. ask about X (‘mafic’); find data about Y (‘diorite’); be happy anyways!

Bertram Ludascher, UC DAVIS




Information Integration Challenges:
S° Heterogeneities

- : -
Synthesis
.I
Structure
Syntax

System Integ.
* Synthesis of applications, analysis tools, data & query
components, ... into “scientific workflows”

— How to put together components to solve a scientist’'s problem?
=> Scientific Problem Solving Environments (PSEs)

=> Portals, Workbench (“scientist’s view”)

+ ontology-enhanced data registration, discovery, manipulation

+ creation and registration of new data products from existing ones,

=> Scientific Workflow System (“engineer’s view”)
+ for designing, re-engineering, deploying analysis pipelines and
scientific workflows; a tool to make new tools ...

+ e.g., creation of new datasets from existing ones, dataset
registration, ...

Bertram Ludéscher, UC DAVIS

. ) Synthesis
Information Integration from a oo dmantics |

Database Perspective 2. Prrreeee

* Information Integration Problem R

— Given: data sources S, ..., S, (databases, web sites, ...) and user
questions Q,..., Q, that can —in principle— be answered using the
information in the S,

— Find: the answers to Qq, ..., Q,

* The Database Perspective: source = “database”
= S, has a schema (relational, XML, OO, ...)
= §; can be queried

= define virtual (or materialized) integrated (or global) view G over
local sources S, ,..., S, using database query languages (SQL,
XQuery,...)

= questions become queries Q; against G(S;,..., S;)

Bertram Ludascher, UC DAVIS




Synthesis

Standard (XML-Based) Mediator Architecture . [Semanies |
= | Structure [
=sfryre

USER/Client S|
1.Query Q (G (5, SY)) 6. {answers(Q)}
Integrated Global
(XML) View G

Integrated View
Definition MEDIATOR
G(.) sl(..)...sk(..)J

3. QRiesy procesigy

web services as
wrapper APIs

Bertram Ludéscher, UC DAVIS

Query Planning in Data Integration 4%
* | Structure J
* Given: —
— Declarative user query Q: answer(...) :— ...G ...
- ... &{G:==...L...} global-as-view (GAV)
- ... &{L=...G...} local-as-view (LAV)
— ... &{ic(...) ==... L ... G... } integrity constraints (ICs)
e Find:
— equivalent (or minimal containing, maximal contained)
query plan Q’: answer(...):— ... L ...
=> query rewriting
* Results:
— A variety of results/algorithms; depending on classes of
queries, views, and ICs: P, NP, ... , undecidable

— still a hot research area in the database community

Bertram Ludascher, UC DAVIS




Data Integration: Limited Access Patterns+Views+ICs 9

We study the problem of rewriting a query @ in terms of a given set of views
V with limited access patterns P, under
precisely, we are interested in determining whether there exists a query plan
', expressed in terms of the views V oonly, that is exeeutable (Le., observes )
and equivalent to @ for all databases satistying L. We say that @ is feasible if
such @ exists. For infeasible @ we seek the minimal containing and maximal
contained executable queries, which provide the “best possible” executable query
plans for approximating the answer to € [rom above and below,

a set X of integrity constraints. More

Rewriting Queries Using Views with Access|
Patterns Under Integrity Constraints*

Alin Deutsch?, Bertram Ludischer?, and Alan Nash®

University of California, San Diego
deutsch@cs.ucsd.edu, ludaeschilisdsc. edu, anash@math.ucsd. edu

ICs X s
Abstract. Wi -
presence of access patterns, integrity constraints, disjunction, and ney
tion. We provide asymptotically optimal algorithms for finding minimal
containing and maximal contained rewritings and for deciding whether
writing exists. We show that rewriting q

an exact T

using views £
th access patlerns and :: i "'I‘I‘ : I';“I:"’.“'
thout views and also (b) to rewriting queries using views : A E ; S

ints without access patterns. We show how to solve (a) di- Chase result Q \:-'

rectly and how to reduee (b) to rewriting queries under eonstraints only I

in this case reduces (a) to rewriting queries wi
constraints
under constr

.t} — Hat), Ala

A
1

(semantic optimization). These reductions provide two separate routes

to a unified solution for all three problems, based on an extension of the
relational chase theory to queries and constraints with (Li.\guA
negation. We also handle equality and arithmetic comparisor”

nswerabie part ans(Q Z)

Scientific Data Integration using
Semantic Extensions

Bertram Lud&scher, UC DAVIS




The Problem: Scientific Data Integration
or. ... from Questions to Queries ...

‘ What is the distribution and U Pb zircon ages of A-tvpe plutons in 1’47

»

How about their 3-D geometry
How does it relate to host rock structires?

domain
knowledge

G I :'.N CYBERINFRASTRUCTURE FOR THE GEOSCIENCES

Kum:iedsge Representation: ? ) “Com p lex
onto grei! caer‘-T; spaces Information Mul ﬁp le-Worlds”
Databise mediation Integ ration Mediation

Data modeling

» data
T 7

Si02 72.22
Ca0 062

K20 4.88
Ga 21.1
Sr 72.6

G eolaau \Iap GeoChemical GeoPhysical — GeoChronologic  Foliation Map
(Virginia) (gravity contours)  (Concordia) (structure DB)
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GE®N | Example: Geologic Map Integration |=*%<

* Given:
— Geologic maps from different state geological
surveys (shapefiles w/ different data schemas)
— Different ontologies:
* Geologic age ontology (e.g. USGS)

* Rock classification ontologies:

— Multiple hierarchies (chemical, fabric, texture, genesis) from
Geological Survey of Canada (GSC)

— Single hierarchy from British Geological Survey (BGS)
* Problem:
— Support uniform queries across all maps
. using different ontologies

— Support registration w/ ontology A, querying w/
ontology B

Bertram Ludascher, UC DAVIS




Schema Integration

Synthesis
-

(“registering” local schemas to the global schema) [ | Structure [
oo Syntax H
SOUI'CZS ABBREV __ System Integ.
Formation
Arizona PERIOD Age Formation FORMATION
Age
— —— NAME Formation
Composition
Fabric
LITHOLOGY
TYPE Formation e
Utah |
PERIOD Age
Integration
N qa | FMATN Formation SChema
evadaa
TIME_UNIT | Age
. NAME Formation N .
WyOm ing Formation Livingston formation
PERIOD Age FORMATION
Age
NAME Formation Composition
New Mexico| -
PERIOD Age Fabric LITHOLOGY
Tesdine andesitic sandstone
M £l FORMATION,] Formation
ontana E.
PERIOD ] Age Sources

Bertram Ludéscher, UC DAVIS

Multihierarchical Rock Classification “Ontology

”

Sk'mhesis
-

(Taxonomies) for “Thematic Queries” (GSC) uls
Structure
Syntax
| — Genel:s,ri:classlhcano':mmm g%}isuw tem Integ.
Genesis o aeseann

Pamgnatia

-
||
Planar }— nena]
Gkl e

P s

et
ot
KT

o

Fabric

xR e
ot pas e

e B

Harntténds anhognatss

|y [

Virgirite

pr
rock classification for usa with thamatic:
omputor-based quary sy stems
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?HJ Eg QQ Em_
P

Compqg

]
i
El

Tepniita:
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H
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&
H
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Texture

Cenetic classification
Metomorphis

Hacictarun chart

e
Pl

e
Dbt

Fedspar gy yoltn
s e e
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Ontology-Enabled Application Example:
Geologic Map Integration

domain
knowledge

Rotlivgendes =
Kinguian
Arrinskian
Sakmarian
Asselian
penod Carboniferos
sub-peniod. Punnsylvanian

Si’mhesis
[]
-
.
N
= Structure
-
E
5 Syntax
v ea SRR,
GeologicAge:
Any =
Ay =
-Cenozoic
—Quaternany
—Terian
-tMesazoic
Cretaceous

—Triassic
-Paleozaic

+/- a few hundred
million years

Bertram Ludéscher, UC DAVIS

Querying by Geologic Age ...

A Interactive Geoloic Map - Micrasolt Internet Explorer
Ele Edt Miew Favorites Tools  Help

ik - o (D [2) 4} | @search GilFavorkes ‘@FMeds (F |- S =1 =] B &, KA
Address [&) o1, sdsc o

aesst-rety] o | Google x |k | -

Interactive Geologic Map

GeologicAge:

Any E
Any =
Cenozoic

—Quatemary

—Tertiany

-Mesuzuic
Cretaceous

-Falenzoic
—Pemian
—Carboniferous =

Ay -

Texture:

[Zoomin © Zoomout © Pan & |[ Browse & 1ns © || Reser

&l T

Si'mhesis
[]
-
.
- N
H Structure
-
. Syntax [
=101.x] .
|- ¥ §3'Slem Integ, ;
[=|
|
£
Bertram Lud&scher, UC DAVIS
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. .
.
Querying by Geologic Age: Results
. =101 x|
Blo Edt view Favortos Jools Hop &
GBack v =+ @[] @ | Diseach GilFavortes mede (|G- b= B @ 6 W
Agkress [] htoitjoeondl. sdsc. ecuBBBRIcarbnymapserviman_web_ =] oo | Google - ks |3 -
Interactive Geologic Map
GeologicAge:
Jurassic -
Generic:
1 -,"Q B -
3
Conasition:
S
rﬁg;'f‘ o Ay =
W
L i Fabrie:
X % Aay -
& ||
: i any -
Az
g Query
MR
[Zoomin © Zoom Out € Pan & |[ Browse & Infa || Reset
- |
& Done [T [ iokerret 7
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Svnthesis

Structure

Syntax [

vstem Integ.
_.§,_.._.§.:

Semantic Mediation (via “semantic registration” of

schemas and ontology articulations)

¢ Schema elements and/or data values are associated with
concept expressions from the target ontology

=> conceptual queries “through” the ontology
e Articulation ontology

=>» source registration to A, querying through B
¢ Semantic mediation: query rewriting w/ ontologies

semantic [ N\
—— > registration
Databasel | —————>{ Ontology A \
. J
ontology
articulations

S
—
Database?2 Semantic

registration

Synthesis

o SUUETS 6
Syntax

System Integ.

Concept-based

("'semantic”)

P ~ / queries
Ontology B

Bertram Ludascher, UC DAVIS
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| Si’mhesis

Different views on State Geological Maps | (B
Syntax
Geulogicige: . SystemInteg. |

By S Geologic Age:

Genecie: L |

eumE )
v, & o rem
0 i o [y -

‘Oﬁlupmmm: %

MotsmarphicFBcksAndMotasediments
-Metasedimen®hdMetasedimentaryRock
mummmm@nm

—Plile

| —Metasandstoft

—Ouartzite
ﬂmmnmhlcl;ﬁckswhunknmmhlm

PRLLLLLYN

OnTesture

Cneiss &
Y
. ¥

Deposit

—QuartzDinrite
Basalt
—Amphibolite
Intermediote

Bertram Ludéscher, UC DAVIS

Si'mhesis

o StGHTS A
Syntax

System Integ.

Sedimentary Rocks: BGS Ontology

GeologicAge:

Ay e S e Ty,

A Te
.ouum:mimn: .
" [SedimentAniSedimeayRoc »

. ¢

. 2
Yenpe o gst

Bertram Lud&scher, UC DAVIS




Sedimentary Rocks: GSC Ontology

Svnthesis

Strugture |

“|IIII....
~

R

Syntax

System Integ.

Bertram Ludéscher, UC DAVIS

Implementation in OWL: Not only “for the machine” ... |2.°

] @ G pen et @ @ (35
i ey et i

S Greeave - Gmetme @ @S @) - 2

Class Intrusive

B

Qe - © - 43

ot el

@ Seachweb ~ @ Searchske G0 €D - B0 iSibkded B - #

Direct Known Supelasses:
Sedimentary

Duect Known Subclasses:
saerial, Subaquecus

Name Space: hisp 7

Class MechanicalDepo:

songrid org: i is.owd

Mechanical deposition sedunentary rocks are made up
of pieces of pre-emsting rocks. Pieces of tock are loosened
by weathening, then transported to some basm or depression
where sediment is trapped. If the sediment is buried deeply, it
‘becomes comparted and cemented, forming sedimentary
rack These sedimentary rockcs may have particles ranging in
sire from micrascopic clay to uge boulders Their names are
‘based on their clast or grain size. The smallest grains are
called clay, then sit, then sand. Grains larger that 2
millimetes are called pebbles. Shale is a rock made mosty
of clay, sitstone is made up of sit-sized grains, sandstone is
made of sand-sized clasts, and conglomerate is made of
pebbles surrounded by a matrix of sand or mud

© US Geologioal Survey

=

Bertram Lud&scher, UC DAVIS
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Source Data Contextualization |

through Ontology Refinement

Neuron Mchuron‘
In addition to registering oo\ b ™
("hanging off") data relative to o ALEMs
.7 [
existing concepts, a source Sty Nent
may a/so f'eﬂ”e fhe med/afOFS Neostriatum Soma Axon Dendrite MyDendrite
domain map... \o ) / -
Me.m.mjpiny,ueumrf:' Neurotransmitter AND
/e Son \“;\u,:h‘ % e
OR GABA Substance_I" Dopamine_R
,,”/Fl;l l,nmj\"-\ proj T _proj
- ~a e
Globus_Pallidus_Internal Substantia_nigra_pe  Substantia_nigra_pr Globus_Pallidus_Extemnal

MyDendrite = Dendrite 1 dexp.DopamineR

MyNeuron C Medium_Spiny Neuron
I'l dproj.Globuspallidus_external
M Yhas.MyDendrite

= sources can register new
concepts at the mediator ...

O

Biomedical
Informatics
Research Network

&
b’

o

Bertram Ludascher, UC DAVIS

»  Kepler

s

Scientific Workflows

Bertram Ludéscher, UC DAVIS
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Motivation: = Synthesis

Scientific Workflows, Pre-Cyberinfrastructure Stz |
« Dat4 Federation & Grid “Plumbing”: o |

+— access, move, replicate, query ... data (Data-Grid)
N * authenticaje ... SRB Sget/Sput ... OPeNDAP, ... Antelope/ORBs
Y — schedule, laungh, monitor jobs (Compute-Grid)
¢ Globus, Cofidor, Nimrod, APST, ...
Data Integration
» — Conceptual que{%in%& integration, structure & semantics, e.g. mediation w/
H SQL, XQuery +XOWL (Semantics-enabled Mediator)
«: Data Analysis, Mining, Knowledge Discovery:

.

. — manual/textbgbk (e.g. ternary diagrams), Excel, R, simulations, ...

J 'Vjsualization;.'
—.3-D (volgmte), 4-D (spatio-temporal), n-D (conceptual views) ...

“anusn®

=> one-of-a-kind custom apps., detached (island) solutions
= workflows are hard to reproduce, maintain
=> nollittle workflow design, automation, reuse, documentation

=> need for an integrated scientific workflow environment

Bertram Ludascher, UC DAVIS

’
’

What is a Scientific Workflow (SWF)?

%

* Model the way scientists work with their data and tools
— Mentally coordinate data export, import, analysis via software systems
- Scientific workflows emphasize data flow (# business workflows)

< Metadata (incl. provenance info, semantic types etc.) is crucial for
automated data ingestion, data analysis, ...

e Goals: 3 _‘_7
— SWF automation, R oston

- SWR& &2-8

component reuse,

. ises Data i Data Analysis/
- SWF de5|gn & g5 _’ -' Visuaiize |l

documentation e
— making g

scienti_sts’ data U_._.

analysis and —

management e

easier!

Heterogeneous
Data Ingestion

Data Integration
and Analysis

Visualization

Bertram Ludéscher, UC DAVIS
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~  Kepler

Some Scientific Workflow Features '

s

* Typical requirements/characteristics:

data-intensive and/or compute-intensive

plumbing-intensive

dataflow-oriented

distribution (data, processing)

user-interaction “in the middle”, ...

... vs. (C-z; bg; fg)-ing (“detach” and reconnect)

advanced programming constructs (map(f), zip, takewhile, ...)
logging, provenance, “registering back” (intermediate) products

. easy to recognize a SWF when you see one!

Bertram Ludéscher, UC DAVIS

Promoter Identification Workflow (Napkin Drawing) i

Step 1 Step 2 Step 3

Step 8

NCBI

BLAST
search

new candidate target genes

MicroArray Analysis

microarray GenBank

data

Gene 1D

sequence
retrieval

genomic

sequence
Step 6

Consensus promoter data —I T

Step 5

8 e —M - = Transeription
S -(Im— factor binding search

‘ Promoter Model generator Promoter Identification

Source: Matt Coleman (LLNL) |

Bertram Ludascher, UC DAVIS
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Promoter Identification Workflow in Kepler

~  Kepler

8
5

i

& file:/C: kepler_current/kepler/workilows/spa/PIW/PIW xml

Ee Vew Ed Goaph Detag e

Ga@adpPIOrmEr e

/ Bl et Sarvis

Actora | pate 1 PN Dircsior
Promater isentifcation
Gk Sonven modals of transcription factor binding sitos to idon
co-regulated genes, starting from microamay dats
[so [ uese ] - " '
Flwn Fleoncest Right click and Configure to modity the gena Affcession
Numbers in quates sepamied by commas 1o fie imestigated
A Workfiw Comsronents m
# ] Directors.
¥ Actors GenesccessionumberList
) watremetica Operstions. B
& ) cerre
[ mp—
) Grd Furctins
Clvist Services
[

J-
/
aims at cansjructing n

{
&
i

=] To Cutiuts or
b caresion To comoke

1] 304 To AON Cormven
14 Espression To Toker

g blast

SecoancaToATIY  puyty Outbt

[ mage corverter

[ ADH To HIML Comny

D4 Elemerts To Arvay

Il Sequsnce To Array

[8] 1eken 1o Sing Conlx
>

(<]
0 resuts foured

Morga and Discard

Run Gl

Aumrs
hia ol Latoratory

o 5P projoct

Parse Clustal
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(invasion area) (a)

Source: NSF SEEK (Deana Pennington et. al, UNM) |

- - - - »  Kepler
Ecology: Invasive Species Prediction =" %=
. . =-.—
(Napkin Drawing)
Jestsample
Registered (d) ! l
Ecogrid presence & GARP t‘:‘-lp‘-’: E
Database absence points sample rule set predictio
(native range) (d) (@) n
EcoGrid (a) Sample Data Map map (f) Validation
Query Data Calculation Generation
Registered Model guality
Ecogrid Integrated paramgter (g)
Database layprs
(native rpnge) (c)
Environmental Invasion =
lavers (native area =
Map map (f) User
Registered Int!e-ara:;on Generation
Ecogrid 9 Selected
Database predictio
Integrated Jdyers
EcoGrid i ign‘area) (c) map$ (h)
L i
Registered layers (invasion E
Ecogrid area) (b) Layer Validation Archive  Generate
Database Integration To Ecogrid Metadata
Species presence
& points
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Ecological Niche Modeling in Kepler

11.18_04.xml

| flec/Colkepler_dev

flo Vow (R Gwh Dot b

scirs | Da
ik Search |
(oo ]Crmn]

lwa@eaDp NPk md e

ENWGARP Worklflow - 18 Nov 2004

a ing GARP from current curment environmantal conditions, ar

et [ concent.

| s s Compenares A

sot peo
the nex phase, below

DIGIR Table ks GARP Spucies List

species

GarpPrusamploLaars

osgtartin Fidan

Hydro DaSource{SRE)

ol Prog o#yco 1K Data

ChmanC:

BullerCommsHuil

Fusrams

rogime, The RuleSet s save

[

Garphgorit|

Ecological niche
modeling workflow to
assess implications of

global climate change

for western hemisphere
mammals

-

GamPradicton

w i Krianame

isgrotaSpasaibanz

EE]

This porticn of the

e

GamPresicionArsdCiimat

o s [ ] PEE T

o) usas the bavo from the

conditions to calculate predicted distributions based on an altered chmate rsgime. The *IntegrateSpatiaiData®
stop works ideniically 10 the ane above but simply works on a different set of input environmental data

1 - Oispiasmsmescion
|
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Ecological Niche Modeling in Kepler

[ i/ vepler_devikeplec/vorkflows/eco/THM_11_10_04. il

o Sev (R Gwh (ius b

Acters | pata

lwa@ampNOsRmmd-e

ENWGARP Workflow - 18 Nov 2004

a GARP from cusrent current envitenmental con|

sot pron
the next phase, bekow:

spocies.

E Ervrmanitae DatalPCC)

Hydro DatSourca{SRE)

il Prop ofHyeiro 1K Data

BullerConvasHul

Commantonamarkes
o Bt

w K laname

IntegeaaSpataiData2

m Envrnmenti sy CuiaPC:

This porticn of the

rogime, The Rule:

GarpPrasamploLaars

k|
]

»  Kepler
—ta
-

Access and pre-process
species occurrence data
(here, museum specimen data
from remote repositories)

GarpAgoritm

GampPredicton

gy

GarPredicionAlisredClimate

GaRP Om_riseame
SpsmalFannd

canditions to calculate predicted di

ine) uses the bave from tha

istributions based on an allored cimata regime

The "IntegrateSpatialData™

stop warks identcally 10 1he 0ne above bul sinply works an a different sot of input eavironmental data

d [ DisplayeresProdicson
-
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Ecological Niche Modeling in Kepler

~  Kepler
e
-.—

| flec/Colkepler_dev

11.18_04.xml

==

flo Vow (R Gwh Dot b

Ackers | pata

o seuren
(oo ]Crmn]

ENWGARP Worklflow - 18 Nov 2004

lwa@eaDp NPk md e

GARP from cusrent current environmel

et [ concent.

| s s Compenares A

sot peo
the nex phase, below

DIGIR Table ks GARP Spucies List

species

rogime. Th

GarpPrusamplol

Access and pre-process
environmental data, e.g.
temperature, elevation, ...
(remote data accessed via SRB)

T |

HpdeoM DosSoueiSHE)

1

1

1

1

1

1

! !
, e
e

! _

1

T

1

| Cimanc

BullerCommsHuil

: - e yeEreD |£ ipagark
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This porticn of the

Fusrams

GarpHgaritm

[ i

isgrotaSpasaibanz

GamPresicionArsdCiimat

m@mm 01 russane

1 - Oispiasmsmescion
|

conditions to calculate predicted distributions based on an altered chmate rsgime. The *IntegrateSpatiaiData®
stop works ideniically 10 the ane above but simply works on a different set of input environmental data

o) usas the

bave from the

Bertram Ludéscher, UC DAVIS

Ecological Niche Modeling in Kepler

»  Kepler
—ta
-

[ i/ vepler_devikeplec/vorkflows/eco/THM_11_10_04. il

o Sev (R Gwh (ius b

Acters | pata

ENWGARP Workflow - 18 Nov 2004

lwa@ampNOsRmmd-e

E@E]
|

GARP from cusrent current environmel

sot pron
the next phase, bekw:

DiGIR Table ko GARP Spacies List

spocies.

rogime, Th

GarpPrusamplel |

Sub-workflows for various data
integration tasks, rescaling,
regridding, environmental values,

Hydro DatSourca{SRE)

il Prop ofHyeiro 1K Data

s K aname.

m Envrnmenti sy CuiaPC:

This porticn of the

conditions to calculate predicted distributions based on an altered cima(d
step works identically 10 the one above but simply works on a different s

ine) uses the

! of o st Sy, v wach
omrmce el 0 grar, e B scai P

anc e 1 sandrcied scaim e e 8 O
aertrg o mvie s Curput e Sonae ol e
oL P
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Ecological Niche Modeling in Kepler = o

Kepler

\l fike:/C:/kepler_devikepler/workflows/eco/ENM 11 18_04.xml

[fe Sew G Guh bn teb

Ackers | pata

ek Search

wa@edpbNSrRErE e

Analysis (GARP components)
re fomcmen cren sy, AN display/Zvisualization of

ENWGARP Workflow - 18 Nov 2004

2
i

= 2 Voristies

Lo

' e N
el ™
B ard i, r- === results
DiGIR Table o GARP Species List ! GarpPresamplolayers
gt
Ea,ﬂ R P [
Bufler ComesHull Coporen
Lot E}G Bufeedihn Figname P pisierienaneo
sgratsSpiaoan
ommcadcanbe gase il puengms ¢ Displayerocson

Pt

oM DatSouCe(SRE)
ol Prog o#yco 1K Data

o Keianama

1
nsgrawspasaivanz |

‘Emt o :m.m

GamPresicionArsdCiimat
DisplayeruaPaccson

This porticn of the werkllaw (below tha ine) uses the bor
conditions to calculate pradicied distributions based on an altered climat regime.
stop works identically to the one above but simply worl

Bertram Ludéscher, UC DAVIS

Ecological Niche Modeling in Kepler = B

Kepler

file:/home/jones/developmentkepler/workflows/eco/ENM_11_13_04.xml
File View Edit Graph Debug Help

CECCEICSE I I CICNE IR

(‘Agtors | Data |
Quick Search Source
Chiroptera. Go

{3 Microchiroptera
(3" Chiropterotriton chiroptera
O Chiropera

ENM/GARP Workflow - 18 Nov 2004

This portion of the workflow calculates a RuleSet using GARP from current current environm
set is used to generate predicted species distribution based on an current climate regime. T
the next phase, below.
SpareActorsToBeDeleted
DIGR Table to GARP Species List GarpPresampleLayers

Bug #1722

GarpAlgorithm
BufferConvexHul g A
= sl redHull Filerame
Existing Actor

Bug #1744
Environment DataSource(sRE)

EdroomentarerSUES) Prep of IPCC Data

(200 to 500 runs per species
X
2000 mammal species

Bug #1726

Bug #1727

IntegrateSpat|

Hydrolk DataSource(SRE)

Bug #1726
smsirs X
S 3 minutes/run)
calculated ab,
conditions to
based on an
(ClimateChange DataSource(SRE) 'lnl:qra(eSp: _
Initial Prep of ClimateChande Data Lo‘r:,,e:.:ifi -
w1725 p 833 to 2083 days

Bug #1728
y S |

Existing Actor

al o D
——
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Kepler
Query Builder
y -.—
pmenykeple v x|
File View Edit Graph Debug Help |
I EREDNEORNOREEN J — N
(‘Adors | Daa | E
SDF Director
Quick Search Source
T | 4;?&&512§F‘::::::::III
" Mollusc population abundancs & = - N
3 Mollusc population abundanc o o) T T =y 1
gjj Molluse popularion abundanc A simple example of usind\EML data. First, a search is done in the Data Ao ©  cermnun sm
o :;“”:t“g“:z‘[!g: e :!ﬁzi pane to locate an EML-descNged data set, which is dragged onto the fiosT =
st population size o workflow canvas. The EML daW source is added to the workflow, and then it o
contacts the EcoGrid server to ONgnload the data and configure the ports.
After being configured, it displayNhe ports from the EML data source,
which are then mapped into an XY Ngtterplot.
vl
L )
Suandard | fvanced | SGL |
S e wezmeee B8 s m—
.
e
A
oy
< ama
Contol
™ asaao
a0
“d Canation
Tame e Companer vame
Datos Metesrslo_ v | EARD = GREATERTHAN 253
| e
ertram Ludéscher, UC DAVIS

EML Metadata Display in Kepler :-i'f:

Quick Search Source
imoliusc Go

F Mollusc population abundancs
" Molluse population abundance
Mollusc population abundanc
Mollusc population size distric)
Mollusc population size distric)

CLEL]

After being configured, it displays the ports from
which are then mapped into an XY scatterplot.

Fie_view 6
Data Sot Description i
Iderkifier: k- ltergee 1095
Carslog Spstem:
Aiternits Tdernfier  NV-GORM-0305%1 11
S~ Moluse smdance
Mz Eenneth Hels
Onganizaticny Universiry of Geargia Marine Tnstinste
Emul Addess bl piaraceuinat
cet I—
This data oet s the Fall 2000 [ od CE LT
meritoring Specice b irfame i
T h 1o, ficed o fom]
ndpreserrad in et The counte. per sl
~ EEa——CE|
——
=J
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GEON Analysis Workflow in KEPLER

Fle View Edit Graph Debug Help
Q.+

ata/Atype/Original/Atypelmage.xml

&je- (2] b 10| || (5[] @

e | ]

Atype Workflow

InpulOutput files

© SamplesComposition. . imp/samplesComposition.bd
& BodiosResponsa: imphodios Rosponsa it

‘OpenDBConnection

| Cumnstorts
| Comverters
) Comples Structares —

Connect 1o the VA
Igneaus rocks DB,

all Plutonic

or: ... from Questions to Queries ...

The Problem: Scientific Data Integration Jodies in Virginia,  Recursively get all

children and siblings.
diagramsino
Information about the

classification diagrams:
SVG URL and coordinates expressions.

What is the distribution and U/Pb zircons ages of A-type plutons in Virginia?

input Parameters
® ip: guon01 sdscedu

® port: 8080

w classificationType; Awe
® bodies Type: Plutonic.
sara:vA

PN Dirsctor

Rendarhay
= Browsor Display

]

Classify all bodies.

Generates a map on the
iy from the bodies
classification response.

Displays the map.
on the browser

Authors: Efral Frank, Krishna Sinha

Ghulam Memon, Ashraf Memon

i

Bertram Ludéscher, UC DAVIS

Commercial & Open Source Scientific Workflow and Lo
(Dataflow) Systems & Problem Solving Environments .=

] 2|2l 1] ¢ 5]

Kensington Discovery
on from InforSense

| powy —

i o
D&

LY
ool SROAX 8O0

Taverna

[ R | e
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Our Starting
. Ptolemy Il - Heterogeneous
P0|nt: Modeling and Design in Java !

% s ) x~
Pt I I I C: s The Ptolemy project studies [y
olemy kg B e
of concurrent, real-time,
embedded systems. The focus
is on assembly of concurrent

DATAFLOW PROCESS NETWORKS

odels of computation
the interaction
mponents.

of Eectrical Engirweng. ard A, Les

Dupar Thomas M. Parks

ana Computer Scionces

Univorsity of Callfomia ,-e a d /
Borkolay, Calltornia 94720 -

1 Rights

ABSTRACT

s a Group of C:
(formerly Cadis), the DSP Stati
They

Source: Edward Lee et al. http://ptolemy.eecs.berkeley.edu/ptolemyll/
Bertram Ludascher, UC DAVIS

Why Ptolemy Il ? =%

¢ Ptolemy Il Objective:

“The focus is on assembly of concurrent components. The key underlying
principle in the project is the use of well-defined models of computation that
govern the interaction between components. A major problem area being addressed
is the use of heterogeneous mixtures of models of computation.”

¢ Dataflow Process Networks w/ natural support for abstraction,
pipelining (streaming) actor-orientation, actor reuse
¢ User-Orientation
— Workflow design & exec console (Vergil GUI)
“Application/Glue-Ware”
* excellent modeling and design support
¢ run-time support, monitoring, ...
* not a middle-/underware (we use someone else’s, e.g. Globus, SRB,
)
* but middle-/underware is conveniently accessible through actors!
* PRAGMATICS
— Ptolemy Il is mature, continuously extended & improved, well-documented (500+pp)
— open source system
— many research results
— Ptolemy Il participation in Kepler

Bertram Ludascher, UC DAVIS




Shawn Bowers SEEK /

Terence Critchlow SDM .

Tobin Fricke ROADNet

Jeffrey Grethe BIRN

Matt Jones SEEK a3
Werner Krebs, EOL LLNL, NCSU, sDsc, UCB, UCD, UCSB, G E N
Edward A. Lee Ptolemy Il UCSD, U Man... Utah, ..., UTEP, .., Zurich The Gagsbletices Netwo
Steve Neuendorffer Ptolemy Il

Jing Tao SEEK -

KEPLER/CSP: Contributors, Sponsors, Projects i) (o
likay Altintas SDM, NLADR, Resurgence, EOL, ...
Kim Baldridge Resurgence, NMI \“
1]
- \\ (]l Y
Ptolemy I
Christopher H. Brooks Ptolemy Il
Zhengang Cheng SDM
Dan Higgins SEEK
Kai Lin GEON
Bertram Ludaescher SDM, SEEK, GEON, BIRN, ROADNet
Mark Miller EOL :lifmucdirfl! 9 {i'"j
Reearch Networl
Miaden Vouk SDM
Xiaowen Xin SDM
Yang Zhao Ptolemy Il

Chad Berkley SEEK

Efrat Jacger GEON ’ www.kepler-project.org ‘
Steve Mock NMI

Bing Zhu SEEK PN

Collab. tools: IRC, cvs, skype, Wiki: hotTopics, FAQs, .. E

Bertram Ludéscher, UC DAVIS

»  Kepler

GEON Dataset Generation & Registration =y -
(and co-development in KEPLER)

' UTEPdatabasslsamame: gson

® UTEPdatabasePassward:

= quary: "3slact 91da Jonod com platets. sevatce eeair
o TAELE -

whess ¥ batwesn *+ lathli + *and * + lalldax +~

8nd loadd batwaen * + longhin + ~and *  longhe

SQL database access (JDBC) |

atotuc 3
the fly

wlonghin: 120"
wlonghme 118"

forkfic Is used to exiract gravity lat long point from & remote
catabase and generate shapefies using a web service.

DastasQuery T
iRy

Efrat™—__ | - usreeronmmuon
(GEON) RRIOR TOEXECUTION. *25
Enmwloge
( ) CEEED Extract the array B s e SringSubaing
xmltoken elements end tags from the
and translate them into| element string,
StingTokM. strings
misr fetignTeSting StringlLength

imageTag

Yang (Ptolemy)—
Xiaowen (SDM)

Edward et al.(Ptolemy)—

> X Path acfowr
€pts xmiToken
pathe-enpreTSon (/tag)
and returns an aay of sml
elements xmlTekens)

UC DAVIS




Web Services = Actors (WS Harvester)

By

- we

wew £dr Gaph Dsbug e

IC:fkeplerfworkflows/testiwsHarvesterModel. xml

ZZz@:Z P NOdmEES[DCe

wiars for WSHarvester

| mctors | pata

= | kepler A
=) 4 weh services
= _4Biast

[ 1Bast_searchParam
[ piast_senrchimple
[ Biast_sxdractPositior
] Biast_searchParam:
CIEe

2 Custawy

T Clustab anatyzer
!

1 ciustad_snatyzeSit
T Clustabss_sraly cxiPen
T Ciustah_anaiyzeSit

= _4noR|
[ ponJ_get ooty
O o _getkmLeniry
L_1 DB getFesturelnti
[ por.J_getaiFasture:

T oo getRelsterete| |

PN Director

WSHanester

N\ Blast searchParam
A

Display

Blast searchSimpleAsync

[query, typststring

Dlast_eatractPosition

Dlast_searchParamAsync

5]

e adoe,

d-w [Rawore |
]

pe keywords: f|

Drawse

9 WSDL List - Mazilla Firefax.

B Gkt o Goomats foos teb

PR T

Hosla Fretrd Helo ) Mosta Frafled Ducu.. || P FAQ

WSDL List - adopted from the i

Name URL Document Regismant
Blast  hetpffod sig ac iphwed/Blact wed ool s 7 ol of DDRT
avadoe

Chastal W hetg el nig a¢. fpihore & Chistal W sl ool s 7 ol of DDRT

ok s WER ey bk ¥ L

st at the XML Ceniral of DDEJ

avadoe

DDBT et ffaml nig ac. ipihwe /DDRT wedl ool s 7 ol of DDRT

avadoc

Fostn  hemphon] rig o0 indwsdiFasta well Socument

avadoc

TiSearch hetpirm] nig az iphwsdTeSearch wsd

XML Certral of DDBI

b~

<
oore

XML Certral of DDBI

= "Minute-made” (MM) WS-based application integration
Similarly: MM workflow design & sharing w/o implemented components

Bertram Ludéscher, UC DAVIS

Some KEPLER Actors (out of 160+ ... and counting...)

B

bv’, s
lnﬁluHundle: $ Eﬁmlcude

CommandLine
outfileHandle
output

- wWea
-|—
‘WebSenice
WebSenice program, XSLTActor Ci. Lol xmlQutput
o fileOrURL, name
ua%nms Biast_searchSimple pResult gl o 7 pmiout ! BROWSER Plaiue
XPath
*
M i
WebSenice FileFeteher
accessony,  DOBJ gelXM Entry pResul iSuoriadt e
loSydem
P srBs CONNECT

SPrusy
SREFilaSydam aiiCode
patn| SRBS listdirectory  [yueqriies

SPul

L]

vy
I @
.g
i

FileStager
certificate
gagedFiles
filesToPut

SREGEIMD
Email DalabaseQuery e
dbeon stadtata
messageBody, — result stfilePatnyl SRBS Get MetaData
u
SDF Director
ExtrC out g Results
GIODUSFTON
o~

Files ToPut

RunJobGridClient

Globus

RunJobGridClient
certificate SutpuiFiles

inputFiles, rosult

OrbWaveformSource  OrbWaveformSink

OrbPacketObjectSource

Bertram Lud&scher, UC DAVIS
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Kepler Today: Some Numbers =%

* #Actors:
— Kepler: ~160 new + ~120 inherited (PTII)

— soon there can be thousands (harvested from web
services, R packages, etc.)

* #Developers:

— ~ 24+, ~10 very active; more coming... (we think :-)
e #CVS Repositories: ~2

— hopefully not increasing... :-{
* # “Production-level” WFs:

— currently ~8, expected to increase quite a bit ...

Bertram Ludascher, UC DAVIS

A User’s Wish List e

¢ Usability
¢ Closing the “lid” (cf. vnc)

* Dynamic plug-in of actors (cf. actor & data
registries/repositories)

¢ Distributed WF execution

e Collection-based programming

e Grid awareness

e Semantics awareness

* WF Deployment (as a web site, as a web service, ...)
e “Power apps” (= SCIRun)

Bertram Ludéscher, UC DAVIS
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Distributed Execution I:
External Job Manager (here: NIMRO

D)

0
SDF Director K
5

Q

@xparimant

g
Q

SﬂaﬂEwenme&t‘

IeHarm\!

o*

» Goal: 1000’s of GAM

» Job management infrastructure in place
* Results database: under development

ESS jobs (quantum mechanics)

Geline Amoreira, Kim Baldridge, Yohannﬁ'otler Wlbke Sudhult @ Universily of Zurich
'f\kay Altintas, Adam Birnbaum, Yang Zhao @ San Diego S ercomputer Center

apormant

IS

Distributed Execution Il:
“Distribution-Aware” Director

B

- we

Distributed SDF Director

AddSubtract LineWritar

Service Locator
(Peer Discovery)

Client

Simulation is =
orchestrated in a w

tralized .
centralized manner _}INi

Computer Network

Servers

LineWriter

Bertram Lud&scher, UC DAVIS
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Separation of Concerns

%

* A shining example: SDF/PN/DE/

— Ptolemy Directors — “factoring out” the concern of
workflow “orchestration” (MoC)

— common aspects of overall execution not left to the
actors
e Similarly:
— The “Black Box” (“flight recorder”)

¢ akind of “recording central” to avoid wiring
100’s of components to recording-actor(s)

— The “Red Box” (error handling, fault tolerance)

Recorder

On Error

Static Analysis

— The “Blue Box” (shipping-and-handling) SHA @

¢ central handling of data transport (by value, by
reference, by scp, SRB, GridFTP, ...)

Bertram Ludascher, UC DAVIS

Separation of Concerns: Port Types :_f-

* Token consumption (& production) “type”
— a director’s concern

* Token “transport type”

— by value, reference (which one), protocol (SOAP, scp,
GridFTP, scp, SRB, ...)

— a SHA concern
e Structural and semantic types
— SAT (static analysis & typing) concern
— built after static unit type system...
e static unit type system as a special case!?

Bertram Ludéscher, UC DAVIS
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Need for Semantic Annotations of data & actors .

i

¢ Label data with semantic types (concept expressions from an ontology)
¢ Label inputs and outputs of analytical components with semantic types

Data Ontology Workflow Components
h-
g D
-

Ny ’
[
5

F » Growth
E 5 * Model g

cditasets
<citlodstaset 1eftitle

Example: Data has COUNT and AREA; workflow wants DENSITY
e => via ontology, system “knows” that data can still be used
(because DENSITY := COUNT/AREA)

¢ Use reasoning engines to generate transformation steps

¢ Use reasoning engine to discover relevant components
Bertram Ludascher, UC DAVIS

A Scientist’s “Semantic” View of Actors |=" %=

Pz P3 S P5
S —{ - > 2
& (life stage 1property) =y rate _Q [(nymphal, 0'44)]

O
Q—‘ for period)
P

R
-

4
/ k-value for each period
] ] of observation
. life stage periods
observations

Phase  Observed| |[Period Phases
Eggs 44,000 Nymphal {Instar I, Instar 11, Instar 111, Instar IV}

Instar | 3,513 ’\
Instar Il 2,529
Instar 11l 1,922 Periods of development in terms of phases

Instar IV 1,461
Adults 1,300 | ~_ Population samples for life stages of the
common field grasshopper [Begon et al, 1996]

Source: [Bowers-Ludaescher, DILS’04] |




~  Kepler

8
g
E]

Structural Type (XML DTD) Annotations

i

structType(P,) structType(Ps)

root population (sample)*

elem sample

root cohortTable= (measurement)*
(meas, Isp)  elem measuremnt = (phase, obs)

elem meas = (ent, acc) elem phase = xsd:string
elem cnt = xsd:integer elem obs = xsd:integer
elem acc = xsd:double
elem Isp = xsd:string
<pogulat:o:> <cohortTable>
Sazﬁe:s> <measurement>
<cnt>44,000</cnt> :gg:iszggSZ;gzzz
<acc>0.95</acc> </measuremént>
</meas>
<Isp>Eggs</Isp> b
</sample> <cohortTable>
<poﬁulation>
P, P, Ps S P
5, OO o
- (mortality rate
(life stage property) Q for period)
P4
Source: [Bowers-Ludaescher, DILS’04] |
- Y.L -Edgym
A KR+Dl+Scientific Workflow Problem |="%-

e Services can be semantically compatible, but structurally
incompatible

Ontologies (OWL)

Compatible (E)

Semantic
Type P,

Semantic
Type P

Structural
Type P, /

N (, )
N \ K
AN 1,
Q Source | “y~ Desired Connection | Target
—Q Q— Service _Q

Service
P P,

S

Source: [Bowers-Ludaescher, DILS’04]
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The Ontology-Driven Framework el =
’ Ontologies (OWL)
Semantic

Compatible (Z)

Type P,_~/

Semantic
Type P,/

Registration Registration
Mapping (Input)
/

Mapping (Output)
¢¢<-§wﬁm$~m“* 5.-

o
- it -
~

4

Structural -
Type P,_«

orrespondence

Structural
Type

Source | " | Target
Q‘ _‘Q C}d Service Q

Service
P

Desired Connection

Bertram Ludéscher, UC DAVIS

Ontology-Guided Data Transformation | =_%

Ontologies (OWL)

Semantic

Compatible ()
Structural/Semantic Structural/Semantic
Association 3

Association
am T m—

_gm.-m)-mm“,"
S ~. 2

Semantic .
Type

Structural
Type P

Structural
Type P

Service

—
=
Q
=
2]
-
O -
= s
3
o
=
e

Q_ Source
Service
P

S . .
Desired Connection

Type P A

Q’_ Target -0

Source: [Bowers-Ludaescher, DILS’04] |
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Use of Semantics in SWF (DI+KR+SWF) |=*%-

“Smart” Search

— Concept-based, e.g., “find all datasets containing biomass
measurements”

Improved Linking, Merging, Integration

— Establishing links between data through semantic annotations &
ontologies

— Combining heterogeneous sources based on annotations

— Concatenate, Union (merge), Join, etc.
Transforming

— Construct mappings from schema S1 to S2 based on annotations
Semantic Propagation

— “Pushing” semantic annotations through transformations/queries

Bertram Ludascher, UC DAVIS

Scientific Workflow Design
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PN Direclor N X ~ Kaplar
designed to fit - ae
-.,—
StringConst Enumltem Triggened FleReader e i e Csplay
i (hstd Y
e hand-crafted control
ORI SRR .
; : G =~ ~ < solution; also: forces
4[ designed to f'tj = sequential execution!
=
- Gene Accession Number and Sequence Displa . )
g \V = “ ™ [Altintas-et-al-PIW-SSDBM03]
Inner Loop,
Extract Gene Sequence LDcalB!as‘Uﬁ i Sequence Finished
Genbank { (=Tl
— <, hand-crafted
e Pandit InnerL.oop Finished Tngqln Web-service actor
: — = — = ' Gl Number
Fasta Fgom akes Hﬂewrmr
GiSequencePromoteRegion 8]“:' Fasta Oupat
TIM
ﬂ 1 'g =~ Proeio Bemn

No data transformations
. Complex backward
available L

control-flow

(=

Bertram Ludascher, UC DAVIS

Scientific Workflow Design: L
The Functional Programming Model -
' ¢ Solution based on declarative,
Gk functional dataflow process
map()style | ola network
- | mLasT _ .
iterators i (= also a data streaming model')

Powerful type

Generic, declarative
“programming”

* Higher-order constructs:
map(f)
= no control-flow spaghetti
data-intensive apps

checking

constructs =
= free concurrent execution
= free type checking
R Te— = automatic support to go from
transformation actors plW(Geneld) to

PIW :=map(piw) over [Geneld]

Forward-only, abstractable sub-

workflow piw(Geneld)

Bertram Ludéscher, UC DAVIS
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»  Kepler

Scientific Workflow Design: - He
The Functional Programming Model

i /HighD 1 derPIW. xeml

[T mﬂw
R E D S =
W"Dﬂo] SDF Director
/ SDF Director
Ve
Gonst /

ExtractSeauence

accessionNumbe: geneSequence

GeneSequencalrray

4 fcae L '
‘:1 M omabated map(GenbankWs)

Ea }\ Input: {“NM_001924", “NM020375"}

Output: {*“CAGT..AATATGAC", “GGGGA..CAAAGA*}

AroyToSequence  WebSe:

3

MAP(Transfac)

Clus talW Results Displs

Authors

Laboralory
Ukay Mtinta's, Bert: Zhengang Chang, Xisowan Xin from SPA Project
Yang Zhao, Edward Lea from Plolemyll Projoct

iy |
o

Bertram Ludéscher, UC DAVIS

»  Kepler

Research Problem: Optimization by Rewriting |2.°

¢ Example: PIW as a declarative,
d = Geneld referentially transparent functional
process
dl = GeneSeq = optimization via functional rewriting possible
e.g. map(fo g) = map(f) o map(g)
* Technical report &PIW specification in Haskell

map(fo g)
instead of
map(5 o map(g)

L [Pid]

Combination of
map and zip

i -
| zipwitn(@PRast) |
d7 ;[ [ Char]]

a5 [[TEBS | putStr.concat

49 ::100)

http://kbis.sdsc.edu/SciDAC-SDM/scidac-tn-map-constructs.pdf

Bertram Ludascher, UC DAVIS




Scientific Workflow Design: Challenges =%

-.—

While many systems (including Kepler) support
execution ... support for SWF conceptual
modeling and design is lacking

— Formal models for scientific workflows

— Mechanisms for discovery, reuse, and adaptation of
existing workflows and components

— End-to-end workflow development (methods and
frameworks), especially for early stages

Bertram Ludascher, UC DAVIS

Scientific Workflow Design: Contributions = %e

Based on Actor-Oriented Modeling

plus a rich Type System (“hybrid” types)

Modeling Primitives
(Adapters & Replacement; strategies)

’ Bowers-Ludaescher-ER-2005

UC DAVIS




Actor-Oriented Modeling e

A

3

Actors
— single component or task
— well-defined interface (signature)
— dataflow view: given input data, produce output data

l Bowers-Ludaescher-ER-2005 IUC DAVIS

Actor-Oriented Modeling = %e

A

1>t

Ports
— each actor has a set of input and output ports
— denote the actor’s signature
— produce/consume data (a.k.a. tokens)
— parameters are special “static” ports

l Bowers-Ludaescher-ER-2005

UC DAVIS
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Actor-Oriented Modeling e

Dataflow Connections
— actor “communication” channels
— directed (hyper) edges
— connect output ports with input ports
— merge step + distribute step

l Bowers-Ludaescher-ER-2005 UC DAVIS

Actor-Oriented Modeling = %e

-t}

b’ | E:}D E”_ﬁ inputt B B2 output!
i L

Sub-workflows / Composite Actors

— composite actors “wrap” sub-workflows

— like actors, have signatures (i/o ports of sub-workflow)
— hierarchical workflows (arbitrary nesting levels)

l Bowers-Ludaescher-ER-2005 UC DAVIS
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Actor-Oriented Modeling e

PN Director

!

{35}

Directors

* define the Model of Computation (MoC) of workflow graphs
* executes workflow

e sub-workflows may have different directors

* enables reusability

l Bowers-Ludaescher-ER-2005 UC DAVIS

Models of Computation %

-m—

Directors separate the concerns of WF orchestration from
Actor execution

Process Networks (PN)
* Actors execute as independent processes; blocking reads; non-
blocking writes; FIFO buffers (queues) of unbounded size
Synchronous Dataflow (SDF)
* Fixed buffer size, since schedules are statically precomputed
(based on token production/consumption rates/firing). SDF MoC
is highly analyzable and used often in SWFs.

Continuous Time (CT)

» Connections represent the value of a continuous time signal at
some point in time ... Often used to model physical processes.

Discrete Event (DE)

* Actors communicate through a queue of events in time. Used for
instantaneous reactions in physical systems.

l Bowers-Ludaescher-ER-2005 UC DAVIS




“Hybrid” Types =%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0, Oyt | O, : Measurement 1
> VItemMeasured.SpeciesOccurrence
Sin Otask | Sout | S, : r(site, day, spp, occ) !

Structural Types: Given a type language* S
— Any port can be associated with atype S € S

— Kepler types include atomic (int, double, string) and complex
types (record, list, etc.)

Semantic Types: Given an ontology language O
— Any port can be associated a type O € O
— We consider description logic ontologies (e.g., OWL-DL)

* e.g., XML Schema, DTDs, relational, Kepler data types l I
Bowers-Ludaescher-ER-2005
UC DAVIS

Advantages of Hybrid Types e

Semantically compatible
but structurally incompatible

Otask Sout £ Sin Otask

Separates concerns of structural data typing and
conceptual data typing

Motivated by interoperating legacy and independently created
components

Allows one to be specified first (e.g., semantic)
Structural validation independent from semantic validation
Enables discovery

Bowers-Ludaescher-ER-2005 UC DAVIS




»  Kepler

Semantic Annotations .

Semantic and structural types can be “glued” together

... via logical constraints

Vsite,day,spp,occ R(site, day, spp, occ) >
Jy Measurement(y), ltemMeasured(y, occ), SpeciesOccurrence(occ)

— Can provide structural correspondences between semantically
compatible, structurally incompatible ports

— When something is known about the input/output dependencies of
an actor, semantic types can be propagated

l Bowers-Ludaescher-ER-2005 UC DAVIS

»  Kepler

Semantic Annotations and Hybrid Types |z %=

e v v e aliiz

Semantic Type Editor is used to assign one
or more semantic types to the component or
to the component’s input and output ports.

g | o | g | o |

.An ontology browser is provided in Kepler to
ravigate a classified OWL-DL ontology. Classes can be
“|'searched for and selected as a semantic type.

l Bowers-Ludaescher-ER-2005

UC DAVIS
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Semantic Annotations and Hybrid Types |=%-

-

e s e Verifying

T structural and
semantic
compatibility
of workflow
connections in
Kepler

Searching based

on actor-level and
input/output port
Semantic Types

in Kepler
Workflow Design Primitives =%

End-to-End Workflow Design and Implementation

— Viewed as a series of primitive “transformations”
— Each takes a SWF and produces a new SWF
— Can be combined to form design “strategies”

Workflow | Wo t Top-Down
Design [ W, i Task Driven
W, Data Driven

Bottom-Up
Structure Driven

. Semantic Driven
Output Driven

Input Driven

Wi, Dt Workflow
W, Implementation

E.g., re-engineering SWFs often is top-down,
structure driven, whereas new SWFs are often
a mix of semantic, input, and output driven

Bowers-Ludaescher-ER-2005 UC DAVIS




Basic Actor-Oriented Primitives

~ Kepler

- we
-,
Basic Transformations Starting Workflow | Resulting Workflow | Resulting Workflow
t,: Entity Introduction
(actor or data connection) I:I e
t,: Port Introduction I:I D D
t,: Datatype Refinement D D D
(s’ =s,t’< 1) S t s’ t S t
| il 1
t,: Hierarchical Abstraction PD% i |
i B |
| iy 1
t;: Hierarchical Refinement | > |
T 1
e o =—_ 1
=-=-=-=-- —==-=--"
t,: Director Introduction I ! | !
] ]
l Bowers-Ludaescher-ER-2005 |, jayis
g - g m g eplar
Additional Primitives iy
-

11

Transformations

Starting Workflow

Resulting Workflow

Resulting Workflow

ty: Actor Semantic Type

Refinement
(T'<T)

t,o: Port Semantic Type

Refinement
(C'<C,D'<D)

t;;: Annotation

Constraint Refinement

(¢ > a)

ty,: 1/0 Constraint
Strengthening

(=X

t,5: Data Connection
Refinement

t,,: Adapter Insertion

tys: Actor Replacement

tye: Workflow
Combination (Map)

Bowers-Ludaescher-ER-2005 ITJC DAVIS
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Adapters (Semantic and Structural Incompatibility) |=. ==

Adapters:
[b—o—{] — D-O-'D—O-'D — Can be abstract (no

. implementation) or concrete

o] C,C,/D
"D D

- — Can bridge “semantic gaps”

C C,C,' D, or fix structural mismatches

c<cC
D>D
= — Can be generated
|mapl automatically (e.g., Taverna’s
.[S]. '. .[S].[S" .u[T] “list mismatch”)
map — Can be reused (based on
- D signatures
GIE [s11 [[s11 [ 9 )
Bowers-Ludaescher-ER-2005 UC DAVIS
~ Kepler
The Replacement Primitive il
c D @ D oot !
cc D''D
b ] LGP
o 1 b = ,
general unsafe context-sensitive
replacement l replacement l rfaplacemenE
(“wiggle room”)

c” (e_g_’ C < C//)

c <
D > D" (e.g.,D" > D")

vV IA

(o4 C, C' overlap (e.g.,C > C) C
D D, D’ overlap (e.g.,D < D) D

— General replacement doesn’t consider surrounding
connections

— Context-sensitive replacement gives more “wiggle room”
by “tuning” the actors semantic types based on
connections

l Bowers-Ludaescher-ER-2005 UC DAVIS
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~  Kepler

Applying adapter insertion and replacement = &=

e Adapter insertion and

replacement can enable

simple SWF elaboration

Given an initial set of
connected abstract actors
Repeatedly search for
replacement concrete
actors (atomic/composite)

At each step, insert

adapters when necessary user-selected
combination
(Map)

Allow user to combine
desired “variations”

replacement

‘Fso»]{ *“abstract wf”

Bowers-Ludaescher-ER-2005

UC DAVIS

»  Kepler
The KEPLER Project = Yo
-l
The Kepler Scientific Workflow System R
Built on Ptolemy Il (UCBerkeley), developed by AACoACaRGECa Q
the Electrical Engineering community (circuit NDDP EEK
deSign and SimUIation) Natural Diversity Science Environment for
_ Open-source, Java Discovery Project Ecological Knowledge
— Computation Models, Nested WFs, Loops Realtine
servatories
— Graphical Workflow Interface Applcations
an ata
— Workflow Execution Management

Extensible Architecture
Component Libraries
Metadata, Discovery, Archival

The Kepler “Vision”

End-to-end scientific workflow design and
execution environment

Data and compute intensive workflows

Comprehensive component libraries for a wide
range of scientific domains

Enable collaboration, sharing across disciplines
(“synergy”)

Ptolemy I

Encyclopedia
of Life

@Scbac

Network

GE@®N

The Geosciences Network

KEPLER kepler-project.org

NDDP www.nddp.org

EOL eol.sdsc.edu

GEON www.geongrid.org

Ptolemy Il ptolemy.eecs.berkeley.edu/ptolemyll
ROADNet roadnet.ucsd.edu

SEEK seek.ecoinformatics.org

SciDAC www-casc.lInl.gov/sdm

Bertram Ludascher, UC DAVIS
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»  Kepler
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. Q&A°

\\‘o' 0'7
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