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Overview

» Introduction + Examples of
Scientific Workflows

» Constructing and Managing
Workflow

» Application Example: Distributed
Data Mining using FAEHIM

» Adaptive Workflows
- Workflow-related research themes



Time Division
13:00 - 13:50 Workflow examples, types,

general issues, scientific vs. business
workflows

13:50 - 14:00 Break

14:.00 - 14:50 Workflow Optimisation,
Dynamic Adaptation, Semantics,
Provenance

14:50 - 15:00 Triana Demonstration

15:00 - 15:10 Discussion + Research
Directions



Workflow
'70s: Skip Ellis And Gary Nutt (OfficeTalk)

- Xerox Parc "Office Automation Systems”

-, "o reduce the complexity of the user's interface to the
_— [office information] system, control the flow of information,
and enhance the overall efficiency of the office.” (Ellis, Nutt
1980)

“Representation, Specification, and Automation of Office
Procedures” (Michael D. Zisman, PhD Thesis, University of

Pennsylvania, Warton School of Business, 1977)

- Often seen as a technique to automate existing
“processes”

- Very popular in the business world
Over 20 years gap:
- Availability of Computer Networks

Ellis, C. A.; Nutt, G. J. Office Information Systems and Computer Science.
In ACM Computing Surveys, 12 (1980) 1, pp. 27-60.




Historical Perspective  iiume

+ '65-'75 Decompose Applications

- Data And Code Separated

- '75-'85 Database Management

- DBMS Used To Share Data

+ '85-'95 User Interface Management
- User Interface Separated

+ '95-'08 Workflow Management

- Isolate Business Process

- Emerging standards - such as those based on the
Service Oriented Architecture

- Use of Service Mashups

“Workflow Management” Aalst, van Hee



Workflow

"The automation of a business process, in whole or part,
where documents, information or tasks are passed from
one participant to another to be processed, according to
a set of procedural rules *

Workflow Management Coalition (WfMC)

m Reference model Process
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WFMS And WF Engine s

- Workflow Management System (WFMS)

- "A system that defines, creates and manages the
execution of workflows through the use of
software, running on one or more workflow engines,
which is able to interpret the process definition,
interact with workflow participants and, where
required, invoke the use of IT tools and
applications.”

* Workflow Engine

- "A software service or " engine’ that provides the
run time execution environment for a process

instance.”
A representation that shows May be
- precedence relationship (links) between Acyclic (no loops) or cyclic
activities Contain annotations associate
with activities or links




Workflow (+ Enactment) ...
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Scientific Workflows

What makes it different (how it is +  Triana
applied)? +  Taverna/SCUFL
- Support for large data flows - GridAnt
- Need to do parameterized - Condor DAG
gxt)ecufion of large number of . CoG DAG
jobs
- Need to monitor and control S.W FL
workflow execution including ad- * BioOpera/JOpera
hoc changes - BEPL4WS
- Need to execute in a dynamic - OASIS WSBEPL
environment where resources - YAWL
are not known a priori and may . GSFL
need to adapt to changes Askalon
- Hierarchical execution with sub-
workflows created and * OMII-BPEL, efc
destroyed when necessary Origin (?):
Science Domain specific Problem Solving Environments
requirements. (MatLab, Mathematica, SciRun,

NetSolve, Ninf, Nimrod etc)
http://www.nesc.ac.uk/action/esi/contribution.cfm?Title=303

http://www.extreme.indiana.edu/swf-survey/

Problems with “Predictability” Workflow World
- 0000000000000
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From: Jeremy Frey
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By Making Tea!
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Promoter Identification Workflow

Step 1 Step 3 Step 4
NCBI
microarray Gene ID GenBank cDNA BLAST [
data sequence sequence =
retrieval search
. . . genomic
MicroArray Analysis Clusfavor Analysis sequence
Step 8 Step 7 Step 6
A BC Step 5
EEEéT . Consensus promoter data _%_— Transcription (Transfac J
soarch sequence T factor binding search

‘ Promoter Model generator Promoter Identification

new candidate target genes




BIRN

BIOMEDICAL IMFORMATICS RESEARCH METWORK

v
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Montage (http://montage.ipac.caltech.edu/)

- Deliver science-grade custom mosaics on
demand

- Produce mosaics from a wide range of data
sources (possibly in different spectra)

- User-specified parameters of projection,
coordinates, size, rotation and spatial
sampling.

The Large Magellanic Cloud (LMC) is a nearby satellite galaxy of our own galaxy,
the Milky Way. At a distance of slightly less than 50 kiloparsecs (=160,000
light-years), the LMC is the third closest galaxy to the Milky Way. It has a mass
equivalent to approximately 10 billion times the mass of our Sun (1010 solar
masses), making it roughly 1/10 as massive as the Milky Way. The LMC is the
Fourth largest galaxy in the Local Group, the first, second and third largest places

being taken by Andromeda Galaxy (M31), our own Milky Way Galaxy, and the
Triangulum Galaxy (M33).




SAGE: Spitzer Survey of the Large Magellanic Cloud

Two epochs:
Jul/Aug 05 & Oct/Nov 05

From: G. Bruce Berriman

Instrument Bands (um) Field-of-View
(arcmin) IRAC:
TRAC 35,45,58,80 |52 x5.2 Infrared
Array
MIPS 24 5.4 x 5.4 Camera
70 525 x 2.6
160 05x0.5 MIPS:
Multiband
Imaging
Photometry
IRAC 3.6pm
: MIPS 24pum

Images Courtesy Margaret Meixner (PI)



MonTage Wor'kflow (from Ewa Deelman)

. Transfer the template header

O Transfer the image file
Fe-projection of images.

Calculating the difference

Fit to a commaon plane

Background correction

Adding the images to get the
final mosaic

Register the mosaic in RLS

O
O
o
O Background modeling
.
O
O




Montage workflow
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BDWorld Components

Submit scientific name; retrieve
accepted name & synonyms
for species

Algorithm Map

Taxonomy

Loscality
Collacton

Layer
Locality — Collection

C D

Model of climatic conditions
where species is currently
found

ite




penModeller - Overview - Windows Internet Explorer

—
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| We are plea=zed to announce
| the immediate availabiity of
openiodeler Desktop
Version 1.0.6. Visitthe
download area for your
copy!

Welcome to the openModeller project home page!

The openhkindeller project aimz to provide a flexible, user friendly, cros=-platform environment where the entire
process of conducting a fundamental niche modeling experiment can be carried out. The software includes facitties
for reading =pecies occurrence and envirenmental data, selection of environmental layers on which the model =hould
be based, creating a fundamental niche model and projecting the mode! into an envirenmental scenarin. A number of
fundamental niche modeling algorthms are provided a=s plug-ing, including GARP, Climate Space Model, Bioclimatic
Envelopes, and others. Additional algorithms are planned for the future. The submizsion of aliernative algorithms are
alwrays welcome

The project is currently being developed by the Centro de Referéncia em Infcrma;ﬁnIAmbiEntal (CRIA }, Ezcola
Poltecnica da USP (Poli ), and Instituto Macional de Pesquizas Espaciaiz (INPE ) a= an open-source initiative. it is
funded by Fundacdo de Amparo & Pesquiza do Estado de Sdo Paulo (FAPESP), the Incofish project, and by
individualz that have generoushr contributed their time. Previous coliaborators include the BDWorld project, the
University o =r (KU}, -and other individual participanis.

Openmodeller.sourceforge.




BioDiversity Questions

e How should conservation efforts be
concentrated?

- (example of Biodiversity Richness &
Conservation Evaluation)

* Where might a species be expected to
occur, under present or predicted climatic
conditions?

- (example of Bioclimatic & Ecological
Niche Modelling)

* How can geographical information assist in
iInferring possible evolutionary pathways?

- éexample of Phylogene’ric Analysis &
alaeoclimate Modelling)



Resource used in these biodiversity studies

* Data sources:
- Catalogue of Life (names of species: Species 2000, GBIF)
- Biodiversity data
- Descriptive data
- Distribution of specimens and observations
- Geographical data
* Boundaries of geographical & political units
- Climate surfaces
- Genetic sequences
e Analytic tools:
- Biodiversity richness assessment - various metrics
- Bioclimatic modelling - bioclimatic ‘envelope’ generation
- Phylogenetic analysis (generation of phylogenetic trees)



Leucaena leucocephala (Lam.) De Wit.

EOE
E

Point data from various herbaria

Taxorormic Detabase Working Group (TDWG)
WorldSat [nterrational, Inc.
Emdronmentel Systerms Research institute, Inc. (ESRI) =  Specimen record



BDWorld Architecture

Unit A

| Triana Workflow Units

Data Handling Tools

BGI Helper Tool

e —

BGI Communications Layer

!

BDW Datatypes

!

BDW Wrapper

From: Richard White

Remote Database

—

BDW Datatypes

BDW Datatypes

!

!

BDW Wrapper

BDW Wrapper

I

Resource Tool

|

Java Resource




Leucaena leucocephala (Lam.) De Wit.
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GARP prediction of climatic suitability
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GARP Prediction (all points)
— Suitable climate

Taxorormic Detabase Working Group (TDWG)
WorldSat [ntermationol, Inc.
Emdronmental Systerms Research Institute, Ine. (ESRI) - Unisus table climate
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i2 Triana For BdWorld
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Workflows in Earthquake Engineering

Index Map of Recent Earthquakes in California-Nevada
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Click on an earthquake on the map above to zoom in.

From: Philip Maechling



Observed Areas of Strong Ground Motion

CISM Rapid Instrumental Intensity Map Epicenter: 5.6 mi ESE of Anza, CA
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Simulations Supplement Observed Data

Instant-Ground velocity
1 e |

min

From: Philip Maechling



SCEC/CME Scientific Workflow Construction

Lat/Long/Amp
(xyz file) with 3000
datapoints (100Kb)

N\

ERF Definition

~ N\

9000 Hazard
Curve files (9000 x

0.5 Mb = 4.5Gb)
IMR Definition /
GMT Map
, ) - Configuration
Gridded Region Probability of Parameters
Definition Exceedence
and IMR ERF: Earthquake Rupture Forecast
Definition IMR: Earthquake Rupture Slip time function generator -

Intensity Measure Relationship
OpenSHA: Open Seismic Hazard Analysis
(ttp://www.opensha.org/index.html

From: Philip Maechling



In the first year, a Pathway-1 team led by Ned Field erected a new object-oriented
architecture for seismic hazard analysis, dubbed "OpenSHA" (http://www.opensha.org/).
This Java-based code implements a number of SHA conceptual objects, such as earthquake
forecast models (EFM), intensity measure r'ela‘rionshi?s (IMR), and intensity measure types
(IMT). The team has thus far incorporated seven different IMR's that are applicable to
Southern California and has developed an analysis tool that lets users explore the
implications of the IMR's via a Web-enabled graphical user interface. The APT between the
IMR's and the analysis tool is very general and flexible, so that any new models can be
plugged into the framework withouf having to change existing code. Along with the codes
that calculate seismic hazard analysis curves, we have developed Web-based analysis tools
that allow the user to explore the'implications of combining various EFM's with a number of

ossible IMR's. OpenSHA will thus provide the platform for integrating the research done

y The SCEC working group on Regional Earthquake Likelihood Models f ELM)
(http://www.relm.org/). An overview of the OpenSHA architecture will be presented in a
paper by N. Field, T. H. Jordan, and C. A. Cornell to be published soon in SRL.

The OpenSHA framework has provided an in‘reres‘rirgg and challenging initial application of
our KR&R technology. A Pathway-1 team comprising SCEC scientists and AT researchers
from ISI has developed an initial knowledge base for SHA objects such as EFM's and IMR's
using a powerful KR&R inference engine named PowerLoom
(http://www.isi.edu/isd/LOOM/PowerLoom/). A Web-based tool called DOCKER SDis‘rribu‘red
Operations of Code with Knowledge-based descriptions for Earthquake Research) was
developed to allow users to define and perform Pathway-1 calculations by accessing the SHA
knowledge base. As the user sets up a computational pathway by specifying the hazard-curve
variables, DOCKER checks the user's selections for consistency by querying the SHA
knowledge base and warns the user of inconsistencies. Moving the SHA system into the
calculation of hazard maps will significantly increase the execution time, so this type of
consistency checking should prove useful




INTEGRATED WORKFLOW ARCHITECTU

Workflow
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Query for WT Component Librar

Query for data 4 N\
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From: Philip Maechling




Flight Maneuver Simulation

* Project SikMa
=

—Interactive SikMa
simulation of a
freely flying, fully
configured, elastic
warplane

» SikMa partners
provided end-user
requirements




Mapping: Workflow Example

Process Data
Control Server

Pre- Parameter . . e
Processing Variation . M Visualization
I3
Interactionza: State: Helalionships:

of the =M1 causes 12 -rE 02 causes m
g [10T1IEOTING -r27 2 causes 2 -me 2 causes df

-r3 02 cawmses 4 -7 0 causes dz
— Uata Management



Scientific vs. Business Workflow

* Reproducability of results at the core of the
scientific method

- Create, manage and capture dynamic w/flows
+ Scientific Exploration and User-Steering
- Flexibility of design + exploration capabilities

- Need to represent workflow variants (different
workflow configurations and settings) - support
complex scientific exploratory processes

- Support for "user-steered” workflows

- vS. more prescriptive use in business computing
» Emphasis on Data

- Heterogeneous with different access patterns

- Domain specific formats (textual, semi-structured,
visual + varying degrees of annotations)



Scientific vs. Business Workflow ... 2

- Common Characteristics

Repetitive cycle of data analysis and data
migration

Parameter sweep or "range search” operations (can
lead to creation of multiple jobs)

Dependencies between partial results generated
through a workflow

Data aggregation across different repositories -
often in different formats

Composition of complex data capture + simulation
engines in a single (often linear) pipeline
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Workflow Lifecycle i

» Design

- Typical workflow is graph oriented (ease of use)
- Language: how expressive is workflow
- GUTI: Visual Service Composition Environment

* Deployment

- Workflow Description is sent to Workflow Engine
- Possibly validated and compiled

- Execution

- Workflow Engine enacts Workflow Description

 Monitoring

- Events reflecting from workflow and services
execution

- Refinement



Workflow refinement and execution (Ewa Deelman)

User's
Request Workflow _
refinement _—
Levels of . , -
abstraction/ ™, - =

Application O 0O ) / -

Jlevel O O ~ Policy E j Workflow
knowledge / info repair

Relevant
components
- I ~
& ra& )é/
Logical , , :, r'f /
tasks Full f}) [ / "r
abstract ™ / .h /]
workflow /] i
I ]
Tasks /’L\[ ] q /
bound to Y !
resources Task / | j
and sen_t for matchmaker F‘artlal "
execution execution

MNot yet e
G executed . executed



Workflow Representation

+ Abstract ("design time") workflow

- Task graph encoding data flow or control flow
dependencies

- "Scientific" reproducability

+ "Concrete” (run time) workflow

- Service bindings to an abstract workflow graph
- "Engineering” reproducability

* Sharing of graph structures, rather than just
services

- Limited case: "composite services"



Workflow System Architecture

Composition and Modelling/Analysis

Enactment/Mapping

Execution




Workflow System Architecture

Composition and Modelling/Analysis

A

A 4

Enactment/Mapping
Execution
Information Data User User
Service Migration Interaction Services
Planning _ :
Engine Checkpointing Scheduling




Workflow Taxonomy

Workflow System
Workflow design Scheduling and Operational
And specification Enactment Attributes
Component/Service Data Management
Discovery
structure composition

Model/spec



Workflow Composition

Composition

User Directed

Automated

Language-based

Markup

Lo

Functional

scripting

Textual: BPEL, SCUFL (Taverna), DAGMan, DAX

gic

Graph-based
|

DAG

Process
Calculi

Petri Net
UML

User defined Process
Calculi

—— Planner

Templates

Design
Patterns

— Sub-workflows

UML: Askalon

Factory

Graphical: Taverna, Triana, Kepler, SciRun, VisTrails (UML Activity Dia.)
Planner/Semantics: Wings/Pegasus, IXI,
Taverna/FETA



Petri nets \V
+ Petri nets (informally) '\, ©anbefired
- Directed cyclic graph
- 2 types of nodes: places and - ﬂ
Transitions o O
- Arcs: place-transition, \/ Fired;
transition-place N\, and now disabled
- Tokens: move on the graph, n ;

enable/fire transitions

* Reference nets
- Tokens can be nets
- Nested structures: Parent and child nets = X

- Dynamic creation of tokens ¢
- Synchronous channels %@ N @
K | Child net

o £
wwwwwwwwww

Parent net



Petri Nets

(from van der Aalst und Kumar, 2000)
Task

1 1
B SO |
Sequence g i egin exe en i

Choice




Petri Nets
Condition




Petri Nets

Parallel execution with synchronization

5
L 8 B B N |



Petri Nets

Parallel execution without synchronization

by pass



Petri Nets

Wait any with time out




Process Markup Languages (http://www.ebpml.org/status.htm)

LILLY ) k- ) I

Blogroll I

XML

SE8 dIS0 NE SUmim4ary 1Mo e LOVEN pagEs.

The meta model of each language vary guite a bit from one specdification to another. BMPL, XLANG and WSFL
are all relying on the concept of Web Services, They also dearly define a data flow (as XML documents), a
control low (block structured or transition based), a message flow (web services) and transaction flow.
However, they do not spend much time on specifying how users may interact with a BPMS, The WHIC has
mostly focused on that problem in the past (see "user friendly" column below). On the other hand, the WC
specification does not support a real message flow and only a very limited data flow (process variables), The
following table summarizes the differences between each data model. (Please note that I do not have the UML
2.0 data paints vet)

Mote that Stefan Haberl provides another view of this matrix which I like betrer.

SpecificationControl flow Data flow Message flow Transaction "EAI friendly" EZB " L_.lser "
friendly” friendly
EPML 1.0 Block structured XML ‘u'r:zz;erwces 3 Globsl| VEs no no no
BEPML 04 Block structured <ML Web services YES YES no no
XLANG Block structured <ML Web services & YES no no no
Contracts
WSFL Transitions wIML Web services & Global YEs no no no
rmodesl
BPEL4AWS Block structured <ML Web services Ves YES kind of  no
EDOC Event/Motification  Entities Events no VEs YEes no
XPDL Transitions Process Mested and chained no no no Ves
— variables  processes
Transitions
UL 2.0 Transitions and data  collaboration model no i i i
buffers

This table makes it pretty clear: the foundations of a modern BPMS are XML and Web Services and I totally
agree with this. However, this is far from enough.

[ hawve added "B2B EAI and User friendly" columns to measure how serious each specification is in dealing with
the 3 main axes of a BFMS, &s you can see, none of the new generation of PML is taking into account user
interactions, though they are essential to resolve business process exceptions, None of them is considering



Process Descriptions

T_BPEL)  BPEL4Pecple BPEL-SPE 7.2 BPMN
h\ s (OMG)
T \ -~ Ws-cDL
o (W3C)
P EPEL (18M, Microsoft, BEA  OASIS)
- —GPEL
S
YAWL - GSFL
(Res=arch)
WSFL— ALANG
fIBT*“} (Micrasoft)
XPDL BPML WSCI BPSS
-’_’__.'['.'l,l.i'r.“:] (bpmi.org)  (SUN, SAF, (CASIS
FDML Oracia) Eb:":HL':I
FDL
(IBM)

[Leymann, F., Nitzsche, |.: SUPER Tutorial Slides, 2007 ]



YAWL notation

O ® @

condition start end
condition condition
—————7—7—7—7—77= 1 -
! ,O | _
| su al
T T T T T T remove
tukena

Composite task

)

XOR-split
task

|

XOR-join
task

H

OR-split
task

T

g

OR-join

task )

H

AND-split

task

AND-join
task

-

[

Multiple I nstance task

~




Abstract vs. Executable

abstract processes
- public behaviour
- define "business protocols”
- hide things that do not affect partner
- constrain only the message exchange
- what the possible replies are, not why one is chosen

executable processes

- private behaviour

- fully define behaviour - : O
- portable between compliant -
environments

WS-Choreography
- Defines abstract behaviour *BPEL_A hides parts that exist in BPEL_B

From: Peter Furniss, Choreology



BPEL Concept: Basic Activities

Do a blocking wait for a
matching message to arrive /
send a message in reply

Invoke a one-way or
request-response operation

Update the values of
variables or partner links
with new data

Validate XML data stored
in variables

Generate a fault from inside
the business process

Forward a fault from inside
a fault handler

\
2 process
& | receive } [{E, reply } exit
4 )
,_,:'::,:' invoke } [ﬁ@ compensate
- J
4 )
= assign } [‘G compensateScope
A J
« Vvalidate } @ wait
4 )
U= throw } [ empty
- J
4 T~ )
03 rethrow } [ extensionActivity
=
- J
J

From: Michael llliger and Simon Moser

Immediately terminate
execution of a business
process instance

Invoke compensation on
all completed child scopes
in default order

Invoke compensation on
one completed child scope

Wait for a given time
period or until a certain
time has passed

No-op instruction for
a business process

Wrapper for language
extensions



BPEL Concept: Structured Activities

Contained activities are
executed in parallel,
partially ordered through
control links

Contained activities are
performed sequentially in
lexical order

Contained activity is
repeated while a predicate
holds

Contained activity is
repeated until a predicate
holds

4 2 process h
/ T flow ) ( @ pick )
e
&l ™y M2) - (A)
\ J L J
= sequence 4 &4 forEach
L 2l N Lag [ 28 g
¢ J b J
4 ‘
” I while |f elseif-else
<> [ % ]E ()
(. . repeatuntil SCOpe
=]
3 . .
(] < 0
b J b /
\_ )

From: Michael llliger and Simon Moser

Block and wait for a
suitable message to arrive
(or time out)

Contained activity is
performed sequentially or
in parallel, controlled by a
specified counter variable

Select exactly one branch
of activity from a set of
choices

Associate contained activity
with its own local variables,
partner links, etc.,

and handlers



activities

structured activities - can contain other activities

<sequence> one after the other

<flow> in parallel

<pick> choose by inbound message

<switch> choose by expression evaluation

<while> iteration

<scope> nest, with declarations and handlers, synchronize
communication

<invoke > send msg to partner; possibly receive response

<receive> accept msg from partner .

<reply> send msg to partner as response to <receive>
other

<assign> manipulate variables

<wait> for duration / until time

<terminate> end the process

<compensate> run comﬂensaﬂon handler of inner scope

<throw> exit with fault to outer scope

<empty> do nothing

From: Peter Furniss, Choreology



BPEL Activity

Pick While Swith Assign FaultHandler
createinstance —SCDPE ) fautContainer
. Faultklame
N Activity K] .
p | compensationHandler
N Catch
TaultContainer
./_'E ./_'E Taultklame
i Correlation
| = initiation
[ o | =
¢ | ¢ ¢
Flow Sequence Receive Reply Invoke
container container inputContainer -
createlnstance TaultMame operation
operation operation outputContainer
partner partner partner |l
portType portType portType
Throw Compensate
TaultContainer +SCoOpe
TaultMName
Terminate Wait Empty
Tor - .
unti — From:




“Legacy” Code Handling

Pre-existing codes, mostly in Fortran

®* Generally domain-specific

* Hard to re-use in other applications
* They are still useful

* They are often large, complex monoliths with
little structure.

* Support Re-use

* Support Remote Execution e
* Support Remote Discovery try convincing
* Support Remote Data Input/Output| “PP Sclentsts




Wrapping Approaches
Wrapping executables - "As-Is" Approach|Similar name in DBs,
. . but different approac
- No source available (or provided)
- Maintain execution environment
Wrapping Source - “Source-Update” Approach
- Some source provided (generally I/0)
- Executable can relinquish some control
- Data type conversions
Source split Wrapping - "Unit-Mapping” Approach
- Split source into units -- wrap units

- Maintain unit execution environment + overall
manager

Application Supported Wrapping - "App-Wrap”
- Steering support
- Data management support




Wrapping Approaches

Similar name in DBS,
but different approac

*Provide Isolation between existing code, in its present
form, and need to re-use and execute code remotely

*Enable properties of code to be specified (in terms,
perhaps of its interface), to enable a discovery
mechanism to utilise in, say, a particular application.

- Sustain performance, correctness of results, ownership,
and availability




Automating Wrapping

Time consuming and error prone process

Automate the implementation of interfaces
to access code

- via a system wide data model

Automate interactions between wrapped
components

- via a discovery service

- Registry/Lookup service

Can have

- same interface, different implementation



Component Model and Extensions




Component Model and Extensions

Data Type
Translation




Component Model and Extensions

<pse-def>
<preface>
<name alt="MD1" id="MDO01"> MDComponent</name>
<pse-type> Molecular Dynamics </pse-type>

<component-directory>/home/scmiml/wgen/Component®fmonent-directory>

<legacy-code>/home/scmiml1l/md/moldyn</legacy-code>

<ORB-Compiler>idi2java</ORB-Compiler>

<processors>8</processors>

<host-name>sapphire.cs.cf.ac.uk</host-name>
</preface>

<outports>
<outportnum> 6 </outporthum>
<outport id="1"> int </outport>
<outport id="2"> float </outport>

XML Data Model

<outport id="3"> float </outport>
<outport id="4"> float </outport>
<outport id="5"> float </outport>
<outport id="6"> float </outport>
<href
name="file:/home/scmiml/wgen/Component/output.da

- EXxisting
,  Code

ta" value="output" />
</outports>
</ports>




Component Model and Extensions

Adding additional
control inputs

External Control
Input (for Steering)



Component Model and Extensions

Adding “container”
services




Component Model and Extensions

Adding an
execution policy

Execution Rules




Control Flow vs. Data Flow

- Control Flow

- Managed via use of specialist control constructs
(conditions - may be simple
conjunction/disjunction, or more complex
operators)

- Unit/component execution managed through these
control constructs

- Types
» Transition only
- Switch, flow, while, etc
Data Flow
- Execution managed via transmission of data



Data/Control-Flow Spectrum

“clean" data(=ctl)-flow  special tokens flow message passing, control flow
Data (tokens) flow
- (almost) no other side effects
- WYSIWYG (usually)
References flow
- token reference type may be “http-get”,
- generic handling still possible
Application specific tokens flow
- e.g. current Nimrod job management in Resurgence
- "invisible contract” between components
- Director (Kepler) is unaware of what's going on
Specific messages passing protocols (e.g., CSP, MPI)
- for systems of tightly coupled components

"n w

ftp-get”



Dealing with Loops and Conditionals

+ Often difficult to achieve - often ignored
» Conditional

- Specified as control-blocks
- Implemented through the use of scripts

* Loops

- Specified as "meta-blocks” - blocks implemented
over sub-workflows

- Implemented through the use of scripts
* Must be supported in the Enactment Engine

+ YAWL - defines the concept of "worklets"” - sub-
workflows over which control constructs can be
applied



Loops ... 2
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In Triana and Kepler — use of specialist “Loop” components

Components can be explicit
Implemented as “hidden” command



Loops ... 3

f % ‘Basie | Advanced |
[#] Enable Conditional Looping Herations : 0 ¥ Enable Advarlcsl_jﬁi]nlzrliiuns
Exit Conditions Exit Conditions
"IEr.a.'ﬂﬂHS - H= "‘ lto | (iterations = 10
‘mm — H> !||D | S ((war! = 0 || hdatad = O
| =2 |
| A= |
Add
[L] Auto commit 0K || cancal || amoy | [] Auto commit | ox || cancel || appy |

iteraticons »= total iterations / 2

e . ConstGenl. constant < ConstlenZ.constant + 2 /7 3

_ [ Ve | Fdatal = iterations % (10 + $varz)

Init Hteration . _ -
Sarli=; w0+ 1 | fvarl = $datald + Fdatal
$war1=0 ||vart + §datat |
S " | Init()
dwar3-| | | _

, ' Iteration()

i I L= | iSExitLoop(Object[] data)

(Allows for user defined objects to
specify loop exit condition)



Control-flow Patterns

Basic Control-flow Patterns

capture elementary aspects of
control-flow (similar to the
concepts provided by the
WFMC).

Advanced Branching and
Synchronization Patterns

describe more complex
branching and synchronization
scenarios.

Iteration Patterns

describe various ways in which
iteration may be specified.

Termination Patterns

address the issue of when the
execution of a workflow is
considered to be finished.

Multiple Instances (MI) Patterns

delineate situations with multiple
threads of execution in a workflow
which relate to the same activity.

State-based Patterns

reflect situations which are most
easily modelled in WF languages
with an explicit notion of state.

Cancellation Patterns

categorise the various cancellation
scenarios that may be relevant for
a workflow specification.

Trigger Patterns

catalogue the different triggering
mechanisms appearing in a process
context.



Data Pattern Categories

Data Visibility: The extent and manner in which data elements
can be viewed and utilised by workflow components.

Internal Data Interaction: Data communication between active
elements within a workflow.

External Data Interaction: Data communication between active
elements within a workflow and the external operating
environment.

Data Transfer: Data element transfer across the interface of a
workflow component.

Data Routing: The manner in which data elements can influence
the operation of the workflow.

© YAWL Foundation



Workflow Resource Patterns

Focus on the manner in which work is offered to, allocated to
and managed by workflow participants

Consider both the system and resource perspectives

Assume the existence of a process model and related
organisational model

Take into account differing workflow paradigms:

- richness of process model (esp. allocation directives)
- autonomy of resources

- alternate routing mechanisms

- work management facilities



The Workflow Patterns Framework

time 2000 2003 Jun 2005 Oct 2005
° ° ® ® -

Control-flow P:s 20 Resource P:s - 43 Data P:s - 40 Ex
E COSA Domino Workflow Staffware Staffware Sta
Y FLOWer  Visual Workflow WebSphere MQ MQSeries We
a Eastman  Forte Conductor FLOWer FLOWer FLC
| Meteor MQSeries/Workflow =~ COSA COSA CO
u Mobile SAR R/3 Workflow  iPlanet jBPM iPle
a I-Flow Verve Workflow jBPM OpenWFE

Staffware  Changengine OpenWFE Enhydra Shark

f InConcert Enhydra Shark
0
n XPDL, BPEL4WS, BPML, BPEL4WS XPDL, BPELAWS XPL
s WSFL, XLANG, WSCI, UML AD 2.0 UML AD 2.0, BPMN BPE

UML AD 1.4 UML AD 2.0, BPMN  BPMN

LanguageDevelopment: YAWL/newYAWL



1 - BPMN

Control-Flow Perspective: Evaluation 5~ ME"°
| 1] 2| 3 | 1| 2
Basic Control-flow Termination
1|Sequence i + + 11|Implicit Termination i +
2|Parallel Split i + + 43|Explicit Termination i +
3|Synchronisation + + + [Multiple Instances
4|Exclusive Choice 5 + + 12|MI without Synchronisation + +
5|Simple Merge + + + 13|MI with a priory Design Time Knlg | + +
Advanced Synchronisation 14|MI with a priory Runtime Knlg + +
6|Multiple Choice 5 + + 15|MI without a priory Runtime Knlg - -
7|Str. Synchronising Merge +-| - + 27|Complete MI Activity - -
8|Multiple Merge i + - 34 |Static Partial Join for Ml +-| -
9|Discriminator +-| + - 35|Cancelling Partial Join for Ml +-| -
28|Blocking Discriminator +/-| +/-| - 36|Dynamic Partial Join for Ml - -
29|Cancelling Discriminator i + - |State-based
30| Structured Partial Join +/-| +/-| - 16|Deferred Choice + +
31|Blocking Partial Join +/-| +/-]| - 39|Critical Section - -
32|Cancelling Partial Join +/-| + - 17]|Interleaved Parallel Routing +-1 -
33|Generalised AND-Join + - - 40|Interleaved Routing +-| -
37|Acyclic Synchronizing Merge - | H-| O+ 18|Milestone - -
38|General Synchronizing Merge | - - - |Cancellation
41|(Thread Merge + + | +/-| 19|Cancel Activity + +
42| Thread Split 5 + | +/-| 20|Cancel Case 5 +
Iteration 25|Cancel Region +-| +
10]|Arbitrary Cycles + + - 26|Cancel MI Activity + +
21|Structured Loop + + + |Trigger
22|Recursion - - - 23|Transient Trigger - +
24 |Persistent Trigger 5 +




1 - BPMN

Data Perspective: Evaluation  2-umao
3 — BPEL
1 2 3 1 2 3

Data Visibility Data Interaction (External), cont.

1|Task Data + | +/- | +/- | 21|Env. to Case - Push-Oriented - - -

2|Block Data + + - 22|Case to Env. - Pull-Oriented - - -

3|Scope Data - - + 23|Workflow to Env. - Push-Oriented - - -

4(MI Data +- | + - 24|Env. to Workflow - Pull-Oriented - - -

5[Case Data + - + 25(Env. to Workflow - Push-Oriented - - -

6|Folder Data - - - 26 |(Workflow to Env. - Pull-Oriented - - -

7|Workflow Data - + - |Data Transfer

8|Environment Data - - + 27|by Value - Incoming + - +
Data Interaction (Internal) 28|by Value - Outgoing + - +

9|between Tasks + + + 29(Copy In/Copy Out +- | - -
10|Task to Sub-workflow Decomp. + + - 30|by Reference - Unlocked - - +
11|Sub-workflow Decomp. to Task + + - 31|by Reference - Locked + + | +/-
12|to Ml Task - + - 32|Data Transformation - Input +-| + -
13|from MI Task - + - 33|Data Transformation - Output +-| + -
14|Case to Case - - +/- |Data-based Routing
Data Interaction (External) 34|Task Precondition Data Exist. + + | +/-
15|Task to Env - Push-Oriented + - + 35|Task Precondition Data Value - + +
16|Env. to Task - Pull-Oriented + - + 36| Task Postcondition Data Exist. + + -
17]|Env. to Task - Push-Oriented + - +/- | 37|Task Postcondition Data Value - + -
18|Task to Env - Pull-Oriented + - | +/- | 38|Event-based Task Trigger + + +
19|Case to Env. - Push-Oriented - - - 39|Data-based Task Trigger + - +/-
20(Env. to Case - Pull-Oriented - - - 40|Data-based Routing + + +




Resource Patterns CIGSSZS'J‘/—X/\"a—p%E

Creation patterns: design-time work allocation directives
AR/ — BRETRF T Y —REIYET
Push patterns: workflow system proactively distributes work items
T2\ 3—2 D=0 70— AT LD TRIBIICEEZFIRH
Pull patterns: resources proactively identify and commit to work items
TIWIRE—2 ) Y—R(NGE) D EBRIIEEZIIVN B
Detour patterns: re-routing of work items
EYE/NE—2 FEDFNELZD
Auto-start patterns: automated commencement
BERA—~ 32— BEBIRD/ 53—
Visibility patterns: observability of workflow activities
AL B —  AEE OB S _ .
Multiple resource patterns: work allocation involving multiple participants or
resources

BE))—RINF—2 ) —RIZE=DBEEDEY LT

Click here for a FLASH animation of Delegation Pattern




Resource perspective: Evaluation

1 — BPMN,

2 — UML AD,

3 — Oracle BPEL PM
(from [Mulyar 2005])

3 3

Creation Patterns Pull Patterns (cont.)

1|Direct Allocation + | 24|System-Determ. Work Queue Cont. -

2|Role-Based Allocation + | 25[|Resource-Determ. Work Queue Cont. i

3[Deferredc Allocation + | 26|Selection Autonomy +

4|Authorization - |Detour Patterns

5[Separation of Duties - | 27|Delegation +

6[Case Handling + | 28|Escalation +

7|Retain Familiar + | 29|Deallocation +

8|Capacity-based Allocation + | 30[Stateful Reallocation i

9|History-based Allocation +/- | 31|Stateless Reallocation -
10|Organizational Allocation +/- | 32|Suspension/Resumption +
11[{Automatic Execution + | 33|Skip +
Push Patterns 34|(Redo -
12(Distritubtion by Offer-Single Resource + | 35(Pre-do -
13(Distritubtion by Offer-Multiple Resources + |Auto-start Patterns
14|Distritubtion by Allocation-Single Resource + | 36/Commencement on Creation -
15|Random Allocation +/- | 37|Commencement on Allocation -
16|Round Robin Allocation +/- | 38|Piled Execution -
17|Shortest Queue +/- | 39|Chained Execution -
18|Early Distribution - |Visibility Patterns
19(Distribution on Enablement + | 40|Config. Unallocated WI Visibility -
20|Lata Distribution - | 41|Config. Allocated WI Visibility -
Pull Patterns Multiple Resource Patterns
21|Resource-Init. Allocation - | 42|Simultaneous Execution +
22|Resource-Init. Exec. - Allocated WI + | 43|Additional Resources +
23|Resource-Init. Exec. - Offered WI i




Enactment Engines

Employ a variety of techniques for enactment

Integrated with a Portal - others based on a command line
interface (some also provide a scripting language)

Generally for constructing graphs - others also support
execution of components within a graph

Support for third-party services
- Monitoring, Registry, etc

Can take workflow as input, process this, and return another
workflow (equivalent to treating workflow graphs as data)




Enactment Strategies ... I

- Centralised Enactor

- Single graph coordinated through a centralised
enactor

- The enactor manages execution of components in
some sequence

- Distributed Enactors

- Graph divided into sub-graphs and handed to
different enactors

- Each enactor responsible for executing local graph
- Divide graph across enactors
» Undertaken by a user

* Undertaken automatically using rules (more
later)



Enactment Strategies ... IT

- Event-based

- Each component on completion generates an event
- Use of publish-subscribe mechanism

- Each component also activated through the
generation of an event

- Can have multiple event types
Blackboard/Shared memory

- Component/Enactor writes to a shared space
- Monitored by components/enactor

- Blocks on availability of particular data items in
shared space



NET Services - Windows Workflow Foundation

Hosting of Workflow:

- Own Host

- "Dublin”

- NET workflow Services

Hosting supported in a Micros
Cloud (via Microsoft Azure)

XOML

oft

Supports multiple instances of a

workflow instance (for fault

tolerance) - through a multicast

Service Bus

iy s fra—— demm H
I 'WindowsLive ~ 1Officelive Exchange Online SharePoint Online . m

—

Azure- Services Platform

CRM Dinsline

~

o =

A

a . a : - (X it Mscre
w4 LiveServices F AF METServices SOL Services »_;r.';.rfﬁﬂ.r.t Services L‘R\f-.lff_\s;'u_ﬂ

\’.’
ft Cymarmics
WIS

/7 Windows Azure

2

= .-_‘-||I|

[ Visual Designer ]

A Workflow

Custom Activity Library \
/T Windows .\

Workflow Foundation
Base Activity Library

\. J
( 1

Runtime Engine

Runtime Services )
\ —

Host Process



Activities in Microsoft Workflows

- QOut-of-Box WF Activities

- IfElse, Sequence, Suspend, Terminate, While

- NET Workflow Service Activities (for Azure)

- Delay, HTTPSend, HTTPReceive, ServiceBusSend
(for Events), XPathRead, XPathUpdate (content-
based routing)

» Execution supported through a NET execution engine

- Workflow status (terminated, suspended, running,
etc)

- Can use portal to change workflow definition



" WorkflowLibraryl - Microsoft Visual Studio

Eile Edit View

Toolbox >~ I X
= Windows Workflow v3.0 E
& Pointer

| 1 CallExternalMethod

Wl Code

..t.‘? Compensate

E CompensatableSequence
E} ConditionedActivityGroup
Drelay

:&}J EventDriven

i3] EventHandlingScope
> FaultHandler

.htJ HandleExternalEvent

i# FElse

|#¢ InvokeWebService

@ InvokeWoarkflow

£4 Listen

i3 Parallel

= Policy

gl Replicator

E Sequence

[l Suspend

E Synchronization5cope

&3 Terminate

& Throw

E TransactionScope

E CompensatableTransactionScope
|#}. WebServicelnput

|, WebServiceQutput

Lt WehSendireFanlt

=

Broject Build Debug ‘Worlflow Data

G- G H e % an] 9

=

=L | b Debug

Tools Window Help

= Mixed Platforms

-~ Workflow1.cs [Design]| Workflowd.cs |

Sequential Workflow

?

B ifElsefctivityl

g

ifElseBranchictivityl

i

4 callExtemalMgﬁtm

dActivityl
4 3
i ¥
.
L codeActivityl
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1

1, handlebxternalby

+ entActivityl

ifElseBranchActivity2
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Solution Explorer - Workf... =
BlREEEA
E solution 'WorkflowLibraryl' | »
- &P C\.\WebSitel\,
i - Lz App_Code

- [} App_Data

m

- ) Service.asmx

% web.config

El (] Workflowlibraryl
E| [=d| Properties 3
|E x3] References
E| | Web References

: B iﬁ localhost

- __»} app.config >
< | m | b
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callBxternalMethodActivityl Sys -

=[l[E] 7 |E

(Mame) callExternalMe o
(ReturnValue) | =
Description I
Enabled True

__IntefaceTune  Waorkflowlihra ™
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BEE
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Trident & NEPTUNE (Roger Barga, Microsoft)

Trident: Scientific workflow tools using Microsoft
Workflow Foundation

Distributed registry service for sensor +
simulation/model data

Trident enables:
- Automate tedious data cleaning and analysis pipelines.
- Explore and visualize data, regardless of source.

- Compose, run and catalog experiments, save results.
- Explore and visualize ocean & model data. -

Also, utilize collaboration facility in MSW
- through the use of NET Services portal




Trident & NEPTUNE (Roger Barga, Microsoft)
Populate Windows WF with custom activities
- Introduce gridded data structures;
- Define basic operators (data transformations);
- Implemented as custom activities;

Introduce parameterized activities
- Easier for users to design workflows

- Tool to convert custom to parameterized
activities

Invoke and author workflows via web browser

Persistent workflows, checkpoints (stop-revise-rerun)



Yahoo! Pipes

+ Exports data to RSS, XML and JSON (data

aggregation)

* Mainly provides support for aggregating and

manipulating RSS feeds
- Feeds can come from Google Base,

Flickr, Yahoo! Local, CSV files etc.
» Provides a variety of functions for this

- Allows
- Translation between feeds ~string

[
|

IfF'rwate string -..Pj]

- Aggregation of feeds Eﬁ‘ahnnlﬂhnr’[cuts uu%

. . string Builder o

- In'l'egr'a'flon WlTh map [Etring Regex -...Jj]

- Focus primarily on a data LI
dr.iven approach [ String Tokenizer -...Jj]
IfTerm Extractor or

[Tranalate oo 4

r1pes Translator

Layout Expand All

]

Euurces

b User inputs
* Operators

[Cnunt -n.i-'jl
(Filter oh ]
[anatinn Extractor ﬂjl
[Lu:u:up ﬂj]
Regex -n.i-'jl
Fename -n.i-'jl
[Heuerse ﬁljl
(Sort )
[ Split )
[Euh-element a7
[ Tail oh
[Truncate o
[Uninn o
[Unique -n.i-'jl
[Weh Service -n.i-'jl




- Pipes: editing "Science Journals copy’ - Windows Internet Explorer |:||E||X|

@;{; - |2§" http: ffpipes. yahoo, com)pipes) pipe edit?_id=ptna7 kO SEGwWCk3r JhCw 00 V| ¢?i A |Gu:u:u;||e | Pj'j

File  Edit  ‘iew Favorites  Tools  Help

GOOSIE||G|vskDIem inskance V|Gl:| Y= @ > G M-~ E v 9% Bookmarksw @59 blocked "'.?Cheu:k + % Autolink - f'l-_, futoFil 2 @SettiHQSv

W [88]*] zoogle Calendar ]g“ Pipes: editing 'Science Jo... 3¢ ] ‘ - B s v b Page - Tooks -
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 Sources » 28
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@ URL
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[ £

b My pipes [ -
b Monenc = d

[£

| s

Debugger: none b3

Done [g €D mnternet F100% v




£ Pipes: editing ‘Science Journals copy - Windows Internet Explorer

@1 e T |Sg° http:ffpipes. vahoo, com)pipes) pipe. edit?_id=ptna7 kOSEGWCEI3r JhCw00 ARSI ! ale | 2=
File Edit WYiew Favorites Tools  Help
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¥ SOUFCes @ URL o iy TFECTTEED ST —
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; by o

| Fetch Feed | . 4 e i

— If el A

(Fetch Data - g
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Debugger: Pipe Output (60 items)
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doodle.oml 2 l

ControIFIowJ DataFlow

‘hitp://localhost: 8080/ kernel

-

P

PA

DoodleMap with JOpera

® “ine
Island Burgers & Shakes E
Preferences:2

Poll: hamburger

CP has created this poll.

"10001"

Gray's Gray's | Hilton- | . i’m':::&

Papaya papaya illenium (O &
0K
OK

WWww.jopera.org

iop

era

Powered by

From: Cesare Pautasso

Bmlwnrw'ick




JOpera Example: Doodle Map Mashup

Setup a Doodle with Yahoo! Local search and
visualize the results of the poll on Google Maps

.--"/JJ

ConvertY2D

GetYahoolocal l .,

ConvertY2G

PostDoodleC

reatePollText

PollID

o
s

GetPoll =

Doodle’ [

Waitt—"

E_E_H\k

ShowGMapDoodle

From: Cesare Pautasso

Google



ActiveSheets/EnFuzion

Extend MS-Excel to support execution of functions

- Excel > Nimrod Cache > Nimrod-based execution

- Use OLE extensions (VB + ActiveX DLL)

Support for parallel evaluation of cells within a spreadsheet
- Results of one cell may feed as input into another

Use of custom functions (rather than built in ones in Excel) -
evaluate cells in a data flow manner

- Cells must be "functionally” independent
Table used to maintain current state:

- not evaluated, under evaluation, evaluated \f\‘/ }‘j/
Custom function returns “"before”
evaluation completes - causing other ﬂ
functions to be evaluated in parallel
A B C
1 1 2 3
2 —A1+BI =C1+D1
3 —A2+C2
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Enactment for Automated Composition (more later)

Enactment engine enlists use of other components
- Discovery Service

- Planning Engine

Enactment may be “goal-oriented"”

- Define requirement, rather than components

- Conflict detection support

- Mechanisms to chose between alternatives

(constraints) ﬁ

Difficult to do in practice




http://www.trianacode.org/ |
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GridLab Implementation

T S
DRI EEY
DoEae &% ex (6o
Ega:s; uuuuuuuu | untitiea
ESE mmmmm || B untivea e lZl:
. o [ v = 9 C |
& Il . —.5
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GAP Interface
\ 4 l A 4
IXTAServe P2PS WSPeer
JXTA Sockets Web Services

http://www.trianacode.org

Grid Application
Toolkit

GAT

'

Gridlab Services

l
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Java GAT Prototype

» Advertising

> + Discovery

- Communication
Services

J
\ .
- Set of generic Java interfaces * Generic Job
* high level abstractions to Grid > Sa?rf::fjlon
y = 4

services
- Factory design - dynamic pluggable Dat filename data
ard access

services

Management




File Edit Debug Tools Window Help

Triana Architecture

Plug-in Applications

DRI o OTENEY

- flexible: apps can use Triana Triana

REFCNREREERCER]

in various ways, as a: Engine

& 27 Audio

[~ Triana Toolboves | ‘ Untitled
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Triana Distributed Workflow

E Triana

File Edit Debug Tools Window Help
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w9 o |
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Workflow,
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Network

Distributed Triana
Workflow

- flexible distribution:
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Groups

- HPC and Pipelined
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Distributing Triana Taskgraphs

Mapping tasks or groups of tasks to resources
Two stages:

Taskgraph annotation, XML definition for each task or
group of tasks

extended to specify resources and message channels

Data distribution, annotated sub-sections of taskgraph
passed to resources



Custom Distribution

Fle Edit Tools Run Plugins Options Window Help

Doev0as
. Blaini x|/l x)|8/S/ol0

+  The workflow is cloned/split/rewired to achieve

o the required distribution topology

 packages (uetau] | { unween | [IFFILR

1 Triana Taols
© 3 Audio

T

Gwgiped B

@ 3 common
@[3 Demos
© 3 Editing
o JGE0

@ 3 GriPhyN

igve

L L, i
FFTR
M

© [ imageProc

& T Malh
€ [ gignalProc

«  Custom
distribution units
allow sub-
workflows to be
distributed in
parallel or
pipelined

Enable Distribution @

i Standard Distribution

i® Custom Distribution

Commaon.Network.HTCParallel
Common.Network.Peer2Peer

ok || cance

Distributions—— Grapher
R S j ——— Local
| e, - Triana
R T e I W
: LTEEL = Remote

— Services

FFT

- Distribution units are standard Triana
tools, enabling users to create their
owh custom distributions



Remote Deployment

User can distribute any task or
group of tasks (sub-workflow)

Using the GAP Interface, Triana
automatically launches a remote
service providing that sub-
workflow.

Input, Output and Control Pipes
are connected using the current
GAP binding (e.g. JXTA Pipes)

n--_—@

Remote Services:

d mjolnir.astro.cf.ac.uk
atreides.cf.ac.uk

easpoon.astro.cf.ac.uk

L-j () Disable Distribution

| OK H Cancel H Apply |

ﬂmlﬁd‘ % s

OUTPUT PIPE
L (UXTA)

"~ CONTROL PIPE
(JXTA)

INPUTPIPE__~
(IXTA)

E]Gaussl 7 Ll |Z|I

T T
Wave!_m— SGTGrapher

4] > -
REMOTE SERVICE (JXTA)




Deploying and Connecting To Remote Services

Running services are automatically
discovered via the GAP Interface,
and appear in the tool tree

User can drag remote services
onto the workspace and connect
cables to them like standard tools
(exce,:)’r the cables represent
actual TXTA/P2PS pipes)

All Packages (default)

[ Triana Tools
& ] Audio
@ ] Common
@ ] Demos
@ [ Editing
@ ] ImageProc
@ [ Math
® [ SignalProc

® O Algorithms

D AccumStat

[ Chirp

D iZonjugate

[ Distance Remote
Al Services

E‘] FullSpectium

E‘] Gaussian

[} oneside

2 PaD

Remote PFT
Femate Gaussian
E’] SCaonvolve

[ shit

1




Web Service Discovery 1

§& web Service Configuration

° Tr‘iGnG GI IOWS USer'S TO quer‘y LIDDI Inguiry |hﬂp:IIuddi.xmethuds.netﬁnquire |
U DDI r‘epOSiTor‘ies UDDI Publish htips sfuddixmethods netipublish |
User ID |
Passwnru|
OK
Find Tools... g|
Search name?
B |
- Alternatively, users can ==
import services directly from
WSDL
Import from Web Service. .. rg|
WSDL Location

|hﬁp:I4mw.xmethnds.neWeENiewListin]

OK Cancel




Web Service Discovery 2

Discovered/Imported Web
Services are converted into

Triana tools
(service name = tool hame)
(input message parts = in nodes)
(output message parts = out nodes)
etc...
Web Service tools are
displayed in the user's Tool

Tree (alongside local tools)

|l Packages (default)

[
@
@
o
&
o
o
&

¢

Triana Tools

3 Audio

] Comman

] Demos

] Editing

1 ImagePrac
T Math

1 SignalPrac
] Web Services
& 7 BabelFish

@ [ Bames and MNoble Price Qu
© [ Basic Telecom Rate Inform| =
© [ BAX Global Tracking Servici

& ] Bible Verses

& ] Biblewyebservice
& 3 BMNPriceWs

@ ] BookBemvice

& ] Bark

@ ] BorlandBahel

@ 3 Business Data XSLTransfo|

& [T Business Finder (UDDI) -
& ] Business Mews

| L | || s




Connecting Workflows

Web Service tools can be dropped onto the user's workspace and
connected like local tools

A workflow can contain both local and Web Service tools

E@Triana
File Edit Tools Run Plgins Options Window Help £ StringGen

P @ &a ? @ Gk Ek ir:er..éitﬁng:-

_ AnPackages (defaul) |+ | |[Tuntitiedn |

? [ camman == l UI‘IﬁﬂEﬂ" s
& ] Buffer H
& 09 comms
@ [ Input
[ condorSubmitDe
rj ZonstGen
D Zount
[y DEDetails
D DBEExplore
[ sequenceBuffer
[ stringGen

paleaalk




Complex Data Types

Users can build their own interface for creating/mediating
between complex types

Alternatively, Triana can dynamically generate an interface from
the WSDL2Java generated bean class

= WS TypeGen
StrCountry |Fran|:e

WS T‘j"p eGen [_] Auto commit Cancel

7= WS TypeViewer

GetPopulationResult
Country |Fran|:e | java.lang.String)

WETypeViewer Date  [z003 | Gava.ang.String)
Pop  [60,180,529 | Gava.lang.String)

[_] Awto commit Cancel Apphy




File Edit Tools Run

GEMSS: Maxillo-facial

S

urgery Simulation

Plugins QOptions Window Help

[=]

ol [x]

@ | T

©)

aja

S 8|3

s

36

D CutandDrag

D D iewer

[ FileDownLoad
D FileMarmeshow
[y FileUpLoad

[ GrMwviewer

[y HeadFEM

[y imageLoading
D MeshGeneration
D W e

/Al Packages (default | « |

[~ Triana Tools
@ [J GEMSS

| Maxillo—fa...

Maxillo-facial Surgery Simulation

Imageloa..

W ew ar

- FileUplLoad

CutAndDrag

FileDowr.. 4—- FileMame.. |

FileDown.. h LeMiewear |

| ¥

[

[ E= Uew Bndow Help

Ready.
I

F\\\\\\ T H‘\‘H? “A




GEO 600 Inspiral Search

Background
- Compact binary stars orbiting each other in a close orbit
- among the most powerful sources of gravitational waves

- As the orbital radius decreases a characteristic chirp
waveform is produced - amplitude and frequency increase with
time until eventually the two bodies merge together

Computing
- Need 10 Gigaflops to keep up with real time data (modest

search..)

- Data 8kHz in 24-bit resolution (stored in 4 bytes) -> Signal
contained within 1 kHz = 2000 samples/second

» divided into chunks of 15 minutes in duration (i.e. 900
seconds) = 8MB
Algorithm
- Data is transmitted to a node
- Node initialises i.e. generates its templates (around 10000)
- fast correlates its templates with data



Coalescing Binary Search

P

Triana

File Edit Tools Run Plugins Options Window Help

IERRAIGIRNEN

7
7
%

SEEEIREE

X &com

| Triana Tools

| » 5 Audio

> QQ Commaon

> ":SD DataParam

| ¥ L7 Dave

b ) Math

¥ | SignalProc

¥ | Algorithms
_ Chirp
% Correlate
% InspiralSear
2. NewSignal
% NewTemplat
% Naormalise
% Overlap
2 PaddedChir
% Psd
% Signal
% Template
b & Time

> Q Demos

> 5:9 Diagnostic

b ) Editing

> 5y ceo

b 5 GriphyN

> ':‘D ImageProc

b Q@ Math

E—) «| >

L

7 Al Packages (default’™) | e

eceé

Untitled1




-~

Triana

ile Edit Tools Run Plugins Options Window Help

' DRI = =
EEIE] alrmggTﬂ CILER)w] GEO 600 Coalescing Binary Search

S m-m

%AII Packages (default "|
Triana Tools et
» 7 Audio ntitle
> ':.:} Commaon = :
p ) DataParam W OneSidel l 4 S
bt Diape ° Sampbeﬂata
B [ Math I = :
v SignalProc Gaussian Wave1 m . Multiplier 1
¥ | Algorithms WindowFnc | .
Chirp | I S 8 Divider
% Correlate Squ..
% InspiralSearch
% NewSignal .
% MewTemplate = FFT | Scaleri _
E] Normalise -t .E. . - | " Dividert
% Overlap B OneSide o
= paddedChirp Buplicator & : e | ﬁ
% Psd I
% Signal . —L Sgrt |
% Template | .
Ma SumEleme..
> r::Q‘Tir'rna 2 Sq g | 2 e
> rlD‘ Demos - . :
- .\) Diagnostic . FFT3 = . Dividerii i Canjugate .1
p 5 Editing | S ——
s L' Multipli..
> W CriPhyN m—n NewSignal = e -
» r:\:} ImageProc - fr— =
> ) math . Divider4

b 5 Mane — {
> b SignalProc r et | FFT4 :
S j ——— Multipli. : r—ﬂeam —
mmg OneSide2 i { 1 :
. rl Scaler3 !—I 8 Divider2 : : Scalerd
| SumEleme.. l—,
! SqMag2 q = Dividar12 : RealPart

—————————————

: Scaler2

Newtonia.. e Con;ugatm E—




Coalescing Binary Scenario

BEE  Controller

| Packages (defau) | v |

& 7 Audio IZI_ Emalll SMS HOTIfICGTIOH

[~ Triana Tools éi : o
©- [ Common || E— M —= /
& [ Demos ;
&~ 7 Editing ;i ) /
& [0 GrirhyN :
& [ ImageFroc ;i CBSearch 7/ _
& [ Math ; = L I

H L » —
@[3 SighalProc '_l‘ I | | - = 09 l Ca

K )

File Name

GW
Data
Distributed

Storage
- Submit Job
* Optimised Mapping

Gridlab
Test-bed




The KEPLER/Ptolemy IT GUI (Vergil)

“"Directors” define the
component interaction RISIES
& execution semantics |

| directar library Promoter identification workflow (FIW) aims at contructing
| actor library models of transcription factor binding sites to identify

|| more libraries co-regulated genes, starting from microaray data.

|| user library

FE file: /C: /Program Files/SDM/5WE /D emo/PI'w -full_xml
File: Wiew Edit Graph Debug Help

Zlz| |z | Z[p || S|e|m

|| uilities

PN Director

Double click the File Reader to change specify your access numbers. to be
investigated. The access number should occupy ocne line each. Each
access number will be investigated,

The transfac result will display in a separate windows.

Gene Sequence Processing
Thisloop axacotas

r '.‘ E}D - “Gene Sequence Processng”

foreach gena enterad in
IJ.-1NL|111DU| Lis®

Canol
FileReader for AcessNlimbers [ ptolemy. actor. TypedCompositedctor

1 —
—

Doublea-click lo change
the ClugtalW filename

FileReader ClustalW_Remote ClustalW Results Display
p P- » -

Shows the physcal alignmeant

of multiple gene sequences
Usas DDEL-ClugalVy Muitiple

Large, polymorphic component
("Actors”) and Directors
libraries (drag & drop)




Actor-Oriented Design

Object orientation:

What flows through
class name an object is
data sequential control

(cf. CCA, MPI)

r methods 1

call return
Actor/Dataflow orientation: What flows through
an object is a stream
actor name of data tokens

data (s1a1e) (in SWFs/KEPLER

—> oarameters ) also referencesl!)
Input data Output data

ports




Object-Oriented vs.
Actor-Oriented Interfaces

Actor/Dataflow
Object Oriented Oriented

TextToSpeech

Text to Speech

initialize(): void ‘
notify(): void text in E speech out
iIsReady(): boolean

getSpeech(): doublg(]

OO interface gives procedures that have to

be invoked in an order not specified as AO in‘rer'fc'(ce definition says "Give me
part of the interface definition. text and T'll give you speech




Ptolemy IT: Actor-Oriented Modeling

- "Director” acts as an enactor

- In this instance, interaction semantics are not
maintained within a component

- This is equivalent to having a centralised enactor

Different directors for different modeling and execution
needs

- Hence, a variety of directors can operate on the same
components

=> Better abstraction, modeling, component reuse, ...



Behavioral Polymorphism in Ptolemy

«Interface»
Receiver These polymorphic methods implement the

communication semantics of a domain in
Ptolemy IT. The receiver instance used in

+get() : Token communication is supplied by the director,
+getContainer() : IOPort not by the component.
+hasRoom() : boolean (cf. CCA, WS-2?, [G]BPL4??, .. 1)

+hasToken() : boolean

+put(t : Token)
+setContainer(port : IOPort) -

IOPort
Behavioral polymorphism is the idea | ——— .~
that components can be defined to producer consumer
operate with multiple models of actor actor
computation and multiple middleware
frameworks. Receiver




Component Composition & Interaction

Molecular simulation

Office of Science

workflow

PSF
‘ equilibrate
PDB neutralize PSF solvent
> PD

@

water
—> densil
CURVES
(fFostprocesy
rajectory
L

YY.

i}

cluster’

realtime
monitoring

clipper.lbl. gov

Globus GRAM Submit)

§{executable=,,.

Building Applications by Compaosition

« Connect useSﬁO”S to '7!9‘.49?&.'?.9'2’!?:-. ....... .

[mage
database
component

setlmage(...)

Image Processing

Component - doFFT( =
Acme

FT'T
component |=

Image tool graphical interface component

Components linked via ports
Dataflow (and msg/ctl-flow)
Where is the component interaction semantics
defined??
- each component is its own director!

- But still useful for special applications, e.g.

parallel programs (MPT, ...)




Domains and Directors: Semantics for

Component Interaction

CI - Push/pull component interacti

on

CSP - concurrent threads with rendezvous

CT - continuous-time modeling
DE - discrete-event systems
DDE - distributed discrete events
FSM - finite state machines
DT - discrete time (cycle driven)
Giotto - synchronous periodic
GR - 2-D and 3-D graphics
* PN - process networks

*+ SDF - synchronous dataflow

SR - synchronous/reactive
TM - timed multitasking

C—

T ——

For (fian-grained)
concurrent jobs!?

For (coarse grained)
Scientific Workflows!

—




Polymorphic Actor Components Working Across
Data Types and Domains

Actor Data Polymorphism:
- Add numbers (int, float, double, Complex)
- Add strings (concatenation)
- Add complex types (arrays, records, matrices)
- Add user-defined types
Actor Behavioral Polymorphism:
- In dataflow, add when all connected inputs have data

AddSubtract

iy

By not choosing
among these

v

h¥i

- Ina time-triggered model, add when the clock ticks when defining the

- In discrete-event, add when any connected input has component, we
data, and add in zero time get a huge

- In process networks, execute an infinite loop in a thread | increment in
that blocks when reading empty inputs component re-

) e usability. But how
In CSP, execute an infinite loop that performs do we ensure that

rendezvous on input or output the component

- In push/pull, ports are push or pull (declared or inferred) | will work in all
and behave accordingly these

- In real-time CORBA, priorities are associated with ports | circumstances?
and a dispatcher determines when to add




Directors and Combining Different Component
Interaction Semantics

Behavioral Polymorphism: Hierarchical
Heterogeneity and Modal Models

Giotto Director

throttle_motor

motor_current monitor i & a a
» > | Periodic, time-driven tasks
gl—i —
[—’ servo_control
throttle_position Jeliuiee e

_managsr” | [

Controller task

user_mo
' Modal servo control.

serva_control_output

th’roﬂle positions Possible app. in SWF:
* fime-series aware ...

SDF Director

mode_isPresent &E}ﬂ’m

desired_throttle_position

‘ mode_isPresent &mﬁéﬂ =2 throttle_positions ¢ xy aware ..

throttle_position .
i ._\—h. sliding made controllf == exeCUTlon mOdeIS
mode

* parameter-sweep aware ..

desired_throttle} position
, AddSubtract
sdf discard current
{ E mode t

Modes (normal & faulty) - oo } (I e




Gtaph Debug  Help

Web Services = Actors
(WS Harvester)

l! file: /C: fke plerfworkflowsftestiwsHarvesterModel. xml
File Miew Edit

Zz@:=ZPHNOP R @

| actors | Data |

| kepler ]
=4 weeb services
=Y Blast
.| Elast_searchParam
] Elast_searchZimgle
] Elast_extractPositior
] Blazt_zearchPararns.

)]

=Y Clustahy N
] Clustan.-“-.l’_anal',-'zeP}
ECIustaW_analvzeSir »
[ Clustal_analyzePa
1] Clustaly_analyzeSi
= _4DDBJ
[ DDBJ_getFFEMtry
LI COB)_getxhLErtry
[ oDB)_getFestureinf:
LI oDB)_getflFeature:
[ COB) getRelatedFofa

PN Directar

WSHarwester

'\ Blast _searchParam

A -
-

query, bypeiskring

Blast esractPosition

Display

=

Blast searchSimplefsync
-
-

Blast searchParamAsyne

Edit parameters for WSHarvester

X

@ repostoryURL: wywy sdac edui~altintasiERepository html |[ Erowwae ]
keywords: |

[ Commit ] [ Add" l [ Remove ] [Edit Styles] [ Help ] [ Cancel ]

]

%) WSDL List - Mozilla Firefox

File Edit ‘Wew Go Bookmarks oals  Help
QE w x | | @ |U httpeffusers sdse.eduf~altintas'WSRepasitary. btml V| !l—_c;_.‘, |
|| Mozila Firehird Help | | Maozilla Fir;drd Discu... || Plug-in FAG

WSDL List — adopted from the list at the XML Central of DDBJ

<

Name URL
Blast hitpffoml nig ac. ipfwsdUBlast wedl

Clustal W hitpe/fml nig.ac. phwsdUClustal W wadl

DDBI httpodfszml nig ac. ipfwsdVDDBT wedl
Fasta hitpoifszml nig ac. ipfwsdUF asta wedl

TzSearch hitpoffoml mig ac. ipfwedlTeSearch wedl

Document

document
javadoc
document
javadoc
document
javadoc
document
jawadoc
document
javadoc

Registrant

L Central of DDET

XML Central of DDEI

XML Central of DDBJI

XML Central of DDBI

L Central of DDET

|

Dane

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




KEPLER: Actors

WebSendice
WebSenice program XELTActor FileFetcher
database Blast searchSimple Resilt carificate
query e el XSLT htm|Cut - fatchadFiles
filesT aGeal
FETCHER
L ]
L ]
WebSenice  * 5 ol
bt xmlCuiput
accassEon OORJ 3 MLERT Rasi|t filaQOrURL narme .
g ry D} BROWSER Pualue FileStager
cerdificala
- dagedFiles
filesToPut
STAGER
SRBConnect
SRBDisconnect
: Email > RunJobGridClient
CommandLine ; i
argumants !:nu:liIElHEdeE messageBady cerificate UL
oufpul . i
inﬁleHandle@e:ilCude e bzt
SRBReader SRBWriter
.j E
>
>
OrbWaveformSource OrbWaveformSink
SDF Director [ P> b [
] onn
OrbPacketObjectSource
ExtrCoords GamessOut OUIDU'EWEGIE"’ Results
GlobusProxy FileFetcher [ - E ot P
..—E;
i RunJabGridClient
Flleﬁtagerl - . MrEcHRP Globus Job Resdlts
=3 >

P
L

FilesToPut

| STAGER

5

E]




FAEHIM

+ Use of Web Services composition - with
distributed services

- Wrap third party services (Mathematica,
GNUPIot)

- WEKA Service template
- Triana Workflow
» Services provided by third parties

- WSDL interfaces (avoid use of specialist
languages - unless really necessary)

- SOAP-based message exchange
* Use of attachments

- Access 1o local and remote data sets

- Support for data streaming
* Wrapping of existing algorithms (important

requirement)
http://users.cs.cf.ac.uk/Ali.Shaikhali/faehim/




FAEHIM Architecture

[ata Includes:
hd anagement 17 Service Composition Tool
Includes: Librany (convertars) 2] Senvice Enador
Signal Processing Toolbox
(FFT, Zauszian Filters, atc)
Triana ’a WEKA Classifiers
Algarithm ‘j—p E Data Mining Clustering Algonthms
Librany Wl fifl o Algarithms Aszaciaton Rules
Engine
(Triana)
f’”ﬂ WE KA
Third Party ﬂttri)lﬂ:-l;.lte il-elle-:ti-:-n
Sensices gz
¥
Web Senices vizu alization Web Senrices Wrapper
Tools

(ZMUPlot, TreePlot, ate)

Meb Senvices



Fﬂ Triana

il Ec'ldi Rur Tn:u:ﬂs Services thu:uns i"‘iﬁm{uw Help

Bﬁﬂﬂl%ﬁ@ﬁ XIH@@@

|.~'1'~II Packages (default)

(1 Triana Tools
® [ Audin
@ [ cormman
@ ] Demo=
Ll | Dip=o
o 1 Datazet
® [ Converters
o |j Irpst
B LocalDatazet
|j| RemoteDataset
@ | Processing
[ attributeSelector
|j| ClassSelector
D OptionsSelector
@ [ visualizers
rj Clusterervizualizer
[ Platter
D Treevisualizer
D YizualizePanel
@ [ Editing
e IimageProc
& [ Math
oy |j SignalF‘ru:u:
@ [ wisbServices
@ [ Classifier
clazsitylnstance

getClazsifiers
- &= getoptions
& [ CobwehClusterer

: clazsifyRematelnstance

E ClassSelector

©' [ classitiers
@ [ bavyes
& [ functions
@ [ lazy
o3 Ij meta
& ] misc
@ Cltrees

E‘| ADTree

D Decisionztump

[ 103

[ 248
[ Lwr
[ map

B RandomForest
D RandomTree
[y REPTree

D UzerClassifier

‘weka.clissifiers.trees. 48

(] auto commt | OK |

Cancel |




i.&ll Packages (default)

1 Triana Tools
&= [ audio
@ [ Comman
@ 1 Demos
® [JDipso
@ [ Dataset
& [ converters
Q |j It
|j| LocalDatazet
E| Remotelataset
@ [ Processing
[ attributeSelector
D ClaszSelector
D OptionzSelectar
@ [ Wisualizers

B Clusterervizualizer

[ Pictter

[} Treevisusizer | {2l AttributeSelector
. [ visualizePanel |
©- [ Editing | J
& [ ImageFroc féﬂi::{;ture
@ [ Math | humiciity
Q" = SighalProc | iy
® [ webServices play
9 3 Classifier |
\% classifylnstance i
clazsifyRematelnstance
‘% netClazsifiers ]
getdptions
© [ CobwehClusterer

&[] J45Classifier




¥ QQ

|AII Packages (defaurt_j

\ -‘_*_*.I

[ Triana Tools
& [ Audio
& [ Cornmon
& 7 Demos
@ [ Dip=o
@ [ Dataset
@ [ Converters
@ | Input
D LocalCatazet
D RemoteDataset
& [ Frocessing
[ attributeSelector
|j| ClassSelectar
|j| CptionzSelectar
¢' Ij Yisualizers
E‘| Clusterervisualizer

[ Pictter

B TreeVisualizer
[ visualizePanel

@ [ Editing

& [ ImageProc

@ [ Math

@ E SighalProc

@ [ WiebServices

@ [ Classifier

% clazsifylnstance

% getCIassifiers
&= qetCptions
9‘ Ij CobweebClusterer

clazzityRemotenstanc :

l_

iE st ringViewer

Wl = [ Append values

4G pruned tree

play = ves

hiumichity == F0: sunny (3.00.0)
hiamidity = 70

| temperature == 71 rainy (2.00

| temperature = 71 overcast (4.001.00
play = no

temperature == ¥1: rainy (2100




Flla Edt Run Tools Services Options Wincow  Help

X BEOD
PRO®Y DEF QQ

DaEa b

X0

|.&II Packages (default)

@ ] Pracessing
&~ Ij Svhc
& ] Timer
& [ WehServices
@ ] Demos
@ [ Dipso
@ [ Datazet
@ [ Converters
@ [ Input

@ Ij Processing

[ attributeSelector

D Clazs3Selector

B CptionzSelectar
@ [ Visuslizers

rj Irmagetfisualizer
rj TreeVisUalizer

@ [ Editing

- Ij ImageProc

® [ Math

&= [ SigrialProc

¢ [ webServices

& [ Clagsifier

& Ij Interrogator

& [ J4aClassifier

@ [ MathPictter

& [T Madeler

&~ Ij TestService

B LocalDatazet
|j| RemaoteDatase

rj Clustererizualize

* | E untitied1 -

2 Tree Visualizer

Tree Yiew

=70 =70

=g

—p

p|

Kol




'ﬁ Triama

BEX

Fjls‘ EE:HF= an Tm{s 'SEP‘-:-'BEES gﬁﬁﬂl‘lﬁ théw ‘HEIF.‘E

|.E~II Packages (default)

Ij Triana Tools
& [ Audia
@ [ comman
& 7 Demas
& ] Dip=a
&= ] Editing
& 7 ImageProc
@ [ Msth
@ [ SignalProc
& |j Test
& [ TestPackage

File: Fegion Options Tools Wiew Help

WE CWINDOWS Syste, ﬂ = Triana ﬂ &7 httpifflocalhostiang, . | [8] Camstudia

K s 4 LN




fi= Triana
File Edit Run Tools Services Options YWindow Help

DaHE h¥RBEX A0 0Q
PRO®Y DEF QAR

|.ﬂ-.ll Packages (default) |v] | untitiear |

Ij Ttiana Tools

&= ] tudia

& [ comman
& ] Demos

& 7 Dip=o

& ] Editing

& [T ImageProc
@ [ Math

@ [ SigrialProc
& 7 wiesbServices

Recard

-

1 1 Y |

: ] ctarl 3 http: ffbervllion, . oo AZammand Promp. . & dernos & toolboxes E:ﬂ'j Triana EM ‘QEI " .. E -_'_F 1e:00




Inside the FAEHIM Toolbox

@ [ Dipao
@ [ Dataset
@ [ Converters ‘

[ cavTaarit

@ [ Input Deals with Dataset files

[ LocaiDataset ] e.g. load datasets,
converts dataset formats
B RemoteDatazet

@ [ Processing
[ sttributeselectar —

B Clazzielector

— Deals with data that need manipulation
B Cptionaselector

® [ visualizers «—
} Clustererizualizer

[ Pictter

43 | Visualize data
__E’”| Treevisualizer

_j WizualizePanel




Usage Overview

Weka Algorithm

A

........................

Classify - ClassifyR

@
||
URL




Classifier

J48 Classifier

Class for generating an (un)pruned C4.5 decision tree. For
more information, see Ross Quinian (1993). €4.5: Programs
for Machine Learning, Morgan Kaufmann Publishers, San
Mateo, CA.

Operations

classify( )

Input: DataHandler dataset, String attributeName
output: DataHandler decisionTree

classifyRemoteDataset( )
Input: String ur/, String attributeName
output: DataHandler decisionTree



Clustering Support
Cobweb Web Service

Operations

cluster( )
Input: DataHandler dataset
output: String result

clusterRemoteInstance( )
Input: String datasetURL

output: String result

clusterByPercentage( ) .
Input: DataHandler dataset, int percentage
output: String resul/t



Graph Plotting Service
Plotting Web Service

Operations

EIOT3D

nput: DataHandler data, String
plot Type

output: DataHandler graph

etPlotTy fes( )
nput: nu//
output: String plot Types



I 1. Discover
2. Select
3. Invoke

Registry Usage

A 4

A

Execution
Resource

Registry of Algorithms

Algorithm 1

Algorithm 2




I 1. Discover

2 Select
Invoke

Parallel Execution

—
................... w
UDDI
................... Resource
Allocation ~ @ @@
___________________ Manager Registry of Algorithms
Algorithm 1
Algorithm 2
~~~~~~~~ Algnri'rhm 1
Execution Execution Execution Execution
Resource Resource Resource Resource




Workflow Optimisation

+ Types of workflow optimisation

- Through service selection

- Through workflow re-ordering

- Through exploitation of parallelism

* When is optimisation performed?

- At design time (early binding)

- Upon submission (infermediate
binding)

- At runtime (late binding)



Workflow Partitioning (Pegasus)

|

P A

1

P B

O T O [

Criginal Absiraci - — ,

— .

1

Full Graph vs Partial Graph Scheduling

Schedule
. Total workflow Graph
. Sub-graph

. Each node



Service Binding Models

* Late binding of abstract service to
concrete service instance means:

- We use up-to-date information to
decide which service to use when
there are multiple semantically
equivalent services

- We are less likely to try to use a
service that is unavailable.



Late Binding Case

» Search registry for all services that
are consistent with abstract service
description.

» Select optimal service based on current
information, e.g, host load, etc.

- Execute this service.

* Doesn't take into account time to
transfer inputs to the service.

* In early and late binding cases we can
optimise overall workflow.



WOSE Architecture

User Configuration

script

Workflow
script

A

Web service
Instance

A A

Converter

A 4

ActiveBPEL
workflow engine

\ 4

Discovery
Service

A

A A

A\ 4 \ 4

Ei Ej Optimization

Registry services

A

A 4

Service

(such as UDDI)

Work at Cardiff has
focused on
Implementing a late
binding model for
dynamic service
discovery, based on a
generic service

proxy, and service
discovery and
optimisation services.



Service Discovery Issues

- Service discovery and optimisation is based on service
metadata.

» Could store in a database.
» Could obtain by interrogating service.



Use of Registry Services

Specialization vs. late-binding of function creates three options:

@ No fixed actions

@ One fixed action: the matching service comes with

o A set of registries or
o A set of matchers or
o A selection function
@ Two fixed actions: the matching service comes with

o A set of registries and a set of matchers or
o A set of registries and a selection function or
o A set of matchers and a selection function

@ Three fixed actions: a set of registries and a set of matchers and a
selection function
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@ User writes a knoogle script
@ commands:

e submit-query: submit a query to be processed by the broker

e get-query-status: get the identities of the query jobs currently being
run by the broker

e get-IDs: get the String id of all the queries being currently
processed by the broker

e triple-store: get the status of a query

o terminate-query: terminate a query

o validate-broker: validate the given broker

o broker-status: return the status of a broker

@ Accessible also as an AP| — enabling embedding in applications.
@ Keep the API simple.

<querySubmission>

<!— the query document —>

<query>

<repositories>

<!— the repositories to be used —>
<repository>* <!- repository URL —>
<matchers>7?

<!— the matchers to be used —>
<matcher>" < match service URL —>
<!— the selection policy script to use —>
<selectionPolicy>?

<!— selection policy script language —>
<selectionPolicy Language>?

v

Broker Configuration



Taverna Configuration

@ All inputs specified in knoogle.properties File
knoogle.wsdlBroker =

http://alis.cs.bath.ac.uk:9050/axis/services/Broker

@ knoogle.wsdlRepository =

http://chost-comsc.grid.cf.ac.uk:8080/grimoires/services
knoogle.wsdlMatcher =

http://host1:9050/axis/services/basicMatcher,
http://host2:9050/axis/services/gridSAMmatcher

@ knoogle.wsdlSPScriptName = SeRQL
knoogle.wsdlSPScriptFile = SP1l.serql

@ Provision for multiple Repositories and Matchers
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Optimisation by Re-Ordering

- Optimise the runtime execution of workflow
before it is executed

- Achieves the goal through:

* Re-ordering of components

» Addition of components

» Substitution of components

* Pruning of the workflow
* Performance and workflow aware Scheduling
* Runtime Optimisation

- through monitoring, check-pointing and
migration



Component Manipulation

Re-ordering: Workflows (often composed from
composite workflows) may contain non-optimal ordering
of components

- Use re-ordering to improve performance
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Pruning

Workflow Pruning:

- Workflows may contain unused components.
Especially when composed from other
sub-workflows

- Remove redundant components

No ded

No ded




Performance Aware Scheduling
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Workflow Patterns

» Identify and reuse common “idioms”
ih some scientific domain and across
different scientific domains.

* An "idiom" captures common
knowledge and experience and
describe how a similar set of
experiments are to be set-up and
managed.

From: Cecilia Gomes



Usage

To allow computational scientists and
developers to capture design patterns that
express common usage of software
infrastructure within scientific domains

To provide a software engineering tool that
supports:

application configuration,
execution control, and
reconfiguration of software services

From: Cecilia Gomes



Approach

« Patterns are divided in for

flexibility:
- Co-ordination (Behavioural) patterns

- Capture interactions between software
sub-systems

- Structural patterns

» Capture connectivity between particular
types of Grid software/hardware
components

From: Cecilia Gomes



Approach

Patterns as first class entities both at design,
execution, and reconfiguration times

Pattern templates are manipulated through
Pattern Operators:

- Structural operators
- Behavioural operators

From: Cecilia Gomes



Structural Pattern Templates

Encode component connectivity. Ex: Pipeline, Ring, Star,
Facade, Adapter, Proxy.
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From: Cecilia Gomes



Structural Operators

Manipulate structural patterns keeping their structural
constraints.

Examples:

- Increase, Decrease,
- Extend, Reduce,

- Embed, Extract,

- Group,

- Rename/Reshape, ...

From: Cecilia Gomes



Structural Operators

Manipulate structural patterns keeping their
structural constraints.
Examples:

- Increase, Decrease,
- Extend, Reduce,

- Embed, Extract,

- Group,

- Rename/Reshape, ...

From: Cecilia Gomes



Increase Structural Operator

Pattern Result Pattern

Q_O Increase(Pipeline,2) Q_Q_Q_Q
| i

‘ Q Increase(Proxy,Z) Proxy

Real Proxy
Subject

From: Cecilia Gomes



Extend Structural Operator

Pattern Result Pattern

Real Proxy Proxy  Proxy

Subject Subject

E.""""""""E.E.a"?"ag"eui.."""""E
- acadet

From: Cecilia Gomes



Behavioural Pattern Templates

Capture temporal or (data/control) flow dependencies
between components

Examples:

- Client/Server,

- Master/Slave,

- Streaming,

- Service Adapfter,

- Service Migration,

- Broker Service

- Service Aggregator/Decomposer, ...

From: Cecilia Gomes



Behavioural Operators

+ Act over the temporal or flow dependencies for
execution control and reconfiguration

- Examples:

- Start, Terminate,
- Log,

- Stop, Resume,

- Restart, Limift,

- Repeat, ...

From: Cecilia Gomes
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SIS

Mame of patiern to be embedded |

HMame of embedding position

Structural Operators |_ﬂfit'.iﬂ{'i.é'_:é:' -r|

] Auto commit 0K Cancel Apply




example

B Fipeline

‘DrawStar

HMame of pattern to be em bedded |pipeline

Hame of embedding position |DummylUnit

Structural Operators |Embed -

] Auto commit oK Cancel Apply




example

| Dummni Uit Q@@

Filename for Instantiation nos/GalaxysimjDatafFrameReader. xml Browse

] Auto commit ok || cancel || Apply

mﬂmmyuﬂ}thmfﬂﬂqpmﬂ Ine 1 |

m—_Fipeline2 |

T

EEm

o F!ir:leli'.ﬂe'l'#
Pipeline

Pipeline2




Pipeline

1 Pipeline
DataFram.. h sequence.. ﬂ

] Pipeline1 -

Fipelinel

Pipeline?

1 Pipeline?2

“lpeline CountBlaobs




£ SequenceBufier |=[=][x]}

e

0

10

20 30 40

«

4l

p

I 0 | by

oK ||-
er
e < d
] Pipeline
ae
DataFram.. §
% L)

[~ pipelinel

Pipeline [e—

4 [

] Pipeline2
ipeline

4|

Constiiew

[ Auto commit

oK

Cancel

Value = 2794.0

oK




a second configuration

. Pipeline

T DR . g

DataFrarm.




Workflow Planning/Adaptation

- Goal-oriented
- Abstract = Concrete workflow translation

- May utilise a number of different infrastructure
services (Pegasus)

* Level of automation can vary

- Find components

- Find sub-workflows

- Find infrastructure services

- Publish output data at specific locations



Planning

+ Srtuated so actions,
percepts, time

* An enactment
process:

— = Monitors
Percepts Choose

- Executes one or an action
more “Plans” T a [IAs

- Leading to
“Actions”

- Leading to new
— "Percepts”

From: Michael Winikoff, RMIT



Planning ... 2

Reactive so events
(significant
occurrence)

- Percepts lead to
infernal events

- Events need to be
monitored with

reference to
“Goals"”

- Goals act as filters
to decide “Actions”

From: Michael Winikoff, RMIT
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Actions
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Planning ... 3

* Implementation uses

plans and beliefs

< Cache for means, and
world information
respectively

> Beliefs: contains
information about
current state of
resources

> Plans: chose a
scheadule to meet
a specific deadline

From: Michael Winikoff, RMIT
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Action
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Wings ... 2

Uses: workflow templates, workflow instances and executable
workflows

Data

- File

- DataCollection (objects or files)
Computation

- Component Type

- ComponentcCollection (hasComponent Type property)
Node

- Node in a workflow

- uses hasComponent to specify contained component
Link

- hasDestinationNode and hasOriginNode

- hasDestinationFileDescription and hasOriginFileDescription
- Subclasses: Inputlink, InOutlink, Outputlink

- Data collections carried in links with Sko/em instances (stand
in for actual data to be used in the instance)



HTN Planning (Activity Composition)

Augment to describe
Grid/web requirements

Plan Library

A2 Refinement

HTN Planning:

Use of “Methods” (task decomp)
and “Operators” (task execution)

Augment to describe

S1

S2

A4

“Initial” Plan
A2

Al
A3

\/

> A5

Handle constraints (e.g. world state, resource, spa

|

Grid/web services

“Final” Plan

Al

A2.1 A2.2

\

"

|A4

*» A5

Introduce activities to achieve preconditions
Resolve interactions between conditions and effects

tial, etc.)

From: Austin Tate (Edinburgh)




HTN Planning (Initial Plan Stated as "Goals")

Plan Library

[
Ax Refinement J
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Initial Plan can be any combination of Activities a nd Constraints

From: Austin Tate (Edinburgh)



Composer & Enactor

Collection of Available Policies Constrainting
Semantic Web Services Usage of Services
A A
g 3|8
g. @ Olw
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|

Final Plan

Enforcement
(e.g. via KA0S)

Enactment (e.g. via I-P2)

From: Austin Tate (Edinburgh)



BDI agents (based on AgentSpeak(L))

goal: By A.._.ABy, « 51;...;5,

where each H; is a belief, and each 5; is either an
action {a), or a subgoal {a,.;)-

The execution model of AgentSpeak consists of the
following steps:

1. The agent selects an event e (note that goals are
an event type)

2. The agent generates all plans with matching in-
vocation conditions

3. From these relevant plans the agent identifies
those with satisfied preconditions

4. If there are several plans, one is chosen nonde-
terministically

* Chosen plan added to "intention" stack (can be
either an event (posted) or action (executed))



BDI-based Enactor

» Enactor can maintain local plan library

- update of plan library as new conditions are
detected

- Useful in a dynamic environment (Grid) -- as
agents are goal directed

+ Execution of a plan leads to update of beliefs

- useful mechanism to adapt agent behaviour in a
Grid context

* Potentially useful to allow detection of plan
conflicts

» Traditional approach:
- number of tasks fixed, resources identical
- fixed number of resources, tasks pre-defined

Delegate scheduling priorities to each resource
and task agent (no central schedulers)



Planning as Model Checking

* Planning based on:

- Non-determinism: cannot predict interactions with
external processes - i.e. cannot predict whether
answer to a request for availability will be positive
or negative

- Partial Observability: can only observe external
interactions (as BPEL) not internal status

- Extended Goals: behaviour of the "process” is
important, and not just the final goal

- Conditional Preferences: may require multiple
conditions to hold for goal to be satisfied

» Given current state, evaluate possible likely states
(may require an exhaustive checking of possibilities)



Planning as Model Checking

* Planning under uncertainty

Support different degrees of "run-time
observability”

- domain state partially visible via sensing
»+ "Temporally extended planning” goals

- conditions on states that arise when a plan is
executed

- "goal” specifies conditions/constraints on
intermediate states, and not just on the final
outcome



Planning Domains

actions Plan

Domain

observations

Domain = Model of generic system
Plan = monitors evolution of domain via "observations”
- Controls evolution of domain via "actions”
Planning domain defined in terms of:
- States, Actions (it accepts), Observations (domain can exhibit)
- Transition function: action execution changes domain state
- Observation function: observations associated with each state



Planning

Definition 1 {planning domain). A nondeterministic planning domain with partial observability
ig a tuple D = (5, A, 01,7 ). where:

& is the set of states,

A is the set of actions.

(! ¢s the set of ohservations.

I T & i the set of initial states; we require T = [

T:8 % A — 29 is the transition function; it associates to each current state s © S and to each
action a © A the set T(s,a) © & of next states,

X & — (0 is the observation function.

Definition 2 (plan). A plan for domain D = (5, A, 0, 2,7, ) ds a tuple IT = (U, eg, 00, 6], where:

C is the set of plan contexts.

cg = C is the initial context.

o O (O — 4 s the action function; it essociotes to o plan contert e and an observation o an
aetion a = ofe, o) to be erecuted,

e C = — ( is the context evolutions function; it associetes to a plan contert ¢ and an
observation o a new plan contert ¢ = (e, 0).

Context: captures state



Action Execution and Beliefs

+ Context: internal state of plan

- Account for knowledge gathered during previous
steps

- Actions: depend on observation and on the context

Due to partial observability, a set of domain states

need to be considered (given initial knowledge and
current plan state)

- Executing an action "a"” evolves B> B’ (contains all
possible states that can be reached through "a"
from "B")

- If after executing "a" observation "o0" still holds,
then filter out states for which "0" is not valid

Fvolve(B.a,0) =18 1 Jsc Bs' « T{s.a)n X&) = o}



Application to Web Services Composition

First model the process undertaken within each
service involved

» Synthesise, using planning, a process that interacts
with the three processes (each service) in order to
reach a particular state

- Aim to reach some "ideal” state - defined as an
overall goal
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Composed Web Service
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Semantic Approaches

» Component/Services have "rich” annotations to aid
discovery

+ Descriptions also contain support for composition of

components
An Abstract Service has just Pmpertres

5 ~ Service A Eﬂﬁi = ‘H:I'

An Abstract Workflow has
Properties and Pm{}EES

_ —c _‘3_ Sewvis B

_Sene A T By
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Execution



Web Services Modelling Ontology (WSMO)

Use of Semantic Web Services to aid automated
composition

» Given a goal, identify how services could be composed
to achieve the goal

Specifies a complete set of infrastructure that is
necessary to achieve this

* Provides three main components:
- Web Services Modelling Ontology
- Web Services Modelling Language
- Execution Environment

From: John Domingue, Open University



WSMO Working Groups

A Conceptual Model < - ]
for SWS
B Sl

o X
Aormal Language for WSMO Execution Environment

for WSMO

A Rule-based Language for SWS

From: John Domingue, Open University



WSMO Top Level Notions

Objectives that a client wants to
achieve by using Web Services

Goals

Provide the formall
specln‘led ’rermmology

of the information used .
by all other components Untologies

Semantic description of Web
Services:
- Capability (functional)

\ o i
Web Services  ~ Interfaces (usage)

Meciators

Connectors between corﬂponen’rs with
mediation facilities for handling
heterogeneities

From: John Domingue, Open University



WSMO Mediators Overview

WY Mediator

00 Mediator En Barce

S - 00 Mediator
¢ 00 Mediatar

Ontalogy 00 Mediator> >—w(C WG Mediator
00 Mediator
¥
0 Mediator Goal
53 Mediator

From: John Domingue, Open University



Mediator Structure

- optionally incl. Mediation

Source WSMO Mediator
Component
uses a Mediation Service via Target
1..n
! Component
Source i
Component I
'- as a Goal
- directly

Mediation

Services

From: John Domingue, Open University



DAML-S (Similar to OWL-S)

* Primarily aimed at Software Agents community
Enable reasoning/planning about services
- With particular support for automated composition
- Integration with other information services

Key aspect:
- Notion of a service "profile”

- Used to register service + support automated
discovery via a matchmaking infrastructure

- Use of "service advertisement"

- Specifies inputs, outputs, pre-conditions, effects
(post-conditions)



Provenance Definition

The provenance of a piece of data is the process
that led to that piece of data

* We represent the provenance of some data by
documenting the process that led to the data:

- documentation can be complete or partial;
- it can be accurate or inaccurate;

- it can present conflicting or consensual
views of the actors involved;

- it can provide operational details of
execution or it can be abstract.

From: Luc Moreau
(U Southampton)



Provenance constituents

* The provenance of a data item is composed of
several elements:

- Interaction provenance: the set of all
interactions between actors involved in the
computation of the data

- Actor provenance: the documentation
provided by a particular actor pertaining to
an interaction

- Grouping: notion that allow us to give a
scope, in terms of execution semantics and
application’'s needs.



Provenance Questions

+ After completion of workflow:

1. Did the services I use actually fulfil my overall
application requirement?

2. Two of the analysis were performed on the same
initial data but have different results - did I alter
the services between these experiments?

3.Did I perform each service on the type of data
that the service was intended to analyse, i.e. were
the inputs and outputs of each activity compatible?

4.Did I use data sources from the same site?

5.Why did it take much longer to run the analysis in
the second instance?

Particularly significant in the context of Distributed Services




p-assertion

A given element of process documentation referred
to as a p-assertion
- p-assertion: is an assertion that is made by
an actor and pertains to a process.
Types
- Interaction p-assertion
- relates to content of received/sent message
- Actor p-assertion
* Relationships between actors
+ State of an actor

From: Luc Moreau
(U Southampton)
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p-assertion

A given element of process documentation
referred to as a p-assertion
. is an assertion that is
made by an actor and pertains to a
process.
Types
- Interaction p-assertion

- relates to content of received/sent
message

- Actor State p-assertion
» State of an actor

- Relationship p-assertion
- Relationships between interaction (Flj‘)g(‘)u&ﬁgn“fp‘igi"g‘“
p-assertions



Process Documentation (1)

From these p-assertions, we can derive that M3 was  sent by Actor 1
and received by Actor 2 (and likewise for M4)

Actor 1 Actor 2
M1 | | | |

If actors are black boxes, these assertions are not ver  y useful because
we do not know dependencies between messages

‘ M4
M2

| received M3
| sent M4

| received M1, M4
| sent M2, M3




Process Documentation (2)

Actor 1 Actor 2
M1 | | |

These assertions help identify order of messages,
but not how data was computed

‘ M4
M2

M2 is in reply to M1
M3 is caused by M1
M2 is caused by M4

M4 is in reply
to M3
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Process Documentation (3)

Actor 1 Actor 2

MI [~ | | |

These assertions help identify how data is computed
but provide no information about non-functional
characteristics of the computation

(time, resources used, etc)




Process Documentation (4)

Actor 1 Actor 2

M1
M3

v

| used sparc
| used IBM cluster processor
Request was in | used algorithm
queue for 6min X Version x.y.z




Types of p-assertions (1)

- Interaction p-assertion: is an assertion of the
contents of a message by an actor that has sent or
received that message

| received M1, M4
| sent M2, M3




Types of p-assertions (2)

- Relationship p-assertion: is an assertion, made by an
actor, that describes how the actor obtained an
output message sent in an interaction by applying
some function to input messages from other
interactions (likewise for data)

M2 is in reply to M1
M3 is caused by M1
M2 is caused by M4




Types of p-assertions (3)

- Actor state p-assertion: assertion made by an
actor about its internal state in the context of a
specific interaction

| used sparc

processor
| used algorithm x
version X.y.z




Actor State Capture

Instrumented
Output

-

Monitor
Output

Service

Service

| Instrumented Actor:

Service information
obtained from
instrumented points
within an actor.

| Monitoring Sources:

Service information
derived from hosting
platform via monitoring
sources (eg Ganglia)

Enactment Engine




Metrics for Actor State Assertion

Static

- No variation in value over actor lifetime
* Per Node - Node identity, Operating system
* Per Actor - Actor identity, Name, Owner, Version
Dynamic
- Variation in value over actor lifetime
* Per Node - Memory usage, Network traffic
* Per Actor - Execution Time, Availability
+ Instrumented
- Actor is Tnstrumented’ at Key Points in its
Execution
» Description of internal data flow

- Eg. Completion states for action events and file
transfers



The p-structure (1)

* The p-structure is a common logical structure of the
provenance store shared by all asserting and querying
actors

- Hierarchical

- Indexed by interactions (interaction= 1 message
exchange)

=> Now part of the Open Provenance Model

ps:PStructura
os:InteractionRecord

ps:InteractionkKey

e |ps:interactionnecord I | — |ps:interactinn|(ev

0..unbounded

— |ps:sender |
0..1

Sender’'s view — i
Recelver,s VIeW > ng:recei\.rer I

0..1




The p-structure (2)

ps:Asserter

ps:asserter

ps:NumberOfExpectedAssertions

ps:numberOfExpectedAssertions

0..1
ps:Link

—ps:viewlink
0..1

ps:InteractionPAssertion
ps:interactionPAssertion
0..unbounded

ps:RelationshipPAssertion

—|ps:relationshipPAssertion

0..unbounded

ps:ActorStatePAssertion

—|ps:actorStatePAssertion

0..unbounded

Asserter identity

All p-assertions

> asserted by a given
actor participating

In an interaction




P-Assertion schemas

ps:RelabionshipPAssartion

ps: LocalPAassertion o

E] {ps:localPAssertiantd |

ps: LocalPassertien] o

|es:subjecttd | [: |ps:localPAssertiontd |

ps:InteractionPAssertion e —
ps:Local PAssertionld datafcossa r
0.1

| — I 'IDS:luEalFﬁssertiunId I —
WA

¥s:anyURI !il'll:l: — I

| ps:documentationStyle | s anyLUR]
|ps-raiation |

g Dlapect |4

'|Es:cuntent | E] |An}: Element I e TnGrecaniKey

ps: Content

0..unbounded : - | [:] [:-] :
1, .unbaundad T
|E|:'uhuwlﬂ-hll !
o LescalPassertion]d
|EI:IU-:!I'I'!III'IIHHI¢I I
pr:Datadcoossor
ps:ActorStatePAssertion |E::nm:.:::nr |
ps:Local PAssertionId ——
E- | ps:local PAssertionid | |ps:parametertiame |
ps: Content as:Link
robjactLink

lps:cuntent | E] I.Anx Element | 0.1

0..unbounded




Implementation Diagram
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Provenance Store Components
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Provenance Store Security
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Portal - Tools Architecture

» Tool suite allow users of the tool to navigate
and visualize provenance information beyond
the capabilities provided by the Client Side

Library.

- The Visualisation Tools: these tools
provide Graphical User Interfaces (6GUI)
for visualizing p-assertions that have been
submitted by an application.



Portal - Tools Architecture

- The Processing Tools: provide features accessible
through an Application Programming Interface
(API). The processing tools include the following:

* The Analysis Engine provides reasoning
capabilities over a set of passertions,

* The Comparator Tool may be used to compare p-
assertions that have been submitted by an
application,

* the Query Tool makes use of the Client Side
Library to query one or more Provenance
Store(s).
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