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* Motivation/Examples: Scientific Workflows

® Ptolemy II Goodies

® Jechnical Issues and KEPLER extensions

® Ongoing and future plans

® Getting Involved
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Why Web Services are so important!  «=-

?P? (beats me ...)
® Aevermind ...

®  What you probably really care about:

®  How to design, annotate, plan, query, schedule, optimize, execute, monitor, reuse, share,

arCﬁi’Ue/ e

... Scientific Workflows!

(and the data that goes with them)

* ua: Getting the job (science) done!

B. Luddscher, SDSC
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BIOMERICAL INMFORMATICSRESEARCH HMETWORK
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Ecology: GARP Analysis Pipeline for
Invasive Species Prediction
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Domain Science Driver
—  Ecology (LTER), biodiversity, ...

Analysis & Modeling System

—  Design e execution of ecological models e analysis

—  End (¢rpower) user focus
- {application,upperj}-ware
= KEPLER system

Semantic Mediation System

—  Data Integration of hard-to-relate sources and

processes

—  Semantic Types and Ontologies

— upper middleware
= SPARROW toolkit

EcoGrid

—  Access to ecology data and tools

- {middle,under}-ware

B. Luddscher, SDSC
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Commercial & Open Source
Seientific “Workflow” (well DataHOW) systems
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SCIRun: Problem Solving Environments for Large-
Scale Scientific Computing
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®  SCIRun:PSE for interactive construction, debugging, and steering of large-scale scientific computations

®  Component model, based on generalized dataflow programming
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Scientific “Workflows”: Some Findings = =

-

More dataflow than (business control-/) workflow
—  DiscoveryNet, Kepler, SCIRun, Scitegic, Triana, Taverna, ...,

Need for ‘programming extensions”

— Iterations over lists (foreach); filtering; functional composition; generic ¢ higher-order operations (zip, map

f) -...)
Need for abstraction and nested workflows

Need for data transformations (WS 1P DT N)52)

Need for rich user interaction e workflow steering:

— pause /revise / resume

— select & branch; e.g., web browser capability at specific steps as part of a coordinated SWTF

Need for high-throughput data transfers and CPU cyles: “(Data-)Grid-enabling’, ‘streaming”

Need for persistence of intermediate products and provenance

11
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Scientific “Workflows” vs Business Workflows ==—

® Scientific “Workflows"

—  Dataflow and data transformations
— Data problems: volume, complexity, heterogeneity
— @Grid-aspects

® Distributed computation

* Distributed data
—  User-interactions/W'F steering

—  Data, tool, and analysis integration

= Dataflow and control-flow are often Married!
®  Business Workflows (BPELAWS ...)

— ‘TasK-orientation: travel reservations; credit approval; BPM; ...

— Tasks, documents, etc. undergo modifications (e.g., flight reservation from reserved to ticKeted), but modified
WF objects still identifiable throughout

—  Complex control flow, complex process composition (danger of control flow/dataflow “spaghetti”)
= Dataflow and control-flow are divorced!

12
B. Luddscher, SDSC
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In a Flux: WS-“Standards” Quicksand  «=—

Trends & Controversies Standard Table
Jan/Feb 2003 issue of IEEE Intelligent Systems i —
Web Services - Been there done that? POLJUMLBPEL XL ANGW SFLBPMLAWSCI
Sequence + |+ | + + + + +
Farallel Split + [+ |+ + + + +
Synchronization + [+ |+ + + + +
’ H . Exclusive Choice ARl + = [ =
Don’t go with the flow: . P B v, e
Web services composition standards exposed ulti Choice # o & +
Synchronizing Merge - -+ +
ulti Merge = || =1l= - i = o
W.M.P. van der Aalst el gl afB O -
& o i . 5 ! Wrbitrary Cycles £ [ =g - -
Dept. of Technology Management, Eindhoven University of Technology, P.O. Box Irmplicit Termination P T N I o Ty e
513, NL-5600 MB Eindhoven, |w.111.1).v.d.aalst(éz,-tm.tue.nlgj I without Synchronization dEiEGEEE S
| with a Priori Design Time Knowledgel + | + | + + + + +
| with a Priori Runtime Knowledge RN
. i . . | without a Priori Runtime Knowledge | - | - | - - - - -
The recently released Business Process Execution Language for Web Services Deferred Cholce R & T = lLE | &
(BPEL4WS) 1s said to combine the best of other standards for web services Interleaved Parallel Routing = | fbs | o | 5
composition such as WSFL from IBM and XLANG of Microsoft. BPEL4WS allows C”e“‘ilet, T S Sl
~ . o % ancel AChivity . tk 7+ + + ¥ +
for a mixture of block structured and graph structured process models thus making the el Gate e o e LT =
language expressive at the price of being complex. Although BPEL4WS is not such a
bad proposal by itself, it 1s remarkable how much attention this standard receives Product Table 2
while the more fundamental issues and problems such as semantics, expressiveness, pattern product
and adequacy do not get the attention they deserve. Having a standard is a very good e enepe e e Wy Pl
idea. However, there are too many of them and most of them die before becoming parslel o i ela] wll & [k [
! o o : : i B t E s [ = = = B
mature. A simple indicator of this development 1s the increasing length of acronyms: R i = T (T == e T
PDL, XPDL, BPSS, EDOC, BPML, WSDL, WSCI, ebXML, and BPEL4WS are just SmEle Merge S e B e
~ . . - z " i oice + = 3o + + + +
some of the acronyms referring to various standards in the domain. Another problem synchronizing Merge vz s | om | B il
1Q o . Aagea 1o ; hav ~lagr A % A i ulti Merge - + | o+
is that these languages typl.gall} ha.x? no clearly defined semantics. The only way to i e - Ty
overcome these problems is to critically evaluate the so-called standards for web larbitrary Cycles E N I S A
‘ i : 5 . Implicit Terminati ¥ < B T E
services composition, L.€., Don’t go with the flow! prlifhtoimn:ﬂz:tmOm . = TET = E m
| with a Pricri Design Time Knowledge  + + + + + + 5
| with a Priori Runtime Knowledge +f- - - - = « -
| without a Priori Runtime Knowledge
) Deferred Choice
Source: W.M.P. van der Aalst et al. http://tmitwww.tm.tue.nl/resear ch/patterns/ oot il g = = TR - T LT
http:/tmitwww.tm.tue.nl/staff/wvdaal st/Publications/publications.html s SR BN R O
13
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Some Rules of Thumb gl

®  AsK yourself: What exjsts?
— Planets, stars, galaxies, dark matter, ...
—  Natural numbers, sets, graphs, trees, relations, functions, abstract data types, ...

— (Standards are a means to an end. Ask; What end?)

® ... and what is Known about it? What can be done w/ it?
—  ‘Universe (your turn)
—  Maths e CS (Petri nets, deadlock analysis, query optimization/rewriting, job scheduling, ...)
- WS-<huh>?

® What is your problem/goal/interest?

® Time shall be consumed (no matter what) — your pick:
—  Reinvent (... hopefully only good ideas)
—  Rediscover; adapt; leverage (... good ideas)

14
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Back to KEPLER.. who was ahead of his time ...==-—

——
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... but such is life ... ;=) -a_

... SO,you see,
scientific workflows need

domain and data- What’s
Jolymearphic actorse a scientific
ahC TYPES workflow?

ot
AL

What’s
a
semantic

type?

——

S

Johannes Kepler

16
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KEPLER: An Open Collaboration =y

® Open Source (BSD-style license)
® Communications: Mailing lists, IRC

® (Co-development:
— Via CVS repository

— Becoming a co-developer (currently):
® get a CVS account (read-only)
® contribute via existing KEPLER member

® be voted “in” as a member/co-developer

® Software and social engineering:
— How to scale to many new groups?

— How to accommodate different usage/contribution models (core dev ... special purpose
extender ... user)?

18
B. Luddscher, SDSC



Our Starting Point:

olemy Il

DATAFLOW PROCESS NETWORKS

Edward A. Lee
Thomas M. Parks

Department of Electrical Engineering
and Computer Sciences

University of California

Berkeley, California 94720

read!

Published in Proceedings of the IEEE, May, 1995.

© 1995, IEEE — All Rights Reserved
ABSTRACT

We review a model of computation used in industrial practice in signal processing software envi-
ronments and experimentally in other contexts. We give this model the name “dataflow process
networks,” and study its formal properties as well as its utility as a basis for programming lan-
guage design. Variants of this model are used in commercial visual programming systems such as
SPW from the Alta Group of Cadence (formerly Comdisco Systems), COSSAP from Synopsys
(formerly Cadis), the DSP Station from Mentor Graphics, and Hypersignal from Hyperception.
They are also used in research software such as Khoros from the University of New Mexico and
Ptolemy from the University of California at Berkeley, among many others.

Dataflow process networks are shown to be a special case of Kahn process networks, a model of
computation where a number of concurrent processes communicate through unidirectional FIFO
channels, where writes to the channel are non-blocking, and reads are blocking. In dataflow pro-

cess networks, each process consists of repeated “firings™ of a dataflow “actor™. An actor defines
a (often functional) quantum of computation. By dividing processes into actor firings, the consid-
erable overhead of context switching incurred in most implementations of Kahn process networks
is avoided.

We relate dataflow process networks to other dataflow models, including those used in dataflow
machines, such as static datatlow and the tagged-token model. We also relate dataflow process
networks to functional languages such as Haskell, and show that modern language concepts such
as higher-order functions and polymorphism can be used effectively in dataflow process net-

of concurrent, real-time,
embedded systems. The f
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Some History

W~ Kepler

®  Gabriel (1986-1991)

Written in Lisp

Aimed at signal processing

Synchronous dataflow (SDF) block diagrams

Parallel schedulers
Code generators for DSPs

Hardware/software co-simulators

®  Ptolemy Classic (1990-1997)

Written in C++

Multiple models of computation
Hierarchical heterogeneity

Dataflow variants: BDF, DDF, PN
C/VHDL/DSP code generators
Optimizing SDF schedulers
Higher-order components

. Ptolemy Il (1996-2022)

Written in Java
Domain polymorphism
Multithreaded
Network integrated
Modal models

Sophisticated type system

B. Luddscher, 5@[; .7'[@,’]:/ CL gﬂl etc.

-
- oe
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o PiPlot (1997-7?)

—  Java plotting pacKage
®  Tycho (1996-1998)

—  Itcl/IK GUI framework.
®  Diva (1998-2000)

—  Java GUI framework.

* KEPLER (2003-2028)

—  scientific workflow extensions

Ptolemy Il: 2 (aboratory for investigating
design
KEPLER:

A problem-solving environment for Scientific

Mf Q7S

KEPLER = ‘Ptolemy 11++" for Scientific
Workflows

Sour ce (Ptolemy): Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Why Ptolemy Il (and thus KEPLER)? -

Ptolemy 11 Objective:

~  “The focus is on aSSembly of concurrent components. 1he key underlying principle in the
project is the use of Well-defined models of computation tfat govern the interaction between
components. A major problem area being addressed is the use of heterogeneous mixtures of
models of computation.”

® Data & Process oriented: Dataflow Process Networks
* Natural Data Streaming Support

® User-Orientation

—  ‘application-ware” (not middle-/under-ware)

—  Workflow design ¢ exec console (Vergil GUI)
° ?Kﬂgﬂ/[ﬁl‘fl S

—  Ptolemy II is mature, continuously extended ¢ improved, well-documented (500+pp), ...

— open source sys tem

-> KEPLER developed across multiple projects (NSF/ITRs SEEXK and GEON, DOE SciDAC SDM, ... ); easy to join

the action (open collaboration)

21
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Ptolemy Design Documents
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PTOLEMY II
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User-Oriented
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Volume 2:

Developer-Oriented

Volume 3:

Researcher-Oriented

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/ ‘




Ptolemy Principles

W~ Kepler
L

;- q-

-;-.—

‘Basic Ptolemy 11 infrastructure:

I+|

I+|

+

fiE: :_! R

‘*T"'" Large, polymorphic component

|| utilities

|| director library
&= ctor library
=8

_ 4 =zources

Li'-l __lgeneric sources

I_| J tlmed SOUFCES
~FH clock
- currentTime
~FH Poizzoncliock
TimedSinewave
= - TrlggeredCIDck
M variableClock

I_ TR | sequence SOUFCES

___l=inks

__lio

“ | math

£ | random

t- | flowe control

I real time

T |

=

DE Director

Master Clock

Director from a
library defines —
N component
interaction
Siring Sequence anilno o

Record Assembler
Channel Model

[
Gaussian

library.

The channel is modeled
by a variable delay, which
here is random, with &
Rayeigh distribution.

(<Y aYaal
DI TICAT TS

Recaord

—= ]

Disassembler

Display Resequenced

Sequencer

-t

B. Luddscher, SDSC

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Focus on Actor-Oriented Design -

® Object orientation.:

What flows through an
iy object is sequential control
data
r methods 1
call return
* Actor orientation: What flows throughi an
object is streams of data
actor name
data (state)
‘ parameters ‘
Input data Output data
ports

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/

B. Luddscher, SDSC




Object-Oriented vs. L

ae—
L ] k] LT |
Actor-Oriented Interface Definitions
Object Oriented Actor Oriented
TextToSpeech
Text to Speech
initialize(): void
notify(): void textin ool
isReady(): boolean
getSpeech(): doubl€[]
OO interface definition gives procedures that have to be invoked in an
order not specified as part of the interface definition. AO interface definition says “Give me text and I'll give you speech”

5 cocd N Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Examples of Actor-Oriented - %e

-

_Component Frameworks

B. Luddscher, SDSC

Simulink (The MathWorks)

Labview (National Instruments)

Modelica (Linkoping)

OCP, open control platform (Boeinyg)

GME, actor-oriented meta-modeling (Vanderbilt)
Easy5 (Boeinyg)

SPW, signal processing worksystem (Cadence)
System studio (Synopsys)

ROOM, real-time object-oriented modeling (Rational)
Port-based objects (U of Maryland)

1/0 automata (MI7)

VHDL, Verilog, SystemC (Various)

Polis ¢ Metropolis (U Berkeley)

Ptolemy e Ptolemy 11 (UC Berkeley)

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Component Composition & Interaction =«-

Miotecdlar simuiation A\I ; Building Applicati by C iti
ndain I ion m Iton
workflow uilding Applications by Compositio
« Connect uses Ports to Provides Ports.
{( Loadvl’DB}) /
setlmage(...)
's & 1 uilibrate <
é PDB! BSE component getImage() Image Processing
P08 | Component - JoFFT(...)
. adjustColor() é‘(%n%e
. : . component
L
realtime
: Image tool graphical interface component

®  (Components linkKed via ports

*  Dataflow (and msg/ctl-flow)

Globus GRAM Submit)
l. * But where is the component

interaction semantics defined??

string param
clipper.lbl,gov

>

& {executable=, ..

®  ¢f. WS composition, orchestration, ...

27
B. Luddscher, SDSC
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ACTOR Package - %e
_Supports Producer/Consumer Components "

Basic Transport Services in the
Infrastructure:

receiver.put(t) get(0)

’{ £ )
3 ® proadcast

\ token t

® multicast

\
\EORelation E{eceiver °5u5565
(

inside port) . o
mutarions

® clustering

® parameterization
® typing

® polymorphism

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/

B. Luddscher, SDSC
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Component Interaction ..« Behavioral <.

Polymorphism in Ptolemy 11

«Interface»
Receiver

-

These polymorphic methods implement the COMMunNication
semantics of « domain in Prolemy I11. The FECEIVEK

+get() : Token
+getContainer() : IOPort
+hasRoom() : boolean
+hasToken() : boolean
+put(t : Token)
+setContainer(port : |IOPort)

instance used in communication is SUpplied by the

director, not by the component.

(cf. CCA, WS-??, [GIBPL4??, ... )

Director

Behavioral polymorphism is the idea that
components can be defined to operate with multiple producer constmer

models of computation .»« multiple

middleware frameworks.

|OPort

actor actor

Receiver

B. Luddscher, SDSC

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Domains: semantics for Component Interaction el 1

® (I —Push/pull component interaction

® (CSP — concurrent threads with rendezvous

® (T - 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

For (coarse grained) Scientific
Workflows!

* PN — process networks
 SDF — synchronous dataflow

® SR — synchronous/reactive

® TM — timed multitasKing

B. Luddscher, SDSC

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/




Hierarchical Heterogeneity .

Directors are domain-specific. 4 composite actor with a director

becomes opaque. The Manager is domain-independent.

M: Manager

Opaque Transparent
Composite Composite
Actor Actor

E0

D1: local director

| \

_____________ N

D2: local director '\ E3

B. Luddscher, SDSC

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/
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Polymorphic Actors: Components Working  Je<,

Across Data Types and Domains e

* actor Data Polymorphism:
—  add nUMDbErs (int, float, double, Complex)

AddSubtract

a

LY A 4

—  add Strings (concatenation)

~ addicomplex types (arrays, records, matrices)
- adsuser-defined types

By not choosing amonyg these

* actor Behavioral Polymorphism:
— Indataflow, add when all connected inputs have data componernt, we get & huge
] . increment in componernt re-
~ matime-triggered model, add when the clock ticks

~ mdiscrete-event, add when any connected input has data, and add in zero time ensure that the component
will work in all these

when defining the

usability. But how do we

— Inprocess Networks, cxecute an infinite loop in a thread that blocks when
reading empty inputs

circumstances?

—  In CSP, execute an infinite loop that performs rendezvous on input or output
— 1 push/pull, ports are push or pull (declared or inferred) and behave accordingly
— mreal-time CORBA? priorities are associated with ports and a dispatcher

determines when to add

*hey, Ptolemy has been out for long!
Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/

B. Luddscher, SDSC




Directors and Combining Different Component Interaction

Semantics

W~ Kepler

-‘-ﬂ-

-

Behavioral Polymorphism: Hierarchical
Heterogeneity and Modal Models

Giotto Director

motor_current

~

throttle_motor

~

. -
monitor
59
servo_control

throttle_position | »

v

__managet

L

Periodic, time-driven tasks

Controller task

user_mq

»—

B. Luddscher, SDSC

throttle_positions

»

desired_throttle_position

®

mode

»

Modal servo control.

mode_isPrasant$& mtide ==2

mode_isPresent &E/m’;u

servo_contral_output

o=

SDF Director

throttle _positions

throttle position
sliding mode controller with estimator

Modes (normal & faulty)

Source: Edward Leeet al. http://ptolemy.eecs.berkeley.edu/ptolemyl |1/

desired thmttli position
AddSubtract
sdf discard r current

mode |
B0 ol

33



Scientific Workflows in KEPLER

Modeling and Workflow Design
Web services = individual components (“actors”)

“Minute-Made” Application Integration:

—  Plugging-in and harvesting web service components is easy, fast

Rich SWT modeling semantics ( ‘directors’):

—  Different and precise dataflow models of computation

—  (Clear and composable component interaction semantics

=> Web service composition and application integration tool

Cominyg soon.:

—  Structural and semantic typing (better design support)

—  Grid-enabled web services (for big data, big computations,...)

—  Different deployment models (web service, web site, applet, ..

B. Luddscher, SDSC
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=14 dynamicActor

. PreSampleLayers )'

| mare libraries

__Juser library
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The KEPLER (=Ptolemy ll) GUI: Vergil e
(Steve Neuendorffer, Ptolemy li) aa_

F.g file:/C: /Program Files/SDM /SWE /D emo/PI'W-full_xml

File Wiew Edit Graph Dsbug Help

R EEE I Ry

|| uilitie:s: PN Director

|| director library Promoter identification workflow (PIW) aims at contructing
|| actor lbrary medels of transcription factor binding sites to identify

|__| more libraries ce-regulated genes, starting from microarray data.

|| user library
Double click the File Reader to change specify your access numbers {o be
investigated. The access number should occupy one line each. Each
access number will be investigated.

The transfac result will display in a separate windows.

Gene Sequence Processing

Thisloop exacutas

P — S}D - "Gene Sequence Processing”
for each gena enterad in

“Gane becassonNumber Lig®

FileReader for AcessNlimbers [ptolemy.actor TypedCompositedictor |

o -..—-J
—

Double-click to change
the ClustalW filename

FileReader ClustalWW_Remote

H._.» » L

Shaows the physcal alignmant
of multiple gene sequences
U=s= DOBL-ClustalW Multipla
Alignment Tool.

Drag and drop utilities, director
and actor libraries.

ClustalW Results Display

554
B. Luddscher, SDSC



unning a G

enomics WF (llkay Altintas,

-a, Kepler
-_, q-

-

SDIM)

= =[S
File ‘“iew Debug Help
Transfac Results Display —
Go I Palse Resume Stop e AR |1
Model parameters: Pl iy
<matrixName>V$EFNZ_01</matrixNames-
PromoteRegionExra; 300" <link>/cgi-binsgr/getEncry.pl7H00145<C f link>
S i <positionlfMatrix>140 (+)</positionlfMatrix>
Erifnisntsl R s 1 <corefimilarity=1.000</coreSinilaritys>
<matrixfimilarity>0.956< /matrix3inilaritcys
Director parameters: <sequenceryocattatTAATC ggc< / SeqUences
</tf_matrix>
inttialGueusCapacity: 1 <tf_matrix
- e <matrixName>VsGATA C</mnatrixNane
maExirnumaUeLECapacty:  lgssag o
<link>/cgi-binsgru/getEncry. plH00Z0353<C link>
<positionlfMatrix>76 (-)</position0fMatrix> =]
<corefimilarity>1.000</corelinilaritys> |
<matrixfimilarity>0.956< /matrix3inilaritcys- vJ
A 2
Gene Accession Mumber and Sequence Display
|[nanasiiz

Transfac Result

fContext: AA045712 I

ILAD39967

matrixhlame link: positionOthatrix | coreSimilarity matrixSimiIar'rtyI TEGUENCE frequencies |
WEDELTAEF1 01 |hitp: ftranstac gbt defogi-hinfgtigetEntry pl?M0O0073 (590 ¢-) 1.000 0966 lastcACCTyay 25 0%
VEIKZ_01 http: franstac gl dejogi-binigtigetErtry plPMOO0ET (276 () 1.000 0.950 lopeiGGGasans  (25.0%
EMIF_0 Fittp: itranstac gbf dedogi-binigtigetEntry pI7MO00S3 (396 (-) 1.000 0.956 |ctoGGGGa 25.0%
EREAT_GE hitp: Mtransfac.abf defogi-bindgtigstEntry pIPMO0302 275 (-) 1.000 0.955 !gat_ggGAAAaag 25.0%

cacctggagasacttctgoactyyractytyttochnagafotocttotatqogtcooctoccaagtgatttaatitoagotyattyyactacyaattoacal

A38T LT Tya8a0aT LYCaTatt o LLYacayaaatcyarc YAty c LYy aagtayt YAy aacatcCratyayiiiLCLLATaatyTataaady|

B-G-----C-C-CA--G-
s BTGAALAATATACAATGA
b« P

533325_AA045112

Q54505 _AL0D39967

AR TTTTGTTCATACTGTATTTATCAAGTAT GATGAMLAGCAATAGATATATATTCTTTT

% w T o ww W wEE W +* +*

I
533325_Aa04sllz A--GCGCT---CCG-GGLTEC-A--GT-A---GG-Ad---GTGGACA-G-AGCGCCCCTC
Q54505_AA039967 ATTATGTTAALTTATGATTGCCATTATTALTCGGCARAATGTGEL-GTGTA-TGTTCTTT
* W L A 2 £ S T % % %o
4 | B
lexecuﬁnn finizhed
36
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Support for Multiple Workflow Granularities

W~ Kepler
| @)

;- Q-

;.

A jar:file:/C:/Ptolemy/ptll3.0. 2/ptolem. . .port. jar!/ptolemylconfigs/PIW-full.xml
File  Wiew Edit

Z|lz|@|=|Z

4

Graph Debug  Help

=R

4 actaor library

- I=sources

- 1sinks

- jio

E- | math

E- ] random

=4 flovy control

{ B | aggregators
Er_' | hoolean flovy contral
Er_' © | =equence control

i [ | execution control

-] real time

SR fiouic

i Bl comparator

=1 Equats

(3] IsPrezent

[ Logicairat

¢ L] LogicFunction

| conversions

B Jarray

=4 matrix

i ep)] MatrixToSeguence

i - Matrixviewer

i [><] SequenceTolMatrix

|1 signal processing

-] dorain specific

E-IEML

F- | Jgeon

B+ lspa

I more libraries

-

user library
e

PN Director
] Promoter identification workflow (PIW) aims at contructing
models of transcription factor binding sites to identify

co-regulated genes, starting from microarray data.

Doubla-click to entar
gene accesson numbers.
Add ganesin tha quotas
speralad by commal

GenefccessionNumber List

Doubi ok to change
the ClustalW filename

FileReader

y [

Clustal\W_Remote

Enumitem Triggered

Shows tha physcal alignmeant
iple gene sequences.
CEL-ClustalVW Multipls
ant Tool,

Boulders

Thisloop exacutas
"Gene Sequence Progessing”
for each gene enteredfin

*GenehscessoniNumigr List®

Gene Sequefce Processing

S0 e

Plumbing

Powder
Sand

Abstraction:
Sand to
Rocks

ClustalVV Results Display

B. Luddscher, SDSC
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Some KEPLER Core Capabilities =

® Designing scientific workflows

— Composition of actors (tasks) to perform a scientific WF

® Actor prototyping s =
® Accessing heterogeneous data —
—  Data access wizard to search i, l‘
and retrieve Grid-based resources e e
—  Relational DB access and query ¢ PresampleLayers

—  Ability to link to EML data sources =1 4 dynamicActor

.. [m=] PresampleLayers )

| more libraries
| user library

38
B. Luddscher, SDSC
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Some KEPLER Core Capabilities =t i

® Data transformation actors to link heterogeneous data

® ‘Executing scientific workflows

—  Distributed and/or local computation

—  Various models for computational semantics and scheduling

— SDF 214 PN: 2Most common for scientific workflows
® External computing environments:

—  C++, Python, C, ... through Command-Line or WS: anything!
o

Deploying scientific tasks and workflows as web services themselves(... planned ...)

39
B. Luddscher, SDSC



Distributed Workflows in KEPLER =y -

® Web and Grid Service plug-ins
—  WSDL (now) and Grid services (stay tuned ...)
—  Proxylnit, GlobusGridjob, Grid FT'P, DataAccessWizard
—  SSH, SCP, SDSC SRB, OGS?-??2... coming

* WS Harvester
—  Import query-defined WS operations as Kepler actors

® XSLT and XQuery Data Transformers
—  to link NOL “designed-to-fit” web services

® WS-deployment interface (coming)

40
B. Luddscher, SDSC
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-
- o8

Web Services = Actors (WS Harvester) ==-

H_l file:/C: /ke plerfvorkflows/testiwsHarvesterModel. xml
Fil= Wiew Edit Graph Debug  Help

Z 2 Z Z ’ II @ * F * q:) [:ZI I:DZI ‘ Edit parameters for WSHarvester

- [ ; o -,
| actars | -Daia: PM Directar /\:) repostarylRL | wae soisc edussttintasiSRepository bl .

R o — ; o = = | J

=1 4 weh services 1 -
= 4 Blast | - - [ Carmmit ] I add 1 ] [ Remove ] [Edit Styles] ’ Help I ’_ Cancel ]
- | -
1 Blazt_searchParam | - .
1] Blazt_searchSimple WSHarvester Display ' 2
L Biast _extractPostior =
T Blast searchParam# [ Iil =) WSDL List - Mozilla Firefox
File Edit Wew Go Bookmarks ools  Help
= J Clustahay \ <;Z| - . @ TU http:,i,l’users‘SLSE.edu,f;lti_ntas,l’WSRepUsitUry‘html E |]—Q,
I:I|:| E:uzaﬁ_ana:vzeg} | [ Mozl Firebird Help ] Mozilla Firiird Discu... || Phg-in FAQ
uztaliy_analyzeSi )
T Clustaléd_analyzePa \ Blast searchParam  Blast searchSimplefsync | \WSD], List - adopred from the list at the XML Central of DDBJ
L clustahiy_analyzeSi p- = p-
= - - ame ocument egistrant
= Y DCDB) » N URL D R
1 oDBJ_aetFFERtry
document
CJooed _etiMLERtry | query, bypeistring Blast httpffseral g ac. jplws diBlast wsdl Bt L Central of DDBI
[ DDBJ_oetFeaturelnt
document
| an tp: nig ac. ip : S
L] DDBJ_setalFeature: Blast esractPosition  Blast searchParamAsyne S i o e Siwis i stlhon st javadoc Al e B
= L0 etRelstedFerall | > L _ B
Ny - DDBJ hittpoifaal g ac. ipfwsdUDDBT wedl T, XL Central of DDBJ
. i = - » - avadoc
— .
LS
i & - Fasta  http/fsnl nig ac. ipfwedlFasta wsdl document 17 Cronral of DDBI
3 -~ o javadoc
-~
S~ TeSearch hitpfml nig ac. iplwsdiTeSearchwsdl 228 500 Centrat of DDBJ
o+~ lavadoc
s
£ |
Done

41
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Some special KEPLER actors ...

;|
-

Kepler

-
o

-

FileFetcher

cerificate
- fetchedFilas
lilesT oGt
FETCHER

Filestager
carificala
- sagedFiles
filesTaPul
STAGER

RunJobGrdClien

carilicate outputFiles

) WebSendce
WebSendce program FSLTActor
databasa Blast searchSimple Resilt
ciiary Lk amiin XSLT ftrn 1 Gt
L ]
L ]
. L ]
WebSendce
Browserl|
xmil Cutput
acceEon DDB._getXhL Entry Resill hraDﬂ.lRL.} name
5 BROWSER [alue
SRBConnect
SRBDisconnect
| - d SRB
) CommandLine Email
argumaents o oulfileHandla messageBady
oultput
lnT!-feHandI-HBxi!CUda
SRBReader SRBWriter
q b 58
1 -
> t
ShOFDirecior
ExtrCoords GamessOut OUIDU'EWEC[EF Results
GlobusProxy FileFeteher [ -
..—B:
[ I - B
i RunJobGridClient
Bl Stagerl ;W!_ﬂmr GlobusJob Results
Files ToPul -
. I~
L 1=
! STAGER

OrbWaveformSource OrbWaveform Sink
> >

| _ SO g

OrbPacketObjectSource

=

B. Luddscher, SDSC
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-,
;- q-
;.

:‘ i List File ComboXmiCml  InpulFileGenerator experiment
SE}F Drmmr ..v ol listOfFiles
g B
L4
:O. trigger ?;g.l:“n_‘m;:s quFfl’K Puuig!-‘elnﬂanule - b Md;fmrpuuigl‘e‘ﬂanura ediCo
.. Iﬂlstr?rl B?‘E \') .’_ Y b \')
. Le® ™\ 4
-
““‘
The Computational Chemistry Prototyping Environment R4
[ A
L - | e®
o 1e° ’
®
1% ‘
.
‘
Sta rExperimant, «** Display
. ﬂ‘IIeHanUI& -

PrepareinpltFiles

E}D gOfRiles *
% e

PrepareExpenment

InputFilal
L4
L 4
L4
L4
L 4
L4
4
L4
L4
4
L4
L4
4
.. * * Ny
) . * Tag, .
L4 * * L ]
: t‘ 0‘ .........
. . ny
= . * "ra,, .
Authors: %, * e,
L ]
Cfelme Amareira, Kim Baldridge, ‘r’ﬂhann‘E‘otler Wibke 3udht::|t @ University of Zurich Treaall] .
[ |
‘Illu:ar,.r Altintas, Adam Birnbaum, Yang Zhao' @ San Diego S ercomputer Center Ty, N
experiment
LocalFileCopiar DeanFlsGenemlP[H i planFileHandle ‘-‘
- axpermeniName
Create
planFile i Uul::l‘luelHandle exiCode
InfilaHandie,

InputFileList
inputFilaLi

B. Luddscher, SDSC
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Application Examples: Mineral Classification %,

= ae—
with KEPLER ... (Efrat Jaeger, GEON)
[! file:/C:/ULil/Projects /PtolemyIl,/ptIl3.0.2 /classifier.xml = IEIIEI
File: Wiew Edit Graph Debug Help
Zlz|3|z[Z]p|m]e|sm]m>]0] e
j e PN Director Modal Classification for Naming
irectar library i
| actor library igﬂEﬂUE Rocks.
| more libraries Retrieves classification Points from the
| user lirary OpenDBConnection Virginia Igneous Rock database and classifies
it with the Igneous rocks diagrams.
Virginia Rock Dataset
5s1D
i Pl revrenailigircreti
— CLASSIFIER
Diagrams Data 0 i Reasult
mineral composifion At
i Configure (CErl-E) Chr+E |-
=i Q t Customize Marme g
: » ek Documentation
Diagrams and transitions Corfigtre Pk
between them
Set Icon
Sawve Ackor In Library =
Lisker ko Actor —

/ Look Inside (Cerl+LY  Chel+L

44
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... inside the Classifier willly

! JC:/Util/ Projects, kepler/lib/ classifier.xml2 CLASSIFIER _|I:||£I
File: View Edit Graph Debug Help

Zlzlal =z » | @) w5 ]| e

= _ 4 Geoh Services o
fe & .
i . Inside the classifier
_ BrowserDisplay Uszes the transilions table, the raglon
— Caonst and the minaral info e return the
— DataSet idantfiar of the nexw lavel diagram
D!agrams _ mineral composition MextDiagram rock name
—@ DiagramTranzitions ’ * mineral compestion Next
—] FileTobrra
_% : : Y [ transtions table diagram p=
FileToString Caleulates the poinl according ragion
— GetPoint i the minaral info and the
MeztDizgram diagram coordinates
—() PoirtinPolygon GetPaint Lewsl's Region
— ) PoirtinPolygoniy mineral u:u:-mposltlun= i PointinPolygon
— ; = = I
] piotPaint h' SN El

—{ B8] PoirtReader diagrams and transitions ~ Diagrams diagramfcoordinates diagram's

T
o croieEoloon . Q transitions table ;

diagram Diagram ToPolygons

Diagrams and
iransitions - |
first diagram identifier The diagram used in this level

bebveen them
» J

A pointer o the
nexd tevel diagram

h

Calculates the region of
the point in the diagram
If this is the final laval
putputs the rock name.

BrowserDisplay

-h

45
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Standard BrowserUl: Client-Side SVG i
- ae—
; C:ilayerl.s¥vg ) = I Ellil
Fle  Edit ‘“isw Favorites  Tools  Help ﬁ
4= Back » = - (53 fat | @search  [¥Favorites  EMedia ¢4 | 2%
Address |§| Cihlayerl.svg j e | GGDSIE’ - | b
0_ 3 C:hlayerZ.svg i I DIEI
Fle Edt Wiew Favortes Tools Help i
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SWF Reengineering Gzon

~ Kepler
-
- Q.

SDF Director

InitialQuery

o

The client requed for
genemting integrated
map of geological
formations in XML format,

Geological Map Information Integration Workflow

A sibworlow lo map the
cutput schema of the ontology
srvice to the input schema ol
the query svice

Java-based trandormar 1o

penerate the expressions

for diffarent sales

CrsatﬂE:q:rBssmnFromQuery uﬂhom E:-:ressnn

DataMapper

OntologyData_rewriteQuery

This srvice handles ssmantic RewrittenQuery e et f
ulﬂ:mpanmesanmeﬁmume = = r

dalasels resolves a dandand E’ ot ==

geologic concept to the specifs =~ ImageAssemblyRequest

conceapt at the dataset =
ot

-
o T - BrowserDisplay
e imageAssemblySenvice_execute !
= 1850 F |
2 4
Host =
kpresent a combinatigh
Accepts he query for mlecling hents, image files, o
spatial data and reiumaihe UIRL i
o fhe mault of the quary selaction :H! files Tmsfwuh
Utah_imageS_LayeriD ImageQuerySenice_getExract-Utah  dahoDisplay B Crestion of cremies
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Adzona_lmageS_LayerlD ImageQuerySendce_getExract ArizonaDisplay ]
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CrealeRequesFromResult i
Envelope Tequoet .
" )| ] IﬂataMapper composite actor
MNewadaOuepExpression
9 E lonsDispla A Java-based fransgomer o i ( r =YASi r 7
pessionsDispiay a.k.a sub-workflow)
:,_ of the query sanice o the
nput schama of the asemibly ’
a0 Queryihprassion Whaos }
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Result launched via BrowserUl actor

W~ Kepler
-

" e

-a-.—

(coupling with ESRI's ArcIMS)

B. Luddscher, SDSC
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Favorites Tools  Help | '5’-'

'3 GEON Map Integration Demo - Microsoft Internet Explorer

File  Edit View
@Back - u_) - \ﬂ \ELI ;\J | /.-" Search \":: Favarites @Media {“| Pt ,"_ & - | E| | Links @Customize Lirks @Free Hotmail @ RealPlayer
Address I.@j http: fjgeon07.sdsc. edu website fuiewer 1 fviewer, htm? theTitle =2:27Geological HVap %2 7&esriBlurb =273 2Fserviet %t 2Fcom, esri.esrimap. Esrimap % 3F ServiceMame 330 % ZT&jmsURj Gao
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Select Query

GeologcAge

Composition | 2l B
o | NS
Texture

|

Select Datasets

| 4
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Zoom In
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Data Registration Ul

W~ Kepler
| @)

;- Q-

;.

A GEON Ontology Enabled Data Registration - Microsoft Internet Explorer

Filz  Edit

@ Back -

Vigw  Favorites  Tools  Help

Google - |

) . -
ﬂ E‘ gl Search P Favorites wMedia
Address @ http:/geon01 . sdsc. edu: 6060} omifjsp/dakassts-list. jsp|

v %Search Web v Q‘gsaarch Site @ 6 - 5 1ee7 blocked

e R %=

(]

Dataset Search

Ontology Enabled Data Registration and Integration

Dataset Registration

~

B. Luddscher, SDSC
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Data Registration: as a KEPLER WF aw-

Datasets registration model.

SDF Direclor

This workflow is used to annotate dataset and register with GEONsearch workbench,

@ url: "hitp:iigeonil sdsc.edu:B060/omifjsp/dataset-detail jsp Pid="

EEFClion! WebSenice2 .
Display
B - iy _p DataRegistration_getinformatiog,_sl
&
WebSendce BrowserDisplay
BrowsarUl HMLTOANN Expression Nl

registration form URL i,1.‘.| DataRegistration_register h-'
o b '*ﬁ =7
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Registered Data shows up in KEPLER =-""

& | jar:file:fC:Iny/ptll4.0/libfkepler-co. . .lerfworkflowsfeco/eml-simple-plot.moml
File Miew Edit Graph Debug Help

YERQATPNOP R E e

mctors | Dats |

SDF Director

Gwick Search
Humidity'Pressure Plat

% '

|[il Bears are really big
[l Cortinuous salinity,
|7l Crab population mol
| Daily climatological

RAIN, bype:double

A simple example of using EML data. First, a search is done in the Data
pane to locate an EML-described data set, which is dragged onto the

e weater phiytt workflow canvas. The EML data source is added to the workflow, and then it
iors and status contacts the EcoGrid server to download the data and configure the ports.

| Molluzc populstionbundance mont{ After being configured, it displays the ports from the EML data source,

=l Primary data soyftes and calculation which are then mapped Into an XY scatterplot.
| Primary deta sofirces and calculation

51
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More WF Plumbing el

o lathMin: "34 .97

SDF Director
i e latMax: "35"
® longhin: 120"
e longhMax *-119%
CpenDBEConnection

Generating datasets on the fly.

e query: "select latdd londd completeba elevation freeair from GRAVITY TABLE where latdd between * + lathin + * and

DatabaseQuery *SLTActor WebSenice BrowserDisplay

This workflow is used to extract gravity lat long point from
an oracle database and generate shapefiles using a web service.

layer

I

N
L

XML ToMapService _gethiapF rxr»%_é|

envelope

I

B. Luddscher, SDSC
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KEPLER & ROADNet - Sopler

- oo

Real-Time Scientific Workflows e

Architecture: Straightforward Example:
Selsmic Wavelelis Laser Strainmeter Channels in;

Ime‘s other Scientific Workflow;
types of data Earth-tide signal out

OriSource
Select
N\ output o
. COrst b. AddSubtract SequencePlotter
> 2 HEE]
S
> B
o - W
o =
cl
o =

Select2

Select3

PN Director

Real-time

Packet Buffer \ Target Directions:

Complex Processing Results
e o wri e : *Cross-disciplinary signals analysis

P Drecior

= «Geophysical Stream Algebras

Scientific Workflow

Near-real-time
database .

53
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A Scientific Workflow Problem s

Step 1 Step 3 Step 4
microarray Claiz ID GenBank DNA gﬁg;T c
data sequence sequence

retrieval search
' i genomic
MicroArray Analysis Clusfavor Analysis sequence
Step 8 Step 7 Step 6
A BC Step 5
EIEE;T . Consensus promoter data _%__ Transcription [Transfac }
search “sequence TH—  factor binding search

‘ Promoter Model generator Promoter Identification

new candidate target genes

Promoter Identification Workflow (PIW)

5t Source: Matt Coleman (LLNL)

B. Luddscher, SDSC




PN Director

StringConst

@ned to fit] 5o
4

Enumltem Triggered

Gene Sque Processing
—y
L —

FileReader

—_—

ClustalW_Remote

—_—

(ista W

W~ Kepler

@ned to fit - Be
-;-.—

ClustalW Results Display

Access Number

5z

Genbank

-

Extract Gene Sequence

LocalBlastOn
- =

BEAST}

Gene Accession Number and Sequence Display

Inner Loop

y/

hand-crafted control
solution; also: forces
sequential execution!

[Altintas-Ludaescher-et-al-SSDBM 03]

N\, Sequence Finished

N

hand-crafted

=

Blast Result

= EnumHonpetes

~

o

-—
Fasta Fomasss EMeWriter

- -
o Ll

GlSequencePromoteRegion

| B0

InnerLoop Finished Trigger

-

= e ACLON

Web-service

Tnﬁfar\

\ 4

" T

No data
transformations

available

5

Transfac Results Display

Despite GUIL, WS-Blak, etc. STILL 4
Scientific Workflow Problem

Complex backward
control-flow




A Scientific Workflow Problem: Solved

d0:: Geneld
GenBankG

map (f)-style
iterators

j

PromoterReg

d4 :: [ PrReg ]

lﬂlsfac :

d5:: [[ TFBS]]

d3 [ PrSeq ]

o

— ric data
) AL ransfo '

dl :: GeneSeq

d2::[Pid ]

Powerful type |
checkin

d6 : [ (Pid,PrReg) ]

const

Generic, declarative
“programming”
cts

d8 :: [ Char ]
L

putStr

d9 100

Gene

B. Luddscher, SDSC

Solution based on declarative, functional dataflow
process network

(= also o data streaming model.)

Higher-order constructs: M ap (f)

[0 no control-flow spaghetti
data-intensive apps
free concurrent execution
free type checking

S | N

automatic support to go from piw(Geneld) to
PIW :=mMap (piw) over [Geneld]

d-only, abstractable sub-

workflow pw(Geneld)

e
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Optimization by Declarative Rewriting | ==-

d0 :: Geneld

GenBankG

map(foQ)

instead of map (f) o

d1 :: GeneSeq
\

BLAST

d2:: [Pid]

PromoterReg
. GenBankP

PIW as a declarative, referentially transparent

Sfunctional process

[] optimization via functional rewriting possible

eg. map(f o g) = map(f) o map(g)

Technical report e PIW specification in Haskell

Transfac

d5: [[TFBS 1]

B. Luddscher, SDSC

Combination of

d4 :: [ PrReg ] ma

ZipWith(GPR2Str)

d7 :: [[ Char]]

putStr.concat

d9 :: 10()

[Technical Note: SciDAC-SPA-T.

-2003-01

On Simplifying Collection Handling and Control-Flow Issues in
SPA /Ptolemy-1T

Bertram Ludischert

Ilkay Altintast

San Diego Supercomputer Center, UC San Diego
August 2003

Abstract

In this teehmical note we first describe in
somo detail the strueture of the Promoter-
Idantifieation Worktiow (PIW) domonstrated ot
SSDBM (ABE' 03], Wo then point out some sori-
an probloms of the current approach. At the root
of these problems lies a Lack of capabilitics for pro-
granmine with collections (snch as lits). We then
propose a simple solution to this problo, bsecl
on a functional progrumming approach. The use
Of, 0., Haskell s an wler ying formal modl has
a nuraber of achvantages includiug cloar sematics
compatibility with process notvorks, and powerful
support for typing of workflows.

ork in progress (despite
the typoserting in BTRK )

Note that this is earl

1 Introduction

Consider the sciextific workflow in Figure 1, It
depiets the implementation in Ptolemy-IT [FTOU
of the promoter identification warkflow (PIW)
domonstrated ar SSDRM03 [ABB'03] for the
SPA team. Roughly speaking, PIW aims at con-
structing models of transeription factor binding
o-rognlited genes, starting from
Lata. Using chister analysis (..

sitos to identif

A Ludasschiadec. <du
anter

fxl. one at a time, into the PIW in Figure 1

Let us try to undorstand this figure: The uppar-
st b shows the top-lovel workflow. The small
grean box labeled “PN Dircetor” indicates that
we e Prolemny’s Process Network Domain to ex-
cento thisworkflow. The PN direetor is a software
component thai orchestrates the workflow excen-
tion aceording 1o the PN dommain [DHK 01, In a
process network [KMITT) actors (depicted as bes)
Kepresat processos tliat communicto 1hrongh
unidireetional. chamnels baving FIFO auones as
buffers. An actor trving to read from an empry
auene will sot blocked il sufficiont mput is
avilable. while writing to 4 quone ahvays suc-
coeds, f.e.. the quones are (in theory) infinie!
PN i a natumal model for describing systoms
where (potentially infinite) streams of data sam-
crementally transformed
executing i paralicl

[DHK01].

In the somewhat simplified PIW in Fignre T|we
assume that a single gene-id is given as input (see
the box labeled StringConst). The actor with the
label Gene Sequence Processing is depictarl nsing,

o procse netwe
works, When an act
e of ¢

o ke S & very d
PN douin, sine
i) e

http://kbis.sdsc.edu/SciDAC-SDM/scidac-tn-map-constr ucts.pdf
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Optimizing ll: Streams & Pipelines il 7
’? : G R e s et |

X ) E I concatS :: Stream” (Vector® a) — Stream™ a

t | = f ﬂ P zip$S :: Stream” a — Stream” [J — Stream” (a, )
Y Y Y unzipS :: Stream” (a, ) — (Stream™ a,Stream™ )
% - mapS 1t (e — ) — Stream™ o — Stream™ j3

b ; .
® ©) Figure 5.10. Types of stream functions

‘igure 4.24. Unfolded higher-order functions: a) map; b) scanl |
zipWithS :: (@ — # — ) — Stream a — Stream 3 — Stream vy

zipWithS f xs ys = mapS (\(x,y) -> £ x y) (zipS xs ys)

zipOutS :: (@ — (f,7) — Streama — (Stream 3, Stream~)
zipOutS f xs = unzipS (mapS f xs)

zipOutWithS :: (@ — § — (7,d)) = Stream a — Stream [
— (Streamy, Streamd)
zipOutWithS £ xs ys = unzipS (mapS (\(x,y) -> £ x y) (zipS xs ys))

Source: Real-Time S|gna| iterateS :: (@ — a) - @ — Streama
Procng_ Dataflow. Visual. and iterateS f a = let ys = a :- (mapS £ ys) in xs
Functional Progl’ammi ng, Hideki zenerateS :: (a — (a, §)) & o — Stream
John Reekie, Un|VaSty of zenerateS f a = let (zs,ys) = zipOutS f (a :- zs) in ys
Technol 0gy, &ldney scanS :: (@ — f — o) - a — Stream 3 — Stream a

scanS f a xs = let ys = zipWithS £ (a :- ys) xs in ys

stateS :: (@ — J — (o,7)) — a — Stream § — Stream v
stateS f a xs = let (zs,ys) = zipOutWithS f (a :- zs) xs in ys

=

igure 5.19. Mesh process networks

Figure 5.12. Process constructor definitions

®  (lean functional semantics facilitates algebraic workflow (program) transformations (Bird-Meertens); e.g. map$ f
© mapS g =¥ map$ (f * g)

B. Luddscher, SDSC
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KEPLER Today

W~ Kepler

--.—

* Lots of Ptolemy Il goodies!

» Coarse-grained scientific workflows, e.q.,

— web service actors, grid actors, command-line actors

* Fine grained workflows and simulations, e.g.,
— (T predator/prey model (already in Ptolemy)

— Database access, XSLT transformations, ...
® Special extensions
— Real-time data streaming RoaDM\et)

— Special end-user extensions (e.g. GEON, SEEX)

B. Luddscher, SDSC



KEPLER Tomorrow

* More geNeric support for
— data-intensive and
— compute-intensive workflows

* Special workflow deployment modes

— Pack maximal non-interactive components into exportable web services

— ‘Take into account cost models, load balancing, ...

* Extended type system with S€mantic types

® .. and much more!

63
B. Luddscher, SDSC



Semantics: What’s in a name? ol

® XML is the silver bullet, right?
—  <tag>Kepler</tag>

® What “Kepler’ are we talKing about here??

— Historic person, crater, space craft, workflow system, ...

64
B. Luddscher, SDSC



W~ Kepler
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KEPLER adds (will add) Semantics Types il

® TJaKe concepts and relationships from an ontology to ‘semantically type” the data-in/out
ports

® Application: eg., design support:

— smart/semi-automatic wiring, generation of ‘massaging actors”

m

p, |[(normalize)| p .

Takes Abundance Count
Measurements forLi f e St ages

Returns Mortality Rate Derived
Measurements for Life Stages

65 Sour ce: [Bower s-L udaescher, DIL S 04] |
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Pz P3 P
Al s OO o
(life stage property) (mortality rate [(nymphal, 0.44)]

Q—' for period) \

P4
K-value for each period

of observation

life stage periods

observations

Phase Observed| |Period Phases
Eggs 44.000 Nymphal {Instar I, Instar I, Instar |11, Instar 1V}

Instar | 3,513 \

Instar 11 2,529

Instar |11 1’922 Periods of development in terms of phases
Instar IV 1,461

Adults 1,300 Y~ ‘Population samples for life stages of the
common field grasshopper [Begon et al, 1996]

66 Sour ce: [Bower s-L udaescher, DIL S 04]

B. Ludischer, SDSC




- Kepler

CY =
- e
Example Structural Types (XML) au_
structType(P,) structType(P,)
root popul ation = (sanple)* root cohortTabl e = (nmeasurenent)*
el em sanpl e = (neas, |sp) el em measuremmt = (phase, obs)
el em neas = (cnt, acc) el em phase = xsd: string
el em cnt = xsd:integer el em obs = xsd: i nt eger
el em acc = xsd: doubl e
elem | sp = xsd:string
<popul ati on> <cohort Tabl e>
<sanpl e> <measur ement >
<nmeas>

<phase>Eggs</ cnt >
<obs>44, 000</ acc>
</ measur enent >

<cnt >44, 000</ cnt >
<acc>0. 95</ acc>
</ meas>
Ul s | e ;éohortTabIe>
</ sanpl e>

<popul ati on>

P, B . | a9 S,
o S ) La
C)—

_ (mortality rate
(life stage property) for period)

67 Sour ce: [Bower s-L udaescher, DIL S 04]

B. Luddscher, SDSC




Selecting Concepts and Relationships

& m 7 =
D; (normalize) Dy
hasContext
Observation

itemMeasured

appliesTo

LifeStageProperty

AbundanceCount
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Selecting Concepts and Relationships

m;

(normalize)

itemMeasured

hasContext

Observation

| DerivedObservation

appliesTo

LifeStageProperty

‘ MortalitvRate
Sour ce: [Bowers-Ludaescher, DILS 04] |




Example Semantic Types

W~ Kepler
| @)

;- Q-

;.

Portion of SEEXK measurement ontology

hasContext

appliesTo

MeasContext

0:*
1:1

arc Va /k

hservati on subd assO

MeasCont ext subC assOf

Ecol ogi cal Property subC assOf
Li feSt ageProperty subd assOf
AbundanceCount subC assOf

Same in OWL, a description logic standard (here, Sparrow syntax):

forall hasContext/MasContext and
forall hasProperty/ MeasProperty and
exi sts itemveasured/Entity.

exi sts appliesTo/Entity and
atnost 1/ appliesTo.

Entity.
Ecol ogi cal Property.

Ecol ogi cal Property and

exi sts haslLocati on/ Spati al Locati on and
at Most 1/ hasLocati on and

exi sts hasCount/ Nuneri cVal ue and

at Most 1/ hasCount .

B. Ludischer, SDSC

70 Sour ce: [Bower s-L udaescher, DIL S 04]




A KR+DIl+Scientific Workflow Problem =e-

o Services can be semantically compatible, UL structurally incompatible

Ontologies (OWL)

Compatible () Semantic

. Type P
Incompatible .
Pedl Structural >

() Type Pt ///

N
\ A P
\ 1 Ve
S ’
\ \ 6 () I 7/
\ 1 ] 4
M \ ! /
\ ,

Source \}A‘\ Desired Connection ig’ Target
€ Service \IJD 5 Service @
t

S

Semantic
Type P,
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--—~ Kepler

Ontology-Informed Data Transformation «=- T

Ontologies (OWL)

Semantic Compatible ()

Registration Registration
Mapping (Output) Mapping (Input)

. IF1TAaAlioivliiiiactyuli 4
Service Service

Desired Connection
72 Sour ce: [Bower s-L udaescher, DIL S 04] |

B. Luddscher, SDSC




Some KEPLER Grid Plans ...

- oo
-



an (oversimplified) Model of the Grid

®  Hosts: h1, h2, h3, ...}
*  Data@Hosts: d1@{h}, L[Z@{ﬁj},

*  Functions@Hosts: f1@{h}, fZ@{ﬁj,’,

* given: data/workflow:

e ...asafunctional plan: |[...;Y :=fX);Z:=qg(Y); ..

» ...asalogic plan: [...; {(X,Y)Og(Y,2); ...]

*  Find Host Assignment: d,- > 4 h,- : f19 hj

~- forall d,f ..st |..;d3@h3 = f@h2(d1@h1), ...] is a Valid plan

74
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dEe
@

f@A Logical view

yoc
b

plan Y@QC = F@QA of X@B =

2.

4.

6.

[ X@B to A, Y@A := F@AX@A), Y@A to C |— A"

B. Luddscher, SDSC

[ X@B to C, F@A => C, Y@C := F@C(X@C)

Physical view: SHA Plans

75
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[ FQA =>B, Y@B := F@B(X@B), Y@B to C |

f@A

f@A



W~ Kepler

"
KEPLER and YOU iilly i1

http://Kepler.ecoinformatics.org

T = any unit of time (hour, day, week, etc.)

* KEPLER...

Ble Edit Wew Favorikes Tools  Help i . . .
a5 6l B 6 Bk NG — is a community-based, cross-project, open source
ﬂé:i;lﬁ‘? http:”keplerIecmnfurmati-ci_u;g %Search Web T Q_,‘:Saarch Site @ 0 = @541 blocked : U' ,Lmks - CO[&lﬁoration
Kepler =
Kepler: A System for Scientific — can use web services as basic building blocKs

Workflows = | . o : )
Scientists in g variety of disciplines (e.g., biology, ecology, > ﬁaS LZ]OlTlt C‘VS TBPOSltOTy, mal[lng [lStS, weﬁ 5lte/

astronomy) need access to sclentific data and flexible means

“Members for executing complex analyses on those data, Such analyses

----- can be captured as 'scientific workflows' in which the flow of A A

Managementr data from one analvtical step to ancther is captured in a
farmal warkflow language. The Kepler project's overall goal is

Doval i to produce an open-source scientific workflow system that * O 40 ﬁ ‘6 d‘
allows scientists to design scientific workflows and execute = wgalnlnﬂ momentum t ANnKS tO Contrl lLtOTS an
éhembefficcijent\v using emerging Grid-based approaches to
istributed computation, . .

: contributions

- Kepler is currently based on the Prolemy 11 system for
Publications heterogeneous, concurrent modeling and design. Ptolemy 1T
was developed by the members of the ptolemy project at 1UC
Berkley. Although not originally intended for scientific ° gj@_sty[e [iceme a[[ows Commercia[spin_offg

workflows, it provides a mature platform for building and
executing workflows, and supports multiple models of
computation.

The Kepler project is a cross-project collaboration to develop [} ﬂ . g o
open source tools for Scientific Workflows, Currently this T'L Invltlltlon.
collaboration includes contributing members from the following
projects:
« SEEK: Science Environment for Ecological Knowledge 77 ?rovldé Some tlme (StudentP) Llnda SCleﬂtl:ﬁC
« SDM Center/SPA: SOM Center/Scientific Process Automation
+ Ptolemy II: Heterogeneous Modeling and Design 3 I .
« GEON: Cyberinfrastructure for the Geosciences ’ZUOTK{[O’ZU tO 56 Elll[t, anl[ tﬁeﬂ [et 5_]1151'5 d‘O lt¢ .o

Contributing members jointly determine the goals for Kepler as
well as contribute to the design and implementation of the L © o
software system, We welcome contributions and encourage e (’Zl}e pTO’UlLfe KZ:TLERZ?Q?BTTZS@)

other people and projects to join as contributing members,

CYBERINFRASTRUCTURE
FOR THE GEDSCIENCES

EEK

< | >
&) ® Internst

Ptolemy II

76
B. Luddscher, SDSC



