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IV. Introduction to Scientific Workflows (Ludaescher)
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Types of “Integration”

¢ Application/process integration
=> scientific workflows (Module IV)
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IV. Introduction to Scientific Workflows (SWF)

Scientific Workflows in e-Science and CI
SWF vs Business Workflows
Features of a SWF System (Kepler)

Flow-based Programming and Scientific Workflow
Design

Semantic Extensions
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Synthesis

Information Integration Challenges:
S° Heterogeneities

Structure
ol

Syntax

System Integ. J

* Svynthesis of applications, analysis tools, data & query
components, ... into “scientific workflows”
— How to put together components to solve a scientist’s problem?

=>» Scientific Problem Solving Environments (PSEs)

= Portals, Workbench (“scientist’s view”)
+ ontology-enhanced data registration, discovery, manipulation
+ creation and registration of new data products from existing ones,

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

+ e.g., creation of new datasets from existing ones, dataset
registration, ...
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Motivation: = Synthesis

Scientific Workflows, Pre-Cyberinfrastructure  Structure |
- Dat4 Federation & Grid “Plumbing: —
:: access, mové‘,‘replicate, query ... data (Data-Grid) e e

N ¢ authenticafe ... SRB Sget/Sput ... OPeNDAP, ... Antelope/ORBs
« — schedule, launcfy monitor jobs (Compute-Grid)
¢ Globus, Conepr, Nimrod, APST, ...
of Data Integration:j

— Conceptual queryifig & integration, structure & semantics, e.g. mediation w/ SQL,
XQuery + OWL (Semantics-enabled Mediator)
Data Analysis, Mining, Knowledge Discovery:
- manual/textbook.-Ze.g. ternary diagrams), Excel, R, simulations, ...
e " Visualization: .
‘— 3-D (volume), 4-D (spatio-temporal), n-D (conceptual views) ...
* *
* *
* *

gunts®

. .
“anusn®

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

= need for an integrated scientific workflow environment
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Scientific Workflows

A model of the way a scientist works with their data and tools
— Mentally coordinate data export, import, analysis via software systems

Emphasize dataflow (# business workflows)

Metadata: automatic data ingestion, analysis, provenance tracking ...

Goals: i
— SWF automation '
— SWF component reuse
— SWF design & documentation

Data |
Ingesicn

... make scientific data analysis
and management tasks easier
for the scientist!
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Types of Scientific Workflows (overlapping)

¢ What do we use scientific workflow systems for?
— Short answer: e
... hearly everything ...

e Types of Scientific Workflows
— “Modeling & Design”: Capture or reverse-engineer processes and
information flows at all levels
— “Knowledge discovery”: Automate repetitive data access, retrieval,
custom analysis (e.g. Blast), generic steps (PCA, cluster analysis, ..),
Ex: PIW, Motif analysis, NDDP, ...
— “Plumbing”: Stage files, submit batch jobs, monitor progress, move
files off XT3 to analysis and viz cluster, archive, steer computation, ...
Ex: Fusion simulation, Astrophysics (supernova simulation)
— “(Real-time) analysis pipelines”: processing of environmental and
earth science data from sensor networks
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Commercial & Open Source Scientific Workflow Systems

Lists Nexus files

to process (project) Reads text files Parses Nexus format

> il
A Draws

phylogenetic trees

g
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Promoter Identification Workflow (PIW)

... or from a napkin drawing ...
Step 1 Step 2 Step 3 Step 4

T T

ic ) GenBank NCBI
__microarray Gene ID

data = | sequence = | BLAST d

| retrieval search

=

genomic
sequence

MicroArray Analysis Clusfavor Analysis

Step 8 Step 7 Step 6
P . BPC P Step 5

NCBI — I

Consensus promoterdata e
BLAST 80 sequence —— I <~
search Yy — Jfactor binding

‘ Promoter Model generator Promoter Identification

new candidate target genes

Source: Matt Coleman (LLNL) |
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... to an executable workflow (here: in KEPLER)

& file:/C:/kepler_current/kepler/workflows/spa/PIW/PIW.xml
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... to a plumbing workflow (Job Mgmt w/ NIMROD )

SDF Director

@xparimant

arguments,

90T | fiattandiel R
s N

outflaHandle
Bllput

oulfilaHandie
Silpat
0diCode

et

ol
K
o
K
o

.
™ StartExperiment.**” Display

wttlileHandle
oulput

Avﬁt\ors:

.

..

Geline Amoreira, Kim Baldridge, Yohann‘ﬁ'otier. Wibks

,'f\kay Altintas, Adam Birnbaum, Yang Zhao'@‘San Diego Stigercomputer Center

s,
e’Su.dhult @ University of Zurich

T <o

e

apormant

her

... more plumbing ...

PN Director

SRBConnect

SRBF 68
SRBS CONNECT

Demoing the SRB proxy operations. Listing a directory.
Using a filtering user interface actor, allowing the

user to select desired files. Creating a new directory,
copying the selected files to the new directory and
downloading the files from their new location and
displaying them by their mime type.

Each of the parallel sessions accepls
& different SRB connection instance

ConstOnce

i (lpmnenamerepier_devsdsciest]

arayToSequence o

BROWSER

SRBS copy

ConstOnce2
b [pzonemomeikepler_devsdsclsbDemo’)

SRBS$ create directory | ypop

Authors.
Efrat Jaeger, Bertram Ludaescher, GEON project
Lucas Gilbert, Arcot Rajasekar, SRB team

Workflow Kind:
* “Plumbing Workflow”

* RX/RC
(remote exec, remote control)
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... more plumbing ...

SRB File Transfer

SGet SPut

P 1 |
“’m?ﬂ':%e.@ e ”n‘eafg.@;.@""f::“”“ . approaches as provided by
ocal exi e remof exi e 3 JARGON APl i

- SREStream Get - SRBStreamPut J— Bt ,
ST R BRI I Streaming Actors Stream Put/Get
remoteFileName, .endOfFile remateFileNam

read & write files from and to
i SRB as sequence of byte arrays. |

Edit parameters for SProxy

3D s e e 1
output each path separately (fc ! i !
e . SRB Proxy Operations !

- (for Srm reve

replicste
loreate irectory
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hasTrigger:
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Why not just a Python script?

¢ Users who can define, reuse, modify, specialize
workflows may not be able to do the same (or as easily
as) for Python scripts

e Other advantages to scientific workflows

Modular reuse and application interoperability

Debugging and monitoring workflow execution

Automated data management (e.g., provenance)

Validation (e.g., data/structural/semantic typing)

... From integrated modeling to execution, optimization, archival, etc
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Business workflows born-again?

¢ Yes, there are similarities
— And we can learn from BWF — e.g. transactions!

* But also big differences:
— Scientific Workflows:
» dataflow oriented
* streaming/pipelined execution
« cf. signal processing
¢ popular Model of Computation (MoC):

— Process Networks (PN), Synchronous DataFlow (SDF), Discrete
Events (DE), Continuous Time (CT), ...

— Business Workflows:
¢ task- and control-flow oriented
¢ popular MoC (for theory, abstraction, modeling):
— Petri-Nets, CSP!?, ...
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Sample Business Workflow

customer sales representative

Business. Dusiness Cotity

e Focusison...
1 |

Call sales ’» )‘ Lustomer Data };n{ Recelve call — Tasks

1 — Control-flow
— Work items

e Useful stuff:
— Transactions!

2 2523 — How to handle complex control-flow ...
Enisting customer? gﬁﬂ'ﬂ&ﬁfﬂ?ﬁmﬁf"
1In Stock

1 is an existing Customer
review the Customer Data

Directory

Monitor =

STEP1

\ sand document 1o OpenEDMS
Employee

STEP 2
[ reew sacument )

STEP4

Foute dacument fo the
targated cy

ey Woikllew OCR FileS
Monagement  Woikflow  OC] ve  FileSenver
£ En FOF

Server Database.

Index Server

ler

A Simple Scientific Workflow

Example scientific workflow run, executed as a Dataflow Process Network

Ed e i ddp/ phylogeny/pars_rudists_b.xml

lew Edit Graph Debug Help

file:
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Pop Quiz! BWF? SWF?
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And the answer is ...
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Wrong Question! (not just SWF vs. BWF, but Dataflow and
Data-orientation vs. Control-Flow/Orientation)

yaSiiparadigm

DataFlow DataFlow Manager

Process
Orchestration o <
The | Monitoring
Difference
Your DataFlow Manager is a strategic data management and
Solution | Use: even with the most complex of workflow systems. Tl

"schemas" to be visually configured as a combination of

Archive | monitoring and comprehensive productivity statistics, incl
DataFlow Various stages in the process.
COLD

Visual Workflow Configuration, Business Rules Definition, Process

interface allows system administrators to quickly and easily set up comprehensive ‘

workflow process diagrams complete with work rules. T
Server o )

Routing of items is controlled by DataFlow Manager, which allows complex workflows or
Products

DataFlow = and routing rules. It's companion product, DataFlow Engine, provides logging, auditing, production

workflow product that is easy to [
he visual, drag-and-drop

independent workflow agents

luding information about the item quantities at

DataFlow
Engine

DataFlow
Fax
DataFlow
ImageList
DataFlow
Manager

=R T
Visual Index Options Printing Notes
Workflow Definition

Creation
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Driving the point home...

e Dataflow-oriented scientific wo
— ... stream-processing
— ... data-, task-, and pipeline-paralle
— ... signal processing systems

— ... visual PSEs: AVS/Express, IBM DataExplorer, OpenDX, LabView,

B Vo Vit oo e o

» 0@

b -~
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Some Features of Scientific Workflows

* Actor-oriented, Hierarchical Modeling & Design
— study interactions of MoCs, compose, nest WFs, ...
— simulate those systems

* Automated Provenance System
— Keep track of data & workflow provenance
=> “smart” re-run, crash recovery, live & post-mortem analysis &

debugging ...

* Flow-Based Programming Paradigm
— data-stream oriented processing

e Basis for End-to-End Experiment Life-Cycle
Management

— from design, semantic types, to monitoring & control (“dashboard”),
and optimization
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Some Basic SWF Terminology (evolving)

* Workflow definition W (~ WF graph we see)
— partial specification of a workflow (cf. program)
— parameters P need to be instantiated
— data-bindings D can be viewed as special parameters

* Model of Computation (MoC — PT terminology)
- Looklin"% at W, P, D we still do not know how to execute W(P,D) to compute
result
— A MoC is an algorithm telling us how to apply Won P and D to obtain R.
— Examples:

* MoC PN (Process Network):

— Network of independent processes, communicating through (infinite)
unidirectional buffers (queues), prefix-monotonic behavior; given a PN and
an input stream and prefix-monotonic, deterministic actors, the output stream
is determined! (lots of flexibility for execution!)

* MoC SDF (Synchronous Dataflow):

— Similar to PN, but actors must statically declare there token
production/consumption rates; solving for pos. int. solutions of balance
equations (“LGS”) yields static schedule guaranteeing fixed buffer size

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Some Basic SWF Terminology (evolving)

¢ WF Run: completed computation
e WF Execution: ongoing computation

e Computation graph: graph data structure keeping track of which
token has been computed from which other one(s)
— Simple examples: evaluating an arithmetic expression; running a “job DAG”
— But keeping track of “real dependencies” can be tricky

* Ex: output tuples of an SQL query have “witness tuples” in multiple
relations; clear for positive existential queries; what are witnesses for
universal and negated queries? R = A\ B ; witnesses anybody?

¢ Similar to the notion of “proof tree” in logic (and LP); negation-as-failure
looms it’s ugly (beautiful?) head!

SDM Tutorial, EDBT’06, Gertz, Ludascher

Research Area: Provenance

* (Abstract) Use Cases:
— “Total Recall”: capture everything the MoC can observe
¢ ... and more: MoC-inherent plus addtl. observables
— Example: time-stamp token-in, token-out events =» benchmark actor
exec time, data movement time, ...
- WG'h%I7)W’s: Who, What, Where, Why, When, Which, (W)how (C.
oble

— Smart Re-run:
* after Pause or Stop, followed by parameter changes: rerun only
relevant parts

— Fault tolerance, crash recovery (cf. checkpointing)

— Result interpretation and post-mortem analysis

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Research Area: Provenance (2)

¢ Research Questions:

— Given a use case (as a query U) and a provenance schema PS, can
U be answered using PS?

(related to query answering using views — a reasoning problem!)

— Ultimately: design PS with U in mind! Also: optimize/specialize PS if
U is known/limited

— Note: the MoC can make a difference! For example, some MoCs
have explicit notion of “firing” or might exploit actor declarations

(“I'm a function! | have no state!”) This info is relevant e.g. for
checkpointing (Need to save state or not? When to save state..)

SDM Tutorial, EDBT’06, Gertz, Ludascher

. Kepl
An Example System & Project “ea

- oe
* Open-source cross-project collaboration: .-

— NSF/ITR SEEK, GEON, DOE SciDAC/SDM, ...
— based on Ptolemy Il Modeling & Simulation system
— R&D at Berkeley, SDSC, UCSB, NCSU, UCD, LLNL, Utah,
Rutgers, Penn State, Zurich, ...
,/’/‘:E;I\w‘\

/e e,
| e

= A

GE®N I

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

| Collab. tools: IRC, cvs, Wiki, FAQs, .
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GEON Dataset Generation & Registration
(and co-development in KEPLER)
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ks imageTag

SwagLengin
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Yang (Ptolemy)——
Xiaowen (SDM)

Edward et al.(Ptolemy)—

> X Path agfneer

®pts xmlToken and
e pTETsiON (/tag)
and returns an array of xml
elements xmlTokens)

jz, Ludéscher
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Done

= "Minute-made” (MM) WS-based application integration
+ Similarly: MM workflow design & sharing w/o implemented components
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Some KEPLER Actors (out of 160+ ... and counting...)
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Flow-Based Programming & Design for SWF

¢ Just doing visual-programming by itself does not lead to
modular, re-usable, maintainable workflows!

* To fully exploit the dataflow paradigm ...
... think dataflow!

= Flow-based Programming
=> ... combined w/ Functional,
Collection-oriented Programming

* ... similar to assembly-line metaphor

SDM Tutorial, EDBT’06, Gertz, Ludascher
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PN Director

designed to fit
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hand-crafted control
solution; also: forces

\ designed to fitj sequential execution!
L =

Gene Accession Number and Sequence Display

— \ = et [Altintas-Ludaescher-et-al
ExtractGene Sequence - PIW‘SSDBM’O3]
[ .

Genbank
— -
b - hand c_rafted
wencon resnea oo | \NED-SEIViCE actor
Blast Result -
- = Gl Number
Fasta Fgrm s Hﬂewrmr
GiSequencePromoleRegion Bio Fasta Oupat
Tmmg

] T~ ~ ~ i

No data transformations
: Complex backward
available
control-flow

f
@ , Ludascher

A Scientific Workflow Problem: More Solved
(Computer Scientist’s view)
fnn“mmn ¢ Solution based on declarative,
s functional dataflow process
prmmeesbesecnencan, N R network
. map(f)-style © |, (= also a data streaming model')
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[T = automatic support to go from
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.15‘.[i1rus]]. 48 s [ Char ]
putstr
‘ id'}:‘lOl.




A Scientific Workflow Problem:
Even More Solved (domain&CS coming together!)

P8 file: /C: /proiect/kepler workfloses/bio/HighD ideiPIW.sml
Fle View Edi Grah Debug Hep

|aded@|a|m| b [ o]» e w0 ]] e
Actors I Deta | 'SDF Director =
[ Directors Ve Itecn
| actors. /
[ more tbraries Con
) s onst 7
| UserLiorary

WebSenvice ExtraciSequence

accessionNum be
R0y urnispaservice Genbank _sefvicp.sniceRelum

geneSequence

GeneSequenceAray

ws)

N
N

MAP (HomologFiltsr) map(GenbankWS)
Input: {*NM_001924", “NM020375"}
Output: {“CAGT..AATATGAC" , “GGGGA..CAAAGA*}

ClustalW Results Displi

Paramsters

Authors:
Matthew Coleman from Lawrence Livermore National Laboratory

Iikay Altintas, Berram Ludaes cher, Zhengang Cheng, Xiaowen Xin from SPA Project
Yang Zhao, Edward Lee from Ptolemyl Project

e
SDM Tutorial, EDBT’06, Gertz, Ludascher

Research Problem: Optimization by Rewriting

* Example: PIW as a declarative, referentially
d0: Geneld transparent functional process
= optimization via functional rewriting possible

e.g. map(fo g) = map(f) o map(g)

a1z Denesed »  Technical report &PIW specification in Haskell

map(fo g) |
instead of
_map(f o map(g)__,,

L [Pid]

|.‘;;Mth(.GF:H25!r) |

d7 ;[ [ Char]]

a5 [[TEBS | putStr.concat

d9 = 100)

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

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Optimizing Il: Streams & Pipelines

i !
{0 '{‘lh {l* *%N

¥

()

(:=) t: o — Stream” a — Stream™ a
groupS :: Int — Stream™ a — Stream” (Vector® a)
concatS :: Stream" (Vector® a) — Stream™ a

zipS Stream” o — Stream” # — Stream” (o, i)
unzipS Stream” (a, ) —+ (Stream” a,Stream™ )
map3 (a —+ ) — Stream™ @ — Stream™ J

Figure 5.10. Types of stream functions

Source: Real-Time Signal
Processing: Dataflow, Visual, and
Functional Programming, Hideki

John Reekie, University of

Technology, Sydney

ZipWithS :: (a — %) — Stream o — Stream 7 — Streamy
ZipWithS f xs ys = mapS (\(x,y) => f x y) (zipS xs ys)

zipOutS :: (a — (3,7) = Streama — (Strean 4, Straam+)
2ip0utS £ xs = unzipS (mapS f xs)

zipOutWithS :: (a — (3 — (7,4)) — Stream a — Stream 3
4 (Stream 7, Stream )

zipOutMiths £ xs ys = unzipS (mapS (\(x,y) -> £ x y) (zipS xs ys))

iterateS :: (a — o) — o — Streama
iterateS £ a = let ys = a :- (mapS f ys) in xs

gonerateS :: (o — (0, 4)) = o — Stream 7
generateS f a = let (zs,ys) = zipOutS £ (a :- zs) in ys

scanS :: (a =+ 3 = a) — a — Strean J — Straama
scanS f a xs = let ys = zipHithS f (a :- ys) xs in ys

stateS :: (o — § — (a, 7)) = a — Stream 7 — Stream v
stateS f a xs = let (zs,ys) = zipOutWiths £ (a :- 2s) xs in ys

Figure 5.12. Process constructor definitions

¢ Clean functional semantics facilitates algebraic workflow (program)
transformations (Bird-Meertens); e.g. mapS f * mapS g = mapS (f* g)

SDM Tutorial, EDBT’06, Gertz, Ludascher

File View Edk Graph Debug Help

G @ea- o p

JULY 2004

CP R E>hme

N U e T T ST s
s 1234
567891011
2712 131415161718

| sctors | patal
|| Directars
"1 actors

|| more libraries
=1 Utities

|| UserLibrary

Higher-Order Construct Dema

SDF Director

"9 20 21 22 2324 25
31426 27 28 29.30 31

F8 fite: /C:Iny/ke pler/workflows ftest/WebServicesWithHighOr derapTest.xml
Given a list Hs of highways, compute a list of results > = :

Rs := map(traffic_info_ws)(Hs e iens Debia el
i.e., invoke a traffice info web senice for each highwayin Hs

Author Ikay Altintas, Beriram Ludaescher @ SDSC edu
Mol parameters:

G Fle View Edt Graph Debug Help

e @ae g p

Director parsmeters:
alowDiscomnectedGraphs: ()
alowRateChanges: o

terstions: 1

CP D> e vectorizatiorFactor Iw

| Actors | pata
| | ivircciors
[ actors
) more Horarios:
1 hities
) Userliorary

<

Inside the ‘map’ actor: the Traffice-Info web service

execting

Director

Send a *separate* email for each invocation!
Email
‘massagaBod

raffic info for a list of highways: Uses

JWEDBOr LS5 e e e

iterate (higher-order “map”) actor to access
highway info web service repeatedly, sending
out one email per highway.
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Inylke|
P Fie view Edt Graph

JULY  200¢

MONTUE WED U 7 SAT SUN

Debug Help

Gl IE2 N304,
56789101
2712 131415181718

H o e @ e O R e
= —
_- | Actors | Data| Higher-Order Construct Demo
= [ Dreciore

B SDF Director
| I more oraries
B4 ities

[ Useribrary

Gonst Display

{ ey

Given a list Hs of highways, compute a listof results.
Rs = map(iraffic_info_ws)(Hs!
i.e., invoke a traffice info web senice for each highwayin Hs.

Authar Ikay Allintas, Bertram Ludaescher @ SDSC.edu

executing

S0R9 20 21 22 2324 25
21426 27 28 29.30 31

B3 file: C: InylkeplerAworkflows/test/WebServicesWithHighOr derMapTest. xml. (=3

Fle Vew Debug Help

[t zeported as of Tuesday, 9|4

Model parameters: 3
[Slov for the Cone Zone
WebServicesVihHighCrderhapTest has no parameters,
s
[SAN DIEGO & IMPERIAL Cof
THE NORTHEOUND & SOUTHE(Q)

Directar parameters:

allowDisconrectedGraphs: ()

] Fle vew Edt Graph

@ [@ @

Debug Help

PO R[S

["actors | Data]

Inside the 'map' actor: the Traffice-Info web service

| Directors
Ll Actors

LI more ibraries:
L1 Utities:

|1 Useribrary

Director

huynumsl  ca

()] iSAN DIEGO CO) ARE CLOSED FR|
iterations: [1 ONDAY THRU FRIDAY THRU 7/16)
P 1 v
3 49 2

executon fished —

Send a *separate* email for each invocation! \ [l
Email

messageBod

porz
[

- la

Traffic info for a list of highways: Uses

o per

)

ipeplan.q.p

i

e Wiew Edt

Qe @ @

Graph

iterate (higher-order “"map”) actor to access
highway info web service repeatedly, sending
out one email per highway.

JULY 2004

MONTUE WED T 1 SAT SN

HER

Debug  Help

PSSR > e

s 1234

| actors | pata)
[ 1 Directors
1 actors

| | more ibraries.
11 Uiies.

11 Useribrary

Higher-Order Construct Dema
SDF Director

Given a list Hs of highways, compute a list of results
Rs := map(traffic_info_ws)(Hs)
i.e., invoke a traffice info web senvice for each highwayin Hs

Author likay Altintas, Bertram Ludasscher

& multivac. sdsc.edu - SecureCRT

HEBUR QA E=-a aH ¢
T kepler@sdsc,eds  Jul 13 45/1831 'Notification email From Kepler”
kepler@sdss. Jul 13 107337 "Motification eaail froa Kepler

Subject: botifi
Date: Iue. 13 Iul 2004 12:10:13 —0700 (POT
Content-Type: text/elain: charset=us—ascii
Content-Transfer—Encoding? Zhit.

reported as of Tuesday. July 13, 2004 at 12:09 .

Slow for the Cone Zone

executing

Cl Fle View Edt Graph

Debug  Help

EPNOPEEDL e

R 163
[SAN DIEGO & IMPERIAL CO7S]
IS CLOSED FROM THE JCT OF I 5 TO UNIVERSITY AVE /IN SAM DIEGO/
(SAN DIEGO CO) FROM 2200 HRS EACH NIGHT TO 0500 HRS EACH MORNING MONDAY THRU
FRIDAY THRU 7/16/04 - DUE TO COMSTRUCTION - A DETOUR IS AYAILABLE

Q@ @ @
£

[actors | pata

Inside the ‘map’ actor: the Traffice-Info web service

[ Direstors
Ll actors:

L more liraries:
L1 Utities:

L UserLibrary

Director

VH 6.431 mirrored (INBOK marked) 2 (of 2} _new ALL
2 messages, 1 new, O unread, O deleted
Ready sshi:3DES | 2, 1 |30Rows, 84 Cols (VT100

Send a *separate* email for each invocation! \
Email

messsgaBad

raffic info for a list of highways: Uses

0.par

@

<fierler-d Schat

iterate (higher-order “map”) actor to access
highway info web service repeatedly, sending
out one email per highway.
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A Bioinformatics Workflow

SI'C: TImOthy MCPhI”IpS et al' SDM Tutorial, EDBT’06, Gertz, Ludascher

Towards Flow-based Design Patterns

* Generality vs specialization of actors
— also loosely coupled vs tightly coupled
* Data transformation pipelines
— alternate compute and data transformation steps
¢ Stage-execute-fetch pattern (Grid/HPC/HTC-WFs)
* Loops, higher-order functions (map, foldr, ...)
— cf. Taverna’s automatic loop insertion based on data types

JDBC/SRB connection tokens, proxies, certificates
connect J, ® l ® J, ®

I = N -
A1 B [—Cj

methods
functions

[f(X)1,--.f(x,)]
[
\[Xv Xpr X

X SDM Tutorial, EDBT’06, Gertz, Ludascher
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Scientific Workflow Design

G

©ofFF

"And that's why our scientific workflows are
much easier to understand and maintain!”

SDM Tutorial, EDBT’06, Gertz, Ludascher

Simulation Monitoring WF: Design VO

______________

SIMULATION|  RPCP, A"a'h' Visualizatio

analysis cluster

XGC on XT3
@ORNL

HPSS@ORNL HPSS@NERSC

SDM Tutorial, EDBT’06, Gertz, Ludascher




WF Design, Simulation, Prototyping ...

| file:/C:fmy/Kepler/Fusion/monitoring-0.xml
Fle Vew Edt Gaph Debug Hep

Gca:@a TP NOSHRED>He

4 Utiies ~
PN Director
=] vodavorel R . . . .
- Simulation Monitoring Design Workflow
R = =
7
Simulation 4
send
A
Y
A
UserTool
lookup
L 2

Tineascope
& 4 Semencesinks
Anaypoter
Barcragh
HistogrenPltter
Sequencepatter
SequenceSeope

L array

) Conversions
1 FlowCortrcl
1 HigherOrderactors
Cie

interest_in

Author: Norbert Podhorszki @ UC Davis

SDM Tutorial, EDBT’06, Gertz, Ludascher

Blurring Design (ToDo) and Execution

Gravity Modeling Design Workflow

Observed gravity model Merging between three heterogenous sources of gravity
SDF Director

envelope, ascii gid depths to create a synthetic gravity model observation.
Then, comparing the synthetic gravity model with an

Projecfing and ifypolating observed gravity model. Eventually translating the

Bouger iesWyeried i into a residual map and displaying on a browser.

from gvrvuy DB at UTEP. &,

Idav.!se!l

Envelope.

. MohoWebSenice

~ pssubraet ResiuaMapWabSenice

~

BrowserUl

amioutput
-E ROWSER Bate

'Add color schema

Extracting gridded Moho to display a map.
and Sp

y depths

 §
for a given region.

®lathin:-9481115471799
® lonMin: 2667923.1142702

® latvex lathin + 533330.0
® lonMax: lonin + 533330.0
o e Gaibiniet = ihin, lonbnket = lonin, atNextAl = et lanbleset = oniis)

N
» ~
Authors:

Efrat Jaeger, Dogan Seber and Eer\\rawdaeichar (GEON project)

B8 file: IC: iny/kepler AworkflowsICSIGO4/gravityModeL. xml#Observed gravity model
File View Edt Graph Debug Help

e TP INOP R ED e

— Exracting gravity points from

| Actors | pata Utep gravitydatabase and
Translating between interpolating them on the grid

S N using minimum cunature algorith
coordinate systems ] gorithm
ProjMet2Deg UtepGravityDB -

ascii grid|
dex

SDM Tutorial, EDBT’06, Gertz, Ludascher




WF-Design: Adapters for Semantic & Structural “Gaps”

D2

'

c D
= [ o]

1 cl cl’ Dl’
D,
C, - C; C—Dy

A=y [51 [T]

Adapters may:

be abstract (no impl.)

be concrete

bridge a semantic gap
fix a structural mismatch

be generated automatically

(e.g., Taverna’s “list mismatch”)

be reused components

(based on signatures)

Source: [Bowers-Ludaescher, ER’05]

SDM Tutorial, EDBT’06, Gertz, Ludascher

Additional Design Primitives for Semantic Types

11

Extended Transformations

Starting Workflow

Resulting Workflow

Resulting Workflow

ty: Actor Semantic Type
Refinement
men

tyo: Port Semantic Type
Refinement
(¢’ CC,D'ED)

'

t;,: Annotation
Constraint Refinement
(d - a)

C D

o oy
s t

t;,: 1/0 Constraint
Strengthening
(v—>9)

t,3: Data Connection
Refinement

S pos]

ty,: Adapter Insertion

t,5: Actor Replacement

t,5: Workflow Combination
(Map)

Source: [Bowers-Ludaescher, ER’05]

|
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Scientific Workflow Design

Workflaw | ™o ™, Top-Down
Design |y, <
S
o : Task Driven
w, < 5
o Data Driven
Boftom-Up
W, ~ it ve Seinantic Driven
m N Workflow Output Driven Semantic Driven
r & Implementation .
w, < P Input Driven
Fig. 2. Workllow engineers evolve workllows by applying design primtives (left), shown as

transformations &; and certain primitives can be grouped to lorm design strategies (right).

where each design strategy is shown as a distinet dimension of a design space.

e Support SWF design & reuse, via:
— Structural data types
— Semantic types R
— Associations (=constraints) between : -
them 1 Patanpe Refincmcns

— Type checking, inference, propagation RCRR—

=>Separation of concerns:
— structure, semantics, WF orchestration,

.- Hierarchical Refinement

etc. 1y Data Counrction

2 Direstor Introduction

Source: [Bowers-Ludaescher, ER’05] Tutorial, EDBT'06, Gertz, Ludéscher

Collection-Oriented SWF Modeling & Design

¢ Assembly line metaphor + Signal Processing + XML + ...
e Streams are nested collections (= XML)
* Stream data schema is “registered” to a WF data model (really need this)
¢ use ideas from “punctuated streams” to delineate collections
¢ Advantages:
¢ Less “messy” WFs (more linear, less branching)

¢ “Add-only” mode (inject new derived information); augmentation instead
of transformation

¢ Tagging data for downstream processing (instead of “bombing”, pass on
“dirty” / faulty / strange data with a relevant tag

* Pipelined parallelism (can stream an array)

collection a
‘ ‘ collection b ‘
—
A noooa A

opening : opening

pr"’;’;g . N delimiter for delimiter for
sl b nested metadata for  top-level
collection ¢ metadata for collection b collection b collection a collection &
Actor 1 Actor2  Actor 3 Actor 4 Actor 5

(e G s )L

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Fault Tolerance & Maintenance Challenges

ouput

Bt [ Dt

w:

ooncent

g Dol gt

[

Sosem et
S R

wE

320080120 91253 souwen Ex3§

‘uncsoningut

—

RocordDissssombler
ey

Lrctenrg
P—— pass.

» ’
i reuns 4t i o 37 S - -
o a1 i o a0 S s BSD
™ ubmcndon fcionPass & s up —
s e coutrmbes S et e, Erreoson >
o v cbonos NIRRT

t

. “Retry”, a composite actor for fault-tolerant data transfer

Figure 1: Control-flow intensive astrophysics workflow in KEPLER [2
(top), contains a subworkflow (bottom), which itself contains a “ConditionalLoop” subworkflow (inside not shown). Complex feed-|

back loops and the use of boolean switches illustrate the complexity of modeling control-flow directly in a dataflow process network.

SDM Tutorial, EDBT’06, Gertz, Ludascher

Workflow Templates and Patterns

Proposed Layered Architecture

New Ingredients

Top-Level Workflow (Dataflow)

Actor 1 u

Transducer
Template
(Control-Flow)

(State) Frame

.‘ F
€). Transducer Template T(F) p- Ap Implementation
(Dataflow)

Figure 2: a) Embedding of component C in frame F; b) work-
flow template T(F; F2); ¢) finite state transducer template T(F).

Figure 3: A pattern for modeling generic control-flow comopo-
nents that consists of an outer frame (top), a nested transducer
template (middle), and state-frame embeddings (bottom)

work w/ Anne Ngu, Shawn
Bowers, Terence Critchlow

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Use of Semantics in SWF...

“Smart” Search

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

— Establishing links between data through semantic annotations & ontologies

— Combining heterogeneous sources based on annotations

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

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

“Pushing” semantic annotations through transformations/queries

SDM Tutorial, EDBT’06, Gertz, Ludascher

Typing Workflow Components

=loix|

4 | Semantic Type Editor is used to assign one or more

| semantic types to the component or to the component’s
! input and output ports. In the simplest case, a semantic
! type is a class taken from an OWL-DL ontology. Multiple
! types define a conjoined concept expression.

e
Kepler

Jones ®

Inus automaicaly ncuding information about column lengihs.

Author: Dan Higins Apr 6, 2005

! A simple ontology browser is provided in Kepler to navigate a
i classified OWL-DL ontology. Classes can be searched for and

| selected as a semantic type. '
””””””””””””””””””””””””””””””””” "SDM Tutorial, EDBT’06, Gertz, Ludascher
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Checking Type Constraints

=lolx| |m === m = e e e eeeeeeeeeeemmmeeem—ee—e
Bl Vew EdE Gaph Detug Heb ' . . H
ala@elm B,“ (o] [ [ ]5]] @] | Kepler can statically perform semantic and :
scrs ool a0 Diecr E i structural type checking of connections. A type !
— i checker allows the user to see potentially mismatched
i et . port connections as well as known type conflicts before
B i workflow execution. :
.03 e
D R ] |
e——
Unsate Chames: oty Unsate Charnets
Ouputpart I s ot [
Jation sbundance ... iFE IRExpression Actor oot [Display input ‘
s [REpression Actor” rephicsFi.maged ot
w Sater
s |
e Pt [
Not that e EML daasource has boen confgure o prvide h coln dat a5 Stuctural Types
ey, s utomatiatyncludng iomaton abot coke angls
s o
Author: Dan Hagins April 8, 2005 LSE,E ey firty
o e
. - channel status  output put
[erar Ortolesy Cass Ortobgy I Gass I
IseEv Bodversty ontology _ Popuation [SEEK Boaiversity ortology _[Coverarea
nsett avaptzrs | cose

i using the Kepler Type Checker dialog. When a channel is selected: (a) it is
! highlighted on the canvas, (b) the structural type and status is shown

! (here, the channel is structurally well typed), and (c) the semantic type

' and status is shown (here, the connection produce a semantic type error).

SDM Tutorial, EDBT’06, Gertz, Ludascher

Kepler Actor-Library

B Ve £ Guh Do thb

Qlﬁ - I5cH|
st s o

e g O e
o | e || @ac]@]afe] b [ ©]d b B[]0 [

dons/a

¢ Ontology-based actor organization / browsing
e Customizable libraries based on ontologies
¢ Text search with concept-based expansion

B v comns
e

ot oo e
_@—ﬂ R ERINED

(= o

Reression ckr

| Users can discover
i ImageJ using various
| search terms. Here, :
! ImageJ shows up in :
! multiple tree locations !
i based on its given :
| annotations. The library |
! search permits text-
! based matching against !
i the component’s :
| metadata (its given :
! name and certain :
| properties), expanded
i with concept matches.

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Semantic Searching

e —
Bl Vow £k Gan s thp e,
:‘f‘“"E"|"|°|’|"""“>‘““"" | ! Kepler provides a more advanced
fors | Deta ‘SDF Director i
it B

. ontology-based search mechanism.
i Users can start the Semantic Search :
. dialog, where components can be search
i for based on their semantic types.

REsprossion Actor

=] o res
0] oo waverorm source
03 e 20aaset

F# semantic Search

|- Search Criteria

I¥ Actor Semartic Types

oy
e | [ | [
T~ Input Semantic Types:
T e ]
1| [
S
o T o T
e Bbersty by Eoomveon L]
et | e e
: combination of actor, input, and i _Eowse | s | penere |
' output semantic types. ;

Search Al Selected Resuts Clase

SDM Tutorial, EDBT’06, Gertz, Ludascher

Ontology-Guided Data Transformation

’ Ontologies (OWL)

Semantic Compatible ()

Semantic
YP Ts &’ structural/Semantic Structural/Semantic L
K Association Association g
\ -, - T T T .
\ S - ~. &gﬁ - I’l
N 7
\\ b /
y ¢
\ / Structural Structural ™
AY

ype _‘ Type P,

@_ Source

Service

Target Q
Service

Desired Connection

Source: [Bowers-Ludaescher, DILS’04] |r
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Summary: Scientific Workflows

¢ Scientific Workflows in e-Science and CI

¢ SWF vs Business Workflows

¢ Features of a SWF System (Kepler)

* Flow-based Programming and Scientific Workflow Design
¢ Semantic Extensions

Q&A

g As we kmm/ fhere are knawn
! knowns: there are things we
-\ know we know. We also know
there are known unknowns;
that is to say we know there

are some things we do not "

know. But there are also

. know.

unknown unknowns - the ones ‘
we don't know we dop't ¢

SO TOOTa, OB T 00, Genz, tuuasther

Back then ..

KEPLER...

was ahead of his time ...

|

SDM Tutorial, EDBT’06, Gertz, Ludascher
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.. but such is life ... ;-)

... So, you see,
scientific workflows need
domain and data-
polymorphic actors and

semantic types!

What's

a poly-
morphic

What's
a scientific
workflow?

actor?

What's
a
semantic

type?

"‘
e~ -

Johannes Kepler

\-I:kﬂrf‘% d

SDM Tutorial, EDBT’06, Gertz, Ludascher

Polymorphic Actors: 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
— In a time-triggered model, add when the clock ticks

— In discrete-event, add when any connected input has data, and
in zero time

— In process networks, execute an infinite loop in a thread that
blocks when reading empty inputs

— In CSP, execute an infinite loop that performs rendezvous on input

or output

— In push/pull, ports are push or pull (declared or inferred) and
behave accordingly

— In real-time CORBA*, priorities are associated with ports and a
dispatcher determines when to add

*hey, Ptolemy has been out for long!

AddSubtract
+

-

By not choosing
among these

add | when defining the
component, we
get a huge
increment in
component re-
usability. But how
do we ensure that
the component
will work in all
these
circumstances?

Source: Edward Lee et al. http://ptolemy.eecs.berkeley.edu/
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