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e The GriPhyN project and Grid Applications
o \Workflow Management in Grids
e Pegasus, Planning for Execution in Grids
0 Hamework Description
0 Generation of Executable Workflons
e Applications Using Pegasus
e Future Research Directions
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GnPhyN Data Grid Challenge

 Provide a framework that enables Virtual Organizations around the world to
ggtrform computationally demanding analysis of large, geographically distributed
asets.

 The Virtual Organizations are large and highly distributed

» The datasets are large, currently on the order of Teralbytes and expected to grow
to the level of 100s of Petalboytes in the next decade

. Prga/ide a seamless access to data: experimental raw data or processed data
products

» Enable a user/application to ask for any domain-specific data, whether computed
or not

Concept of Virtual Data

Bwa Deelman Information Sciences Institute



the globus alliance

www.globus.org Grl d Appl I CaII OnS

e Increasing inthe level of complexity

e Use of individual application components

* Reuse of individual intermediate data products (files)

» Description of Data Products using Metadata Attributes

e Execution environment is complex and very dynamic
0 Resources come and go
0 Datalis replicated
0 Components can be found at various locations or staged in on demand

e Separation between
0 the application description
0 the actual execution description
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Generating an Abstract Workflow

D O O
: v O
O O

Select and configure application components to forman

ApplicationDomain

abstract workflow

0 assign input files that exist or that can be generated by
other application components.

O specify the order in which the components must be
executed FFT filea

0 components and files are referred to by their logical
names
. Logical transformation name Abstract

. Workflow
. Logical file name
. Bath transformeations and data can be replicated
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Generating a Concrete Workflow

Select specific. i l

Workflow

Resources

Hles

Add jobs required to forma concrete
workflow that can be executed in the Grid
environment

° Data movement
Data registration
Each component in the abstract workflow is
turned into an executable job

Move filea from host1://
homef/filea
to host2://home/file;

usr/local/bin/fft /home/filel!

DataTransfer
Concrete
Workflow

@
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Why Automate Workflow Generation?

Usability: Limit User’s necessary Grid knowledge
Monitoring and Directory Service
» Replica Location Service
Complexity:
0 User needs to make choices
 Alternative application components
» Alternative files
» Alternative locations

0 The user may reach a dead end

0 Many different interdependencies may occur among components
Solution cost:

0 Evaluate the alternative solution costs

» Performance
* Reliability
» Resource Usage
Global cost:
0 minimizing cost within a community or a virtual organization
0 requires reasoning about individual user’s choices in light of other user’s choices
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GiPhyN's
Executable Workflow Construction

e Build an abstract workflow based on VDL descriptions
(Chimera)

 Build an executable workflow based on the abstract workflons
(Pegasus)

o Execute the workflow (Condor’'s DAGMan)

Abstract Concrete Jobs
VDL Worfklow Workflow
-~ » Chimera |  » Pegasus =~ » DAGMan | »
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Creating Abstract Workflows

e Developed at ANL (Foster, Voeckler, Wide)

e Chimera’s Virtual Data Language (VDL) allows for the
description of an abstract workflow
e Transformations:

0 general description of the transformation applied to data, use
logical transformation name
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Creating Abstract Workflows

e Derivations are instantiations of TRs
0 |dentify particular logical input and output file names
0 |dentify actual parameters
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Abstract Workflow Generation

e Definitions for transformations and derivations are stored in
Chimera’s Database

 Database can be browsed
e User queries Chimera giving it a logical filename
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VDL and Abstract Workflow

a b0
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b =/dz\ C
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User request data file “c”

> VDL descriptions

\/

Abstract Workflow | dq d»
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Condor's DAGMan

e Developed at UW Madison (Livny)

e Executes a concrete workflow

o Makes sure the dependencies are followed

o Execute the jobs specified in the workflow
0 Execution
0 Data movement
0 Catalog updates

‘ e Provides a ‘“rescue DAG’ in case of failure
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Planning for Execution in Grids

pagasvs

e Maps from abstract to concrete workflow
0 Algorithmic and Al-based techniques

o Automatically locates physical locations for both conmponents
(transformations) and data

» HnNds appropriate resources to execute
» Reuses existing data products where applicable
 Publishes newly derived data products

0 Chimera virtual data catalog
0 Provides provenance information
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O giousor Information Components
Used by Pegasus

e Gobus Monitoring and Discovery Service (MDS)
0 Locates available resources

0 Hnds resource properties

» Dynamic: load, queue length
» Static: location of gridftp server, RLS, etc

e (Globus Replica Location Senvice
0 Locates data that may be replicated
0 Registers new data products

e Transformation Catalog
0 Locates installed executables
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Example Workflow Reduction

e Original abstract workflow

o If“p’ already exists (as determined by query to the RLS), the
workflow can be reduced

b C
d

\/
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Mapping from alstract to concrete

b C
d>

\

e Query RLS, MDS, and TC, schedule computation and data
movement

Move b Move ¢ Register
Execute .
from A > d.at B from B cin the
to B 2 to U RLS
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B Applications Using
Chimera, Pegasus and DAGMan

e GriPhyN applications:
0 High-energy physics: Atlas, CMS (many)
0 Astronomy:. SDSS (Fermi Lab, ANL)
0 Gravitational-wave physics. LIGO (Caltech, UWV)
e Astronomy:
0 Galaxy Morphology (NCSA, JHU, Fermi, many others, NVO-funded)
e Biology
0 BLAST (ANL, PDQ-funded)
* Neuroscience
0 Tomography for Telescience(SDSC, NIH-funded)
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Pegasus interfaces

e Main interface: command-line interface

e Applications can also be integrated with a portal
environment

e Demonstrated the portal at SC 2003
0 LIGO-gravitational-wave physics
0 Montage-astronomy
e Much of the portal is application-independent
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ntage (NASA and NVO)

Deliver science-grade custom
mosaics on demand

Produce mosaics froma wide
range of data sources (paossibly in
different spectra)

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

galaxy images on the Teragrid.
Ewa Deelman

IMosaic created by Pegasus based Montage from a run of the M101
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Montage Acknowledgments

» Bruce Berriman, John Good, Anastasia Laity, CaltechV/IPAC
Joseph C. Jacob, Daniel S. Katz, JPL
http://montage.ipac. caltech.edu/

Testbed for Montage: Condor pools at USC/ISI, UW Madison, and
Teragrid resources at NCSA, PSC, and SDSC.

Montage is funded by the National Aeronautics and Space
Administration's Earth Science Technology Office, Computational
Technologies Project, under Cooperative Agreement Number NCC5-
626 between NASA and the California Institute of Technology.
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pegd it

nitar Sites Submit Jobs Wiew Jobs Liser Profile Authenticate Information

ser Mei-Hwm Sn 508922
nter Ligo Job Parameters
suto Subrrif
Start GPS tine H1.:729277151, H2 - 725258004 | 11 . 729333194
End GP5 time : H1:734365561 H2 734355306 | L1 - 734553225
Alpha Value : |0 (0-2p)
Deelta Value : |0 (+pif2 to -pif2)
Instrument : | H1 |»
otart Freg (200-50007
Freq Band : (0.0-1.07
step

Submit
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horme | sign infout |

about

honitar Sites

Tser Mer-Hm Sua 508922
| View Submitted Jobs

| Chooge Level of Detall.. |1|

Siew lobs

Ilser Profile

Pegasvs Grid Portal

Submit Jobs Authenticate
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i i | Job : Tine Time Total |Completed | Submnit | DDAC
Eroject; [Job Tmie irpatar Status Faecution Dosl Submitted | Completed | Nodes | Nodes Files |Imnag
Idei-Hui
” 2004.01.07 2004.01.07 DAG |DAC
Mlontage mlé 0.4 13 = DOME |18 condor_montage 14:47-32 14-59:00 43 43 s |
S08R22 |
Idlet-Hu
s 2003.12.24 | 2003.12.24 DAG |DAC
Mlontage | coalZack 0.4 1 u DOME |15 condor montage 50:38:30 50:51-09 48 48 Fiss | Tus
08522 ShE (2SR
Ider-Hu
. 2003.12.24 1 2003.12.24 DAG  |DAC
Montage |tarantula nebula 0.3 1] 50 DOMNE |15 condor montage 113231 11:54:47 43 43 Fies  |Tm
508522 s | S
Idei-Hu
. 2002.12.23 1 2003.12.23 DAG |DAC
Montage | CoalSack 0.3 2 238922 DOWE |18 condor montage 133711 13:49-59 22 22 Files 1
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Bwa Deelman

Information Sciences Institute

Job . . ; ’ Total Completed Submit  Dag Time Hast
Job Name Rt Tune Submtted Tune E.nmpletEdelES Nodes Files Tmage (Chart Chat
2004.01.07 2004.01.07 o e Time Host
e 04_13DONE 144730 14:59:00 i i DAGEIeS . ee  [Chat  Chart
Node Type Unsubmitted Pending Active Successful Failed Total
Transfer (0 (0 (] 10 (1 10
Hegstration Naodes 0 0 0 1 0 1
Compute Nodes 0 0 0 52 0 e
InterFool Nodes 0 0 0 ) 0 0
Total Nodes 0 0 0 43 [ 43
! ! in |.subler1].on
Node ID Node Tyvpe Node Status Node Start Time Node End Time Filefile |ﬁ]E -
i ; 2004.01.07 2004.01.07 i | sub et ou
151_condor montage create dir COMPTTE DOMNE 144739 144749 File File [File [Fil
: 2004.01.07 2004.01.07 .in |sub | err | ou
rc_t tmProject IDOOOOOT 0 TEAMSFEE. DOME 144517 144547 File File [File Fil
; 2004.01.07 2004.01.07 Lin | sub et ou
ro_tx mProject TDO0000Z 0 TEAMSFEER DONE 144512 144542 i File [File Fi
: 2004.01.07 2004.01.07 . |sublerr|ou
rc_t tnProject IDOOOOOZ 0 TEAMSFEE. DONE 144517 144547 File File [File Fil
: 2004.01.07 2004.01.07 lin |sublerr|ou
ro_t mProject TDO0O004 0 TEAMNSFEER DONE 144999 144952 File File [File Fil
: 2004.01.07 2004.01.07 Lin |sublerr]ou
rc_t tnProject IDOOOO0OS 0 TEAMNSFEER DOME 144599 144547 File [File [File Fil
—_ — . . o [ — 2004 01 077 2004 071 0f in_ | sithl el on
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# GRIPHYM VDL SUEMIT FILE GENERATOR

# DAG : test, Index = 0, Count = 1

# SUBMIT FILE NAME : dag/mProject IDOOOO0OS.sub

EEERE R R R R b b b e b o o o g g oo g0 o g 8 1o d
universe = globus

globusscheduler = columbus.isi.eduwd jobmanager—condor

output = mProject IDOOOOOS.out

transfer output = true

error = wProject IDOOOOOS.err

transfer error = true

glolhusr=sl = [(Jobtype=zingle)

log = test-0.1og

argumwents = -n wPFroject -N null /nfs/ve/wei/jl/Hontagez/Hontage vi.0/bin/wProject Zmas
copy to spool = false

executable = /fnfs/veimei/ 1/ VDS /vds-1.2.0/bhin/kickstart

notification = NEVEER

periodic release = (NumSystewHolds <= 3]

periodic remove = [(NumSystemHolds > 3)

remote initialdir = /nfs/cgt-scratch/griphyn/montage/montage exec dir/isi condor/test 2
transfer executable = false

+VD3 wersion = "1.2.0"

+VDE flowlame = MLest™

+VD5E flowTimestsamp = "2004-01-07T14:47:12-03:00"
+VD5E jobeolazss = 1

+VD5 jobid = "wProject IDOOOOOSH

+VD5 execPool = "isl condor montage™

ueLes

cEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R EEEEEEEEEEEEEEEE R R R R b b
# END OF SUEMIT FILE
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Conclusions

o Pegasus maps complex workflows onto the Grid

e Uses Grid information services to find resources, data and
executables

* Reduces the workflow based on existing intermediate
products

e Used in many applications
o Part of GriPhyN's Virtual Data Toolkit
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Future Directions

e Incorporate Al-planning technologies in production software
(Virtual Data Toolkit)

 |nvestigate various scheduling techniques
e Investigating fault tolerance issues

[

[

o htt

Selecting resources based on their reliability
Responding to failures

D://pegasus.isi.edu
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