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| years| mon | year |
+------+------+------+
| .45  |    6 | 2004 |
|  20  |    7 | 2004 |
|  34  |    8 | 2004 |
|  40  |    9 | 2004 |
|  15  |   10 | 2004 |
|  15  |   11 | 2004 |
| 8.9  |   12 | 2004 |
+------+------+------+

&���	��#�
����
��	
���������������
�����
%
start: 2004-09-30 18:33:56
duration: 76103.33

pid: 6123
exitcode: 0

args: 8.0.5 JobTransforms-08-00-05-09/share/dc2.g4sim.filter.trf CPE_6785_556
... -6 6 2000 4000 8923 dc2_B4_filter_frag.txt

utime: 75335.86
stime: 28.88
minflt: 862341
majflt: 96386
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Today’s Scientific 
Applications

� Increasing in the level of complexity
� Use of individual application components
� Reuse of individual intermediate data products (files)
� Description of Data Products using Metadata Attributes

� Execution environment is complex and very dynamic
� Resources come and go
� Data is replicated
� Components can be found at various locations or staged in on 

demand

� Separation between 
� the application description
� the actual execution description
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Workflow Definitions

� Workflow template: shows the main steps in 
the scientific analysis and their dependencies 
without specifying particular data products

� Abstract workflow: depicts the scientific 
analysis including the data used and 
generated, but does not include information 
about the resources needed for execution

� Concrete workflow: an executable workflow 
that includes details of the execution 
environment
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Concrete Workflow 
Generation and Mapping
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Pegasus:
Planning for Execution in 
Grids

� Maps from abstract to concrete workflow
� Algorithmic and AI-based techniques

� Automatically locates physical locations for 
both workflow components and data

� Finds appropriate resources to execute
� Reuses existing data products where 

applicable
� Publishes newly derived data products

� Provides provenance information
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Generating a Concrete 
Workflow

Information
� location of files and component 

Instances
� State of the Grid resources

Select specific
� Resources
� Files
� Add jobs required to form a 

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 
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Information Components 
used by Pegasus

� Globus Monitoring and Discovery Service 
(MDS)
� Locates available resources
� Finds resource properties

� Dynamic: load, queue length
� Static: location of GridFTP server, RLS, etc

� Globus Replica Location Service
� Locates data that may be replicated
� Registers new data products

� Transformation Catalog
� Locates installed executables
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Example Workflow Reduction

� Original abstract workflow

� If “b” already exists (as determined by query to the 
RLS), the workflow can be reduced
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Mapping from abstract to 
concrete

� Query RLS, MDS, and TC, schedule computation and data 
movement
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Pegasus Research

� resource discovery and assessment
� resource selection 
� resource provisioning
� workflow restructuring 

� task merged together or reordered to improve 
overall performance

� adaptive computing
� Workflow refinement  adapts to changing 

execution environment
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Benefits of the workflow & 
Pegasus approach

� The workflow exposes 
� the structure of the application
� maximum parallelism of the application

� Pegasus can take advantage of the structure to
� Set a planning horizon (how far into the workflow to plan)
� Cluster a set of workflow nodes to be executed as one (for 

performance)

� Pegasus shields from the Grid details
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Benefits of the workflow 
& Pegasus approach

� Pegasus can run the workflow on a variety of resources 
� Pegasus can run a single workflow across multiple 

resources
� Pegasus can opportunistically take advantage of 

available resources (through dynamic workflow mapping) 
� Pegasus can take advantage of pre-existing intermediate 

data products
� Pegasus can improve the performance of the 

application.
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Mosaic of M42 
created on the 
Teragrid resources 
using Pegasus

Pegasus improved 
the runtime of this 
application by 90% 
over the baseline 
case

Bruce Berriman, 
John Good (Caltech)

Joe Jacob, Dan Katz
(JPL) 
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Future Directions
Support for workflows with real-time feedback to scientists. 

Providing intermediate analysis results so that the 
experimental setup can be adjusted while the short-lived 
samples or human subjects are available.
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Example of a LIGO Inspiral 
DAG
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Small Montage Workflow

~1200 node workflow, 7 levels
Mosaic of M42 created on
the Teragrid using Pegasus
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