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Overview

Motivation: workflow research often done in

context of single or small number of science
domains.

Results in limited understanding of performance and characteristics
of scientific workflows

Approach: classification model and survey of
scientific workflow characteristics.

Informal defn of workflow: set of tasks generally
organized as a graph G=(V,E), task = V.

Notion in talk: executed footprint of workflow.
Task run as 5 parallel instances has count 5
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Classification Model
Why? Helps classify or “bin” workflow types

Enable applicability of solutions

Dimensions
Size,
Resource Usage,
Structural Pattern,
Data Pattern, and
Usage Scenarios

Based on survey of workflows from different
domains

Each workflow has been modeled using one of several
workflow tools and/or through scripts
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Dimensions 1 and 2. Size and Resource Usage

Properties of Size dimension

Total number of tasks — total number of tasks in executed workflow.
If task executes in parallel, each instance of task is counted.

Number of parallel tasks — defines maximum number of parallel
tasks in any part of workflow

Longest chain — defines number of tasks in longest chain of
workflow

Resource Usage dimension
Max task processor width — max concurrent # processors required
by workflow
Computation time — total computational time required
Data sizes — data size of workflow inputs, outputs, and intermediate
products
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Dimensions 3: Structural Pattern

Captures dominant pattern seen in workflow

Sequential

consists of tasks that follow one after the other
Parallel

multiple tasks that can be run at same time
Parallel-split

one task’s output feeds to multiple tasks
Parallel-merge

multiple tasks merge into one task
Parallel-split-merge

both parallel-merge and parallel-split
Mesh

task dependencies are interleaved
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Dims 4 and 5: Data Pattern and Usage scenarios

Inputs, outputs, intermediate data, back end databases.
Bioinformatics apps can be small data in, small data out,
large result sets accessed from databases

Data reduction : size(output data) << size(input data)
Data production : size(output data) >> size(input data)
Data processing : size(input data) = size(output data

Usage scenarios
Interactive workflows — human-in-loop (i.e., steering)
Event-driven workflows — triggered by event

User constrained workflows — time or resource
constrained
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Approximate Scale

1"=2,500'

Figure 1
Study Area and Location of Wells
Used to Characterize Local Geology
Ladysmith, Wisconsin
April 2010

Locatlon of well used to
characterize local geology
(includes public and
private wells)

Workflow survey examples
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Perv

[ Domain Project Website Tool
Weather and | Linked Environments for Atmo- | http://portal.lead. xbaya,
Ocean spheric Discovery (LEAD) TeraGrid | project.org GPEL,
Modeling Science Gateway Apache

ODE
Southeastern Coastal Ocean Ob- | http://www.renci.org/ [Seripts|
serving and Prediction Program | focusareas/disaster/
(SCOOP) scoop.php
North Carolina Floodplain Mapping [Scripts|
Program
. . . North Carolina Bioportal, TeraGrid | http://www.renci.org/ Taverna
E:imformatms Bioportal Science Gateway focusareas/biosciences/
Biomedical _ motif php
MotifNetwork http://www. Taverna
motifnetwork.org/
National Biomedical Computation | http://nbcr.sdsc.edu/ Kepler,
Resource (NBCR), Avian Flu Grid, | http://gemstone. Gem-
Pacific Rim Application and Grid | mozdev.org http: | stone,
Middleware Assembly //www .pragma-grid.net/ [Scripts]
http://avianflugrid. and
pragma-grid.net/ http: | Vision
//mgltools.scripps.edu/
cancer Blomedical Informatics Grid | http://www.cagrid.org/ Taverna
(caBIG)

Astronomy Pan-STARRS http://pan-starrs.ifa.
hawaii.edu/public/,
http://www.psisc.org/

Neutron Sci- | Spallation Neutron Source (SNS), | http://neutrons.ornl.

ence Neutron Science TeraGrid Gateway | gov/

(NSTG)
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I LEAD Il workflows

Terrain
PreProcessor

338 ' ini
secs Wif Static Data mining workflow

147MB 1

Lateral
Boundary

ADAS

Interpolator 2MB

Storm
Detection

35secs

146secs 243MB

y

19MB '@2WRF 78secs
206MB
Y Remove 66secs
Attrs
WRF 4570secs/16 processors tributes
IKB
2422MB
Spatial 129secs
Weather forecast workflow Clustering
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275 MB

MOTIF workflow: motif/domain analysis of

900 secs/ genome collections as input sequences

16 processors

Pre 30secs

Interproscan

Post
Processing

5400 secs
SCOOP workflow: arriving wind data triggers

ADCIRC model used for storm-surge prediction

during hurricane season Interproscan

Interproscan

Post
Interproscan 60secs
3600 secs/ 71MB

256 processors
599 MB
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2 minutes Cancer Data Standards Repository: queries
concepts related to an input context

PrepareGPF

4 minutes

AutoGrid

50KB 200KB

findProjects 5 seconds

Autodock Autodock 30 minutes
10MB
findClasses
. 5 seconds
InProjects
Avian Flu workflow: used in drug design to study
interaction of drugs with environment; has large fan- .
out at end. 5 seconds findSemantic
Metadata
searchLogic 5 seconds
Concept
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N=800

5 seconds

Preprocess

Preprocess
CSV Batch

CSV Batch
1 -100MB / p—

LoadCSV
File into
LoadDB

LoadCSV
File into
LoadDB

1- 100 MB
30 seconds

Validate
LoadDB

Validate

5 seconds LoadDB

10 secs

PanSTARRS workflow PSLoad: data arriving from PS1 telescope is
processed and staged in relational databases each night.
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N=16
5 mins
2TB ColdDB & ColdDB &
\ 100 MB LoadDB j LoadDB
preprocess preproces
Merge DB Merge DB Merge DB

3 hrs

Validate
Merge

Validate

Merge 1 min

~2.03TB

Update
Production
DB

1 hr

PanSTARRS workflow PSMerge: each week, the production databases
that astronomers query are updated with the new data staged during the
week.
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Conclusion

The proposed workflow classification model helps us
think about workflows and workflow systems. As
such, we hope it can help others and serve as a
foundation for next generation workflow
technologies.

Thanks!
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