Building Scientific Workflows
with Pegasus



Building Blocks of Programs
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Blocks of Programs

import unittest
import sys

from hubcheck.webdriver import wWebdriver
from hubcheck.pageobjects import SupportMeedHelp

class website_needhelp_link_exists(unittest.TestCase):

def setUp(self):

locators = options(-locators)@a"
hubname = options(-hubhostname)@a"
hubport = options(-hubhttpsport)@@"
seHost = options(-seleniumrc_host)@@"
sePort = options(-seleniumrc_port)@@"

profilesdir = AR options(-profilesdir)@a"

url = "hitps://%s:%s" % (hubname,hubport)

self.wd = Webdriver(seHost,sePort,profilesdir)
self.wd.locatorkKey = locators
self.wd.connect (url)

def testSupportNeedHelpLinkExists(self):
# click the need help link,
# to see if the widget exists
po = SupportNeedHelp()
po.open()
po.close()

def tearDown(self):
self.wd.close()



Building Blocks of Programs
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Building Blocks of Science
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Building Blocks of Science

Structure: |Carbun Manotube j

Simulation Method, |Fz orhital j

=

n. ¥ =

=

m; 0 =

Tight Binding Energy '39\.’

Carbon-carban spacing. 1.42A

Length in 3-D view: 15 =

Structure: |Carhnn Manotube j

Simulation Method: [Pz orbital -

n 7 [

=

m 7 =

Tight Binding Energy: [ER|3ev

Carbon-carban spacing 1.42A

Length in 3-D view: 15 =
Structure: ICamUn Manotube j
Simulation Method IFz orbital j
[=|
n 7 =
I
m 7 K

Tight Binding Energy: [EEE|ev

Carbon-carbon spacing: 1.42n

Length in 3-D view: 15

£

(]

Hesult:lMUIecu\af structure: overall j ,_{}\J

=lEYY
Setlings...

P

Simulation = #2
Pm=0

(-

[ ]

Result:IDens\ty-Of—SIates vs. Energy j

DOS(E) (84 cm-1)

T T T T T
-2 0 2
Enerqy (av)

Simulation = #1

|7|rm=7 &'_|

e |

o - n,m,acc,TBE
‘ n,m,acc" 4 o T A
/ . octave
/ unitcell
CNTbands
I —
/ (;ell.xyz
|
maketube2 ‘

\ | cell.xyz

AN
N

para2dos.mat, |\
»

xyz2huc

|
tube2.xyz |
|

huckel

octave
eht_ek

1

XYZ.huc

S.dat
H.dat

EKTBM.mat

octave
eht_dos

Result: |Energy vs. Axial Wave Vector j ..\.ry
ol
5
(=
= 04
w
5
[ T u T T 1
1 05 a 05 1
Kikimas

EKEHTmat *'

octave
=== p|ot4

Eminmax_4.dat

Ek_2_EHT.dat

Ek 2 TBM.dat—— _

Eminmax;I\EkaOS.dat




Types of Workflows
Sequential Workflows iﬁ;’M

« Execute steps in order until all nmace 4 A
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Types of Workflows

Wideband Workflows

Bl T o s o i oo e
« Execute the same function ﬁ% Yﬁ% w W% m % 4%
many (1000's) of times
* Scatter / Gather i S, Sy, @ S . K
* Sweeps v

[} Split Solexa & Format change . Calculate genome alignment 0 Calculate PCR bias
sequence (SEQ) files FASTQ->BFQ statistics QC metric
Format change Align to genome .
) SEQ->FASTQ (MAQ) gzip PILEUP files
Filter adapter and . Merge genome 0 Calculate aligned sequence ERANGE3
contaminant sequences alignment files statistics (multiple conditions) transcript levels (test)
O Calculate filtered sequence . Convert genomic alignments . Calculate genome . ERANGE3
statistics (by lane) to single base pair PILEUPs uniformity QC metric transcript levels (control)

Epigenomics
Science Domain: Bioinformatics

Scientists: Ben Berman et al. (USC)



Big Work, Big Computers

my_Super_awesome_program_to _cure_cancer.exe




Big Work, Big Computers

my_super_awesome_program_to _cure_cancer.exe

$ ssh me@the-grid.com
me@the-grid.com's password:

" password rejected
4/ Error #9: Your not cool enough

Grid

ﬁ i %
S
B | 9f[#1 _#2 [#3 [Sdkearney.. [ ] 7:45 oct o7] ‘[
i T
EE
S
it
| SE



mailto:me@the-grid.com
mailto:me@the-grid.com
mailto:me@the-grid.com
mailto:me@the-grid.com

Big Work, Big Computers

my_super_awesome_program_to _cure_cancer.exe

«@

$ ssh me@the-grid.com
me@the-grid.com's password:

" $ make all install
4/ Library Version Errors...

Grid

B | 9f[#1 _#2 [#3 [Sdkearney..

= Tl

B

W ‘ \H\\\“h
NERERaE
AR

100,000

Idle CPUs
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Big Work, Big Computers

my_super_awesome_program_to _cure_cancer.exe

1 &
D

$ ssh me@the-grid.com
me@the-grid.com's password:

P $ ./my_super_awesome_program_to_cure_cancer.exe \
= | datafilel datafile2

Grid

?FW

LT
FTPiPiT it
100,000
Idle CPUs

AL |27 #2[#3 |[Dakeamey.. [T 7:45 oct o7]
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Big Work, Big Computers

1 &
D

my_super_awesome_program_to _cure_cancer.exe

$ ssh myfriend@the-grid.com
myfriend@the-grid.com's password:

) 22 password rejected

4/ Error #9: Your friend isn't cool enough either!

B | 9f[#1 _#2 [#3 [Sdkearney..

Grid
g
T

EEEER
R

100,000
Idle CPUs

B
—t



Project Files

User's Workspace Terminal

$ cat /apps/pegtut/current/bin/sayhi.sh
#!/bin/bash

# output something on stdout
echo "Hello “cat ${1}!"

# print greeting to a file
echo "Hello “cat ${1}'!" >f.b

HUBzero Infrastructure

Tool Session
Containers

inquire.sh

J=- sayhi.sh

f.a




Project Files

User's Workspace Terminal HUBzero Infrastructure

[r—TT— |

maS— = Tool Session
Containers
$ cat /apps/pegtut/current/bin/inquire.sh
#!/bin/bash __—
# output some thing to stdout — sayhi.sh
echo ""cat ${1} How are you?" —
# print greeting to a file — inquire.sh
echo "cat ${1}' How are you?" >f.c —
I f.a
I




Project Files

User's Workspace Terminal HUBzero Infrastructure
= I

i
/ ivvsisssiniani

Tool Session

Containers
$ catf.a
pete
— sayhi.sh
I 4
— inquire.sh
\—P
E— fa
I 4



Running locally in a Workspace

User's Workspace Terminal HUBzero Infrastructure

$ /apps/pegtut/current/bin/sayhi.sh f.a

= 'HN" |
e 1F
o

=i
i |
| |
)
I |: I
e
| & i
| - |

Tool Session
Containers

. | 2w #2]#3][2 [ [12:29 yun o7]




Submitting from a Workspace

User's Workspace Terminal

HUBzero Infrastructure

$ submit /apps/pegtut/current/bin/sayhi.sh f.a

Tool Session
i Containers

Submit
Proxy




Submitting from a Workspace

User's Workspace Terminal

HUBzero Infrastructure

$ submit /apps/pegtut/current/bin/sayhi.sh f.a

= Tool Session
i Containers
Submit
Proxy
i Grid
e
-




Submitting from a Workspace

User's Workspace Terminal

HUBzero Infrastructure

$ submit /apps/pegtut/current/bin/sayhi.sh f.a

= Tool Session
i Containers
Submit
Proxy
i Grid
e
-




Submitting from a Workspace

User's Workspace Terminal

HUBzero Infrastructure

$ submit /apps/pegtut/current/bin/sayhi.sh f.a

Tool Session
i Containers

Submit
Proxy




Submitting from a Workspace

User's Workspace Terminal HUBzero Infrastructure

B[ earneytezera: s |

$ submit --local \
[apps/pegtut/current/bin/sayhi.sh f.a

12:29 Jun 07

Tool Session
Containers

Submit
Proxy




Submitting from a Workspace

User's Workspace Terminal HUBzero Infrastructure

$ submit --local \
[apps/pegtut/current/bin/sayhi.sh f.a

Tool Session
Containers

Submit
Proxy
i Grid
|-
-




Submitting from a Workspace

User's Workspace Terminal HUBzero Infrastructure

$ submit --local \
[apps/pegtut/current/bin/sayhi.sh f.a

12:29 Jun 07

Tool Session
Containers

Submit
Proxy




Submitting from a Workspace

User's Workspace Terminal

$ submit --help
-1, --local
-V, --venue
-1, --inputfile

-p, --parameters Parameter sweep

-d, --data

Execute command
locally

Remote job destination
Input file

variables.
Parametric variable
data - csv format

g |

HUBzero Infrastructure

I | 2[[#1 #2 [#3 |

|

Submit
Proxy

it
T
= ‘
1 r
i) ::I
i M
i B
i |:
i |
-

]
=ti i

Tool Session
Containers

.

Grid Grid
=

(I 1

HER \ \ il

RN \\ u
|

i




What commands can | submit?

HUBzero Infrastructure

it
T
= ‘
1 r
i) ::I
i M
i B
i |:
i |
-

]
=ti i

Submitting locally with --local

« Any executable can be used
when submitting locally

I | 2[[#1 #2 [#3 |

Tool Session
Containers
Submitting to the grid

* Only executables staged in /apps
can be submitted to the grid




Try submitting a command

$ submit --local \
lapps/pegtut/current/bin/sayhi f.a

Hello pete!

HUBzero Infrastructure

7]
1]

|

iR
f7i711011111110

(I

12:29 Jun 07

Tool Session
Containers

Submit
Proxy

T




How does Pegasus Work?

If you can draw it ... ... they can make it run
DAX

pagasvs




How does Pegasus Work?

Step 1. Draw the workflow




How does Pegasus Work?

Step 2. Convert Workflow to DAX using the Python API

Import os
from Pegasus.DAX3 import *

\\‘\‘ .

sayhipath ="
sayhi inquirepath ="

f.b

# create an abstract DAX
dax = ADAG(" ")




How does Pegasus Work?

Step 2. Convert Workflow to DAX - Declare files and executables to replica catalog

# Add input file to the DAX-level replica catalog

a = File(".a")

a.addPFN(PFN(" " + 0s.path.join(os.getcwd(),".a"), " ")
dax.addFile(a)

f.a

- sayhi

f.b

# Add executables to the DAX-level replica catalog
e_sayhi = Executable(namespace— A
name=" , version="1.0", \
0s=" arch=" "\
installed=False)
e_sayhi.addPFN(PFN(" " + sayhipath, " ")
dax.addExecutable(e _sayhi)

e_inquire = Executable(namespace=" "\
name=" ", version="1.0",\
os=" ", arch="
installed=False)

e_inquire.addPFN(PFN(" " + inquirepath, " ")

dax.addExecutable(e_inquire)




How does Pegasus Work?

Step 2. Convert Workflow to DAX — Add jobs to the DAX

Py

sayhi

f.b

# Add the sayhi job

sayhi = Job(namespace=" "\
name=" ", version="1.0")

sayhi.addArguments('f.a")

b = File(".b")

sayhi.uses(a, link=Link.INPUT)

sayhi.uses(b, link=Link.OUTPUT)

dax.addJob(sayhi)

# Add the inquire job (depends on the sayhl job)

inquire = Job(namespace— W\
name=" ', version="1.0")

inquire.addArguments('f.b")

c = File(".c")

inquire.uses(b, link=Link.INPUT)
inquire.uses(c, link=Link. OUTPUT)
dax.addJob(inquire)



How does Pegasus Work?

Step 2. Convert Workflow to DAX — Add jobs to the DAX

Py

sayhi

f.b

# Add the sayhi job

sayhi = Job(namespace=" "\
name=" ", version="1.0")

sayhi.addArguments('f.a")

b = File(".b")

sayhi.uses(a, link=Link.INPUT)

sayhi.uses(b, link=Link.OUTPUT)

dax.addJob(sayhi)

# Add the inquire job (depends on the sayhl job)

inquire = Job(namespace— W\
name=" ', version="1.0")

inquire.addArguments('f.b")

c = File(".c")

inquire.uses(b, link=Link.INPUT)
inquire.uses(c, link=Link. OUTPUT)
dax.addJob(inquire)



How does Pegasus Work?

Step 2. Convert Workflow to DAX — Add control-flow dependencies

# Add control-flow dependencies
dax.addDependency(Dependency(parent=sayhi, child=inquire))

f.a

sayhi

f.b




How does Pegasus Work?

Step 2. Convert Workflow to DAX — Write DAX to file

# Write the DAX to file
with open(’ L'w') as fp:
dax.writeXML(fp)




Running the DAX

Step 3. Convert Workflow to DAX — Write DAX to file

$ submit pegasus-plan --dax sayhiinquire.dax




Running The DAX

User's Workspace Terminal

HUBzero Infrastructure

$ submit pegasus-plan --dax sayhiinquire.dax

(989.0) Job Submitted at WF-DiaGrid
(989.0) DAG Running at WF-DiaGrid

@89.0) DAG Done at WF-DiaGrid
$catf.b

Hello pete!

$catf.c

Hello pete! How are you?

Containers




Running The DAX

User's Workspace Terminal HUBzero Infrastructure

$ submit pegasus-plan --dax sayhiinquire.dax

(989.0) Job Submitted at WF-DiaGrid

(989.0) DAG Running at WF-DiaGrid

(989.0) DAG Done at WF-DiaGrid e Tool Session
Containers

$catfb

Hello pete!

$ cat f.c

Hello pete! How are you?

Try creating and running a DAX:

$ cp -r /apps/pegtut/current/examples/sayhi_inquire .
$ cd sayhi_inquire

$ ./createdax.py

$ submit pegasus-plan —dax sayhiinquire.dax




Sweeping Variables

R 1 Ve(t)= Vin*(1-exp(-t/(R*C)))
e
Vin c==V
o @ 0

def Vc(Vin,R,C,lowerbound,upperbound):

# store all solutions

s = {00,040

for t in frange(lowerbound,upperbound,(upperbound-lowerbound)/100.0):
v = Vin*(1-exp(-t/(R*C)))
s[''].append(t)
s['v(1)'].append(v)

return s



Sweeping Variables

R 1 Ve(t)= Vin*(1-exp(-t/(R*C)))
— }——p—
A R A
Vin c==V
®

$ Is /apps/pegtut/current/examples/siml.py --help

Usage: sim1.py [options]

Options:
-h, --help show this help message and exit
--Vin=VIN Input voltage to the system with units of volts (V)
--R=R Impedance of the resistor with units of ohms
--C=C Capacitance of the capacitor with units of farads (F)

--lowerbound=LB Lower bound of the time frame to examine in seconds (S)
--upperbound=UB Upper bound of the time frame to examine in seconds (S)
--log=LOG Name of the file used to store results



Sweeping Variables

R 1 Ve(t)= Vin*(1-exp(-t/(R*C)))
— }——p—
A R A
Vin c==V
®

$ /apps/pegtut/current/examples/sim1.py
$ /apps/pegtut/current/examples/sim1.py --Vin 10

$ /apps/pegtut/current/examples/siml.py --R 100e3

$ /apps/pegtut/current/examples/siml1.py —C 100e-6

' Y Tk N T A e
+++++“"*++M




Sweeping Variables

UL U Ve(t)= Vin*(1-exp(-t/(R*C)))
A R A
Vin c==V
®

$ /apps/pegtut/current/examples/sim1.py

$ /apps/pegtut/current/examples/siml.py --Vin 1

$ /apps/pegtut/current/examples/sim1.py --Vin 2

$ /apps/pegtut/current/examples/siml.py --Vin 3
$ /apps/pegtut/current/examples/sim1.py --Vin 4

$ /apps/pegtut/current/examples/siml.py --Vin 5



Sweeping Variables

UL U Ve(t)= Vin*(1-exp(-t/(R*C)))
A R A
Vin c==V
®

$ submit -p @@Vin=1,2,3,4,5 ./sim1.py --Vin @@Vin




Sweeping Variables

UL U Ve(t)= Vin*(1-exp(-t/(R*C)))
A R A
Vin c==V
®

$ submit -p @@Vin=1-5 ./sim1.py --Vin @@Vin




Sweeping Variables

UL U Ve(t)= Vin*(1-exp(-t/(R*C)))
A R A
Vin c==V
®

$ submit -p @@Vin=1:1:5 ./sim1.py --Vin @@Vin




Sweeping Variables

Vc(t)= Vin*(1-exp(-t/(R*C)))

@
(]

o

$ submit -d input.csv ./siml.py --Vin @@Vin

input.csv @@Vin

—

akrwWNPEF




Sweeping Variables

Vc(t)= Vin*(1-exp(-t/(R*C)))

@
(]

o

$ submit -d input.csv ./sim1.py --Vin @@Vin —-C @@C

input.csv @@Vin,@@C
1, 100e-6

1 2, 100e-6
— 3, 100e-6
4, 100e-6
5, 100e-6




Sweeping Variables

R 1 Ve(t)= Vin*(1-exp(-t/(R*C)))
— ——1—
R
Vin c==V
®

o

$ submit -p params ./siml.py --Vin @@Vin —-C @@C

params parameter @ @Vin=1:1:5
parameter @ @C=100e-6

|

I 4



Sweeping Variables

UL U Ve(t)= Vin*(1-exp(-t/(R*C)))
A R A
Vin c==V
®

$ cp -r /apps/pegtut/current/examples/capacitor_voltage .

$ cd capacitor_voltage

$ submit --local -p @@Vin=1,2,3,4,5 ./siml.py --Vin @@Vin

$ submit --local -p @@Vin=1-5 ./siml.py --Vin @@Vin

$ submit --local -p @@Vin=1:1:5 ./sim1.py --Vin @@Vin

$ submit --local -d input.csv ./sim1.py --Vin @ @Vin

$ submit --local -p params ./sim1.py --Vin @ @Vin

$ submit --local -p @@Vin=1-10 -p @ @C=100e-6,100e-5 \
Jsiml.py --Vin @@Vin --C @@C

# Check your plots quickly with “./plotsweep.py <job-directory>" :
$ ./plotsweep.py 00001720
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