PRUNE: A Preserving Run
Environment for Reproducible
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Reproducibility CCTools

* "[An article about computational science in
a scientific publication is not the
scholarship itself, it is merely advertising of
the scholarship. The actual scholarship is
the complete software development
environment and the complete set of
Instructions]"” —Jon Claerbout
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Accepted philosphy

Preserve Later
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Share/Publish
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Proposed philosophy CCTools  @horinant:
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Differences

whento preserve
* Preserve ALL

specification

changes

separatefrom Code
Execution

« System Manages
ALL computation

* Remove unneeded
code later on
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What to Preserve CCTools ~ @ori v
o [\
arguments: [ file_id1, file_id2 ]
parameters: | ‘in.;txt’, ‘in.dat’ ]
/
_GEJ Command: ‘do < in‘.txt in.a/at > out.txt 02.txt’
O} © / ~ / —
S = L o n K D
- S returns: [ ‘out.txt’, ‘02.txt’ ] m 7]
|l © results: [file_id3, file_id4] || &
2| environment: envi_id1 =
= | Data >
e §
§ Software =}
N = |/
E Operating System
=
Kernel
Hardware
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Overview CCTools NOTRE DAME

—
E1 = envi_add( type='EC2’, image=‘hep.beta’ )
A [simuee (@) (B
; E2 Workflow Version #2 .
: \ | E2 = envi_add( type="EC2’, image="hep.stable’ ) |‘/ PP REERIEES
F2 F5
- 3 - T4 = task_add( cmd=‘simulate > output’, / User space
returns=[‘output’], environment=E1) P
atas (T3 > ! - - | F1 = file_add( filename="/observed.dat ) |,\
Y (E1) (E1) ; (E2) (E2)
F T6 = task_add(
l ! args=[ T4[0] ], params=['input_data’],
ANV * cmd=‘analyze < in_data > out_data’,
>|:'4< >|:3< | F6 | | E7 | returns=[‘out_data'], environment=E2 )
VN i
; T5 = task_add( args=[F1], ...)
: (remaining arguments the same as above) B
[ Fie | £
i | Plot — VY .
5 T7 = task_add( cmd="plot in1 in2 out1 out2’,
Environment : args=[ T5[0], T6[0] ], params=['in1’,'in2’],
; returns=[‘out1’,‘out2’], environment=E2 ) /I
O Task | [export(1T7011). flename="plotipg ) |~ | | |}
%me
PRUNE space / User interface 80T oupun
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User Interface CCTools  @norkebane

| E1 = envi_add( type='EC2’, image=‘hep.beta’ )

Workflow Version #2

E2 = envi_add( type='EC2’, image="hep.stable’ )

T4 = task_add( cmd='simulate > output’,
returns=[‘output'], environment=E1)

F1 = file_add( filename="./observed.dat’ )

T6 = task_add(
args=[ T4[0] ], params=['input_data’],
cmd=‘analyze < in_data > out_data’,
returns=[‘'out_data'], environment=E2 )

T5 = task_add( args=[F1], ...
(remaining arguments the same as above)

Events
>
T

T7 = task_add( cmd="plot in1 in2 out1 out2’,
args=[ T5[0], T6[0] ], params=[‘in1’,in2’], !
returns=[‘out1’,‘out2’], environment=E2 ) ed

export( [ T7[1]], filename="./plot.jpg’ ) /

Data/Sim.
o

8 06 04 02 0 02 04 06 08
BDT output

User interface
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| E1 = envi_add( type="EC

Workflow

E2 = envi_add( type='EC

T4 = task_add( cm
returns=[‘outf

F1 = file_add( filer

T6 = task_add(
args=[ T4[0] ], ¢
cmd=‘analyze <
returns=[‘out_d

T5 = task_add( ar
(remaining argume

T7 = task_add( cmd="plc
args=[ T5[0], T6[0]
returns=[‘out1’,‘out:

export( [ T7[1]], fi

User in
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Sample code: Merge sort NOTREDAME

#!/usr/bin/env python
from prune import client
prune = client.Connect() #Use SQLite3

Hit#H##H Import sources stage ####H##
E1 = prune.env_add(type="EC2',
image="ami-b06a98d8’)

D1, D2 = prune.file_add( nouns.txt',
‘verbs.txt')



Sample code: Merge sort

HiHHHHE Sort stage #iHHHIH

D3, = prune.task _add( returns=[ output.txt'],
env=E1, cmd="sort input.txt > output.txt',
args=[D1], params=[ input.txt'] )

D4, = prune.task add( returns=[ output.txt'],
env=E1, cmd="sort input.txt > output.txt’,
args=[D2], params=["input.txt'] )

HiHHHE Merge stage #HHHH

D5, = prune.task add(
returns=[ merged_out.txt'], env=E1,
cmd="sort -m input®.txt > merged_out.txt',
args=[D3,D4], params=[ input1.txt', input2.txt'] )

T JUNIVERSITY OF
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[\
arguments: [ file_id1, file_id2 ]
parameters: | ‘in.;txt’, ‘in.dat’ ]
/
_GEJ Command: ‘do < in‘.txt in.a/at > out.txt 02.txt’
] / ~ / —
c (X n K ®
o returns: [ ‘out.txt’, ‘02.txt" ] — 7]
© results: [file_id3, file_id4] || =
2| environment: envi_id1 =
= | Data >
E :
§ Software =}
‘©
_E;’ Operating System
=
Kernel
Hardware




Sample code: Merge sort

HiHHHHE Sort stage #iHHHIH

D3, = prune.task _add( returns=[ output.txt'],
env=E1, cmd="sort input.txt > output.txt',
args=[D1], params=[ input.txt'] )

D4, = prune.task add( returns=[ output.txt'],
env=E1, cmd="sort input.txt > output.txt’,
args=[D2], params=["input.txt'] )

HiHHHE Merge stage #HHHH

D5, = prune.task add(
returns=[ merged_out.txt'], env=E1,
cmd="sort -m input®.txt > merged_out.txt',
args=[D3,D4], params=[ input1.txt', input2.txt'] )
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Sample code: Merge sort NOTREDAME

Hit##H## Execute the workflow ######
prune.execute( worker_type='local’, cores=8 )

HiHHIHH EXport #HHH#H

prune.export( D5, merged.txt' ) # Final data
prune.export( D5, ‘wf.prune’, lineage=2 )



Derivation History = Cachable Results

Meta-data stored
o o o =
D (@) o0 o
< < < <
o o o o

0.2 MB

0.0 MB

Stage number completed when size was measured

—  Run workflow twice
=—=a Run twice w/memoization |-
---  Run workflow once

1 2 3 4 5 6 7

83 hrs

ime

Aggregate wall t

14 hrst

0 hrs
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69 hrst

56 hrst

42 hrst

28 hrst

—  Run workflow twice
=—=a Run twice w/memoization |

Run workflow once

1 2 3 4 5 6 7

Stage number completed when time was measured

Generated File content

0.0 TB

o o o o = =
N ESY (o)} 0} o N
4 4 4 4 4 4+
v} os] ve) o v} os]

—  Run workflow twice
=—a Run twice w/memoization ||
Run workflow once

1 2 3 4 5 6 7

Stage number completed when size was measured
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Quotas CCTools  @rorrepan

3478 —  Virtual size
y | — - Quota
§_ 32TB | Actual size \/\/\A/\[\A |
A
w 30TBF - == — — = — = [ |
()]

2818 |

Time (hours)
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Scalability CCTools  @norkeban
« ~12,000 parallel cores
e ~3 million tasks

 Wall clock overhead

— ~1% above native
4.0M

14K H — Running tasks — - Completed tasks |{ 3.5M v
n
~ 12K} - —3.0M 4
0 ©
8 10K} {2.5M 3
o 8K} 12.0M &
= v
= oK | 11.5M &
2 4K 411.0M g
2K} 40.5M O
oK 0.0M
0 10

Time (days)



2% Thank You!

« Sample workflows

 http://ccl.cse.nd.edu/software/prune/prune.html

— Merge sort
— Pairwise comparisons (US Censuses)
— High-energy Physics
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