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Outline

= Overview
— What is Pegasus?

— Components of a Pegasus workflow
* Abstract workflow
* Replica, transformation and site catalogs

— Common workflow transformations
— Debugging and statistics

= Demo
— Our first workflow
— Failure / debugging
— OSG-XSEDE example
— Task clustering
— Data management
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Pegasus Workflow Management System

= NSF funded project and developed since 2001 as a collaboration
between USC Information Sciences Institute and the Condor Team
at UW Madison

= Builds on top of Condor DAGMan.

= Abstract Workflows - Pegasus input workflow description

— Workflow “high-level language”
— Only identifies the computation, devoid of resource descriptions, devoid of data
locations

= Pegasus is a workflow planner/mapper (“compiler”)
— Target is DAGMan DAGs and Condor submit files
— Transforms the workflow for performance and reliability

— Automatically locates physical locations for both workflow
components and data

— Collects runtime provenance
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Workflows can be simple
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Abstract to Executable Workflow Mapping

= Abstraction provides

— [Ease of Use (do not need to
e worry about low-level
execution details)
— Portability (can use the same
workflow description to run on

a number of resources and/or
across them)

— Gives opportunities for
LEGEND optimization and fault
tolerance

« automatically restructure
the workflow

O Unmapped Job

’ Compute Job
mapped to a site

- @@+
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fault recovery (retry,
@ stage-Out Job choose different
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Catalogs

= Site catalog

— Defines the execution environment and potential data staging
resources

— Simple in the case of Condor pool, but can be more complex when
running on grid resources

* Transformation catalog
— Defines executables used by the workflow
— Executables can be installed in different locations at different sites

* Replica catalog

— Locations of existing data products — input files and intermediate
files from previous runs
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Supported Data Staging Approaches

— NonShared filesystem setup using an existing storage element
for staging (typical of OSG and campus Condor pools)
« Worker nodes don’t share a filesystem.
- Data is pulled from / pushed to the existing storage element.
« (Pictured on the next slide)

— Condor 10

 Worker nodes don’t share a filesystem

- Data is pulled from / pushed to the submit host via Condor file
transfers

— Shared Filesystem setup (typical of XSEDE and HPC sites)

« Worker nodes and the head node have a shared filesystem, usually a
parallel filesystem with great I/O characteristics

- Can leverage symlinking against existing datasets
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Workflow Restructuring to improve application performance

= Cluster small running jobs together to achieve better
performance

= Why?
— Each job has scheduling overhead — need to make this overhead
worthwhile

— ldeally users should run a job on the grid that takes at least
10/30/60/? minutes to execute

— Clustered tasks can reuse common input data — less data transfers

_. 000
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4 * \[ 7\

Level-based clustering
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Workflow Reduction (Data Reuse)

File f.d exists somewhere.
Abstract Workflow Reuse it.

Mark Jobs D and B to delete Delete Job D and Job B
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Workflow Monitoring - Stampede

= Leverage Stampede Monitoring framework with DB backend

— Populates data at runtime. A background daemon monitors the logs files and
populates information about the workflow to a database

— Stores workflow structure, and runtime stats for each task.

= Tools for querying the monitoring framework
— pegasus-status
« Status of the workflow
— pegasus-statistics
+ Detailed statistics about your finished workflow
— pegasus-plots
» Visualization of your workflow execution

Type Succeeded Failed 1Incomplete Total Retries  Total+Retries
Tasks 135002 0 0 135002 0 135002

Jobs 4529 0 0 4529 0 4529

Sub-workflows 2 0 0 2 0 2

workflow wall time : 13 hrs, 2 mins, (46973 secs)
wWorkflow cumulative job wall time : 384 days, 5 hrs, (33195705 secs)

Cumulative job walltime as seen from submit side : 384 days, 18 hrs, (33243709 secs)
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Workflow Monitoring - Stampede

40 SPIBUIL.SUGALPIY YTy
45 spice091.sugar.phy.syr.edu
44 $ICR047.5ugar phy.syr.edu
43 $icR081.5ugar.phy.syr.edu
42 sugar073.sugar.phy.syr.edu
41 spice156.sugar.phy.syr.edu
40 spice106.sugar.phy.syr.edu
39 $pICR0B4.5Ugar pNy.syr.edu
38 sugar016.sugar.phy.syr.edu
37 spice028.sugar.phy.syr.edu
36 spice015.sugar.phy.syr.edu
35 spice164.sugar.phy.syr.edu

34 590041 sugar phy oy 0 —
EEmnnE Workflow Gantt Chart
e | OrKriow Gan a
28 sugar008.su syredu
e Sroosssuan o o Hosts O T — Distribut

23 pearz sugarony oyad osts over 1ime Istribution | A
22 5100070 sugar phy.syr.edu f D ff t J b T H t

21 sogaross suaarony ovods (o) Irrerent Jo ypes on fosts

17 sugar023.sugar.phy.syr.edu
16 5poo0s3 sugarony sy.edu =
11 spice055.sugar.phy.syr.edu

7%

un
€z
2

3 t
9 spice063.sugar.phy.syr.edu 2 L
8 spice162.5ug: du 1
7 spice105.sugar.phy.syr.edu 9
6 spice078.sugar.pt r.edu 8
5 Shioot a7 sugar phy. syt od q ?
Speirodedd
3 sugar054.sugar.phy.syr.edu
2 spice150.sugar phy syrodu i H
 spieozs. Hr
o 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 1
7 H 1 o 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
Timeline in seconds --> R
Timeline in seconds -->
‘condor job @ resource delay @ b runtime as seen by dagman pegasus:dimanager
Igo:iaiapps_sire:1.0 @ 1go:alapps_trgbank:1.0 @ igo:iaiapps_thinca:1.0 Igo:alapps_inspiral:1.0 condor job @ resource deiay @ (ob runtime as seen by dagman
© igo:iaiapps_coire:1.0 Igo::ialapps_Inspinj:1.0 @ vegasus:pegasustranster 0 atias:SpitFastQ:1.0
0 o 0
atias::MergeExpressions:1.0 atias::QC:1.0 @ atias:junctionExpression:1.0
e Charts - Goagle Chrome YooY amToM: 1.0 [ ] 0
€ © @ @ [ bambooisiedu:s000/ro0t/7080Mmorkflow/1/charts. Qv = 400,000
# | Workflow | Charts
350,000
Charts
‘Workflow Execution Gantt Chart
create_dir_gp_0_CCG | B 300,000
create gk .0 bca | Invocation Distribution by Count
stage_in_remote_ccG 00 |l ‘systemzchmod: 2 - condorzdagman: 2
e et 2| S 1 e
s e s | Jobs and Runtime over Time
stage_in_remvte_ccG_3.0 |l pegasusdirmanager: & | [ gpslocal_tle_sewp:L.0: 2
pogasusccmanig 27
stage_in_ocal loca 10 | | mShrink3.3: 2
. merojeces 198 B 200000
stage_n_jocal joca 11 MIPEG3.3: 2 mBackground:3.3: 198
cnmoa_remote e _seu_s te_cooss_oooes o | N g3 2
gl 2
chmod_remote_exira_cleanup_rec-tie_00045_-00045 0 [ mConcatfit3.3: 2
150,000
fet_te_seup,_ s tl_00045 00045 ]
remote_tle_setup_rts-tle_-00045_-00045 -
stage_ou o €C6_00 1
100,000
tag _er_ocaloca e _setu_s-l_00045 000850 1
Jocalte_setup_ - _ucots_000ss I
S te_0004s -0001_sub te_00045 00045
50,000
stage_ou ol €C6.0_1 1
stage_nterocal_localtle_setup_ts-tie_-00045._-00045_0 |
focal_tle_setup_ts-tle_-00045_-00045 |
0
Subdo_e_-00045_GU04S_sub-te_0t04s00045
Termte_extra_clanu_rec-te_000ds 00045 1 Brs & 2 & & 2 = 8 AlE SR S iRIs 2 E @ = 8 & & 5SS ss s
& & & © 8 O e o 3 . ® B 6 © 9 O B & P O S B & S G 0 BB S O
reme_extra_cleanup_rec-tie_-00045_-00045 O T S S Y E RN RN R R R RN R RN R R R R R R R R R R R
B & b ip IS g} 8 2 8 8 R B 8 R R R B B B R R 8 8 8 8 8 8 8
£ & 2 = 5 R Sl falsia 24 R B I = o Bl g R Reloaie s daris
E = e C R Bhils B 3 5 B B 8 B RA8y2 8% 88

CViterbi

School of Engineering



Workflow Debugging Through Pegasus

= After a workflow has completed, we can run pegasus-
analyzer to analyze the workflow and provide a summary
of the run

= pegasus-analyzer's output contains

— a brief summary section
« showing how many jobs have succeeded
« and how many have failed.

— For each failed job
* showing its last known state
« exitcode
« working directory
» the location of its submit, output, and error files.
« any stdout and stderr from the job.
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Relevant Links

= Pegasus:

= Tutorial and documentation:
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