W ACCESS | [dvarcine

ACCESS Pegasus

A hosted scientific workflow system
part of ACCESS Support

Mats Rynge, USC/ISI

§7
OpenCl Award: OCI 21-38296 @



lic
A€

ACCESS Support Strategy

o &% G

¢ < CSSN

Powerful Tools Dynamic Knowledge Community Expertise
& Workflows Base and Experience

ZACCESS i




A\ 4

Powerful Tools & Workflows
OnDemand A5 Pegasus

. INTEGRATED WEB-BASED INTERFACES . AUTOMATED WORKFLOWS

Schedule jobs, manage files, create Simplify complex data workflows on
remote visualizations and use a host  distributed computing resources,
of other valuable services. such as clusters, grids, and clouds.
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Knowledge Base k W

Self-service resources reduce the learning curve

0, & =T ®

DOCS LINKS TICKETS ASK.CI
RP guides, code Provided and vetted Answers build the Community
and best practices by the community Knowledge Base  Q&A forum
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MATCH Engagements k

Assistance is available from CSSN experts matched
to Researcher needs.

v-0- 00 M- 0+ @

MATCHPIus MATCHPremier
Researchers assisted by a Researchers assisted by
Student and their Mentor an expert Consultant

B <6 MONTHS B 6+ MONTHS
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Scientific Workflows

e An abstraction to express ensemble of complex !

computational operations

- EQ: retrieving data from remote storage services, executing
applications, and transferring data products to designated storage
sites

e A workflow is represented as a directed acyclic graph (DAG)

- Nodes: tasks or jobs to be executed
- Edges: depend between the tasks

e Have a monolithic application/experiment?
- Find the inherent DAG structure in your application to convert into
a workflow
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Key Pegasus Concepts

4 Pegasus WMS == Pegasus planner (mapper) + DAGMan workflow engine +
HTCondor scheduler/broker

= Pegasus maps workflows to infrastructure
= DAGMan manages dependencies and reliability
= HTCondor is used as a broker to interface with different schedulers

4 Workflows are DAGs

= Nodes: jobs, edges: dependencies
= No while loops, no conditional branches
= Jobs are standalone executables

4 Planning converts an abstract workflow into a concrete, executable workflow

= Planner is like a compiler
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Input Workflow Specification yamL formatted directed-acyclic graphs  Output Workflow

Portable Description
Users do not worry about low level execution details /7

Stage-in Job
Transfers the workflow input data
(B <
Logical Filename (LFN)
platform independent (abstraction)

/7
t-\ Cleanup Job

. Removes unused data
Transformation

Executables (or programs)
platform independent Stage-out Job ~
Stage-out generated output data

ABSTRACT WORKFLOW
MOT4IXHOM FT18VLNIOIX3

Registration Job
Registers the workflow output data
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Pegasus provides tools
to generate the Abstract Workflow
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#!/usr/bin/env python3

import os

import logging

from pathlib import Path

from argparse import ArgumentParser

logging.basicConfig(level=logging.DEBUG)

# ——— Import Pegasus API ———————————————
from Pegasus.api import

# ——— Create Abstract Workflow —————————-
wf = Workflow("pipeline")

webpage = File("pegasus.html")

# —-—— Create Parent Job ——————————
curl_job = (
Job("curl")

.add_args("-o", webpage, "http://pegasus.isi.edu")
.add_outputs(webpage, stage_out=False, register_replica=False)
)

count = File("count.txt")

# ——- Create Dependent Job ——————————
we_job = (
Job("wc")

.add_args("-1", webpage)

.add_inputs (webpage)

.set_stdout(count, stage_out=True, register_replica=True)
)
# ——— Add jobs to the Abstract Workflow ———————
wf.add_jobs(curl_job, wc_job)

# ——— Add control flow dependency ——————————
wf.add_dependency(wc_job, parents=[curl_jobl)

# ——— Write out the Abstract Workflow ——————————
wf.write()

-
Jupyter
4

X-pegasus:
apilang: python
createdBy: vahi
createdOn: 11-19-20T14:57:58Z

pegasus: '5.0"'

name: pipeline

jobs:

- type: job

name: curl

id: ID00000Q1

arguments:

= =

- pegasus.html

- http://pegasus.isi.edu

uses:

- 1fn: pegasus.html
type: output
stageOut: false
registerReplica: false

type: job

name: wc

id: ID000002

sedout: count-ot YAML Formatted

- -1

- pegasus.html

uses:

- 1fn: count.txt
type: output
stageOut: true
registerReplica: true

- 1fn: pegasus.html
type: input

jobDependencies:
- id: ID000VVO1
children:

- 1D0000002
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Show results for

¢ Scbmit Most = Susema Drectory :  State = Scbmitted On .

workfow St Fasas 74,23 0ct 2015 155601

workliou leds Fales #2,230c1 2015 154115

OO S Socomats 74,23 Oct 2015 150444

workfow w.ade Sucomssts 74, 23 Oct 2015 150038

workfiou 5ot Successts  Fu, 23 Oct 2015 150028
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Real-time monitoring of workflow
executions. It shows the status of
the workflows and jobs, job
characteristics, statistics and
performance metrics.

Provenance data is stored into
a relational database.

Advancing
Innovation
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Sucomssts ¥, 23 Oct 2015 155017

Sucomstd 74, 23 Oct 2015 150015

/

PEgasus

N

PEGASUS
DASHBOARD

web interface for monitoring
and debugging workflows

Workflow Details sooiceid «a86 4208 9100 abedssiatect§)

Label spit
Type root-wi
Progress Succensiul
Submt Host workfiow ek odu
User pegerain0t
Submit Directory £3 (3 /nfwioogy
DAGMan Out File #pM-0.dlay clagrman.cut
Wall Time 42 mins 23 secs
Cumsdative Wall Time 9 mins 34 secs
Job S$tatus (Entire Workflow) Job Status (Per Workflow)

| Gniuteinied 0

Tated 0

Succonft 16

B8 Unwbeitted B fuiled B Succenfut

ot 16
W tunning B Fuled B Succest

Statistics
‘Workfiow Wall Time mins 23 secs
Workflow Cumulative Job Wall Time 9 mins 34 secs
Curmsative Job Wailtime as seen from Submit Side 9 mins 35 secs.
Workflow Curmuistive Badput Time 9 mins 23 secs.
Cumadative Job Badput Waltime as seen from Submit Side 9 mins 20 secs
Workflow Retries

Waorkflow Statistics

Type Succeeded Falled Incomplete Totat Retries Total « Retries
aaks o o o
Joba e L] o 16 2 "
Sub Workfows. ° o o o o °
[OOSR U1
Type Succeeded Faded Incompiate Total Retries Total « Retries
Tasas s o o s o s
Jobs AL o 6
Sub Worktows o o o o -]
J0b Bemakdown Statistics
Job Statistice




command-line...

S pegasus-status pegasus/examples/split/run0001

STAT IN STATE JOB

Run 00:39 split-0 (/home/pegasus/examples/split/run0001)
Idle 00:03 b—split ID0000001

Summary: 2 Condor jobs total (I:1 R:1)

UNRDY READY PRE IN Q POST DONE FAIL $DONE STATE DAGNAME
14 0 0 1 0 2 0 11.8 Running *split-0.dag

$ pegasus-statistics -s all pegasus/examples/split/run0001

Succeeded Failed Incomplete Total Retries Total+Retries
Tasks 5 0 5
Jobs 17
Sub-Workflows

Workflow wall time 2 mins, 6 secs

Workflow cumulative job wall time 38 secs
Cumulative job wall time as seen from submit side
Workflow cumulative job badput wall time
Cumulative job badput wall time as seen from submit side

42 secs

Advancing
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S pegasus-analyzer pegasus/examples/split/run0001
pegasus-analyzer: initializing...

****************************Sumary***************************

Total jobs : 7 (100.00%)
# jobs succeeded : 7 (100.00%)
# jobs failed : 0 (0.00%)
# Jjobs unsubmitted : 0 (0.00%)

Provenance Data
can be Summarized

or
Used for Debugging
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Input data Nebraska GridFTP Data staging server LIGO output

hosted at GridFTP, HTTP, SRM data server

Abstract Workflows LIGO Sites

’ \ S~ — e’ ) S——
° 0 S~ — S ) S—
X K — — — Data Flow for LIGO

Input Files Intermediate Files Produced Dataser

® ' ¥ : Pegasus Workflows

PegassusLife instance looks up input

: Workflow stagein Job Dl data on the compute node/ CYMFS @ : VZZZ(UZ‘;Z g;atg efl?:rth;:t :t:itge?n : .
: stages in the input data for D If not present, stage-in data from D Zerver to LIGO Output Data Sgrvzr | n O S G
workflow from user server Do remote data staging server c P :
Pegasus Planner P s
[ HTTP Squid Cache  |——
Workflow ( L q J : )
Setup : o
Pegasus lite instance stages out Ad d L I G 0
Job 3 job output data from worker node va n c e ‘
to data staging server
Workflow
Stagein Laser Interferometer

pH ~ ™ . TEEmEy ot (Y Yoococacacaaa) \eacodboaaccocacacoaaoaaacaaas

g : Gravitational Wave Observatory

@ [ e )
P .

Executable
Workflow

x
,@“ @
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()

¥
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@ 60,000 Compute Tasks

Wordiow ‘ ondor A j j _q .H .q Input Data: 5000 files (10GB total)

B 7 e | Output Data: 60,000 files (60GB total)

Data

" ‘ Processed Data: 725 GB
J . Directory . Data @ Pegasus Lite

W LEGEND Setup Job Stageout Job Compute Job Executed on LIGO Data Grid, EG',

‘ gf;gein Job ‘ Bigﬁggmb H’ Woorker Node Open Science Grid and XSEDE

Ad '
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SoyKB

Pl: Dong Xu
Trupti Joshi, Saad Kahn, Yang Liu, Juexin Wang, Badu Valliyodan, Jiaojiao Wang

-D°°°

Task Base Cores  Memory
dedup Code (Threads) (GB)
add_replace Alignment_to_reference | BWA 7 8
retgn.argt_crestr Sort_sam Picard 1 21
e - Dedup Picard 1 21
_— —_— _— Add_replace Picard 1 21
Realign_target_creator GATK 15 10

=2 e Indel_realign GATK 1 10

Haplotype_caller GATK 1 3

Genotype_gvcfs GATK 1 10

Merge_gvcf GATK 10 20

Combine_variants GATK 1 10

Select_variants GATK 14 10

Filtering GATK 1 10
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Processing instrument data in

Semi-Automatic Processing:
. Pre-processing: CryoSPARC
real t|me Motion Correction RELION
CTF Estimation EMAN2
Cryo-EM Discovery/Endeavour _’
GPU HPC Cluster
oot Cluster T -
1 1 [ ee oo ~
Automatic [ oo — 1 il N
Data Trapsfer [ oo “ oo ee] Data ™ »
' Pt G D Session | N
Thermofisher CARC H : m D D End N
Data PC Data Server S
N
»
AR AR s
\
=g ey Data \
10PB Project FS Transfer %X
Cryo-EM Imaging Facility CARC HPC Facility End \
\
| | | | | | | | | \
User Interaction with the Cryo-EM Web Portal “
Session User Task I-?.ela)./ Relay Session Stage Out |\
Start Input  Initiation Notifications Notifications  End the Data |
Detection Start End Detection I
1
||
Computational Processing on GPU Cluster user
Reacts
Hagpsik VCYMS : to the Notice
Apply ompute  Prepare Send o
Motion C_TF the Preview t:er T\E’;’;ﬁe o el
Correction Estimate Image via Slack
Progress of Time >
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ACCESS Pegasus

https://support.access-ci.org/pegasus



https://support.access-ci.org/pegasus

M welcome To The CiLogon © x <+

4 b C @O & logonorg < |
- wACCESS Tl
Logging In Err——

ACCESS-Pegasus requests access to the following information. If you do
not approve this request, do not proceed.

ClLogin with your ACCESS ID

« Your email address

a. n d i n St it ut i O n al | O g i n « Your username and affiliation from your identity provider

- https://access.pegasus.isi.edu

ACCESS CI (XSEDE)~ @

A” regiStered ACCESS users () Remember this selection @
with an active allocation
automatically have access SR —

For questions about this site, please see the FAQs or send email to help@cilogon.org.

Know your responsibilities for using the ClLogon Service.
See acknowledgements of support for this site.
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8% Dashi x +

portal.expanse.sdsc.edu <|®

Expanse Portal

Setting Up Resources
SDSC

The Expanse portal provides an integrated, and easy to use interface to

access Expanse HPC resm

O _t _t With the portal, researcher s (create, edit, move,
ne “ I Ie Se Up upload, and download), vi ﬁ g PRI "

submit and monitor jobs, r i DL R Cpr I J . . @

SSH. The portal has no end-user installation requirements other than
access to a modern up-to-date web browser

U Se O De n O n d em an d i n Stan Ces Pinned Apps A featured subset of all available apps

at resource providers to install P ?
A 4 )

ssh keys, and determine local
al I O C at i O n i d Active Jobs Home Directory Job Composer expanse Shell

Access
System Installed System Installed System Installed
App App App System Installed
App
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https://access-ci.atlassian.net/wiki/spaces/ACCESSdocumentation/pages/108332664/ACCESS+Pegasus#HTCondor-Pool-/-Annex

File Edit View

Out[14]:

" jupyter 01-Introduction-AP!I (uosaen
Insert Cell Kernel Widgets

+ < A B2 ¥ PRun B C MW Markdown

In [14]: M # view rendered workflow

Help

from IPython.display import Image

Image(filename='graph.png')

fa

fb2

JACCESS
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Designing Workflow

Pegasus API in Jupyter Notebook

Fully hosted environment, based
on Open Ondemand




Dashboz @ rynge X T git/ACCE | & O1-Introc | B Dashbc
CcC 0 @ access.pegasus.isi.edu

Host: localhost

[rynge@access ~]$ htcondor an.n annex PrOViSion

--nodes 1 --lifetime 86400 --project

ddm160003 $USER standard@anvil Resources

https:llaccess.pegasus.isi.edﬁH U Se t h e H TC O n d O r An n eX
S tool to dynamically bring

Cerl:;ra(l:(l\)/ln;r?a:ger HTCondor ]
( R In compute nodes from
Wnpute Compute‘
TACC Stampede2 |\ ..  SDSCExpanse one or more resource
Node HTCondor Node 1 .
A Overlay Pool 4 d
- ey proviaers
ompute Compute
PSC Bridges 2 2‘;23 = C(’;‘ﬂ:gs ™ Purdue Anvil
de Node g

‘ ’ HICond%r

Software Suite
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HTCondor Annex / Pilot Jobs

A pilot can run multiple user jobs - it stays active until no more
user jobs are available or until end of life has been reached,
whichever comes first.

A pilot is partitionable - job slots will dynamically be created
based on the resource requirements in the user jobs. This
means you can fit multiple user jobs on a compute node at the
same time.

e A pilot will only run jobs for the user who started it.

ZACCESS | [dvrcine




HTCondor with BLAHP translation layer

: Advanci
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HTCondor Pilot Jobs

v
HICondor
OO O
Pilot Job Pilot Job
(HTCondor (HTCondor

... £
N |UI"I11 —

orkload manager
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Dasht ' @ ryn X T givAC | & 01-Int/ | B Dash +

C N @ access.pegasus.isi.edu.. < | @

Host: localhost Themes: RESEHH

MOnitOring p: [rynge@a;cess ~1$ htcondor annex
" acessPeS gt gt USER

Workflow and = Jupyter oszampes g

Resources

B +| < @@ B |2 ¥ PRun B C W | Markdown v =
nuyu4

WOrkﬂOWS Can be *** To monitor the workflow you can run *¥*
monitored from within the pegasus-status -1 /home/rynge/git/ACCESS-Pegasus-E

xamples/04-Examples-Variant-Calling/rynge/pegasus/

\Jupyter nOtebOOk, Or Via variant-calling/run@ee4
Command ||ne +*¥* To remove your workflow run ***

pegasus-remove /home/rynge/git/ACCESS-Pegasus-Exam
ples/04-Examples-Variant-Calling/rynge/pegasus/var
iant-calling/run0004

HTcondor Annex Can be [BRHHRBHABHBHBHRRHAHAAHAHE] 100.0% . .Success (Unre
m0n|tored On the Zg):uo?s Completed: 31, Queued: 0, Running: 0, Fail
command line

Note the line in the output that starts with pegasus-status, contains the
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Try 1t out!

Documentation:
https://support.access-ci.org/pegasus

Open a ticket:
https://support.access-ci.org/open-a-ticket

Questions?
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Tutonal

This is not using ACCESS resources - jobs are staying local in
the container.

If we are not finishing here today, feel free to keep exploring on
your own

In-person: handout
Remote: htips://tinyurl.com/pegasus-ern
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