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N LoYo [XS

Job scripts run on MOM
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Theta Ensemble Jobs Compute (KNL)

N LoYo [XS

Job scripts run on MOM
(Broadwell) nodes
myApp="/path/to/app --input="

aprun -n 64 -N 64 $myApp inputl >& runl.out & @
sleep 1
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aprun -n 128 -N 64 $myApp input2 >& run2.out @
sleep 1 _
g nid00004
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Theta Ensemble Jobs Compute (KNL)

N LoYo [XS

Job scripts run on MOM
(Broadwell) nodes

myApp="/path/to/app --input="

nid00001

nid00002
aprun -n 64 -N 64 $myApp inputl >& runl.out &

sleep 1
nid00003

aprun -n 128 -N 64 $myApp input2 >& run2.out &
sleep 1

nid00004

aprun -n 128 -N 64 $myApp input3 >& run3.out &
wailt

nid0O0005

alcf.anl.gov/user-guides/running-jobs-xc40#bundling-multiple-runs-into-a-script-job
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What do we mean by workflow?

Sometimes a few scripts Is enough
(190 runs) (1024 nodes) (12 hours) = 1.23 M node-hours

* Queue up to 20 script jobs

qsub Cobalt - Keep organized directory layout
Scheduler

 Compose shell commands with bash or
Python scripting
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What do we mean by workflow?

Sometimes a few scripts Is enough
( ) (1024 nodes) (12 hours) = 1.23 M node-hours

Large ensembles: start building more complex workflows
( ) (128 node) (1 hour) = 1.23 M node-hours

* Run jobs concurrently and one-after-another?
. Track which tasks are left to run?

. Handle timed-out runs?
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What do we mean by workflow?

Sometimes a few scripts Is enough
( ) (1024 nodes) (12 hours) = 1.23 M node-hours

Large ensembles: start building more complex workflows
( ) (128 node) (1 hour) = 1.23 M node-hours

Human effort scales unfavorably with # of runs
( ) (1 node) (6 minutes) = 1.23 M node-hours
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What do we mean by workflow?

Max 20 queued jobs
Lacking job packing / MPMD execution

Cumbersome error & timeout handling

Human effort scales unfavorably with # of runs
( ) (1 node) (6 minutes) = 1.23 M node-hours

You either build workflow tools or adopt existing ones
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Balsam
Workflows, scheduling, and execution for HPC

 Plan unlimited application runs in a stateful task database

 Balsam automates packing, scheduling, and MPMD task execution
* no modification of user applications
e strong fault tolerance at task level

* Program dynamic workflows with Python API

 Workflow status and project statistics available at-a-glance
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Scaled to 91% of Theta, 1.2M+ tasks

Constructing and Navigating Polymorphic Landscapes of Molecular Crystals (Pl: Alexandre Tkatchenko)

o concurrent
802-node jobs |V

e 7TM+ core hours of DFT

e 5 simultaneous Cobalt
jobs running tasks with
one centralized service
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1.2M+ DFT calculations
Active nodes
Up to 91% of Theta
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Diverse use cases

Materials science & chemistry (VASP, FHI-AIMS, NWChem)
 Large number of independent tasks
 Multi-step DAGs with automated error handling

High energy physics
* Remote submission of event generation jobs
 Concurrent execution of many DAGs

Deep learning on Theta & Cooley
 Bayesian Hyperparameter optimization
* Neural architecture search methods

Experimental data processing
* Remote job submission and coordinated data movement
 E.g. micrograph image alignment
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Release in production @ ALCF

# balsam | N
Docs » Balsam - HPC Workflow and Edge Service ) Edit on GitHub

latest

Balsam - HPC Workflow and Edge Service

QUICKSTART

Install Balsam Balsam is a Python service that automates scheduling and concurrent, fault-tolerant execution of

workflows in HPC environments. It is one of the easiest ways to set up a large computational
The Balsam Database

campaign, where many instances of an application need to run across several days or weeks worth
Hello World and Testing

of batch jobs. You use a command line interface or Python API to control a Balsam database, which
USER GUIDE stores a task for each application instance. The Balsam launcher is then started inside a batch job to
Overview actually run the available work. The launcher automatically consumes tasks from the database, runs

: them in parallel across the available compute nodes, and records workflow state in the database.
Theta Workflows Tutorial

module load balsam
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Balsam components

Scheduler

Login node Head node Backend
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Database

BalsamdJob table:
one row per task

Django/PostgreSQL
backend supports
many simultaneous
launchers

Login node
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Database

Automatic setup

balsam init ~/myproject

virtualenv-style context switching

. balsamactivate myproject
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Launcher

Dynamic task pull and
execution

Pack multiple
non-MP| tasks per node

Run any executable or
Singularity container
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Scheduler
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Head node
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Launcher

Resilient to task faults; errors logged in database

[BalsamDB: test-db] $ balsam ls --state FAILED --history

Job testfail [fab575a3-01db-41b5-b70d-c396¢cl7efl10d]

[10-03-2018 19:34:38.379895 CREATED]
[10-03-2018 19:38:24.490910 PREPROCESSED]
[10-03-2018 19:38:24.701099 RUNNING]
[10-03-2018 19:38:30.618931 RUN ERROR] Traceback (most recent call last):
Hello from rank 2
Hello from rank 1
File "/gpfs/mira-home/msalim/test-db/fail.py", line 5, in <module>
ralse RuntimeError("simulated error")
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Launcher
Track utilization from launcher metadata

—— CREATED

—— RUNNING

Execution profile — RUN DONE

Immediately available
for analysis

+J
-
-
O
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O
O

-

30 45

Elapsed time / minutes
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Service

Automated queue
submission (optional)

Elastic scheduling of

launcher jobs to match
workload
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Service

Submit a launcher job to Cobalt

balsam submit-launch -A Project -g default \

-n 128 -t 120 --job-mode mp1i

Or, allow service to queue launcher jobs

balsam service
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Django: flexible queries from Python

from balsam.launcher.dag import BalsamJob

BalsamJob.objects.filter(

num nodes lte=128,
name contalns="sim",
state="JOB FINISHED"

) .update(state="RESTART READY")
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Workflow-as-code approaches
SWiftﬂ” =Parsl

« Swift language or Python library for expressing workflows
* Transparent data-flow & concurrency
o Swift/T implementation: compile & run with MPI

e Parsl: numerous execution backends
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http://swift-lang.org/Swift-T/index.php
http://parsl-project.org/

Theta Walkthrough
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Theta Module

S module load balsam

Sets PATH to include:
PostgreSQL 9.6 binaries
Python 3.6 environment bin/ (with Balsam installed)
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Command line interface

balsam

usage: balsam [-h]

{app, Jjob,dep,1ls,modify,rm,killjob,mkchild, launcher, submit-
launch,1init,service,make dummies,which,log,server}

Balsam 0.3.5

Command line interface:

app add a new application definition

job add a new Balsam job
dep add a dependency between two existing jobs

ls list jobs, applications, or jobs-by-workflow

Argonne Leadership Computing Facility



Start a new Balsam DB

Use balsam init to create a new database directory

balsam init ~/myproject

g i b b b b b b i S b b i S i b i S i i i S i b i S i b i b i b i i i i i i i i i S i b i i i i i i i i B i i i i i i

Successfully created Balsam DB at: /home/user/myProject

Use source balsamactivate myProject to begin working.
ra i i A i i b i i i i i i i i i i i i i i i i i i S i i i i i i i i i i i i i i i i i i i i i i i i il i i i i i i i i o

Argonne Leadership Computing Facility ArgonneA

AAAAAAAAAAAAAAAAAA



Start a new Balsam DB

source balsamactivate <db—-name>
starts server (if not running), sets environment

S . balsamactivate myProject
Launching Balsam DB server

walting for server to start.... done
server started
[BalsamDB: myProject] $
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Hello World

balsam app -
Register new applications with Balsam

[BalsamDB: myProject] $ balsam app --name say-hello \
—-—-executable "echo Hello, "

Application 1:

say-hello
description:

executable: echo Hello,

Added app to database
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Hello World

balsam job :
Add a new task

[BalsamDB: myProject] $ balsam job --name testl --workflow test \
--app say-hello --args "World 1!"

[BalsamDB: myProject] $ for 1 in {2..10}

> do

> balsam job --name test$i --workflow test \
-—-app say-hello --args "World $i!" --yes

> done
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BalsamJob 0796bd50-adbc-424b-bd26-47612¢c00275b

workflow:
name:
description:

parents:
input files: Confirmation shows task
num nodes: details and adjustable fields

ranks per node:
environ vars:
application: say-hello
args: World 1!
auto timeout retry: True
*** Executed command: echo Hello, World 1!
¥*¥* Working directory: ~/myProject/data/test/testl 0796bd50

Confirm adding job to DB [y/n]: vy
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BalsamdJob fields

Working directory default:
Or, specify another workdir
o s bohon APl
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{workflow}/{jobname} {jobid}




BalsamdJob fields

Stage-out URL
Stage-in URL

: Make parent job
Input file patterns outputs visible to
children
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BalsamdJob fields

Executable
Environment variables
Command line arguments

Pre/post-process scripts

Argonne Leadership Computing Facility

Control how / on what
resources application
IS launched

Run pre/post-

processing stages for
a particular app
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Hello World

balsam 1s
View tasks In database

[BalsamDB: myProject] $§ balsam 1s
workflow |

0796bd50-adbc-424b-bd26-476£2c00275b say-hello CREATED
421e6df8-4984-423f-bd4f-c58c6e2e8307 say-hello CREATED
d62bl94a-e20b-4111-a407-3669fb4c89e6 say-hello CREATED
e73325df-3104-4e7f-aale-9ba61840ecchb say-hello CREATED
79becbd6-8ab9-4012-9828-6dc98157eb5c say-hello CREATED
c/ed4l1fd-6aad-4a29-957e-bf91cfef3453 say-hello CREATED
dda7c¢dd3-0098-4fe7-9827-ca78a73d7be9 say-hello CREATED
2eb6cd914-ala’/-4eal-beb5e-994fceca7830 say-hello CREATED
4al2cbd’/-cbel-4£f83-97d2-ee97eefc9343 say-hello CREATED
f4d77a25-1d48-4fc9-be2b-cclelaf61473 testl0 say-hello CREATED

Argonne Leadership Computing Facility



Hello World

balsam submit-launch :
Shortcut for Cobalt job submission (template in ~/.balsam)

[BalsamDB: myProject] $§ balsam submit-launch -n 2 -t 5 \
-g debug-cache-quad -A datascience --job-mode serial

Submit OK: Qlaunch { :
'command ' : " Customlzabl_e
o templated script
id : 1,

'Job mode': 'serial’,
'nodes': 2,

'project’': 'datascience’,
'queue ' : 'debug-cache-quad’,
'scheduler 1d': 333718,
'state': 'submitted’,

'wall minutes': 5,

'wf filter': "'}




The Launcher job template

"NUM_ TRANSITION THREADS": 5, ~/.balsam/settings.json
"MAX CONCURRENT MPIRUNS": 1000,

"LOG HANDLER LEVEL": "INFO",
"LOG BACKUP COUNT": 5
"LOG FILE SIZE LIMIT": 104857600,

"QUEUE POLICY": "theta policy.ini",
"JOB TEMPLATE": "job-templates/theta.cobaltscheduler.tmpl”
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The Launcher job template

export PATH={{ balsam bin }}:{{ pg bin }}:$SPATH

Insert pre-run commands here
aprun -n $COBALT JOBSIZE -N 1 cp ...

source balsamactivate {{ balsam db path }}

balsam launcher --{{ wf filter }} --job-mode={{ job mode }} \
-—time-limit-minutes={{ time minutes }}




Hello World

If successful, jobs eventually marked
JOB FINISHED

[BalsamDB: myProject] $ balsam 1ls

dda7cdd3-0098-4fe7-9827-ca78a73d7be9
+4d77a25-1d48-41c9-be2b-ccPelaf61473
79becbd6-8ab9-4012-9828-6dc98157eb5cC
c7ed41fd-6aa4-4a29-957e-bf91cfef3453
e73325df-3104-4e7f-aale-9ba61840ecchHb
A4al2cb47-cbel-41f83-97d2-ee97eefc9343
421e6dt8-4984-423F-b44f-c58c6e2e8307
2e6c4914-ala7-4eal-be5e-9941c6ca7830
©796bd50-adbc-424b-bd26-47612c00275b
d62b194a-e20b-4111-a407-36691tb4c89eb
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test/
testlo
testh
testb6
testd
testo
test2
test8
testl
test3

workflow |

test
test
test
test
test
test
test
test
test
test

say-hello
say-hello
say-hello
say-hello
say-hello
say-hello
say-hello
say-hello
say-hello
say-hello

application |

JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
JOB FINISHED
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Where did the output go?

Job working directories are created as:
data/<workflow>/<name> <id>

[BalsamDB: myProject] $ ~/myProject/data/test> ls

testl 0796bd50 test2 421e6df8 testd e73325df test6 c7ed4lfd test8 2e6c4914
testl0 f4d77a25 test3 d62bl9%4a test5 79becbd6 test7 dda7cdd3 test9 4al2cb4d’
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Modifying Tasks

Modify BalsamJob state from command line:

BalsamDB: myProject] $ balsam modify dda7 state RESTART READY

job state changed to: RESTART_ READY

Or with more flexible Python API:

[BalsamDB: myProject] $ python

>>> balsam. launcher.dag BalsamJ]ob

>>> BalsamJob.objects.filter(num nodes 1te=100,
state="JOB FINISHED").update(state="RESTART READY")
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Populating DB with Python

def prep job(name, workflow, xyz path):
return BalsamJob(
name = name,
workflow = workflow,
stage 1in url = xyz path,

application = 'fhi-aims’,
ranks per node = 64
threads per rank =

cpu _aftfinity = depth'
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Populating DB with Python

for (dirpath, dirnames, filenames) 1n os.walk(top):

xyz files = [f for f 1in filenames 1f f.endswith( .xyz')]
for £ in xyz files:

name, = os.path.splitext(f)

workflow = os.path.basename(dirpath)

xyz path = os.path.join(dirpath, £f)

job = prep job(name, workflow, xyz path)
job.save ()
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DeepHyper -- hyperparameter optimization

Prasanna Balaprakash (MCS)
https.//github.com/deephyper/deephyper

 Framework for implementation of black-box
optimizers

« Balsam backend for execution of model training/
validation tasks and memoization of objectives

e Quickly interface to your ML model code and run
hyperparameter search at scale on Theta or Cooley
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96% efficiency on Theta

* bAbl (question-answer) o
Keras RNN model 5000
e Random search 3
< 4000
e RNN type P
 # hidden layers é 3000
e activation function c_g
e dropout ._%5 2000
e # epochs
* batch size 1000  770.1
e optimizer
* |earning rate 0 .
128 256 512 1024
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Come try some tutorials and set up a workflow!

e https://balsam.readthedocs.io
* https://deephvper.readthedocs.io

 Several ALCF workflow experts available to help you get

started
e Room 1404/1405
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