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EP Analytics

e As performance analysis, code modernization, and optimization experts, we utilize

specialized tools and methodologies to develop performance characterizations of HPC
applications and systems

® Specialized tools to analyze production applications running on cloud resources and production HPC systems
® Methodologies determine computations within applications that are affected by (or are sensitive to) the
limitations of the systems/hardware

e Expertise in analyzing HPC workloads from DoE, NNSA, NSF, NASA, & DoD

Laura Carrington, PhD Ananta Tiwari, PhD Sarom Leang, PhD

Co-Founder, CEO Principal Investigator Senior Computational Scientist
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HPC Codes are Complex

Discover New Science

Analyze Data
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HPC Codes are Complex

Discover New Science
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Key Components of SimplifyHPC

e Data manager: keeps track of all the calculations and simulation data

e A centralized methodology that helps avoid data loss, which can lead to duplicated
calculations

e [osters reproducibility
e Allows for easy sharing of scientific results

e Visualization manager: provides domain- and application-specific visualization
capabilities
e Plug-and-Play integration of third-party visualization tools
e Supports in-situ (or remote) visualizations to reduce data movement costs

e Performance manager: monitors and analyzes the performance of codes
e Ensures optimal turnaround times for simulations
e Allows for cost-performance tradeoff studies
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e
Key Components of SimplifyHPC

e Resource manager: manages the computational resources and stages

simulations
e Can farm out calculations to the cloud resources with a click of a button
e NASA's interest in cloud HPC is well-documented
e Add your own resources
e Supported resources: remote Linux-based clusters with SLURM/PBS queues,
private cloud resources and local Desktop/Laptop

e Software-as-a-service (SaaS): provides access to cloud resources managed by

EP Analytics
e Infrastructure-as-Code (l1aC)
e Customized machine images (or AMI) in Phase I; containers in Phase Il
e Pay-per-use
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Key Components of SimplifyHPC

e Application portfolio: HPC codes managed by EP Analytics
e GEOS-Chem: atmospheric chemistry code
e SimplifyHPC is a tool that has the potential to radically transform the GEOS-Chem community.
SimplifyHPC gives users an intuitive graphical interface that can be used to configure and run
GEOS-Chem and visualize the results. It facilitates reproducibility and builds performance
analysis right into the GUI, making it almost trivial to identify poorly performing code. —
Mr. Robert Yantosca, Senior Software Engineer, GEOS-Chem Support Team
e Dr. Daniel Jacob, GEOS-Chem Model Scientist, has expressed interest in making SimplifyHPC
“accessible to the GEOS-Chem community by being incorporated into the standard model as an
option for ‘out-of-the-box’ simulations and advertised as such on the GEOS-Chem website”
e GAMESS: computational chemistry code with more than 100K users worldwide

e In initial discussions with the application teams for FUN3D, OVERFLOW and
CART3D

e Let us know if you are interested in adding your application to our portfolio!
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The Front-door

[ 5o |
‘
3< SimplifyHPC
Mo Application Chosen
> Jobs
» Performance Analysis
» Visualize
» Tasks/Workflows (Phase 2)
> Tutorial
> Settings
> Accessibility

SimplifyHPC Ul Prototype

® Welcome to SimplifyHPC

'Y

Qua

GEOS Chem

MAS Parallel Benchmarks - Integer-Sort

. NAS Parallel B: -C di
‘ MAS Parallel Benchmarks - Multi-Grid

NAS Parallel Benchmarks - Fourier Transform

—

L Application

A

y

Add your application

p—

Select a supported application; fully
managed by SimplifyHPC

re Clear
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Accordion-style navigation

ane SimplifyHPC Ul Prototype
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Accordion-style navigation

... L X ] SimplifyHPC Ul Prototype

[m— ceo |

[m—eco ]

[ coo |
3% SimplifyHPC

/ Create new simulations; browse and manage past simulations.
por Jobs

» Create

[+ ertormance Analysic ~_ Analyze performance of past simulations; MPI profiling and thread-

e " level profiling are both supported.

e visualize

> Jupyter Notebook

» Tasks/Workflows [Phase 2)|

wTutorial

Visualize past simulations; both third-party visualization tools and
in-situ visualization through Jupyter Notebook are supported.

> Create.
> Visualize

. Workflow support slated for Phase Il

wSetlings
» Application
» Database
3 Scheduler
> Shmplify HPC

» Accessibility
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Accordion-style navigation

... L X ] SimplifyHPC Ul Prototype

—rra
[ coa ]
[ coo |
3% SimplifyHPC
GEOS Cham
wlobs
> Create.
wPerformance Analysis

3 OpenMP Profile
> MP1 Profile

oz Tutorials on various aspects of SimplifyHPC

3 Jupyter Notebook

3 Tasks/Workliows (Phase 3]

fv Tutorial

Customize the framework; add inputs, resources, visualizers, etc.

Customize accessibility settings.

Log window displays provides useful info, reports warnings/errors.

v
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Application Customization

[ ceoc ]

|C— TN

4
¥ SimplifyHPC

Create a new Companent B

SimplityHPC Ul Protatype

Create Application Components

Start Time (HHMMSS}

Sp regericy (1Y

n poton ] [Resooce] [Execiavie Y vissaizer ]

HBOT

20190701
000000
010000

00000000 010000
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Creating an Input — GEOS-Chem

SimplityHPC
GEQS Chem

» Jobs
» Perfarmance Analysis
» Wisualize
» Tasks{Waorkflows [Phase 2]
» Tutorial
~Settings

> Applical'tion

» Database

» Scheduler

» Simplify HPC

» Accessibility

_ = oo
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Creating an Input — GAMESS

(m— ceo |
[ coe |
(— coo |
3% SimplifyHPC
GAMESS Quantum Chemistry
>Jobs
» Performance Analysis
> Visualize
> Tasks/Workflows (Phase 2)
> Tutorial
wSettings
» Application
> Database
> Scheduler
» SimplifyHPC

» Accessibility

T —————

SimplifyHPC Ul Prototype

Create a new Component [

Input Name
Input File

Input Type

Create Application Components

Output | Resource | Executable | Visualizer

Shell-405 -- RHF -- Parallel MPI

demo,

05.inp

GAMESS

Run Command

Description

Preferred Number of Cores 32

Restricted Hartree Fock calculation

Optional
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Adding a new resource

(— e O |
[ eeo
(— coo |
3% SimplifyHPC
GAMESS Quantum Chemistry
>Jobs
» Performance Analysis
> Visualize
> Tasks/Workflows (Phase 2)
> Tutorial
wSettings
» Application
> Database
> Scheduler
» SimplifyHPC

» Accessibility

SimplifyHPC Ul Prototype

e
-

Input | Output Executable | Visualizer
Resource Name My Institutional Cluster v
Resource Type | remote
Performance Analysis Type I Time
Description Compute nodes are Skylake nodes; each node is dual socket; 48 phys.cores; SMT on
Remote Host cluster.myinstitution.edu
Username tiwari
Key File |-1.5shid_rsa.pub Browse
Remote Port 22
Timecut Duration 200
[

Is AWS? v
Is GCP?

Reset Accept
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Submitting a new job

(m— oo |
[ coo |
[ coe |
3% SimplifyHPC
GEOS Chem

w.Jobs

» Create

» Performance Analysis

> Visualize

» Tasks/Workflows (Phase 2)
» Tutorial

> Settings

> Accessibility

X EPAnalytics

SimplifyHPC Ul Prototype

Resource Status  Laptop

B | Check Resource Status |

Job Creation
Name Agrosols - 48 Hours - AWS
Executable AWS - GEOS-Chem Classic - GCC - 13.2.1 ! Auto-populated. ! =]
Output STDOUT + Metrics ‘ Auto-populated. ‘
Working Directory

Performance Analysis Typel Thread Profiler

. This is a GEOS Chem simulaton scheduled to run on EPA SaaS. The simulation is slated for run

for 48 hours. Thread profiling will be turned on for this run.

Motes/Description

(— X1
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The Job Dashboard

[ ceo |

[ coe |
3% SimplifyHPC
GEQS Chem

> Create

» Performance Analysis

> Visualize

» Tasks/Workflows (Phase 2)

> Tuterial
> Settings
> Accessibility

SimplifyH

PC Ul Prototype

Job_Status
Job Complete

Job Complete

CO2 Merra2 ... Job Complete

CO2 Merra2 ... Job Complete

Full Chemistr... Job Complete

Full Chemistr... Job Complete

Job Complete

Methane Si..  Job Complete

Full Chemistr... Job Failed

w  Job Complete

w  Job Complete

Deme IlI: Full..  Job Complete

Demao lll: Full.. Job Complete

Filters: = --Select a Filter-- [

Mo, Mame Imput
4 Aerosols - 48 Hours - AWS Aerosols ..
5 Aerosols - 2 Weeks - On Premises  Aerosols ...
[} COZ - 2 Weeks - On-Premises
7 COZ - 2 Weeks - On-Premises
8 Full Chemistry - 2 Weeks ...

] Full Chemistry 2 weeks

0 Aerosols - 48 Hours - AWS Aerosals ...

n CH4 Sim

12 €02 - Short run

13 Demo Run on AWS Demo: Full

14 Demo Run on OnPremise Demo: Full

16 Demo Il Run on AWS

16 Demo Il Run on On Pramise ...

17 Aerosols - 48 Hours - AWS Aerosals ...
Job Details View Logs Run Again

Data Downleaded

Visualize This Job

Auto-refresh Interval: 3008

| Resource
EPA Saas - AWS

On-Premise Cluster
On-Premise Cluster
On-Pramise Cluster
On-Premise Cluster
On-Premise Cluster
EPA Saas - AWS
EPA Saas - AWS
EPA Saa5 - AWS
EPA Saas - AWS
On-Premise Cluster
EPA Saas - AWS
On-Premise Cluster

EPA Saas - AWS

Job Motes

-

Upload_Date
2021-10-25

2021-10-285
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-28
2021-10-28
2021-10-25

2021-10-25

Refrash

Clear

EPAnalytics
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The Job Dashboard

[ ceo |
[ e oo |
[ coe |
3%< SimplifyHPC
GEOS Chem

wJobs

> Create

» Performance Analysis

> Visualize

» Tasks/Workflows (Phase 2)
> Tutorial

> Settings

> Accessibility

Filters: = --Select a Filter-- [
No. | Mame |
4 Aerosols - 48 Hours - AWS
5 Aerosols - 2 Weeks - On Premises
[} COZ - 2 Weeks - On-Premises
7 COZ - 2 Weeks - On-Premises
8 Full Chemistry - 2 Weeks ...
9 Full Chemistry 2 weeks
10 Aerosols - 48 Hours - AWS
n CH4 Sim
12 €02 - Short run
13 Demo Run on AWS
14 Demo Run on OnPremise
16 Demo Il Run on AWS
16 Demo Il Run on On Pramise ...
17 Aerosols - 48 Hours - AWS
Job Details View Logs

SimplifyHPC Ul Prototype

[Csiorrefresh interval__30003]

| I | Jeb Status |

Aerosols .. Job Complete
Aerosols ... Job Complete
CO2 Merra2 ... Job Complete

CO2 Merra2 ... Job Complete

Full Chemistr...

Full Chemistr... Job Complete
Aerosals ... Job Complete

Methane Si..  Job Complete

Ful chemistr... o Fajes ]

Demo: Full ...  Job Complete
Demo: Full ... Job Complete
Deme IlI: Full..  Job Complete

Demao lll: Full.. Job Complete

Aarosols ...

Run Again Visualize This Jeb

| Resource

Uplozd_sate |

EPA Saas - AWS
On-Premise Cluster
On-Premise Cluster
On-Pramise Cluster
On-Premise Cluster
On-Premise Cluster
EPA Saas - AWS
EPA Saas - AWS
EPA Saa5 - AWS
EPA Saas - AWS
On-Premise Cluster
EPA Saas - AWS
On-Premise Cluster

EPA Saas - AWS

Job Motes

-

2021-10-25
2021-10-285
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-28
2021-10-28

2021-10-25

2021-10-25

Clear
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The Job Dashboard

[ oo o |
[ oo |
[ coe |
3% SimplifyHPC
GEQS Chem

wJobs

> Create

» Performance Analysis

> Visualize

» Tasks/Workflows (Phase 2)
> Tutorial

> Settings

> Accessibility

SimplifyHPC Ul Prototype

Filters: | --Select a Filtar-- [

No.

L=

Name
Aerosols - 48 Hours - AWS

Aerosols - 2 Weeks - On Premises

COZ - 2 Weeks - On-Premises
COZ - 2 Weeks - On-Premises
Full Chemistry - 2 Weeks ...
Full Chemistry 2 weeks
Aerosols - 48 Hours - AWS
CH4 Sim

€02 - Short run

Demo Run on AWS

Demo Run on OnPremise
Demo Il Run on AWS

Demo Il Run on On Pramise ...

Aerosols - 48 Hours - AWS

Imput
Aerosols ..

Aerosols ..
CO2 MerraZ ...
CO2 MerraZ ...
Full Chemistr...
Full Chemistr...
Aerosals ...
Methane Si...
Full Chemistr...
Demo: Full ...
Demo: Full ...
Demo i Full...
Demo Ili: Full...

Aerosals ...

Job_Status
Job Complete

Job Complete
Job Complete
Job Completa
Job Complete
Job Complete
Job Complete
Job Complete
Job Failed

Job Complete
Job Complete
Job Complete
Job Complete

Data Downleaded

Auto-refresh Interval: 3008

Resource

EPA Saas - AWS

On-Premise Cluster
On-Premise Cluster
On-Pramise Cluster
On-Premise Cluster
On-Premise Cluster
EPA Saas - AWS
EPA Saas - AWS
EPA Saa5 - AWS
EPA Saas - AWS
On-Premise Cluster
EPA Saas - AWS
On-Premise Cluster

EPA Saas - AWS

I Job Details II View Logs II Run Again II Visualize This Job II Job Notes I

-

Upload_Date
2021-10-25

2021-10-285
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-25
2021-10-28
2021-10-28
2021-10-25

2021-10-25

Refrash

Clear
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Visualize a job — interactive and in-situ

File Edit View Insert Cell Kernel Widgets Help Trusted | Python 3 (ipykernel) O

B+ = & B 4+ v PR B C P Code v | =2

Plotting GEOS-Chem

Load needed python packages.

In (1): 3matplotlib inline
import matplotlib.pyplot as plt
import numpy as np
import xarray as xr
import cartopy.crs as ccrs

np.seterr(invalid='ignore');

GEOS-Chem netCDF diagnostics

Show contents of the OutputDir fol
In (2): #ls outputDir/

Open a GEOS-Chem output file in netCDF format into an xarray Dataset. This is a data object format that is geared to storing data from netCDF files. Print the
contents of the Dataset.

In [3): ds = xr.open_dataset("OutputDir/GEOSChem.SpeciesConc.20190701_0000z.nc4")
#ds

Make a plot of the CO2 species in the Dataset.

In [4]): ax = plt.axes(projection=ccrs.PlateCarree())
ax.coastlines()
ds
ds['speciesConc_C02'](0,0].plot (ax=ax)
plt.title('surface ozone');
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Visualize a job — third-party tools

SimplifyHPC Ul Prototype

[ ooo0 |

1 69cbddfa-707f-4432-8071-ab3dcd9d828.log
[ coo ]
[ coo |

3% SimplifyHPC

GAMESS Quantum Chemistry

Job: | Go to Jobs - Create’

> Jobs
> Performance Analysis

wVisualize

> Tasks/Workflows (Phase 2)
> Tutorial

» Settings

> Accessibility

E=-2958.8411 Frame 1 of 1

-~ Clear
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In-depth performance at |aIyS|s — thread-level proflle
‘a0 e SimplifyHPC Ul Prototype
[ coo ]
[ coe | Job:  Demo Ill Run on On Premise Cluster - October 25,2021 a @ Include Inactive Time?
3% SimplifyHPC
[ 3EOS Chem ] ThreadCounts Report
Oy Thread Event Breakdown
wPerformance Analysis
5000 4
| > OpenMP Profile |
> MP1 Profile
4000 4
wVisualize
> Jupyter Notebook E 3000 -
=
> Tasks/Workflows (Phase 2) Parallel
» Tutorial 2000 1 m OMP Serial
mmm Synchronization
Settings m Overhead
> Application 1000 4 - Other
Serial/MP
PR == Alive but Inactive
> Scheduler o T T T T T T T T T T T T T . T T
a o a o Q 0 o a o Q ] a 0 0 [ 0
» Simplify HPC a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rank
> Accessibility Thread
- Clear

C EPAnNalytics

3 SimeltyHPC



In-depth performance analysis — rank-level profile

‘o0 @ SimplifyHPC Ul Prototype
(m— 000 | Job:  Shell 405 - 16 - MPI - October 26,2021 2]
Crea
(— coo |

MPI Times Across All Ranks

3% SimplifyHPC

| GAMESS Quantum Chemistry |
250 1
» Jobs
wPerformance Analysis 200 1
> OpenMP Profile B
-]
[ > Wi Profile | g 1907
T
> Visualize E 4
100 CPUTime
» Tasks/Workflows (Phase 2) . MPIl_Recv
» Tutorial 50 4 = MPI_Barrier
n s MPI_Barrier_sync
> Settings e Other
> Accessibility

0 4 8 12
Rank

Y Clear
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In-depth performance analysis — rank-level profile

1000
.
800
700
600

500

Times (s)

400

300

200

100

0

MPI Ranks

EmCPUTime m Other MPI_Startall mMPI_Waitall mMPI_Allgather sync MPI_Allreduce_sync M MPI_Bcast sync mI/O
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Phase Il
e Full-featured SimplifyHPC framework

® Build on the prototypes developed in Phase |

e Extend SaasS to include all major cloud service providers (CSPs)
® Allow for easy mobility across the CSPs based on cost-performance tradeoffs

e Develop container based methodology to handle multi-platform
deployment of HPC codes

e Extend performance analysis features to include fine-grained analysis
of MPI and OpenMP hotspots

e Develop workflow manager

e Extend the application portfolio and customer base
® Contact us if you would like us to integrate your application within the SimplifyHPC
framework in Phase Il
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QUESTIONS / THANK YOU

Contact:
ananta.tiwari@epanalytics.com
www.epanalytics.com
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