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Open OnDemand OFEN,
http://openondemand.org/ an De ma nd

An intuitive, innovative, and interactive interface to remote computing resources

Open OnDemand helps computational researchers and students efficiently utilize remote computing resources by making them easy to
access from any device. It helps computer center staff support a wide range of clients by simplifying the user interface and experience.

Key Benefits & Impact

e Key benefit to you, the end user: You can use any web browser to access resources at a computing service provider.
e Key benefit to you, the computer center staff: A wide range of clients/needs can utilize your computing resources.
e Overall impact: Users are able to use remote computing resources faster and more efficiently.

Key Things to Know

Open OnDemand is an NSF-funded open-source HPC portal in production use at over 200 research computing sites around the world,
which provides those sites’ clients:

Plugin-free web experience

Easy file management

Command-line shell access

Job management and monitoring across different batch servers and resource managers
Graphical desktop environments and desktop applications

_ VIRGINIA
Ohio Supercomputer Center TECH

University at Buffalo

Center for Computational Research
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Why MATLAB on Open OnDemand?

L] Ll Ll
- Used at 6500+ Colleges and universities
HOME PLOTS APPS LIVE EDITOR INSERT VIEW e =le) @[QSEarchD nnnnnnn tation
y y B B 4o s & =8| nanV iable £ %Analyze(ﬁnde Y [ @fchrenes @
100’s -1000’s of MATLAB users at each school AR il i P e NPT Nl R S
Script Live Script v - Data Workspace (27 Clear Workspace ~ - [ Clear Commands ~ ~ Il parallel~ -

MATLAB

FILE VARIABLE CODE SIMULINK ENVIRONMENT v
<@ =% E al ¥ [0/ » Users » andythe » Documents » MATLAB » Examples » R2021b » matlab » SolveSinglePDEExample -
5] Live Editor - /Users/andvlhe/Do(uments/MATLAB/ExampIes/RZDZlb/ma[lab/SoIveSmglePD SolveSinglePD! m x
+12 | EvaluateSurfaceFitExample.mix Clusf UsingSoftClu: ml MatlabLogoE; ml i ml i

Only one component, SO SO LIS a 5-Dy-: 4\] mamx outin genera\ you can exuacr
the kth solution component with the command u = sol(:,:,k). Numerical solution computed with 20 mesh points. é

Extract the first solution component from sol. =
P

- MATLAB is used for science and engineering: =~ =

Plot Solution

Create a surface plot of the solution.

surf(x,t,u)

title('Numerical solution computed with 20 mesh points')
xlabel('Distance x')

ylabel('Time t')

© oo

The initial condition and boundary conditions of this problem were chosen so that

— Neuroscience — Imaging / Computer Vision
— Geoscience — Audio / Signal Processing

Plot the analytical solution with the same mesh points.

0 nce x
- " L] . 10 surf(x,t,exp(-t) '*sin(pikx))
11 title('True solution plotted with 20 mesh points')
— l l I — I l l I I 12 xlabel('Distance x') True solution plotted with 20 mesh points
13 ylabel('Time t')
] Command Window Workspace ®
— Al / Robotics — ontrols
[ idxBoth [32;46,62,66;77;129;263]
[ idxBothSharedDiag [35:46,68,76;132]
[H idxSharedDiag 300x1 double
HL 201x201 double
(@11 1x1 Light
|« Zoom: 100% UTF-8 LF script Ln 6 Col 12

- Appeal to new and current HPC users with MATLAB on Open OnDemand
MATLAB users can reap the benefits of OOD compute resources
MATLAB interface vs. Command Line Interface which can be challenging and intimidating



2 Types of MATLAB Users

—

2.

Casual User

Happy w/ 5x-10x lift from GPUs

Little to no GPU experience

}

Examples:
MATLAB Simulation: 1 hour on CPUs
» Cut to 10 minutes with a GPU

Training a neural network: 1 day on CPUs
» Cut to 3 hours with a GPU

—

2.

Expert

Expects >10x lift from GPUs

GPU experience

}

Examples:
MATLAB Simulation: 1 hours on CPUs
> Cut to 2 minutes with a GPU

Training a neural network: 1 day on CPUs
» Cut to 30 minutes with a GPU
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Why MATLAB with NVIDIA GPUs?

N 4

- Easy access to NVIDIA GPUs with 990+ GPU-enabled functioﬁs

- MATLAB users can work with NVIDIA GPUs without CUDA® programming.

- NVIDIA® GPUs accelerate many applications like Al / Deep Learning

Image Labeler
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https://www.mathworks.com/help/parallel-computing/run-matlab-functions-on-a-gpu.html
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Accelerating MATLAB Applications with NVIDIA GPUs (vs CPUs)

Speech
Decoding

Neural Networks
ANN/CNN/LSTM-HMM/GAN

|

» .

g\ e, ) X"
10x sp_eed up 14x speedup 12x speedup

Deep Learning Training Template Matching Routine Black-Scholes Modeling

44x speedup 10x speedup 77x speedup
Simulating Celestial Objects in Motion K-means Clustering Algorithm Wave Equation Solving

Run MATLAB functions on a GPU

NVIDIA Volta GPU vs. Intel® CPU 64-bit x86-64 Processor (12MB Cache, 2.40GHz) 8


https://www.mathworks.com/help/parallel-computing/run-matlab-functions-on-a-gpu.html
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UT Austin Researchers Convert Brain Signals to Words and
Phrases Using Wavelets and Deep Learning

Challenge [VEG i squiiton | Scogrom H \w,&*’:;“::i';‘;:?:.,c e
Create a speech-driven brain-computer interface to enable s AN E |

ALS patients to communicate by imagining the act of speaking
specific phrases

SOIUtlon _Class_ifying the brain signals t_:orrespondlng to the
Use wavelet scalograms of MEG signals to train deep neural imagined word "goodbye” using feature extraction and
deep neural networks.
networks
Results ‘MATLAB is an industry-standard tool, and one that
- Classification accuracy of 96% achieved you can trust. It is easier to learn than other

= Wavelets and deep learning networks quickly combined  janguages, and its toolboxes help you get started in

= Training times accelerated by a factor of 10 with GPUs new areas because you don’t have to start from
scratch.”
- Dr. Jun Wang, UT Austin

Link to user story 9



https://www.mathworks.com/company/user_stories/ut-austin-researchers-convert-brain-signals-to-words-and-phrases-using-wavelets-and-deep-learning.html
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NASA Langley Accelerates Acoustic Data Analysis with GPU Computing

Challenge

Accelerate the analysis of sound recordings from
wind tunnel tests of aircraft components

Solution

= Use Parallel Computing Toolbox to process
acoustic data

= Cut processing time by running computationally
intensive operations on a GPU

Results
= GPU computations completed 40 times faster
= Algorithm GPU-enabled in 30 minutes
= Processing of test data accelerated

Link to user story

Wind tunnel test setup featuring the Hybrid Wing
Body model (inverted), with 97-microphone phased
array (top) and microphone tower (left).

“Our legacy code took up to 40 minutes to analyze a single
wind tunnel test. The addition of GPU computing with
Parallel Computing Toolbox cut it to under a minute. It took
30 minutes to get our MATLAB algorithm working on the
GPU—no low-level CUDA programming was needed.”
- Christopher Bahr, research aerospace engineer at NASA

10
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MATLAB Central Community

Every month, over 2 million MATLAB & Simulink users visit MATLAB Central to download code, improve
programming skills, and get questions answered.

File Exchange: Download code from a huge repository of
free code including tens of thousands of open source
community files

Cody: Sharpen programming skills while having fun

MATLAB ¢g®
Centra ‘ SHEISRES

Learn ‘ Contribute ‘ Connect

Blogs: Get the inside view from Engineers who build
ThingSpeak and support MATLAB & Simulink

ThingSpeak: Explore loT Data

MATLAB Answers: Q&A forum; most questions get
answered in only 60 minutes

And more for you to explore...

11
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3 Demos: Performance Benefits and Ease of MATLAB + GPUs

Use a web browser to access MATLAB with NVIDIA GPUs

Compare GPU vs CPU performance

N-body Simulation 2D Wave Propagation

N-Body Particles 2D Wave Propagation
13



Dashboard - Open OnDemand X My Interactive Sessions - Ope

< C Y @& ood.arc.vt.edu

) MATLAB

% Bookmarks §* Trello 4%\ Google Drive = Google Docs MathWorks Andy's Stuff Open OnDemand

Open OnDemand Filesv Jobs~ Clusters v Interactive Apps~ IDE~ @ My Interactive Sessions

Home / My Interactive Sessions

& Code Server
& Eclipse
& Nvidia-Nsight-Eclipse

® PyCharm

Interactive Apps

& AMDuProf

@ Ansys Workbench

DeeplLabCut

@ Desktop

sa GAMS Studio

2 IGV

MATLAB (293017)

Host: pasrE |

Created at: 2021-10-27 13:11:06 EDT
Time Remaining: 3 hours and 55 minutes

Session ID: 131be365-5e26-40ad-8138-08a4cff10bb6

® "Connect to Matlab"

MATLAB (292870)

Created at: 2021-10-27 12:02:48 EDT

Session ID: 86d9d359-8252-48f5-94e4-da399d77eb72

For debugging purposes, this card will be retained for 6 more days

MATLAB (292090)

w

© Help ¥ & Logged in as andytheres

1 node JI | Running

M Delete

Completed

@ Delete

Completed

]
B D »

Reading List

* Log Out
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What does HPC usage look like for Model Training neural networks?

HPC Usage for Model Training
70

(o))
o

()]
o

§4o
E : i :
g Model Design Model Training & Tuning
§3o
D

20

10

0

1 2 3 4 5 6

Days
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Use Multiple Nodes to Quickly Find the Optimal Network

B 130e335768¢1:1 (matlab) - noVl X+ = @

L]
Ex pe rl m e nt M a n a g e r A p p & C A Notsecure | ec2-3-88-59-36.compute-1.amazonaws.com:6080/vnc.html?password=matlab&autoconnect=true&resize=remote x B
p Applications <) MATLAB R202( ) atlat atlab@130e335768¢

- Manage experiments and reduce manual coding 7 - exnaustve sweep Resu

Experimentl Start: 11/19/2020, 12:16:18
(View Experiment Source) AM

- Sweep through a range of hyperparameter values ¥ reom eepsrmeter oring win sierent § compien

resnet50,mobilenetv2

- Compare the results of using different data sets

. . Status Progress Elapsed Time NetworkName Training Accurac...
- Test different neural network architectures © Complete  NESN100.07 1 hr 33 min 20 sec resnet1 00 7734 fi
@ Complete I 100.0° 1 hr 5 min 27 sec resnet50 93.3542
& Complete T00 0 1 it 39 min 45 sec_ mobilenetvz 87.1009

MATLAB Parallel Server

- Enables multiple nodes to train networks in parallel -> greatly reduce testing time

16
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Use Multiple Nodes to Quickly Find the Optimal Network

MATLAB Parallel Server

- Running many experiments to train networks and compare the results in parallel

E 243b54¢976a7:1 (matlab) - noV! X + = X

& & A Not secure | ec2-54-224-87-195.compute-1.amazonaws.com:6080/vnc.htm|?password=matlab&autoconnect=true&resize=remote

¥ Applications <} MATLAB R2020b

LIVE EDITOR B4 BE9e 20 0] pu
= =] I e o HE 1z, New Variable > 7 Analyze Code = (© Preferences 3 ‘a4 Community
= [ o/ T3 [rindFies & = Lo i o o @ °
; k> Open Variable v ; { Run and Time [ Set Path = Request Support
New New New Open [{z| Compare Import Save 2 Favorites Layout Add-Ons  Help —
cript Live Script - Data Workspace [y Clear Workspace ~ - [ Clear Commands ~  ili parallel v - v [E Learn MATLAB
FILE VARIABLE CODE ENVIRONMENT RESOURCES =
= 5l @l % 3/ » home » matlab » Desktop » EMSemanticSegProject » TrainNetworkProjectl » v R
Current Folder ® | Project - TrainNetworkProjectl B Live Editor - semanticSeg_EMTuning.mlx
‘Name A semanticSeg_EMTuning.mix i |
resources §

- Reslts Experiment over base networks to Train a Neural Network
|Z Experiment1_setupl.mix

HH Experiment1.mat Options for hyperparamter tuning

|Z semanticSeg_EMTuning.mlx

= - ; : Experiment with different base networks such as ResNet-50 or MobileNet v2, or you can try other semantic segmentation network
[=] TrainNetworkProject1.prj

architectures such as SegNet, fully convolutional networks (FCN), or U-Net.

function [pximds,lgraph,options] = semanticSeg EMTuning|(params)

semanticSeg_EMTuning.mix (Live Fu... ~
Workspace ® Load Image Data
Name < Value | Load the sample data as an image datastore imds from the collection of image data specified by digitDatasetPath. -
»
Command Window ®
New to MATLAB? See resources for Getting Started, X
>> experimentManager E
fx >> -
-i UTF-8 semanticSeg_EMTuning Ln 1 Col 56

- = .

17
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Example #1 - OOD Configuration for MATLAB & NVIDIA GPUs

PennState

Institute for Computational
and Data Sciences

= Select MATLAB version

Home My Interactive Sessions RHEL7 MATLAB

Interactive Apps

Desktops

CIRHEL7 Interactive Desktop

CIRHEL7 QA Test (SOFTWARE
TESTING)

GUlIs

N\ RHEL7 ANSYS Workbench
& RHEL7 AVIZO

2. RHEL7 Abaqus/CAE

CRc g sevisiol Mu!lpﬁysms '

<) RHEL7 MATLAB

» RHEL7 Tecplot
Servers

= BYOE Jupyter Server
= RHELY Jupyter Server

@ RStudio Server

= Select GPU enabled node type

powered by

& OnDemand

RHEL7 MATLAB

This app will launch a MATLAB GUI on ACI-b. You will be able to interact with
the MATLAB GUI through a VNC session.

MATLAB version
latest version v

This defines the version of MATLAB you want to load.

MATLAB version v

20213

Number of Cores

4

Node type
ACH

e ACI-i - Use an ACIl-i node that has|GPU GL

acceleration

total RAM. Available for open account and allocation account
submissions.

ACI-b Basic Core - Use an ACI-b node without GPU GL acceleration,
20 available cores, and 128GB total RAM. Available for open account
and allocation account submissions.

ACI-b Himem Core - Use an ACI-b node without GPU GL acceleration,
40 available cores, and 1TB total RAM. Available for open account and
allocation account submissions.

O 1 would like to receive an email when the session starts

* All RHEL7 MATLAB session data is generated and stored under the user's home directory
in the corresponding data root directory.

4\ MathWorks'
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Example #2 - OOD Configuration for MATLAB & NVIDIA GPUs

MATLAB

This app will launch a MATLAB GUI on a HPC cluster or on a Frisco node. You will

THE

Atmospheric Sclences

be able to interact with the MATLAB GUI through a VNC session.
@ ATMOS Synoptic
GPU specification is optional for the partitions that have them.
= ATMOS5340
Cluster
Biinformatics
notchpeak j
» MIB2020 PR S
Chemical Engineering
CHEN Jupyter MATI._AB VerSIOﬂ
CHEN2450

R2021a

Select MATLAB version = This defines the version of MATLAB you want to load
3 Basic Interactive Desktop mv

CJExpert Interactive Desktop Number of hours
DES 24 3
B§ ANSYS Electronics Desktop Maximum wall time on notchpeak-shared-short is 8 hours, general nodes 72 hours,
owner nodes 14 days.
B ANSYS Workbench
Memory per job
2 Abaqus default
o COMSOL Multiphysics « default - Use default, 4 GB per task.
* 512M - Use 512 MB.
| IDL -

0 Lumerical DEVICE Suite GPU type:cou nt

# Mathematica

e GPU type

= RELION
o none - No GPU
SeleCt GPU type and Count —'SWA gl o k80 - Tesla K80 GPU(s) (double precision)
@ Code Server o 1080ti - GeForce 1080 Ti GPU(s) (single precision)
- Jupyter Lab o 2080ti - GeForce 2080 Ti GPU(s) (single precision)

o titanv - GeForce Titan V GPU(s) (single precision)
o 3090 - GeForce 3090 GPU(s) (single precision)

@ R Shiny app ) ) - :

o p40 - Tesla P40 GPU (single precision)

F— o v100 - Tesla V100 GPU(s) (double precision)

« Coot o al100 - Tesla A100 GPU(s) (double precision)

= Jupyter Notebook

@ RStudio server

20



Example #3 - OOD Configuration for MATLAB & NVIDIA GPUs

VIRGINIA
TECH.

= Select GPU queue and count

Home / My Interactive Sessions /

IDE

& Code Server

£ Eclipse

£ Nvidia-Nsight-Eclipse

® PyCharm

Intera Apps

€& AMDuProf

® Ansys Workbench

DeeplLabCut

% GAMS Studio

216GV

€ Jupyter Notebook -- test
conda env/module

£ Jupyter Notebook --Container

® LS-PrePos

& MATLAB

& MATLAB via VNC

@ PSPP

® ParaView

& Rstudio

£ Rstudio -- Rstudio 1.4.1717,
R>4.1

& VisIT

& qCIS

Cascades-DragonsTooth-Huckleberry

MATLAB

MATLAB

This app will launch an interactive Matlab session via HTML on one node.
Cluster

tinkercliffs v

Account
openondemand2
* The allocation you would like to use for SLURM.

Reservation

Partition

a100_normal_q

« Torequest a GPU enabled queue, preface it with v100_. Example:

v100_normal_g

1
Number of nodes (min-1, max-2)
1
Number of cores per node (min-1, max-128)

12

Number of GPUs per node (min-0, max-2)

Required modules

This should be spaced list of -compatible- modules as you would see in 'module
spider' for the node type targeted.

Click the blue hash and look at output.log and script.sh to troubleshoot module
errors.

1 would like to receive an email when the session starts

* The MATLAB session data for this session can be accessed under the data root
directory.

4\ MathWorks
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Example #4 - OOD with XDMoD for MATLAB+GPU Usage

@ My Interactive Sessions 5 All Apps

Ohio Supercomputer Center
An OH-TECH Consortium Member

OnDemand provides an integrated, single access point for all of your HPC r

Message of the Day

2021-07-07 - Please review your usage of /fs/ess

Recent improvements to a routine OSC accounting process resulted in larger adjustments to fil
usages than anticipated for some accounts. The updated metrics are more accurate but some

have less free space than expected. Please review your usage closely and, if necessary, remo
or request a quota expansion via OSCHelp to avoid exhausting your available space.

2020-03-16 - OSC Classroom Support

CLASSROOM RESOURCES FOR DISTANCE LEARNING

If your class has lost or limited access to computer labs, the Ohio Supercomputer Center might be able to help by 22.4% efficient 77.6% inefficent
providing no-cost access to cloud computing resources. Classes and workloads of any size can gain access.
OSC's web-browser interface to its substantial Linux computer systems provides novice users with virtual

desktops preloaded with applications, such as MATLAB, RStudio, or Jupyter Notebook.

As an example, an OSU undergrad statistics class recently used iPads to remotely access RStudio on OSC
systems. We can provide online demonstrations or evaluations and potentially add additional software packages.

Please contact OSCHelp@osc.edu to talk to OSC about distance-learning support options available to you. 2021-09-27 to 2021-10-27

Jobs Efficiency Report - Open XDMoD
2021-09-27 to 2021-10-27
17.89% efficient 82.2% inefficent

37 inefficent jobs/ 45 total jobs

155.2 inefficent core hours/200.1 total core
hours

Recently Completed Jobs -  Open XDMoD

D Name Date CPU

5819917 @ ondemand/sys 103 8
/dashboard
/devicodeserver

5822861 E ondemand/dev 103 @D
/dashboard

Isys/bc_osc_jupyter
15303938 @ ondemand/dev 103 D

L e |

GPU Utilization

‘ MathWorks:
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Next Steps

1. Enable and improve GPU access with MATLAB on your cluster.

2. Ensure the interface clearly shows GPU access and MATLAB capabilities.

3. Set up the MATLAB App on your site.
—  GITHUB link to Virginia Tech’s OOD MATLAB App
— https://qgithub.com/AdvancedResearchComputing/OnDemandApps/tree/main/bc vt matlab html

Contact us for help with setting up MATLAB on your cluster.
— nvidia@mathworks.com
—  Or put your contact info in the chat

24
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Technical Questions and Content Requests

- For technical questions and support go to the Open OnDemand Discourse

— https://discourse.osc.edu/c/open-ondemand/5

- What would you like to see next?
— Contact us: nvidia@mathworks.com

@ ‘ Ohio Supercomputer Center

An OH-TECH Mer

‘ W Open OnDemand » || all » ‘ alltags » | all v New (1) Unread (1)  Top

Announcements Get Help
& Open OnDemand sessions at Gateways'21 ®New OOD install: shows me the Apache
and SC'21 Conferences welcome screen. delete that conf, shows...
& Open OnDemand Monthly Open Office [ Timed out waiting for RStudio Server to
Hours open port
[ Open OnDemand tips and tricks calls [ Unable to launch fully containerized Rstudio

Collaborator Discussions

¥ Trello board roadmap

B Customize form field layout

&\ MathWorks

4+ New Topic 43

Feature Requests and Roadmap
Discussion

& What If we combined Job Templates and
Interactive App Forms?

Topic Replies Views Activity

* About the Open OnDemand category

W Open OnDemand 0 602 Sep'19
e

Discuss the Open OnDemand project roadmap, features, and designs. Also host FAQs and 2

troubleshooting here, as an alternative to the mailing list.

What If we combined Job Templates and Interactive App Forms? e 5 g 13 144 1h

M Feature Requests and Roadmap Discussion 0 votes

New OOD install: shows me the Apache welcome screen. delete that conf, shows the

autoindex. delete that, just get “/.” $ ’a 9 45 2h

W Get Help

Timed out waiting for RStudio Server to open port ‘n 6 2 39 6h

W Get Help

25
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Thank you!

Q&A / Discussion

Contact us: nvidia@mathworks.com
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