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MATLABComputer Vision Toolbox
▪ MATLAB is a programming environment 

for algorithm development, data 

analysis, visualization, and numeric 

computation.

▪ Simulink is a graphical environment for 

designing, simulating, and testing 

systems.

▪ More than 100 add-on products for 

specialized tasks.

Our Products

Simulink
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Automotive Test Analysis 
Validation time speed up 2X

Development time reduced 4 months

Calculating Derived Market Data
Updates speed up 8X

Updates reduced from weeks to days

Discrete-Event Model of Fleet Performance
Simulation time speed up 20X

Simulation time reduced from months to hours

Heart Transplant Study
Process time speed up 6X

4-week process reduced to 5 days

Results for scaling to more CPU cores and GPUs

User stories

https://www.mathworks.com/company/user_stories/search.html?q=&fq=product:DM&page=1
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MATLAB has built-in multithreading

Multi-core CPU

MATLAB

MATLAB multicore

https://www.mathworks.com/discovery/matlab-multicore.html
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Multi-core CPU

Parallel Computing Toolbox

Scale further with parallel computing

MATLAB

MATLAB multicore

https://www.mathworks.com/discovery/matlab-multicore.html
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Run multiple iterations with multiple CPU cores on a single machine

▪ Parallel tasks are handled by workers (MATLAB compute engines)

▪ Each worker can be process-based or thread-based

Multi-core CPU

MATLAB

Parallel Computing Toolbox
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Statistics and Machine Learning

Resampling Methods, k-Means 

clustering, GPU-enabled functions

Image Processing 

Batch Image Processor, Block 

Processing, GPU-enabled functions

Computer Vision
Bag-of-words workflow, 

object detectors

Additional automatic parallel support

Deep Learning

Deep Learning, Neural Network 

training and simulation

Signal Processing and Communications 
GPU-enabled FFT filtering, cross 

correlation, BER simulations

Estimation of gradients, parallel search

Optimization and Global Optimization

Enable parallel computing support by setting a flag or preference
Automatic parallel support (MATLAB)

http://www.mathworks.com/products/parallel-computing/parallel-support.html
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Run multiple classifiers at once with automatic parallel support
Demo: Classification Learner App

▪ Objective: visualize and classify 

cellphone sensor data of human activity

▪ Approach:

– Load human activity dataset

– Leverage multicore resources to train 

multiple classifiers in parallel
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Run independent iterations in parallel using parfor
Use cases: Parameter sweeps and Monte Carlo simulations

a = zeros(5, 1);

b = pi;

for i = 1:5

 a(i) = i + b;

end

disp(a)

a = zeros(5, 1);

b = pi;

parfor i = 1:5

 a(i) = i + b;

end

disp(a)

MATLAB

Workers
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Analog Devices Develops Smoke Detector Reference Design for 

Reducing Nuisance Alarms

Challenge
Create a smoke detector reference design that reduces 

nuisance alarms and meets recently established industry 

standards

Solution
Create a smoke detector reference design that reduces 

nuisance alarms and meets recently established industry 

standards

Results
▪     Months of development time saved

▪     Parameter tuning time cut from hours to minutes

▪     Certification tests passed on first attempt

Link to user story

An illustration of an ADPD188BI optical sensor measuring the 

reflectivity of a detection chamber in the presence of smoke 

particles, which is then converted to a power transfer ratio (PTR) 

for normalized operation.

“The sweeps that we ran to tune parameter values initially took 

22 hours,” says Collins. “Parallel Computing Toolbox helped 

us reduce that time to 25 minutes on a multicore processor. 

That meant we could fine-tune our algorithms in a matter of 

minutes instead of almost a full day.”

- Travis Collins, Analog Devices 

https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
https://www.mathworks.com/company/user_stories/analog-devices-develops-smoke-detector-reference-design-for-reducing-nuisance-alarms.html?s_tid=srchtitle
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Leverage NVIDIA GPUs directly without learning CUDA

▪ Parallel Computing Toolbox leverages the GPU at a device level

▪ A single worker or base process can use all GPU cores

▪ 1000+ supported functions in MATLAB and Toolboxes

MATLAB

Parallel Computing Toolbox

GPU

https://www.mathworks.com/help/referencelist.html?type=function&listtype=alpha&category=index&blocktype=&capability=gpuarrays
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MATLAB GPU computing

Run functions on a GPU by setting a flag or preference

https://www.mathworks.com/discovery/matlab-gpu.html
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Results for accelerating with NVIDIA GPUs

10x speedup 
deep learning training

77x speedup 
wave equation solving

12x speedup 
using Black-Scholes model

14x speedup 
 template matching routine

10x speedup 
K-means clustering algorithm

44x speedup 
simulating the movement of celestial objects 

NVIDIA Titan V GPU, Intel® Core i7-8700T Processor (12MB Cache, 2.40GHz)

Run MATLAB functions on a GPU

https://www.mathworks.com/help/parallel-computing/run-matlab-functions-on-a-gpu.html
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Run functions on a GPU with gpuArray

MATLAB GPU computing

https://www.mathworks.com/discovery/matlab-gpu.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

“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

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).

http://www.mathworks.com/company/user_stories/nasa-langley-research-center-accelerates-acoustic-data-analysis-with-gpu-computing.html?by=company
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Save time by using more resources without recoding
van der Pol Equation study with parfor
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Scale to clusters and clouds without recoding

▪ Prototype on the desktop and scale without changing code

▪ Access directly through MATLAB API using existing scheduler infrastructure

MATLAB Parallel Server

GPU

Multi-core CPU

GPU

Multi-core CPU
MATLAB (and Simulink)

Parallel Computing Toolbox



23

MATLAB in HPC without MATLAB Parallel Server 

To do for cluster admin:

• Install & license MATLAB on HPC cluster

Cluster Network

Company Network

Users will tie up MATLAB licenses on the cluster (may cause 

denials for others).  Users will want access to the most 

powerful machines (limited capacity).

GPU

Multi-core CPU

Cluster headnode/

Login Node

Scheduler manages 

MATLAB jobs, like all 

other software on the 

cluster

SSH

User workstation

1. Develop and prototype in MATLAB on your workstation

2. Transfer code and data to the cluster

3. Log into the cluster to submit batch job via shell

4. Periodically check job progress and results by logging into the cluster

5. Transfer results back to client and post process with MATLAB

User skills required: MATLAB, scp/sftp/Filezilla, shell scripting, 

knowledge of scheduler syntax, etc.
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MATLAB in HPC with MATLAB Parallel Server: 

Submitting jobs directly from the cluster

SSH

1. Develop and prototype in MATLAB on your workstation

2. Transfer code and data to the cluster

3. Log into the cluster to submit batch job via shell

4. Periodically check job progress and results by logging into the cluster

5. Transfer results back to client and post process with MATLAB

GPU

Multi-core CPU

To do for cluster admin:

• Install & license MATLAB Parallel Server on HPC cluster

• License MATLAB on the HPC cluster

• Integrate MATLAB Parallel Server with your scheduler

User workstation

Cluster headnode/

Login Node

User skills required: MATLAB, scp/sftp/Filezilla, shell scripting, 

knowledge of scheduler syntax, etc.

Cluster Network

Company Network

Scheduler manages 

MATLAB jobs, like all 

other software on the 

cluster

MATLAB licenses are not tied up on the HPC cluster.  Users 

can scale even if powerful machines are not available.
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Run MATLAB in HPC with MATLAB Parallel Server: 

Submitting jobs directly from a user workstation

To do for cluster admin:

• Install & license MATLAB Parallel Server on HPC cluster

• Integrate MATLAB Parallel Server with your scheduler 

• Test and validate user’s MATLAB client environment

1. Develop and prototype in MATLAB on your workstation

2. Submit job directly from MATLAB on your workstation

3. MATLAB automatically transfers your dependencies.  It is a good 

practice to manually transfer large files.

4. Check job progress and results from MATLAB on your workstation

5. Retrieve results and post process in MATLAB on your workstation

User skills required: MATLAB

GPU

Multi-core CPU

Cluster headnode/

Login Node

Cluster Network

Company Network

Scheduler manages 

MATLAB jobs, like all 

other software on the 

cluster

MATLAB licenses are not tied up on the HPC cluster.  Users 

can scale even if powerful machines are not available and 

never have to leave MATLAB.

User workstation
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Aberdeen Asset Management Implements Machine Learning–Based 

Portfolio Allocation Models in the Cloud 

Challenge
Improve asset allocation strategies by creating 

model portfolios with machine learning techniques

Solution
▪ Use MATLAB to develop classification tree, 

neural network, and support vector machine 

learning models

▪ Enable rapid results using MATLAB Parallel 

Server to run the models in the Azure cloud 
 

Results
▪ Processing times cut from 24 hours to 3

▪ Quickly validate results by iterating multiple 

machine learning models

Link to user story

Interns using MATLAB at Aberdeen Asset Management.

“Our processing times went from 24 hours to 3 when we started running 

on the Azure cloud with MATLAB Parallel Server,” notes Mann. “Because 

the job scheduler is integrated into MATLAB, it’s easy to take advantage 

of parallel computing just by opening a pool and using parfor loops.”

- Emilio Llorente-Cano, senior investment strategist at Aberdeen Asset 

Management

https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
http://www.mathworks.com/company/user_stories/aberdeen-asset-management-implements-machine-learning-based-portfolio-allocation-models-in-the-cloud.html?s_tid=srchtitle
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Easily create MATLAB clusters using MATLAB Parallel Server 

MATLAB 

Client)

Worker

Worker

Worker

Additional information

MATLAB 

Job 

Scheduler 

Headnode

https://www.mathworks.com/help/matlab-parallel-server/integrate-matlab-job-scheduler.html


28

Run at the application level with your scheduler

Scheduler Ready to use 

options

Customizable via generic 

scheduler API

Example Plugins 

available

Slurm   

Microsoft® Windows® HPC 

Server


Grid Engine family  

IBM® Platform LSF   

PBS family   

HTCondor  

Other schedulers 

Additional information

https://www.mathworks.com/products/matlab-parallel-server/supported.html
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Easily discover and connect to clusters to scale your workflows
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MATLAB Parallel Server for Campus-Wide License

▪ One license, no limits

– License allows unlimited scaling for all users

– Network license manager (Flex)

▪ Typically used with HPC centers, organizational clusters, or departmental clusters

▪ One activation can simultaneously serve multiple clusters on the same network

– Online licensing

▪ Typically used with cloud clusters, personal clusters, or group clusters

▪ Eliminates the need to set up a network license manager
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Local Desktop

Scale up on the cloud with Parallel Computing Toolbox and 

MATLAB Parallel Server

Cloud Machine

Cloud Cluster

……
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MATLAB DriveSimulink OnlineMATLAB Online

MATLAB Online is the fastest and easiest way to 

use MATLAB in the Cloud

• Instant access to the latest MATLAB & Simulink

• Cloud Infrastructure managed by MathWorks

• Use MATLAB Drive to store, manage, share 

files and collaborate across teams

Benefits

MATLAB Online had over 1 million users in 2020
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Create and manage cloud clusters in the Azure Marketplace
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Create and manage cloud clusters with cloud reference architectures

https://github.com/mathworks-ref-arch

▪ What’s included:

– Virtual machine images

– Cloud templates

– Architecture diagrams

– Step-by-step instructions

https://github.com/mathworks-ref-arch
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Cloud Center makes it easy to create and access AWS 

clusters for parallel computing

What’s included:

✓ Web wizard or MATLAB interface to 

create and manage cloud clusters and 

credentials

• Quickly set up compute clusters on AWS

• Customizable for your specific needs

• Accessible from within MATLAB sessions

• Manage and use like any other clusters

• Minimize costs with auto-resizing and 

automatic cluster termination

Benefits

Cloud Center
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Cloud scaling resources

Solution MATLAB MATLAB Parallel Server 

Cloud Center Link Link

AWS Reference Architecture Link Link

Azure Reference Architecture Link Link

AWS Batch Reference Architecture Link

Azure Marketplace Link Link

MATLAB Online Link

 



















Learn more about running 

MATLAB and Simulink in the cloud

https://www.mathworks.com/help/cloudcenter/mathworks-cloud-center.html
https://www.mathworks.com/help/cloudcenter/ug/start-and-test-your-first-cluster.html
https://github.com/mathworks-ref-arch/matlab-on-aws
https://github.com/mathworks-ref-arch/matlab-parallel-server-on-aws
https://github.com/mathworks-ref-arch/matlab-on-azure
https://github.com/mathworks-ref-arch/matlab-parallel-server-on-azure
https://github.com/mathworks-ref-arch/matlab-parallel-server-with-aws-batch
https://www.mathworks.com/help/cloudcenter/ug/run-matlab-from-azure-marketplace.html
https://azuremarketplace.microsoft.com/en-us/marketplace/apps/mathworks-inc.matlab-parallel-server-listing?tab=Overview
https://www.mathworks.com/products/matlab-online.html
https://www.mathworks.com/solutions/cloud.html
https://www.mathworks.com/solutions/cloud.html
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Use MATLAB Container on NVIDIA GPU Cloud for Deep Learning 

tasks

▪ Preconfigured Docker container

▪ MATLAB + 9 Toolboxes for Deep Learning

▪ Several Pretrained Convolutional Neural 

Networks

https://ngc.nvidia.com/catalog/containers/partners:matlab

Virtual Machine

VNC

NVIDIA GPU Cloud 

container registry

docker pull 
nvcr.io/partners/matlab:r2019a

AWS p3 or Azure NC-series

SSH

nvidia-docker run -it --rm -p 
5901:5901 -p 6080:6080

https://ngc.nvidia.com/catalog/containers/partners:matlab
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We provide a choice of deployment methods for Cloud and 

Containers with a variety of offerings

Easier to use       Ease Of Use                                

       Customization              More Customizable

MathWorks Cloud

Runs in the MathWorks 

Cloud

Marketplace Offerings

Runs in your Azure account

Cloud Center

Runs in your AWS account

Reference Architecture 

Run in your AWS or Azure 

account

Learn more about running 

MATLAB and Simulink in the cloud

https://www.mathworks.com/solutions/cloud.html
https://www.mathworks.com/solutions/cloud.html
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Big data workflows

ACCESS DATA

More data and collections

of files than fit in memory

DEVELOP & PROTOTYPE ON THE DESKTOP

Adapt traditional processing tools or 

learn new tools to work with Big Data

SCALE PROBLEM SIZE

To traditional clusters and Big 

Data systems like Hadoop 
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Access data with datastore

▪ For:

– Handling collections of files
or large files

▪ Provides:

– Preview and configure I/O properties

– Read data into memory
(all at once, or incrementally)

– Transform data one file at a time for 
data engineering workflows

– Combine with tall arrays to analyze 
the entire out-of-memory dataset 
with few code changes
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tall arrays

▪ Designed for tabular data that doesn’t fit into memory

▪ Incrementally reads in data for processing

▪ Looks like a normal in-memory MATLAB array

– Supports several hundred functions for basic math, stats, indexing, etc.

– Statistics and Machine Learning Toolbox support 

    (clustering, classification, etc.)

Working with tall arrays

https://www.mathworks.com/help/matlab/tall-arrays.html
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tall array

Cluster of

 Machines

Memory

Single

 Machine

Memory

tall arrays

▪ With Parallel Computing Toolbox, 

process several “chunks” at once

▪ Can scale up to clusters with 

MATLAB Parallel Server 

Single

 Machine

MemoryProcess

Single

 Machine

MemoryProcess

Single

 Machine

MemoryProcess

Single

 Machine

MemoryProcess

Single

 Machine

MemoryProcess

Single

 Machine

MemoryProcess
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distributed arrays

▪ Distribute large matrices across workers running on a cluster

▪ Support includes matrix manipulation, linear algebra, and signal processing

▪ Several hundred MATLAB functions overloaded for distributed arrays

11 26 41

12 27 42

13 28 43

15 30 45

16 31 46

17 32 47

20 35 50

21 36 51

22 37 52

MATLAB Parallel Server

MATLAB

Parallel Computing Toolbox
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tall arrays vs. distributed arrays

▪ tall arrays are useful for out-of-memory tabular datasets

– Can be used on a desktop, cluster, or with Spark/Hadoop

▪ distributed arrays are useful for in-memory datasets on a cluster

– Can be any shape (“tall”, “wide”, or both)

– Create custom functions with spmd + spmdReduce

Tall Array Distributed Array

Support Focus Data Analytics, Statistics and 

Machine Learning

Linear Algebra, Matrix 

Manipulations

Data Shape – Tall ✓ ✓

Data Shape – Wide ✓

Prototype on Desktop ✓ ✓

Helps on Desktop ✓

Run on HPC ✓ ✓

Run on Spark/Hadoop ✓

Fault Tolerant ✓
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IDNEO Develops Embedded Computer Vision and 

Machine Learning Algorithms for Interpreting Blood Type Results

Challenge
Automate the visual interpretation of cards used 

by hospital staff to determine patient blood 

antigenic typing

Solution
Use MATLAB to develop, test, and generate 

embedded code for image analysis and machine 

learning algorithms

Results

▪ Accuracy requirements exceeded

▪ Project completion time halved 

▪ Code Optimized system delivered

“With the time we saved by generating code with Embedded 

Coder, we were able to experiment with new features and 

complete additional iterations in MATLAB, incorporating 

customer feedback on the early prototypes.”

- Marc Blanch, IDNEO

Link to user story

The Grifols MDmulticard.

https://www.mathworks.com/company/user_stories/idneo-develops-embedded-computer-vision-and-machine-learning-algorithms-for-interpreting-blood-type-results.html
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Corify Care Develops Noninvasive Arrhythmia Treatment with 

Machine Learning

Challenge
Improve arrhythmia diagnosis and treatment while 

reducing costs. 

Solution

▪ Use MATLAB for signal processing and machine 

learning to filter and produce clean data, and train

the algorithms with patient data and modeling.

Key Outcomes
▪ The Acorys system provides a near real-time map of 

the heart and its electrical activity.

▪ The heart map shows how electrical activity 

propagates through the heart to identify arterial 

fibrillation (Afib) and other arrhythmias, enabling 

targeted treatment.

“Acorys is halfway between an electrocardiogram 

and the invasive catheter procedure. We get 

similar results to the invasive mapping with 

catheters but do so noninvasively as with ECGs.” 

— Javier Milagro, chief operating officer, Corify 

Care

An early prototype of the Corify Care Acorys System 

showing a near real-time map of a patient’s heart.

Link to feature story

https://www.mathworks.com/develop/review/corify-care-machine-learning-improves-ecg-technology.html
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Bitsphi Diagnosis Decodes Brain Signals to Identify ADHD

Challenge
Use a cognitive mathematical model to provide more concise 

diagnosis of cognitive disorders such as ADHD.

Solution

Test the model and analyze brain data with Signal Processing 

Toolbox and MATLAB. Use EEG data to train a neural network 

in MATLAB and use deep learning to accelerate diagnosis.

Key Outcomes
▪ A deep learning algorithm computes the probability that a 

child has ADHD and helps determine if the child has the 

hyperactive and/or inattentive subtype of ADHD

▪ A clinician-facing application displays test results, 

developed with support from the MathWorks Accelerator 

Program

“MATLAB allows us to reduce our development 

efforts and focus on the core of our technology.”

— Miguel Blanco Carmona, CTO of Bitsphi

Clinician-facing MATLAB application showing various 

images of the EEG capture. (Image credit: Bitsphi 

Diagnosis)

Link to feature story

Replace image

https://www.mathworks.com/products/startups.html
https://www.mathworks.com/products/startups.html
https://www.mathworks.com/company/mathworks-stories/deep-learning-decodes-brain-signals-to-identify-adhd.html
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Summary

▪ Leverage parallel computing without needing to be a parallel expert

▪ Parallelize MATLAB applications using high-level constructs 

▪ Run multiple Simulink simulations in parallel

▪ Use NVIDIA GPUs directly from MATLAB

▪ Prototype on the desktop and scale to clusters and clouds

▪ Explore, process, and analyze big data in MATLAB
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Accelerating and Parallelizing MATLAB Code (2 days)

For more information or to sign up for public trainings, visit 

https://www.mathworks.com/training-schedule/accelerating-and-parallelizing-matlab-code.html 

• Reduce time to execute code
➢ From minutes to seconds

➢ From days / weeks to hours

• Reduce time to (re)write code by
➢ Efficient, hands-on learning 

➢ Using proven best practices

Profiling &

Vectorizing
MEX-Files GPU

Computing

Parameter 

Sweeps
Multiple Cores

Cluster / Cloud

https://www.mathworks.com/training-schedule/accelerating-and-parallelizing-matlab-code.html


Learn more about MathWorks, our products, and our services at 

mathworks.com and on social media: 
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