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Artificial Intelligence

Machine Learning

AI, Machine Learning and Deep Learning

Deep Learning

Timeline
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Automated Driving

Speech Recognition

RoboticsObject Recognition

Bioinformatics

Recommender Systems

Spam Detection

Fraud Detection

Weather Forecasting

Algorithmic Trading 

Sentiment Analysis

Medical Diagnosis

Health Monitoring

Computer Board Games

Machine Translation

Knowledge Representation

Perception

Reasoning

Interactive Programs

Expert Systems
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Standard Approach

Machine Learning in Practice

Machine Learning Approach

𝑚𝑜𝑑𝑒𝑙 = <
𝑴𝒂𝒄𝒉𝒊𝒏𝒆
𝑳𝒆𝒂𝒓𝒏𝒊𝒏𝒈
𝑨𝒍𝒈𝒐𝒓𝒊𝒕𝒉𝒎

>(factors, trade decision)

Computer

Program

𝑚𝑜𝑑𝑒𝑙: Inputs → Outputs
Hand Written Program Formula or Equation

If RSI > 70

then “SELL”

If MACD > SIG and RSI <= 70

then “HOLD”

…

𝑌Trade
= 𝛽1𝑋RSI + 𝛽2𝑋𝑀𝐴𝐶𝐷

+ 𝛽3XTSMom +
…

Hold

Buy

Sell

Hold Machine 

Learning Hold

Buy

Sell

Hold
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Challenges

• Volume, Velocity, 

Variety 

• Data Cleaning 

80-20 rule

Data Challenges
Production 

Challenges

Modeling 

Challenges

Documentation 

and Reporting

• No “one size fits 

all” solution

• Lack of 

transparency 

• Lack of model 

traceability

• Model 

governance and 

reporting

• Scalability

• Interfacing with 

other systems

• Cloud-ready

Model Management
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▪ Create Credit Scorecard to predict Default

▪ Build a Challenger Machine Learning model

Consumer Credit Risk Modeling

Default / 

Non-Default
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Model Review and Validation techniques for Machine Learning

▪ Review of model training/testing procedure

▪ Determination of whether model hyperparameters are appropriate

▪ Calculation of metrics for determining model accuracy and robustness

▪ Building traditional models to test challenger models against
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Summary of Solutions

▪ Rich visualizations to extract insight quickly

▪ Easily tune/fit logistic and other complex 

Machine Learning models

▪ Build prototypes and scale without recoding

▪ Automate reporting
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Definition and 
Development

Review and 
Approval

Quality 
Assurance, 

Pre-
implementation 

validation

Implementation 
and Deployment

Monitoring, 
Reporting and 
Performance 
Assessment

Model 

Inventory

Model developers, 

quants, analysts.

Business lines

Independent model 

review and audit 

Regulator

Model Validation, IT

IT, front-office 

End-users

Risk management

Board and stakeholders

Regulator

Model Owners

Model Governance Lifecycle
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Demo: Sentiment Analysis of Tweets

Goal:

▪ Analyze the sentiment of tweets for several 

securities and compare the sentiment 

scores to stock prices

Approach

▪ Access data from Twitter

▪ Preprocess to clean-up text and deal with 

domain-specific terms

▪ Predict sentiment from word embedding 

▪ Compare sentiment scores to prices
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Workflow

Tweets

Positive + Negative Word List

Word Embedding

Machine Learning Model

Scoring Algorithm

Score
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What is Deep Learning?  

▪ Type of machine learning in which a model 

learns to perform classification and 

regression tasks directly from images, text, 

or sound.

▪ Usually implemented using a neural 

network architecture.

▪ The term “deep” refers to the number of 

layers in the network—the more layers, the 

deeper the network. 
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Why is Deep Learning So Popular Now? 

Source: ILSVRC Top-5 Error on ImageNet

Human

Accuracy
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Machine Learning vs Deep Learning

Deep learning performs end-to-end learning by learning features, representations and tasks directly 

from images, text, and signals

Machine Learning

Deep Learning
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MATLAB Differentiators for AI / Deep Learning

▪ MATLAB
– makes it easy to learn and use deep learning techniques

– provides complete workflow from research to prototype to production (enterprise or embedded systems)  

▪ It enables analysts to
– Access pretrained models from Caffe and TensorFlow-Keras

– Automate ground-truth labeling with Apps

– Visualize intermediate results and debug deep learning models

– Accelerate model training using NVidia GPUs, Cloud and Clusters

– Automatically convert deep learning models to CUDA or C code for cloud or embedded deployment 

Training & InferencePretrained Models
from Deep Learning Frameworks
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With GPU Coder, MATLAB is fast

Faster than TensorFlow,

MXNet, and PyTorch

Intel® Xeon® CPU 3.6 GHz - NVIDIA libraries: CUDA9 - cuDNN 7 - Frameworks: TensorFlow 1.8.0, MXNet 1.2.1, PyTorch 0.3.1
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Using MATLAB with Python

▪ Three ways to integrate:

– Calling Python from MATLAB

– Calling MATLAB from Python

– Packaging MATLAB programs for

scalable deployment with Python

Algorithm

Developers

Users
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Price Trend Predictor – Regression Modeling

▪ Goal:

– Cryptocurrency price forecaster

▪ Approach:

– Use Python libraries for web scraping

– Rapidly iterate through predictive models
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▪ Share applications with those who do not need MATLAB

▪ Royalty free

▪ MATLAB Production Server provides most efficient path 

for secure and scalable enterprise applications

MATLAB

MATLAB

Compiler SDK

C/C++
Excel
Add-in JavaHadoop .NET

MATLAB

Compiler

MATLAB
Production

Server

Standalone
Application

Sharing MATLAB Applications

MATLAB
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MATLAB App Designer Apps – Web Browser Deployment

.ctf

1 Create application in MATLAB App Designer

2 Share application as a web app (creates .ctf)

Copy .ctf to 

Web Apps 

server

Anyone can install the Web 

Apps server

4

3

Access the web app through 

browser (IE 11 or Chrome)6

Manage the server e.g. 

start/stop5

Authoring One-time server installation Access
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Enterprise Challenges

▪ Need to provide access to multiple users concurrently 

▪ Need to deploy multiple applications 

▪ Need to integrate with multiple technologies

▪ Support multiple MATLAB versions
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▪ C/C++

▪ Java

▪ C# and .NET

▪ Python

▪ Excel

▪ COM Automation Server

▪ RESTful, HTTP, and WSDL web 

services

Enterprise Deployment and Scalability of MATLAB

Web

Server

Application

Server

Database Server

Pricing

Risk

Analytics

Scenario 

Generation

MATLAB Production Server

MATLAB

Compiler SDK

Web 

Applications

Desktop 

Applications

Excel
Add-in

Batch 

Applications
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Challenges

• Volume, Velocity, 

Variety 

• Data Cleaning 

80-20 rule

Data Challenges
Production 

Challenges

Modeling 

Challenges

Documentation 

and Reporting

• No “one size fits 

all” solution

• Lack of 

transparency 

• Lack of model 

traceability

• Model 

governance and 

reporting

• Scalability

• Interfacing with 

other systems

• Cloud-ready

Model Management
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Consulting Services – Analytics

Data

Management

Model

Creation

App

Development
Enterprise 

Deployment

Our products and services cover the entire end-to-end data analytics workflow.

• Map data flows

• Connect to data

• Preprocessing

• Analysis

• Predictive modeling

• Scenario analysis

• Data products

• Architecture

• Custom GUIs

• Component 

integration

• Deployment & 

system integration

• Distributed 

computing

• Maintenance
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Training Services
Exploit the full potential of MathWorks products

▪ CPE APPROVED PROVIDER: Earn one CPE credit per hour of 

content.

▪ Flexible training: Attend classes available around the world, at your own 

work site, or on the Web

▪ Expert trainers: Our instructors possess unparalleled knowledge of 

MathWorks products, gained through the completion of many successful 

projects throughout multiple industries 

▪ Effective teaching methods: Benefit from real-world examples and 

individualized attention and customized content

mathworks.com/training

http://www.mathworks.com/training
mathworks.com/training
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Self Paced Training

▪ Priced dropped by ~ 60%

▪ Relevant for Basic, Intermediate, Advanced users

▪ MATLAB Fundamentals: $500

▪ MATLAB for Financial Applications: $500

▪ MATLAB for Data Processing and Visualization: $200

▪ MATLAB Programming Techniques: $350

▪ Machine Learning with MATLAB: $350

▪ Deep Learning with MATLAB: $350

https://www.mathworks.com/training-schedule/matlab-fundamentals
https://www.mathworks.com/training-schedule/matlab-for-financial-applications.html
https://www.mathworks.com/training-schedule/training_classes/show?class_format=SPO&page=1&url=matlab-for-data-processing-and-visualization
https://www.mathworks.com/training-schedule/matlab-programming-techniques.html
https://www.mathworks.com/training-schedule/machine-learning-with-matlab.html
https://www.mathworks.com/training-schedule/deep-learning-with-matlab.html
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Finance Curriculum

Portfolio Management
For portfolio managers implementing asset 

allocation strategies.

Prerequisites
For engineers who are new to MathWorks tools.

Risk Management
For risk analysts, risk managers, portfolio 

managers, and other financial professionals who 

analyze, assess, and manage risk.

Time-Series Modeling
For professionals performing quantitative data 

analytics.

Application Development
For professionals developing and maintaining 

complex, standalone applications.

Self-paced Online Course
* All online courses can be offered in a classroom

Soft Prerequisite

** Onsite trainings can be customized

Statistical Methods in MATLAB

(2 days)

Market Risk Management with 

MATLAB

(1 days)

Time Series Modeling in MATLAB

(1 days)

Machine Learning with MATLAB

(2 days)

MATLAB Onramp

(2 hrs)

MATLAB for Financial 

Applications

(3 days)

Optimization Techniques in 

MATLAB

(1 day)

Statistical Methods in MATLAB

(2 days)

MATLAB for Asset Allocation

(1 days)

Building Interactive Applications 

in MATLAB

(1 day)

Object Oriented Programming 

with MATLAB

(2 days)

Accelerating and Parallelizing 

MATLAB Code

(2 days)

MATLAB Programming 

Techniques

(2 days)

Credit Risk Management with 

MATLAB

(1 days)

TimeSeries Modeling in MATLAB

(1 day)

https://www.mathworks.com/training-schedule/statistical-methods-in-matlab
https://www.mathworks.com/training-schedule/training_classes/show?country_facet=US&page=1&state_facet="New+York"&url=market-risk-management-with-matlab
https://www.mathworks.com/training-schedule/time-series-modeling-in-matlab.html?s_tid=tglp_cr_mlcf-tsm
https://www.mathworks.com/training-schedule/machine-learning-with-matlab.html
https://www.mathworks.com/training-schedule/matlab-for-financial-applications
https://www.mathworks.com/training-schedule/optimization-techniques-in-matlab
https://www.mathworks.com/training-schedule/statistical-methods-in-matlab
https://www.mathworks.com/training-schedule/matlab-for-asset-allocation
https://www.mathworks.com/training-schedule/building-interactive-applications-in-matlab
https://www.mathworks.com/training-schedule/object-oriented-programming-with-matlab
https://www.mathworks.com/training-schedule/accelerating-and-parallelizing-matlab-code
https://www.mathworks.com/training-schedule/matlab-programming-techniques
https://www.mathworks.com/training-schedule/credit-risk-management-with-matlab
https://www.mathworks.com/training-schedule/time-series-modeling-in-matlab.html
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MATLAB is only a desktop tool.That is a myth.
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Preprocess Data
Develop Algorithms 

and Models
Integrate with Systems

MATLAB

Request

Broker

MATLAB Production Server Azure

IoT Hub PI System

AWS

Kinesis

Typical data analytics workflow with MATLAB 

Azure

Blob

PI System

Databases

Cloud Storage

Cosmos DB

Big Data / OT

Access and Explore 

Data

Streaming/OT

Dashboards

Embedded

MATLAB Distributed 

Computing Server
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Agenda

▪ Introduction

▪ Developing on the cloud 

▪ Scaling to the cloud 

▪ Deploying in the cloud 

▪ Summary

MATLAB Parallel Server

Request 

Broker

Worker 

processes

MATLAB Production Server
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Cloud Computing

Definition

▪ Resource pooling

▪ Broad network access

▪ Rapid elasticity

▪ On-demand self-service

▪ Measured service

Source: National Institute of 

Standards and Technology

Source: Wikipedia 

https://en.wikipedia.org/wiki/Cloud_computing
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Cloud adoption is accelerating  

▪ Increasing appeal in the trade-off between capital vs. 

variable expense with pay-as-you go 

– Agility affords more robust solutions with faster time to market

▪ Decreasing concerns about all aspects of security

– Cloud vendors comply with government regulations and laws

– Internal infrastructure might not be as secure as it was perceived

▪ Offering continue to evolve

– Quality of service

– Storage and databases

– Application-specific services, e.g., analytics, machine learning, IoT
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Applications:

▪ Data analytics

▪ Machine learning

▪ Condition monitoring

▪ Predictive Maintenance

▪ Health monitoring

▪ Asset Analytics

▪ Industrial Internet of Things

▪ ….

Four primary use cases: 

▪ Co-locating MATLAB with data 

stored in the cloud

▪ Computation on specialized 

hardware: Multi-core, GPU, FPGA

▪ Scalability to virtual clusters

▪ Deployment to elastic infrastructure, 

integration with enterprise software

Increasing demand for MATLAB in the cloud
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BuildingIQ
Adaptive building energy management
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BuildingIQ
Adaptive building energy management

Opportunity

Reduce HVAC energy consumption

Analytics

▪ Data: Power meters, thermometers, and pressure sensors; 

weather and energy cost, comprising billions of data points

▪ Machine learning: SVM regression, Gaussian mixture 

models, k-means clustering

▪ Optimization: multi-objective, constrained

▪ Controls: analyze system-response dynamics

▪ Hardware: Runs on the cloud, schedule is sent to the 

building 

Result

Typical energy consumption reduced 15-25%

Link to User Story

http://www.mathworks.com/tagteam/82631_92267v00_BuildingIQ_UserStory_final.pdf
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Agenda

▪ Introduction

▪ Developing in the cloud 

▪ Scaling to the cloud 

▪ Deploying in the cloud 

▪ Summary

MATLAB Parallel Server

Request 

Broker

Worker 

processes

MATLAB Production Server
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Developing on the cloud 
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MATLAB users want to get things done anywhere, on any device

▪ Instant access

▪ Work and learning to happen 

anywhere, unconstrained by location

▪ Solutions that play well on any device
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Access MATLAB from your web browser 
MATLAB Online

▪ Hosted on the MathWorks Cloud

– Latest version of MATLAB - No downloads, 

no installs needed

– Access through your browser – anytime, 

anywhere

– Supports desktops, laptops, Chromebooks

– Share files with others directly

▪ Available with many license types

– Including Individual, Total Academic 

Headcount, Student, Home, etc.

– Must be current on MathWorks Software  

Maintenance Service

https://www.mathworks.com/products/matlab-online.html

“I love MATLAB Online. It’s the most exciting addition I’ve 
seen since I started using MATLAB twenty-five years ago.”

-Dr. Mike Fitzpatrick, Vanderbilt University

https://www.mathworks.com/products/matlab-online.html
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Explore and analyze problems in a single, interactive environment 
MATLAB Live Editor

▪ View, create and run Live Scripts

– Interactive documents that combine 

code with formatted text, equations, 

and images 

▪ Eliminate context switches

– Store and display output alongside the 

code that creates it

– Add text, equations, LaTeX

▪ Available on desktop MATLAB and 

MATLAB Online
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Demo: Using Live Scripts in MATLAB Online
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Connect to MATLAB from your iPhone, iPad or Android device 
MATLAB Mobile

▪ Create, edit, view and run MATLAB 

files, visualize data

▪ Acquire data from device sensors like 

accelerometer, GPS etc.

– Lightweight exploration on your device, or 

analysis on MATLAB

▪ Connect to the cloud and to MATLAB 

running on your computer

▪ Lightweight app suited for teaching, 

learning and quick prototyping

“To someone who thinks in MATLAB, it is great for 
allowing you to explore a problem on the move.”

https://www.mathworks.com/products/matlab-mobile.html

https://www.mathworks.com/products/matlab-mobile.html
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Store, access and manage files from anywhere 
MATLAB Drive 

▪ Cloud-based storage for your files

– Access from MATLAB Online and MATLAB 

Mobile

– Access from your desktop with the MATLAB 

Drive Connector

– Browser-based access at drive.matlab.com

▪ Two storage quota options

– 250 MB free storage with MathWorks Account

– 5 GB with MATLAB license current on 

MathWorks Software Maintenance Service

https://www.mathworks.com/products/matlab-drive.html

https://www.mathworks.com/products/matlab-drive.html
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Built-in MATLAB Language Support for Cloud Data Services

Support provided by Data Services
Datastore Blob Storage

(read, out of memory data)

Database Toolbox

(standard ODBC/JDBC)

Azure SQL Database Azure Database for 

MySQL/PostgreSQL

SQL Data Warehouse SQL Server Stretch 

Database
Support Packages

(provided via pilot engagement)

Blob Storage: Blob, 

Table, File
(read/write/delete, 

encryption, access control)

Data Lake
(read/write/delete, 

encryption, access control)

CosmosDB: MongoDB,  

Cassandra, Table 

interfaces

Datastore Amazon S3
(read, out of memory data)

Database Toolbox

(standard ODBC/JDBC)

Amazon Aurora Amazon RDS for 

PostreSQL/MySQL/Mar

iaDB/Oracle/SQL 

Server
Support Packages

(provided via pilot engagement)

Amazon S3
(read/write/delete, 

encryption, access control)

Amazon EFS
(NFS/Linux)

Amazon Athena
(Query of S3 data)

Data ServicesSupport Provided By:

https://www.mathworks.com/help/matlab/import_export/read-remote-data.html#mw_11daa39e-c1f6-475d-927b-87dc94718b99
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/matlab/import_export/read-remote-data.html#bvn_hcu-2
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html
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MATLABAWS

Athena

Service

AWS

S3

Example: Access Data in S3 from MATLAB

Datastore
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MathWorks provides an ecosystem to develop on the cloud

Browser-based access to MATLAB 
Get started instantly (no downloads, 
no install, no platform restrictions)

Access to MATLAB from iOS or Android devices 
Quick, lightweight prototyping, follow along 
from your mobile device

Cloud storage for your files
Access files anywhere (your computer, 
MATLAB Online, MATLAB Mobile)

MATLAB Online MATLAB Mobile

Desktop MATLAB

Live Editor

MATLAB Drive
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Cloud Reference Architectures

▪ Published on GitHub, by MathWorks

– Cloud templates

– Architecture diagram

– Step-by-step instructions

▪ Automates the process of launching 

MathWorks platform products in the cloud

– MATLAB

– MATLAB Distributed Computing Server

– MATLAB Production Server

▪ Supports Azure AWS and Microsoft Azure 

out of the box

http://www.github.com/mathworks-ref-arch
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MATLAB & Simulink
Cloud Reference Architecture

Use cases:

• Data analytics on cloud-stored data

• Access to high-end hardware

• Multi-core VMs

• GPUs

• FPGAs

• Prototyping parallel algorithms on 

one VM before scaling to a cluster

• On-server algorithm testing before 

production deployment

Benefits:

• Quickly get up-and-running in AWS or 

Azure

• Leverages MATLAB installed on 

instances in AWS/Azure, eliminating 

installation process

• MATLAB language can access pre-built 

capabilities that cloud services provide (e.g., 

data storage)

• Incorporates IT best practices

• Adapt or extend for your specific needs
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Scaling to the cloud 

MATLAB Parallel Server
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Parallel Computing Paradigm

MATLAB MATLAB Parallel Server

GPU

Multi-core CPU

Parallel Computing Toolbox

GPU

Multi-core CPU

▪ Prototype on the 

desktop

▪ Integrate with 

infrastructure

▪ Access directly 

through MATLAB
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MATLAB: 

4000 seconds

8 local workers: 

925 seconds

256 cloud workers: 

41 seconds

Speeding up in the cloud
Same code, three different environments
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MATLAB Parallel Server
MathWorks Cloud Center

https://cloudcenter.mathworks.com/login

https://cloudcenter.mathworks.com/login
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Demo: Using MathWorks Cloud Center



28

MATLAB Parallel Server
MathWorks Cloud Center

Requirements:

▪ Workstation that can connect outside of 

your network

▪ MATLAB and Parallel Computing Toolbox

▪ Amazon Web Services account

▪ MATLAB Distributed Computing Server 

License
– Configured for MathWorks Hosted License 

Manager

Latest functionality:

▪ Dedicated head node

▪ 1024 workers per cluster

▪ Pretrained convolutional neural 

networks (CNN) for deep learning 
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MathWorks Hosted License Manager 
Just clicks away from previously activated licenses

For help with converting trials, 

contact MathWorks Supportwww.mathworks.com/licensecenter

Click here to change*

Click here to change

http://www.mathworks.com/licensecenter
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Client with MATLAB and 

Parallel Computing Toolbox

Virtual Network

Compute node 

VMs

Head node VM

with MATLAB job scheduler

MathWorks Hosted 

License Manager

MATLAB Parallel Server
Reference Architecture
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MATLAB Parallel Server
Reference Architecture

Use cases:

• Parameter sweeps

• Monte Carlo runs

• Optimization

• Distributed array calculations

Benefits:

• Quick infrastructure setup in the cloud

• MathWorks software pre-installed

• Incorporates best practices

• Adapt or extend for your specific needs

Azure ARM Template AWS Cloudformation Template
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MATLAB Parallel Server
Reference Architecture

Requirements:

• MATLAB and Parallel Computing 

Toolbox (R2018a) on your desktop

• MATLAB Distributed Computing Server 

• Amazon Web Services account 

• SSH Key Pair for your AWS account in 

the US East (N. Virginia) region

Deployment steps:

1. Launch the template

2. Configure the cloud resources, e.g.

– Cluster name

– Number of AWS instances, workers per instance

– Instance type for the head node

< creation may take up to 10 minutes>

3. Connect to the cluster from MATLAB
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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 models, and 

use MATLAB Distributed Computing Server to run 

the models in the cloud  

Results
▪ Portfolio performance goals supported

▪ Processing times cut from 24 hours to 3

▪ Multiple types of data easily accessed

Link to user story

Interns using MATLAB at Aberdeen Asset Management.

“The widespread use of MATLAB in the finance community is a 

real advantage. Many university students learn MATLAB and 

can contribute right away when they join our team during 

internship programs. In addition, the strong MATLAB libraries 

developed by academic researchers help us explore all the 

possibilities of this programming language.”

- Emilio Llorente-Cano, 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


34

Aberdeen: Modeling on Azure

Investment strategy 

and portfolio 

construction

o IT team not able to 

implement large 

scale cluster in-house

o Needed elastic 

resources for 

sporadic usage
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Deploying in the cloud

Request 

Broker

Worker processes

MATLAB Production Server
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Share Programs Outside of MATLAB
Application Deployment

Excel® add-ins

Desktop

MATLAB
Production
Server(s)

Web
Server(s)

Enterprise

• Royalty-free

• Encryption to protect 

intellectual property

Web Apps
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MATLAB Production Server is an application server 
Publishes MATLAB code as APIs that can be called by other applications

Enterprise 

Application

Mobile / Web 

Application

Analytics Development

< >

Package

Data sources / 

applications

3rd party 

dashboard

Scale and secure

Access

Integrate

Deploy

MATLAB

Compiler SDK

MATLAB Production Server

Request 

Broker

Worker processes
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Virtual Network

MATLAB Production Server
Reference Architecture

https://github.com/mathworks-ref-arch/mps-on-aws

https://github.com/mathworks-ref-arch/mps-on-azure

Load 

Balancer

Management 

dashboard 

endpoint

MATLAB 

Production Server 

request endpoint

MATLAB Production 

Server VMs

Management / 

License Server VM

Request 

Broker

Worker processes

https://github.com/mathworks-ref-arch/mps-on-aws
https://github.com/mathworks-ref-arch/mps-on-azure
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MATLAB Production Server
Reference Architecture

Use cases:

• Scalable deployed algorithms and 

analytics

• Application server for MATLAB 

algorithms

• IoT / streaming data analytics 

Benefits:

• Quick infrastructure setup in the cloud

• MathWorks software pre-installed

• Incorporates best practices

• Adapt or extend for your specific 

needs
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MATLAB Production Server
Reference Architecture

Requirements:

• MATLAB Production Server license

• Amazon Web Services (AWS) account 

• SSH Key Pair for your AWS account in 

the US East (N. Virginia) region

Deployment steps:

1. Launch the template

2. Configure the cloud resources, e.g.

– Number of AWS instances

– Workers per instance

< creation may take up to 10 minutes>

3. Log in to the Cloud Console

4. Upload license file
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▪ Log in to the Cloud Console

▪ Download MAC address

– Go to MathWorks License 

Center and get the MATAB 

Production Server license

– Upload the license file

▪ Upload ctf files, 

monitoring logs, etc.

Configure and manage server instances on the cloud
MATLAB Production Server Cloud Console
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MATLAB Production Server

Request 

Broker

Worker processes

MATLAB Production Server cloud deployment in IoT scenario

Edge

Event Hub / 

IoT Hub / 

Kafka

Generate 

telemetry

Storage Layer

Production System Analytics Development

Algorithm

Developers

End Users

MATLAB 

Compiler SDK

MATLAB

Business Decisions

Package
Model

Management / License Server VM

Load 

Balancer
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Customer Example: Healthcare Device Vendor

AWS S3 (Secure) + Athena (SQL interface)

MDCS MATLAB Analytics Development

MATLAB Production Server

Custom 

Portal
MATLAB

Analytics

In-Operation

AWS

Elastic 

Load 

Balancer

Sensors

Messaging 

Service
MATLAB

Compiler SDK

Algorithm

Developer

Persistence 

Layer

End Users
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Preprocess Data
Develop Algorithms 

and Models
Integrate with Systems

MATLAB

Request

Broker

MATLAB Production Server Azure

IoT Hub PI System

AWS

Kinesis

Typical data analytics workflow with MATLAB 

Azure

Blob

PI System

Databases

Cloud Storage

Cosmos DB

Big Data / OT

Access and Explore 

Data

Streaming/OT

Dashboards

Embedded

MATLAB Distributed 

Computing Server
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Using the Cloud for Deep Learning



46
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“Bell Pepper”
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Quickly prototype

and test your idea

Train the Neural 
Net model 

Deploy algorithm for 
everyone to use
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Quickly prototype

and test your idea

Train the Neural 
Net model 

Deploy algorithm for 
everyone to use

MATLAB Online, 

MATLAB Drive, 

MATLAB Mobile

MATLAB Distributed 

Computing Server

MATLAB Production 

Server
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Quickly prototype

and test your idea

Train the Neural 
Net model 

Deploy algorithm for 
everyone to use

MATLAB Online, 

MATLAB Drive, 

MATLAB Mobile

MATLAB Distributed 

Computing Server

MATLAB Production 

Server
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Prototyping in the Cloud with 

MATLAB Online
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Intensive Computing in the Cloud with 

MATLAB Parallel Server
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Category 

1

Category 

2

Category 

x

Food 

categories 

Pictures (1000)

100,000’s 

pictures

(5+ GB)

Days to train network

Hours to minutes 

to train network

MATLAB 

Distributed 

Computing 

Server
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Deploying in the Cloud with 

MATLAB Production Server
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Image preprocessing and deep 

learning model to classify food

MATLAB Production Server

Take 

picture of 

your food

BELL 

PEPPERS
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Train the Neural 
Net model 

Deploy algorithm for 
everyone to use

MATLAB Online, 

MATLAB Drive, 

MATLAB Mobile

MATLAB Distributed 

Compute Server

MATLAB Production 

Server

Quickly prototype

and test your idea
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Deploying in the Cloud with Kafka
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The Need for Large-Scale Streaming

Predictive Maintenance
Increase Operational Efficiency

Reduce Unplanned Downtime

Jet engine: ~800TB per day

Turbine:     ~ 2 TB per day

Medical Devices
Patient Safety

Better Treatment Outcomes

Connected Cars
Safety, Maintenance

Advanced Driving Features
Car: ~25 GB per hour

More applications require

near real-time analytics
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Example Problem: Develop a machine learning model to predict 

failures in industrial pumps

▪ We did this for the customer

▪ We wanted to go further:

– Create a streaming application based on this real customer request

– Develop application in a 3-4 week sprint

▪ We believe this represents a realistic customer situation
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Our Project: Develop and operationalize a machine learning 

model to predict failures in industrial pumps

Current system requires Operator to manually monitor operational metrics for 

anomalies. Their expertise is required to detect and take preventative action

System ArchitectProcess Engineer Operator

Develops models 

in MATLAB and 

Simulink

Deploys and 

operationalizes model 

on Azure cloud

Makes operational 

decisions based 

on model output
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Project statement: Develop end-to-end predictive maintenance 

system and demo in one 3-4 week sprint

1. Monitor flow, pressure, and current of each pump so I always know their 

operational state

2. Need alert when fault parameters drift outside an acceptable range so I can 

take immediate corrective action

3. Continuous estimate of each pump’s remaining useful life (RUL) so I can 

schedule maintenance or replace the asset

Plant 

Operator
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Challenges of AI Deployment

We don’t have a large set of failure data, and it’s too costly to 

generate real failures in our plant for this project

Process 

Engineer
Solution: Use an accurate physics-based software model for the 

pump to develop synthetic training sets 
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Challenges of AI Deployment

System

Architect
Solution: Leverage cloud platform to quickly configure and 

provision the services needed to build the solution, while 

minimizing lock-in to a particular provider

We don’t have a large IT/hardware budget, and we need to see 

results before committing to a particular platform or technology
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Challenges of AI Deployment

Solution: Use MATLAB and integrate with OSS

Process 

Engineer

Need software for multidisciplinary problem across teams, plus 

integration w/ IT
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Predictive Maintenance Architecture on Azure

Edge

Generate 

telemetry

Production System Analytics Development

MATLAB Production Server

Request 

Broker

Worker processes

Process

Engineer

Operator

MATLAB 

Compiler SDK
MATLAB

Business Decisions

Package 

& Deploy

Apache 

Kafka

Connector

State Persistence

Debug

Model

Storage Layer Presentation Layer

System

Architect
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Files

Databases

Sensors

Access and Explore Data

1

Preprocess Data

Working with 

Messy Data 

Data Reduction/ 

Transformation

Feature 

Extraction

2
Develop Predictive 

Models

Model Creation e.g. 

Machine Learning 

Model 

Validation

Parameter 

Optimization

3

Visualize Results

3rd party

dashboards

Web apps

5Integrate with 

Production 

Systems

4

Desktop Apps 

Embedded Devices 

and Hardware

Enterprise Scale 

Systems 
AWS

Kinesis

Modeling approach

Process Engineer
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Review model requirements

▪ Continuous predictions of type of fault

– “Blocking”

– “Leaking”

– “Bearing”

– Combination of above

▪ Continuous predictions of Remaining 

Useful Life [RUL]

▪ Define window for streaming

▪ Define format of results, 

intermediate values

▪ Test code

▪ Scale code

Requirements From 

Operator

Process 

Engineer

Requirements From 

System Architect
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Component

Failure

▪ Crankshaft drives three plungers

– Each 120 degrees out of phase

– One chamber always discharging

– Three types of failures

Crankshaft

Outlet

Algorithm

Pressure

Sensor

Failure

Diagnosis

Inlet

Process 

Engineer

Physics of Triplex Pump 

Bearing Friction

Blocking Fault

Leak Area
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Use sensor data from pump to identify levels of failure Access and Explore Data

1

Pump sensor dataSimulate faults

Process 

Engineer
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Build digital twin and generate sensor data Access and Explore Data

1

Process 

Engineer
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Desktop System

…

Cluster

Workers

… …

Workers

… …

Simulation 1

Simulation 2

Run parallel simulations

Access and Explore Data

1

Process 

Engineer

Simulate data with many failure conditions

Leak Area = [1e-9  0.036]

Bearing Friction = [0  6e-4]

Blocking Fault =  [0.5  0.8]
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Desktop System

…

Cluster

Workers

… …

Workers

… …

Simulation 1

Simulation 2

Run parallel simulations Store data on HDFS

Access and Explore Data

1

Process 

Engineer

Simulate data with many failure conditions



82

Represent signal informationPreprocess Data

2

Process 

Engineer
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Develop Predictive Models in MATLAB

Represent 

Signals

Train Model

Validate Model

Scale

Label Faults

Develop Predictive 

Models

3

Process 

Engineer
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Develop Predictive Models in MATLAB 

Type of Fault

(Classification)

Remaining Useful Life

(Regression)

Develop Predictive 

Models

3

Process 

Engineer

Plant 

Operator
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Develop Machine Learning ModelsDevelop Predictive 

Models

3

Process 

Engineer
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Develop Predictive 

Models

3

Process 

Engineer

𝑆 𝑡 = 𝜙 + 𝜃 𝑡 𝑒(𝛽 𝑡 𝑡+𝜖 𝑡 −
𝜎
2)

Estimate Remaining Useful Life
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Develop a Stream Processing Function 

▪ Batch Processing: Build and test model on simulated data

▪ Stream Processing: Apply model to sensor data in near real-time

Messaging Service
Dashboard

Alerts

Storage

Historical Data

Storage

Files

Train Model Scale Up Predictions

Continuous Data

f(x)

Streaming 

Function Make Decisions
Update State

Integrate with 

Production 

Systems

4

Process 

Engineer

Storage

Dashboard

Pump Sensor Data
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Develop a Stream Processing Function

Process each window of 

data as it arrives

Current window of data to 

be processed

Previous state

Integrate with 

Production 

Systems

4

Process 

Engineer
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Test Stream Processing Function
Integrate with 

Production 

Systems

4

Process 

Engineer
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Share with the team

Share code with 

System Architect 

Review results with 

Operator

.pdf, html, LaTeX Source Control

Integrate with 

Production 

Systems

4

Process 

Engineer
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Package Stream Processing Function
Integrate with 

Production 

Systems

4

Process 

Engineer
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Review System Requirements

▪ Requirements from the Process Engineer

– Every millisecond, each pump generates a time-stamped record of 

flow, pressure, and current

– Model expects 1 sec. window of data per pump

– Initially, 1’s – 10’s of devices, but quickly scale to 100’s

▪ Requirements from the Operator

– Alerts when parameters drift outside the expected ranges

– Continuous estimating of RUL for each pump

Process Engineer

Operator

Integrate with 

Production 

Systems

4

System

Architect
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Edge

Generate 

telemetry

Production System Analytics Development

MATLAB Production Server

Request 

Broker

Worker processes

Algorithm

Developers

End Users

MATLAB 

Compiler SDK
MATLAB

Business Decisions

Package 

& Deploy

Apache 

Kafka

Connector

State Persistence

Debug

Model

Storage Layer Presentation Layer

Integrate Analytics with Production Systems
Integrate with 

Production 

Systems

4

System

Architect



94

Production System

Management Server

https management endpoint

MATLAB 

Production 

Server(s) 

scaling group

Virtual Network

Enterprise Applications

MATLAB Production Server on Azure

Connectors for 

Streaming/Event 

Data

Connectors for Storage & Databases

Application 

Gateway Load 

Balancer

State Persistence

Integrate with 

Production 

Systems

4

System

Architect
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Connecting MATLAB Production Server to Kafka

▪ Connector feeds single Kafka topic to a MATLAB function 

▪ Publisher library for MATLAB for writing to a results stream

MATLAB Production Server

Request 

Broker

Worker processes

Connector

Kafka

pump_fleet

pump_results

▪ Connector Features: 

– Deploy as a micro-service with Docker

– Drive everything through config

– Group data into time windows and pass to 

MATLAB as a timetable

– Use Kafka’s check-pointing (i.e. at-least-once)

Integrate with 

Production 

Systems

4

System

Architect
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Messaging adapter for Production Server

▪ Bridges streaming data and Production Server Async Java Client

▪ Batches incoming messages and sends them via HTTP request/response

– Time windows, event time processing, and out-of-order data

▪ Uses Asynchronous pipeline model with back-pressure

– Kafka consumers are automatically paused when server is busy

▪ Supports sequential (stateful) and unordered (stateless) processing

– Provide unique stream ID/topic/partition info for persistence layer

▪ Pass data as MATLAB timetables 

▪ Partition aware – enables full exploitation of partition-based parallelism

Integrate with 

Production 

Systems

4

System

Architect
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Kafka connector architecture

wn w1 w0
…

P0

wn w1 w0
…

P1

wn w1 w0
…

Pn

… …

Message State (Offsets, Timestamps, Watermarks)

Active Windows Async Request Handler

P0 r0r1
...

P1 r0r1
...

Pn r0r1
...

add

Async 

HTTP 

to 

Server

Consumer 

Thread Pool

C0

C1

Cn

… add

Kafka

P1

Pn

P0

…

Topic

Committed 

Offsets

P0 P1 Pn
…

poll

commit

Networking 

Threads

invoke

Production 

Server 

Java Client

subscribe

Integrate with 

Production 

Systems

4

System

Architect
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Event 

Time

Pump Id Flow Pressure Current

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

MATLAB 

Function

State

State

18:01:10 Pump1 1975 100 110

18:10:30 Pump3 2000 109 115

18:05:20 Pump1 1980 105 105

18:10:45 Pump2 2100 110 100

18:30:10 Pump4 2000 100 110

18:35:20 Pump4 1960 103 105

18:20:40 Pump3 1970 112 104

18:39:30 Pump4 2100 105 110

18:30:00 Pump3 1980 110 113

18:30:50 Pump3 2000 100 110

MATLAB 

Function

State

MATLAB 

Function

State

Input Stream

Time window Pump Id Bearing 

Friction

… … …

18:00:00 18:10:00 Pump1 …

Pump3 …

Pump4 …

18:10:00 18:20:00 Pump2 …

Pump3 …

Pump4 …

18:20:00 18:30:00 Pump1 …

Pump3 …

Pump4 …

18:30:00 18:40:00 Pump5 …

Pump3 …

Pump4 …

Output Stream

5

7

3

9

4

5

8

Streaming data is treated as an unbounded Timetable
Integrate with 

Production 

Systems

4

System

Architect
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Edge

Generate 

telemetry

Production System Analytics Development

MATLAB Production Server

Request 

Broker

Worker processes

Algorithm

Developers

End Users

MATLAB 

Compiler SDK
MATLAB

Business Decisions

Package 

& Deploy

Apache 

Kafka

Connector

State Persistence

Debug

Model

Storage Layer Presentation Layer

Debug your streaming function on live data
Integrate with 

Production 

Systems

4

System

Architect
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Debug a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4

System

Architect
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Production System Analytics Development

MATLAB Production Server

Request 

Broker

Worker processes

Algorithm

Developers

End Users

MATLAB 

Compiler SDK
MATLAB

Business Decisions

Package 

& Deploy

Apache 

Kafka

Connector

State Persistence

Debug

Model

Storage Layer Presentation Layer

Complete your application
Integrate with 

Production 

Systems

4

System

Architect

Edge

Generate 

telemetry
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Complete Your ApplicationVisualize Results

5

Plant 

Operator

http://pumpdemo.mwlab.io:3000/
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Team Retrospective

➢ Completed demo of full system in 3 week sprint

➢ Successfully used digital twin to generate faults and train models

➢ Fast prototyping of physical and AI models with MATLAB and Simulink. 

Easy integration with OSS 

➢ Cloud platform enabled faster IT setup

➢ Next steps:

➢ Make model adjustments

➢ Test against real pump

➢ Customize dashboard for Operator’s needs
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Resources to learn and get started

▪ GitHub: MathWorks Reference 

Architectures

▪ Working with Enterprise IT Systems

▪ Data Analytics with MATLAB

▪ Simulink

https://github.com/mathworks-ref-arch
https://www.mathworks.com/solutions/enterprise-it-systems.html
https://www.mathworks.com/solutions/data-analytics.html?s_tid=srchtitle
https://www.mathworks.com/products/simulink.html


105

Pre-Built 

Solution

Pre-Built 

Platform

Build 

your Own

MATLAB Online

MATLAB Mobile

MATLAB Drive  

Reference 

Architectures

• Virtual Machine

• Formation 

Scripts

• Networking

• Documentation

Cloud Center

Summary: MathWorks Cloud Offerings 

MATLAB 

Production 

Server

MATLAB 

Distributed 

Computing 

Server

MATLAB
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Learn more

www.mathworks.com/cloud

http://www.mathworks.com/cloud
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