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= Embedded controllers have limited computing power
= Engineers don’t have easy access to data in Enterprise Data Lake
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= Integrate MATLAB with cloud-based data storage and compute
environment to access data and run analytics

SR
= Speed up algorithm development and deployment
= Domain experts can focus on developing algorithms
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Model Training \ ”

Eriterprise Data Lake

Warranty
Estimates
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Service
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Amazon CloudWatch

Applications and Services

Automation and Storage
orchestration

Compute Visualization Networking

‘3’%3 AWS Batch F} Amazon EBS LT_E] Amazon EC2 instances

& NICE Dcv Enhanced networking

I~7 Amazon FSx for

[@ AWS ParallelCluster Lustre {&} Amazon EC2 Spot

Amazon
= Amazon EFS W AppStream 2.0

Placement groups

NICE EnginFrame @ Amazon S3 -)i::}é AWS Auto Scaling

Elastic Fabric Adapter

Amazon IAM (ldentity and Access Management)

AWS Budgets
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= Datavolume

= Datavariety

= Use case complexity

= [ata access

= Breaking down silos
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Growing From new Increasingly Used by Analyzed by
exponentially sources diverse many people many applications
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A data lake is an architectural
approach that allows you to store
massive amounts of data into a
central repository, so it's readily
available to be categorized,
processed, analyzed, and consumed
by diverse groups within an
organization.
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On-premises Real-time Data
Data Movement Movement
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CSV, ORC, Grok,
Avro, Parquet, JSON

Store data in the format you want

Ny~ Images
Built for 11 nines of durability
> . : :

——) Videos Three different forms of encryption

Amazon S3
Amazon Glacier ﬁ Sensor data Run analytics and ML on data lake

AWS Glue without data movement

B Web logs Classify, report, and visualize data

usage trends
D Documents
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Amazon S3
Amazon-Glacier
AWS Glue

4

your data centers

AWS Direct Connect
AWS Snowball
AWS Snowmobile

AWS Database Migration Service (AWS
DMS)

AWS Storage Gateway
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Data movement from
real-time sources

AWS |loT Core

Amazon Kinesis Data Firehose

Amazon Kinesis Data Streams

Amazon Kinesis Video Streams

Amazon Managed Streaming for
Apache Kafka

Data movement from
on-premises datacenters

Dedicated network connection

Secure appliances

Ruggedized shipping container

Database migration

Gateway that lets applications write to the cloud

Data movement from real-time sources

Connect devices to AWS
Real-time data streams
Real-time video streams
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ML is hard,
Productionis
harder

Data is messy,
siloed and slow

/
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Data is messy, Unified Data Service
siloed and slow

Big Data

DELTA LAKE y MATLABE

— Simulink
Business Data Delta
BB Engine

B Open High Quality Fast > BI

Applications Reporting

) Machine
Learning

dWS
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ML is hard, Data Science and ML Workspace
productionis

harder
Building Models Tracking Deployment

DELTA LAKE

'l MathWorks:

Business and Databricks Runtime

. Parameters Metrics Experimental Staging  Production
Big Data for ML

mlj/c
Standardize ML lifecycle from experimentation to production

< databricks
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2)- @% Q One Data Foundation for BI, Data
Q Jo e e Ocience & ML
Business Machine
Intelligence Learning
() () m Addsreliability, performance, governance,
and quality to existing data lakes
m Basedonopen data format (Parquet)
s Simplifies data engineering with a curated
Deltalbake data lake approach
??1“1'?0!0:0{?1 ?13‘:'%31‘!??! BRONZE SILVER GOLD
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Structured, Semi-Structured and
Unstructured Data

Raw Ingestion
and History

Filtered, Cleaned,
Augmented

Business-level
Aggregates



Machine Learning workloads on the curated Delta Lake
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Business
Intelligence
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Learning
A

m Model reqgistry, reproducibility,
productionization
m Leverages Delta Lake for reproducibility
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Structured, Semi-Structured and
Unstructured Data

02, Model Tuning

& Detached

Model Search

search_space = {
'max_depth’ :

"log_reg_alpha':
"log_reg_lambda’ :
"log_gamma' :

}

best_params = fmin(

"log_learning_rate':

hp.quniform( ‘max_depth', 20, 68, 1),
hp.uniform('log_learning_rate', -3, @),
hp.uniform('log_reg_alpha', -5, -1),
hp.uniform('log_reg_lambda', 1, 8),
hp.uniform('log_gamma', -6, -1},

"log_min_child_weight': hp.uniform('log_min_child_weight', -1, 3)

fn=train_model,
space=search_space,
algo=tpe.suggest,

max_evals=96,
trials=SparkTrials(parallelism=6))

©? &
=D ) @ 2
Runs loss # & &
2020-03-01 13:48:16 PST oy
best_iteration: 389, log_gamma: ...
P v =2x @ loss: 0.263
2020-03-01 13:38:48 PST @
best_iteration: 117, log_gamma
[ loss: 0.28
2020-03-01 13:54:01 PST £y
est_iteration: 228, log_gamir
Scatter Plot Contour Plot Parallel Coordinates Plot
Parameters:
log_gamma x log_learning_rate x

log_min_child_weight x

log_reg_alpha %  log_reg_lambda

max_depth X

Metrics:

loss x
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End-to-End Data Science and ML on

databricks

@2 Prep Data /<. BuildModel

@ Deploy/Monitor Model

Data Science Workspace

« ) MATLAB & Simulink

AutoML |
?_f‘?'_? Batch
DELTA LAKE @ ML Runtime and -3  Scoring
2 Environments (}D Online
Soark é‘h Serving

End-to-End ML Lifecycle

ml

C

[

Open, pluggable
architecture
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“The entire company on one data and
compute platform in the cloud”

& @ & & &

DATA DATA IT R&D R&D
ENGINEERS SCIENTISTS ENGINEERS SCIENTIST

J MATLAB [ SIMULINK
Data analysis, algorithm development, modeling and simulation

databricks UNIFIED DATA SERVICE

High quality data with great performance e axe

ENTERPRISE CLOUD SERVICE
~— A simple, scalable, and secure managed service

196117 61000710 710 5710 710 710 710,710 5610 6710 7111 57005,
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= Embedded controllers have limited computing power
= Engineers don’t have easy access to data in Enterprise Data Lake

BRI E

= Integrate MATLAB with cloud-based data storage and compute
environment to access data and run analytics

SR
= Speed up algorithm development and deployment
= Domain experts can focus on developing algorithms

aws %@d\
¢ Release

Enterprise Data Lake

Predictive

(D) Maintenance
(AWS §3) . ;
.lll A @ dCItCIbI'ICkS Algorithm
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Telematic On-Prem mmm
Data Data MATLAB Production Server wobes cedes o -
Collection Storage | T 4 r‘d Algorithm Execution

Decode and Clean
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Helping engineers with data preparation

algorithms
Enterprise Data Lake

MATLAB Production Server
1

N E

MATLABX:SIMULINK Decode / Clean /
Enrich Data

[\
|/ \
Telematic On-Prem

Data Data | ﬂ Y
Collection Storage é

MATLAB Model as
Spark Submit Job

Model + Analytics
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Terabytes of field
data of growing
exponentially
annually

Enterprise Data Lake
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MATLAB . SIMULINK

3 g Mod

(Interactive
Exploration and
Analysis)

Model Training
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databricks aws

el + Analytics
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Warranty
/ Estimates
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MATLAB Production Server Service
UL 4 f a Schedules

Inference Hosting \
IE
Auto Part data

analysis and
simulation
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MATLAB /
Simulink

< databricks
SQL / JDBC
MATLAB
Spark SQL Interactive / Data Exploration
.................................................................................................... Cloud
Automation / Data Engineering Ex ion
.S‘pcwriZ
Spark API
dws
 SN—

j?'
MATLAB Compiler
SDK

O

Cloud Storage/Databases
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= Take machine learning and Al models from
interactive development to production

= Build, Test and Deploy via automated
CI/CD pipelines following best practices for
security and scaling

= Monitor performance and refine designs
quickly and painlessly

= Align with DevOps maturity best practices
throughout the process

MATI

< databricks

MATLAB 4
SIMULINK'
DESIGN DEPLOY
%
Development (;‘g Operations and  %7="ATE
(inc. Agile) q'/ Maintenance
BUILD "
“:‘b%
C}'_
TEST MONITOR
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MATLAB Reference Architecture

Remote Desktop

4\ MathWorks

License Manager (Hosted
by your organization or by
MathWorks)

https://qgithub.com/mathworks-ref-arch/matlab-on-aws

https://qgithub.com/mathworks-ref-arch/matlab-parallel-server-on-aws

=5 AWS

Virtual Network

Virtual Machine

s |
. ~

MATLAB EX

Support Provided By: Data Services

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

5 AWS

https://github.com/mathworks-ref-arch/matlab-production-server-on-aws

Amazon S3
(read/write/delete,

encryption, access control)

Amazon EFS
(NFS/Linux)

Amazon Athena
(Query of 53 data)
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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-production-server-on-aws
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