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The Need for Large-Scale Streaming

Predictive Maintenance

Increase Operational Efficiency
Reduce Unplanned Downtime

More applications require
near real-time analytics

Medical Devices

Jet engine: ~800TB per day Patient Safety
Turbine: ~ 2 TB per day Better Treatment Outcomes

Connected Cars

Safety, Maintenance
Advanced Driving Features

Car: ~25 GB per hour
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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

4\ MathWorks ol o
Pump Summar y
- e S e
ﬂ - 46
R 4 ' = N,
m\ ;m . | '
Process Engineer System Architect Operator
Develops models Deploys and Makes operational ;
in MATLAB and operationalizes model decisions based |
Simulink on Azure cloud on model output
"a /\ Azure . kibana | | m

~

Current system requires Operator to manually monitor operational metrics for

anomalies. Their expertise is required to detect and take preventative action
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Project statement: Develop end-to-end predictive
maintenance system and demo in one 3-4 week sprint

Monitor flow, pressure, and current of each pump so | always know their
operational state

) . . Need alert when fault parameters drift outside an acceptable range so | can
K take immediate corrective action
Plant

Operator

Continuous estimate of each pump’s remaining useful life (RUL) so | can
schedule maintenance or replace the asset
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Challenges of Al Deployment

Process
Engineer

Solution: Use an accurate physics-based software model for the — FRyaEswae
pump to develop synthetic training sets
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Challenges of Al Deployment

System

gl Solution: Leverage cloud platform to quickly configure and

provision the services needed to build the solution, while 4\ MathWorks

minimizing lock-in to a particular provider

MATLAB EXPO 2018 8



| ‘ MathWorks:

Challenges of Al Deployment

Process

SELRS Solution: Use MATLAB and integrate with OSS

‘ MathWorks:
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Predictive Maintenance Architecture on Azure

4 N\ [ \
Edge Production System Analytics Development
Generate A Azu re MATLAB MATLAB
( ) Compiler SDK
telemetry MATLAB Production Server P =
Worker processes 7 J@ ‘ =
I
(‘) * DebL? ; —
“I» S : Request | <= ; (I
Broker ‘ Process
* . P4 Engineer
\ Connector N
Package P bt
= || ——— \ ) See
‘ L Model )
» Business Decisions
@ Apache System 4 ) o] H
Kafka i R me—
\ / . ]
State Persistence Architect —
F. kibana D a

Storage Layer

“® elastic | jmmm—)

\_ Presentation Layer )

Operator
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|
g Modeling approach

Process Engineer

Access and Explore Data

-

Files

MATLAB EXPO 2018

Working with
Messy Dat

Develop Predictive

Models

Model Creation e.g. |

Machine Learning

AlE c!

Data Reduction/
Transformation

Parameter
Optimization

2=

Feature
Extraction

|
(S s

Model
Validation

Integrate with

Production
Systems

Desktop Apps

| TA.M‘, 2

Enterprise Scale

Systems
AWS
Kinesis

4\ MathWorks

Visualize Results

3d party
dashboards

©Spotfire
TIBCD Software

.
{ﬂf +ableau

Qlik@

m Power Bl

Embedded Devices
and Hardware
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Review model requirements

= %

Process
Engineer

£hia
Requirements From Requirements From
Operator System Architect

Define window for streaming

= Continuous predictions of type of fault

— “Blocking’ - Define format of results,
- “Leaking’ iIntermediate values
— “Bearing”
— Combination of above + Test code
» Scale code

= Continuous predictions of Remaining
Useful Life [RUL]
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Physics of Triplex Pump

Process :
Engineer Failure Algorithm
: Diagnosis
- Crankshaft drives three plungers J Pressure
— Each 120 degrees out of phase ' e Sensor

— One chamber always discharging
— Three types of failures

Volumetric Flow Rate at Output

.
o

A
o

== Plunger 1

== Plunger 2 |
Plunger 3 Crankshaft
—F’ump Bearing Friction

0.6 062 064 066 068 0.7 072 074 076 / Inlet
Time (s) .
Blocking Fault

Flow Rate (lpm)
]
=)
———
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GAccess and ExploreData = USe sensor data from pump to identify levels of failure

|

Process

. & Pressure with Noise = O
Engineer
File Tools View Simulation Help b
G- COPE - - - Fd-
~ 7.3
3-8 7.25 1
k T2
t - Display Dagram  Simuiation A ‘| ols  H Ty
i . a | 3
;_'_' B . A S-B-@ b WY - 1 (- - ;7.‘15'
L m_pume_triplex 5
<’> . 2 747
N - pMeas pMeas © &
. 7.05 |
4 Diagnostics: On J Initial
—— 3 7 Measured | -
- : , Tuned
e = inifold L
» - 6.95 ' : ' *
- 0 0.02 0.04 0.06 0.08 0.1
= ’ Time (s)
« No Fault Blocked Inlet Seal Leak Worn Bearing
| Ready 219% auvtolode2 3
Simulate faults Pump sensor data
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File E v Display Diagram S ation  Analysis Code Tools Help File Explorer Simulation View Tools Window Help N2
g + o - srmal RA Weos Q@I E O | H LR R |viewconvention:|v|| @[k & & 4 QL) *0
= Mechanics Explorer-sm_pump_triplex
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#; sm_pump_tr)}
2 + Drive ‘ ~
» + Pump -~
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i L
—
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P
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I
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4. Pressure with Noise - O X
-
s os v e VIFtUAlI Sensor Data [ -
- QP E® |
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B« )| | [ @) 132x ~_—— | Time [0,010807

Diagnostics: On

Sampled with Noise
Simulation

No Fault Blocked Inlet Seal Leak Worn Bearing
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unning

1 o



Process
Engineer

BN View  [pty [Napeen Semdien A Cote Mok el
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@ MathWorks

, Access and ExploreData — SImulate data with many failure conditions

Leak Area =[1e-9 0.036]
Bearing Friction = [0 6e-4]

Blocking Fault = [0.5 0.8]

17



<‘Khdaﬂﬁthks

Process
Engineer e i L e
S-o-Mes OB weD® » BT -0 Access Data
SFO 8 ens =
)
~8@ o ens =
;lotor
( Cluster \ DataVariables:
IndependentVariables:
ConditionVariables:

X} y, }i - y,

] ] SelectedVariables:
Simulation 1 ReadSize:
] ] NumMembers:
Simulation 2 S g — LastMemberRead:

Files:

g Access and ExploreData ~ Simulate data with many failure conditions

simulationEnsembleDatastore(location)

simulationEnsembleDatastore with properties:

[25x1 string]
[6x0 string]
[0x@ string]
[25x1 string]
1

702
[6x@ string]
[702x1 string]

7S

Run parallel simulations Store data on HDFS

MATLAB EXPO 2018
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g _ Represent signal information

P rocess 4\ Signal Analyzer - PumpSignals.midatx = | X

Engineer . .
Signal processing

[Spectrum,Frequencies] = pspectrum(data.Flow); T
[pLow,pHigh] = bounds(Spectrum); ot VLY —
fPeak = Frequencies(Spectrum==pHigh); [ L amarm "
gPeak2Peak = peak2peak(data.Flow);

gCrest = peak2rms(data.Flow);
gRMS = rms(data.Flow); =
qMAD = mad(data.Flow); ;

NAME .

3500

8 8 § B

-
o

Ebeannqpumo'

{5 blockedPu . 100
i heaithyPump 1000
ﬁwamnoPump'

00

’
.
(=3

o
Powerffraquency (cBArad/sample))

0

Frequency (W)

5 & B

550 500
- 0 0.2 04 0.6 08 1
) MfW”!“/\ \f r\lf“ /W.\ M”\r(w ‘ Normakzed Frequency (=« rad/sampie)
| | ) | i

¢ 100 ¢ 200 &0 0 83C 90
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Develop Predictive
Models

l 3

.) .(‘
Process
Engineer
1 2 3 4
Time LeakFault  BlockingFault  BearingFault FaultType
1 0 sec 28472 01477 1.8000 Al
2 0.001 sec -0.1498 -0.4207 1.3103 Bearing & Blocking
3 0.002 sec 0.651 1.6521 -0.5557 Leak
4 0.003 sec 0.1469 02775 1.0074 Al :
5 0.004 sec -0.6480 0.7065 -0.8878 Blocldng
6 0.005 sec -0.8165 -0.5434 -0.3079 Blocking
7 0,006 sec -1,.0061 1.2083 0.0661 Bearing
8 0,007 sec 1.0125 -1.9098 0.7027 Leak & Blocking
Label Faults
Scale
tt = tall(ds);
tt = preprocessData(tt); —

model = TreeBagger(50,tt, 'Event');

Evaluating tall expression using the Spark Cluster:
- Pass 1 of 2: Completed in 11 sec

- Pass 2 of 2: Completed in 2.3333 min

Evaluation completed in 2.6167 min

MATLAB EXPO 2018

@ MathWorks

Develop Predictive Models in MATLAB

l\ 1\ A S “h / ‘\‘. ’,\" ¥ /s \. W \'-|;"(" \ "\‘I / |'."1"" "
A bbb b1 Represent
| = Signals
; —
3
l L
-
g P
------------- Train Model
== T
o gty P e e
Validate Model 20
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3 . .
. e Develop Predictive Models in MATLAB

Tl
Process
Engineer

Fai Clesifcation Estimated Remaining Useful Life ~ 18 hrs

5
Fault -
Codes ﬂ — 2 1l =
o -
. i Real Data
; :
< b Failure Threshold
.10 -
e Health Ingsicator \
B Forecast Datx
| e Confidence Interval
1 |
! 50 10 20 20 40 50

Featurel

Type of Fault & _~~ Remaining Useful Life
(Classification) c (Regression)

ahia

Plant
Operator 21
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Classification Learner - Scatter Plot

CLASSIFICATION LEARNER

& 2
All All All Linear |Fine Tree
Quick-T...

‘ S ____ MODELTYPE
Data Browser , Scatter Plot
w History | le -
o
1.1 Tree [ Accuracy: 66.8% | Predictions: model 1.1
Last change: Fine Tree 14714 features ) Data
1.2 - Tree Accuracy: 64.9% ® Model predictions
Last change: Medium Tree 14/14 features ®  Correct &
1.3 - Tree Accuracy: 59,3% = Incorrect =)
Last change: Coarse Tree 14714 features 1.35
1.4  Linear Discri... Accuracy: 59.5% Predictars
Last change: Linear Disc... 14/14 features
1.5 '/ Quadratic Di... Accuracy: 64.6% X: freak ']
Last cl:lange: Quadratic ... 14714 features 1.3} v: lacrest ']I
1.6 77 .. Training NN
Last change: Linear SWVM 14714 features
- Classes Vove to Fron
1.7 ¢ .. Training EEEEEEEE & 7 Movate Front]
Last change: Quadratic ... 14714 features O 1.25} Show Order |
1.8 77 ... Training (NI & = hlor
Last change: Cubic SVM 14714 features - Leak
10 . Traininn DS e [~ .~ Blocking
|V Current Model 1.2 b . ~ Leak.& Blockir
=5 : . . _ Bearing
Model 1.1: Trained > Bearing & Lez
Results . [vi Bearing & Blo
Accuracy 66.8% % & ; [ All
Prediction speed ~310000 obs/sec % 15 © &
Training time 1.4905S sec
°
Mode' Type A A i A A A A A A
Preset: Fine Tree 10 20 30 40 SO 60 70 80 90 How to ir‘vestigate
Maximum nurmber of splits: 100 fPeak features
Split criterion: Gini's diversity index
. Off b
Data set: data Observations: 7665  Size: 1 MB Predictors;: 14  Response: FaultType Response Classes: 8 ” Validation: 5-fold Cross-Validation
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Develop Predictive
Models

(|
Process
Engineer i

Estimate Remaining Useful Life

Model Coeff: ¢ =2.1396 ¢ = -0.038836 3 = 0.13184

Health Indicator
o
|

10—

Health Indicator

e Thireshold

Confidence Interval
|

-15
0 10

0.04 —
003
S
S 002

001~

20 30 40

Est. RUL ~ 18 hrs

| | |

e i OF RUL

m— Estimated RUL

s TrUE RUL
Confidence Interval

0 20

MATLAB EXPO 2019

40 60 80
Time (hours)

S(t) = ¢ + 0(t) eFOLH® )

100

120

@ MathWorks
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Integrate with

Production Develop a Stream Processing

Systems

Process Function

Engineer

- Batch Processing: Build and test model on simulated data

Historical Data Train Model Scale Up Predictions

Dashboard

Storage

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

Streaming G il

Continuous Data Messaging Service
Function Update State

( )

A
f(X) Alerts
Pump Sensor Data \

MQTLQB EXPO 2019 Storage

Dashboard

(" —
\(—

Storage ‘e' III

4 MathWorks

Make Decisions

i
'E-'_
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('
Process
Engineer

MATLAB EXPO 2019

@\ MathWorks

Integrate with

Production Develop a Stream Processing Function

Systems

Streaming Function

Process each window of
data as it arrives

function new_state = str‘eamingFunction- old_state|

Preprocess signals

[data,features] = preprocessData(data);

Predict faults Previous state

[Leak,Blocking,Bearing] = predictFaultValues(features);
FaultType = predictFault(features);
[RUL,Model] = predictUpdateRUL(data.Timestamp,data.Flow,500);

Current window of data to

Update state be processed

new_state = updateState(data,old_state);

Write results

writeResults(Leak,Blocking,Bearing,FaultType,RUL,Model)
end

25



Integrate with

Production

Process

Engineer @

results = runtests('predictFaults_tests')

Running predictFaults_tests

Done predictFaults_tests

results =
1x4 TestResult array with properties:

Name
Passed
Failed
Incomplete
Duration
Details
Totals:
4 Passed, © Failed, @ Incomplete.
©.01614 seconds testing time.

MATLAB EXPO 2018

Test Stream Processing Function

4 Production Server Compiler - untitied 1.y - w}

‘ MathWorks:

.

Accepting chent cunnections an: bttp/ locathest-3910/streamingFuncion

Server started. Start chent.

e Al Reguesty

‘22 [Set Now 03 1835415 EDT 2012] binding to endpont {=]35910° ~
23 1St Nov 03 1R5415 EDT J018f using )-890

24 |Sat Nov 03 185&15 EDT 2018 beund to 0] $910Y

25 [Set Nov 03 185415 EDT 2018] [SERVICE:date_clock] Starting

26 {Set Nov 03 18:5415 EDT 2012 [SERVICE:date_clock] Started successfully

27 [Set Nov 03 185415 EOT 2018} [SERVICEMtp] |endpointi=]5910] Starting

25 [Sat Mov 03 185415 EDT 2018] [SERVICE:http] [endpomt{=} 2310} Waiting for 3 connection on port 9510

29 15¢t Nov 03 TR3&15 EDT 2018] [SERVICE:Mitp] [endpeint=]9010] Rarted succentully

30 St Nov 03 183415 EDT 2018 [SERVICE:hitp] [endpont{=}3910] Listering for connections ~

Sevelog Clew Log
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Integrate with

Production
Systems

Process
Engineer
Review results with

Operator

el

s AE".?-?’"
L=

Analyze and Compare Pump Data

Piot the seveilated daty 1o compare the Sgnals based on the
types of foults. leaking, blocking, and bearnng frichon

1 stackedplot (healthyPusp) ;

2 title( "Healthy Pomp')
stackedplot(leskingPusp),
title( ' Leaking Pwmp”)
stackedplot (blockedPump);
title{ Mlocked Pamp’)
stackedplot(bearingiump);

riction

u title( ' Hearing # )

From the visusizatons. you con 500 the dffeconcos » he
ol peofiles 1o theso dfforent types of tauls. The mochine [P

budd tese models. Thase ace adgusted by selectryg the
paraenalons i the modet

D o QU D o
e 1 o _ Lol } 'ml |
p ) o - ;
Parge 2 vy - ot S |

loamang modal wil prodct thase faults based on these |
-
".-

Snficant data can be wath sarrvlar o - i Il |

o =
1 CANATLASOrive' Pump Sgnal Anadysicamdy - (n] x
ANVE EDTON

gn.m- P SpT , ) = 2] FenSemtes

Share with the team

Share code with
System Architect

T -

F— P, == X
=  StreamingCode e :"

) predictFault.m o

] predictFaultValues.m @

) predictUpdateRUL.m =

5] StreamingExample.mix | —

) streamingFunction.m C e E

i testData.mat Y=
# o test

] consume.m ®

pdf, html, LaTeX
MATLAB EXPO 2019

Source Control

‘ MathWorks:
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('
Process
Engineer

@ MathWorks

Integrate with

Production Package Stream Processing Function

classifyData

) helperfunctionm [ PredictiveModels....

@ classifyData.ctf :‘] readme.txt

Mdﬁﬁm'iihmrﬁnﬁ v’nmﬂii ﬁli to heln clients use Vﬁlf Mﬁil ﬁﬁ fu%’ . ™
< >
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Integrate with

Production Review System Requirements

Systems

System
Architect

= 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

MATLAB EXPO 2019

&\ MathWorks

Process Engineer

-
sh'a

Operator
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Integrate with

Production
) Systems
System
Architect

Apache
Kafka

\

/\ Azure .

Production System

Worker processes

4\

Imllb

ﬁ/

\ Connector )

MATLAB Production Server

Request
Broker

~\

J

t

State Persistence

¢

..

Storage Layer

L) .
% elastic |m

MATLAB EXPO 2019

@ MathWorks

Integrate Analytics with Production Systems
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Integrate with

o)

4 MathWorks

MATLAB Production Server on Azure

v

https management
endpoint

- e

Enterprise Applications

Production
& & Systems
System
Architect . 1
Production System
A\ Azure
S ~a\
[ ~\ <r @& > Virtual Network Management Server :
| |
| L —
| e N\ e |
| |
I — r- MATLAB I
' r‘ Production
e > - — -
: _m Server(s)
[ < A scaling group Application
| / \. J Gateway Load
' Connectors for Balancer
I | streaming/Event |
: L Data y A :
I = i B I
| | | & B .
| |
l State Persistence Connectors for Storage & Databases I
\
\ J

MATLAB EXPO 2019
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Integrate with

Systems

System
Architect

= Connector feeds single Kafka topic to a MATLAB function

= Publisher library for MATLAB for writing to a results stream

= 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)

MATLAB EXPO 2019

§3 Kafka

pump_fleet MATLAB Production Server
Worker processes
semd B (1] Bl s 4
Connector Request
2 Broker
pump_results 4
L J

Production Connecting MATLAB Production Server to Kafka

A\ MathWorks:
4

~

32



4\ MathWorks:

4 Integrate with

Production Messaging adapter for Production Server

Systems

System
Architect

= 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

MATLAB EXPO 2019 33



Integrate with

Production
Systems

Ve

Sysem
Architect

subscribe

Committed
Offsets

MATLAB EXPO 2018

Kafka connector architecture

Illlll IIHI!I\ Illlll lIIIII
llilll
1
add an VV1 VVO add

Illlll IIHI!I\ Illlll llilll

‘ MathWorks:

Async
HTTP
to
Server

-

invoke

Networking
Threads

34



Sysem
Architect

Integrate with

Production
Systems

Streaming data is treated as an unbounded

Timetable

Input Stream

18:01:10 Pumpl 1975
S —
18:10:30 Pump3 2000 109 115
18:05:20 Pumpl 1980 105 105
18:10:45 Pump2 2100 110 100
18:30:10 Pump4 2000 100 110
S ——
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
S ——
18:30:50 Pump3 2000 100 110

MATLAB EXPO 2018

MATLAB
Function

MATLAB
Function

MATLAB
Function

Output Stream

‘ MathWorks:

18:00:00

18:10:00

18:20:00

18:30:00

18:10:00

18:20:00

18:30:00

18:40:00

Pumpl 5
Pump3
Pump4
Pump?2 7
Pump3 %
Pump4
Pumpl
Pump3 4
Pump4
Pump5
Pump3 5
Pump4 8

35



Integrate with

o)

Production
) Systems
System
Architect

4@ MathWorks

Debug your streaming function on live data

A\ Azure

Production System

r

Worker processes

]

\ Connector )

"

Apache
Kafka

\.

5 -

\.

MATLAB Production Server

N\

.a
{ ]
e

State Persistence

% elastic

Storage Layer

Analytics Development

MATLAB
Compiler SDK

MATLAB

b
) 2
B U0

]7) -
N .
Package :ﬁ}..
& Deploy f‘»‘f:-:.'
Mode )

MATLAB EXPO 2019
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4\ MATLAB R2018b —

EDITOR PUBLISH VIEW " o > i ( Search Documentation
Find Files P Insert
2 g AR s= | a3 T
== g U _(BREAKPONTS N !
<P EHE rt » Projects » Kafka » Connector » StreamingExample » v\ P
Current Folder ® u Editor - C\Users\jstewart\Projects\Kafka\Connector\StreamingExample\StreamingExample'streamingFunction.m ® X Workspace ®
[1 Name- | streamingFunctionm | analyzeResultsm | + | Name-  Value
& +mps TR EE s§runction mlearnapp.internal.mo .adapterlayer.lrainedClassificationEnsemble TL] @ctrl 12T Contr:.
= PumpFault_Linux 14 $#function mlearnapp.internal.model.adapterlayer.TrainedLinearRegressionModel
¥  StreamingExample 15
B~ test 16— if nargin < 2
8 consume.m 17 old_state = [1;
é :onsumeResults.m 18— ehd il
akeResultsToKafka.m 19
" make cache name.m
I_ o
1 TheKnowledge.txt 21
22 % Model doesn't work well with too few data points. =
2= limit = 100;
24 if height(data) < limit
5= fprintf ("Too few rows (%d < %d) to generate effective model.\n", ...
26 height(data), limit);
27 new_state = old_state; AL
28— return;
S end
30
31
32 % Get the keys present in the data, use categorical for performance
SF= data.key = categorical (data.key) ;
32 pumps = string(categories(data.key)) :
35
36 % Load models
37— persiItent leakModel bearingModel blockingModel trainedModel
38
3= if isempty (leakModel)
40— x = load('MLModels.mat') ;
41 leakModel = x.leakModel;
A2 — bearingModel = x.bearingModel;
43— blockingModel = x.blockingModel;
4z trainedModel = x.trainedModel;
AS— and Y
I« ;
Command Window ®
New to MATLAB? See resaurces for Getting Started, X
S>>
PumpFault_Linux.prj {Production Server Compiler Project) ¥
No details available
m.




o)

Integrate with

St Complete your application
_—h s PIte your app
System
Architect

\.

4@ MathWorks

_ éye elastic | m——)

Storage Layer

Business Decisions

( )

. kibana

\_ Presentation Layer )

MATLAB EXPO 2019
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5
P4 Complete Your Application

Plant 4\ MathWorks: orr R

Operator

Pump Summary

MATLAB EXPO 2019

AAAAA

4\ MathWorks
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http://pumpdemo.mwlab.io:3000/

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 Al 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

MATLAB EXPO 2019

-‘\ MathWorks:

40



Resources to learn and get started

4\ MathWorks

- GitHub: MathWorks Reference | ey

Architectures

=  Working with Enterprise IT Systems

MATLAB Works with Your IT Systems

= Data Analytics with MATLAB

=  Simulink

MATLAB EXPO 2019

Pull regquests  lssues Mackotplace  Explore

L Repositories

dws

mdcs-on-azure

o= Al «
tTe. and MaOUs Can un on
5 eer 0 cnte
poch aIch ARS ana
@
Rerent lage-seas. hy
P 12 many computars wih
L w ' @
a0

Linux

/\ Azure

mps-on-aws
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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

