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Introduction

This reference architecture outlines the use of MATLAB and MATLAB Production Server for advanced
analysis and analytics within thieableau platform. There are two options for interfacing Tableau with
MATLAB Production Server.

1) Web Data Connector: Retrieve data via MATLAB functions running on MATLAB Production Server for

use in Tableau
2) External Service Connection: Send data fiiableau for analysis by functions running on MATLAB
Production Server. This is similar to other external analytics integrations.

The following sections explain the steps involved for setting up and using both options. Please see
Petermining the correabption to us€ln the Notes section at the end of this document $éetecting the
option most appropriate for your application.

Note: The configurations provided in this document are for reference only.

System Requirements
This reference architecture is mprised of the following components and was developed using the
versions as listed. See the product documentation for any product specific requirements.

MathWorks Products
1. MATLAB (R2016b or later)
2. MATLAB Compilé&@DKR2016b or later)
3. MATLAB Production Sexr (R2016b or later)

Tableau Products
1. Tableau Desktop (10.3.1 or later)
2. Tableau Server (10.5.3 or later)



Option 1:Getting Startedsing Web Data Connector

ArchitectureDiagram
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: 13

W MATLAB

Web Server PRODUCTION
SERVER
Web Data Connector
= 4

MATLABCF;r:::;l;l:: Server MATLAB 4= Data

: — Analytics 4=p Sources
HTML & JavaScript
( pt) - 4

Installation and Configuration

The Web Data Connect¢WWDC) is a Tableau feature that helps Tableau users access any data available
over HTTP frormternalweb services, REST APIs, JSON data etc. The WDC is an HTML page with JavaScript
code to manage the communication with other web services/APls. The Hagélgaralsodisplay a Ul

to the Tableau user who can then select the data to be loaded.

Note that although this example uses HTTP, MATLAB Production Server supports calls using HTTPS as well.
More information on security and enabling HTTPS is providdaiv:
https://www.mathworks.com/help/mps/security.html

Also note hat for all examples in this document, the MATLAB application can be accessed via RESTful API
either by

(a) Packaging and deplimg the MATLAB application to MATLAB Production server or
(b) Using MATLAB Compiler SDK to start up a test server in local machine.

The first option to integrate MATLAB applications with Tableidizes a custom \WC component that
connects taVIATLAB Produah Server as a data source. The HTML sdgested on a web or application
server so thatt is accessible over HTBm Tableau

To set up the WDC for connecting to MATLAB Production Server, locdiPtheWDCSunspoihtml file
in the package providednder\WDGExamplesWeb_Data_ConnectdMPS_WDCSunspothtml

Although any web server can be used to host the HTML pagextimplein this packagéas been
tested usindnternet Information ServiceBQ | v R - 8 810 BIND



https://www.mathworks.com/help/mps/security.html

The hstructions to enable IIS on a Windows 10 machine are providagpendix A.

A second choice fdrosting the web pages http-server, which is a simple, zeconfiguration command
line HTTRserver. Help on starting this server is below:

https://www.npmjs.com/package/httpserver

Usage

The example used for this demll allow Tableau users to callMATLAB applicatiomd analyze
cyclical data using a fast Fourier transform algoritRiourier trangormations allows users to analyze
variations in data, such as an event in nature over a period of fiilne data retrieved here represents
the number and size of sunspots for the last 300 years, using the Zurich sunspot relative number.

The function useth this MATLABapplication to perform Fourier transformationa W7¥ thas@> ¢ KA OK
lower computational cost when compared to other direct implementations. By integrating the MATLAB
analysis with Tableau, it is possiblepi@vide Tableau users direct aceds powerful analyzing

capabilities in MATLAB.

More informationabout this example is documented below
https://www.mathworks.com/exanples/matlab/mw/matlab featuredex37594814analyzinecyclicad
data-with-fft

The data received from MATLAB is parsed by the Web@ataector HTML file) and sent back to
Tableau, wherehe visualizations can be plotted to analyze trends and variations.

MATLABEnvironment setup
Under AWDGExampleSMATLAB, locate thgetsunspotdatam file and the WDCPOC.prj file.

Open the WDCPOC.prj file in MATLAB (MATLAB Compiler SDK is required). This will bring up the Ul as
shown below:


https://www.npmjs.com/package/http-server
https://www.mathworks.com/examples/matlab/mw/matlab_featured-ex37594814-analyzing-cyclical-data-with-fft
https://www.mathworks.com/examples/matlab/mw/matlab_featured-ex37594814-analyzing-cyclical-data-with-fft

4\ MATLAB Compiler SDK - WDCPOC.prj - O X

COMPILER

,;1] u E ™ Deployable Archive (.ctf)
: Open S

ﬁ Deployable Archive with Excel Integration

e
TYPE

Archive information

WDCPOC

Additional files required for your archive to run

Files packaged for redistribution

#] readme.txt [#] wocPoC ctf

Include MATLAB function signature file

Add or create a function signature file to help dients use your MATLAB functions.

Add Existing File Create File

Click on the Test Cliebutton highlighted above.

This will bring up the test environment for MATLAB Production Server. Chetk@hg 6t S / hw{ Q 2
and click the start button.



4\ MATLAB Compiler SDK - WDCPOC.prj — O X

Server Address

http://localhost: %910/ WDCPOC

Server Requests

Start server and client.

This should start up the test server that enables MATLAB developers to test MATLAB applications

simulated deployed environment. The test server listens at localhost, and default port number 9910 as
below:



4\ MATLAB Compiler SDK - WDCPOC.prj — O

Server Address

Accepting client connections on: http://localhost: 9910 WDCPOC

Server Requests

Server started. Start client.

The figure above showike test server in the MATLAB session listening at port 9910.

Tableau Environment Setup
Open Tableauandzy RS NJ W/ 2 yy SOl Q cickain Eéhyect B WebiData Gdinedtdr. 3 S >
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This will bring up the Ul below:



Web Data Connector -

S

Type inttp://localhost/MPS _WDC Sunspot.htinlthe address bar. This should bring up the Ul as below.

MATLAB Production Server WDC Connector X

nhttp:fﬂomlhosWPS_WDC_Sunspot.htrnl -

WDC call to MPS

Get sunspot data from MATLAB Production Server

/I £ A0 2y W{dooYAUQ odzit2y G2 NBIA&AGSNI GKS O2yySoOi
Tableau with the schema diie tablethat will containthe datato be sent to Tableau from the external
service (in this case from MATLAB Production Server).

Tableau will show the column names of the table to be retrieved as below:
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http://localhost/MPS_WDC_Sunspot.html

8- MPS Cennection
@ Extract
Extract Required

Zurich Number And Sunspot...

BB | iE Sortfields Datasource order M Show aliases Show hidden
# # # # # # #
Year Zurich Number Real Values Imaginary Values Cycles Per Year Power Years Per Cycle

Update Now

Automatically Update

/ £tA01 2y GKS W! LRI idbithte an2HF TP call deing WHTHo theKestBervaristarted in
the previous step. The data from the sunspiatta file in MATLAB is now available within Tableau as shown
below:

11



Sort fields | Data source order -

# # # # # # #

Year  ZurchNumber RealValues ImaginaryValues CyclesPerYear  Power  YearsPerCycle
1700.000 500 790.05 40567 0.003484 788,748.73 287 000
1701.000 11.00 11560 87531 0.006565 787,481.80 143 500
1702.000 16.00 -1,218 28 2,253.30 0.010453 6,743,424 55 95 667
1703.000 23.00 163.34 -141.84 0.013537 A8,757.37 71750
1704.000 36.00 -1,625.32 -63.15 0.017422 2,645,667 28 L57.400
1705.000 5800 -213 86 1,103.72 0.020506 1,263,532 25 47 833
1706.000 2900 41552 6185 0.024330 176,812 70 41 000
1707.000 20.00 277 68 52382 0.027875 A58,255.08 35875
1708.000 10.00 241 57 11675 0.031355 232,070.73 31.83%
1709.000 2.00 375.37 930.12 0.034843 1,006,034.66 28.700
1710.000 3.00 -336.51 20.44 0.038328 113,927.18 26.031
1711.000 0.00 17.58 62058 0041812 385,448 08 23517
1712 000 0.00 -3453 65542 0.045296 436,055.51 22077
1713.000 2.00 -E63.51 -185.7% 0.048780 353,567 25 20.500
1714.000 11.00 -333.582 34818 0.052265 232,733.07 15133

~1715.000 27.00 -385.21 -100.78 0.055745 158,536.74 17538

In the test server, the call fromableau can be seen in the call logs:

Server Address

Accepting client connections on: http://localhost:9910/WDCPOC

Server Requests

1D Function Status
0 [year relNums,realvalue,imaginary, freq power, period] =getsunspotdata() 0‘ Complete

Once data is available in Tableau, &asy to plot the sunspot data and Fourier coefficientthe Tableau
worksheet. To create a new sheet in Tableau, locate the icons on the bottom toolbar in Tableau as shown

12



B Data Source Sheet1 | [ [H}

Click on a new workshegon highlighted above. This will open a new worksheet in Tableau with the data
from MATLAB Production Server available as fielBkease note that the column names have been
renamed to real(y) and imag(®.y & dzZNB Q Kl LY. 8H Ndlzy RS NJ { KeSI(y®W5 WX ENK AR y

b dzY 6 S Nidaglyf RILM | NJ dzy RSNJ Wa S| adzNBaQ

Data Analytics % | Pages
ffg MPS
Dimensions EL v
Filters
+ Cycles Per Year
H#  Years
#  Zurich Mumber
Abe Messures Names
Marks
4 Line
H &
Color Zize
D;D I:rl

Detai Tooltip

Measures

B

B o =

To plot thesunspot data, dray Y R RNR L) GKS W, SIFND FASER

Imag(y)

Pawer

Real(y)

Years Per Cycle
Number of Record's

Mezsure IValuss

GF oo

02

| 2t dzYy a

Right click Year under Columns and engbet the dimension of the data is used, and not the attribute
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This will plot the sunspot data in Tableau as below:

Sunspot Data

200

180

140

120

100

Zurich Number

1690 1700 1710 1720

1730 1740 1750 1760

1770 1780 1790 1800

1810 1820 1830

1840 1850 1860 1870

Years

{AYAT I NI ez

Standard =

1880 1890 1300

Bal- T a5

NRA I K

1910 1820 1930 1940

1950 1960 1970 1980 1950 2000
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To plot the Fourier coeéffients, create a new sheet as described above, and drag and drop the Realvalues
to Columns, and ImaginaryValues to Rows. As before, right click on the field names and ensure that that

Fourier Coefficients

nagly)
o

o
o0

The example included in this package also plots the power spectrum as a function of frequency, and as a
function of period.A dashboard can be created in Tableau displaying all the plots in a single screen.

15



Analyze Cyclical Sunspot Activity using MATLAB

o) :
Sunspot Data ¥ Fourier Coefficients
200
o
2K rel °
]
15
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= 100 =1
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2K o] ©
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§ 1om & 10M
H H
[ a
A A
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0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 40 &0 80 100 120 140 180 180 200 220 240 260 280 300

Cycles Per Year Years Per Cycle

This worksheet can also be pubksi to Tableau Server, enabling access for multiple Tableau users using

a browser. It is also possible to refresh data on a schedule on Tableau Server so that the latest data can
be retrieved and plotted automatically.

16



Option 2:Getting StartedsingExternal Service Connection

ArchitectureDiagram

Tableau Tableau Tableau
Mobile Server/ Desktop Data
Tableau Sources
Online
( MATLAB
Web Server PRODUCTION
SERVER
External Service Interface
_ = 4\
MATLAB Production Server MATLAE 4=
Interface .
(Node js) Analytics z <
\ L\.

Installation andConfiguration

TheExternal Service Connection option in Tableau provides a set of functions that you can use to pass
expressions to external services for integration with MATLAB. Muaieniation on this feature is
available ahttps://onlinehelp.tableau.com/current/pro/desktop/erus/r _connection_manage.html

MATLAB Production Server Intexéafor Tableau softwaris an external service that Tableau users can
connect to using External Service Connection. The interfagdNizde.js server application that can run
SAGKSNI 2y Yy SyR dzaSNE Q RS aihdp@dduttidhen@drimgrbdepeyding G Sa i
uponthe scaling and redundancy needs

A license for the optimization toolbox is required to run MATLAB example discussed in this document

The steps involved in installation and configuratidrithe interfaceapplicationare:

1. Install Node.js
Theinterfaceapplication requires Node.js to be installed in the machine before startup. Node.js can be
installed from the below link:

https://nodejs.org/en/download/

2. Unpack the MATLABterfacefor Tableau software

17


https://onlinehelp.tableau.com/current/pro/desktop/en-us/r_connection_manage.html
https://nodejs.org/en/download/

¢KS at¢[!. LI O1IF3IS dnfefadedqiplibidhSas weldas yhéd MATYAB coilekaSd
Tableau workbook required for the example discussed in this docunfamining the setup.exe installer
will unpackthe Getting_Startd.pdf guide and #lders as below:

[] Mame

Examples
MATLABE Interface for Tableau Software
=L Getting_Started.pdf

Please note that running the setup.exe will only unpack the application, installation requires an
additional stepasdescribed belown (C)

The MATLAB interface for Tableau Softwammntains the Node.js application.

TheExampledolder contains the MATLAB codad Tableau workbook requirddr the example
discussed in this document.

3. Install theinterface

Installation of Node.js will make available the package manager for Javg8pript npm enables users

to discover and download packages that other JavaScript users have created. Once Node.js has been
installed,change directories to theMATLAB Interface for Tableau Software\Interface folderandrun

the command

$ npm install

If HpmCls not available from thilocation, use the complete path to the npm file. This default location is
Ay GKS Ayadl tf ICiPkogrsim Aldsade< iz ill instaliRi e dependenties required
for the interfaceapplication.

4. Configurethe environment

Theinterfaceapplication contains a configuration file in the locatidTLAB Interface for Tableau
Softwarad Interface config server.config that can be modified to reflect the environment in which the
application will be running. A samptenfig file is as below:

18



"name": "MATLAB Production Server Interface for Tableau software",

"description”: "A lightweight middleware for MATLAB Production Server",

"state_path™: "/tmp",

"server_version": "Alpha",

“creation_time": ",

“port": 3001,

“limit": "50mb",

"mpsstarted": "MATLAB Production Server is available.",

"mpsstopped": "MATLAB Production Server is not available”,

"authtoken":
"ap6Tp2kekrPrm5qlvUsHHVIGI8KhWJIrTispgOrczc20hIGRmMhYPWArxOJXxrHsGf",

“configFile": "ma in_config",

"deployfolder": "C: \\ MP$\ R2016RB \ auto_deploy \\",

"mps_server": "http://localhost",

"mps_port": 9910

}

As can be seen in the image abotres is a JSON formatted string which can be edited to reflect the

correct settings for thénterfacein your environment The main values to validate are:

(1) port ¢ This is the port number where thaterfacewill listen and accept connections from

Tableau The default is 3001
(i) mps_serverc This is the URL for the MATLAB Production Server.
(iii) mpsPortg This is the port number where MATLAB Production Server is listening.

(iv) deployfolder¢ This is the folder where compilddATLABapplications are deployed.

This

setting is required if the¢ATLARleveloper wishes to publish compiled archivi®ctly to

MATLA Production Server via theterface

() authtoken - This is a unique key the MPS developer will need to provide to authorize the

publishing of compiled MATLAB applications using the interface.

5. Start the server

Start the server usinthe commandfode binMATLABterfaceQ® ¢ KA &4 aK2dz R adl NI
at the port specified irserverconfig. If the command is not recognized, you may need to include the

complete path to the node.exe fil@nce the server starts, you should see the message awbelo

19
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Windows PowerShell
Copyright (C) 2816 Microsoft Corporation. All rights reserved.

PS C:\Pilot Work\Tableau\Software\Source\External_Service_Connection\Tableau\Server> node .\bin\MATLABinterface

Server Name: MATLAB Production Server Interface for Tableau software
Description: A lightweight middleware for MATLAB Production Server
Version: Alpha

Configuration File: ./config/server.config
Using port: 3ee1l
Using transfer limit: Semb

Usage

The example used for this option solves the classic travelling salesman problem where the goal is to find
the shortest closed path through a set of stops. MATLAB solves this problem using an iterativelprocess
determining subtours, and reruning the optimization until all subtours are eliminatddore information

about this example can be found here:

https://www.mathworks.com/help/optim/ug/travellingsalesmarproblem.htmi

The Tableau worksheet that visualizes the shortest path is included in this package under
A\ ExternalServiceConnectidixamplesTravelling_Salesman_Problénsd

The serverinterface set Yo abovereceivesrequests for MATLAB analytics from Table@he server
formats the data received from Tableau as JSON, aietaia RESTful call via HTTP to MATLAB Production
Server The results from the MATLAB computations are sent back to the node/gs sghich then returns

it to Tableau.

TablealEnvironmenSetup
To enable Tableau to make a service call toittierface follow the below steps:

a Ly GKS 18fL) 2LIA2ys OtA0] 2y {SiGdiy3a yR t SNF21
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https://www.mathworks.com/help/optim/ug/travelling-salesman-problem.html

Help

Open Help Fi1 d . = @
Get Support..

I Check for Product Updates...

I Watch Training Videos %)
Sample Workbooks »

Sample Gallery

Choose Language 4

Settings and Performance  * Reset Ignored Messages

Manage Product Keys... Clear Saved Server Sign-ins

About Tableau ~*  Enable Automatic Product Updates

<

Enable Autosave

" Enable Accelerated Graphics
Manage External Service Connection...
Set Dashboard Web View Security ’

Start Performance Recording

This wil bring up the Ul below:

External Service Connection x

Specify a server name and a port

SEerver: |||:u:.a|h|:|sﬂ v| Port: |3EIIZII |

|:| Sign in with a username and password
Username:

Password:

Test Connection Cancel

Enter theinformation for Server and port number for the interfage the dialog aboveThe server
information is the hostname where the node.js application is runnifigeport number should match the
port numberconfiguredin the server.config file in the config foldfar the interface

21



In the above figure, the interface is running locally, so the server is localhost. The port number configured
in server.config file is 3001.

Click on Test Connection button to ensstecessful connection to the interface.

! Successfully connected to the Predictive Service.

Ok

Test Connection Ok Cancel

b) Load the data file to work with in Tablealhis example uses the airports.csv file available under
¢CNI @St tAYyIY{ltSaYlry T2t RSN /fA0] 2y a{KSSiwm¢

8 Data Source Sheetl | Hy G

) ' YRSNI GKS waSl 8dNBaQ 480GA2Y Ay ¢FofSkdzZ NRIK
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Measures
@ Latitude
@ Longitude
=  Numberof Records

H  Messure |aluss

Create Calculated Field...
Create Parameter...

Create Folder (use group by folder)

Group by Folder
®  Group by Data Source Table

®  Sortby Mame
Sort by Data Source Order

Hide All Unused Fields
Show Hidden Fields

d) This will bring up the window to edit the calculated field. Enter the name of the calculated field in the
textbox.

MPS_Results X All " | ABS (number)
m Returns the absolute value of
ABS the given number.
f SCRIPT_BOOL ACOS
f SCRIPT_INT ﬂ';D Example: ABS(-7) = 7
. )
s
= ASIN
ATAN

Tableau provides 8CRIPT_XX¥Xctions tomake an external service cdllepending on the data type
expected from MPS, use the appropriate function.

e) Specify the MATLAB package and function to call

The argument for theSCRIPT_XXKMction takes in the ame of the MATLARiInction, as well as the
data to be passed to the function. Consider the example below:

Shortest Path

Results are computed along Name.
SCRIPT INT({ '"TSE/GetlatlongVector",AVE({ [Longitude]) AVE([Latitude]) }|

Here, the name of the CTF archive is TSP and the name of the MATLAB function is GetLatLongVector. This
Ad ALISOAFASR Ay (GKS FANRG FNBdzYSyd a Wwe{tkDSG[ I
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The data to be sent to MATLA®Iows the first argument. In the above example, The Longitude and
Latitude values are sent to MATLAB, and are specified in that order as arguments to the SCRIPT_XXXX
function.Please se®’[ A YA Gl G A2y aQ Atife eddioShistd@cingit fodn®@ inforthafionl

on data formats supported

Click ok to accept the calculated field. This field can now be used in any of the plots or graphs in Tableau.
Any time the field is included as part of a worksheet, Tableau serefyuast to theMATLAB Production
Server interface for Tableaand assigns the results of the call to the calculated field.

MATLAB Environment Setup
ToensureMATLABProduction Server hane the request from interfagdollow the steps below:

a) Ensure thatlhe MATLAB application is ready to accept input arguments from Tableau.
Input arguments from Tableau are structures with joletermined names for each input argument.
Ensure that the MATLAB function can access the data sent by Tableau by following fettheer o
options described in Appendix B.

b) Deploy MATLAB package to MPS or use MATLAB Compiler SDK

Use the MATLAB Compiler SDK to package the MATLAB functions into deployable farctiemsying

to MATLAB Production Server. For more information, clictherink below:
https://www.mathworks.com/help/mps/deployablarchivecreation.htmi

You can also use the testing environmeautailable as part of the MATLAdstart up a test MPS server
locally. More information is at:

https://www.mathworks.com/help/compiler sdk/mps dev test/tesi-process.html

To quicklysetupup a test MPS server using MATLAB Compiler SDK, follow the steps below:

(1) Click on Apps gallery and open Production Server Compiler App:
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m
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Viewer

COMPUTATIOMNAL FINANCE

&
Binning Explorer Financial Time
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CODE GEMNERATION
o X
e

MATLAB Coder

APPLICATION DEPLOYMENT

* o X - W

Application Hadoop Library Compiler | Production
Compiler Compiler

Server Compiler

@i /EA01 2y (GKS WbQ odzid2y G2 oOoNRy3

package:

I{‘E 'D E = Deployable Archive (.ctf) Add exported functions % @ =2 )
@ Deployable Archive with Excel Integration -

=

-

Archive Name

Files required for your archive to run

dzLJ G KS FAES

4\ MATLAB Compiler SDK - Untitled1.prj
COMPILER (‘ cl [z
New Open Save Seftings Test Package
~ Project ¥ Client
S
FILE PE EXPORTED FUNCTIONS SETTINGS | TEST | PACKAGE

Archive information

Files packaged with the archive



4\ MATLAB Compiler SDK - Untitled1.prj*

COMPILER .C|

o
4|0

Archive information

Files required for your archive to run

@ . airports.csv a detectSubtours.m a updateSalesmanPl...

Files packaged with the archive

@ readme.txt @ TSP.ctf

(iii) Once the MATLAB functions are selected, ensure that the Archive information matches your
specifications as highlighted above. In this example, the name of the archive(CTF) is TSP, and the
name of the function is the name of the MATLAB function added@etLatLongVector.

(iv)  Once the required files are adde@,f A O1 2y (KS Wwe¢eSad /tASydiQ odzii?2
a local instance of MATLAB Production Server listening at port 9910.

4\ MATLAB Compiler SDK - Untitled1.prj*

icl (2

il

COMPILER

ot [0 | a
) Enable CORS Breakpoints Stop ~ Close
SERVER CONFIGURATION SERVERACTIONS | CLOSE

Server Address

Accepting client connections on: http://localhost:9910/TSP

=
m
1)
A

Server Requests @

Server started. Start client.

Clear All Requests

3 [Thu Jul 06 08:23:09 EDT 2017] binding to endpoint '[:]:9910" A
4 [Thu Jul 06 08:23:09 EDT 2017] using '[:]:9910"

5 [Thu Jul 06 08:23:09 EDT 2017] bound to '[:]:9910"

6 [Thu Jul 06 08:23:09 EDT 2017] [SERVICE:date_clock] Starting



¢) Once the packaged MATLAB function is hosted on MPS or destirey environment, the calls from
Tableau are routed to MATLAB by timerfacevia HTTPOutput from the MATLAB functions are
provided back to the Tableau calculated field, where it can be visualized.

Once the MATLAB and Tableau environments are sttgpthe interaction between the applications by
clicking on the refresh button in Tablealihe refresh button is available in the toolbar in Tableau as
highlighted below, and is disabled if Tableau is set for -ayimate. Refreshing, or awepdating witin
Tableawshould send the data loaded in Tableau to MATLAB, and make the fesuts ATLABwvailable

in the map.

1
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