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Introduction

Spotfire® analytics [1] is a highly visual and open analysis environment that complements packaged
applications. A few clicks combine and visualize multi-sourced information with an array of dynamically
linked plots that dramatically increase insight and understanding of complex data. Spotfire allows you to
capture reusable analysis methods that clearly and easily lead colleagues through approved steps to
gather, calculate, visualize and share results.

MATLAB® [2] is the high-level language and interactive environment used by millions of engineers and
scientists worldwide. It lets you explore and visualize ideas and collaborate across disciplines including
signal and image processing, communications, control systems, and computational finance.

MATLAB Production Server™ [3] lets you run MATLAB® programs within your production systems,
enabling you to incorporate custom analytics in enterprise applications.

This reference architecture details the use of MATLAB as the language of technical computing to express
advanced analytics and algorithms. The MATLAB algorithms developed in the desktop client can be
deployed in a service-oriented architecture (SOA) to address typical production demands handling the
scalability and reliability requirements of business-critical applications.

Solutions using such an architecture enables the use of MATLAB’s large and powerful collection of
statistical and machine learning algorithms and tools for organizing, analyzing and modeling data. The
application of this architecture enables a workflow supporting the modeling and visualization of data
and analysis right from prototype to full production usage across large enterprises.

System Requirements
This reference architecture is comprised 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 (R2014b or later)
2. MATLAB Compiler (R2014b or later)
3. MATLAB Production Server (R2014b or later)

TIBCO Products
1. TIBCO Spotfire Server (6.0.0 or later)
2. TIBCO Spotfire Web Player (6.0.0 or later)
3. TIBCO Spotfire Professional or Enterprise (6.0.0 or later)
4. (Optional) TIBCO Spotfire Statistical Services



Reference Diagram
Below is a pictorial architecture of the entire system.
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The Spotfire environment provides several interfaces [4] to numerous data sources and information
services. In this architecture, MATLAB is used as a computation service enabling the use of MATLAB
based analytics with data from a variety of sources. Results of MATLAB analytics are visualized with
Spotfire data visualizations and dashboards on the desktop, mobile or within web browsers.



Both Spotfire Server!and MATLAB Production Server?can be installed in their own standalone or
clustered configurations for performance, reliability, fail-over, and disaster recovery. Further discussion
on a scaled-out architecture can be found in the Performance Tips in the appendix of this document.

Getting Started Guide

This section is designed to enable the user to quickly set up a demo example integrating TIBCO Spotfire
with MATLAB Production Server. Detailed information on Spotfire package deployment, troubleshooting,
accessing from mobile applications etc. is available in later sections.

On the machine that TIBCO Spotfire Server is running:

1. Copythe MathWorks_TIBCO_Spotfire_Extension installer to the machine on which TIBCO
Spotfire Server is running and then run the installer. This will create two Spotfire package files in
the folder; 1) MathWorks.MPSExtension.spk and 2) ProtocolBuffers.spk

0 oter [awosan Al d

Welcome to the MathWorks
TIBCO Spotfire Extension
Setup Wizard

Customizing the Configuration
2. Within the MathWorks.MPSExtension.spk file are two XML files that are used to customize the
configuration:

ServerConfiguration.xml is used to configure the URL address for accessing MATLAB Production
Server
FunctionList.xml defines the list of functions running on MATLAB Production Server.

These files contain information visible to the Spotfire client, and must be updated to contain the
correct information. Reference Appendix D of this document for the process to access the XML
files and for rebuild the “.spk’ file once the files have been updated.

3. Update the ServerConfiguration.xml follow to define the hostname or IP address and port on
which MATLAB Production Server is listening:

1 please see: http://stn.spotfire.com/stn/Platform/SpotfireServer.aspx
2 please see: http://www.mathworks.com/products/matlab-production-server/features.html#tperformance-
optimization-and-scalability



http://stn.spotfire.com/stn/Platform/SpotfireServer.aspx
http://www.mathworks.com/products/matlab-production-server/features.html#performance-optimization-and-scalability
http://www.mathworks.com/products/matlab-production-server/features.html#performance-optimization-and-scalability

e ?xm]l wersion="1.0" encoding="utf-5"2>

<ZerverListZMLDocwment >
<hoathnamerhttp: /S localhost</ hostname >
<portx99i0</ports
</8erverListXMLDocument >
</ ArraylfierverListXMLDoc e nt >

=1 Th 0 = W

The FunctionList.xml file lists the MATLAB functions that can be called from Spotfire. This XML file
should be modified to include the name of MATLAB function, the input and output parameters, and the
data types. This demo uses the optimisePortfolio MATLAB function. The MATLAB code is listed below,
followed by the modified FunctionList.xml file.

function weights = optimisePortfolio(dates, prices, upperBoundWt)
% OPTIMISEPORTFOLIO Simple portfolio optimisation
This demo computes weights of a portfolio defined by a matrix of asset
prices for given dates maximising Sharpe ratio;

a0 oo

oe

% The portfolio weights are bounded by the same scalar value upperBoundWeight

% Check inputs
dates = dates(:);

validateattributes (prices, {'numeric'}, {'2d'});

validateattributes (upperBoundWt, {'numeric'}, {'scalar'});

assert (size(prices, 1) == length(dates),
'optimisePortfolio: Size mismatch; Expected number of rows in prices is %d and received is %d',
length (dates), size(prices, 1));

% Calculate Returns
% Calculate daily returns
assetReturns = tick2ret (prices, dates, 'Continuous'); % log returns, Financial TB

Setup portfolio

Portfolio;

p.estimateAssetMoments (assetReturns); %$Mean and covariance of asset returns from return data.
p.setDefaultConstraints; %Non-negative weights that must sum to 1.

p.setBounds (p.LowerBound, upperBoundWt*ones (l, size(prices, 2)));

T 'O 'O T ooe

o

3 Find min variance portfolio
weights = p.estimateMaxSharpeRatio();

<FunctionListXMLDocument>
<archive>portOpt</archive>
<functionname>optimisePortfolio</functionname>
<functionsample>System.String[,] weights = optimisePortfolio(System.DateTime[] dates,
System.Double[,] prices, System.Double upperBoundWeight)</functionsample>
<functionsyntax>optimisePortfolio</functionsyntax>
<functionhelp>
<! [CDATA[This function computes weights of a portfolio defined by a matrix of asset
prices for
given dates maximising Sharpe ration; portfolio weights are bounded by the same
scalar value
upperBoundWeight.<br/>
The maximization of the Sharpe ratio is accomplished by a one-dimensional
optimization using
fminbnd to find the portfolio that minimizes the negative of the Sharpe ratio. The
method
takes only a fully qualified Portfolio object as its input and uses all
information in the
object to solve the problem.]]>
</functionhelp>
</FunctionListXMLDocument>

chrrayofServerListXMLDocument xmlns:xad="http://wvw.w3.org 2001/ ZML3chems




After modifying the two XML files to reflect the MATLAB functions being deployed, follow directions in
Appendix D to recreate the Spotfire package.

Deploying the MATLAB Production Server Interface for TIBCO Spotfire

software
4. To deploy the MATLAB Production Server Interface for TIBCO Spotfire software onto the Spotfire
system, open the TIBCO Spotfire Server application.

= 5 o-n,- Tocalhost E0BT spotfin
TIBC® Spotfire Serve

Welcome to the TIBCO Spotfire® Server

TIBCO Spotfire Administration Consode. Adminisier your usees and groups, and 350 deploy packagss

Opan Adminixtraton Console

TIBCO Spotfire Server Logs and Diagnostics, Yiew the server logs and dagnostics page

D=y Logs anvd Diagntrshics

Tools, Server Configuragion Tool

foars

© Copynght 1565.2045 TIBCO Softwars inc All Rights Reserved




5. Open the Administration Console.

L S © iy ocalhost <0 wonmeto T A TIBCO Spotfie Adeninistrati., % :TB|

TIBC® Spotfire Ad

/R
Users B To view a user:

" l Search Ta veaw information sbout 3 user, antar a search axpresson 1o the it
Entar 2 30arch evpressien and press Search to see
wery

Than chek on & user in tha resulting list b edit .

Examplas:

Type an evtwrink * to kst ol ceers,
Type &* to lint ol usars Segnning with bor B
Usa the 7 and * wildcards to smarch for users.




6. Select the Deployment Tab.

A © TIBCO Spotfire Administrat.. % ||

Current Deployment =
Varsion:
700

Description:
TIBCO Spotfire T.0.0 Automaticon servicoes.

Deployment areas:
Deployment Area Name
Preduction

Version | Last Modified | Intended Chient
18,10.8513.5432 2055-02-13 14110104 TIBCO Spotfire Frofessunal Entarprise Hayer

18.10.8513.3432 A013-92-13 14110437 TIBCO Spotfire Ay Cliest
181085135422 20150213 14:0%:49 TI8CO Spotfire Professnnel/ Enterpeise Haper
18,10.8513.5433 2015-02-13 14:10:17 TISCO Spotfire Profassnnel Enturpeise Huper
18,10.6513.5432 2045-02-13 14:05:52 TIBCO Spotfire ProfessonslVEnturpeise Haper
18,10.8513.5432 2015-02-13 1410125 TIBCO Spotfive Any Cliest
Setvp Lavncher 18:10.8513.5432 2015-02-13 14105132 TIBCO Spotfire ProfessunsVEntarpeise Fayper
Spatire ADOWD tased Connactons 15.7-8310.5723 2013-02-10 1434141 TIBCO Spotfire Anvy Client

Fpotirs Application Profier 15.10.8513.5433 A013-97-13 14:10:40 TIRCO Spatfire Frofessonasl Entarprise Player

Valdate Save

7. Within the “Software Packages” section, use the “Add” button to add the following two files
which were extracted from the installer application when it was run:



MathWorks.MPSExtension.spk
ProtocolBuffers.spk

|k o Local Disk {C:) » MATLAS Connectar v €| [SewchmaTiAB Connector B |

Organize ~  New folder =~ e
o Favorkes Date modiied Type =
Bl Desitop ®SExtension sy VSRS TLITAM  SPK File
_# Downloads 1) SeoMies. Appiicstion
UL Recent places SPK. File

Dete modified 3/5/2013 11:37 AM

& This PC

Vi Metwork
& roclient

v| A Fites 29

[Copn | [ coea |

Version Last Modified Intended Cliert Add
10 L5 85105410 J0L5-02-13 141L0:04 TIACO Spotfen ProfessinnelEntecproas Magur

Fomove

15.12.8533.0432 2030-02-13 1410437 TIRCO Spotien Any Chant

Hageit

16.40.8543 5432 2035-02-13 1499043 - TERCO Spotfn Prodeasinnal/ Enterprse Player
1008 #532.5302 ’

MathWorks MPEEstersan 1,0.8217,6833

Lamwie Flws 1808 #0133, 5402

Soipt Support 16,40 8513.9432

Setur Launcher 1840 w819 9412 2018

Spctten ADCMD hased Conmerturs 167831007 2WLe-
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8. Once the two packages are added, select the “Validate” option at the bottom of the page to
verify all dependencies. Once you receive the “Validation OK” message, then select “Save”.

Users Groups Deployment
Current Deployment o
Vaersion:
oD
Description:
TI8C0 5 T
Deployment areas:
Deployment Area Name | 13 Default Area [[ Add
Production Yes ] Remove
: | Rename
Set as
| Dafaun
| |
Solftware packages:
Name Versian Last Modified Intended Chent || Add
Automation Servces 19,10.9313.3432 201393417 14310104 TIBCD Gpotfire ProfescinalGaterprine Flayer Ai DOve
Core 19,10.9312.5432 201392417 14:10:37 TIRCO Spotfire Any Chant ‘ Ravert
Halp fllas 18.10.8513.5432 2015-02-13 14:09:4% TECO Spotfire Srofessional/ Enterprise Playwr
‘oadar 18.10.8513.5432 2018-02-13 34:20:37 TIECO Spotfire Frofesstsnal/Enterprive Playur
0 MethWorks MoSEctanpon 1.0.4217.68%2 20150209 18:06:02 TIBCO Spotfire Any Chent
@ crotnzoBuen 1.0.00 2015:01-08 23:411313 TIRCD Spotfire Any Chent
Samgle Niey 10,10.8912.5432 2013:02+13 14:09:53 TIBCD Spotfire Profestisnal/ Enterpriom Playwr
Script Suppoct 10,10.8913.59423 2015-03-33 14:10:23 TIRCD Spotfire Ay Chwmt
Fetup Launcher 10,10.8913.5433 20139333 14:09:53 TIBCD Spotfire Professional Tnterprine Playwr 2
< >
| Validata Save Copy Expoct Cloar
Within MATLAB

As an example of how to use the extension, we shall take a simple portfolio optimization demo problem.
Portfolio optimization [5] is the process of choosing the proportions of various assets to be held in a
portfolio, in such a way as to the portfolio better than any other per some criterion. The criterion will
combine, directly or indirectly, considerations of the expected value of the portfolio's rate of return as
well as of the return's dispersion and possibly other measures of financial risk.

In this demo, MATLAB is used to compute weights of a portfolio defined by a matrix of asset prices for
given dates maximizing the Sharpe ratio [6]. The portfolio weights are bounded by the same scalar value
as the upper Bound. The Sharpe ratio characterizes performance of an investment asset in
compensating the investor for the risk taken. When comparing two assets versus a common benchmark,
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the one with a higher Sharpe ratio provides better return for the same risk (or, equivalently, the same

return for lower risk).

This is a single example of using MATLAB as the computation engine and the choice of example could
just as easily be rewritten across a number of industries and application areas.

Prototyping Workflow

For the portfolio optimization problem, the function signature looks like:

function weights = optimisePortfolio(dates, prices, upperBoundWt)

9. The first step in building a robust function is to check that our inputs are valid.

%% Check inputs
dates = dates(:);
dates = cellZmat (dates);
prices = cell2mat (prices);
upperBoundWt = cell2mat (upperBoundWt) ;
validateattributes (prices, {'numeric'}, {'2d'});
validateattributes (upperBoundWt, {'numeric'}, {'scalar'});
assert (size(prices, 1) == length(dates),
'optimisePortfolio: Size mismatch; Expected number of rows in prices
is %d and received is %d',
length (dates), size(prices, 1));

Leveraging the MathWorks financial toolbox, MATLAB provides a very compact and readable way to
express many algorithms. This is no exception. Our optimization code looks like:

%% Calculate Returns

% Calculate daily returns

assetReturns = tick2ret (prices, dates, 'Continuous'); % log returns,
Financial TB

%% Setup portfolio

p = Portfolio;

P = p.estimateAssetMoments (assetReturns); %Mean and covariance of asset
returns from return data.

P = p.setDefaultConstraints; %Non-negative weights that must sum to 1.
%p = p.setBounds (p.LowerBound, upperBoundWt*ones(l, size(prices, 2)));

%% Find min variance portfolio
weights = p.estimateMaxSharpeRatio();

Running the code in MATLAB allows users to develop and prototype ideas quickly. Visualization of the
data using the MATLAB desktop based graphics system gives quick and early feedback on algorithm
designs. For example, to run our function we use asset prices from an XLS spreadsheet. Our data comes
from historic daily close prices of global large-cap equity indices, from April 1993 to July 2003.

12



This dataset contains asset prices from
1. . (TSX) Canadian TSX Composite

2. (CAC) French CAC 40

3. (DAX) German DAX

4. (NIK) Japanese Nikkei 225

5. (FTSE) UK FTSE 100

6. (SP) US S&P 500

A small sample of this data looks like:

A B - ] E F ]
Dates Canada France Germany Japan UK us

4,:"2?,?'19931 3691.2 1927.4 1640.8 20207 2832.7  438.01
4/28/1993 3710.2 19425 16289 20455  2797.3  438.02
4/29/1993 3755 1920.6 1623.9 20687 2786.8  438.89
4/30/1993 37894 1939  1627.2 20919 2813.1  440.19

M I L Pa —

Reading in the data and calling the optimization:

%% Import Data

% Read asset prices from an Excel spreadsheet
[prices, ~, rawbData] = xlsread('IndexData.xlsx');
assetNames = rawData(l, 2:end);

dates = datenum(rawData(2:end, 1), 'dd/mm/yyyy');

%% Set parameters
upperBoundWeight = 0.3;

$% Optimise portfolio
weights = optimisePortfolio(dates, prices, upperBoundWeight) ;

%% Display results

f = figure;

pie (weights, {'TSX','CAC', 'DAX', 'NIK', "FTSE', 'S&P'});
title ('Optimized Asset Allocation');

Early and immediate feedback can be visualized in MATLAB.

13



Optimized Asset Allocation

S&P

FTSE

DAX

This represents a typical prototyping workflow in building data analytics algorithms in MATLAB.

When satisfied with the algorithm, the user can democratize the results of the analysis by taking the
MATLAB code into production using TIBCO Spotfire.

Production Workflow

The first step in taking the MATLAB function to production is to deploy the code using the MATLAB
production server. This can be done using the deployment tool (deploytool).

10. Using the MATLAB Production Server Compiler, specify the function to be packaged and
create the archive by selecting the “Package” button.

14



4\ MATLAB Compiler - PortO.prj

ﬁ‘ D % I Deployable Archive (.ctf)
= = @ Deployable Archive with Excel Integration

Archive infermation

PortOpt h

\ Files required for your archive to run

Files installed for your end user

];] PortOpt.ctf || readme.txt

11. Once complete, copy the resulting ‘.ctf’ file to the auto-deploy folder of MATLAB Production
Server. Ensure that the MATLAB production Server is running.

File Home Share Wiew
@ > 1 | . » ThisPC » OSDisk (C:) » “Work » MPSServer » auto_deploy
a

9 Favorites MNarme Type Size
B Desktop Svvithag, o B
8 Downloads LU ST I RT
‘E-ﬂ Recent places VI gy o i Filn £

PR L (TR ' A0

1M This PC L M e | bl
m Desktop || PortOpt.ctf h iy 1
| Docurnents [ em———T i a1
@ Downloads S et ' WEL A
M Music R I aa
= Pictures W g I Hisk 24
B Videos R s i Hilm | ]

B ASniaL fen

On the TIBCO Spotfire client machines
12. Restart any Spotfire clients and select “Update Now” to update the client with the MATLAB
Production Server Interface for TIBCO Spotfire software.
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Installing the update will enable the Spotfire user to access the MATLAB Production Server tool.

'd ey B
TIBCO Spotfire [

An update for TIBCO Spotfire is available. View updates

It is recommended that you update the application. if you do not install
the update, some functions in Spotfire might not work comectly.

When do you wish to install the update?

[ Update Now ] [ Later ]

\ W Gl e ——— L ue—

13. From the Tools menu, select the “MATLAB Production Server” tool.
sert | Tools | Help
@ Find... Ctrl +F D

Data Relationships...
k-rrieans Clustering...
Line Sirnilarity...

Hierarchical Clustering...

. Regression Modeling...

Clsssificati .
| RATLAR Production Server... ||>

_—

Register Data Functions..,
FManage Data Connections

Infarmation Designer

Sdrministration banager

Library Sdrministration

i STREE

Change Passward..,

Options

This brings up the tool that will allow configuration of the data function. The inputs include a selection
of available MATLAB Production Server instances as configured earlier allowing users to partition their
environment into development, test and production as per best practices.
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" 4\ MATLAB® Production Server™ (MPS$) Configuration = B =

MATLABS Production Server™ Address: iy /o ostee 00-0h mathworks. com 3310 - @

Configure MATLAB® Functions

)

, C:\Program Fles 86/ TIBCO\Spotfre'6 0.0\Moddes - |
Deployed Function Configuration e {MathWorks MPSExtension_1.0.8217, 6862\ FunctionList ml Bsireaki

IMPORTANT: Changes made in the tool will not be saved  Any changes should be saved 10 the XML configuration files
manually, Ary changes will be overwriten by the nmd server update undess saved locally to o dfferort locaton Locally
saved fies can be loaded uang the “Browse™ butten

Avalable MATLAB® Functions Description:
Large TableOut

HTML Help from the

Presets from the

vl S

|

FunctionList.xml FunctionList.xml
Deployed Archive TF) [PortOnt = Name of the Deployed Archive
Functon Neme: pomssPoriols Name of the function to call
Syvtax 1{5ﬂm.0«p\o{] weights] = optimize Portioko{System Date Tme{] dates, System Double| | paces, System Double
)
/ Please spacfy the MATLAB® function to call using the following syntax ( .
System Doubla parameter -to denote that the parameter| is a Value | Addto Data Functions \
SwemehoﬂmnuerZ to dencte that the parameter is 2 Column {
Function Double] ] parameter? - 1o denote that the parameter ia a Table
Prototype for the Basple
MATLAB function [System Date Tema{] dates, System Doubla[] data] = MyFunction(System Double inpet 1);
fully specifying i
: par of Inputs and outputs are comma separated. Using [ | on the nght hand side
Dimensionality groups the outpits irto a single Datatable. When the cutputs are grouped. al outputs
and Type should be Columns of the same size
Status: None ( OK

The figure above displays the Ul for the MATLAB Production Server tool. The first field is the MATLAB
Production Server Address. This is the URL of the machine where MATLAB Production server is hosted
and is populated using information in the ServerConfiguration.xml file modified in step (3).

The second field is the Function Configuration file which contains the list of all MATLAB functions
available. This is populated using information in the FunctionList.xml file modified in step (3).

Modifying the configuration files after installation

Once the extension is installed, the two XML files(ServerConfiguration and FunctionlList) are available
locally on the end users machine in the path shown under ‘Deployed Function Configuration
File’(screenshot below). It is possible for the Spotfire end user to collaborate with the MATLAB
developer and modify these files individually if changes are required. A second option is for the MATLAB
developer to make the changes required and repackage the Spotfire updates and push it to all Spotfire
end userd

17




The ‘Refresh’ button highlighted below allows the Spotfire end user to download the latest

FunctionList. XML file directly from the MPS server. To enable this functionality, follow instructions in
Appendix E.

4\ MATLAB® Production Server™ (MPS) Configuration — O X
MATLAB® Production Server™™ Address: hitp://ec2-52-38-254-185 us-west-2 compute. amazonaws .com: 31415 w @
Configure MATLAB® Functions
. ) . C:\Pilot Work\Spatfire\SaftwareSource\Spoffire ~
Deployed Function Configuration File: | \MathWorks. MPSEdension\MPSEdension'bin'Debug v Refresh
IMPORTAMT: Clicking the refresh button will retieve the latest version of e e or T | LAE TUNCHONE
available from the URL specified above.
Available MATLAB® Functions: Description:
computefit_freqCol
Egmg:me out This function computes weights of a porifolio defined by a matrix of asset
prices for given dates maximising Sharpe ration; portfolio weights are
Eﬂ'gmﬂ?: o2 bounded by the same scalar value upperBoundWeight.
Cﬂﬁﬁﬁ Fﬂﬂﬁiﬁﬂ The maximization of the Sharpe ratio is accomplished by a one-dimensional
myMagic optimization using fminbnd to find the portfolio that minimizes the negative of
the Sharpe ratio. The method takes only a fully qualified Porifolio object as
its input and uses all information in the object to solve the problem.
Deployed Archive (CTF): |MATLABFunctions
Function Name: }:ptimisePorHoIio
System. Double[] OptimisedVWeights = optimise Portfolio(System Date Time[] dates, System.Double[.] EI/'
Syntenc: prices, System Double upperBoundWeight)
Flease specify the MATLAB® function to call using the following
syntae: Add to Data Functions
System.Double parameter -to denote that the parameterl is a Value
System String[] parameter? - to denote that the parameter is a Column
System.Double[,] parameter? - to dencte that the parameter is a Table
Bample:
[System.Date Time[] dates, System.Double]] data] =
MyFunction(System Double input1);
Each pair of inputs and outputs are comma separated. Using [ ] on the
right-hand side groups the outputs into a single Datatable. When the
Status: None OK

A prototype definition for the MATLAB function to be called enables marshaling of datatypes and

dimensionalities between the two environments. The specification of the prototype uses the following
syntax:

18



Please specify the MATLAB® function to call using the following syntax:
System .Double parameter] -to denote that the parameter is a Value
System . String[] parameter? - to denote that the parameteris a Column
System Double[,] parameter3 - to denote that the parameteris a Table

Example:
[System.Date Time[] dates, System.Double[] data] = MyFunction{System.Double input1);

Each pair of inputs and outputs are comma separated. Using [ ] on the right-hand side
groups the outputs into a single Datatable. When the outputs are grouped. all outputs
should be Columns of the same size.

In our example, our MATLAB syntax:
weights = optimisePortfolio(dates, prices, upperBoundWt)

would translate to:

[System.Double[] weights] = optimizePortfolio(System.DateTime[] dates, System.Doublel, ]
prices, System.Double upperBound)

This can be roughly read as: “Call the optimisePortfolio function providing a Column (vector) of date/time
values, a Table (array) of Doubles, and a single scalar Double as an upper bound weight. The function will
return a Column (vector) of weights as an output”.

Pressing the Add to Data Functions button will add the algorithm to the current document’s list of data
functions.

Status: The function ‘optimise Portfolio” in the deployed archive [CTF}_'F‘DrtOpt' has been added successfully. QK ]

Clicking the OK button closes the GUI. The list of data functions is available in the documents properties.
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14. From the “Edit” menu, select the “Data Function Properties”, and select “Edit Parameters”.

Fiun Location Register Mew...

MATLAE Produchon 5...
LCopy...

Inzert...

Edit Script...
Edit Parameters. ..

Delete

Refrezh
Sunc from Library

Sawve to Librany...

jEin A

Map the data columns from the current document to the function’s parameters as appropriate (Input),
and setup the data function to create a new Data Table using the results received from MATLAB
Production Server (Output).

Each individual input and output can now be mapped, to the appropriate columns and table in the
document. For example, the dates input is mapped to the Dates column of the IndexData table.
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- E— "N——
Data Functions — Parameters - - - u
MName:
optimise Portfolio
Refresh function automatically
Input | Dutput
Input parameters:
Mame Description Type Required Input Data Types
Column e Column: Dates String, Integer, Real, Cumency, Date, Time, Da...
prices Table Yes String, Integer, Real, Cumency, Date, Time, Da...
upperBound Walue Yes String. Integer, Real, Cumency, Date, Time, Da...
Input handler: Diata table:
[IndexData )
Expression .
Mone Column:
[ Dates ]
Limit by
Fittered rows:
[ (None) ]
Marked rows:
king I}

The prices input comes multiple columns from the IndexData table:
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-

Data Functions — Parameters |

Name:

optimise Portfolio

Refresh function automatically

Imput | Output

Input parameters:

Name Description Type Required Input Data Types

dates Caolumn Yes Column: Dates String, Integer, Real, Cumency, Date, Time, Da...

[IndexData] [US],... String, Integer, Real, Curency, Date, Time, Da...

upperBound Value Yes String. Integer, Real. Cumency. Date. Time, Da...
Input handler: Data table: -
7]
Eopracon | IndexData ]
None Columns:

us Select Columns... |

UK

Japan

Gemany

France

Canada

m

7 Search expression:

Example input:

Limit by
Filtered rows:
|(None)

Marced rows:
O Marking (0 rows)

The upperBound input is mapped to a single scalar Double value 0.3.

upperBound Value

Value: 0.3 String, Integer, Real, Curency, Date, Time, Da...

Input handler: Walue

Document property 03

Data table property Data Type

Column property

Expression [Hﬂ :
MNane
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The output is configured to create a new data table.

Data Functions — Parameters - - - M

Name:
optimisePortfolio
Refresh function automatically

Input | Output

Qutput parameters:

Name Description Type Output

QOutput Table Table Data table: OptimalWeights

Output handler: @ Create new data table:

Columns OptimalWeights

Rows 2

None () Replace existing data table:

|IndexData -

Finally, the entire function is marked to “Refresh automatically”. At this point, we have a fully configured
function and any selection of the data will call the MATLAB function and create a new visualization. The

MATLAB portfolio optimization code is now executed on every selected/marked point on the
visualization in TIBCO Spotfire.
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[+ Befresh function automatically

Input | Output

Input parameters:

Diezcription

prices

upperBoundweight

Required

Caolurnn
Table

Walue

Columni: Drates

[IndesDrata).[Can...

Walue: 0.3

Data Types
Sting. Integer. Real. Currency. Date, Time, Da...
Sting, Integer, Real, Curency, Date

Stiing, Integer, Real, Curency, Date

Input handler:

LIMn
Expression
MHone

Data table:

| InderData

LColurnn:

| Drates

Lirnit by
Filterad raws:

| [Mane]

b arked rows:

[w] B Marking [702 rows]
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15. After “marking” or selecting a section of data, the new Data Table reference will be available
within the document for use with any of the Spotfire visualization tools.

fie  Bdt  View lraet  Tools  Help
S-POEHEF B ICIH TR : EhrhoLP20RENMEN 2 G
Page

Data X

IndexData 27 Jast 20

Type lo senrh colievws ) V 82 20687 00

3 ) 20915 00
« 11, NUMBER
- 5 WeEl 140 ¢ JUBAATH

1854 59 816.% 20040 00
187270 < 2081500

20533 00

1835 0 $ a0 37

1346 40 = oy 440 22

1006 20 3 3 20081.00 aqrar

184500 a0 20334 00 61600 450 50
3835 50 185178 3 055700 81220 44534
047 50 1061 & @ e L n 4800
IRSY SO 1001 .10 X 2 ) ) T 44835

1390 40

19%4 0

5585
45249
50 06
44769
a7
44573
101950 48538
wrnes 266180 a2

2,665 of 2,665 rows 23 marked 7 columni | IndesDats

16. Add new visualizations using the “Output” data
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Web Users

Making the analysis developed above available on the network via a Browser is now possible using the
TIBCO Spotfire Web Player. The Web player uses the same extension code to call MATLAB to provide
interactive dashboards available off a web browser. To make the analysis available via to Web users who
will not need any special client side tooling. To do this, the analysis is saved to the Library making it
available to all users of the Spotfire Server.

@ Portfolio Optimization Example -

File | Edit View Inset Tools Help

F Open.. Ctrl+0 b ||| M §

e

Open From »

Close

§  Add Data Tables.. at maximizes the Sharpe Ratio.

Replace Data Table...
CEJ Reload Data
= = 100%
Save Ctrl+S
Save As 4 File..
—
Save Copy As L4 Library Item... J
S
Export »
[ Save as Library Item ]
Share » -

The tool will prompt for a filename and a few other minor details such as description. The publication
process should be close to a few clicks at most.

-
Save as Library Item

Portfolio Optimization Example has been published.

@ Location for the file in the Library:
/Demo./Portfolio Optimization Example

E] Send an email to notify users about the analysis.
=

o

U = = — >,

The Spotfire WebPlayer now provides the analysis on a regular JS enabled internet browser. Shown
below is MATLAB powered interactive analysis available in a standard Web Browser (Chrome).
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This technique enables multiple users to concurrently access the analysis. Every click of the interactive
visualization calls our optimization MATLAB code. The scalability of the back-end infrastructure is
possible by using load-balancers both for the TIBCO Spotfire servers as well as the MATLAB Production
Servers as per recommended best-practices for the IT setup of these infrastructure stacks.

Mobile Platform Users

The TIBCO Spotfire stack offers tools such as tibbr® [7] for the collaboration aspects of making the
results of data analysis widely available. However, given the availability of the MATLAB powered
dashboard as a pure-client side visualization, it is also possible to create custom branded applications
that leverage the availability of the analysis as a Web applications that leverage the WebView in iOS [8]
and Android [9] powered devices.

As an example, we will create a custom Android application that exposes the MATLAB computation
through an Android device. This example uses the Android Software Development Kit [10].

Start a new Android application project from the menu.
@ Java - WebDashboard -»‘"E“‘mt

File | Edit Refactor Source Navigate Search Project Run Window Help
New AltShift+N » | (3

Open File... l &% Android Application Project
Close Ctrl+W ’ L e
(Clnee All trle Shift< W HY  Darlane

Provide a name for the application and package to configure the application.
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L

-
@ Mew Android Application [ =]

Mew Android Application

Creates a new Android Application

Application Name:® Demchpp

Project Mame:® Demofpp

Package Mame:® com.mathworks.demoapp

Minimum Required SDK:6| AP18: Android 2.2 (Froyo) -
Target SDK:®| AP121: Android 4.X (L Preview) v
Compile With: 8| API 21: Android 4.X (L Preview) -
Theme:| Holo Light with Dark Action Bar -

The package name must be a unique identifier for your application.

It is typically not shown to users, but it *must® stay the same for the lifetime of your application; it is how
multiple versions of the same application are considered the "same app”.

This is typically the reverse domain name of your arganization plus one or more application identifiers, and it

® < Back Mext = Finish

A

It is also possible to brand the application with custom look/feel themes but discussion of that is outside
the scope of this document.
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p
&) New Android Application = L5

Configure Launcher Icon

Configure the attributes of the icon set

. - _Preview:
Foreground: m Chpartl Textl ‘mdpi:

Image File: C:\Users\ahosagra\Desktop\1-7-201512-5 | Browse...

hdpi:
Trim Surrounding Blank Space
Additional Padding:
< [t r 0%
xhdpi:

Foreground Scaling:
Shape m Square Circle'
Background Color:l

4\

xchdpi:

@ Frm | T | —e—

"

For this example, we will just use a blank template:
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Create Activity

Blank Activity with Fragment
Empty Activity

Fullscreen Activity
Master/Detail Flow
Mavigation Drawer Activity
Tabbed Activity

The analysis will be made available in a WebView within the application. Adding this to the main layout
file - activity_main.xml

<?xml version="1.0" encoding="utf-8"?>

<WebView xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@+1id/webview"
android:layout_width="fill_parent"”

android:layout_height="fill_parent"”
/>

For this example, we will bring up a WebView on creation of the application. In the MainActivity.java
WebView can be created and rendered.

/* Import the WebView from the Android WebKit */
import android.webkit.WebView;
import android.webkit.WebSettings;

/* Create and load our analysis */
WebView myWebView = (WebView) findViewById(R.id.webview);

Pointing the WebView to use our analysis as published to the TIBCO Web Player. The URL in this case
can be obtained from the Web interface.
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Copy link or embed code X

Web Player analysis URL

HTML embed code

=iframe src="http./'spotiire-00-ah.mathwaorks.com/SpotiireWeh/Embed. aspx?
file=/Demo/Fortfolio%200ptimization%20Example%20Mohile%2 0Layout&con
figurationBlock=SetFage%28pagelndex%3D0%29% 3B&options=7-0 8-0 9-
0.10-0,11-0,12-0,13-0,14-0 1-0 2-0,3-0,4-0 5-0,6-0 15-0" width="320"
height="240" ==/iframe=

Bookmark
Presets

Small (320x240) v

Advanced options

4

myWebView.loadUrl("http://spotfire-00-
ah.mathworks.com/SpotfireWeb/ViewAnalysis.aspx?file=/Demo/Portfolio%200ptimization%20
Example%20Mobile%20Layout&configurationBlock=SetPage%28pageIndex%3D0%29%3B&options=7-
0,8-0,9-0,10-0,11-0,12-0,13-0,14-0,1-0,2-0,3-0,4-0,5-0,6-0,15-0");

Enabling Javascript allows interactivity of the rendered analysis.
/* Enable Javascript support */

WebSettings webSettings = myWebView.getSettings();
webSettings.setJavaScriptEnabled(true);

Finally, the application is configured to request and allow internet access.

<manifest ... >
<uses-permission android:name="android.permission.INTERNET" />

</manifest>

Our application is ready to use. In reality, the layout of a real application will be more complete and
while it is possible to bind javascript code to the Android code, this topics are beyond the scope of this
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document. On building and running the application, we have our view rendered to the Android device.
For this example, we will use a mobile phone.

(@ Android Device Chiooser "RREGEG_—_———— E5)

Select a device with min API level 8.

@) Choose a running Android device

Serial Number AVD Name  Target Debug State
! Q samsung-samsung_sm_n910a-fc53c404 N/A o 444 ~ Online ]

) Launch a new Android Virtual Device

AVD Name Target Name Platfo... APILe.. CPU/ABI | Start..
GalaxyNote2 Android 4.4.2 442 19 ARM (armeabi-v7a)
| Details..,
‘ Refresh ‘
f-;ianager..,. ‘
[7] Use same device for future launches [ oK ] [ Cancel ]
" J

The custom branded application is now available as an Android application.
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Every click and interaction on the mobile device calls the MATLAB code to perform a portfolio
optimization of the data over the selected date range. In a real application, it would be necessary to
optimize the view for a mobile platform by adjusting the layout of the analysis.

A similar demo would be possible for an iOS device, a detailed discussion of which is outside the scope
of this document.

In conclusion, this architecture enables MATLAB powered analytics to be accessed in a reliable and
scalable manner across a wide variety of platforms ranging from desktop clients, servers, web browsers
and even mobile devices.
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Appendix A: Tool installation

Each of the tools in the stack that comprise of the reference architecture come with its own system
requirements and installation instructions. The coverage of all the instructions is outside the scope of
this documents but below is a link to installation guides of each of the core components.

e MATLAB
(http://www.mathworks.com/help/install/index.html)
e MATLAB Production Server
(http://de.mathworks.com/help/pdf doc/mps/mps _install.pdf)
e TIBCO Spotfire Server
(https://docs.tibco.com/pub/spotfire server/6.5.0/TIB sfire server doc ServerinstallationManual.pdf)
e Installing TIBCO Web Player
(https://docs.tibco.com/pub/spotfire web player/6.5.2/doc/pdf/TIB sfire webp 6.5.2 InstallationManual.pdf)

An abbreviated set of notes in installing the tools to support the demonstration workflow in this
document can be found at ./Documentation/Installation_Instructions.docx.

Appendix B: Rebuilding the Spotfire Extension
The MathWorks.MPSExtension was built using the .NET framework 4.5 and Visual Studio 2012.

The entire source code for the extension can be found in

the ./Software/Source/Spotfire/MathWorks.MPSExtension folder. The .sin file in the folder opens the
extension and users can modify and build the extension using the Build->Rebuild Solution (F6) menu
item.

Depending on the installation of the MATLAB Production Server product the client DLL may need to be
resolved in the references. This can be done by removing the existing DLL reference and re-adding the
DLL that is packaged with the installation of the MATLAB Production Server.

When rebuilt, depending on the configuration, the RELEASE or DEBUG folder contains the binaries that
are used to package and create the .SPK file used for distribution. This allows the user to configure the
FunctionList.xml or the ServerConfiguration.xml to point to their MPS installation.

To build a new deployable Spotfire Package, start the Package Builder tool that bundles with the Spotfire
SDK tools.
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MName Date modified Type Size
.. bin 12/19/201410:44 ... File folder
(©) Spotfire.Dxp.PackageBuilder.exe 12/19/2014 10:44 ... Application 584 KB
-5 Spotfire.Dxp.PackageBuilder.exe.config 12/19/2014 10:44 ... XML Cenfiguratio... 1KE
[ Spotfire Dxp.PackageBuilder-Console.exe 12/19/201410:44 ... Application 41 KB
|5 Spotfire.Dxp.PackageBuilder-Console.exe.config 12/19/201410:44 ... XML Configuratio... 1KB
@ Package Builder EI@
File  Help
Active configuration: lLocaI v] [ Manage... ]
V13 TIBCO Spotfire Distributions
[]5 MathWorks MPSExtension {v 1.0.8605.6540)
V|7 ProtocolBuffers (v 1.0.8605.6540)
Package: Information:
Id:
Intended client:
|_ Conrfiguration is not saved. Deploy to Server... ] [ Run Configuration ] [ Validate and Save

First, add a Spotfire distribution by clicking on the File > Add Spotfire Distribution menu item:

(©) Package Builder

File | Help

Validate and Save Ctrl+5
Deploy to Server...

Run Cenfiguration F5

Build Package File...
Package Signing Options...

Add TIBCO Spotfire Distribution

Exit
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To rebuild the interface, the rebuilt binaries are configured in the tool using the Add button to a new
project.

Add Project ==

Add project:

@ From folder:
|"Wor\ Spotfire Integration’ Software SourceSpotfire \MathWorcs. MP S Extension\MP SExtension
Source code folder

-

|Using project file:

Follow the wizard by clicking the Next button and creating a new module.xml file (or choosing an
existing file if you are repeating the process). Finally select the sources to bundle.
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i "

Add Project =

Build folder:

Inchuded files from build folder:

File Status Public resource name  Extension | Include Mew
4k FunctionList 2l MNew
[C] &= MathWorks. MPSEdensionpds Mew

qF ServerCorfiguration xml Mew

[T] 4k Spotfire. Dxp. Application.di MNew %
[ & Spotfire. Dxp. Application xmi Mew

[C] 4 Spotfire.Dup.Data dl New X
] & Spotfire. Cp . Data.Formats . Sbdf dll - Mew X
[] 4k Spotfire. Dip.Data. Formats. Sbdf....  New

[T] @k Spoffire. Dxp.Data Formats Stdf dl - New X
[T &k Spotfire. Oxp. Data.Formats Stdf xml - MNew

[ 4+ Spotfire. Dp. Data xaml Mew

[T & Spotfire. Dxp. Forms di New X
[C] & Spotfire.Dp. Forms xml Mew

[T] 4k Spotfire. Dxp. Framework. d New x
[ 4+ Spotfire. Dp. Framework il Mew

[T &k Spotfire. Dixp. Intemal dIl New X
[C] & Spotfire. Dp. Services dl Mew ¥
logdnet dI X
MathWarks. MATLAB. Production... X
MathWarks. MP5Extension dl X
module xml
Public resource name: Cutture:

<Back || MNet> || Canesl

Adjust the desired version number and finish the process.
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Add Project [eE3m)

MName: Wersion number:
MathWarks. MP5SBExdension 1.0.8605.6540

ID:

248ae9aceed5-42b5-3710-0aacc58153dd

Intended client:

TIBCO Spotfire Professional /Enterprise Player -

| <Back || Finsh || Canesl

Right clicking on the project to build a new package file (.spk) for distribution with the Spotfire Server.

@ Package Builder EI@

File  Help

Active corfiguration: | Local v][ Manage... ]

TIBCO Spotfire Distributions

[__‘L] atl 0 PSEdensio 0 8605 6540 -
-] ) ProtocolBuffers (v 1.0.8605.6540) Edit... [ i, |

Remove

Build Package File.., Remove

Package Signing Options..,

Package: Information:
MathWarks. MPSBdension (v 1.0.8605.6540) Project file: 1:\Waork*Spotfirelntegration* Software* Source P
- “Spotfire* MathWorks . MP5BExdension\MP S Extension

: “Spotfire BxtensionProject xml

248ae9acee85-42b5-8710-0aacch8193dd
Intended client:
TIBCO Spotfire Any Client -

This project is not par of a validated configuration.

I, Corfiguration is not saved. [ Deploy to Server... ] [ Run Configuration ] l Validate and Save

The resulting SPK file can be saved and deployed to the server. Alternatively, the ‘Deploy to Server’
button could be used to directly deploy the package to the Spotfire Server and make it available to all
clients.
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Appendix C: Performance Tips

Both the MATLAB Production Server and TIBCO Spotfire product can be installed in clustered
configuration for higher performance, availability. The discussion of these configurations for a high-
reliability business-critical application that conforms to best practices for performance, fail-over, etc. is
outside the scope of this document. In a nutshell, the two parts of the stack can be built up using their
own clustered configuration.

TIBCO Spotfire in a clustered configuration

BCO Spotfs
Wb Playm

ypatiine Servar
Spotire Seriet Manasgemant Console
Databaze \

Please see the clustering and fail-over configuration in the Spotfire Documentation [11]:
http://stn.spotfire.com/stn/Platform/SpotfireServer.aspx

MATLAB Production Server in a clustered configuration

To service more requests and optimize response time, system administrators can deploy additional
instances of MATLAB Production Server. MATLAB Production Server uses a stateless architecture, which
enables any free worker in a pool to service a request. Client requests can be directed to any MATLAB
Production Server in a cluster using load balancing either built within your application or as an external
device. This approach creates a system architecture that is resilient to failures.
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Additionally, to support ease of deployment, packaged MATLAB programs can be published in a
repository for automatic deployment. By creating a shared repository, system administrators can
automatically deploy MATLAB programs across multiple instances of MATLAB Production Server.

Together this resulting setup looks like:

(" MathWorks. MPSExtension

Custom component that leverages the Spotfire SDK
and the MATLAB Production Server's NET Client
library enables the transfer and marshaling of data
between the two systems.

TIBCO Spotfis | | TIBCO Spotfue [}

i Proteswanal ]lzu.p--nq-J

B ety : . :
e e v Jv

Load Bslancer J
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Appendix D: Modify configuration files
In case the user needs to modify the contents of the ServerConfiguration.xml (to point to different
servers) or FunctionList.xml (to modify function presets) the user will need to either:

a) Modify the file locally (this will change only the settings on the local user’s machine)
b) Modify the .SPK file and re-deploy to the server (making it available to ALL users)

To modify the files locally, please edit the files at:
C:\Program Files (x86)\TIBCO\Spotfire\<Spotfire version>\Modules\MathWorks.MPSExtension_<VERSION>\
To modify the .SPK file, users will need to build a new Spotfire Package. To accomplish this,

1. Rename the .spk file to .zip and unzip the contents.

. Contents

| Metadata.xml

| modulexml

In the Contents folder, you will find a cabinet file:
Name

= MathWorksMPSExtension.cab

Extract the cabinet file to a clean working folder:

“J PR MathWorksMATLAB.ProductionSe
-

YL e N ! 4 L~ .
_rl.: File -l logdnet.dll w2 | rverClientdll
6,65 KB
wa  module.xml “wag ServerConfiguration.xml
(i | MathWaorks.MPSExtension.dll , J XML File ‘ (ML File
o =P 124K8 P 267 bytes

2. Edit the XML files as necessary and then build and redeploy the Spotfire package as in Appendix
B.
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Appendix E: MATLAB Function Service Discovery

It is possible for the MATLAB developer to enable ‘service discovery’ of the MATLAB functions that have
been deployed to MATLAB Production Server. When the MATLAB developer adds or removes MATLAB
functions to MATLAB Production Server, the updated FunctionList.xml file needs to be provided to the
Spotfire end user. This ensures that the Spotfire user is aware of the latest functions available, and is
not making calls to functions that could have been removed. The service discovery feature allows the
Spotfire user to query and automatically download the FunctionList.xml file, keeping the end users
version in sync with the MATLAB functions available in MATLAB Production Server.

To enable this feature, package the below MATLAB code and the updated FunctionList.xml file into a
‘.ctf’ archive called RefreshFunctionList using MATLAB Compiler SDK. The MATLAB function is as shown
below.

function [ output args ] = RefreshFunctionList ()
SREFRESHFUNCTIONLIST Summary of this function goes here

% PARSEXML Convert XML file to a MATLAB structure. Change path to
XML file if different

filename = 'FunctionList.xml'

output args = fileread(filename);

Deploy the archive file to MATLAB Production Server.

In the Spotfire application, when the user clicks on the ‘Refresh’ button in the MATLAB Production
Server extension tool, it calls the RefreshFunctionList function and updates the FunctionList.xml file.
Please make sure that the server address for MATLAB Production Server is correct before clicking the
button.

& WMATLABR® Producnon Server™ (MPS) Configuation -

. n S -
VATLADS Froduction Senver™ ASOwSt o e 52 30356 115 s wadt 2 compade smaroriows o 31475

[

Corfgen MATLAD® Enonoms

Owgioyed Furcton Codgraton Fie 7% wswwm-m‘

hundsdde MATLADS Frctors Cwwcrenor
orpute_ealal
."“f:. " This fimction computes weights of o pertfolo defined by » matrix of asset
Law \
"'.l.‘,':.’_ prices for gren dates manmmng Sharpe raton, portfobo weghts are
"‘»"". bounded by the same scalar valee upperBoundWeight
_:,-»:::' The maximiration of the Sharpe ratio is accomplished by a one - dmemiooal
otlag: optemsration using fizbad to fnd the pordfobo that mensmizes the negative of
the Sharpe ratio. The method talies oaly a flly gualified Portfolo object a
its mput and uses all pforsnation i the object 10 sobve the problem

Close the Ul and open the MATLAB Production Server tool from the menu options to see the latest
updates.
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Appendix F: Troubleshooting

1. Static analysis during the deployment of the extension:

The MathWorks.MPSExtension component relies on the .NET client library for the MATLAB
Production Server. This client library in-turn relies on the Google Protocol Buffer DLL that is
packaged as a part of the client library into the same DLL. On deployment validation, the Spotfire
tool checks dependencies and since the Protocol Buffers DLL is embedded in the client library, it is
unable to locate it and will not validate. To fix the issue the Protocol buffers is packaged as a
separate component that needs to be installed to create a valid configuration.

2. Web Player does not work with the extension:

Updates to the MathWorks.MPSExtension component (such as when rebuilt) can be pushed to the
Spotfire Server which in turn pushes the component to each desktop client. The Web Player
however needs to be updated manually. This is done by modifying the
Spotfire.Dxp.WebUpgradeTool.exe tool. A description of how to do this can be found in the
Installation_Instructions.docx document.
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Appendix G: Code Listings

Listing A: MATLAB Demo code for Portfolio Optimization

function weights = optimisePortfolio(dates, prices, upperBoundWt)
% OPTIMISEPORTFOLIO Simple portfolio optimization

This demo computes weights of a portfolio defined by a matrix

f asset

prices for given dates maximizing Sharpe ratio;

o o0 O o°

o\

The portfolio weights are bounded by the same scalar value
upperBoundWeight

%% Check inputs
dates = dates(:);
validateattributes (prices, {'numeric'}, {'2d'});
validateattributes (upperBoundWt, {'numeric'}, {'scalar'});
assert(size(prices, 1) == length (dates),

'optimisePortfolio: Size mismatch; Expected number of rows
in prices is %d and received is %d4d',

length (dates), size(prices, 1));

%% Calculate Returns

% Calculate daily returns

assetReturns = tick2ret (prices, dates, 'Continuous'); % log
returns, Financial TB

o°
o°

Setup portfolio
= Portfolio;
= p.estimateAssetMoments (assetReturns); S%$Mean and covariance
f asset returns from return data.
p.setDefaultConstraints; %$Non-negative weights that must sum

N'T 'O O 'O 'O
[

~
~
~

= p.setBounds (p.LowerBound, upperBoundWt*ones(l, size(prices,

4

%% Find min variance portfolio
weights = p.estimateMaxSharpeRatio();

Listing B: Android Application Source

MainActivity.java
package com.mathworks.demoapp;

import android.support.v7.app.ActionBarActivity;
import android.os.Bundle;
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import android.view.Menu;

import android.view.Menultem;
import android.webkit.WebSettings;
import android.webkit.WebView;

public class MainActivity extends ActionBarActivity {

@Override

protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.layout.activity main);

/* Create and load our analysis */

WebView myWebView = (WebView) findViewById (R.id.webview) ;

myWebView.loadUrl ("http://spotfire-00-
ah.mathworks.com/SpotfireWeb/ViewAnalysis.aspx?file=/Demo/Portfo
1i0%200ptimization%20Example%20Mobile%20Layout&configurationBloc
k=SetPage%28pageIndex%3D0%29%3B&options=7-0,8-0,9-0,10-0,11-
0,12-0,13-0,14-0,1-0,2-0,3-0,4-0,5-0,6-0,15-0") ;

/* Enable Javascript support */
WebSettings webSettings = myWebView.getSettings() ;
webSettings.setJavaScriptEnabled (true);

@Override
public boolean onCreateOptionsMenu (Menu menu) {
// Inflate the menu; this adds items to the action bar
if it is present.
getMenulInflater () .inflate (R.menu.main, menu);
return true;

}

@Override
public boolean onOptionsItemSelected (Menultem item) ({
// Handle action bar item clicks here. The action bar
will
// automatically handle clicks on the Home/Up button, so
long
// as you specify a parent activity in
AndroidManifest.xml.
int id = item.getItemId();
if (id == R.id.action settings) {
return true;
}

return super.onOptionsItemSelected(item);
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Activity_main.xml

<?xml version="1.0" encoding="utf-8"?>

<WebView xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@+id/webview"
android:layout_width="fill_parent"”
android:layout_height="fill_parent"

/>

AndroidManifest.xml

<?xml version="1.0" encoding="utf-8"?>

<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.mathworks.demoapp"
android:versionCode="1"
android:versionName="1.0" >

<uses-sdk
android:minSdkVersion="8"
android:targetSdkVersion="21" />

<application

android:allowBackup="true"
android:icon="@drawable/ic_Launcher"
android:label="@string/app_name"
android:theme="@style/AppTheme" >
<activity

android:name=".MainActivity"

android:label="@string/app_name" >

<intent-filter>

<action android:name="android.intent.action.MAIN" />

<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>

<uses-permission android:name="android.permission.INTERNET" />

</manifest>
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Appendix H: Class diagram for MathWorks.MPSExtension
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