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Introduction

A STAT practitioner will have to utilize some statistical and mathematics software to plan, design and
analyze tests. One commonly used statistical software package in the T&E community is JMP. While JMP
is a versatile tool capable of performing the majority of STAT tasks, there will be situations that call for
utilizing other software programs (e.g., MATLAB and R). This paper will describe one such situation,
which required analysis to be performed using JMP, MATLAB and R. This tutorial will demonstrate how
to get MATLAB and R integrated with JMP.

Keywords: MATLAB, R, JMP, regression trees

Background

The following is an example of a situation the STAT COE encountered in which we had to utilize both
MATLAB, R and JMP for our analysis. An infrared counter measure system (IRCM) lab has created a
MATLAB based digital simulation of threat engagements. To run the simulation, they still need Missile
Warning System (MWS) timelines inputs (e.g., time to go, time of handoff, etc.). These data come from a
statistical model (a regression tree) that predicts timeline performance based on various engagement
factors. While JMP can help build this statistical model, it cannot create an output function that the
MATLAB simulation can easily query. In this case, we will utilize MATLAB’s Statistical toolbox to build
and save a regression tree model and thus allowing the simulation to query the timeline prediction
model to get its inputs. We still want to evaluate the regression tree model and build surface plots of
the model using JIMP.

Method

In the following sections, we will:

e Introduce the data set used to build the prediction models.

e Show how to setup and write scripts in JMP.

e Provide step-by-step instructions on how to setup JMP to call MATLAB and R.

e Present the JMP scripts that creates the regression tree model in MATLAB and R.
e Perform a model comparison between all models in JMP.

For more information on regression trees and how to build them, see the “Using Regression Trees” best
practice available on the STAT COE website. All data presented in this paper is notional and are for
demonstration purposes.
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Sample Data Set
Download and open “Matlab-and-R-Integration-with-JMP-DATA.jmp” file from the STAT COE website.

The file contains 50000+ rows of data. There are six columns labeled X1 through X6 that represent the
engagement factors. Note that the variables are coded and range from -1 to 1. The column labeled Y
denotes the timeline response that needs to be modeled and provided as input to the IRCM simulation.
The goal is to build and save regression tree models using MATLAB and R and return the results to JMP.
In JMP, we will compare each model and determine which one provides the best prediction.

How to Create a Script in JMP
In this section, we show you how to create a script and use the Log window in JMP. There are two ways

to create a JMP script.

Method 1: Go to File>New>Script.

File | Edit Tables Rows Cols DOE  Analyze Graph S5SixSigma Tools  Tools 4
Mew b | 5] DataTable Ctrl+M
3 Open. Cirl«0 = Script Ctrl+T
= .
Close Chrle W % Journal Ctrl+Shift+J :
Efy Database Query Ctrl+Shift+D |
@ Project Ctrl+Shift+P |
e & Application Ctrl+Shift+A P
Save As.., _
%= Add-In

The following window should appear.

] Script4 - IMP Pro (=3 [E=R =)

File Edit Tables DOE Anclyze Graph SixSigmaTools Tgols Add-lns View Window Help

Fasd IntegrationSampleData ~ | 1
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Method 2: A script could also be created within the actual data table by clicking the red drop-down
arrow by the filename in the upper left-hand box of the data table.

File Edit Tables PRows Cols DOE An
BRE 2B, B EE

« |IntegrationSamplelata
Tables 3

| []
— E

Mew Table Variable
Mew Script

Suppress Formula Eval
Lock Data Table
Compress File When Saved

Disable Undo
Copy Table Script

Rerun Formulas

This will open up a script box that you can name and start inputting code.

5% Script for IntegrationSampleData - JMP Pro E@

Name: | | 0K
s [T | Gy
Debug Script
Save
Cancel
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How to Open the Log Window in JMP
Open the JMP log by going into the View menu and selecting Log. You can also use the shortcut
Ctrl+Shift+L.

View | Window Help

IMP Starter Ctrl+0 l
Home Window Ctrl+1
Window List Ctrl+2

Projects

Leg Ctrl+Shift+L
v Status Bars
v  Thumbnail Panel

Toolbars J
Running Queries

Add-Ins...

e I e e B e B e i

Custormize 3

The following screen should appear.

£ Log- 1P o SR
Eile Edit Tables DOE Analyze Graph SixSigmaTools Teols Add-lns View Window Help
T
\
@ O
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MATLAB and JMP Integration Setup
MATLAB and its Statistics toolbox must be installed on the same computer as JIMP. To check that IMP is
properly integrated with MATLAB run the following script code.

Simple Code to Check Installation

MATLAB Init();

//Makes MATLAB command window visible

MATLAB Control(Visible(1));

MATLAB Submit ("m=magic(3)");

magicMAT=MATLAB Get(m);

Show (magicMAT);

dt=As Table(magicMAT, <<Column Names ({one,two,three}));
MATLAB Term();

You should see the following output in the log window:

i Y
] Log - IMP Pro Ll o

File Edit Tables DOE Analyze Graph
Tools Add-Ins  View Window Help

B8 | |Untitled2 v |

MATLAB Term(); 4
m = !
8 1 & I
3 5 7
4 9 2|
| |
[ |
[| magicMAT =
[ 816,
357,
a9 2]; -
Fl ~ F
2 O
LN . >
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And the follow JMP table should appear:

E Untitled 2 - JMP Pro Lo e S

Eile Edit Tables BRows Cols DOE  Apalyze Graph Teols Add-Ins  View Window Help
HeEE 2R SEEEE .

= | Untitled 2 B < ]
(=] one two | three

] 1 ]
3 5

[=|Celumns [2/0)
4l cne

al two
alll three

[=|Rows

All rows
Selected
Excluded
Hidden
Labelled

Lo e e e R W

& Ov

If you got an error message instead you may need to create an environmental variable to point JMP to
the MATLAB installation. To do so, go to Control Panel>System and Security>System in windows, select
Advance system settings and then click on the Environmental Variables button.

v|nﬂQ + Control Panel » System and Security » System
L r L

Control Panel Home

'@ Device Manager ‘ Computer Namel Hardwarel Advanced |System Protection | Ramotal

R te setti
@ emote seftings You must be logged on as an Administrator to make most of these changes

'@ System protection Perfomancs

@ Advanced system settings Visual effects, processor scheduling, memory usage, and vitual memony

User Profiles
Desktop settings related to your logon

Settings.

Startup and Recovery
System startup, system failure, and debugging information

Settings.
(| Environment Vanables... .
See also %
Action Center
Windows Update 0K ] [ Cancel ] |

Performance Information and
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Select “New...” on the next dialog box.

ﬂ E

E —

Lser variables for Frandsco

Variable

AV_APPDATA

™P

MATLABROOT

Value

C:\Users\FRAMNCI~1\AppData\Roaming
C:\Program Files\MATLAB\R. 20150

2Ll ISERPROFILES:\AppDataiLocalTemp
Sl ISERPROFILES:\AppDataLocalTemp

-

System variables

) e |

MeEw. .. Delete

)

Variable

asl.log
ComSpec
configsetroot

Value

Destination=file
C:\Windows\system32\omnd. exe
C:\Windows\ConfigSetRoot

FP_NO_HOST_C... NO

Mew. .. Edit... Delete

)4 ] [ Cancel

For variable name type in “MATLABROOT” and for the Variable value enter the path name where
MATLAB resides

F- H B
Edit User Variable et e

MATLABROOT

C:\Program Files\MATLAB\R. 20150

Variable name:

Variable value:

| ok

][ Cancel ]

If you need further help to get MATLAB and JMP working together, please see the following link and
white papers on how to setup JMP to find your MATLAB installation.

e http://www.jmp.com/support/help/Working with MATLAB.shtml
e https://www.jmp.com/blind/whitepapers/wp jmp matlab 106667.pdf
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List of MATLAB Commands

The following table lists the available MATLAB integration function.

JSL
MATLAB Connect ( );

Function
Returns a MATLAB connection scriptable object.

MATLAB Control ( );

Changes the control options for MATLAB.

MATLAB Execute ( );

Sends a list of inputs, executes statements and returns a
list of options.

MATLAB Get ( );

Returns data from MATLAB, where the name argument
can represent any of the following MATLAB data types:
numeric, string, matrix, list, data frame.

MATLAB Get Graphics ( );

Returns the last graphics object written to the MATLAB
graph display window in a graphics format specified by the
format argument.

MATLAB Init ( );

Initializes the MATLAB interface.

MATLAB Is Connected ( );

Returns 1 if there is an active MATLAB connection;
otherwise, returns 0.

MATLAB JMP Name to MATLAB Name ( );

Maps a JMP variable name to a MATLAB variable name
using MATLAB variables naming rules.

MATLAB Send ();

Sends data to MATLAB, where the name argument can
represent any of the following JMP data types: numeric,
string, matrix, list, data table.

MATLAB Send File ( );

Sends a data file to MATLAB where the filename argument
is a string specifying a pathname to the file to be sent to
MATLAB.

MATLAB Submit ( );

Submit statements to MATLAB. Statements can be in the
form of a string value or list of string values.

MATLAB Submit File ( );

Submit statements to MATLAB using a file specified by the
path argument.

MATLAB Term ( );

Terminate the MATLAB interface.

JMP Script to Build Regression Tree in MATLAB

The code below does the following:

e Setup a new column to store the regression tree prediction from MATLAB.
e Create two tables, one consisting of the factors, the other of the response. These tables will be

sent to MATLAB for processing.
e Initiates MATLAB.

e Send both the factor and response tables to MATLAB.
e Convert the inputs into arrays for MATLAB to create the regression tree model.

e Build the model.

e Get predictions for every point in the matrix.

e Send those predictions back to JMP.
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e Prompt the user to save the prediction model in the MATLAB format (.mat).
e Terminates MATLAB.

MATLAB Code

//Setup column to store regression tree prediction
dt=current data table();

dt<<New Column ("MATLAB RT Prediction");
col=Column("MATLAB RT Prediction");

//0Open up data and create two data tables (factors and responses)

dtfactors = Data Table( "Matlab-and-R-Integration-with-JMP-DATA" ) << Subset(All
rows,columns( :X1, :X2, :X3, :X4, :X5, :X6 ));

dtresponse= Data Table( "Matlab-and-R-Integration-with-JMP-DATA" ) << Subset(All
rows,columns( :Y ));

//Start MATLAB
MATLAB Init( );

//Makes MATLAB command window visible
MATLAB Control(Visible(9));

//Send tables to MATLAB (They are stored as structures)
MATLAB Send (dtfactors);
MATLAB Send (dtresponse);

//Close tables
Close(dtfactors);
Close(dtresponse);

//Convert structures into arrays in order to use regression tree function in MATLAB
MATLAB Submit ("F = struct2table(dtfactors)");

MATLAB Submit ("R = struct2table(dtresponse)");

MATLAB Submit ("F = table2array(F)");

MATLAB Submit ("R = table2array(R)");

//Build your Tree
MATLAB Submit("tree = fitrtree(F,R);");

//Collect Predicted values from regression tree
MATLAB Submit("Predictions = predict(tree,F)";);

//Get data back to IMP
dtmatlab = MATLAB Get( Predictions );

//Move data into a data table from a matrix
col<<SetValues(dtmatlab);

//Change directory
MATLAB Submit("folder_name = uigetdir");
MATLAB Submit("cd(folder_name)");

Page
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//Save regression tree model
MATLAB Submit("save tree.mat");

//Terminate Connect
MATLAB Term( );

R and JMP Integration Setup

Make sure R the package “rpart” is installed on the same computer as JMP. You can download R for free
from the Comprehensive R Archive Network website: http://cran.r-project.org To check that IMP is
integrated with R run the following script code.

Simple Code to Check Installation

R Init( );
R Submit("
X <- 1:5
X

RE

R Term( );

You should see following in the log window:

P B — ™

File Edit Tables DOE Analyze Graph Tools Add-Ins View Window Help
W B X By @ = E N [IntegrationSampleData v]h

R Init( );
R Submit(™
¥ £- 1:5

x

RE

R Term( };

TKIntRIMP.R version 5.85
[1] 12345 -

] = O«

If you got an error message instead, you might need to create an environmental variable to direct JMP

to your R installation. To do so use the same procedure outlined previously for creating the
environmental variable for MATLAB but this time the variable name is “R_Home” and the variable name
is the pathname of your R installation.

Page

11


http://cran.r-project.org/

STAT COE-Report-14-2017

" Edit User Variable

Variable name: R_Home

=

Variable value; C:\Program Files\R\R-3. 3.0

[ OK J [ Cancel

If you need further help to get R and JMP working together, please see the following link

http://www.jmp.com/support/help/Working with R.shtml

http://www.jmp.com/en gb/events/ondemand/mastering-imp/jmp-and-r-integration.html|

List of R Commands

The following table lists the available R integration function.

JSL

R Connect( <named_arguments> )

R Execute( { list of inputs }, { list of outputs },
"rCode", <named_arguments> )

R Get( variable_name )
R Get Graphics( "format" )

R Init( named_arguments )

R Is Connected()

R Send( name, <R Name( hame )>)

R Send File( "pathname", <R Name("name")>)

R Submit( "rCode", <named_arguments> )
R Submit File( "pathname" )

R Term()

Description
Returns the current R connection object. If there is no
connection to R, it intializes the R integration
interfaces and returns an active R integration
interface connection as a scriptable object.
Submit the specified R code to the active global R
connection given a list of inputs. On completion, the
outputs are returned into the specified list.
Gets the named variable from R to JMP.
Gets the last graphics object written to the R graph
display window in the specified format.
Initializes the R session.
Determines whether a connection to R exists.
Sends named variables from JMP to R.
Sends the specified data file from JMP to R.
Submits the specified R code to the active global R
connection.
Submits statements to R using a file pointed in the
specified pathname.
Terminates the currently active R integration
interface

Page
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JMP Script to Build a Regression Tree in R
The code below does the following:

e Setup a new column to store the regression tree prediction from R.
Initiates R.

Send the data tables to R.

Build the model using the rpart function.

Get predictions for every point in the matrix

e Send those predictions back to JMP.

e  Prompt the user to save the prediction model in the R format (.RData).
e Terminates R.

//Open up data table a
dt= Data Table( "Matlab-and-R-Integration-with-JMP-DATA" );

//Creates new column to store prediction
dt<<New Column ("R RT Prediction");
col=Column("R RT Prediction");

//Start R
R Init();

// Sends the opened data table represented by dt to R
R Send(dt);

//Creates regression tree
R submit("\[

#Call regression tree library
library(rpart)

#Create fit
fit <- rpart(Y ~ X1 + X2 + X3 + X4 + X5 + X6, data=dt)

#Save predictions
yhat<-predict(fit)

#Choose your working directory
direc = choose.dir()
setwd(direc)

#Save workspace to working directory
save.image(file = "Tree.RData")

1\");

//Gets predicted values from R
YHAT=R Get(yhat);

Page
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//Transposes data
YHAT=Transpose(YHAT);

//Move data into a data table from a matrix
col<<SetValues(YHAT);

//Terminate the connection with R
R Term();

Comparison of Different Models
If you were successful in getting the scripts to work you should now have two new columns within the
“IntergrationSampleData” table, “MATLAB RT Prediction” and “R RT Prediction”.

Fle Edit Tables Rows Cols DOE Analyze Graph Tools Add-lns View Window Help

HREd ¥ BEEE =

= Matiab Regression Tree = x x x3 xa X5 X6 ¥ MATLAB RT Prediction | RRT Prediction

= 1 1 1 083885880 1 033333333 1 0GAGTTTI2 0645423060233 0.752660154501090
2 1 Al OTTTIIIIIS -0.684210526 1 0666656667 0.6109497853  0.660306717368889  0.752669154501099
3 1 1 1 0473684211 £l 0 05983908093 062233311606 0,752669154501099
4 1 1 0888838889 01578947368 1 -0333333333 0606000023  0.630281384255555  0.752669154501009
5 1 1 1 10333333333 -0.666666667  0.6282602568 062233516275 0.752660154501090
6 1 1 1 1 4 -0333333B 07245122396 0.5243453363  0.752669154501099
7 1 -1 1 0368421056 0333333333 033333333 07719314397 0624276453333 0,752669154501099

Let’s say we want to compare these two models to the regression tree model JIMP would create. Create
a regression tree model in JMP using the instructions within the STAT COE best practice Using
Regression Trees.

To make a direct comparison in JMP select the following from the top menu, Analyze>Modeling>Model
Comparison.

DOE Graph Tools Add-Ins View Window Help
@ f & Distribution |
Fit Y by X ‘
X2 X3
Tabulate ' -1 -1 -0.888888889
ﬁ Text Explorer | =1 -1 -0.777777778
-1 -1 -1
>4 Fit Model 1 -1 -1 -0.888888889
Predictive Modeling ‘ Neural
ialized Modeli
Specialized Modeling paroon
Screening
s Bootstrap Forest
Multivariate Methods
g Boosted Tree
Clustering
Quality and Process K Nearest Neighbors
Reliability and Survival Naive Bayes

Model Comparison ’

Consumer Research v
-1 _______________  1J
16 | @% | Make Validation Column
17 ' »
| = Formula Depot
18 l uA..- | P :
Page
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Choose the regression tree models you've created.

-
jI'* Model Comparison - JMP Pro

| — - - | = | @ | =l

Comparing predictors to see which performs better,

~5Select Columns

10 Columns

%, Predictors

4

A2

43

a4

alxs

ae

iy
MATLAB RT Prediction
R RT Prediction
Y Predictor

~Cast Selected Columns into Roles

4l MATLAB RT Prediction
4l R RT Prediction
4l Y Predictor

optional numeric

Group

Weight

optional

optional numeric

Freq

optional numeric

1N

optional

If you choose no Predictor celumns, it will find and
analyze all predictors.

[ O~

L

Select Y as the column these models are predicting.

[*110 Columns

b oo

Which column is MATLAB RT Predicticn predicting?

41
2
a2
dlxa

AMATLAB RT Prediction
4R RT Prediction
4y Predictor
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The following dialog box should appear.

-

¢ IntegrationSampleData - Model Comparisen - JMP Pro =NRc X
A =/ Model Comparison
I Predictors
<4 Measures of Fit for Y
Predictor Creator .2.4.6.8 RSguare RASE AAE Freq |
MATLAE RT Prediction 0.9733 0.3252 0.2045 50188
R RT Prediction 0.8374 0.8020 0.5704 50188 [y
¥ Predictor Partition 0.9617 0.3852 0.2480 50188

You can see that in this case, the MATLAB model has the highest RSquare value, 0.9733, indicating that
this model best fit the data. This isn’t surprising since the default setting used by MATLAB to build a
regression tends to grow very deep trees. The algorithm also tends to be the most computational
expensive amongst these three statistical packages, something you may have noticed when you ran the
MATLAB script. These results should not be interpreted to mean that MATLAB is a better statistical
package for building regression trees. This just shows that the settings for the other two packages would
need to be tweaked in order to produce as deep of a tree as the default settings for MATLAB.

Conclusion

This paper provides a step-by-step tutorial on how to use MATLAB and R within the JMP environment.
The tutorial is demonstrated on IRCM example based on a real life scenario encounter by the STAT COE.
Integrating R and MATLAB increases the functionality of JMP. Advance statistical toolboxes and
packages within MATLAB and R are now assessable without jumping between software packages and
changing data formatting. Results from MATLAB and R can be imported back into JMP for easier
graphing and further analysis. There may be situations in which labs will have access to MATLAB or R but
not to JMP. With this approach, predictive models and results could be created in a language easier to
share with the community.
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