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Chapter 1
About MathConnex

Welcome to MathConnex! This chapter provides a brief overview of
MathConnex and how you use it with Mathcad, other computational
programs, and data sources.

What is MathConnex?

Basic features and operation.
Using MathConnex

Suggested uses with Mathcad and other applications or data sources.
Additional sources of information

Where to get help on MathConnex if you need it.
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What is MathConnex?

MathConnex™ is an environment for visually integrating and linking applications and
data sources to create heterogeneous computational systems. By providing visual
components for each data source or application in a system—such as a Mathcad
component, an Excel component, and a File Read/Write component—MathConnex lets
you manage the flow of data from one application or data source to another.

You can easily create a system consisting of Mathcad worksheets, other applications,
and data sources by:

m Dragging components from the Component Palettes and dropping them into the
MathConnex Worksheet.

m  Wiring the components together to indicate data flow.

m Using Toolbar controls to run the system.
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You can think of each visual component in the system as a separate object or process,
receiving input, calculating, and producing output. MathConnex seamlessly handles all
the data passing and process execution, allowing you to focus on the system as a whole.

MathConnex features

MathConnex makes it easy for you to design, activate, and publish systems of applica-
tions and data sources by allowing you to:

m Access 16 visual components for importing and exporting data, for performing
calculations and viewing results, and for controlling the flow of data from one
component to the next.

m Drag and drop components into the Worksheet.
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m Capture a group of connected components as a module to use in other projects.

m Integrate and manage data and computations between different applications.

m Perform mathematical calculations using Mathcad, Excel, Axumia&Td AB ®
m  Analyze and debug calculations.

m  Compute using the ConnexScript™ math programming language.

m  Script embeddedLE components using VBScript or JScript.

m  Work productively in a truly customizable and extensible environment.

I
Using MathConnex

Given the variety of components available for integration into a system, you can use
MathConnex to design an endless number of different systems involving different
applications and data sources. For example, you can use MathConnex to:

m Integrate Mathcad with other applications such as ExceMaTd.AB .
m Chain Mathcad worksheets together and pass data from one to the next.

m Break alarge Mathcad worksheet into several smaller worksheets and connect them
in MathConnex. Use conditionals to control the flow from one to another.

m Loop through a Mathcad worksheet by passing the output from a worksheet back
into itself as input.

m Facilitate the development of a large project: break it up into subsections, design
each as a MathConnex module, and assemble the subsections into a MathConnex
project.

A note about other applications

The built-in group of components in MathConnex includes several designed especially
to work with other computational programs: MathSoft's Mathcad and Axum, Microsoft
Excel, andvATLAB from The MathWorks. Because MathConnex is installed with
Mathcad 7 Professional, you'll always be able to use the Mathcad component. To use
the other computational components, you'll need to have installed an appropriate
version of the corresponding application on your system: Axum 5.0b, Excel for
Windows 95 or later, aviATLAB 4.2. See the Release Notes accompanying your
Mathcad installation media for current compatibility information.

A note about performance and memory

To run MathConnex, you should have at least 16 megabytes of memory installed on
your computer. Be aware that many MathConnex components are specilized
objects that allow you to connect to an application or data source. Using these
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components therefore requires additional memory, as well as additional processing
power, to run the application with which it is associated. To use the Mathcad and Excel
components together in MathConnex, for example, we recommend that you have at
least 32 megabytes of memory installed on your system.

Additional sources of information

This guide is designed to provide you with enough information so that you can
immediately begin creating and running systems in MathConnex. Other sources of
information include the on-line Help system and the sample modules and projects
provided with MathConnex, plus updates on MathSoft's World Wide Web site.

To open the on-line Help:
m ChooseMathConnex Help from theHelp menu.

m Use the Contents tab to locate a topic in the Table of Contents. Use the Index and
Find tabs to search on a particular word or topic.

To access the sample MathConnex projects:

m ChooseOpen from theFile menu.

m Double-click on thesamples folder.

m Select a project IXP file) and click “Open.”

To access the sample MathConnex modules:

m Click on the Modules tab in the MathConnex Explorer.

m  Open the Sample Modules folder.

m Drag and drop a module from the MathConnex Explorer to the Worksheet.

For updated information about MathConnex, including additional sample projects, visit
the following address on MathSoft's World Wide Web site:

http://www.mathsoft.com/mcadlib/mathconnex/
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Chapter 2

The MathConnex Workspace

The MathConnex workspace is your interface for accessing computa-
tionalcomponentsconnecting components irggstemn the MathCon-

nex worksheet, arranging and sharing systems and other OLE objects ac
MathConnexprojects and reusingnodules

This chapter has the following sections:

Starting MathConnex
What you see when you launch MathConnex.
Menus, Toolbar, and Status Bar
The MathConnex command interface.
Component Palettes
Drag-and-drop interface for the basic MathConnex components.
The Worksheet
Where you create systems, projects, and modules.
The MathConnex Explorer

An interface for armaging available modules and components and for seeing
the components in the current project.
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Starting MathConnex

Tip

MathConnex is installed when you install Mathcad Professional. Start MathConnex by

clicking onthe MathConnex butt

M
is

A in the Mathcad Professional Toolbar, or launch
athConnex as you would other Windows applications. The MathConnex workspace
then displayed in a window like the one in Figure 2-1.
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Figure 2-1: The MathConnex workspace.

The following sections introduce:

Menu commands, the Toolbar, and the Status Bar.

The two Component Palettes, your interface to the computational tools of Math-
Connex.

The Worksheet, where you create computational systems from components.

The MathConnex Explorer, an object browser where you manage projects and
modules.

The Toolbar, Component Palettes, and Explorer can be resized, dragged off the
application window, or docked again (reattached) to various borders of the MathCon-
nex window. Use commands on tfieew menu to toggle the display of the Toolbar,
Component Palettes, Status Bar, and Explorer.

You can undock a docked element of the workspace, like the Toolbar, by double-clicking on its
border.
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Menus, Toolbar, and Status Bar

Menu commands

File Menu
New Begin a new MathConnex project.
Open... Open an existing MathConnex project.
Save Save a MathConnex project.
Savess... Save a MathConnex project to a different filename.
Print Setup... Define the properties for printing a project.
Print Preview Display a replica of what the project will look like when it|is
printed.
Print... Print the active project.
Send.. Attach a copy of the current project to an e-mail messade.
The recipient of the mail must have properly installed
MathConnex software to view the project.
Recent Files Open most recently saved MathConnex projects.
Exit Close MathConnex.
Edit Menu
Undo Undo the last command.
Redo Redo the last command.
Cut Remove the selected object(s) from the Worksheet and place
in the Clipboard.
Copy Place a copy of the selected object(s) on the Clipboard.
Paste Insert the contents of the Clipboard into the Worksheet.
Object Activate embedded or linked object.
View Menu
Toolbar Toggle the display of the Toolbar.
Status Bar Toggle the display of the Status Bar.
Explorer Toggle the display of the Explorer.
Component Toggle the display of eight built-in component buttons.
Palette 1
Menus, Toolbar, and Status Bar 11
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Component Toggle the display of eight built-in component buttons.
Palette 2
Go Back Go to higher level of worksheet when a collapsed subsys
is being viewed.
Zoom In Increase the scale of the Worksheet display to magnify t
objects on the Worksheet.
Zoom Qut Decrease the scale of the Worksheet display to reduce {
size of the objects on the Worksheet.
Show Labels Toggle the display of labels on components in the
Worksheet.
Insert Menu
Component... Launch Wizard to insert component into the Worksheet.
Object... Insert an OLE object into the Worksheet.
Scripted Launch Scripting Wizard to insert a scripted component i
Object... the Worksheet.
Run Menu
Run Run the system contained in the Worksheet.
Pause Pause a running system.
Step Run the next component connected in the Worksheet.
Stop Stop a running or paused system.
Single Step Toggle the execution of parallel systems to be sequentia
Mode concurrent. (See Chapter 5, “Advanced Topics.”)
Highlight Toggle the highlighting of the component currently being
Components calculated during the run.
Help Menu
MathConnex Show MathConnex Help topics.
Help...

Tip of the Day

Display tips for using MathConnex.

About
MathConnex...

Display program information, version number, and

copyright.

12
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Toolbar buttons

Status Bar

The Toolbar contains buttons for shortcut access to the following commands:

[
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New
Open
Save
Print

Print Preview
Cut

Copy
Paste
Run
Pause
Step

Stop
Back
Zoom In
Zoom Out

Help

Open blank Worksheet for a new MathConnex
project.

Open an existing MathConnex project.
Save a MathConnex project toMiXP file.
Print the active project.

Display a replica of what the project will look
like when it is printed.

Remove the selected object(s) and place them
in the Clipboard.

Send a copy of the selected object(s) to the
Clipboard.

Insert the contents of the Clipboard into the
Worksheet.

Run the system contained in the Worksheet.
Pause a running system.

Run the next component connected in the
Worksheet.

Stop a running or paused system.

Go to a higher-level worksheet.

Increase the scale of the Worksheet.

Decrease the scale of the Worksheet.

Show MathConnex Help topics.

The Status Bar at the bottom of the MathConnex window describes the current

operation whenever you select a menu command. Look in the right-hand part of the

Status Bar to see tmen modeof the system you have on the Worksheet:

m  RUN —the system is currently executing

m PAUSE - execution has been paused

m  STOP - execution has been stopped

Menus, Toolbar, and Status Bar 13



Component Palettes

MathConnex comes with more than a dozen built-in components, displayed on two
palettes, for you to use in building your systems. To use a component from one of the
Component Palettes:

m Click and hold the left mouse button on a component in the Component Palettes.
m Drag the component to the location you want in your Worksheet.
m Release the mouse button.

Some components will launch a Setup Wizard to guide you through initial configuration
of input and output ports and other properties. For others, you will need to assign
properties manually. For details on the components listed below, see Chapter 4,
“Components.” The Scripted Object component is taken up in Chapter 5, “Advanced
Topics.”

Components to generate, import, or export data

1.0] nput Input a single value or an array in a scrollable
table.

=z| File Read or Write Input data from or output data to a file.

4| Ramp Generate a sequence of equally spaced values.

@ Global Variable Input a value accessible by any component in
the system.

Components for viewing results

| Inspector Inspect data values in a scrollable table.

ﬁ Graph Graph one or more data points.

@ Axum Display an Axum 2D or 3D plot, if Axum is
installed on your system.

Computational components

ﬁ Mathcad Compute with Mathcad.

3E Excel Compute with Excel, if installed on your
system.

.m| MATLAB Compute withVATLAB,, if installed on your
system.

= ConnexScript Compute using commands in the ConnexScript
language.
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Components for controlling data flow

D
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Conditional
Initialize
Wire Breaker

Stop or Pause

Other components

Text

The Worksheet

Systems

Conditionally route data to output ports.
Take initial value from one input port and
subsequent values from another.

Break (interrupt) data flow along the wire.

Pause or stop running a system.

Create text region for annotation.

In the Worksheet of MathConnex you:

m Design, run, analyze, and edit one or more MathComsgstems

m Change your view by zooming or by collapssupsystems

m Annotate your MathConnex systems with text or othieE objects.

m Save, print, or e-mail the Worksheet contents as a MathCqarogect and save

groups of configured, connected componentaadules

In MathConnex you have a single Worksheet to work with, although you may have as
many systems on it as you like. As described on page 16, however, you can hide
complexity in the Worksheet by collapsing a group of components into a subsystem,
and a subsystem itself may have other subsystems. A Worksheet may therefore have ¢
hierarchy of components.

Figure 2-2 shows a MathConnex system in the Worksheet that models a double
pendulum. Turn to Chapter 3, “Creating and Running a System,” for a step-by-step
example of creating a MathConnex system. You typically follow these steps in creating

a system:

m Plan the components and external files that the system will need, and anticipate
what the output of the system will be: a file, data to be viewed, a graph, etc.

m Place components on the Worksheet by dragging and dropping them from the

Component Palettes, or by choos@gmponentfrom thelnsert menu.

The Worksheet



m Configure the components you have placed on the worksheet using options on the
component context menus. You access the context menu for a component by
clicking on it with theright mouse button. You decide on the correct number of
inputs and outputs for each and choose display properties and other options.

m  Wire the components together, connecting an output port from one component to
the input port of another, so that data flows correctly from component to component.

m  Run and stop the system, using

L W L

the corresponding commands on B menu.

Toolbar buttons or

m  Modify the system as needed: change the properties of components, change the
wiring of components, change the data sources or data outputs.
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Figure 2-2: A MathConnex system in the Worksheet.

Changing your view on the Worksheet

Because systems with more than a few components may be too complex to view easily
on the screen, MathConnex provides several ways to simplify or change the view of
your Worksheet. You can:

m Scroll to view a different part of the Worksheet, using the scrollbars.

m Zoom in and out of areas on the Worksheet, usin

or the correspondingiew menu commands.

4

d Toolbar buttons

=4
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m Collapse the display of one or more components irstabgystenon your Work-
sheet. In this way you hide or nest details about the components in your system and
create an additiondvelin the Worksheet.

To create a subsystem in your system, select one or N s gk
components in the Worksheet, click on the selected ¢ Remave &l Breakpoints
ponents with the right mouse button to see the contey — Add s

i Tikiis-Ea
menu, and choosgollapse Fio Por Dreston

You may create as many levels as you like in your W¢ /> 2
sheet by collapsing component groups. MathConnex ™ saye o Madue..
plays a collapsed subsystem using a subsystem icon ii__ e
Worksheet, but the components in the subsystem continue

to have the properties and connections they had before you collapsed the view. The
system will run exactly as it did before you collapsed the components.

To see and edit the contents of the subsystem, double-click on the subsystem icon,
which opens up a new Worksheet level containing the components of the subsystem
but in which other components of the system aren’t editable. MathConnex displays the

E icon in this view to indicate that the system contains components at other levels.
To return to the Worksheet level in which the subsystem displays as an icon, choose

. . 1.
Go Backon theView menu or click th¢ Toolbar button.

You canlocka subsystem so its contents can only be viewed and edited after a password
is entered. To do so, click on the subsystem icon with the right mouse button and choose
Lock from the context menu. Enter a password in the dialog box. You will be prompted
for the password the next time you try to view the contents of the subsystem.

When you create a subsystem, and especially if you have locked it, you’'ll usually want
to leave any components in it hidden when you run the system. To view a particular
subsystem component in a higher Worksheet level, however, do the following:

m  Open the subsystem containing that component as described above.
m  Click on the component once with the right mouse button.
m ChooseView O In Parent from the context menu.

Now when you go back to the higher Worksheet level, you will see the corresponding
component in place of the icon that otherwise denotes a collapsed subsystem. The
component can only be edited, however, in the Worksheet level it came from.

To restore a subsystem to its uncollapsed appearance, click on the subsystem icon in
the Worksheet with the right mouse button and chéxpand from the context menu.
Annotating the Worksheet

The use of labels on components and modifying the appearance of components with
icons or otheOLE objects are described in the section “Changing the appearance of
components” in Chapter 3. In addition to these options, MathConnex lets you annotate
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your Worksheet so that you can document your project and communicate your results
to others. You can annotate the Worksheet with:

m Textregions created with the Text component
m OLE objects from other applications on your system

Text

The Text component lets you place an editable, scrolling region on the Worksheet
containing any text you choose and displayed with a variety of formatting options. You
place the text component on the Worksheet by draggi fﬂ‘ button from the
Component Palettes. Then just start typing text in the region, as shown below:

File  Edit Yiew

% || @)

Zsystem takes a 3 by 3 array
Zinput and computes the
seigervalues and eigervectors of
Zthe matrix

The Text component is comparable in functionality to the text annotation tool in
Microsoft Paint (an accessory normally found in Microsoft Windows). See Chapter
Chapter 4, “Components,” for details.

OLE objects

The MathConnex Worksheet is also a versail€2 container, so you can embed or

link objects created by othet.E-compatible applications on your system. For example,
you can embed a document created by Microsoft Word to describe the systems in the
Worksheet, and double-click on the embedded document to activate Microsoft Word
in place in the Worksheet for editing.

You place arOLE object in the Worksheet in one of several ways. For example:

m  Simply drag an object from aBLE2-compatible application on your system and
drop it onto the MathConnex Worksheet. This embeds an object in the Worksheet.

m ChooseObject from thelnsert menu.

When you choos®bject from thelnsert menu, MathConnex displays a dialog box
listing availableOLE servers on your system. You have three options:

m  Select the Create New radio button to createvaobject directly in the Worksheet.

m Select the Create from File radio button and browse to find a Bleteedan object
in the Worksheet. An embedded object does not update automatically when the
source file changes, but you can double-click it to activate it for editing.

m Select the Create from File radio button, browse to find a file, and click the Link
checkbox tdink to an object. Here, changes to the source file will be reflected
automatically in the object.

18
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Ingert Object EHE
Object Type: oK I
Microsoft Graph 5.0 -
Cancel |

iMicrozaft PowerPoint Presentation
Microsoft PowerPaint Slide
Microsoft Shell Item Control
Microsoft wWord Document J

& Create New
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Microsoft 'wWord Picture
Microsoft Worddrt 2.0
MIDI Sequence LI

™ Display A2 lcon

Result
Inserts a new Microsoft PowerPoint Presentation

object into your document.

Projects and modules

Note

MathConnex is an interactive environment for creating computational systems, butyou
will often want to save your work, or portions of it, to edit or re-use at a later date, as
well as share your systems and components with others. You can save:

m A MathConnexproject, which is a working snapshot of all the systems and other
objects in the MathConnex Worksheet.

m A MathConnexmodule which is a preconfigured, prewired group of components.

Projects
To save your work as a MathConnex project, ch@asefrom theFile menu, or click

the = button on the Toolbar. To save an existing MathConnex project under a
different name, choosgave Asfrom theFile menu.

MathConnex uses .MXP as the default extension for MathConnex projects.

To print a MathConnex project, chod@ent from theFile menu, or click th =
button on the Toolbar. Therint Preview command on th&ile menu allows you to

view, scroll, and zoom your printed output before you send it to the printer. Use the
Print Setup command on thEile menu to choose and configure an available printer,
select a paper size and source, and choose either portrait or landscape orientation for
your printed output.

To send a MathConnex project as an attachment to an electronic mail message from &
MAPI-compliant mail application such as Microsoft Mail, cho8sadfrom theFile

menu. Your mail program launches with a blank message containing the current project
as an attachment but waiting for you fill in the recipient, title, and other information.

Modules
To save a component or group of components to re-use in other MathConnex systems

m Drag-select one or more components, or an entire system, in the Worksheet.

m  Click with the right mouse button on one of the selected components.
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m ChooseSave as Moduldrom the context menu, which displays the Name Module
dialog box shown below.

m Enter a brief, descriptive name and other information about the module.

Mame Module E
Enter the madule name below:
Cancel |
Help |

Authar:

Drescription:

m Click “OK.” MathConnex saves the module in a default location.

As described on page 21, you access, rename, import, and export available modules
via the Modules tab in the Explorer.

I
The MathConnex Explorer

The MathConnex Explorer is an object browser for organizing the projects, modules,
and components you can work with in MathConnex. The three tabs in the Explorer give
you a tree display of:

m The contents of the project currently in the Worksheet.
m Available modules in your copy of MathConnex.

m Available components in your copy of MathConnex.

20 Chapter 2 The MathConnex Workspace



Project tab

Tip

Modules tab

Tip

As you build a project in the Worksheet, the tree | —————1

diagram in the Project tab expands to show the ¢
ponents you have used. Similarly, when you open
existing MathConnex project, all the components
the Worksheet are listed in the tree diagram. Althot
the project tree simply lists components and not t

A Proiectl\p I"; I

-] Project

E|A sunspot.msp
1.0 Inputd
3E Excell
oy Inspector?
B Mathoad!

connections between them, it can be extremely us
for navigating large projects.

If you click on a component name in the project tree,
the corresponding component in the Worksheet is displayed with a selection box.

Click with the right mouse button on a component name ™ peiete
the project tree to access options for deleting, editing ‘@
(activating), and assigning properties to the componen

the Worksheet.

The Modules tab in the Explorer arranges availal iy -1
modules you can use in the Worksheet. Folders ¢ | s 3 Modues | 3 |
modules are listed alphabetically, and modules witl [&-Z1 Modues

them are listed alphabetically by the names assig | =~ Wikl
to them in the Name Module dialog box.

b
B-24 Sample Modules

When you wantto use amodule, simply drag andd g sum
one of the modules listed here into the Workshee

To move a module into a different folder, drag it the

MathConnex is shipped with a set of modules you can
find in the Sample Modules folder.

To create a new subfolder in the Module tab, click with tm
right mouse button component on one of the folders ar ~ Rename Felde
chooseNew Folderfrom the context menu. Also use thii| e
context menu to delete or rename a folder.

Exporting and importing modules

When you create amodule, MathConnex saves it automatically for youniothdes

folder of the location where you installed Mathcad and MathConnex. The module is
added automatically to the tree in the Modules tab using whatever name you supplied
in the Name Module dialog box.

To share a module with someone else, first expor
by clicking on the module name with the right mou:
button and choosingxport from the context menu.
You will be prompted for a location to save the
Mathconnex module file.

Rename...
Delete

Froperties E\!
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Note

MathConnex uses .MXM as the default extension for exported MathConnex module files.

To import a module file so that you can use it in your MathConnex workspace, click
with the right mouse button on a folder name in the Module tab and clmops#

from the context menu. Select\axM file from the dialog box. The module will then
appear in the Modules tab.

Components tab

Note

The Components tab lists shortcuts for available

MathConnex components. A |3 v Componens |
By default the Components tab has a MathConne! |~ = = Fatcares corasen
Components folder that lists all the components ti ::{f ifufn'aph

were installed at the time you installed MathConne/ | . j Conditional

But you can arrange the components into any fold jjjjjg comnesSeret
you want to; you add, delete, and rename folders || - + File Read or e
this tab just as you do in the Modules tab of the Y e e
MathConnex Explorer. ::g ::::;Ctm

As an alternative to dragging and dropping one of | jjjjjg e

basic components from the Component Palettes, || - + Pausz orStop
can drag and drop one of the components listed h Y e esken
into the Worksheet.

To move a component to a different folder in the Components tab, simply drag it there.

Adding and deleting components

When you install MathConnex, all components that ship with the product are installed
at that time and are available for use via the Component Palettes or the Components
tab. You may later install components from MathSoft or other sources and want to be
able to drag and drop them from the Explorer's Component tab into the Worksheet.

To add a component to one of the folders in the e el

Components tab, click with the right mouse button E:{::ﬁ;j:e'

a folder and choosédd Componentfrom the con- per——

text menu. The Components dialog box lists compo-

nents that have been installed. Choose from one of the listed components in the dialog
box to add a shortcut in the Components tab. You may add as many shortcuts to a

component as you like.

To delete a component from the tree, click with the right mouse button on one of the
components in the Components tab and chBedetefrom the context menu or press
the[Del] key.

Deleting a component from the tree in the Components tab does not physically delete the
component from MathConnex. You can add it back later to the Components tabAdthe
Componentcommand.

22
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I
Chapter 3

Creating and Running a System

This chapter teaches you how to use MathConnex to create and run a
multicomponent system. The focus of the chapter is an example system
in which data is brought into Mathcad for polynomial regression.
Overview

General information on creating a system.

Placing components on the Worksheet

Dragging and dropping components from the Component Palettes to the
Worksheet.

Getting organized

Moving, copying and pasting, and deleting components. Resizing a compo-
nent. Flipping the direction of a component’s ports.

Configuring the components

Using the Properties dialog to label and configure a component. Using other
context menu options. Activating a component to edit it.

Wiring components together
Connecting and disconnecting components with wires.
Running and stopping a system

The basics of running and stopping a system. Highlighting active components.
Stepping through a system component by component. Pausing a running
system. Making a system run up to a certain component. Observing values as
they pass through a wire.

Changing the appearance of components
Viewing a component as an icon or as another object. Showing labels.
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Overview

MathConnex lets you design systems of applications and data sources where each
application and data source is@nponenin the system. The components are wired
together so that when you run the system, data flows from one component to the next;
the output data from one component becomes the input data for the next component.
What each component does with the data as it passes through is determined by the type
of component and how it was configured.

To create a system, you should first determine which components you'd like to use.
See page 14 for abrief description of each of the available components. Refer to Chapter
4, “Components,” for detailed information.

Once you've determined what components to use in a system, you will:

m Place the components on the Worksheet by dragging and dropping them from the
Component Palettes.

m Arrange them appropriately on the Worksheet.

m Configure each component so that it knows what do with the data it receives and
what data to send to the next component.

m  Wire the components together by connecting the output port of one component to
the input port of another.

m  Run the system.

A completed system might look like this:

S

e 125 [ |

% Sraph

! ! ! !
0 0 0 0
' ' ' '
RS e R —
' ' ' '
' ' '

W AKS

This chapter explains each of the steps involved in creating a system in more detail and
describes a sample system for you to create. It also discusses how to change the
appearance of a component to make it more appropriate for your project.
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The example

In the sample system we will design in this chapter, data stored in an external data file
is passed into a Mathcad worksheet. The Mathcad worksheet performs a second-order
polynomial regression on the data and finds the coefficients of the second-order
polynomial that best fits the data. Mathcad passes the coefficients and the value of R-
squared, indicating how closely the data fit the polynomial, back into the system. The
components involved in this system are:

= An Input component, for bringing in the data.
m A Mathcad component, for performing the polynomial regression.

m  Two instances of the Inspector component, for displaying the coefficients and R-
squared.

We will place these components on the Worksheet, configure them, wire them together,
and run the system. The MathConnex prof@dRVEFIT.MXPlocated in thesam-

ples folderwhere you installed Mathcad and MathConnex shows a completed version
of this example.

Although this example is fairly simple, it illustrates how you can use MathConnex to
connect other applications and data sources to each other and pass data from one
component to another. For instance, you can pass values into Mathcad from an Excel
component, or you can send results from MathcadMaBLAB component, or to

another Mathcad component, or to a data file. You can use the Conditional component
to use different sets of data depending on whether the results satisfy a certain condition.

The number of possible systems you can create and their complexity are unlimited. To
see more sophisticated examples involving a wider variety of components, browse the
sample MathConnex projects located in shenples folder.

Placing components on the Worksheet

You can place components for a system on your MathConnex Worksheet by dragging
and dropping them from the Component Palettes:

m Click the icon for the component in the Component Palettes.
m Hold the left mouse button down.

m Drag the icon to the Worksheet.

m Let go of the mouse button.

You will immediately see the component inserted into the Worksheet, or you will see
a Setup Wizard dialog that walks you through initial configuration of the component.

For example, place the Input component on your Worksheet using these steps:
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1.0( .
m Drag the icon from the Component Palettes to your Wc
sheet. The Input component appears:

Place two copies of the Inspector component on your Worksheet using similar steps:

m Drag the "t icon from the Component Palettes to your W(DEE
sheet. The Inspector component appears: T

m Drag the i icon from the Component Palettes to your Worksheet again to insert
another Inspector component.

Place the Mathcad component on your Worksheet:

m  Make sure Mathcad 7 Professional is installed (but not necessarily running) on your
system.

i

m Dragthe icon from the Component Palettes to your Worksheet. This launches
the Mathcad Setup Wizard:

Mathcad 5etup Wizard

& Create an empty Mathcad Document

' Create from file:

Bromse,. |

™ Dizplay az lcon

< Back I Hest » I Cancel |

This dialog box lets you specify whether you want to create a new Mathcad worksheet
or use an existing one. For this example, we will use an existing worksheet that already
has the necessary curve fitting equations entered in it.

m Click “Create from file” and browse to find the fibevfit. mcd in thesamples
folder.

m Click “Open.”

m Click the Display as Icon box. This inserts the Mathcad component as an icon
instead of as a window on the Worksheet so we won't have to see all the curve
fitting equations.

26
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m Click on the “Next” button. The next page of the Wizard lets you specify the number
of inputs and outputs. For this example, we will pass one set of data to the Mathcad
component as input and we will send two sets of data out of the Mathcad component
as output.

m  Specify 1 input and 2 outputs.
m Click “Finish.”

When you finish using the Wizard, you'll see an iconified Mathc.—=
component in your Worksheet with one input port and two out ﬂ
ports:

med

Now you should see the Input component, two Inspector components, and the Mathcad
component somewhere in your Worksheet, as shown below:

MathConnex - [Untitled] H=l &3
File Edit “iew Inzett Run Help

o -

nput:

DEE [ )
n=pector H
micd
nspedor;

N — _>ILI

Mathcadd

Getting organized

Once you've placed components on a Worksheet, you may need to move them around,
resize them, or flip their port directions so that they fit best on the Worksheet. The
following sections describe each of these operations in more detail.

Moving a Component
To move a component:

m Click a component to select it.
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m  Hold down the left mouse button and drag the component to a new spot in the
Worksheet. Any connecting wires adjust accordingly (although you may not have
any at this point).

Try moving the Input, Mathcad, and Inspector components so that they are arranged

this way:
MathConnex - [Untitled] H=l &3
File Edit “iew Inzett Run Help
[ ooop :I
AP
[ -;§
mcd
nﬂahcad“ %
ASpector
D]—:Yﬁzlcﬁi:—l
-
4 I I 3

Moving multiple components
To move several components and maintain their connections:
m Position the mouse pointer outside the components you want to move.

m Hold the left mouse button down and drag a box around all the components you
want to move.

m Release the mouse button.

m Click on any of the components, hold the mouse button down, and drag the
component around the Worksheet. All the other components move with it. Any
connecting wires adjust accordingly.

Resizing a component

You can see more or less of a component or you can stretch it. For example, to resize
the Input component so that you see more of the table cells:

= Double-click on the component to activate it. 5””’”‘5’66’”f

m  Move the cursor to one of the handles that appear u 5’”””‘5’6’0’”f
it changes to a double-headed arrow. e;J,J, > 's@
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m Hold the left mouse button down and drag the cur:

0.00

in the direction you want the component’s dimensic

to change.

m Let go of the mouse button.

0.00

To stretch a component:

m Click once on it to select it (but not to activate it). %mm,,,,,.e,e,ef

m  Move the cursor to any of the handles that appear u
it changes to a double-headed arrow.

m Hold the left mouse button down and drag the curs
in the direction you want the component’s dimensiol
to change.

m Let go of the mouse button.

a D.D%
IR

0.00;{

To change a component back to its original size after stretching it:

m  Click once on the component with the right mouse button.

m ChooseView O Original Size from the context menu.

Adding and removing ports

When you place a component on a Worksheet, it will have a certain number of input
ports and a certain number of output ports, either by default or according to what you
specified in a Wizard. You can modify the number of ports on some components.

To add or remove ports:

m  Click on the component with the right mouse button.

m ChooseAdd Input Port, Add Output Port, Remove Input Port, orRemove

Output Port from the context menu.

Flipping port direction

By default, any input ports a component has are located on the left side and any output
ports are located on the right side. You can reverse these port directions. Reversing the
port directions may reduce a system'’s apparent complexity by shortening the wire paths

between connected components.

Getting organized
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To flip the port direction of a component:

m Click once on the component with the right mouse button.

context menu appears. DEEF

m  ChooseFlip Port Direction from the context menu. The inpui

and output ports on the component change direction, and EEEQ
connecting wires adjust accordingly.

Note TheFlip Port Direction menu item “toggles” the port direction. Selecting it again flips the ports
back to their original orientation.

Deleting a component

To remove a component from the Worksheet:
m Click a component to select it.

m PressDel].

Deleting multiple components

To delete multiple components:
m Position the mouse pointer outside the components you want to delete.

m Hold the left mouse button down and drag a box around all the components you
want to delete.

m Release the mouse button.

m PressDel].

Copying, cutting, and pasting components

To copy or cut a component from a Worksheet:

m Click on a component to select it, or select a group of components by holding the
left mouse button down and dragging over all the components you want to select.

, & .

m Click or on the Toolbar or choo$opy or Cut from theEdit menu to
copy or cut the component to the Clipboard.

m Click on any blank area of the Worksheet.

il

m Click on the Toolbar or choodeastefrom theEdit menu. A copy of the
component(s) on the Clipboard is inserted at the upper left corner of the Worksheet.

m If necessary, move the copied component to another location in the Worksheet.
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Configuring the components

After inserting components into a Worksheet, you should configure each component
so that it knows what to do with the input and what to send as output. To do so, you
use the Properties dialog for the component, apply other commands from the compo-
nent's context menu, or enter values or equations directly into the component.

Using the Properties dialog

Some components, such as the Mathcad component, bring up Setup Wizards when you
place them on a Worksheet, so you will already have done some configuration when
you insertthem. When using other components, however, you need to use the Properties
dialog box to specify the component’s behavior. To do so:

m  Click once on a component with the right (or secor s g po
mouse button. A context menu appears. For exam __femoveOututFat
click on the Inspector component to see the conte Ejp"if‘"“"
menu shown at right:

Add Breakpoint

. y . R This Pai
m ChooseProperties. You'll see the tabbed dialog bo: | gireey precten

shown below: View 3

Collapse
Save as Module...
Froperties

Properties EHE

General | Displayl Accumulatel

Label:

Drescription:

QK I Cancel | Help |

Many options which control the behavior of a component are available in this dialog.
Each component has a General tab showing the component’s label—the name that
appears below the component—and a brief description, if you choose, of what the
component does.
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m Since this Inspector component in our example will be displaying the coefficients
Mathcad calculates, rename it “Coefficients” by typ@aefficients in the
Label text box.

m Click “OK.”

Try relabeling the other components in the system using the General tab in the
Properties dialog of each component:

m Label the other Inspector compon&isquared
m Label the Mathcad compone@tirve fit
m Label the Input componeitata .

The other tabs in the Properties dialog differ for each component. For information on
the options for a particular component, see Chapter 4, “Components.” For example, to
find out more about the options in the Display and Accumulate tabs for the Inspector
component’s Properties dialog, see the section “Inspector” on page 53.

Using other options from the context menu

ThePropertiescommand from a component’s context menu is one way to control how
it is going to behave or look in a system. Other commands on the context menu control
other characteristics of a component’s behavior.

In our example, we need to import data from a data file into the Input component. To
do that, we need to use tineport command from the Input component’s context menu.

m  Click on the Input component with the right mouse button to see the component’s
context menu.

m  Choosdmport. You'll see the Read From File dialog box:

Read from File =] [ [ E
Look in: I a Mathcad j | |‘=_"i(| E'n'
|2 i @ zpell exporttest. pm
] help @ template Hudra.prn
|- maple (3 Userefi I tips. kst
|1 modules (3 vsmlib poly. prn
|1 qshest (23 vamuser Folvrear.pm
-0 samples example. pro test.pri
4| | i
File name: || Open I
Files of type: IText Files [*.dat.* cav,” pim,7 tat] j Cancel |

This dialog box lets you specify the name and type of file to import. For this example,
we will import a Microsoft Excel data file.

m ChooseExcel Filesfrom the list in the “Files of Type” drop down list.
m Browse to the filervdata.xls located in th&Samples folder.
m Click “Open.”
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. 10.00 2870

the second column contains thealues. EEE

1:5.00 3110

Activating a component e
. . L 20.00 3260

To type equations or values into a component, to resize i [ zom| 2

to scroll through it, you first need to double-click on it to cRU LR

Note

The cells of the Input component will be filled with data valL 5=
for our curvefitting. The first column contains thealuesand |10 270

activate it. Some components activate in-place: the MathCuii-
nex menus and tool bars will change to those specific to the component, and scroll bars
and handles appear on the edges of the component.

For example, to activate the Input component, double-click on it.

You'll see:
m Scroll bars for scrolling around the values in the comy gz
nent. 10.00 27 30
10.00 2570
m Handles for resizing. 1500] 230
15.00 3110
You'll also have access to the cells in the table. 12333 ;?gg
20:00 32:50
. . 20.00 28.70
Other components, and components displayed as icons, 2500] 3170 )
vate in a separate window rather than in place. For exar i 7] B

to activate the Mathcad component:
m  Double-click on it.

You'll see a Mathcad window containing the Mathcad worksheet and giving you access
to the equations in it. Figure 3-1 shows an example.

Here you can see that:
m The curve fit is performed by the Mathcagjressfunction.

m The data going into Mathcad is passed to the Mathcad vanbland the outputs
are values from the Mathcad variabteg0 andoutl . These names are always
associated with the inputs and outputs of a Mathcad component. See the section
“Mathcad” on page 60 for more information.

Since the Mathcad component is displayed as an icon in this example, double-clicking on it
brings up a separate window. If the component were displayed as a Mathcad worksheet,
however, double-clicking on it would make it activate in place: the MathConnex menus and tool
bars would be replaced with those of Mathcad.
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5 Mathcad - [med in Untitled] H=]E

;ﬁ File Edit “iew Inzet Fomat Math  Symbolics  Window Help -|ﬁ'|5|

D@ SRy - [-l@l-| - | mel=] &lel a2

[Marmal =l == Blz|u]|[= =]

ElaE R

-
¥i= inD<°> <-- The l=t colurm of the input matrix cocntains the x Values,j

¥ :=i110<1> <-— The 2nd columm of the input matrix contains the v wvalues.
k=2 <--— The degres of the polynomial to which the data will be f£it.
= =regress(x, 7, k) <-— The regress| ) function performs a curve fit.
Coefficients:
coeffs 1= submateia(z, 3, length(z) - 1,0,00

outl = coeffs <—— The first cutput will be the set of coefficients

fit( 30 c=interpz,x, 7, 50

N
+
Rz. R'—E ﬁgx]—meﬂﬂ]g
=
outl =R <-- The secend cutput will ke the

Z(y - mean(y))°

-

F’g atatistia.

KIS

»
Prezs F1 far help. Auto NUM | Page 1 i

Figure 3-1: Double-clicking on the Mathcad component icon activates a full

Mathcad window.

Wiring components together

Once you've placed two or more components on your Worksheet and configured them,
you can wire them together so that the data flows from one to the next. See Figure 3-2

for an example.
To wire two components together:
m Position the pointer over the output port from o1 ———————

1000] 2730
HE 10.00 2870
component until it changes ta . i

15.00 3110
15.00 27.80

m Click and hold the left mouse button and drag I

i 10.00 27.30

the input port of another component. =
1:5.00 2950

1:5.00 3110

1:5.00 2780

A

med

med
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m  When the pointer changes t , release

mouse button. The connected input and outpt
ports will now have a black interior rather than
white one.

10.00

2520

10.00

2730

10.00

2870

15.00

29.80

15.00

3110

15.00

27.80

A

med

Note You can connect wires either from-to or to—from components. You can also connect multiple
wires from one output port, but only one wire can enter an input port.

You can connect the output ports of the Mathcad component to the input ports of the
Inspector components so that you have a system that looks like Figure 3-2.

MathConnex - [Untitled]
File Edit “iew [nzett Run Help

= E3

10.00 2520
10.00 2730
10.00 2870
15.00 2980
15.00 3110 n
15.00 2780 ﬁ
2000 31.20 micd
2000 3260
2000 2870 Curve fit
25.00 3170

Bz
Jd |

-

Figure 3-2: A completed curve fitting system. The Mathcad component calcu-
lates a polynomial fit for the data and outputs the coefficients and the value

of R-squared.

Disconnecting components

If you need to disconnect two components:

m  Move the pointer over the component's input port to which a wire is attached.

m The pointer changes

m Click the left mouse button and hold it down while moving to an empty area.

m  When the pointer changes to a crosshair, release the mouse button. The wire

disappears.

Note A wire can be disconnected from an input port only. Trying to grab and drag the wire from an

output port creates another wire.

Tip  If you disconnect a wire by mistake, chodsgdo from theEdit menu or presJtrl ]Z to

reconnect the wire.

Wiring components together
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Running and stopping a system

After placing a group of components on a Worksheet and connecting them, you can
make data flow from one to the next by running the system.

The basics

To run a system:

b

m  ChooseRun from theRun menu or pre on the toolbar.

When you run a system, data flows from one component to the next until the system is
stopped. Even if data has reached its final destination, a system will keep running until
it is stopped. For more information on the run model MathConnex follows, see Chapter
5, “Advanced Topics.”

To stop data from flowing through the system, you can:

m ChooseStop from theRun menu

m  Press thd button on the toolbar

m Place a Stop/Pause component at the end of a system

Placing a Stop/Pause component at the end of a system is generally the best way to stop
a system. The Stop/Pause component eliminates the need to stop a system manually
each time it runs.

For more information on the Stop/Pause component, see the section “Components for
controlling data flow” in Chapter 4.

Note Until you stop a system, you are unable to edit your project or drag components from the
palettes.

Figure 3-3 shows a system that ran and was stopped usiS¢piheommand. Data

passed from the Input component to the Mathcad component. The Mathcad component
calculated the curve fit and passed the coefficients to one Inspector component and the
value of R-squared to the other.
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MathConnex - [Untitled] =]

File Edit “iew [nzett Run Help
-
10.00 2520
10.00 27.30
10.00 2570
15.00 29.50
15.00 31.10 ]
15.00 27.80 ﬁ
20.00 31.20 med
20,00 3260
20,00 29.70 Curve Tt
25.00 3.70
Data
-
ETR— e

Figure 3-3: Running a completed curve-fitting system. ChRogeand then
Stopfrom theRun menu.

Highlighting active components

As data flows into a component, it starts processing. If you want to see which
components are processing as the data flows through a system:

m  ChooseHighlight Components from theRun menu.
m  Run the system.

As each component becomes active, its border turns green.

Stepping through a system

If you want to see a system run component by component, you can step through a
system. To do so:

m  ChooseHighlight Components from theRun menu.

Ll

m ChooseSteprepeatedly from thBRun menu or continually press t button in

the Toolbar.

The system will run through one component at a time, and the borders of the currently
active components will be highlighted in green.

When you step through the curve-fitting system shown in Figure 3-2, you'll see that
first the Constant component is active, then the Mathcad component, and then the two
Inspector components.

In this case, it is easy to determine the order in which the components become active.
In a more complicated example, however, a system can branch when a component car
send output to more than one component. In a more complex system such as this, the
Highlight Components option is especially helpful.
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Pausing a running system

To stop a running system temporarily:

m  Press the Il button in the Toolbar, or choBsgisefrom theRun menu, while
the system is running.

| M

=4

m  The system will stop until you resume running by clic in the

Toolbar.

Note You can also pause a system by placing a Stop/Pause component in it. For more information on
the Stop/Pause component, see the section “Components for controlling data flow” in Chapter 4.

Tip  While the system is paused, you can view input data on the wires using the magnifying glass.
See “Inspecting values as they pass through the system” on page 39 for more information.
Breakpoints

Adding a breakpoint to your system allows you to analyze your system by examining
the values at a prespecified point in the system rather than pausing the system at a
random spot. You can add and remove breakpoints to individual components or to all
the components in a system.

Adding breakpoints
To add a breakpoint to a component:

m Click on the component with the right mouse button to display the component’s
context menu.

m  ChooseAdd Breakpoint from the context menu. The component becomes outlined
in red.

m  Run the system.

The component’s border turns yellow each time the breakpoint is reached when you
run the system.

PO D

Clicking the o] button on the Toolbar after the temporary breakpoint has been
triggered continues execution and removes the temporary breakpoint.

To add a breakpoint to all the components in a system:

m Click in a blank spot of the Worksheet with the right mouse button to display a
context menu.

m  ChooseSet All Breakpoints from the context menu. All the components become
outlined in red.

Removing breakpoints
To eliminate a breakpoint on a component:
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m Click on the component with the right mouse button to display the component’s
context menu.

m ChooseRemove Breakpointfrom the context menu. The red outline disappears.
To remove all the breakpoints in a system at once:

m Click in a blank spot of the Worksheet with the right mouse button to display a
context menu.

m ChooseRemove All Breakpointsfrom the context menu. The red outline on all
components disappears.
Running to a certain point
To run a system up to a certain component in the Worksheet:

m Click on the component with the right mouse button to see the component’s context
menu.

m  ChooseRunto This Pointfrom the context menu. The componentis outlined in red.

The system automatically runs until it reaches the component. At this point, execution
pauses and the component's border turns green.

Ml e

button on the

You can resume running the Worksheet by clickin
Toolbar.
Inspecting values as they pass through the system

As a system is running, you can see what values are on a wire—either out of an output
port or into an input port. To do so:

m ChoosePausefrom theRun menu.
m Let the mouse pointer hover over a component’s output port until it changes to a

O\ . The value being passed out of the component appears.

m  Move the pointer over a component’s input port to see the value being passed into
the component.

m Ifthe value being passed is a vector or matrix, click with the left mouse button while

the O\ is showing to see a tabular display of the vector or matrix.

Changing the appearance of components

When you place a component on a Worksheet, it has a certain default appearance. Fol
example, the Inspector component by default sho@s & spreadsheet-like table.
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In some systems, you may want to minimize the amount of space a component takes
up or otherwise alter the appearance of a component. You can change the way a
component looks in a MathConnex Worksheet by resizing the component, displaying
it as an icon, or displaying another object in place of it.

When you change the appearance of a component, keep in mind that you are affecting
only the image of the component you see in the Worksheet. You are not affecting the
component’s properties or the number of input and output ports. The component will
behave as it did before you changed its appearance. You can also manipulate the
component’s properties and functionality just as you did before.

Displaying a component as an icon

By default, some components are designed to show calculations or certain property
settings when they are inserted. For example, the Conditional component defaults to
displaying all the conditional statements. In some cases, the display of the statements
may make a system look cumbersome or needlessly complicated.

One way to hide the calculations or statements behind a component is to display the
component as an icon. For example, to hide the data in the curve fitting system shown
in Figure 3-2, you can display the Input component as an icon:

m  Click on the component with the righ gz
mouse button to bring up its context 1000] 27,30

10.00 2870

menu. 15.00 2980

i L. 1500 3140

m ChooseView OO As Iconso that it is T500] 270
20,00 31.20

checked. You'll see a default icon th: e
is similar to the component’s icon in 2000 26 v Gontinuous Output
the Component Palettes. . e

aste Vata
Impot...

Add Breakpoint
Rur ta This Point
Flip Port Direction

& Mew Object...
Collapse Edit Object

Save as Module... Fievert Object
Froperties

i Earent

Original Size

If later you want to display the component in its default form again:
m Click on the component with the right mouse button to bring up its context menu.

m  ChooseView 0 As Iconso that it is no longer checked.

Displaying a component as another object

In some cases, you may want the appearance of a component to indicate the compo-
nent’'s behavior. For example, a component that simulates a circuit’s behavior could
show a diagram of the corresponding circuit. In this case, a diagram would be clearer
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than the component’s default appearance or an icon. MathConnex therefore lets you
view a component as some other object that’s more appropriate.

In the sample system shown in Figure 3-3, the Input component provides data on the
compressive strength of an alloy at various concentrations of an additive. Instead of
displaying the actual data or an icon, a better idea might be to display a picture of the
alloy involved or the instruments used to gather the data.

To do so:
m Click on the component with the right mouse button to bring up its context menu.
m ChooseView O New Object

m Choose an appropriate object in the Insert Object dialog box. For example, to create
anew picture, select Bitmap Image to bring up Paint or another drawing application.
If the application supports in-place activation, you'll see the MathConnex menus
and toolbars change to the other application’s menus and toolbars.

m Create the new object. When you are finished, click away from the component.
The component’s appearance will change to that of the object you created.

Once you create this object, you can edit it whenever you need to. In the example
described above, for instance, you may want to improve your drawing or add color.

To edit the object:
m  Click on the component with the right mouse button to bring up its context menu.

m ChooseView [0 Edit Object. The object activates in place or inside the application
that created it.

m  Make the necessary changes.

m Click away from the component to resume working in MathConnex.

If, after viewing a component as an object, you want view it in its default form:
m  Click on the component with the right mouse button.

m ChooseView [0 Revert Object from the context menu.

Labeling a component

By default, when you place a component on a Worksheet, it displays a label at the
bottom. The label indicates the type of component it is and the order in which you
placed it on the Worksheet.

You can force MathConnex to hide all labels or you can change a component’s label
to something more appropriate for your system. For example,“Using the Properties
dialog” on page 31 describes how to change the label of the Mathcad component to
“Curvefit” instead of “Mathcadl1” because the equations in the Mathcad component
were performing a polynomial fit.

To change the label of a component:
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Click on the component with the right mouse button to bring up the context menu.
ChooseProperties.

In the General tab, type a new label in the Label text box.

Click “OK.”

To hide the labels of all components in the system:

ChooseShow Labelsfrom theView menu to remove the check mark next to it.
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Chapter 4

Components

Every project you create in MathConnex consists of components, usually
wired together to form a system. This chapter describes the basic Math-
Connex components in detail, explaining how each component generates
or manipulates data and revealing situations in which you might use it.

Overview
General description of components, how to insert them into a Worksheet, and
how to prepare them to pass data through a system.

Components for generating, importing, and exporting data

Using the Input component to type in data or import it from a file. Using the
File Read/Write component to dynamically read from or write to a data file.
Using the Ramp component to generate a series of data points. Using the
Global Variable component to give a name to a set of data.

Components for viewing results
Using the Inspector component to view data in a table. Using the Graph
component and the Axum component to plot data.

Computational components
Using the Mathcad, Excey)ATLAB , and ConnexScript components to
manipulate data mathematically.

Components for controlling data flow

Using the Conditional component to send data based on whether a conditional
statement is true or false. Using the Initialize component to get data from one
input port for the first execution and another port for all subsequent execu-
tions. Using the Stop/Pause component to halt a running system. Using the
Wire Breaker component to prevent data flow from one component to another.

Other components

Using the Text component to annotate a project and describe a system.
Introduction to the Scripted Object component for scriptin@&h object.

43



Overview

MathConnex lets you design systems of applications and data sources where each
application and data source is@nponenin the system. A MathConnex Worksheet

is therefore made up of various components connected to each other so that data flows
from one component to the next. When data is flowing into a component, itis considered
inputto that component. Data coming out of a componemniifigut

Each component in the system does something different with the data. Some compo-
nents generate the data, others manipulate it as it passes through, and some components
simply display the data or direct the data flow more precisely.

To create a system you should first determine which components you'd like to use in
the system. Then you should:

m Insert the necessary components onto a MathConnex Worksheet.

m Configure each component so that it knows what do with the input and what to send
as output.

m  Wire the components together, connecting the output port(s) of one component to
the input port(s) of another.

m  Run the system.

Although the details of these steps differ slightly for every system you create, the
sections which follow will introduce you to the components so that you know what
they do, how to insert them, and how to configure them. See Chapter 3, “Creating and
Running a System,” for information on wiring components and running the system.

Inserting a component
In general, to insert one of the basic components into a MathConnex Worksheet:
m Click on a component icon from the Component Palettes.
m  Hold the mouse button down and drag the component to the Worksheet.
m Let go of the mouse button.

Depending on the component you choose, you may see a Wizard dialog box which lets
you specify some properties of the component before it is inserted. Pressing the “Next”
buttons continues through the Wizard. You can use the “Back” buttons to go back to a
previous page. When you click the “Finish” button, the component is inserted into your
Worksheet.

If you don’t see a Wizard when you drag one of the components onto the Worksheet,
you'llimmediately see the component, with some default properties, inserted into your

Worksheet. For example, when you dra @ icon to the Worksheet, you'll see the
Conditional component:
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Hi ro>0
then
outl=inl
else
outl=inl

Each component has its own appearance, so you will see something different for each
component you choose. Each component has input ports and/or output ports which
allow input to flow in and/or output to flow out of the component:

Input

Port— F{# mi=>0 <— Output
then Ports
outl=inl
else
outl=inl

An input port allows data to pass into a component. An output port lets a component
send data out. Some components have a fixed humber of input ports and output ports,
while other components can have up to four input ports and/or output ports. To add or
remove input or output ports:

m Click on the component with the right mouse button to bring up the component’s
context menu.

m ChooseAdd Input Port, Remove Input Port, Add Output Port, or Remove
Output Port.

Tip  You can also insert a component by choosiognponentfrom thelnsert menu and selecting
a component from the list in the Wizard.

Controlling how a component looks in the Worksheet

Although each component has a default appearance, you can display some of the
components as icons instead.

To display a component as an icon:

m Click on the component once to select it.

m Click on it with the right mouse button to see a context menu.
m ChooseView [ As Icon so thatAs Icon is checked.

The component will appear as an icon in the Worksheet but will maintain its function-

ality. This is useful when you don'’t need to see the details of a component’s behavior.
For example, if you do notwant to see all the Excel values stored in an Excel component,
you can view it as an icon.

By default, when you place a component on a Worksheet, it has a label at the bottom.
The label indicates the type of component it is and the order in which you placed it on
the Worksheet.

You can force MathConnex to hide these labels or you can change the label to something
more appropriate for your system. To change the label of a component:
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m  Right-click on the component to bring up the context menu.

m ChooseProperties.

m In the General tab, type a new label in the Label text box.

To hide the component labels:

m  ChooseShow Labelsfrom theView menu to remove the check mark next to it.

For more information on changing the appearance of a component by viewing it as
anotherOLE object, see the section “Changing the appearance of components” in
Chapter 3.

Configuring a component

Tip

Once you've inserted a component into a Worksheet, you usually need to set up the
component’s properties so that the component knows how to handle any inputs it's
getting from other components and what to send as output. To configure the properties
for a component:

m  Click on the component once to select it.

m Click on it with the right mouse button to bring up a conte|  addougitpat

menu, like the one shown here for the Inspector compor — e ResEes
opy Data

E L.
To see the context menu for any component, the component mus —
Add Break point

be activated. You can deactivate a component by clicking inabla o 500

spot of the Worksheet. Flip Part Direction
m ChooseProperties from the context menu. \éijl”:pse ’

Save as Module...
Properties

The Properties dialog box for the component appears.
Properties EHE

Generall Inputs  Outputs |

Enter the cell range assigned to each output:

Olutput Cell Fange

Duputt [P
Dupz [0
Dups [0
Dupad [0

QK I Cancel | Help |

The settings in the Properties dialog box differ for each component. For example, the
properties dialog for the Excel component (shown above) lets you specify the cells in
which the input values are stored and the cells from which the output is sent.
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Final steps

Once you insert and configure a group of components on a Worksheet in MathConnex,
you can wire them together and run the system. Refer to Chapter 3, “Creating and
Running a System,” for more information on connecting components and running a
system.

Components for generating, importing, and exporting data

Some components in MathConnex are useful for bringing data into or out of a system.
A component that introduces data into a system might be used first in a system.
Components which export data out to a data file or to the Clipboard are useful whenever
you need to capture the results for later use.

When introducing data to a system, you should consider where the data is stored.

m If your data is stored in a data file, you can use the Input component or the File
Read/Write component to read it into MathConnex.

m If you need to type in your data or import it from the Clipboard, use the Input
component.

m Use the Ramp component to generate a series of data values.

m The File Read/Write component can dynamically write data to a variety of data file
types.

m  The Global Variable component is useful for referring to some data produced
anywhere in the system so you don’t have to connect to the actual component
producing it.

Input

Using the Input component you can:

m  Type data in manually so it can be used in a system.

m Import data from a data file.

m Paste in data from the Clipboard.

To place the Input component on your Worksheet:

1.0] .
m Drag the icon from the Component Palettes to your Wt

sheet. The Input component appears.

m You can then type values into the cells, import values from a
data file, or paste them in from the Clipboard.
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Tip

Note

Once you've done so, the Input component might look like thi:

Typing in values

1230 125.00
15974 354.00
1830 220.00
2000 150.00

To enter values into the Input component:

Double click on the component.

If necessary, you can show more cells by clicking on one of the handles, holding
the mouse button down, and dragging out.

Enter values into the cells. Pressigmfer ] will bring you to the next cell down.
You can enter any kind of decimal or e-format number such as 3.4 or 2i or 4e-6.

If you don’t double-click once on the component before using the handles to enlarge the
component, you'll simply stretch the component rather than enlarge the view.

If you type any imaginary or complex values, all the values in the component will be
displayed as complex values. For example, if you #ypeone cell an®i in another
cell, the values will display a&00 + 0.00i and0.00 + 6.00i

Importing values from a data file

To import data from an external data file after placing the Input component on a
Worksheet:

Click once on the component with the right mouse button.
Choosdmport from the context menu. The Read from File dialog box appears.

In the “Files of Type” text box, choose the type of file from which you want to
import data.

Use the dialog box to browse to the data file and click “Open.”

You can choose to import the following types of files: ASCII Text, MATLAB, Excel, Lotus
1-2-3, Quattro Pro, dBase lll, and S-Plus.

Pasting in data from the Clipboard

If your data is stored in another application, but not in a saved file, you can copy it to
the Clipboard and paste it into the Input component. To do so:

Select the data in the other application and copy it to the Clipboard. In most
applications, you do this by choosi@gpy from theEdit menu.

Place the Input component on a MathConnex Worksheet.
Click on it with the right mouse button so that a context menu appears.

ChoosePaste Datafrom the context menu.

Controlling the format of the values in the Input component

To control the way the numbers in the Input Component are displayed:

Click once on the component to select it.
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m Click on the component with the right mouse button so that you see the context
menu.

m ChooseProperties from the context menu.
m Click on the Display tab.

m Enter the settings you want and click “OK.”
The settings on the Display tab are as follows:

Displayed Precision Choose or type an integerDetermines the number of values
to the right of the decimal place.

Exponential Threshold Choose or type an integerValues smaller thad0™  or
greater tharlQ" are displayed in exponential notation.

Zero Tolerance Choose or type an integerValues smaller thaa0™"  are displayed
as zero.

Show index labels Click this box to display the row and column numbers associated
with the values in the table.

Tip Keep in mind that these settings only affect the display of numbers in the Input component. They
do not affect the precision of values sent from the component as output.

1.00 1.30
2.00 510 SrEFn
300 230 ! ] ! !

| .

= a
X Ois

Figure 4-1: The Input component provides data for a system.

Editing the Input component

Once you've imported or typed values into the Input component, you can edit them.
First, double-click on the component to activate it and then click on whichever cells
you want to edit.

To delete a row or column of cells:

m  Double-click on the Input component to activate it.

m Click in a cell in the row or column to delete.

m  Click on the cell with the right mouse button to display a context menu.
m ChooseDelete Cellsto bring up the Delete dialog box.

m Click either Entire Row or Entire Column and click “OK.”
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To insert a row or column of cells:

File Read/Write
Using the File Read/Write component you can:

Double-click on the Input component to activate it.

Click in a cell in the row to the left of where the new row or column will be inserted.
Click on the cell with the right mouse button to display a context menu.
Choosdnsert Cells to bring up the Insert dialog box.

Click either Row or Column and click “OK.”

Establish a live connection to a data file.

Read data from the file or write data to it.

To place the File Read/Write component on your Worksheet:

You'll see the File Read/Write component and the patt
the data file. For example, if you read from a data file | cwindoeidata

<

Drag thd icon from the Component Palettes to your Worksheet. The first part
of the Setup Wizard appears.

Choose “Read from data source” if you want to read in data from a file. Choose
“Write to a data source” to write to a data file.

Press “Next” to go to the second page of the Wizard, shown below.

File Component Wizard

File Format: IText Files] j

Enter the name of the file or data source which wil
be azzociated with this component.

Browse. .. |

< Back I Finizh I Cancel |

From the drop-down list in the File Source box, choose the type of data file you
want to read from or write to.

Type the path to the data file you want to read or use the “Browse” button to locate it.

Press “Finish.”

calleddata.txt , you'll see:
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Ramp

Note You can choose to read from or write to the following types of files: ASCII Text, MATLAB,

Excel, Lotus 1-2-3, Quattro Pro, dBase lll, and S-Plus.

When you run a system containing the File Read/Write component, data will be read
in from or written to the data file every time the component is triggered.

When the File Read/Write component writes to a file, any data already existing in the
file will be overwritten. If you don’t want existing data to be overwritten, click on the
component with the right mouse button and chad@gerwrite File from the context
menu. Then when the component is triggered, it will ask you whether you want to
overwrite existing data.

When the File Read/Write component is reading from a file, it will read in the entire
data file. To read in only certain rows or columns of a data file:

m Click once on the component with the right mouse button so that you see the context
menu for the component.

m  ChooseProperties from the context menu to bring up the Properties dialog box.

m Click on the File Options tab and specify the row and columns at which to start and
stop reading.

To change the data file or type that's being read from or written to:

m  Click with the right mouse button on the component and s€leabse Filefrom
the component context menu.

= Inthe “Files of type” text box, choose a type of file. Use the dialog box to browse
to the data file, select the data file, and click “Open.”

Use the Ramp component to generate a series of real scalar values and pass them int
a system. This component is useful for problems which require iteration or incremental
data.

To insert the Ramp component in a Worksheet:
4

m Drag the 4 icon from the Component Palettes to your =g .00, Step=1.00
Worksheet. The Ramp component appears.

m Click on the component with the right mouse button and chBosgerties from
the context menu.

m  Click on the Ramp tab and specify the starting value and the increment/step value.

When you connect the output port of the Ramp component to another component and
run the system, the Ramp component generates one value at a time. The attached
component will receive each value as it is produced. If one value isn’'t passed further
along the system or if the attached component can’t accept more than one value, the
Ramp won't generate another value.
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Figure 4-2: The Ramp component generates values. Here, several values
accumulate in the Inspector component. See page 53 for more information on
the Inspector component.

Global Variable

To use the output from one component in another, you have to connect the two
components. If you want to send a single output to several different components, you
have to connect the one component to several different components. This can involve
a lot of wires and give a messy appearance to a MathConnex system.

An alternative to several connections and wires is to use the Global Variable compo-
nent. The Global Variable component lets you give a name to the output from a
component and refer to it without having to make a connection to the component
producing it.

To give a name to some data using the Global Variable component:

m Drag th icon from the Component Palettes to your W & F
sheet. The Global Variable component appears.

m Click on the component with the right mouse button and chBoggerties from
the context menu.

m Click on the Variable Name tab and enter a name for the data. Make sure the box
next to “This component sets the value” is checked.

m  Connect the output port from the component generating the data to tag to the input
port of the Global Variable.

When the system runs, the data going into the Global Variable will be tagged with the
name you specified.

To refer to that data with its name via the Global Variable component:

m  Place a Global Variable component on the Worksheet. By default, it will have the
same variable name as the one you created previously.

m Connect the output port from the Global Variable component to any other compo-
nent.

If you want to create a new Global Variable, follow the steps above, but replace the
name in the Variable Name tab with a new name and click to place a check mark in the
box next to “This component sets the value.”
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When a Global Variable component receives values as input, all other Global Variable
components with the same variable name send those values as output. To see this
behavior, choosklighlight Componentsfrom theRun menu and pred 4 repeat-
edly.

The example below shows how one instance of a Global Variable gives a name to some
output, and other instances refer to that output.

SEEES global 1
]
I
global 1
global 2
S
I
3.25

Figure 4-3: The names “Global 1” and “Global 2” are given to some data
via the Global Variable component. Other instances of the Global Variable
components with these names refer to the data.

Components for viewing results

Inspector

As data travels from component to component along a wire in a MathConnex system,
you can see what the data is at a certain point by either looking at it in a table or in a
graph. To look at the data in a table, use the Inspector component. If you want to
visualize the data in a graph, you can use the Graph component or the Axum component
if you have Axum 5 installed.

Using the Inspector component you can:

m Display the value of data on a wire in a spreadsheet format.
m Export the data being displayed to a data file.

m  Accumulate data as it flows through a system.

To insert the Inspector component to the Worksheet:

m Dragthe i icon from the Component Palettes to your Wa;
sheet. The Inspector component appears with a single inpﬂi@lil

port.
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Tip

When you connect the output port of another component to the Inspector component
and run the system, the Inspector component displays the input and sends it along as
output.

To see more values in the Inspector, double-click on it. You will see scroll bars which
allow you to scroll through the Inspector. You will also see handles along the edges of
the Inspector. To resize the table, move the cursor to one of these handles so that it
changes to a double-headed arrow, press and hold down the mouse button, and drag
the cursor in the direction you want the table’s dimensions to change.

If you don’t double-click once on the component before using the handles to enlarge the
component, you'll simply stretch the component rather than enlarge the view.

Adding output ports

By default, the Inspector component has one input port and no output ports. If you want
to send output from the Inspector component, however, you can add a single output
port. To do so:

m  Click on the component with the right mouse button to bring up the context menu.
m ChooseAdd Output Port.

If you want to remove the output port later, choBsenove Output Portfrom the
context menu.

Controlling the format of the values in the Inspector
To control the way the numbers in the Inspector are displayed:

m Click once on the component to select it.

m Click on the component with the right mouse button so that you see the context
menu.

m ChooseProperties from the context menu.
m Click on the Display tab, shown below.

m Enter the settings you want and click “OK.”
The settings on the Display tab are as follows:

Displayed Precision Choose or type an integerDetermines the number of values
to the right of the decimal place.

Exponential Threshold Choose or type an integerValues smaller thaaO™ or
greater tharl0" are displayed in exponential notation.

Zero Tolerance Choose or type an integerValues smaller thahO™  are displayed
as zero.

Show index labels Click this box to display the row and column numbers associated
with the values in the table.
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Note

Properties EHE
General  Display | Acoumulate I

Mumber Format

Dizplayed Precision IE _:I
Exponential Threshold I5 _:I

Zer Tolerance 307 _:I

™ Show index labels.

QK I Cancel | Help |

Keep in mind that these settings only affect the display of numbers in the Inspector
component. They do not affect the values sent from the component as output. The values
are always sent using the maximum values for each setting.

Exporting to a data file
You can export the values you see in the Inspector to a data file. To do so:

m  Click on the Inspector component with the right mouse button so that you see the
component’s context menu.

m ChooseExport. You will see the Write to File dialog box.

m In the “Files of type” text box, select the format of the file you'd like to create. Use
the dialog box to browse to the folder in which the data file will be created and enter
the name of the data file you wish to create. Then click “Open.”

You can choose to export data to the following types of files: Formatted Text, Tab Delimited
Text, Comma Separated Values, MATLAB, Excel, Lotus 1-2-3, Quattro Pro, dBase lll, and S-
Plus.

Accumulating data

The Inspector is also useful for storing data as it flows through the system. For example,
you might want to run a system 15 times, capturing a value from each run. Then, once
you've gathered 15 values, you want to send them further along the system. To gather
values this way:

m  Click on the Inspector component with the right mouse button.
m ChooseProperties from the context menu.

m Click on the Accumulate tab.
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Properties EHE

Generall Display  Accumulate |

—Data Size

Mumber of Rows |2
|2

Mumber of Columns

— Acocumulation Order
& Accumulate by Rows

' Accumulate by Columns

QK I Cancel | Help |

m Click on the box next to Accumulate Data so that a check appears.

m Specify the total number of rows and columns of data values you'd like to
accumulate and whether the values should accumulate row by row or column by
column.

When the Inspector is configured to accumulate data, it will have one input port and
one output port. It accumulates the number of values you specified in terms of rows
and columns and then sends the values along the wire connected to the output port.

Figure 4-2 on page 52 shows an example in which the Inspector component is set to
accumulate 5 rows and 1 column of data generated from the Ramp component.

Graph

The Graph component allows you to create a two-dimensional graph in a system. It
accepts one or more pairs»éndy coordinates as input and graphs them.

To place the Graph component on your Worksheet:

m Drag the i icon from the Component Palettes H ST
your Worksheet. The Graph component appears | ----{--r-{---| -
m Connect the output port of a component thatis |..| . ][ i
outputting coordinate pairs to the input port of th f—: —— :
Graph component.
When you run the system, the Graph componentcre |-~ |1
a plot. This allows you to plot a group of data points ' 'X Axis' '

one data point at a time if the data are being passe:
single values through the system.

Note The data passed to the Graph component must be stanexi th form, where each of the rows
contains an ordered paiy. See Figure 4-4 for an example.
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Note

Tip

1.00 1.30
2.00 510
3.00 230

.
iy
|

Figure 4-4: The Graph component plots rows containing X,y coordinate pairs.

Controlling plot properties

To control specifics about the graph such as which input values to graph and whether
there are labels or tick marks:

m Click on the component with the right mouse button.
m ChooseProperties from the context menu.
Use the Plot, Labels, and Axes tabs to control the look of the graph:

m Click on the Plot tab to control data history (how often to reset the graph), colors,
and style settings such as line and symbol types.

m Click on the Labels tab to specify the axis labels, title, and legend used on the graph.

m Click onthe Axes tab to control whether the Axes are boxed or crossed in the lower
right corner and to specify scales, ranges, and whether tick marks or grid lines will
appear.

To make changes in the Axes tab for eithentbey axis, choose either x-axis or y-axis in the
“Assign Settings For” box.

For more information on the various options in each tabbed page of the Properties dialog
box, click the “Help” button in the dialog box.

You can save your customized graph settings by saving the custom graph as a module. Fonts an
plot characteristics are stored in the module and can be easily dropped into other Worksheets.
See the section “The MathConnex Explorer” in Chapter 2 for more information about modules.

Copying the Graph component
To copy a Graph component to the Clipboard:

m Click on the component with the right mouse button to display the component’s
context menu.

m Click Copy to the Clipboard in the context menu.

The graph will be copied to the Clipboard as an enhanced metafile. When you open
another application that supports the enhanced metafile foEma),(you can paste
the copied graph into that application.
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Adding output ports

By default, the Graph component has one input port and no output ports. If you want
to send output from the Graph component, however, you can add a single output port.
To do so:

m  Click on the component with the right mouse button to bring up the context menu.
m  ChooseAdd Output Port.

If you want to remove the output port later, choBsenove Output Portfrom the
context menu.

Axum
Axum is a technical graphing and data analysis application available from MathSoft.
If you have Axum 5 installed on your system, the Axum component gives you access
to a variety of two and three-dimensional graph types.
Using the Axum component you can:
m Create over 75 different types of 2D and 3D graphs.
m  Double-click on the Axum component to activate Axum to format every detail of
your graph.
Tip  When an Axum component is activated, Axum will run in the background. You will therefore
need enough available memory to run Axum and MathConnex simultaneously.
To place an Axum component on your Worksheet:
m  Make sure Axum 5 is installed (but not necessarily running) on your system.
m Dragthe 32 icon from the Component Palettes to your Worksheet. This launches
the first part of the Axum Setup Wizard.
Select a Graph Type:
™ Display as Icon
< Back I Mest » I Cancel |
m Choose the type of graph you would like to insert and click “Next.”
m Choose a plot type. The available choices depend on the type of graph you selected.
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Note

Tip

m Click “Finish.”

An Axum graph of the type you specified is inserted into your Worksheet with an
appropriate number of input ports. There are no output ports because the Axum
component does not send output.

When you connect a component to the Axum component and run the system, the input
data is plotted. See Figure 4-5 for an example.

The form of the data you pass into the Axum component depends on the kind of graph you want
to create. See thixum User’'s Guider on-line Help to find out what form the data should be
provided in for a given plot type.

2000
18.00
12.00
550
2.00

O Aeom Sraph T

Figure 4-5: The Axum component lets you place a variety of 2D and 3D graphs
in a MathConnex system.

Editing the Axum component

You can change the format of a graph that you created using the Axum component
using Axum features. For example, you can change the colors in the graph, the labeling,
whether there are grid lines, etc.

To edit the Axum component:

m  Double-click on the Axum component in your Worksheet to activate Axum. The
menus and toolbars in MathConnex will change to Axum’s menu and toolbars.

m Format the graph using Axum commands and features. SaruheUser’s Guide
or on-line Help for more information on editing graphs.

If an Axum component is displayed as an icon and you double-click on it, the menus and toolbars
in MathConnex won't change to Axum'’s, but a separate Axum window will appear.
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Computational components

Mathcad

Note

Tip

While some components introduce data into a system or display it in a table or graph,
the following four components let you manipulate the data mathematically or in any
other ways allowed by the component:

m  Mathcad component

m Excel component

m MATLAB component

m  ConnexScript component

For example, you might use Mathcad to perform linear regression on a set of data, or
you might use the Excel component to exchange rows and columns of values.

To use either the Mathcad, Excel, or MATLAB component you must have the corresponding
product installed on your system. Refer to the sections that follow for details.

When a Mathcad, Excel, or MATLAB component is activated, the corresponding application
will run in the background. You will therefore need enough available memory to run both the
application and MathConnex simultaneously.

The Mathcad component lets you create or connect to a Mathcad worksheet and pass
numerical data between a MathConnex system and a Mathcad worksheet.

When using the Mathcad component you can:

m  Manipulate data using Mathcad functions and operators.

m Use a Mathcad worksheet as a data source for introducing data into a system.
m Display data in a Mathcad graph or surface plot.

To place the Mathcad component on your Worksheet:

m  Make sure Mathcad 7 Professional is installed (but not necessarily running) on your
system.

i

m Dragthe icon from the Component Palettes to your Worksheet. This launches
the first part of the Mathcad Setup Wizard:
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Tip

Note

Mathcad 5etup Wizard

& Create an empty Mathcad Document

' Create from file:

Bromse,. |

™ Dizplay az lcon

< Back I Hest » I Cancel |

If you want to connect to an existing Mathcad file, choose “Create from file,” and
type the path name in the text box or use the Browse button to locate the file; then
click “Open.” If you don’'t want to connect to a previously created file, choose
“Create an empty Mathcad worksheet.”

Click the Display as Icon box if you want to display the Mathcad component as an
icon in the Worksheet rather than as a view onto a Mathcad worksheet.

Although you won't see the Mathcad equations in the component when you display it as an icon,
you can double-click on the component to edit it, and a separate, moderately sized window will
appear. If you don't display the component as an icon, you will need to resize the component
inside MathConnex in order to get a reasonably sized window in which to work.

When you click on the “Next” button, the Wizard brings you to the next page where
you will specify the number of inputs and outputs.

When you click “Finish,” you'll see the Mathcad compone.
in your Worksheet with the appropriate number of input ¢
output ports. For example, a Mathcad component with o
input and two output ports would look like this:

If you chose to create a new worksheet, you should enter equa-
tions and calculations into it by doing the following:

Double-click the Mathcad component in the Worksheet to activate it. The Mathcad
component opens. The menus and toolbars change to Mathcad menus and toolbars

If the Mathcad component were instead displayed as an icon, a separate Mathcad window would
open when you double-click.

Type in the Mathcad component worksheet just as you would in a regular Mathcad
worksheet: enter equations, define functions, create graphs, etc. Use the variable
namesnO ,inl , etc. to refer to the inputs. Each input can be a scalar, vector, or
matrix.
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Tip

m Define variablesutO ,outl , etc. if there will be output from the component. The
values of these variables will be sent out of the Mathcad component to the next
component in the system.

To enlarge the Mathcad component, double-click on it to activate it. You'll see handles along
the sides of the component. Move the cursor to one of these handles so that it changes to a
double-headed arrow. Press and hold down the mouse button and drag the cursor in the direction
you want the component’s dimensions to change.

When you connect the Mathcad component into a MathConnex system and run the
system, the input data flows into the Mathcad component worksheet and is assigned to
the Mathcad variablesO ,inl , etc. The values iautO , outl , etc. will flow out of

the component.

Editing the Mathcad component

Once you set up a Mathcad component, you may find that you want to add or remove
inputs or outputs. To do so:

m  Click on the component with the right mouse button to bring up the context menu.

m ChooseAdd Input Port, Remove Input Port, Add Output Port, or Remove
Output Port.

To make changes to the equations, graphs, etc. in the Mathcad component, double-click
on it to activate it and make the necessary changes.

Excel
The Excel component lets you:
m Use an Excel worksheet as a data source for introducing data into a system.
m  Manipulate data using Excel functions and operators.
m Display data in an Excel worksheet.
To place the Excel component on your Worksheet:
m  Make sure Excel for Windows 95 version 7.0 or higher is installed (but not
necessarily running) on your system.
m Dragthe a8 icon from the Component Palettes to your Worksheet. This launches
the first part of the Excel Setup Wizard, shown below.
m If you want to connect to an existing Excel file, choose “Create from file,” and type
the path name in the text box or use the Browse button to locate the file; then click
“Open.” If you don’t want to connect to a previously created file, choose “Create
an empty Excel Worksheet.”
m Click the Display as Icon box if you want to display the component as an icon rather
than as a viewpoint onto an Excel file.
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Excel Setup Wizard

& Create an empty Excel worksheet

" Create from file:

Brawse.. |

™ Display as Icon

< Back I Mest » I Cancel |

Tip  Although you won't see the Excel worksheet in the component when you display it as an icon,
you can double-click on it to edit it, and a separate, moderately sized window will appear. If you
don’t display the component as an icon, you will need to resize the component inside
MathConnex in order to get a reasonably sized window in which to work.

m  Click on the “Next” button to specify:
The number of inputs and outputs: choose a number between 0 and 4 for each.

Input rangesthe Excel cells in which the values of each input will be stored. Enter
the starting cell, which is the cell that will hold the element in the upper left corner
of an array of values. For example, for an input variable containirg & matrix
of values, you can specify Al as the starting cell, and the values will be placed in
the cells Al through C3.

Output ranges: the Excel cells whose values will be sent as output. For example,
enter C2:L11 to output the values in cells C2 through L11.

m Click “Finish.”

You'll see the Excel component in your Worksheet with the appropriate number of
input and output ports. For example, an Excel component that has no inputs but provides
two sets of output would look like this:

If you created an empty Excel worksheet or if you want to manipulate the data using
Excel, double-click on the Excel component. The Excel component opens and the
MathConnex menus and toolbars change to those of Excel.
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Note

Tip

MATLAB

Figure 4-6 shows an example of an Excel component introducing data to a system.

If the Excel component was displayed as an icon, a separate Excel window will open when you
double-click on the component.

When you connect the Excel component into a system and run the system, the input
data flows into the Excel component in the cells you specified in the Wizard. The output
values will be gathered from the cells you specified and flow out of the component.

To see more or fewer rows and columns, double-click on the Excel component to activate it.
You'll see handles along the sides of the component. Move the cursor to one of these handles so
that it changes to a double-headed arrow. Press and hold down the mouse button and drag the
cursor in the direction you want the component’s dimensions to change.

Excel component % 4

g 6
Mathcad component— | ... o

46.78+0.00i
5.22+0.00i

il =

T
Inspector
outl = eigenvals) b

Figure 4-6: Passing data from the Excel component to the Mathcad compo-
nent for calculations.
Making changes to the inputs and outputs

Once you set up an Excel component, you may find that you want to add or remove
input or output variables, or you may want to change the cell ranges for inputs and
outputs which you initially specified in the Setup Wizard. To do so:

m  Click on the component with the right mouse button to bring up the context menu.

m ChooseAdd Input Port, Remove Input Port, Add Output Port, or Remove
Output Port.

When you add input or output ports or wish to reconfigure existing ports, you'll need
to specify which cells in the component will store the input(s) and which will provide
the output(s). To do so:

m  Click on the component with the right mouse button to bring up the context menu.
m ChooseProperties from the context menu.

m Click on either the Inputs tab or the Outputs tab and specify a range of cells for each
input and each output.

TheMATLAB component lets you connect tMATLAB Professional 4.2 program file
and pass numerical data between a MathConnex systemnntLaB file.
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Note

When using th&1ATLAB component, you can:

m  Manipulate data usinglATLAB functions.

m Use aMATLAB file as a data source for a system.
m Display data in MATLAB file.

To place theATLAB component on your Worksheet:

m  Make sureMATLAB Professional is installed (but not necessarily running) on your
system.

L
m Drag the_I icon from the Component Palettes to your WorksheetAhieAB
component will appear in your Worksheet.

By default, theMATLAB component has one input port and one output port. See
“Adding and removing ports” on page 29 to find out how to add or remove ports.

m  Double-click theMATLAB componentin the Worksheet. TMATLAB component
opens as a text editing window.

m  TypeintheMATLAB component worksheet just as you would in a re USFLAB
file. Use the variable nam@&s0 , inl , etc. to refer to the inputs. Each input can
be a scalar, vector, or matrix.

If there will be output from the component, define varialole® , outl , etc. The
values of these variables will be sent out ofMt#ALAB component to the next
component in the system.

m ChooseApply Changesfrom theFile menu or click on th B| button.
m  ChooseClose and Returnfrom theFile menu or pressHsc].

When you connect th@ATLAB component into a system and run the system, the input
data will flow into theMATLAB component worksheet &® , inl , etc. The values
in out0 , outl , etc. will flow out of the component.

To use names other than®, in1, etc. andutO, outl, etc. click on the component with the right
mouse button and chooBeoperties from its context menu. Go to the Input Variables tab to
change the input names. Go to the Output Variables tab to change the Output names.
Editing the MATLAB component

Once you set upEATLAB component, you may find that you want to add or remove
inputs or outputs. To do so:

m  Click on the component with the right mouse button to bring up the context menu.

m ChooseAdd Input Port, Remove Input Port, Add Output Port, or Remove
Output Port.

To make changes to the equations, graphs, etc. mAReAB component, double-
click on it to activate it and make the necessary changes.
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ConnexScript

Although you will usually use the Mathcad component for any data calculations you
wish to perform, you can also use the ConnexScript component for short, straightfor-
ward calculations using the ConnexScript language and its built-in functions.

To place the ConnexScript component on your Worksheet:

m Drag the 5] icon from the Component Palettes onto the
Worksheet. The ConnexScript component appears as an i
with one input port and one output port by default. See “Add
and removing ports” on page 29 to find out how to add or
remove ports.

ConnexScripts

m Double-click on the component to bring up the Script Editor:

Script Editor - [ConnexScript”
File Edit %iew Help

M- =R S 2]

time=inl ;I
welocity=50
pi=Z2.0%acos(0)

x=velocity*time*cos (45%pi/ 1E80)
y=velocity*time*sin (45%pif180)-9.8%cinet2/2.0

outO={x:¥}

o o

Ready

m  Enter ConnexScript statements to manipulate the input data and define output.
By default, the inputs have the variable namés, inl , etc. Use these names to
refer to the inputs in Script Editor. Outputs should be defined with the variable
namesoutO , outl , etc.

m ChooseApply Changesfrom theFile menu or click on th B| button.
m  ChooseClose and Returnfrom theFile menu or pressHsc].
For detailed information on ConnexScript syntax and built-in functions, see the section

“ConnexScript language reference” in Chapter 5.

Tip Clicking the E| button runs the script so that you can see any errors while the Script Editor
window is open.
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Changing the names of the inputs and outputs

Although the inputs and outputs are knowrnnds, inl , etc. andutO , outl , etc.
you can change these names by doing the following:

m  Click on the component with the right mouse button.

m ChooseProperties from the context menu.

m  On the Inputs tab, use the text boxes to supply different names for the inputs.

m  On the Outputs tab, use the text boxes to supply different names for the outputs.

Editing the ConnexScript component

Once you set up a ConnexScript component, you may find that you want to add or
remove inputs or outputs. To do so:

m  Click on the component with the right mouse button to bring up the context menu.

m ChooseAdd Input Port, Remove Input Port, Add Output Port, or Remove
Output Port.

To make changes to the equations, graphs, etc. in the ConnexScript component, double
click on it to activate it and make the necessary changes.

Importing text to the ConnexScript component

You can import text from other files to the ConnexScript Editor. The source file types
recognized are ConnexScript1kS) andASCII text (TXT).

To import the contents of another file:

m Double-click on the ConnexScript component to open the ConnexScript Editor.
m  Position the cursor at the line where you want to import code.

m  Choosdmport from theFile menu. The Import dialog box appears.

m Navigate to the file you want to import.

m Click “Open.”

The contents of the file is added to the ConnexScript text at the position the cursor was
in when the import command was invoked.

Exporting text from the ConnexScript component

You can export text from the ConnexScript Editor to other files. The source file types
recognized are ConnexScriptikS) andASCII text (*.TXT).

To export the contents of the ConnexScript Editor to another file:

m Double-click on the ConnexScript component to open the ConnexScript Editor.
m Position the cursor at the line where you want to export code.

m  ChooseExport from theFile menu. The Export dialog box appears.

m Specify the path and filename of the target file.
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m  Select the desired file type.
m Click “Save.”

The entire contents of the ConnexScript Editor window is exported to the target file.

Components for controlling data flow

Conditional

Note

When you connect two MathConnex components and run the system, the data flows
from the output port of one component along the connecting wire to the input port of
the next component. In some cases, however, you may want to halt the flow of data
along the wire or control exactly which data values are passed through.

m You can use the Stop/Pause component to stop a running system.

m Using the Wire Breaker component you can quickly prevent or allow data to flow
through a wire.

m The Conditional component lets you send certain data values depending on whether
a conditional statement is true or false.

m The Initialize component lets you send data from the first input port of a component
during the first run and from the second input port for subsequent runs.

Using the Conditional component you can send either one set of data as output or
another set depending on whether a conditional statement is true or false.

To insert the Conditional component into your Worksheet:

m Drag the 2 icon to the Worksheet. The Conditional com ig >0
nent appears in your Worksheet. "

outl=inl
else

outl=inl

The component defaults to having two input ports and two output ports, but you can add or
remove any by using the appropriate commands on the component’s context menu.

m Click on the component with the right mouse button and chBoggerties from
the component’s context menu.

m Click on the Conditional tab, shown below.
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Properties EHE
General  Conditional | Input Namesl Output Namesl

if

ind ==

then

autl=in(+10 =
outl=ind
else
outd=sin(ind] d
out=ind
/|

Ok I Cancel | Help |

m Inthe “If" section, enter a single-line conditional expression using a ConnexScript
statement as described in the section “ConnexScript language reference” in Chapter
5.

Tip  Some valid conditional statements include:

in0 <dnl (inOis less thainl)

in0 dnl & in0 != 0 (inOis less thaimn1 AND in0 is not equal to 0)
in0 =10 (inOis defined as 10)

in0 = =0 (inlisequalto0)

m Inthe “Then” section, enter any number of ConnexScript statements to determine
what the component will output if the conditional statement is truein0seinl
etc. andoutO , outl , etc. to refer to the inputs and outputs, respectively.

m In the “Else” section, enter any number of ConnexScript statements determining
what the component will output if the conditional statement is falseinOsgnl |,
etc. andoutO , outl , etc. to refer to the inputs and outputs respectively.

An example of a system using the Conditional component is shown in Figure 4-7.

500 F 0= 0&mi=i0
then B.25
outl=inl+inl
else
outl=inl

Figure 4-7: The Conditional component sends output based on whether the
If” statement is true.

Note You can use the Input Variables and the Output Variables tabs in the Properties dialog to specify
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Initialize

Tip

Note

different names for the inputs and outputs. For example, in Figure 4-8, the second output in the
Conditional component is named “stop” rather than “outl.”

When a system containing the Conditional component runs, the Conditional component
is triggered when it receives valid inputs. When it's triggered, it determines the output,
and sends it through the output port. If one of the outputs does not get defined when
the component is triggered, no output is sent through its corresponding output port.

If you don’t want any data to be sent when a statement is true or false, you can leave the “Then”
or “Else” sections blank. If there are no statements in the “Else” section, you will not see that
section when looking at the Conditional component in a system.

Each time you run a system, a component will usually take input from all of its input
ports. The Initialize component, however, takes input from one input port the first time
you run the system and from another input port during subsequent runs. This is useful
for iteration where an initial condition is set and then future values are passed back
through the system.

To insert the initialize component onto a Worksheet:

L
m Drag thd=—l icon from the Component Palettes onto the
Worksheet. The Initialize component appears in the Works

The Initialize component has two input ports. The component takes input from its
top input port the first time data flows into the component. Each subsequent time,
input is taken from the lower input port. The component’s appearance changes to
indicate when it is getting data from the top or bottom input port.

m  Connect the output ports of some component(s) to the top and bottom input ports
of the initialize component.

When you run the system for the first time, data flows into the Initialize component
through the upper input port and back out. When the data flows into the component any
other times, it flows in through the lower input port and back out.

The Initialize component doesn’t change the input in any way. It simply directs the input back
into the system.
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Stop/Pause

¥ mo=20 J

The first time data flows into the Initialize then

component, it flows in from the top input port. outD=in0+2
elsz

stop=1

¥ im0 =20 J

All subsequent times data flows into the then )
Initialize component, it flows in from the lower outl=mn+2
input port. else

stop=1

Figure 4-8: The Initialize component lets you specify an initial value for a
system.

To stop or pause a running system, you can always prel ol butto Il

button in the MathConnex toolbar or cho&ep or Pausefrom theRun menu.

However, to avoid pressing these buttons every time you want to stop or pause a system
you can insert the Stop/Pause componentinto a system. This component stops or pause
a running a system when it receives data on its input wire.

the

To insert the Stop/Pause component:

m Drag the - icon from the Component Palettes onto the
Worksheet. The Stop/Pause component appears.

g

m Connect the output port from a component to the input port of
the Stop/Pause component.

By default, when you run a system containing the Stop/Pause component, the system
stops when a value is passed into it. To make the Stop/Pause component pause instea

m  Click on the component with the right mouse button.

m ChoosePause on Inputfrom the context menu.

To make the Stop/Pause component beep when a data value goes into it:
m  Click on the component with the right mouse button.

m ChooseBeep When Activefrom context menu.
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If you connect the Conditional component to the Stop/Pause component, you can force
the system to stop or pause under certain conditions. In Figure 4-8, for example, the
Stop/Pause component becomes active when a value exceeds 20.

Wire Breaker

As shown in Figure 4-9, using the Wire Breaker component you can easily alternate
between allowing data to flow through a wire and preventing data from flowing through
a wire.

To insert the Wire Breaker component:

m Drag the s icon from the Component Palettes onto the Worksh |-
The Wire Breaker component appears with one input port and or {IF
output port.

m Connect the output port from a component to the input port of the Wire Breaker
component.

m Connect the output port from the Wire Breaker to the Input port of the next
component in the system.

By default, the Wire Breaker component allows data to flow through it when you run
the system. To prevent data from flowing:

m  Click on the component with the right mouse button.
m ChooseDisconnect the Wirefrom the context menu.

Tip  The Wire Breaker component is useful when part of a system takes a long time to calculate and
you want to avoid passing data into it but want to keep the entire system connected.

To allow data to flow again:
m  Click on the component with the right mouse button.

m ChooseConnect the Wirefrom the context menu.

1254

£53.50 silg 12.54
534.00 ivire Breaker - Connected 653.50

200 . nspector
The connected VWire Breaker
Tonstart allows data to flow through
the wire.
1254
B53.50 4} D=
894.00 Wire Breaker - Disconnected
5.00 NSpector
b The disconnected Wire

Breaker prevents data from
flowing through the wire.

Figure 4-9: The Wire Breaker component allows you to selectively run parts
of the system.
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Note

The Wire Breaker component, when connected, doesn’t change the input in any way.

Other components

Text

Note

Many of the basic components are designed for manipulating data in a specified way.
The Textcomponent and the Scripted Object component are slightly different. The Text
component does not manipulate data; it is simplgamh object you can insert into a
Worksheet to annotate it. The behavior of the Scriptable Object component depends
on how you script it.

The Text component allows you to
m Enter text anywhere above, below, or beside the components in the Worksheet.
m Set the font, style, and size of the text.

Entering text

To place text on a Worksheet:

m Drag the A icon to the Worksheet. You'll see the Te :,;,J
component window.

LRSI I PRI R

m Begin typing text directly into the window. T
=This is some tex
You can type beyond the length of the text box, but MathC n.. ... ”’J_li

nex displays only as much text as allowed by the width of the
text box. If you want to display more text:

m Double-click on the Text component to activate it.

m  Move the cursor to the right or bottom handle until it changes to a double-headed
arrow.

m  Hold the mouse button down and drag outwards.

Changing the font and setting tabs
To change the font of the text in a Text component:

m Double-click on the Text component to activate it.
m ChooseSet Fontsfrom theView Menu.
m Select the font, style, and size of your text.

m Click “OK.”

The font settings are saved for each text component separately. You can have several Text
components in your Worksheet and set the fonts differently for each.
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To set the tab stops to a certain number of spaces:

m Double-click on the Text component to activate it.

m ChooseSet Tab Stopsrom theView Menu.

m Enter the number of spaces tA@p] key should insert in the Text component.
m Click “OK.”

System Demonstrating the Momentum of Two Objects

]
>
Etal‘FDDU. SIEP=U-2% H Mathcad iz used to calcudate

med the momenium of the objects.

Data is generated by the
Aamo component.

[ g —olision
;

' ' |
[~ ~f{-~r-q~--r=-~1--

' ' |
[~~~ 1~~~ r-~~1--
'

tomm—f--r-d--r---1-- This graph shows the
. . . . objects coliding.

' ' ' '
[~ ~f{-~—r~~"r~"~~71--

W AxiS

Figure 4-10: A MathConnex system annotated with text.

Editing the text in a text component
To cut, copy, paste, and delete text:

m Double-click on the Text component to activate it.
m Drag-select text in the Text component.
m Choose the appropriate option from it menu.

TheEdit menu also gives you access to Bired andReplacecommands for finding
and replacing words in a Text component and automatically wrapping the text.

Scripted Object

You use the Scripted Object component to write a custnipt (or program) for an

OLE object so that it accepts input and sends output just like other built-in components.
ChooseScripted Object from thelnsert menu to insert a Scripted Object component.
See Chapter 5, “Advanced Topics,” for more information.
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I
Chapter 5
Advanced Topics

This chapter introduces topics to help you get more out of MathConnex
and to extend its functionality.
MathConnex run model

How components are triggered in MathConnex systems; parallel processing;
feedback.

Scripted Object component
How to insert and configure a custom Scripted Object component to extend
the functionality of MathConnex.

ConnexScript language reference

Syntax, functions, and operators for use in the ConnexScript and Conditional
components.
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MathConnex run model

Chapter 3 introduced running, pausing, stopping, and single-stepping through a Math-
Connex system. This section provides additional information about how MathConnex
triggers the components of systems.

Filters, sinks, and sources

Note

MathConnex is a visual tool that provides a data flow programming environment.
MathConnex components in this environment fall into three functional categories:

m  Sourceswhich introduce data into systems. Sources include the Input, File Read,
and Ramp components.

m Filters, which take one or more data inputs and pass along one or more data outputs,
usually with computational steps in between. Examples of filters are the Mathcad,
Excel, ConnexScript, andATLAB computational components.

m  Sinks which receive data inputs and do not pass them further in a system, although
they may process the data. The Stop/Pause componentis the only true sink, although
any component that is configured to have only input ports behaves as a sink.

Filters and Sinks are triggered to run whenever they have readivefttheir input
values on their input port(s). Sources, on the other hand, have one of two options:

m They may generate output once per system execution.

m  They may generate output “continuously,” i.e., as long as the system is running and
all outputs are clear. An output is considered “clear” when the component on the
other end of a wire has retrieved the last value from the wire.

Each source component haG@ntinuous Output command on its context menu that
controls which output behavior it will have. Sel@zntinuous Output so that it is
checked to make a component generate output continuously.

When they are configured to haeely output ports, the Mathcad, Excel, ConnexScript, and
MATLAB components behave as source components, and sh&@wttimmuous Output option
on their context menus.

When you run a system containing the Stop/Pause component, the system stops or
pauses automatically when a value is passed into this component. If you run a system
that does not contain this component, the system will run continuously until you pause
or stop it using th Il i Toolbar button or the corresponding command on the
Run menu.

Parallel processing and execution steps

In MathConnex, parallel paths of execution can be accomplished in two ways:

m By placing two or more unconnected systems on the Worksheet.
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m By branching along multiple paths by using multiple output wires from a single
component. These wires may take different paths through the system.

When you run your system(s), all components—even those in unconnected systems—
that are able to begin running at a particular time constittiteeastein execution.

The slowest component that is able to run within a time step determines when the next
time step begins. The overall speed of the system is the sum of the time steps.

You can always see the exact order of execution in your system(s) by selecting
Highlight Componentsfrom theRun menu and then repeatedly choosBtgp from
theRun menu.

TheSingle Step Modecommand on thBRun menu allows you to control how you step
through the parallel parts of the system. If you seSangle Step Moddrom theRun

menu so thatthe command is checked, MathConnex alternates through the stepsin eac
system one at a time as each component is ready; otherwise, MathConnex moves
through all systems concurrently as the next set of components becomes ready.

Feedback

Although not explicitly designed as a simulation environment, MathConnex can be
applied to feedback problems that arise in engineering, physical, and life sciences. The
critical component for simulating feedback is the Initialize component, which you insert

. . T
into the Worksheet with th= button on the Component Palettes. Several of the
sample MathConnex projects in themples folder use the Initialize component.

The Initialize component takes input from the upper input port the first time you run
the system and from the lower input port during subsequent runs. Typically you pass
initial conditionsfor a system through the first input port of the Initialize component,
and you then feed values computed further down in the system back into the second
input port to begin a new cycléeédback loopof computation. Unless you are
designing a system to run continuously, you will need to define some termination
condition in your system, usually with a Conditional component, to stop the feedback
loop.

Note If you plan to feed several values back through a system, you usually need to@ctesaf
values through the Initialize component.

Scripted Object component

MathConnex has specific components for managing interapplication data flow with
Mathcad, Axum, Excel, andATLAB . However, you can exchange data between
MathConnex components and any object that sup@aE Automation, even if
MathConnex does not have a specific component to do so. You use the Scripted Object
component to write a custoseript (or program) for an object so that it:
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m Accepts values from MathConnex components that are wired to its input port(s).

m Activates the server application or control to manipulate the data when the Math-
Connex system is running.

m  Sends values to MathConnex components wired to its output port(s).

For example, you may want to design a MathConnex system in which components send
data to a Lotus 1-2-3 worksheet, where the data are transformed and output to other
MathConnex components in the system.

To create a Scripted Object component, you must:

m Be proficient in a supported scripting language, such as Microsoft VBScript or
JScript, that is installed on your system.

m Understand the way th@LE server,OLE control, or ActiveX control that you are
trying to script has implementenl E Automation.

m Have the server or control available on your system.

More on scripting languages

Before you insert a Scripted Object component into the MathConnex Worksheet, you
need to have a supported scripting language installed on your system. As this Getting
Started Guide goes to press, the following two scripting languages are supported:
Microsoft VBScript (Visual Basic Scripting Edition) version 2 and Microsoft JScript
(an implementation of JavaScript) version 2. Both of these scripting languages can
currently be downloaded at no charge from Microsoft, Inc.’s Web sites:

http://www.microsoft.com/vbscript
http://www.microsoft.com/jscript

VBScript is a stricsubsef the Visual Basic for Applications language used in
Microsoft Excel, Project, Access, and the Visual Basic 4.0 development system.
VBScript is designed to be a lightweight interpreted language, so it does not use strict
types (only Variants). Also, because VBScript is intended to be a safe subset of the
language, it does not include file input/output or direct access to the underlying
operating system.

JScriptis a fast, portable, lightweight interpreter for use in applications that use ActiveX
Controls,OLE automation servers, and Java applets. JScript is directly comparable to
VBScript (not Java). Like VBScript, JScript is a pure interpreter that processes source
code rather than producing stand-alone applets.

The syntax and techniques used in the scripting language you choose are beyond the
scope of thissetting Started Guidd-or more information about Microsoft VBScript
and JScript, consult Microsoft, Inc.’s Web sites.

Inserting a Scripted Object component
To insert a Scripted Object component into the MathConnex Worksheet:

m ChooseScripted Object from thelnsert menu.
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This launches the Scripting Wizard. First specify @& server,OLE control, or

ActiveX control from which you want to create a Scripted Object. The Object to Script
scrolling list shows available objects on your system. Choose an object that supports
the OLE2 Automation interface.

Note The fact that an object appears on the Object to Script scrolling list does not necessarily indicate
that it supports the OLE2 automation interface to work as a Scripted Object in MathConnex.
You'll need to consult the documentation for any OLE server, OLE control, or ActiveX control
you script in MathConnex.

You must specify:

m  Whether the object will be a new file or whether you will insert a file that already
exists.

m  Whether you will see a viewport on the file in the MathConnex Worksheet or
whether you'll see an icon.

When you click the “Next” button, the Wizard brings you through other dialog boxes
where you specify:

m  Which scripting language you will use.
m  The name by which you will refer to the object in your script.

m  The number of input and output ports the object will have.

Properties of the component

Like otherOLE objects you insert into the Worksheet, a Scripted Object component
has the following properties:

m You select the object in the Worksheet by clicking once on it. Move, cut, copy, and
delete the selected object like any other MathConnex component.

m  Double-click the object to activate it or to resize it. Unless you inserted an icon,
you'll see the object activate in-place for editing, and the menus and toolbars will
change to those of the other application. Click outside the object to resume working
in MathConnex.

Unlike otherOLE objects you insert into the Worksheet, however, a Scripted Object
component displays input and output ports and can pass data in a MathConnex systen

m  Click once with the right mouse button to see | addinpu Pan
context menu for the component. You access | AddOuput Pat
properties page, configure the run options, ani  pemere ore ror
add and remove input and output ports by cho™ ggeeim.

ing commands from the context menu.

Add Breakpoint

Fiun ta This Paint

m Connect the component to other MathConneX | Fip part birection
components in the usual way, by drawing a wii i, ,

Collapse
Save as Module...
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from another component’s output port to an input port or from an output port to
another component’s input port.

Object model

The Scripted Object component has the following predefined objects, properties, and
methods that enable you to configure it to work as a MathConnex component.

Collections

m Inputs andOutputs are predefinedollectionsof DataValue objects (see
below) containing the Scripted Object’s inputs and the outputs, respectively.

m TheCount property can be used to query the total number of elements in the
collection. For exampléQutputs.Count  returns the number of output ports.

m Theltem method is used to specify an individual element in the collection. To
refer to a particular input or output, use the notaligruts. ltem( n) or
Outputs.ltem(  n), wheren is the index of the input or output. The index
always starts from 0. Sintem is the default method, languages such as VBScript
and JScript let you drop the method name to imply the default method. For example,
Inputs(0)  is equivalent tdnputs.Item(0) and references the first input.

DataValue objects

m TheValue property accesses a DataValue's real part. For example, in VBScript
or JScriptinputs(0).Value returns the real part of the first input.

m ThelValue property accesses a DataValue's imaginary part. For example, in
VBScript or JScripOutputs(1).IValue returns the imaginary part of the
second output. If there is no imaginary part,IW&lue portion returns NIL.”

m ThelsComplex property returnsTRUE” if a DataValue has a valid imaginary
part; this property returns=ALSE” otherwise. For example, the expression
(inputs(0).IsComplex) returns FALSE’ if the first input has only a real
part.

m TheRowsandCols properties yield the number of rows and columns.

Global methods

m Thealert function takes a single string parameter that is presented to the user as
a standard modal Windows message box with an “OK” button.

m Theerrmsg function takes a single string parameter that displays as an error
message from within the script and causes the script to stop execution. The second
parameter is also a string, but it is optional. It is used to display the source of the
error.

Note In JScript, the names of functions, methods, objects, and properties are case sensitive, while in
VBScript they are not.

Scripting the object

To start scripting an inserted Scripted Object component:
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m Click once on the component with the right mouse button to see the context menu.
m ChooseEdit Script from the context menu.

You'll see a new window called the Script Editor containing three subroutine stubs in
which you insert your own scripting code. Figure 5-1 shows an example of the VBScript
shell you'd see for a new scripted object calggScriptedObj

The script you write will usually contain at a minimum the following three subroutines:

m A startingroutine, called once when execution of the system begins. This is a good
place to initialize variables, open files for reading and writing, etc.

m An executiorroutine, called every time the component receives or outputs data
values. By default it takes as arguments the collectigmsts andOutputs .

m A stoppingroutine, called once when execution of the system stops.

What you will include in these subroutines is determined largely by the properties of
the OLE object you are scripting; consult the documentation for the server or control.

Script Editor [ x]
File Edit %iew Help

M= =R S 2]

dub MydcriprtedOBjEvent Start() ;I
FEM TODO: &dd your code here
End 3ub

Sub MyicriptedOBjEvent Exec|Inputs,lutputs)
FEM TODO: Add your code here
End Sub

Sub MyicriptedOBjEwvent Stopi)
FEEM TODO: Add your code here

End Sub =
4] _>l_I

Ready

Figure 5-1: The Script Editor window shows the VBScript shell for an object
namedMyScriptedObj . You write the code to configure the object.

To resume working in MathConnex when you have finished writing your script, choose
Close and Returnfrom the Script Editor’sile menu, or pressEsc].

For examples of Scripted Object components with working scripts, searties

folder in the location where you installed Mathcad and MathConnex. Bear in mind that
to run these sample projects with Scripted Object components, you will need to install
any applications or controls that were used to create those components.
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ConnexScript language reference

Data types

ConnexScript is a lightweight mathematical programming language you use in the
ConnexScript and Conditional components of MathConnex. It provides basic scientific
calculator functionality and is particularly useful for computational flow control in
cases where you don't need the full functionality of the Mathcad, ExcelADrAB
component.

ConnexScript has a familiar mathematical syntax similar to that in popular matrix
language products. In addition, many mathematical operators, such as matrix multipli-
cation and division, are built into the language, as are basic and user-defined mathe-
matical functions.

ConnexScript supports real and complex data.

Real numbers

ConnexScript uses double-precision, IEEE format floating point numbers. E-format
notation is supported.

Examples
314 3.14 5.78el4

Complex numbers
Complex numbers consist of:

m a real part, which is a real number.

m animaginary part, which is stored as a real number but is equivalent to a real number
multiplied by the square root of —1.

To facilitate entering complex numbers, ConnexScript supports bdtarbenotation
appended to the end of numerical constants to indicate an imaginary number.

Examples
5.78i 0.5e10i 4.0 +8.7j

Infinite and Not-a-Number

ConnexScript has built-in support for Infinitef{ ) and Not-a-NumbemNaN) values,
which can often result from errors in calculations. Infinite and Not-a-Number values
can also be assigned to variables directly, using the pre-defined valtidiblandNaN

as well as their capitalized and uncapitalized permutatiafis,(Nan, etc.).

Examples
x = Inf y = NaN
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Operators

Operator Description

assignment

addition

subtraction

multiplication

division

power

elementwise matrix multiplication
elementwise matrix division
elementwise matrix power

~ logical (Boolean) NOT

ity ST 4l

xor logical (Boolean) XOR
1= not equal to

>= greater than or equal to
<= less than or equal to

& logical (Boolean) AND

| logical (Boolean) OR
== equal to

> greater than

< less than

Note Addition, subtraction, multiplication, division, and power can take either scalar or array

Functions

arguments.

In general, ConnexScript built-in functions take either real or complex arguments. User-
defined functions are discussed on page 90. Function names are case sensitive.

Basic math functions

Function Description

abs returns absolute value

ceil rounds up to next integer

exp exponential

floor rounds down to previous integer

log10 computes base 10 logarithm

log2 computes base 2 logarithm

In natural logarithm

max returns maximum value of variable

min returns minimum value of variable

mod returns the remainder after the first argument is divided
by the second.

nelem returns the number of elements in a variable

round rounds a value to the closest integer

sign returns the sign of the input variable

sqrt returns square root of input variable

time returns number of seconds since January 1, 1980

trunc drops the decimal portion of a value

Complex math functions

Function Description

conj returns complex conjugate

im returns imaginary part of a number
re returns real part of input variable
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Trigonometric functions

Function Description

cos cosine

sin sine

tan tangent

sec secant

csc cosecant

cot cotangent

pi returns the value of pi
acsc arc/inverse cosecant
acos arc/inverse cosine
acot arc/inverse cotangent
asec arc/inverse secant
asin arc/inverse sine

atan arc/inverse tangent

Hyperbolic trigonometric functions

Function Description

cosh hyperbolic cosine

coth hyperbolic tangent

csch hyperbolic cosecant

sech hyperbolic secant

sinh hyperbolic sine

tanh hyperbolic tangent

acsch arc/inverse hyperbolic cosecant
acosh arc/inverse hyperbolic cosine
acoth arc/inverse hyperbolic cotangent
asech arc/inverse hyperbolic secant
asinh arc/inverse hyperbolic sine
atanh arc/inverse hyperbolic tangent

Matrix and special functions

Function Description

cols returns number of columns in a matrix
rows returns number of rows in a matrix
det returns determinant of a matrix
gamma returns gamma function

Reserved words
The following words cannot be used as variable or function names:

break elseif if new static
cols end in real until
complex error list repeat while
delete for load return xor
else function nelem rows

Variables
Variables in ConnexScript:
m  must begin with an alphabetical character

m may contain a combination of letters and numbers, including an underscore char-
acter ()

m may not be the same as one of the ConnexScript reserved words
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Note

®m may not contain special characters that are used as ConnexScript operators
m  may not contain an embedded space
m are case sensitive

Examples
this_is_my_variable tl

x_5 R2D2

In a ConnexScript or Conditional component, by default you use the variable n@mesl ,
etc. for inputs and the variable naneedO , outl , etc. for outputs.

Creating vectors and matrices

Note

ConnexScript supports creation of vectors and matrices in two ways:
m static array notation
m colon vector notation

Static array notation
In a static array declaration:

m curly braces{( and} ) are used to denote the beginning and end of the static
declaration

m the comma,() is used to separate values along the same row

m the semicolon;() is used to separate the next row

{ expr, expr ; expr, expr }

For example, to create a row vector using static array notation, you would type:
x={1,2,3}

To create a 2 by 3 matrix using static array notation you would type:
x={1,2,3;4,56}

The semicolon begins the second row. When multiple rows are declared, the lengths of the

vectors representing each row must be equal.

Example 1

{1,x,(y*2);z,2.89,4} /I semicolon indicates new row
Example 2

x={1,2,3,4} /I 1-by-4 vector

A={1,2,3;4,56} /I 2-by-3 matrix
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Expressions

Note

Colon vector notation

In a colon vector declaration, start, end, and optional step values are used to automat-
ically generate a range of values for a vector, where the cojda ¢sed to separate
the expressions.

start_expr : step_expr : end_exp r

For example, to create a vector spanning the values for 1 to 100, in increments of 2,
you would type

X =1:2:100

When the step value is omitted, ConnexScript defaults to a step value of 1, or, when
the start value is greater than the end value, a step value of —1.

Examples

y =1:10 /l default step 1

y=10:1 /I automatically step -1

a =1:5:1000 //1 to 1000 step 5

A ConnexScript expression is some combination of variables, constants, operators, and
functions that indicates the computation of a value.

Constant expressions
Constant expressions contain only constant values:

7 7+8*19/33

Variable expressions

Variable expressions contain simple variables or simple variables and operators:

X X+ 8 xly*8

Indexed variable expressions

Indexed variable expressions contain vectors or array variables which are to be indexed:
x = y[5] A[3] = BJ5,3] * x

ConnexScript uses zero-based indexing, so 0 is the first element, 1 is the second element, etc.

Function call expressions

Function call expressions contain function invocations: either built-in functions or user-
defined functions, as in this example:

y = sin(x)
Numerical Expressions
Numerical expressions contain a numerical operator:

expr + expr scalar or matrix addition
expr - expr scalar or matrix subtraction

86

Chapter 5 Advanced Topics



Comments

Statements

expr * expr scalar or matrix multiplication

expr *  expr elementwise matrix multiplication
expr ™ expr scalar or matrix power

expr N expr elementwise matrix power

expr | expr scalar division or matrix right division
expr .| expr elementwise matrix division

Boolean conditional expressions
Boolean conditional expressions contain a Boolean logical or relational operator:

~ expr logical NOT

expr xor —expr logical exclusive-OR

expr | expr logical OR

expr & expr logical AND

expr == expr equality comparison

expr = expr inequality comparison

expr < expr less than comparison

expr <= expr less than or equal to comparison
expr > expr greater than comparison

expr >= expr greater than or equal to comparison

ConnexScript supports both in-line and multiple-line comments.

In-line comments
Double forward slashe#/ () begin code comments that go to the end of the line.

Example
x = A[1,2;0] // take first element from 2nd and 3rd row

The text typed following thé (displayed here in italics) is ignored.

Multiple-line comments

A forward slash followed by an asterigk () begins a multiple-line comment, and an
asterisk followed by a forward slasth () ends a multiple-line comment. The text inside
the/* and*/ isignored.

Multiple statements

ConnexScript supports multiple statements on a line. The statements must be separate
by a semicolon ( ).

Statement ; statement

Examples
X=y+5 z2=x"2

Xx=0;foriin 0:5; x=x+1i; end
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Line continuation
An underscore () followed by a carriage return indicates continuation of a line of code.

Example
A={1,23;_
4,5,6; _
7,8,9} /I 3-by-3 matrix

Function call statements
ConnexScript functions have the following calling sequence:

result = funcname ( argumentl , argument2 ,...)

whereresult  is the returned value of the function stateflimcname ; argument1
argument?2 , etc., are any required parameters; and the comma is required between
arguments (parameters).

Example
y =sin(x) /I call a built-in function

If statement

The ConnexScripf statement is used with tléseif  andelse statements for
conditional branching.

if  boolean_expr
statement1
statement2

elseif  boolean_expr
Statement3

else
statement4

end

In anif statement, when theoolean _expr  following theif evaluates to “true”
(nonzero), the statements within theblock are executed. Otherwise, execution skips
over the if block to thelseif  condition (if present) or directly to thedse block

(if present). Theelseif  block and theslse block are optional.

If the elseif  block is present, the statement following #igeif  is executed
whenever thé boolean_expr evaluates to “false” (zero) and thkseif
boolean_expr evaluatesto “true” (nonzero). You may have more thare e
block.

If theelse block is present, the statement following the else is executed whenever the
preceding if and elseif expressions (if present) evaluate to “false” (zero).
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Tip

Example
if(x>y&x!=0)

z=y/x
q = log(2"2)
elseif(y>=x&y!=0)
z=xly
q=2"z
else
z=0
g=1
end

For statement
Thefor statement is an iterative, or looping, statement.

for identifier in  expr
statement1
statement2

end

In afor statement, a scalar valudéntifier ) is iterated over a range of values
given in the expressiomkpr ). Each successive iteration updates the loop value to the
next value in the expression. For examfilejin 1:10 iterates the valuie over

the range 1-10, as given by the colon vector expredsidh.

Typically, the expression will be a colon vector of the fdrt0 , or the number of
elements in columns or rows of a matrix, sucl:@ows(A)-1)

As in a Mathcad for loop, the start and end range need not be sequential. For example,
if X is a vector containing the elemefis 3, 8, 23, 47} , We can us& as a
source of indices into a matrixas follows:
y=0
foriinx
y=y+Al
end
Thebreak statement can be inserted inside of a loop to terminate the loop prematurely.
While statement

Thewhile statement is a conditional looping statement that is executed repeatedly
while a condition remains true.

while  expr
statement1
statement2
end
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In awhile statement, when the condition expressiexp{ ) following thewhile
evaluates to “true” (nonzero), the statements inside the while block are executed. After
the statements contained within thieile—end are executed, program control returns

to the top of the loop. The process repeats until the condition expression evaluates to
“false” (zero).

Example

i=0

while(i<100) /I using while loop
Ali] = Afi] * 4
i=i+1

end

Tip  Thebreak statement can be inserted inside of a loop to terminate the loop prematurely.

User-defined functions

When one of the ConnexScript built-in functions does not satisfy your requirements,
you can write a new function using the function declaration. You may define a function
anywhere in your ConnexScript script. The function declaration has the form:

function funcname ( paramdefl , paramdef2 ,...)
statement1
Statement2

return
end
where eaclparamdef is the name of a variable passed into the function. All variables
are passed by reference. Tleéurn  statement is optional, and can be placed
anywhere inside the function in order to “return” from the function prematurely or due
to some programmatic condition. Upon reaching the final end statement, the function
automatically returns the value of the variakiscname , which you need to assign
somewhere in the body of your program.

Return value

ConnexScript functions return their value by assignment to a variable of the same name
as the function. The return statement does not take any additional arguments. For
example, to return a value from the functiopfunc , you would simply assign a value

to the variable nameadyfunc inside the function body, suchmyfunc=x+y

By default, functions have a return value of 0.0. User-defined functions may call
themselves recursively.

Environment

The ConnexScript component can automatically load ConnexScript files wikihXBe .
extension that are located in t&XSLIB or MXSUSERblder. When a function called

in a ConnexScript script is not found by its name as a built-in function or as a user-
defined function in the script andnxs file with the same name as the function exists
in theMXSLIB or MXSUSERblder, the MXS file is loaded.
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3D graphs
accumulating data
ActiveX control
Add Component command
adding breakpoints
adding input ports
adding output ports
Axum component
breakpoints
adding
removing
calculations
Collapse command
collapsed system
Component Palettes
components
activating
adding and deleting
adding and removing ports
Axum component
Component Palettes
Conditional component
connecting
ConnexScript component
copying
cutting
deleting
disconnecting
displayed as icons
displayed as objects
drag and drop
enlarging or shrinking
Excel component
File Read/Write component
flipping port direction of
Global Variable component
Graph component
highlighting
Initialize component
Input component
Inspector component
labeling
levels
Mathcad component
MATLAB component
moving
overview

pasting
placing on the Worksheet
properties of
Ramp component
resizing
Scripted Object component
Stop/Pause component
Text component
Wire Breaker component
Conditional component
connecting components
using the Wire Breaker component
with wires
ConnexScript component
environment
importing and exporting scripts
ConnexScript language
in Conditional component
in ConnexScript component
reference
context menu
component
ConnexScript component
Excel component
Graph component
Inspector component
Mathcad component
MATLAB component
Scriptable Object component
Continuous Output
copying components
cutting components
data
accumulating
entering into a table
exporting
generating
graphing
importing
manipulating
pasting from the Clipboard
reading in
viewing
writing out
deleting cells
in the Input component
disconnecting components
using the Wire Breaker component
displayed precision
in the Input component
in the Inspector component
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displaying components as icons
displaying components as objects
double-clicking components
drag and drop
else statement
e-mailing a project
Excel component
Expand command
exponential threshold
in the Input component
in the Inspector component
feedback
File Read/Write component
filters
flip port direction
generating values
Global Variable component
go back to higher level of Worksheet
Graph component
graphing
with Axum component
with Graph component
help
highlighting active components
if statement
importing data from a file
Initialize component
Input component
display format
Insert Component command
Insert Object command
inspecting values on a wire
Inspector component
JavaScript
JScript
labeling a component
language, ConnexScript
locking a subsystem
magnifying glass
mail
MAPI
Mathcad component
MathConnex
Component Palettes
Explorer
features
installation
menus
modules
overview
projects

run model
running a system
Status Bar
Toolbar
Worksheet
workspace
MathSoft World Wide Web site
MATLAB component
memory
menus
Edit
File
Help
Insert
Run
View
modules
exporting and importing
Modules tab
moving components
OLE
automation
control
object, inserting into project
server
on-line help
parallel processing
pasting components
pausing a system
ports, adding and removing
precision
in the Input component
in the Inspector component
printing a project
project
e-mailing
inserting a Scripted Object
inserting an OLE object
new
opening
printing
saving
projects
Projects tab
properties
of components
Ramp component
reading from a data file
removing breakpoints
removing input ports
removing output ports
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run mode

run model, of MathConnex

run to a certain point

running a system

sample projects

Scripted Object command

Scripted Object component
inserting into a project
object model

scroll bars

show labels

Single Step Mode command

sinks

sources

Status Bar

stepping through a system

Stop/Pause component

stopping a system

stopping data flow

system
collapsing and expanding
creating
locking a subsystem
running

Text component
then statement
Toolbar
unlocking a subsystem
VBScript
view as icon
view as object
Visual Basic Scripting Edition
Wire Breaker component
wires
adding
removing
Wizard
for inserting a component
Worksheet
annotation
collapsed system
run mode
workspace
writing to a data file
zero tolerance
in the Input component
in the Inspector component

Index
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