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1 

BASIC SCRIPTING 

AN INTRODUCTION TO SCRIPTING 

In this workbook we'll write scripts using 

Vizard, a software tool for creating virtual 

worlds. These scripts will be easier to 

understand once you've learned a few of 

the basic coding structures used in Vizard. 

LŦ ȅƻǳΩǊŜ ŀƴ ŜȄǇŜǊƛŜƴŎŜŘ ǇǊƻƎǊŀƳƳŜǊ ŀƴŘ 

you know a little about the Python 

scripting language, you can probably skip 

this chaptŜǊΦ LŦ ȅƻǳΩǊŜ ǳƴǎǳǊŜ ŀōƻǳǘ ȅƻǳǊ 

programming skills, take the time to go 

through it. It should give you enough 

information to start parsing through the 

example code and completing the 

exercises in this workbook. 

The first thing to know about scripting in 

ViȊŀǊŘ ƛǎ ǘƘŀǘ ƛǘΩǎ ŀƭƭ ŘƻƴŜ ƛƴ ǘƘŜ tȅǘƘƻƴ 

programming language. Vizard is just one 

of the many places where people use 

Python. As an open source language, 

Python has a large user community and a 

host of free resources. That fact comes in 

handy when you're looking for advice or 

scripting tools. Along those lines, many of 

ǘƘŜ ǘƻǇƛŎǎ ǿŜΩƭƭ ŎƻǾŜǊ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ŀǊŜ 

explored in greater detail in the Python 

documentation which you can access 

ǘƘǊƻǳƎƘ ±ƛȊŀǊŘΩǎ άIŜƭǇέ ŘǊƻǇ-down menu 

όάtȅǘƘƻƴ ƘŜƭǇέύ ƻǊ ǘƘǊƻǳƎƘ ǘƘŜ tȅthon web 

ǎƛǘŜ όǿǿǿΦǇȅǘƘƻƴΦƻǊƎύΦ tȅǘƘƻƴΩǎ ƘŜƭǇ 

documents include an excellent tutorial. 

Beginner program-mers are strongly 

encouraged to complete sections 3, 4, and 

р ƻŦ ǘƘŜ tȅǘƘƻƴ ŘƻŎǳƳŜƴǘŀǘƛƻƴΩǎ ¢ǳǘƻǊƛŀƭ 

before attempting to write scripts in 

Vizard. 

Vizard provides an interface for writing 

Python scripts and includes a vast library of 

VR-related code for you to use when 

ȅƻǳΩǊŜ ŎǊŜŀǘƛƴƎ ǾƛǊǘǳŀƭ ǿƻǊƭŘǎΦ [ŜǘΩǎ ǎǘŀǊǘ 

the tutorial by getting acquainted with it. 

Open up Vizard 3.0 on your computer 

(probably under "Worldviz" in your Start 

ƳŜƴǳύΦ ¢ƘŜǊŜΩǎ ŀ ƭƻǘ ƎƻƛƴƎ ƻƴ ƛƴ ǘƘƛǎ 

interface, but for the time-ōŜƛƴƎ ǿŜΩǊŜ 

going to focus on the basics. To get a 

ōŜǘǘŜǊ ŦŜŜƭ ŦƻǊ ŀƭƭ ǘƘŀǘΩǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ 

±ƛȊŀǊŘ ƛƴǘŜǊŦŀŎŜΣ ŎƘŜŎƪ ƻǳǘ ±ƛȊŀǊŘΩǎ 

documentation.  

[ŜǘΩǎ ƎŜǘ Ǌƻƭƭƛng by opening up a new script. 

¢ƻ Řƻ ǎƻΣ Ǝƻ ǘƻ ǘƘŜ άCƛƭŜέ ŘǊƻǇ-down and 

ǎŜƭŜŎǘ άbŜǿ ±ƛȊŀǊŘ CƛƭŜέΦ ²ƘŜƴ ǘƘŜ ŘƛŀƭƻƎ 

box pops up, click "Empty File" and then 

άhYέΦ ¢Ƙƛǎ ǿƛƭƭ ōǊƛƴƎ ŀ ōƭŀƴƪ tȅǘƘƻƴ ǎŎǊƛǇǘ 

up in the middle of your interface. Go to 

άCƛƭŜέ ŀƎŀƛƴ ŀƴd save this file. Then start 

the next section.  
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CONSTANTS, VARIABLES AND THEIR 

TYPES 

Scripts have a handful of basic building 

ōƭƻŎƪǎ ǘƘŀǘ ǿŜΩƭƭ Ǝƻ ƻǾŜǊ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ 

The first, most basic of these basic building 

blocks are constants and variables. 

Constants and variables are names that 

refer to something in your script (e.g. a 

ƴǳƳōŜǊύΦ hƴŎŜ ȅƻǳΩǾŜ ŘŜŦƛƴŜŘ ŀ Ŏƻƴǎǘŀƴǘ 

or a variable in your code, that name is a 

memory handle that you can use whenever 

you need it. The difference between 

constants and variables is that you might 

change the value of your variables over the 

course of the program (a given variable 

might equal 1 at the beginning of the 

program and 100 later) while a constant 

will stay the same.  

This following chunk of code defines a 

constant (MY_CONSTANT) and a variable 

(my_variable) and then prints their values. 

All the lines that begin with the # sign are 

just comments. Python recognizes these as 

comments and will not run them as code. 

You can use comments for notes or for 

preventing specific lines of code from 

being executed.  Add this code to your 

ǎŎǊƛǇǘ ŀƴŘ ǘƘŜƴ Ǌǳƴ ƛǘ ōȅ ƘƛǘǘƛƴƎ ǘƘŜ άǊǳƴέ 

button at the top of the interface. 

#Define a constant and a variable.  

MY_CONSTANT = 'what ever' 

my_variable = 1 

 

#Print their values.  

print  MY_CONSTANT  

print  my_variable  

 

#Change the value of the variable.  

my_variable = my_variable + 1 

 

#Print the value of the constant  

#and the variable.  

print  MY_CONSTANT  

print  my_variable  

The print statements here tell Vizard to 

print the values of the constant and 

variable in the input/output window in the 

interface.  After you've hit run, check the 

input/output window for the four values. If 

you didn't type the code in correctly, you 

may get an error in that window. Hopefully 

the error will give you enough information 

to help you figure out what you did wrong. 

Whenever you run a script and it isn't 

working, the first thing to do is to check 

this window for error messages. (Note: the 

line at the bottom of the input/output 

window is a handy place to try individual 

lines of code to see what they do.) 

You probably noticed that the variable 

above was in lower case while the constant 

was in upper case. That convention is used 

sometimes, but it's not necessary. 

However, Python is case sensitive.  So 

make sure you're consistent with each 

constant or variable's name. 
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¸ƻǳ ŎŀƴΩǘ ǊŜŦŜǊ ǘƻ ŀ ǾŀǊƛŀōƭŜ ƻǊ ŀ Ŏƻƴǎǘŀƴǘ 

ǳƴǘƛƭ ȅƻǳΩǾŜ ŘŜŦƛƴŜŘ ƛǘΦ LŦ ȅƻǳ Ǉǳǘ ŀƴ 

undefined variable or constant name in a 

script, you will get an error that will 

prevent your script from running correctly. 

Add a print statement to your code to add 

ŀƴ ǳƴŘŜŦƛƴŜŘ ǾŀǊƛŀōƭŜ όǿŜΩƭƭ Ŏŀƭƭ ƛǘ 

άƴŜǿψǾŀǊƛŀōƭŜέύ ǎƻ ǘƘŀǘ ȅƻǳ ǎŎǊƛǇǘ ƭƻƻƪǎ 

something like the following: 

#Define a constant and a variable.  

MY_CONSTANT = 'whatever'  

my_variable = 1 

 

#Print their values.  

print  MY_CONSTANT  

print  my_variable  

print  new_variable  

 

#Change the value of the variable.  

my_variable = my_variable + 1 

 

#Print the value of the constant  

#and the variable.  

print  MY_CONSTANT  

print  my_variable   

Now run your script again and check out 

the input/output window for the error 

ƳŜǎǎŀƎŜΦ [ŜǘΩǎ ŦƛȄ ǘƘŜ ǇǊƻōƭŜƳ ǿŜ ŎǊŜŀǘŜŘ 

by defining our new_variable before we 

refer to it in the script. 

#Define a constant and a variable.  

MY_CONSTANT = 'whatever'   

my_var iable = 1  

new_variable = 'another variable'   

#Print their values.  

print  MY_CONSTANT  

print  my_variable  

print  new_variable  

#Change the value of the variable.  

my_variable = my_variable + 1  

#Print the value of the constant  

#and the variable.  

print  MY_CONSTANT  

print  my_variable  

As you can tell from the script that we just 

wrote, variables (and constants) can be of 

a variety of different types. The types you 

will most often see in this workbook are 

numbers, strings, lists and dictionaries. 

Strings are simply text values. In the 

example we went over above, 

MY_CONSTANT was a string type. Lists or 

arrays are ordered sets of values. Once 

ȅƻǳΩǾŜ ŘŜŦƛƴŜŘ ŀ ƭƛǎǘΣ ȅƻǳ Ŏŀƴ ǊŜŦŜǊ ǘƻ ƛǘǎ 

elements by referring to its index, a 

number which identifies where the 

element is in the list. The first element in a 

list is index 0, the second index 1 and etc. 

Start a new script and add the following 

code. 

#Define an array.  

my_array = [ 'a','b',1,2] 

 

#Print the value of the second  

#element (index 1).  

print  my_array[ 1]  
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A dictionary is like a list, but it has no order 

to it. Instead, values in a dictionary are 

identified by keys. In that sense, they are 

analogous to a physical dictionary where 

you look up a word (the key) to find its 

definition (the value). The following code 

defines a dictionary and then refers to an 

element in it. 

#Define a dictionary with two keys  

#(and two values  

#associated with those keys).  

my_dictionary = { 'Idaho' :'Boise',  

'Michigan' : 'Lansing'  } 

 

#Call find the value for the key  

#'slack-jawed'.  

print  my_dictionary[ 'Idaho'  ]  

There are a variety of ways that lists and 

strings can be spliced, appended, and 

ƻǘƘŜǊǿƛǎŜ ŜŘƛǘŜŘΦ .ŜŦƻǊŜ ȅƻǳ Ǝƻ ƻƴΣ ƛǘΩǎ ŀ 

good idea to check out the Python 

documentation on different types to see 

how this can be done. The best place to 

ǎǘŀǊǘ ƛǎ ōȅ ƎƻƛƴƎ ǘƻ άtȅǘƘƻƴ IŜƭǇέ ǳƴŘŜǊ 

±ƛȊŀǊŘΩǎ άIŜƭǇέ ŘǊƻǇ-down menu. Go to 

ά¢ǳǘƻǊƛŀƭέ ƻƴ ǘƘŜ tȅǘƘƻƴ 5ƻŎǳƳŜƴǘŀǘƛƻƴ 

page. Within the Python Tutorial, go 

ǘƘǊƻǳƎƘ ǎŜŎǘƛƻƴ оΥ ά!ƴ LƴŦƻǊƳŀƭ 

LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ tȅǘƘƻƴέΦ  
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SIMPLE LOGIC 

The basic flow logic of the scripts we write 

in this workbook relies on a handful of 

ŘƛŦŦŜǊŜƴǘ ǎǘŀǘŜƳŜƴǘ ǘȅǇŜǎΦ ²ŜΩƭƭ ōǊƛŜŦƭȅ Ǝƻ 

over these types in this section, but to get 

a strong foundation in writing the flow 

logic of a script, go back to the Python 

¢ǳǘƻǊƛŀƭ όάtȅǘƘƻƴ IŜƭǇέ ǳƴŘŜǊ ±ƛȊŀǊŘΩǎ 

άIŜƭǇέ ŘǊƻǇ-down menu) and go through 

ǎŜŎǘƛƻƴǎ оΦн όάCƛǊǎǘ {ǘŜǇǎ ¢ƻǿŀǊŘǎ 

tǊƻƎǊŀƳƳƛƴƎέύ ŀƴŘ ǎŜŎǘƛƻƴǎ пΦм through 

пΦр όƛƴ άaƻǊŜ /ƻƴǘǊƻƭ Cƭƻǿ ¢ƻƻƭǎέύΦ  These 

tutorials provide an easy way to get quickly 

acquainted with some of the most basic 

components of the code you will use when 

making virtual worlds with Vizard.  

Throughout the examples in this text, we 

use άǿƘƛƭŜέ, άŦƻǊέ and άƛŦέ statements. 

.ƻǘƘ άǿƘƛƭŜέ ŀƴŘ άŦƻǊέ ŀǊŜ loop 

statements. The contents of loop 

statements are repeated. The indented 

ŀǊŜŀ ǳƴŘŜǊ ŀ άǿƘƛƭŜέ ǎǘŀǘŜƳŜƴǘ ǊŜǇŜŀǘǎ ŀǎ 

long as the given condition is true (i.e. 

άǿƘƛƭŜ ǘƘƛǎ ŎƻƴŘƛǘƛƻƴ ƛǎ ǘǊǳŜΣ Ǌun this 

ƭƻƻǇέύΦ  Start a new script and add the 

following code, making sure that the lines 

ǳƴŘŜǊ ǘƘŜ άǿƘƛƭŜέ ǎǘŀǘŜƳŜƴǘ ŀǊŜ ƛƴŘŜƴǘŜŘΥ 

my_variable = 0 

 

while  my_variable < 5: 

    print  my_variable  

    my_variable = my_variable + 1  

Run the script. This code should have 

produced a list of numbers in the 

input/output window. Notice that the 

statement looped through the indented 

code until the condition (my_variable < 5) 

was no longer true.  

IMPORTANT: Indentation is critical to 

scripting in Python. The snippet of code 

you just added will only work if the lines 

inside the loop are indented (try removing 

the indentation from the last lines and you 

will get an error).   Indentation is just as 

ŎǊƛǘƛŎŀƭ ŦƻǊ ǘƘŜ ƻǘƘŜǊ ǎǘŀǘŜƳŜƴǘǎ ǿŜΩƭƭ ǘŀƭƪ 

about in this section and in all the example 

code in this workbook. 

! άŦƻǊέ ǎǘŀǘŜƳŜƴǘ ƛǎ ƭƛƪŜ ŀ άǿƘƛƭŜέ 

statement except that it cycles through 

ŜǾŜǊȅ ŜƭŜƳŜƴǘ ƻŦ ŀ ƭƛǎǘ ƻǊ ŀƴ ŀǊǊŀȅ όƛΦŜΦ άŦƻǊ 

every element in this array, do the 

ŦƻƭƭƻǿƛƴƎέύΦ !ŘŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻŘŜ ǘƻ ȅƻǳǊ 

script: 

#Defi ne an array.  

my_array = [ 'a','b','c'] 

 

#Loop through every element in  

#my_array.  

for  element in  my_array:  

    print  'current element is' , element  

This snippet of code went through the loop 

once for every member of the list 

άƳȅψŀǊǊŀȅέΦ CƻǊ ŜŀŎƘ ƳŜƳōŜǊΩǎ ƭoop, 

άŜƭŜƳŜƴǘέ ǿŀǎ ǎŜǘ ǘƻ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŀǘ 

member.  Go back to that snippet of code 
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ŀƴŘ ǊŜǇƭŀŎŜ άƳȅψŀǊǊŀȅέ ǿƛǘƘ άǊŀƴƎŜόрύέ ǎƻ 

that it looks like this: 

#Define an array.  

my_array = range( 5 ) 

 

#Loop through every element in my_array.  

for  element in  my_arra y: 

    print  'current element is' , element  

The range ŦǳƴŎǘƛƻƴ ǘƘŀǘ ǿŜΩǊŜ ǳǎƛƴƎ ƘŜǊŜ 

creates an array of numbers of the 

requested size (in this case, 5). Unless 

otherwise specified, range will create an 

array that starts at 0 and counts upwards 

ǳƴǘƛƭ ƛǘΩǎ ŦǳƭƭΦ LŦ ǘƘƛǎ ŘŜǎŎǊƛǇǘƛƻƴ ƛǎƴΩǘ ŎƭŜŀǊΣ 

ǘǊȅ ǘȅǇƛƴƎ άǊŀƴƎŜόрύέ ƛƴǘƻ ǘƘŜ ŎƻƳƳŀƴŘ 

line at the bottom of the input/output 

window. The input/output window is a 

handy place to check individual lines of 

code.  

!ƴ άƛŦέ ǎǘŀǘŜƳŜƴǘ ǘŜǎǘǎ ŦƻǊ ŀ ƎƛǾŜƴ 

condition. If the condition is true, the code 

underneath the statement is run. If not, it 

ƛǎƴΩǘΦ LŦ ȅƻǳ ŎƻǳǇƭŜ ŀƴ άƛŦέ ǎǘŀǘŜƳŜƴǘ ǿƛǘƘ 

ŀƴ άŜƭǎŜέ ǎǘŀǘŜƳŜƴǘΣ ǘƘŜƴ ǿƘŜƴ ǘƘŜ άƛŦέ 

statement is false, the code under the 

άŜƭǎŜέ ǎǘŀǘŜƳŜƴǘ ǿƛƭƭ ōŜ ǊǳƴΦ ¢Ǌȅ ǊǳƴƴƛƴƎ 

the following code to see how this works:  

for  element in  range(5): 

    print  'current element is' , element  

    if  element == 4: 

        print  'all done'   

    else: 

        print  'wait, there is more'   
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FUNCTIONS 

Imagine you had an equation that you 

wanted to use repeatedly in your script. 

You could write out the entire equation 

every time you need to use it. That, 

however, would be quite tedious if you 

used the equation 100 times throughout 

your script. Instead, you could write a 

function to handle that equation every 

time you need to use it.  If you pretend 

your script is like an office, a function is like 

an employee within that office who's an 

expert in a specific area. When you need 

help in that area, you call that expert, tell 

him your question, and he responds with 

an answer. Similarly, when you need a 

function, you call it. When you call it, you 

can pass the function arguments and 

ǘƘŜȅΩƭƭ return values.   

To create a function, you define it. Once 

youΩǾŜ ŘŜŦƛƴŜŘ ŀ ŦǳƴŎǘƛƻƴΣ ȅƻǳ Ŏŀƴ ǳǎŜ ƛǘ ŀǎ 

Ƴŀƴȅ ǘƛƳŜǎ ŀǎ ȅƻǳ ǿŀƴǘΦ [ŜǘΩǎ ǎǘŀǊǘ ōȅ 

defining a very simple function. This 

function will one that multiplies whatever 

ƴǳƳōŜǊ ǿŜΩǾŜ ǇŀǎǎŜŘ ƛǘ όǘƘŜ ŀǊƎǳƳŜƴǘύ ōȅ 

20, and then return that value. We define 

the function using a def statement: 

#Define a function named  

#"multiply_by_twenty".  

#This function requires  

#an argument, "number".  

def multiply_by_twenty ( number ):  

    answer = number* 20 

    return  answer  

! ŦǳƴŎǘƛƻƴ ŘƻŜǎƴΩǘ Řƻ ŀƴȅǘƘƛƴƎ ǳƴǘƛƭ ȅƻǳ 

Ŏŀƭƭ ƛǘΦ {ƻΣ ǿŜΩll add some code that calls 

our function for each member in an array. 

wǳƴ ǘƘŜ ǎŎǊƛǇǘ ƻƴŎŜ ȅƻǳΩǾŜ ŀŘŘŜŘ ǘƘƛǎ ƭŀǎǘ 

snippet. 

for  i in  [1,5,23]: 

    #Call the function.  

    print  multiply_by_twenty( i )  

One important concept to keep in mind 

ǿƘŜƴ ȅƻǳΩǊŜ ǿƻǊƪƛƴg with functions is the 

difference between global and local 

variables. Conceptually, global variables 

are known throughout the script while 

local variables are only known within a 

given function. In other words, a function 

has access to both global variables and its 

own local variables but it does not have 

ŀŎŎŜǎǎ ǘƻ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴǎΩ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎΦ Lƴ 

terms of the office metaphor, local 

variables are things that only the expert 

knows while global variables are things 

that everyone in the office knows. In other 

ǿƻǊŘǎΣ ŀ ŦǳƴŎǘƛƻƴΩǎ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ǎǘŀȅ 

within that function. Try running the 

ŦƻƭƭƻǿƛƴƎ ōƭƻŎƪ ƻŦ ŎƻŘŜΦ ¢ƘŜ άǿƻǊƪŜǊψōŜŜέ 

function uses a global variable and returns 

a string. 
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#Define a global variable.  

season = 'spring'  

 

#Define a function  

def worker_ bee(): 

    if  season == 'spring' : 

        return  'honey' 

    else: 

        return  'i got nothing'  

 

#Call the function and store  

#the returned value as "bee_response".  

bee_response = worker_bee() 

print  bee_response  

The global/local distinction is important 

because if you try to call local variables 

within the main body of the script (or 

within another function), you will get an 

error. Try running this snippet of code: 

def fruitless (): 

    apple = 'hello'  

 

fruitless()  

print  apple  

.ŜŎŀǳǎŜ άŀǇǇƭŜέ ǿŀǎ ŘŜŦƛƴŜd inside the 

ŦǳƴŎǘƛƻƴ ƛǘΩǎ ƭƻŎŀƭ ǘƻ ǘƘŀǘ ŦǳƴŎǘƛƻƴ ŀƴŘ 

when we refer to it outside of the function, 

ǘƘŜ Ƴŀƛƴ ǎŎǊƛǇǘ ŘƻŜǎƴΩǘ ƪƴƻǿ ǿƘŀǘ ǿŜΩǊŜ 

talking about. If we want this variable 

ŘŜŦƛƴŜŘ ƎƭƻōŀƭƭȅΣ ǿŜΩƭƭ ƴŜŜŘ ǘƻ ǎǇŜŎƛŦȅ ǘƘŀǘ 

ƛǘΩǎ ŀ Ǝƭƻōŀƭ ǾŀǊƛŀōƭŜ ŀǘ ǘƘŜ ōŜginning of our 

function: 

def fruitless (): 

    global  apple 

    apple = 'hello'  

 

fruitless()  

print  apple  

!ƭƻƴƎ ǘƘŜǎŜ ƭƛƴŜǎΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

remember that although you can access 

global variables within a function, any 

changes you make to that variable will stay 

within the function unless you specify that 

the variable is global within the function. 

So, try running the block of code below. 

Notice that although the function can 

ŀŎŎŜǎǎ ǘƘŜ Ǝƭƻōŀƭ ǾŀǊƛŀōƭŜ άǾŀƭǳŜέΣ ǘƘŜ 

changes that it makes to that variable do 

not affect the global variable.  

value = 'hello'  

 

def change_variable (): 

    value = 'goodbye' 

    print  'local ' , value  

 

change_variable()  

print  'global ' ,value  

If, however, we use the global statement at 

the beginning of our function, the changes 

we make to the variable within our 

function will be made global: 

value = 'hello'  

 

def change_variable (): 

    global  value  

    value = 'goodbye' 

    print  'local ' , value  

 

change_variable()  

 

print  'global ' ,value  

Note: the local variables within a function 

do not change if the function is run 
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repeatedly. Each call of the function is 

independent. 
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CLASSES 

Classes are another handy programming 

ǎǘǊǳŎǘǳǊŜΦ hƴŎŜ ȅƻǳΩǾŜ ŘŜŦƛƴŜŘ ŀ Ŏƭŀǎǎ 

within your script, you can call it like a 

function. When you call a class in your 

script, you create an instance of that class 

called an object. As an analogy, you can 

imagine the class as a car factory and the 

objects instantiated by the class as cars 

coming from that factory. Once the car is 

made, it has all the capabilities that the 

ŦŀŎǘƻǊȅ ƎŀǾŜ ƛǘΣ ōǳǘ ƛǘΩǎ ŀƴ ŜƴǘƛǊŜƭȅ ŘƛŦŦŜǊŜƴǘ 

thing than the factory. In the same sense, 

you can create multiple objects from one 

class but once the objects are made, 

ǘƘŜȅΩǊŜ ǘƘŜƛǊ ƻǿƴ ŜƴǘƛǘȅΦ  

In the code below, we first define a class 

and then call it twice. After that we change 

one of the variables within one of the 

objects and then print out the variables 

from both objects to show that they are 

different (you can refer to variables within 

an object using ώǘƘŜ ƻōƧŜŎǘΩǎ 

name].[variable name]). 

#Define a class.  

class most_basic: 

    whatever = 'original value'  

 

#Use the class to instantiate  

#two objects. 

one_object = most_basic() 

another_object = most_basic()  

 

#Change the variable  

#in one of the objects.  

one_object.whatever = 'changed value'  

 

#Now print out the variable  

#from each object. Notice that  

#they have different values  

#(we changed "whatever" in  

#one but not the other).  

print  one_object.whatever  

print  another_object.whatever  

Classes can have functions within them, 

sometimes called methods (technically, 

any function within a class is a method). 

hƴŎŜ ȅƻǳΩǾŜ ƛƴǎǘŀƴǘƛŀǘŜŘ ŀƴ ƻōƧŜŎǘΣ ȅƻǳ 

can call any of its methods, referring to the 

method in the same way that we referred 

ǘƻ ŀƴ ƻōƧŜŎǘΩǎ ǾŀǊƛŀōƭŜ ŀōƻǾŜΣ ώǘƘŜ ƻōƧŜŎǘΩǎ 

name].[the method name].  In the code 

below, we define a class that has a 

method, then we create an object with the 

ŎƭŀǎǎΦ CƛƴŀƭƭȅΣ ǿŜ Ŏŀƭƭ ƻƴŜ ƻŦ ǘƘŜ ƻōƧŜŎǘΩǎ 

method.  
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#Define the class.  

class make_car: 

    def peel_out( self ): 

        #This function can   

        #be called from within  

        #or outside of the  

        #class. It will print  

        #somthing and change the  

        #object's moving variable.  

        print  'vroom'  

        print  'vroooom' 

        print  'VROOOOOOOOOM'  

     

#Instantiate an object using  

#the make_car class.  

my_car = make_car()  

 

#Call a function in the object.  

my_car.peel_out()  

One specific kind of method that you can 

use in a class is an initialization method for 

that class. This method is executed 

whenever you instantiate an object with 

this class. So, you can use this method to 

ŘŜŦƛƴŜ ǾŀǊƛŀōƭŜǎ ŦƻǊ ŀƴ ƻōƧŜŎǘ ǿƘŜƴ ƛǘΩǎ ŦƛǊǎǘ 

created. This method also accepts any 

arguments you provide when you first call 

the class. You distinguish this method from 

other methods in its name:  άŘŜŦ ψψƛƴƛǘψψό 

self, [any arguments you pass the class] ύΥέΦ 

  

The global/local distinction is important 

ǿƘŜƴ ȅƻǳΩǊŜ ǿǊƛǘƛƴƎ ŀ ŎƭŀǎǎΦ ²ƛǘƘƛƴ ŀ ŎƭŀǎǎΣ 

ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ ǘƘŜ ǇǊŜŦƛȄ άǎŜƭŦέ ǘƻ ǊŜŦŜǊ ǘƻ 

variables and methods within that same 

class (technically, άǎŜƭŦέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ 

specific object created with that class). In 

ǘŜǊƳǎ ƻŦ ǾŀǊƛŀōƭŜǎΣ ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ άǎŜƭŦΦέ 

at the beginning of a variable name if you 

want to refer to that variable elsewhere in 

ǘƘŜ ŎƭŀǎǎΦ .ȅ ǇǳǘǘƛƴƎ άǎŜƭŦΦέ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ 

variable name, you make that variable 

global to the class, otherwise that variable 

will be local and only accessible to the 

ƳŜǘƘƻŘ ƛƴ ǿƘƛŎƘ ƛǘΩǎ ŎǊŜŀǘŜŘΦ  

!ƭƻƴƎ ǎƛƳƛƭŀǊ ƭƛƴŜǎΣ ǿŜ ŀƭǎƻ ǳǎŜ άǎŜƭŦέ ŀǎ 

the first argument of all the methods 

within our class. When you call a method 

within a class and that method belongs to 

ǘƘŀǘ ǎŀƳŜ ŎƭŀǎǎΣ ǳǎŜ ǘƘŜ άǎŜƭŦΦέ ǇǊŜŦƛȄΦ  

hƴŎŜ ȅƻǳΩǾŜ ǳǎŜŘ ŀ Ŏƭŀǎǎ ǘƻ ƛƴǎǘŀƴǘƛŀǘŜ ŀƴ 

ƻōƧŜŎǘΣ ȅƻǳ Ŏŀƴ ǊŜŦŜǊ ǘƻ ǘƘŜ άǎŜƭŦέ ǾŀǊƛŀōƭŜǎ 

ŀƴŘ ƳŜǘƘƻŘǎ ƻŦ ŀ Ŏƭŀǎǎ ōȅ ǊŜǇƭŀŎƛƴƎ άǎŜƭŦέ 

with the name of that specific object.  

If this sounds confusing, walk slowly 

through the next example. The code below 

defines a class. The first method of this 

class is an instantiation method that 

ŘŜŦƛƴŜǎ ǘƘŜ ŎƭŀǎǎΩǎ άƳƻǾƛƴƎέ ǾŀǊƛŀōƭŜΦ ²Ŝ 

Ǉǳǘ άǎŜƭŦΦέ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŀǘ ǾŀǊƛŀōƭŜ ǘƻ ƳŀƪŜ 

it global to that class so that we can refer 

ǘƻ ƛǘ ƭŀǘŜǊ ǿƛǘƘƛƴ ǘƘŜ άǇŜŜƭψƻǳǘέ ƳŜǘƘƻŘ ƻŦ 

this class. After defining the class, we use it 

to instantiate an object and then call the 

ƻōƧŜŎǘΩǎ άǇŜŜƭψƻǳǘέ ƳŜǘƘƻŘ ŀƴŘ ǊŜŦŜǊ ǘƻ ƛǘǎ 

άƳƻǾƛƴƎέ ǾŀǊƛŀōƭŜΦ bƻǘŜ ǘƘŀǘ ǿƘŜƴ we call 

ǘƘŜ άǇŜŜƭψƻǳǘέ ƳŜǘƘƻŘ ŦǊƻƳ ƻǳǘǎƛŘŜ ǘƘŜ 

ŎƭŀǎǎΣ ǿŜ ŘƻƴΩǘ Ǉŀǎǎ ƛǘ ŀ άǎŜƭŦέ ŀǊƎǳƳŜƴǘΦ  
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#Define the class.  

class make_car: 

    def __init__ ( self ): 

        #Initialize the class.  

        #This method will be called  

        #when you first instantiate   

        #an object. 

        self.moving = False  

 

    def peel_out( self ): 

        #This method can be called  

        #from within or outside  

        #of the class. It will print  

        #somthing and change the  

        #object's moving variable.  

        print  'vroom'  

        print  'vroooom' 

        print  'VROOOOOOOOOM'  

        self.moving = True  

     

#Instantiate an object using  

#the make_car class.  

my_car = make_car()  

 

#Call a method in the object.  

my_car.peel_out()  

print  my_car.moving  

One final thing to understand about classes 

is inheritance. A class can inherit the 

variables and methods of other classes, 

gaining all the abilities of those other 

classes. Codewise, you include these base 

classes in parentheses after the class name 

ǿƘŜƴ ȅƻǳΩǊŜ ŘŜŦƛƴƛƴg it. In the example 

ōŜƭƻǿΣ ǿŜ ŘŜŦƛƴŜ ǘƘŜ ƴŜǿ Ŏƭŀǎǎ άŘǊƛǾŜǊέΣ 

ǳǎƛƴƎ ǘƘŜ άƳŀƪŜψŎŀǊέ Ŏƭŀǎǎ ŀǎ ŀ ōŀǎŜ ŎƭŀǎǎΦ 

Then we use one of the inherited methods 

όάǇŜŜƭψƻǳǘέύ ǿƛǘƘƛƴ ǘƘŜ ƴŜǿ ŎƭŀǎǎΦ  

#Define the class.  

class make_car: 

    def __init__ ( self ): 

        #Ini tialize the class.  

        #This method will be called  

        #when you first instantiate  

        #an object. 

        self.moving = False  

 

    def peel_out( self ): 

        #This method can be called  

        #from within or outside  

        #of the class. It will  

        #print somthing and change  

        #the object's moving variable.  

        print  'vroom'  

        print  'vroooom' 

        print  'VROOOOOOOOOM'  

        self.moving = True  

 

class driver ( make_car ):  

    def leave_town( self ): 

        prin t  'I am out of here'  

        #Call an inherited method.  

        self.peel_out()  

         

#Instantiate an object using the  

#driver class.  

my_driver = driver()  

 

#Call a method in the object.  

my_driver.leave_town()  

#Refer to one of my_driver's  

#inherited va riables.  

print  my_driver.moving  

Classes can inherit from multiple classes, 

although you need to be mindful that 

these base classes may sometimes contain 

methods or variables of the same name.  

For more information about classes, check 

out section 9 of the Python 
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ŘƻŎǳƳŜƴǘŀǘƛƻƴΩǎ ¢ǳǘƻǊƛŀƭ ǎŜŎǘƛƻƴ όƎƻ ǘƻ 

Python Help under the Vizard Help menu). 
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MODULES 

Modules are accessory scripts that we use 

in Python to import functionality into our 

scripts. So, for example, Python has a 

ƳƻŘǳƭŜ ŎŀƭƭŜŘ άƳŀǘƘέ ǘƘŀǘ ǇǊƻǾƛŘŜǎ ŀ Ƙƻǎǘ 

of functions that handle mathematical 

issues. When you import math into your 

script, your script inherits all the functions 

within that math module. Try adding and 

running the following  code: 

#Import the math module.  

import  math  

 

#Define a function that uses a  

#method in the math module.  

def get_square_root( number ):  

    return  math.sqrt( number )  

 

#Call that function and print  

#the returned value.  

prin t  get_square_root( 16 )  

The main reason we use software like 

Vizard is because it provides modules of 

commands that help render virtual worlds. 

Lƴ ǘƘƛǎ ǿƻǊƪōƻƻƪ ǿŜΩƭƭ ǳǎŜ ±ƛȊŀǊŘΩǎ viz 

module in almost all of our scripts. This 

module contains a library of functions and 

classes that are useful in creating virtual 

worlds. The code below uses the go 

function of the viz module to open up a 

graphics window and render a virtual 

world with some objects in it. This example 

ŀƭǎƻ ǳǎŜǎ ǘƘŜ ƳƻŘǳƭŜΩǎ ŀŘŘ ŦǳƴŎǘƛƻƴ ǘƻ 

render a 3D model and to return a node3d 

object. This node3D object provides a slew 

of methods that you can use to manipulate 

ǘƘŜ о5 ƳƻŘŜƭΦ IŜǊŜ ǿŜΩƭƭ ǳǎŜ ǘƘŜ 

άǎŜǘtƻǎƛǘƛƻƴέ ƴƻŘŜоŘ ƻōƧŜŎǘ ǘƻ ǎŜǘ ǘƘŜ 

position of the objects we add. 

import  viz 

 

#Use the viz modu le's go  

#function to render a 3D  

#world in a graphics  

#window.  

viz.go() 

 

#Use a for loop to . . .  

for  i in  range( 5 ): 

    #Use the viz module  

    #to add a 3D model.  

    #The viz.add method  

    #will return a node3d object.  

    ball = viz.add( 'white _ball.wrl'  ) 

    #Use a node3D method  

    #to place the object  

    #in the world.  

    ball.setPosition(i* .2,1.8,3)  

The fastest way to see the contents of 

±ƛȊŀǊŘΩǎ ƳƻŘǳƭŜǎ ƛǎ ǘƻ ŎƘŜŎƪ ƻǳǘ ǘƘŜ Vizard 

Command Index (under the Help drop-

down menu). This list groups methods 

together based on the objects or modules 

ǘƘŀǘ ǘƘŜȅΩǊŜ ŀ ǇŀǊǘ ƻŦΦ CƻǊ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ 

ǘƘƛǎ ǎǘǊǳŎǘǳǊŜΣ ŎƘŜŎƪ ƻǳǘ ά±ƛȊŀǊŘ [ƛōǊŀǊȅ 

{ǘǊǳŎǘǳǊŜέ ƛƴ ǘƘŜ ±ƛȊŀǊŘ ƘŜƭǇ 

documentation. 

¢ƻ ŎƘŜŎƪ ƻǳǘ ǘƘŜ ŎƻŘŜ ŦƻǊ ±ƛȊŀǊŘΩǎ 

modules, look in python folder ƛƴ ±ƛȊŀǊŘΩǎ 

directory. To check out the contents of 

other more generic Python modules, go to 
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Python Help under the Help drop-down 

ŀƴŘ ǘƘŜƴ Ǝƻ ǘƻ ǘƘŜ άDƭƻōŀƭ aƻŘǳƭŜ LƴŘŜȄέΦ  
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3D NAVIGATION MODES 

There are two main ways to navigate 

around the 3D worlds that we will 

ŎƻƴǎǘǊǳŎǘ ƛƴ ǘƘƛǎ ǿƻǊƪōƻƻƪΦ ±ƛȊŀǊŘΩǎ ŘŜŦŀǳƭǘ 

navigation mode uses the mouse.  

Open the script named "using actions 

example.py" in the Vizard interface and hit 

"run". Now, try playing with the mouse. 

Mouse navigation works like an 

automobile. You set the mouse pointer to 

the middle of the render screen and then 

press and hold the LEFT mouse button. To 

move forward, ease the cursor upward - 

the farther up the faster you'll go. To move 

backward, ease the pointer downward - 

again adjust speed by the distance you 

move the pointer from the center of the 

screen. To steer, push the pointer to the 

left or right. Holding down the RIGHT 

mouse button instead can be used to 

translate the viewpoint directly sideways 

or up and down. Holding down both the 

LEFT and RIGHT mouse buttons 

simultaneously as you move the mouse up 

and down let's you pitch forward or 

backward. Holding down both the LEFT and 

RIGHT mouse buttons simultaneously as 

you move the mouse to the left or right 

let's you roll the viewpoint to either side 

(pitch is rotation about the local X axis; roll 

is rotation about the local Z axis). At first it 

may be a little difficult to move around, 

but with practice you'll get used to it. 

The other navigation mode we use in this 

workbook is pivot navigation. Pivot 

navigation is used in many of the demos. 

Run "transformations demo.py" now to get 

a feel for it. This style of navigation pivots 

around a center point. To pivot, hold down 

the LEFT mouse button and move the 

mouse around. To move up, down, or 

sideways, hold the RIGHT mouse button 

down and move in the desired direction. 

¢ƻ ȊƻƻƳ ƛƴ ƻƴ ǘƘŜ ŎŜƴǘŜǊΣ ǳǎŜ ǘƘŜ ƳƻǳǎŜΩǎ 

scrolling wheel.  
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AN EXAMPLE 

Now let's look at an example of some of 

the basic scripting tactics we've gone over 

in this chapter.  This example will use a lot 

of code that you're not familiar with yet. 

Don't worry about the details-- just try and 

get a feel for the overall logic of the script. 

The first thing we'll do in this script is 

import the viz module. Most every script in 

this workbook is going to import the viz 

module because it holds many of the 

functions and classes that we'll use to 

create virtual worlds. On the next line, 

we'll use the function "go" from the viz 

module to open up a graphics window, the 

window in which you'll see the world.  

import  viz 

viz.go() 

After adding these lines, try running the 

script to see the graphics window. It will 

just be black for the time-being since we 

haven't added anything to the world.  

Next, we'll use "add" from the viz module 

to add a 3D model of a balloon to the 

world. We pass the "add" function the 

name and location of the 3D file we want 

to use: "balloon.ive" from the "art" folder 

in this script's directory. Note that it's 

critical for you to save this script in your 

"Teacher in a Book Demos and Examples" 

directory because that directory has the 

"art" folder which contains the balloon 

model. If you don't save your script in that 

directory, it's not going to find the balloon 

and you'll get an error when you try 

running the script. 

#Add a model.  

balloon = viz.add( 'art/balloon.ive'  ) 

Calling this function will create a node3d 

object. That's a kind of Vizard object that 

has a slew of methods we can use to 

manipulate the 3D model we've added. 

 We've given the object the variable name 

"balloon" so we can use that to refer to the 

object when we call its functions in the 

future. One of the first functions we'll call 

is the "setPosition" function to set the 

position of the 3D model in the world. Add 

these lines to your script and then run it:   

#Set the position of the balloon.  

balloon.setPosition( 0, 1.8, 1  )  

Now we'll add two more balloons. We 

could do so by repeating the lines that we 

just added. It'll be more efficient, though, 

to use a loop since we want to repeat the 

same lines. Each time we go through the 

loop we'll we add a balloon and we'll 

append it to an array called "balloons". So, 

replace the lines you just added with the 

following lines and run the script: 
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#Add an empty array for the balloons.  

balloons = []  

 

#Use a loop to add 3 balloons to the world.  

for  i in  [-1,0,1]: 

    #Add a model.  

    balloon = viz.add( 'art/balloon.ive'  ) 

    #Set the position of the balloon.  

    balloon.setPosition( i, 1.8, 3  ) 

     

    #Append the balloon to our array.  

    balloons.append( balloon )  

Notice that the balls appear across the 

screen in different places. That's because 

we used "i" when we set the position of 

each balloon. Since each balloon had a 

different "i" (either -1,0, or1), they each 

ended up in different places.  

Next we'll change each balloon's color 

separately. We'll do this by referring to the 

different indices of the "balloons" array 

(from 0 to 2). We use "color", which is one 

of the node3d object's methods. We pass 

that function an argument to set the color. 

That argument is in the form of a flag. 

Flags are just the names of standard 

constants that Vizard uses. The basic colors 

all have a flag in Vizard.  

#Change each balloon's color.  

balloons[ 0 ].color( viz.GREEN )  

balloons[ 1 ].color( viz.RED )  

balloons[ 2 ].color( viz.BLUE )  

 

Finally, we'll define our own function to 

inflate the balloons. We'll make this 

function so that it accepts a balloon object 

(referred to within the function as "who"). 

Inside the function we'll create an action-- 

an animation strategy that you'll learn 

more about in the Modeling action section 

of this workbook. After we've created that 

action, we'll add it to whatever balloon 

gets passed to the function. 

#Define a function.  

def inflate ( who ): 

    #Define the inflating action.  

    inflate_animation = vizact.size (2,2,2) 

    #Add the action to the node.  

    who.addAction( inflate_animation )  

Now we've got to call this function to make 

it work. Here we'll call it for the middle 

balloon.  

#Call our function and pass it a balloon.  

inflate( balloons[ 1] )    

Run the script and see if it works.  
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EXERCISES 

1. Change the script that we just created 

so that you add 6 balloons to the world. 

NOTE: you might have to use your mouse 

to navigate backwards to see all the 

balloons. 

2. Add a line that changes the balloon to 

purple when it inflates (use the flag 

viz.PURPLE) and use that function to 

inflate all of the balloons.  
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VIZARD TIPS 

The scripts we will write in this book 

frequently use events in their logic. Events 

are triggered when something significant 

happens (the user hits a specific key on the 

keyboard, a certain amount of time passes, 

the joystick trigger is pressed, etc.). The 

interactivity of virtual worlds relies heavily 

on event-monitoring because the script 

needs to know when the world should 

respond to a given actionτa bullet 

ǎƘƻǳƭŘƴΩǘ Ŧƭȅ ƻǳǘ ƻŦ ǘƘŜ ǳǎŜǊΩǎ ǾƛǊǘǳŀƭ Ǝǳƴ 

until the trigger is pressed. Before 

beginning to use this workbook, learn a 

ƭƛǘǘƭŜ ŀōƻǳǘ ŜǾŜƴǘǎ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ά9ǾŜƴǘ 

ōŀǎƛŎǎέ ǇŀƎŜ ƛƴ ǘƘŜ ±ƛȊŀǊŘ IŜƭǇ 

documentation.   

The scripts we will write in this book also 

ǳǎŜ ŀ ǎǇŜŎƛŀƭ ƳƻŘǳƭŜ ŎŀƭƭŜŘ άǾƛȊǘŀǎƪέΦ ¢Ƙƛǎ 

module allows you to create tasks, 

functions that have the ability to pause 

until a condition is met or an event takes 

place. This functionality is extremely handy 

for timing and synchronizing activity in 

your world. Take the time to check out the 

ά¢ŀǎƪ ōŀǎƛŎǎέ ǇŀƎŜ ƛƴ ǘƘŜ ±ƛȊŀǊŘ wŜŦŜǊŜƴŎŜ 

ǎƻ ǘƘŀǘ ȅƻǳΩǊŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘŀǎƪǎ ōŜŦƻǊŜ 

you begin using the workbook.   
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MODELING 

GEOMETRIC MODELING 

Virtual worlds are filled with 3D models 

simulating everything from the solar 

system to human beings. In this section 

we'll do a quick overview of the basic 

components of these virtual objects.   

VERTICES, LINES AND POLYGONS 

You can think of virtual objects as a 

collection of 3D surfaces. Although they 

may appear and behave like solid objects 

ƛƴ ŀ ǾƛǊǘǳŀƭ ǿƻǊƭŘΣ ƛǘΩǎ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǘƻ 

think of them as hollow, wire-framed 

structures with materials wrapped around 

them. The 3D surfaces that compose an 

object are defined by a series of vertices or 

points in 3D space. These vertices are used 

to define shapes, called polygons, that 

make up an object's surface. The polygons 

of a model come together in a mesh that 

creates the contours of the object. A 

texture is then applied to that surface to 

give the surface a more realistic 

appearance.  

To check out the different parts of a 

model, run the geometric modeling demo. 

Once the scene loads, you'll see three 

textured models. Hit F3 and you'll see the 

mesh of polygons that make up the 

models. Hit F3 again and you'll see the 

vertices that define those polygons.  

 

As you can imagine, the more polygons a 

model has, the more intricate its surface 

can be. If you check out the demo again, 

notice that as you move from right to left 

across the three models, they increase in 

polygon count, the number of polygons in 

the model. This increase in polygons 

improves the surface detail such that the 

models have a more organic appearance. 

Given that, it might seem obvious that 

you'd want to use models with high 

polygon counts in your virtual worlds. The 

problem with using high polygon models, 

however, is that it's costly for processing. 

Each polygon that gets rendered during a 

given frame uses up some of the 

processing power of your system. As a 

consequence, a scene with an extremely 

high polygon will have a slow frame rate 

(the number of frames rendered per 

second). But if we want our world to be 

interactive in real time, we need it to 

render quickly. As such, we've got to 

balance the benefits of higher polygon 

counts with processing costs when 

choosing 3D models.  Fortunately, we have 

a few tricks to tip the balance in our favor 

(e.g. elaborate textures, level of detail 

modifiers). Moreover, graphics cards 


