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Foreword 

When programmers talk about language differences, they mean the following, for 
example: To make a case distinction, I write in Lua: 

if value > 1 then 

In the Python programming language it would be: 

if value > 1: 

And in the Java language it would say: 

if (value > 1) { 

The words don't differ, but some characters may. Sometimes there is a "then" at the 
end, sometimes a colon and sometimes something is in brackets. These rules are 
called "syntax". You have to pay attention to these spellings, because errors in the 
syntax inevitably lead to a program not working. You will get to know the syntax of 
Lua in this tutorial. 

This syntax can be acquired without any effort and by the way. At first you look at it 
and over time it sticks by itself. 

Thinking and understanding are the right tools. Trying and making mistakes are the 
best teachers. 

So tried all out. Without a goal. Simply to gain experience. Try and see I agree down
what happens. If something goes wrong, then don't get angry! Take a close look at 
what's going wrong. What happens there? How does what's happening relate to 
what's in your script? You learn the most from these observations. I hate our 
schooling for not teaching you that. In school, mistakes are a flaw. You have to avoid 
them. And when they happen, you try to cover them up, justify them, or dress them 
up. That's stupid, because you're giving away something very, very valuable. 

I'll give a lot of small, nonsensical examples in the tutorial. They have nothing to do 
with railways. But they will make you understand the mechanics of a computer 
program. And once you get the hang of it, it's very easy to apply these things in 3D 
Train Studio. So try these examples. And come up with other, similar examples to test
whether everything really works the way you think it does. 

The quickest and easiest way to try out Lua code is here:



http:// www.lua.org/demo.html 

This is the official test page of the Lua developers. There you can enter code and let it 
run. If you write in the window 6*7 and then click on the "run" button under the 
window, then below it opens a second window with an error message. Because you 
can't just write a calculation in Lua. You also have to tell Lua what to do with the 
result. 

Write print(6 * 7), then after a click on the "run" button is the result: 42 Try it ;-) 

Features - Part 1

With the print() from the foreword you have used a Lua function. This is a block of 
commands that gets its own name and that you can execute it by typing its name. 
The special thing about this is that when you call it, you can pass data that is used for
execution. In the example, that was the arithmetic task 6*7. The function print() 
also works correctly with other numbers. With 17 + 4 for example. And with 2 - 1 as 
well. Already tried? :-) 

When programming, you create patterns of behavior. These patterns are given a 
name so that they can be called up later by this name. Regardless of the language 
used, this is always the same principle. You have to see through this way of working. 

The function print() is already defined in Lua. And it can do much more than just 
output the result of a simple calculation. But that should not be the topic here. 

Right at the beginning I want to show you how you can build functions yourself. So I'll
start this course in the middle and not at the beginning. But you have the opportunity 
to experiment yourself as well. 

In programming, functions are defined and called. The definition defines what is to 
be done. The call says do it now. A function is a bit like a shopping list. At home I 
write down what should be bought and write ALDI in large letters above it. And in the 
store I dig out the ALDI note and put everything that is on it in the shopping trolley. 

To define, a function, you start with the keyword function. After the keyword comes 
the name of your function and finally two round brackets.

function example() 

The following lines are the commands that are to be executed when the function is 
called. And finally, because there can be multiple lines, we need something to mark 
the end of this block. For this in Lua, you use the keyword end 

So you could say that 

function example() 
end 

forms the framework for the function. In between comes the actual function. In other 
words, what should happen when the function is called. 



The brackets after the function name are the space for the data that is passed when 
the function is called. And because you don't know this data when designing the 
function, you write placeholders in the function definition. You can set the name of 
these placeholders yourself, just like the function name. 

For an example, let's assume that Lua couldn't square a number. Then you would 
write your own function for it: 

function square(number)
end Result=number*number 

The names have no meaning. One could just as well write: 

function Hinz(Kunz)
end

Whatnot = Kunz * Kunz 

and the function would do exactly the same thing. But the keywords function and 
end are required and must be written like that. 

There are a few strict spelling rules for function and placeholder names that must be 
observed: 

Use only Letters, digits and the underscore, nothing else!
So no spaces, no special characters and no special characters.

And the name must not start with a digit. This name would be allowed:
my_test_1 

These names would not not be permitted:

1st test
test function
shares in % 

$firstname lastname@example 

Otherwise, you just have to make sure that you remember the name you have chosen
is used consistantly. 

In the last example, you have to use the function call Hinz(3) to calculate the square 
of 3. The spelling hinz(3) will result in an error message because no function is named
add (starting with a lowercase h). 

Functions - Part 2 

The function Square() from the first part he did calculate the square of a number. 
But the result was nowhere to be seen. have you tried it? If you in Lua demo 
window enter the following:



function square(number)
end
Result = number * number
 
square(3) 

then the function is defined in the first three lines and called in the last line with the 
number 3. The call causes the function to multiply the number 3 by itself and the 
result saves in place of the placeholder result. It all works perfectly. You just don't 
see it because it says nowhere that Lua should display the result. 

But you know the function that Lua uses to display something. Its name is print()
And the function call print() you can go to the function definition Square() write in
with: 

function square(number)
  result = number * number 
end

print(result) square(3) 

Please try to understand what a function definition and what is a functional call. This
is essential for everything else.

In the top four lines, the function Square()  is defined. In one of these lines is the 
call to the function print(). However, this call is not yet executed at this point. Only 
when the function Square() in the last line called is processed and thus all lines from
the definition of this function are processed, the print() line executed. 

I'll try the shopping list as a comparison:
The last thing my sweetheart wrote on my shopping list was: "Look at your cell 
phone!". I only read this line when I'm already at ALDI. Just before the checkout 
(before the end). And then I find a text message on my cell phone with the things 
that came to her mind while I was already on the road. 

Of course, the comparison is flawed. But maybe it makes the order in which things 
happen more understandable? She has the functional call "look at the cell phone" 
already written on the note at home. But I only carry it out when I have worked 
through the whole ALDI note. 

This division of code into several small functions is actually only for organizational 
reasons. You could just as well write everything that should happen in the program in 
long text below each other. We did that with the built-in Basic in the days of the 
Commodore C64. 

To put it bluntly, the function is a better one in all modern programming languages - 
really a lot of better - alternative to the old one goto. 

There, where the keyword function stands, everything that follows up to the 
associated one becomes end skipped. And where the functional call (i.e. just the 
name without the preceding onefunction) stands, the program jumps to where the 



function is defined. Then it all leads up to end and finally returns automatically to 
where the function was called. 

If you master this principle, you can use it to organize your code very well. It is 
advisable to keep the individual function blocks as small as possible. I heard the 
phrase a while ago, "If you have five lines of code, it might be worth a function." Keep
that in mind. 

Features - Part 3 

For testing purposes it is useful to be able to print the result of a function. But you 
only want that in exceptional cases. Most of the time you want to do something else 
with the calculated numbers. You want to keep using them. 

Perhaps I need the square of a number in several places in my program? Then I would
like to be simple wherever I need it square(x) write down, where instead of x there 
is always the number of which I need the square. And then Lua should please put the 
square of this number where I write that. 

So, somewhere in my code I want something like velocity = square(12) and Lua 
should get out of it please make Speed = 144. 

Lua can do that. You can use the function definition to tell Lua to return something 
and then put that returned value where the function call is. For this purpose there is 
the keyword return. 

function square(number)
  result = number * number 
  return result
end

speed = square(12) print(speed) 

And this is how it works: 

function square(number) 
  return number * number
end 

print( square(12) )

Of course, the function call is not replaced by the result in the script text. That would 
not be helpful.  

But when executing the script, the result of a function can be further processed 
directly where the function was called. And that saves you a lot of placeholders to get 
values from here to there. 

Now that was a lot of theory about the functions in three parts. One or the other will 
first have to digest it. But please don't be discouraged if you don't immediately see 
through all the connections. This will all become clearer and clearer as you go along, 



because you can now use it over and over again in many of the practices that I am 
going to give you.

 

Grinding - Part 1 

The daughter has multiplication series at school. I should help her study. But that was
so long ago for me. Also, I could never really remember the row of seven. And we 
didn't have such difficult things as the 911 series at school in the past. Luckily I have 
a computer that can calculate everything for me. I should be able to do some kind of 
cheat sheet with that, right? 

I already know how to multiply: 

print(1 * 1)

But that is not enough. The teacher always wants to hear that in full sentences and 
not just the result. So must 

print() output a text. 1 times 1 is 1 2 times 1 is 2 

and so forth.
So I have to learn how to do it first print() make a word as Word to recognize. had 
in the last chapter 

print() Yes for example square(12)as function call recognized. What do you do now 
if print()for example 

the result of square(12) is 144 

should write?
You put what is to be output as text in quotation marks 

print( "the result of square(12) is", square(12) ) 

Please note that there is a comma between the text and the function call. This 
Comma separates two arguments from each other. gets this time print() several 
building blocks and independently assembles them into a line of text. A tabulator is 
used instead of the comma. That's why the 144 is a little further away in the output. 

Try it with a simple multiplication: print(1, "times", 1, "is", 1*1) 

Hooray, that works! With several commas and a mixture of numbers and text. This 
opens up completely new possibilities. The gaps in the output are very large, but that 
shouldn't matter. It's not about appearance now. And you can't simply omit the 
commas because different building blocks (numbers, texts and calculations) are to be 
combined into one text. You have to separate the building blocks from each other. 

Now that has to be in a function that you're using two arguments. Namel the two 
numbers that are to be multiplied. So this time you need in the function definition 
two placeholders, and they must be separated by a comma.



function multiplication(number1, number2)
end

print( number1,"times",number2,"is",number1 * number2 ) 

Very good. Now you can call the function with any pair of numbers:
multiplication(6, 7) 

This is also a comma again as the separator between the two values. (Decimal 
numbers are written with a decimal point in all programming languages)
Now a way has to be found to call the function ten times in a row and to pass the 
numbers 1 to 10 as the first parameter. So that a complete row of seven is issued. 

One method is this for ... do Loop. It is structured similar to a function. But the 
keywords are for, do and - as with the function -end 

for number = 1, 10, 1 do end print(number) 

outputs the numbers 1 to 10 one after the other. 

This loop begins by passing the first of the three numbers to the placeholder Number 
called. This is then - like a function - everything up to end is carried out. But unlike a 
function, the loop starts again immediately afterwards. The third number is added to 
what is in the placeholder. Then the whole block runs through again. And this again 
and again until the placeholder has reached the second value. 

for number = 1, 10, 1 do means:
Do all of the following with all numbers from 1 to 10 with a count spacing of 1. for x =
2, 20, 2 do would also work if you only want to use even numbers. And it works too 
for a = 1, 2, 0.1 do if you need smaller distances. 

The most common distance 1 does not have to be specified. Therefore, one can write 
all the code for the row of seven like this: 

function multiplication(n1, n2)
end

print(n1, "times", n2, "is", n1*n2 ) 
for i = 1, 10 do
end
Multiplication(i,7) 

Please note that the for ... do Loop in structure though like a function definition 
looks like, but contrary to the function definition, it is performed instantly. 

I used more common names for the placeholders in this last example. the letter n for 
an integer number. The n stands for "number". And the letter i for the value being 
incremented in the loop. In this case, the i stands for "increment".

You'll often see these names in finished scripts, so I wanted to make you familiar with 
them. But they have no function, as you could see from my first examples. They're 



just commonly used. For starters, it's better to use descriptive names. Then you'll still 
know tomorrow what you wrote down today and why. 

The truth, the whole truth and nothing but the truth, programmers ask 
themselves the same question over and over again: "Can that be true?" 

And computers know only one clear answer:
Something is either true or false and these are the keywords used in Lua. 

Every comparison you write in Lua has true or false as a result. Try it! 

writes in Lua demo print(2 > 1 ) 

That means 2 is greater than 1.

Press "run" and in the lower window will appear true and if you take it with you 

print(2 < 1) 

tried what for 2 is less than 1 stands, then is the result false. The following 
comparisons exist in Lua: 

a > b -- a is greater than b, in short: a is greater than b
a >= b -- a is greater than b or equal to b, in short a greater than or equal to ba < b 
-- a less than b
a <= b -- a less than or equal to ba ==
b -- a equal to b
a ~= b -- a is not equal to b, in short: a is not equal to b 

In the last comparison, a character called a tilde precedes the = sign.
You get this wave with AltGr and the + key (in the large part of the keyboard. Not the
plus in the number block.) 

Please pay attention to this in the penultimate comparison double equal sign. When it
comes to programming, you have to make a clear distinction between two things:
Sometimes you want check whether something is the same. Then in Lua you use that
double=Sign. And sometimes you want something equate. Then you have to do that
in Lua simple=use characters. 

a == 5 -- checks if a has the value 5 a = 5 -- sets a to the value 5 

Arithmetic operations can also be on both sides of the 

comparison. So I can check if a == 2 + 3 

or if
2 * a <= b + c 

Most of the time, however, it is about very banal questions such as whether a counter 
has already reached a certain value. 



Loops - Part 2 

There is a second way of executing code repeatedly in a loop: the while ... do loop. 

Behind while awaits Lua true or false. This true or false can be the result of an 
expression. In most cases, this is the result of a comparison. 

a = 0
while a < 5 do 
  print(a) 
  a = a + 1
end 
print("done!") 

The first line is to set a value for the placeholder a. By the way, these are called 
placeholder variables and it's about time I used the right term. They are called 
variables because their value can be changed. 

So, the first line sets the variable a on the value 0 

That while at the beginning of the second line means something like "so long". 
Behind this is an expression that can be either true or false. As long as a < 5 is true, 
so the expression has the result true.  

the subsequent lines up to end executed again and again. The keyword also belongs 
after the expression to be checked do. With this, Lua recognizes that the entire 
expression to be checked ends here. (Other programming languages use parentheses 
for this purpose.) 

So the third and fourth lines are only executed if a was less than 5. In the third line, 
the value of a issued. 

And in the fourth line becomes the value of a one 1 added. The result is returned as a 
new value a saved. If a before had the value 0, then is now in a one 1 . This trick can 
be found in all programming languages. You can read a variable, add something up 
(or change the number in some other way) and get the result back in the the same  
variable. This is so practical that other programming languages even have special 
spellings for it. But unfortunately not in Lua. You really have to write a = a + 1 if you 
get the value of a around 1 want to increase. 

That end in the fifth line means that the while block is over. The program then 
returns to the second line and checks again whether a is less than 5. There a now the 
value 1 has, it is still smaller than 5. So again in the third line the value of a issued. 
And in the fourth line becomes the value of a again 1 added. So that would be 1 + 1. 
This new value 2 is in a saved. Then it is checked again whether a is less than 5. This 
happens until a no longer meets this condition. Then Lua jumps to the end of the 
while block and continues with the sixth line. It says that Lua finished the text! 
should spend. 

Try it before trying out these lines as accurately as possible and anticipate what 
will appear in the output window. 



And if the actual result isn't 100% what you suspected, don't just shrug and think, 
'Well, anyway. It was almost right.'

But look exactly there, what is different. And think about it why it is different. This 
is the way you learn to program. Everything you write in the script has very clear and 
very logical consequences. Without exception! Therefore, any deviation in behavior is 
a good indication of what is currently misunderstood. And the more closely you study 
this deviation, the better you can see where is your own error in reasoning. 

You can also try out what changes if you swap the third and fourth lines. Does that 
make a difference? If yes, which one? And why? 

Have fun trying and studying :-) 

Loops - Part 3 

Loops are one of the most important tools in programming. They relieve you of a lot 
of work, and especially in combination with software like the 3D Train Studio, these 
are exactly the jobs that justify the use of a script in the first place. 

Take, for example, a shadow station with ten tracks. An incoming train is to pull into 
one of these tracks. To do this, it must be checked which tracks are still free in order 
to then lay a route to one of these free tracks. 

First, the same thing must be done ten times. Checking whether a track is occupied. 
And with each of the ten runs, exactly one parameter has to be changed: the track 
number. 

For such purposes is the for ... do loop.
between the keywords for and do you write that names a variable, its initial value, 
their closing value and the distance, in which you want to count from beginning to 
end. So for example something like this: 

for track = 1, 10, 1 do 

Please note that = characters after the variable for assigning the values and the 
commas for separating the start value, end value and increment. 

In the following lines there is what is to be executed several times in a row and at the 
end of the block there is the keyword, as is usual with Lua end. 

I don't know yet how to check if a track is occupied in V5. That's why I'm sticking to 
my previous principle of simply outputting some text as a substitute: 

for track = 1, 10, 1 do
  print("I'm checking if platform "..platform.." is occupied.")
end 

If you add these three lines toLua demo and let it run, then the line of text appears 
ten times one below the other in the output window. Where the variable is replaced 
Track a different number on each line. This is the number that is passed to the 
variable with each new iteration of the loop Track was handed over. 



In programming you have to very accurate pay attention to the behavior of such 
methods. For example, one must see that the initial and final values are both 
included. So the loop will start with the numbers 1 to 10 included carried out. 

Do you need to know something like that? No! Do you have to learn something like 
that? Know by heart? No neither. That wouldn't work at all. There are too many 
differences to be aware of. 

If you program, then you have to develop an awareness of these questions. Then you 
have to stop and think:
"for ... do could behave either way. It could count as inclusive or exclusive. I have no
idea how Lua works."
And then tried it short. You can see how easy it is to test such things in the example 
above. 

Here is another example:
What happens if you change the value of the variable inside the loop? What does that 
mean for the next run?
No idea! So try this, what happens: 

for track = 1, 10, 1 do
  track = track + 2
  print("I'm checking if platform "..platform.." is        
occupied.")
end 

Will numbers now skipped?
Or will Every number be increased by 2 and then output? 

You don't have to know that by heart. This is also of no interest until you have a 
reason to change the value of the variable inside the loop. but then do you want it 
Reliable to know. So now you have to realize that there are two possible behaviors. 
And you have to try which of the two is the actual behavior. 

Programming isn't something you learn by heart and then follow a routine. 
Programming is a very creative activity. You always have to come up with something. 
And always look at what with the curiosity of a detective I agree happened. That's 
why you can only learn programming by doing it yourself. 

Which type are you?

There are a few guys that every programmer gets to know pretty early on. We have 
to talk about that now.

true and false are such a type. 

You call this type boolean, after the mathematician George Boole. 

Data of type boolean can only have two different values. Either true or false. You use
this type wherever you want to distinguish between two states: on or off, free or 
occupied, open or closed, yes or no...  



Everything that makes a decision in the program code expects the type boolean as 
an argument. That while from the last chapter is an example of this. Either will while
Loop repeats or not. Depending on whether the argument is true or false, ie true or 
false. 

Numbers are divided into two types.
1. the whole numbers. They're called in programming integer 

2. the floating point numbers. They're called in programming float 

The reason for the distinction lies in the different accuracy of calculations. I won't 
explain that in detail here, because Lua doesn't make this distinction at all. Lua only 
knows a type for all numbers and names this type number. 

The largest possible integer in Lua is 9223372036854775807. If you start in a 
video at 0 and then count 1 in each frame at 60 fps, then you reach this number after 
4.8 billion years! 

Do the math! 

big_number = 9223372036854775807
images_per_year = 365 * 24 * 60 * 60 * 60 

print("Coming in a year", images_per_year, "images together") print("That's why it 
takes", big_number / images_per_year, "years to reach the largest possible number 
in Lua.") 

Texts are another type. This guy calls himself string. That's the English word for a 
long string of things. For example, "A string of pearls" is a string of pearls (and a well-
known piece of music by Glen Miller.) So the programmer sees text as a string of 
letters, numbers and punctuation marks. 

Strings are enclosed in single or double quotes. Both have exactly the same function. 
'I am a thong' 

"I'm a thong too" 

Strings must start and end with the same double quotes.
The respective other quotation mark can then be used in the string as part of the text.

'I am an incomplete string' "I'm a 'special' thong" 

You are only allowed to simpl eQuotation marks used, not the nice ones for neat 
typesetting. This is not a problem if you write code directly in a dedicated editor. It 
automatically sets the allowed quotation marks. But if you use a word processor, you 
can get wrong quotes. The Lua interpreter does not understand them! 

"I lead to an error message!" 

But the quotation marks above are often the wrong ones in word processing. Namely 
the squiggly, slightly slanted ones. They look very similar to single quotation marks. 



But they have a completely different letter code. That's why they don't work in the
program code. 

With the function type(), which is included with Lua, you can check the type of an 
element. This function returns a string containing the type of the specified element as 
a word. With print()I can therefore also output this type: 

print( type(a) ) 

Returns as an answer: Null 

This is the expression for: nothing 

If one of the variables a does not have an assigned a value, then it has content of 
type Null. 

This is an unusual concept not found in other programming languages. In other 
languages there would have been an error message saying that the variable is not yet
defined. In Lua, anything not defined is automatically Null 

a = true print(type(a)) 

- - gives the answer 'boolean' 

a=1 print(type(a)) 

- - gives the answer 'number' 

and 

a = '1' print(type(a)) 

- - gives the answer 'string' 

There are more types, but I want to go into that later. Something else is more 
important to me for the beginning: 

There are different types because you do different things with them in the 
program, numbers can be added, strings can be put together. and booleans can 
be linked logically. You can't mix and match. The expression 

"Hello" + 123 

is nonsensical and leads to an error message in Lua. The + sign is for mathematical 
addition only. It is not used to put pieces of text together. 

To put parts of text together, you don't use +, but two dots: print("together" .. 
"write") 

- - results 'write together' 

Because you have to treat types differently, it was necessary for me to introduce you 
to a few of these types at this point. They only look scary at first. 



Decision Support 

A computer program often has to make a decision. And for the decision it has to test a
condition. 

If the signal shows stop, the train must be stopped. If the switch is set to branch off, 
the signal may only indicate "move at 40". 

If it is a freight train, it must enter the freight area. If all tracks are occupied, the 
entry signal must remain on "stop". 

For such cases, Lua has the if ... then construction.
Between the keyword if and the keyword then comes the condition
The lines below tell what to do if the condition is met. And the block, like all
blocks in Lua, is closed with the keyword end. 

A condition can either be met or not. There is nothing else than these two possibilities 
in programming. Therefore, Lua expects a boolean between the if and the then. So 
true or false, or something that results in true or false. For example a comparison. 
The keywords if and then form the brackets around the condition 

if Test > 1 then
end print("The variable Test contained a value greater than 1") 

Lua can only do one at a time individual perform comparison, not a chain of multiple 
comparisons. 3 > test > 1 is not permitted in Lua.
It is therefore often necessary to link several conditions logically. There are keywords 
for that other

as well or if (Test > 1) and (Test < 3) then 

end print("Thevalueoftestisbetween1and3") 

I put the two comparisons above in parentheses. This would not be mandatory in Lua.
Because the comparison operators are more binding than that other. (It's the same 
principle as the familiar rule: dot count before dash count). 

That other means, both conditions must be met. Test must be greater than 1 and 
must be less than 3 to say: Test is between 1 and 3.
With the other So will be two elements either true or false are linked together. The 
result is a new single true or false. And the result of the shortcut is only then true, 
if both elements true are. For the if this means: It sees only one single true or 
false. Namely the result of the operation between the if and the then. 

Therefore you can also store this boolean value in a variable if you want: 

condition = Test > 1 and Test < 3
if condition then
end
print("Thevalueoftestisbetween1and3") 



In many cases it makes sense to store the result of a comparison in a variable. Then 
you can use this variable directly as a condition. This makes the code more readable. 
And it's easier when you want to change the conditions. They are standing now alone 
to the right of the = sign and not somewhere in between if and then. 

If you determine the condition in advance and store it in a variable, you can also 
divide it into several small parts: 

condition_1 = test > 1
condition_2 = test < 3
condition = condition_1 and condition_2 if condition then
end print("Thevalueoftestisbetween1and3") 

In the above example, this is completely exaggerated. But in an emergency, this can 
help to maintain an overview, for example when it comes to whether a train 

1. is a freight train,
2. arriving at a signal showing "stop".
3. and may only be given "ride" if
4. if the track intended for it is free
5. and all points have been set correctly. 

You have to practice these things with such simple examples. Only then will you later 
have the necessary routine to do everything correctly in an emergency. 

2b or not 2b 

A postman asked himself Stratford upon Avon in 1584 while trying to decipher the 
handwritten, illegible address on a letter. He not only inspired the young William 
Shakespeare to his famous monologue, but also laid the foundation for many 
programming languages. 

Next to the other are from the last chapter or and not the other two operations 
needed to join conditions. 

Linking two elements with or means that at least one element must be true, but 
more than one element may be true. It is no either ... or. 

Platform_1_free or Platform_2_free 

is also then true, if both variables are true.
Aeither ... or(this is called an exclusive or) does not exist in Lua. 

With not you can turn a boolean into its opposite. It matters true a false and vice 
versa. 

For example, if you only want to use platform 3 when platform 1 is occupied, the test 
could look like this 

if track_3_free and not track_1_free then 

That not binds stronger than the comparison operators. If you want to reverse the 
result of a comparison, you have to put the comparison in parentheses, so:



not (a == b)

- - is the same as a ~= b 

The meaning of other, or and not is easy to understand. But it is sometimes difficult,
even for experienced programmers, to form the logically correct combination from 
this. So over the next few days, I'm going to share a few very simple exercises. 

For advanced!

The logical operations other and or do not always return a boolean. With other you 
get the second element back if both elements are true. With or you get back the first 
true element. For that you have to know that everyone Value stored in a variable 
considered true in Lua. Only Null and false are considered wrong.
So a number is true. And unlike other programming languages, Lua evaluates also 
the 0 as true. A string is also true. Also an empty string "". 

The result of true and 1 is 1, not true! The
result of 0 or 1 is 0
The result of 0 and 1 is 1, not false!
The result of Test or 1 is 1 if test has no value or has not yet been declared. The 
result of Test or 1 is the content of Test if that content is not nil or false. The result of
"Toby" or not "Toby" is "Toby" 

The result of 2b or not 2b is an error message because no variable name can begin 
with a number! 

Once the result of a link is known, the remaining elements are no longer checked. This
means that Lua at a other folds when the first element is false. The result of other 
operation can no longer true be if an item is false. If the second element is formed 
by a function call, then this function call does not take place in this case. 

At a or accordingly, Lua folds at the first true element. Is the first element true, then 
a function that is supposed to return the second element is no longer executed. 

I believe that this is handled in many other programming languages as well. 

Once you understand that, you can take advantage of it. If you ignore it, it will 
eventually bite you in the butt ;-) 

At this point I would like to suggest a few small exercises. 

Because the concept of a function and the evaluation of true and false are 
fundamental to programming. 

The exercises are all fromNick Parlandes website coding bat
I only translated them from from Python to Lua. 

The first task “Sleep in” is as follows: 



Write a function that uses the two arguments workday and holiday to return whether 
you can sleep in or not. You just have to define the function. And the framework is 
already set. 

function sleep in(workday, vacation) end 

When called, the variables working day and vacation each set to true or false. On 
weekdays you can only sleep in on vacation. If it's not a working day, you can always 
sleep in. 

The task is to write some Lua code between the first and last line of the function 
definition. This should evaluate working day and vacation and then, depending on 
the result of the evaluation,  return either true or false. 

One only has to complete the function definition. I am attaching a small test 
script. This can be supplemented accordingly in the upper part and then completely 
inLua demo , ZeroBrane, Notepad++ or another program. The lower part of the test 
script is a small test routine that shows you whether your solution works or not. 
Please do not change this part. 

It would be nice if you suggest a solutionto me by personal message only and not 
public posts. So everyone has the chance to think for themselves how they want to 
solve the task. 

sleep in.zip  

Possible solutions to the task "Sleep in"

If you look at my test script unchanged in theLua demo copied window, then you get
this response: 

The program runs without errors. It contains no syntax errors. But the function still 
doesn't do what it's supposed to do. Because the function is completely empty, it 
doesn't return anything. And that's what the list says. Four times give the parameters 
Null. 

But you should in three cases true and in one case false result. What happens when 
you get into the function and it return true? 

function sleep in(workday, vacation) end return true 

Then the result is only wrong in one out of four cases. 

With return So you can make sure that the function returns something when called.
Now one has to make it dependent on the two arguments working day and vacation
and returns the right answer. 

If vacation is true, then the function must return true, because then you can sleep 
in. It could look like this:

function sleep in(workday, vacation)



  if vacation then 
    return true
  end 
end 

Please note that in the if ... then line no comparison vacation == true needed. 
Because this comparison only provides what is in vacation already. If vacation true, 
then the result of the comparison is also true. If vacation wrong, then the result of the
comparison is also wrong. The additional comparison requires additional computing 
time, but is of no use. 

When using this function, the result is wrong in two out of four cases. 

The function gives Null back if vacation is not true. If vacation is true, then the 
result of the function is correct. 

Now you can check the working day: 

function sleep in(workday, vacation)
  if vacation then 
    return true
  end 
  if workday then
    return false 
  end
end 

The result is correct in three out of four cases. 

Only if no vacation and no working day is, the result is still Null. Because neither 
the first nor the second condition is fulfilled. Therefore the function does not return 
anything. In this case, however, you should return true because you can sleep in if 
it's not a workday. 

function sleep in(workday, vacation)
  if vacation then 
    return true
  end 
  if workday then
    return false 
  end 
  return true
end 

In this form, the function passes all 4 tests 

To do this you have to know that one return in a function ends the function 
completely. Everything that comes after return is ignored it when executing the 
return line. That's why it will no longer check working day if vacation is true.
And that's why the last line is no longer executed when vacation wrong, but working
day is true.  



This means that in this construction the order is important. If you interchange them, 
you sometimes get wrong results. 

function sleep in(workday, vacation)
  if workday then 
    return false
  end 
  if vacation then
    return true 
  end 
  return true
end 

In this order, the vacation no longer checked if working day is true. 

The alarm clock now also rings on weekdays when you are on holiday. Because the 
first check on workdays means that the function will immediately with false. 

Now the exam returns working day please do the opposite. Tests if no working day. 

function sleep in(workday, vacation)
  if not workday then 
    return true
  end 
  if vacation then
    return true 
  end 
  return false
end 

That means now true returned if is not a business day. And if it's not a working day, 
then it doesn't matter whether it's a holiday or not, and false is only returned if 
neither the first nor the second condition is met. In this variant, the two tests are 
interchangeable. 

And what's more, you can now combine them into one check: 

function sleep in(workday, vacation)
  if not workday or holiday then 
    return true
  end 
  return false
end 

And because the entire term not working day or vacation now gives exactly what 
we want as an answer, you don't have to if - Do more testing. You simply return the 
result of the logical operation 

function sleep in(workday, vacation) return not business day or holiday end 

Some put the term in parentheses after the return because other programming 
languages is not required in Lua, but allowed. 

I know that this is all abstract and a tough nut to crack for beginners. 



That's why I'll be posting more exercises of this kind in the next few days. Because 
these small examples essentially contain exactly what you'll need for using Lua in 3D 
Train Studio. Functions that make a decision based on parameters and then do one 
thing or another. 

There will probably be functions that are fully defined and only called with suitable 
parameters. Just like the well known print(). And there will probably be the possibility 
of calling a function from the event manager that you define yourself elsewhere. 

That's why I think it makes sense to show you the basic principle using small 
examples. And of course I hope that you will have some fun with it. 

The second task "monkey theater is very similar to the first. This time it's about the 
monkeys pool and kaya, who like to cause trouble for us. But you can see them. if 
both grin or when neither of them grins, then we're in trouble. If one of the two 
monkeys grins but the other doesn't, then we have nothing to fear. The functional 
framework looks like this:

function difficulties(Kaya_grins, Toto_grins) end 

The function will be called again with two parameters, both either true or false could 
be. And she should true give back if we get in trouble or false, if there is nothing to 
worry about. 

So the principle is the same as in the previous task. The possible combinations true 
and false should only lead to different results this time. Therefore, you have to 
evaluate the two parameters differently than the first time. 

In the appendix you will find another script with attached test routine for checking 
your solution. I would be very happy if you send me your solution suggestions via PM.
Affentheater.zip 

Suggested solutions for the monkey theater 

This task, like the first one, required that the function should return something. And it
should true return if both parameters are true. So if both monkeys are grinning, and 
the function should also then true return if both parameters are false. So if both 
monkeys Not grin. 

You can write that in the function like this: 

function difficulties(Kaya_grins, Toto_grins)
  if Kaya_grins and Toto_grins then
  end
  return true 
  if not Kaya_grins and not Toto_grins then
  end
  return true 
end
return false  



And because the first and the second condition have the same consequence, they can 
also be combined in one condition. 

function difficulties(Kaya_grins, Toto_grins)
  if (Kaya_grin and Toto_grin) or (not Kaya_grin and not 
Toto_grin) then
  end
  return true 
end
return false 

Please note that in the middle a or stands and no other. Because it's enough if one 
of the two bracketed expressions is true. Colloquially, one would use an "and" in the 
middle:
"If both monkeys are grinning return a true and if both are not grinning then too."
But logical would be one other the wrong choice because it means that both 
conditions simultaneously must be fulfilled. 

Because now the entire expression behind thatifgives exactly what we need as an 
answer, you can also return it directly: 

function difficulties(Kaya_grins, Toto_grins)
end returnKaya_grinandToto_grinornotKaya_grinandnotToto_grin 

You can even omit the parentheses because that other binds stronger than thatorand
the not binds stronger than that other. That means: First, Lua guides the two not 
operations through, then the other operations and lastly the or Surgery. 

But this spelling is terribly illegible.
I find the first version with the two individual tests much more pleasant in this 
respect. That's why I thought about simplifying it a bit. 

Let's take the case of Kaya grinning. Then is the desired result true, when Toto_grins 
is true. And it is false, when Toto_grins is false. So we can do without the and link 
and go straight away Toto_grins return if Kaya_grins is true 

if Kaya_grins then
end returnToto_grins 

And if you also want to define something in case the condition behind the if is not 
fulfilled, then in Lua there is a keyword for it: else. What should happen otherwise? 
What is requested as a result when Kaya Not grins?
If Toto_grins now true is, then the result is false. If but Toto_grins is also false and 
thus both monkeys Not grin, then the result true. In case Kaya Not grins, so that's 
the result the contrary from Toto_grins. It is not Toto_grins 

function difficulties(Kaya_grins, Toto_grins) if Kaya_grins then 

else return Toto_grins end end return not Toto_grins 

Perplexed? 



But you can also completely detach yourself from the exact wording of the task and 
instead look at what is really required: If both monkeys do the same thing, then the 
result is true, otherwise not.  

Then it should be enough to compare the two parameters. 

function difficulties(Kaya_grins, Toto_grins) end returnKaya_grins==Toto_grins 

This works, is really easy to read and also nice and slim. 

I hope that with this second task it will become even clearer what was already clear in
the first task: that it is not about for one task one to find right solution. And then 
remember this solution for the future. That just doesn't work. 

Rather, it is about as much as possible to look through these solution examples. To 
recognize what is happening in the code and why it is working. The clearer it becomes
to you based on the various examples of how the logic works, the easier it will be for 
you to design scripts that fit your needs. 

And that's why I like these little exercises so much. These examples are a great way 
to demonstrate which approaches all lead to the goal. You can compare the various 
suggested solutions with your own solution and perhaps think at one point or another:
"Ah - the path isn't bad either." You can try different methods very conveniently. 

The third task "double sum" has the same pattern as the previous two, but the two 
parameters in the call are numbers this time, not booleans. 

The function should return the sum of the two numbers. If both numbers are the 
same, then it should double the sum before outputting. 

function throw(number_1, number_2) end 

I named the function "Toss" because the task would be appropriate for a dice game. 
The player would roll two numbers with the push of a button and the function that you
define here then calculates the result. A double counts twice. 

In the appendix you will find another script with attached test routine, which you can 
use to test your solution. 

I'm happy about every suggested solution that you send me as a message.

double sum.zip 

Sample solutions to "double sum" 

First I want to show a solution that I see a lot. He implements the task text "literally":

function throw(number_1, number_2)
  if number_1 == number_2 then 
    return (number_1 + number_2) * 2



  else
    return number_1 + number_2
  end 
end 

If the two numbers are the same, sum them, double them, and print the result. 
Otherwise just print the sum of the two numbers.

Please note that when doubling in the third row, the sum must be in parentheses. In 
Lua, point calculations come before dash calculations. This means that without 
the parentheses, only the second of the two numbers would be doubled. 

Here's a suggestion to simplify the example above:

The second line checks whether both numbers are the same. And the third line is 
executed only if this condition was met. So is number_1 + number_  this point the 
same as number_1 + number_1or 2 * number_1. Therefore, the arithmetic operation 
in line 3 can be simplified. 

function throw(number_1, number_2)
  if number_1 == number_2 then 
    return 4 * number_1
  else
    return number_1 + number_2 
  end
end 

Another way would be to change one of the two numbers first if both are the same. 
And then add up. 

function throw(number_1, number_2)
  if number_1 == number_2 then 
    number_1 = 3 * number_1
  end
  return number_1 + number_2
end 

For the result, this unorthodox way makes no difference. You can reach your goal just 
as quickly and safely as with the first two ways. But this version is difficult to 
understand and therefore not really advisable. Nevertheless, such thought 
experiments have helped me to better understand Lua and programming in general. 
That's why I would like to encourage you to practice different solutions. It's easy to do
with these very simple tasks that only require a few lines of code. 

The following method is popular and easily readable: 

function throw(number_1, number_2)
  Result = number_1 + number_2
  if number_1 == number_2 then 
    result = 2 * result
  end 
  return result
end 



This time the result is formed in several steps and stored in a new variable called 
result cached. Lua can create this variable right in the function. They don't have to be 
declared first, as is necessary with compiled languages. You simply assign a value to 
the variable and can then use it. 

Of course, this variable can have any name and does not have to mean result. You 
can also use the names of the functions in the same way arguments change. These 
variables only exist within the function.

The last example can also be written like this: 

function Throw(a, b)
  c = a + b 
  if a == b then c = 2 * c 
  end 
  return c
end  

For one or the other, this spelling is perhaps more plausible. Because the formulas 
come out better. 

You should only keep the name of the function if you want to use my little test script. 
Because that's the function name that will be called below with various example 
values. 

For advanced
In Lua, variables are fundamental global Are defined! Except for the function 
arguments, which are 

of course local variables.
If you want to create a local variable, you have to use the keyword in Lua local to 
use. So my last 

example from the previous post should be correct: 

function Throw(a, b)
  local c = a + b
  if a == b then 
    c = 2 * c
  end 
  return c
end 

A local variable is only valid within the function and is deleted on exit. The use of local
variables within function definitions:

1. Reduces the risk of naming conflicts (because the namespace is limited to the 
function and its subfunctions) 

2. Saves memory (because the space for this variable is freed after exiting the 
function) 3. Speeds up the program (because these short-lived variables are created 
in memory close to the processor.) 



There is another interesting way to solve the last task.
He makes himself the special behavior of other and or take advantage of which I 
have addressed in the chapter 2b or not 2b. 

function Throw(a, b)
  return a == b and 4 * a or a + b
end 

if a == b is true, then the result is the other combination of the second term 4 * a.
And because this term is definitely true, the term after theorno longer checked, but 
the result of other link issued. Namely 4 * a, just as desired. 

On the other hand, if the first condition is not true, then the result is the other 
shortcut also not true. And in this case, the term that comes after the or stands. 
Namely a + b. 

This way is no faster than the ones shown before. That is just an academic 
gimmick, but which can be great fun and leads to more routine. 

difference21 

In this exercise, the function to be defined has only one parameter of type number". 
I give the variable the namen. 

The function is intended to calculate the absolute value of the difference between 21 
andnhand back. And ifnis greater than 21, this value should be doubled. 

An absolute value is the positive version of a number. Another expression for absolute
value is "amount". 

The amount of 5 is 5
The magnitude of -5 is also 5 

Examples:
For n = 1 the function must have the value 20 spend
For n=25 the function must have the value 8th (double the amount of -4). 

function Difference21(n)
end 

Lua comes with a predefined function that forms the absolute value of a number. This 
function is called math.abs() and is one of several functions from the "math" library. 
That's why she has this two-part name with the dot in between. I will explain more 
about this in later chapters. 

I am attaching a script with a test routine to this posting. Have fun trying out and 
studying. 

Difference21.zip 

Solution examples "Difference21" 

I would like to start again with the solution that implements the task “literally”: 



function Difference21(n)
  Result = math.abs(21 - n)
  if n > 21 then 
    result = result * 2
  end 
  return result
end 

First, the difference of 21 and n formed and the amount of this difference in a variable
result saved. 

Then it is checked whether n is greater than 21.
If so, then the value in result doubled and back in result saved. Lastly, the value of 
result issued. 

It would be cleaner result as a local variable. But with the global variable, the script 
works just as well. That's why I put more emphasis on an easy-to-read example. 

Among other things, this example should serve to math.abs() introduce function. It's
handy and easy to understand with a simple example like the one shown here. But for
the task at hand, you can also do without this function. 

function Difference21(n)
  Result = 21 - n
  if n > 21 then 
    result = result * -2
  end 
  return result
end 

The result of 21 - n can only be negative if n is greater than 21. And if in this case you
have to double the result anyway, then you can do it too- 2 multiply to make the 
negative a positive value. This eliminates the need to form the amount of the 
difference. 

It is also worth considering whether to use the original value ofnmust keep in the 
future. If not, then you can use the variable n change it yourself and output it again. 

function Difference21(n)
  n = 21 - n 
  if n < 0 then
    n = n * -2 
  end 
  return n
end  

This saves an additional variable, and n is, like all function arguments, a local 
variable. 

Changing the value of the original variable is risky. You quickly overlook the fact that 
you will need the original value later. In the present case for the comparison whether 
n is greater than 21. The last example only works because I replaced this comparison 
with another one. Because if n greater than 21 was, then the result  - n less than 0. 



Alternatively, you can first check whether n greater than 21 is and then branch 
accordingly 

function Difference21(n)
  if n > 21 then 
    return (n - 21) * 2
  end 
  return 21 - n
end 

By exchanging the two values the third line. 

in the subtraction, the negative sign in front of the multiplier is omitted in 

The advanced one-liner might look like this: 

function Difference21(n)
  return n > 21 and (n - 21) * 2 or 21 - n
end 

I hope you enjoyed these puzzles?
In the next few chapters I want to explain a few basics of Lua again. 

Variables 

So far I have not dedicated a separate chapter to variables. 

Usually you start a tutorial by explaining variables. But I know some feel resentment 
when this topic comes up. And you would have to explain variables abstractly and 
without proper context when starting a tutorial on this topic. That's why I chose a 
different order. 

You have already used variables in the first exercises. You got to know them without 
me explaining them in detail. And you've already seen the context of using variables. 

Variables are nothing more than placeholders. If I don't yet know certain content 
when designing a function, then I write placeholders where this content is to be used 
later. 

And that basically explains what is a variable. That's all there is to it. 

Variables can be given any name. It can be a single letter or a whole word. But the 
name can only consist of letters, digits and the underscore. And it can't start with a 
digit. 

(I had written this before in an earlier chapter. But it is so important that I want to 
repeat it here.) 

Avoid special letters such as umlauts or the ß. Surely you know the problem from e-
mails that cryptic character strings sometimes appear instead of such letters? The 
same could happen to you in the program code and then cause problems. 



Variables in 3D Train Studio 

3D Train Studio contains data that users would like to read and use. For example the 
position of a signal. Or the speed of a locomotive. Or the name of the vehicle on a 
piece of track. So that you can access this data in Event Management, the storage 
locations for this data have their own names. So these are variables whose names 
have already been defined in 3D Train Studio. 

Apart from the fact that the names of these storage locations are already fixed and 
the values in these storage locations come from 3D Train Studio, these variables are 
no different from those that you declare yourself. They are memory locations that 
have been given a name so that they can be used in the program code or in Event 
Management. 

Part of the trouble some users have with variables may stem from the names of those
variables. You have to know the right names. And maybe these are not the names 
you would have chosen yourself. Lua will not change this fact either. 

I don't know what 3D Train Studio variables will be in V5. But they will play an 
important role because you also want to control 3D Train Studio objects with Lua. This
only works if the names of the individual object parameters are known. 

In Lua scripts, there will be variables that come from 3D Train Studio as well as those 
that are defined in the script. You have to be able to tell them apart. You need to 
understand when to stick to given names and when to define your own names. That's 
not hard. You just have to be aware that there is a difference. 

Advanced Variables 

Lua variables can store data of any type without declaration. And you can also change
the type when overriding values. For example, I can overwrite a number with a string 
without causing a Lua error. 

This works because there is no value in the variables themselves, only a memory 
address. The variable only stores where something is, not what is there. Addresses 
are always the same length, whether they point to a number, a string, or something 
else. 

Variables are always defined in Lua as global. You have to declare them with the 
keyword local to generate local variables. 

function Test_a()
  a = 1 
  return a
end 

function Test_b()
  local b = 1 
  return b
end 



if Test_a() == a then
  print("a is a global variable")
else 
  print("a is a local variable")
end 
if Test_b() == b then
  print("b is a global variable")
else 
  print("b is a local variable")
end

Function arguments and loop counters are automatically local variables.

Lua allows multiple assignments:

a, b = 2, 3 

Values can also be exchanged with this:

a, b = b, a 

If you declare several variables at the same time, then you can declare them all 
together with the keyword local. 

Tables - Part 1

Variables offer the possibility to store a value under a name. 

However, it is often useful to group several values under a single name because they 
belong together in some way, coordinates for example, or color values, or personal 
data, or all the parameters of a locomotive (name, speed, location...) 

Lua provides tables for this purpose. In Lua there are only tables. Other programming 
languages also know lists, dictionaries, dabs and more. Lua sums it all up in one Type
'table'. 

Tables are declared with curly brackets.

coordinates = {0, 0, 0} 

and the elements of a table are separated by a comma.

The individual elements of a table are indexed. That means they are numbered, and 
they can be identified using this number. 

In Lua, the index of a table element is written in angular brackets, for example:

Coordinates[1] 

A Lua table may contain elements of different types: 

Person = {"Max", "Doe", 182, 3.5, true}

This table contains two strings, an integer, a floating point number and a boolean. The
first element of a table has the index 1:



Person[1] == "Max" 

This is where Lua differs from all other programming languages! This numbering is 
very convenient for the beginner because it corresponds to his expectations. It is a 
trap for experienced programmers because it contradicts previous habits. 

You can add as many spaces as you want for readability:

color = {0, 32, 128} 

and

color = { 0, 32, 128} 

are identical. 

You can also add line breaks to improve readability 

texts = {
"A locomotive is on platform 1", "The freight train has been    
dispatched", "The way for the express train is clear", "The hidden
yard is full!" 
} 

The comma as a separator between the elements is also necessary in multi-line 
notation mandatory. A comma after the last element is optional. You can put one in, 
but Lua doesn't require it. 

Tables - Part 2 

If you want to know how many elements there are in a table, you can enter this 
number with a # before the name of the table: 

Example = {"One", "Two", "Three"}
Count = #Example 

You can create an empty table in Lua

Example = {} 

And then add items 

Example[1] = "One"
Example[2] = "Two" 

This method does not move any elements. Any existing elements will be overwritten. 
Gaps in the list are possible when specifying the index under which items should be 
stored.

Example[5] = "Five"

# Example in this case returns the index before the first gap back. In this example, 
that would be one 2, in the following example it would be one 5, although elements 1 
and 2 do not exist and the last element has index 7. 

Example = {}
Example[3] = "Three"
Example[4] = "Four"
Example[5] = "Five" 



Example[7] = "Seven" 
print( #example ) 

You can use tables to either create sorted, numbered lists or to link elements to 
specific numbers such as IDs. Since in Lua, both are managed with the same type 
'Table', you have to be careful to distinguish between the two cases correctly. 

Among other things, there are functions for making changes to numbered lists:

table.insert( table, index, value )
table.remove(table, index) 

Let's go table.insert() the index away (two parameters instead three), it appends 
the new value where the first gap is found in the list. Subsequent elements do not 
move! So it acts as append, which Lua does not provide as a standalone feature. 

Example = {}
Example[3] = "Three"
Example[4] = "Four"
Example[5] = "Five"
Example[9] = "Nine" 
table.insert( example, "six") 
for i = 1, 10 do
  print(i.." - ", Example[i])
end 

The function table.remove() returns the removed value as a result. 

Example = {"One", "Two", "Three", "Four", "Five", "Six"}
for i = #Example-1, 1, -1 
do
  table.insert(example, table.remove(example, i))
end 
for i = 1, #example do
  print(i.." - "..Example[i])
end 

Tables - Part 3

The index of a table element can also be a thong in Lua. So you can name the cells: 

color = {}
color["Red_Part"] color["green_part"] = color["blue_part"] = 
= 128 64 0 

The quotes around the name are required so that Lua can distinguish cell names from 
variables at this point. 

In a simplified notation, the index is appended to the table name after a period. In 
this notation, quotation marks are not allowed. 

color = {}
color.red_proportion color.green_part = color.blue_proportion = 
= 128 64 0 

This is easy to read and more convenient to write. it is identical in meaning to the first
spelling. 



You can also use name indices right at the initialization:

color = {["red_part"] = 128, ["green_part"] = 64, ["blue_part"] = 
0} 
or in the simplified notation:
color = {red_rate = 128, green_rate = 64, blue_rate = 0} 

Please note: These simplified spellings are suitable exclusively for strings. One 
number as the cell index must be in square brackets. A variable name as well. 

Numbered and named cells may appear in the same table: 

Band = { "John", "Paul", "George", "Ringo", Name="Beatles" }
print("The "..volume.name.." are: "..volume[1]..", 
"..volume[2]..", "..volume[3].." and "..volume.." .Volume[4])  

As a reminder: with a # before the table name you get the index before the first gap 
in the numbered part of a table. In the present example, #Tape so the value is 4. The
cell "Surname" is not counted. 

The functions table.insert() and table.remove() require a an index number. They 
cannot be applied to cells indexed by name. 

If you want to delete a cell, you assign it the value Null to. This works with any index.
If the index is a number, the following cells are not shifted and there is a gap in the 
numbering. 

Tables - Part 4 

A Lua table can contain elements of type 'table'

Example = { {1, 2, 3} , {63, 127, 255} , {true, true, false} } 

The result is similar to multi-dimensional tables. The 63 in the example above is in 
position Example[2][1], namely in the first place in the second block. 

However, the comparison with commonly used tables is misleading. It is more helpful 
to simply understand the Lua tables as collections of data. In some ways they are 
more like objects than tables. Therefore, Lua tables do not need to be dimensioned. 
This means that you don't have to specify the number of cells beforehand, as in other 
languages. 

bands = {
  Beatles = {"John", "Paul", "George", "Ringo"},
  Stones = {"Mick", "Keith", "Brian", "Ian", "Bill",  Charlie"},
  Who = {"Pete", "Roger", "John", "Keith"}
}
print(Bands.Stones[2]) 

The Bands table contains 3 elements, each index of which is a string. Namely the 
band name. Each of the three elements is also a table. The elements of these sub-
tables are simple enumerations. So the index of each element is a number, starting 
with the number 1 for the first element. 



Please note that comma behind each sub-table. This comma is required to separate 
the items Beatles, Stones and Who to separate from each other. 

The line breaks and indentation in the table are optional and are for readability only. 
You could just as easily write the entire contents of the table in one long line. Or vice 
versa spread over even more lines: 

bands = {
  beatles = {
    "John", "paul", "George", "Ringo" },
stones = { 
"Mick", "keith", "brian", "ian", "bill", "charlie" 
},
who = { 
"pete", "Roger", "John", "keith" 
}}  

This is a matter of taste. The elements are separated solely by the commas and the 
curly brackets. 

But from experience I can recommend avoiding program lines longer than 80 
characters. 

Incidentally, you will not create large tables in one go in 3D Train Studio. There is no 
reason for that. These tables are created in a different way. But it will help if you 
understand how tables are structured in Lua. Because you later want to access 
individual data from such tables. For example, because you need the name of the 
third wagon of a train: 

moves = { 
  {
  name = "Freight Train_1",
  speed = 80,
  type = "good",
  locomotive = { 
    name = "V200",
    type = "diesel",
    clutch_front = false,
    clutch_rear = true 
  },
wagons = { 
{
  name =" G10",
  type = "box",
  clutch_front = true,
  clutch_rear = true 
},
{},
{},
{} } } },
print(Trains[1].Wagons[3].name) 



Tables - Part 5 
name = "KBS",
type = "stanchions",
clutch_front = true,
clutch_rear = true 

name="OVP",
type="tank",
clutch_front = true,
clutch_rear = true 

name="G10",
type="box",
clutch_front = true,
clutch_rear = false 

You have now seen that a table can have Counting, thongs, booleans. The last 
example has shown why this is useful. Tables are all about organizing a collection of 
data. 

And then form a train by putting a locomotive box and several wagon boxes in a row 
in a large train box. 

But Lua tables can do even more. You can also store a function in a table. 

Why not? 

In Lua, you actually only save the addresses under which something is located. 
Technically it makes no difference whether a number, a text or a function definition 
can be found at this memory address. First I have to present an alternative notation 
for the definition of a function. You already know this variant: 

function example()
  print("I'm a sample function")
end 

This notation does the same: 

Example = function()
  print("I'm a sample function") end 
  bands = {
    Beatles = {"John", "Paul", "George", "Ringo"},
    Stones = {"Mick", "Keith", "Brian", "Ian", "Bill", "Charlie"},
Who = {"Pete", "Roger", "John", "Keith"},
    count = function(bandname) 
    print("The band "..bandname.." has "..#Bands[bandname].."     
members") end, 
first = function(bandname)
  print("The first band member of the "..Bandname.." is: 
"..Bands[Bandname][1])
end 
} 



Bands.Count("Stones") Bands.First("Who") 

The only difference is the order in which something happens. In the second example, 
an unnamed function is first created and then the address of this function is appended
to the name example. However, the result is the same as with the first notation. 

The second notation is suitable for transferring the address of a function to a table 
location: 

Please note that no commas at the end of the line within the function allowed to
stand, because the entire function block forms a Element. 

At the end of the function definition must however there must be a comma if 
further table elements follow. Therefore, in the above example, there is a comma 
after the end, which is the definition of number completes. 

In 3D Train Studio, the models are objects. And if I understand Neo correctly, these 
objects will have their own functions in V5, which can be called via Lua. As you can 
see above, calling such functions is very simple. But it helps if you have an idea of 
how the data is organized in tabular form. 

Tables - Part 6 

Lua has a special trick for calling functions that are in a table. And that makes the 
creation of functions within tables useful. 

You can pass the address of the table as an argument when calling the function. This 
makes it easy to directly access elements of the table in which the function is located, 
even in tables with a large number of layers. 

I would like to go a little further in order to make the connections as transparent as 
possible. The move table from the penultimate chapter should serve as an example: 

moves = { 
{
  name = "Freight Train_1", speed = 80,
  type = "good",
  locomotive = { 
    name = "V200",
    type = "diesel",
    clutch_front = false,
    clutch_rear = true 
  },
  wagons = { 
  {
  name="G10",
  type="box",
  clutch_front = true,
  clutch_rear = true 
}, { 
}, { 



}, { 
} } } }, 

Trains contains the address of the whole table
Trains[1] contains the address of the first sub-table (in which all data of the first train 
are stored)

Trains[1].Wagons contains the address of the sub-table with all wagons in sub-table 1
of the Trains table. 

Trains[1].Wagons[1] contains the sub-table with the details of the first wagon within 
the sub-table of all wagons within... 

Such addresses can be passed to a new variable: things = trains[1].wagons[1] 

This makes sense if you then need this address several times. Because it now 
simplifies the notation of the addresses within this sub-table 

thing.name thing.guy thingy.clutch_front 

Of course, in an emergency, you choose a more meaningful name than "things“.
Now please imagine that in a car's subtable there is a function that does something 
with the data 

of that car. Which, for example, prints the name and type of the wagon (to complete 
the story 

name = "KBS",
type = "stanchions",
clutch_front = true,
clutch_rear = true 
name  ="OVP",
type = "tank",
clutch_front = true,
clutch_rear = true 
name = "G10", 
type = "box", 
clutch_front = true, 
clutch_rear = false  

not to let it get out of hand now.) Then you would specify the entire address within 
the table when calling the function. 

Trains[1].Wagons[1].Output() 

Now you could also pass the address as an argument:

Trains[1].Wagons[1].Output( Trains[1].Wagons[1] ) 

A variable is created in the function definition for this argument. A common name for 
this variable is "self“. But any other name works just as well. 

Trains[1].Wagons[1].Output = function(self)
print("My name is "..self.Name.." and I am of type "..self.Type) 
end 



This is extremely handy because it makes addressing the data within this table so 
convenient. The full address of the subtable is passed to the local variable self. So you
only have to do this within the function self write if you Trains[1].Wagons[1] means 

And that's not all. I can use the same function for all wagons because I just pass the 
appropriate address as an argument self must hand over. 

And that's why the notation for the function call has been simplified in Lua. 
Programmers don't like it when they have to write something twice. Because it 
increases the risk of making a mistake. 

In Lua you can put the address in one place with a colon split instead of the simple 
dot. Trains[1].Wagons[1]:Output() 

Then everything before the colon is automatically passed as the first argument. Values
written in the brackets are the arguments 2 to ... 

The reason I address this relatively difficult subject in a beginner's tutorial is this: 

that are 

The individual objects in 3D Train Studio are updated with V5 finished Lua features 
included. And the call of these functions will conform to the following pattern: 

object name: function name(arguments) 

The object has its own data. And this will use the function of the object. If the function
is to change a signal, then it will address the axes of the signal wings. If you can lift a 
hook on a crane, then the function for this must also address and change the relevant 
parameters of the crane. How this happens in detail is not important to us. The 
function is in V5 yes finished Are defined. We don't have to create the definition 
ourselves. 

But the functional call will follow these rules. We might write something like: 
Crane:hook(0) 

to set the hook to zero. I won't know what that looks like until the beta test of the V5 
begins. My only concern now is that you can see through the underlying principle 
using my generic examples. Because then it becomes easier to understand why what 
has to be in which order in the command and what it means with thatcolonin the 
function call. 

Of course, you can also use this knowledge in your own program code. Because 
everything that you control to do with rail traffic can be managed wonderfully in 
tabular form. It really pays off to look through the Lua tables and practice using them.
Because you can later get even very complex situations under control in tabular form. 

Tables and Loops

The for ... do loop can also be used to read entire tables: 



Beatles = {"John", "Paul", "George", "Ringo"} 
for i = 1, 4 do
  print("Beatle number "..i.." is "..Beatles[i])
end 
Beatles = {"John", "Paul", "George", "Ringo"} 
for key, value in pairs(Beatles) do
  print("Beatle number "..key.." is "..value)
end 
Beatles = {John = "guitar", Paul = "bass", George = "guitar", 
Ringo = "drums"} 
for k, v in pairs(Beatles) do
  print(k.." plays "..v)
end 

However, Lua has its own, better method for this purpose. Its name is into pairs(), 
because they pair the index and the contents to the index returns: 

The names of the two variables for index and content are of course freely selectable. 
The letters are common k and v for key (= key) and value (= value).
That's why in the example above I put the words for better understanding keys and 
value chosen. 

the into pairs() method delivers Every key/value pairs. Even those where the key is 
not a number but a string: 

Please note that the enumeration is not sorted. It may coincidentally match the 
order in which the table was created. But it doesn't have to be and you never know in 
which order the values will be read out.Not even if the indices are a numbered 
list without gaps (as in the first example). 

For this reason there is a second, very similar method:inipairs() 

The letter ii n word ipairs stands for "iterable". This means that only elements of the 
table that are numbered without gaps are read out and that the output is sorted. 

Beatles = { "John", "Paul", "George", "Ringo",
  location = "Liverpool",
  year = 1960,
  manager = "Brian Epstein",
  studio = "Abbey Road" 
} 
for k, v in ipairs(Beatles) do
  print("Key: "..k..", Value: "..v)
end 

Compare the output times with what you into pairs() receives. And leave them into 
pairs() version run multiple times. 

You'll see that orders change even though you don't change the script between each 
execution. 

The numbered part of the table is usually at the front and is sorted. But even that is 
not guaranteed! 



If a numerically sorted enumeration is required, then one must into ipairs() use.
The output of into ipairs() starts at 1, ends at the first gap in the numbered list, and 
ignores named indexes. 

example = { name="test", "One", "Two", "Three", "Four", "Five", 
"Six", "Seven", "Eight" 
} 
Example[6] = nil 
for k, v in ipairs(example) do
  print("Key: "..k..", Value: "..v)
end 

There is no ready-made method for an alphabetically sorted list. 

Video 1: Lua and the mysterious colon 

Since I have just created a short video for someone, which essentially deals with the 
same aspect as the chapter "Tables - Part 6" in this series here, I would like to offer 
the video here as well: 

If the video does not start when you click on the graphic, here is the link: 

Watch video on Youtube https://youtu.be/k0LgqVFwQRY 

Video 2: Lua strings 

Finally I can offer you another video. The voice recording is unfortunately very 
sluggish. But I can't get it any better at the moment. For this I have tried to structure 
the content. And because the video is quite long, I put jump marks in the comment on
YouTube. 

The video is suitable for beginners because no previous knowledge is required. But 
that doesn't mean the material is easy. I am convinced that "beginners" can learn 
difficult things just as well as advanced learners. It just needs to build on their current
level of knowledge. 

The video is about "strings". You will need them later in the MBS. Because all the 
names you read out are strings. Programmers call a "string" a piece of text. It doesn't
matter whether it's a name or a message. 

If you don't understand everything right away, you will at least know later where to 
find something on the subject. 

If the video does not start when you click on the graphic, here is the link: 

Watch video on Youtube https://youtu.be/0A0IAyFW9Hk 

The video only touches on the various topics. It conveys a basic understanding of
the matter, not "Everything you need to know".



It's humbug trying to explain everything at once. This only achieves that the learner 
does not know anything at the end. 

It's much more important to get the gist. Then you get what you need when the time 
comes. Have fun learning and experimenting! 

Here are the most important examples from video 2 to read again. I have added 
useful information to some of them. 

- - Escape sequences 

- - \a bell
- - \b backspace
- - \f formfeed
- - \n newline
- - \r carriage return
- - \t horizontal tab
- - \v vertical tab
- - \\ backslash
- - \" double quote
- - \' single quote
- - \[ left square bracket
- - \] right square bracket 

- - two hyphens mark a comment in Lua 

example = "Version 5 of \"3D Modellbahn Studio\"\n provides 'Lua' 
commands" print(example) 

Example1 ='The version 5' Example2 ='of the "3D Modellbahn Studio"' Example3
="provides 'Lua' commands", 

print(example1 .. example2 .. example3) 

example = { 

'The version',
'of the "3D Modellbahn Studios"', "provides 'Lua' commands", version=5 

} 

pattern ="%s %d %s %s"
text = pattern:format(example[1], example.version, example[2], example[3]) 
print(text) 

- - pattern:format(...) is the abbreviated notation of: 
string.format(pattern, ...) 

example ='of the "3D Modellbahn Studio" ' 



beginning, end = string.find(example,"3D")--simplified: Example: find("3D") 
print("The character string '3D' in the string 'Example2' \nstarts at character 
"..beginning.. 

" \nand ends at character "..End) example ='of the "3D Modellbahn Studio" ' 

subtext = string.sub(example, 9, 25) print(subtext) - - simplified: Example:sub(9, 
25) for i =1, 10, 1do 

Formula = string.format("%2d * %d = %2d", i, 3, i*3) print(formula) end 

- - the 2 in %2d pads one-digit numbers with spaces to two digits
- - As a result, everything is neatly arranged one below the other in the 
output. 


