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Introduction

12Blocks is a tool that let’'s you create programsstacking blocks together. A library of over
100 powerful blocks let's you quickly build gameshots, and more. Just assemble blocks onto
the worksheet and then debug your program witht-Houiggraphical tools. 12Blocks is ideal for
classrooms, students, hobbyists and professionatswant to quickly and easily build projects
with the Parallax Propell&Y.

With 12Blocks you can easily:

- write programs by assembling blocks onto a workishee
graphically debug programs with the built in visaafs
use wizards to customize graphical sprites, ve@odsmore for your program
change program parameters on the fly- without rgu@aton/reloading
interface with common sensors, peripherals, actsi@od devices
easily integrate the Propeller with other PC ajgians

Program Library :

12Blocks makes it easy to share programs with sth¥fisit http://12blocks.com/howtand use
the search tool to find a program that solves ywoblem. Users can upload circuit schematics,
photos of their project, and the complete codeHerprogram.




12Blocks is easy and fun enough to be used byeabold, but extensible and powerful enough
to be used professionally. In this lab you'll ddead and install 12Blocks in its 30 day
evaluation mode and work through several samplgrpros that increase in complexity from a

simple Hello World program to using arrays, funapand event messages.

We'll cover how to :
- Graphically arrange blocks to create a program
Edit block parameters- wizards exist for vectopsites, speech, wav files
Change parameters while your program is running
Comment your program with blocks that include linkdiles or websites
Use multiplestart blocks to write a multiprocessing program
Write programs that output graphics, play musiatad servos and more
Define functions with arguments, local variabled agturn values
Program with synchronous and asynchronous eveimlidran
Customize the library by adding new blocks to impdat new functionality
Use Hardware definition files to define pin usagd austomize the block library
Share programs online with the 12Blocks community
View and edit a file created by 12Blocks as SPINecm the Propeller Tool
Combine blocks and text as parameters for a block
View and change variable values in a running progugaing an oscilloscope interface
View pin activity using a graphical map and logiaby/zer graph
Interact with a program using the terminal
Integrate with Python, Matlab, Excel, VB.NET, C#ather DDE/.NET aware applications

Videos

If you prefer watching videos to reading this doemt) check out our video tutorials at:

http://12blocks.com/videos

Prerequisites

1. Download 12Blocks from herhttp://12blocks.com/downloaand install it.
2. Connect a Parallax Propeller to the PC usin&B table.

Hardware:

This tutorial was tested with a Parallax Propdllemo Board available here:
http://www.parallax.com/Store/ProductSearchRedaléd/127/ProductlD/340/List/1/Default.a
px?SortField=ProductName,ProductName

If you're using something else, make sure it's gaarbMhz crystal and is connected to

your PC using a USB PropPlug. 12Blocks will rumuyprograms on the first Propeller it find
if you want to change this behavior, click thiere.. button and seled?orts to configure which

ports will be searched. If you require additioaalsistance check out our forums for he
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http://forums.hannoware.com/




Program #1: Hello World

The first example shows how to pridello World  to the built in terminal. First get to know
12Block’s interface- it consists @fommand Button¥/iew, aLibrary and aworksheet

Click onCommand Buttons open and Views help you understand what yc
save files, run your program and more. | | program is doing when it is runnin
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ThelLibrary of ~100 blocks is TheWorksheetis where you assemble
divided into sections. Each has| | blocks into programs.

blocks that can be dragged to the | Drag a block or stack of blocks around the
worksheet. Drag blocks back to| | screen. Move a single block from a stack by
library to return them. sliding it out to the left.

U

Now, assemble your first program! Start 12Blockd ahoose “Build a New Program”.
You should see an empty worksheet and the pagi&ol section of the library.

Your programs rhust start with one of thtart blocks- they're drawn with a triangular top. So,
start your program by dragging te&art block to the worksheet. (Move your mouse to steet



block in the library, hold down the left mouse loatt move the mouse back to the worksheet and
release the mouse button).
Your program in the worksheet should look like this

Now, you need to add a block which will print téatthe terminal. Click théerminal button to
show the terminal part of the library. Drag theripstring” block so it joins to thstart block in
the worksheet. (Drag it to the bottom of 8tart block and let go of the mouse button when you
see the blue hint). Your program should look tikis:

start

Er%nt =ililek hello world

That's it, you've assembled your first program!

Now, confirm you've connected a working Propeller the PC you're using and run your
program by pressing thRun command button. 12Blocks will translate your perg into a
Propeller Spin file, compile that into Propellesstiuctions, load those to the Propeller, and
establish a high-speed connection with the Propedi in less than a second! To view the
output of your program click on thdew Terminalbutton to open the terminal. You should see
this:

(EAR | .i'l".ln:-.':l.". wil, 7.7
12Blocks [ 4o |00 J[ sove J[ me |[ oo ][ mese |[ e ][JEse)

[poemens | [_ v | [ were |

Program Terminal

hailo word

Now, make some changes to your program. Starhbpging what text will be printed. Click
on the yellow area- this is thEarametersection of the block. Typgoodbye into this box and
press enter. Your program should now look like:thi

start

Eﬁnt EGhiE goodbye

The terminal should now displagoodbye . To printhello world beforegoodbye drag
anotherprint string block BETWEEN thestart and the existingrint string blocks. (Drag the
print string block from theterminal section of the library to the bottom of tsart block, release
the mouse button when you see a blue hint.) Yoagram should look like this:



Run your program- we're almost there! We just nédnsert a new line betwedrello
world andgoodbye- like this

Er%nt string

Er%nt string

When you're finished with your program, press tBavebutton. Name your fileHello

Eint string
next line

Er%nt string

World and hit the save button. To open your file infitere, press th®penbutton, select the

Hello World  file, and press th®penbutton.

Additional things to try:
- If you make a mistake, click tHeéndo button to go back one action at a time. ClickReelo
button to go forwards.
Click theNewcommand button to add a “New” worksheet.
Close a worksheet with the “x” next to it's name.
Click theHelp command button to read the help manual.
If you don’t want to use a block anymore, dragatkto the library.

Directories:

At installation, 12Blocks will create B2Blocks subdirectory in youMy Documents folder.
You should save files there to ensure the requireldide files are found. If you wish to sa
files to a different directory, make sure to coples from theMyDocuments/12Blocks

folder to the folder you intend to use.




Program #2: Use multiple processors to blink lights

Sample Programs:
Instead of assembling this program, you can lo&aih your tutorial directory. ClickOpenand
make sure you're looking in thieutorialsfolder. This program is callddhts.12b

In this program you’ll use three of the Propellé’sogs (Parallax’s name for processor) to blink
lights with different techniques. The simplest wayo use the toggle block with a wait block
which sets the frequency- like this:

blink an led with the "toggle” block

repeat

F?éit 1000

This program includes some new blocks:

- The white block is @omment block that we can use to document our programst click
on its text to edit it.
The repeat block has two attach points, one abétg®m and one indented in it's inner part.
Therepeatblock is one of sever&bop blocks that will run the inner blocks a set numbkr
times before continuing. The simpkgpeatblock will loop forever.
Thewait block will wait a specified amount of time- givenmilliseconds, so this block will
wait for 1 second.
The toggle block is from the “pins” section of the libraryBlocks in that section directly
manipulate one or more of the 32 pins of the PtepelYou can attach things like lights,
switches, sensors and motors to those pins. lcase, we're toggling pin #18, which on the
Demo Board is connected to an LED- a thing thattigup when it's turned on. So, the
toggleblock will turn the LEDon if it was off, or off when it waon.

So, this program will continually wait 1 second dhedn toggle the LED- making it blink.

Press th&uncommand button to see for yourself!




Blinking one light is easy, now blink another ori@rag anothestart block to the worksheet and
assemble your program so it looks like this:

blink an led with the "toggle” block | | blink an led with the "output frequency" block

|:|'::_L]tput frequencym on pin ﬁ

Instead of usingvait andtoggleto blink the LED, we're using theutput frequencylock. This
let’'s us easily output any frequency up to tenbMefiahertz on a pin. By using two start blocks,
we’re using two “cogs” and running our program argdlel. This is a very powerful technique
that makes the Propeller ideal for creating powerfagrams- and 12Blocks makes it very easy
to use.

Press th&kunbutton to see the two LED’s blink.

Now that your program is running, change the fregydrom11 to 5 by clicking on the yellow
parameter field, typing 5 and pressing enter. Waun't need to stop and recompile, 12Blocks
let's you make changes to parameters with numbére wour program is running! You should
see the LED blink more slowly. Now, change thefiency to1000, a speed that’s too fast for
your eyes to see. The LED will appear to be orthaltime, so we need a tool to make sure the
LED is actually blinking. Press the “View Pins”tban and you should see this view:
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Finally add a start block and blink a third LED kipulse width modulation. Assemble your
program so it looks like this:

blink an led with the "toggle” block blink an led with the "output frequency” block

|:;:J_L]tput frequencym on pin ﬁ

IID_I.]T.pI.JT. pwmﬂ on pin ﬂ
wait

Notice that we're using a differefdop- one that let's us specify\ariable and counts from a
start to astopvalue with a giverstep In our case, the loop will countfrom 1 to 255 in steps
of 1 and then repeat.

Also notice theoutput pwmblock. This very quickly toggles it's pin- butagson for different
amounts of time. When s 1, it will only turn on for a very short time, whiahakes the LED
appear to beff. Whenn is 255 it will turn on for a very long time, making ippearon. At

128 the LED will beon as long as it'®ff- so it will appear “dim”.

The wait block determines the frequency of the blinkings @nfigured, it will do one cycle in
255 steps*10ms/step=2.55seconds.

Run this program and you should see pin 16 replyagetting brighter.

While the program is running, change the startesdfom al to 100. This will brighten the
LED fromdimtoon. Finally change thetopvalue from255 to 0. This will gradually darken
the LED fromdim to off.



Program #3: Sounds

Connecting speakers/microphone to a Propeller:
The Demo Board includes a built-in microphone arsbeket for headphone speakers. Refe
your Propeller documentation to build the simplewis if you're using different hardware.

It's easy and fun to create sounds with the Prepalhd 12Blocks. This program
(sounds.12b in yourTutorial folder) demonstrates some blocks fromaheio section of the
library:

plavs tones, speech and wav files through speakers.

set tone volume tua

[':ﬁ;i]r tune for #/l msecs
[':ﬁ;i]r tonefsil for #&V msecs

set tone volume toﬂ

[';ﬁéi]r tone Xl for & msecs

's_ﬁ':eech parameters ﬂ m a

set speech volume tnm

S5 monstr
speak e
f:ﬁhy filem at volume a

Here’s what this program does:

- It starts with onestart block and a&comment
It uses aepeatblock to continually run blocks from tleidio section of the library
Thetone volumas set to 8 and two tones are played for 500 msack. A tone of 440hertz
is calledConcert Aon the piano it's the first A to the right of MiadlC. Playing a tone at
twice that frequency makes it an octave higher.
Thetone volumas then set to 7 and another lower note is played.
Thespeech parametdaiock configures how quickly and with what quaktieords are
spoken by the Propeller. Thpeech volumbklock changes the volume.
Thespeakblocks cause the Propeller to speak words. @lickhe parameter to change the
word.
Finally, a WAV file is played.

Additional things to try:
Click Save Ago save the file with a new name
Click More..and then seled®rint to print your code.
Click More..and then seled®eport Bugo report a bug.
Use othetrAudioblocks to record and play back sound



Program #4: Graphics

Connecting your Monitor/TV to a Propeller:
The Demo Board includes a VGA connector for usd wiibbst computer monitors as well as a
composite socket to connect to most TV’'s. Refeydor Propeller documentation to build the
simple resistor circuit if you're using differergutdware.

12Blocks supports graphics and text output to BEBA and TV monitors. Click thé/ore..
button and select which device you want to use.

You've seen how easy it is to assemble some audek®to play music with the Propeller, now
give graphics a try! Assemble this program from tihocks in the library’graphicssection (or
loadgraphics.12b  in yourTutorial folder)

draws text, vectors and sprites to a monitor
use the "more.." button to choose either tv or vga output

use this excel client to monitor the "n" variable

Ebeatﬂ from { n]tc: step m

clear screen

Eﬁnt stn'ng to a a}
draw vectar to ( E ﬁ} rotated ﬂ scaled n
draw spn’te to _, ﬁ} rotated ﬂ
fill triangle: {a, m}—{ a @H a ﬂ}

update screen

Run your program and you should see text, a vestlr a crosshair sprite, a triangle on your
screen. The items will move and change in sizereld what the program does:
The program usesstart block
Thecommenblocks tells us a bit about the program
The redsetblock sets the global variabteto a value ofl. Global variables are defined just
by using them. Later we’ll see how to change viaisable from other programs like Excel.
The outerepeatblock continually runs the inneepeat.
The innerepeatcauses variable to count froml to 255 with stepm. Variables have names
that start with letters and can store integer \sliike -1, 10, or 2,000,0000 use a variable,
just type its name into the parameter field of@ck) or use it in an expression.
Finally we get to the real meat of our programhvtocks from thegraphicssection of the
library. At the start of each cycledlears the screen
Thenhello worldis printed at positio(5,5)



A vector namedstar is drawn to (33,33) and scaled by See below to learn what a vector
drawing is and how to edit one. The scale facteams that the drawing will get larger as n
increases.

A sprite namecrosshairis drawn to(n/10-20,-15) The expression/10-20first dividesn

by 10 and then subtracts 20, so,nagets larger, the sprite will slowly move furtherttee
right. See below to learn what a sprite is and tmedit one.

A filled triangle is drawn at specified vertices.

Finally, the progranupdates the screenith the new graphics- without block, you wouldn’t
see your graphics, so don't forget about this dlock

Drawing with Sprites
Sprites are like stickers, they can contain intdcdrawing in multiple colors and are easily

placed where you want them. You edit a sprite Iipking on the parameter of trdraw sprite
block- this brings up the sprite editing tool:

Edit Sprite Picture

Your sprite’s file: crosshair Height: |7

0 .
Ellllll Click to look Change the
[ ]
— for existing sprite’s size here
= /\ sprite files.
[

Click to paint a pixe
with the selected
color. | ok || Cancel

Drawing with Vectors
Vectors are like “connect the dot drawings”, liree drawn between points which you can edit
with the vector editing tool. Click on the paraeretdf thedraw vectorblock to start the tool:

Edit Vector Drawing

Click here look for existing

Your vector's file;  |star vector files.

Edit your vector dmwi.n-_g. b;:llcklrbg on.th-e image
[ Clear ]

[ Remove last point J

J Click here to add points to
——_ drawto. The red dot
indicates the last point
entered.

[] Move without drawing

0K || Cancel |




If you've made changes to parameters like a textgstan expressions, a sprite or a vector,
you’ll need to clickRunto load the modified program to the Propeller te geur changes. If
just changed a parameter from one number to angth€l see the change right away- like
moving an object or rotating it.

This program has two variables nanmeéndm. The variablem defines the step size with which
nincreases- it’s set to 1 initially, which meansounts like this: 1,2,3,...

If we setm to 2,n will count by 2’s- and so the animation will go t®ias fast. You've seen
how to make changes to the program running on tbpdier from within 12Blocks, now you'll
make changes to a program running on the Propadieg Microsoft Excel. The last comment
links to aexcel client click it to open the excel spreadsheet on younmater. The spreadsheet
uses macros so you'll need to enable them whengeain It looks like this:

Click here to start a
connection with the

program running on th
Propeller

Once you click on the “Start Connection” buttortle spreadsheet, you'll see c8R4 change-
it continuously shows the current value of the afalen from your program. Ceb22is linked
to variablem, when you change this @, the graphic animation will go twice as fast. Rdae

rest of the spreadsheet to learn how to control roditor global variables in your Propeller
programs with 12Blocks.

Integrating with other languages/applications:
To learn how to integrate with other applicatiomsd danguages like C#, VB.NET, Pythgn,
Delphi and Matlab, visit our integration websitétp://12blocks/integrate.php




Program #5: Controlling servos with Mouse and Keybo ard

Connecting servos, mouse and keyboard to a Propatie
The Demo Board includes sockets for a PS/2 Mousk Kayboard. Refer to your Propeller
documentation to build the simple circuits if yar'using different hardware. To connect a
hobby servo to your Propeller, first plug the seinto a breadboard. Then, use wires to connhect
the servo’s black wire to ground, labeled VSS. 1@ the servo’s red wire to 5V. And connect
the servo’s white wire to one of the Propellersivith a 1000hm resistor.

Time to build a simple robot- or at least figuré baw to control hobby servos with a mouse and
a keyboard. Here’s the program (frdmtorials/robot.12b)

To use it, confirm you’ve connected a mouse andb&axd to your Propeller and servos on pins
0, 1 and 2. When you run the program two motoosihfollow the (x,y) position of your
mouse, while the mouse’s scroll wheel controlsthinel. Pressing thepacekey on your
keyboard should temporarily bring the servos tartbenter position.

Let's see what the program does:
- It uses Xtartblocks.
The lower one will only run when ttepacekey on the keyboard is pressed. It handles an
event- other even handlers are available to détdet mouse button has been clicked, if a
character has been typed into the terminal, or veheressage has been sent- more about that
later. This handler just sets the mouse positob t
The uppesstart block starts with a comment and then continualbpk.
Anotherrepeatblock loops 1000 times to control the servos leetgrdating the terminal
screen.
It sets the global variabbeto mousexa result block which returns the horizontal locatod
the mouse Notice that most blocks can be dragged into thieweabarameter region of
another block. The only blocks that can’t be paatars are blocks like “repeat” and “start”-
that wouldn’t make sense. Some blocks, tik@usexcan only by placed into a parameter
region- that’s why it doesn’t have any tabs.
Thego block from the blacknotionlibrary section allows you to control tispeedandturn
rate of a robot driven by two continuous rotatiohats with one command. There are also



blocks to make your robot dorwards, backwardsandturn. We pass it two parameters, the
block mouseyand the variablg. This allows you to control the robot by moving theuse
up/down to control it's speed and left/right to tohit’s direction.

Theset servblock sets the position of a servo given it's pumber and target position
given in percentage- 0..100%. Our expression coesbihenousedlock with a formula.
After therepeatblock loops 1000 times, the terminal screen iareld and the value of

variablex is printed to the terminal.

When you run the program you can click tiew Terminabutton to see the value vthange
as you move the mouse. 12Blocks also let’s yow ¥iee value of all global variables and graph

them over time using théiew Valuesutton.

This area shows us a list of all globd
variables. If you wish to plot a
variable, click the circle- it's color
shows you which graph trace
corresponds to which variable.
The number in th&dit column
indicate the current value of the
variable. Click and change it if you
want to!

|

Use the Timescale dial to determing
the length of time you wish to look
at. The current setting of 1s/div is
good for looking at our signal which
changes very slowly.

/\

This graph shows the values of on
more variables over time. You can
drag the trace up and down to moveg
it, or left/right to go forwards or
backwards in time. Click to the left
of the graph to set a trigger.




Sharing your Program

12Blocks makes it easy to share your creation thighworld. Thdnfo button let’s you view
and change information about your program. Youattach images to your program and edit
schematics for your circuits.

Add general information like a description and nasut a
schematic, or attach photos and other images.

L

T

Click theSharebutton to upload the engi project to thi
searchable online datababép://12blocks.com/howto

Additional things to try:
Click More..and then seled¢toad to EEPROMo load the program into the Propeller's
EEPROM. This lets you use your robot away fromry@®G. Your program will restart
running at the beginning whenever the Propellegset.
Click More.. and then seledCopy Code to Clipboardb copy an image of the code to the
clipboard.
Click More.. and then seledCopy View to Clipboardo copy an image of the view to the
clipboard.



Program #6: Calculating Fibonacci Numbers with Func tions

You might have heard about the Fibonacci sequeno®vies
like “The DaVinci Code”. Let’s calculate some bktnumbers
with 12Blocks!

Here are the first numbers in this sequence- natigattern?
0,1,1,2,3,5,8,13...

The first two numbers are 0 and 1, and after tmafibonacci number is the sum of two
preceding fibonacci numbers. Mathematically, we dafine that like this:

Fib(0)=0

Fib(1)=1

Fib(x)=Fib(x-1)+Fib(x-2)

To calculate this with 12Blocks, we need to explkhefunctionspart of the library.
This section initially only contains two blocks.

When you drag theyfunction starblock to the worksheet, you should replace the
myfunction  parameter with a name of your function. You cao akplace the argument
parameter with a comma separated list and namelgoalrvariables. This will create a new
block in thefunctionssection of the library- which you can use to gallir new function:

Use this block to call the fibonacci(x)
function. For example, fibonacci(1) should
return 1.




Now that you know how to create functions and howall them, you should be able to create
this program Tutorials/fibonacci.12h)

Besides using a function, this program also uses #iseblock. This block has two internal
attach tabslf theconditionis true, in our case==0 or x==1  then the first part is used and
we setr to x. Elsewe setr to the sum ofibonacci(x-1)and fibonacci-2).

Finally, our function returns the local value of#b variabler.

This program uses the terminal to prompt you forcWliibonacci number you wish to calculate.
It then calls the fibonacci function which retunight away if x was set to 0 or 1. Otherwise it
will call the fibonacci function for (x-1) and (X}2 This is calledecursion

Recursion is sometimes the most straightforward efggrogramming functions, but it's often
not very efficient and doesn’t work well for largambers- we’ll fix that with the next program.



Program #7: Calculating Fibonacci Numbers with an A rray

Now that you know how to calculate Fibonacci nursbeith a recursive function, try a different
way of calculating the sequence. Instead of catmg the sequence when prompted, store the
sequence in the Propeller's memory.

You already know about variables which are usestdce the value of a single element. Arrays
can store multiple elements- ideal for storinggusace of Fibonacci numbers. Once we've
stored the Fibonacci numbers in the array, retig#henth Fibonacci is as easy as using gleé¢
itemblock from thearray group of thevarssection of the library.

The first part of the following progranT (torials/fib array.12p creates the Fibonacci sequence
and then prompts the user and displays the item the array.

The second part calculates the sequence by fitgigéhe first two entries of the array and then
looping from the second item to thk#h to set them. It sets timth element by summing the 1
and then-2thelements.




Thevarssection of the library contains three groups otks, one foWariablesanother for
Array. There are blocks teet, change, get, and edain array or variable item.

TheEdit Array tool shows all global arrays with their sizes anchments. You can add
additional arrays here or remove them.



Program #8: Broadcasting Messages

You've seen how to handle mouse, keyboard and teinevents by using the appropriatken
startblocks. For example, this program will pritello World ~ when the mouse is clicked:

In addition to handling mouse, keyboard and teringvents, 12Blocks also let's ydwoadcast
messageand handle them inwahen receivéblock. This program will wait 2 seconds and then
broadcast a message calfedndand immediately continue to the next block wherie written

to the terminal Thefound messagstarts a new cog and causedio world to be printed.

The result of this program is:

+hello world

In this case, the message was processed asyncBhpnolou can use thbroadcast and wait
block to do things synchronously- meaning one dfterother. What do you think this program
will do?

That's right, itwaitsfor 2 seconds and thémoadcastshefoundmessage which will be handled
and print outhello world. When the handler is finished, the next block wiihpa +, so
the output of this program is:

hello world+

Additional things to try:

- Click the Add Blockbutton to start a wizard to add a block to yohrdry. This let's you add
additional functionality to 12Blocks.
Click More..and selecView Codeo view the spin code for your program in the Baxa
Propeller Tool.
Click More.. and selecHardware click to select from different hardware targeis.target
file specifies the clock rate, pin layout, and exgrece level.
Investigate theTutorials/Events.12b” program.



Program #9: Serial Communication

The following progran{Tutorial/Serial.12b)uses the serial communication blocks frompimes
section of the library to send information from @ to another. The top stack tells 12Blocks
to quickly sample the 10 pins, this let’s us vidwe resulting RS232 signal with the built-in logic
analyzer at high speeds. The inner repeat loogisseme byte of data and then waits 500mSecs.
Both the baud rate and mode are configurable. oAevof 1 will leave the pin high by default.

The bottom stack runs in another cog. It firshizia friendly greeting to 12Blocks’ terminal and
then continually prints incoming data.



Program #10: State Machines

A state machine is a model of behavior with statetransitions between states. For example,
a door has two states- open and closed. It aséwtransitions- opening and closing. State
machines can make it easier to program sophistidabavior by letting you focus on what
happens in one state at a time.

12Blocks includes 3 blocks to make state machiasyg ® use:
“when in state’'Use this block as a start block to carry out adtithrat should be performed
when the state machine is in a specified state.
“set state to”:Use this block to transition to a new state spedify the parameter.
“run state machine”Use this block to run one cycle of the state mazhifhe variable
which you pass to this block is used to keep tddke state machine’s state. By using
multiple “run” blocks, each with their own variable, you can paogmultiple state
machines.

The following progran{Tutorials/StateMachine.12ll)ustrates a simple state machine.



