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Chapter 1. Introduction

This documentation contains informations about the Lego Mindstorms NXT URBI engine.
The first two chapters provide a short tutorial for using URBI to control the TriBot robot.

The remainder of the documentation contains an exhautive reference for the Lego MindstormsNXT URBI
engine devices.




Chapter 2. Launching URBI for
Mindstorms NXT

First you should build the tribot model from the Lego Mindstorms NXT basic model.
Then install the NXT driver you can find on the official NXT CD to your PC.

Synchronize your robot with your computer if you want to control your NXT by bluetooth, or make it
recognized by your computer if you want to control it by USB.

Attention: in case you want to use bluetooth make sure you use bluetooth as recommended on the LEGO
NXT website [http://mindstorms.lego.com/Overview/Bluetooth.aspx]. This is a known issue in LEGO
fantom library (low COMx number allowed only). If you don't use this bluetooth driver, the Urbi engine
for mindstorm NXT will not work.

Toinstall the URBI engine for Mindstorms NXT, run the installer and follow instructions.

Then launch the URBI server (trough the start menu) which will interpret your commands and control
the robot accordingly.

Finally, launch a program to be able to send commands to and receive information from the URBI server.
Different programs may be used for that, for example you will find URBI _Consol e in the gostai menu.

Then click onthe Connect to LEGO M ndst or ns NXT button of the URBI_Console.

You are now ready to start programming with URBI in the URBI_Console. Y ou can try to lauch single
commands through the command line at the bottom of the interface or load files using the specific button.
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Chapter 3. First steps with URBI to
control Mindstorms NXT

This section isa short tutorial for using URBI with the Lego TriBot model with the default configuration
provided with the URBI server. Users familiar with URBI should look directly to the next section for an
extensive list of the available devices.

Make basic movements

We will first move the wheels of the robot.

In URBI, al the motor's speed and the sensor's value in a robot are associated with variables. Y ou can set
the motor's speed or get the sensor'sval ue by assigning or reading the values of the corresponding variables.

In the default server layout for the TriBot model, the left wheel is assigned to variable wheel L and the
right wheel isassigned towheel R ! Thevalues of these variables control the corresponding wheel speed.
First put the TriBot upside-down to avoid any accident, then you can move the |eft wheel just doing:

wheel L. speed = 50;

Don't omit the semicolon at the end of the line, or the command will not be executed. Y ou can also move
the right wheel (a negative value is a move backward) :

wheel R speed = -50;

A group is also defined so that you can give orders to several motors at the same time. In our case, the
group wheel s contains both robot wheels. Settingwheel s to avauewill set both wheelsto thisvalue:

wheel s. speed = O;
will stop both wheels.

The third motor of the TriBot is associated with the ¢l aw variable.

Improving the movements

The commands given so far simply set a speed to the wheels, but you can use URBI to make precise
seguences of movements. It isfor example possible to set a speed for a given time, then stop.

To achieve that, URBI provides a command to wait for agiventime: wai t (dur ati on) . And you can
make sequences of commands separated with semicolon that will be executed one after another. So the
following line:

wheel s. speed = 50; wait(10s); wheel s.speed = O;
will make the robot to go forward during 10 seconds then stop.

It is also possible with URBI to control the way the values will change. In the previous examples, the
motor speed goes from 0 to 50 as fast as possible. Y ou can use a modifier to the variable assignation to
control the way the variable value will change. For example, if you want to reach avalue in agiven time,
usetheti me: modifier :

1Tobe precise, sensors and motors are associated with objects. The left motor is associated with the wheel L object and the left motor speed is
associated with thewheel L. speed attribute of this object.
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wheel s. speed = 50 tinme: 3s; wheel s.speed = 0 tine: 3s;

Using this code, the robot will accelerate to reach the speed of 50 after 3 seconds, then slow down to stop
after another 3 seconds.

Other modifiers are available in URBI, they are described in the URBI tutorial available at http://
www.gostai.com/doc.php.

Reading sensors

In al the previous steps the commands don't take the environment into account. To do that, you need to
get the sensor values. In URBI, you just have to type the associated variable name. For example when

you type:
sonar . val ;

The server returns a message with the ultrasonic sensor value :

[146711: notag] 48. 000000

Inthismessage, 146711 isthetime (from the server clock) at which thevaluewasread, not ag isthetag
of the command, which will be described in the next section. 48. 00000 is the value of the sonar sensor,
in this case the distance to the obstacle in front of it.

Y ou also need away to react to the sensor values. In URBI, thisisachieved using event catching commands.
These commands check some condition and launch other commands when these conditions are verified.
For example the following command :

at (sonar.val < 50) wheels.speed = 0;

will stop the robot if an obstacle is detected at less than 50 centimeters. Note that this command remains
active in the server. If you move the robot and set aforward speed :

wheel s. speed = 50;
the robot will stop again when another obstacle is encountered.

The other sensors available for the TriBot are the sound sensor deci bel , the bumper sensor bunper
and the light sensor | i ght . The following command :

at (bunper.val == 1) wheel s.speed = -50;

will make the robot go backward if something hits the bumper.

Notethat theat command reacts only when the condition becomes true. If you want to loop the execution
of an action whenever the condition is true, use the whenever command (see an example in the section
called “Playing sounds’ ).

Tagging commands

The at commands you entered before are still active in the server. Y ou need a way to stop them if you
want to do something else. The tagging mechanism will enable you to do that.
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A tag in a name associated to a command. To tag a command with the name myt ag, simply prefix the
command. For example :

nytag: at (decibel.val > 0.7) wheels.speed = 0;
will launch the event catching command using the decibel sensor with tag nyt ag.
Later you will be able to stop that command :
stop myt ag;
will stop the previous command and the robot will not react to sound anymore.
The default tag when you don't specify oneisnot ag. Therefore :
stop not ag;
will stop all the commands you type since the beginning of this tutorial.
It if also possible to freeze temporarily a command :
freeze nytag;
will stop the commands tagged with nyt ag, but it will not be deleted, and
unfreeze nytag;

will resume the command.

Playing sounds

The Lego Mindstorms NXT is able to play sounds. The object beeper is associated with this capacity.
However, you can't just assign avalue to the variable beeper , because playing a sound requires several
parameters. Y ou therefore have to call a method of the beeper object :

beeper. pl ay(200, 3s);
Thiswill play abeep at 200Hz during 3 seconds (beep's frequency must be between 200Hz and 14000Hz).

The parameters of the method may also be the result of operations, or depend on other variables. For
example, it is possible to play a sound which frequency depends on the obstacle distance :

nyt ag: whenever (sonar.val < 100) beeper. pl ay(200+6*sonar, 3ns);

This plays beeps with alower frequency as the obstacle comes closer (under 1 meter).

Cyclic moves

We now introduce a modifier in URBI that makes it possible to do cyclic moves of sinusoidal shape.
This modifier has the particularity to make the assignation never terminate. To be able to enter new
commands after thismodifier isused, you need to put thiscommand in background so that the URBI server
continues processing new commands. Thisis achieved by terminating the command with acommainstead
asemicolon. More detail s about these command separatorswill be given inthe section called “ Parallelism”

Thesi nus modifier can be used thisway :

nyt ag: wheel s. speed = 0 sin:10s anpli: 100,
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This command will make the speed of the whedls oscillate around 0, between -100 et 100 with a period
of 10s. Use atag to be able to stop the command. To make the speed change from 0 to 100 with a period
of 3 seconds, use the command:

tag2: wheel s. speed = 50 sin:3s anpli: 50,

Parallelism

URBI handles command paralelism in a very simple way. Parallelism is enforced through various
command separators :

e Asusual in programming languages, two commands separated by a semicolon ;" will be executed
one after the other :

wheel s. speed = 100; wait(2s); wheels.speed = 0;
will turn the wheels, wait 2 seconds and then stop.
* In URBI, two commands separated by "&" will be executed in parallel and will start exactly at the
sametime:
wheel L. speed = 50 & wheel R speed = -50;
will move at the sametimethe left wheel forward and the right wheel backward (so the robot will turn).

» Thecomma"," makesthe first action to go in background and starts the next one as soon as possible,
without enforcing a simultaneous start of the two commands :

wheel L. speed = 50 tine:10s, wheel R speed = -40 tine: 10s,

will not wait that wheelLL grows to 50 to make wheelR decrease to -40, but will not enforce that the
commands terminate at the same time, which would be the case with the "&" separator.

This explain why the comma was necessary in the previous section. If we finish a command that last
forever with a semicolon, the server will wait forever before starting a new command. If you happen to
make this mistake, it is still possible to open a new connection to the URBI server using another client
and using thest op t ag; command.

Hereis an example where we use parallelism to move the tribot awkwardly while playing sounds :

wheel R speed = 0 sin:3s anpli:50 &
wheel L. speed = 0 sin:4s anpli:30 &
beeper. pl ay(200, 3s),

Parallelism handling is a key feature of URBI, which hasin fact four command separators. See the URBI
tutorial available at http://www.gostai.com/doc.php for more information.

Using functions

Asin most programming language, it is possible to write functions in URBI. The functions are useful for
making more complex programs where the same commands are used several times.
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The following example defines a function which moves the robot for a given time at a given speed :

function gl obal.forward(speed,tiner)

{

wheel s. speed = speed;
wait(tinmer);
wheel s. speed = 0O;

}

Once defined, this function can be called smply :

gl obal . f or war d( 100, 3000) ;

More details about functions, objects and variables in URBI are available in the URBI tutoria (http:/
www.gostai.com/doc.php).

Loading files

When making larger URBI programs, it is easier to save them in files and to command the server to load
thefiles.

The files are simple text files in which you write URBI commands. These files should be saved in the
dat a/ subdirectory of your sever directory. Thefiles should usethe. u extension which isthe extension
used for URBI script files.

An example denp. u is provided with the server. To make the URBI server to execute this script, type
the URBI command :

| oad("deno. u");

Conclusion

Thischapter hashighlighted the main features of URBI with the Mindstorms Tribot robot. The next chapter
details al the devices available for the TriBot in the default layout. For more details about the URBI
langage, please refer to the URBI tutorial available at http://www.gostai.com/doc.php
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Chapter 4. Default layout reference

Introduction

This chapter describesthe objectsdefinedinthe Tr i Bot . i ni layout shipped with the URBI mindstorms
NXT server.

Motors

Three motors are defined, wheel L, wheel Rand cl aw.

A group, wheel s, isdefined to group wheel L and wheel R:
wheel s. speed = 10;

isequivalent to
wheel L. speed = 10 & wheel R speed = 10;

The attribute . speed alows you to set the current speed of the motor. This value is set between -100
and 100.

Motor position (in degrees) can be accessed using the . val attribute. This attribute is set to 0 when you
turn the robot on. We have added a PID control, so you can set a position :

claw. val = 360 ;

requests a full rotation of the cl aw motor. The PID parameters cl aw. PGai n, cl aw. | Gai n,
cl aw. DGai nandcl aw. Pr eci si on can be set to change the PID behavior.

Sensors

Sensors are grouped in the sensor s group and al hardware devices (sensors + notors +
battery + beeper) aregroupedinthehar dwar e group.

Bumper

The switch devicein front of the robot iscalled bunper . Itsvalueis 1 if it is pressed, 0 otherwise.

Sonar

The ultrasonic sensor is called sonar .

Itsvalueisthe distance measured by the sensor in centimeters between 0 and 255. When the read operation
fails, 255 is returned.

Decibel

The sound sensor iscalled deci bel .

Its value relates the level of ambient sound. It is between 0 and 1.
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Two different modes can be used by changing the . node attributeto " DB" or " DBA" .
» "DBA" isamode measuring only frequencies between 200 and 14000Hz.
* " DB" measures awider band.
Default valueis" DBA" .
Light
Thelight sensoriscalled | i ght .
The value returned is between 0 an 1 representing the amount of light measured.
Three different modes are available by changing the . node attribute.
 "Refl ect or" meansthe sensor lights on its led and measures the light reflected.
« "Anbi ant" lights off the led and measures the ambiant light.

* "Normal " lights off the led too and return the raw value measured.

Default valueis" Ref | ect or ™.

Battery

The battery deviceiscaled bat t ery.

Its value is the current battery level between 0 and 1, 1isfull charge.

Beeper

The beeper deviceiscalled beeper .
Y ou can request the beeper to play a sound using the play method :
pl ay(frequency, tine);

frequency is an integer between 200 and 14000, which is the frequency of the sound. t i me is an
integer, which is the duration of the sound in milliseconds. A duration of O isinfinite.

The command returns immediatly. If you want to wait until the end of the beep, use:

{ beeper. play(nyFrequency, nyDuration) & wait(nmyDuration) },

Command

The Command UObject is not adevice. It makesit possible to send direct commands as you do with the
NXT SDK. You will find more informations on http://mindstorms.lego.com/Overview/NX Treme.asp

This object has methods to send and receive datato the NXT :
Conmand. send( myBuf f) ;

where :
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e nyBuf f isavalid command buffer (list of integers between 0 and 255).
For example :
Conmand. send([ 3, 10, 10, 0, 0]);
will play abeep.
answer = Command. r equest (nyBuff, size) ;
where:
e nyBuf f isavalid command buffer (requiering an answer)
» si ze isthesize of the return buffer (it must be the exact size)
* answer isalist containing the values of the return buffer ([ ] is returned when the request failed)

This command is designed for expert users. Using it is not recommanded if you don't know what you are
doing and might result in server crashes.

Hereisan example:
answer = Command. request([7,0], 15);

that returns the informations on input port 1.

10



Chapter 5. How to make its own layout

Introduction

Inthischapter, the method to build acustom layout for adifferent robot isexplained. A good understanding
of the objects in URBI in useful and the reading of the URBI tutorial is advised (available at http://
www.gostai.com/doc.php).

There are three kind of devices provided by the Mindstorms NXT server : motors, sensors and
other devices. There is one type of motor called Ser vo. There is four types of sensors. Swi t ch,
SoundSensor, U traSoni cSensorand LightSensor. Two other devices are available:
Battery andBeeper. A completedescription of these devicesisavailablein Appendix A, Available
UObject Devices

Writing alayout entails instancing particular objects from the devices above.

Instancing Motors

The Ser vo init constructor has the following syntax:
nmySer voObj ect = new Servo(nyPort);

where nyPort is either "A", "B" or "C". The created object makes it possible to control the motor
connected to the port in parameter.

Asan example, inthecurrent Tr i Bot . i ni , three Ser vo objects are created :
wheel L = new Servo("C");
wheel R = new Servo("A");
claw = new Servo("B");

The whedl left ison port C, the whedl right on A and the claw is on port B.

A PID control is provided with this engine in order to be able to control a motor position. You can set
your own PID parameters.

nmy Ser voQbj ect . PGai n = 0.01;
nmyServoObj ect. 1 Gain = 0.01;
nmy Ser voQbj ect . DGai n = 0.01;
nmySer voQbj ect . Preci sion = 0. 01;

Changing these parameters will change the PID behaviour. The PID control is then launched by changing
theval attribute:

nyServoQbj ect.val = nyServoOhject.val + 360;
Which means that the servo position will go forward of 360 degrees.

The PID control will stop when the precision you asked is reached, if you want to enable the control
forever, just set the precision to 0.

11
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Instancing sensors

To create aSwi t ch object, the syntax isthe following :

mySwi t chObj ect = new Switch(nyPort);

wheremyPort canbel, 2, 3or 4.

InTri bot . i ni theswitchisused asabumper plugged on the port 4 so the instancing is:
bunper = new Switch(4);

U t raSoni cSensor objects are created the same way:

nyUSSOhj ect = new U traSoni cSensor (myPort);
myPort canbel, 2, 3or 4.
InTri Bot . i ni anultrasonic sensor is connected on port 2:
sonar = new U traSoni cSensor (2);

The SoundSensor object has an additional parameter:

nmySoundObj ect = new SoundSensor (myPort, myNode);

nmyPort canbel, 2, 3or 4. myMode sets the mode of the sensor. It can be " DB" or " DBA" , meaning
"decibel" or "decibel adjusted” (the last one records sounds in the frequency range 200-14000Hz).

InTri Bot . i ni,thesound sensor ison port 1 using decibel adjusted:
deci bel = new SoundSensor (1, "DBA");

Li ght Sensor also hastwo parameters :

nyLi ght Obj ect = new Li ght Sensor (nmyPort, myMode);

nmyPort canbe 1, 2, 3 or 4. myMode sets the sensor mode and it can be " Anbi ant " (so the sensor
measures the ambiant light), " Ref | ect or " (the sensor lights on itsled and measures the reflected light)
and " Nor mal " (the sensor returnsits raw value).

InTri Bot . ini,thelight sensor isin reflector mode on port 1 :

light = new LightSensor(3,"Reflector");

Other devices

TheBat t er y device makesit possible to get the current battery level.
nyBattery = new Battery();

InTriBot.ini:

12
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battery = new Battery();

The Beeper device makesit possible to emit customized beeps from the NXT speaker.
nyBeeper = new Beeper();

InTri Bot.ini :

beeper = new Beeper();

13



Appendix A. Available UObject Devices

This appendix exhautively describes the UObjects availables in the Lego Mindstorm NXT URBI server.

Servo

Servo describes amotor. A Servo instance contains the following attributes:

Table A.1l. Servo'sattributes;

Name Description

va Motor's position. Read only.

speed Motor's speed, from -100 to 100.

PGain Proportional gain for the PID control.

IGain Integral gain for the PID control.

DGain Derivative gain for the PID control.

Precision Precision requiered for the PID control.

port The port where the servo is plugged. It can be "A",

"B" or "C". You can change the value while the
server is running. Beware, if you change the port,
that will free the old port (so you will be able to
create another device on it) and will busy the new
one (so you won't be able to create another device

on it).
init(port_) The UObject constructor.
port_ is a port name. (See previous attribute
port).
Example:
wheel = new Servo("A");

UltraSonicSensor

UltraSoni cSensor describes a sonar sensor. A UltraSonicSensor instance contains the following attributes:

14



Available UObject Devices

Table A.2. UltraSonic Sensor's attributes:

Name

Description

val

Distancein cm (from 0 to 255).

port

The port where the servo is plugged. It can be 1, 2,
3 or 4. You can change the value while the server
is running. Beware, if you change the port, that
will free the old port (so you will be able to create
another device on it) and will busy the new one (so
you won't be able to create another device on it).

init(port_)

The UODbject constructor.

port_ is a port name. (See previous attribute
port).

Example:

sonar = new U traSoni cSensor(1);

SoundSensor

SoundSensor describes a sound sensor. A SoundSensor instance contains the following attributes:

Table A.3. Sound sensor's attributes:

Name Description

va The sound level measured (from O to 1).

mode "DB" is decibel or "DBA" is decibel audible
(measures only in the audible frequencies range).

port The port where the servo is plugged. It can be 1, 2,

3 or 4. You can change the value while the server
is running. Beware, if you change the port, that
will free the old port (so you will be able to create
another device on it) and will busy the new one (so
you won't be able to create another device on it).

init(port_, mode )

The UObject constructor.

port _ is a port name. (See previous attribute
port).

node_ is a mode name. (See previous attribute
node).

Example:

deci bel = new SoundSensor (1, "DB");

LightSensor

LightSensor describes alight sensor. A LightSensor instance contains the following attributes:

15
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Table A.4. Light sensor'sattributes:

Name Description

va The light level measured (from O to 1).

mode "Ambiant" measures the ambiant light.
"Reflector" lights on a led and measures the
reflection.
"Normal" returns the raw value

port The port where the servo is plugged. It can be 1, 2,

3 or 4. You can change the value while the server
is running. Beware, if you change the port, that
will free the old port (so you will be able to create
another device on it) and will busy the new one (so
you won't be able to create another device on it).

init(port_, mode_ )

The UObject constructor.

port _ is a port name. (See previous attribute
port).

node_ is a mode name. (See previous attribute
node).

Example:

light = new LightSensor (1, "Anbiant

Switch

Switch describes a touch sensor. A Switch instance contains the following attributes:

Table A.5. Switch's attributes:

Name

Description

val

The switch status (0 or 1).

port

The port where the servo is plugged. It can be 1, 2,
3 or 4. You can change the value while the server
is running. Beware, if you change the port, that
will free the old port (so you will be able to create
another device on it) and will busy the new one (so
you won't be able to create another device on it).

init(port )

The UObject constructor.

port _ is a port name. (See previous attribute
port).

Example:

bunper = new Switch(1);
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Battery

Battery describes a battery device. A Battery instance contains the following attributes:

Table A.6. Battery's attributes:

Name Description
va Available power of battery.
init() The UObject constructor
Example
battery = new Battery();
Beeper

Beeper describes a speaker device. A Beeper instance contains the following methodes:

Table A.7. Begper's methodes:

Name Description
init() The UObject constructor
Example

beeper = new Beeper();

play(frequency, duration)

Playsabeep of acustomf r equency for acustom
dur ati on.

frequency isthe frequency of the beep (in Hz),
between 200 and 14000.

dur at i on isthe duration of the beep (inms), Ois
infinite.

Example:

beeper. pl ay(200, 1000);

Command

Command allows you to use expert commands. The Command UObject contains the following methodes:
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Table A.8. Command's methodes:

Name

Description

send(buffer)

Sends a command without requiering any answer.

buf f er must be alist of integers between 0 and
255.

Example:
Command. send([ 3, 10, 10, 0, 0]);

that plays a beep.

request(bufferin, sizeOut)

Sends acommand requiering an answer, and returns
the buffer out. Thisis only recommanded to expert
users. Bewareof thesi zeQut parameter. Indeed if
itistoo long, the request will normaly fail and when
the sizeistoo short, the command may work but all
mindstorms internal buffers will be shift back (so
thiswill bend all other requests).

buf f er I n isthe buffer of the command.
si zeQut isthe size of the answer.
Example:

answer = Conmand. request([7,0], 15);

that returns the informations on input port 0.

Instances

Here are the different instancesinthe Tri Bot . i ni layout.

Table A.9. TriBot.ini layout

Instance UODbject Description
wheelL Servo Left wheel
whed R Servo Right wheel
claw Servo Claw

sonar UltraSoundSensor Distance sensor
decibel SoundSensor Sound sensor
light LightSensor Light sensor
bumper Switch Touch sensor
beeper Beeper Emits beeps
battery Battery Battery
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Groups

Here are the different groups provided in the current layout.

Table A.10. Group'slist

Group Name Description
wheels The two wheels.
motors All the motors.
Sensors All the sensors.
hardware All the devices.
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Appendix B. Copyright

THE WORK (AS DEFI NED BELOW | S PROVI DED UNDER THE TERMS OF

THI' S CREATI VE COMWONS PUBLI C LI CENSE (" CCPL" OR "LICENSE"). THE WORK
| S PROTECTED BY COPYRI GHT AND/ OR OTHER APPLI CABLE LAW ANY USE OF THE
WORK OTHER THAN AS AUTHORI ZED UNDER THI' S LI CENSE OR COPYRI GAT LAW I S
PROHI BI TED.

BY EXERCI SI NG ANY RI GHTS TO THE WORK PROVI DED HERE, YQOU ACCEPT AND
AGREE TO BE BOUND BY THE TERMS OF THI'S LI CENSE. THE LI CENSOR GRANTS
YOU THE RI GHTS CONTAI NED HERE | N CONSI DERATI ON OF YOUR ACCEPTANCE OF
SUCH TERMS AND CONDI Tl ONS

1. Definitions

a. "Collective Wrk" means a work, such as a periodical issue,
ant hol ogy or encycl opedia, in which the Wirk inits entirety in
unnodi fied form along with a nunber of other contributions,
constituting separate and i ndependent works in thensel ves, are
assenbled into a collective whole. A work that constitutes a
Collective Work will not be considered a Derivative Wrk (as
defined bel ow) for the purposes of this License.

b. "Derivative Wrk" neans a work based upon the Wirk or upon the
Work and ot her pre-existing works, such as a translation, nusica
arrangenent, dramatization, fictionalization, notion picture
version, sound recording, art reproduction, abridgnent,
condensation, or any other formin which the Wrk nay be recast,
transformed, or adapted, except that a work that constitutes a
Col l ective Work will not be considered a Derivative Wrk for the
purpose of this License. For the avoidance of doubt, where the
Wrk is a musical conposition or sound recording, the
synchroni zati on of the Work in tinmed-relation with a noving inage
("synching") will be considered a Derivative Wrk for the purpose
of this License.

c. "Licensor" neans the individual or entity that offers the Wrk
under the terms of this License.

d. "Original Author" means the individual or entity who created the
Wor k.

e. "Work" neans the copyrightable work of authorship of fered under
the terms of this License.

f. "You" neans an individual or entity exercising rights under this
Li cense who has not previously violated the terns of this License
with respect to the Wrk, or who has received express perni ssion
fromthe Licensor to exercise rights under this License despite a
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previ ous violation.
2. Fair Use Rights.

Nothing in this license is intended to reduce, limt, or restrict
any rights arising fromfair use, first sale or other Iimtations on
the exclusive rights of the copyright owner under copyright |aw or
ot her applicable | aws.

3. License Gant.

Subject to the terms and conditions of this License, Licensor hereby
grants You a worldw de, royalty-free, non-exclusive, perpetual (for
the duration of the applicable copyright) license to exercise the
rights in the Wrk as stated bel ow

a. to reproduce the Wrk, to incorporate the Wrk into one or nore
Col l ective Wrks, and to reproduce the Wrk as incorporated in
the Col |l ective Wrks;

b. to distribute copies or phonorecords of, display publicly,
perform publicly, and performpublicly by nmeans of a digita
audi o transm ssion the Wrk including as incorporated in
Col I ective WrKks;

The above rights may be exercised in all media and formats whet her
now known or hereafter devised. The above rights include the right
to make such nodifications as are technically necessary to exercise
the rights in other nmedia and formats, but otherw se you have no
rights to nake Derivative Wrks. Al rights not expressly granted by
Li censor are hereby reserved, including but not limted to the
rights set forth in Sections 4(d) and 4(e).

4. Restrictions.

The license granted in Section 3 above is expressly nmade subject to
and limted by the followi ng restrictions:

a. You may distribute, publicly display, publicly perform or
publicly digitally performthe Wrk only under the terns of this
Li cense, and You must include a copy of, or the Uniform Resource
Identifier for, this License with every copy or phonorecord of
the Work You distribute, publicly display, publicly perform or
publicly digitally perform You may not offer or inpose any terns
on the Wirk that alter or restrict the terns of this License or
the recipients' exercise of the rights granted hereunder. You may
not sublicense the Wrk. You nmust keep intact all notices that
refer to this License and to the disclainer of warranties. You
may not distribute, publicly display, publicly perform or
publicly digitally performthe Wrk with any technol ogi ca
nmeasures that control access or use of the Wrk in a manner
i nconsistent with the terms of this License Agreenent. The above
applies to the Wirk as incorporated in a Collective Wrk, but
this does not require the Collective Wrk apart fromthe Wrk
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itself to be nade subject to the terns of this License. If You
create a Collective Wrk, upon notice fromany Licensor You mnust,
to the extent practicable, renove fromthe Collective Wrk any
credit as required by clause 4(c), as requested.

You may not exercise any of the rights granted to You in Section
3 above in any manner that is primarily intended for or directed
toward conmerci al advantage or private nonetary conpensation. The
exchange of the Wdrk for other copyrighted works by means of
digital file-sharing or otherw se shall not be considered to be

i ntended for or directed toward conmmercial advantage or private
nonet ary conpensation, provided there is no paynent of any

nonet ary comnpensation in connection with the exchange of

copyri ghted works.

If you distribute, publicly display, publicly perform or
publicly digitally performthe Wrk, You nust keep intact al
copyright notices for the Wrk and provide, reasonable to the
medi um or neans You are utilizing: (i) the name of the Oigina
Aut hor (or pseudonym if applicable) if supplied, and/or (ii) if
the Original Author and/or Licensor designate another party or
parties (e.g. a sponsor institute, publishing entity, journal)
for attribution in Licensor's copyright notice, ternms of service
or by other reasonable neans, the nanme of such party or parties;
the title of the Work if supplied; and to the extent reasonably
practicable, the Uniform Resource ldentifier, if any, that

Li censor specifies to be associated with the Wrk, unless such
URI does not refer to the copyright notice or |icensing
information for the Wirk. Such credit may be inplemented in any
reasonabl e manner; provided, however, that in the case of a
Col l ective Wrk, at a m nimum such credit will appear where any
ot her conparabl e aut horship credit appears and in a manner at

| east as prom nent as such other conparable authorship credit.

For the avoi dance of doubt, where the Wrk is a nusica
conposition:

i. Performance Royal ties Under Bl anket Licenses. Licensor reserves
the exclusive right to collect, whether individually or via a
performance rights society (e.g. ASCAP, BM, SESAC), royalties
for the public performance or public digital performance
(e.g. webcast) of the Wrk if that performance is primarily
i ntended for or directed toward conmmercial advantage or private
nonetary conpensati on.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves
the exclusive right to collect, whether individually or via a
musi ¢ rights agency or designated agent (e.g. Harry Fox
Agency), royalties for any phonorecord You create fromthe
Work ("cover version") and distribute, subject to the
conpul sory license created by 17 USC Section 115 of the US
Copyright Act (or the equivalent in other jurisdictions), if
Your distribution of such cover version is primarily intended
for or directed toward conmercial advantage or private
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monet ary conpensati on.

e. Webcasting Rights and Statutory Royalties. For the avoi dance of
doubt, where the Wirk is a sound recordi ng, Licensor reserves the
exclusive right to collect, whether individually or via a
performance-rights society (e.g. SoundExchange), royalties for
the public digital performance (e.g. webcast) of the Wrk
subj ect to the conpul sory license created by 17 USC Section 114
of the US Copyright Act (or the equivalent in other
jurisdictions), if Your public digital performance is primarily
i ntended for or directed toward conmmercial advantage or private
nonetary conpensati on.

5. Representations, Warranties and Di scl ai mer

UNLESS OTHERW SE MUTUALLY AGREED BY THE PARTIES | N WRI TI NG, LI CENSOR
OFFERS THE WORK AS-1S AND MAKES NO REPRESENTATI ONS OR WARRANTI ES OF
ANY KI'ND CONCERNI NG THE WORK, EXPRESS, | MPLIED, STATUTCRY OR
OTHERW SE, | NCLUDI NG, W THOUT LI M TATI ON, WARRANTI ES OF TI TLE,
MERCHANTI BI LI TY, FI TNESS FOR A PARTI CULAR PURPOSE, NONI NFRI NGEMENT,
OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE
OF ABSENCE OF ERRORS, WHETHER OR NOT DI SCOVERABLE. SOVE
JURI SDI CTI ONS DO NOT' ALLOW THE EXCLUSI ON OF | MPLI ED WARRANTI ES, SO
SUCH EXCLUSI ON MAY NOT APPLY TO YOU

6. Limtation on Liability.

EXCEPT TO THE EXTENT REQUI RED BY APPLI CABLE LAW I N NO EVENT W LL

LI CENSCR BE LI ABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECI AL

I NCI DENTAL, CONSEQUENTI AL, PUNI TI VE OR EXEMPLARY DAMAGES ARI SI NG QUT
OF THI'S LICENSE OR THE USE OF THE WORK, EVEN | F LI CENSOR HAS BEEN
ADVI SED OF THE POSSI BI LI TY OF SUCH DAMAGES.

7. Term nation

a. This License and the rights granted hereunder will term nate
automatically upon any breach by You of the terms of this
Li cense. Individuals or entities who have received Collective
Works from You under this License, however, will not have their
licenses termnated provided such individuals or entities remain
in full conpliance with those |licenses. Sections 1, 2, 5, 6, 7,
and 8 will survive any term nation of this License.

b. Subject to the above terns and conditions, the |icense granted
here is perpetual (for the duration of the applicable copyright
in the Wirk). Notwi thstandi ng the above, Licensor reserves the
right to rel ease the Work under different license ternms or to
stop distributing the Work at any time; provided, however that
any such election will not serve to withdraw this License (or any
other license that has been, or is required to be, granted under
the terms of this License), and this License will continue in
full force and effect unless termnated as stated above.

8. M scel | aneous
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Each tine You distribute or publicly digitally performthe Wrk
or a Collective Wrk, the Licensor offers to the recipient a
license to the Wrk on the same terns and conditions as the
license granted to You under this License.

If any provision of this License is invalid or unenforceable
under applicable law, it shall not affect the validity or
enforceability of the remainder of the terms of this License, and
wi t hout further action by the parties to this agreement, such
provision shall be reformed to the mni num extent necessary to
make such provision valid and enforceable.

No term or provision of this License shall be deened waived and
no breach consented to unless such waiver or consent shall be in
witing and signed by the party to be charged with such waiver or
consent .

This License constitutes the entire agreement between the parties
with respect to the Wrk licensed here. There are no
under st andi ngs, agreenents or representations with respect to the
Work not specified here. Licensor shall not be bound by any
addi ti onal provisions that may appear in any conmmunication from
You. This License may not be nodified without the nutual witten
agreement of the Licensor and You.
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