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Chapter 1. Introduction

Liburbi-c++ isalibrary designed to encapsulate an URBI connection. It handles the TCP connection with
the URBI server, and the dispatching of messagesit sends. The library is thread-safe and reentrant.

Thelibrary consists of two C++ classes, UCl i ent and USyncCl i ent , and afew helpful functions.

We expect the reader to be a bit familiar with the URBI syntax.




Chapter 2. Getting started

Connecting

To connect to an URBI server, simply createanew instanceof UCI i ent (or USyncd i ent if youwant
to use the synchronous functions described bellow), passing the name or the address of the server as the
first parameter, and optionnaly the port as the second parameter:

UCient * client = new UClient("myrobot.ensta.fr");

/la wapper is also available in the urbi nanespace:
UClient * client = urbi::connect("myrobot.ensta.fr");

The constructor will start an independant thread that will listen for incoming messages from the URBI
server.

Y ou can check if the connection was successfuly established by callingtheer r or function, which returns
azero value on success, or anonzero error code in case of failure.

Sending URBI commands

The method send isthe simplest way to send commands to the URBI server. It accepts a syntax similmar
tothepri nt f function. To send a sequence of commands without risk of having an other thread sending
commands at the same time, the | ockSend and unl ockSend methods can be used to lock and then
unlock the send buffer.

int sleeptine = 50;
client->send("notoron;");

client->l ockSend(); //send() call by other threads will be bl ocked fromthis
//point until unlockSend is called

for (float val =0; val <=1; val +=0. 05)
client->send("neck.val = % ;wait (%l);", val, sleeptine);

cl i ent->unl ockSend();

Alternatively, the UCl i ent classinherits from ostreaam, so you can use the << operator:

client << "headPan.val =" <<12 << urbi::commm;
The constants ‘comma,, 'semicolon’, 'pipe’ and 'parallel’ are defined in the urbi namespace for '), *;', '| and
‘&' respectively.

A third possible way is to use the URBI macro, which uses the default connection (the first connection
created with your program):
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URBI ( (
headPan. val = 12 |,
echo "coucou"” | speaker.play("test.wav") & leds.val =1

));
/I note the absence of double-quotes to delimt the URBI code
//the doubl e-parenthesis are required
URBI () << "headPan.val = " << 12 << urbi::semcolon;

Thefunctionur bi : : set Defaul tdientUd i ent *cl) canbe usedto change the default client.

Sending binary data.

To send binary data to the robot, the method sendBi n must be used. It takes as parameters the buffer to
send and its size, and optionnaly a header.

cl i ent->sendBi n(soundDat a, soundDat aSi ze, "speaker.val = BIN % raw 2 16000 16 1;",
soundDat aSi ze) ;

Sending a sound

Although you could use sendBi n to play a sound on the robot, a specific and efficient method has been
written for this purpose: sendSound.

cl i ent - >sendSound( sound, "endsound");

The first parameter is a USound structure describing the sound to send. The second is an optionnal tag
that will be used by the server to issue a"stop" system message when the sound has finished playing. The
function convert can be used to convert between various sound formats.

There is no limit to the size of the sound buffer, since it will be automatically cut into small chunks by
thelibrary. The dataiis copied by the library: the USound parameter and its associated data can be safely
freed as soon as the function returns.




Chapter 3. Receiving

Most of the messages received from the URBI server are the results of a previously sent command. The
mechanism of URBI tags enables to link a message to its reply: with each command is associated a tag,
and thistag isrepeated in the reply message. The UC! i ent class handles the reception of those messages
in the independant thread created by the constructor, parses them and fills a UM essage structure. Callback
functions with an associated tag can be registered with the method r egi st er Cal | back: eachtime a
message with thistag is sent by the server, the callback function will be called with a UMessage structure
as aparameter. The two basic formsof r egi st er Cal | back are:

t ypedef UCal | backActi on (*UCal | back) (const UMessage &msg);
t ypedef UCal | backActi on (*UCust ontal | back) (void * call backData, const UMess

UCal | backl D setCal |l back (UCal | back ch, const char *tag)
UCal | backl D setCal |l back (UCustontCal | back cb, void *call backData, const char *tag)

Thefirst parameter is aways a pointer to the function to call. callbackDatais a pointer that will be given
back to the callback function each timeit is called. The callback function must return URBI_CONTINUE,
or URBI_REMOVE, in which case the function will be unregistered.

A few examples:

UCal | backActi on onl mage(const UMessage &nrsg) ({
[/ Test sif omeone has used your tag or an error message has been received
if (msg.type != MESSAGE DATA || ((U nmage)nsg).inmgeFormat == | MAGE_UNKNOWN)
return URBI _CONTI NUE;
U mage img = (U nmage) nsg;
meg.client.printf("lmge of size (%l, %) received fromserver at %\ n",ing.w dth

unsi gned char *image = new unsigned char[i ng.w dt h*i ng. hei ght *3];
int sz = ing.w dth*ing. hei ght *3;

if (ing.imgeFormat == | MAGE_JPEQ
convert JPEG oRGB((const byte *) ing.data, ing.size, (byte *) image, sz); //pro
if (ing.imgeFormat == | MAGE_YCbCr)

convert YCr Cbt oRGB((const byte *) ing.data, ing.size, (byte *) image); //provi

nyDi spl ayRGBI mage(i mage, ing.w dth, ing. height);
del et e i mage;
return URBI _CONTI NUE;

}

UCal | backActi on onSound(const UMessage &nrsg) ({
if (msg.type != MESSAGE DATA || USound(nsg).soundFormat == SOUND_UNKNO/N)
return URBI _CONTI NUE;

//convert the sound to a wav 16KHz 16bit.
USound snd;

snd. soundFornat = SOUND_VAV;

snd. rate = 16000;
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snd. sanpl eSi ze = 16;

snd. sanpl eFor mat = SAMPLE_SI GNED;

snd. channels = 0; //take the value from source

snd. data = O;

snd. si ze = 0;

convert ((USound)msg, snd); //this function is provided by |iburbi
nyPl ayWAV(snd. dat a, snd. si ze);

return URBI _CONTI NUE;

}

UCal | backActi on onJoi nt (const UMessage &nrsg) ({
if (msg.type != MESSAGE DATA || ((Uval ue)nsg).type != DATA DOUBLE)
return URBI _CONTI NUE;
meg.client.printf("The joint value si %f\n", Uval ue(nsg).val);
return URBI _CONTI NUE;

}

int main(int argc, const char * argv[]) {
UClient * cl = new Udient(argv[1l]);
if (cl->error()) urbi::exit(1); //portability call explaned bel ow
cl - >set Cal | back( &nl nage, "ing");
cl - >set Cal | back( &nSound, "snd");
cl - >set Cal | back(&onJoint, "joint");
cl ->send("inmg: canera.val;");
cl ->send("l oop snd: mcro.val,");
cl ->send("joint: headPan.val;");
urbi::execute(); [//portability call explaned bel ow

}
UMessage

The UMessage structure is capabl e of storing the informations contained in any kind of URBI message by
using a"type" field and an UValue (union of type-dependant structures). These two structures are defined
asfollows:

cl ass UMessage
{
public:
/1] Connection fromwhich originated the nessage.
UAbstractClient &client;
/11 Server-side tinestanp.
int tinmestanp;
/11 Associated tag.
std::string tag;

UMessageType type;

ur bi :: Uval ue *val ue;

std::string nessage;

/1l Raw nessage without the binary data.
std::string rawMessage;
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UValue
cl ass Uval ue
{
public:
UDat aType type;
ufloat val; // value if of type DATA DOUBLE
uni on
{
std::string *stringVal ue; /1 value if of type DATA STRI NG
UBi nary *bi nary; /1 value if of type DATA BI NARY
ULi st *|ist; /1 value if of type DATA LI ST
UOhj ect St ruct *obj ect ; /1 value if of type DATA _OBJ
1
}

The type fidd UMessageType can be MESSAGE SYSTEM, MESSAGE ERROR or
MESSAGE_DATA. If the type is MESSAGE_DATA, the message contains an UValue. The UValue
itself contains an UDataType which can take the valuess DATA_DOUBLE, DATA_STRING,
DATA _BINARY, DATA LIST, DATA_OBJECT, DATA VOID. Depending of this field, the
corresponding vaue in the union will be set. If the UValue is of the binary type, it contains an UBinary
structure defined hereafter. The UBinaryType in the UBinary structure will give additional informations
on thetype of data (BINARY _NONE, BINARY_UNKNOWN, BINARY IMAGE, BINARY_SOUND),
and the appropriate sound or image structure will be filled.

UBInary
cl ass UBi nary
{
public:
UBi naryType type;
uni on
{
struct
{
void *data; /// binary data
int size;
} conmmon;
U nage i mage;
USound sound;
1
}
USound
cl ass USound ({
publi c:
char *dat a; /1 pointer to sound data
i nt si ze; /1 total size in byte
i nt channel s; /1 nunber of audio channels




Receiving

i nt rate; /] rate in Hertz
i nt sampl eSi ze; /1 sanple size in bit
USoundFor mat soundFor mat ; /1 format of the sound data
/1 (SOUND_RAW SOUND WAV, SOUND MP3...)
USoundSanpl eFor nmat sanmpl eFor mat ; /1 sanple format
b
Ulmage
class U mage {
public:
char *dat a; /1 pointer to imge data
i nt si ze; /1 inmage size in byte
i nt wi dt h, hei ght; /1 size of the inage
Ul nageFor mat i mageFor mat ; /1 1 MAGE_RGB, | MAGE YCbCr, | MAGE JPEG ..

s

Template versions of r egi st er Cal | back are also defined. They allow to set callbacks on member
functions, with from 0 to 4 custom parameters of any type (including pointers and references). The only
constraint on the function signatureisthat it must return a UCallbackAction, and take a const UM essage&
asitslast parameter. A few examples:

cl ass Test {
publi c:
UCal | backAction onJoint(int value, const UMessage &mrsg);

}:

UCal | backAction Test::onJoint(int value, const UMessage &rsg) ({
meg.client.printf("got a nmessage at %@ with tag %, our int is %\ n",nmeg.tinesta
return URBI _REMOVE; //unregister ourself

}

int main(int argc, const char * argv[]) {
Test *a = new Test();
UClient * cl=new Ul ient(argv[l]);
if (cl->error()) urbi::exit(1);
cl - >set Cal | back(*a, &Test::onJoint, 12, "tag");
cl ->send("tag: headPan.val;");
urbi::execute();




Chapter 4. Synchronous operations

The derived class USyncC i ent implements methods to synchronously get the result of URBI
commands. You must be aware that these functions are less efficient, and that they they are not easily
portable.

Reading the value of a device

To get the value of a devicek you can use the method syncGetDevice or
syncGet Nor nmal i zedDevi ce. The first parameter is the name of the device (for instance, "neck"),
the second isadoublethat isfilled with the received value. The difference between the two methodsisthat
syncGet Devi ce retreivesthevaluewitha"val" command, whereassyncGet Nor mal i zedDevi ce
uses "valn" (see urbidoc.html for more details about "val" and "valn").

doubl e neckVal ;
syncd i ent - >syncGet Devi ce( " neck", neckVal ) :

Getting an image

You can use the method syncGet | mage to synchronously get an image. The method will send the
appropriate command, and wait for the result, thus blocking your thread until the imageis received.

client->send("canera.resolution = 0;canera.gain = 2;");
i nt width, height;
client->syncGetl mage("canera", myBuffer, nyBufferSize, | MAGE JPEG URBI _TRANSM T_J

The first parameter isthe name of the camera device. The second isthe buffer (void*) which will be filled
with the image data. The third must be an integer variable equal to the size of the buffer. The function will
set this variable to the size of the data. If the buffer istoo small, datawill be truncated .

The fourth parameter is the format in which you want to receive the image data. Possible values are
IMAGE_RGB for araw RGB 24 bit per pixel image, IMAGE_PPM for a PPM file, IMAGE_Y CbCr for
raw Y CbCr data, and IMAGE_JPEG for ajpeg-compressed file.

Thefifth parameter can be either URBI_TRANSMIT_JPEG or URBI_TRANSMIT_Y CbCR and specifies
how the image will be transmitted between the robot and the client. Transmitting JPEG images increases
the frame rate and should be used for better performances.

Finaly the width and height parameters are filled with the with and height of the image on return.

Getting sound

The method syncGet Sound can be used to get a sound sample of any length from the server.

client->syncGet Sound("m cro", duration, sound);

The first parameter is the name of the device from which to request sound, the second is the duration
requested, in milliseconds. Sound is a USound structure that will be filled with the recorded sound on
output.




Chapter 5. Conversion functions

We also have included a few functions to convert between different image and sound formats. The usage
of the image conversion functionsis pretty straightforward:

int convert RGBtoYCrCh(const byte* source, int sourcelen, byte* dest);

i nt convert YCr Cbt oRGB(const byte* source, int sourcelen, byte* dest);

i nt convertJPEG oYCr Cb(const byte* source, int sourcelen, byte* dest, int &size);
i nt convertJPE&G oRGB(const byte* source, int sourcelen, byte* dest, int &size);

The si ze parameter must be set to the size of the destination buffer. On return it will be set to the size
of the output data.

To convert between different sound formats, the function convert can be used. It takes two USound
structures as its parameters. The two audio formats currently supported are SOUND_RAW and
SOUND_WAV, but support for compressed sound formats such asOgg Vorbisand MP3isplanned.. If any
field is set to zero in the destination structure, the corresponding val ue from the source sound will be used.




Chapter 6. Putting it all together: some
examples

Have alook at the examples, in the "example" or "utils" directory of the liburbi distribution. It currently
contains:

urbiimage: Display the images taken by the camerain realtime, or save a snapshot to afile.
urbisound: Play the sound from the robot's microphone on the computer speaker, or record it to afile.
urbisendsound: Play awav file from the computer, on the robot, converting it if neccesary.
urbiping: Send the URBI command 'ping’ at regular intervals to measure latency.

urbibandwidth: Measure the effective bandwidth.

urbisend: Send a set of commands contained in afile to the robot.

urbirecord: Record al the movements of the robot to afile.

urbiplay: Play afile recorded with urbirecord, or dump it in a human-readable form.

urbimirror: Copy the movements of arobot on an other robot. Same as piping urbirecord to urbiplay,
but with less latency.

urbiscale: Change the speed of afile recorded with urbirecord.
urbireverse: Reverse afile recorded with urbirecord.
urbicycle: Detects and extract cyclesin afile recorded with urbirecord.

urbiballtrackinghead: Port of the OPEN-R ball TrackingHead example to URBI.

Each program when invoked with no option will display its command line syntax and additional
informations when apropriate.
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Chapter 7. Programming hints

Except if what you are doing is trivial, try not to use the sync* functions. They are less efficient than
the asynchronous ones.

The callback functions should return as fast as possible, since al callbacks are called by the
same thread. If you have time-consuming operations, you should spawn an other thread and use
synchronisation mechanisms such as semaphores or mutexes.
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Chapter 8. Portability functions

When other versions of the liburbi will be available, (in particular an OPEN-R version that will allow
programs to run on the robot), it will be possible to compile the same code for both libraries, if a few
rules are respected:

DonotuseUSyncd i ent .

Usethepri nt f method of UClient instad of the standard version.

Usetheget Cur r ent Ti ne method of UClient instad of functions from the stdlib.
Usetheur bi : : exi t function (in the "urbi" namespace) instead of exi t .

At theend of your mai n, call ur bi : : execut e.

Do not use threads, or any function call not implemented in the OPEN-R version of stdlib.

12



Appendix A. Copyright

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

TERMS OF TH S CREATI VE COVMONS PUBLI C LI CENSE (" CCPL" OR

"LICENSE"). THE WORK | S PROTECTED BY COPYRI GHT ANDY OR OTHER APPL| CABLE
LAW ANY USE OF THE WORK OTHER THAN AS AUTHORI ZED UNDER THI S LI CENSE
OR COPYRI GHT LAW I S PRCH 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

1. "Collective Wrk" neans 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. 2. "Derivative
Wor k" means a work based upon the Wbrk or upon the Wrk and ot her
pre-existing works, such as a translation, musical arrangenent,
dramati zation, fictionalization, notion picture version, sound
recordi ng, art reproduction, abridgnent, condensation, or any other
formin which the Wrk nmay be recast, transfornmed, or adapted,
except that a work that constitutes a Collective Work will not be
consi dered a Derivative Wrk for the purpose of this License. For
t he avoi dance of doubt, where the Wrk is a nusical conposition or
sound recording, the synchronization of the Work in timed-relation
with a noving image ("synching") will be considered a Derivative
Wrk for the purpose of this License. 3. "Licensor" neans the

i ndividual or entity that offers the Work under the terns of this
Li cense. 4. "Original Author" neans the individual or entity who
created the Work. 5. "Wrk" means the copyrightable work of

aut horship offered under the terms of this License. 6. "You" means
an individual or entity exercising rights under this License who
has not previously violated the terns of this License with respect
to the Work, or who has received express pernission fromthe

Li censor to exercise rights under this License despite a previous
vi ol ati on.

2. Fair Use Rights. Nothing in this license is intended to reduce,
l[imt, or restrict any rights arising fromfair use, first sale or
other limtations on the exclusive rights of the copyright owner under
copyright Iaw or other applicable |aws.

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

1. to reproduce the Wirk, to incorporate the Wirk into one or nore
Col l ective Wrks, and to reproduce the Wrk as incorporated in the
Col l ective Wirks; 2. to distribute copies or phonorecords of,

di splay publicly, performpublicly, and perform publicly by means
of a digital audio transm ssion the Wrk including as incorporated
in Collective Wrks;

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 nodi fications as are technically necessary to exercise the rights
in other nmedia and formats, but otherw se you have no rights to make
Derivative Wrks. Al rights not expressly granted by Licensor 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
made subject to and limted by the followi ng restrictions:

1. You may distribute, publicly display, publicly perform or
publicly digitally performthe Wrk only under the terns of this

Li cense, and You mnust 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
reci pients' exercise of the rights granted hereunder. You may not
subl i cense the Work. You nmust keep intact all notices that refer to
this License and to the disclainmer of warranties. You may not
distribute, publicly display, publicly perform or publicly
digitally performthe Wirk with any technol ogi cal nmeasures that
control access or use of the Work in a manner inconsistent with the
terms of this License Agreenent. The above applies to the Wrk as

i ncorporated in a Collective Wrk, but this does not require the
Col l ective Wrk apart fromthe Wrk itself to be nade subject to
the terms of this License. If You create a Collective Wrk, upon
notice fromany Licensor You must, to the extent practicable,
renove fromthe Collective Wrk any reference to such Licensor or
the Original Author, as requested. 2. 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 Wrk for other
copyri ghted works by means of digital file-sharing or otherw se
shal | not be considered to be intended for or directed toward
commer ci al advantage or private nonetary conpensation, provided
there is no paynment of any nonetary conpensation in connection with
t he exchange of copyrighted works. 3. If you distribute, publicly
di splay, publicly perform or publicly digitally performthe Wrk
You nmust keep intact all copyright notices for the Wrk and give
the Oiginal Author credit reasonable to the nedium or nmeans You
are utilizing by conveying the nane (or pseudonymif applicable) of
the Original Author if supplied; the title of the Wrk if supplied;

14
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and to the extent reasonably practicable, the Uniform Resource
Identifier, if any, that Licensor specifies to be associated with
the Work, unless such URI does not refer to the copyright notice or
licensing information for the Wrk. Such credit may be inpl enented
i n 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. 4.

For the avoi dance of doubt, where the Work is a nusica
conposition: 1. Performance Royalties Under Bl anket
Li censes. Licensor reserves the exclusive right to collect,
whet her individually or via a performance rights society
(e.g. ASCAP, BM, SESAC), royalties for the public
performance or public digital perfornmance (e.g. webcast) of
the Work if that performance is primarily intended for or
directed toward comrerci al advantage or private nonetary
conpensation. 2. Mechanical R ghts and Statutory
Royal ties. Licensor reserves the exclusive right to collect,
whet her individually or via a nmusic rights agency or
designated agent (e.g. Harry Fox Agency), royalties for any
phonorecord You create fromthe Wrk ("cover version") and
di stribute, subject to the conmpul 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
commer ci al advantage or private nonetary conpensation
5. Webcasting Rights and Statutory Royalties. For the
avoi dance of doubt, where the Wirk is a sound recording,
Li censor reserves the exclusive right to collect, whether
i ndividually or via a performance-rights society
(e.g. SoundExchange), royalties for the public digita
performance (e.g. webcast) of the Work, subject 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 intended for or
directed toward comrerci al 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 PURPGCSE, NONI NFRI NGEMENT, OR
THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF
ABSENCE OF ERRORS, WHETHER OR NOT DI SCOVERABLE. SQOVE JURI SDI CTI ONS DO
NOT ALLOW THE EXCLUSI ON OF | MPLI ED WARRANTI ES, SO SUCH EXCLUSI ON MAY
NOT APPLY TO YQU

6. Limtation on Liability. EXCEPT TO THE EXTENT REQUI RED BY
APPLI CABLE LAW I N NO EVENT WLL LICENSOR BE LI ABLE TO YOU ON ANY
LEGAL THECRY FCOR ANY SPECI AL, | NCI DENTAL, CONSEQUENTI AL, PUNI TI VE OR
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EXEMPLARY DAMAGES ARI SING QUT OF THI S LI CENSE OR THE USE OF THE WORK
EVEN | F LI CENSCR HAS BEEN ADVI SED OF THE PGOSSI BI LI TY OF SUCH DAMAGES.

7.

Term nati on

1. 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 Wrks
from You under this License, however, will not have their |icenses
term nated provided such individuals or entities remain in ful
conpliance with those |licenses. Sections 1, 2, 5, 6, 7, and 8 wll
survive any termnation of this License. 2. Subject to the above
ternms and conditions, the license granted here is perpetual (for
the duration of the applicable copyright in the

Wor k). Notwi t hstandi ng the above, Licensor reserves the right to
rel ease the Wrk under different license terns or to stop
distributing the Woirk at any tinme; provided, however that any such
election will not serve to withdraw this License (or any ot her
license that has been, or is required to be, granted under the
ternms of this License), and this License will continue in ful
force and effect unless term nated as stated above.

M scel | aneous

1. Each tine You distribute or publicly digitally performthe Wrk
or a Collective Wrk, the Licensor offers to the recipient a
license to the Wirk on the same terns and conditions as the |icense
granted to You under this License. 2. If any provision of this

Li cense is invalid or unenforceabl e under applicable law, it shal
not affect the validity or enforceability of the remai nder of the
terms of this License, and without further action by the parties to
this agreenment, such provision shall be reforned to the m ni mum
extent necessary to nmake such provision valid and enforceable.

3. No termor provision of this License shall be deemed wai ved and
no breach consented to unl ess such waiver or consent shall be in
witing and signed by the party to be charged with such waiver or
consent. 4. This License constitutes the entire agreenent between
the parties with respect to the Wirk |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 communication from
You. This License may not be nodified without the nutual witten
agreement of the Licensor and You.
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