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Chapter 1



Introduction Urbi SDK is a fully-featured environment to orchestrate complex organizations of components. It relies on a middleware architecture that coordinates components named UObjects. It also features urbiscript, a scripting language that can be used to write orchestration programs.



1.1



Urbi and UObjects



Urbi makes the orchestration of independent, concurrent, components easier. It was first designed for robotics: it provides all the needed features to coordinate the execution of various components (actuators, sensors, software devices that provide features such as text-to-speech, face recognition and so forth). Languages such as C++ are well suited to program the local, low-level, handling of these hardware or software devices; indeed one needs efficiency, small memory footprint, and access to low-level hardware details. Yet, when it comes to component orchestration and coordination, in a word, when it comes to addressing concurrency, it can be tedious to use such languages. Middleware infrastructures make possible to use remote components as if they were local, to allow concurrent execution, to make synchronous or asynchronous requests and so forth. The UObject C++ architecture provides exactly this: a common API that allows conforming components to be used seamlessly in highly concurrent settings. Components need not be designed with UObjects in mind, rather, UObjects are typically “shells” around “regular” components. Components with an UObject interface are naturally supported by the urbiscript programming language. This provides a tremendous help: one can interact with these components (making queries, changing them, observing their state, monitoring various kinds of events and so forth), which provides a huge speed-up during development. Finally, note that, although made with robots in mind, the UObject architecture is well suited to tame any heavily concurrent environment, such as video games or complex systems in general. 3
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CHAPTER 1. INTRODUCTION



1.2



Urbi and urbiscript



urbiscript is a programming language primarily designed for robotics. It’s a dynamic, prototypebased, object-oriented scripting language. It supports and emphasizes parallel and event-based programming, which are very popular paradigms in robotics, by providing core primitives and language constructs. Its main features are: • syntactically close to C++. If you know C or C++, you can easily write urbiscript programs. • fully integrated with C++. You can bind C++ classes in urbiscript seamlessly. urbiscript is also integrated with many other languages such as Java, MatLab or Python. • object-oriented. It supports encapsulation, inheritance and inclusion polymorphism. Dynamic dispatching is available through monomethods — just as C++, C# or Java. • concurrent. It provides you with natural constructs to run and control high numbers of interacting concurrent tasks. • event-based. Triggering events and reacting to them is absolutely straightforward. • functional programming. Inspired by languages such as Lisp or Caml, urbiscript features first class functions and pattern matching. • client/server. The interpreter accepts multiple connections from different sources (human users, robots, other servers . . . ) and enables them to interact. • distributed. You can run objects in different processes, potentially remote computers across the network.



1.3



Genesis



Urbi what first designed and implemented by Jean-Christophe Baillie, together with Matthieu Nottale. Because its users wildly acclaimed it, Jean-Christophe founded Gostai, a France-based Company that develops software for robotics with a strong emphasis on personal robotics. Authors Urbi SDK 1 was further developed by Akim Demaille, Guillaume Deslandes, Quentin Hocquet, and Benoˆıt Sigoure. The Urbi SDK 2 project was started and developed by Akim Demaille, Quentin Hocquet, Matthieu Nottale, and Benoˆıt Sigoure. Samuel Tardieu provided an immense help during the year 2008, in particular for the concurrency and event support. The maintenance is currently carried out by Akim Demaille, Quentin Hocquet, and Matthieu Nottale. Jean-Christophe Baillie is still deeply involved in the development of urbiscript, he regularly submits ideas, and occasionally even code!
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Contributors A number of people contributed significantly to Urbi, including Romain Bezut, Thomas Moulard, Nicolas Pierron.



1.4



Outline



This multi-part document provides a complete guide to Urbi. See Chapter 30 for the various notations that are used in the document. Part I — Urbi and UObjects User Manual This part covers the Urbi architecture: its core components (client/server architecture), how its middleware works, how to include extensions as UObjects (C++ components) and so forth. No knowledge of the urbiscript language is needed. As a matter of fact, Urbi can be used as a standalone middleware architecture to orchestrate the execution of existing components. Yet urbiscript is a feature that “comes for free”: it is easy using it to experiment, prototype, and even program fully-featured applications that orchestrate native components. The interested reader should read either the urbiscript user manual (Part II), or the reference manual (Chapter 19). Chapter 3 — The UObject API This section shows the various steps of writing an Urbi C++ component using the UObject API. Chapter 4 — Use Cases Interfacing a servomotor device as an example on how to use the UObject architecture as a middleware. Part II — urbiscript User Manual This part, also known as the “urbiscript tutorial”, teaches the reader how to program in urbiscript. It goes from the basis to concurrent and event-based programming. No specific knowledge is expected. There is no need for a C++ compiler, as UObject will not be covered here (see Part I). The reference manual contains a terse and complete definition of the Urbi environment (Part IV). Chapter 5 — First Steps First contacts with urbiscript. Chapter 6 — Basic Objects, Value Model A quick introduction to objects and values. Chapter 7 — Flow Control Constructs Basic control flow: if, for and the like. Chapter 8 — Advanced Functions and Scoping Details about functions, scoped, and lexical closures. Chapter 9 — Objective Programming, urbiscript Object Model A more in-depth introduction to object-oriented programming in urbiscript.
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CHAPTER 1. INTRODUCTION Chapter 10 — Functional Programming Functions are first-class citizens. Chapter 11 — Parallelism, Concurrent Flow Control The urbiscript operators for concurrency, tags. Chapter 12 — Event-based Programming Support for event-driven concurrency in urbiscript. Chapter 13 — Urbi for ROS Users How to use ROS from Urbi, and vice-versa.



Part III — Guidelines and Cook Books This part contains guides to some specific aspects of Urbi SDK. Chapter 14 — Installation Complete instructions on how to install Urbi SDK. Chapter 15 — Frequently Asked Questions Some answers to common questions. Chapter 16 — Migration from urbiscript 1 to urbiscript 2 This chapter is intended to people who want to migrate programs in urbiscript 1 to urbiscript 2. Chapter 17 — Building Urbi SDK Building Urbi SDK from the sources. How to install it, how to check it and so forth. Part IV — Urbi SDK Reference Manual This part defines the specifications of the urbiscript language version 2.0. It defines the expected behavior from the urbiscript interpreter, the standard library, and the SDK. It can be used to check whether some code is valid, or browse urbiscript or C++ API for a desired feature. Random reading can also provide you with advanced knowledge or subtleties about some urbiscript aspects. This part is not an urbiscript tutorial; it is not structured in a progressive manner and is too detailed. Think of it as a dictionary: one does not learn a foreign language by reading a dictionary. The urbiscript Tutorial (Part II), or the live urbiscript tutorial built in the interpreter are good introductions to urbiscript. This part does not aim at giving advanced programming techniques. Its only goal is to define the language and its libraries. Chapter 18 — Programs Presentation and usage of the different tools available with the Urbi framework related to urbiscript, such as the Urbi server, the command line client, umake, . . . Chapter 19 — urbiscript Language Reference Manual Core constructs of the language and their behavior. Chapter 20 — urbiscript Standard Library Listing of all classes and methods provided in the standard library.
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Chapter 21 — Communication with ROS Urbi provides a set of tools to communicate with ROS (Robot Operating System). For more information about ROS, see http://www.ros.org. Urbi, acting as a ROS node, is able to interact with the ROS world. Chapter 22 — Gostai Standard Robotics API Also known as “The Urbi Naming Standard”: naming conventions in for standard hardware/software devices and components implemented as UObject and the corresponding slots/events to access them. Part V — Urbi Platforms This part covers the specific features of Urbi for some of the platforms it was ported to. Environments not described in this part are covered in separate, stand-alone, documentations. Chapter 23 — Bioloid Using the Bioloid robot construction kit with Urbi. Chapter 24 — Mindstorms NXT LEGO Mindstorms NXT is a programmable robotics kit released by Lego in July 2006, replacing the first-generation LEGO Mindstorms kit. The kit consists of 519 Technic pieces, 3 servo motors, 4 sensors (ultrasonic, sound, touch, and light), 7 connection cables, a USB interface cable, and the NXT Intelligent Brick. Chapter 25 — Nao Programming Aldebaran’s Nao using Urbi. Chapter 26 — Pioneer 3-DX Pioneer 3-DX8 is an agile, versatile intelligent mobile robotic platform updated to carry loads more robustly and to traverse sills more surely with high-performance current management to provide power when it’s needed. Chapter 27 — Segway RMP The Segway Robotic Mobility Platform is a robotic platform based on the Segway Personal Transporter. Chapter 28 — Spykee The Spykee is a WiFi-enabled robot built by Meccano (known as Erector in the United States). It is equipped with a camera, speaker, microphone, and moves using two tracks. Chapter 29 — Webots Using Cyberbotics’ Webots simulation environment with Urbi. Part VI — Tables and Indexes This part contains material about the document itself. Chapter 30 — Notations Conventions used in the type-setting of this document.
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CHAPTER 1. INTRODUCTION Chapter 32 — Licenses Licenses of components used in Urbi SDK. Chapter 31 — Release Notes Release notes of Urbi SDK. Chapter 33 — Glossary Definition of the terms used in this document.
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Chapter 2



Getting Started urbiscript comes with a set of tools, two of which being of particular importance: urbi launches an Urbi server. There are several means to interact with it, which we will see later. urbi-launch runs Urbi components, the UObjects, and connects them to an Urbi server. Please, first make sure that these tools are properly installed. If you encounter problems, please see the frequently asked questions (Chapter 15), and the detailed installation instructions (Chapter 14). # Make sure urbi is properly installed. $ urbi --version Urbi Kernel version preview/2.0/beta3-425 rev. 000913e Copyright (C) 2005-2010 Gostai SAS. URBI SDK Remote version preview/1.6/beta1-666 rev. 92ec3b4 Copyright (C) 2004-2010 Gostai SAS. Libport version preview/1.0/beta1-1048 rev. f1c5170 Copyright (C) 2005-2010 Gostai SAS.



There are several means to interact with a server spawned by urbi, see Section 18.3 for details. First of all, you may use the options ‘-e’/‘--expression code ’ and ‘-f’/‘--file file ’ to send some code or the contents of some file to the newly run server. The option ‘q’/‘--quiet’ discards the banner. You may combine any number of these options, but beware that being event-driven, the server does not “know” when a program ends. Therefore, batch programs should end by calling shutdown. Using a Unix shell: # A classical program. $ urbi -q -e ’echo("Hello, World!");’ -e ’shutdown;’ [00000004] *** Hello, World!



Listing 2.1: A batch session under Unix. 31
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CHAPTER 2. GETTING STARTED If you are running Windows, then, since the quotation rules differ, run:



# A classical program. $ urbi -q -e "echo(""Hello, World!"");" -e "shutdown;" [00000004] *** Hello, World!



Listing 2.2: A batch session under Windows. To run an interactive session, use option ‘-i’/‘--interactive’. Like most interactive interpreters, Urbi will evaluate the given commands and print out the results. $ urbi -i [00000987] [00000990] [00001111] [00001111] [00001111] [00001112] [00001112] [00001112] [00001112] [00001112] 1+2; [00001200] shutdown;



*** *** *** *** *** *** *** *** *** ***



******************************************************** Urbi SDK version 2.0.3 rev. d6a568d Copyright (C) 2005-2010 Gostai S.A.S. This program comes with ABSOLUTELY NO WARRANTY. It can be used under certain conditions. Type ‘license;’, ‘authors;’, or ‘copyright;’ for more information. Check our community site: http://www.urbiforge.org. ********************************************************
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Listing 2.3: An interactive session under Unix. The output from the server is prefixed by a number surrounded by square brackets: this is the date (in milliseconds since the server was launched) at which that line was sent by the server. This is useful at occasions, since Urbi is meant to run many parallel commands. But since these timestamps are irrelevant in most examples, they will often be filled with zeroes through this documentation. Under Unix, the program rlwrap provides additional services (history of commands, advanced command line edition etc.); run ‘rlwrap urbi -i’. In either case the server can also be made available for network-based interactions using option ‘--port port ’. Note that while shutdown asks the server to quit, quit only quits one interactive session. In the following example (under Unix) the server is still available for other, possibly concurrent, sessions. $ urbi --port 54000 & [1] 77024 $ telnet localhost 54000 Trying 127.0.0.1... Connected to localhost. Escape character is ’^]’. [00000987] *** ******************************************************** [00000990] *** Urbi SDK version 2.0.3 rev. d6a568d [00001111] *** Copyright (C) 2005-2010 Gostai S.A.S. [00001111] *** [00001111] *** This program comes with ABSOLUTELY NO WARRANTY. It can [00001112] *** be used under certain conditions. Type ‘license;’,



33 [00001112] *** ‘authors;’, or ‘copyright;’ for more information. [00001112] *** [00001112] *** Check our community site: http://www.urbiforge.org. [00001112] *** ******************************************************** 12345679*8; [00018032] 98765432 quit;



Listing 2.4: An interactive session under Unix. Under Windows, instead of using telnet, you may use Gostai Console (part of the package), which provides a Graphical User Interface to a network-connection to an Urbi server. To launch the server, run: C:\...> start urbi --port 54000



Listing 2.5: Starting an interactive session under Windows. and to launch the client, click on Gostai Console which is installed by the installer. Then, the interaction proceeds in the Gostai Console windows. Specify the host name and port to use (‘127.0.0.1:54000’) in the text field in the top of the window and click on the right to start the connection.



The program urbi-send (see Section 18.6) provides a nice interface to send batches of instructions (and/or files) to a running server. $ urbi-send -P 54000 -e "1+2*3;" -Q [00018032] 7 # Have the server shutdown; $ urbi-send -P 54000 -e "shutdown;"
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CHAPTER 2. GETTING STARTED



You can now send commands to your Urbi server. If at any point you get lost, or want a fresh start, you can simply close and reopen your connection to the server to get a clean environment. In some cases, particularly if you made global changes in the environment, it is simpler to start anew: shut your current server down using the command shutdown, and spawn a new one. In interactive mode you can also use the shortcut sequence Ctrl-D, like in many other interpreters. In case of a foreground task preventing you to execute other commands, you can use Ctrl-C to kill the foreground task, clear queued commands and restore interactive mode. You are now ready to proceed to the urbiscript tutorial: see Part II. Enjoy!



Part I



Urbi and UObjects User Manual
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About This Part This part covers the Urbi architecture: its core components (client/server architecture), how its middleware works, how to include extensions as UObjects (C++ components) and so forth. No knowledge of the urbiscript language is needed. As a matter of fact, Urbi can be used as a standalone middleware architecture to orchestrate the execution of existing components. Yet urbiscript is a feature that “comes for free”: it is easy using it to experiment, prototype, and even program fully-featured applications that orchestrate native components. The interested reader should read either the urbiscript user manual (Part II), or the reference manual (Chapter 19). Chapter 3 — The UObject API This section shows the various steps of writing an Urbi C++ component using the UObject API. Chapter 4 — Use Cases Interfacing a servomotor device as an example on how to use the UObject architecture as a middleware.
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Chapter 3



The UObject API The UObject API can be used to add new objects written in C++ to the urbiscript language, and to interact from C++ with the objects that are already defined. We cover the use cases of controlling a physical device (servomotor, speaker, camera. . . ), and interfacing higher-lever components (voice recognition, object detection. . . ) with Urbi. The C++ API defines the UObject class. To each instance of a C++ class deriving from UObject will correspond an urbiscript object sharing some of its methods and attributes. The API provides methods to declare which elements of your object are to be shared. To share a variable with Urbi, you have to give it the type UVar. This type is a container that provides conversion and assignment operators for all types known to Urbi: double, std::string and char*, and the binary-holding structures UBinary, USound and UImage. This type can also read from and write to the liburbi UValue class. The API provides methods to set up callbacks functions that will be notified when a variable is modified or read from Urbi code. Instance methods of any prototype can be rendered accessible from urbiscript, providing all the parameters types and the return type can be converted to/from UValue.



3.1



Compiling UObjects



UObjects can be compiled easily directly with any regular compiler. Nevertheless, Urbi SDK provides two tools to compile UObject seamlessly. In the following sections, we will try to compile a shared library named ‘factory.so’ (or ‘factory.dll’ on Windows platforms) from a set of four files (‘factory.hh’, ‘factory.cc’, ‘ufactory.hh’, ‘ufactory.cc’). These files are stored in a ‘factory.uob’ directory; its name bares no importance, yet the ‘*.uob’ extension makes clear that it is a UObject. In what follows, urbi-root denotes the top-level directory of your Urbi SDK package, see Section 14.2.



3.1.1



Compiling by hand



On Unix platforms, compiling by hand into a shared library is straightforward: $ g++ -I urbi-root/include \



39



40



CHAPTER 3. THE UOBJECT API



-fPIC -shared \ factory.uob/*cc -o factory.so $ file factory.so factory.so: ELF 32-bit LSB shared object, Intel 80386, \ version 1 (SYSV), dynamically linked, not stripped



On Mac OS X the flags ‘-Wl,-undefined,dynamic lookup’ are needed: $ g++ -I urbi-root/include \ -shared -Wl,-undefined,dynamic_lookup \ factory.uob/*.cc -o factory.so $ file factory.so factory.so: Mach-O 64-bit dynamically linked shared library x86_64



3.1.2



The umake-* family of tools



umake can be used to compile UObjects. See Section 18.7 for its documentation. You can give it a list of files to compile: $ umake -q --shared-library factory.uob/*.cc -o factory.so umake: running to build library.



or directories in which C++ sources are looked for: $ umake -q --shared-library factory.uob -o factory.so umake: running to build library.



or finally, if you give no argument at all, the sources in the current directory: $ cd factory.uob $ umake -q --shared-library -o factory.so umake: running to build library.



3.1.3



Using the Visual C++ Wizard



If you installed Urbi SDK using its installer, and if you had Visual C++ installed, then the UObject wizard was installed. Use it to create your UObject code:



3.1. COMPILING UOBJECTS



Then, compile your UObject.



And run it.
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CHAPTER 3. THE UOBJECT API



3.2



Creating a class, binding variables and functions



Let’s illustrate those concepts by defining a simple object: adder. This object has one variable v, and a method add that returns the sum of this variable and its argument. • First the required include: #include 



• Then we declare our adder class: class adder : public urbi::UObject // Must inherit from UObject. { public: // The class must have a single constructor taking a string. adder (const std::string&); // Our variable. urbi::UVar v; // Our method. double add (double); };



• The implementation of the constructor and our add method: // the constructor defines what is available from Urbi adder::adder (const std::string& s) : UObject (s) // required { // Bind the variable. UBindVar (adder, v);



3.3. CREATING NEW INSTANCES
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// Bind the function. UBindFunction (adder, add); } double adder::add (double rhs) { return v + rhs; }



• And register this class: // Register the class to the Urbi kernel. UStart (adder);



To summarize: • Declare your object class as inheriting from urbi::UObject. • Declare a single constructor taking a string, and pass this string to the constructor of urbi::UObject. • Declare the variables you want to share with Urbi with the type urbi::UVar. • In the constructor, use the macros UBindVar(class-name, variable-name) for each UVar you want as an instance variable, and UBindFunction(class-name, function-name) for each function you want to bind. • Call the macro UStart for each object.



3.3



Creating new instances



When you start an Urbi server, an object of each class registered with UStart is created with the same name as the class. New instances can be created from Urbi using the new method. For each instance created in Urbi, a corresponding instance of the C++ object is created. You can get the arguments passed to the constructor by defining and binding a method named init with the appropriate number of arguments.



3.4 3.4.1



Binding functions Simple binding



You can register any member function of your UObject using the macro UBindFunction(class-name, function-name). Once done, the function can be called from urbiscript. The following types for arguments and return value are supported:
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CHAPTER 3. THE UOBJECT API • Basic integer and floating types (int, double, float...). • const std::string& or const char*. • urbi::UValue or any of its subtypes (UBinary, UList...). • std::list or std::vector of the above types.



3.4.2



Multiple bindings



If you have multiple functions to bind, you can use the UBindFunctions macro to bind multiple functions at once: UBindFunctions(class-name, function1, function2...).



3.4.3



Asynchronous binding



Functions bound using UBindFunction are called synchronously, and thus block everything until they return. If you wish to bind a function that requires a non-negligible amount of time to execute, you can have it execute in a separate thread by calling UBindThreadedFunction(class-name, function-name, lockMode). The function code will be executed in a separate thread without breaking the urbiscript execution semantics. The lockMode argument can be used to prevent parallel execution of multiple bound functions if your code is not thread-safe. It can be any of LOCK_NONE, LOCK_FUNCTION, LOCK_INSTANCE, LOCK_CLASS or LOCK_MODULE. When set to LOCK_NONE, no locking is performed. Otherwise, it limits parallel executions to: • One instance of the bound function for LOCK_FUNCTION. • One bound function for each object instance for LOCK_INSTANCE. • One bound function for the class for LOCK_CLASS. • One bound function for the whole module (shared object) for LOCK_MODULE. There is however a restriction: you cannot mix multiple locking modes: for instance a function bound with LOCK_FUNCTION mode will not prevent another function bound with LOCK_INSTANCE from executing in parallel. You can perform your own locking using semaphores if your code needs a more complex locking model. You can limit the maximum number of threads that can run in parallel by using the setThreadLimit function.



3.5. NOTIFICATION OF A VARIABLE CHANGE OR ACCESS



3.5
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Notification of a variable change or access



You can register a function that will be called each time a variable is modified or accessed (for embedded components only) by calling UNotifyChange and UNotifyAccess, passing either an UVar or a variable name as first argument, and a member function of your UObject as second argument. This function can take zero or one argument of any type. If the argument is of type UVar&, the value will be a reference to the UVar being accessed or modified. If it is of any other type, the system will try to convert the current value of the UVar to this type and pass this value to the function. The notifyChange callback function is called after the variable value is changed, whereas the notifyAccess callback is called before the variable is accessed, giving you the possibility to update its value. Notify functions can be unregistered by calling the unnotify function of the UVar class.



3.6



Data-flow based programming: exchanging UVars



The UNotifyChange and UNotifyAccess features can be used to link multiple UObjects together, and perform data-flow based programming: the UNotifyChange can be called to monitor UVars from other UObjects. Those UVars can be transmitted through bound function calls. One possible pattern is to have each data-processing UObject take its input from monitored UVars, given in its constructor, and output the result of its processing in other UVars. Consider the following example of an object-tracker: class ObjectTracker: public urbi::UObject { ObjectTracker(const std::string& n) : urbi::UObject(n) { // Bind our constructor. UBindFunction(ObjectTracker, init); } // Take our data source in our constructor. void init(UVar& image) { UNotifyChange(image, &ObjectTracker::onImage); // Bind our output variable. UBindVar(ObjectTracker, val); } void onImage(UVar& src) { UBinary b = src; // Processing here. val = processing_result; } UVar val; }; UStart(ObjectTracker);



The following urbiscript code would be used to initialize an ObjectTracker given a camera:
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var tracker = ObjectTracker.new(camera.getSlot("val"));



An other component could then take the tracker output as its input. Using this model, chains of processing elements can be created. Each time the UObject at the start of the chain updates, all the notifyChange will be called synchronously in cascade to update the state of the intermediate components.



3.7



Timers



The API provides two methods to have a function called periodically: • void urbi::UObject::USetUpdate(ufloat period) Set up a timer that calls the virtual method UObject::update() with the specified period (in milliseconds). Disable updates if period is -1. • urbi::TimerHandle urbi::UObject::USetTimer(ufloat period, void (T::*fun)()) Invoke an UObject member function fun every period milliseconds. fun is a regular member-function pointer, for instance MyUObject::my_function. The function returns a TimerHandle that can be passed to the UObject::removeTimer(h) function to disable the timer.



3.8



The special case of sensor/effector variables



In Urbi, a variable can have a different meaning depending on whether you are reading or writing it: you can use the same variable to represent the target value of an effector and the current value measured by an associated sensor. This special mode is activated by the UObject defining the variable by calling UOwned after calling UBindVar. This call has the following effects: • When Urbi code or code in other modules read the variable, they read the current value. • When Urbi code or code in other modules write the variable, they set the target value. • When the module that called UOwned reads the variable, it reads the target value. When it writes the variable, it writes the current value.



3.9



Using Urbi variables



You can read or write any Urbi variable by creating an UVar passing the variable name to the constructor. Change the value by writing any compatible type to the UVar, and access the value by casting the UVar to any compatible type. Some care must be taken in remote mode: changes on the variable coming from Urbi code or an other module can take time to propagate to the UVar. By default, all changes to the value will be sent to the remote UObject. To have more control on the bandwidth used, you can



3.10. EMITTING EVENTS
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disable the automatic update by calling unnotify(). Then you can get the value on demand by calling UVar::syncValue(). You can read and write all the Urbi properties of an UVar by reading and writing the appropriate UProp object in the UVar.



3.10



Emitting events



The UEvent class can be used to create and emit urbiscript events. Instances are created and initialized exactly as UVar: either by using the UBindEvent macro, or by calling one of its constructors or the init function. Once initialized, the emit function will trigger the emission of the associated urbiscript event. It can be called with any number of arguments, of any compatible type.



3.11



UObject and Threads



The UObject API is thread-safe in both plugin and remote mode: All API calls including operations on UVar can be performed from any thread.



3.12



Using binary types



Urbi can store binary objects of any type in a generic container, and provides specific structures for sound and images. The generic containers is called UBinary and is defined in the ‘urbi/ubinary.hh’ header. It contains an enum field type giving the type of the binary (UNKNOWN, SOUND or IMAGE), and an union of a USound and UImage struct containing a pointer to the data, the size of the data and type-specific meta-information.



3.12.1



UVar conversion and memory management



The UBinary manages its memory: when destroyed (or going out-of-scope), it frees all its allocated data. The USound and UImage do not. Reading an UBinary from a UVar, and writing a UBinary, USound or UImage to an UVar performs a deep-copy of the data (by default, see below). Reading a USound or UImage from an UVar performs a shallow copy. Modifying the data is not allowed in that case.



3.12.2



0-copy mode



In plugin mode, you can setup any UVar in 0-copy mode by calling setBypass(true). In this mode, binary data written to the UVar is not copied, but a reference is kept. As a consequence, the data is only available from within registered notifyChange callbacks. Those callbacks can use UVar::val() or cast the UVar to a UBinary & to retrieve the reference. Attempts to read the UVar from outside notifyChange will result in nil being returned.
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3.13



Using hubs to group objects



Sometimes, you need to perform actions for a group of UObjects, for instance devices that need to be updated together. The API provides the UObjectHub class for this purpose. To create a hub, simply declare a subclass of UObjectHub, and register it by calling once the macro UStartHub (class-name). A single instance of this class will then be created upon server startup. UObject instances can then register to this hub by calling URegister (hub-class-name). Timers can be attached to UObjectHub the same way as to UObject (see Section 3.7). The kernel will call the update() method of all UObject before calling the update() method of the hub. A hub instance can be retrieved by calling getUObjectHub (string classname). The hub also holds the list of registered UObject in its members attribute.



3.14



Sending urbiscript code



If you need to send urbiscript code to the server, the URBI() macro is available, as well as the send() function. You can either pass it a string, or directly Urbi code inside a double pair of parentheses: send ("myTag:1+1;"); URBI (( at (myEvent?(var x)) { myTag:echo x; }; ));



You can also use the call method to make an urbiscript function call: // C++ equivalent of urbiscript ’System.someFunc(12, "foo");’ call("System", "someFunc", 12, "foo");



3.15



Using RTP transport in remote mode



By default, Urbi uses TCP connections for all communications between the engine and remote UObjects. Urbi also supports the UDP-based RTP protocol for more efficient transmission of updated variable values. RTP will provide a lower latency at the cost of possible packet loss, especially in bad wireless network conditions.



3.15.1



Enabling RTP



To enable RTP connections, both the engine and the remote-mode urbi-launch containing your remote UObject must load the RTP UObject. This can be achieved by passing urbi/rtp as an extra argument to both urbi-launch command lines (one for the engine, the other for your remote UObject). Once done, all binary data transfer (like sound and image) in both directions will by default use a RTP connection.



3.15. USING RTP TRANSPORT IN REMOTE MODE



3.15.2
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Per-UVar control of RTP mode



You can control whether a specific UVar uses RTP mode by calling its useRTP(bool) function. Each binary-type UVar will have its own RTP connection, and all non-binary UVar will share one.
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Chapter 4



Use Cases 4.1



Writing a Servomotor Device



Let’s write a UObject for a servomotor device whose underlying API is: • bool initialize (int id) Initialize the servomotor with given ID. • double getPosition (int id) Read servomotor of given id position. • void setPosition (int id, double pos) Send a command to servomotor. • void setPID (int id, int p, int i, int d) Set P, I, and D arguments. First our header. Our servo device provides an attribute named val, the standard Urbi name, and two ways to set PID gain: a method, and three variables. class servo : public urbi::UObject // must inherit UObject { public: // the class must have a single constructor taking a string servo(const std::string&); // Urbi constructor void init(int id); // main attribute urbi::UVar val; // position variables: // P gain urbi::UVar P; // I gain
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urbi::UVar I; // D gain urbi::UVar D; // callback for val change void valueChanged(UVar& v); //callback for val access void valueAccessed(UVar& v); // callback for PID change void pidChanged(UVar& v); // method to change all values void setPID(int p, int i, int d); // motor ID int id_; };



The constructor only registers init, so that our default instance servo does nothing, and can only be used to create new instances. servo::servo (const std::string& s) : urbi::UObject (s) { // register init UBindFunction (servo, init); }



The init function, called in a new instance each time a new Urbi instance is created, registers the four variables (val, P, I and D), and sets up callback functions. // Urbi constructor. void servo::init (int id) { id_ = id; if (!initialize (id)) return 1; UBindVar (servo, val); // val is both a sensor and an actuator. Uowned (val); // Set blend mode to mix. val.blend = urbi::UMIX; // Register variables. UBindVar (servo, P); UBindVar (servo, I); UBindVar (servo, D); // Register functions.



4.1. WRITING A SERVOMOTOR DEVICE
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UBindFunction (servo, setPID); // Register callbacks on functions. UNotifyChange (val, &servo::valueChanged); UNotifyAccess (val, &servo::valueAccessed); UNotifyChange (P, &servo::pidChanged); UNotifyChange (I, &servo::pidChanged); UNotifyChange (D, &servo::pidChanged); }



Then we define our callback methods. servo::valueChanged will be called each time the val variable is modified, just after the value is changed: we use this method to send our servo commands. servo::valueAccessed is called just before the value is going to be read. In this function we request the current value from the servo, and set val accordingly. // Called each time val is written to. void servo::valueChanged (urbi::UVar& v) { // v is a reference to our class member val: you can use both // indifferently. setPosition (id, (double)val); } // Called each time val is read. void servo::valueAccessed (urbi::UVar& v) { // v is a reference to val. val = getPosition (id); }



servo::pidChanged is called each time one of the PID variables is written to. The function servo::setPID can be called directly from Urbi. void servo::pidChanged (urbi::UVar& v) { setPID(id, (int)P, (int)I, (int)D); } void servo::setPID (int p, int i, int d) { setPID (id, p, i, d); P = p; I = i; D = d; } // Register servo class to the Urbi kernel. UStart (servo);



That’s it, compile this module, and you can use it within urbiscript:
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// Create a new instance. headPan = new servo (1);



Calls init (1).



// Calls setPID (). headPan.setPID (8,2,1); // Calls valueChanged (). headPan.val = 13; // Calls valueAccessed (). headPan.val * 12; // Periodically calls valueChanged (). headPan.val = 0 sin:1s ampli:20, // Periodically calls valueAccessed (). at (headPan.val < 0) echo ("left");



The sample code above has one problem: valueAccessed and valueChanged are called each time the value is read or written from Urbi, which can happen quite often. This is a problem if sending the actual command (setPosition in our example) takes time to execute. There are two solutions to this issue.



4.1.1



Caching



One solution is to remember the last time the value was read/written, and not apply the new command before a fixed time. Note that the kernel is doing this automatically for UOwned’d variables that are in a blend mode different than normal. So the easiest solution to the above problem is likely to set the variable to the mix blending mode. The unavoidable drawback is that commands are not applied immediately, but only after a small delay.



4.1.2



Using Timers



Instead of updating/fetching the value on demand, you can chose to do it periodically based on a timer. A small difference between the two API methods comes in handy for this case: the update() virtual method called periodically after being set up by USetUpdate(interval) is called just after one pass of Urbi code execution, whereas the timers set up by USetTimer are called just before one pass of Urbi code execution. So the ideal solution is to read your sensors in the second callback, and write to your actuators in the first. Our previous example (omitting PID handling for clarity) can be rewritten. The header becomes: // Inherit from UObject. class servo : public urbi::UObject { public: // The class must have a single constructor taking a string. servo (const std::string&)
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// Urbi constructor. void init (int id); // Called periodically. virtual int update (); // Called periodically. void getVal (); // Our position variable. urbi::UVar val; // Motor ID. int id_; };



Constructor is unchanged, init becomes: // Urbi constructor. void servo::init (int id) { id_ = id; if (!initialize (id)) return 0; UBindVar (servo,val); // Val is both a sensor and an actuator. UOwned(val); // Will call update () periodically. USetUpdate(1); // Idem for getVal (). USetTimer (1, &servo::getVal); }



valueChanged becomes update and valueAccessed becomes getVal. Instead of being called on demand, they are now called periodically. The period of the call cannot be lower than the value returned by Object.getPeriod; so you can set it to 0 to mean “as fast as is useful”.



4.2



Using Hubs to Group Objects



Now, suppose that, for our previous example, we can speed things up by sending all the servomotor commands at the same time, using the following method that takes two arrays of ids and positions. void setPositions(int count, int* ids, double* positions);



A hub is the perfect way to handle this task. The UObject header stays the same. We add a hub declaration: class servohub : public urbi::UObjectHub
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{ public: // The class must have a single constructor taking a string. servohub (const std::string&); // Called periodically. virtual int update (); // Called by servo. void addValue (int id, double val); int* ids; double* vals; int size; int count; };



servo::update becomes a call to the addValue method of the hub: int servo::update() { ((servohub*)getUObjectHub ("servohub"))->addValue (id, (double)val); };



The following line can be added to the servo init method, although it has no use in our specific example: URegister(servohub);



Finally, the implementation of our hub methods is: servohub::servohub (const std::string& s) : UObjectHub (s) , ids (0) , vals (0) , size (0) , count (0) { // setup our timer USetUpdate (1); } int servohub::update () { // Called periodically. setPositions (count, ids, vals); // Reset position counter. count = 0; return 0; }
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void servohub::addValue (int id, double val) { if (count + 1 < size) { // Allocate more memory. ids = (int*) realloc (ids, (count + 1) * sizeof (int)); vals = (double*) realloc (vals, (count + 1) * sizeof (double)); size = count + 1; } ids[count] = id; vals[count++] = val; } UStartHub (servohub);



Periodically, the update method is called on each servo instance, which adds commands to the hub arrays, then the update method of the hub is called, actually sending the command and resetting the array.



4.2.1



Alternate Implementation



Alternatively, to demonstrate the use of the members hub variable, we can entirely remove the update method in the servo class (and the USetUpdate() call in init), and rewrite the hub update method the following way: int servohub::update() { //called periodically for (UObjectList::iterator i = members.begin (); i != members.end (); ++i) addValue (((servo*)*i)->id, (double)((servo*)*i)->val); setPositions(count, ids, vals); // reset position counter count = 0; return 0; }



4.3



Writing a Camera Device



A camera device is an UObject whose val field is a binary object. The Urbi kernel itself doesn’t make any difference between all the possible binary formats and data type, but the API provides image-specific structures for convenience. You must be careful about memory management. The UBinary structure handles its own memory: copies are deep, and the destructor frees the associated buffer. The UImage and USound structures do not. Let’s suppose we have an underlying camera API with the following functions:
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CHAPTER 4. USE CASES • bool initialize (int id) Initialize the camera with given ID. • int getWidth (int id) Return image width. • int getHeight (int id) Return image height. • char* getImage (int id) Get image buffer of format RGB24. The buffer returned is always the same and doesn’t have to be freed. Our device code can be written as follows:



// Inherit from UObject. class Camera : public urbi::UObject { public: // The class must have a single constructor taking a string. Camera(const std::string&); // Urbi constructor. Throw in case of error. void init (int id); // Our image variable and dimensions. urbi::UVar val; urbi::UVar width; urbi::UVar height; // Called on access. void getVal (UVar&); // Called periodically. virtual int update (); // Frame counter for caching. int frame; // Frame number of last access. int accessFrame; // Camera id. int id_; // Storage for last captured image. UBinary bin; };



The constructor only registers init:
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Camera::Camera (const std::string& s) : urbi::UObject (s) , frame (0) { UBindFunction (Camera, init); }



The init function binds the variable, a function called on access, and sets a timer up on update. It also initializes the UBinary structure. void Camera::init (int id) { //urbi constructor id_ = id; frame = 0; accessFrame = 0; if (!initialize (id)) throw std::runtime_error("Failed to initialize camera"); UBindVar (Camera, val); UBindVar (Camera, width); UBindVar (Camera, height); width = getWidth (id); height = getHeight (id); UNotifyAccess (val, &Camera::getVal); bin.type = BINARY_IMAGE; bin.image.width = width; bin.image.height = height; bin.image.imageFormat = IMAGE_RGB; bin.image.size = width * height * 3; // Call update () periodically. USetUpdate (1); }



The update function simply updates the frame counter: int Camera::update () { ++frame; return 0; }



The getVal updates the camera value, only if it hasn’t already been called this frame, which provides a simple caching mechanism to avoid performing the potentially long operation of acquiring an image too often. void
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Camera::getVal(urbi::UVar&) { if (frame == accessFrame) return; bin.image.data = getImage (id); // Assign image to bin. val = bin; } UStart(Camera);



The image data is copied inside the kernel when proceeding this way. Be careful, suppose that we had created the UBinary structure inside the getVal method, our buffer would have been freed at the end of the function. To avoid this, set it to 0 after assigning the UBinary to the UVar.



4.3.1



Optimization in Plugin Mode



In plugin mode, it is possible to access the buffer used by the kernel by casting the UVar to a UImage. You can modify the content of the kernel buffer but no other argument.



4.4



Writing a Speaker or Microphone Device



Sound handling works similarly to image manipulation, the USound structure is provided for this purpose. The recommended way to implement a microphone is to fill the UObject val variable with the sound data corresponding to one kernel period. If you do so, the Urbi code loop tag:micro.val, will produce the expected result.



4.5



Writing a Softdevice: Ball Detection



Algorithms that require intense computation can be written in C++ but still be usable within Urbi: they acquire their data using UVar referencing other modules’ variables, and output their results to other UVar. Let’s consider the case of a ball detector device that takes an image as input, and outputs the coordinates of a ball if one is found. The header is defined like: class BallTracker : public urbi::UObject { public: BallTracker (const std::string&); void init (const std::string& varname); // Is the ball visible? urbi::UVar visible; // Ball coordinates. urbi::UVar x;
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urbi::UVar y; };



The constructor only registers init: // The constructor registers init only. BallTracker::BallTracker (const::string& s) : urbi::UObject (s) { UBindFunction (BallTracker, init); }



The init function binds the variables and a callback on update of the image variable passed as a argument. void BallTracker::init (const std::string& cameraval) { UBindVar (BallTracker, visible); UBindVar (BallTracker, x); UBindVar (BallTracker, y); UNotifyChange (cameraval, &BallTracker::newImage); visible = 0; }



The newImage function runs the detection algorithm on the image in its argument, and updates the variables. void BallTracker::newImage (urbi::UVar& v) { // Cast to UImage. urbi::UImage i = v; int px,py; bool found = detectBall (i.data, i.width, i.height, &px, &py); if (found) { visible = 1; x = px / i.width; y = py / i.height; } else visible = 0; }
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Part II



urbiscript User Manual
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About This Part This part, also known as the “urbiscript tutorial”, teaches the reader how to program in urbiscript. It goes from the basis to concurrent and event-based programming. No specific knowledge is expected. There is no need for a C++ compiler, as UObject will not be covered here (see Part I). The reference manual contains a terse and complete definition of the Urbi environment (Part IV). Chapter 5 — First Steps First contacts with urbiscript. Chapter 6 — Basic Objects, Value Model A quick introduction to objects and values. Chapter 7 — Flow Control Constructs Basic control flow: if, for and the like. Chapter 8 — Advanced Functions and Scoping Details about functions, scoped, and lexical closures. Chapter 9 — Objective Programming, urbiscript Object Model A more in-depth introduction to object-oriented programming in urbiscript. Chapter 10 — Functional Programming Functions are first-class citizens. Chapter 11 — Parallelism, Concurrent Flow Control The urbiscript operators for concurrency, tags. Chapter 12 — Event-based Programming Support for event-driven concurrency in urbiscript. Chapter 13 — Urbi for ROS Users How to use ROS from Urbi, and vice-versa.
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Chapter 5



First Steps This section introduces the most basic notions to write urbiscript code. Some aspects are presented only minimally. The goal of this section is to bootstrap yourself with the urbiscript language, to be able to study more in-depth examples afterward.



5.1



Comments



Commenting your code is crucial, so let’s start by learning how to do this in urbiscript. Comments are ignored by the interpreter, and can be left as documentation, reminder, . . . urbiscript supports C and C++ style comments: • C style comments start with /* and end with */. • C++ style comments start with // and last until the end of the line. 1; // This is a C++ style comment. [00000000] 1 2 + /* This is a C-style comment. */ 2; [00000000] 4 /* Contrary to C/C++, this type of comment /* does nest */. */ 3; [00000000] 3



5.2



Literal values



As already seen, we can evaluate literal integers. urbiscript supports several other literals, such as: floats floating point numbers. strings character strings. lists ordered collection of values. 67
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dictionary unordered collection of associations. nil neutral value. Think of it as the value that fits anywhere. void absence of value. Think of it as the value that fits nowhere. These literal values can be obtained with the syntax presented below. 42; // Integer literal. [00000000] 42 3.14; // Floating point number literal. [00000000] 3.14 "string"; // Character string literal. [00000000] "string" [1, 2, "a", "b"]; // List literal. [00000000] [1, 2, "a", "b"] ["a" => 1, "b" => 2]; // Dictionary literal. [00000000] ["a" => 1, "b" => 2] nil; void;



This listing highlights some point: • Lists and Dictionaries in urbiscript are heterogeneous. That is, one list can hold values of different types. • The printing of nil and void is empty.



5.3



Function calls



You can call functions with the classical, mathematical notation. cos(0); // Compute cosine [00000000] 1 max(1, 3); // Get the maximum of the arguments. [00000000] 3 max(1, 3, 4, 2); [00000000] 4



Again, the result of the evaluation are printed out. You can see here that function in urbiscript can be variadic, that is, take different number of arguments, such as the max function. Let’s now try the echo function, that prints out its argument. echo("Hello world!"); [00000000] *** Hello world!



The server prints out Hello world!, as expected. Note that this output is still prepended with the time stamp. Since echo returns void, no evaluation result is printed.



5.4. VARIABLES



5.4
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Variables



Variables can be introduced with the var keyword, given a name and an initial value. They can be assigned new values with the = operator. var x = 42; [00000000] 42 echo(x); [00000000] *** 42 x = 51; [00000000] 51 x; [00000000] 51



Note that, just as in C++, assignments return the (right-hand side) value, so you can write code like “x = y = 0”. The rule for valid identifiers is also the same as in C++: they may contain alphanumeric characters and underscores, but they may not start with a digit. You may omit the initialization value, in which case it defaults to void. var y; y; // Remember, the interpreter remains silent // because void is printed out as nothing. // You can convince yourself that y is actually // void with the following methods. y.asString; [00000000] "void" y.isVoid; [00000000] true



5.5



Scopes



Scopes are introduced with curly brackets ({}). They can contain any number of statements. Variables declared in a scope only exist within this scope. { var x = "test"; echo(x); }; [00000000] *** test // x is no longer defined here



Note that the interpreter waits for the whole scope to be inputted to evaluate it. Also note the mandatory terminating semicolon after the closing curly bracket.



5.6



Method calls



Methods are called on objects with the dot (.) notation as in C++. Method calls can be chained. Methods with no arguments don’t require the parentheses.
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0.cos(); [00000000] 1 "a-b-c".split("-"); [00000000] ["a", "b", "c"] // Empty parentheses are optional "foo".length(); [00000000] 3 "foo".length; [00000000] 3 // Method call can be chained "".length.cos; [00000000] 1



In obj.method, we say that obj is the target, and that we are sending him the method message.



5.7



Function definition



You know how to call routines, let’s learn how to write some. Functions can be declared thanks to the function keyword, followed by the comma separated, parentheses surrounded list of formal arguments, and the body between curly brackets. // Define myFunction function myFunction() { echo("Hello world"); echo("from my function!"); }; [00000000] function () { echo("Hello world"); echo("from my function!"); } // Invoke it myFunction(); [00000000] *** Hello world [00000000] *** from my function!



Note the strange output after you defined the function. urbiscript seems to be printing the function you just typed in again. This is because a function definition evaluates to the freshly created function. Functions are first class citizen: they are values, just as 0 or "foobar". The evaluation of a function definition yields the new function, and as always, the interpreter prints out the evaluation result, thus showing you the function again: // Work in a scope. { // Define f function f() {
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echo("f") }; // This does not invoke f, it returns its value. f; }; [00000000] function () { echo("f") } { // Define f function f() { echo("Hello World"); }; // This actually calls f f(); }; [00000000] *** Hello World



Here you can see that f is actually a simple value. You can just evaluate it to see its value, that is, its body. By adding the parentheses, you can actually call the function. This is a difference with methods calling, where empty parentheses are optional: method are always evaluated, you cannot retrieve their functional value — of course, you can with a different construct, but that’s not the point here. Since this output is often irrelevant, most of the time it is hidden in this documentation using the |{}; trick (or even |;): when evaluating code | {};, the server first evaluates code, then evaluates {} and return its value, void, which prints to nothing. function sum(a, b, c) { return a + b + c; } | {}; sum(20, 2, 20); [00000000] 42



The return keyword enables to return a value from the function. If no return statement is executed, the evaluation of the last expression is returned. function succ(i) { i + 1 } | {}; succ(50); [00000000] 51



5.8



Conclusion



You’re now up and running with basic urbiscript code, and we can dive in details into advanced urbiscript code.
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Chapter 6



Basic Objects, Value Model In this section, we focus on urbiscript values as objects, and study urbiscript by-reference values model. We won’t study classes and actual objective programming yet, these points will be presented in Chapter 9.



6.1



Objects in urbiscript



An object in urbiscript is a rather simple concept: a list of slots. A slot is a value associated to a name. So an object is a list of slot names, each of which indexes a value — just like a dictionary. // Create a fresh object with two slots. class Foo { var a = 42; var b = "foo"; }; [00000000] Foo



The localSlotNames method lists the names of the slots of an object (Object (Section 20.37)). // Inspect it. Foo.localSlotNames; [00000000] ["a", "asFoo", "b", "type"]



You can get an object’s slot value by using the dot (.) operator on this object, followed by the name of the slot. // We now know the name of its slots. Let’s see their value. Foo.a; [00000000] 42 Foo.b; [00000000] "foo"



It’s as simple as this. The inspect method provides a convenient short-hand to discover an object (Object (Section 20.37)). 73
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Foo.inspect; [00000009] *** Inspecting Foo [00000010] *** ** Prototypes: [00000011] *** Object [00000012] *** ** Local Slots: [00000014] *** a : Float [00000015] *** asFoo : Code [00000016] *** b : String [00000013] *** type : String



Let’s now try to build such an object. First, we want a fresh object to work on. In urbiscript, Object is the parent type of every object (in fact, since urbiscript is prototype-based, Object is the uppermost prototype of every object, but we’ll talk about prototypes later). An instance of object, is an empty, neutral object, so let’s start by instantiating one with the clone method of Object. // Create the o variable as a fresh object. var o = Object.clone; [00000000] Object_0x00000000 // Check its content o.inspect; [00006725] *** Inspecting Object_0x00000000 [00006725] *** ** Prototypes: [00006726] *** Object [00006726] *** ** Local Slots:



As you can see, we obtain an empty fresh object. Note that it still inherits from Object features that all objects share, such as the localSlotNames method. Also note how o is printed out: Object_, followed by an hexadecimal number. Since this object is empty, its printing is quite generic: its type (Object), and its unique identifier (every urbiscript object has one). Since these identifiers are often irrelevant and might differ between two executions, they are often filled with zeroes in this document. We’re now getting back to our empty object. We want to give it two slots, a and b, with values 42 and "foo" respectively. We can do this with the setSlot method, which takes the slot name and its value. o.setSlot("a", [00000000] 42 o.inspect; [00009837] *** [00009837] *** [00009837] *** [00009838] *** [00009838] ***



42);



Inspecting Object_0x00000000 ** Prototypes: Object ** Local Slots: a : Float



Here we successfully created our first slot, a. A good shorthand for setting slot is using the var keyword. // This is equivalent to o.setSlot("b", "foo"). var o.b = "foo"; [00000000] "foo"



6.1. OBJECTS IN URBISCRIPT o.inspect; [00072678] [00072678] [00072679] [00072679] [00072679] [00072680]
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*** Inspecting Object_0x00000000 *** ** Prototypes: *** Object *** ** Local Slots: *** a : Float *** b : String



The latter form with var is preferred, but you need to know the name of the slot at the time of writing the code. With the former one, you can compute the slot name at execution time. Likewise, you can read a slot with a run-time determined name with the getSlot method, which takes the slot name as argument. The following listing illustrates the use of getSlot and setSlot to read and write slots whose names are unknown at code-writing time. function set(object, name, value) { // We have to use setSlot here, since we don’t // know the actual name of the slot. return object.setSlot("x_" + name, value); } |; function get(object, name) { // We have to use getSlot here, since we don’t // know the actual name of the slot. return object.getSlot("x_" + name); } |; var x = Object.clone; [00000000] Object_0x00000000 set(x, "foo", 0); [00000000] 0 set(x, "bar", 1); [00000000] 1 x.localSlotNames; [00000000] ["x_bar", "x_foo"] get(x, "foo"); [00000000] 0 get(x, "bar"); [00000000] 1



Right, now we can create fresh objects, create slots in them and read them afterward, even if their name is dynamically computed, with getSlot and setSlot. Now, you might wonder if there’s a method to update the value of the slot. Guess what, there’s one, and it’s named. . . updateSlot (originality award). Getting back to our o object, let’s try to update one of its slots. o.a; [00000000] 42 o.updateSlot("a", 51); [00000000] 51 o.a; [00000000] 51



Again, there’s a shorthand for updateSlot: operator =.
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o.b; [00000000] "foo" // Equivalent to o.updateSlot("b", "bar") o.b = "bar"; [00000000] "bar" o.b; [00000000] "bar"



Likewise, prefer the ’=’ notation whenever possible, but you’ll need updateSlot to update a slot whose name you don’t know at code-writing time. Note that defining the same slot twice, be it with setSlot or var, is an error. The slot must be defined once with setSlot, and subsequent writes must be done with updateSlot. var o.c = 0; [00000000] 0 // Can’t redefine a slot like this var o.c = 1; [00000000:error] !!! slot redefinition: c // Okay. o.c = 1; [00000000] 1



Finally, use removeSlot to delete a slot from an object. o.localSlotNames; [00000000] ["a", "b", "c"] o.removeSlot("c"); [00000000] Object_0x00000000 o.localSlotNames; [00000000] ["a", "b"]



Here we are, now you can inspect and modify objects at will. Don’t hesitate to explore urbiscript objects you’ll encounter through this documentation like this. Last point: reading, updating or removing a slot which does not exist is, of course, an error. o.d; [00000000:error] !!! lookup failed: d o.d = 0; [00000000:error] !!! lookup failed: d



6.2



Methods



Methods in urbiscript are simply object slots containing functions. We made a little simplification earlier by saying that obj.slot is equivalent to obj.getSlot("slot"): if the fetched value is executable code such as a function, the dot form evaluates it, as illustrated below. Inside a method, this gives access to the target — as in C++. It can be omitted if there is no ambiguity with local variables. var o = Object.clone; [00000000] Object_0x0
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// This syntax stores the function in the ’f’ slot of ’o’. function o.f () { echo("This is f with target " + this); return 42; } |; // The slot value is the function. o.getSlot("f"); [00000001] function () { echo("This is f with target ".’+’(this)); return 42; } // Huho, the function is invoked! o.f; [00000000] *** This is f with target Object_0x0 [00000000] 42 // The parentheses are in fact optional. o.f(); [00000000] *** This is f with target Object_0x0 [00000000] 42



This was designed this way so as one can replace an attribute, such as an integer, with a function that computes the value. This enables to replace an attribute with a method without changing the object interface, since the parentheses are optional. This implies that getSlot can be a better tool for object inspection to avoid invoking slots, as shown below. // The ’empty’ method of strings returns whether the string is empty. "foo".empty; [00000000] false "".empty; [00000000] true // Using getSlot, we can fetch the function without calling it. "".getSlot("asList"); [00000000] function () { split("") }



The asList function simply bounces the task to split. Let’s try getSlot’ing another method: "foo".size; [00000000] 3 "foo".getSlot("size"); [00000000] Primitive_0x0



The size method of String (Section 20.57) is another type of object: a Primitive (Section 20.44). These objects are executable, like functions, but they are actually opaque primitives implemented in C++.
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6.3



Everything is an object



If you’re wondering what is an object and what is not, the answer is simple: every single bit of value you manipulate in urbiscript is an object, including primitive types, types themselves, functions, . . . var x = 0; [00000000] 0 x.localSlotNames; [00000000] [] var x.slot = 1; [00000000] 1 x.localSlotNames; [00000000] ["slot"] x.slot; [00000000] 1 x; [00000000] 0



As you can see, integers are objects just like any other value.



6.4



The urbiscript values model



We are now going to focus on the urbiscript value model, that is how values are stored and passed around. The whole point is to understand when variables point to the same object. For this, we introduce uid, a method that returns the target’s unique identifier — the same one that was printed when we evaluated Object.clone. Since uids might vary from an execution to another, their values in this documentation are dummy, yet not null to be able to differentiate them. var o = Object.clone; [00000000] Object_0x100000 o.uid; [00000000] "0x100000" 42.uid; [00000000] "0x200000" 42.uid; [00000000] "0x300000"



Our objects have different uids, reflecting the fact that they are different objects. Note that entering the same integer twice (42 here) yields different objects. Let’s introduce new operators before diving in this concept. First the equality operator: ==. This operator is the exact same as C or C++’s one, it simply returns whether its two operands are semantically equal. The second operator is ===, which is the physical equality operator. It returns whether its two operands are the same object, which is equivalent to having the same uid. This can seem a bit confusing; let’s have an example. var a = 42; [00000000] 42 var b = 42;



6.4. THE URBISCRIPT VALUES MODEL



79



[00000000] 42 a == b; [00000000] true a === b; [00000000] false



Here, the == operator reports that a and b are equal — indeed, they both evaluate to 42. Yet, the === operator shows that they are not the same object: they are two different instances of integer objects, both equal 42. Thanks to this operator, we can point out the fact that slots and local variables in urbiscript have a reference semantic. That is, when you defining a local variable or a slot, you’re not copying any value (as you would be in C or C++), you’re only making it refer to an already existing value (as you would in Ruby or Java). var a = 42; [00000000] 42 var b = 42; [00000000] 42 var c = a; // c refers to the same object as a. [00000000] 42 // a, b and c are equal: they have the same value. a == b && a == c; [00000000] true // Yet only a and c are actually the same object. a === b; [00000000] false a === c; [00000000] true



So here we see that a and c point to the same integer, while b points to a second one. This a non-trivial fact: any modification on a will affect c as well, as shown below. a.localSlotNames; [00000000] [] b.localSlotNames; [00000000] [] c.localSlotNames; [00000000] [] var a.flag; // Create a slot in a. a.localSlotNames; [00000000] ["flag"] b.localSlotNames; [00000000] [] c.localSlotNames; [00000000] ["flag"]



Updating slots or local variables does not update the referenced value. It simply redirects the variable to the new given value. var a = 42; [00000000] 42 var b = a; [00000000] 42
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// b and a point to the same integer. a === b; [00000000] true // Updating b won’t change the referred value, 42, // it makes it reference a fresh integer with value 51. b = 51; [00000000] 51 // Thus, a is left unchanged: a; [00000000] 42



Understanding the two latter examples is really important, to be aware of what your variable are referring to. Finally, function and method arguments are also passed by reference: they can be modified by the function. function test(arg) { var arg.flag; // add a slot in arg echo(arg.uid); // print its uid } |; var x = Object.clone; [00000000] Object_0x1 x.uid; [00000000] "0x1" test(x); [00000000] *** 0x1 x.localSlotNames; [00000000] ["flag"]



Beware however that arguments are passed by reference, and the behavior might not be what you may expected. function test(arg) { // Updates the local variable arg to refer 1. // Does not affect the referred value, nor the actual external argument. arg = 1; } |; var x = 0; [00000000] 0 test(x); [00000000] 1 // x wasn’t modified x; [00000000] 0



6.5



Conclusion



You should now understand the reference semantic of local variables, slots and arguments. It’s very important to keep them in mind, otherwise you will end up modifying variables you didn’t



6.5. CONCLUSION want, or change a copy of reference, failing to update the desired one.
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Chapter 7



Flow Control Constructs In this section, we’ll introduce some flow control structures that will prove handy later. Most of them are inspired by C/C++.



7.1



if



The if construct is the same has C/C++’s one. The if keyword is followed by a condition between parentheses and an expression, and optionally the else keyword and another expression. If the condition evaluates to true, the first expression is evaluated. Otherwise, the second expression is evaluated if present. if (true) echo("ok"); [00000000] *** ok if (false) echo("ko") else echo("ok"); [00000000] *** ok



The if construct is an expression: it has a value. echo({ if (false) "a" else "b" }); [00000000] *** b



7.2



while



The while construct is, again, the same as in C/C++. The while keyword is followed by a condition between parentheses and an expression. If the condition evaluation is false, the execution jumps after the while block; otherwise, the expression is evaluated and control jumps before the while block. var x = 2; [00000000] 2
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while (x < { x += 10; echo(x); }; [00000000] [00000000] [00000000] [00000000]



7.3



40)



*** *** *** ***



12 22 32 42



for



The for keyword supports different constructs, as in languages such as Java, C#, or even the forthcoming C++ revision. The first construct is hardly more than syntactic sugar for a while loop. for (var x echo(x); [00000000] [00000000] [00000000] [00000000]



= 2; x < 40; x += 10) *** *** *** ***



2 12 22 32



The second construct allows to iterate over members of a collection, such as a list. The for keyword, followed by var, an identifier, a colon (or in), an expression and a scope, executes the scope for every element in the collection resulting of the evaluation of the expression, with the variable named with the identifier referring to the list members. for (var e [00000000] [00000000] [00000000]



7.4



: [1, 2, 3]) { echo(e) }; *** 1 *** 2 *** 3



switch



The syntax of the switch construct is similar to C/C++’s one, except it works on any kind of object, not only integral ones. Comparison is done by semantic equality (operator ==). Execution will jump out of the switch-block after a case has been executed (no need to break). Also, contrary to C++, the whole construct has a value: that of the matching case. switch ("bar") { case "foo": case "bar": case "baz": case "qux": }; [00000000] 1



0; 1; 2; 3;



7.5. DO



7.5
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do



A do scope is a shorthand to perform several actions on an object. var o1 = Object.clone; [00000000] Object_0x100000 var o1.one = 1; [00000000] 1 var o1.two = 2; [00000000] 2 echo(o1.uid); [00000000] *** 0x100000



The same result can be obtained with a short do scope, that redirect method calls to their target, as in the listing below. This is similar to the Pascal “with” construct. The value of the do-block is the target itself. var o2 = Object.clone; [00000000] Object_0x100000 // All the message in this scope are destined to o. do (o2) { var one = 1; // var is a shortcut for the setSlot var two = 2; // message, so it applies on obj too. echo(uid); }; [00000000] *** 0x100000 [00000000] Object_0x100000
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Chapter 8



Advanced Functions and Scoping This section presents advanced uses of functions and scoping, as well as their combo: lexical closures, which prove to be a very powerful tool.



8.1



Scopes as expressions



Contrary to other languages from the C family, scopes are expressions: they can be used where values are expected, just as 1 + 1 or "foo". They evaluate to the value of their last expression, or void if they are empty. The following listing illustrates the use of scopes as expressions. Note that the last semicolon inside a scope is optional. // Scopes evaluate to the last expression they contain. { 1; 2; 3}; [00000000] 3 // They are expressions. echo({1; 2; 3}); [00000000] *** 3



8.2



Advanced scoping



Scopes can be nested. Variables can be redefined in sub-scopes. In this case, the inner variables hide the outer ones, as illustrated below. var x = 0; // Define the outer x. [00000000] 0 { var x = 1; // Define an inner x. x = 2; // These refer to echo(x); // the inner x }; [00000000] *** 2 x; // This is the outer x again. [00000000] 0 {
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x = 3; echo(x);



// This is still the outer x.



}; [00000000] *** 3 x; [00000000] 3



8.3



Local functions



Functions can be defined anywhere local variables can — that is, about anywhere. These functions’ visibility are limited to the scope they’re defined in, like variables. This enables for instance to write local helper functions like “max2” in the example below. function max3(a, b, c) // Max of three values { function max2(a, b) { if (a > b) return a else return b }; max2(a, max2(b, c)); } | {};



8.4



Lexical closures



A closure is the capture by a function of a variable external to this function. urbiscript supports lexical closure: functions can refer to outer local variables, as long as they are visible (in scope) from where the function is defined. function printSalaries(rate) { var charges = 100; function computeSalary(hours) { // Here rate and charges are captured // from the environment by closure rate * hours - charges }; echo("Alice’s salary is " + computeSalary(35)); echo("Bob’s salary is " + computeSalary(30)); } | {}; printSalaries(15); [00000000] *** Alice’s salary is 425 [00000000] *** Bob’s salary is 350



Closures can also write to captured variables, as shown below.
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var a = 0; [00000000] 0 var b = 0; [00000000] 0 function add(n) { // x and y are updated by closure a += n; b += n; void } | {}; add(25); add(25); add(1); a; [00000000] 51 b; [00000000] 51



Closure can be really powerful tools in some situation, and they are even more useful when combined with functional programing, as described in Chapter 10.
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Chapter 9



Objective Programming, urbiscript Object Model This section presents object programing in urbiscript: the prototype-based object model of urbiscript, and how to define and use classes.



9.1



Prototype-based programing in urbiscript



You’re probably already familiar with class-based object programing, since this is the C++ model. Classes and objects are very different entities. Types are static entities that do not exist at run-time, while objects are dynamic entities that do not exist at compile time. Prototype-based object programing is different: the difference between classes and objects, between types and values, is blurred. Instead, you have an object, that is already an instance, and that you might clone to obtain a new one that you can modify afterward. Prototypebased programming was introduced by the Self language, and is used in several popular script languages such as Io or JavaScript. Class-based programming can be considered with an industrial metaphor: classes are molds, from which objects are generated. Prototype-based programming is more biological: a prototype object is cloned into another object which can be modified during its lifetime. Consider pairs for instance (see Pair (Section 20.40)). Pairs hold two values, first and second, like an std::pair in C++. Since urbiscript is prototype-based, there is no pair class. Instead, Pair is really a pair (object). Pair; [00000000] (nil, nil)



We can see here that Pair is a pair whose two values are equal to nil — which is a reasonable default value. To get a pair of our own, we simply clone Pair. We can then use it as a regular pair. var p = Pair.clone; [00000000] (nil, nil) p.first = "101010";
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[00000000] p.second = [00000000] p; [00000000] Pair; [00000000]



"101010" true; true ("101010", true) (nil, nil)



Since Pair is a regular pair object, you can modify and use it at will. Yet this is not a good idea, since you will alter your base prototype, which alters any derivative, future and even past. var before = Pair.clone; [00000000] (nil, nil) Pair.first = false; [00000000] false var after = Pair.clone; [00000000] (false, nil) before; [00000000] (false, nil) // before and after share the same first: that of Pair. assert(Pair.first === before.first); assert(Pair.first === after.first);



9.2



Prototypes and slot lookup



In prototype-based language, is-a relations (being an instance of some type) and inheritance relations (extending another type) are simplified in a single relation: prototyping. You can inspect an object prototypes with the protos method. var p = Pair.clone; [00000000] (nil, nil) p.protos; [00000000] [(nil, nil)]



As expected, our fresh pair has one prototype, (nil, nil), which is how Pair displays itself. We can check this as presented below. // List.head returns the first element. p.protos.head; [00000000] (nil, nil) // Check that the prototype is really Pair. p.protos.head === Pair; [00000000] true



Prototypes are the base of the slot lookup mechanism. Slot lookup is the action of finding an object slot when the dot notation is used. So far, when we typed obj.slot, slot was always a slot of obj. Yet, this call can be valid even if obj has no slot slot, because slots are also looked up in prototypes. For instance, p, our clone of Pair, has no first or second slots. Yet, p.first and p.second work, because these slots are present in Pair, which is p’s prototype. This is illustrated below.
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var p = Pair.clone; [00000000] (nil, nil) // p has no slots of its own. p.localSlotNames; [00000000] [] // Yet this works. p.first; // This is because p has Pair for prototype, and Pair has a ’first’ slot. p.protos.head === Pair; [00000000] true "first" in Pair.localSlotNames && "second" in Pair.localSlotNames; [00000000] true



As shown here, the clone method simply creates an empty object, with its target as prototype. The new object has the exact same behavior as the cloned on thanks to slot lookup. Let’s experience slot lookup by ourselves. In urbiscript, you can add and remove prototypes from an object thanks to addProto and removeProto. // We create a fresh object. var c = Object.clone; [00000000] Object_0x1 // As expected, it has no ’slot’ slot. c.slot; [00000000:error] !!! lookup failed: slot var p = Object.clone; [00000000] Object_0x2 var p.slot = 0; [00000000] 0 c.addProto(p); [00000000] Object_0x1 // Now, ’slot’ is found in c, because it is inherited from p. c.slot; [00000000] 0 c.removeProto(p); [00000000] Object_0x1 // Back to our good old lookup error. c.slot; [00000000:error] !!! lookup failed: slot



The slot lookup algorithm in urbiscript in a depth-first traversal of the object prototypes tree. Formally, when the s slot is requested from x: • If x itself has the slot, the requested value is found. • Otherwise, the same lookup algorithm is applied on all prototypes, most recent first. Thus, slots from the last prototype added take precedence over other prototype’s slots. var proto1 [00000000] var proto2 [00000000]



= Object.clone; Object_0x10000000 = Object.clone; Object_0x20000000
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var o = Object.clone; [00000000] Object_0x30000000 o.addProto(proto1); [00000000] Object_0x30000000 o.addProto(proto2); [00000000] Object_0x30000000 // We give o an x slot through proto1. var proto1.x = 0; [00000000] 0 o.x; [00000000] 0 // proto2 is visited first during lookup. // Thus its "x" slot takes precedence over proto1’s. var proto2.x = 1; [00000000] 1 o.x; [00000000] 1 // Of course, o’s own slots have the highest precedence. var o.x = 2; [00000000] 2 o.x; [00000000] 2



You can check where in the prototype hierarchy a slot is found with the locateSlot method. This is a very handful tool when inspecting an object. var p = Pair.clone; [00000000] (nil, nil) // Check that the ’first’ slot is found in Pair p.locateSlot("first") === Pair; [00000000] true // Where does locateSlot itself come from? Object itself! p.locateSlot("locateSlot"); [00000000] Object



The prototype model is rather simple: creating a fresh object simply consists in cloning a model object, a prototype, that was provided to you. Moreover, you can add behavior to an object at any time with a simple addProto: you can make any object a fully functional Pair with a simple myObj.addProto(Pair).



9.3



Copy on write



One point might be bothering you though: what if you want to update a slot value in a clone of your prototype? Say we implement a simple prototype, with an x slot equal to 0, and clone it twice. We have three objects with an x slot, yet only one actual 0 integer. Will modifying x in one of the clone change the prototype’s x, thus altering the prototype and the other clone as well? The answer is, of course, no, as illustrated below. var proto = Object.clone; [00000000] Object_0x1
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var proto.x = 0; [00000000] 0 var o1 = proto.clone; [00000000] Object_0x2 var o2 = proto.clone; [00000000] Object_0x3 // Are we modifying proto’s x slot here? o1.x = 1; [00000000] 1 // Obviously not o2.x; [00000000] 0 proto.x; [00000000] 0 o1.x; [00000000] 1



This work thanks to copy-on-write: slots are first duplicated to the local object when they’re updated, as we can check below. // This is the continuation of previous example. // As expected, o2 finds "x" in proto o2.locateSlot("x") === proto; [00000000] true // Yet o1 doesn’t anymore o1.locateSlot("x") === proto; [00000000] false // Because the slot was duplicated locally o1.locateSlot("x") === o1; [00000000] true



This is why, when we cloned Pair earlier, and modified the “first” slot of our fresh Pair, we didn’t alter Pair one all its other clones.



9.4



Defining pseudo-classes



Now that we know the internals of urbiscript’s object model, we can start defining our own classes. But wait, we just said there are no classes in prototype-based object-oriented languages! That is true: there are no classes in the sense of C++: compile-time entities that are not objects. Instead, prototype-based languages rely on the existence of a canonical object (the prototype) from which (pseudo) instances are derived. Yet, since the syntactic inspiration for urbiscript comes from languages such as Java, C++ and so forth, it is nevertheless the class keyword that is used to define the pseudo-classes, i.e., prototypes. As an example, we define our own Pair class. We just have to create a pair, with its first and second slots. For this we use the do scope described in Section 7.5. The listing below defines a new Pair class. The asString function is simply used to customize pairs printing — don’t give it too much attention for now.
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var MyPair = Object.clone; [00000000] Object_0x1 do (MyPair) { var first = nil; var second = nil; function asString () { "MyPair: " + first + ", " + second }; } | {}; // We just defined a pair MyPair; [00000000] MyPair: nil, nil // Let’s try it out var p = MyPair.clone; [00000000] MyPair: nil, nil p.first = 0; [00000000] 0 p; [00000000] MyPair: 0, nil MyPair; [00000000] MyPair: nil, nil



That’s it, we defined a pair that can be cloned at will! urbiscript provides a shorthand to define classes as we did above: the class keyword. class MyPair { var first = nil; var second = nil; function asString() { "(" + first + ", " + second + ")"; }; }; [00000000] (nil, nil)



The class keyword simply creates MyPair with MyPairObject.clone—, and provides you with a do (MyPair) scope. It actually also pre-defines a few slots, but this is not the point here.



9.5



Constructors



As we’ve seen, we can use the clone method on any object to obtain an identical object. Yet, some classes provide more elaborate constructors, accessible by calling new instead of clone, potentially passing arguments. var p = Pair.new("foo", false); [00000000] ("foo", false)



While clone guarantees you obtain an empty fresh object inheriting from the prototype, new behavior is left to the discretion of the cloned prototype — although its behavior is the same as clone by default.
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To define such constructors, prototypes only need to provide an init method, that will be called with the arguments given to new. For instance, we can improve our previous Pair class with a constructor. class MyPair { var first = nil; var second = nil; function init(f, s) { first = f; second = s; }; function asString() { "(" + first + ", " + second + ")"; }; }; [00000000] (nil, nil) MyPair.new(0, 1); [00000000] (0, 1)



9.6



Operators



In urbiscript, operators such as +, && and others, are regular function that benefit from a bit of syntactic sugar. To be more precise, a+b is exactly the same as a.’+’(b). The rules to resolve slot names apply too, i.e., the ’+’ slot is looked for in a, then in its prototypes. The following example provides arithmetic between pairs. class ArithPair { var first = nil; var second = nil; function init(f, s) { first = f; second = s; }; function asString() { "(" + first + ", " + second + ")"; }; function ’+’(rhs) { new(first + rhs.first, second + rhs.second); }; function ’-’(rhs) { new(first - rhs.first, second - rhs.second); }; function ’*’(rhs) { new(first * rhs.first, second * rhs.second); }; function ’/’(rhs) { new(first / rhs.first, second / rhs.second); }; }; [00000000] (nil, nil) ArithPair.new(1, 10) + ArithPair.new(2, 20) * ArithPair.new(3, 30); [00000000] (7, 610)
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Chapter 10



Functional Programming urbiscript support functional programming through first class functions and lambda expressions.



10.1



First class functions



urbiscript has first class functions, i.e., functions are regular values, just like integers or strings. They can be stored in variables, passed as arguments to other functions, and so forth. For instance, you don’t need to write function object.f(){/* ... */} to insert a function in an object, you can simply use setSlot. var o = Object.clone | {}; // Here we can use f as any regular value o.setSlot("m1", function () { echo("Hello") }) | {}; // This is strictly equivalent var o.m2 = function () { echo("Hello") } | {}; o.m1; [00000000] *** Hello o.m2; [00000000] *** Hello



This enables to write powerful pieces of code, like functions that take function as argument. For instance, consider the all function: given a list and a function, it applies the function to each element of the list, and returns whether all calls returned true. This enables to check very simply if all elements in a list verify a predicate. function all(list, predicate) { for (var elt : list) if (!predicate(elt)) return false; return true; } | {}; // Check if all elements in a list are positive. function positive(x) { x >= 0 } | {}; all([1, 2, 3], getSlot("positive")); [00000000] true
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all([1, 2, -3], getSlot("positive")); [00000000] false



It turns out that all already exists: instead of all(list, predicate), use list.all(predicate), see List (Section 20.30).



10.2



Lambda functions



Another nice feature is the ability to write lambda functions, which are anonymous functions. You can create a functional value as an expression, without naming it, with the syntax shown below. // Create an anonymous function function (x) {x + 1} | {}; // This enable to easily pass function // to our "all" function: [1, 2, 3].all(function (x) { x > 0}); [00000000] true



In fact, the function construct we saw earlier is only a shorthand for a variable assignment. // This ... function obj.f (/*...*/) {/*...*/}; // ... is actually a shorthand for this var obj.f = function (/*...*/) {/* ... */};



10.3



Lazy arguments



Most popular programming languages use strict arguments evaluation: arguments are evaluated before functions are called. Other languages use lazy evaluation: argument are evaluated by the function only when needed. In urbiscript, evaluation is strict by default, but you can ask a function not to evaluate its arguments, and do it by hand. This works by not specifying formal arguments. The function is provided with a call object that enables you to evaluate arguments. // Note the lack of formal arguments specification function first { // Evaluate only the first argument. call.evalArgAt(0); } | {}; first(echo("first"), echo("second")); [00000000] *** first function reverse { call.evalArgAt(1); call.evalArgAt(0); } | {}; reverse(echo("first"), echo("second"));
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[00000000] *** second [00000000] *** first



A good example are logic operators. Although C++ is a strict language, it uses a few logic operators. For instance, the logical and (&&) does not evaluate its right operand if the left operand is false (the result will be false anyway). urbiscript logic operator mimic this behavior. The listing below shows how one can implement such a behavior. function myAnd { if (call.evalArgAt(0)) call.evalArgAt(1) else false; }|; function f() { echo("f executed"); return true; }|; myAnd(false, f()); [00000000] false myAnd(true, f()); [00000000] *** f executed [00000000] true
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Chapter 11



Parallelism, Concurrent Flow Control Parallelism is a major feature of urbiscript. So far, all we’ve seen already existed in other languages — although we tried to pick, mix and adapt features and paradigms to create a nice scripting language. Parallelism is one of the corner stones of its paradigm, and what makes it so well suited to high-level scripting of interactive agents, in fields such as robotics or AI.



11.1



Parallelism operators



For now, we’ve separated our different commands with a semicolon (;). There are actually four statement separators in urbiscript: • “;”: Serialization operator. Wait for the left operand to finish before continuing. • “&”: Parallelism n-ary operator. All its operands are started simultaneously, and executed in parallel. The & block itself finishes when all the operands have finished. & has higher precedence than other separators. • “,”: Background operator. Its left operand is started, and then it proceeds immediately to its right operand. This operator is bound to scopes: when used inside a scope, the scope itself finishes only when all the statements backgrounded with ‘,’ have finished. The example below demonstrates the use of & to launch two functions in parallel. function test(name) { echo(name + ": 1"); echo(name + ": 2"); echo(name + ": 3"); } |; // Serialized executions test("left") ; test ("middle"); test ("right"); [00000000] *** left: 1
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[00000000] *** left: 2 [00000000] *** left: 3 [00000000] *** middle: 1 [00000000] *** middle: 2 [00000000] *** middle: 3 [00000000] *** right: 1 [00000000] *** right: 2 [00000000] *** right: 3 // Parallel execution test("left") & test("middle") & test ("right"); [00000000] *** left: 1 [00000000] *** middle: 1 [00000000] *** right: 1 [00000000] *** left: 2 [00000000] *** middle: 2 [00000000] *** right: 2 [00000000] *** left: 3 [00000000] *** middle: 3 [00000000] *** right: 3



In this test, we see that the & runs its operands simultaneously. The difference between “&” and “,” is rather subtle: • In the top level, no operand of a job will start “&” until all are known. So if you send a line ending with “&”, the system will wait for the right operand (in fact, it will wait for a “,” or a “;”) before firing its left operand. A statement ending with “,” will be fired immediately. • Execution is blocked after a “&” group until all its children have finished. function test(name) { echo(name + ": 1"); echo(name + ": 2"); echo(name + ": 3"); } | {}; // Run test and echo("right") in parallel, // and wait until both are done before continuing test("left") & echo("right"); echo("done"); [00000000] *** left: 1 [00000000] *** right [00000000] *** left: 2 [00000000] *** left: 3 [00000000] *** done // Run test in background, then both echos without waiting. test("left") , echo("right"); echo("done"); [00000000] *** left: 1 [00000000] *** right [00000000] *** left: 2 [00000000] *** done [00000000] *** left: 3
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That’s about all there is to say about these operators. Although they’re rather simple, they are really powerful and enables you to include parallelism anywhere at no syntactical cost.



11.2



Detach



The Control.detach function backgrounds the execution of its argument. Its behavior is the same as the comma (,) operator, except that the execution is completely detached, and not waited for at the end of the scope. function test() { // Wait for one second, and echo "foo". detach({sleep(1s); echo("foo")}); }|; test(); echo("Not blocked"); [00000000] Job [00000000] *** Not blocked sleep(2s); echo("End of sleep"); [00001000] *** foo [00002000] *** End of sleep



11.3



Tags for parallel control flows



A Tag (Section 20.61) is a multipurpose code execution control and instrumentation feature. Any chunk of code can be tagged, by preceding it with a tag and a colon (:). Tag can be created with Tag.new(name). Naming tags is optional, yet it’s a good idea since it will be used for many features. The example below illustrates how to tag chunks of code. // Create a new tag var mytag = Tag.new("name"); [00000000] Tag // Tag the evaluation of 42 mytag: 42; [00000000] 42 // Tag the evaluation of a block. mytag: { "foo"; 51 }; [00000000] 51 // Tag a function call. mytag: echo("tagged"); [00000000] *** tagged



You can use tags that were not declared previously, they will be created implicitly (see below). However, this is not recommended since tags will be created in a global scope, the Tag object. This feature can be used when inputting test code in the top level to avoid bothering to declare each tag, yet it is considered poor practice in regular code.
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// Since mytag is not declared, this will first do: // var Tag.mytag = Tag.new("mytag"); mytag : 42; [00000000] 42



So you can tag code, yet what’s the use? One of the primary purpose of tags is to be able to control the execution of code running in parallel. Tags have a few control methods (see Tag (Section 20.61)): freeze Suspend execution of all tagged code. unfreeze Resume execution of previously frozen code. stop Stop the execution of the tagged code. The flows of execution that where stopped jump immediately at the end of the tagged block. block Block the execution of the tagged code, that is: • Stop it. • When an execution flow encounters the tagged block, it simply skips it. You can think of block like a permanent stop. unblock Stop blocking the tagged code. The three following examples illustrate these features. // Launch in background (using the comma) code that prints "ping" // every second. Tag it to keep control over it. mytag: every (1s) echo("ping"), sleep(2.5s); [00000000] *** ping [00001000] *** ping [00002000] *** ping // Suspend execution mytag.freeze; // No printing anymore sleep(1s); // Resume execution mytag.unfreeze; sleep(1s); [00007000] *** ping // Now, we print out a message when we get out of the tag. { mytag: every (1s) echo("ping"); // Execution flow jumps here if mytag is stopped.



11.4. ADVANCED EXAMPLE WITH PARALLELISM AND TAGS
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echo("Background job stopped")| }, sleep(2.5s); [00000000] *** ping [00001000] *** ping [00002000] *** ping // Stop the tag mytag.stop; [00002500] *** Background job stopped // Our background job finished. // Unfreezing the tag has no effect. mytag.unfreeze;



// Now, print out a message when we get out of the tag. loop { echo("ping"); sleep(1s); mytag: { echo("pong"); sleep(1s); }; }, sleep(3.5s); [00000000] *** ping [00001000] *** pong [00002000] *** ping [00003000] *** pong // Block printing of pong. mytag.block; sleep(3s); // The second half of the while isn’t executed anymore. [00004000] *** ping [00005000] *** ping [00006000] *** ping // Reactivate pong mytag.unblock; sleep(3.5s); [00008000] *** pong [00009000] *** ping [00010000] *** pong [00011000] *** ping



11.4



Advanced example with parallelism and tags



In this section, we implement a more advanced example with parallelism. The listing below presents how to implement a timeOut function, that takes code to execute and a timeout as arguments. It executes the code, and returns its value. However, if the code execution takes longer than the given timeout, it aborts it, prints "Timeout!" and returns void. In this example, we use:
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// timeout (Code, Duration). function timeOut { // In background, launch a timeout job that waits // for the given duration before aborting the function. // call.evalArgAt(1) is the second argument, the duration. { sleep(call.evalArgAt(1)); echo("Timeout!"); return; }, // Run the Code and return its value. return call.evalArgAt(0); } |; timeOut({sleep(1s); echo("On time"); 42}, 2s); [00000000] *** On time [00000000] 42 timeOut({sleep(2s); echo("On time"); 42}, 1s); [00000000] *** Timeout!



Chapter 12



Event-based Programming When dealing with highly interactive agent programming, sequential programming is inconvenient. We want to react to external, random events, not execute code linearly with a predefined flow. urbiscript has a strong support for event-based programming.



12.1



Event related constructs



The first construct we will study is the at keyword. Given a condition, and an expression, at will evaluate the expression every time the condition becomes true. That is, when a rising edge occurs on the condition. var x = 0; [00000000] 0 at (x > 5) echo("ping"); x = 5; [00000000] 5 // This triggers the event x = 6; [00000000] 6 [00000000] *** ping // Does not trigger, since the condition is already true. x = 7; [00000000] 7 // The condition becomes false here. x = 3; [00000000] 3 x = 10; [00000000] 10 [00000000] *** ping



An onleave block can be appended to execute an expression when the expression becomes false — that is, on falling edges. var x = false;
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[00000000] false at (x) echo("x") onleave echo("!x"); x = true; [00000000] true [00000000] *** x x = false; [00000000] false [00000000] *** !x



See Section 19.9.1 for more details on at statements. The whenever construct is similar to at, except the expression evaluation is systematically restarted when it finishes as long as the condition stands true. var x = false; [00000000] false whenever (x) { echo("ping"); sleep(1s); }; x = true; [00000000] true sleep(3s); // Whenever keeps triggering [00000000] *** ping [00001000] *** ping [00002000] *** ping x = false; [00002000] false // Whenever stops triggering



Just like at has onleave, whenever has else: the given expression is evaluated as long as the condition is false. var x = false; [00002000] false whenever (x) { echo("ping"); sleep(1s); } else { echo("pong"); sleep(1s); }; sleep (3s); [00000000] *** pong [00001000] *** pong [00002000] *** pong x = true;
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[00003000] true sleep (3s); [00003000] *** ping [00004000] *** ping [00005000] *** ping x = false; [00006000] false sleep (2s); [00006000] *** pong [00007000] *** pong



12.2



Events



urbiscript enables you to define events, that can be caught with the at and whenever constructs we saw earlier. You can create events by cloning the Event (Section 20.14) prototype. They can then be emitted with the ! keyword. var myEvent = Event.new; [00000000] Event_0x0 at (myEvent?) echo("ping"); myEvent!; [00000000] *** ping // events work well with parallelism myEvent! & myEvent!; [00000000] *** ping [00000000] *** ping



Both at and whenever have the same behavior on punctual events. However, if you emit an event for a given duration, whenever will keep triggering for this duration, contrary to at. var myEvent = Event.new; [00000000] Event_0x0 whenever (myEvent?) { echo("ping (whenever)")| sleep(200ms) }; at (myEvent?) { echo("ping (at)")| sleep(200ms) }; // Emit myEvent for .3 second. myEvent! ∼ 300ms; [00000000] *** ping (whenever) [00000100] *** ping (whenever) [00000000] *** ping (at)
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Chapter 13



Urbi for ROS Users This chapter extends the ROS official tutorials (http://www.ros.org/wiki/ROS/Tutorials). Be sure to complete this tutorial before reading this document.



13.1



Communication on topics



First we will take back examples about topics; make sure that talker and listener in the ‘beginner tutorial’ package are compiled. You can recompile it with the following command: $ rosmake beginner_tutorial



13.1.1



Starting a process from Urbi



To communicate with ROS components, you need to launch them. You can do it by hand, or ask Urbi to do it for you. To launch new processes through Urbi, we will use the class Process (Section 20.45). Let’s say we want to start roscore, and the talker of the beginner tutorial. Open an Urbi shell by typing the command ‘rlwrap urbi -i’. Here rlwrap makes ‘urbi -i’ acts like a shell prompt, with features like line editing, history, . . . var core = Process.new("roscore", []); [00000001] Process roscore var talker = Process.new("rosrun", ["beginner_tutorial", "talker"]); [00000002] Process rosrun core.run; talker.run;



At this point, the processes are launched. The first argument of Process.new is the name of the command to launch, the second is a list of arguments. Then you can check the status of the processes, get their stdout/stderr buffers, kill them in urbiscript (see Process (Section 20.45)). 113
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13.1.2



Listening to Topics



First you need to make sure that roscore is running, and the Ros module is loaded correctly: Global.hasLocalSlot("Ros"); [00016931] true



Then we can get the list of launched nodes: Ros.nodes;



This returns a Dictionary (Section 20.11) with the name of the node as key, and a dictionary with topics subscribed, topics advertised, topics advertised as value. We can check that our talker is registered, and on which channel it advertises: // Get the structure. // "|;" is an idiom to discard the display of the return value. var nodes = Ros.nodes|; // List of nodes (keys). nodes.keys; [00000002] ["/rosout", "/urbi_1273060422295250703", "/talker"] // Details of the node "talker". nodes["talker"]["publish"]; [00000003] ["/rosout", "/chatter"]



Here we see that this node advertises ‘/rosout’ and ‘/chatter’. Let’s subscribe to ‘/chatter’: // Initialize the subscription object. var chatter = Ros.Topic.new("/chatter")|; // Subscribe. chatter.subscribe; // This is the way we are called on new message. var chatTag = Tag.new|; chatTag: at (chatter.onMessage?(var e)) // This will be executed on each message. echo(e);



In this code, e is a Dictionary that follows the structure of the ROS message. Here is an example of what this code produces: [00000004] *** ["data" => "Hello there! This is message [4]"] [00000005] *** ["data" => "Hello there! This is message [5]"] [00000006] *** ["data" => "Hello there! This is message [6]"]



We can also get a template for the message structure on this channel with: chatter.structure; [00000007] ["data" => ""]



To stop temporarily the Global.echo, we take advantages of tags (Section 11.3), by doing chatTag.freeze. Same thing goes with unfreeze. Of course you could also call chatter.unsubscribe, which unsubscribes you completely from this channel.
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13.1.3
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Advertising on Topics



To advertise a topic, this is roughly the same procedure. 13.1.3.1



Simple Talker



Here is a quick example: // Initialize our object. var talker = Ros.Topic.new("/chatter")|; // Advertise (providing the ROS Type of this topic). talker.advertise("std_msgs/String"); // Get a template of our structure. var msg = talker.structure.new; msg["data"] = "Hello ROS world"|; talker 0]



Now we want to have it moving in circle with a small sinusoid wave. This goes in two step. First, we set up the infrastructure so that changes in Urbi are seamlessly published in ROS. // Get our template structure. var m = velocity.structure.new |; m["linear"] = 0.8 |; var angular = 0 |; // Every time angular is changed, we send a message. at (angular->changed?) { m["angular"] = angular; velocity " + p.second); [00000003] *** one => 1 [00000002] *** two => 2 "three" in d;
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[00000004] false d["three"]; [00000005:error] !!! missing key: three d["three"] = d["one"] + d["two"] | {}; "three" in d; [00000006] true d.getWithDefault("four", 4); [00000007] 4



20.11.2



Prototypes



• Comparable (Section 20.7) • Container (Section 20.8) • Object (Section 20.37) • RangeIterable (Section 20.50)



20.11.3



Construction



The Dictionary constructor takes arguments by pair (key, value). Dictionary.new("one", 1, "two", 2); [00000000] ["one" => 1, "two" => 2] Dictionary.new; [00000000] [ => ]



Yet you are encouraged to use the specific syntax for Dictionary literals: ["one" => 1, "two" => 2]; [00000000] ["one" => 1, "two" => 2] [=>]; [00000000] [ => ]



An extra comma can be added at the end of the list. [ "one" => 1, "two" => 2, ]; [00000000] ["one" => 1, "two" => 2]



20.11.4



Slots



• ’==’(that) Whether this equals that. This suppose that elements contained inside the dictionary are Comparable. [ => ] == [ => ]; ["a" => 1, "b" => 2] == ["b" => 2, "a" => 1];
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• ’[]’(key) Syntactic sugar for get(key). ["one" => 1]["one"] == 1;



• ’[]=’(key, value) Syntactic sugar for set(key, value), but returns value. { var d = ["one" =>"2"]; assert { (d["one"] = 1) == 1; d["one"] == 1; }; };



• asBool Negation of empty. [=>].asBool == false; ["key" => "value"].asBool == true;



• asList Return the contents of the dictionary as a Pair (Section 20.40) list (key, value). ["one" => 1, "two" => 2].asList == [("one", 1), ("two", 2)];



Since Dictionary derives from RangeIterable (Section 20.50), it is easy to iterate over a Dictionary using a range-for (Section 19.6.5.2). No particular order is ensured. { var res = []; for| (var entry: ["one" => 1, "two" => 2]) res ].asString == "[ => ]"; ["a" => 1, "b" => 2].asString == "[\"a\" => 1, \"b\" => 2]";



• clear Empty the dictionary. ["one" => 1].clear.empty;
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CHAPTER 20. URBISCRIPT STANDARD LIBRARY • empty Whether the dictionary is empty. [=>].empty == true; ["key" => "value"].empty == false;



• erase(key) Remove the mapping for key. ["one" => 1, "two" => 2].erase("two") == ["one" => 1]



• get(key) Return the value associated to key. A Dictionary.KeyError exception is thrown if the key is missing. assert(["one" => 1, "two" => 2].get("one") == 1); try { ["one" => 1, "two" => 2].get("three"); echo("never reached"); } catch (var e if e.isA(Dictionary.KeyError)) { assert(e.key == "three") };



• getWithDefault(key, defaultValue) The value associated to key if it exists, defaultValue otherwise. do (["one" => 1, "two" => 2]) { assert { getWithDefault("one", -1) == 1; getWithDefault("three", 3) == 3; }; }|;



• has(key) Whether the dictionary has a mapping for key. do (["one" => 1]) { assert(has("one")); assert(!has("zero")); }|;



The infix operators in and not in use has (see Section 19.1.8.7). "one" in ["one" => 1]; "two" not in ["one" => 1];
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• init(key1, value1, ...) Insert the mapping from key1 to value1 and so forth. Dictionary.clone.init("one", 1, "two", 2); [00000000] ["one" => 1, "two" => 2]



• keys The list of all the keys. No particular order is ensured. Since List (Section 20.30) features the same function, uniform iteration over a List or a Dictionary is possible. { var d = ["one" => 1, "two" => 2]; assert(d.keys == ["one", "two"]); assert({ var res = []; for (var k: d.keys) res var a] = ["a" => 1, "b" => 2]; // get the matched value. assert(a == 1); };



• set(key, value) Map key to value and return this so that invocations to set can be chained. The possibly existing previous mapping is overridden. [=>].set("one", 2).set("one", 1); [00000000] ["one" => 1]



• size Number of element in the dictionary. { var d = [=>]; assert(d.size == 0); d["a"] = 0; assert(d.size == 1); d["b"] = 1; assert(d.size == 2);
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20.12



Directory



A Directory represents a directory of the file system.



20.12.1



Prototypes



• Object (Section 20.37)



20.12.2



Construction



A Directory can be constructed with one argument: the path of the directory using a String (Section 20.57) or a Path (Section 20.41). It can also be constructed by the method open of Path (Section 20.41). Directory.new("."); [00000001] Directory(".") Directory.new(Path.new(".")); [00000002] Directory(".")



20.12.3



Slots



• asList The contents of the directory as a Path (Section 20.41) list. The various paths include the name of the directory this. • asString A String (Section 20.57) containing the path of the directory. Directory.new(".").asString == ".";



• content The contents of the directory as a String (Section 20.57) list. The strings include only the last component name; they do not contain the directory name of this. • fileCreated(name) Event launched when a file is created inside the directory. May not exist if not supported by your architecture. if (Path.new("./dummy.txt").exists) File.new("./dummy.txt").remove; { var d = Directory.new(".");
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waituntil(d.fileCreated?(var name)); assert { name == "dummy.txt"; Path.new(d.asString + "/" + name).exists; }; } & { sleep(100ms); File.create("./dummy.txt"); }|;



• fileDeleted(name) Event launched when a file is deleted from the directory. May not exist if not supported by your architecture. if (!Path.new("./dummy.txt").exists) File.create("./dummy.txt")|; { var d = Directory.new("."); waituntil(d.fileDeleted?(var name)); assert { name == "dummy.txt"; !Path.new(d.asString + "/" + name).exists; }; } & { sleep(100ms); File.new("./dummy.txt").remove; }|;



20.13



Duration



This class records differences between Dates (Section 20.10). This feature is experimental. It might be changed in the future. Feedback on its use would be appreciated.



20.13.1



Prototypes



• Float (Section 20.19)



20.13.2



Construction



Without argument, a null duration.
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Duration.new; [00000001] Duration(0s) Duration.new(1h); [00023593] Duration(3600s)



Durations can be negative. Duration.new(-1); [00000001] Duration(-1s)



20.13.3



Slots



• asFloat Return the duration as a Float (Section 20.19). Duration.new(1000).asFloat == 1000;



• asString Return the duration as a String (Section 20.57). Duration.new(1000).asString == "1000s";



• seconds Return the duration as a Float (Section 20.19). Duration.new(1000).seconds == 1000;



20.14



Event



An event can be “emitted” and “caught”, or “sent” and “received”. See also Section 12.2.



20.14.1



Prototypes



• Object (Section 20.37)



20.14.2



Examples



There are several examples of uses of events in the documentation of event-based constructs. See at (Section 19.9.1), waituntil (Section 19.9.5), whenever (Section 19.9.6), and so forth. The tutorial chapter about event-based programming contains other examples, see Chapter 12.



20.14.3



Construction



An Event is created like any other object, without arguments. var e = Event.new; [00000001] Event_0x9ad8118



20.14. EVENT



20.14.4
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Slots



• asEvent Return this. • ’emit’ Throw an Event. This function is called by the bang operator. It takes any number of arguments, passed to the receiver when the event is caught. An event can also be emitted for a certain duration using ∼. The execution of at clauses etc., is asynchronous: the control flow might be released by the emit call before all the watchers have finished their execution. • onSubscribe This slot is not set by default. You can optionally assign an event to it. In this case, onSubscribe is triggered each time some code starts watching this event (by setting up an at or a waituntil on it for instance). Throw a synchronized event. This call awaits that all functions that have to react to this event have returned. This function can have the same arguments as emit. • trigger This function is used to launch an event during an unknown amount of time. Calling this function launches and keeps the event triggered and returns an object whose stop method stops launching the event. • ’||’(other) Logical or on events: a new Event that triggers whenever this or other triggers. var e1 = Event.new|; var e2 = Event.new|; var e_or = e1 || e2|; at (e_or?) echo("!"); e1!; [00000004] *** ! e2!; [00000005] *** !



• ’ " + res); return res; }; mathematics.setModuleDescription( "A powerful module to make remote computing in urbiscript :)"); mathematics.bindUrbiMethod("add", "Compute the sum of two numbers", [["a", "first number of the addition"], ["b", "second number of the addition"]], ["sum", "the sum of the addition"] );



25.8. INTERFACING WITH NAOQI // to test it outside of urbi, you can for example enter in a browser: // http://:9559/?eval=mathematics.add(2,3)
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Chapter 26



Pioneer 3-DX This UObject has been created to drive the Pioneer 3-DX robot. It uses the Aria/Arnl manufacturer library.



26.1



Getting started



Prerequisites: • Have a Pioneer P3-DX robot with linux or any linux distribution with MobileSim installed (http://robots.mobilerobots.com/wiki/MobileSim) • Have urbi-sdk and Arnl library installed (http://robots.mobilerobots.com/wiki/ARNL, _SONARNL_and_MOGS) Installation: • Untar you archive file • Move in your archive and create a config.mk file where variables UPATH and ARNLPATH are defined. For example UPATH=/usr/local/gostai # path for your urbi-sdk directory ARNLPATH=/usr/local/Arnl # path for your arnl directory



• Enter ”make” to compile Running: • If you are working with the simulator MobileSim, make sure it is running • Enter ‘make run’ • You can now join the urbi server with ‘telnet IPYouNeed 54000’ 467
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26.2



How to use Pioneer 3-DX robot



The following objects are defined to support the Pioneer 3-DX Robot. Please note that when loaded, ‘p3dx.u’ also defines the robot variable to enforce the conformance with the Gostai Standard Robotics API (Chapter 22). Below, we denote read-only slots with ‘r’, and read-write slots with ‘rw’.



26.2.1



P3dx



• robotType Type of the robot (r). • name Name of the robot (r). • model Model of the robot (r). • serial Serial number of the robot (r). • body The P3dx.body (Section 26.2.2) class. • go(d) Cover d meters. • turn(r) Turn r radians. • stop Stop any movement. • moveTo(list) Try to plan a path to position list == [x,y,th] in absolute frame. mapFileName must have a valid value and motorsLoad must be 1.



26.2.2



P3dx.body



• load Enable the motors (rw) • wheel[left].speed Left wheel translation speed (r) • wheel[right].speed Right wheel translation speed (r)



26.2. HOW TO USE PIONEER 3-DX ROBOT • safetyDistanceMin Moving is not allowed if any obstacle is closer (rw) • safetyDistanceMax Speed is not restrained if all obstacles



26.2.3



P3dx.body.odometry



• x Odometric x position (r) • y Odometric y position (r) • z Always 0 (r) • yaw Odometric yaw angle (r) • coveredDistance Total distance covered (r) • coveredAngle Total yaw angle covered (r) • position List for [x,y,z,yaw] in absolute frame (rw)



26.2.4



P3dx.body.sonar



• load Enable the sonars (rw). • [front][left][left].val value for the front/left/left sonar (r) • [front][left][front].val value for the front/left/front sonar (r) • [front][front][left].val value for the front/front/left sonar (r) • [front][front][right].val value for the front/front/right sonar (r) • [front][right][front].val value for the front/right/front sonar (r)
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CHAPTER 26. PIONEER 3-DX • [front][right][right].val value for the front/right/right sonar (r) • [right][front].val value for the right/front sonar (r) • [right][back].val value for the right/back sonar (r) • [back][right][right].val value for the back/right/right sonar (r) • [back][right][back].val value for the back/right/back sonar (r) • [back][front][right].val value for the back/front/right sonar (r) • [back][front][left].val value for the back/front/left sonar (r) • [back][left][back].val value for the back/left/back sonar (r) • [back][left][left].val value for the back/left/left sonar (r) • [left][back].val value for the left/back sonar (r) • [left][front].val value for the right/front sonar (r)



26.2.5



P3dx.body.laser



• load Connect to sick laser (rw) • val 181 distances given by the laser (r) • lastCaptureTimestamp Last time laser read its values (r) • angleMin Angle of the last value in the robot frame (r) • angleMax Angle of the first value in the robot frame (r)
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• resolution Angle between to laser values (r) • laserDistanceMin Minimum distance the laser can return (r) • laserDistanceMax Maximum distance the laser can return (r)



26.2.6



P3dx.body.camera



• load Connect the camera mechanical aspect (rw) • yaw Yaw value for camera (rw) • pitch Pitch value for camera (rw) • zoom Zoom value for camera (rw)



26.2.7



P3dx.body.x



• speed Translation speed (rw)



26.2.8



P3dx.body.yaw



• speed Rotation speed (rw) are further (rw)



26.2.9



P3dx.planner



• mapFileName Path to a map file. Setting a string value will also try to start a localization task. laserLoad must be 1. This may fail if : – the file is unknown; – the robot cannot localize itself on the map (the initial position of the robot SHOULD be equal to the Home position inside the map file). Value ”” deletes the previous map and stops the localization task. At any time, it might be set to ”” if the localization task fails.
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CHAPTER 26. PIONEER 3-DX • pathPlanningEvent Event emitted when path planning ends (r) with first parameter equal to : 0 if the path planning fails; 1 if it succeeds; 2 if it is canceled for any reason (new path, manual motion commands, change of map). • locFailureEvent Event emit-ed if localization fails. In this case mapFileName is set to ””



26.2.10



P3dx.body.battery



• voltage Current voltage (r)



26.3



Mobility modes



Three modes are available in order to control the Pioneer 3-DX mobility: • Use go and turn to choose a distance and an angle. • Use speedDelta and speedAlpha to choose translation and rotation speeds. • Use moveTo to select a goal on a map that must be reached thank to path planning. Note that distMin and distMax have no impact in this mode.



26.4



About units



Every physical quantity is in SI units (m, s, rad, ...).
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Segway RMP The Segway RMP (Robotic Mobility Platform) is a robotic platform based on the Segway Personal Transporter. Urbi for Segway RMP can be downloaded from http://www.urbiforge. com/index.php/Robots/Segway.



27.1



RMP



The UObject RMP provides the interface from Urbi.



27.1.1



Instantiation



var rmp = RMP.new(period);



period is the period, in seconds, at which orders will be sent and coders will be read.



27.1.2



Slots



Raw effector variables • forwardSpeed forward speed in meters per second. Can be read to (behaves as a sensor), or written to (effector). • yawSpeed yaw speed in radian per second. Can be read and written to. Raw sensors



Current speed and coder values.



• leftSpeed • rightSpeed
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CHAPTER 27. SEGWAY RMP • forward • yaw • left • right



Calibration



Urbi unit per coder unit coefficients.



• forwardSpeedCoeff • yawSpeedCoeff • leftSpeedCoeff • rightSpeedCoeff • forwardCoeff • yawCoeff • leftCoeff • rightCoeff



The file ‘usegway.u’ contains approximate values for meter, seconds, radian units.



27.2



GSRAPI compliance



The file ‘rmp.u’ will initialize the RMP UObject and give it a Gostai Standard Robotic API compliant interface.
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Spykee The Spykee is a WiFi-enabled robot built by Meccano (known as Erector in the United States). It is equipped with a camera, speaker, microphone, and moves using two tracks.



28.1



Installing Urbi on the Spykee



To enable Urbi in the Spykee, you must update it with a new firmware. The Urbi firmware can be downloaded from http://www.gostai.com. Once obtained, use the Spykee interface, which can be downloaded from http://spykeeworld. com to install it: Start the interface, connect to your robot, click the ”settings” button, then on the Spykee image on the left. Then go to the ”Firmware” tab, and click the ”Load” button. Select the firmware file you downloaded earlier, and press OK. Leave the Spykee on its base until it reboots by itself, the update process will take a few minutes. Do not reboot the Spykee yourself while update is in progress or you might render it useless. 475
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With the Urbi firmware, the Spykee should continue to work as usual: you can still control it using the Spykee interface. But you can now also control it with Urbi. Please read the Urbi tutorial if you do not know how to communicate with an urbi server.



28.2



Device list



The following standard devices are available on the Spykee: • trackL, trackR (Motor) The two tracks. The val slot can be read or set to change each track speed, from -100 to 100. • ledL, ledR, headLed (Led) left and right led pairs, and camera light. On if the val slot is set to 1. • camera (VideoIn) Spykee camera. The val slot contains the last received image in jpeg format. • speaker (AudioOut) Sound speaker.
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• micro (AudioIn) Microphone. • robot (Mobile) Provides the standard functions go() and turn(). The following non-standard functions are also present: • speaker.playSound(id) Play Spykee sound sample id, from 0 to 15. • mp3.play(stream) Play mp3 file or http stream stream. • mp3.stop() Stop playing current stream or file. • Spykee.setConfigValue(key, value) Set persistent configuration entry key to value. Beware that the configuration sector only have a few kilobytes of space, do not put too many or to big values here. • Spykee.getConfigValue(key) Retrieve persistent value associated with key. Do not call this function two often as it is very costly. • Spykee.findBase() Ask the Spykee to look for its base and station on it. • Spykee.cancelFindBase() Abort the previous order. • Spykee.chargeStop() Ask the Spykee to stop charging and exit its charging station. • Spykee.power Remaining energy in the battery, from 0 to 100. The value may be inaccurate or outside the range while the Spykee is charging.



28.3



Dynamically loaded modules



At start-up, the Spykee tries to connect to the spykee.gostai.com website to fetch a list of additional features available for download. It sets up the system in a way that the first attempt to use one of those additional features will download and load the required objects. The location where the modules are fetched can be changed by setting the loader_host and loader_dir configuration values (using Spykee.setConfigValue()). Default values are spykee.gostai.com and /modules/. The following modules are currently available:
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Clapper



The Clapper module detects and counts short and loud sounds, such as the one made by clapping hands. It can be instantiate by typing: var Global.clap = Clapper.new("micro.val", 0.2, 200, 800, 4000);



The second parameter is the volume threshold above which a clap is detected. The third and fourth parameters are the minimum and maximum delay between claps, in milliseconds. The last argument is the maximum duration of a sound sequence. Each time a clap sequence ends, the val slot of the object is set to the number of claps heard, then reset to 0. Additionally, if emitEvent is true, the event sequence is emitted with one argument: the number of claps heard. clap.emitEvent = 1; // Play sound sample number 3 when two successive claps are heard. tag:at(clap.sequence?(2)) speaker.playSound(3); // Stop the previous behavior. tag.stop;
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Webots This chapter documents the use of Urbi in the Webots simulation environment.



29.1



Setup



This section describes how to setup the software on your computer and give you the basis to use Urbi for Webots.



29.1.1



Installation



The setup process depends on your OS, please follow the corresponding instructions. 29.1.1.1



Linux



To install Urbi for Webots in your Webots on Linux, you must download an archive of the form ‘urbi-for-webots-version-linux-x86-gcc4-release.tar.bz2’. You may choose an other archive format than .tar.bz2, but you will need to slightly adjust the following instruction accordingly. The archive is structured to blend into the Webots hierarchy, as follow: • ‘urbi-for-webots-version/projects/default/controllers/urbi2.0/’ Urbi SDK and Webots controller. • ‘urbi-for-webots-version/projects/packages/urbi2.0/share/robot-name/’ Shared urbiscript robot behaviors. • ‘urbi-for-webots-version/projects/packages/urbi2.0/controllers/robot-name/’ Demonstration controllers for each robot. • ‘urbi-for-webots-version/projects/packages/urbi2.0/worlds/’ Demonstration worlds. 479
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All you need to do is extract it into your Webots directory, minus the urbi-for-webots-version containing directory, so as to merge the packaged project directory with your Webots’ project directory. This can be easily done with the following tar command: tar -xvjf urbi-for-webots.tar.bz2 -C /path/to/webots --strip-components 1



Otherwise, you can also merge the directory after extracting the archive: cp --archive urbi-for-webots/project /path/to/webots



You can check your installation works correctly by starting a test world: cd /path/to/webots ./webots projects/packages/urbi2.0/worlds/aibo-ball-tracking.wbt



You should see an Aibo looking at a moving ball. 29.1.1.2



Mac OS X



Urbi for Webots is not available under Mac OS X anymore for now. We hope to fix this very shortly. 29.1.1.3



Windows



Urbi for Webots is not available under windows anymore for now. We hope to fix this very shortly.



29.1.2 29.1.2.1



License Evaluation mode



If you don’t provide a valid license file to the Urbi controller, it will be launched in evaluation mode. The only difference with the normal version is that the controller will exit after five minutes, thus letting you test all the features of the registered version during this amount of time. In evaluation mode, the Urbi controller will display the following message in the Webots console: ************************************************** * URBI: Invalid or missing license. * Urbi for Webots will quit after five minutes. ************************************************** In order to run Urbi for Webots without constraints you must provide it with a license file, as described in the following section.



29.2. USING URBI AS A CONTROLLER IN YOUR WEBOTS WORLDS 29.1.2.2
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Setting up a license



Providing a valid Urbi for Webots license will enable you to run Urbi controllers for an unlimited amount of time. The license is a file named ‘urbi.key’. You simply need copy it in the ‘webots/resources/’ directory of your Webots installation. The Urbi for Webots licensing system is based on the Webots licensing system: your Urbi for Webots key is attached to your Webots key. The procedure will depend on whether your Webots license is based on a ‘webots.key’ file or an USB dongle. If you have any problem setting up your Urbi for Webots license, feel free to contact us at [email protected]. Urbi licensing with a ‘webots.key’ Webots license: If you use a file-based Webots license, please send us your ‘webots.key’ on [email protected] so as we can generate your ‘urbi.key’. In this case, you need to put your ‘webots.key’ together with your ‘urbi.key’ in the ‘webots/resources/’ directory. Urbi licensing with an USB dongle Webots license: If you use an USB dongle based license, please send us your dongle number available in the help/about Webots menu to contact@ gostai.com so as we can generate your ‘urbi.key’.



29.2



Using Urbi as a controller in your Webots worlds



This section will show you how to control your own simulation with Urbi controllers. A robot controlled by Urbi in Webots uses a controller which is actually a standard Urbi server, with custom UObjects plugged in. This mean you can connect to the Urbi server and interact with the robot just like you would with the actual Urbi server of the robot. Note however that since the Urbi server is started by webots, we have no way to interact with it on the standard input, and need to connect to it via the network. Please refer to Chapter 2 to learn how to interact with an Urbi server via the network. You can try it out with one of the bundled demonstration worlds. For instance, run in Webots the ‘aibo-ball-tracking.wbt’ world located in the ‘projects/packages/urbi2.0/worlds/’. You can then connect on the 54000 port and control the Aibolike a regular one.



29.2.1



Using the default urbi-2.0 controller



To use an urbi controller in your Webots world, first define an urbi-2.0 controller for your webots node: DEF MYNODE Robot { ... controller "urbi-2.0" }
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This will start an Urbi server to interact with your robot. This server is however useless since it doesn’t run any specific behavior and you cannot interact with it. You can ask the Urbi server to listen for incoming connection, so as you can connect to it and control the robot interactively. You can also load urbiscript files in the server to run them at start-up. You can of course do both. To do this, simply pass arguments to the controller with the controllerArgs Webots attribute. Available arguments are the exact same as the urbi program, as described in Section 18.3. Listening for incoming connections:



pass a --port option to the controller.



DEF MYNODE Robot { ... controller "urbi-2.0" controllerArgs "--port 54000" } Loading an urbiscript file: pass a --file option to the controller. In addition to standard directories, scripts are also searched in the ‘projects/packages/urbi-2.0/share/’ directory of your webots installation. For instance, you could create a ‘my behavior/my script.u’ script in this directory, and use the following controllerArgs. DEF MYNODE Robot { ... controller "urbi-2.0" controllerArgs "--file my_behavior/my_script.u" }



29.2.2



Defining custom Urbi controllers



A different approach would be to define your own Urbi-based controller. If you create a controller in Webots’ controllers directory and create a ‘global.u’ file in it, Webots will automatically recognize it as an Urbi controller and start the ‘urbi-2.0’ controller. The ‘global.u’ and potential ‘local.u’ will be automatically loaded by the Urbi kernel, as documented in Section 18.2. This approach is equivalent to using the default ‘urbi-2.0’ controller and passing it file to load, but enables you to define custom, reusable controllers for your robots. For instance, you could create a ‘my-project/controllers/my-robot/’ controller, with a ‘global.u’ file in it that load all your robots objects (motors, sensors, . . . ). To use an Urbi controller for your robot, you would then simply have to use controller "my-robot" in your world file. If you used the default ‘urbi-2.0’ controller, you would have to add controllerArgs "--file some-dir/my-robot-bindings.u" to get a functional controller for your robot.



29.3. BINDING YOUR OWN ROBOTS WITH URBI FOR WEBOTS



29.3



483



Binding your own robots with Urbi for Webots



Binding your own robot model with Urbi for Webots is extremely similar to binding an actual robot with Urbi, except the UObjects (device drivers) are already written for Webots generic devices. It thus mainly consists in writing an initialization urbiscript file that instantiate those Urbi objects for your robots devices (motors, sensors, . . . ). For instance, a binding for a minimalist robot that only has a servomotor and a distance sensor could be: var motor = Servo.new("webots_motor_node_name"); var distance = DistanceSensor.new("webots_sensor_node_name");



Note that, whenever possible, your Webots binding should be strictly identical to the actual robot binding (if any) so as the same Urbi code will work in the simulator and in reality. Additionally, you should whenever possible respect the Gostai Standard Robotics API (see Chapter 22) to be compatible with standard Urbi components.



29.4



Built-in robots and worlds



Urbi for Webots comes with several built-in demonstration robots and worlds. Every included robot has a binding file named ‘projects/packages/urbi-2.0/share/robot-name/robot-name.u’ and a custom controller located in ‘projects/packages/urbi-2.0/controllers’ whose ‘global.u’ start-up file loads the binding. Thus, using controller "robot-name" in the webots world file automatically starts an Urbi kernel with the right binding to control the robot. Here is a description of the built-in worlds: • ‘aibo-ball-tracking.wbt’ This world demonstrates the Urbi classical Aiboball tracking behavior. It uses two Urbi controllers: – The first one controls the Aiboand runs the tracking behavior. It uses the ‘aibo’ controller and the ‘aibo/ball-tracking.u’ script. You can connect to this controller on port 54000. – The second controls the ball. It uses the generic ‘urbi-2.0’ controller and moves the ball around automatically with the ‘aibo/move-ball.u’ script thanks to the supervisor API (see Section 29.5.2). • ‘aibo-soccer.wbt’ This empty world simply provide and Aiboon a soccer field with a ball. It uses the ‘aibo’ controller. You can connect to it on the 54000 port to control the Aiboor program behaviors. • ‘e-puck-wander.wbt’ This world presents an e-puck robot wandering around randomly. It uses the ‘e-puck’ controller and the ‘e-puck/wander.u’ script for the wandering behavior. You can connect to it on port 54000.
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CHAPTER 29. WEBOTS • ‘pioneer-wander.wbt’ This world presents a Pioneer robot wandering around randomly. It uses the ‘pioneer’ controller and the ‘pioneer/wander.u’ script for the wandering behavior. You can connect to it on port 54000.



29.5



Webots UObjects



29.5.1



Robot devices UObjects



These uobjects are the Urbi API for Webots robots devices such as motors or sensors. They all implement at least an interface from the Gostai Standard Robotics API (see Chapter 22). Please refer to these interfaces to discover most functionalities of the object. Only additional slots are documented here. All objects are constructed with a node_name argument, which is the name of the corresponding node in the Webots world. 29.5.1.1



Accelerometer



While Webots accelerators all have three components, Urbi prefer to differentiate every component in one linear accelerometer. Gostai Standard Robotic API interface: AccelerationSensor (Section 22.5.11) Constructor:



Accelerometer.new(node name, component name)



• node name Name of the Webots node. • component name The component of the Webots accelerometer to use. Must be "x", "y" or "z". Note: Since there is only one device for the three components in Webots, disabling one of the component (by setting the load slot to false will disable all three components. 29.5.1.2



Camera



Gostai Standard Robotic API interface: VideoIn (Section 22.5.17) Constructor:



Camera.new(node name)



• node name Name of the Webots node.



29.5. WEBOTS UOBJECTS
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Additional slots • near Permissions read only. Type Float. Description Distance of the camera to the near OpenGL clipping plane. • far Permissions read only. Type Float. Description Distance of the camera to the far OpenGL clipping plane. Note: The Webots camera won’t appear in the webots interface until the corresponding UObject has been instantiated. You can create only one camera Urbi Object by Webots camera device. 29.5.1.3



Differential Wheels



Differential wheels in Webots represent a pair of wheels. They are represented as separated motors in Urbi. Gostai Standard Robotic API interface: RotationalMotor (Section 22.5.6) Constructor:



DifferentialWheels.new(node name, left)



• node name Name of the Webots node. • left A Boolean: attach to the left wheel if true, to the right otherwise. • encoder Permissions read / write. Type Float. Description Encoders are counters incremented when a wheel turns, according to the encoderResolution Webots attribute of the DifferentialWheels. Setting the encoder value will not rotate the wheel, it will simply reset it to the given value. Note: The differential wheels won’t work correctly unless you instantiate both left and right objects. 29.5.1.4



Distance Sensor



Gostai Standard Robotic API interface: DistanceSensor (Section 22.5.9)



e: This is named he standard, and ould be renamed accordingly.



486



CHAPTER 29. WEBOTS



Constructor:



DistanceSensor.new(node name)



• node name Name of the Webots node. Additional slots • factor Permissions read / write. Type Float. Description Multiplier factor used to compute the distance. 29.5.1.5



Led



Gostai Standard Robotic API interface: Led (Section 22.5.23) Constructor:



Led.new(node name)



• node name Name of the Webots node. 29.5.1.6



Servo



Gostai Standard Robotic API interface: RotationalMotor (Section 22.5.6) Constructor:



Servo.new(node name, force feedback)



• node name Name of the Webots node. • force feedback Whether to enable the reading of the force applied to the joint. Additional slots • force Permissions read only. Type Float. Description Force currently deployed by the motor to achieve the desired motion. Available only if force feedback was turned on at construction time. 29.5.1.7



Touch Sensor



Gostai Standard Robotic API interface: TouchSensor (Section 22.5.10) Constructor:



TouchSensor.new(node name)



• node name Name of the Webots node.



29.5. WEBOTS UOBJECTS



29.5.2
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Supervisor API UObjects



The supervisor UObjects are only available from a supervisor robot (i.e. from the controller of a supervisor node in Webots). They enable to control the simulation in an omnipotent manner. 29.5.2.1



Label



Constructor:



Label.new(text)



• text The displayed text. Slots • txt Permissions read / write. Type String. Description Displayed text. • x, y Permissions read / write. Type Float. Description Coordinates of the label on the screen. • r, g, b, a Permissions read / write. Type Float. Range 0, 1. Description Red, blue, green and alpha components of the label’s text color. • size Permissions read / write. Type Float. Description Size of the displayed text. 29.5.2.2



Manipulate Node



Constructor:



ManipulateNode.new(node name)



• node name Name of the Webots node to manipulate. Webots’ ManipulateNode objects only apply to solid objects.
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Slots • tx, ty, tz Permissions read / write. Type Float. Description Applied translation on the three axis. • ax, ay, az Permissions read / write. Type Float. Description Applied rotation on the three axis. 29.5.2.3



Simulation Controller



Constructor:



SimulationController.new()



Slots • physicsReset() Send a request to the simulator process, asking to stop the movement of all physics enabled solids in the world. It means that for any Solid node containing a Physics node, the linear and angular velocities of the corresponding body is reset to 0, hence the inertia is stopped. This function is especially useful when resetting a robot at an initial position from which no initial inertia is required. This function resets the seed of the random number generator used in Webots, so that noise based simulations can be be reproduced identically after calling this function. • revert() Send a request to the simulator process, asking to reload the current world immediately. As a result of reloading the current world, the supervisor process and all the robot processes are terminated and restarted. You might want to save some data in a file from you supervisor program to be able to reload it when the supervisor controller restarts. • quit() Send a request to the simulator process, asking to terminate and quit immediately. As a result of terminating the simulator process, all the controller processes, including the calling supervisor controller process will terminate.



Part VI



Tables and Indexes
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About This Part This part contains material about the document itself. Chapter 30 — Notations Conventions used in the type-setting of this document. Chapter 32 — Licenses Licenses of components used in Urbi SDK. Chapter 31 — Release Notes Release notes of Urbi SDK. Chapter 33 — Glossary Definition of the terms used in this document.
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Chapter 30



Notations This chapter introduces the various notations that are used in the document.



30.1



Words



• name Depending on the context, a variable name (i.e., an identifier in C++ or urbiscript), or a meta-variable name. A meta-variable denotes a place where some syntactic construct may be entered. For instance, in while (expression) statement, expression and statement do not denote two variable names, but two placeholders which can be filled with an arbitrary expression, and an arbitrary statement. For instance: while (!tasks.empty) { tasks.removeFront.process }. • name An environment variable name, e.g., PATH. • code A piece of urbiscript or C++ code. • ‘name’ A file name.



30.2



Frames



30.2.1



Shell Sessions



Interactive sessions with a (Unix) shell are represented as follows. $ echo toto toto



The user entered ‘echo toto’, and the system answered ‘toto’. ‘$’ is the prompt: it starts the lines where the system invites the user to enter her commands. 493
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urbiscript Sessions



Interactive sessions with Urbi are represented as follows. echo("toto"); [00000001] *** toto



Contrary to shell interaction (see Section 30.2.1), there is no prompt that marks the userentered lines (here echo("toto");, but, on the contrary, answers from the Urbi server start with a label that includes a timestamp (here ‘00000001’), and possibly a channel name, ‘output’ in the following example. cout ].empty;



actually denotes the following assertion-block in an urbiscript-session frame: assert { true; 1 < 2; 1 + 2 * 3 == 7; "foobar"[0, 3] == "foo"; [1, 2, 3].map (function (a) { a * a }) == [1, 4, 9]; [ => ].empty; };



30.2.4



C++ Code



C++ source code is presented in frames as follows. class Int { public: Foo(int v = 0) : val_(v) {} void operator(int v) { std::swap(v, val_);



30.2. FRAMES return v; } int operator() const { return val_; } private: int val_; };
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Chapter 31



Release Notes This chapter lists the user-visible changes in Urbi SDK releases.



31.1



Urbi SDK 2.3



Released on 2010-09-28.



31.1.1



Fixes



• Date.asFloat is restored. • File.create empties existing files first. • Lobby.lobby always returns the current lobby, even if invoked on another lobby. • Object.inspect works properly, even if the target is a remote lobby. • Regexp.matchs renamed as Regexp.matches. • System.version Really returns the current version. • Fix multiple race conditions in RTP handling code preventing proper initialization of remote UObjects. • Fix Windows deployment to have both debug and release UObjects installed. • Fix urbi-sound in the liburbi examples. • Fix server mode of ‘urbi-launch --remote’. 497
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31.1.2



New Features



• The documentation of Urbi SDK Remote, our middleware layer to communicate with an Urbi server — either by hand or via the UObjects —, is included in the binary packages (in ‘share/doc/urbi-sdk/sdk-remote.htmldir/index.html’. It is also available on-line at http://www.gostai.com/downloads/urbi-sdk/2.3/doc/sdk-remote.htmldir. • In addition to Gostai Console 2.5, Windows installers of Urbi SDK now include the Gostai Editor 2.4.1. • By popular demand, all the Boost libraries (1.38) are included in the binary packages. We used to provide only the headers and libraries Urbi SDK depends upon. Boost.Python, because it has too many dependencies, is not included. • When launched with no input (i.e., none of the options ‘-e’/‘--expression’, ‘-f’/‘--file’, ‘-P’/‘--port’ were given), the interpreter is interactive. • Assignment operators such as ’+=’ are redefinable. See Section 19.1.8.2. • Date.’-’ accepts a Duration (Section 20.13) or a Float (Section 20.19) in addition to accepting a Date (Section 20.10). • Float.fresh generates unique integers. • InputStream.close. • List.’+=’. • Support for else in try blocks (Section 19.7.2). Run only when the try block completed properly. // Can we run "riskyFeature"? try { riskyFeature } catch { false } else { true }; [00004220] false function riskyFeature() { throw "die" }|; try { riskyFeature } catch { false } else { true }; [00004433] false riskyFeature = function () { 42 }|; try { riskyFeature } catch { false } else { true }; [00004447] true



• Support for finally in try blocks (Section 19.7.4). Use it for code that must be run whatever the control flow can be. For instance: try { echo(1) } catch { echo(2) } else { echo(3) } finally { echo(4) }; [00002670] *** 1 [00002670] *** 3 [00002670] *** 4
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try { throw 1 } catch { echo(2) } else { echo(3) } finally { echo(4) }; [00002671] *** 2 [00002671] *** 4



• System.eval and System.load report syntax warnings. eval("new Object"); [00001388:warning] !!! 1.1-10: ‘new Obj(x)’ is deprecated, use ‘Obj.new(x)’ [00001388:warning] !!! called from: eval [00001388] Object_0x1001b2320



• New functions as and fill on UVar to ease access to the generic cast system. • Add support to boost::unordered map to UObject casting system. • Optimize remote UObjects: notifies between two objects in the same process instance are transmitted locally. • Provide a CustomUVar class to ease encapsulation of custom data in UVar. • Bind the constant property on UVar.



31.2



Urbi SDK 2.2



Released on 2010-08-23.



31.2.1



Fixes



• The main loop optimization triggered several issues with GNU/Linux and Mac OS X in interactive sessions (truncated output, possibly blocked input). These issues are fixed on Snow Leopard and Leopard and GNU/Linux. • Deep overall of the event handling primitives. Watching an expression will succeed in cases where it used to fail. For instance: at (isdef (myVar)) echo("var myVar = " + myVar), myVar; [00000001:error] !!! lookup failed: myVar var myVar = 42|; [00000003] *** var myVar = 42



or var x = 0|; function f() { x == 1 }|; at (f()) echo("OK"); x = 1|; [00000001] *** OK
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CHAPTER 31. RELEASE NOTES Support for sustained events is fixed too (see Section 19.9.1). • List.max and List.min will now report the right indexes in error messages. • onleave blocks on lasting events are now run asynchronously, as expected. • at (expression ∼ duration) is now supported. • Fix a bug if emitting an event triggers its unsubscription. • Fix printing of Exception.Type and Exception.ArgumentType. • Fix timestamp overflow on Windows after 40 minutes. • Fix fatal error when manipulating the first Job prototype.



31.2.2



New Features



• Pressing C-c in the urbiscript shell (‘urbi -i’) interrupts the foreground job, and clears the pending commands. A second C-c in a row invokes System.shutdown, giving a chance to the system to shut down properly. A third C-c kills urbi/urbi-launch. See Section 18.3.2 for more details. • Closing the standard input (e.g., by pressing C-d) in interactive sessions shuts down the server. • Remote UObjects now support the RTP protocol to exchange value with the engine (Section 3.15). • NotifyChange/access callbacks can now take any type as argument. UVar& still has the previous behavior. For any other type, the system will try to convert the value within the UVar to this type. • CallMessage.eval. • Float.ceil, Float.floor, Float.isInf, Float.isNan. • Traceable (Section 20.63).



• Improved context (the call stacks) when error are reported. Especially when using System.eval/System.l • at (expression) — as opposed to at (event?) — implementation has been improved: the condition will now be reevaluated even if a parameter not directly in the expression (in the body of a called function, for instance) is modified. • Regexp.matchs. • Date (Section 20.10) objects now have microsecond resolution and have bit slightly revamped to not rely on Unix’s epoch. • UVars now have the timestamp of their latest assignment.



31.3. URBI SDK 2.1



31.2.3
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Documentation



• Float.hex.



31.3



Urbi SDK 2.1



Released on 2010-07-08.



31.3.1



Fixes



• Lobby.connectionTag monitors the jobs launched from the lobby, but can no longer kill the lobby itself. • ‘123foo’ is no longer accepted as a synonym to ‘123 foo’. As a consequence, in case you were using x = 123cos: 1, convert it to x = 123 cos: 1. • Some old tools that no longer make sense in Urbi SDK 2.0 have been removed: umake-engine, umake-fullengine, umake-lib, umake-remote. Instead, use umake, see Section 18.7. • On Windows urbi-launch could possibly miss module files to load if the extension (‘.dll’) was not specified. One may now safely, run ‘urbi-launch my-module’ (instead of ‘urbi-launch my-module.dll’ or ‘urbi-launch my-module.so’) on all the platforms.



31.3.2



New Features



• Regexp.asPrintable, Regexp.asString, Regexp.has.



• System.Platform.host, System.Platform.hostAlias, System.Platform.hostCpu, System.Platform. System.Platform.hostVendor. • UObject init method and methods bound by notifyChange no longer need to return an int. • Channel.Filter, a Channel (Section 20.5) that outputs text that can be parsed without error by the liburbi. • RangeIterable.all, RangeIterable.any, moved from List (Section 20.30). • Support for ROS, the Robot Operating System. See Chapter 13 for an introduction, and Chapter 21 for the details. • Lobby.lobby and Lobby.instances, bounced to from System.lobby and System.lobbies. • Tag.scope, bounced to from System.scopeTag.



31.3.3



Optimization



• The main loop was reorganized to factor all socket polling in a single place: latency of Socket (Section 20.56) is greatly reduced.
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31.3.4



Documentation



• Lobby.authors, Lobby.thanks. • System.PackageInfo (Section 20.59). • System.spawn. • LEGO Mindstorms NXT support (Chapter 24). • Pioneer 3-DX support (Chapter 26). • Support for Segway RMP (Chapter 27).



31.4



Urbi SDK 2.0.3



Released on 2010-05-28.



31.4.1



New Features



• Container (Section 20.8), prototype for Dictionary (Section 20.11), List (Section 20.30) derive. • e not in c is mapped onto c.hasNot(e) instead of !c.has(e). • Float.limits (Section 20.20) • Job.asString • IoService (Section 20.26) • Event.’ 3]



Semantics Dictionary.new Dictionary.new("a", 1, "b", 2, "c", 3)



• Float.srandom • List.subset • Object.getLocalSlot. • String escapes accept one- and two-digit octal numbers. For instance "\0", "\00" and "\000" all denote the same value. • Tuple can now be created with literals. Syntax () (1,) (1, 2, 3)



Semantics Tuple.new([]) Tuple.new([1]) Tuple.new([1, 2, 3])



• Location.’==’. • type replaces ’$type’



31.7.2



UObjects



• Remote timers (USetUpdate, USetTimer) are now handled locally instead of by the kernel. • UVars can be copied using the UVar.copy method. • New UEvent class, similar to UVar. Can be used to emit events. • Added support for dictionaries: new UDictionary structure in the UValue union.
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31.7.3



Documentation



• Barrier (Section 20.1) • Date.now • Float.srandom • Pattern (Section 20.42) • PubSub (Section 20.48) • PubSub.Subscriber (Section 20.49) • Profiling (Section 20.46) • Semaphore (Section 20.53) • Trajectories • TrajectoryGenerator (Section 20.64) • urbi-image • waituntil clauses • whenever clauses



31.8



Urbi SDK 2.0 RC 4



Released on 2010-01-29.



31.8.1 31.8.1.1



urbiscript Changes



• ’$id’ replaces id • List derives from Orderable. 31.8.1.2



New objects



• Location (Section 20.33) • Position (Section 20.43) 31.8.1.3



New features



• File.remove • File.rename



31.9. URBI SDK 2.0 RC 3



31.8.2
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UObjects



• The UObject API is now thread-safe: All UVar and UObject operations can be performed from any thread. • You can request bound functions to be executed asynchronously in a different thread by using UBindThreadedFunction instead of UBindFunction.



31.9



Urbi SDK 2.0 RC 3



Released on 2010-01-13.



31.9.1 31.9.1.1



urbiscript Fixes



• ‘local.u’ works as expected. 31.9.1.2



Changes



• Lobby.quit replaces System.quit. • Socket.connect accepts integers. • UObject remote notifyChange on USensor variable now works as expected. • UObject timers can now be removed with UObject::removeTimer().



31.9.2



Documentation



• Socket (Section 20.56) provides a complete example. • The Naming Standard documents the support classes provided to ease creation of the component hierarchy.



31.10



Urbi SDK 2.0 RC 2



Released on 2009-11-30. This release candidate includes many fixes and improvements that are not reported below. The following list is by no means exhaustive.



31.10.1



Optimization



The urbiscript engine was considerably optimized in both space and time.
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31.10.2 31.10.2.1



urbiscript New constructs



• assert { claim1; claim2;... }; • every| • break and continue are supported in every| loops. • for(num) and for(var i: set) support the for&, for| and for; flavors. • for(init; cond; inc) supports the for| and for; flavors. • non-empty lists of expressions in list literals, in function calls, and non-empty lists of function formal arguments may end with a trailing optional comma. For instance: function binList(a, b,) { [a, b,] } | binList(1, 2,)



is equivalent to function binList(a, b) { [a, b] } | binList(1, 2)



• consecutive string literals are joined into a unique string literal, as in C++. 31.10.2.2



New objects



• Component (Section 22.8.2), Localizer (Section 22.8.3), Interface (Section 22.8.1): naming standard infrastructure classes. • Date (Section 20.10) • Directory (Section 20.12) • File (Section 20.17) • Finalizable (Section 20.18): objects that call finalize() when destroyed. • InputStream (Section 20.25) • Mutex (Section 20.35) • OutputStream (Section 20.39) • Process (Section 20.45): Start and monitor child processes. • Regexp (Section 20.51) • Server (Section 20.54): TCP/UDP server socket. • Socket (Section 20.56): TCP/UDP client socket.



31.10. URBI SDK 2.0 RC 2



509



• Timeout (Section 20.62) • WeakDictionary, WeakPointer: Store dictionary of objects without increasing their reference count. 31.10.2.3



New features



• Object.asBool. • Lobby.wall. • Dictionary.size. • Global.evaluate. • Group.each, Group.each& • Lobby.onDisconnect, Lobby.remoteIP Lobby.create. • Object.inspect. • String.fromAscii, String.replace, String.toAscii. • System: _exit, assert_eq, System.system. 31.10.2.4



Fixes



• at constructs do not leak local variables anymore. • Each tag now has its enter and leave events. • File.content reads the whole file. • Invalid assignments such as f(x) = n are now refused as expected. 31.10.2.5



Deprecations



• Object.ownsSlot is deprecated in favor of Object.hasSlot/Object.hasLocalSlot. • Object.slotNames is deprecated in favor of Object.allSlotNames/Object.localSlotNames. 31.10.2.6



Changes



• empty strings, dictionaries and lists are now evaluated as ”false” in conditions. • Dictionary.asString does not sort the keys. • Dictionary.’[]=’ returns the assigned value, not the dictionary. • Dictionary.’[]’ raises an exception if the key is missing.
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CHAPTER 31. RELEASE NOTES • Constants is merged into Math. • every no longer goes in background. Instead of: every (1s) echo("foo");



write (note the change in the separator) every (1s) echo("foo"),



or detach({ every (1s) echo("foo"); });



• Tag: begin and end now simply print the tag name followed by ‘begin’ or ‘end’. • System-code is now hidden from the backtraces. • Code.apply: the call message can be changed by passing it as an extra argument.



31.10.3



UObjects



• Handle UObject destruction. To remove an UObject, call the urbiscript destroy method. The corresponding C++ instance will be deleted. • Add UVar::unnotify(). When called, it removes all UNotifyChange registered with the UVar. • Bound functions using UBindFunction can now take arguments of type UVar& and UObject*. The recommended method to pass UVars from urbiscript is now to use ‘camera.getSlot("val")’ instead of ‘"camera.val"’. • Add a 0-copy mode for UVars: If ‘UVar::enableBypass(true)’ is called on an UVar, notifyChange on this UVar can recover the not-copied data by using UVar.get(), returning an UValue&. However, the data is only accessible from within notifyChange: reading the UVar directly will return nil. • Add support for the changed! event on UVars. Code like: at (headTouch.val->changed? if headTouch.val) tts.say("ouch");



will now work. This hook costs one at per UVar, and can be disabled by setting UVar.hookChanged to false. • Add a statistics-gathering tool. Enable it by calling ‘uobjects.enableStats(true)’. Reset counters by calling ‘uobjects.clearStats’. ‘uobjects.getStats’ will return a dictionary of all bound C++ function called, including timer callbacks, along with the average, min, max call durations, and the number of calls.
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• When code registered by a notifyChange throws, the exception is intercepted to protect other unrelated callbacks. The throwing callback gets removed from the callback list, unless the removeThrowingCallbacks on the UVar is false. • the environment variable URBI UOBJECT PATH is used by urbi-launch and urbiscript’s loadModule to find uobjects. • fixed multiple notifications of event trigger in remote UObjects. • Many other bug fixes and performance improvements. • an exception is now thrown if the C++ init method failed.



31.10.4



Documentation



The documentation was fixed, completed, and extended. Its layout was also improved. Changes include, but are not limited to: • various programs: urbi, urbi-launch, urbi-send etc. (Chapter 18). • environment variables: URBI UOBJECT PATH, URBI PATH, URBI ROOT (Section 18.1). • special files ‘global.u’, ‘local.u’ (Section 18.2). • k1-to-k2: Conversion idioms from urbiscript 1 to urbiscript 2 (Chapter 16). • FAQ (Chapter 15) – stack exhaustion – at and waituntil: performance considerations • Specifications: – completion of the definition of the control flow constructs (every, every|, if, for, loop) – tools (umake, umake-shared, umake-deepclean, urbi, urbi-launch, urbi-send). – Boolean (Section 20.3) – Channel (Section 20.5) – Date (Section 20.10) – Dictionary (Section 20.11) – Exception (Section 20.15) – File (Section 20.17) – Kernel1 (Section 20.28) – InputStream (Section 20.25) – Lazy (Section 20.29)
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CHAPTER 31. RELEASE NOTES – – – – – – – – –



Math (Section 20.34) Mutex (Section 20.35) Regexp (Section 20.51) Object (Section 20.37) OutputStream (Section 20.39) Pair (Section 20.40) String (Section 20.57) Tag (Section 20.61) Timeout (Section 20.62)



• tutorial: – uobjects



31.10.5



Various



• Text files are converted to DOS end-of-lines for Windows packages. • urbi-send supports ‘--quit’. • The files ‘global.u’/‘local.u’ replace ‘URBI.INI’/‘CLIENT.INI’. • urbi supports ‘--quiet’ to inhibit the banner.



31.11



Urbi SDK 2.0 RC 1



Released on 2009-04-03.



31.11.1



Auxiliary programs



• urbi-send no longer displays the server version banner, unless given ‘-b’/‘--banner’. • urbi-console is now called simply urbi. • urbi.bat should now work out of the box under windows.



31.11.2 31.11.2.1



urbiscript Syntax of events



The keyword emit is deprecated in favor of !. Deprecated emit e; emit e(a); emit e ∼ 1s; emit e(a) ∼ 1s;



Updated e!; e!(a); e! ∼ 1s; e!(a) ∼ 1s;
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The ? construct is changed for symmetry. Deprecated at (?e) at (?e(var a)) at (?e(var a) if 0 
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