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TinyOS – SO para motes com recursos limitados

aplicação única

bateria deve ter vida longa

memória muito limitada

Exemplo: micaz

Atmel ATmega128: microcontrolador de 8 bits
4K memória RAM
128K memória flash
chip de rádio TI CC2420: IEEE 802.15.4 a 250 kbps
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TinyOS - Caracteŕısticas

conjunto de serviços:

sensoreamento
comunicação
armazenamento
timers

modelo de execução concorrente

linguagem NesC
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Programação no TinyOS

modelo de componentes de NesC

modularização e reuso

modelo de concorrência

interação entre componentes: split phase
não há threads com pilhas independentes
interação com interrupções

API: conjunto de componentes prontos para uso
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Programação em NesC

aplicação composta por componentes chamados de módulos e
configurações

interação através de interfaces nem definidas

módulos implementam código e configurações fazem wiring 3.2 Interfaces 25

User

Commands

Events

Provider

Interface

Figure 3.2 Interfaces have commands and events. Users call commands, and providers signal events.

the interface Boot. Just as with components, interfaces are in a global namespace.
Syntactically, however, interfaces are quite different from components. They have a
single block, the interface declaration:

interface Boot { interface Leds {

// functions // functions

} }

Listing 3.6 Interface declarations for Leds and Boot

An interface declaration has one or more functions in it. Interfaces have two kinds of
functions: commands and events. Init and Boot are two simple interfaces, each of which
has a single function. Init has a single command, while Boot has a single event:

interface Init { interface Boot {

command error_t init (); event void booted ();

} }

Listing 3.7 The Init and Boot interfaces

TinyOS detail: The error_t type returned by init is TinyOS ’s normal way of reporting
success or failure. A value of SUCCESS represents success and FAIL represents general
failure. Specific Exxx constants, inspired in part by Unix’s errno, represent specific
failures, e.g. EINVAL means “invalid value”.

Whether a function is a command or event determines which side of an interface – a
user or a provider – implements the function and which side can call it. Users can call
commands and providers can signal events. Conversely, users must implement events
and providers must implement commands. Figure 3.3 shows this relationship in the
visual language we use to describe nesC programs. For example, returning to MainC
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Programação em NesC – interfaces

interfaces declaram conjunto de comandos e eventos

podem ser interpretados como serviços e callbacks

interfaces podem ser implementadas por módulos ou por
configurações

interface Boot {

event void booted();

}

interface Leds {

command void led0On();

command void led0Off();

command void led0Toggle();

...

}
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Programação em NesC – componentes

componentes compostos por 2 blocos: assinatura e
implementação

assinatura contém descrição de interfaces fornecidas
(servidores) e usadas (clientes)

28 Components and interfaces

The former has the problem of code duplication (and file bloat), while the latter depends
on run-time checking, which is notably deficient in C. Having a generic queue enables
compile-time checking for the values put in and out of a queue.

3.2.2 Bidirectional interfaces

So far, we’ve only seen interfaces that have either commands or events, but not both.
Bidirectional interfaces declare both commands from a user to a provider as well as
events from a provider to a user. For example, this is the Notify interface, which allows
a user to ask that it be notified of events, which can have data associated with them:

interface Notify <val_t > {

command error_t enable ();

command error_t disable ();

event void notify(val_t val);

}

Listing 3.12 The Notify interface

The Notify interface has two commands, for enabling and disabling notifications. If
notifications are enabled, then the provider of the interface signals notify events. The
Notify interface is generic as, depending on the service, it might need to provide different
kinds of data. Bidirectional interfaces enable components to register callbacks without
needing function pointers.

For instance, some hardware platforms have a button on them. A button lends itself
well to the Notify interface: a component can turn notifications of button pushes on and
off. For example, UserButtonC is a component that provides this abstraction:

configuration UserButtonC {

provides interface Get <button_state_t >;

provides interface Notify <button_state_t >;

}

Listing 3.13 UserButtonC

UserButtonC

enable
disable

notifyNotify Getget

Figure 3.4 Commands and events for UserButtonC.
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Programação em NesC – componentes

sintaxe C estendida

deve implementar comandos e pode gerar eventos de
interfaces fornecidas

pode chamar comandos e deve tratar eventos de interfaces
utilizadas

module PowerupC {

uses interface Boot;

uses interface Leds;

}

implementation {

event void Boot.booted() {

call Leds.led0On();

}

}
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Programação em NesC – configurações

amarração entre utilizadores (clientes) e fornecedores
(servidores)

amarração entre interfaces utilizadas e componentes que as
oferecem

configuration PowerupAppC {

}

implementation {

components MainC, LedsC, PowerupC;

MainC.Boot -> PowerupC.Boot;

PowerupC.Leds -> LedsC.Leds;

}
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Programação em NesC – interfaces e componentes
genéricos

interfaces genéricas permitem a parametrização por tipos

interface Timer<precision_tag> {

command void startPeriodic(uint32_t dt);

command void stop();

event void fired();

...

}

componentes genéricos permitem instâncias múltiplas

configuration BlinkAppC {}

implementation {

components MainC, BlinkC, LedsC;

components new TimerMilliC() as Timer0;

components new TimerMilliC() as Timer1;

components new TimerMilliC() as Timer2; /* Wirings below */

...
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Programação em NesC – alocação de memória

memória é recurso precioso...

restrições com alocação dinâmica e recursão
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Programação em NesC – split phase

interface Send {

command error_t send(message_t* msg, uint8_t len);

event void sendDone(message_t* msg, error_t error);

command error_t cancel(message_t* msg);

command void* getPayload(message_t* msg);

command uint8_t maxPayloadLength(message_t* msg);

}
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TinyOS – modelo de execução

72 Execution model

H/WTimer

TimerMilliC

Application

RandomLfsrP

command,event

task

interrupt handler

task execution(sync)

interrupt execution(async)

Figure 5.1 TinyOS execution model: both tasks (full lines) and interrupt handlers (dotted lines) cross
component boundaries.

5.2 Tasks

A task is a simple deferred computation mechanism provided by nesC. Tasks have a
return value of void, take no parameters (this keeps the task scheduler very simple) and
are declared with the task keyword:

task void setupTask () {

// task code

}

Using the post keyword schedules a task for later execution:

event void Boot.booted () {

call Timer.startPeriodic (1024);

post setupTask ();

}

In the above example, once TinyOS completes the boot sequence (signals Boot.
booted to all components), it will run setupTask.

Tasks are like any other module code. They can access variables, call commands,
signal events, and invoke internal or global C functions. The post operator is like calling
a function: it has a return value of error_t. Posting a task always returns SUCCESS
unless the task is already pending. Put another way, a component cannot post multiple
copies of the same task to run; however, once a task has started executing it may
repost itself.

This is the core TinyOS scheduler loop that runs after the system boots. This
function never returns. It executes tasks until the task queue is empty, then puts the
microcontroller to sleep:
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